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ABSTRACT

INTRODUCTION:COVID-19 continues to impact vulnerable populations disproportionally. Identifying modifiable risk factors could lead to targeted
interventions to reduce infections. The purpose of this study is to identify risk factors for testing positive for SARS-CoV-2.

METHODS: Using electronic health records collected from a large ambulatory care system in northern and central California, the study identified
patients who had a test for SARS-CoV-2 between 2/20/2020 and 3/31/2021. The adjusted effect of active and passive smoking and other risk factors
on the probability of testing positive for SARS-CoV-2 were estimated using multivariable logistic regression. Analyses were conducted in 2021.

RESULTS: Of 556 690 eligible patients in our sample, 70 564 (12.7%) patients tested positive for SARS-CoV-2. Younger age, being male, racial/
ethnicminorities, and havingmildmajor comorbidities were significantly associatedwith a positive SARS-CoV-2 test. Current smokers (adjustedOR:
0.69, 95% CI: 0.66-0.73) and former smokers (adjusted OR: 0.92, 95% CI: 0.89-0.95) were less likely than nonsmokers to be lab-confirmed positive,
but no statistically significant differences were foundwhen comparing passive smokers with non-smokers. The patients with missing smoking status
(25.7%) were more likely to be members of vulnerable populations with major comorbidities (adjusted OR ranges from severe: 2.52, 95% CI = 2.36-
2.69 to mild: 3.28, 95% CI = 3.09-3.48), lower income (adjusted OR: 0.85, 95% CI: 0.85-0.86), aged 80 years or older (adjusted OR: 1.11, 95% CI:
1.07-1.16), have less access to primary care (adjusted OR: 0.07, 95% CI: 0.07-0.07), and identify as racial ethnic minorities (adjusted OR ranges
from Hispanic: 1.61, 95% CI = 1.56-1.65 to Non-Hispanic Black: 2.60, 95% CI = 2.5-2.69).

CONCLUSIONS: Our findings suggest that the odds of testing positive for SARS-CoV-2 were significantly lower in smokers compared to non-
smokers. Other risk factors include missing data on smoking status, being under 18, being male, being a racial/ethnic minority, and having mild
major comorbidities. Since thosewithmissing data on smoking statusweremore likely to bemembers of vulnerable populationswith higher smoking
rates, the risk of testing positive for SARS-CoV-2 among smokers may have been underestimated due to missing data on smoking status. Future
studies should investigate the risk of severe outcomes among active and passive smokers, the role that exposure to tobacco smoke constitutes
among nonsmokers, the role of comorbidities in COVID-19 disease course, and health disparities experienced by disadvantaged groups.
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Introduction
In two and a half years, over 557 million people worldwide have

been infected with coronavirus disease 2019 (COVID-19),

caused by the SARS-CoV-2 virus (severe acute respiratory

syndrome coronavirus 2), and over 6.3 million people have

died.1

While increasing evidence suggests that the elderly, racial/

ethnic minorities, and those with certain comorbidities are at

significantly higher risk of adverse outcomes from COVID-19,2-4

little else is known about what impacts COVID-19 infection.

Smoking is a particularly concerning health behavior because it

suppresses immune function in the lungs, forces the exhalation

of significant quantities and high concentrations of droplet

particles, and impacts the amount of contact people may have

with contaminated surfaces (from contaminated hands touching

cigarettes and cigarettes touching lips) which may increase the

risk of lung infection. Additionally, individuals regularly ex-

posed to secondhand smoke (SHS), known as “passive
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smokers,” may face similar respiratory problems and immune

system effects5-7 as smokers and therefore an increased likeli-

hood of COVID-19 infection. Interestingly, published research

to date has shown mixed results on the association of smoking

and COVID-19, with some studies suggesting a slight pro-

tective effect of smoking on COVID-19 infection.8-10 How-

ever, one of the key challenges for studies on COVID-19

infection is having sufficient sample sizes to allow adjustment

for confounding risk factors, such as comorbidities that are

closely associated with tobacco smoking.11 Thus, the need

remains for well-designed population-based studies to examine

the association between smoking, comorbidities, race/ethnicity,

and COVID-19 in terms of the likelihood of infection.

These population-based studies are hindered by another

challenge–the incomplete documentation of smoking status in

the electronic health record (EHR). Certain patient subgroups

such as older adults, racial/ethnic minorities, patients with

language barriers, patients with fewer office visits, and light

smokers may face a lower likelihood of having smoking history

documentation in the EHR.12 For patients with COVID-19,

collecting information about tobacco use and SHS exposure is

difficult during any emergency admission and likely to lead to

significant reporting errors and potential biases.

In light of these gaps, we sought to explore the differences

between laboratory-confirmed COVID-19 positive and nega-

tive cases to identify risk factors for testing positive for SARS-

CoV-2 and to understand whether smoking (active or passive),

comorbidities, or race/ethnicity contributes independently to

predisposition of COVID-19 infection, which could guide

efforts aimed at minimizing these disparities for COVID-19.

We hypothesized that racial and ethnic minority patients who

are active or passive smokers and have more severe comorbidities

are more likely than other patients to be laboratory-confirmed

COVID-19 positive cases. Moreover, we also examined the

differences between patients with and without smoking history

in the EHR among those who had a SARS-CoV-2 test to

understand the generalizability of the findings as well as dis-

parities in documentation of smoking status in the EHR when

testing for COVID-19.

Methods
Study Sample

The study setting was Sutter Health, a not-for-profit organi-

zation serving over 100 communities in northern and central

California, including San Francisco and many of its affluent

suburbs, rural communities from Eureka to Modesto, and dis-

advantaged urban/inner city residents in Oakland and San Jose.

In 2018, Sutter Health’s foundation-affiliated providers served

more than 3 million patients who represent diverse groups of

socio-demographic and cultural backgrounds. As of 2020, Sutter

patients self-identified their race/ethnicity in the electronic health

record (EHR) as: 45.6% non-Hispanic White, 15.6% Hispanic,

16.5% non-Hispanic Asian, 4.7% non-Hispanic Black/African

American, and 17.4% other.13 Sutter Health’s electronic health

record system (EPIC) is deployed across the enterprise in 3

settings: acute, ambulatory, and community-based practices.

The COVID-19 Universal Registry for Vital Evaluations

(CURVE) database, a semi-real-time registry of all confirmed

and suspected cases of COVID-19 Sutter Health patients,

serves as a centralized resource for this cross-sectional study.

Patients were included in the study sample if they had a SARS-

CoV-2 test performed at a Sutter Health facility between

February 20, 2020 andMarch 31, 2021. There was no exclusion

criterion based on age as COVID-19 can infect individuals of all

ages and secondhand smoke exposure may be higher among

children and adolescents. A total of 556 690 patients were

identified. COVID-19 confirmed cases (N = 70 564) are de-

fined as having one or more positive reverse transcription po-

lymerase chain reaction (RT-PCR) tests for SARS-CoV-2.

The comparison group included patients whose COVID-19 lab

results were all negative (N = 486 126).

Measures

COVID-19 confirmed cases and the comparison group were

linked longitudinally at the patient-encounter level to billing,

diagnosis, procedure, clinical encounter records, and provider

notes (text fields). Using linked data, we ascertained the prior

exposures of subjects in each group, focusing on smoking habits,

the severity of comorbidities, and race/ethnicity, and looked into

details of care and missing patterns that may be relevant to

understanding variation in the COVID-19 lab results. Spe-

cifically, detailed information about smoking status, age when

the patient first smoked, age when patient stopped smoking,

type of tobacco smoked, duration of smoking, and quantity of

cigarettes smoked per day were extracted from EHR for both

groups. We identified whether the smoking status of each

person has been documented in the EHR (missing or non-

missing), and if non-missing, we further identified whether s/he

is a user of tobacco (current/former/passive/non-smoker) using

the most recent self-reported smoking status found in the Social

History part of Epic EHR at the time of the earliest lab order for

SARS-CoV-2. For example, “Passive smoker” was operation-

alized using the question “Exposure to secondhand smoke (Yes

or No)?” on the adult patient questionnaire and “Does anyone

who lives with your child smoke (Yes or No)?” on the children’s

patient questionnaire. “Pack years of smoking”was calculated by

multiplying the number of packs of cigarettes smoked per day by

the number of years the person has smoked, and was used to

quantify the level of smoking: mild (<10 pack-years); moderate

(10-20 pack-years); or heavy (>20 pack- years). Charlson

Comorbidity Index (CCI) scores14 at the time of the earliest lab

order for SARS-CoV-2 were calculated to determine the se-

verity of major comorbidities, and patients were divided into

four groups: no major comorbidity (CCI = 0); mild (CCI = 1-2);

moderate (CCI = 3-4); or severe (CCI ≥ 5). Sutter Health’s

EHR system also captures race/ethnicity, categorized as
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non-Hispanic White, non-Hispanic Black, Hispanic, non-

Hispanic Asian, or other. Other covariates include age at the

time of the earliest lab order for SARS-CoV-2 and sex. In

addition to age, sex, race/ethnicity, and severity of major co-

morbidities, having received primary care at Sutter Health,

defined as having a visit to internal medicine, family medicine,

or OB/GYN in the 12 months prior at the time of the earliest

lab order for SARS-CoV-2, and median household income,

estimated through census data and linked to geocoded home

address, were included to examine the documentation of

smoking status.

Statistical Analysis

We audited the data for quality and completeness before any

analyses were carried out, including missing data patterns. We

evaluated distributions to ensure that they met the assump-

tions of planned analyses and examined the variable distri-

butions to detect outliers. All inferential tests were carried out

at a two-tailed alpha level of 0.05. Unadjusted and adjusted

Odds Ratios (ORs) were estimated for measuring the effect,

and Chi-square tests were used for testing the association

between the SARS-CoV-2 positivity and race/ethnicity,

smoking status, and severity of major comorbidities among

patients who had a SARS-CoV-2 test performed at a Sutter

Health facility. Variables were then assessed as potential inde-

pendent predictors using multivariable logistic regression. Ad-

ditionally, patients with missing smoking status were compared

to those with documented smoking status to understand the

generalizability of the findings using Chi-square tests. Logistic

regression analysis was used to examine the association of in-

dependent variables (i.e., age, sex, race/ethnicity, median

household income, having received primary care at Sutter Health,

and severity of major comorbidities) with missing smoking status

data. All analyses were conducted in 2021 and performed using

SAS, version 9.4. This work was reviewed and approved by the

Sutter Health IRB and granted a Waiver of Health Insurance

Portability and Accountability Act Authorization and a Waiver

of Consent as a data-only study.

Results
Sample Characteristics

There were 70 564 (12.7%) patients who tested positive for

SARS-CoV-2 out of 556 690 patients who had a test for

SARS-CoV-2 between February 20, 2020, and March 31,

2021 (Table 1). The majority were female (57%) and 40 years

or older (64.4%). Severity of major comorbidities data were

missing in 27.6% of the sample, while 11.9%, 10%, 30.3%,

and 20.2% had severe, moderate, mild, and no major co-

morbidities, respectively. Mean age was 49 years (SD = 21),

ranging from 0 to 114 years old. Race and ethnicity data were

missing in 6.5% of the sample. Non-Hispanic Whites made

up half of the sample, while Hispanics/Latinos, non-

Hispanic Blacks, Non-Hispanic Asians, and other ethnic-

ities made up 19.8%, 6.2%, 12.9%, and 4.3% of the sample,

respectively.

Of our sample, 5.1% (n = 28 270) were current smokers,

17.3% (n = 96 563) former smokers, and 0.7% (n = 4175)

passive smokers. Smoking status data were missing in one

quarter of the sample (n = 142 902). Among the lab-confirmed

positive patients, 2447 (3.5%) were current smokers, 9106

(12.9%) were former smokers, 643 (0.9%) were passive

smokers, and 22 025 (31.2%) did not have their smoking status

recorded. Less than 50% of current and former smokers

provided detailed information on their smoking habits that

enabled us to calculate the pack-years. Twenty-two percent of

the smokers were light smokers with fewer than 10 pack-years

smoking history, 12.8% of the smokers were moderate smokers

with 10-20 pack-years smoking history, while 12% of the

smokers were heavy smokers with over 20 pack-years smoking

history. The average age of smoking initiation was 22 years

(SD = 12), ranging from 7 to 83 years old. The average age of

smoking cessation was 39 years (SD = 15), ranging from 12 to

98 years old. Only 3.1% of all patients used smokeless tobacco

(0.8% current users and 2.3% former users). Statistically

significant differences in years of quitting, level of smoking,

and smokeless tobacco use were found when comparing lab-

confirmed SARS-CoV-2 positive and negative cases (P <

.0001).

Risk Factors for Testing Positive for SARS-CoV-2

As shown in Table 2, patients younger than 18 years old were

more likely than adults aged 18-39 years old to be lab-

confirmed positive (adjusted OR: 1.24, 95% CI: 1.18-1.3)

while patients aged 40-59 years old (adjusted OR: 0.93, 95%

CI: 0.91-0.96), aged 60-79 years old (adjusted OR: 0.69, 95%

CI: 0.67-0.71), or aged 80 years or older (adjusted OR: 0.81,

95% CI: 0.77-0.85) were less likely than adults aged 18-

39 years old to be lab-confirmed positive. Males (vs. female:

adjusted OR = 1.12, 95% CI = 1.09-1.14), racial ethnic mi-

norities (vs Non-Hispanic White; Hispanic or Latino: ad-

justed OR = 2.70, 95% CI = 2.64-2.77; Non-Hispanic Black:

adjusted OR = 1.31, 95% CI = 1.25-1.36; Other: adjusted

OR = 1.90, 95% CI = 1.81-1.99), and patients with mild

comorbidities (vs no comorbidities: adjusted OR = 1.10, 95%

CI = 1.07-1.13) were more likely to be lab-confirmed positive

cases. Patients with missing smoking status (adjusted OR:

1.11, 95% CI: 1.07-1.14) were more likely than non-smokers

to be lab-confirmed positive, while current smokers (adjusted

OR: 0.69, 95% CI: 0.66-0.73) and former smokers (adjusted

OR: 0.92, 95% CI: 0.89-0.95) were less likely than non-

smokers to be lab-confirmed positive. There were no signif-

icant differences (adjusted OR: 1.05, 95% CI: 0.93-1.17) in

passive smokers compared to non-smokers to be lab-
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Table 1. Participant characteristics among patients with positive vs negative SARS-CoV-2 tests.

LAB-CONFIRMED ALL P VALUE

NEGATIVE
(N = 486 126)

POSITIVE
(N = 70 564)

(N = 556 690)

N % N % N %

Sex <.0001

Female 278 868 57.4 38 465 54.5 317 333 57

Male 207 258 42.6 32 099 45.5 239 357 43

Age group <.0001

<18 30 977 6.4 7743 11 38 720 7

18-39 135 740 27.9 23 741 33.6 159 481 28.6

40-59 143 234 29.5 21 968 31.1 165 202 29.7

60-79 140 125 28.8 13 421 19 153 546 27.6

80+ 36 050 7.4 3691 5.2 39 741 7.1

Race/Ethnicity <.0001

Missing 30 267 6.2 5684 8.1 35 951 6.5

Hispanic 85 088 17.5 25 393 36 110 481 19.8

NH Black 30 789 6.3 3994 5.7 34 783 6.2

NH Asian 64 667 13.3 6994 9.9 71 661 12.9

NH White 255 255 52.5 24 407 34.6 279 662 50.2

Other 20 060 4.1 4092 5.8 24 152 4.3

Charlson comorbidity index (CCI)

Missing 127 043 26.1 26 778 37.9 153 821 27.6

Severe: CCI >= 5 60 101 12.4 5986 8.5 66 087 11.9

Moderate: CCI = 3-4 50 462 10.4 5313 7.5 55 775 10

Mild: CCI = 1-2 148 454 30.5 20 150 28.6 168 604 30.3

No comorbidity: CCI = 0 100 066 20.6 12 337 17.5 112 403 20.2

Smoking status <.0001

Missing 120 877 24.9 22 025 31.2 142 902 25.7

Current smoker 25 823 5.3 2447 3.5 28 270 5.1

Former smoker 87 457 18 9106 12.9 96 563 17.3

Passive smoker 3532 0.7 643 0.9 4175 0.7

Non-smoker 248 437 51.1 36 343 51.5 284 780 51.2

Age start smoking 0.98156

Missing 110 477 97.5 11 291 97.7 121 768 97.5

<25 years old 2139 1.9 201 1.7 2340 1.9

>=25 years old 664 0.6 61 0.5 725 0.6

Years of quitting smoking <.0001

Missing 48 602 42.9 5407 46.8 54 009 43.3

Quit less than 15 years 25 695 22.7 2750 23.8 28 445 22.8

Quit at leasst 15 years 38 983 34.4 3396 29.4 42 379 33.9

Level of smoking <.0001

Missing 59 521 52.5 6838 59.2 66 359 53.2

>20 pack-years 13 868 12.2 1073 9.3 14 941 12

10-20 pack-years 14 769 13 1175 10.2 15 944 12.8

<10 pack-years 25 122 22.2 2467 21.4 27 589 22.1

Smokeless tobacco use <.0001

Missing 141 851 29.1 25 374 35.9 167 225 30

Current user 4020 0.8 581 0.8 4601 0.8

Former user 11 330 2.3 1283 1.8 12 613 2.3

Never used 328 925 67.7 43 326 61.4 372 251 66.9

Note: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; NH, non-Hispanic; CCI, Charlson Comorbidity Index.
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confirmed positive after adjustment for age, sex, race/ethnicity,

and comorbidities.

Differences Between Patients With and Without Smoking
History in the Electronic Health Record Among Patients
Who had a SARS-CoV-2 Test

As shown in Table 3, the proportion of lab-confirmed COVID-

19 cases was 11.7% and 15.4% for patients with and without

documentation of smoking status, respectively (P < .0001). The

majority (65%) of patients with documented smoking status

have received primary care at Sutter Health, while over 90% of

patients with missing smoking status have never received pri-

mary care at Sutter Health (91%, P < .0001). The majority

(58.7%) of patients with documentation of smoking status were

female, and half (51.9%) of patients without documentation of

smoking status were female (P < .0001). There are significant

differences in age (<18 years old: 6.9% with documentation vs

7.1% without, and 18-39 years old: 26.7% with vs 34.3%

without, P < .0001) and race ethnicity (Hispanic: 17.7% vs

25.9%, NH Black: 4.6% vs 10.9%, NH Asian: 13.4% vs 11.3%,

NH White: 53.6% vs 40.4%, other: 3.7% vs 6.2%, P < .0001)

when comparing patients with and without documented

smoking status. The majority (54.9%) of patients with missing

smoking status also had missing data on the major co-

morbidities, while only 18.2% of patients with documented

smoking status had missing data on the major comorbidities

(P < .0001).

Risk Factors for Missing Smoking Status in the Electronic
Health Record Among Patients Who had a
SARS-CoV-2 Test

The odds of having missing smoking status among patients who

have received primary care at Sutter Health was only 0.07 times

that of those who never received primary care at Sutter Health

(adjusted OR: 0.07, 95% CI: 0.07-0.07) (Table 4). Patients

younger than 18 years old were nearly one third as likely as

patients aged 18-39 years old to have missing smoking status

(adjusted OR: 0.35, 95% CI: 0.32-0.37). Similarly, age was

associated with a decreased odds of having missing smoking

status after age 40 (Age 40-59 vs 18-39 years old: adjusted OR =

0.95, 95% CI = 0.92-0.98 and Age 60-79 vs 18-39 years old:

adjusted OR = 0.93, 95% CI = 0.9-0.96) until age 80 or older

when the odds of having missing smoking status increased (Age

80 + vs 18-39 years old: adjusted OR = 1.11, 95% CI = 1.07-

1.16). Being male (adjusted OR = 1.41, 95% CI = 1.38-1.44),

racial ethnic minorities (Hispanic: adjusted OR = 1.61, 95%

CI = 1.56-1.65, Non-Hispanic Black: adjusted OR = 2.60, 95%

Table 2. Odds ratio for SARS-CoV-2 positivity.

EFFECT UNCONDITIONAL OR UNCONDITIONAL 95% CI MULTIPLE OR MULTIPLE 95% CI

Age

<18 vs 18-39 years old 1.43 1.39-1.47 1.24 1.18-1.3

Age 40-59 vs 18-39 years old 0.88 0.86-0.89 0.93 0.91-0.96

Age 60-79 vs18-39 years old 0.55 0.54-0.56 0.69 0.67-0.71

80+ vs 18-39 years old 0.59 0.56-0.61 0.81 0.77-0.85

Race/Ethnicity

Hispanic vs NH White 3.12 3.06-3.18 2.70 2.64-2.77

NH Black vs NH White 1.36 1.31-1.41 1.31 1.25-1.36

NH Asian vs NH White 1.13 1.1-1.16 1.03 0.99-1.06

Other vs NH White 2.13 2.06-2.21 1.90 1.81-1.99

Sex

Male vs Female 1.12 1.11-1.14 1.12 1.09-1.14

Smoking status

Missing vs Non-smoker 1.25 1.22-1.27 1.11 1.07-1.14

Current smoker vs Non-smoker 0.65 0.62-0.68 0.69 0.66-0.73

Former smoker vs Non-smoker 0.71 0.69-0.73 0.92 0.89-0.95

Passive smoker vs Non-smoker 1.24 1.14-1.35 1.05 0.93-1.17

Severity of major comorbidities

Severe vs No comorbidities 0.81 0.78-0.83 1.01 0.97-1.05

Moderate vs No comorbidities 0.85 0.83-0.88 1.02 0.98-1.06

Mild vs No comorbidities 1.10 1.08-1.13 1.10 1.07-1.13

Note: Boldface indicates statistical significance (P < .05).
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; NH, non-Hispanic; CCI, Charlson Comorbidity Index.
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CI = 2.5-2.69, Non-Hispanic Asian: adjusted OR = 1.68, 95%

CI = 1.63-1.74, other: adjusted OR = 1.80, 95% CI = 1.71-

1.88), and those with major comorbidities (severe: adjusted

OR = 2.52, 95%CI = 2.36-2.69, moderate: adjusted OR = 3.08,

95% CI = 2.89-3.29, mild: adjusted OR = 3.28, 95% CI = 3.09-

3.48) were more likely to have missing smoking status than

being female, Non-Hispanic White, and those with no major

comorbidities. The median household income was associated

with lower odds of having missing smoking status (adjusted

OR: 0.85, 95% CI: 0.85-0.86) (Table 4).

Discussion

This is one of the first and largest cross-sectional analyses to

assess risk factors for testing positive for SARS-CoV-2 in

primary care in the United States using EHR data from a large,

integrated healthcare system. Moreover, we sought to

understand the prevalence and causes of missing smoking data

among patients tested for SARS-CoV-2. This study includes

patients of all ages who had a test for SARS-CoV-2 which is

uncommon among published COVID-19 research to-date.

Including patients younger than 18 years old also provided

sufficient number of passive smokers to allow assessment of

secondhand smoke exposure, a possible COVID-19 risk factor

that has not been well studied.

Our findings suggest that current and former smokers are less

likely to be lab-confirmed SARS-CoV-2 positive. To date, data

on whether smokers have a higher risk of SARS-CoV-2 in-

fection is contradictory and inconclusive.11 A recent report from

a primary care network in the UK showed that active smoking

was linked with decreased odds of a positive test result,15 which

is consistent with our findings. Another study on risk of

COVID-19 in health-care workers in Denmark showed no

significant difference between current, former, and never smokers

Table 3. Participant characteristics among patients who received SARS-CoV-2 tests with or without documentation of smoking status in the EHR.

DOCUMENTATION OF SMOKING STATUS ALL (N = 556 690) P VALUE

YES (N = 413 788) NO (N = 142 902)

N % N % N %

Lab-confirmed COVID-19 positive <.0001

No 365 249 88.3 120 877 84.6 486 126 87.3

Yes 48 539 11.7 22 025 15.4 70 564 12.7

Having received primary care at Sutter health <.0001

No 143 524 34.7 129 987 91 273 511 49.1

Yes 270 264 65.3 12 915 9 283 179 50.9

Sex

Female 243 097 58.7 74 236 51.9 317 333 57

Male 170 691 41.3 68 666 48.1 239 357 43

Age group <.0001

<18 28 642 6.9 10 078 7.1 38 720 7

18-39 110 455 26.7 49 026 34.3 159 481 28.6

40-59 127 776 30.9 37 426 26.2 165 202 29.7

60-79 117 756 28.5 35 790 25 153 546 27.6

80+ 29 159 7 10 582 7.4 39 741 7.1

Race/Ethnicity <.0001

Missing 28 507 6.9 7444 5.2 35 951 6.5

Hispanic 73 413 17.7 37 068 25.9 110 481 19.8

NH Black 19 172 4.6 15 611 10.9 34 783 6.2

NH Asian 55 470 13.4 16 191 11.3 71 661 12.9

NH White 221 984 53.6 57 678 40.4 279 662 50.2

Other 15 242 3.7 8910 6.2 24 152 4.3

Charlson comorbidity index (CCI) <.0001

Missing 75 376 18.2 78 445 54.9 153 821 27.6

1. Severe: CCI >= 5 51 399 12.4 14 688 10.3 66 087 11.9

2. Moderate: CCI = 3-4 43 339 10.5 12 436 8.7 55 775 10

3. Mild: CCI = 1-2 133 256 32.2 35 348 24.7 168 604 30.3

4. No comorbidity: CCI = 0 110 418 26.7 1985 1.4 112 403 20.2

Note: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; NH, non-Hispanic; CCI, Charlson Comorbidity Index.
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when comparing prevalence of antibodies against SARS-

CoV-2.16 There is no significant association between passive

smokers and being lab-confirmed SARS-CoV-2 positive after

adjustment for age, sex, race/ethnicity, and comorbidities. The

possible reasons for the lower odds of being lab-confirmed

SARS-CoV-2 positive among active smokers but not passive

smokers remain unclear. However, Kashyap et al17 hypothe-

sized that a current smoker’s immune systems is less responsive

to a COVID-19 infection than that of a never smoker whose

immune system would rapidly trigger a cytokine release

syndrome. Moreover, when smokers exhale, they are inten-

tionally and forcefully pushing air out of their lungs. The

deliberate, deep exhalation of tobacco smoke expels large

quantities and high concentrations of particles. The massive

rush of particulate matter (PM) may provide opportunities for

viral particle to be expelled from the lung and transmitted to

passive smokers. Exhaled smoke PM is likely to travel farther

than regular exhaling. Consequently, secondhand smoke de-

posits on surfaces and in dust to become thirdhand smoke

residue. Viral particles and droplets with viral particles also

deposit on surfaces and in dust. Third-hand smoke constit-

uents include compounds with known microbial activity.

Thirdhand smoke may affect the survival of COVID-19 on

surfaces and in dust.18

An important finding is that missing smoking status was

associated with an increased odds of being lab-confirmed

SARS-CoV-2 positive after adjustment for age, sex, race/

ethnicity, and comorbidities. In our sample, the patients with

missing smoking status were more likely to be male, aged

80 years or older, a racial ethnic minority, have lower income,

less access to primary care, and have major comorbidities.

Smokers are at high risk of having or developing other chronic

diseases,19 and smoking is more prevalent among economically

disadvantaged groups and certain racial/ethnic minority

groups.20 This suggest that those with missing smoking status

(25.7% of the sample) were more likely to be smokers.

Therefore, the overall SARS-CoV-2 positivity rate of smokers

in the entire sample may have been underestimated due to

missing smoking status data. Additionally, selection bias may

skew the results because smokers are more likely to experience

respiratory symptoms including cough, expectoration, and sore

throat, which could lead to more frequent testing and increasing

proportion of smokers with negative SARS-CoV-2 results.15

Approximately 17% of U.S. adults currently smoke ciga-

rettes21 and, while shelter-in-place restrictions have been put in

place to slow the spread of COVID-19, these restrictions may

also increase feelings of social isolation and mental distress, both

of which have been linked to increased motivation to smoke.22

Table 4. Odds Ratio for missing smoking status.

EFFECT UNCONDITIONAL OR UNCONDITIONAL 95% CI MULTIPLE OR MULTIPLE 95% CI

Age

<18 vs 18-39 years old 0.79 0.77-0.81 0.35 0.32-0.37

Age 40-59 vs 18-39 years old 0.66 0.65-0.67 0.95 0.92-0.98

Age 60-79 vs 18-39 years old 0.69 0.67-0.7 0.93 0.9-0.96

80+ vs 18-39 years old 0.82 0.8-0.84 1.11 1.07-1.16

Race/Ethnicity

Hispanic vs NH White 1.94 1.91-1.97 1.61 1.56-1.65

NH Black vs NH White 3.13 3.06-3.21 2.60 2.5-2.69

NH Asian vs NH White 1.12 1.1-1.15 1.68 1.63-1.74

Other vs NH White 2.25 2.19-2.31 1.80 1.71-1.88

Sex

Male vs Female 1.32 1.3-1.33 1.41 1.38-1.44

Income

Median Household Income (1 unit= $10k) 0.81 0.81-0.81 0.85 0.85-0.86

Access to healthcare

Received primary care at Sutter Health vs not 0.05 0.05-0.05 0.07 0.07-0.07

Severity of major comorbidities

Severe vs No comorbidities 15.90 15.15-16.68 2.52 2.36-2.69

Moderate vs No comorbidities 15.96 15.2-16.76 3.08 2.89-3.29

Mild vs No comorbidities 14.76 14.09-15.45 3.28 3.09-3.48

Note: Boldface indicates statistical significance (P < .05).
NH, non-Hispanic.
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As smoking is ultimately a modifiable behavior, understanding

the impact of active and passive smoking on COVID-19 in-

fection is especially important during the COVID-19 pan-

demic. Evidence suggests that individuals aware of the emerging

infectious diseases are more likely to practice preventive

behavior,23-25 providing a potential opportunity to decrease

smoking rates and protect non-smokers from tobacco smoke

exposure.

Previous studies suggested that COVID-19 has affected

more adults than children, and more men than women.26,27

With the more recent sample, we found an increased risk of a

positive SARS-CoV-2 test in patients under 18 years old and in

men. The number of children contracting COVID-19 in the

U.S. made up only around 3% of the U.S. total in 2020, but

children now account for more than a fifth of new coronavirus

cases in states that release data by age, according to the

American Academy of Pediatrics.28 The steadily increasing

child COVID-19 cases have raised alarms about a surge in

COVID infection among children. By March 31, 2021 (i.e.,

end of the study period), children were the remaining pop-

ulation ineligible for the vaccine and the main vectors of virus

spread creating risk to both themselves and the rest of the

population. Full approval of the coronavirus vaccine for children

5-11 year-old was released on October 29, 2021,29 which is

essential to help protect children from COVID-19 infection.

We also found that Hispanic/Latino patients had 2.70 times

the odds of a positive SARS-CoV-2 test result than non-

Hispanic White patients, which remained significant after

adjusting for smoking status, age, sex, and comorbidities.

Consistent with previous studies,30,31 this finding highlights the

disproportionate incidence of COVID-19 among the His-

panic population and the burden of the pandemic on racial

and ethnic minority communities across the country.32,33

Employment in high-risk positions, education, income,

and structural barriers to healthcare are all factors likely

contributing to this association.34,35 According to data from

Johns Hopkins and the American Community Survey, the

COVID-19 infection rate is 3-fold higher in counties with a

majority Black population vs predominately White counties,

and the death rate is 6-fold higher in Black counties.36 The

higher proportion of positive SARS-CoV-2 tests in racial and

ethnic minority groups highlights differential access to re-

sources and underlying systemic racism which are contrib-

uting to and exacerbating the racial ethnic disparities seen in

the COVID-19 pandemic.

Increasing evidence shows that a number of chronic co-

morbidities such as hypertension, diabetes, and cardiovascular

disease are associated with an increased risk of progressing to

severe COVID-19 disease.2-4 Comorbidities that coexist with

COVID-19 may lead to a delayed diagnosis, be confounders in

analysis of association between COVID-19 and other risk

factors, and increase morbidity and mortality. Therefore, it

appears desirable to summarize one or multiple comorbidities

into a single score in an efficient manner, using comorbidity

indices from the EHR data. The CCI is the most commonly

used comorbidity indicx and includes sixteen diseases with

different weights based on the strength of their association with

mortality. Our study is the first to adapt the CCI to a large

health care database to examine the association between co-

morbidities and COVID-19. We found an association between

severity of major comorbidities and a positive SARS-CoV-2 test

as hypothesized. Specifically, patients with mild comorbidities

were about 1.10 times as likely to have the positive SARS-CoV-

2 test result as those without comorbidities. It may add

prognostic information to the COVID-19 diagnosis as a

predictor of SARS-CoV-2 positivity.

Over a quarter of patients tested for SARS-CoV-2 have no

documentation of smoking status in the EHR. The influence of

the missing data on the association between smoking and

SARS-CoV-2 positivity remains unknown. Healthcare systems

should enhance documentation of smoking status among all

patients and especially among COVID-19 patients. Vulnerable

populations with major comorbidities, lower income, less access

to primary care, aged 80 years or older, and identifying as racial

ethnic minorities were more likely to have missing smoking

data, suggesting opportunities to target subgroups and influence

clinical practice at patient, provider, and systems levels.

Limitations
We acknowledge several limitations in the current study. The

study population only included individuals who were assessed

for SARS-CoV-2 infection by a physician and were tested for

SARS-CoV-2. Thus, results only reflect risk factors for testing

positive for SARS-CoV-2. There are limitations in the diag-

nostic tests used and the sensitivity and specificity of the tests

themselves. For example, test sensitivity increases with viral

load, so the SARS-CoV-2 positive patients may have been more

likely to include patients who were more severely ill. On the

other hand, a false negative test result indicating that a person

has not been infected when the person actually does have the

infection poses a challenge to COVID-19 diagnosis.37 How-

ever, it may result in an underestimate of the association be-

tween COVID-19 and risk factors. In our sample, many

patients had several simultaneous or repeated tests (up to 20

tests for SARS-CoV-2) which could overcome an individual

test’s limited sensitivity.

Although barriers to documentation of smoking status for

patients tested for SARS-CoV-2 in vulnerable populations need

to be better understood, the completeness, sensitivity, and

positive predictive values of smoking history documentation in

the EHR have improved considerably in recent years, indicating

that the EHR is an acceptable source for identifying persons

with a history of smoking for research and clinical purposes

similar to our study.12 However, the measurement of some

smoking behaviors such as duration of smoking, age at which

patient first smoked, type of tobacco smoked, level of smoking,

and passive smoking, are limited by the available data and may
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be underreported in the EHR.38,39 More comprehensive as-

sessments of secondhand smoke exposure and biological

confirmation are required to better understand potential

biases in reported exposure and the conditions under which

secondhand smoke may affect COVID-19 transmission,

infection, symptoms, and health outcomes. Acknowledging

this limitation, similar studies like ours on the health effects

of passive smoking among COVID-19 patients may become

another reason for clinicians to be more committed to im-

proved passive smoking documentation and patient

education.

Lastly, we are studying a single healthcare organization in

northern and central California. However, studying a single

system with a shared infrastructure controls for access barriers

and variations in testing supplies and protocols, and allows us to

instead focus on variation across patients who had a test for

SARS-CoV-2 and factors that could lead to COVID-19

prevention and control.

Conclusions
Our findings suggest that children, men, patients identifying

as racial ethnic minorities, patients without documentation of

smoking status, and patients with mild major comorbidities are

at increased risk for testing positive for SARS-CoV-2. Federal,

state, and local government should dedicate the resources

necessary to support these particularly vulnerable populations

during COVID-19 pandemic comprehensively. This should

include, but not be limited to, protecting nonsmokers from

exposure to secondhand smoke. Findings from this study

would be useful in identifying the critical individual charac-

teristics that should be considered in tailoring approaches to

identify trusted sources of information and create effective

messaging to disseminate COVID-19 prevention and control

information. Additional research is also needed to improve

documentation of smoking history, pack-years, vaping, and

secondhand exposure especially among patients tested for

SARS-CoV-2. Future studies should investigate the risk of

severe outcomes among active and passive smokers, the role

that exposure to tobacco smoke constitutes among non-

smokers, the role of comorbidities in COVID-19 disease

course, and health disparities experienced by disadvantaged

groups.
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