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ABSTRACT 
 
Certain chronic conditions are becoming increasingly ignored due to the magnitude of COVID-19. However, contin-
ued research on these conditions, such as nicotine addiction and heart disease, and how they relate to COVID-19 will 
help researchers assess case severity more adequately. It has been commonly asserted that smoking cessation will 
reduce COVID-19 mortality rates for smokers due to how it damages the lungs. However, smoking cessation results 
in nicotine withdrawal, which is proven to cause side effects that could conversely increase the severity of COVID-
19. This study aims to determine how nicotine withdrawal increases the probability of developing cardiac arrhythmia, 
and how that relationship increases COVID-19 mortality rates. To conduct our study, we compiled datasets from 
various health organizations, including the CDC and WHO, to find correlations between these three conditions. We 
first investigated the complications that result from nicotine withdrawal and how they may develop into cardiac ar-
rhythmia. Following initial inquiries, we then calculated how cardiac arrhythmia increases COVID-19 mortality rates. 
To validate our conclusions, we compared smoking cessation rates with COVID-19 mortality rates in different states 
to isolate direct correlation between the two conditions. We determined that nicotine withdrawal has a 32.7% proba-
bility of causing cardiac arrhythmia, and that cardiac arrhythmia increases the chance of death from COVID-19 by 
14.7%. Ultimately, we found that nicotine withdrawal increases the COVID-19 mortality rate by 4.8% compared to 
the general population, a significant and concerning finding.   
 

Introduction 
 
COVID-19, otherwise known as the coronavirus, was classified as severe acute respiratory syndrome coronavirus 2 
by the WHO. It was first identified in Wuhan, China in December of 2019 and has now spread to almost every country. 
As of July 18, 2020, more than 14.1 million cases of COVID-19 have been reported, resulting in more than 598,000 
deaths, but these numbers are increasing rapidly (Redaction, 2020). COVID-19 has overwhelmed the medical field, 
and as a result, less research is being done on other prevalent medical issues.  

A more chronic issue in American society has been smoking tobacco products, primarily cigarettes. Approx-
imately 34.2 million Americans are reported to have taken the drug (CDC, 2019). Smoking cigarettes can potentially 
cause long-term diseases such as an increased risk of stroke, brain damage, lung cancer, high blood pressure, and heart 
disease (Mjøs, 1988). Smoking results in more than 480,000 deaths per year in the US and smokers die around 10 
years earlier than their non-smoking counterparts (KFF, 2018). Quitting smoking is difficult because of the highly 
addictive chemical nicotine. Nicotine is also found in vaping products, which are common alternatives to cigarettes 
and are prominently consumed by adolescents. Nicotine addiction can be especially harmful to the heart, as it can 
cause an increase in blood pressure, heart rate, flow of blood to the heart, and the narrowing of arteries. The side 
effects of nicotine withdrawal are most prevalent within the first 3 - 4 weeks of withdrawal, and is considered to be 
the biggest hurdle smokers face when trying to quit. Other studies have concluded that smoking cessation can reduce 
a patient’s chance of death from COVID-19 and boost health outcomes (KFF, 2018). However, the side effects of 
nicotine withdrawal are often unobserved in these studies. In this paper, we aim to find a relationship between smoking 
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cessation and COVID-19. We use “smoking cessation” interchangeably with "nicotine withdrawal", as nicotine with-
drawal occurs when a person stops smoking since almost all cigarettes contain nicotine (Wadgave, & Nages, 2016).  

Another chronic group of conditions in the US is heart diseases. More specifically, we studied a specific heart 
disease called cardiac arrhythmia. Cardiac arrhythmia is a prevalent condition that occurs in every 1 out of 18 Amer-
icans (NCHS, 2020). It takes place when electrical impulses in the heart are not coordinated properly. The most com-
mon symptom of cardiac arrhythmia is palpitations, or a short-lived arrhythmia (HHS, 2013). Palpitations are gener-
ally negligible, but frequent palpitations can be of higher concern. These palpitations are also a common symptom of 
nicotine withdrawal. Although palpitations may resolve themselves within 3 - 4 weeks after a person quits nicotine, 
the symptoms and health concerns associated with these palpitations can result in severe health outcomes (Brugada, 
Gürsoy, Brugada, & Andries, 1993). Our research expands on cardiac arrhythmia and determines how it correlates 
with COVID-19 death rates. 

Although researchers and health officials have come a long way in determining the symptoms and possible 
causes of higher COVID-19 mortality rates amongst different health demographics, there is still an overwhelming 
amount of research that needs to be conducted. To find relationships between nicotine withdrawal, cardiac arrhythmia, 
and COVID-19, we analyzed several datasets to uncover trends and correlations. With access to public journals and 
datasets, we utilized computational and statistical analytics to conduct our research. We began by finding individual 
correlations between two complications, and at each step, we validated and confirmed our results. For validation of 
our findings, we compared the smoking cessation rates and COVID-19 death rates across the US to find a direct 
correlation between the two conditions. 

This paper begins by reviewing our methods for evaluating correlations and rates between factors and dis-
eases. This includes an in-depth explanation of each step of our research, why we took such steps, and what tools were 
used in the process. We then present our results and explain why our findings are statistically accurate. We provide 
calculations and visualizations for our compiled results and present a validation study. Finally, we present our results 
and discuss the significance and implications they hold, as well as any potential shortcomings and future expansion 
of our research. 
 

Methods 
 
Data Compilation and Tools 
 
Our main source of data was the CDC data archives. These datasets were preferable because they were collected by 
trusted sources under the United States HHS. Additionally, we collected data from various medical archives and jour-
nals (HHS, 2013; KFF, 2018; Roser, Ritchie, Ortiz-Ospina, & Joe Hasell, 2020) after reviewing their results and 
sources to record and compute specific rates and statistics. Many of the datasets were provided as supplemental ma-
terial in the journals for open-source use.  

To conduct our study, we used various open-source data science tools. We primarily utilized Jupyter Note-
book, a python-based data science software, to analyze datasets and create figures. The main python library we used 
was Pandas, a data analysis tool that allowed us to read and visualize datasets. Along with Pandas, we utilized Mat-
plotlib, Sci-Kit, and Seaborn to create statistical models and graphs.  
 
Data Compilation and Tools 
 
One extremely common symptom of withdrawal are palpitations. While palpitations are a legitimate symptom of 
nicotine withdrawal, they usually last for 3 - 4 weeks after initial cessation (Brugada, Gürsoy, Brugada, & Andries, 
1993). However, this is enough time for the side effects to proliferate. For our research, the clinical trials we analyzed 
on nicotine withdrawal needed to provide statistics and results on how often patients developed cardiac arrhythmia. 
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We analyzed a study conducted by the NCBI which recorded the side effects of patients who underwent nicotine 
replacement therapy, including the number of cigarettes they smoked per day, the number of years they smoked, their 
pre-existing conditions, and their reported cardiovascular outcomes as a result of the experiment (Mills, Thorlund, 
Eapen, Wu, & Prochaska, 2014). 
 
Development of Heart Complications 
 
To calculate a death rate for patients with cardiac arrhythmia and COVID-19, we analyzed a dataset from the CDC 
which included underlying health conditions for patients with COVID-19 across the nation (HHS, 2013). The dataset 
included death counts for patients with COVID-19 and cardiac arrhythmia in each state and was categorized by age 
group. We calculated a nationwide death count for patients with both conditions by totalling the death counts across 
age groups and states. 

Additionally, the total case count of patients with both cardiac arrhythmia and COVID-19 was needed to 
calculate a mortality rate. Unfortunately, the datasets which were publicly available contained only information re-
garding mortalities, not total cases. As a result, we had to accurately estimate how many patients in the US had both 
diseases. We utilized various statistical methods for estimation. The most statistically sound method was to assume 
that the percent of patients with cardiac arrhythmia in the US would be identical to the percentage of patients with 
COVID-19 and cardiac arrhythmia in the US. This is because everyone should have the same chance of getting 
COVID-19, since it is a disease that is contracted, not developed. Using this percentage, we were able to get a raw 
case count and then calculated a death rate. With this death rate, we compared it to individual death rates of COVID-
19 and cardiac arrhythmia to evaluate changes.  
 
Development of Heart Complications 
 
It was crucial to prove an overarching correlation showing that an increase in smoking cessation rates leads to an 
increase in COVID-19 mortality rates, regardless of potential palpitations or cardiac arrhythmia. We looked at specific 
trends within states to give us a wide range of diverse data points. Two datasets were utilized in the process. The first 
dataset consisted of 25 US states with statistics related to smoking, the most important being the rates at which smokers 
in the state attempted quitting (KFF, 2018). The second dataset reported COVID-19 death rates per state (Roser, 
Ritchie, Ortiz-Ospina, & Joe Hasell, 2020). This gave us a direct correlation representing the relationship between 
nicotine withdrawal and COVID-19 mortality rates. While our study focuses on how cardiac arrhythmia caused by 
nicotine withdrawal affects COVID-19, we nevertheless wanted to prove a direct correlation between nicotine with-
drawal and COVID-19, independent of heart diseases. However, due to due to the unavailability of datasets or clinical 
studies on specific patients who quit nicotine and then had COVID-19, we decided to find a trend across states. 
 

Results 
 
Nicotine Withdrawal Symptoms 
 
From the clinical study on patients who had nicotine withdrawal, out of the 63 total patients involved in the study, we 
analyzed which individuals had at least one of the following: palpitations, various types of cardiac arrhythmia, strange 
heartbeat rhythms or intensities, and pounding heart. We found that 29 out of the 63 patients had either palpitations 
or cardiac arrhythmia, which equates to 46.03%.  
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Table 1. Summarized results from the NCBI clinical trial studying the outcomes of numerous patients after nicotine 
replacement therapy. Presented results include patient conditions before and after nicotine withdrawal. 
 

# of patients in 
which quit nicotine 

# of patients 
previously healthy 

# of patients with 
palpitations/arrhythmia 

# of patients with 
pre-existing heart 

conditions 

Percentage (%) 

63 44 29 6 46.03 

 
We found that 14 patients saw palpitations, a symptom of cardiac arrhythmia, and 15 patients saw cardiac 

arrhythmia outright. Palpitations can develop into cardiac arrhythmia, so we wanted to include that probability in our 
final calculation. Thus, to find the chance of a patient seeing cardiac arrhythmia after smoking cessation, we had to 
weigh these numbers to calculate an average. After analyzing a study from the AAFP which followed 190 palpitation 
patients (Abbott, & Allan V., 2005), it was found that 40% of the patients developed cardiac arrhythmia.  

We utilized a weighted average to calculate how often a patient who quits smoking will develop cardiac 
arrhythmia. The weighting factor is the probability that a patient will develop cardiac arrhythmia. Since different 
patients in the study have different probabilities of developing cardiac arrhythmia, using a weight for each patient 
would give the most accurate final probability. Since patients who have palpitations only develop arrhythmia 40% of 
the time, for those 14 patients, the weighting factor is 0.4. For patients who immediately developed cardiac arrhythmia, 
their weighing factor is 1, since they have already developed it. Since 14/63 patients developed palpitations and 40% 
of patients who have palpitations eventually develop cardiac arrhythmia, there is an 8.9% chance they develop cardiac 
arrhythmia. Moreover, since 15/63 patients directly saw cardiac arrhythmia, their probability of developing cardiac 
arrhythmia is 23.8%. Thus, by combining these rates, we got a final rate of 32.7%, which is the probability that some-
one who quits smoking will develop cardiac arrhythmia. 
 

Equation 1:        
Our equation is represented above, where n = 2, x1 = 14/63, x2 = 15/63, w1 = 0.4, w2 = 1, and x = 32.7%. 
 
Development Rates of Heart Complications 
 
To connect nicotine withdrawal with COVID-19, we first had to establish a relationship between COVID-19 and 
cardiac arrhythmia. A dataset from the CDC contained information regarding death counts for patients with COVID-
19 and a variety of other conditions, one being cardiac arrhythmia. By totaling the death counts for patients with both 
COVID-19 and cardiac arrhythmia across different states and age groups, we found that 6,932 patients had both 
COVID-19 and cardiac arrhythmia in the US as of July 17th. However, to calculate a final death rate of patients with 
cardiac arrhythmia and COVID-19, we were required to estimate the total cases of patients with both conditions, as 
no public datasets contained that information. Problematically, the dataset we utilized only recorded deaths, not total 
cases.  

A compelling estimation strategy was to follow basic statistics and not consider any external factors, which 
inherently are unpredictable and easily unaccountable. The US cardiac arrhythmia rate is 5% (Scripps Health, 2015), 
and this gave us a good baseline for estimation. We assumed that if 5% of the US population has cardiac arrhythmia, 
and if every person has an equal chance of contracting COVID-19, then 5% of COVID-19 patients will also have 
cardiac arrhythmia. We had to assume this because predicting who will get COVID-19 is impossible since COVID-
19 is not a disease someone develops, rather it is a disease that is contracted from exposure to other individuals. For 
example, COVID-19 isn’t a condition which is developed, such as diabetes. Instead, it is more comparable to the 
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common flu, which is contracted. Therefore, everyone should have the same chance of getting COVID-19. Since there 
still is little research on which demographics, let alone medical demographics, may be at higher or lower risk of getting 
COVID-19, this is the most effective way of making this estimation. For statistical proof, assume that the US popula-
tion is subset A and the COVID-19 population is subset B, and the cardiac arrhythmia population is subset C. Under 
the premise that COVID-19 randomly samples from the population, then subset B is a completely random subset of 
A. Since subset C is 5% of subset A, then by randomly sampling A, 5% of the subset B will contain members of subset 
C. 

Based on the COVID-19 statistics as of July 17th, which is the last day that the CDC dataset recorded, there 
were 3,247,684 COVID-19 cases in the US (Roser, Ritchie, Ortiz-Ospina, & Joe Hasell, 2020). Assuming 5% of 
COVID-19 patients have cardiac arrhythmia, then 177,482 patients have both. As such, the death rate for patients with 
both cardiac arrhythmia and COVID-19 is approximately 3.9%. The standard COVID-19 death rate for any person in 
the US is 3.4% (Roser, Ritchie, Ortiz-Ospina, & Joe Hasell, 2020), which means that for patients who have COVID-
19 and arrhythmia, the death rate increases by approximately 0.5 percentage points, or an increase of 14.7%. Addi-
tionally, since the national death rate for patients with pre-existing cardiac arrhythmia is 0.96% (Scripps Health, 2015) 
and COVID-19 increases the death rate for these patients to 3.9%, getting COVID-19 will increase their chance of 
death by 306%.  

 
Figure 1. Mortality rates of cardiac arrhythmia and COVID-19 compared to the mortality rate of patients with both 
conditions (US Statistics). 
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Key Statistics 
 
We ultimately concluded that if a patient quits smoking, in the next 3 - 4 weeks, they have a 32.7% of developing 
cardiac arrhythmia, and if they then contract COVID-19, their chance of dying from COVID-19 will increase by 
14.7% compared to a patient without cardiac arrhythmia. Thus, if a patient stops smoking, their chance of death from 
COVID-19 will increase by 4.8%. This means for patients who quit smoking, their chance of death from COVID-19 
is 3.56% due to the probability they develop cardiac arrhythmia.  
 
Table 2.  Relevant calculated results from our study. Death rates, increases in death rates, and chances of developing 
conditions are displayed. 

Probability of 
developing CA from 
nicotine withdrawal 

(%) 

Mortality rate for 
patients with CA + 

COVID-19 (%) 

Increased mortality 
rate of patients with 
CA + COVID-19 vs 
only COVID-19 (%) 

Increased mortality 
rate for CA patients 

if they contract 
COVID-19 (%) 

Increased chance of 
mortality from 

COVID-19 
following nicotine 

withdrawal (%) 

32.7 3.9 14.7 306 4.8 

 
Validation Performance 
 
Finally, to prove a holistic trend between smoking cessation and COVID-19 death rates, we looked to different states 
to provide a wide range of data points. We analyzed two datasets, using one variable from each to support our valida-
tion. Our first variable was smoking cessation rates (KFF, 2018), and our second variable was COVID-19 death rates 
(Roser, Ritchie, Ortiz-Ospina, & Joe Hasell, 2020). After isolating the 25 states provided in the first dataset, we visu-
alized the relationship. 

 
Figure 2.  Smoking cessation rates against COVID-19 mortality rates in 25 US states provided in the dataset. Note: 
Cessation rates were scaled by a coefficient for visualization purposes. 
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After seeing probable correlation, we proceeded to create a linear regression model to analyze the correlation in-depth. 
We expected to see a positive correlation between the rates of smoking cessation and COVID-19 death rates. 
 

 
 
Figure 3.  Regression model representing the correlation between smoking cessation rates and COVID-19 death rates 
for 25 US states with recorded data. 
 

The regression line had a correlation factor of 0.805. The relationship between two variables is generally 
considered strong when their correlation coefficient is larger than 0.7 (Mindrila, 2013). Hence, our calculations and 
conclusions proved to be accurate and realistic. Each condition in our study was proven to be carefully connected with 
each other condition, as nicotine withdrawal has a direct connection with both cardiac arrhythmia and COVID-19. 
Without this validation study, our results would have been solely contingent on cardiac arrhythmia.  
 

Discussion 
 
Our results could potentially help active smokers by informing them of the risks of nicotine withdrawal. Patients with 
nicotine addictions could benefit from our findings by understanding how nicotine withdrawal will increase COVID-
19 mortality rates.  

Although numerous studies claim that smokers should attempt to quit in order to decrease their risk of death 
from COVID-19, our research is still very beneficial. We have found nicotine withdrawal increases the COVID-19 
mortality rates by 4.8% in the first 3 - 4 weeks after withdrawal. However, an observational database from 169 hospi-
tals in Asia, Europe, and North America, found that an active smoker is 1.8 times more likely to die than a normal, 
healthy patient with no underlying health conditions (Mehra, Desai, Kuy, Henry, & Patel, 2020). We recognize that 
smoking does lead to a higher death rate from COVID-19, but we also prove the fact that deliberate withdrawal could 
have adverse effects. While it seems clear that quitting smoking is a preferable action to take, we do believe that our 
research is important to patients, as they can be aware of the potential side effects of nicotine withdrawal and how that 
may play a role in the outcomes of COVID-19. It is crucial to present both sides of an action as our research has 
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proven that nicotine withdrawal has its own definite harms. Rather than immediately quitting smoking, smokers could 
follow a more gradual process for smoking cessation in order to lower their chance of death from COVID-19. 

A shortcoming of our research lies in the inherent problem of estimating values. While we prove our estima-
tions are statistically sound and mathematically probable, estimations are still inherently guesses and have the propen-
sity to be incorrect. Since lots of data related to COVID-19 is either not collected or not publicly available, we were 
forced to make estimations. Our estimations may have been over or underestimated, but the deviation of our estima-
tions from ground-truth values should not be statistically significant. When this data is released in the future, we can 
review our estimations and present more accurate findings.  

Lastly, nicotine withdrawal does not only pertain to a complete halt to nicotine consumption, as simply re-
ducing the amount of nicotine consumed can lead to withdrawal side effects. For example, when patients attempt to 
quit smoking, they may use nicotine patches or other alternatives which still contain nicotine. Future studies, contin-
gent on datasets and trials, could draw a correlation between the amount of nicotine decreased and the chance of 
developing cardiac arrhythmia and the COVID-19 mortality rates. 
 

Conclusion 
 
Nicotine withdrawal has been shown to have negative side effects, and through our research, we prove that these side 
effects lead to the development of cardiac arrhythmia, which increases the chance of death from COVID-19. During 
the pandemic, it has generally been advised that quitting smoking is an effective way to reduce the negative effects of 
COVID-19, but the side effects of nicotine withdrawal and how they may affect COVID-19 mortality rates are often 
unconsidered. Through the use of computational and statistical analysis, we found that if a patient quits smoking, they 
have a 32.7% chance of developing cardiac arrhythmia. Cardiac arrhythmia was found to increase the COVID-19 
mortality rate by 14.7%, and COVID-19 was found to increase the death rate of cardiac arrhythmia by 306%. Thus, 
for patients who quit smoking, if they contract COVID-19, their mortality rate increases 4.8%. The potential negatives 
of nicotine withdrawal on COVID-19 are important for health officials and patients to understand, as it can help 
patients develop a gradual approach to smoking cessation. Future studies could draw correlations regarding how other 
symptoms of nicotine withdrawal could also increase COVID-19 mortality rates, which could develop into even more 
serious health and life-threatening complications. 
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