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Abstract 

A lack of dental visits has been found to predict both oral diseases (cavities and gingivitis) and complex diseases including 
Diabetes, Alzheimer's Disease, Periodontitis, and cardiovascular disease. I used linear regressions, sentiment analysis, and 
natural language processing to identify factors associated with decreased participation in dental visits among Americans. 
Additionally, I created two different word clouds that presented a visual representation of public Tweets showcasing how 
individuals feel about going to the dentist. The common themes in the word clouds included affordability and appointments. 
Furthermore, I conducted multiple linear regressions to determine the effect of various independent variables on the 
likelihood of individuals delaying personal and family care and the out-of-pocket expenditures for self and family. The most 
influential factors that contributed to the results of these multiple linear regressions included possessing insurance, age, 
gender, marital status, and earnings. Importantly, the socioeconomic factors of Americans indicate that many people avoid 
the dentist due to the cost of dental procedures.  

 

Oral health and hygiene have been implicated in diseases 
elsewhere in the body including Alzheimer's Disease, 
Cardiovascular Disease, and Diabetes (Lockhart, 2012; 
Poudel, 2018; Preshaw, 2011). These diseases kill more than 
906,146 Americans each year (“2021 Alzheimer’s”, 2021; 
“Statistics About,” 2019) and although the causes and 
progression of these illnesses vary, a disparity in dental visits 
appears to be a significant predictor of illnesses since there is 
a significant decrease in patient attendance (“Disparities in,” 
2021). Given that large percentages of surveyed participants 
do not see a dentist, results suggest Americans may be 
overlooking oral health as a significant preventative measure 
for serious diseases (Michas, 2022). The purpose of my study 
was to explore which factors have the most significant effects 
on Americans to delay dental care by examining the variables 
of age, marital status, earnings, race, and political party. 

 
Socioeconomics  

 
Dentists generally recommend an annual dental visit to 

check for healthy bacteria, oral cancers, anomalies, and 
periodontitis (Kay, 1999). However, the socioeconomic status 
of families may reinforce disparities in dental attendance. A 
survey conducted by the Egyptian Pediatric Association 
Gazette identified that the dental health of children is 

influenced by the oral hygiene behavior of children, which is 
derived from the socioeconomic status of their family (Aslan 
Ceylan et al., 2018). Families of a higher socioeconomic status 
reported better oral hygiene habits including tooth brushing, 
decreased sugar consumption, regular dental examinations, 
and adequate fluoride supplementation which led to fewer 
caries of the teeth of patients. According to Statista, disparities 
in attendance existed even in 2019, with over ⅓ of the 
American population having not seen a dentist in the past 12 
months - a statistic that decreased by an additional 3.2% in 
2022. When examining ethnicity and race as factors of 
attendance for the same years, all ethnicities and race groups 
showed decreased attendance in 2020 (Elflein, 2022). Among 
the ethnicities with the highest level of attendance were Non-
Hispanic Asians (64.3%) and Non-Hispanic Whites (66.6%) 
in 2020. As a factor of gender, women (65.8%) reported more 
visits to the dentist compared to men (59.6%) in 2020 (Elflein, 
2022).  

Dental visits can be expensive and when procedures are 
needed to be performed such as cavity fillings, wisdom teeth 
extractions, and braces, the cost can increase drastically. 
Dental exams can cost from $0 to $550 depending on 
insurance coverage; individuals who do not have insurance 
have to pay out-of-pocket for the routine exam which can be 
from $80 to $120 (“How much”, 2021). Insurance coverage 
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may restrict which procedures are covered due to being case-
dependent. Many dental insurance companies will cover a 
percentage of preventative, basic, and major restorative care 
procedures. Almost half of insured Americans are unhappy 
with their insurance policy (Black, 2021). The average 
American considers certain criteria when visiting the dentist 
such as noticing if the dental clinic is in-network with their 
insurance provider to avoid major expenses. A survey found 
that 82% of adults with insurance coverage visited the dentist 
at least once during 2021, but this procreation was 55% 
percent among adults with no insurance. This gap was slightly 
lower when comparing children (Elfein, 2021). 
 
COVID-19  
 

In addition to decreased dental care as a result of 
demographic variables, many offices around the world had to 
limit and eventually stop any non-emergency procedures in 
2020. So, while pandemic appointments increased by 84% 
compared to the pre-pandemic period, the number of canceled 
visits increased from 15% to 50% (Migas, 2022). Canceling 
and postponing dental visits negatively impacted overall 
physical health while also increasing healthcare costs and 
decreasing patient visit quality (Ceylan, 2022; Migas, 2022).  

Factors that may have existed pre-pandemic also impact 
dental attendance, including dentophobia which affects 
approximately 36% of the population. This anxiety can have 
serious effects on the health of individuals as it presents a 
barrier for dental visits (Beaton et al., 2014). Many people feel 
afraid to go to the dentist (dentophobia) which can negatively 
affect their health. Additionally, due to COVID-19 affecting 
the health of many Americans, dentophobia of patients and the 
avoidance of dental appointments may have increased from 
the fear of catching COVID while at the dentist’s office. The 
exposure of one’s mouth and airways to a potentially deadly 
infection may also affect one’s comfort with dental visits 
(Tofangchiha, 2022).  

As the world begins to recover from the COVID-19 
pandemic, Americans are being encouraged to visit more 
healthcare facilities, such as the dentist, to address the 
treatment they deferred as a result of the pandemic. This paper 
will explore and quantify the factors that are impeding dental 
visits by integrating linear regression modeling, natural 
language processing, and word cloud visualization. I wanted 
to quantify and qualify the effects of my data, which was 
unique to my study since I analyzed my data and two different 
nuanced methods. Quantifying the variables through the 
regression modeling of survey data in terms of beta 
coefficients and effect sizes, allowed to understand the value 
of insurance and finances for patients. Qualifying the values 
through natural language processing demonstrates the diction 
analysis by analyzing word cloud frequencies and 
understanding themes that are present. This study is unique as 
it explores many factors contributing to dental attendance of 
various racial groups in America.  

 
 

Hypotheses 
 
H1: Individuals who do not have insurance will be more 

likely to delay care for self and family than individuals with 
insurance.  

H2: The words associated with cost and insurance would be 
prominent in the dental-related word clouds. 

H3: The demographic factors will be considered in this 
study due to the impact they may carry on the results.  

 
Methods  
 
Materials for Descriptive and Regression Analysis in 
SPSS  
 

Survey on Dental Care and Dental Insurance. Data 
were drawn from the 2016 Commonwealth Fund Health 
Insurance Survey distributed from July 12, 2016 to 
November 20, 2016 by the Princeton Survey Research 
Associates International. Data took the form of phone 
surveys of 6005 adult participants drawn from various states 
across the US. The participants were surveyed by phone and 
asked to share information about their health care, insurance 
coverage, and spending (Appendix A).  
 
Statistical Package for the Social Sciences (v. 25).  

 
I recoded data with values for “chose not to answer” or “did 

not remember” to a “system missing” value and I created bar 
graphs to visualize the trends for each of the survey questions. 
I calculated the median for the out-of-pocket costs, preferring 
this measure to the mean because of the mean’s potential 
inaccuracy as the result of outliers. If the person reported 
spending no money out-of-pocket, it was recorded as a 
“system missing” value to avoid skewing the data. 
 
Materials for Natural Language Processing (NLP)  
 
Dental Tweet Datasets 
 

Two Twitter datasets were used. The first was created by 
the researcher using 1000 tweets drawn from the Twitter API. 
The second was drawn from a Kaggle data titled: Tweets 
Related to Dental Care Affordability and Dental and Opioid 
Use. The tweets were chosen based on searching the keywords 
“dentistry” and “dentist” on Twitter because they related to the 
topic.  
 
Python Packages for Twitter Scraping (Tweepy).  

 
In order to conduct Twitter scraping I used Python 

packages: Pandas, Numpy, Matplotlib, and Pyplot. The 
Python packages NLTK, OS, word cloud for diction analysis, 
and word cloud visualization.  
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Regression Analyses Using SPSS  
 

I conducted inferential analysis using multiple linear 
regression modeling to explore the relationship between the 
independent variables of age, marital status, earnings, race, 
political party, and possession of insurance and the dependent 
variables of delaying personal care, delaying family care, out-
of-pocket expenditures for self, and out-of-pocket 
expenditures for family. A table summarizing these results is 
located in Appendix B.  

 
Natural Language Processing Using Python 
Analyses Using SPSS  

 
Natural Language Processing was used to collect data for 

the creation of a word cloud through Twitter Sentiment 
Analysis (Figure 1).  

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
Importing Packages 

 
Using Jupyter Notebook in Python, I first imported Pandas 

and Numpy in order to conduct statistical analyses of diction 
related to dental care affordability. I imported Textblob to 
process the Twitter data and visualized the data using a word 
cloud.  
 
Data Processing 

 
The tweets from Kaggle and the tweets I scraped were 

loaded into a notebook using the pd_readcsv command. Each 
tweet was composed of a string. I performed segmentations, 
removed stopwords (words such as, are, the), tokenized the 
words, stemmed the words, and conducted lemmatization (the 
gender of words: run, running, runs, ran are all the same). I 
also removed emojis, usernames, and retweets (RT).  

 
Word Cloud Visualization and Analysis 
 

Using the Python package word cloud, I created two 
word clouds for the dental tweets based on the frequency of 
the remaining words. The size of the words appeared as a 
function of their frequency in the tweets dataset – 
consequently, the larger the word, the more frequently it 

appeared in the dataset. I interpreted the word cloud by 
identifying themes among the words.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Results 
 
Twitter Sentiment Analysis  
 
Word Cloud A 

 
Word Cloud A was generated from Python which displays 

a visual representation of the thoughts of individuals from a 
Twitter database on their opinion of the dentist in the United 
Kingdom, with 11764 Tweets (Figure 3). There are many 
words that are represented that convey the thematic elements 
of dental affordability. The larger words in Word Cloud A 
include “afford,” “dentist,” and “go.”  
 
Word Cloud B 

 
Word Cloud B was generated from Python which displays 

a visual representation of the thoughts of individuals from a 
Twitter database on their opinion of the dentist in the United 
States of America, with 1000 Tweets (Figure 3). There are 
many words that are represented that convey the thematic 
elements of dental appointments. In Word Cloud B, the largest 
words are “dentist,” “dental,” and “teeth.”  

 
 
 
 
 
 
 

 
 
 
 
Private Health Insurance Coverage  

 
I ran a Linear Regression model to determine if there was a 

relationship between the independent variables (age, marital 
status, earnings, race, political party) and the dependent 
variable (whether the individual was personally covered by 
private health insurance offered through an employer or 

Figure 1. Procedure for Word Cloud Analysis  

Figure 2. Procedure for Word Cloud Analysis  

Figure 1. Method for Interpreting a Python Word Cloud 
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union). The overall model was statistically significant (p < 
.05). The independent factors that had a p-value of less than 
.05 were as follows:  

● Age. Older individuals were less likely to have private 
health insurance (B = -.19).  
● Marital Status. Married individuals were more likely to 
have private health insurance (B = .10). 
● Earnings. Individuals who earned less than 35k were less 
likely to be covered by private health insurance (B = .37).  
● Race. The only identified race that was statistically 
significant was that of Native Americans suggesting that 
Native Americans are less likely to have private health 
insurance (B = -.03).  
● Political Party. Republicans were more likely to have 
private health insurance than Democrats (B = .08).  
 

Delaying Personal Care  
 
The overall model was statistically significant (p < .05). 

The r-value was .23 and the r2 value was .05. The following 
independent variables were statistically significant (p < .05):  

● Private Personal Insurance. Individuals who had 
personal insurance were less likely to delay personal care 
(B = -.18).  
● Age. Older individuals were less likely to delay care (B 
 = -.14).  
● Marital Status. Married individuals were slightly more 
likely to delay care (B = .01).  
● Earnings. Individuals earning less than 35k were more 
likely to delay care (B = .07).  
● Race. Only Native Americans showed a slightly higher 
likelihood of delaying personal care (B = .01).  
● Political Party. Democrats also showed a slightly higher 
likelihood of delaying personal care (B = .01). 
 

Delaying Family Care  
 
The overall model was statistically significant (p < .05). 

The r-value was .15 and the r2 value was .02. The following 
independent variables were statistically significant (p < .05):  

● Private Family Insurance. Individuals who had family 
insurance were less likely to delay family care (B = -.10).  
● Age. Older individuals were less likely to delay care (B 
 = -.59).  
● Marital Status. Married individuals were more likely to 
delay care (B = .05).  
● Earnings. Individuals earning less than 35k were more 
likely to delay care (B = .08).  
 
 

Out-of-Pocket Expenditures for Self  
 

The overall model was statistically significant (p < .05). 
The r-value was .18 and the r2 value was .03. The following 
independent variables were statistically significant (p < .05):  

● Private Health Insurance. Individuals who were 
personally covered by health insurance were less likely to 

pay out-of-pocket spending (B = -.07).  
● Age. Older individuals were slightly more likely to pay 
out-of-pocket (B = .03).  
● Marital Status. A married individual was less likely to 
pay out-of-pocket (B = - .02).  
● Earnings. An individual who earned less than 35k was 
less likely to pay out-of-pocket which may be due to not 
earning enough (B = -.05). 
● Race. All of the races had positive B(constant) which shows 
that they were more likely to pay out-of-pocket (B = -.01). 
 

Out-of-Pocket Expenditures for Family 
  
The overall model was statistically significant (p < .05). 

The r-value was .10 and the r2 value was .01. The following 2 
independent variables were statistically significant (p < .05):  

● Private Family Insurance. Individuals who had 
insurance to cover their child’s procedure were less likely 
to pay out-of-pocket because they were spending less (B = 
-.06).  
● Age. Older individuals were less likely to pay out-of 
pocket for their child’s procedure (B = -.01).  
● Marital Status. Married individuals were more likely to 
pay out-of-pocket for their child’s procedure (B = .08).  
● Earnings. Individuals that earned less than 35k were less 
likely to pay out-of-pocket (B = -.05).  
● Political Party. The Republican and Independent party 
identifiers were slightly more likely to pay out-of-pocket (B 
= .01 and B = .01) than Democrats (B = -.02).  

 
Discussion  

 
This study highlighted the disparities in dental attendance. 

The results showcased that dental attendance across many 
demographic groups was shaped by their access to dental 
insurance. The individuals most likely to have health 
insurance included those who were younger, married, earning 
more than $35,000, and Republican. Americans who were 
more likely to delay personal health care included those who 
were uninsured, younger, married, earning less than $35,000, 
and Democrat. Individuals who were most likely to delay 
family care included those with no family insurance, younger, 
married, earning less than $35,000, and did not identify with 
a political party. Individuals most likely to pay out-of-pocket 
expenditures were those who were not covered by insurance, 
older, unmarried, earning less than $35,000, and did not 
identify with a political party. Those who were willing to pay 
out-of-pocket expenditures for their family included those 
who were uninsured, younger, married, earning less than 
$35,000, and a Republican or Independent party identifier. 
These results regarding insurance are expected, as those who 
don’t have insurance are essentially forced to pay out-of-
pocket.  

The Gallup poll indicates that women had a higher dental 
attendance compared to men (Bushak, 2014). Additionally, 
much like the findings of my study, Whites were found in the 
Gallup poll to be more likely to visit the dentist than Blacks or 
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Hispanics. In 2019, the percentage of dental attendance of 
Whites was 68.3% while Blacks were 61.1% and Hispanics 
were 58.6%. In 2020, the percentage of dental attendance of 
Whites was 66.6% while Blacks were 56.8% and Hispanics 
were 55.3% (Elfein, 2022). This showcases that dental 
attendance has not improved much throughout the years from 
various races and ethnicities.  

According to the Gallup poll, “Seventy percent of Whites 
and Asians visited in 2013, compared to the 55% of Blacks 
and Hispanics” (Bushak, 2014). This is similar to results from 
2019 and 2020 as Whites and Asians had 68.3% and 70.1% of 
attendance in 2019 and 66.6% and 64.3% of attendance in 
2020. The percentage of Blacks and Hispanics had 61.1% and 
58.6% of attendance in 2019 and 56.8% and 55.3% of 
attendance in 2020 (Elfein, 2022). These results may be 
explained by the income level of these groups as a higher 
income would lead to a more likely chance to visit the dentist 
due to being able to afford the treatment.  
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