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Abstract

The effect of the novel coronavirus (SARS-CoV-2) pandemic has produced significant health
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concerns negatively impacting individuals. As the ongoing and constantly changing nature of
SARS-CoV-2 continues, the unique characteristics of this pandemic trend toward anxiety and
loneliness as significant behavioral health outcomes. Furthermore, the SARS-CoV-2 pandemic
has significantly impacted the utilization of social media platforms such as Twitter. Utilizing over
1.6 million tweets from approximately 988,760 Twitter users geolocated in Washington state from
the University of Pennsylvania’s publicly available Twitter database (from March 2020 to March
2021), this study evaluated the impact of SARS-CoV-2 by using expressions of loneliness and
anxiety to predict mental and physical symptoms. Bivariate correlations revealed expressions
of loneliness were correlated to trouble breathing while expressions of anxiety were correlated
to skin lesions, body aches, flu-like, seasonal cold, trouble breathing, nausea or diarrhea, fever,
chills, and cough. Multiple multivariate linear regressions were completed, and a significant
regression equation was found in predicting trouble breathing symptoms on expressions of
loneliness and anxiety, however, the proportion of variance was 8% of the observed variation in
the model. Further implications revealed the importance of understanding mental and physical
well-being during a public health crisis as well as the use of social media platforms as primary
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and supplementary stimuli.

The effect of the novel coronavirus (SARS-CoV-2)
pandemic has produced significant health concerns, both
mental and physical, negatively impacting individuals in
a multitude of ways, creating new hardships and barriers
for individuals [1-7]. Even if individuals are not physically
affected by SARS-CoV-2, the implications for behavioral health
remain [7]. For example, a few studies have revealed that
individuals who were 18 years and older reported negative
mental health consequences such as a decrease in sleeping
and eating, deterioration of chronic conditions, increase in
psychological symptoms and behaviors, and increases in
alcohol and drug consumption due to stress and concern
over the pandemic [8-10]. In another study, Vahratian, et al.
[7] study revealed that symptoms of a depressive or anxiety
disorder increased in adults from August 2020 to February
2021, during the SARS-CoV-2 pandemic. As the ongoing and
constantly changing nature of SARS-CoV-2 continues, the
unique characteristics of this pandemic trend toward anxiety
and loneliness as significant behavioral health outcomes [6,7].

https://doi.org/10.29328/journal.ida.1001031

This subsequently has led to behavioral health problems being
considered critical and prevalent public health concerns,
especially as the pandemic continues to considerably impact
the community [1,4-7]. Furthermore, the SARS-CoV-2
pandemic has significantly impacted the utilization of social
media platforms such as Twitter, especially during a time
of social distancing, quarantining, and limited contact with
others [2,3]. Twitter is a social media platform founded in
2006 which allows users to interact by sending, positing,
and receiving short messages also known as ‘tweets.” These
platforms have begun to potentially offer a “window” into
different individuals and communities, as a whole, and help
forecast the long-term effects of SARS-CoV-2 [3]. Utilizing
over 1.6 million tweets from approximately 988,760 Twitter
users geolocated in Washington State from the University of
Pennsylvania’s publicly available Twitter database, this study
evaluated the impact of SARS-CoV-2 by using expressions
of loneliness and anxiety to predict mental and physical
symptoms. The main objective of the study is to evaluate how
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expressions of loneliness and anxiety can predict physical
symptoms - utilizing bivariate correlations and multivariate
linear regression models to assess these relationships.

Anxiety and loneliness

Anxiety has been defined as an unpleasant emotion
categorized by feelings of apprehension, tension, dread,
worry, distress, and uneasiness [7]. Anxiety has been shown
to predict other mental illnesses, higher occurrences of
irritable bowel syndrome and disease, asthma, coronary
heart disease, stress, and inadequate work productivity and
job performance. In addition, anxiety has been linked with
worsened health outcomes, increased utilization of health
care services, decreased cognitive functions, increased
severity of symptoms of chronic disease, decreased quality of
life, and more experiences of suicidal ideation and thoughts
[2,5,7,11,12].

On the other hand, loneliness is a complex and multi-
dimensional construct as it is defined as a feeling categorized
by a lack of value, intimacy, or quality in social relationships
and associations that typically occur, or because individuals
might have fewer social associations than preferred [13-15].
Loneliness has been associated with an increased risk of
multiple chronic conditions such as cardiovascular disease,
hypertension, metabolic disorders, lung disease, increased
psychological and behavioral problems, poor psychological
well-being and functioning, morbidity, increased low self-
esteem, depression, and suicidal ideation [16-18].

The behavioral health symptoms of anxiety and loneliness
have been associated with one another; many studies have
investigated these constructstogetherastheyhaveoverlapping
qualities and a reciprocal relationship [2,6,17]. Loneliness has
been directly linked to increased anxiety, including paranoia
and psychosis, impaired cognitive processing, and poor self-
reported health, and positively correlated to neuroticism and
negatively correlated to extraversion and conscientiousness
[13-15]. Anxiety has been shown to partially mediate the
relationship between loneliness and paranoia and facilitate
loneliness, alienation, and negative life events [11,17,19]. Both
anxiety and loneliness have been associated with increased
infection and hospitalization rates, poorer self-perception of
health, negative effects on health and well-being, a significant
risk for depression, and reduced life satisfaction [14-18].

Physical symptoms

Physical symptoms are defined as symptoms that are
indicators of typical medical ailments and conditions and are
notan actual medical or mental conditions; physical symptoms
(e.g., aches, fatigue, and headaches) are typical day-to-day
features of normal life and affect behavior in numerous ways
[20,21]. Anxiety and physical symptoms have been shown
to produce a reciprocal relationship [11,19,21]. In the short
term, anxiety increases blood pressure, chest pain, breathing
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issues, heart rate and palpitations, irritability, and headaches;
in the long term, anxiety can increase the risk of depression,
muscle aches and other pains, and extreme fatigue, and just to
name a few. The physical symptoms of back pain, abdominal
pain, and headaches have shown to be the best predictors of
anxiety in terms of physical symptoms [21]. In the long term,
anxiety is associated with coronary artery disease, psoriasis,
diabetes, and chronic obstructive pulmonary disease [21].
Furthermore, loneliness and physical symptoms have also
been shown to produce a reciprocal association [14,16,20-
24]. Specifically, loneliness has been linked with decreases
in self-regulation, increases in non-healthy lifestyle choices
(e.g., obesity, poor sleeping), and increases in physiological
functions such as elevated cholesterol levels and systolic
blood pressure. Loneliness also has predicted physical
symptoms such as stomachaches and headaches, decreases in
self-regulation, and increases in non-healthy lifestyle choices
[20-24]. However, few studies examine how both loneliness
and anxiety predict physical symptoms, especially during the
pandemic, with the utilization of social media platforms to
share these medical and physical concerns.

Social media

The SARS-CoV-2 pandemic has significantly impacted
the utilization of social media platforms such as Twitter,
especially during a time of social distancing, quarantining, and
limited contact with others [2,3,17]. Specifically, social media
platforms have afforded the opportunity for individuals to
stay connected and maintain relationships while quarantining
and remaining at home [17]. Due to this increase in social
media use, social media platforms have begun to potentially
offer a “window” into different individuals and communities,
as a whole, and help forecast the long-term effects of SARS-
CoV-2 [2,3,17]. As social media platforms continue to be
more commonly used and grow, more research needs to be
conducted to better understand how individuals are utilizing
these types of apparatuses, and whether the use of social
media platforms can act as primary and supplementary stimuli
to better understand mental and physical well-being [2,3]. For
example, in Guntuku, etal. [3], social media platforms predicted
depression producing an area under the curve (AUC) of 0.72.
Especially as the impact of SARS-CoV-2 continues to increase
social media platform habits and usage, more must be known
about individuals who utilize this social media platform to
post on physical and mental symptoms. This study will utilize
over 1.6 million tweets from approximately 988,760 Twitter
users geolocated in Washington State from the University of
Pennsylvania’s publicly available Twitter database, evaluating
the impact of SARS-CoV-2 by using expressions of loneliness
and anxiety to predict mental and physical symptoms.

Current study

As the ongoing SARS-CoV-2 pandemic continues to change
and impact the U.S, we need to be able to assess the mental
health impact, and more specifically, expressions of anxiety
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and loneliness; furthermore, there is a need to evaluate
how expressions of loneliness and anxiety, during the SARS-
CoV-2 pandemic, can predict physical symptoms, especially
as loneliness and anxiety have both shown to correlate with
physical and other mental health outcomes [2-7]. Lastly, as
the SARS-CoV-2 impact on social media platform utilization
continues to allow individuals to share feelings and emotions,
solicit and provide social support, as well track day-to-
day experiences, there is merit to better understanding
the employment of social media platforms to help show
the potentially important tool of social media platforms in
passively measuring both mental and physical health. The
main objective of the study is to evaluate how expressions
of loneliness and anxiety can predict physical symptoms
- utilizing bivariate correlations and multivariate linear
regression models to assess these relationships.

Methods
Design

This study was an observational retrospective analysis of
publicly available data on mental symptoms (expressions of
anxiety and loneliness) and physical symptoms (skin lesions,
body aches, fatigue, flu-like symptoms, seasonal cold, trouble
breathing, nausea or diarrhea, loss of appetite, fever, changes
in smell or taste, abdominal pain, chills, cough, and headache)
that were posted by users geotagged to Washington state
(n = 988,760) on the social media platform, Twitter between
March 2020 to March 2021.

Materials

Publicly available tweet data posted between March 2020
to March 2021 were obtained from GitHub (i.e., a repository
online hosting service) from a large publicly available data
set retrieved by the University of Pennsylvania’s Center
for Digital Health; the University of Pennsylvania’s Center
for Digital Health tracks tweet data on self-reported mental
and physical symptoms across the United States. This study
employed only Twitter users geolocated in Washington state.
While the publicly available tweet data set captures a variety
of self-reported mental and physical symptoms, for this study,
physical symptoms evaluated and collected by the University of
Pennsylvania’s Center for Digital Health include “skin lesions”,
“body aches”, “fatigue”, “flu-like symptoms”, “seasonal cold”,
“trouble breathing”, “nausea or diarrhea”, “loss of appetite”,
“fever”, “changes in smell or taste”, “abdominal pain”, “chills”,
“cough”, and “headache”; the mental symptoms include
“expressions of anxiety” and “expressions of loneliness.” The
University of Pennsylvania’s Center for Digital Health; the
University of Pennsylvania’s Center for Digital Health pulled
approximately 4 million pandemic-related tweets using

Twitter API each day.
Participants

This study utilized more than 1.6 million tweets from
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approximately 988,760 Twitter users geolocated in Washington
state from the University of Pennsylvania’s publicly available
Twitter database (from March 2020 to March 2021). No other
demographic data (i.e, age, gender, race/ethnicity) were
provided in this publicly available data set.

Procedure

Publicly available tweet data posted between March 2020
to March 2021 were obtained from GitHub from the University
of Pennsylvania’s Center for Digital Health. The large publicly
available data set was downloaded and utilized to predict
physical symptoms through expressions of loneliness and
anxiety in Twitter users geolocated in Washington state.

Results

First, comparing expressions of anxiety and loneliness
across duration of study, expressions of loneliness was not
statistically significantly differentin 2021 (M =-0.12,SD=0.68)
as compared with thatin 2020 (M =-0.26, SD = 0.53) (Cohen’s
d = 0.56; CI = [- 0.50, 0.02], p = 0.07, NS) and expressions of
anxiety was higher in 2020 (M = 0.30, SD = 0.26) as compared
with that in 2021 was higher (M =-0.03, SD = 0.28) (d = 0.26;
CI=1[0.96,1.51], p <0.001) (Figure 1).

Second, univariate associations between the mental
symptoms (expressions of anxiety and loneliness) and
physical symptoms (skin lesions, body aches, fatigue, flu-
like symptoms, seasonal cold, trouble breathing, nausea or
diarrhea, loss of appetite, fever, changes in smell or taste,
abdominal pain, chills, cough, and headache) were evaluated
using Pearson’s product-moment correlation coefficient.
Bivariate correlations were used to evaluate the magnitude
and direction of statistical relationship amongst the mental
symptoms and physical symptoms) (Table 1). Findings
revealed expressions of loneliness was correlated to trouble
breathing (r = -.11, p = .03) while expressions of anxiety
was correlated to skin lesions (r = .23, p <.001), body aches
(r=.17, p = .002), flu-like (r = .20, p < .001), seasonal cold
(r=.14, p =.007), trouble breathing (r =.25, p <.001), nausea
or diarrhea (r = .11, p = .05), fever (r = .11, p = .04), chills
(r=.13, p =.01), and cough (r = .19, p < .001). Expressions
of loneliness and anxiety were not correlated to one another
(r=.01, p=.80, NS).

Third, to examine the relationship between mental and
physical symptoms, multiple multivariate linear regressions
were completed. A significant regression equation was found
in predicting skin lesions on expressions of loneliness and
anxiety (F (2, 354) = 9.77, p <.001) with an R? of 0.05, body
aches (F (2, 354) = 5.61, p =.004) with an R? of 0.03, flu-like
symptoms (F (2, 354) = 8.32, p <.001) with an R? of 0.05,
seasonal cold symptoms (F (2, 354) = 3.84, p <.001) with an
R? of 0.02, trouble breathing symptoms (F (2, 354) = 14.68,
p <.001) with an R? of 0.08, chills (F (2, 354) = 3.47, p =.032)
with an R? of 0.02, and coughs (F (2, 354) = 7.42, p < .001)
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Figure 1: Anxiety and Loneliness Across Duration.
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Table 1: Correlational Matrix of Study Constructs.

1. Skin Lesions 1

2. Body Aches 0.10 1

3. Fatigue 0.10 0.05 1

4. Flu-like 0.23** 10.39** 0.12* 1

5. Seasonal Cold 0.13* 10.22** |0.07 |0.15** |1

6. Trouble Breathing 0.17** 10.68** |0.05 0.39** |0.27** 1

7. Nausea or Diarrhea 0.06 0.58** |0.04 |0.25** 0.12* 0.54** |1

8. Loss of Appetite 0.03 0.13* 0.09 0.01 0.62** 0.13* 0.02 1

9. Fever 0.05 0.06 0.03 0.05 0.08 0.07 0.22** |0.04 1

10. Changes in Smell or Taste |0.15** 0.08 0.15** 10.06 0.14** 0.12* 0.11* 0.23** 0.05 1

11. Abdominal Pain 0.02 0.00 -0.01 0.04 0.08 -0.01 -0.01 0.00 0.02 0.04 1

12. Chills 0.13* |0.16** |0.09 |0.16** |0.10 0.08 0.08 0.02 0.06 0.10 0.06 |1

13. Cough 0.26** 10.08 0.07 |0.15** |0.18* 0.16** |0.04 0.01 0.08 0.16** |0.02 0.09 1

14. Headache 0.07 0.19* |0.04 |0.12* 0.08 0.14** |0.16™ -0.02 0.13* |0.04 0.03 0.37** |0.09 1

15. Loneliness 0.02 -0.05 |-0.02 |-0.07 -0.03 -1 -0.04 -0.01 -0.03 |-0.05 0.07 0.04 -0.06 0.02 1
16. Anxiety 0.23** 10.17** |0.03 0.20** |0.14** 0.25** |0.11* 0.09 0.11* 10.08 0.08 0.13* 0.19** 10.07 0.01 1
*Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed).

with an R? of 0.04. Expressions of anxiety and loneliness did
not predict fatigue (F (2, 354) = 0.21, p = .81, NS), nausea
or diarrhea (F (2, 354) = 2.62, p = .11, NS), loss of appetite
(F(2,354)=1.31,p=.27,NS), fever (F (2,354) =2.25,p =11,
NS), changes in smell or taste (F (2, 354) = 1.48, p = .23, NS),
abdominal pain (F (2, 354) = 2.02, p = .13, NS), or headache
(F(2,354) =1.02, p =.36, NS).

Discussion

The main objective of the present study was to evaluate
how expressions of loneliness and anxiety can predict physical
symptoms — utilizing Bivariate correlations and multivariate
linearregressionmodelstoassesstheserelationships. Findings
from this study revealed that expressions of loneliness were
correlated to trouble breathing. Expressions of anxiety were
correlated to skin lesions, body aches, flu-like, seasonal cold,
trouble breathing, nausea or diarrhea, fever, chills, and cough.

Findings from this study showed that expressions
of loneliness were not significantly different in 2021 as
compared with that in 2020, however, expressions of anxiety
were higher in 2020 as compared with that in 2021. While
current research has shown that the pandemic has yielded
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an epidemic of social isolation and loneliness amongst the
U.S. adult population, findings from this study did not see
a significant difference between 2020 and 2021. A lack
of baseline data prevents the potential evaluation of this
loneliness epidemic to either support or oppose the current
analysis; however, this study does reveal that both years that
have been impacted by SARS-CoV-2 did not differentiate in
terms of loneliness. Expressions of anxiety were impacted
in that 2020 showed higher levels of expressions of anxiety
than 2021. These findings did mirror Jia, et al. [4] study that
revealed that expressions of anxiety increased by 13% in the
last part of 2020 (August to December) and then decreased
in the first part of 2021 (January 2021 to June 2021) in the
United States.

Results of this study show that expressions of loneliness
and anxiety were not correlated to one another, which does
not comport with previous research [15,22,24,25]. These
findings were inconsistent to previous research that have
shown that anxiety and loneliness have been associated to one
another, and together, as they have overlapping qualities and
a reciprocal relationship. Recent studies have shown mixed
results between the use of social media and loneliness [14-18].
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In one study, an increase use of Twitter showed a decrease in
self-reported loneliness [18]. In another study, however, social
media usage negatively affects well-being, as social anxiety
and loneliness increase as social media usage also increases
[17]. As research has shown that loneliness is associated to
early mortality [14], poor mental health and depression [15],
and increased health and social care costs [16], more work
must be conducted to understand expressions of loneliness,
especially as social media platforms are becoming more
prevalent.

Furthermore, findings revealed that expressions of anxiety
were correlated to skin lesions, body aches, flu-like, seasonal
cold, trouble breathing, nausea or diarrhea, fever, chills, and
cough while expressions of loneliness were only correlated
to trouble breathing. However, expressions of anxiety were
not correlated to fatigue, diarrhea, loss of appetite, changes in
smell or taste, abdominal pain, and headache. Several multiple
multivariate linear regression models were constructed to
examine the model that can sufficiently describe the best fit.
Multiple multivariate linear regressions revealed a significant
regression equation was found in predicting trouble breathing
symptoms on expressions of loneliness and anxiety, however
the proportion of variance was 8% of the observed variation
in the model.

Limitations

Several limitations could have influenced the results of
this study. First, this study utilized the social media platform,
Twitter, which is composed of users that might not be
representative of the population, and the results might not
be generalizable beyond this sample. Social media platforms
are typically for more technologically savvy individuals and
this experience and environment might not fully represent the
broader population. However, this study is important as this
sample offers a unique illustration for investigating physical
and mental symptoms, especially as social media platforms
continue to expand. These types of platforms could potentially
offer a distinct sample that would typically not be found in
traditional research populations.

Second, this study did not obtain any baseline measures
prior to the start of data collection However, the lack of
baseline data is typical when evaluating disaster response
related outcomes such as physical and mental health impacts.
The use of publicly available social media platform data might
allow for future evaluations of disaster data as there is higher
likelihood that this data could be retrieved more readily. Real-
time surveillance of social media posts, such as the Twitter
data utilized in this study, can offer awareness into emergent
issues of public concern especially following disasters, since
there is potential for location specific data. Initial recognition
oflocation-specific trends can produce inform distinct targeted
public health interventions and improve preparedness in
impending public health emergencies and adversities.
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Lastly, this study lacked from a true experimental design.
Research focusing on these mental and physical symptoms
can benefit from non-correlational studies. While these
symptoms were highly correlated with expressions of anxiety
(not expressions of loneliness), as shown in this research, it
would be interesting to see how these symptoms relate once
variables are manipulated and isolated in an experimental
study. Experimental research might produce meaningful
results that might not be found in correlational research. Due
to the limitations in this study, more work, especially with an
experimental design, must be conducted to better understand
how expressions of loneliness and anxiety can predict physical
symptoms.

Implications

The effect of the SARS-CoV-2 pandemic has produced
significant health concerns, both mental and physical,
negatively impacting individuals in a multitude of ways,
creating new hardships and barriers for individuals [1-7]. As
the ongoing and constantly changing nature of SARS-CoV-2
continues, the unique characteristics of this pandemic trend
toward anxiety and loneliness as significant behavioral health
outcomes [8-10]. This subsequently has led to behavioral
health problems being considered as critical and prevalent
public health concerns, especially as the pandemic continues
to considerably impact the community [5,7-10]. Better
understanding, expressions of anxiety and loneliness can help
support the future well-being and mental health, especially
following emergencies and disasters.

As the health effects from a public health emergency like
the SARS-CoV-2 pandemic go beyond the physical, taking an
enormous mental toll in the immediate aftermath and the years
following, more work must be done to better understand this
impact. Studies like this one continue to enforce that mental
health must be an integral part of the overall public health
preparedness, response, and recovery system. Particularly,
mental factors directly and indirectly influence individual
and community risks, health, resilience, and the success of
emergency response strategies and public health directives.
Additionally, research like this showcases how mental health
plays a critical role in community resilience and recovery
from traumatic events, with a range of emotional, behavioral,
physical, and cognitive responses. As the ongoing SARS-CoV-2
continues to change and impact the U.S, we need to be able to
continue to assess the mental health impact.

Traditionally, much of research has been conducted
through numerous experimental designs and measures.
Utilizing social media can provide a “window” into different
individuals and communities, as a whole. While surveys
and assessments can offer a better understanding into
various phenomena, social media platforms can offer more
population-wide and real-time surveillance not assessed
through typical methodologies. These types of platforms can
provide insight into symptoms not otherwise measured as
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readily, such as well-being and mental and physical health. As
social media platforms continue to allow individuals to share
feelings and emotions, solicit and provide social support,
and track day-to-day experiences, there is merit to better
understanding the employment of social media platforms to
passively measure both mental and physical health. While this
study only evaluated expressions of loneliness and anxiety on
physical symptoms, further research capacities can expand on
its social media platform usage.

Assessing mental and physical symptoms, especially with
location-specific data, can help address the behavioral health
impacts of disasters and uniquely impact the cultivation
of community resilience. Study endeavors like this one,
which utilize real-time social media data, can present initial
awareness and insight of declining mental health. For example,
data, like the location-specific measures used in this study,
can offer the opportunity for community-level responses and
interventions. Work in this field can help support preparation
for any type of emergency, facilitate and foster data-driven
decision-making cultures, and monitor and mitigate the
behavioral health impacts of emergencies. With location-
specific data, this work can support population-level strategic
planning and intervention, as well as inform forecasts used
by health partners and state agencies for strategic planning,
and interventions such as directing those experiencing
traumas to appropriate resources. Lastly, time-sensitive,
real-time data can help public health partners such as mental
health providers and response teams respond quickly and
appropriately to potential behavioral health outcomes of
disasters. Further work in this area should be conducted in
efforts to improve situational awareness during response,
inform timely evidence-based decisions, and improve the
efficiency of emergency management as the complexity and
scope of emergencies/disasters continues to expand.
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