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Abstract: Introduction: Fatigue is the most persistent symptom in patients with long COVID.
Moreover, Internet addiction itself has become a pandemic long-term effect. The aim of this study
was to investigate the degree of fatigue and Internet addiction in a group of students with COVID-19
and to determine the relationship between fatigue and addiction in students with and without
long COVID symptoms. Material and methods: A cross-sectional study was conducted among
402 Polish students aged 19-26. The 183 students who had COVID-19 signaled the presence of long
COVID symptoms, which corresponded to 45.5% of the surveyed group. The Modified Fatigue
Impact Scale was used to assess the level of fatigue, and the Kimberly Young questionnaire was
used to assess the level of Internet addiction. Results: 19.7% (95% c.i.: 15.9-23.9%) of the students
surveyed had a moderate level of Internet dependence (Internet addiction measure value of 50 points
or more). Most of them did not complain of high levels of fatigue. Higher levels of dependence
and fatigue were observed in subjects with long COVID symptoms (MFIS mean value was 26.5 in
this group vs. 17.7 in the others; p = 0.0000 ***). The higher the respondents’ level of dependence,
the more they tended to feel tired (correlations were stronger in those with long COVID symptoms:
rs = 0.23; p = 0.0017 **). Conclusions: In view of the results obtained, the study presented here has
the potential to contribute to the international debate on the long-term health consequences of the
COVID-19 pandemic and strategies to address them. The study provides data that may be useful
in the development of educational and health policies that target the psychophysical well-being of
patients with long COVID symptoms. This process should be considered as a long-term endeavor.
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1. Introduction

In today’s world, the development of information technology and, in particular, all
devices with Internet access, has become of interest not only to the users themselves, but
also to researchers. This development has an impact on many areas of life, from business
to social interaction, for both adults and children. Quick and easy access to entertainment
using mobile networks has led to more frequent use of the Internet. As a result, more
and more people have become addicted to the Internet in recent years. Certainly, this
phenomenon is closely linked to the Coronavirus disease 2019 (COVID-19) pandemic and,
in a way, a consequence of it that affects daily life [1,2].

The concept of Internet addiction is compared to the traditional addiction to certain
psychoactive substances, characterized by a lack of control and withdrawal symptoms [3].
Statistics show that almost 4 billion people used the Internet in 2018 [4-8]. The vast
majority of these were adolescents Numerous research have been conducted and published
in the literature to confirm the detrimental consequences of mobile phone addiction on
biopsychosocial health [9-12].

Fatigue is a rather complex phenomenon that is defined differently in various disci-
plines such as psychology, management or medicine [13,14]. In medicine, the concept of
fatigue itself is not considered a single disease and is quite a common phenomenon. It
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is defined as a normal reaction of the body to prolonged activity, after which the body
needs to recover [15-17]. Some lifestyle factors can also affect fatigue, such as sleep quality,
irregular sleep or excessive nocturnal activity [18-20].

Coronavirus disease 2019 (COVID-19) is an infectious respiratory disease with droplet
transmission caused by infection with the SARS-CoV-2 virus, which can lead to respiratory
dysfunction and physical and mental deterioration [21]. After the acute phase, this can
develop into “post-COVID-19 syndrome (PCS)’ or ‘long COVID’, which is defined as a
syndrome of physical and subjective symptoms that cannot be explained by other diagnoses
and that persists for more than 12 weeks after infection with COVID-19 [21]. It is estimated
that 10% of people who test positive for COVID-19 have prolonged COVID syndrome.
Due to the large number of people who have or have had COVID-19, PCS is a serious
global problem [21].

And although there is no doubt that the Internet plays a key role in the lives of most
people around the world as a means of information and communication in all areas of
life, excessive use can have negative health consequences. Research during the pandemic
found a link between the risk of hikikomori (extreme social isolation) and changes in
Internet use among young people aged 16-24 during COVID-19 pandemic restrictions. As
it turned out, online social interaction may be a way to reduce the risk of hikikomori in
post-COVID-19 societies [22,23].

As the results of the literature review show, addictive behaviour and fatigue should be
continuously monitored in the post-pandemic period, especially in people with long-lasting
COVID symptoms.

The purpose of this study was to determine the relationship between the degree of
fatigue and internet addiction in students with and without chronic COVID-19 symptom:s,
as well as the degree of fatigue and Internet addiction in a group of students suffering
from COVID-19.

2. Materials and Methods
2.1. Participants and Procedure

Between November and December 2023, the authors conducted an online cross-
sectional survey among Polish students with COVID-19. The researchers used social
media and e-learning platforms to distribute an optional, anonymous survey. Students
were informed about the purpose of the survey and could unsubscribe from participation
at any time. Student status, age > 18, a history of COVID-19 disease (verified by a positive
COVID-19 nasopharyngeal polymerase chain reaction (PCR) test), and agreement to take
part in the study were the inclusion criteria. Students with musculoskeletal injuries, chronic
musculoskeletal, cardiovascular and respiratory diseases, fibromyalgia or chronic fatigue
syndrome were excluded from the study.

A definition of long COVID syndrome was provided in the questionnaire along with a
list of its characteristic symptoms, which included general symptoms like fever, exhaustion
or fatigue that makes daily living difficult, and respiratory and cardiac symptoms like short-
ness of breath, cough, chest pain, rapid heartbeat, or palpitations; neurological symptoms
like headaches, difficulty concentrating, dizziness when standing up, tingling, changes in
taste or smell, depression, or anxiety; gastrointestinal symptoms like diarrhea, abdominal
pain; and other symptoms like joint or muscle pain, skin rash, and changes in the menstrual
cycle [21]. Out of the 500 students that took part in the study, 98 questionnaires could not
be analyzed either the respondents did not match the inclusion criteria or the question-
naires were not completed in whole. Finally, completed questionnaires were provided
by 402 (Figure 1). The University of Medical Sciences in Bialystok’s Senate Committee
on Ethics in Scientific Research granted the authors permission to carry out the study
(KB/18/2020.2021).
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yes (n = 183) no (n=219)

Figure 1. Flow chart of students selection.

2.2. Methods for Assessing Fatigue

With the use of the Modified Fatigue Impact scale the level of fatigue was
evaluated [24], which consists of 3 parts (F-1 for the impact of fatigue on physical perfor-
mance; F-2 for the impact of fatigue on cognitive functions; F-3 for psychosocial functions).
The MFIS examines fatigue levels over the past 4 weeks, with an overall score ranging from
21 to 105. The greater the impact of weariness on functioning, the higher the score. The
articles report a Cronbach’s alpha value of >0.7 [25].

2.3. Methods for Assessing Internet Addiction

The Kimberly Young questionnaire was used to assess the degree of Internet
addiction [26]. It includes 20 questions covering various aspects of how frequently people
use the Internet. On a 5-point rating system, with 1 denoting never and 5 denoting always,
respondents indicate their responses. The entire score’s summed metric falls between
20 and 100 points. Three categories—low, medium, and high—are assigned to the score
(which spans the ranges 2049, 50-79, and 80-100, respectively). The articles report a
Cronbach’s alpha value of greater than 0.7 [27].

2.4. Statistical Methods

Statistica v.13 (TIBCO Software Inc., 2017, Palo Alto, CA, USA) was used for the
statistical study. The mean and standard deviation were used to present the descriptive
data for the different study variables. The Mann-Whitney test was used to assess the
significance of differences in fatigue levels between men and women. The investigation
of the relationship between Internet addiction and fatigue levels in individuals with and
without long COVID was performed using the non-parametric Spearman’s rank correlation
coefficient. A significance level of p < 0.05 was taken into account for all statistical analyses.
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3. Results
3.1. Respondent Population

The analysis concerned 402 students (242 women and 160 men) aged 19-26 years
who had COVID-19. Women predominated in the study population (probably due to the
specificity of the subjects analyzed.

With a standard deviation of 1.2 years, the average age of the respondents was
21.5 years. The 183 respondents with COVID-19, i.e., 45.5% of the sample, reported that
they suffered from post-COVID-19 syndrome (PCS) symptoms.

Most of the respondents were studying medicine (22.4%), administration (16.2%),
philology (10.4%) and pedagogy (7.7%). Overall, only 0.4% of respondents studied agricul-
ture, forestry, military and maritime studies.

3.2. Level of Internet Addiction

The distribution of Internet addiction severity throughout the whole study population
and by student gender is displayed in Table 1. There is no difference in the extent of Internet
addiction between men and women (p = 0.3659). The score in the upper quartile indicates
that the vast majority of students surveyed would be classified as having a low level of
Internet addiction (<50 points).

Table 1. Measures of Internet addiction in the entire study population by sex.

Measure of Internet Addiction

Sex . Lower Upper
N Mean Median Std. Dew. Quartile Quartile
Woman 242 38.7 40 12.9 30 40
Man 160 37.6 38.5 13.6 27 445
Total 402 38.3 40 13.2 29 42

Figure 2 shows the distribution of the Internet addiction measure after grouping the
values into ranges with a spread of 10 points. As can be seen, 19.7% (95% c.i.: 15.9-23.9%)
of the students have an Internet addiction measure value of 50 points or more, indicating a
medium level of addiction. Occasionally (0.5%) there is a high level, corresponding to a
value of 80 points or more.

high average low

(323 - 80.3%) (77 = 19.2%) (2-0.5%)
140

32.1%

120

100

80

60

The number of people

40

20

20 30 40 50 60 70 80 90 100
measure of internet addiction

Figure 2. Distribution of the Internet addiction measure after grouping the values into intervals with
a spread of 10 points.
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3.3. Internet Addiction and Long COVID Symptoms

The co-occurrence of Internet addiction and long COVID symptoms were examined
(Table 2). People who report the presence of long COVID symptoms have a significantly
higher level of Internet addiction (on average by more than 5 points). This correlation exists
for both sexes.

Table 2. Internet addiction and long COVID symptoms by gender.

Measure of Internet Addiction

Occurrence Lower Upper
Long COVID-19 N Mean Median Std. Dev. Quartile Quartile
Woman (p = 0.0123 *)
not 130 36.8 39.5 12.7 28 40
yes 112 41.0 40 12.9 32 50.5

Man (p = 0.0018 **)
not 89 34.6 33 12.1 24 40
yes 71 414 40 14.6 31 50

< 0.05 (*), p < 0.01 (™).

3.4. Fatigue Level
The table (Table 3) shows the level of fatigue, as assessed by the MFIS measure.

Table 3. Level of fatigue in the study group.

. Lower Upper
MFIS Mean Median Std. Devw. Quartile Quartile
F-1 (physical) 8.8 9 7.8 1 14
F-2 (cognitive) 10.9 10 9.1 2 18
F-3 (psychosocial) 2.0 2 1.9 0 4
MFIS (comprehensive) 21.7 21 18.5 5 35

The distribution of the MFIS measure of overall fatigue is shown in the following
graph (Figure 3), after grouping the values into intervals with a range of 10 points. The
strong asymmetry of the distribution of this measure is evident, with very low scores
dominating, indicating that most students surveyed did not complain of high levels
of fatigue.

140

120

100

80 |

60 |

40 t

the number of people

20

0

0 10 20 30 40 50 60 70 80 90 100
MFIS

Figure 3. Measures of overall fatigue.

There were no statistically significant differences in the level of fatigue declared by
male and female students (Table 4).
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Table 4. Gender and distribution of MFIS measures.
Sex
Woman (N = 242) Man (N = 160)
MFIS Std. Std. p
Mean Me Dev. Q1 Q3 Mean Me Dev. (0] Q3

F-1 (physical) 9 7.6 0 14 9.2 9 8.2 3 14 0.6254

F-2 (cognitive) 10 8.9 0 18 114 10 9.5 4 17 0.4523

F-3 (psychosocial) 2 1.9 0 4 2.0 2 1.9 0 3 0.6448
MFIS (comprehensive) 21 18.0 0 36 22.6 21 19.3 7 335 0.4481

3.5. Internet Addiction and Fatigue Levels

Correlations between Internet addiction and fatigue were examined (Table 5).

Table 5. Associations between Internet addiction and fatigue levels.

Occurrence of Long COVID-19

MFIS Not Yes

Measure of Internet Addiction

F-1 (physical)
F-2 (cognitive)
F-3 (psychosocial)
MFIS (comprehensive)

0.17 (p = 0.0140 *)
0.14 (p = 0.0328 *)
0.18 (p = 0.0079 **)
0.16 (p = 0.0188 *)

0.22 (p = 0.0024 **)
0.23 (p = 0.0020 **)
0.25 (p = 0.0006 ***)
0.23 (p = 0.0017 **)

p <0.05 (*), p < 0.01 (*), p < 0.001 (***).

As the previous analysis shows that long COVID differentiates the level of both
phenomena, the analysis was conducted separately for both groups. As can be seen, there
are statistically significant, albeit weak, correlations between fatigue and Internet addiction.
The higher the level of Internet addiction, the greater the tendency to experience fatigue.
These relationships, although generally weak, are slightly stronger among those with long
COVID. The graph (Figure 4) shows the relationship between the measures of Internet

addiction and holistic fatigue.

the occurrence of long COVID

“O.no (rs=0.16 p=0.0188")
A yes(rs=0.23 p=0.0017*")
100 H T T T Y

MFIS

Internet addiction measure

Figure 4. Correlations between the holistic fatigue measure and the Internet addiction measure.

p<0.05(*),p <001 (*).
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The simple regressions shown in the graph suggest that for the same level of Internet
addiction, people with long COVID have higher overall fatigue, on average by about
10 points.

It was investigated whether the presence of long COVID symptoms was associated
with higher levels of fatigue (Table 6). Those reporting this condition reported significantly
higher levels of fatigue—the differences are highly statistically significant, with an overall
level of fatigue of almost 10 points (on average).

Table 6. Long COVID and level of fatigue.

Occurrence of Long COVID

No (N =219) Yes (N =183)
MFIS Std. Std. P
Mean Me Dev. Q1 Qs Mean Me Dev. ()1 Q3
F-1 (physical) 7.1 5 7.2 0 11 11.0 9 8.0 4 18 0.0000 ***
F-2 (cognitive) 9.1 8 8.9 0 16 13.1 11 9.0 6 20 0.0000 ***
F-3 (psychosocial) 1.6 1 1.8 0 2 2.5 2 1.9 1 4 0.0000 ***
MFIS (comprehensive) 17.7 14 17.5 0 29 26.5 21 18.6 11 42 0.0000 ***

p <0.001 (***).

Although sex had no effect on the scores in the study group, the association between
the occurrence of long COVID and fatigue was investigated, also taking this additional
factor into account (Table 7). It appears that the relationship between long COVID and
fatigue is a domain of women. In this group, the occurrence of long COVID is associated
with an overall fatigue level that is almost 12 points higher, while in men such a difference
is around 4.5 points. Statistically significant differences are only found in the group
of women.

Table 7. Long COVID and fatigue levels by gender.

Occurrence of Long COVID

Not Yes
MFIS Std. Std. p
Mean Me Dev. Q1 Q3 Mean Me Dev. Q1 Q3
Woman
F-1 (physical) 6.2 4 6.6 0 11 114 10.5 7.7 5 18 0.0000 ***
F-2 (cognitive) 8.1 6 8.4 0 16 134 14 8.7 7 20 0.0000 ***
F-3 (psychosocial) 14 1 1.7 0 2 2.6 2 1.9 15 4 0.0000 ***
MFIS (comprehensive) 15.7 11.5 16.2 0 29 27.4 29 17.9 13 42 0.0000 ***
Man

F-1 (physical) 8.2 8 79 2 10 104 9 8.5 4 18 0.0803

F-2 (cognitive) 10.4 10 9.4 2 16 12.5 10 9.5 5 20 0.1356

F-3 (psychosocial) 1.9 2 1.9 0 3 22 2 1.9 0 4 0.1642

MEFIS (comprehensive) 20.6 21 18.9 4 30 25.2 21 19.6 9 42 0.1149

p-test probability value calculated with the Mann-Whitney test, p < 0.001 (***).

4. Discussion

Fatigue after an acute viral illness is a major problem that complicates the clinical
course of epidemic and non-epidemic viral infections [28]. According to a review of
the literature, it is also the symptom with the longest persistence in patients with long
COVID [29,30]. In addition, fatigue does not usually seem to disappear after the usual
six-month recovery period after COVID-19 [29]. Addictive behaviour is an important
determinant of health and tends to increase during public crises, which the COVID-19
pandemic undoubtedly was [31,32]. Internet addiction became a long-term effect of the
COVID-19 pandemic [33].

In the early days of the pandemic, Internet use among young people increased almost
worldwide [34,35]. Over time, the overall trend of addictive Internet use among students



J. Clin. Med. 2024, 13, 3383

8of 11

declined [32]. This is confirmed by our own results. Approximately 20% of students
had a medium level of addiction. In contrast, the scores obtained for adolescents from
Bangladesh, India and Lebanon are more alarming and indicate that students from this
part of the world are still facing serious problems related to Internet addiction even after
the pandemic [36].

In our study, there was no sex difference in the level of Internet addiction (p = 0.3659),
which is confirmed by data from the literature [37]. Only the presence of long COVID
symptoms was influenced by a higher level of addiction.

The aspect of fatigue during and after a pandemic has been studied in other
countries [28,38]. In the study group of students, the majority of respondents did not
complain of high levels of fatigue. In general, most studies available in the literature
confirm the correlation of fatigue with age. The prevalence and severity of fatigue was
found to be higher in older people than in younger age groups (e.g., students) [29]. No
statistically significant differences were found in the level of fatigue reported by male
and female students—the sex of the subjects did not differentiate the distribution of MFIS
measures. Some of the information in the literature is consistent with the data obtained,
where the levels of fatigue were similar in males and females [39-42].

Statistically significant correlations were found between fatigue and Internet addiction
in the research group. The greater the level of Internet dependence, the higher the tendency
towards more fatigue. This correlation was already established before the pandemic [19,43],
and during the pandemic It was discovered that using social media to look up information
about the pandemic was linked to noticeably higher levels of weariness. [44]. In addition,
an excess of ‘pandemic content’ on social media contributed to higher levels of fatigue [45].
Literature-based data also unequivocally show that students who are addicted to the
Internet are far more likely to experience anxiety, weariness, and depressed symptomes, all
of which negatively impact their academic performance. [46]. Similar correlations have
been observed between problematic smartphone use and fatigue [47]. The results of the
literature review also strongly suggest that Internet addiction can have a dual effect on
physical and mental fatigue [19].

The associations of Internet addiction and fatigue were slightly stronger among those
with long COVID. At the same level of Internet addiction, those with long COVID showed
higher overall fatigue, on average by about 10 points. The literature review shows that the
severity of perceived fatigue can be increased by the simultaneous presence of neuropsy-
chiatric disorders. This correlation also applies to people with long COVID [31].

The prevalence of fatigue in patients with long COVID is significantly higher in the
literature than in the control group. This applies to students [48] as well as other population
groups [49-51]. These data are consistent with the authors’ findings that students who
had long COVID had significantly higher levels of fatigue—the differences were highly
statistically significant, with an overall fatigue measure of almost 10 points (on average).
In our study, we also found that the association between long COVID and fatigue was
the domain of women. In this group, the presence of long COVID was associated with an
overall fatigue level almost 12 points higher, while in men such a difference was around
4.5 points. Statistically significant differences were only found in the group of women.
These results are in line with a global trend where greater fatigue was observed in the
female population who contracted COVID-19 during [28] and after the pandemic [52]. This
could be caused by hormonal changes, among other things, which prolong the medical
condition in the acute inflammatory phase long after the infection has healed., and may
also be due to higher IgG antibody levels that provide symptom relief, but when present,
these high IgG antibody levels persist and cause physical symptoms [29]. It has also been
observed in the literature that long COVID symptoms are more common in women [31].

The research presented here has its constraints. The first is its cross-sectional nature,
as it does not come up with clear causal evidence for the observed relationships and only
assesses participants at one point in time. It is also potentially susceptible to selection bias,
i.e., the characteristics of the students studied may not be representative of the population
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as a whole. People who observed COVID symptoms in themselves for a long time and
suffered from fatigue may have been more likely to participate in the study.

A second drawback of the study is that specific clinical and social factors, such as time
elapsed after infection and COVID-19 vaccination status, which may have influenced the
onset of long-lasting COVID symptoms, were not taken into account. Self-report question-
naires were used as study instruments, which could affect the quality of responses. The
presented study is also the first to describe the level of fatigue and Internet addiction among
Polish students with long COVID, which, according to the authors, is the most important
strength of the manuscript. The authors also obtained more data on the prevalence of
fatigue and Internet addiction among young people with long COVID thanks to their study.

5. Conclusions

The study presented here can contribute to the global debate on the long-term health
effects of the COVID-19 pandemic and measures to contain it.

The authors found that higher levels of dependence and fatigue were observed in
students with long COVID symptoms. The higher the subjects” dependency level, the more
they tended to be fatigued (the correlations were stronger in those with long COVID symp-
toms). Accordingly it provides data that can be useful in the development of educational
and health policies aimed at the psychophysical well-being of patients with symptoms
of long COVID syndrome. The process should be seen as a long-term endeavour that
will enable the introduction of pre-standardized early intervention methods in emergency
situations. The authors also recommend that healthcare providers pay more attention to
patients with symptoms of long COVID syndrome, as they are at risk of developing fatigue.
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