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Abstract

Somatic burden has become one of the most common psychological reactions to the
COVID-19 pandemic worldwide. This study examined the prevalence of somatic burden,
latent profiles, and associated factors of somatic symptoms during the pandemic in a large
sample of Russians. We used cross-sectional data from 10,205 Russians collected during
October-December, 2021. Prevalence of somatic burden was assessed with the Somatic
Symptom Scale-8. Latent profiles of somatic burden were identified using latent profile anal-
ysis. Multinomial logistic regression was used to examine demographic, socioeconomic,
and psychological associated factors of somatic burden. Over one-third (37%) of the Rus-
sians reported being somatised. We selected the three-latent profile solution with high
somatic burden profile (16%), medium somatic burden profile (37%), and low somatic bur-
den profile (47%). The associated factors of greater somatic burden were female gender,
lower education, history of COVID-19 disease, refusing vaccination against SARS-CoV-2
infection, poorer self-rated health, greater fear of COVID-19 pandemic, and living in regions
with higher excess mortality. Overall, this study contributes to knowledge about the preva-
lence, latent profiles, and associated factors of somatic burden during the COVID-19
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pandemic. It can be useful to researchers in psychosomatic medicine and practitioners in
the health care system.

Introduction

The COVID-19 pandemic, with over 526 million confirmed cases and over six million deaths
(World Health Organization data as of May 29, 2022), has caused serious damage to the mental
and physical health of the world’s population. Numerous studies suggested that 30.7% of per-
sons experience somatic symptoms, which exceeds the general prevalence of some other men-
tal health issues, for instance 16.4% for suicide ideation, 6.4% for obsessive-compulsive
symptoms, 25.7% for panic disorder, 2.4% for phobia anxiety, 22.8% for adjustment disorder,
and 1.2% for suicide attempts [1].

Many mental health issues can be expressed psychosomatically with the experience of
somatic symptoms replacing or combining with the symptoms of psychological distress [2].
Somatic symptoms during the first waves of the COVID-19 pandemic were reported by 23.8%
of Spaniards [3], 29% of Germans [4], 31.1% of Iranians [5], 45.9% of Chinese [6], and 62.6%
of Brazilians [7]. Physical complaints were most frequently manifested in vulnerable groups,
such as health-care workers [8], cancer patients [9], chronic disease patients [10], and patients
awaiting transplantation [11]. Sometimes somatic symptoms were observed during the recov-
ery period after the COVID-19 disease. Three months after hospitalization for OVID-19,
23.5% of patients reported body aches, 20.3% fatigue, 19% shortness of breath, and 13.1%
headaches [12]. Interestingly, persistent physical complaints expressed 10 to 12 months after
the first wave of COVID-19 pandemic were more strongly associated with the person’s belief
in having experienced COVID-19 disease than with having had a laboratory-confirmed
SARS-CoV-2 infection [13].

Before the pandemic, some researchers studied somatic symptoms using latent class analy-
sis (LCA) or latent profile analysis (LPA). These analyses are variants of a person-centered sta-
tistical approach aiming to find out subtypes of related cases in empirical data and establish
whether there are subgroups of individuals with similar symptom profiles [14]. Generally,
researchers derived between three and eight latent classes of somatic symptoms. In one study,
a three-class solution revealed subgroups with low, moderate, and high psychosomatic burden
differing mostly in the extent, rather than in the qualitative combinations of somatic symp-
toms [15]. In another study, a five-class solution detected subgroups without any health prob-
lems, with multiple somatic symptoms, and with specific symptom patterns reflecting
abnormal tiredness, gastrointestinal problems, and pain-related symptoms [16]. In a third
study, an eight-class solution identified subgroups without somatic symptoms, with a high
burden of all somatic symptoms, three intermediate classes with specific symptoms of muscle
and joint pain, gastrointestinal symptoms, general symptoms, and three intermediate classes
characterized by combinations of specific somatic symptoms [17].

We aimed to replicate and extend these previous findings by examining the prevalence of
somatic burden, investigating the latent profiles and predictors of somatic symptoms during
the COVID-19 pandemic in a large sample of Russians. Specifically, we expected that somatic
burden during the COVID-19 pandemic should be associated to some extent with known pre-
pandemic risk factors and demographics, such as female gender, older age, not being in a part-
nership, lower education background [18-20], but might be more dependent on health- and
pandemic-related risk factors, such as poorer self-rated health, history of COVID-19 disease,
refusing vaccination against SARS-CoV-2 infection, greater fear of COVID-19 pandemic,
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living in regions with higher excess mortality, and preventive behavior during the COVID-19
pandemic.

Methods
Participants

The online quantitative survey “Somatic Burden in Russia” recruited volunteers who were at
least 18 years old and resident in Russia between October and December, 2021. Participants
who did not meet these criteria were excluded from the survey. The survey included a partici-
pant information sheet explaining the study aims and objectives, an informed consent page, a
sociodemographic form, and questionnaires measuring self-rated health, somatic burden, fear
of COVID-19, and preventive behavior. The survey invitation was advertised using social
media popular in Russia, including Instagram, Facebook, VKontakte, Telegram, and What-
sApp groups.

Measures

The respondents completed a sociodemographic form followed by a one-item self-rated health
measure aimed to evaluate the general health status as “poor”, “fair”, “good”, “very good”, or
“excellent” [21]. Next, the survey included the following questionnaires:

Somatic Symptoms Scale (SSS-8) [22]. The SSS-8 assesses eight somatic complaints during
the past seven days (stomach or bowel problems; back pain; pain in arms, legs, or joints; head-
aches; chest pain or shortness of breath; dizziness; feeling tired or having low energy; trouble
sleeping). Symptoms are scored on a five-point response option from 0 (“not bothered at all”)
to 4 (“bothered very much”). The cut-off score for somatic burden is > 12, with the severity of
somatic symptoms characterized as minimal (0-3 points), low (4-7 points), medium (8-11
points), high (12-15 points), or very high degree of somatic symptoms (16-32 points). In the
present sample, the translated Russian version of the SSS-8 showed good reliability (Cron-
bach’s oo = 0.831).

Fear of COVID-19 Scale (FCV-19S) [23]. The FCV-19S is a seven-item scale measuring
psychological and physiological responses to fear associated with the SARS-CoV-2 infection
and COVID-19 pandemic. Responses can range from 1 (“strongly disagree”) to 5 (“strongly
agree”). We used the Russian version of the FCV-19S [24]. In the present sample, the FCV-19S
showed good reliability (Cronbach’s oo = 0.831).

OVID-19 Preventive Behavior Index (CPBI) [25]. The CPBI is a ten-item scale evaluating
preventive behaviors aimed at reducing exposure to the SARS-CoV-2 infection and COVID-
19 pandemic (wearing a facemask, regular hand hygiene, maintaining social distance, avoiding
any non-essential local and international travel, etc.). Responses are ranged from 1 (“strongly
disagree”) to 5 (“strongly agree”). In the present sample, the translated Russian version of the
CPBI showed good reliability (Cronbach’s o = 0.861).

We also used statistics on excess mortality in Russia’s regions based on the average values
for October, November, and December 2021 [26].

Data analysis

The data were analyzed using RStudio and visualized using Python and RStudio. Means and
standard deviations for continuous variables and frequencies and percentages for categorical
variables were calculated to summarize participant characteristics. Percentages and the
adjusted odds ratio with 95% CI were calculated to examine the prevalence of somatic burden.
Latent profile analysis (LPA) was performed to identify the optimal number of participant
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latent profiles based on eight somatic symptoms measured by the SSS-8. The optimal model
was selected based on theoretical support and a combination of statistical indices, including
the Akaike information criterion (AIC) [27], Bayesian information criterion (BIC) [28], and
bootstrap likelihood ratio test (BLRT) [29]. For AIC and BIC, lower values show better model
fit. The information criteria and BLRT were used to decide whether a model with k profiles
was superior to the another less parsimonious model with k-1 profile. Entropy values were also
identified. These values can range from 0 to 1, with higher values showing greater accuracy of
classification and values above 0.80 signifying classification with minimal uncertainty [30].
After selecting the final latent profile solution, we examined multinomial regression models to
predict compliance patterns as associated factors of somatic burden.

Ethical considerations

This study was approved by the Ethics Committee of the School of Psychology, HSE University
(minutes of the meeting of October 25, 2021). The participants gave written informed consent.

Results
Descriptive statistics

Participant and descriptive characteristics are presented in Table 1. The study sample com-
prised 10,205 persons from 33 regions of Russia (see Fig 1).

Prevalence of somatic burden

Over one-third (37%) of the participants reported being somatised. A total of 16.8% of the
respondents were free from somatic burden, 23.9% had low somatic burden, 22.2% had
medium somatic burden, 17.4% had high somatic burden, and 19.7% had very high somatic
burden. Fig 1 shows prevalence of somatic burden by Russia’s regions, illustrating important
variations ranging from 21.6% in the Primorye Territory to 49.7% in the Ulyanovsk Region.

Latent profiles of somatic burden

Table 2 presents fit indices of the models with an increasing number of somatic burden pro-
files. The models with one latent profile and two latent profiles had the greatest AIC and BIC,
suggesting that these models fit the data the worst. The model with three latent profiles had
lower AIC and BIC values, and further separation of four or five latent profiles did not improve
these fit statistics essentially. Entropy values close to 1 are preferred, evidencing better profile
separation [30]. The models showed a decrease in values from one to five profiles. Although

Table 1. Participant and descriptive characteristics.

Characteristic Mean (SD) or n (%)
Gender, female participants, n (%) 7,766 (77.5)
Age (in years), mean (SD) 36.10 (14.11)
Educational background, university, 7 (%) 7,443 (73.5)
Partnership status, being in a partnership, n (%) 6,063 (59.9)
History of COVID-19 disease 1 (%) 6,102 (60.1)
Vaccination against SARS-CoV-2, n (%) 5,597 (55.2)
Self-rated health, mean (SD) 3.78 (0.81)
Fear of COVID-19, mean (SD) 15.97 (5.31)
Preventive behavior during the COVID-19, mean (SD) 33.52 (8.44)

https://doi.org/10.1371/journal.pone.0282345.t001
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Table 2. Summary of fit statistics for latent profile models based on eight somatic symptoms.

Region
Belgorod Region

Iricutek Rezion

Kamchatia Region

Kemerovo Region

Khanty-Mansi Autonomous Area - Yugra

Kirov Region

Somatic burden
prevalence

(9%; 9596 CT)
423 (35.0-50.0) -
36.1 31.541.0) .
420(354483) .
33.0(28.7-37.7)
37.7(30.7-45.1)
48.7 (39.9-57.7)
30.8 (26.7-35.9)

itory 380 (33.0452) .

Moscow Region
Nizhny Novgorod Region
Omsk Region
Orentrurg Region
Penza Region
Primorye Temitory
Republic of Crimea
Republic of Tatarstan
Rostov Region
Samaa Rezion
Saratov Region

St. Petersburg
Stavropol Territory
Sverdlovk Regica
Tomsk Regica
Tyumen Regica
Udmurtian Republic
Ulyanovsk Regioa
Vologda Region
\oronezh Region

42.0(35.4-483) .
49.5 (40.1-59.0) -

46.4 (38.4-54.7)

v 30.127.4-33.0)

36.5 (309-42.6)
41.6(35.248.49)
368 G2.141.7)
43.0 34.7-51.6)
225(18.8-265)
352 (30.4402) -
21.6(16.8-27.3)
38.7 (30.647.5)
37.1 (29.1459) -
379 (31.544.7)
428 37.5483)
48.6(42.1-552) -
356 (32.0-39.9)
37.6(32942.7)
363 314416
340 (28.8-39.5)
493 (42.5-56.0)
352(20.1419)
49.7 (41.6-57.8) -
34.6(282416) -

427 (36249.4) -

e ———

20 30 40 50
Somatic burden prevalence (3¢; 95% CI)

Fig 1. Somatic burden prevalence by Russia’s regions.

https://doi.org/10.1371/journal.pone.0282345.9001

Model AIC BIC Entropy BLRT
1 latent profile 232,661.81 232,777.57 1.00

2 latent profiles 213,661.72 213,842.59 0.84 0.01
3 latent profiles 209,118.91 209,364.89 0.80 0.01
4 latent profiles 207,598.86 207,909.95 0.78 0.01
5 latent profiles 207,616.26 207,992.47 0.68 0.01

https://doi.org/10.1371/journal.pone.0282345.t002
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—e— High somatic burden profile (16%)
—o— Medium somatic burden profile (37%)

. Low somatic burden profile (47%)

1 2 3 4 5 6 7 8

Fig 2. The three somatic burden latent profiles characterized by their patterns of the eight somatic symptoms.
Symptoms: 1 = stomach or bowel problems; 2 = back pain; 3 = pain in arms, legs, or joints; 4 = headaches; 5 = chest
pain or shortness of breath; 6 = dizziness; 7 = feeling tired or having low energy; 8 = trouble sleeping.

https://doi.org/10.1371/journal.pone.0282345.9002

the goodness-of-fit indices were not in full agreement to support a single model, we opted for
the three-profile solution based on previous theoretical, empirical, and practical considerations
on the separation of low, medium, and high somatisers in clinical and general population

[15, 31, 32].

The response patterns characterising the three latent profiles of somatic burden are shown
in Fig 2. The first latent profile includes 16% of the participants with generally high severity of
stomach or bowel problems, back pain, pain in arms, legs, or joints, headaches, feeling tired or
having low energy, and trouble sleeping combined with even more pronounced dizziness and
extremely high levels of chest pain or shortness of breath. This latent profile can be described
as a “high somatic burden profile”. The second latent profile contains 37% of the participants
showing moderate complaints of stomach or bowel problems, back pain, pain in arms, legs, or
joints, headaches, feeling tired or having low energy, and trouble sleeping with somewhat
lower mentions of dizziness and chest pain or shortness of breath. This latent profile can be
referred to as the “medium somatic burden profile”. The las and most numerous latent profile
contains 47% of the participants and can be labelled as “low somatic burden profile”, as partici-
pants in this profile reported low severity of all somatic symptoms. This suggests that for
almost half of the survey sample, somatic burden might not be a typical way of responding to
the COVID-19 pandemic. In Fig 2, the y-axis shows the z-scores reflecting the levels of somatic
burden, while the x-axis represents eight specific somatic symptoms used for the LPA. The
three lines illustrate patterns for the three somatic burden latent profiles.

Associated factors of somatic burden

The associations of somatic burden with other variables are displayed in Fig 3. Compared with
high somatisers, there was clear evidence that medium somatisers have higher education

(OR =1.21, 95% CI 1.04 to 1.40), more rarely reported history of COVID-19 disease

(OR =0.58, 95 CI 0.50 to 0.67), greater self-rated health (OR = 2.68, 95% CI 2.43 to 2.96),
lower fear of the pandemic (OR = 0.96, 95% CI = 0.95 to 0.97), and live in regions with lower
excess mortality (OR = 1.00, 95% CI 1.00 to 1.00). Similar, but more extensive associations
were found with a larger gap in somatic burden between participants. Compared with high
somatisers, low somatisers were more often male respondents (OR = 0.47, 95% CI 0.39 to
0.58), more likely to have higher education (OR = 1.29, 95% CI 1.08 to 1.54), less likely to
report history of COVID-19 disease (OR = 0.46, 95% CI = 0.39 to 0.55), more frequently
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Fig 3. Results of multinomial regression model of somatic burden latent profile on participant characteristics.
Profiles: 1 = high somatic burden profile; 2 = medium somatic burden profile; 3 = low somatic burden profile.

https://doi.org/10.1371/journal.pone.0282345.9003

reported vaccination against SARS-CoV-2 infection (OR = 0.71, 95% CI 0.61 to 0.83), greater
self-rated health (OR = 8.07, 95% CI 7.13 to 9.18), lower fear of the pandemic (OR = 0.93, 95%
0.91 to 0.95), and live in regions with lower excess mortality (OR = 1.00, 95% CI 1.00 to 1.00).
Thus, female gender, lower education, history of COVID-19 disease, refusing vaccination
against SARS-CoV-2 infection, poorer self-rated health, greater fear of COVID-19 pandemic,
and living in regions with higher excess mortality were associated with greater somatic
burden.

Discussion

To our knowledge, this study is the largest to specifically focus on examining the prevalence of
somatic burden in Russia. We found that 37% of the Russians reported being somatised, with
an important variation of prevalence across regions ranging from 21.6% in the Primorye Terri-
tory to 49.7% in the Ulyanovsk Region. These data show that the somatic burden in Russia
during the COVID-19 pandemic is lighter than in China [6] and Brazil [7], but heavier than in
Spain [3], Germany [4], and Iran [5]. A World Health Organization study evidenced that
some somatic symptoms are the most common complaints in different countries, but there are
culture- or geographic area-specific symptoms, such as “numbness” and “feelings of heat” in
Africa, “burning hands and feet” in India, and “fatigue” in Western countries [20]. The possi-
ble differences in symptom prevalence between Russia’s regions can be related to a large num-
ber of factors, such as geographic features, socioeconomic status, rates of morbidity and
mortality from SARS-CoV-2 infection, residents’ attitudes toward the COVID-19 pandemic,
and trust in local government authorities.

We found three latent profiles describing Russians with low, medium, and high somatic
burden during the COVID-19 pandemic, which corresponds to a previously discovered classi-
fication of participants with somatic complaints [15]. Surprisingly, the medium and high
somatic burden profiles form a diamond-shaped pattern with dizziness and chest pain or
shortness of breath increased in the highly somatising group and decreased in the moderately
somatising group. There could be two possible interpretations of these findings. Dizziness and
chest pain are considered as physiological symptoms of panic attacks, and panic attacks are a
common phenomenon among persons with somatoform disorders [33]. This means that per-
sons with high somatic burden can react panically to physical symptoms resembling COVID-
19 disease. Dizziness and chest pain are also considered as long-term effects of SARS-CoV-2
infection [34]. Because persistent somatic symptoms are seen in patients suffering from post-
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acute long COVID [35], and most respondents noted a history of the disease, some of them
may have experienced post-acute COVID-19 syndrome with dizziness, chest pain, and short-
ness of breath.

The associated factors of greater somatic burden were female gender, lower education, his-
tory of COVID-19 disease, refusing vaccination against SARS-CoV-2 infection, poorer self-
rated health, greater fear of COVID-19 pandemic, and living in regions with higher excess
mortality. Previous research showed the associations of somatic burden with female gender
[36] and fear of the pandemic [37], but not with lower education [38] and refusing vaccination
against SARS-CoV-2 infection [39]. The fact that vaccination against SARS-CoV-2 infection,
but not lower education and preventive behavior during the pandemic was associated with
lower somatic symptoms evidenced the trust in medicine and good awareness about the pan-
demic among Russians. Importantly, the strongest associated factor was poor self-rated health,
which may suggest that a person’s doubts about his or her health play a key role in the forma-
tion and aggravation of somatic symptoms during the COVID-19 pandemic. The pre-pan-
demic study found that non-specific health complaints and a poor self-rated health in pre-
adolescents were associated with greater past and future use of general practitioners [31].

Despite strengths, this study has a number of limitations. The online survey setting limits
our ability to investigate the possible causes of reported somatic symptoms, which could be
associated with mental or physical disorders. This study also relies on self-report data, making
it impossible to accurately determine certain participant characteristics, such as their demo-
graphic features, history of COVID-19 disease, and experience of vaccination against SARS-
CoV-2 infection. We suppose that many participants may have experienced the COVID-19
disease asymptomatically or, conversely, may have interpreted some somatic complaints as
symptoms of the COVID-19 disease. Similarly, unvaccinated persons may misrepresent their
vaccination status because of stigmatisation [40]. Future studies could rely on objective data
(medical records, laboratory tests, physician evaluations, etc.). This study covered only eight
somatic symptoms for which we identified latent somatic burden profiles. Previous studies
included 9 [16], 12 [15], and 31 somatic symptoms [17], resulting in a greater number of
somatic burden latent profiles.

Conclusions

This study contributes to our knowledge of the prevalence, latent profiles, and associated fac-
tors of somatic burden during the COVID-19 pandemic and may extend the previous findings
and contribute to improving the existing practices in psychosomatic medicine. This is also the
first large-scale study of somatic symptoms among Russians, and we hope that our findings
will open up prospects for new investigations of mental and physical health issues in Russia.

Acknowledgments

We are grateful to the participants, as well as thankful to the editors and anonymous reviewers.

Author Contributions
Conceptualization: Alena Zolotareva.
Data curation: Alena Zolotareva.

Investigation: Anna Khegay, Elena Voevodina, Nina Nizovskih, Vsevolod Konstantinov,
Arina Malenova, Irina Belasheva, Natalia Khodyreva, Vladimir Preobrazhensky, Kristina
Azanova, Lilia Sarapultseva, Almira Galimova , Inna Atamanova, Anastasia Kulik, Yulia

PLOS ONE | https://doi.org/10.1371/journal.pone.0282345 March 10, 2023 8/11



PLOS ONE

Somatic burden in Russia during the COVID-19 pandemic

Neyaskina, Maksim Lapshin, Marina Mamonova, Ruslan Kadyrov, Ekaterina Volkova,
Viktoria Drachkova, Andrey Seryy, Natalia Kosheleva.

Methodology: Alena Zolotareva, Evgeny Osin.

Project administration: Alena Zolotareva, Anna Khegay, Elena Voevodina.

Software: Igor Kritsky, Roman Ibragimov.

Supervision: Evgeny Osin.

Visualization: Igor Kritsky, Roman Ibragimov.

Writing - original draft: Alena Zolotareva.

Writing - review & editing: Inna Atamanova, Evgeny Osin.

References

1.

10.

11.

12.

13.

Nochaiwong S, Ruengorn C, Thavorn K, Hutton B, Awiphan R, Phosuya C, et al. Global prevalence of
mental health issues among the general population during the coronavirus disease-2019 pandemic: A
systematic review and meta-analysis. Sci. Rep. 2021; 11:10173. https://doi.org/10.1038/s41598-021-
89700-8 PMID: 33986414

Lipowski ZJ. Somatization: The experience and communication of psychological distress as somatic
symptoms. Psychother. Psychosom. 1987; 47(3—4):160—-167. https://doi.org/10.1159/000288013
PMID: 3333284

Pérez S, Masegoso A, Hernandez-Espeso N. Levels and variables associated with psychological dis-
tress during confinement due to the coronavirus pandemic in a community sample of Spanish adults.
Clin. Psychol. Psychother. 2021; 28(3):606—614. https://doi.org/10.1002/cpp.2523 PMID: 33119922

Biermann M, Vonderlin R, Mier D, Witthéft M, Bailer J. Predictors of psychological distress and corona-
virus fears in the first recovery phase of the coronavirus disease 2019 pandemic in Germany. Front.
Psychol. 2021; 12:€678860. https://doi.org/10.3389/fpsyg.2021.678860 PMID: 34938223

Mohammadi MR, Zarafshan H, Bashi SK, Mohammadi F, Khaleghi A. The role of public trust and media
in the psychological and behavioral responses to the COVID-19 pandemic. Iran. J. Psychiatry. 2020;
15(3):189-204. https://doi.org/10.18502/ijps.v15i3.3811 PMID: 33193767

Ran L, Wang W, Ai M, Kong Y, Chen J, Kuang L. Psychological resilience, depression, anxiety, and
somatization symptoms in response to COVID-19: A study of the general population in China at the
peak of its epidemic. Soc. Sci. Med. 2020; 262:113261. https://doi.org/10.1016/j.socscimed.2020.
113261 PMID: 32758794

Goularte JF, Serafim SD, Colombo R, Hogg B, Caldieraro MA, Rosa AR. COVID-19 and mental health
in Brazil: Psychiatric symptoms in the general population. J. Psychiatr. Res. 2021; 132:32-37. https://
doi.org/10.1016/j.jpsychires.2020.09.021 PMID: 33038563

Conti C, Fontanesi L, Lanzara R, Rosa |, Porcelli P. Fragile heroes. The psychological impact of the
COVID-19 pandemic on health-care workers in Italy. PLoS One. 2020; 15(11):€0242538. https://doi.
org/10.1371/journal.pone.0242538 PMID: 33206714

Mishra S, Gupta R, Bhatnagar S, Garg R., Bharati SJ, Kumar V, et al. The COVID-19 pandemic: A new
epoch and fresh challenges for cancer patients and caregivers—a descriptive cross-sectional study.
Support. Care Cancer. 2022; 30(3):1547—1555. https://doi.org/10.1007/s00520-021-06564-4 PMID:
34536134

Louvardi M, Pelekasis P, Chrousos GP, Darviri C. Mental health in chronic disease patients during the
COVID-19 quarantine in Greece. Palliat. Support. Care. 2020; 18(4):394—399. https://doi.org/10.1017/
S1478951520000528 PMID: 32594950

Wagner-Skacel J, Dalkner N, Bengesser S, Ratzenhofer M, Fink N, Kahn J, et al. COVID-19 pandemic
stress-induced somatization in transplant waiting list patients. Front. Psychiatry. 2021; 12:e671383.
https://doi.org/10.3389/fpsyt.2021.671383 PMID: 34295270

Liyanage-Don NA, Cornelius T, Sanchez JE, Trainor A, Moise N, Wainberg M, et al. Psychological dis-
tress, persistent physical symptoms, and perceived recovery after COVID-19 iliness. J. Gen. Intern.
Med. 2021; 36:2525-2527. https://doi.org/10.1007/s11606-021-06855-w PMID: 33987793

Matta J, Wiernik E, Robineau O, Carrat F, Touvier M, Severi G, et al. Association of self-reported
COVID-19 infection and SARS-CoV-2 serology test results with persistent physical symptoms among

PLOS ONE | https://doi.org/10.1371/journal.pone.0282345 March 10, 2023 9/11



PLOS ONE

Somatic burden in Russia during the COVID-19 pandemic

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.
30.

31.

32.

33.

French adults during the COVID-19 pandemic. JAMA Intern. Med. 2022; 182(1): 19-25. https://doi.org/
10.1001/jamainternmed.2021.6454 PMID: 34747982

Colins LM, Lanza ST. Latent class and latent transition analysis: With applications in the social, behav-
ioral, and health sciences. Hoboken, NJ: Wiley; 2010.

Burri A, Hilpert P, McNair P, Williams FM. Exploring symptoms of somatization in chronic widespread
pain: Latent class analysis and the role of personality. J. Pain Res. 2017; 10:1733-1740. https://doi.
org/10.2147/JPR.S139700 PMID: 28769589

Kato K, Sullivan PF, Pedersen NL. Latent class analysis of functional somatic symptoms in a popula-
tion-based sample of twins. J. Psychosom. Res. 2010; 68(5):447-453. https://doi.org/10.1016/j.
jpsychores.2010.01.010 PMID: 20403503

Eliasen M, Schréder A, Fink P, Kreiner S, Dantoft TM, Poulsen CH, et al. A step towards a new delimita-
tion of functional somatic syndromes: A latent class analysis of symptoms in a population-based cohort
study. J. Psychosom. Res. 2018; 108:102—117. hitps://doi.org/10.1016/j.jpsychores.2018.03.002
PMID: 29602319

Beutel ME, Wiltink J, Ghaemi Kerahrodi J., Tibubos AN, Brahler E, Schulz A, et al. Somatic symptom
load in men and women from middle to high age in the Gutenberg Health Study—association with psy-
chosocial and somatic factors. Sci. Rep. 2019; 9:4610 https://doi.org/10.1038/s41598-019-40709-0
PMID: 30872625

Creed FH, Davies |, Jackson J, Littlewood A, Chew-Graham C, Tomenson B, et al. The epidemiology of
multiple somatic symptoms. J. Psychosom. Res. 2012; 72:311-317. https://doi.org/10.1016/].
jpsychores.2012.01.009 PMID: 22405227

Gureje O, Simon GE, Ustun TB, Goldberg DP. Somatization in cross-cultural perspective: a World
Health Organization study in primary care. Am. J. Psychiatry. 1997; 154(7):989-995. https://doi.org/10.
1176/ajp.154.7.989 PMID: 9210751

Ware JE, Gandek B. Overview of the SF-36 Health Survey and the International Quality of Life Assess-
ment (IQOLA) Project. J. Clin. Epidemiol. 1998; 51(11):903-912. https://doi.org/10.1016/s0895-4356
(98)00081-x PMID: 9817107

Gierk B, Kohlmann S, Kroenke K, Spangenberg L, Zenger M, Brahler E, et al. The somatic symptom
scale-8 (SSS-8): A brief measure of somatic symptom burden. JAMA Intern. Med. 2014; 174(3):399—
407. https://doi.org/10.1001/jamainternmed.2013.12179 PMID: 24276929

Ahorsu DK, Lin C-Y, Imani V, Saffari M, Griffiths MD, Pakpour AH. The fear of COVID-19 scale: Devel-
opment and initial validation. Int. J. Ment. Health Addict. 2022; 20(3):1537-1545. https://doi.org/10.
1007/s11469-020-00270-8

Reznik A, Gritsenko V, Konstantinov V, Khamenka N, Isralowitz R. COVID-19 fear in Eastern Europe:
Validation of the Fear of COVID-19 Scale. Int. J. Ment. Health Addict. 2021; 19(5):1903-1908. https://
doi.org/10.1007/s11469-020-00283-3 PMID: 32406404

Breakwell GM, Fino E, Jaspal R. The COVID-19 Preventive Behaviors Index: Development and valida-
tion in two samples from the United Kingdom. Eval. Health Prof. 2021; 44(1):77-86. https://doi.org/10.
1177/0163278720983416 PMID: 33430623

Kobak D. Excess mortality reveals Covid’s true toll in Russia. Signif. 2021; 18(1):16—19. https://doi.org/
10.1111/1740-9713.01486 PMID: 33821160

Akaike H. Factor analysis and AIC. Psychometrika. 1987; 52:317-332. https://doi.org/10.1007/
BF02294359

Schwarz G. Estimating the dimension of a model. Ann. Stat. 1978; 6(2): 461-464. https://doi.org/10.
1214/a0s/1176344136

McLachlan G, Peel D. Finite mixture models. New York: John Wiley & Sons, Inc. M.; 2000.

Celeux G, Soromenho G. An entropy criterion for assessing the number of clusters in a mixture model.
J. Classif. 1996; 13:195-212. https://doi.org/10.1007/BF01246098

Rytter D, Rask CU, Vestergaard CH, Nybo Andersen A-M, Bech BH. Non-specific Health complaints
and self-rated health in pre-adolescents; impact on primary health care use. Sci. Rep. 2020; 10:3292.
https://doi.org/10.1038/s41598-020-60125-z PMID: 32094433

Tingstedt O, Lindblad F, Koposov R, Blatny M, Hrdlicka M, Stickley A, et al. Somatic symptoms and
internalizing problems in urban youth: A cross-cultural comparison of Czech and Russian adolescents.
Eur. J. Public Health. 2018; 28(3):480-484. https://doi.org/10.1093/eurpub/cky001 PMID: 29373646

Ma M, Shi Z, Wu H, Ma X. Clinical implications of panic attack in Chinese patients with somatoform dis-
orders. J. Psychosom. Res. 2021; 146:110509. https://doi.org/10.1016/j.jpsychores.2021.110509
PMID: 33984592

PLOS ONE | https://doi.org/10.1371/journal.pone.0282345 March 10, 2023 10/11



PLOS ONE

Somatic burden in Russia during the COVID-19 pandemic

34.

35.

36.

37.

38.

39.

40.

Lopez-Leon S., Wegman-Ostrosky T., Perelman C., Sepulveda R., Rebolledo P., Cuapio A., et al.
(2021). More than 50 long-term effects of COVID-19: A systematic review and meta-analysis. Sci.
Rep. 2021; 11:16144. https://doi.org/10.1038/s41598-021-95565-8

Nguyen N, Hoang V, Dao T, Dudouet P, Eldin C, Gautret P. Clinical patterns of somatic symptoms in
patients suffering from post-acute long COVID: A systematic review. Eur. J. Clin. Microbiol. Infect. Dis.
2022; 41:515-545. https://doi.org/10.1007/s10096-022-04417-4 PMID: 35142947

Abreu L, Koebach A, Diaz O, Carleial S, Hoeffler A, Stojetz W, et al. Life with Corona: Increased gender
differences in aggression and depression symptoms due to the COVID-19 pandemic burden in Ger-
many. Front. Psychol. 2021; 12:689396. https://doi.org/10.3389/fpsyg.2021.689396 PMID: 34385959

Shevlin M, Nolan E, Owczarek M, McBride O, Murphy J, Miller JG, et al. COVID-19-related anxiety pre-
dicts somatic symptoms in the UK population. Br. J. Health Psychol. 2020; 25(4):875-882. https://doi.
org/10.1111/bjhp.12430 PMID: 32458550

Petersen MW, Dantoft TM, Jensen JS, Pedersen HF, Frostholm L, Benros ME, et al. The impact of the
Covid-19 pandemic on mental and physical health in Denmark—a longitudinal population-based study
before and during the first wave. BMC Public Health. 2021; 21:1418. https://doi.org/10.1186/s12889-
021-11472-7 PMID: 34275461

Simione L, Vagni M, Gnagnarella C, Bersani G, Pajardi D. Mistrust and beliefs in conspiracy theories dif-
ferently mediate the effects of psychological factors on propensity for COVID-19 vaccine. Front. Psy-
chol. 2021; 12:683684. hitps://doi.org/10.3389/fpsyg.2021.683684 PMID: 34305736

Kampf G. COVID-19: Stigmatising the unvaccinated is not justifies. Lancet. 2021; 398(10314):1871.
https://doi.org/10.1016/S0140-6736(21)02243-1

PLOS ONE | https://doi.org/10.1371/journal.pone.0282345 March 10, 2023 11/11



