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A B S T R A C T   

Objectives: Stress may augment somatic symptoms in central sensitivity syndromes (CSS) such as fibromyalgia, 
chronic fatigue syndrome, and irritable bowel syndrome. To test this hypothesis, we examined whether the 
association between COVID-19 stress and somatic symptom severity would be stronger in people with than 
without CSS and whether psychological flexibility would buffer the impact of this stress on symptom severity. 
Methods: In a 2-sample, repeated cross-sectional design, we analysed questionnaire data from Dutch people with 
and without CSS, collected in two independent surveys: before the COVID-19 pandemic (2018; CSS: n = 194, 
non-CSS: n = 337) and at the peak of the pandemic (2020; CSS: n = 428, non-CSS: n = 1101). Somatic symptom 
severity, worry and stress due to the pandemic, and psychological flexibility were examined in regression ana
lyses. Two stress operationalisations were analysed: stress levels during the peak of the pandemic, and a com
parison of measurements in 2020 and 2018 (assuming higher stress levels in 2020). 
Results: Higher worry and stress during the pandemic (standardized β = 0.14), the presence of a CSS (β = 0.40), 
and lower psychological flexibility (β = − 0.33) were all (p < .0001) associated with more severe somatic 
symptoms, but the associations of each stress operationalisation with somatic symptoms was not particularly 
strong in people with CSS (β = − 0.026, p = .27; β = − 0.037, p = .22), and psychological flexibility (β = − 0.025, 
p = .18; β = 0.076, p = .35) did not buffer this association. 
Conclusions: Findings do not support the hypotheses that COVID-19 stress augments somatic symptoms, partic
ularly in CSS, or that psychological flexibility buffers this impact. Rather, COVID-19-related stress appears to 
have an uncertain impact on somatic symptoms.   

1. Introduction 

Conditions such as fibromyalgia, chronic fatigue syndrome (CFS), 
and irritable bowel syndrome (IBS) are described with various labels, 
such as medically unexplained symptoms [1], persistent physical 
symptoms [2], functional somatic syndromes [3], bodily distress syn
dromes [4], and central sensitivity syndromes (CSS) [5]. In this paper, 
we will use the label CSS. The CSS nosology is based on mutual associ
ations among syndromes with overlapping clinical features, and central 
sensitization as a presumed common pathophysiological mechanism. In 
this nosology, the term “sensitivity” rather than “sensitization” is used, 
to emphasize that it is a biopsychological rather than 

neuropathophysiological phenomenon [5]. Several studies suggest that 
a sensitive brain may augment pain and other somatic symptoms in 
response to stress, such as in people with fibromyalgia and widespread 
pain [6,7], CFS [8] or IBS [9]. The COVID-19 pandemic offers a unique 
context to study the impact of stress on somatic symptom severity in 
people with CSS. 

The outbreak of the SARS-CoV-2 virus and the measures taken by 
governments to prevent the spread of COVID-19 have impacted the 
entire global population [10–12]. Stress during the pandemic may be 
caused by worry of getting infected, changes in daily routines and 
caregiving, decreased opportunities for social and leisure activities, the 
illness or death of family members or friends, loss of work, and financial 
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concerns (e.g., [13–16]). Furthermore, for people with chronic condi
tions, somatic symptoms may also be enhanced by delayed medical 
evaluations [17,18], reduced access to health services, and disrupted 
treatment [7,19,20]. These psychological and health care challenges 
suggest that pain and other somatic symptoms in people with CSS may 
be more severe during than before the stressful peak months of the 
COVID-19 pandemic. 

People differ in their ability to deal with stress. Symptom exacer
bation may be less likely among people who are able to accept what 
cannot be changed and find other ways to pursue their goals in life. 
Psychological flexibility [21] refers to the ability to be open to adapt to 
new situational demands, while being committed to behaviour that is in 
line with one's own chosen values [21,22], and is considered key to 
adapt to challenging circumstances [23,24]. Longitudinal findings sug
gest that psychological flexibility impacts subsequent mental health, and 
not the reverse [21]. In people with chronic pain, CFS, or IBS, psycho
logical flexibility is a resilience factor, protecting against and reducing 
the burden and severity of somatic symptoms [25–30]. If psychological 
flexibility is also shown to buffer the impact of stress of the COVID-19 
pandemic, then enhancing psychological flexibility by acceptance- and 
mindfulness-based education or interventions, for example, may be of 
value. 

The aim of our study was to determine the impact of stress due to the 
COVID-19 pandemic on the severity of somatic symptoms in people with 
CSS, as compared to people without CSS, and as compared to an earlier 
pandemic-free period. Given that the stress-somatic symptom link may 
be especially strong in people with CSS, we hypothesized that people 
with CSS (vs. non-CSS) would show more severe somatic symptoms in 
response to stress of the pandemic, and that psychological flexibility 
would buffer the impact of stress on somatic symptoms. 

2. Methods 

2.1. Participants 

Data from two separate online surveys in the general Dutch-speaking 
population were analysed. The first data collection was from November 
2018 to May 2019 (year 2018). The second collection started on March 
24, 2020, one day after the Dutch government introduced strict rules 
and regulations to prevent further spread of COVID-19 and ended on 
May 2, 2020 (year 2020). This latter period was the first serious 
pandemic peak period in the Netherlands in terms of number of hospi
talizations, patients on the intensive care, and deaths due to COVID-19 
(Dutch National Institute for Public Health and the Environment). In the 
online questionnaires, respondents could indicate with “Yes” or “No” on 
a list with a variety of diseases, if they had fibromyalgia, chronic fatigue 
syndrome (CFS), irritable bowel syndrome (IBS), somatoform disorder/ 
somatic symptom disorder, chronic headache (not migraine), or chronic 
pain elsewhere in the body (not the head). We classified participants 
reporting any of these syndromes into a CSS group and all other par
ticipants into a non-CSS group. Note that someone with, for instance, 
rheumatoid arthritis or a cardiovascular disorder would be allocated to 
the CSS group if the person also had fibromyalgia, whereas a person with 
rheumatoid arthritis or a cardiovascular disorder without any of the CSS 
disorders was allocated to the non-CSS group. In both samples, all par
ticipants with complete assessments on worry, stress, pain, fatigue, and 
psychological flexibility were retained and analysed. Fig. S1 (supple
mentary material) shows the flowchart comprising the 2018 and 2020 
samples. 

2.2. Procedure 

For each of the two samples, participants were recruited via social 
media (e.g., Facebook, Instagram, LinkedIn, local internet sites) and 
websites of associations including the Dutch national patient associa
tions for fibromyalgia, CFS, and IBS. A hyperlink to the online survey 

(housed on a secure university website) was provided, where partici
pants were informed about the study and could provide informed con
sent, after which they were allowed to participate. They were not 
compensated for their participation. Approval was given by the Ethics 
Committee of the Faculty of Social and Behavioural Sciences of Utrecht 
University, the Netherlands for the 2018 (FETC17–120) and 2020 
(FETC20–190) data collections. 

2.3. Instruments 

2.3.1. Somatic symptom severity 
In both the 2018 and 2020 samples, the severity of somatic symp

toms was measured with the bodily pain and energy/fatigue scales of the 
Dutch version of the RAND 36-Item Short Form Health Survey (RAND 
SF-36) [31]. The bodily pain scale consists of two items assessing the 
level of bodily pain and its interference with daily activities during the 
past 4 weeks, on 6- and 5-point Likert scales, respectively. The vitality 
scale consists of two items assessing the level of fatigue and two items on 
the energy level during the past 4 weeks, all on 6-point Likert scales. 
After reversing scores, higher scores on the SF-36 reflect more severe 
pain and fatigue. We used the standardized mean deviation from the 
norm scores [31] of these pain and energy/fatigue scales as a measure of 
somatic symptom severity. 

2.3.2. Psychological flexibility 
Also in both samples, the Flexibility Index Test-60 (FIT-60) was used 

to measure psychological flexibility [32]. This questionnaire assesses six 
processes: acceptance, cognitive defusion, contact with the present 
moment, self as context, values, and committed action [21]. The 60-item 
questionnaire (10 items for each process) is based on a literature review 
of psychological flexibility and on four existing questionnaires. Partici
pants rate the extent to which each item applies to them from 0 (‘totally 
disagree’) to 6 (‘totally agree’). The theoretical range of the total score is 
from 0 to 360, and higher scores indicate more flexibility. The initial 
psychometric analyses of the FIT-60 showed that the internal consis
tency was high, with a Cronbach's alpha of 0.95 for the total scale [32]. 

2.3.3. COVID-19 stress 
The participants of the 2020 sample reported their current level of 

being worried about getting infected by the virus on a 4-point scale (1 =
‘not worried’, 2 = ‘a little worried’, 3 = ‘worried’, 4 = ‘very worried’) 
and their current stress compared to their normal stress level, on a 5- 
point scale (1 = ‘less stressed’, 2 = ‘a little less stressed’, 3 = ‘neither 
less nor more stressed’, 4 = ‘a little more stressed’ and 5 = ‘more 
stressed’). The z-scores of each participant on these two items were 
averaged; the resulting score was labelled “COVID-19 stress”. 

2.4. Statistical analyses 

The CSS and non-CSS groups were compared using parametric or 
nonparametric tests, where appropriate. Pearson correlations were 
calculated to examine associations between independent variables and 
the dependent variable somatic symptom severity. 

Our main analyses consisted of two linear regression, the first in the 
sample of 2020 only (analysis 1), and the second in the samples of 2018 
and 2020 (analysis 2). Two operationalisations of stress were used. In 
analysis 1, stress was operationalized as the mean of standardized self- 
reported worry and stress levels during the first peak of the COVID-19 
pandemic (‘COVID-19 stress’). In analysis 2, it was assumed that par
ticipants during the 2020 pandemic were more stressed than the par
ticipants two years earlier. Thus, in this analysis, ‘year’ was the 
operationalization of stress, with scores in the sample of 2020 repre
senting COVID-19 stress circumstances and scores in the sample of 2018 
default circumstances. 

In both analyses, linear regressions with bootstrapping (1000 sam
ples) examined the associations of somatic symptom severity 
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(dependent variable) with group (CSS vs. non-CSS), stress (‘COVID-19 
stress’ in analysis 1 and ‘year’ in analysis 2), and psychological flexibility 
(total score of FIT-60) as independent variables (COVID-19 stress and 
the FIT-60 score were centred in analysis 1). Gender, age, education, and 
number of (comorbid) diseases were entered as covariates. The 2-way 
interactions (COVID-19 stress × group, COVID-19 stress × psychologi
cal flexibility, and group × psychological flexibility) were included to 
examine whether belonging to the CSS group was associated with higher 
somatic symptom levels in response to stress and whether higher levels 
of psychological flexibility protected against increased stress-related 
somatic symptom severity. To interpret significant interactions, regres
sion lines for individuals with low (− 1SD) and high (+1SD) scores on 
the two interacting variables were plotted [33]. The magnitude of the 
interaction was indicated with Cohen's d effect sizes, with values of 0.20, 
0.50 and 0.80 representing small, medium, and large effects, respec
tively [34]. 

To examine, whether findings might be due to the diagnostic overlap 
of CSS with osteoarthritis or an inflammatory rheumatic disease, we 
performed ad hoc regression analyses excluding people with osteoar
thritis or an inflammatory rheumatic disease. For all analyses, p-values 
<.05 were considered statistically significant, with all tests being 2- 
sided. Statistical analyses were done using IBM SPSS statistics version 
25.0. 

3. Results 

3.1. Participants 

Table 1 shows the characteristics of the CSS and non-CSS groups in 
the samples of 2018 (n = 531) and 2020 (n = 1529). The CSS and non- 
CSS groups did not differ in age in 2018 (F(1, 530) = 3.09, p = .079) and 
2020 (F(1, 1528) = 1.71, p = .191). In 2020, groups did not differ on 
marital status (χ2(2) = 1.37, p = .505), but in 2018, more people in the 
CSS than the non-CSS group were in a relationship (χ2(2) = 8.18, p =
.017). In both samples, the CSS groups included more women (2018: 
χ2(1) = 36.46; 2020: χ2(1) = 90.07, p < .0001), people with a lower 
education level (2018: χ2(2) = 21.13; 2020: χ2 (2) = 79.50, p < .0001) 
and a higher number of (comorbid) diseases (2018: F(1, 530) = 60.78; 
2020: F(1,1528) = 94.86, p < .0001). More specifically, the prevalence 
of osteoarthritis (2018: χ2(1) = 47.49; 2020: χ2(1) = 49.06,p < .0001), 
skin diseases (2018: χ2(1) = 15.52; 2020: χ2(1) = 16.95, p < .0001), 
neurological diseases (2018: χ2(1) = 11.64, p = .001; 2020: χ2(1) =
19.32, p < .0001) and obesity (2018: χ2(1) = 7.85, p = .005, 2020: χ2(1) 
= 30.01, p < .0001) was higher in the CSS groups in both samples, 
whereas in the CSS group pulmonary disease was more prevalent in 
2020 (χ2(1) = 17.09, p < .0001) and cardiovascular disease in 2018 
(χ2(1) = 7.08, p = .008). Table S1 (supplementary material) shows the 
comorbid conditions for each CSS. Analyses comparing the overall 
samples from 2018 and 2020, showed a significant age difference (2018: 
M = 40.3; 2020: M = 47.7; F(1, 2059) = 54.90, p < .0001), whereas 
gender, education, and marital status did not significantly differ be
tween the two overall samples. Ten out of 1529 people reported having 
COVID-19 during the first peak: 3 in the CSS group and 7 in the non-CSS 
group. This may be an underestimate because widespread testing was 
rare in the Netherlands at that time. 

3.2. Stress levels during the first peak of the COVID-19 outbreak in the 
Netherlands 

During this peak in 2020, 80.5% of the people in the non-CSS group 
and 90.0% in the CSS group reported being “a little” to “very worried” 
about getting infected by the SARS-CoV-2 virus. When asked about their 
current stress level compared to their normal stress level, 61.7% of the 
non-CSS group reported being “a little more stressed” or “more 
stressed”, versus 71.5% of the CSS-group. The mean standardized worry 
and stress levels for the CSS and non-CSS groups were 0.21 (SD = 0.86) 

and − 0.08 (SD = 0.83), respectively. Fig. S2 (supplementary material) 
shows the distribution of worry and stress levels for the CSS and non-CSS 
groups. Overall, people indicated that they perceived themselves, on 
average, to be more worried and stressed than normal during the peak of 

Table 1 
Characteristics of the groups with a central sensitivity syndrome (CSS) and 
without (non-CSS) before (2018) and during (2020) the first peak of the COVID- 
19 outbreak in the Netherlands.  

Year 2018 
n = 531 

2020 
n = 1529 

Group CSS 
n = 194 

non- 
CSS 
n = 337 

CSS 
n = 428 

non- 
CSS 
n =
1101 

All 
n =
2060 

Age (years) 

Mean (SD) 
45.2 
(12.1) 

42.8 
(16.2) 

48.3 
(12.6) 

49.4 
(15.2) 

47.7 
(14.8) 

Range 18–69 18–87 20–80 18–91 18–91 
Gender, n (%)      

Women 
186 
(95.9) 

254 
(75.4) 

406 
(94.9) 

802 
(72.8) 

1648 
(80.0) 

Education level*, n (%) 

Low 
94 
(48.5) 

97 
(28.8) 

235 
(54.9) 

336 
(30.5) 

762 
(37.0) 

High 98 
(50.5) 

238 
(70.6) 

190 
(44.4) 

761 
(69.1) 

1287 
(62.5) 

Missing 2 (1.0) 2 (0.6) 3 (0.7) 4 (0.4) 11 (0.5) 
Marital status, n (%) 

Single 
42 
(21.6) 

112 
(33.2) 

139 
(32.5) 

325 
(29.5) 

618 
(30.0) 

In a relation 
144 
(74.2) 

211 
(62.6) 

279 
(65.2) 

752 
(68.3) 

1386 
(67.3) 

Unknown 8 (4.1) 14 (4.2) 10 (2.3) 24 (2.2) 56 (2.7) 
Number of diseases other than a central sensitivity syndrome 

Mean (SD) 
1.46 
(1.41) 

0.69 
(0.87) 

1.43 
(1.35) 

0.82 
(0.98) 

0.98 
(1.14) 

Range 0–7 0–5 0–6 0–6 0–7 
Type of other disease, n (%) 
Inflammatory 

rheumatic disease†
27 
(13.9) 

47 
(13.9) 

52 
(12.1) 

113 
(10.3) 

239 
(11.6) 

Osteoarthritis 51 
(26.3) 

18 (5.3) 87 
(20.3) 

85 (7.7) 241 
(11.7) 

Pulmonary 
20 
(10.3) 25 (7.4) 

90 
(21.0) 

139 
(12.6) 

274 
(13.3) 

Skin 
25 
(12.9) 12 (3.6) 32 (7.5) 31 (2.8) 

100 
(4.9) 

Cancer 4 (2.1) 4 (1.2) 7 (4.2) 29 (2.6) 46 (2.2) 

Cardiovascular 26 
(13.4) 

22 (6.5) 79 
(18.5) 

159 
(14.4) 

286 
(13.9) 

Psychiatric 47 
(24.2) 

24 (7.1) 91 
(21.3) 

104 
(9.4) 

266 
(12.9) 

Neurological 
33 
(17.0) 25 (7.4) 

50 
(11.7) 58 (5.3) 

166 
(8.1) 

Obesity 
26 
(13.4) 

21 (6.2) 
71 
(16.6) 

80 (7.3) 
198 
(9.6) 

One other non-listed 
disease 

24 
(12.4) 

31 (9.2) 48 
(11.2) 

97 (8.8) 200 
(9.7) 

Two or three other 
non-listed diseases 0 (0.0) 1 (0.3) 1 (0.2) 3 (0.3) 5 (0.2) 

Self-report measures, Mean (SD) 
Somatic symptom 

severity (RAND SF- 
36)‡

1.56 
(0.78) 

0.28 
(0.83) 

1.27 
(0.79) 

0.08 
(0.76) 

0.50 
(0.97) 

Psychological 
flexibility (FIT-60) §

213.3 
(48.3) 

233.6 
(42.9) 

210.3 
(53.3) 

236.8 
(46.8) 

228.6 
(49.1)  

* Education level: low: lower general secondary education or lower; high: 
higher general secondary education or higher. 

† These participants reported to have a chronic rheumatic disease other than 
osteoarthritis or fibromyalgia. 

‡ This score is the mean of standardized deviation scores from the general 
adult population norm for pain and fatigue/vitality [31]. Scores were reversed: 
higher scores reflect more pain and fatigue. 

§ This total score ranges from 0 to 360, with higher scores reflecting more 
flexibility. 
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the pandemic. 

3.3. Analysis 1. COVID-19 stress and somatic symptom severity (sample 
of 2020) 

This analysis involved the prediction of the severity of somatic 
symptoms from all other concurrent variables during the peak of the 
COVID-19 crisis in 2020 (see Table 2). The linear regression model was 
significant and explained 56% of the variance in somatic symptom 
severity (F = 199.62, p < .0001, Adjusted R2 = 0.56). Higher levels of 
COVID-19 stress were significantly associated with more severe somatic 
symptoms (r = 0.35, p < .0001), also when taking account of all other 
variables in the model (β = 0.14, p < .0001). All other variables were 
also significantly and independently associated with higher levels of 
somatic symptom severity; in order of strength (β): having a central 
sensitivity syndrome (β = 0.40, p < .0001), a lower level of psycho
logical flexibility (β = − 0.33, p < .0001), more (comorbid) diseases (β =
0.23, p < .0001), female gender (β = 0.05, p = .004), lower age (β =
− 0.05, p = .010), and lower education (β = − 0.04, p = .026). The two- 
way interactions were not significant, indicating that the relationship 
between COVID-19 stress and symptom severity was statistically not 
different in people with versus without CSS or in people with lower 
versus higher psychological flexibility. 

3.4. Analysis 2. Associations with somatic severity during the peak of the 
COVID-19 pandemic in 2020 compared to 2018 

In this analysis, the severity of somatic symptoms was predicted from 
year and all other concurrent variables (see Table 3); more stress was 
assumed in 2020 during the peak of the COVID-19 pandemic than before 
(2018). 

The bootstrap regression model was highly significant and explained 
56% of the variance in somatic symptom severity (F = 259.33, p <
.0001, Adjusted R2 = 0.56). Contrary to our hypothesis, the 2018 sample 
reported more severe somatic symptoms (r = − 0.15, p < .0001) than the 
2020 sample, and this difference remained significant at including all 
other variables in the model (β = − 0.16, p = .040). All other variables 
but age were significantly and independently associated with higher 
levels of somatic symptom severity; in order of strength (β): lower levels 
of psychological flexibility (β = − 0.40, p < .0001), having a CSS (β =
0.29, p < .0001), more (comorbid) diseases (β = 0.24, p < .0001), female 
gender (β = 0.07, p < .0001), and lower education (β = − 0.04, p = .010). 
Also contrary to expectation, the significant group × psychological 
flexibility interaction (β = 0.001, p = .029) indicated that in the non-CSS 
group, higher psychological flexibility buffered somatic symptom 

severity more, compared to in the CSS group (Fig. 1). However, as Fig. 1 
shows the regression lines are nearly parallel, indicating a very small 
interaction; the effect size difference between the two groups for lower 
(− 1 SD) flexibility was 1.01, while it was 1.18 for higher (+1 SD) psy
chological flexibility; a trivial difference of d = 0.17. All other in
teractions were not significant, indicating that at the first peak of the 
COVID-19 outbreak in the Netherlands, the level of symptom severity 
was not higher for people with CSS or with lower psychological 
flexibility. 

3.5. Ad hoc analyses 

The two hypotheses of our study were also rejected in ad hoc ana
lyses excluding people with osteoarthritis or an inflammatory rheumatic 
disease; none of the interactions were significant. 

4. Discussion 

During the first peak of the COVID-19 pandemic in the Netherlands, 
people perceived themselves to be, on average, more stressed than 
normal, and these stress levels were associated with more severe somatic 
symptoms. In contrast, based on another operationalization of 
stress—comparing the peak period of the pandemic to a previous 
year—there was no link between stress and more severe somatic 
symptoms. Also, both moderator hypotheses were rejected: the link 
between stress and somatic symptom severity was not stronger in people 
with CSS than those without CSS, and psychological flexibility did not 
act as a buffer against an increase of somatic symptoms severity in 
response to stress. 

Our cross-sectional analysis during the pandemic peak showed an 
association between self-reported COVID-19 stress levels and self- 
reported somatic symptom severity, which is consistent with the 
larger literature showing correlations between self-reported scores 
reflecting negative experiences. A 10-day online survey, of people with 
fibromyalgia during the pandemic, found such an association between 
intra-individual levels of anxiety and chronic pain [35]. Such concurrent 
inter-individual and intra-individual associations may reflect mutual 
influences on a negative affect dimension instead of a specific somatic 
symptom reaction to stress (e.g., [36]). Guided by the hypothesis that a 
sensitized brain may augment somatic symptoms in response to stress in 
people with CSS [6–9], we expected a stronger correlation between 
COVID-stress and somatic symptoms in people with CSS, compared to 
people without CSS. Our data did not support this hypothesis. A study 
that was conducted in parallel to our study showed that longitudinal 
assessments of pain symptoms measured pre- and post-lockdown did not 

Table 2 
COVID-19 stress and other associations with somatic symptom severity in the sample of 2020 (n = 1522)   

r b SE β t p 95% CI 

Constant  .103 .070  1.32 .19 − .047 to .214 
Demographics        
Gender .24‡ .117 .038 .051 2.85 .004 .052 to .202 
Age − .05 − .003 .001 − .047 − 2.57 .01 − .005 to − .001 
Education* − .26‡ − .079 .038 − .041 − 2.23 .03 − .152 to .001 
Number of (comorbid) diseases .42‡ .186 .014 .226 12.13 <.0001 .151 to .212 
Group† .57‡ .836 .045 .401 21.08 <.0001 .743 to .899 
COVID-19 stress .35‡ .157 .026 .142 6.48 <.0001 .109 to .201 
Psychological flexibility − .53‡ − .006 .000 − .330 − 14.17 <.0001 − .007 to − .005 
COVID-19 stress × Group .25‡ − .052 .056 − .026 − 1.10 .27 − .144 to .063 
COVID-19 stress × Psychological flexibility − .15‡ − .001 .000 − .025 − 1.34 .18 − .001 to .000 
Group × Psychological flexibility − .37‡ .001 .001 .032 1.31 .19 − .001 to .002 

Pearson correlations (r) and results of the linear regression analysis with bootstrapping examining the association of somatic symptom severity (SF-36) with gender (0 
= men, 1 = women), age, education level, number of (comorbid) diseases, group, COVID-19 stress and psychological flexibility and two-way interactions. 
b, unstandardized regression coefficient, SE, Standard Error; β, standardized beta; t, t-test statistic; CI, confidence interval of unstandardized regression coefficient. 

* Education level: 0 = low: lower general secondary education or lower; 1 = high: higher general secondary education or higher. 
† Group: 0 = non-CSS; 1 = CSS: people with a central sensitivity syndrome. 
‡ Pearson correlation with somatic symptom severity was significant at the 0.01 level (2-tailed). 
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change significantly on average [37]. Our results showed even a small 
but statistically significant lower level of symptom severity in the 
pandemic year (2020), compared to that in the pre-pandemic year 
(2018). Thus, overall, there is no indication of a COVID-19 stress-so
matic symptom link, nor that such a link is stronger in people with CSS. 

Several previous studies have examined the effects on people with 
CSS before and after a major environmental stressor. Pain in people with 
fibromyalgia was assessed before and after the September 11 attacks 
[38,39]. Both studies found no increase in symptoms from before to after 
the attack. Another two studies did not find lower levels of mental well- 

being during the COVID-19 pandemic in patients with inflammatory 
rheumatic diseases [40] or patients with systemic lupus erythematosus 
[41], although both groups were considered at increased risk for 
acquiring COVID-19 infection and for a more severe course and outcome 
of this infection. Several other studies compared mental well-being 
during the pandemic, with data collected before the pandemic. One 
study in the UK observed a higher prevalence of depressive-, anxiety-, 
and insomnia symptoms during the pandemic as compared to general 
population norms [11], whereas two other studies in the Netherlands 
reported that mental health remained stable as compared to pre- 
pandemic measurements from one year earlier [42,43]. A prospective 
study in people with systemic sclerosis from four countries showed that 
levels of anxiety symptoms increased during the COVID-19 pandemic, 
whereas the change in depression symptoms was negligible [44]. 
Together, these studies suggest that somatic symptoms do not reliably 
increase in response to major environmental stressors. Regarding mental 
health, the results of all but one study are in agreement by showing that, 
although increased levels of self-reported worry, anxiety and stress were 
present during the first peak of the COVID-19 pandemic, there was no 
clear increase of depressive mood. 

There is another possible explanation for the lack of change in so
matic symptom severity during the pandemic. The pandemic forced 
people to focus on external stressors and behaviour changes. This could 
have had a positive impact in some people with CSS, shifting their focus 
from internal somatosensory processes and psychological conflicts to 
environmental issues, which may have positively modulated their pain 
perception [45]. It is also possible that the impact of the COVID-19 
pandemic on people with CSS is, on average, weaker than assumed. 
Some persons with CSS may have experienced a positive mental impact, 
for instance, because they felt less pressure from work, more social 
connectedness, or more recognition for their symptoms and situation 
during the pandemic. 

Studies during the COVID-19 pandemic consistently show that 
higher scores on psychological flexibility or related constructs such as 
resilience are associated with mental well-being [14,46–51]. We also 
found that higher psychological flexibility was associated with less se
vere somatic symptoms. One study observed that positive personality 
traits (i.e., optimism, mindfulness, and resilience) served as protective 
factors in the association between fear of the virus and mental distress 
[52]. In line with the authors of this study, we hypothesized that psy
chological flexibility would protect against an increase of somatic 
symptom severity due to COVID-19 stress, particularly in people with 
CSS. Our findings do not support this specific hypothesis, although one 
analysis indicated that psychological flexibility might buffer against 
somatic symptom severity in people without CSS. Thus, although in both 

Table 3 
Year 2020 (during the first peak of the COVID-19) versus year 2018 and other associations with somatic symptom severity (n = 2049).   

r b SE β t p 95% CI 

Constant  1.901 .179  11.13 <.0001 1.565 to 2.202 
Demographics        
Gender .26‡ .165 .037 .069 4.48 <.0001 .095 to .242 
Age − .02 .000 .001 − .004 − .27 .79 − .002 to .001 
Education* − .25‡ − .081 .034 − .040 − 2.58 .01 − .167 to .011 
Number of (comorbid) diseases .43‡ .206 .013 .243 15.12 <.0001 .177 to .236 
Group† .58‡ .612 .154 .291 4.04 <.0001 .317 to .999 
Year − .15‡ − .354 .181 − .160 − 2.06 .04 − .772 to .079 
Psychological flexibility − .51‡ − .008 .001 − .395 − 11.37 <.0001 − .010 to − .006 
Year × Group .41‡ − .087 .070 − .037 − 1.24 .22 − .246 to .029 
Year × Psychological flexibility − .31‡ .001 .001 .076 .94 .35 − .001 to .002 
Group × Psychological flexibility .50‡ .001 .001 .143 2.19 .03 .000 to .003 

Pearson correlations (r) and results of the linear regression analysis with bootstrapping examining the association of somatic symptom severity (SF-36) with gender (0 
= men, 1 = women), age, education level, number of (comorbid) diseases, group, year (0 = 2018, 1 = 2020), psychological flexibility and two-way interactions. 
b, unstandardized regression coefficient; SE, Standard Error; β, standardized beta; t, t-test statistic; CI, confidence interval of unstandardized regression coefficient. 

* Education level: 0 = low: lower general secondary education or lower; 1 = high: higher general secondary education or higher. 
† Group: 0 = non-CSS; 1 = CSS: people with a central sensitivity syndrome. 
‡ Pearson correlation with somatic symptom severity was significant at the 0.01 level (2-tailed). 

Fig. 1. Somatic symptom severity (standard deviation from the norm) on y-axis 
as a function of low (− 1 SD) and high (+1 SD) psychological flexibility (x-axis) 
for having a central sensitivity syndrome disorder (CSS) or not having it (non- 
CSS), while controlling for gender, age, education level, number of diseases and 
year (2020 vs. 2018). The error bars show the standard error of measurement. 
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groups higher levels of psychological flexibility were strongly related to 
lower symptom severity, we did not find evidence that this buffer is 
particularly strong in people with higher COVID-19 stress or in people 
with CSS. One possible explanation could be that there was little effect to 
buffer, because COVID-19 stress did not increase this burden in people 
with CSS, maybe also because they were already experienced in coping 
with multiple adversities of life. 

A strength of the current study is the time frame in which data were 
collected. People participated during the first two peak months (March 
and April of 2020) of the virus outbreak in the Netherlands, when strict 
safety measurements to limit the spread of the virus were in place, and 
during which many people got infected and died, and a lot of uncertainty 
existed on the development of the virus outbreak. Our sample size was 
large enough to have small margins of error and quite evenly distributed 
on age and various regions in the Netherlands. However, somatic 
symptom severity as measured with the RAND SF-36 may be less sen
sitive to stress as it referred to the past 4 weeks. Another limitation is 
that CSS conditions were not confirmed by clinical assessment, which 
may have underestimated CSS in, for instance, rheumatic diseases [53]. 
A questionnaire for assessing central sensitivity [54,55] would have 
given insight into the perceived general disability and physical symp
toms, central sensitivity features, urological and dermatological prob
lems and emotional distress of our CSS group as compared to the non- 
CSS group. Our samples were convenience rather than representative, 
and, importantly, the samples at the two time points were different; 
obtaining data from the same people at similar periods in the year, 
rather than from two separate samples, would have yielded a more valid 
test of intra-individual changes in somatic symptoms between the two 
sample periods. Results showed an overrepresentation of highly 
educated women, especially in the non-CSS group, and an association of 
lower education level with more severe somatic symptoms. Although 
analyses were adjusted for relevant covariates, including education level 
and number of comorbid diseases, other uncontrolled variables may be 
relevant. Finally, our study only targeted the first peak period of the 
pandemic in the Netherlands, so stress was measured in the acute phase, 
rather than after a more prolonged experience of stress. A third data 
collection would give more information about the long-term stress ef
fects of the pandemic. 

To our knowledge, this is the only study that has examined the 
impact of the peak of the COVID-19 crisis on somatic symptom severity 
in people with CSS. We hypothesized that stress might augment somatic 
symptoms in people with CSS, but we did not find evidence for this 
hypothesis; nor did we find a buffering effect of psychological flexibility. 
Overall, our results suggest that the impact of the COVID-19 pandemic 
on somatic symptoms in people with CSS is uncertain. 
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[2] P. Henningsen, H. Gündel, W.J. Kop, B. Löwe, A. Martin, W. Rief, et al., Persistent 
physical symptoms as perceptual dysregulation: A neuropsychobehavioral model 
and its clinical implications, Psychosom. Med. 80 (2018) 422–431, https://doi.org/ 
10.1097/PSY.0000000000000588. 

[3] A.J. Barsky, J.F. Borus, Functional somatic syndromes, Ann. Intern. Med. 130 
(1999) 910–921 (199906010–00007 pii). 
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[52] L.M.W. Vos, M. Habibović, I. Nyklíček, T. Smeets, G. Mertens, Optimism, 
mindfulness, and resilience as potential protective factors for the mental health 
consequences of fear of the coronavirus, Psychiatry Res. 300 (2021) 113927 
(S0165–1781(21)00224–9 pii). 

[53] S. Haliloglu, A. Carlioglu, D. Akdeniz, Y. Karaaslan, A. Kosar, Fibromyalgia in 
patients with other rheumatic diseases: prevalence and relationship with disease 
activity, Rheumatol. Int. 34 (2014) 1275–1280, https://doi.org/10.1007/s00296- 
014-2972-8. 

[54] T.G. Mayer, R. Neblett, H. Cohen, K.J. Howard, Y.H. Choi, M.J. Williams, et al., The 
development and psychometric validation of the central sensitization inventory, 
Pain Pract 12 (2012) 276–285, https://doi.org/10.1111/j.1533-2500.2011.00493. 
x. 

[55] J. Kregel, P.J. Vuijk, F. Descheemaeker, D. Keizer, R. van der Noord, J. Nijs, et al., 
The Dutch Central Sensitization Inventory (CSI): Factor analysis, discriminative 
power, and test-retest reliability, Clin. J. Pain 32 (2016) 624–630, https://doi.org/ 
10.1097/AJP.0000000000000306. 

T.Y. Koppert et al.                                                                                                                                                                                                                              

https://doi.org/10.1177/1359105316666657
https://doi.org/10.1177/1359105316666657
https://doi.org/10.1071/PY09063
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0140
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0140
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0140
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0140
https://doi.org/10.1111/nmo.13828
https://doi.org/10.1002/ejp.1480
https://doi.org/10.1002/ejp.1480
https://doi.org/10.1207/s15327558ijbm0302_2
https://doi.org/10.1207/s15327558ijbm0302_2
https://doi.org/10.1007/s41480-012-0043-x
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0165
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0165
https://doi.org/10.1037//0033-2909.112.1.155
https://doi.org/10.1037//0033-2909.112.1.155
https://doi.org/10.1101/2020.11.24.20188011
https://doi.org/10.1017/S003329172100194X
https://doi.org/10.1177/2049463720973703
https://doi.org/10.1177/2049463720973703
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0190
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0190
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0190
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0195
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0195
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0195
https://doi.org/10.1093/rheumatology/keaa842
https://doi.org/10.1093/rheumatology/keaa842
https://doi.org/10.2147/JMDH.S311325
https://doi.org/10.1093/geronb/gbaa111
https://doi.org/10.1093/geronb/gbaa111
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0215
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0215
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0215
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0215
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0215
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0220
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0220
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0220
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0220
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0220
https://doi.org/10.1016/S0304-3959(02)00007-6
https://doi.org/10.1016/S0304-3959(02)00007-6
https://doi.org/10.1016/j.jcbs.2020.07.011
https://doi.org/10.3389/fpsyg.2020.01900
https://doi.org/10.3389/fpsyg.2020.01900
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0240
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0240
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0240
https://doi.org/10.1111/bjhp.12492
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0250
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0250
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0250
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0250
https://doi.org/10.1016/j.jcbs.2020.07.010
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0260
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0260
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0260
http://refhub.elsevier.com/S0022-3999(21)00300-7/rf0260
https://doi.org/10.1007/s00296-014-2972-8
https://doi.org/10.1007/s00296-014-2972-8
https://doi.org/10.1111/j.1533-2500.2011.00493.x
https://doi.org/10.1111/j.1533-2500.2011.00493.x
https://doi.org/10.1097/AJP.0000000000000306
https://doi.org/10.1097/AJP.0000000000000306

