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High proportions of post-exertional malaise and orthostatic intolerance in people living with post-COVID-19 condition: the PRIME post-COVID study
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Background: Exercise-based treatments can worsen/exacerbate symptoms in people who were SARS-CoV-2 positive and living with post-COVID-19 condition (PL-PCC) and who have post-exertional malaise (PEM) or orthostatic intolerance (OI). Nevertheless, PEM and OI are not routinely assessed by clinicians. We estimated PEM and OI proportions in PL-PCC, as well as in people not living with PCC (PnL-PCC) and negatives (i.e., never reported a SARS-CoV-2 positive test), and identified associated factors.

Methods: Participants from the Prevalence, Risk factors, and Impact Evaluation (PRIME) post-COVID-19 condition study were included. PEM and OI were assessed using validated questionnaires. PCC was defined as feeling unrecovered after SARS-CoV-2 infection. Multivariable regression analyses to study PEM and OI were stratified for sex.

Results: Data from 3,783 participants were analyzed. In PL-PCC, the proportion of PEM was 48.1% and 41.2%, and the proportion of OI was 29.3% and 27.9% in women and men, respectively. Proportions were higher in PL-PCC than negatives, for PEM in women OR=4.38 [95%CI:3.01–6.38]; in men OR = 4.78 [95%CI:3.13–7.29]; for OI in women 3.06 [95%CI:1.97-4.76]; in men 2.71 [95%CI:1.75–4.21]. Associated factors were age ≤ 60 years, ≥1 comorbidities, and living alone.

Conclusion: High proportions of PEM and OI are observed in PL-PCC. Standard screening for PEM and OI is recommended in PL-PCC to promote appropriate therapies.
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1 Introduction

There is an urgent need for information on optimal care and treatment options for people living with post-COVID-19 condition (PL-PCC) (1). PL-PCC are suffering from substantial, persistent symptoms after a SARS-CoV-2 infection. Experienced symptoms are very heterogenous, including fatigue, dyspnea, and cognitive dysfunctions, among others (2, 3). A link between post-COVID-19 condition (PCC) and myalgic encephalomyelitis or chronic fatigue syndrome (ME/CFS) has been made (4, 5), particularly based on the similarities in the presence or relapsing of unexplained symptoms, such as disabling fatigue, exhaustion, difficulty thinking, pain, exercise intolerance, and other symptoms (6, 7).

Post-exertional malaise (PEM) has previously been described in PCC (3, 8) and is a cardinal feature of ME/CFS (9, 10). PEM refers to the abnormal worsening of various symptoms (which can be fatigue) and loss of energy following minimal physical or cognitive stressors or other triggers that would have been tolerated normally before disease onset (6). PEM has been found to be more prevalent in women than in men (11), and infections can initiate PEM (12). Another comorbidity with ME/CFS is postural orthostatic tachycardia syndrome (POTS), which generally causes orthostatic intolerance (13). The majority of the POTS patients are women as well (14).

Rehabilitation of PL-PCC is often focused on applying exercise-based protocols, especially early on in the COVID-19 pandemic, as early reports of cases were derived from deconditioned hospitalized cases (8, 15). However, the relationship between physical activity and PCC is not well understood, with some studies describing improved symptoms and others describing symptom exacerbation (16). Furthermore, some PCC patients are offered cognitive behavioral therapy (CBT), but curative merit is criticized in line with concerns in ME/CFS patients (17). The presence of PEM or OI in people with PCC has important implications for their treatment options, as people can be intolerant to exercise, cognitive stressors, or upright position. There is evidence that exercise-based protocols can worsen/exacerbate symptoms (3, 18, 19). To date, the prevalence of PEM and OI in PL-PCC is not well known (20), but likely substantial.

This observational cohort study, called the Prevalence, Risk factors, and Impact Evaluation post-COVID study (PRIME post-COVID), estimated the proportion of PEM and OI in PL-PCC and people who were SARS-CoV-2 positive and not living with PCC (PnL-PCC) and adults who never reported a positive SARS-CoV-2 test (further referred to as negatives). Furthermore, we identified relevant subgroups that are more prone to have PEM or OI and described the occurrence of fatigue or other symptoms that may accompany PEM or OI in PL-PCC.



2 Materials and methods


2.1 Study design

The design and recruitment of the PRIME post-COVID study has been published previously (21). In brief, an observational open cohort study was set up with assessments of various health conditions and health factors. Invitees were adults tested for SARS-CoV-2 with a valid test result and email address, recorded in the public health registry in South Limburg, the Netherlands. The longitudinal character enabled additional data collection moments. After completing the baseline questionnaire (December 2021), participants were invited to participate in a follow-up questionnaire (August 2022).



2.2 Participants

In total, 12,453 initial participants were invited to complete the follow-up questionnaire. Data were collected using the online MWM2 application of market research platform Crowdtech (ISO 27001 certified). Participants who likely represented another person than the intended invitee (reported inconsistent information regarding sex and test result compared to the baseline questionnaire) were excluded.



2.3 Data collection

The follow-up questionnaire covered demographics (to construct variables on age, sex, level of education, and urbanity of living area), date and result of last COVID-19 test, physical health (height and weight to construct body mass index (BMI), and comorbidity), and smoking behavior.

Additionally, the questionnaire included the validated DePaul Symptom Questionnaire Post-Exertional Malaise (DSQ-PEM) (22) and four items from the DePaul Symptom Questionnaire-2 (DSQ-2) regarding OI (23, 24), and experienced symptoms (44 pre-listed) with severity scores (range 1–10). Based on the reported symptoms, participants were categorized into the following:

• Did not experience any symptoms now

• Experienced fatigue only

• Experienced fatigue and at least one other symptom

• Experienced multiple symptoms except fatigue

Frequencies and proportions of these categories were reported in PL-PCC with and without PEM or OI. The questionnaire further included a question of whether people felt recovered or not felt recovered since their first recorded SARS-CoV-2 infection.



2.4 Classification of COVID-19 test result

For people invited at baseline, COVID-19 test result was known in the national test registry. Additionally, participants self-reported SARS-CoV-2 infections in both questionnaires. Participants were classified as SARS-CoV-2 negatives when no positive test result was reported in both baseline (registry and self-report) and follow-up questionnaire (self-report). However, we have to acknowledge that at the time of the follow-up questionnaire (August 2022), the chance that people were truly negative and never had been infected before is small. Nevertheless, to retain the readability and clarity of this study, people who never reported a positive SARS-CoV-2 test will be referred to as negatives.

Participants who reported at least one positive test result (i.e., in baseline or follow-up) were classified as SARS-CoV-2 positive.



2.5 Outcome variables
 
2.5.1 Post-exertional malaise

In the DSQ-PEM, respondents rated five items over the previous 6 months on frequency (never, sometimes, about half the time, most of the time, always) and severity (no, mild, moderate, severe, very severe) on a 5-point Likert scale. The five items were “A dead, heavy feeling after starting to exercise”, “Next day soreness or fatigue after non-strenuous, everyday activities”, “Mentally tired after the slightest effort”, “Minimum exercise makes you physically tired”, and “Physically drained or sick after mild activity”. A score on frequency of about half of the time to always and a score on severity of moderate to very severe on the same item on any of the five items is indicative of PEM (22). Additionally, in people who had PEM, a sum score (range 4–40; minimum of 4 due to the threshold for having PEM) of frequency (range 0–4) and severity (0–4) of the five items was calculated as severity measure (25).



2.5.2 Orthostatic intolerance

OI was measured using four items selected from the DSQ-2. Respondents rated the four items over the previous 6 months on frequency (never, sometimes, about half the time, most of the time, always) and severity (no, mild, moderate, severe, very severe) on a 5-point Likert scale. The four items were “Rapid heartbeat after standing”, “Blurred or tunnel vision after standing”, “Gray or blacking after standing”, and “Inability to tolerate an upright position”. A score on the frequency of about half of the time to always and a score on the severity of moderate to very severe on the same item on any of the four items is indicative of OI. These four items were selected as they are used in the various classifications of ME/CFS to define OI (23, 24). In addition, in people who had OI, a severity sum score (range 4–32; minimum of 4 due to the threshold for having OI) was calculated based on frequency (range 0–4) and severity (range 0–4) of the four items.

Moreover, the co-occurrence of PEM and OI was described by reporting proportions of participants having: no PEM or OI; only OI; only PEM; and both PEM and OI.




2.6 Post-COVID condition definition and study population in current analyses

Several PCC definitions have previously been studied within the PRIME post-COVID study (26). In the current study, we aimed to inform clinicians about the proportions of PEM and OI in the PCC population as well as in the general population. As we sought to inform clinical practice, we considered it appropriate to use the PCC definition of not feeling recovered, as this most likely reflects the population who would present to medical care. Not feeling recovered has also been used as a PCC definition in various previous studies (26–32).

As sensitivity analyses, we presented various other PCC definitions and estimated PEM and OI proportions (26). These other PCC definitions included:

1. Having ≥1 of all 44 pre-listed symptoms

2. Having ≥1 symptoms that were significantly more often reported in positives than in negatives (in data of baseline questionnaire)

3. Having ≥1 of the selected symptoms in definition 2 AND with a severity score of ≥5 points (cutoff of 5 was used according to the mean of scores; range 1–10).

Besides, sensitivity analyses were performed by presenting PEM and OI proportions stratified for months since the first reported positive SARS-CoV-2 test (3–6, 6–9, 9–12, 12–18 and longer than 18 months ago) in PL-PCC using the PCC definition of not feeling recovered.



2.7 Associated factors

Several demographics (sex, age, level of education, and living alone), physical (obesity and comorbidities), lifestyle (current or former smoking behavior), and environmental factors (urbanity of living area) have been selected as factors possibly associated with PEM and OI. These subgroup characteristics are often known to the treating physician and might be of use to indicate high-prevalence subgroups. Age was dichotomized into 18–60 and 60+ age groups based on the age distribution of our study population. Level of education was categorized into people being practically (i.e., no, lower general, lower vocational, general secondary, and secondary vocational education) or theoretically (i.e., higher general, pre-university, higher professional, and scientific education) trained. Being obese was defined as having a BMI≥30 kg/m2. Urbanity of living area was based on postal code and categorized into: (very) strongly urban, moderately urban, little urban, and rural.



2.8 Statistical analysis

Participants who reported ME/CFS or fibromyalgia before their SARS-CoV-2 infection were excluded from the analyses to limit a possible risk of overestimating proportions of PEM and OI. People who tested SARS-CoV-2 positive <3 months before questionnaire completion were also excluded, because of the PCC definition window.

Other studies found that women more often had PEM and OI than men (11, 14). As this was confirmed in our study population for PEM, subsequent analyses were stratified by sex.

Proportions and 95% confidence intervals (CI) were calculated for PEM and OI in PL-PCC, PnL-PCC, and negatives. Associations with age, smoking behavior, living alone, urbanity of living area, obesity, or comorbidities were performed using multivariable logistic regression analyses. We also tested for effect modification between these factors and the PCC group. In these regression analyses, PnL-PCC were excluded. Independent-samples Mann–Whitney U test was used to test whether PEM and OI severity scores differed between PL-PCC and negatives. Analyses were performed using Statistical Package for Social Sciences (SPSS; version 27.0, IBM, Armonk, USA). A p < 0.05 was considered statistically significant.



2.9 Ethical statement and trial registry

The PRIME post-COVID study was waived by the Medical Ethical Committee of Maastricht University Medical Center+ (METC2021-2884). This study was registered at ClinicalTrials.gov Protocol Registration and Results System (NCT05128695).




3 Results

Of the invitees (n = 12,453), 4,201 (60.4%) had complete data. Of the people who tested SARS-CoV-2 positive, 253 were excluded as they reported ME/CFS or fibromyalgia before SARS-CoV-2 infection or were tested <3 months before questionnaire completion. The population in analyses consisted of n = 955 PL-PCC, n = 2,174 PnL-PCC, and n = 654 negatives (Figure 1).


[image: Figure 1]
FIGURE 1
 Flowchart of participants included in analyses.


Groups differed regarding sex, age, educational level, BMI, comorbidities, and living alone (Table 1).


TABLE 1 Population characteristics, stratified for people who were SARS-CoV-2 positive and are living with post-COVID-19 condition (PL-PCC), people who were SARS-CoV-2 positive and not living with post-COVID-19 condition (PnL-PCC) and negatives.
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3.1 Proportion estimates of PEM

The proportion of PEM in all positives was 23.2% (95% CI:21.2%−25.2%) in women and 17.8% (95% CI:15.8%−19.8%) in men. The proportion of PEM was 48.1% in PL-PCC women (95% CI:44.0%−52.2%) and was lower (p = 0.035) in PL-PCC men, with a proportion of 41.2% (95% CI:36.4%−46.0%) (Figure 2A). The proportion in negatives was 20.4% (95% CI:15.7%−25.1%) in women and 10.7% (95% CI:7.6%−13.8%) in men (p < 0.001), and the proportion in PnL-PCC was 10.2% (95% CI:8.5%−11.9%) in women and 7.9% (95% CI:6.2%−9.6%) in men (p = 0.066). The proportion of PEM in PL-PCC was between 38.6% and 47.8% for women and between 31.8% and 41.4% for men when using other PCC definitions (Supplementary Figure 1). The proportion of PEM in PL-PCC ranged from 39.1% to 56.8% in women and from 38.9% to 52.5% in men during the various periods since testing (Supplementary Table 1).
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FIGURE 2
 Proportion of (A) post-exertional malaise (PEM) and (B) orthostatic intolerance (OI) for men and women who had PEM or OI and who were SARS-CoV-2 positive and not living with post-COVID-19 condition (PnL-PCC), SARS-CoV-2 positive and living with post-COVID-19 condition (PL-PCC), and negatives.


PL-PCC women had 4.38 (95% CI:3.01–6.38) higher odds of having PEM than negative women after adjusting for age, level of education, smoking behavior, living alone, urbanity of living area, obesity, and comorbidities. For PL-PCC men, the adjusted odds ratio (OR) was 4.78 (95% CI:3.13–7.29).



3.2 Proportion estimates of OI

The proportion of OI in all positives was 13.8% (95% CI:12.2%-15.4%) in women and 12.6% (95% CI:10.8%-14.4%) in men. The proportion of OI was 29.3% (95% CI:25.5%-33.1%) in PL-PCC women and 27.9% in PL-PCC men (95% CI:23.5%-32.3%) (p=0.638) (Figure 2B). The proportion in negatives was 10.8% (95% CI:7.2%-14.4%) in women and 9.9% (95% CI:6.9%-12.9%) in men (p=0.711), and the proportion in PnL-PCC was 6.8% (95% CI:5.4%-8.2%) in women and 6.1% (95% CI:4.6%-7.6%) in men (p=0.509). The proportion of OI in PL-PCC was between 22.4% and 29.1% for women and between 20.4% and 27.9% for men when using other PCC definitions (Supplementary Figure 1). The proportion of OI in PL-PCC ranged from 19.6% to 35.1% in women and from 21.4% to 32.5% in men by the various periods since testing (Supplementary Table 1).

PL-PCC women had 3.06 (95% CI:1.97–4.76) higher odds of having OI than negative women after adjusting. For PL-PCC men, the adjusted OR was 2.71 (95% CI:1.75–4.21).



3.3 Co-occurrence between PEM and OI

PEM and OI were co-occurrent in 19.6% of the PL-PCC men and 23.7% of the PL-PCC women. For PnL-PCC, PEM and OI were co-occurrent in 2.7% for men and 2.9% for women. In negatives, this was 5.1% in men and 7.2% in women (Figure 3).


[image: Figure 3]
FIGURE 3
 Co-occurrence of post-exertional malaise (PEM) and orthostatic intolerance (OI) in people who were SARS-CoV-2 positive and living with post-COVID-19 condition (PL-PCC), people who were SARS-CoV-2 positive and not living with post-COVID-19 condition (PnL-PCC) and negatives.




3.4 Severity score of PEM and OI

In people who had PEM, the median PEM severity score (range 4–39) in PL-PCC was 17 in women and 18 in men. In PnL-PCC, the median PEM score was 14 in both men and women. In negatives, the median PEM score was 15 in women and 16 in men. The median PEM score was higher in PL-PCC women than negative women (p=0.003) (Figure 4A).
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FIGURE 4
 Severity score of (A) post-exertional malaise (PEM) and (B) orthostatic intolerance (OI) in men and women who had PEM or OI and who were SARS-CoV-2 positive and not living with post-COVID-19 condition (PnL-PCC), SARS-CoV-2 positive and living with post-COVID-19 condition (PL-PCC), and negatives.


In people who had OI, the median OI severity score (range 4–27) in PL-PCC was 10 in both men and women. In PnL-PCC, the median OI score was 8 in women and 7 in men. In negatives, the median OI score was 10 in women and 8 in men. The median OI severity score was higher in PL-PCC men than in negative men (p = 0.003) (Figure 4B).



3.5 Associated factors for PEM and OI

In both men and women, factors associated with a higher risk for PEM were being 60 years or younger, living alone, having at least one comorbidity, and smoking (women only) (Table 2).


TABLE 2 Factors associated with post-exertional malaise (PEM) or orthostatic intolerance (OI) in people who were SARS-CoV-2 positive and living with post-COVID-19 condition (PL-PCC) and negatives in multivariable regression analyses.

[image: Table 2]

In both men and women, factors associated with a higher risk for OI were having at least one comorbidity, while being 60 years or younger and living alone were associated factors in men only (Table 2).

Effect modification was observed between the PCC group (PL-PCC vs. negatives) and comorbidities, namely for both PEM and OI, the adjusted OR for comorbidities in PL-PCC was lower than in negatives (though statistically significant in both groups). Effect modification was observed between the PCC group and smoking for PEM, where smoking was associated in negative men (ORformer smoker = 5.04 [95%CI:1.62–15.65]; ORcurrent smoker = 2.36 [95%CI:1.06–5.23]), but not in PL-PCC men (ORformer smoker = 1.40 [95%CI:0.54–3.61]; ORcurrent smoker = 0.64 [95%CI:0.29–1.38]).



3.6 Experiencing fatigue in PL-PCC

Of the PL-PCC women who had PEM, 81.3% currently experienced fatigue (of which the majority also had other symptoms) (Figure 5A). In PL-PCC men who had PEM, 76.8% experienced fatigue (the majority also had other symptoms); thus about one in five PL-PCC with PEM did not report fatigue (Figure 5B).
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FIGURE 5
 Experienced symptoms for women (A) and men (B) who were SARS-CoV-2 positive and living with post-COVID-19 condition (PL-PCC) with post-exertional malaise (PEM+) and without PEM (PEM−).


Of the PL-PCC women who had OI, 81.0% currently experienced fatigue (of which the majority also experienced other symptoms) (Figure 6A). In PL-PCC men who had OI, 76.6% experienced fatigue and other symptoms (Figure 6B).


[image: Figure 6]
FIGURE 6
 Experienced symptoms for women (A) and men (B) who were SARS-CoV-2 positive and living with post-COVID-19 condition (PL-PCC) with orthostatic intolerance (OI+) and without OI (OI−).





4 Discussion

The results of the PRIME post-COVID study demonstrate that of people who feel unrecovered since SARS-CoV-2 infection (i.e., defined as PL-PCC), between 48.1% (women) and 41.2% (men) have PEM. Although PEM and OI are identified frequently in both men and women, PEM is more prevalent in PL-PCC women. The proportion of OI is comparable between PL-PCC men (27.9%) and women (29.3%). Of PL-PCC, PEM and OI were concurrent in 19.6% and 23.7% of men and women, respectively. Proportions of PEM and OI were notably higher in people of middle or younger age, those with comorbidities, and those living alone. The high proportions of PEM and OI call for standard screening in PL-PCC, regardless of whether fatigue is reported, by medical and allied healthcare professionals to avoid inappropriate exercise-based treatment for PL-PCC.

A previous study showed OI estimates to be comparable to the current study with 30.7%, but PEM estimates in PL-PCC were higher with 81.9% (3). The PEM proportion estimates of the current study are substantially lower (between 41.2% and 48.1%). This might (partly) be explained by different recruitment methods. The current study invited adults being tested and registered in the national COVID-19 registry, thereby recruiting a population-based sample. The previous study partly recruited participants via COVID-19 online support groups, probably including a high proportion of more severe or more aware PCC cases, resulting in selection bias. Besides, a greater proportion of women (78.9%) was included compared with the current study (58.3%), overestimating PEM proportions as PEM is more prevalent in women than men. Furthermore, items used to define PEM differed, as the previous study used only one item. Another study estimated PEM prevalence to be 58.7% in adults experiencing persistent symptoms (≥4 weeks) since infection, using the same validated DSQ-PEM questionnaire (33). They also included a higher share of women (85.5%); however, the prevalence of PEM was more comparable to the results of the current study. As the prevalence of both PEM and OI in the general population is not well known, including a SARS-CoV-2 negative group (as in our study) to estimate background risk is recommended.

The proportions of PEM and OI in negatives were 10.7%−20.4% and 9.9%−10.8%, respectively. Compared with negatives, the PEM and OI proportions were substantially higher in PL-PCC regardless of the PCC definition applied (Supplementary Figure 1). Notably, the proportion of PEM was higher in negative women (20.4%) than in PnL-PCC women (10.2%; p = 0.003). The reason is unknown; however, an explanation might be possible misclassification regarding being truly SARS-CoV-2 negative, as we could not rule that out initially, SARS-CoV-2 tested negative people might have been untested and actually be SARS-CoV-2 positive. In addition, the PnL-PCC group explicitly mentioned that they felt recovered since the infection, which probably resulted in a lower chance of having PEM. In the negatives, we did not ask whether they felt recovered after infection, as they did not report a positive SARS-CoV-2 test. Furthermore, we were unable to exclude negatives who already had ME/CFS or fibromyalgia before their SARS-CoV-2 test, which we were able to do for the positives.

The current study revealed that people with comorbidities or those who are living alone had substantially more often PEM or OI, which calls for specific attention to these subgroups when presenting with PCC. Nevertheless, in all subgroups, proportion estimates were higher in PL-PCC than in negatives.

Our results should alert clinicians and allied healthcare professionals to standardly screen for PEM and OI in people who feel unrecovered after SARS-CoV-2 infection or in those who might have PCC. Report of fatigue is not a suitable indicator for PEM or OI to be used in practice (i.e., fatigue is not reported in about one in five PL-PCC who have PEM or OI). Screening should thus be done using appropriate tools. Fortunately, there are simple and easy-to-use questionnaires available for healthcare professionals to use in daily practice. The DSQ-PEM and DSQ-2 are freely available and composed of only a few questions to validly indicate the presence of PEM or OI. These questionnaires and corresponding cutoff values are currently used in daily practice when diagnosing ME/CFS.

Some strengths and limitations of our study must be discussed. First, the large population-based cohort, including SARS-CoV-2 negatives, represents the main strength. Until now, studies only included PL-PCC when estimating PEM and OI proportion, without using a SARS-CoV-2 reference group. Second, validated questionnaires were used to assess PEM and OI. Third, we were able to demonstrate that the PEM and OI proportions in PL-PCC were more or less similar when using different PCC definitions, or when examining different periods since infection, stating the robustness of the proportion estimates.

The main limitation is the possibility of selection bias. Only 56% of invitees participated in the follow-up questionnaire. It is unknown whether non-participation has led to selection bias and over- or underestimation of PEM and OI. Furthermore, misclassification regarding the negative tested group being potentially SARS-CoV-2 positive cannot be ruled out. In such case, part of the observed proportions of PEM and OI in the negative tested group might be attributable to SARS-CoV-2 infection. Such misclassification is possible since infections might be missed due to limited testing possibilities at the beginning of the pandemic, lack of a reason to seek testing (e.g., asymptomatic cases), or a lack of testing intention or non-feasibility. Furthermore, it is likely that people with the most severe PCC, PEM, and OI were not included in the questionnaire, since they would be unable to complete the relatively long set of questions. This may cause an underestimation of the severity and proportion of PEM and OI in people living with PCC by the current study.

In conclusion, more attention and better identification of PEM and OI in PL-PCC are urgently needed to tailor treatment strategies, avoid exercise-based treatments that worsen/exacerbate symptoms, and promote appropriate and safe therapies. Therefore, we suggest standard screening for PEM and OI to increase identification by healthcare professionals by using simple questionnaires. Furthermore, special attention should be given to people having comorbidities or living alone.



Data availability statement

The datasets presented in this article are not readily available because the data contains potentially identifying patient information. Data are available on request from the head of the data-archiving South Limburg Public Health Service for researchers who meet the criteria for access to confidential data. Requests to access the datasets should be directed to Helen.Sijstermans@ggdzl.nl.



Ethics statement

The PRIME-post COVID study was waived by the Medical Ethical Committee of Maastricht University Medical Centre+ (METC2021-2884). This study was registered at ClinicalTrials.gov Protocol Registration and Results System (NCT05128695). The participants provided their written informed consent to participate in this study.



Author contributions

DP: Conceptualization, Formal analysis, Methodology, Project administration, Visualization, Writing – original draft, Writing – review & editing. MV: Conceptualization, Methodology, Writing – review & editing. CB: Conceptualization, Investigation, Methodology, Project administration, Writing – review & editing. SB: Conceptualization, Investigation, Methodology, Project administration, Supervision, Writing – review & editing. KK: Conceptualization, Data curation, Project administration, Writing – review & editing. CHe: Conceptualization, Methodology, Supervision, Writing – review & editing. MS: Conceptualization, Methodology, Writing – review & editing. CHo: Conceptualization, Methodology, Resources, Supervision, Writing – review & editing. ND-M: Conceptualization, Funding acquisition, Methodology, Resources, Supervision, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was funded by the Dutch National Institute for Health and Environment, Ministry of Health, Welfare and Sport (Grant numbers: 3910090442/3910105642/3910121041). The funders had no role in the design, collection, analysis, interpretation of data, and in writing the manuscript.



Acknowledgments

We gratefully acknowledge LCJ Steijvers, CPB Moonen, S Mujakovic, HLG ter Waarbeek, N Bouwmeester-Vincken, and AW Vaes for their valuable contribution throughout the shaping and data collection of the PRIME post-COVID study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2023.1292446/full#supplementary-material



Abbreviations

COVID-19, Coronavirus disease 2019; SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2.



References

 1. WHO. What is the best way to treat post COVID-19 condition (long COVID)? Researchers in Belgium are trying to develop the answer. Geneva: World Health Organization. Available online at: https://www.who.int/europe/news/item/14-03-2023-what-is-the-best-way-to-treat-a-complex-new-disease-like-post-covid-19-condition-(long-covid)–researchers-in-belgium-are-developing-the-answer (accessed March 14, 2023). 

 2. Crook H, Raza S, Nowell J, Young M, Edison P. Long covid—mechanisms, risk factors, and management. BMJ. (2021) 374:n1648. doi: 10.1136/bmj.n1648 

 3. Davis HE, Assaf GS, McCorkell L, Wei H, Low RJ, Re'em Y, et al. Characterizing long COVID in an international cohort: 7 months of symptoms and their impact. EClinicalMedicine. (2021) 38:101019. doi: 10.1016/j.eclinm.2021.101019

 4. Komaroff AL, Bateman L. Will COVID-19 lead to myalgic encephalomyelitis/chronic fatigue syndrome? Front Med. (2021) 1132:606824. doi: 10.3389/fmed.2020.606824

 5. Wong TL, Weitzer DJ. Long COVID and myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS)—a systemic review and comparison of clinical presentation and symptomatology. Medicina. (2021) 57:418. doi: 10.3390/medicina57050418

 6. Ghali A, Richa P, Lacout C, Gury A, Beucher A-B, Homedan C, et al. Epidemiological and clinical factors associated with post-exertional malaise severity in patients with myalgic encephalomyelitis/chronic fatigue syndrome. J Transl Med. (2020) 18:1–8. doi: 10.1186/s12967-020-02419-4

 7. Stussman B, Williams A, Snow J, Gavin A, Scott R, Nath A, et al. Characterization Of Post–Exertional Malaise In Patients With Myalgic Encephalomyelitis/Chronic Fatigue Syndrome. Front Neurol. (2020) 11:1025. doi: 10.3389/fneur.2020.01025 

 8. Décary S, Gaboury I, Poirier S, Garcia C, Simpson S, Bull M, et al. Humility and Acceptance: Working Within Our Limits With Long Covid and Myalgic Encephalomyelitis/Chronic Fatigue Syndrome. Alexandria, VA: JOSPT, Inc. (2021) p. 197–200.

 9. Conroy KE, Islam MF, Jason LA. Evaluating case diagnostic criteria for myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS): toward an empirical case definition. Disabil Rehabil. (2023) 45:840–7. doi: 10.1080/09638288.2022.2043462

 10. Jason LA, So S, Brown AA, Sunnquist M, Evans M. Test–retest reliability of the DePaul Symptom Questionnaire. Fatigue. (2015) 3:16–32. doi: 10.1080/21641846.2014.978110 

 11. Friedberg F, Adamowicz JL, Bruckenthal P, Milazzo M, Ramjan S, Zhang X, et al. Sex differences in post-exercise fatigue and function in myalgic encephalomyelitis/chronic fatigue syndrome. Sci Rep. (2023) 13:5442. doi: 10.1038/s41598-023-32581-w

 12. Medicine Io. Beyond Myalgic Encephalomyelitis/chronic Fatigue Syndrome: Redefining an Illness. Washington, D.C.: National Academies Press. (2015). 

 13. Hoad A, Spickett G, Elliott J, Newton J. Postural orthostatic tachycardia syndrome is an under-recognized condition in chronic fatigue syndrome. QJM. (2008) 101:961–5. doi: 10.1093/qjmed/hcn123

 14. Espinosa-Gonzalez AB, Master H, Gall N, Halpin S, Rogers N, Greenhalgh T. Orthostatic tachycardia after COVID-19. BMJ. (2023) 380:73488. doi: 10.1136/bmj-2022-073488 

 15. Spruit MA, Holland AE, Singh SJ, Tonia T, Wilson KC, Troosters T. COVID-19: interim guidance on rehabilitation in the hospital and post-hospital phase from a European Respiratory Society and American Thoracic Society-coordinated International Task Force. Eur Respir J. (2020) 56:6. doi: 10.1183/13993003.02197-2020

 16. Wright J, Astill SL, Sivan M. The relationship between physical activity and long COVID: a Cross-Sectional Study. Int J Environ Res Public Health. (2022) 19:5093. doi: 10.3390/ijerph19095093

 17. Vink M, Vink-Niese A. The updated NICE guidance exposed the serious flaws in CBT and graded exercise therapy trials for ME/CFS. Healthcare (Basel). (2022) 10:898. doi: 10.3390/healthcare10050898

 18. NICE guideline: Myalgic encephalomyelitis (or encephalopathy)/chronic fatigue syndrome: diagnosis management section 1.11. Available online at: https://www.nice.org.uk/guidance/ng206/chapter/Recommendations#managing-mecfs (accessed October 29, 2021). 

 19. Breedveld E, Charlton B, Appelman B, Biere-Rafi S, Janssen K, van Vugt M, et al. Physical exertion worsens symptoms in patients with post-COVID condition: Post-exertional malaise in patients with post-COVID condition. ScienceOpen [Preprints]. (2023). doi: 10.14293/PR2199.000467.v1 

 20. Parker M, Sawant HB, Flannery T, Tarrant R, Shardha J, Bannister R, et al. Effect of using a structured pacing protocol on post-exertional symptom exacerbation and health status in a longitudinal cohort with the post-COVID-19 syndrome. J Med Virol. (2023) 95:e28373. doi: 10.1002/jmv.28373

 21. Pagen DM, van Bilsen CJ, Brinkhues S, Moonen CP, Van Herck M, Konings K, et al. Design and recruitment of a large-scale cohort study on prevalence, risk factors and impact evaluation of post-COVID-19 condition and its wider long-term social, mental, and physical health impact: The PRIME post-COVID study. Front Public Health. (2022) 10:1032955. doi: 10.3389/fpubh.2022.1032955

 22. Cotler J, Holtzman C, Dudun C, Jason LA. A brief questionnaire to assess post-exertional malaise. Diagnostics. (2018) 8:66. doi: 10.3390/diagnostics8030066

 23. Bedree H, Sunnquist M, Jason LA. The DePaul symptom questionnaire-2: a validation study. Fatigue. (2019) 7:166–79. doi: 10.1080/21641846.2019.1653471

 24. Jason LA, Sunnquist M. The development of the DePaul Symptom Questionnaire: Original, expanded, brief, and pediatric versions. Front Pediatr. (2018) 6:330. doi: 10.3389/fped.2018.00330

 25. Kielland A, Liu J, Jason LA. Do diagnostic criteria for ME matter to patient experience with services and interventions? Key results from an online RDS survey targeting fatigue patients in Norway. J Health Psychol. (2023) 2023:13591053231169191. doi: 10.1177/13591053231169191

 26. Pagen DM, van Bilsen CJ, Brinkhues S, van Herck M, Konings K, den Heijer CD, et al. Prevalence of long-term symptoms varies by using different post-COVID-19 definitions in positively and negatively tested adults: the PRIME post-COVID study. medRxiv [Preprints]. (2023). doi: 10.1101/2023.07.27.23293244

 27. Bulley C, Tyagi V, Curnow E, Nicol K, Salisbury L, Stuart K, et al. Support after COVID-19 study: a mixed-methods cross-sectional study to develop recommendations for practice. BMJ Open. (2022) 12:e056568. doi: 10.1136/bmjopen-2021-056568

 28. Buonsenso D, Gualano MR, Rossi MF, Valz Gris A, Sisti LG, Borrelli I, et al. Post-acute COVID-19 sequelae in a working population at one year follow-up: a wide range of impacts from an Italian sample. Int J Environ Res Public Health. (2022) 19:11093. doi: 10.3390/ijerph191711093

 29. Hastie CE, Lowe DJ, McAuley A, Winter AJ, Mills NL, Black C, et al. Outcomes among confirmed cases and a matched comparison group in the long-COVID in Scotland study. Nat Commun. (2022) 13:5663. doi: 10.1038/s41467-022-33415-5

 30. Tong A, Baumgart A, Evangelidis N, Viecelli AK, Carter SA, Azevedo LC, et al. Core outcome measures for trials in people with coronavirus disease 2019: respiratory failure, multiorgan failure, shortness of breath, and recovery. Crit Care Med. (2021) 49:503. doi: 10.1097/CCM.0000000000004817

 31. Alwan NA, Johnson L. Defining long COVID: going back to the start. Med. (2021) 2:501–4. doi: 10.1016/j.medj.2021.03.003

 32. Evans RA, McAuley H, Harrison EM, Shikotra A, Singapuri A, Sereno M, et al. Physical, cognitive, and mental health impacts of COVID-19 after hospitalisation (PHOSP-COVID): a UK multicentre, prospective cohort study. Lancet Respir Med. (2021) 9:1275–87. doi: 10.1016/S2213-2600(21)00383-0

 33. Twomey R, DeMars J, Franklin K, Culos-Reed SN, Weatherald J, Wrightson JG. Chronic fatigue and postexertional malaise in people living with long covid: an observational study. Phys Ther. (2022) 102:pzac005. doi: 10.1093/ptj/pzac005



OPS/images/fmed-10-1292446-g005.gif
Post-exertional malaise (PEM)

o, MEONERw

o Fotgueongatiest onycner st
W rosymptoms [ Oviytague | FaSSunandatiesst | O cthes sy





OPS/images/fmed-10-1292446-g006.gif
W eomtons [ oy § PRSI Oy e o





OPS/images/fmed-10-1292446-g003.gif





OPS/images/fmed-10-1292446-g004.gif
po—

i L B
R R R

p——l L L .





OPS/images/fmed-10-1292446-t001.jpg
PL-PCC (n = 955) PnL-PCC (nh = 2,174) Negatives (n = 654)

Men (n = 398) Women (n = 557) Men (n = 947) Women (n = 1,227) Men (n = 375) Women (n = 279)
Age, mean (SD) 58 (1) 54(13) 57 (13) 53 (14) 65 (11) 60 (13)
18-60 266 (66.8) 419 (75.2) 573 (60.5) 881 (71.8) 138 (36.8) 151 (54.1)
60+ 132 (33.2) 138 (24.8) 374 (39.5) 346 (28.2) 237 (63.2) 128 (45.9)
BMI, mean (SD) 28.3 (4.6) 27.5(52) 272 (4.1) 262 (4.9) 26.7 (42) 26,6 (5.3)
Not obese 270 (67.8) 393 (70.6) 717 (75.7) 980 (79.9) 300 (80.0) 210(75.3)
Obese 128 (32.2) 164 (29.4) 230 (24.3) 247 (20.1) 75 (20.0) 69 (24.7)
Comorbidities*, mean (SD) 0.93 (0.69) 0.91 (0.69) 0.58 (0.60) 053 (0.59) 0.69 (0.64) 0.74 (0.66)
0 109 (27.4) 160 (28.7) 452 (47.7) 637 (51.9) 154 (41.1) 106 (38.0)
1-2 207 (52.0) 287 (51.5) 439 (46.4) 527 (43.0) 185 (49.3) 139 (49.8)
>2 82 (20.6) 110 (19.7) 56 (5.9) 63(5.1) 36 (9.6) 34(122)
ME/CES 12 (3.0) 5(0.9) 0 0 1(0.3) 2(0.7)
Fibromyalgia 1(0.3) 19 (3.4) 0 8(0.7) 2(0.5) 21(7.5)
Smoking
Never smoker 348 (87.4) 485 (87.1) 856 (90.4) 1,119 (91.2) 302 (80.5) 226 (81.0)
Former smoker 18 (4.5) 20 (3.6) 36 (3.8) 24(2.0) 16 (4.3) 10 (3.6)
Current smoker 32 (8.0) 52(9.3) 55 (5.8) 84(6.8) 57(15.2) 43 (15.4)
Level of education
Practically trained 244 (61.3) 342 (614) 418 (44.1) 656 (53.5) 194 (51.7) 155 (55.6)
Theoretically trained 154 (38.7) 215 (38.6) 529 (55.9) 571 (46.5) 181 (48.3) 124 (44.4)
Living alone
Yes 68 (17.1) 93 (16.7) 149 (15.7) 219(17.8) 84(22.4) 90 (32.3)
No 330 (82.9) 464 (83.3) 798 (84.3) 1,008 (82.2) 291(77.6) 189 (67.7)
Urbanity
(Very) strongly urban 140 (35.2) 199 (35.7) 347 (36.6) 464 (37.8) 141 (37.6) 108 (38.7)
Moderately urban 95 (23.9) 134 (24.1) 214 (22.6) 235(19.2) 83 (22.1) 65(23.3)
Little urban 100 (25.1) 122 (21.9) 235 (24.8) 297 (24.2) 86(22.9) 64(22.9)
Rural 63 (15.8) 102 (18.3) 151 (15.9) 231(18.8) 65(17.3) 42(15.1)

BMI, body mass index; ME/CES, myalgic encephalomyelitis or chronic fatigue syndrome; Pn-PCC, people who were SARS-CoV-2 positive and not living with post-COVID-19 condition; PL-PCC, people who were SARS-CoV-2 positive and living with post-COVID-
19 condition.

*Comorbidities reported when completing follow-up questionnaire, ME/CFS and fibromyalgia not included but reported separately.

For negatives, it was not known whether ME/CES and fibromyalgia diagnosis was known before or after SARS-CoV-2 testing.
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Post-exertional malaise (PEM) Orthostatic intolerance (Ol)

Men (n = 773) Women (n = 836) Men (n = 773) Women (n = 836)

PEM (%) OR 95% ClI PEM (%) OR 95% ClI Ol (%) OR 95% Cl Ol (%) OR 95% ClI
PL-PCC (negatives ref.) 478" 313 7.29 438" 3.01 638 2711 175 421 3.06" 197 476
Age
60+ (ref)) 436 1.00 537 1.00 316 1.00 303 1.00
18-60 364 1.70* 116 251 46.4 1.991 139 286 205 187% 123 283 26.1 146 098 218
Level of education
Theoretically trained (ref.) 426 1.00 558 1.00 279 1.00 307 1.00
Practically trained 390 1.05 0.72 153 456 129 093 178 279 095 0.64 142 27.0 120 083 172

Smoking behavior

Never smoker (ref.) 417 1.00 495 1.00* 27.6 1.00 27.8 1.00

Former smoker 50.0 1.99 0.89 448 60.0 178 079 4.04 278 1.35 0.58 3.16 45.0 1.97 086 451
Current smoker 311 123 0.69 222 712 2.12* 129 3.50 313 11 059 2.05 36.5 1.57 094 2.63
Living alone

No (ref.) 385 1.00 50.0 1.00 255 1.00 30.0 1.00

Yes 544 1.62* 1.03 2.54 613 1.73* 116 2.57 39.7 1.60* 1.01 255 258 078 0.50 122

Urbanity of residential area

Rural (ref.) 36.5 1.00 412 1.00 20.6 1.00 110 1.00

Little urban 33.0 0.85 046 1.54 525 1.66* 1.00 274 250 1.38 071 2.69 233 1.84* 1.03 328
Moderately urban 474 145 0.80 2.62 552 152 093 249 316 16 0.82 3.16 27.6 1.83* 1.04 322
(Very) strongly urban 450 1.03 059 1.80 548 155 0.98 247 30.7 1.47 078 276 38.0 1.64 095 2.81
Obese

No (ref) 37.0 1.00 489 1.00 252 1.00 27.5 1.00

Yes 50.0 127 085 1.90 59.1 141 1.00 2.00 336 1.09 071 1.67 335 1.20 083 175

Comorbidities

0 (ref)) 257 1.00" 40.0 1.00" 229 1.00" 24.4 1.00*
1-2 comorbidities 425 319" 2.00 5.10 533 244 1.69 351 25.1 196 121 317 289 1.69* 111 257
>2 comorbidities 58.5 661" 370 1183 65.5 4.15" 255 675 415 3.98" 222 7.16 373 246" 147 4.14

CI, confidence interval; OR, odds ratios ref,, reference group.
PEM and OI proportions were determined in people who were SARS-CoV-2 positive and living with post-COVID-19 condition (PL-PCC), men n = 398, women n = 557.
G "

P < 0.001;*p < 0.05.
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