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ABSTRACT 

Introduction: A large proportion of patients experiences a wide range of sequelae after acute COVID-

19, especially after severe illness. The long-term health sequelae need to be assessed. Our objective 

was to longitudinally assess persistence of symptoms and clusters of symptoms up to 12 months 

after hospitalization for COVID-19, and to assess determinants of the main persistent symptoms.  

Methods:  In this multicenter prospective cohort study patients with COVID-19 are followed up for 2 

years with measurements at 3, 6, 12, and 24 months after hospital discharge. Here, we present 

interim results regarding persistent symptoms up to 12 months.  

Results: We included 492 patients; mean age was 60.2±10.7 years, 335 (68.1%) males, median length 

of hospital stay 11 (6.0-27.0) days. At 3 months after discharge 97.0% of the patients had at least 1 

persisting symptom, this declined to 95.5% and 92.0% at 6 and 12 months, respectively (p=0.010).  

Muscle weakness, exertional dyspnea, fatigue, and memory and concentration problems were the 

most prevalent symptoms with rates over 50% during follow-up. Over time, muscle weakness, hair 

loss, and exertional dyspnea decreased significantly (p<0.001), while other symptoms, such as 

fatigue, concentration and memory problems, anosmia, and ageusia persisted. Symptoms from the 

physical and respiratory cluster declined significantly over time, in contrast to the fatigue and 

cognitive symptomclusters.  

Conclusion: The majority of patients experienced COVID-19 sequelae up to 12 months after severe 

infection. Whereas physical and respiratory symptoms showed slow gradual decline, fatigue and 

cognitive symptoms did not evidently resolve over time.  

 

  



INTRODUCTION 

Acute coronavirus disease 2019 (COVID-19) infection in humans is associated with a heterogeneous 

range of symptoms including respiratory, musculoskeletal, gastrointestinal, and neurological 

symptoms. In 5-14% of patients the respiratory consequences of COVID-19 are severe, requiring 

hospitalization for oxygen supplementation or even prolonged ventilatory support (1).  

Whereas a proportion of patients fully recovers, it becomes increasingly clear that a proportion of 

patients experiences a wide range of long-lasting sequelae after acute COVID-19. Different terms are 

currently used for describing the presence of post-COVID-19 symptoms, such as long COVID, long 

haulers, post-COVID-19 syndrome, persistent post-COVID, and post-acute sequelae of COVID (PASC). 

Although several definitions are in place, persistent symptoms after COVID-19 are regarded as post-

COVID-19 syndrome if they persist or present within 12 weeks of the onset of acute COVID-19 and 

last for at least 2 months, and are not attributable to alternative diagnoses (2, 3). The more recent  

World Health Organization (WHO) definition of post COVID-19 condition (PCC) is very similar to this 

definition, adding that symptoms may be new onset following initial recovery from an acute COVID-

19 episode or persist from the initial illness and must persist for at least two months (4). Symptoms 

may also fluctuate or relapse over time. These post-acute COVID-19 sequelae encompass a wide 

range of symptoms and organs systems. Common symptoms include fatigue, shortness of breath and 

cognitive dysfunction (4).  

Although exact overall prevalence of these long-term symptoms remains unclear, it is estimated that  

between 2.6% and 18.7% of symptomatic patients experience persistent symptoms related to COVID-

19 beyond 12 weeks after COVID-19 (5, 6). This number increases when patients are more severely 

affected (7). A recent systematic review described that more than 50% of all patients (the majority  

after hospitalization) experienced post-acute COVID-19 sequelae, even up to 6 months after acute 

infection (8). Data from a Chinese cohort demonstrated that symptoms persisted in over 68% of 

hospitalized patients for COVID-19 at 6 months after disease onset, decreasing to 49% at 12 months 

(9), whereas recent European results indicated that 91.7% of COVID-19 patients  reported at least 

one symptom at 12 months (10). 

The nature of the reported symptoms is diverse and ranges from exertional dyspnea to sensory 

overload. Although studies have tried to phenotype the patients with residual symptoms, looked into 

co-occurrence of pairs of post-COVID-19 symptoms, or report on assays of symptoms according to 

various organ systems, it remains unclear how the various domains of symptoms relate to each other 

and how frequently certain types of symptoms overlap (11-13). 



Currently, most reports on persistent symptoms remain limited to 6 months after infection and little 

is known regarding the determinants of persistent symptoms. Also, most studies are cross-sectional 

and studies reporting outcomes across multiple time-points are scarce.  

The aim of the current study was therefore to assess persistence of symptoms and clusters of 

symptoms up to 12 months after hospital discharge, to explore how various clusters of symptoms 

overlap with each other, and to assess determinants of the main persistent symptoms after COVID-

19.   

 

 

 

 

  



METHODS 

Study design 

The COvid-19 Follow-up care paths and Long-term Outcomes Within the Dutch health care system  

(CO-FLOW) study is an ongoing multicenter prospective cohort study following COVID-19 patients 

discharged from hospitals in the Rotterdam-Rijnmond-Delft region in the Netherlands. Detailed 

description of its protocol can be found elsewhere (14). In short, up to 2 years after hospitalization 

patients with COVID-19 are evaluated at 3, 6, 12, and 24 months after hospital discharge. Here, we 

present interim results regarding persisting symptoms obtained in the period from July 1st 2020 until  

December 1st 2021 as part of the CO-FLOW study up to 12 months after discharge. The Medical Ethics 

Committee of the Erasmus Medical Center (MC) approved this study (MEC-2020-0487). The trial was 

registered at The Netherlands Trial Register (NL8710), https://www.trialregister.nl, on June 12, 2020. 

Adult patients (≥18 years of age)  were eligible to participate in the CO-FLOW study if they had been 

hospitalized for COVID-19 (diagnosis based on either positive reverse transcription polymerase chain 

reaction or a clinical diagnosis combined with positive serology for COVID-19) within the previous 6 

months and patient or relative had sufficient knowledge of the Dutch or English language. 

Incapacitated patients were unable to participate given the study procedures. For this study only 

participants with at least two study visits were included. 

 

Study Procedures 

In principle, all patients that had been hospitalized were offered outpatient follow-up at one of the 

participating centers. Patients were recruited during outpatient follow-up after discharge in one of 

the participating centers, at the inpatient rehabilitation center, or at the skilled nursing facility. All 

patients provided written informed consent before the start of the measurements. Recruitment of 

study participants occurred independent of the patient's recovery status; this was largely based on 

availability of research personnel to recruit patients and to perform study visits. Study visits were 

synchronized with the patient’s regular follow-up for COVID-19 at each of the participating centers if 

possible. When patients were discharged from regular follow-up, study visits continued in the 

Erasmus University MC or, if patients were unable to come to the Erasmus University MC, a research 

assistant performed the study visit at home. During study visits patients performed non-invasive 

clinical tests, including physical, psychological, and cognitive evaluation. At 3, 6, and 12 months 

follow-up visits, patients received questionnaires via email or postal mail. Data were stored in Castor 

EDC (Castor EDC, Amsterdam, The Netherlands).  

 

https://www.trialregister.nl/


Outcomes 

A new Corona Symptom Checklist was developed for this study on ‘novel or worsened symptoms 

since the onset of COVID-19’ during the first three months of the study, based on the first 

experiences with post-COVID-19 patients. All questions are answered with “yes” or “no” (see 

appendix for complete questionnaire). During the study visits the Corona Symptom Checklist was 

administered by a research assistant in a face-to-face interview.  As the Checklist was still under 

development when the study started amid the beginning of the COVID-19 pandemic, it was 

introduced at all study visits after August 5th 2020. As the pandemic evolved and knowledge 

increased regarding PCC, additional questions were added (sensory overload, headache, chest pain) 

from June 2021 onwards.  

As fatigue is considered as one of the most prevalent symptoms in PCC, we chose to report fatigue 

not based on the checklist results, but on the validated Fatigue Assessment Scale (FAS) that was 

assessed in all patients since study onset. The FAS is a 10-item self-report questionnaire and is 

validated in patients with chronic lung disease (15). The  items are scored on a Likert scale ranging 1-

5. A total score of ≥22 is considered to represent substantial fatigue and was used to indicate 

persisting fatigue (15).     

Patient and clinical characteristics were collected at study visits and through electronic patient 

records. Patients characteristics included age, sex, body mass index (BMI), migration background, 

pre-COVID educational and employment status, smoking status, and comorbidities. Clinical 

characteristics included baseline laboratory and radiological parameters, complications during 

hospitalization including delirium and thrombosis, type and quantity of oxygen support,  intensive 

care unit (ICU) admission, length of stay (LOS) ICU, LOS hospital, and COVID-19 directed treatment 

during hospital admission.   

 

Statistical analyses  

We examined descriptive statistics to ensure data met statistical assumptions. Variables were 

presented as mean with standard deviation (SD), median with interquartile range, or numbers (n) 

with percentages (%) as appropriate.  

Patient reported symptoms were clustered into one of four clusters according to the nature of the 

symptom: physical, respiratory, fatigue, and cognitive symptom cluster. The physical symptom 

cluster was composed of the symptoms muscle weakness, balance problems/dizziness, joint pain, 

tingling/numbness in extremities, hair loss, headache, chest pain, skin rash, vision problems, 

hoarseness, anosmia, ageusia, stool problems, claudication, hearing problems, and miction problems. 

The respiratory symptom cluster was composed of the symptoms exertional dyspnea, dyspnea, 



cough, and phlegm. The fatigue symptom clusters was composed of fatigue and sleeping problems. 

The cognitive symptom cluster was composed of the symptoms memory problems, concentration 

problems, sensory overload, and anxiety/nightmares. If any of the symptoms in the clusters was 

present at a time point, persisting symptoms in that cluster were scored as present at that time 

point. We used generalized estimating equations (GEE) with an unstructured covariance matrix to 

assess persistence of symptoms and symptom clusters over time. GEE accounts for correlations 

between patient follow-up measurements and includes all observed outcomes despite incomplete 

data. For longitudinal analyses, a Bonferroni correction was applied and a p-value <0.002 was 

considered statistically significant. Difference in the distribution of  symptom clusters across gender 

were assessed with a Chi-Square test. Lastly, we performed multivariable logistic regression analyses 

with a backward selection procedure to determine which variables are independently associated 

with the most prevalent symptom per cluster at 3 months after discharge. The dependent variables 

were muscle weakness, deconditioning/exertional dyspnea, fatigue, and memory problems. We only 

reported determinants of symptoms at 3 months after discharge, as symptoms were most prevalent 

at 3 months after discharge and the majority did not decrease significantly over time. Determinants 

that were examined were age, sex, BMI, migration background (European, Dutch Caribbean, Asian, 

Turkish, and (North) African), pre-COVID educational (low, middle, high) and employment status 

(employed, not employed, retired), presence of comorbidity, smoking (never versus ever), BMI and 

C-reactive protein (CRP) at admission, complications of thrombosis or delirium, oxygen 

supplementation (none, nasal cannula or mask oxygen supplementation, high flow nasal cannula, 

mechanical ventilation), LOS hospital, and COVID-19 directed treatment with steroids. The covariates 

BMI and CRP were imputed with their mean value if missing. Variable elimination from the 

multivariable models was based on goodness of fit using the likelihood ratio test with a p-value of 

0.1, and the final models are presented with adjusted odds ratios (OR) and 95% confidence interval 

(95%CI). We also assessed clinical characteristics of patients hospitalized for COVID-19  at three 

months follow-up are presented across the number of symptoms clusters affected. As numbers per 

group/characteristic were limited, differences were not statistically assessed and these trends should 

be considered as explorative and hypotheses generating. All analyses were performed using 

Statistical Package for Social Sciences (SPSS) version 25 (IBM SPSS statistics, SPSS Inc, Chicago, IL, 

USA) and STATA version 8SE (StataCorp LLC, Texas, USA) and R version 4.1.1 (R-Foundation) were 

used for graphs. 

 

  



RESULTS 

Characteristics 

Between July 1st 2020 and December 1st 2021, patients were recruited in  COFLOW. The total number 

of patients hospitalized for COVID-19 during the recruitment period in the region was 4569 of whom 

1199 (26%) died during hospitalization.  The number of patients that had been invited is largely 

unknown due to logistical reasons. From the 3370 survivors, 650 patients (19% of all survivors) were 

included in this study, of whom 492 participants underwent at least two study measurements and 

were included in this interim analysis.  

Baseline characteristics are presented in table 1. Patients had a mean age of 60.2±10.7 years, 335 

(68.1%) were male, 403 (81.9%) had one or more comorbidities: most commonly obesity, 

cardiovascular, or pulmonary disease. Oxygen supplementation during admission was required by 

474 (96.3%) patients, 199 (40.4%) had been admitted to the ICU, with a median LOS in ICU of 17 (9.0-

30.5) days, and the median total LOS in the hospital was 11 (6.0-27.0) days. Of all patients, 357 

(72.6%) received any COVID-19 directed treatment, of whom 330 (70.8%) received any form of 

steroids and 54 (11.5%) received directed anti-inflammatory treatment.  

To date, 20 patients withdrew from the study or deceased during follow-up. Up to 54  patients 

missed one or more study visits.The flowchart of the included patients and study measurements is 

shown in figure 1.  

 

Persisting symptoms 

Table 2 presents the number and proportion of patients with persisting symptoms at each follow-up 

measurement. At 3 months after discharge, 97.0% of the patients had at least 1 persisting symptom, 

this proportion of patients declined to 95.5% at 6 months and to 92.0% at 12 months (p=0.010). 

Presence of a single symptom varied from 9.7%  for miction problems to 81.8% for exertional 

dyspnea. At all study visits, the most prevalent symptoms were muscle weakness, exertional 

dyspnea, fatigue, and memory and concentration problems. These symptoms were reported by more 

than 50% of the patients during follow-up; a large number of other persistent symptoms was 

frequently reported, presented in table 2 and figure 2. Symptoms that significantly declined over 

time were muscle weakness, hair loss, and exertional dyspnea (p<0.001).  

  

Symptom clusters 



The prevalence of symptoms and the overlap between symptom clusters at 3 months follow-up is 

shown in figure 2. At 3 months, 90.7% of patients reported at least 1 symptom from the physical 

symptom cluster; this declined significantly to 86.8% at 6 months and to 84.5% at 12 months 

(p=0.025). Respiratory symptoms were reported by 87.3%, 79.1%, and 76.0% of the patients at 3, 6, 

and  12 months, respectively (p<0.001).  In the fatigue symptom cluster, 68.3% of the patients 

reported a symptom at 3 months, 67.8% at 6 months, and 67.6% at 12 months (p=0.082). A symptom 

from the cognitive symptom cluster was reported in 71.8% of the patients at 3 months, 70.0% at 6 

months, and 74.2% at 12 months (p=0.452).  

At 3 months after hospital discharge, 218 (56.3%) reported symptoms in all 4 symptoms clusters and  

292 (75.5%) in 3 clusters. Symptoms in the physical and respiratory symptom clusters most 

frequently overlapped (figure 3A). The majority of patients with fatigue also experienced cognitive 

symptoms (86.8%), and vice versa (83.4%). Isolated symptoms were rare, but concerned most 

frequently fatigue in 21 (5.3%) patients or physical symptoms in 18 (4.6%) patients. Females more 

frequently report symptoms in all four clusters than males (63% versus 52%, p<0.001) (figure 3B and 

3C). Fatigue and cognitive symptoms were more frequent in female than in males (80.2% versus 

68.6%, p=0.002), and 74.5% versus 68.6%, p=0.009, respectively), and so were the frequency of 

respiratory (85.9% versus 85.5%, p=0.022) and physical symptoms (90% versus 88.5%, p=0.002).  

In supplemental table 1 patient and clinical characteristics of patients hospitalized for COVID-19  at 

three months follow-up are presented across the number of symptoms clusters affected.  The 

majority of patients (89%) experienced symptoms in 2 or more clusters.  Several trends can be 

noticed in with increasing number of symptoms clusters affected; more in females, patients with 

non-European background, employment, co-morbidities and with lower CRP, lower D-dimer and 

more severely affected chest X-ray upon admission. No association seems present with LOS, ICU 

admission and ventilation and with COVID-19 directed treatment.  

 

Determinants of persisting symptoms 

Out of the physical symptom cluster, muscle weakness was the most frequently reported symptom 

at 3 months after hospital discharge. Patients who were female (OR(95%CI):2.66 (1.62, 4.37), 

p<0.001), had a longer LOS hospital (1.04 (1.02, 1.05), p<0.001) ) were more likely to experience 

muscle weakness at 3 months after hospital discharge and patients who received steroids as 

treatment during hospitalization (0.53 (0.29, 0.96), p=0.036) were less likely to experience muscle 

weakness (figure 4). Out of the respiratory symptom cluster, exertional dyspnea was the most 



prevalent symptom. We were unable to perform valid multivariable logistic regression on this 

outcome given the high prevalence of this symptom (81.5%) at 3 months after hospital discharge.  

Fatigue was the most prevalent symptom in the  fatigue symptom cluster. Patients who were female 

(2.76 (1.61, 4.76), p<0.001) and/or had comorbidities (2.19 (1.24, 3.87), p=0.007) were more likely to 

develop fatigue symptoms, while patients who were retired (0.38 (0.22, 0.65), p=0.001) were less 

likely to develop fatigue symptoms at 3 months after hospital discharge (figure 4).  

At 3 months, memory problems was the most frequently reported symptom in the cognitive 

symptom cluster.  Patients who were female (2.01 (1.30, 3.39), p=0.002), had a shorter length of stay 

(0.98 (0.97, 0.99), p=0.003), and/or had comorbidities (1.95 (1.12, 3.40), p=0.018) were more likely to 

experience memory problems at 3 months after hospital discharge (figure 4).  



DISCUSSION 

Up to 12 months after hospitalization for COVID-19 over 90% of patients suffer from at least 1 

persisting symptom. Muscle weakness, exertional dyspnea, fatigue, and memory and concentration 

problems were the most prevalent symptoms with reporting rates over 50% of the patients at one of 

the time points. Although several physical and respiratory symptoms (muscle weakness, hair loss, 

exertional dyspnea) declined significantly over time, others - including fatigue and cognitive 

symptoms - persisted.  

Our findings support the observation from a recent meta-analysis describing that the short-term 

prevalence of persisting symptoms were similar to long-term prevalence of symptoms, up to six 

months after hospital discharge (8). Persisting symptoms are a common feature of COVID-19, 

especially after hospitalization but may also occur after mild or even asymptomatic infection. To 

date, long-term data regarding persisting symptoms at 12 months and beyond are limited. In a 

cohort study from Wuhan, the proportion of persistent symptoms was shown to decrease from 68% 

at 6 months to 49% at 12 months after hospitalization and 55% at 24 months after hospitalization (9). 

 Although this finding appears to contrast our findings, their cohort contained only 1% of patients 

that had received mechanical ventilation compared to 35.6% in our cohort. The severity of the acute 

COVID-19 is increasingly recognized to be associated with a larger proportion, and longer duration of 

persisting symptoms and should thus be taken into account when comparing studies (16, 17). Our 

study unfortunately shows a much less optimistic picture regarding recovery over time, with a high 

prevalence of persisting symptoms that is much more in line with other European outcomes that 

demonstrate numbers of incomplete recovery between 71.1 and 91.7% of patients after severe or 

critical COVID-19 infection, without evident improvement over time (10,18). We do have to 

acknowledge that symptoms may have resided in severity over time or could be in part attributed to 

other causes, but we did not have data on this. More and longer term follow-up results will be 

collected to obtain even more insight into the future outlook of these patients. Also, one has to take 

into account that our study only addressed hospitalized patients, and sequelae in this group will 

differ substantially from non-hospitalized patients. 

Looking into determinants, female gender was the most important predictor of persistent symptoms. 

Earlier, we have demonstrated a relation of female gender with increased risk for fatigue up to six 

months after discharge (7). Now we extend these findings to other symptoms and show that females 

more frequently experience symptoms from multiple symptom clusters 3 months after 

hospitalization. Previous studies have also demonstrated that female gender was associated with an 

increased number of persisting symptoms (10, 18, 19). It is frequently stated that, while acute cases 

of COVID-19 tend to be most severe in older males, PCC seems to be more frequent in younger 

females. Age however, was not found to be a determinant of persistent symptoms in our cohort, 



neither in other studies after adjustment for confounders (10, 19). Also, it is necessary to bear in 

mind that there may be a bias in symptoms reporting between males and females (20). We also 

found presence of comorbidity to be associated with increased fatigue and memory problems, but 

this was not found by others (10). Obesity was previously described as a major risk factor for not fully 

recovering. (18) It is well possible that pre-existent health problems make patients more vulnerable 

for unfavorable outcome after severe illness. We found that  patients treated with steroids during 

hospital stay were less likely to report muscle weakness during follow-up. This finding seems counter-

intuitive at first. A potential explanation for this, although speculative, may be that as COVID-19 is 

known to cause long-term immunological dysfunction that may relate to (part of) the persisting 

symptoms, immunomodulation with corticosteroids in the acute phase may positively affect 

development of some of the symptoms such as muscle weakness. The relation between in-hospital 

treatments and long-term outcomes is hardly studies, and should be addressed in future studies. 

Although numbers of acute COVID-19 may eventually decrease with increasing immunity in the 

population, our findings point out that consequences will be long felt by many. As challenges in 

vaccination programs worldwide continue to hinder effective control measures, the number of 

people with PCC will only continue to increase. Vaccination may play an important role not only to 

prevent new infections, but also in preventing PCC, as it was recently demonstrated that post-

vaccination breakthrough infections are less likely to be associated with symptoms persisting for 

more than 28 days (21).   

The best approach to PCC is unclear. As symptoms range from mild to severe and are very diverse in 

nature, there is no one size fits all treatment possible. Although we grouped symptoms into clusters, 

there are currently no universal recognized phenotypes, diagnostic criteria, minimal severity scores, 

or a diagnostic test to establish a diagnosis of PCC. Establishing more objective and evidence-based 

definitions and phenotypes of PCC will be necessary to  compare findings across cohorts and settings, 

and to establish evidence based interventions. Also, the impact of prior symptoms and prior 

comorbidity needs to be taken into account, just as the expected effects of hospitalization.  

There are currently many unknowns regarding PCC, including the underlying mechanisms. Current 

theories on PCC include virus-specific pathophysiologic  changes,  immunologic  aberrations and  

inflammatory  damage  in  response  to  the  acute  infection,  and   expected  sequelae of  post-

critical illness (22). Indeed, it is very hard to differentiate between the expected sequelae, such as 

described in the post-intensive care syndrome, and the sequelae that are specific for COVID-19 (23). 

Nonetheless, in a large analysis on electronic health records data, key features of long-COVID (e.g. 

breathlessness and fatigue) were more frequently reported after COVID-19 than in matched controls 

after Influenza infection (13). Overall, it is becoming increasingly clear that the sequelae after COVID-



19 are more prevalent than after most other types of infections, persist for a long time, and have a 

major impact on the burden of disease and health care. 

Our study has several strengths and limitations. We followed a large cohort of patients in a 

longitudinal design at 3, 6, and 12 months after hospital discharge. Currently, long-term follow-up 

data are scarce. As the study is still ongoing, data were not complete for the entire cohort; also, the 

initial patients were generally recruited between 3 and 6 months after hospital discharge, resulting in 

unequal groups at different time points. We therefore included only participants with data of at least 

two study measurements, and used GEE models to make maximal use of all data and to investigate 

how symptoms developed over time.   

As we included patients at the outpatient clinic after discharge, a selection bias of patients with 

lingering symptoms cannot be excluded. Therefore, it is useful to have some more insights in the 

recruitment  procedure of participants.  All patients that had been hospitalized were offered 

outpatient follow-up, unless this was logistically not possible. Recruitment of study participants 

occurred independent of the patient's recovery status. Inclusion in this study was largely based on 

availability of research personnel to recruit patients and to perform study visits, which was the most 

limitative step for inclusion.  Although consent rate to participation was very high, the exact number 

of patients approached for participation is  unknown, which is a limitation of this study. Our final 

study cohort was representative of the overall admitted population that received aftercare (data not 

shown).  Nonetheless, the extent of selection bias cannot be quantified. 

One inclusion criterion was that patients or their relatives had to be able to communicate in Dutch or 

English. Therefore, there is underrepresentation of individuals with a migration background in this 

study compared to the community where this cohort was established. Nonetheless, 24% of the 

participants in this cohort had a migration background; migration background was not a predictor of 

residual symptoms in this study. Another limitation is that our results are only generalizable to 

hospitalized patients and we did not have a control group. Also, we did not have patient scores on 

the severity of complaints. Even though symptoms may persist for considerable time, the severity 

may very well decrease over time, as was also shown in other studies (16). Also, we cannot excluded 

that symptoms had other etiology than post-COVID. 

To summarize, a large number of post COVID-19 patients experienced persistent symptoms up to 12 

months after hospitalization for COVID-19. Whereas physical and respiratory symptoms showed slow 

gradual decline, fatigue and cognitive symptoms did not evidently resolve over time. This finding 

stresses the importance of finding the underlying causes and effective treatments for PCC on the one 

hand, and adequate COVID-19 prevention on the other hand. Large and long-term cohort studies are 



urgently needed to help better understand persistent symptoms after COVID-19 and its biological 

drivers.    

 

Table 1 Patient and clinical characteristics of patients hospitalized for COVID-19 

 nᵃ All (N=492) 

Patient characteristic   

Age, years  60.2 ± 10.7 

Sex, male  335 (68.1) 

BMI, kg/m² 437 29.3 ± 5.5 

Migration Background 491  

European  373 (76.0) 

Dutch Caribbean   61 (12.4) 

Asian   25 (5.1) 

Turkish  18 (3.7) 

(North) African  14 (2.9) 

Pre-COVID education 489  

Low  166 (33.9) 

Middle  172 (35.2) 

High  151 (30.9) 

Pre-COVID employment 490  

Unemployed  77 (15.7) 

Employed  297 (60.6) 

Retired  116 (23.7) 

Smoking status 491  

Never   211 (43.0) 

Former  270 (55.0) 

Current  10 (2.0) 

Comorbidities   

≥1  403 (81.9) 

Obesity (BMI>30)  190 (38.6) 

Diabetes  95 (19.3) 

Cardiovascular disease/ hypertension  192 (39.0) 

Pulmonary disease  119 (24.2) 

Renal disease  46 (9.3) 

Gastrointestinal disease  22 (4.5) 

Neuromuscular disease  49 (10.0) 

Malignancy  56 (11.4) 

Autoimmune/inflammatory disease  54 (11.0) 

Mental disorder   25 (5.1) 

In-hospital characteristics   

PCR confirmed SARS-CoV-2  485 (98.6) 

Serology confirmed SARS-CoV-2  7 (1.4) 



Laboratory values   

Creatinine, umol/L 471 82.0 (69.0-100.0) 

(CKD-EPI) eGFR, ml/min 456 82.0 (66.0-90.0) 

CRP, mg/L 467 85.0 (47.0-154.0) 

Ferritin, ug/L 284 832.5 (443.5-1613.3) 

ALAT, U/L 457 37.0 (26.0-56.0) 

Hemoglobin, mmol/L 468 8.6 (7.9-9.2) 

MCV, fl 461 89.0 (85.0-91.0) 

Trombocyten, 10⁹/L 463 211.0 (159.0-276.0) 

Lymphocytes absolute count, 10⁹/L 325 0.9 (0.6-1.1) 

D-dimer, mg/L 237 1.1 (0.6-380.0) 

NT-pro-BNP, pmol/ml 90 18.5 (8.8-48.0) 

IL-6, pmol/ml 36 55.5 (28.0-179.0) 

Chest x-ray abnormalities 468  

Normal  59 (12.6) 

Moderate  99 (21.2) 

Severe  310 (66.2) 

Thrombosis 484 79 (16.3) 

Delirium 477 121 (25.4) 

Requiring oxygen supplementation 492 474 (96.3) 

Requiring high flow nasal cannula 462 150 (32.5) 

ICU admission  199 (40.4) 

Invasive mechanical ventilation  175 (35.6) 

Length of intubation, days 167 14.0 (8.0-27.0) 

Tracheostomy 482 64 (13.3) 

Length of ICU stay, days 197 17.0 (9.0-30.5) 

Length of hospital stay, days  11.0 (6.0-27.0) 

COVID-19 directed Treatment 466  

None  109 (23.4) 

(Hydroxy)chloroquine  14 (3.0) 

Steroids  330 (70.8) 

Antivirals  69 (14.8) 

Anti-inflammatory (IL-6) treatment   54 (11.6) 

Convalescent plasma  8 (1.7) 

Monoclonal antibodies  0 (0.0) 

Time interval between discharge and follow-up visit   

3 Months visit, days 385 94.7 ± 22.8 

6 Months visit, days 483 184.8 ± 27.9 

12 Months visit, days 271 368.3 ± 17.3 

 

Data are presented as n (%), mean ± standard deviation, or, for non-normally distributed variables, 

median (interquartile range). ᵃAdjusted n is presented for variables with a total number of patients 



less than 492. BMI, Body Mass Index; IL-6, interleukin 6; PCR, Polymerase Chain Reaction, SARS-CoV-

2, Severe Acute Respiratory Syndrome coronavirus 2; ICU, Intensive Care Unit. 

 

Table 2 Prevalence of COVID-19 related symptoms at 3, 6, and 12 months follow-up in patients after 
hospitalization for COVID-19 

 3 Months 
(n=385) 

n (%) 

6 Months 
(n=483) 

n (%) 

12 Months 
(n=271) 

n (%) 

 
p-value* 

Physical symptoms     
Muscle weakness 220 (57.1) 234 (48.4) 111 (41.0) <0.001 
Balance 
problems/dizziness 

169 (43.8) 213 (44.4) 116 (42.8) 0.922 

Joint pain 166 (43.2) 201 (41.6) 111 (41.0) 0.352 
Tingling/numbness in 
extremities 

147 (36.8) 163 (33.9) 86 (32.1) 0.291 

Hair loss 138 (35.9) 98 (20.3) 35 (12.9) <0.001 
Headache* 33 (31.4) 57 (26.1) 29 (18.6) 0.579 
Chest pain* 29 (29.0) 40 (18.4) 28 (17.8) 0.069 
Skin rash 99 (25.7) 132 (27.4) 82 (30.3) 0.587 
Vision problems 97 (25.2) 148 (30.6) 78 (28.8) 0.023 
Hoarseness  91 (23.6) 125 (25.9) 57 (21.0) 0.088 
Anosmia  84 (21.9) 93 (19.3) 53 (19.6) 0.369 
Ageusia  82 (21.2) 94 (19.5) 52 (19.2) 0.185 
Stool problems 68 (17.7) 89 (18.5) 41 (15.1) 0.547 
Claudication 54 (14.1) 68 (14.1) 27 (10.0) 0.116 
Hearing problems 52 (13.5) 70 (14.5) 53 (19.6) 0.059 
Miction problems  37 (9.7) 58 (12.1) 34 (12.5) 0.269 
     
Respiratory 
symptoms 

    

Exertional dyspnea 315 (81.8) 345 (71.4) 171 (63.1) <0.001 
Dyspnea* 78 (66.1) 114 (51.8) 83 (52.9) 0.003 
Cough 112 (29.0) 119 (24.7) 66 (24.4) 0.329 
Phlegm 98 (25.5) 117 (24.2) 67 (24.7) 0.727 
     
Fatigue symptoms     
Fatigue 243 (64.5) 277 (63.1) 156 (60.2) 0.932 
Sleeping problems 141 (36.5) 172 (35.6) 96 (35.4) 0.777 
     
Cognitive symptoms     
Memory problems 211 (54.7) 271 (56.1) 158 (58.3) 0.144 
Concentration 
problems 

206 (53.4) 249 (51.6) 140 (51.7) 0.826 

Sensory overload* 44 (45.5) 93 (43.9) 58 (36.7) 0.503 
Anxiety/nightmares 56 (14.5) 72 (14.9) 40 (14.8) 0.785 

*Symptoms headache, chest pain, dyspnea, and sensory overload were added in a later stage, 

resulting in lower total numbers. Data are presented as n (%) indicating the number of patients with 

symptoms. P-values are obtained from Generalized Estimating Equation analyses, with follow-up visit 

as fixed factor and symptom (yes/no) at each follow-up visit as dependent variable. Bonferroni 



correction was applied for multiple testing, a p-value < 0.002 was considered statistically significant 

(printed in bold). 

  



Supplemental Table 1 Patient and clinical characteristics of patients hospitalized for COVID-19 divided by the number of symptoms clusters affected.   
 

      

Patient characteristic 0 cluster 
(n=12) 

1 cluster 
(n=28) 

2 clusters 
(n=55) 

3 clusters 
(n=74) 

4 clusters 
(n=218) 

Age, years 65.4 ± 11.8 63.0 ± 10.7 58.7 ± 11.6 61.7 ± 11.9 59.5 ± 9.8 

Sex, male 12 (100.0) 23 (82.1) 44 (80.0) 54 (73.0) 141 (64.7) 

BMI, kg/m² 26.6 ± 4.0 27.7 ± 4.6 29.8 ± 5.4 29.1 ± 5.2 29.9 ± 5.8 

Migration Background      

European 11 (91.7) 23 (82.1) 41 (74.5) 56 (75.7) 164 (75.2) 

Dutch Caribbean  0 (0.0) 2 (7.1) 10 (18.2) 7 (9.5) 28 (12.8) 

Asian 0 (0.0) 1 (3.6) 1 (1.8) 9 (12.2) 11 (5.0) 

Turkish 0 (0.0) 0 (0.0) 3 (5.5) 2 (2.7) 8 (3.7) 

(North) African 1 (8.3) 2 (7.1) 0 (0.0) 0 (0.0) 7 (3.2) 

Pre-COVID education      

Low 4 (33.3) 8 (28.6) 18 (32.7) 29 (39.7) 73 (33.6) 

Middle 5 (41.7) 11 (39.3) 18 (32.7) 21 (28.8) 81 (37.3) 

High 3 (25.0) 9 (32.1) 19 (34.5) 23 (31.5) 63 (29.0) 

Pre-COVID employment      

Unemployed 1 (8.3) 3 (10.7) 12 (21.8) 12 (16.4) 35 (16.1) 

Employed 5 (41.7) 17 (60.7) 28 (50.9) 40 (54.8) 146 (67.0) 

Retired 6 (50.0) 8 (28.6) 15 (27.3) 21 (28.8) 37 (17.0) 

Smoking status      

Never  4 (33.3) 14 (50.0) 24 (43.6) 24 (32.4) 89 (40.8) 

Former 8 (66.7) 14 (50.0) 30 (54.5) 50 (67.6) 123 (56.4) 

Current 0 (0.0) 0 (0.0) 1 (1.8) 0 (0.0) 6 (2.8) 

Comorbidities      

≥1 7 (58.3) 19 (67.9) 45 (81.8) 62 (83.8) 186 (85.3) 

Obesity (BMI>30) 2 (16.7) 7 (25.0) 22 (40.0) 31 (41.9) 84 (38.5) 

Diabetes 2 (16.7) 6 (21.4) 12 (21.8) 12 (16.2) 46 (21.1) 

Cardiovascular disease/ hypertension 3 (25.0) 10 (35.7) 17 (30.9) 35 (47.3) 88 (40.4) 

Pulmonary disease 2 (16.7) 3 (10.7) 13 (23.6) 14 (18.9) 69 (31.7) 

Renal disease 0 (100.0) 2 (7.1) 6 (10.9) 11 (14.9) 18 (8.3) 

Gastrointestinal disease 0 (100.0) 0 (100.0) 3 (5.5) 3 (4.1) 7 (3.2) 



Neuromuscular disease 1 (8.3) 3 (10.7) 5 (9.1) 7 (9.5) 19 (8.7) 

Malignancy 1 (8.3) 4 (14.3) 4 (7.3) 16 (21.6) 22 (10.1) 

Autoimmune/inflammatory disease 1 (8.3) 4 (14.3) 4 (7.3) 7 (9.5) 27 (12.4) 

Mental disorder  0 (100.0) 3 (10.7) 2 (3.6) 3 (4.1) 13 (6.0) 

In-hospital characteristics      

PCR confirmed SARS-CoV-2 12 (100.0) 28 (100.0) 55 (100.0) 73 (100.0) 215 (98.6) 

Serology confirmed SARS-CoV-2 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (1.8) 

Laboratory values      

Creatinine, umol/L 75.0 (68.0-88.8) 83.0 (75.0-91.0) 86.0 (75.0-104.8) 84.0 (70.0-107.0) 82.0 (68.3-100.0) 

(CKD-EPI) eGFR, ml/min 89.0 (76.3-90.0) 82.5 (71.3-90.0) 84.0 (59.5-90.0) 78.0 (61.0-90.0) 81.5 (66.0-90.0) 

CRP, mg/L 143.0 (54.8-160.0) 112.0 (55.0-190.0) 109.0 (50.0-164.0) 81.5 (50.3-148.8) 85.0 (45.0-153.5) 

Ferritin, ug/L 870.5 (686.8-1186.3) 1456.5 (411.3-2054.8) 1339.0 (515.3-1900.3) 980.0 (539.3-2410.5) 832.5 (435.5-1447.3) 

ALAT, U/L 38.5 (21.8-43.8) 29.0 (20.0-56.0) 39.0 (29.5-53.0) 38.5 (24.8-62.3) 36.0 (26.0-58.0) 

Hemoglobin, mmol/L 8.7 (8.3-9.2) 8.8 (8.0-9.8) 9.0 (7.9-9.3) 8.6 (7.7-9.2) 8.6 (8.0-9.2) 

MCV, fl 90.0 (88.0-92.0) 88.0 (87.0-92.0) 88.0 (85.0-90.3) 88.0 (84.3-92.0) 88.0 (85.0-91.0) 

Trombocyten, 10⁹/L 289.0 (212.0-337.0) 199.5 (158.0-257.3) 218.0 (174.0-269.0) 191.0 (143.0-297.0) 216.0 (160.0-276.5) 

Lymphocytes absolute count, 10⁹/L 0.6 (0.5-1.0) 0.8 (0.6-1.2) 0.9 (0.6-1.1) 0.8 (0.5-1.0) 0.9 (0.6-1.1) 

D-dimer, mg/L 929.0 (2.9-1522.0) 863.0 (420.0-2802.0) 1.2 (0.7-415.3) 1.0 (0.6-7.9) 1.2 (0.6-509.8) 

NT-pro-BNP, pmol/ml 44.0 (18.0-na) 18.0 (5.0-na) 23.0 (7.5-42.0) 35.5 (19.3-77.3) 16.0 (7.0-42.0) 

IL-6, pmol/ml - - 44.0 (32.0-83.8) 280.0 (52.5-614.5) 34.0 (26.0-191.0) 

Chest x-ray abnormalities      

Normal 2 (16.7) 3 (10.7) 6 (11.3) 8 (11.4) 26 (12.7) 

Moderate 4 (33.3) 6 (21.4) 10 (18.9) 17 (24.3) 45 (22.0) 

Severe 6 (50.0) 19 (67.9) 37 (69.8) 45 (64.3) 134 (65.4) 

Thrombosis 3 (25.0) 4 (14.3) 9 (16.4) 12 (16.7) 33 (15.4) 

Delirium 1 (8.3) 5 (17.9) 19 (35.2) 22 (31.0) 45 (21.1) 

Requiring oxygen supplementation 12 (100.0) 27 (96.4) 52 (94.5) 72 (97.3) 215 (98.6) 

Requiring high flow nasal cannula 0 (0.0) 8 (28.6) 27 (50.9) 23 (32.4) 71 (34.1) 

ICU admission 2 (16.7) 8 (28.6) 26 (47.3) 37 (50.0) 78 (35.8) 

Invasive mechanical ventilation 2 (16.7) 6 (21.4) 22 (40.0) 35 (47.3) 69 (31.7) 

Length of intubation, days 7.0 (3.0-na) 28.0 (11.0-30.0) 14.0 (8.5-23.5) 17.0 (7.0-32.0) 13.0 (7.8-23.0) 

Tracheostomy 0 (0.0) 2 (7.4) 9 (16.4) 15 (21.1) 18 (8.3) 

Length of ICU stay, days 10.0 (5.0-na) 17.0 (2.0-31.0) 16.0 (9.0-36.8) 22.0 (10.5-35.0) 14.0 (8.0-26.5) 

Length of hospital stay, days 5.0 
(2.3-8.5) 

11.0 
(4.3-22.0) 

12.0 
(6.0-31.0) 

15.0 
(7.0-39.0) 

10.0 
(5.0-23.0) 



COVID-19 directed Treatment      

None 0 (0.0) 2 (8.0) 6 (11.5) 10 (14.7) 22 (10.3) 

(Hydroxy)chloroquine 0 (0.0) 1 (4.0) 1 (1.9) 0 (0.0) 3 (1.4) 

Steroids 11 (100.0) 21 (84.0) 44 (84.6) 57 (83.8) 181 (85.0) 

Antivirals 1 (9.1) 3 (12.0) 10 (19.2) 12 (17.6) 35 (16.4) 

Anti-inflammatory treatment 0 (0.0) 2 (8.0) 6 (11.5) 11 (16.2) 30 (14.1) 

Convalescent plasma 0 (0.0) 0 (0.0) 3 (5.8) 1 (1.5) 2 (0.9) 

Monoclonal antibodies 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Time interval between discharge and 
follow-up visit 

     

3 Months visit, days 91.4 ± 21.6 97.0 ± 12.2 95.3 ± 13.9 95.4 ± 21.5 94.2 ± 26.0 

6 Months visit, days 186.8 ± 7.2 183.2 ± 10.3 191.4 ± 18.0 182.4 ± 47.0 184.4 ± 28.1 

12 Months visit, days 358.3 ± 19.6 366.6 ± 10.6 365.7 ± 6.6 371.4 ± 22.8 369.3 ± 22.6 

 

Data are presented as n (%), mean ± standard deviation, or, for non-normally distributed variables, as median (interquartile range). Outcomes are stratified 

divided by the number of symptoms clusters affected (the four symptoms clusters comprise physical, respiratory, cognitive and fatigue symptoms). 

ᵃAdjusted n is presented for variables with a total number of patients less than 408. BMI, body mass index; PCR, Polymerase Chain Reaction, SARS-CoV-2, 

Severe Acute Respiratory Syndrome coronavirus 2; ICU, Intensive Care Unit; na, not applicable. 

  



Figure 1: Flowchart of the patients in the CO-FLOW study during the interim analysis 

 

  



Figure 2: Symptom prevalence over time 

 

Figure legend: Prevalence of COVID-19-related symptoms at 3, 6, and 12 months follow-up in 
patients after hospitalization for COVID-19, sorted by symptoms cluster and from most to least 
frequently reported. Data are presented percentage of patients with symptoms. Symptoms marked 
with ◊ declined significantly over time based on Generalized Estimating Equation analyses, with 
follow-up visit as fixed factor and symptom (yes/no) at each follow-up visit as dependent variable.  
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Figure 3:  Venn Diagrams showing overlap between the symptom clusters (physical symptoms, 

cognitive symptoms, fatigue symptoms and respiratory symptoms  for the entire  cohort (A) and for 

males (B), and females (C). 

 

Figure legend: Data are presented as n (%) indicating the number of patients with symptoms.   

 

 

  



Figure 4. Forest Plot of the patient and admission characteristics associated with the most prevalent 

symptoms for the physical, fatigue and cognitive symptoms clusters obtained by multivariable logistic 

regression analyses 

 

 

 

 

  



Appendix 1 

Corona Symptom Checklist 

 
The following complaints may be experienced after COVID-19. Check for each question whether you 
experienced the complaint at this moment and is new since the COVID-19. When you experienced 
the complaints already before the infection and this did not change, please check “no”. When the 
complaints worsened or is new after infection, please check “yes”.  
 

Complaint:  Yes No 

Do you experience a reduced vision? □ □ 

Do you experience a reduced hearing? □ □ 

Do you experience a reduced taste? □ □ 

Do you experience a reduced smell? □ □ 

Do you experience coughing problems? □ □ 

Do you experience phlegm? □ □ 

Do you experience a reduced voice? □ □ 

Do you experience balance problems or dizziness? □ □ 

Do you experience stool problems? □ □ 

Do you experience miction problems? □ □ 

Do you experience fatigue?* □ □ 

Do you experience dyspnea? □ □ 

Do you experience joint complaints? □ □ 

Do you experience muscle weakness? □ □ 

Do you experience reduced fitness? □ □ 

Do you experience hair loss? □ □ 

Do you experience skin rash? □ □ 

Do you experience claudication? □ □ 

Do you experience sensory overload?* □ □ 

Do you experience concentration problems? □ □ 

Do you experience memory problems? □ □ 

Do you experience headache?* □ □ 



Do you experience sleeping problems? □ □ 

Do you experience anxiety/nightmares? □ □ 

Do you experience tingling and or pain in extremities? □ □ 

Do you experience chest pain?* □ □ 

 

*These questions were added from June 2021 onwards 
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