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Abstract

Background: We used data from a prospective cohort to explore 2-year trajectories

of ‘long COVID’ (persistent symptoms after SARS-CoV-2 infection) and their associa-

tion with illness perception.

Methods: RECoVERED participants (adults; prospectively enrolled following

laboratory-confirmed SARS-CoV-2 infection, May 2020–June 2021) completed

symptom questionnaires at months 2–12, 18 and 24, and the Brief Illness Perception

Questionnaire (B-IPQ) at months 1, 6 and 12. Using group-based trajectory models

(GBTM), we modelled symptoms (mean total numbers and proportion with four spe-

cific complaints), including age, sex, BMI and timing of infection as covariates. In a

multivariable linear mixed-effects model, we assessed the association between symp-

tom trajectories and repeated B-IPQ scores.

Results: Among 292 participants (42% female; median age 51 [IQR = 36–62]), four

trajectories were identified, ranging from Trajectory 4 (8.9%; 6 + symptoms) to Tra-

jectory 1 (24.8%; no symptoms). The occurrence of fatigue and myalgia increased

among 23% and 12% of participants, respectively. Individuals in Trajectory 4 experi-

enced more negative adjusted B-IPQ scores over time than those in Trajectories 1–3.
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Conclusions: We observed little fluctuation in the total number of symptoms, but

individual symptoms may develop as others resolve. Reporting a greater number of

symptoms was congruent with more negative illness perception over time.

K E YWORD S

COVID-19, illness perception, sequelae, symptoms, trajectories

1 | BACKGROUND

Millions worldwide have been infected with SARS-CoV-2,1 of whom

an estimated 12%–75% develop long-lasting symptoms,2,3 also known

as ‘long COVID’ or post-acute sequelae of COVID-19 (PASC). The

World Health Organisation (WHO) defines long COVID as reporting

one or more symptoms beyond 3 months after infection, which last

for at least 2 months and cannot be explained by an alternative

cause.4 As a consequence, most studies on long COVID focus on the

duration of long COVID symptoms. However, data suggest that tra-

jectories of long COVID symptoms may vary over time.5,6 Some indi-

viduals may experience repeated cycles or fluctuation in long COVID

symptoms, implying long COVID could present as a relapsing–

remitting condition. Among these individuals, the duration of long

COVID symptoms could be underestimated if the first date that symp-

toms are absent is defined as recovery. Furthermore, research to date

has not consistently complemented data on duration of symptoms

with information on the type, total number or severity of symptoms.

Standardised questionnaires that help measure subjective fea-

tures of the lived experience of long COVID have also been under-

utilised. Examining illness perception builds a bridge between patient

perspectives and clinical outcomes, providing detailed insight into the

role of the lived experience in reporting symptom data. For other

long-term conditions, for instance, a more optimistic illness perception

has been independently linked to improved prognosis, including lower

mortality,7 whilst more negative illness perception has been associ-

ated with stress and reduced quality of life.8 Illness perception may be

an important determining factor of the progression of long COVID

symptoms over time, and therefore may help further characterise the

condition and identify individuals most severely affected.

We used data from a prospective cohort of individuals infected

with SARS-CoV-2 to identify longitudinal trajectories of long COVID

symptoms over 2 years of follow-up. We assessed baseline determi-

nants of belonging to a given trajectory, and evaluated the association

between the clinical trajectories identified and a validated measure of

participants’ own illness perceptions.

2 | METHODS

2.1 | Study design and population

RECoVERED is a prospective cohort study of adults with laboratory-

confirmed SARS-CoV-2 infection. Participants experienced mild to

critical COVID-19 and were enrolled in the study between May 2020

and June 2021 within 7 days after diagnosis or hospital admission. A

small proportion of hospitalised participants were enrolled retrospec-

tively to ensure representation of patients hospitalised during the first

wave of COVID-19 in the Netherlands. Further details of study design

and population have been outlined previously.9 Briefly, eligibility cri-

teria included laboratory confirmation of SARS-CoV-2 infection by

reverse transcriptase polymerase chain reaction (RT-PCR), age 16–

85 years, residing in the municipal region of Amsterdam and adequate

understanding of Dutch or English. Individuals residing in a nursing

home and those with mental disorders deemed likely to interfere with

adherence to study procedures were excluded. RECoVERED was

approved by the medical ethical review board of the Amsterdam Uni-

versity Medical Centres (NL73759.018.20). All participants provided

written informed consent.

2.2 | Study procedures and outcome assessment

Socio-demographic characteristics, physical measurements and medi-

cal history were recorded through standardised interviews conducted

by trained staff during the first month of follow-up. Participants

reported symptom presence, severity and start/stop dates at Day

0 (D0), Day 7 (D7) and Month 1 (M1) of follow-up for 20 different

COVID-19 symptoms.10 Participants then completed monthly stan-

dardised online questionnaires on the presence (in the preceding

month) of these same 20 symptoms from M2–M12 and at M18 and

M24 of follow-up. Finally, the validated Brief Illness Perception Ques-

tionnaire (B-IPQ),11,12 which measures modalities of response to ill-

ness, was completed at M1, M6 and M12 of follow-up.

For the current analysis, we included RECoVERED participants

with at least one completed symptom questionnaire, and used data

collected until 1 November 2022.

3 | DEFINITIONS

Illness onset was defined as the earliest date upon which COVID-19

symptoms were reported. WHO definitions for long COVID and acute

COVID-19 severity are noted in Supporting Information. BMI was

defined in kg/m2 as: <25, underweight or normal weight; 25–29, over-

weight; ≥30, obese. The B-IPQ11 was expressed both as a total score

(continuous variable with no validated cut-off values) and as sub-

scores for each domain: consequence/influence, timeline, personal
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control, treatment control, identity, concern, comprehension and emo-

tions. Higher B-IPQ scores denote a more negative illness perception

whilst lower scores indicate a more benign illness perception.

Hypothesising that illness perceptions of long COVID may have

evolved over time, we defined two calendar time periods related to

the timing of SARS-CoV-2 infection: the first COVID-19 wave in the

Netherlands (up to 1 June 2020) and all subsequent waves (1 June

2020 onwards).13

3.1 | Statistical analysis

Among participants who completed at least one symptom survey,

socio-demographic, clinical and study characteristics were presented,

stratifying participants by their initial COVID-19 severity. To assess

selection bias, characteristics of participants who did and did not com-

plete at least one symptom survey were compared. Continuous vari-

ables were presented as median (IQR) and compared using the

Kruskal–Wallis test, whilst categorical variables were displayed as

n (%) and compared using Pearson’s χ2 test.

We used group-based trajectory modelling (GBTM) to identify

long COVID trajectories over the 24-month period since illness onset.

Trajectories of the mean total number of long COVID symptoms

reported (range: 0–20) were estimated using a finite-mixture model

with a censored normal distribution (thus, fully asymptomatic individ-

uals contributed to 0 symptoms). We chose to model a priori at least

three trajectories, assuming that one trajectory would represent par-

ticipants without long COVID, and aimed to identify ≥2 further trajec-

tories to differentiate participants with long COVID. The best-fitting

model (either three or four trajectories with a linear, quadratic or cubic

function of time) was identified by comparing the Bayesian Informa-

tion Criterion (BIC),14 conditional on entropy (i.e., measurement of

how accurately the model classifies participants into different trajec-

tories) of at least 0.6. Models containing a marginal probability of any

one group at <5% were not considered further. We then modelled tra-

jectories of the proportion of participants reporting fatigue, myalgia,

loss of smell/taste and dyspnoea (the four most frequently-reported

long COVID symptoms in our cohort9) using a binary logistic

distribution.

To study determinants of belonging to a given trajectory, the a

posteriori probability of belonging to each group was calculated for

each participant from the final GBTM based on the mean total num-

ber of symptoms. Study participants were then assigned to the trajec-

tory group for which they had the highest probability of group

membership. Participant characteristics were compared between tra-

jectory groups using Kruskal–Wallis test for continuous variables and

Pearson’s χ2 test for categorical variables. Considering that group

membership is based on a finite-mixture distribution (i.e., there is mis-

classification of group membership), determinants of belonging to a

group were modelled in a subsequent, multivariable GBTM. We

included a priori the pre-morbid risk factors age (years) at infection,

sex and BMI category as well as timing of infection (first COVID-19

wave vs. subsequent waves), from which the odds ratios (OR) and

their 95% confidence intervals (CI) (comparing the odds of group

membership between levels of the risk factors) could be estimated.

Severity of initial COVID-19 disease was not included in this model as

it acts lies on the pathway between pre-morbid risk factors and long

COVID.

To assess the association between symptom trajectory group

and illness perception, we calculated the median (IQR) B-IPQ scores

for each sub-domain across trajectory groups at each time-point

and compared the scores using the Kruskal–Wallis test. In a post-

hoc analysis, the mean total B-IPQ scores at M1, M6 and M12 were

then modelled using a linear mixed-effects model, stratified by tra-

jectory group. Time since illness onset was included as both a fixed

and random effect whilst allocated trajectory group and its interac-

tion with time, sex and age (years) were added to the model as

fixed effects. BMI category, initial COVID-19 severity and timing of

SARS-CoV-2 infection were included in the model if the likelihood

ratio test (LRT) indicated a significantly improved fit. In an additional

post-hoc analysis, we assessed the potential of using total B-IPQ

scores at M1 as an early screening tool for later more severe long

COVID. We used an ordered logit model to regress group-based

symptom trajectory group on total M1 B-IPQ score (per 10-point

increase), with covariates selected as in the linear mixed-effects

model.

Analyses were performed using Stata (v15.1, StataCorp LLC, Col-

lege Station, TX, USA). GBTM were estimated using the ‘traj’ plug-in
in Stata. A two-sided p-value <0.05 was considered statistically

significant.

3.2 | Sensitivity analyses

To understand the effect of our definition of long COVID symptoms

on the identified trajectories, a sensitivity analysis was performed in

which all symptoms (i.e., not only those arising <1 month of overall ill-

ness onset) were included in the outcome of the GBTM.

4 | RESULTS

4.1 | Description of the study population

Of 349 enrolled study participants by June 2021, 292 (83.7%; 86/292

[29.5%] mild, 127/292 [43.5%] moderate and 79/292 [27.1%] severe/

critical COVID-19) completed at least one symptom questionnaire

and were included in the current analysis (Table 1). Participants who

completed at least one symptom questionnaire were more likely to be

of Dutch background (p = 0.003) and less likely to have been hospita-

lised due to COVID-19 (p = 0.013) (Table S1). Most (264/349; 75.6%)

study participants were recruited before 1 January 2021, prior to

when the Alpha variant (B1.1.7) began to circulate in the

Netherlands.15
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T AB L E 1 Socio-demographic, clinical and study characteristics of participants enrolled between May 2020 and June 2021 who completed at
least one symptom survey in the RECoVERED cohort in Amsterdam, the Netherlands.

Initial COVID-19 severitya

p-Value
Total Mild Moderate Severe/critical
N = 292 N = 86 N = 127 N = 79

Baseline socio-demographic and medical characteristics

Sex 0.25

Male 170 (58%) 44 (51%) 76 (60%) 50 (63%)

Female 122 (42%) 42 (49%) 51 (40%) 29 (37%)

Age, years 51.0 (36.0–62.0) 41.0 (29.0–54.0) 50.0 (34.0–62.0) 60.0 (51.0–66.0) <0.001

BMI, kg/m2 26.1 (23.5–29.4) 24.5 (22.8–27.7) 26.2 (23.5–29.4) 27.4 (25.5–33.3) <0.001

BMI category <0.001

Normal weight 121 (41%) 50 (58%) 52 (41%) 19 (24%)

Overweight 101 (35%) 23 (27%) 45 (35%) 33 (42%)

Obese 68 (23%) 13 (15%) 30 (24%) 25 (32%)

Missing 2 (1%) 0 (0%) 0 (0%) 2 (3%)

Migration background 0.003

Dutch 183 (63%) 62 (72%) 77 (61%) 44 (56%)

Non-Dutch, OECD high-income 31 (11%) 11 (13%) 16 (13%) 4 (5%)

Non-Dutch, OECD low/middle income 71 (24%) 10 (12%) 32 (25%) 29 (37%)

Missing 7 (2%) 3 (3%) 2 (2%) 2 (3%)

Smoking 0.13

Non-smoker 182 (62%) 52 (60%) 74 (58%) 56 (71%)

Smoker 19 (7%) 8 (9%) 10 (8%) 1 (1%)

Ex-smoker 88 (30%) 24 (28%) 43 (34%) 21 (27%)

Missing 3 (1%) 2 (2%) 0 (0%) 1 (1%)

Highest level of education <0.001

None, primary or secondary education 41 (14%) 7 (8%) 22 (17%) 12 (15%)

Vocational training 70 (24%) 9 (10%) 32 (25%) 29 (37%)

University education 173 (59%) 67 (78%) 71 (56%) 35 (44%)

Missing 8 (3%) 3 (3%) 2 (2%) 3 (4%)

Number of COVID-19 high-risk comorbiditiesb <0.001

0 160 (55%) 61 (71%) 75 (59%) 24 (30%)

1 72 (25%) 18 (21%) 28 (22%) 26 (33%)

2 36 (12%) 5 (6%) 16 (13%) 15 (19%)

3 or more 24 (8%) 2 (2%) 8 (6%) 14 (18%)

COVID-19-related clinical characteristics

Symptom status at baseline 0.45

Symptomatic 287 (98%) 85 (99%) 127 (100%) 75 (95%)

Asymptomatic 2 (1%) 1 (1%) 0 (0%) 1 (1%)

Missing 3 (1%) 0 (0%) 0 (0%) 3 (4%)

Hospital admission 141 (48%) 4 (5%) 60 (47%) 77 (97%) <0.001

ICU admission 40 (14%) 0 (0%) 0 (0%) 40 (51%) <0.001

Days from illness onset to COVID-19 diagnosis 4 (2–10) 3 (1–8) 4 (2–11) 7 (2–11) 0.13

Days from illness onset to hospitalisation 9 (7–14) 43 (9–85) 10 (8–16) 9 (7–12) 0.10

Days from illness onset to ICU admission 10 (7–12) NA NA 10 (7–12)

Received oxygen therapy before or during follow-up 135 (46%) 0 (0%) 59 (46%) 76 (96%) <0.001

4 of 12 WYNBERG ET AL.
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T AB L E 1 (Continued)

Initial COVID-19 severitya

p-Value
Total Mild Moderate Severe/critical
N = 292 N = 86 N = 127 N = 79

Received steroid treatment <0.001

No steroid 211 (72%) 86 (100%) 88 (69%) 37 (47%)

Dexamethasone 55 (19%) 0 (0%) 27 (21%) 28 (35%)

Other steroid 26 (9%) 0 (0%) 12 (9%) 14 (18%)

Maximal HR, beats/minc 82 (72–94) 75 (67–81) 84 (76–94) 94 (79–107) <0.001

Maximal RR, breaths/minc 20 (16–24) 16 (16–16) 20 (20–24) 24 (20–32) <0.001

Lowest SpO2, %
c 96 (91–98) 98 (97–99) 96 (93–98) 88 (80–90) <0.001

Received COVID-19 primary vaccination series NA

Not vaccinated 24 (8%) 2 (2%) 13 (10%) 9 (11%)

Vaccinated 232 (79%) 72 (84%) 102 (80%) 58 (73%)

LTFU before vaccination 36 (12%) 12 (14%) 12 (9%) 12 (15%)

Time from illness onset to first vaccination, days 244 (139–360) 203 (130–310) 241 (162–318) 372 (131–393) NA

Died during follow-up 1 (0%) 0 (0%) 1 (1%) 0 (0%) NA

Number of reinfections NA

0 222 (76%) 57 (66%) 92 (72%) 73 (92%)

1 65 (22%) 27 (31%) 33 (26%) 5 (6%)

2 or more 5 (1%) 2 (2%) 2 (2%) 1 (1%)

Long COVID status at 12 weeks after illness onset <0.001

No (recovered within 12 weeks) 115 (39%) 54 (63%) 43 (34%) 18 (23%)

Yes (did not recover within 12 weeks) 177 (61%) 32 (37%) 84 (66%) 61 (77%)

Study characteristics

Place of recruitment <0.001

Non-hospital 143 (49%) 75 (87%) 65 (51%) 3 (4%)

Hospital 149 (51%) 11 (13%) 62 (49%) 76 (96%)

Type of inclusion <0.001

Prospective 209 (72%) 73 (85%) 99 (78%) 37 (47%)

Retrospective 83 (28%) 13 (15%) 28 (22%) 42 (53%)

Days from illness onset to inclusion in study 12 (6–51) 7 (4–12) 12 (6–32) 42 (14–89) <0.001

Lost to follow-up 109 26 40 43 NA

Note: Continuous variables presented as median (IQR) and compared using the Kruskal–Wallis test; categorical and binary variables presented as n (%) and

compared using the Pearson χ 2 test (or Fisher exact test if n < 5). Time-dependent outcomes not compared between groups due to bias resulting from

differing follow-up lengths.

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019; HR, heart rate; ICU, intensive care unit; LTFU, lost to follow-up; NA, not

applicable; OECD, Organisation for Economic Co-operation and Development; RR, respiratory rate; SpO2, oxygen saturation on room air.
aClinical severity groups defined as: mild as having an RR < 20/min and SpO2 on room air >94% at both D0 and D7; moderate disease as having a RR 20–
30/min, SpO2 90%–94% and/or receiving oxygen therapy at D0 or D7; severe disease as having a RR > 30/min or SpO2 < 90% at D0 or D7; critical

disease as requiring ICU admission.
bCOVID-related comorbidities are based on WHO Clinical Management Guidelines and include: cardiovascular disease (including hypertension), chronic

pulmonary disease (excluding asthma), renal disease, liver disease, cancer, immunosuppression (excluding HIV, including previous organ transplantation),

previous psychiatric illness and dementia.
cPhysical measurements at D0 and D7 study visits. Oxygen saturation measured on room air if possible or retrieved from ambulance records for

hospitalised participants admitted on oxygen on day of enrollment.
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4.2 | Group-based trajectories of long COVID
symptoms and their determinants

Four trajectories of long COVID symptoms were identified (Figure 1;

Table S2), totalling an average of approximately 0 (i.e., no long COVID

symptoms; Trajectory 1, 24.8% of study participants), 2 (Trajectory

2, 44.6%), 4 (Trajectory 3, 21.6%) or 7–8 symptoms (Trajectory

4, 8.9%) over time. Although minor fluctuation of the number of

symptoms reported was observed, the overall course of symptoms

was stable for each trajectory. In Trajectory 4 (highest number of

symptoms, smallest proportion of participants), an increase in the

mean total number of long COVID symptoms in the first year was fol-

lowed by a decrease in the second year. Participants belonging to Tra-

jectory 4 were more often female (p < 0.001) and less frequently had

university-level education (p = 0.025) compared to participants

belonging to other trajectories (Table 2). A posteriori probabilities of

belonging to each trajectory group are shown in Figure S2.

When modelling the finite-mixture distribution of profile mem-

bership from the multivariable GBTM (Table 3), participants who were

obese had higher odds of belonging to Trajectory 3 (p = 0.038) or

4 (p = 0.029) than Trajectory 1. Additionally, female participants had

higher odds of belonging to Trajectory 2, 3 or 4 than participants in

Trajectory 1 when adjusting for other covariates. Individuals infected

on or after 1 June 2020 instead of during the first wave of COVID-19

had five times higher odds of belonging to Trajectory 4 compared to

Trajectory 1 (p = 0.046) when adjusting for other covariates,

although this estimate is likely to be inflated given only two individ-

uals infected during the first wave belonged to Trajectory 4. In a sen-

sitivity analysis where all reported symptoms (not only those

commencing <1 month of illness onset) were included, the overall

course of symptom trajectories did not change, but the mean total

number of symptoms reported was higher, especially for Trajectories

3 and 4 (Figure S1).

4.3 | Group-based trajectories of individual
symptoms

When considering adjusted group-based trajectories of individual

symptoms, distinct patterns were observed (Figures 2A–D). Among

participants with fatigue, 14.6% of participants demonstrated a steady

recovery from fatigue over 2 years whilst 35.0% of participants expe-

rienced chronic fatigue after adjusting for age, sex, BMI category and

timing of infection (Figure 2A). More than half of study participants

(57.7%) did not report loss of smell and/or taste, and the three other

trajectories of participants all demonstrated improvement over time

after adjustment (either complete resolution within 10 months or a

more gradual improvement; Figure 2B). Among one eighth (12.3%) of

participants, the proportion reporting myalgia became gradually higher

over the course of 2 years (Figure 2C). Half of study participants

(49.6%) reported no dyspnoea throughout follow-up. In the trajectory

with the highest proportion of participants with dyspnoea during the

first month of illness (24.0%), a steady improvement (decrease in

reporting dyspnoea) was observed over the 2-year period (Figure 2D).

Tables S3–S6 show the determinants of belonging to each trajectory

of fatigue, loss of smell and/or taste, myalgia and dyspnoea. When

adjusting for age, sex and BMI, individuals infected on or after 1 June

2020 had significantly lower odds of experiencing moderate, chronic

loss of smell/taste compared to no loss of smell/taste, than individuals

infected during the first wave.

4.4 | Association between trajectories and illness
perception over time

In univariable analysis, trajectories with a higher number of long

COVID symptoms had significantly higher B-IPQ scores (i.e., more

negative illness perceptions) across all sub-domains except ‘personal

F I G U R E 1 Group-based trajectories
based on mean total number of long
COVID symptoms reported at 2–
24 months after illness onset, adjusted for
age (years), sex, BMI category and timing
of infection (first wave vs. subsequent
waves).
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T AB L E 2 Socio-demographic and clinical characteristics of participants per long COVID symptom trajectory group.

Symptom trajectory number

p-Value
Total 1 2 3 4
N = 290a N = 70 N = 137 N = 59 N = 24

Baseline socio-demographic and medical characteristics

Sex <0.001

Male 169 (58%) 55 (79%) 75 (55%) 33 (56%) 6 (25%)

Female 121 (42%) 15 (21%) 62 (45%) 26 (44%) 18 (75%)

Age, years 51.0 (36.0–62.0) 46.5 (32.0–64.0) 53.0 (39.0–64.0) 51.0 (41.0–60.0) 51.0 (42.5–55.0) 0.47

BMI category 0.13

Normal weight 121 (42%) 38 (54%) 56 (41%) 20 (34%) 7 (29%)

Overweight 101 (35%) 23 (33%) 47 (34%) 21 (36%) 10 (42%)

Obese 68 (23%) 9 (13%) 34 (25%) 18 (31%) 7 (29%)

Migration background 0.53

Dutch 183 (63%) 45 (64%) 87 (64%) 37 (63%) 14 (58%)

Non-Dutch, OECD high-income 31 (11%) 11 (16%) 11 (8%) 7 (12%) 2 (8%)

Non-Dutch, OECD low/middle

income

69 (24%) 12 (17%) 34 (25%) 15 (25%) 8 (33%)

Missing 7 (2%) 2 (3%) 5 (4%) 0 (0%) 0 (0%)

Smoking 0.82

Non-smoker 181 (62%) 45 (64%) 83 (61%) 38 (64%) 15 (63%)

Smoker 19 (7%) 2 (3%) 11 (8%) 5 (8%) 1 (4%)

Ex-smoker 87 (30%) 22 (31%) 41 (30%) 16 (27%) 8 (33%)

Missing 3 (1%) 1 (1%) 2 (1%) 0 (0%) 0 (0%)

Highest level of education 0.025

None, primary or secondary

education

41 (14%) 8 (11%) 24 (18%) 6 (10%) 3 (13%)

Vocational training 69 (24%) 10 (14%) 35 (26%) 13 (22%) 11 (46%)

University education 172 (59%) 50 (71%) 72 (53%) 40 (68%) 10 (42%)

Missing 8 (3%) 2 (3%) 6 (4%) 0 (0%) 0 (0%)

Number of COVID-19 high-risk

comorbiditiesb
0.73

0 160 (55%) 40 (57%) 76 (55%) 32 (54%) 12 (50%)

1 70 (24%) 17 (24%) 30 (22%) 14 (24%) 9 (38%)

2 36 (12%) 6 (9%) 20 (15%) 7 (12%) 3 (13%)

3 or more 24 (8%) 7 (10%) 11 (8%) 6 (10%) 0 (0%)

Follow-up COVID-19-related characteristics

Hospital admission 139 (48%) 24 (34%) 69 (50%) 34 (58%) 12 (50%) 0.049

ICU admission 39 (13%) 8 (11%) 20 (15%) 6 (10%) 5 (21%) 0.55

Timing of infection 0.051

First wave (up to 1 June 2020) 98 (34%) 24 (34%) 51 (37%) 21 (36%) 2 (8%)

Subsequent waves (from 1 June

2020 onwards)

192 (66%) 46 (66%) 86 (63%) 38 (64%) 22 (92%)

Vaccination status (primary series) NA

Not vaccinated 24 (8%) 3 (4%) 8 (6%) 8 (14%) 5 (21%)

Vaccinated 231 (80%) 59 (84%) 109 (80%) 47 (80%) 16 (67%)

LTFU before vaccination 35 (12%) 8 (11%) 20 (15%) 4 (7%) 3 (13%)

Died during follow-up 1 (0%) 1 (1%) 0 (0%) 0 (0%) 0 (0%) 0.53

(Continues)
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control’ at M1 and except ‘treatment control’ at months 1, 6 and

12 (Table S7).

In multivariable analyses, belonging to a symptom trajectory with a

greater number of symptoms remained associated with higher total

B-IPQ scores over time when adjusting for age, sex, initial COVID-19

severity and timing of infection in a linear mixed-effects model

(Figure 3; Table S8). Participants belonging to Trajectory 4 (i.e., highest

number of symptoms), Trajectories 3 and 2 reported a total mean 19.2,

17.7 and 6.7 points higher B-IPQ scores over time, respectively, than

participants in Trajectory 1, when adjusting for other covariates. Partici-

pants demonstrated an average decrease (improvement) in the total

B-IPQ score over time (p = 0.001). Participants infected during subse-

quent waves had lower B-IPQ scores compared to those infected dur-

ing the first wave when adjusting for other variables (p < 0.001).

Finally, in a multivariable ordinal logit model, every 10-point

increase in the B-IPQ score at M1 was associated with a 2.4 higher

proportional odds (p < 0.001) of belonging to Trajectory 4 compared

to Trajectory 1, 2 or 3 (Table S9).

T AB L E 2 (Continued)

Symptom trajectory number

p-Value
Total 1 2 3 4
N = 290a N = 70 N = 137 N = 59 N = 24

Number of reinfections 0.58

0 231 (80%) 57 (81%) 112 (82%) 45 (76%) 17 (71%)

1 55 (19%) 13 (19%) 23 (17%) 12 (20%) 7 (29%)

2 or more 4 (1%) 0 (0%) 2 (1%) 2 (4%) 0 (0%)

Long COVID status at 12 weeks after

illness onset

<0.001

No (recovered within 12 weeks) 121 (42%) 53 (76%) 57 (42%) 9 (15%) 2 (8%)

Yes (did not recover within

12 weeks)

169 (58%) 17 (24%) 80 (58%) 50 (85%) 22 (92%)

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019; ICU, intensive care unit; LTFU, lost to follow-up; NA, not applicable; OECD,

Organisation for Economic Co-operation and Development.

Note: Continuous variables presented as median (IQR) and compared using the Kruskal–Wallis test; categorical and binary variables presented as n (%) and

compared using the Pearson χ 2 test (or Fisher exact test if n < 5). Trajectory group membership was based on the maximum a posteriori probability of

belonging to that group. Time-dependent outcomes not compared between groups due to bias resulting from differing follow-up lengths.
aTwo individuals could not be assigned to a trajectory group due to missing risk variable (BMI).
bCOVID-related comorbidities are based on WHO Clinical Management Guidelines and include: cardiovascular disease (including hypertension), chronic

pulmonary disease (excluding asthma), renal disease, liver disease, cancer, immunosuppression (excluding HIV, including previous organ transplantation),

previous psychiatric illness and dementia.

T AB L E 3 Determinants of belonging to each trajectory based on mean total number of long COVID symptoms.

Long COVID symptom trajectory

Trajectory 2 versus 1 Trajectory 3 versus 1 Trajectory 4 versus 1

aOR (95%CI) p-Value aOR (95%CI) p-Value aOR (95%CI) p-Value

Age (years) 1.01 (0.99–1.04) 0.348 1.01 (0.98–1.03) 0.635 1.01 (0.97–1.05) 0.659

BMI

Normal weight Ref. Ref. Ref.

Overweight 1.50 (0.70–3.24) 0.298 2.08 (0.84–5.12) 0.112 4.10 (1.16–14.5) 0.029

Obese 1.65 (0.63–4.35) 0.308 3.09 (1.07–8.98) 0.038 5.03 (1.18–21.4) 0.029

Sex

Male Ref. Ref. Ref.

Female 3.35 (1.56–7.21) 0.002 3.19 (1.34–7.56) 0.009 11.11 (3.35–36.9) <0.001

COVID-19 wave

First wave Ref. Ref. Ref.

Subsequent waves 0.78 (0.37–1.65) 0.520 0.98 (0.42–2.29) 0.964 5.26 (1.03–26.9) 0.046

Note: BMI was defined in kg/m2 as: <25, underweight or normal weight; 25–29, overweight; ≥30, obese. COVID-19 wave defined as: first wave (up to 1

June 2020) and subsequent waves (on or after 1 June 2020). Long COVID symptoms were defined as those developing within 1 month of overall illness

onset, in order to exclude sporadic symptoms that were less likely to be attributed to the consequences of COVID-19.

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval.
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5 | DISCUSSION

In our prospective cohort based in Amsterdam, the Netherlands, we

identified four distinct trajectories of long COVID symptoms over a

2-year follow-up since illness onset, ranging from almost no symp-

toms (Trajectory 1) to reporting on average 7–8 symptoms over time

(Trajectory 4). Interestingly, the mean number of long COVID symp-

toms remained relatively stable over time in each trajectory. In con-

trast, trajectories of the proportion of study participants reporting

individual symptoms (fatigue, loss of smell/taste, myalgia and dys-

pnoea) showed distinct patterns of improvement and recovery. These

findings demonstrate the importance of examining the progression of

specific types of symptoms alongside composite measures.

By investigating trajectories of the mean total number of long

COVID symptoms over time, we aimed to shed light on both the pro-

gression of long COVID and the range of the number of symptoms

that individuals with long COVID may experience. We found that

approximately 1 of 10 participants in our cohort experienced more

debilitating long COVID—denoted by a higher mean total number of

symptoms and more negative illness perception compared to individ-

uals with fewer symptoms. Determinants of belonging to a trajectory

with a greater number of long COVID symptoms were overweight or

obesity and female sex; findings highly consistent with our previous

analysis on symptom recovery9 and research by others.16–19 Our find-

ings add value to existing evidence by demonstrating that obesity and

female sex are not only risk factors for developing long COVID but

also for experiencing more severe long COVID with potentially

greater support and rehabilitation needs. Sex-stratified research on

long COVID may help elucidate both the biological differences and

gender mechanisms underpinning sex-based differences in long

COVID risk. Although the proportion of individuals reporting 7–8

symptoms was small, the scale of the COVID-19 pandemic (with an

estimated 1 in 8 of the Dutch population experiencing long COVID3)

means that the public health and socio-economic consequences are

F I GU R E 2 Group-based trajectories based on the proportion reporting fatigue (A), loss of smell and/or taste (B), myalgia (C) or dyspnoea
(D) at 2–24 months after illness onset, adjusted for age (years), sex, BMI category and timing of infection (first wave vs. subsequent waves).
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likely to be substantial. Moreover, the lack of improvement observed

in the total numbers of symptoms reported, even over a 24-month

period, is worrying, and suggests prognosis for overall recovery from

long COVID is poor.

In contrast to the analysis of the mean total number of symptoms,

the pattern of specific symptom progression was not always stable

over time. These findings suggest that some individuals may experi-

ence new symptoms as other symptoms resolve. This highlights that

analysis of long COVID symptoms should account for non-linear

symptom progression, to ensure that the presence of symptoms is not

underestimated. Our study is not the first to explore the non-linear

progression of specific long COVID symptoms. Using Markov models,

a study based in France20 found that the prevalence of approximately

half (51%) of long COVID symptoms decreased over a 1-year period,

whereas the proportion of participants reporting parasthaesia and hair

loss appeared to increase over the same period. The longer follow-up

time of our cohort allowed us to examine symptom progression

beyond the first year. This revealed a relapse in the proportion of par-

ticipants reporting myalgia and dyspnoea between months 12–24

after illness onset despite an overall improvement in the first year,

suggesting a non-linear course of long COVID symptoms may not be

confined to the first year since illness onset.

Symptom trajectories were also highly congruent with illness per-

ception when adjusting for age, sex, initial COVID-19 severity and

timing of infection. These findings are in line with a previous

longitudinal study that found higher B-IPQ scores at 1 year after

COVID-19 among individuals with a greater number of long COVID

symptoms, reduced physical performance and higher fatigue score.21

Whilst we cannot proclaim a causal relationship, this association

observed has two important implications. Firstly, in clinical practice,

our findings imply that the B-IPQ—a rapid assessment tool—could be

used to quantify long COVID severity in real-time, monitor individuals’

progression over time or screen individuals for risk of developing

more severe long COVID, as suggested by the association between

the M1 B-IPQ and belonging to a 24-month trajectory with a greater

number of symptoms. Secondly, our findings help validate using the

total mean number of long COVID symptoms as a measure of subjec-

tive experience of long COVID, including differentiation of long

COVID severity. Indeed, individuals belonging to Trajectory 4 scored

significantly higher on all domains of the B-IPQ except treatment con-

trol at Months 6 and 12 of follow-up. Participants are likely to have

demonstrated a negative perception of treatment control regardless

of the total symptom trajectory due to the lack of treatment options

for long COVID. In addition, we observed that individuals infected

during the first wave tended to have more negative illness perception

compared to those infected during subsequent waves, despite having

lower odds of being allocated to Trajectory 4. This demonstrates that

illness perception can be influenced by external factors, such as fear

around COVID-19 during the first months of the pandemic.22

Together, our findings infer that efforts to cultivate a more positive

F I GU R E 3 Multivariable linear mixed-effects model of total brief illness perception (B-IPQ) score at M1, M6 and M12 after illness onset, by
2-year group-based trajectory group.
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illness perception may help alleviate the impact of long COVID and

that further investigation of utilising the B-IPQ in clinical practice is

required.

Strengths of our study include its long prospective follow-up from

illness onset onwards, representation of individuals with mild to criti-

cal COVID-19 and detailed symptom data. Nonetheless, our study

also has several limitations. First, without a SARS-CoV-2-negative or

pre-pandemic historical control group, it is difficult to determine

which symptoms are truly attributable to long COVID and which

symptoms are due to a background prevalence of pre-existing com-

plaints. In an attempt to avoid counting non-specific, transient symp-

toms as long COVID, we deemed symptoms arising more than

1 month after acute illness onset unrelated to long COVID. In doing

so, we may have ignored some long COVID symptoms with a later

date of onset. However, a sensitivity analysis removing this assump-

tion demonstrated no difference in trajectory shapes, only in total

number of symptoms. Second, our outcome of interest was captured

using a list of 20 symptoms, which may not have measured the full

spectrum of long COVID sequelae. As we included the most

commonly-reported long COVID symptoms, we do not expect this

limitation to have had a substantial impact on the trajectories identi-

fied. Third, without validated thresholds to indicate the significance of

B-IPQ values, we cannot evaluate to what extent the differences

observed in illness perception are clinically significant. Fourth, we did

not include vaccination, treatment received or reinfection as time-

varying covariates in our GBTM. Reinfection may have altered the

course of symptoms in a small proportion of individuals,23 although

the impact of vaccination on long COVID symptoms appears to be

negligible.24 As initial COVID-19 severity determined any acute treat-

ment received, we are unable to examine the specific effect of early

treatment (during the acute phase of disease) on long COVID trajecto-

ries. In addition, efficacy data on therapeutics for long COVID are too

sparse to speculate their role in these trajectories. To help inform

future therapeutic trials, studies could explore the association

between symptom trajectories and specific biomarkers or other out-

comes that may highlight a specific pathological process.

In conclusion, we identified distinct 2-year trajectories of long

COVID symptoms, which were strongly congruent with illness percep-

tion over time. Additionally, we observed groups of individuals with

diverse patterns of specific symptom progression, suggesting a need

for individualised clinical management. Female sex and overweight or

obesity are risk factors of having a persistently high number of symp-

toms and more negative B-IPQ scores. Both researchers and clinicians

should recognise, particularly when estimating the occurrence of the

condition, that long COVID symptoms may fluctuate over time.
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