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The prolonged impact of
COVID-19 on symptoms,
health-related quality of life,
fatigue and mental well-being:
a cross-sectional study
Iris M. Brus1*, Inge Spronk1, Juanita A. Haagsma1, Annemieke de
Groot2, Peter Tieleman2, Sara Biere-Rafi2† and Suzanne Polinder1†

1Department of Public Health, Erasmus University Medical Center, Rotterdam, Netherlands, 2C-support, ’s
Hertogenbosch, Netherlands

Background: A subset of patients experience persisting symptoms after an acute
COVID-19 infection, referred to as “post COVID-19 condition”. This cross-sectional
study aimed to compare symptoms, health-related quality of life (HRQoL), fatigue,
mental well-being, and determinants of diminished HRQoL, between patients with
post COVID-19 condition categorized by time since acute infection.
Methods: We performed an online survey and analyzed responses of 10,194 adult
respondents with a confirmed or suspected COVID-19 infection, who experienced
persisting symptoms ≥3 months after the initial infection. The most debilitating
symptoms and health outcomes were studied separately for respondents 3–6, 7–
9, 10–12, 13–18, 19–24, and >24 months after acute infection.
Results: At each time period, fatigue, sensory-processing problems, and
concentration problems were the most debilitating symptoms reported by
respondents, although the proportion of respondents who reported these
symptoms differed significantly between time periods. Respondents 3–6 months
post-acute infection had the lowest HRQoL (median EQ-5D utility score: 0.59),
the highest fatigue level (median score: 110.0) and the highest proportion with a
likely depressive disorder (32.4%), whereas respondents 13–18 months post-
infection had the highest HRQoL (0.65), the lowest fatigue level (106.0), and the
second lowest proportion with a likely depressive disorder (25.0%) (p=0.000–
0.007). Compared to those 13–18 and 19–24 months post-infection, respondents
>24 months post-infection had a slightly lower HRQoL (0.60), lower fatigue level
(108.0), and lower proportion with a likely depressive disorder (29.2%), although
only the differences in HRQoL were statistically significant (p=0.001–0.010).
Younger age, female gender, lower level of education, not having paid work
before COVID-19, comorbidity, and not being vaccinated, seemed to be
associated with lower HRQoL.
Conclusion: Regardless of time since infection, respondents considered fatigue,
sensory processing problems and concentration problems the most debilitating
symptoms. They experienced a low HRQoL and severe fatigue, even more than
two years after acute COVID-19 infection. Respondents 3–6 months post-
infection had the worst health outcomes, whereas respondents 13–18 months
post-infection had the best outcomes, indicating that, at least for a subgroup of
patients, health status may improve over time.
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1. Introduction

Since the start of the COVID-19 pandemic in 2020, over 600

billion confirmed cases of COVID-19 have been reported

worldwide (1). Although most patients recover from an acute

COVID-19 infection, some experience long-lasting symptoms,

usually referred to as “long COVID”, “post-COVID syndrome”

or “post COVID-19 condition”, as defined by the World Health

Organization (WHO) (2). Estimations of the proportion of

individuals with post COVID-19 condition following acute

infection vary from 4%–12% (3, 4). Due to the large number of

people infected with COVID-19, post COVID-19 condition is a

major public health challenge worldwide (5).

Post COVID-19 condition is usually defined as lasting

symptoms at least three months after acute COVID-19 infection,

as proposed by the WHO (2). However, previous studies used

timeframes varying from four weeks to six months after acute

infection (6). Post COVID-19 condition appears to affect patients

across all disease severities, including those with a mild acute

disease course, and across all age groups (3). Although there are

currently many hypotheses regarding the cause of these lasting

symptoms, the biological mechanism behind post COVID-19

condition has not yet been elucidated. Therefore, the broadly

applied approach to improve these symptoms is rehabilitation,

with no treatments having proven to be effective for patients

with this disabling condition (6, 7).

Patients with post COVID-19 condition experience a wide

range of symptoms, with fatigue, shortness of breath,

concentration difficulties, and sleeping disorders being most

frequently reported (8, 9). These symptoms can last for months

or years after acute infection, and it is yet unknown whether they

disappear in all patients over time. Possibly, these symptoms

remain chronic in a subset of patients (10, 11). Post COVID-19

condition appears to have a significant effect on the mental well-

being of patients, with previous research reporting increased rates

of mood and anxiety disorders during the six months following a

COVID-19 infection (12). Emerging evidence shows that these

long-term symptoms after COVID-19 infection also have a

negative impact on the health-related quality of life (HRQoL) of

afflicted patients and affect patients’ ability to function in daily

life, including their ability to work (13, 14).

Many studies have investigated the symptoms that patients

with post COVID-19 condition experience during the first

months after acute infection. However, the nature and pattern of

these long-term symptoms by time since acute infection,

especially more than one year after acute infection, have not yet

been fully clarified (10, 15, 16). Whether persistent symptoms

remain, worsen or resolve over time, and to what extent post

COVID-19 condition impacts HRQoL and mental well-being of

afflicted patients is not yet fully known (15). Furthermore, there

is a lack of knowledge on whether specific patients have an

increased risk of long-lasting symptoms and diminished health

outcomes (13). In addition, most studies have focused on the

impact of post COVID-19 condition among hospitalized patients

(8), while the majority of people infected with COVID-19
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experience a mild acute disease course not requiring

hospitalization (3).

A comprehensive overview of the impact of post COVID-19

condition on different dimensions of health and quality of life, as

well as insight into observed patterns over time, is urgently

needed to inform policymakers and improve healthcare and

rehabilitation services (17). The aim of this cross-sectional study

was therefore to compare symptoms, HRQoL, fatigue, mental

well-being, and determinants of diminished HRQoL, between

patients categorized by time since acute infection, in a large

cohort of over 10,000 adult post COVID-19 patients.
2. Methods

2.1. Study design and respondents

The study was conducted in collaboration with C-support; a

Dutch organization, commissioned by the Ministry of Health,

that informs, advises and supports patients who experience long-

term complaints after the initial COVID-19 infection. This cross-

sectional study collected data via an online survey among

patients with post COVID-19 condition that were registered at

C-support. Between February 11 and November 16, 2022, a total

of 18,074 patients of all ages who were registered at C-support

were invited via email to complete the Dutch survey.

Respondents were able to complete the online survey in steps, by

saving their answers and resuming the survey later. If patients

did not complete the survey, a reminder to complete the survey

was sent after three weeks. Inclusion criteria for the present

study were: adult patients (≥18 years old); a known infection

date; and an infection date ≥3 months before completing the

survey. All respondents provided online informed consent to use

their data for scientific research. The Medical Ethics Review

Board of the Erasmus Medical Center approved the study

protocol (MEC-2021-0751).
2.2. Measures

2.2.1. Socio-demographic and medical
characteristics

The survey contained socio-demographic variables including

age, gender, level of education, and living situation. Age was

categorized into six groups: 18–24 years, 25–34 years, 35–44

years, 45–54 years, 55–64 years, 65–74 years and 75 years and

older. Level of education was categorized as low (primary

education, lower and middle general secondary education),

middle (higher secondary education, middle vocational

education) and high (higher professional education, university

education) (18). Living situation was dichotomized as married or

living with a significant other, and not married or living without

a significant other.

Self-reported medical characteristics included month and year

of COVID-19 infection, number of COVID-19 infections,
frontiersin.org

https://doi.org/10.3389/fepid.2023.1144707
https://www.frontiersin.org/journals/epidemiology
https://www.frontiersin.org/


Brus et al. 10.3389/fepid.2023.1144707
hospitalization (yes/no) during acute infection, admission to

Intensive Care Unit (yes/no), and vaccination status (vaccinated/

not vaccinated). In addition, the survey included questions on

height, weight and pre-existing chronic diseases. BMI was

categorized as underweight (<18.5 kg/m2), normal weight (18.5–

25 kg/m2) overweight (25–30 kg/m2) and obese (>30 kg/m2) (19).

The list of pre-existing chronic diseases included 14 diseases and

an option “other” (20).
2.2.2. Symptoms
Based on a literature search, input from multiple patients living

with post COVID-19 condition, and input from healthcare

professionals, the occurrence of a total of 34 symptoms was

assessed (Supplementary File S1, Table S2). Respondents

specified which symptoms they had experienced since acute

infection of COVID-19, and which of those symptoms they

considered most debilitating during the last week. A maximum

of five symptoms could be selected as most debilitating.
2.2.3. Recovery from COVID-19
Recovery from COVID-19 was assessed using a question from

the COVID-19-COS set of core outcome measures (21), as

recommended by Munblit et al. (22). Respondents indicated to

what extent they had recovered from COVID-19, with complete

recovery meaning that respondents no longer had symptoms

related to COVID-19, could do their usual daily activities and

had returned to their previous state of health (prior to their

COVID-19 illness). Response categories range from 1 (“not

recovered at all”) to 5 (“completely recovered”).
2.2.4. Health-related quality of life (HRQoL)
HRQoL was measured using the EQ-5D-5l (23), a generic

instrument consisting of five items that each comprise one

dimension of HRQoL: mobility, self-care, usual activities, pain/

discomfort and anxiety/depression. Each item has five response

categories: “no problems”, “slight problems”, “moderate

problems”, “severe problems” and “extreme problems”. Using a

Dutch value set (24), the responses were combined to compute a

summary score (“utility index”), which is anchored from 1 (“full

health”) to 0 (“death”). Respondents were also asked to score

how they perceived their overall health status on a visual

analogue (VAS) scale ranging from 0 (“worst imaginable health”)

to 100 (“best imaginable health”).
2.2.5. Fatigue, energy level, and post-exertional
malaise

Fatigue was measured with the Checklist Individual Strength

(CIS) (25). This validated questionnaire consists of 20 items on a

7-point Likert scale and assesses four different aspects of fatigue:

fatigue severity (8 items), concentration problems (5 items),

reduced motivation (4 items) and reduced activity level (3 items).

Total scores range from 20 to 140, with higher scores indicating

more fatigue. A score of 35 or more on the subscale fatigue

severity is indicative of severe fatigue (26).
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Respondents also indicated their energy level on average during

the previous two weeks as a percentage, compared to the situation

before COVID-19, with the initial situation being 100%.

Post-exertional malaise was described as follows: “Marked and

rapid physical and/or cognitive fatigue, sometimes due to minimal

effort. This fatigue can be debilitating and trigger a relapse” (27).

Respondents rated the severity of post-exertional malaise on a 5-

point scale: “no problems”, “slight problems”, “moderate

problems”, “severe problems” and “extreme problems”.

2.2.6. Anxiety and depression
Anxiety was measured using the short version of the

Generalized Anxiety Disorder 7-item (28). The GAD-2 consists

of two items assessing how often respondents were affected by

each symptom during the last two weeks, with response

categories ranging from 0 (“not at all”) to 3 (“nearly every day”).

Total scores range from 0 to 6 and a score of 3 or higher is

indicative of generalized anxiety disorder.

Depression was measured using the short version of the Patient

Health Questionnaire 9-item (PHQ-2) (29), which, similar to the

GAD-2, consists of two items with answers ranging from 0 (“not

at all”) to 3 (“nearly every day”). A score of 3 or higher is

indicative of major depressive disorder.
2.3. Statistical analyses

As there was large variation within our study population with

regards to time since acute COVID-19 infection, and as time since

infection appears to be an important factor in the recovery from

post COVID-19 condition (30, 31), outcomes were studied

separately for respondents who were at different time periods

since (first) acute infection at the time of the survey. These

different time periods included: 3–6 months (3–6 m), 7–9

months (7–9 m), 10–12 months (10–12 m), 13–18 months (13–

18 m), 19–24 months (19–24 m), and >24 months (>24 m) since

acute infection.

Descriptive statistics were performed to report

sociodemographic and medical characteristics, symptoms,

recovery from COVID-19, EQ-5D-5l utility score, EQ-VAS, EQ-

5D-5l dimensions, GAD-2, PHQ-2, CIS summary score, CIS

subscales, energy level and post-exertional malaise. For figures

and regression analyses, the EQ-5D-5l, CIS sum score and CIS

subscales were transformed to a 0–100 scale, with higher scores

indicating better health, in order to be comparable with other

variables. Continuous data were reported as mean and standard

deviation (SD) if normally distributed, and as median and

interquartile range (IQR) if not-normally distributed. Categorical

data were reported as numbers (percentage). Continuous

variables were compared between the different time periods since

acute infection with ANOVA tests if normally distributed, or

with Kruskal-Wallis tests if not normally distributed, and

categorical variables were compared using Chi-square tests.

When the test result was significant (p-value <0.05) for the

comparison of a variable, Bonferroni-corrected pairwise

comparisons were conducted to determine differences.
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To identify determinants of diminished HRQoL, linear

regression analyses were performed for the EQ-5D utility score

and the EQ VAS using sociodemographic and medical

characteristics as independent variables. Variables with a p-value

<0.10 in univariate analyses were checked for multicollinearity

[variance inflation factors (VIF) < 5] and included in multivariate

regression analyses (32). A p-value of <0.05 was considered

statistically significant. All analyses were performed using IBM

SPSS version 28.
3. Results

3.1. Characteristics of respondents

A total of 18,074 patients registered at C-support were invited

to participate, of whom 10,385 completed the survey (57.5%). Of

those, 191 respondents were excluded because they were either

≤17 years old (n = 75), had a missing date of acute infection

(n = 8) or were infected <3 months before completing the survey

(n = 108). Therefore, a total of 10,194 respondents were included.

Time since (first) acute infection varied between respondents,

ranging from 3 to 6 months (16.7% of respondents) to >24

months (5.2%) prior to completing the survey (Table 1). Table 1

describes the characteristics of respondents for the different

groups by time period since acute infection. The median age was

45.0 (IQR = 18.0) for those 3–6 m post-infection, and 52.0 (IQR

= 17.0) for those >24 m post-infection, with more recently

infected respondents being younger (p < 0.001). The majority was

female (65.8–79.5%), with those >24 m post-infection having a

significantly lower percentage of females than all other groups (p

< 0.02). Most respondents had a high level of education (50.3%–

58.3%), had paid work before COVID-19 (87.5%–93.1%), and

were married or living with a significant other (68.5%–76.1%).

More recently infected respondents (3–6 m) had a significantly

higher proportion with a high level of education than those 10–

12 m, 13–18 m, 19–24 m, and >24 m post-infection (p < 0.001).

They also had a significantly higher proportion with paid work

before COVID-19 than those 19–24 m and >24 m post-infection

(p < 0.01). Comorbidity only significantly differed between those

19–24 m post-infection and those 3–6 m, 10–12 m, and 13–18 m

post-infection (p < 0.01), with more recently infected respondents

having a lower proportion with comorbidity. Three to ten

percent of respondents were admitted to a hospital, with those

3–6 m post-infection having the lowest admission rate (2.6%) (p

< 0.01). Intensive care admission did not differ significantly

between respondents 3–6 m, 7–9 m, 10–12 m, 13–18 m, 19–24 m,

and >24 m post-infection. Most respondents (90.8–93.3%) were

vaccinated at the time of the survey, although only 25.4% was

vaccinated before the first acute COVID-19 infection.
3.2. Top 10 most debilitating symptoms

For each time period, respondents indicated that fatigue,

sensory processing problems and concentration problems were
Frontiers in Epidemiology 04
the most debilitating symptoms (Figure 1). However, the

proportion of respondents reporting these symptoms as most

debilitating differed among the studied time periods. Of those 3–

6 m post-infection, 74.5% indicated fatigue as most debilitating,

which was significantly higher than those 13–18 m (69.2%) and

19–24 m post-infection (70.0%) (p < 0.02). The proportion of

respondents that indicated concentration problems as most

debilitating differed significantly between those 7–9 m (49.1%)

and 19–24 m post-infection (41.8%) (p < 0.001).

Some symptoms were significantly more often reported as most

debilitating by those most recently infected (3–6 m) compared to

those with the longest disease duration (>24 m), such as sensory

processing problems (56.1% vs. 43.6%; p < 0.001) and headache

(32.3% vs. 22.2%; p < 0.001).

In contrast, other symptoms were less frequently reported as

most debilitating by those most recently infected, such as

shortness of breath with exertion, for which there was significant

difference between those 3–6 m (32.9%) and 7–9 m post-

infection (31.6%) compared to those 19–24 m post-infection

(38.0%) (p < 0.01). Memory problems were significantly more

frequently reported by those >24 m post-infection compared to

those 3–6 m post-infection (23.2% vs. 30.0%; p = 0.024).

For decreased physical condition, sleeping problems and word

finding problems, no significant difference between the six different

time periods was found. The proportion of respondents indicating

heart palpitations as most debilitating was only significantly

different between those 3–6 m post-infection and those 13–18 m

post-infection (13.3% vs. 10.2%; p = 0.028).

Other symptoms are shown in Supplementary File S1,

Table S2.
3.3. Recovery from COVID-19

The proportion of respondents in different phases of recovery

from COVID-19 (not recovered to completely recovered)

differed significantly between the time periods since acute

infection (Figure 2). Of those 3–6 m post-infection, 77.8%

indicated that they had not or only somewhat recovered, which

was significantly higher compared to those with a longer

disease duration (>6 months; p < 0.01). The proportion of

respondents that indicated they had mostly or completely

recovered increased from 3.9% among respondents 3–6 m post-

infection to 17.0% among respondents 19–24 m post-infection.

Among respondents >24 post-infection, 8.7% was mostly or

completely.
3.4. Health outcomes

All health outcomes studied, HRQoL, perceived health, energy

level, fatigue, post-exertional malaise, anxiety, and depression,

differed significantly between time periods since acute infection

(p < 0.001). Respondents 3–6 m post-infection had the lowest

HRQoL (median EQ-5D utility score: 0.59, IQR = 0.32; median

EQ VAS: 44.0, IQR = 30.0), whereas those 13–18 m post-infection
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TABLE 1 Characteristics of respondents.

Time since acute infection p-
Value

3–6
months

7–9
months

10–12
months

13–18
months

19–24
months

>24
months

n = 1,705 n = 1,210 n = 1,354 n = 2,785 n = 2,613 n = 527
Age in years, median (IQR) 45.0 (18.0) 46.0 (18.0) 48.0 (17.0) 49.0 (16.0) 51.0 (15.0) 52.0 (17.0)

Age in categories, n (%) <0.001

18–24 years 56 (3.3) 45 (3.7) 38 (2.8) 71 (2.5) 37 (1.4) 10 (1.9)

25–34 years 306 (17.9) 211 (17.4) 202 (14.9) 354 (12.7) 245 (9.4) 55 (10.4)

35–44 years 448 (26.3) 281 (23.2) 284 (21.0) 593 (21.3) 505 (19.3) 91 (17.3)

45–54 years 503 (29.5) 389 (32.1) 430 (31.8) 932 (33.5) 841 (32.2) 156 (29.6)

55–64 years 332 (19.5) 250 (20.7) 343 (25.3) 723 (26.0) 812 (31.1) 167 (31.7)

65–74 years 56 (3.3) 30 (2.5) 50 (3.7) 92 (3.3) 150 (5.7) 41 (7.8)

75–88 years 4 (0.2) 4 (0.3) 7 (0.5) 20 (0.7) 23 (0.9) 7 (1.3)

Gender, n (%) <0.001

Male 343 (20.1) 287 (23.7) 346 (25.6) 650 (23.3) 631 (24.1) 177 (33.6)

Female 1,356 (79.5) 918 (75.9) 1,008 (74.4) 2,130 (76.5) 1,974 (75.5) 347 (65.8)

Other 4 (0.2) 4 (0.3) - 3 (0.1) 5 (0.2) 2 (0.4)

Rather not disclose 2 (0.1) 1 (0.1) - 2 (0.1) 3 (0.1) 1 (0.2)

Level of education, n (%) <0.001

Low 155 (9.1) 142 (11.7) 186 (13.7) 346 (12.4) 325 (12.4) 87 (16.5)

Middle 554 (32.5) 390 (32.2) 454 (33.5) 1,004 (36.1) 928 (35.5) 174 (33.0)

High 994 (58.3) 673 (55.6) 708 (52.3) 1,430 (51.3) 1,357 (51.9) 265 (50.3)

Unknown 2 (0.1) 5 (0.4) 6 (0.4) 5 (0.2) 3 (0.1) 1 (0.2)

Occupational status before COVID-19, n
(%)

<0.001

Paid work 1,586 (93.0) 1,126 (93.1) 1,246 (92.0) 2,550 (91.6) 2,337 (89.4) 461 (87.5)

Unpaid work 34 (2.0) 10 (0.8) 18 (1.3) 44 (1.6) 78 (3.0) 20 (3.8)

No work 85 (5.0) 74 (6.1) 90 (6.6) 191 (6.9) 198 (7.6) 46 (8.7)

Married/living with significant other, n (%) <0.001

Yes 1,210 (71.0) 870 (71.9) 1,030 (76.1) 2,050 (73.6) 1,815 (69.5) 361 (68.5)

No 493 (28.9) 339 (28.0) 320 (23.6) 727 (26.1) 794 (30.4) 166 (31.5)

Unknown 2 (0.1) 1 (0.1) 4 (0.3) 8 (0.3) 4 (0.2) -

Comorbidity, n (%) <0.001

No comorbidity 930 (54.5) 653 (54.0) 750 (55.4) 1,506 (54.1) 1,281 (49.0) 253 (48.0)

Comorbidity 775 (45.5) 557 (46.0) 604 (44.6) 1,279 (45.9) 1,332 (51.0) 274 (52.0)

BMI, n (%) <0.001

Underweight (<18.5 kg/m2) 22 (1.3) 20 (1.7) 20 (1.5) 37 (1.3) 37 (1.4) 7 (1.3)

Normal weight (18.5–25 kg/m2) 828 (48.6) 518 (42.8) 501 (37.0) 1,063 (38.2) 1,029 (39.4) 209 (39.7)

Overweight (25–30 kg/m2) 519 (30.5) 394 (32.6) 477 (35.2) 976 (35.0) 955 (36.5) 175 (33.2)

Obese (>30 kg/m2) 334 (19.6) 278 (23.0) 355 (26.2) 709 (25.5) 590 (22.6) 134 (25.4)

Unknown 2 (0.1) - 1 (0.1) - 2 (0.1) 2 (0.4)

COVID-19 diagnosis, n (%) <0.001

Confirmed with test 1,682 (98.7) 1,195 (98.8) 1,322 (97.6) 2,725 (97.8) 1,554 (59.5) 363 (68.9)

Not confirmed with test 23 (1.3) 15 (1.2) 32 (2.4) 60 (2.2) 1,059 (40.5) 164 (31.1)

Number of COVID-19 infections, n (%) <0.001

1 infection 1,552 (91.0) 986 (81.5) 1,068 (78.9) 2,115 (75.9) 1,791 (68.5) 178 (33.8)

2 or more infections 153 (9.0) 224 (18.5) 286 (21.1) 670 (24.1) 822 (31.5) 349 (66.2)

Hospital admission, n (%) <0.001

Yes 45 (2.6) 78 (6.4) 140 (10.3) 270 (9.7) 273 (10.4) 42 (8.0)

No 1,660 (97.4) 1,132 (93.6) 1,214 (89.7) 2,515 (90.3) 2,340 (89.6) 485 (92.0)

Intensive care admission, n (%) 0.091

Yes 7 (0.4) 16 (1.3) 45 (3.3) 75 (2.7) 70 (2.7) 16 (3.0)

No 1,698 (99.6) 1,194 (98.7) 1,309 (96.7) 2,710 (97.3) 2,543 (97.3) 511 (97.0)

Vaccination status, n (%) 0.003

Vaccinated 1,552 (91.0) 1,097 (90.7) 1,229 (90.8) 2,599 (93.3) 2,433 (93.1) 479 (90.9)

Not vaccinated 132 (7.7) 97 (8.0) 112 (8.3) 163 (5.9) 158 (6.0) 44 (8.3)

Rather not disclose 21 (1.2) 16 (1.3) 13 (1.0) 23 (0.8) 22 (0.8) 4 (0.8)

This table shows the characteristics of respondents, presented separately for respondents at different time periods since acute infection.
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FIGURE 1

Top 10 most debilitating symptoms per time period. This figure shows the top 10 symptoms respondents considered most debilitating, presented
separately for respondents at different time periods since acute infection. *Statistically significant differences (p < 0.05) between groups based on
time since acute COVID-19 infection.
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FIGURE 2

Recovery phase from COVID-19 per time period. This figure shows the extent to which respondents had recovered from COVID-19, presented separately
for respondents at different time periods since acute infection.

FIGURE 3

Health outcomes per time period. This figure shows the median health-related quality of life (EQ-5D utility score)*, perceived health status (EQ VAS),
fatigue (CIS sum score)* and energy level compared to before COVID-19 of respondents, presented separately for respondents at different time
periods since acute infection. *EQ-5D utility score and CIS sum score were transformed to a 0-100 scale, with higher scores indicated higher quality
of life and less fatigue, in order to be comparable to other outcomes.

Brus et al. 10.3389/fepid.2023.1144707
had the best HRQoL (median EQ-5D utility score: 0.65, IQR = 0.33;

median EQ VAS: 51.0, IQR = 29.0) (Figure 3; Supplementary File

S1, Table S2). EQ-5D-5l dimensions usual activities and pain/
Frontiers in Epidemiology 07
discomfort were most affected, with >50% of respondents

experiencing moderate to extreme problems on these dimensions.

There were significant differences between time periods for all
frontiersin.org
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dimensions (p < 0.001), except for anxiety/depression (p = 0.11)

(Supplementary File S1, Figure S1).

Median energy level compared to before COVID-19 was 40.0%

(IQR = 25.0–30.0) for those 3–6 m, 7–9 m, and >24 m post-

infection, and 50.0% (IQR = 31.3–35.0) for those 10–12 m, 13–

18 m and 19–24 m post-infection (Figure 3). Fatigue was highest

for those 3–6 m post-infection (median CIS sum score: 110.0,

IQR = 23.0), lowest for those 13–18 m post-infection (106.0, IQR

= 26.0), and those >24 m post-infection reported a fatigue score

in between (108.0, IQR = 25.0). There were significant differences

between time periods for all dimensions of fatigue (p < 0.001),

except reduced motivation (p = 0.771) (Supplementary File S1,

Figure S2). The majority of respondents experienced severe or

extreme symptoms of post-exertional malaise, with those 3–6 m

post-infection being most frequently affected (63.8%) compared

to 50.5% of those 13–18 m and 61.3% of those >24 m post-

infection (Figure 4).

A total of 26.2% of respondents 3–6 m post-infection had a

score indicative of anxiety disorder and 32.4% had a score

indicative of depressive disorder (Figure 5). For those 19–24 m

post-infection, these proportions were lowest, 22.2% and 25.0%

respectively, and they were significantly different from those

infected most recently (respectively p < 0.042 and p < 0.001).
3.5. Determinants of HRQoL

Multivariate regression analyses showed that age seemed to be

associated with worse HRQoL (Table 2). Only for those 10–12 m
FIGURE 4

Post-exertional malaise per time period. This figure shows the degree to which
separately for respondents at different time periods since acute infection.

Frontiers in Epidemiology 08
post-infection we found no association between age and EQ-5D

utility scores. Female gender seemed to be associated with worse

utility scores for all time periods, except for those >24 m post-

infection, and with worse EQ VAS scores for those 3–6 m and

19–24 m post-infection. A lower level of education seemed to be

associated with worse utility scores for all time periods, and with

worse EQ VAS scores for those 7–9 m post-infection. Not having

paid work before COVID-19 seemed to be associated with lower

utility scores for all time periods, and with worse EQ VAS scores

for those 13–18 m post-infection.

Comorbidity seemed to be associated with lower HRQoL

(lower utility and EQ VAS scores) for all time periods, with

regression coefficients being higher for those with a longer

disease duration. Regression coefficients for utility scores were

−5.4 (p < 0.001) for those 3–6 m post-infection, −6.5 (p < 0.001)

for those 13–18 m post-infection, and −9.2 (p < 0.001) for those

>24 m post-infection. Being overweight seemed to only be

associated with worse utility and EQ VAS scores for those 19–24

and >24 m post-infection. Lastly, not being vaccinated seemed to

be associated with worse utility scores for those 7–9 m, 10–12 m

and 19–24 m post-infection, and with worse EQ VAS scores for

those 10–12 m and 19–24 m post-infection.
4. Discussion

This study compared symptoms, HRQoL, fatigue, mental well-

being, and determinants of diminished HRQoL, between patients

with post COVID-19 condition categorized by time since acute
respondents experience problems with post-exertional malaise, presented
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FIGURE 5

Anxiety and depression per time period. This figure shows the proportion of respondents who have a score (≥3) indicative of general anxiety disorder
(PHQ-2) and depressive disorder (GAD-2), presented separately for respondents at different time periods since acute infection.

Brus et al. 10.3389/fepid.2023.1144707
infection. We found that, at each time period, respondents reported

similar symptoms (e.g., fatigue, sensory processing problems) as

most debilitating, although they were more frequently reported

by more recently infected respondents. Furthermore, we found

that respondents experienced a low HRQoL and severe fatigue,

even more than two years after acute COVID-19 infection. At

each time period, 22%–32% had a score indicative of anxiety or

depressive disorder. Respondents 3–6 m post-infection had the

worst long-term health outcomes (HRQoL, fatigue, anxiety,

depression), whereas those 12–18 m post-infection had the best

health outcomes.

Respondents reported a wide range of symptoms, with fatigue,

sensory processing problems, concentration problems, and

shortness of breath with exertion being reported as the most

debilitating symptoms for each time period. These results are

confirmed by a large population-based, cross-sectional study in

Germany that found that fatigue, neurocognitive impairment,

and chest symptoms, such as shortness of breath, contributed

most to reduced health recovery and working capacity (33).

Our results showed that several symptoms, such as fatigue,

sensory processing problems and headache, were more

frequently reported as most debilitating by recently infected

respondents, which may indicate that these symptoms decrease

over time. In contrast, symptoms such as shortness of breath

with exertion and memory problems were more often reported

by those with a longer disease duration (19–24 m and >24 m

post-infection), although these patterns were not completely

clear, possible due to our cross-sectional design. For other
Frontiers in Epidemiology 09
symptoms, such as decreased physical condition and sleeping

problems, we found no difference between those at different

time points post-infection, implying that these symptoms may

not improve over time.

In previous studies with a longitudinal design, several different

symptom patterns over time were observed. Tran et al. found that

fatigue and headache, but also memory problems, dyspnea and

sleeping problems decreased over time (31). A systematic review

by Yang et al. showed that most post COVID-19 symptoms

decreased after 9 months, although fatigue persisted (30).

However, these studies only had a follow-up period of 12

months. A longitudinal study with a 2 year follow-up among

hospitalized patients found that, while the proportion of patients

that experienced symptoms such as fatigue or muscle weakness,

sleep difficulties and dizziness decreased between 6 and 12

months, it actually significantly increased between 12 months to

2 years (34). Although our results are not directly comparable to

these studies due to the difference in study design, our data

similarly suggests that symptoms might fluctuate over time,

rather than follow a linear course. These fluctuating patterns

indicate the need for studies with a longer follow-up duration to

investigate whether this relapsing course eventually improves or

whether symptoms become chronic.

The possible decrease in some symptoms raises the question

whether these symptoms resolve over time, or whether patients

develop certain coping strategies, adjusting their activities in

response to their symptoms. For example, sensory processing

problems appeared to be more debilitating for those recently
frontiersin.org
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infected, which is also observed in other studies (35). This

symptom is strongly related to the physical situation the patient

is in (e.g., crowds, loud music), which might lead to patients

avoiding these situations, resulting in a reported decrease in

symptoms, even if the symptom actually remains. Previous

research shows that chronic diseases, e.g., chronic pain, can lead

to avoidance behavior, which is often beneficial, but can also

result in a decrease in functional ability (36). Thus, future

research should investigate whether patients develop coping

strategies to better deal with post COVID-19 condition

symptoms, and the effect of these strategies on long-term recovery.

Respondents reported a substantially lower HRQoL compared

to the general Dutch population (mean EQ-5D index: 0.52–0.58 vs.

0.89; mean EQ VAS: 44.2–50.2 vs. 82.0) (37).The HRQoL observed

in our study is also considerably lower than in a previous

systematic review, which reported scores close to the Dutch

population norms (mean EQ VAS: 81.1) (13). This may indicate

that our study sample was not representative of all post COVID-

19 patients, or not comparable to the study populations included

in the systematic review, possibly due to selection and/or non-

response bias. Patients mostly or fully recovered from post

COVID-19 condition could either not be registered in the C-

support post COVID-19 condition registry or be less inclined to

participate in this study, resulting in a specific subset of patients

with more severe symptoms that filled out our survey. This

might especially be the case for those with a longer disease

duration, as the proportion of respondents that indicated to have

mostly of fully recovered was significantly lower for those >24 m

post-infection compared to those 13–18 m and 19–24 m post-

infection.

Our results showed that the EQ-5D dimensions usual activities

and pain/discomfort were most affected, with >50% of respondents

reporting moderate to extreme problems. This is extremely high

compared to the general Dutch population, in which only 14%

reported problems with usual activities, and 34% with pain/

discomfort (37). The energy level of respondents was <50%

compared to before COVID-19 and fatigue scores were

substantially higher than in the general population (mean CIS

sum score: 103.1–107.3 vs. 54.8) (26). Median scores on the

subscale fatigue severity in our study were similar to those found

in a follow-up study among post COVID patients in Germany

(47.0–50.0 vs. 46.0–48.0) (38). The majority of respondents in

our study (51%–64%) experienced severe to extreme post-

exertional malaise, which is in line with previous cross-sectional

research that concluded that 59% of post COVID patients met

the post-exertional malaise scoring thresholds used in people

living with myalgic encephalomyelitis/chronic fatigue syndrome

(39). Post COVID-19 condition also appeared to affect mental

well-being, as about a quarter of respondents had a score

indicative of anxiety disorder or depressive disorder. This seems

to be high compared to the general population: depending on

age group, 3.9%–8.9% of the Dutch population has a high risk of

an anxiety or depressive disorder (40). However, these rates do

seem to be comparable to previous studies among patients with

post COVID-19 condition, although these estimates vary

widely (41).
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All health outcomes were worst for respondents 3–6 m post-

infection, and best for those 13–18 m post-infection, which

seems to imply that, at least for a proportion of respondents,

health status improves over time. Although this again raises the

question whether outcomes actually improve, or whether patients

adjust their life style and/or their mindset to the new situation,

and adapt to the experienced complaints, as previous research

among patients with a variety of chronic diseases observed

adaptations in multiple life domains (36, 42). Interestingly, for

respondents >24 m post-infection, health outcomes were worse

than for those 13–18 and 19–24 m post-infection. In a study

with a longitudinal design, Tran et al. observed a similar U-

shaped trend in the development of the perception of the impact

of post COVID-19 condition on patients’ lives (31), although

they found an aggravation 6 months after onset. Tran et al.

theorized that the aggravation relates to the realization that

persisting symptoms might be chronic rather than temporary.

Although this could play a role, as our design is cross-sectional,

we hypothesize that the U-shaped pattern observed in our results

is at least partly due to the previously mentioned selection and/

or non-response bias. Another possible explanation could be that

respondents >24 m post-infection were infected with a different

COVID-19 virus variant leading to more severe long-term

complaints. Recent studies indicate that the prevalence, nature

and severity of post COVID-19 condition might differ depending

on the COVID-19 virus variant (43, 44). In addition, previous

research also suggests that COVID-19 vaccination might impact

post COVID-19 condition, and those infected in early stages of

the pandemic were less likely to be vaccinated before infection

(45). Longitudinal studies with a follow-up duration of multiple

years could provide more insight into the recovery from post

COVID-19 condition over time, although such studies also put a

significant burden on patients that already experience severe

fatigue and neurocognitive symptoms, and run a similar risk of

loss to follow-up of recovered patients with few complaints.

Although we observed statistically significant differences for

several symptoms, and all other studied health outcomes between

the different time periods since acute infection, these differences

were relatively small: e.g., the EQ-5D index score ranged from

0.52–0.58 and the EQ VAS from 44.4–50.2. Whether these could

be considered clinically important differences for post COVID-19

condition remains unclear, as estimates of minimum clinically

important differences vary (46). However, as we hypothesize that

(mostly) recovered patients were less likely to participate in our

study, especially those at longer time periods since acute

infection, the actual differences in health outcomes between

patients at different time periods might be more pronounced,

and underestimated in this study.

Our results showed that, regardless of time since infection,

younger age, female gender, lower level of education, not having

paid work before COVID-19, comorbidity, and not being

vaccinated, appear to be associated with worse HRQoL. This is

in line with previous research investigating the risk factors of

developing post COVID-19 condition (47). Determinants were

similar for those at different time points post-infection, which

seems to indicate that determinants are largely independent of
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disease duration. However, comorbidity and being overweight were

more important determinants for those with a longer disease

duration, implying that general health status prior to COVID-19

might be associated with the speed of recovery from post

COVID-19 condition. Investigating the impact of lifestyle

changes among these patients is therefore a relevant avenue for

future research, as this could possibly affect recovery.

Interestingly, although previous research suggests that the risk

of post COVID-19 condition is greater in patients with a more

severe acute disease course, especially those who need

hospitalization (3), we found no association between hospital

admission and HRQoL (EQ-5D). A possible explanation is that

our study population is not a representative sample of patients

who needed hospitalization, or that patients who would normally

be hospitalized remained at home due to lower healthcare access

and a lack of capacity during COVID-19 peaks (48). However, it

could also be that hospitalized patients that experience long-term

symptoms receive earlier and more extensive treatment than

non-hospitalized patients, as rehabilitation is more accessible and

healthcare professionals might be more aware of the possibility of

lasting complaints among the former group. A previous cohort

study found that patients who received rehabilitation initially had

worse outcomes, but reached a similar level of physical function

at 12 months follow-up as those who did not receive this care,

indicating the impact early care and rehabilitation can have on

recovery (49).

Earlier studies indicated some additional determinants that

might be associated with worse health outcomes, such as

ethnicity and smoking status, which we could not take into

account in our analyses as items on these characteristics were not

included in the survey (47). Furthermore, the influence of factors

such as social support and self-efficacy also deserves attention, as

previous research shows that these factors affect quality of life

and other health outcomes in patients with chronic diseases,

such as diabetes (36, 50).

The major strengths of our study include the large population

of patients with post COVID-19 condition, as well as the wide

range of symptoms and health outcomes that were studied,

providing a comprehensive overview of the long-term impact of

COVID-19. In addition, the response rate of 58% was relatively

high, especially when taking into account the severe fatigue and

neurocognitive symptoms respondents experienced (51).

This study has several limitations. First, as this study had a

cross-sectional design, we cannot draw any definite conclusions

about the development of post COVID-19 condition over time.

However, due to the large number of respondents at each time

period, an indication of possible patterns could be inferred from

our data. A second limitation is the selection bias and non-

response bias that were likely introduced, especially at longer

time periods since infection. It appears that patients mostly or

fully recovered from post COVID-19 condition, particularly 1.5–

2 years after acute infection, are underrepresented in our study,

either because they were not part of the post COVID-19

condition registry or because they were less inclined to fill out

the survey. Third, respondents at the six different time periods

since acute infection were not completely comparable, as more
Frontiers in Epidemiology 12
recently infected respondents were younger, more often female,

had a higher education level, less comorbidity and were less

often overweight or obese. As some of these factors were

associated with worse HRQoL and others with better HRQoL,

these differences might have affected our results. Fourth, the

influence of different COVID-19 virus variants was not taken

into account in our study, although previous research suggests

that the chronic burden might differ between variants (43). Fifth,

not all assumptions of the linear regression analyses were met, as

the residuals for the regression analysis with EQ-5D utility scores

as outcome were not normally distributed. Therefore, the results

of these analyses might be somewhat less definite, but still

provide a good indication. Lastly, although we included a wide

range of symptoms and outcomes, as the knowledge on post

COVID-19 condition is rapidly developing, there are several

aspects that, in hindsight, we would have added and that are

relevant for future research. For example, recent studies suggest

that a substantial number of patients experience postural

orthostatic tachycardia syndrome (POTS), which can interfere

with daily functioning and impair quality of life (52). In

addition, treatment options for post COVID-19 condition were

also not explored in this study, but are a crucial topic for future

research, as we slowly gain a better understanding of this condition.

In conclusion, regardless of time since infection, respondents

considered fatigue, sensory processing problems and

concentration problems the most debilitating symptoms. They

experienced a low HRQoL and severe fatigue, even more than

two years after acute COVID-19 infection. Respondents 3–6 m

post-infection had the worst health outcomes, whereas

respondents 13–18 m post-infection had the best outcomes,

indicating that, at least for a subgroup of patients, health status

may improve over time. Additional studies with a longer follow-

up are needed to fully clarify the natural history of post COVID-

19 condition and to elucidate risk factors for a severe disease

course.
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