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Abstract

Purpose To investigate health-related quality of life (HRQoL) over the course of the COVID-19 pandemic in seven European
countries and its association with selected sociodemographic as well as COVID-19-related variables.

Methods We used longitudinal data from nine quarterly waves collected between April 2020 and January 2022 (sample
size per wave ranging from N=7025 to 7300) of the European COvid Survey (ECOS), a representative survey of adults in
Germany, United Kingdom, Denmark, Netherlands, France, Portugal and Italy. HRQoL was measured using the EQ-5D-5L.
The association of self-reported COVID-19 infection, perceived health risk from COVID-19, selected sociodemographic
variables and the COVID-19 stringency index with HRQoL was analyzed by logistic and linear fixed effects regressions.
Results On average across all nine waves, the proportion of respondents reporting any problems in at least one of the EQ-5D
dimensions ranged between 63.8% (Netherlands) and 71.0% (Denmark). Anxiety/depression was the most frequently affected
EQ-5D dimension in four countries (Portugal: 52.0%; United Kingdom: 50.2%; Italy: 49.2%; France: 49.0%), whereas pain/
discomfort ranked first in three countries (Denmark: 58.3%; Germany: 55.8%; Netherlands: 49.0%). On average across all
nine waves, the EQ-VAS score ranged from 70.1 in the United Kingdom to 78.4 in Portugal. Moreover, the EQ-5D-5L index
ranged from .82 in Denmark to .94 in France. The occurrence of COVID-19 infection, changes in the perceived risk to one’s
own health from COVID-19, the occurrence of income difficulties and an increase in the COVID-19 stringency index were
associated with increased likelihood of problems in EQ-5D dimensions, reduced EQ-VAS score and reduced EQ-5D-5L
index.

Conclusions Across seven European countries, we found large proportions of respondents reporting problems in HRQoL
dimensions throughout the pandemic, especially for anxiety/depression. Various sociodemographic and COVID-19-related
variables were associated with HRQoL in longitudinal analysis.
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The COVID-19 pandemic has affected people’s physical,
mental and social health in numerous ways. First of all,
people who contract COVID-19 may suffer from physical
impairment caused by disease symptoms [1], social impair-
ment caused by isolation or quarantine, and mental impair-
ment due to cognitive or psychiatric symptoms, worries
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about recovery, social exclusion or stigma [2]. Secondly,
people may suffer mentally from worries about risk of infec-
tion for themselves, family members or community members
[3]. Thirdly, people may suffer from the social and economic
consequences of the measures taken by governments against
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the spread of COVID-19 by restricting social contacts, such
as closure of schools or businesses. While the latter may
clearly affect mental and social aspects of health in the gen-
eral population [4], effects on physical health are also pos-
sible, e.g. due to lack of physical activity [5] or underuse of
preventive or curative health services [6].

The subjective assessment of physical, mental and social
dimensions of health is commonly referred to by the concept
of health-related quality of life (HRQoL) [7]. The EQ-5D
is a family of generic instruments for measuring HRQoL
(www.euroqol.org), available in numerous languages. Com-
pared to other generic HRQoL instruments (e.g. SF-36), the
EQ-5D instruments are very short and simple, and there-
fore easy to apply in large surveys. During the last 30 years,
EQ-5D instruments have been used to measure the HRQoL
of general population and patient samples in numerous
countries.

Although the impact of the COVID-19 pandemic on peo-
ple’s health is likely to be substantial, so far only few studies
have assessed the impact on HRQoL and its determinants
in general population samples, and only very few studies
were conducted longitudinally or simultaneously in sev-
eral countries. A cross-sectional general population survey
(N=4855) conducted in the USA in April 2020 reported
significantly reduced HRQoL measured by the visual analog
scale of the EQ-5D (EQ-VAS) as compared to established
US normative data [8]. A repeated cross-sectional general
population survey conducted in Alberta, Canada, in May/
June 2020 (N=8790) and October 2020 (N=9263) found
lower HRQoL measured by the EQ-5D-5L instrument com-
pared to pre-pandemic surveys in this population, with the
dimensions anxiety/depression and usual activities affected
the most [9]. Another cross-sectional study conducted in
general population samples in eight countries (N=21,352)
from April to June 2020 found that the stringency of gov-
ernment response in terms of restricting social contacts
was associated with a small increase in EQ-5D-5L scores
[10]. Finally, a longitudinal Japanese study conducted from
January 2020 to February 2021 (N=_826) reported a decline
in both physical and mental dimensions of HRQoL meas-
ured by the SF-36 instrument from immediately before the
COVID-19 outbreak to one year later, in particular in women
and respondents with lower economic status or lower general
health [11].

In summary, the limited number of existing studies point
at impaired HRQoL in the general population during the
pandemic, with the mental dimension of HRQoL being par-
ticularly affected. While worries about risk of infection seem
to be associated with reduced HRQoL, one cross-country
comparison points at the stringency of government response
possibly being positively associated with HRQoL. Yet, to
our knowledge there are only few cross-country compari-
sons and longitudinal studies investigating the development
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of HRQoL and its determinants throughout the pandemic,
considering fluctuations over time in e.g., the perceived
risk of infection or the stringency of government response.
Therefore, the purpose of this study was to describe HRQoL
measured by the EQ-5D-5L in seven European countries
over the course of the pandemic and to analyze longitudi-
nally the impact of selected sociodemographic as well as
COVID-19-related variables, namely experience with infec-
tion, perceived risk of COVID-19 for oneself and others,
and stringency of government measures against the spread
of COVID-19.

Methods
Sample

Longitudinal data were taken from nine waves of the
European COvid Survey (ECOS) (wave 1 in April 2020:
N=7160; wave 2 in June 2020: N=7122; wave 3 in Septem-
ber 2020: N=7025; wave 4 in November 2020: N=7115;
wave 5 in January/February 2021: N=7068; wave 6 in April
2021: N=7204; wave 7 in June/July 2021: N=7073; wave
8 in September 2021: N=7232; and wave 9 in December
2021/January 2022: N=7300), including samples from
Germany, the United Kingdom, Denmark, the Netherlands,
France, Portugal, and Italy.

Dynata, a market research company, collected data from
online panels of about 1,000 adult individuals in each coun-
try and in each wave. To reach the general population, sev-
eral recruiting techniques were used (i.e., open recruitment,
loyalty programs, mobile apps or affiliate networks). Quota
sampling was used to ensure representativeness in terms of
gender, six age categories (18-24, 25-34, 35-44, 45-54,
55-64, and 65 + years), region, and education (all non-inter-
locked) in each country separately using national census data
for quota. Refreshment samples were drawn. In each wave,
former respondents were invited first. New respondents (i.e.,
refreshment samples) were invited only after several remind-
ers to ensure representativeness. Reminders were not sent
manually but by an electronic tool set up by Dynata called
“Picker” which allows to control the sampling speed and
the quota performance by increasing or slowing down the
progress for the recontacts and the refreshment samples.
About 47% of all respondents were followed over two or
more waves. Sabat et al. provided additional details [12]. No
further exclusion criteria were applied.

Each participant provided written informed consent to
Dynata. The confidentiality and anonymity of the partici-
pants were ensured. This study received ethical approval
from the University of Hamburg in Germany (under the
umbrella project "Countering COVID-19: A European
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survey on the acceptability and commitment to preventive
measures").

EQ-5D-5L

The EQ-5D-5L questionnaire consists of five items referring
to current problems in the HRQoL dimensions ‘mobility’,
‘self-care’, ‘usual activities’, ‘pain/discomfort’, and ‘anxi-
ety/depression’ [13]. Each item has five response levels: no
problems, slight problems, moderate problems, severe prob-
lems and extreme problems. This part of the questionnaire
is called EQ-5D descriptive system and provides a profile
of HRQoL. Due to skewness of data and for simplification,
the five items were dichotomized (0 =no problems in the
respective dimension; 1 =problems in the respective dimen-
sion (including slight problems, moderate problems, severe
problems and extreme problems) for description and regres-
sion analysis of problem frequency. Additionally, a binary
variable was computed for regression analysis (1 =problems
in any dimension; 0 = otherwise).

Furthermore, the questionnaire includes a visual analog
scale (known as EQ-VAS). The EQ-VAS records self-rated
health based on the respondent’s preferences, with a scale
ranging from O (indicating the worst imaginable health) to
100 (indicating the best imaginable health).

Moreover, the HRQoL profile provided by the EQ-5D
descriptive system can be converted into an index value
(EQ-5D index) based on country-specific value sets rep-
resenting societal preferences. Standard EQ-5D value sets
have been obtained from representative samples of the gen-
eral public in numerous countries using a standardized valu-
ation technique with the best health state (no problems in
any EQ-5D dimension) and death being assigned values of 1
and 0, respectively. Accordingly, we calculated the country-
specific EQ-5D-5L index based on standard value sets avail-
able for the included countries [14-20].

Sociodemographic and COVID-19-related variables

Besides the time-constant variables sex (men or women)
and country (Germany; United Kingdom; Denmark; Neth-
erlands; France; Portugal; Italy) we used the following time-
varying sociodemographic and COVID-19-related variables
for the analyses: age, level of education (three categories:
low education; medium education; high education; based on
the country specific education system; for additional details
please see Varghese et al. [21]), self-assessed difficulties
with income (“Thinking of your household's total monthly
income, would you say that your household is able to make
ends meet... “: with great difficulty; with some difficulties;
fairly easily; easily), professional group (five sectors: health-
related sector; education; food retail; research; other), expe-
rience of infection with the coronavirus (four categories:

no; yes, confirmed; yes, but not yet confirmed; don’t know),
one’s own perceived risk of getting infected with the coro-
navirus (single item from 1=no risk at all to 5=very high
risk), perceived risk to one’s own health from COVID-19
(single item from 1 =no risk at all to 5= very high risk), per-
ceived risk to the health of family members from COVID-19
(single item from 1=no risk at all to 5=very high risk),
and perceived risk to the health of people in own commu-
nity from COVID-19 (single item from 1=no risk at all
to 5=very high risk). Marital status (married/registered
partnership; living together (relationship); living alone
(single); living alone (in a relationship); widowed; other)
was only included from wave 3 onwards. In addition, we
added country-specific and ECOS wave-specific data from
the COVID-19 stringency index of the Oxford Covid-19
Government Response Tracker (OxCGRT) [22]. This index
is a proxy for the strictness of government response aimed
at reducing social contacts by restricting people’s behavior.
It is a composite measure based on nine indicators including
school closures, workplace closures, cancellation of public
events, restrictions on public gatherings, closures of public
transport, stay-at-home requirements, public information
campaigns, restrictions on internal movements, and inter-
national travel controls. The index ranges from 0 to 100,
with higher scores indicating stricter measures in place. If
policies vary at the subnational level, the index is indicated
as the response level of the strictest sub-region.

As descriptive context variable, we also report the num-
ber of daily new confirmed COVID-19 cases per million
people (7-day rolling average) by country and by wave
(https://ourworldindata.org/).

Statistical analysis

In a first step, sample characteristics at baseline (i.e., wave 1)
stratified by country are shown to get a first impression of the
data used. Subsequently, frequency of problems in the five
EQ-5D-5L dimensions (plus problems in any dimension) as
well as EQ-VAS score and EQ-5D-5L index are presented
stratified by country and wave. Lastly, sociodemographic
and COVID-19-related determinants of problems in the five
EQ-5D-5L dimensions (plus problems in any dimension), of
the EQ-VAS score and the EQ-5D-5L index were estimated
using conditional fixed effects (FE) logistic regressions or
linear FE regressions, as appropriate.

Using FE regressions can assist in investigating within-
information over time—which corresponds to examining
changes within participants over time [23]. A key advantage
of FE regressions is that they produce consistent estimates
under quite weak assumptions (e.g., allowing for a correla-
tion between time-constant factors and the regressors)—for
example, compared to random-effects regressions [23]. Our
approach was substantiated by Sargan-Hansen tests (e.g.,
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with EQ-VAS as outcome measure, Sargan-Hansen statistic
was 995.8, p<0.001) [24].

The FE regressions solely used changes within partici-
pants (i.e., intraindividual changes) over time (wave 1 to
wave 9). For example, intraindividual changes in EQ-VAS
scores can be examined. This also means that only time-
varying sociodemographic and COVID-19-related variables
factors (e.g., perceived income difficulties) can be used as
independent variables, whereas time-constant factors (sex
and country or region) cannot be included in FE regressions
as main effects. While it should be noted that the FE esti-
mates exclusively refer to participants who reported changes
in dependent and independent in the observation period, it
should also be emphasized that this is not a shortcoming
of the analytical approach. It rather simply mirrors the fact
that not all individuals had such changes in the observation
period. Thus, an average treatment effect on the treated is
estimated [25]. It should be noted that individuals who par-
ticipated at multiple (but not all) waves are also included in
FE regressions (as long as they have intraindividual changes
over time).

With regard to missing data: While most of the variables
(e.g., problems in the EQ-5D dimensions or sociodemo-
graphic factors) did not have missing data at all, the highest
proportion of missing data in the total sample in wave 1
was identified for educational level (1.5%). Roughly similar
proportions of missing values were identified for the other
waves. Therefore, listwise deletion was used in this study.

The significance level was set at « =0.05. To conduct sta-
tistical analysis, Stata 16.1 was used. In sensitivity analysis,
we also included marital status which was only assessed
from wave 3 onwards.

Results
Sample characteristics

Sample characteristics at baseline (wave 1, April 2020)
stratified by country are shown in Table 1. Mean age ranged
from 43.8 years in Portugal to 48.6 years in Germany, and
the proportion of females from 51.0% in the Netherlands to
52.5% in Portugal. Between 15.4% (Denmark) and 40.9%
(Portugal) of respondents reported a low educational level,
and between 5.8% (Italy) and 13.7% (Denmark) worked in a
health-related sector. Between 39.8% (Denmark) and 61.5%
(Italy) of respondents reported some or great perceived dif-
ficulties with income. Only between 1.1% (Portugal) and
8.1% (United Kingdom) reported an infection (confirmed or
unconfirmed) with the novel coronavirus at baseline. Mean
scores for perceived risk of getting infected with the corona-
virus ranged from 2.6 (Portugal) to 3.1 (United Kingdom),
for perceived risk to one’s own health from 2.8 (Portugal
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and Denmark) to 3.2 (United Kingdom and France), for per-
ceived risk to the health of one’s own family members from
3.1 (Denmark) to 3.5 (France) and for perceived risk to the
health of people in one’s own community from 3.0 (Demark)
to 3.4 (United Kingdom and Italy). The countries” COVID-
19 stringency index ranged from 72.0 (Denmark) to 88.6
(Italy), and the number of daily new confirmed COVID-19
cases per million people (7-day rolling average) ranged from
31.1 in Denmark to 171.3 in France. Additionally, sample
characteristics for all nine waves (among the total sample)
are shown in Supplementary Table 1. Most notably, in the
total sample the proportion of respondents reporting an
infection (confirmed or unconfirmed) increased from 4.3%
in wave 1 to 14.9% in wave 9, the mean stringency index
oscillated between 81.3 in wave 1 and 50.4 in wave 8, and
the mean number of daily new confirmed COVID-19 cases
per million people from 10.9 in wave 2 to 1800.9 in wave 9.
Supplementary Table 2 compares country samples of all
waves with the respective census populations in terms of age
and gender (also providing the references for the census pop-
ulations used). With the exception of too small proportions
of respondents in the highest age category (65 +) in Portugal
(in all waves) and Denmark (in wave 6), country samples
were quite similar to the census populations. The average
retention rate of participants, i.e., the share of participants
in a wave that had also participated in the wave before, was
56.2% across all countries and waves, ranging from 38.3% in
Portugal in wave 7 to 71.1% in Germany in wave 5.

Health-related quality of life over the course
of the pandemic

Table 2 presents the proportion of respondents reporting
problems in the EQ-5D dimensions (dichotomized: no prob-
lems vs. at least slight problems) as well as mean EQ-VAS
score and mean EQ-5D-5L-index, stratified by country and
wave (wave 1 to wave 9). Furthermore, average proportions
and scores across all nine waves are presented by country
in the last column.

On average across all nine waves, the proportion of
respondents reporting any problems in at least one of the
EQ-5D dimensions ranged between 63.8% (Netherlands)
and 71.0% (Denmark). Variation (range) in this proportion
between waves was smallest in Denmark (68.0% in wave 8
to 74.4% in wave 2) and largest in Italy (62.1% in wave 7 to
73.0% in wave 1).

Among the five EQ-5D dimensions, anxiety/depression
was—on average across all nine waves—the most frequently
affected dimension in Portugal (52.0%), United Kingdom
(50.2%), Italy (49.2%) and France (49.0%), whereas it
ranked second in Germany (41.7%), Denmark (39.3%) and
the Netherlands (37.8%). Variation in the proportion of
respondents reporting problems with anxiety/depression was
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Table 1 Sample characteristics at wave 1 stratified by country
Germany United Kingdom Denmark Netherlands France Portugal Italy
N=1000 N=1009 N=1000 N=1012 N=1000 N=1064 N=1075
Age 48.6 (16.4) 46.5(16.8) 479 (16.9) 47.5(16.7) 47.0(16.7) 43.8(15.7) 483(16.2)
Gender
Male 482 (48.2%) 482 (47.8%) 489 (48.9%) 496 (49.0%) 477 (47.7%) 505 (47.5%) 519 (48.3%)
Female 518 (51.8%) 527 (52.2%) 511 (51.1%) 516 (51.0%) 523 (52.3%) 559 (52.5%) 556 (51.7%)

Educational level

Low 163 (16.6%) 290 (29.2%)
Middle 596 (60.6%) 397 (40.0%)
High 225 (22.9%) 306 (30.8%)
Professional group
Health-related sector 68 (6.8%) 86 (8.5%)
Education 73 (7.3%) 86 (8.5%)
Food retail 49 (4.9%) 78 (71.7%)
Research 36 (3.6%) 14 (1.4%)
Other 774 (77.4%) 745 (73.8%)
Perceived income difficulties
With great difficulty 113 (11.3%) 98 (9.7%)
With some difficulty 400 (40.0%) 357 (35.4%)
Fairly easily 365 (36.5%) 392 (38.9%)
Easily 122 (12.2%) 162 (16.1%)
Infection with the novel coronavirus
Yes, confirmed 22 (2.2%) 31 (3.1%)
Yes, but not confirmed by tests 13 (1.3%) 50 (5.0%)
No 801 (80.1%) 804 (79.7%)
Don’t know 164 (16.4%) 124 (12.3%)
Own risk of getting infected with the 2.9 (1.1) 3.1(1.1)
coronavirus (from 1 =no risk at all to
5=very high risk)
Risk to one’s own health from COVID- 3.0 (1.2) 3.2(1.2)
19 (from 1 =no risk at all to 5=very
high risk)
Risk to the health of one’s own family 3.2(1.2) 34(1.2)
members from COVID-19 (from 1 =no
risk at all to 5=very high risk)
Risk to the health of people in one’s own 3.2 (1.0) 34 (1.1)
community from COVID-19 (from
1 =no risk at all to 5=very high risk)
COVID-19 stringency index (from O to 76.8 (0.0) 79.6 (0.0)
100, with 100 = strictest))
Daily new confirmed COVID-19 cases 41.7 (0.0) 63.1 (0.0)

per million people (7-day rolling aver-
age)

152 (15.4%) 327 (32.7%) 295 (30.2%) 428 (40.9%) 381 (35.8%)
554 (56.2%) 427 (42.7%) 401 (41.0%) 295 (28.2%) 472 (44.3%)
279 (28.3%) 247 (24.7%) 282 (28.8%) 323 (30.9%) 212 (19.9%)

137 (13.7%) 107 (10.6%) 78 (1.8%) 76 (71.1%) 62 (5.8%)
94.(9.4%) 53(52%) 50(5.0%) 18(713%) 66 (6.1%)
51(5.1%) 50(4.9%) 57(5.7%) 71(6.7%) 39 (3.6%)
303.0%) 26(2.6%) 2929%) 3129%) 19(1.8%)

688 (68.8%) 776 (76.7%) 786 (78.6%) 808 (75.9%) 889 (82.7%)

86 (8.6%) 98(9.7%) 130 (13.0%) 103 (9.7%) 191 (17.8%)
312 (31.2%) 372 (36.8%) 475 (47.5%) 336 (31.6%) 470 (43.7%)
400 (40.0%) 370 (36.6%) 330 (33.0%) 561 (52.7%) 352 (32.7%)

202 (20.2%) 172 (17.0%) 65 (6.5%) 64 (6.0%) 62 (5.8%)
12 (1.2%) 18(1.8%) 20(2.0%) 6(0.6%) 13 (1.2%)
2929%) 353.5%) 40(4.0%) 5(0.5%) 16 (1.5%)

739 (73.9%) 679 (67.1%) 687 (68.7%) 762 (71.6%) 879 (81.8%)
220 (22.0%) 280 (27.7%) 253 (25.3%) 291 (27.3%) 167 (15.5%)

28(1.0)  29(1.0)  29(L1)  26(1.0)  29(LID)
28(12)  29(12)  32(12) 28(12)  3.0(1.2)
31(1.2)  32(L1)  35(12)  32(13)  33(13)
30(L.1)  3.1(L0)  33(12)  3.1(12)  34(L1)
720(0.0)  78.7(0.0) 88.0(0.0) 844(0.0) 88.6(0.0)
31.1(0.0)  60.7(0.0) 1713 (0.0) 68.9(0,0) 623 (0.0)

Mean (SD) or N (%) are shown, as appropriate

smallest in Denmark (36.5% in wave 1 to 42.8% in wave 4)
and largest in Portugal (46.3% in wave 8 to 59.0% in wave 5).

The EQ-5D dimension pain/discomfort, was—on aver-
age across all nine waves—the most frequently affected
dimension in Denmark (58.3%), Germany (55.8%) and the
Netherlands (49.0%), whereas it ranked second in France
(48.3%), Italy (48.0%), United Kingdom (47.3%) and

Portugal (42.1%). Variation in the proportion of respond-
ents reporting problems with pain/discomfort was smallest
in the United Kingdom (44.0% in wave 3 to 50.2% in wave
2) and largest in Italy (43.0% in wave 8 to 56.2% in wave 2).
In all countries, the EQ-5D dimension self-care was least
frequently affected on average across all nine waves, with the
proportion of respondents who reported problems ranging
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from 5.6% in Portugal to 17.4% in the United Kingdom.
Frequency of problems in the dimensions usual activities
(14.2% in Portugal to 34.4% in Denmark) and mobility
(14.0% in Portugal to 36.3% in Germany) ranked third or
fourth among the five EQ-5D dimensions in the considered
countries.

On average across all nine waves, the EQ-VAS score
ranged from 70.1 in the United Kingdom to 78.4 in Portugal.
Variation in the EQ-VAS score between waves was smallest
in the Netherlands (70.3 in waves 6 and 9 to 74.1 in wave 1)
and largest in the United Kingdom (67.9 in wave 5 to 73.1
in wave 2). Moreover, on average across all nine waves, the
EQ-5D-5L index ranged from 0.82 in Denmark to 0.94 in
France. Variation in the EQ-5D-5L index between waves
was smallest in France (0.94 in each wave) and largest in
the United Kingdom (0.81 in wave 8 to 0.85 in wave 3) and
Denmark (0.80 in wave 4 and 5 to 0.84 in wave 1).

Longitudinal regression analysis

Findings of conditional FE logistic regressions (with prob-
lems in the five EQ-5D dimensions and problems in any
dimension as outcome measures) are given in Table 3. An
increase in the likelihood of problems in all five EQ-5D
dimensions (and problems in any dimension) was associated
with an increase in the perceived risk to one’s own health
from COVID-19 (e.g., with mobility as outcome measure:
OR: 1.18,95% CI: 1.11-1.26, p <0.001) and the occurrence
of an unconfirmed infection with the novel coronavirus (e.g.,
with pain/discomfort as outcome measure: OR: 1.76, 95%
CI: 1.36-2.28, p <0.001; except for problems with depres-
sion/anxiety). Occurrence of a confirmed infection was asso-
ciated with an increased likelihood of problems in mobility,
self-care and usual activities. Moreover, changes from ‘eas-
ily’ to ‘some income difficulties’ or ‘great income difficul-
ties’ were associated with an increased likelihood of prob-
lems in all dimensions except for problems with mobility. An
increase in the COVID-19 stringency index was associated
with an increase in the likelihood of problems in all dimen-
sions (e.g., with anxiety/depression as outcome measure:
OR: 1.02,95% CI: 1.01-1.02, p <0.001) except for problems
with mobility. Apart from that, increases in age were associ-
ated with an increased likelihood of problems in mobility,
self-care and usual activities.

Findings of linear FE regressions (with EQ-VAS and
EQ-5D-5L index as outcome measures) are shown in
Table 4. Decreases in the EQ-VAS score were associated
with increasing age (f=— 0.25, p <0.001), emerging per-
ceived income difficulties (e.g., from ‘easily’ to ‘great diffi-
culty’: f=—-2.91, p<0.001), a confirmed infection with the
novel coronavirus (f=— 2.52, p<0.001), an unconfirmed
infection with the novel coronavirus (f=— 1.72, p <0.05),
increases in the perceived risk to one’s own health from

@ Springer

COVID-19 (f=- 0.85, p<0.001) and increases in the
COVID-19 stringency index (f=— 0.01, p <0.05). In terms
of effect sizes, findings remained very similar when the EQ-
5D-5L index was used (compared to the findings regarding
the EQ-VAS). Please see Table 4 for further details.

In sensitivity analyses, we added marital status (worth
repeating: quantified from wave 3 onwards) to our linear
FE regression model (with EQ-VAS and EQ-5D-5L index
as outcome). However, our findings remained virtually
the same in terms of significance (results not shown, but
available upon request). Moreover, we conducted a sensi-
tivity analysis where we trichotomized the infection with
the novel coronavirus (no; don’t know; yes, confirmed or
unconfirmed). The key results remained very similar. The
results are presented in Supplementary Table 3 and Sup-
plementary Table 4.

In further sensitivity analysis, we restricted our FE
regressions to individuals who participated in at least five
waves. Our findings remained nearly the same. The findings
are shown in Supplementary Table 5 and Supplementary
Table 6.

In another sensitivity analysis, we used a FE (conditional)
ordered logistic regression model [26] (based on the "blow-
up and cluster" (BUC) estimator from Baetschmann et al.
[27]) to examine the determinants of problems in the five
EQ-5D-5L dimensions (in each case: with all five response
levels). Additionally, also based on a FE (conditional)
ordered logistic regression model, the determinants of a
count score for problems in all five EQ-5D-5L dimensions
(i.e., the count score ranges from 5 to 25, with higher val-
ues reflecting more problems in the EQ-5D-5L dimensions)
were examined. The results are comparable to our main find-
ings. These additional results are given in Supplementary
Table 7.

Drop-out analysis

In Supplementary Table 8, a drop-out analysis is shown.
To this end, we compared individuals who completed all
nine waves and individuals who only participated in wave
1 (in terms of sociodemographic factors and EQ-VAS).
While continuous participants were significantly older, had
a higher educational level, belonged to other professional
groups more often, and had less perceived income difficul-
ties compared to individuals who only participated in wave
1, no significant differences were identified regarding sex
and EQ-VAS.
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Table 3 Determinants of HRQoL (in terms of problems (0=no problem; 1=any problem) in the EQ-5D dimensions and problems with any
dimension). Results of conditional FE logistic regressions (ECOS; wave 1 to wave 9)

Independent variables Mobility Self-care Usual activities Pain/discomfort Anxiety/depression Any problem
Age 1.05%** 1.05%#* 1.03%#* 1.01+ 1.00 1.00
(1.03-1.07) (1.03-1.08) (1.01-1.05) (1.00-1.03) (0.98-1.02) (0.98-1.02)
Education:-Middle (Ref.: low education) 0.98 1.34%* 0.83* 1.13 0.98 0.96
(0.82-1.17) (1.06-1.69) (0.69-0.99) (0.96-1.33) (0.84-1.15) (0.80-1.14)
High 1.12 1.75%%*% 0.87 1.11 0.94 0.79*
(0.89-1.42) (1.30-2.34) (0.69-1.09) (0.89-1.37) (0.77-1.16) (0.64-0.99)
Professional group:-Education (Ref.: Health-  1.20 0.80 1.02 1.18 1.14 1.08
related sector)
(0.86-1.67) (0.54-1.19) (0.74-1.42) (0.88-1.59) (0.85-1.53) (0.79-1.47)
Food retail 1.22 0.87 0.99 1.34+ 1.20 1.31
(0.85-1.74) (0.57-1.34) (0.69-1.41) (0.97-1.84) (0.87-1.65) (0.93-1.86)
Research 1.44+ 0.84 1.17 1.34 1.01 1.40+
(0.94-2.20) (0.52-1.38) (0.78-1.75) (0.93-1.93) (0.70-1.45) (0.95-2.08)
Other 1.18 0.92 1.16 1.26* 1.03 1.10
(0.92-1.51) (0.67-1.25) (0.91-1.47) (1.01-1.57) (0.83-1.28) (0.87-1.39)
Income (ability to make ends meet):-With 1.25+ 1.74%%* 1.647%%* 1.58%#* 1.99%%%* 2.05%%%*
great difficulty (Ref.: easily)
(0.97-1.62) (1.28-2.36) (1.28-2.11) (1.26-1.99) (1.58-2.50) (1.59-2.64)
With some difficulty 1.22+ 1.52%: 1.39%* 1.23* 1.48%3#:* 1.45%%:%
(1.00-1.50) (1.18-1.95) (1.13-1.70) (1.04-1.46) (1.25-1.75) (1.22-1.72)
Fairly easily 1.07 1.26* 1.14 1.10 1.17* 1.13+
(0.90-1.28) (1.00-1.57) (0.95-1.36) (0.96-1.27) (1.01-1.34) (0.98-1.30)
Infection with the novel coronavirus:-Yes, 1.59%%* 1.72%%% 1.59%%* 1.09 1.04 1.01
confirmed (Ref.: no)
(1.29-1.97) (1.35-2.20) (1.28-1.96) (0.91-1.32) (0.85-1.26) (0.82-1.25)
Yes, but not yet confirmed 1.78%:%* 1.54%:* 1.69%:** 1.76%** 1.28+ 1.66%**
(1.36-2.34) (1.14-2.08) (1.30-2.21) (1.36-2.28) (1.00-1.66) (1.24-2.22)
Don’t know 1.16+ 0.92 1.18* 1.21%* 1.21%* 1.33%%%*
(0.99-1.36) (0.74-1.13) (1.02-1.37) (1.06-1.37) (1.06-1.38) (1.15-1.53)
Own risk of getting infected with the coro- 0.97 1.07+ 1.01 1.03 1.01 1.03
navirus (from 1=no risk at all to 5=very
high risk)
(0.91-1.04) (0.99-1.16) (0.95-1.07) (0.97-1.08) (0.96-1.07) (0.97-1.09)
Risk to one’s own health from COVID-19 1. 18%** 1.13%** 1.12%3%* 1.13%%% 1.07* 1.10%*
(from 1 =no risk at all to 5 =very high risk)
(1.11-1.26) (1.05-1.23) (1.06-1.20) (1.07-1.19) (1.01-1.13) (1.04-1.17)
Risk to the health of one’s own family mem-  0.98 0.98 0.97 1.01 1.07* 1.03
bers from COVID-19 (from 1 =no risk at all
to 5=very high risk)
(0.92-1.04) (0.91-1.06) (0.92—1.03) (0.96-1.07) (1.01-1.12) (0.97-1.09)
Risk to the health of people in one’s own 0.99 0.96 0.98 0.96 1.04 1.01
community from COVID-19 (from 1=no
risk at all to 5 =very high risk)
(0.93-1.05) (0.89-1.04) (0.93-1.04) (0.92-1.02) (0.98-1.09) (0.96-1.07)
COVID-19 stringency index (from 0 to 100, 1.00 1.00* 1.00* 101 1.02%%: 10273
with 100 =strictest))
(1.00-1.00) (0.99-1.00) (1.00-1.01) (1.01-1.01) (1.01-1.02) (1.01-1.02)
Observations 14,962 9110 15,367 21,196 21,148 19,612
Number of Individuals 3058 1886 3215 4378 4306 3974
Pseudo R? 0.009 0.016 0.008 0.008 0.019 0.019

Odds ratios are reported; 95% CI intervals in parentheses; ***p <0.001, **p <0.01, *p<0.05,+p <0.10; Listwise deletion was used to handle
missing values
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Table 4 Determinants of HRQoL (in terms of EQ-VAS and EQ-5D-5L index). Results of linear FE regressions (ECOS; wave 1 to wave 9)

Independent variables EQ-VAS EQ-5D-5L index
Age —0.25%%%  —0.002%**
(0.05) (0.000)
Education:-Middle (Ref.: low education) -047 —0.000
(0.45) (0.003)
High -0.70 —0.002
(0.60) (0.005)
Professional group:-Education (Ref.: Health-related sector) -0.20 —0.003
(0.92) (0.007)
Food retail —-0.01 —0.004
(1.10) (0.008)
Research -1.10 —0.009
(1.06) (0.009)
Other -0.38 —0.007
(0.69) (0.005)
Income (ability to make ends meet):-With great difficulty (Ref.: easily) —2.91%**%  — 0.031%**
(0.74) (0.006)
With some difficulty — 1.63***  —0.012%*
(0.46) (0.004)
Fairly easily -0.65+ —0.005+
(0.35) (0.003)
Infection with the novel coronavirus:-Yes, confirmed (Ref.: no) — 2.52%%%  —(,015%*
(0.65) (0.005)
Yes, but not yet confirmed —1.72% - 0.014+
(0.83) (0.007)
Don’t know 0.88%* —0.003
(0.30) (0.002)
Own risk of getting infected with the coronavirus (from 1=no risk at all to 5=very high risk) -0.24+ —0.002%
(0.14) (0.001)
Risk to one’s own health from COVID-19 (from 1 =no risk at all to 5=very high risk) — 0.85%**  —0.004%*%*
(0.15) (0.001)
Risk to the health of one’s own family members from COVID-19 (from 1 =no risk at all to 5=very high risk) 0.03 —0.001
(0.13) (0.001)
Risk to the health of people in one’s own community from COVID-19 (from 1 =no risk at all to 5 =very high 0.19 0.001
risk) (0.13) (0.001)
COVID-19 stringency index (from 0 to 100, with 100 =strictest)) —0.01* — 0.000%**
(0.01) (0.000)
Constant 90.12%**  1.004%**
(2.85) (0.024)
Observations 50,418 50,485
Number of Individuals 11,755 11,768
R? 0.005 0.005

Unstandardized beta-coefficients are reported; 95% confidence intervals in parentheses; ***p <0.001, ** p <0.01, *p <0.05,+p <0.10; Listwise

deletion was used to handle missing values

Discussion

Based on longitudinal data from 9 waves during the COVID-
19 pandemic, this study aimed at describing HRQoL meas-
ured by the EQ-5D-5L in seven European countries and to
analyze the impact of sociodemographic and COVID-19-re-
lated variables.

On average across all waves, about two thirds of
respondents reported problems in at least one of the EQ-5D

@ Springer

dimensions, with a variation of up to approximately 10%
between countries as well as between waves within coun-
tries. This proportion is at the high end of what has been
reported from general population surveys that used the
EQ-5D-5L before the pandemic. For example, the respec-
tive proportion was 37.4% in a study conducted 2011 in
Spain (N=21,007) [28], 52.5% in a study conducted 2011
in Germany (N =2469) [29], 54.4% in a study conducted
2015/16 in Ireland (N=1131) [30], and 69.3% in another
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study conducted 2015/16 in Germany (N=4998) [31]. This
points at decreased HRQoL during the pandemic.

Among the five EQ-5D dimensions, anxiety/depression
was the most frequently affected dimension in four out of the
seven countries and ranked second in the remaining three
countries, with between 37.8% (Netherlands) and 52.0%
(Portugal) of respondents reporting problems on average
across all nine waves, and peaking in Portugal (59.0%) in
Wave 5 (January/February 2021) when death rates from
COVID-19 in Portugal reached its maximum [32]. While the
proportion of respondents reporting problems with anxiety/
depression varied markedly between countries and between
waves within countries, this proportion was substantially
and consistently higher than reported in the aforementioned
general population surveys using the EQ-5D-5L before the
pandemic, where it ranged between 16.3% in Spain [28] and
25.4% in Germany [31]. In fact, country-specific comparison
of the frequency of problems with anxiety/depression in our
study with previous national surveys conducted in Germany
(22.7% [29], 25.4% [31]) and Denmark (19.1% [33]) point
at the frequency of problems having approximately doubled
during the pandemic. Furthermore, before the pandemic,
general population surveys using the EQ-5D-5L [28-31, 33]
or the EQ-5D-3L [34] consistently reported the highest fre-
quency of problems in the dimension pain/discomfort, with
anxiety and depression ranking mostly only third or fourth.
This shows that in particular mental health related quality
of life was decreased during the pandemic. This goes in line
with findings of the few available studies on HRQoL during
the pandemic cited above as well as with numerous studies
that reported an increase in mental health symptoms during
the COVID-19 pandemic [35].

Also for the other EQ-5D dimensions, the proportion of
respondents reporting problems tended to be higher than
in available country-specific surveys conducted before
the pandemic. Taking Germany and Denmark as exam-
ples and making country-specific comparisons of average
problem frequencies across all waves with the frequencies
reported by Grochtdreis [31], Hinz [29], and Jensen [33],
the increase in the proportion of individuals reporting prob-
lems during the pandemic was+0.9%/+12.8%/+7.1%
for mobility, + 9.1%/ + 8.0%/ + 9.9% for self-
care,+0.1%/+10.1%/+7.6% for usual activities and
—0.4%+10.2%/ +9.4% for pain discomfort. Thus, although
probably affecting mental health primarily, the pandemic
seems to be associated with increased problems in all dimen-
sion of HRQoL.

Self-rated health measured on the EQ VAS was slightly
above 70 on average across all nine waves in all countries
except for Portugal where it was just below 80. Thereby EQ
VAS scores in all countries (except for Portugal) were 1 to
12 points lower than respective country-specific EQ VAS
scores reported in general population surveys conducted

before the pandemic [31, 33, 36-38]. In Portugal, the com-
paratively high EQ VAS score (as well as the small fre-
quency of problems in the EQ-5D dimensions mobility and
self-care) is likely to be due to the relatively small propor-
tion of individuals aged 65+ in all waves.

Valuation of HRQoL based on county-specific societal
preferences (EQ-5D-5L index) ranged from 0.82 in Den-
mark to 0.94 in France. Comparable country-specific index
values based on the EQ-5D-5L are only available from gen-
eral population surveys conducted before the pandemic in
Denmark [33] and Germany [31] which were higher by 0.08
and 0.03, respectively.

With regard to the determinants of HRQoL, FE regres-
sions showed that in particular occurrence of infection was
associated with problems in all EQ-5D dimension and a
reduction in EQ VAS score as well as EQ-5D-5L index.
These problems are likely to be caused by the numerous
symptoms of COVID-19 [1] as well as the required isolation
which may affect social and mental HRQoL. We assume that
unconfirmed infections tend to be rather recent infections
causing acute symptoms and/or requiring isolation—this
being the reason for problems in nearly all EQ-5D dimen-
sions. Both, the occurrence of unconfirmed and confirmed
infections were significantly associated with a decrease in
EQ VAS score, whereas only confirmed infections were sig-
nificantly associated with a decrease in the EQ-5D-5L index.
Furthermore, an increase in the perceived risk to one’s own
health from COVID-19 was associated with an increased
likelihood of problems in all EQ-5D dimensions, a reduced
EQ VAS score and a reduced EQ-5D-5L index. This might
be explained by fear of COVID-19 and avoidance of social
contacts [3] in order to reduce the risk of infection. Sur-
prisingly, changes in perceived risk to the health of one’s
own family members or of people in one’s own community
were not significantly associated with problems in EQ-5D
dimensions nor EQ VAS score/EQ-5D-5L index (with the
exception of an association between perceived risk to the
health of one’s own family members and problems with
anxiety/depression). Furthermore, the occurrence of great
income difficulties as a possible economic consequence of
the pandemic was associated with an increased likelihood
of problems in all EQ-5D dimension except for mobility,
and a reduced EQ VAS score/EQ-5D-5L index. Not surpris-
ingly this association was most pronounced with the EQ-5D
dimension anxiety/depression. Thus, mental health stress
caused by economic problems seems to also affect physi-
cal and social dimensions of HRQoL. Finally, an increase
in the COVID-19 stringency index was associated with an
increase in the likelihood of problems with usual activities,
pain/discomfort and anxiety/depression, as well as a reduced
EQ VAS score and EQ-5D index. Again, this seems plau-
sible because this COVID-19 stringency index reflects the
stringency of government measures used to reduce social

@ Springer



1642

Quality of Life Research (2023) 32:1631-1644

contacts. By restricting usual activities, these measures were
likely to also affect mental and physical health [4].

Strengths and limitations

Some strengths are worth noting. As the first study, HRQoL
in several European countries was described throughout
the course of the COVID-19 pandemic (longitudinal data
including nine waves from April 2020 to December 2021/
January 2022). Thus, this study markedly extends our cur-
rent knowledge in this research area. HRQoL was quanti-
fied using the widely used EQ-5D-5L. The determinants of
HRQoL were examined using FE regressions. This choice
substantially mitigates the key challenge of unobserved het-
erogeneity [23]. It should be acknowledged that the ECOS
study focused on the general adult population in several
European countries. By using an online survey, some popu-
lation groups such as the oldest olds residing in institution-
alized settings were less likely to participate and should be
examined by future research. In Portugal, in all waves the
proportion of respondents aged 65 + was markedly smaller
compared to the Portuguese census population (average pro-
portion of only 12.1% compared to 21.9% in census) which
may have biased the results. Furthermore, data on morbid-
ity (e.g., the number of health conditions an individual is
living with), which is an important factor of HRQoL, was
not collected in the ECOS study. Although the variable on
perceived risk to one’s own health from COVID-19 might be
considered a proxy, changes in morbidity may not have been
sufficiently controlled for in FE regressions. Additionally,
some attrition bias has been identified. However, significant
differences regarding EQ-VAS were not identified between
individuals who only participated in wave 1 and continuous
participants. Moreover, additional FE regression analyses
revealed nearly the same results when we further restricted
our sample.

Conclusion

Compared to national general population surveys conducted
before the pandemic, we found large proportions of respond-
ents reporting problems in the dimensions of HRQoL meas-
ured by the EQ-5D-5L throughout the pandemic, especially
for anxiety/depression. In particular, the occurrence of infec-
tion, changes in the perceived risk to one’s own health from
COVID-19, the occurrence of great income difficulties and
an increase in the stringency of government response seem
to be associated with impairment of HRQoL. These find-
ings may support policy makers in maintaining HRQoL of
populations when designing policies against the spread of
COVID-19.

@ Springer
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