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Abstract

Purpose Measuring health-related quality of life (HRQoL) with the EQ-5D-5L might lack sensitivity for disease-specific
health complaints. This cross-sectional study analyzed whether fatigue and cognitive problems are captured by the EQ-
5D-5L in a Q-fever patient population with persistent fatigue/cognitive problems, and whether addition of fatigue/cognition
improved the explained variance for HRQoL.

Methods A Dutch sample of Q-fever patients filled out the EQ-5D-5L and EQ VAS, the fatigue subscale of the Checklist
Individual Strength, and a cognition dimension in the EQ-5D-5L format. The extent to which fatigue and cognition were
captured by the EQ-5D-5L was determined based on distributional effects, head-to-head comparisons, Spearman rank cor-
relation coefficients, and regression analyses. Explanatory power was determined of the EQ-5D-5L for the EQ VAS with
and without a fatigue and cognition dimension.

Results Out of 432 respondents, 373(86%) reported severe fatigue, 387(90%) cognitive problems. EQ-5D-5L utility and
EQ VAS scores of respondents reporting severe fatigue/cognitive problems were significantly lower. Fatigue was strongly
correlated with EQ-5D-5L dimensions usual activities and pain/discomfort (r=0.602 and »=0.510) and moderately with
other EQ-5D-5L dimensions (r=0.305-0.476). Cognition was strongly correlated with usual activities (r=0.554) and
moderately with other dimensions (r=0.291-0.451). Adding fatigue to the EQ-5D-5L increased explanatory power for the
EQ VAS with 6%.

Conclusion Fatigue and cognitive problems in Q-fever patients were partially captured by the EQ-5D-5L dimensions. The
addition of fatigue to the EQ-5D-5L slightly improved explained variance for the EQ VAS. This potentially also accounts
for patients who experience sequelae of other infectious diseases, such as COVID-19.
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Background

Infectious diseases, such as Q-fever or COVID-19, are
caused by organisms such as bacteria, viruses, fungi, or
parasites, and can lead to illness, disability, and even death
[1, 2]. In the Southeast region of the Netherlands, there has
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been an outbreak of Q-fever from 2007 until 2011 with over
3000 notified cases [3].

Approximately, 40% of all people that get infected with
Q-fever experience health complaints that can vary in dura-
tion from days to lifelong [4]. One of the eminent char-
acteristic health complaints of Q-fever is fatigue [5]. Ten
years after infection, approximately 90% of Q-fever patients
reported fatigue complaints [6], which is more than respond-
ents who were not exposed to Q-fever [7].

Apart from fatigue, a vast majority of Q-fever patients
also reported long-term problems with cognition [6, 8].
Two studies reported reduced work participation in Q-fever
patients twelve months after infection, mainly due to con-
centration-, memory problems [9], and reduced cognitive
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functioning in Q-fever patients 5-9 years after infection,
compared to the general population [10].

The magnitude of the current COVID-19 pandemic and
the large percentage of COVID-19 patients experiencing
long-term consequences of COVID-19, including fatigue
and cognitive problems, underline the impact that long-term
consequences of an infectious disease can have at popula-
tion level [11, 12]. Insight into the magnitude of the impact
of long-term sequelae of infectious disease can be assessed
by investigating a patients’ health-related quality of life
(HRQoL).

One of the most commonly used generic HRQoL
measures is the EQ-5D [13]. The EQ-5D is a brief self-
assessment measurement instrument that consists of five
dimensions, with a response scale of five answer options
in the 5L version [13, 14]. The EQ-5D-5L is widely used
for, among other things, measuring utility for a cost-utility
analysis, with the aim to inform policy-makers on allocation
of healthcare resources. However, it has been argued that
its brevity may limit the sensitivity to change and content
validity in some (patient) populations, and therefore limit
its’ ability to measure for example long-term consequences
of infectious diseases [15, 16]. Moreover, the question rises
whether certain aspects of health, such as fatigue and cogni-
tion, are sufficiently covered by the EQ-5D, or whether they
should be added to the EQ-5D [17]. Especially in patients
with infectious disease, who frequently experience persis-
tent fatigue, cognitive problems, or both, it is crucial that
the effects of these problems are captured by the HRQoL
measurement instrument.

To date, there is only limited evidence available on the
sensitivity of the EQ-5D for fatigue and cognitive problems
in patients who experience these problems due to an infec-
tious disease, such as Q-fever. Therefore, this study investi-
gated whether fatigue and cognitive problems are captured
by the EQ-5D-5L dimensions in a cohort of Q-fever patients.
Furthermore, this study analyzed whether the addition of
fatigue and cognition improved the extent to which the EQ-
5D-5L captured HRQoL in Q-fever patients.

Methods
Study population

This study was conducted with self-reported cross-sectional
data from Q-fever patients. An online survey was sent to
Q-fever patients in December 2018 by a patient organiza-
tion, Q-uestion, and a governmental support organiza-
tion for Q-fever patients, Q-support [6]. Inclusion criteria
were: a member of one of the patient organizations; adult
(age > 18 years old); ability to read Dutch. To receive sup-
port from Q-support, patients had to present a positive test
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result of a Q-fever infection. The study was approved by
the Medical Ethics Review Board of the Erasmus Medi-
cal Center (MEC-2018-1605), and informed consent was
retrieved from all respondents.

Measures

The online survey included questions on socio-demographic
characteristics, medical information, HRQoL, fatigue and
cognition. Socio-demographic characteristics included age,
sex and educational level (categorized in three categories:
low, middle and high education) [18].

Patients were classified according to three diagnosis
groups based on their self-reported diagnosis: chronic
Q-fever (CQ), Q-fever fatigue syndrome (QFS), and patients
who experience QFS-like disease (QLD). Furthermore,
medical data included hospitalization (yes/no) during acute
infection.

Patients were asked to report their HRQoL on the EQ-
5D-5L and visual analogue scale (EQ VAS). The EQ-5D-5L
consists of five dimensions: mobility, self-care, usual activi-
ties, pain/discomfort and anxiety/depression [14]. Each
dimension is operationalized in one item with five response
levels: no problems, slight problems, some problems, severe
problems and extreme problems/unable to [13]. The EQ
VAS consists of one question where respondents rate their
health state on a scale from O (worst imaginable health state)
to 100 (best imaginable health state), and is often used to
determine to what extent the EQ-5D captures HRQoL [17].

The survey also informed on problems with fatigue, using
the subscale ‘subjective experience of fatigue’, of the Check-
list Individual Strength (CIS) [19]. The CIS fatigue scale is a
validated instrument that consists of eight items that inform
on different aspects of fatigue [19, 20]. Response options
consist of a Likert scale from ‘Yes’ (score 1) to ‘No’ (score
7), with no description in words of the answer options in
between score 1 and 7. Scores were recoded so that a score
7 always indicated fatigue. The CIS fatigue score was cat-
egorized in two groups: no to moderate fatigue (CIS fatigue
score < 35), and severe fatigue (CIS fatigue score > 35)
[21]. Since some fatigue complaints are common in a gen-
eral population, and therefore, not necessarily indicative of
more problems than ‘normal’, no to moderate fatigue was
considered one group [22].

In addition, a frequently used item on cognitive problems
in EQ-5D-5L format was included in the survey, inform-
ing on problems with memory/understanding/coherence/
thinking. The item has been tested in multiple studies on
its psychometric performance [23, 24]. The wording of the
item was: ‘Cognition, such as memory, understanding, con-
centration, thinking’. The answer options were the same as
the answer options of the EQ-5D-5L items. Degree of cogni-
tive problems was categorized in two groups: no cognitive
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problems (score 1), and cognitive problems (score 2-5). We
will refer to this cognition item as the cognition dimension.

Data analyses

Data analyses were performed using SPSS version 25
(Statistical Product and Service Solutions, Chicago, Illi-
nois, USA). Respondents were included in the analyses if
the EQ-5D, EQ VAS, CIS fatigue items and the cognition
dimension had been completed.

Socio-demographic characteristics were presented for the
whole population and for subgroups based on fatigue and
cognitive problems. Distributional effect was determined by
defining the proportion of perfect health profiles among all
observed health profiles. A health profile was formed by
combining the responses to the EQ-5D into a profile, e.g.
‘13252°. A perfect health profile consisted of ‘no problems’
on all EQ-5D dimensions (‘11111°), and a higher propor-
tion of perfect health profiles indicated more ceiling effect.
Utility scores were calculated using the Dutch value set for
the EQ-5D-5L [25].

Mean and standard deviation from utility scores and EQ
VAS were compared between groups based on the presence
of severe fatigue, cognitive problems, or both.

A head-to-head comparison was performed between
dimensions of the EQ-5D-5L and fatigue. The percentage
of respondents with corresponding answers on fatigue and
on EQ-5D dimensions was assessed. Corresponding answers
referred to reporting no or mild problems on the fatigue scale
in combination with reporting no problems on the EQ-5D
dimension, or the opposite (severe fatigue in combination
with reporting problems on the EQ-5D dimension). The
same assessment was performed for the cognition dimension
with each EQ-5D dimension. However, since the cognition
dimension is designed in a similar way as the EQ-5D dimen-
sions, corresponding answers were defined as reporting no
problems on the cognition dimension in combination with
no problems on the EQ-5D dimension, and reporting prob-
lems on the cognition dimension in combination with prob-
lems on the EQ-5D dimension. Furthermore, dominance of
dimensions was analyzed by determining whether problems
on the fatigue or cognition dimension were always associ-
ated with problems on another dimension.

Convergent validity between the EQ-5D dimensions
with the CIS fatigue score and the cognition dimension was
determined using Spearman rank correlation coefficient.
A correlation of 0.1-0.29 was considered weak, 0.3-0.49
moderate, and > 0.5 was considered strong [26]. For fatigue,
a moderate to strong correlation was expected for all dimen-
sions, because both physical and mental problems are likely
to be worsened by fatigue [27]. For cognition, a strong cor-
relation was expected with usual activities, as usual activi-
ties require concentration (for example for work), which is

likely to be strongly related to cognitive problems [28]. In
addition, a moderate to strong correlation was expected with
pain/discomfort, as already identified in previous studies
[29, 30], and with anxiety/depression, because especially
mental problems are likely to be affected by cognitive prob-
lems. Moreover, anxiety/depression could lead to cognitive
impairment [31].

Explanatory power of the EQ-5D for fatigue and cogni-
tion was determined using multiple linear regression analy-
ses, as the assumptions of linear regression were met, to gain
insight in the association, if any, between fatigue and cog-
nition and the EQ-5D dimensions. Dummy variables were
created for each response level for each EQ-5D dimension,
except for ‘no problems’, which was used as reference cat-
egory. Explained variance was reported for the full model,
and unstandardized beta were reported for independent vari-
ables with a statistically significant effect (p <0.05).

Furthermore, explanatory power of the EQ-5D (with
fatigue/cognition) for EQ VAS was also determined using
multiple linear regression analyses, to gain insight in the
added value of fatigue and cognition to the measurement of
HRQoL, measured with the EQ VAS. Dummy variables for
each response level, except for ‘no problems’, were used as
independent variables.

Results

Overall, 478 out of 880 invited Q-fever patients responded
to the survey (54.3%), of whom 432 patients filled out all
relevant items and were therefore included in this study.
Respondents were on average 56 years old, and approxi-
mately half of them were female (48%) (Table 1). More than
half of the respondents reported a diagnosis of QFS (59%),
and approximately one quarter of respondents reported hos-
pitalization for Q-fever (23%).

Health outcomes

Respondents reported a mean EQ-5D-5L utility score of
0.53, and a mean EQ VAS of 47. Perfect health on the
EQ-5D-5L was reported by 5% of respondents, indicating
a small ceiling. Of the respondents, 86% reported severe
fatigue, 90% cognitive problems (Table 1), and 80% reported
both. Distribution of responses to the CIS fatigue items, on
which severity of fatigue was based, can be found in Sup-
plementary Information Fig. A1 and A2. Mean utility score
was significantly higher (p <0.001) for respondents with
no or mild fatigue (EQ-5D-5L utility score=0.81) com-
pared to respondents with severe fatigue (EQ-5D-5L utility
score =0.49). A mean EQ-5D-5L utility score of 0.79 was
found for respondents with no cognitive problems, versus
a significantly lower (p <0.001) EQ-5D-5L utility score
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Table 1 Characteristics of study population

All responders Subgroups based on fatigue Subgroups based on cognitive problems
No/mild fatigue Severe fatigue No cognitive problems Cognitive problems

N 432 59 373 45 387
Age mean(SD) 56.1 (13.3) 59.9 (13.4) 55.5(13.2) 61.8 (11.7) 55.4 (13.3)
Female N(%) 208 (48%) 19 (32%) 189 (51%) 20 (44%) 188 (49%)
Education level N(%)

Low 127 (29%) 14 (24%) 113 (30%) 14 31%) 113 (29%)

Medium 158 37%) 20 (34%) 138 (37%) 13 (29%) 145 (38%)

High 147 (34%) 25 (42%) 122 (33%) 18 (40%) 129 (33%)
Diagnosis N(%)

Chronic Q-fever 46 (11%) 12 (20%) 34 (9%) 9 (20%) 37 (10%)

Q-fever fatigue syndrome (QFS) 255 (59%) 17 (29%) 238 (64%) 13 (29%) 242 (63%)

QFS-like disease 131 (30%) 30 (51%) 101 (27%) 23 (51%) 108 (28%)
Hospitalization N(%) 97 (23%) 17 (29%) 80 (21%) 13 (29%) 84 (22%)
Health profile ‘11111° N(%) 20 (5%) 18 31%) 2 (1%) 11 (24%) 9 (2%)
Utility score 0.53 (0.29) 0.81 (0.18) 0.49 (0.28) 0.79 (0.19) 0.50 (0.28)
EQ VAS 47 (19.8) 70 (15.3) 44 (18.0) 65 (16.9) 45 (19.1)

of 0.50 for respondents with cognitive problems. Mean
EQ VAS scores were in line with mean utility scores, with
the highest mean EQ VAS for respondents with no or mild
fatigue (EQ VAS =70) and respondents with no cognitive
problems (EQ VAS =65), and the lowest VAS for respond-
ents with severe fatigue (EQ VAS =44) and respondents
with cognitive problems (EQ VAS =45).

Distribution of responses

Figures 1 and 2 present the distribution of responses for
each EQ-5D-5L dimension for subgroups based on fatigue
(1) and cognitive problems (2). The percentage of respond-
ents reporting problems on a dimension is higher in the

Fig. 1 Distribution of responses 100% —_—
on the EQ-5D-5L dimensions
by severity level of fatigue

(no/mild fatigue versus severe 80%
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Severe No/mild  Severe
Fatigue

Self-care

presence of fatigue or cognitive problems, for all dimen-
sions. Most problems were reported on the usual activities
and pain/discomfort dimension for both severe fatigue and
cognitive problems. Least problems were reported with
self-care for all respondents.

Reporting severe fatigue or cognitive problems was
almost always (99% and 98% respectively) associated
with problems on at least one EQ-5D dimension. However,
reporting problems on at least one EQ-5D dimension was
not always associated with severe fatigue (10% reported
problems on the EQ-5D and no/mild fatigue). Similarly,
for cognition it was found that 8% of respondents who
reported problems on at least one EQ-5D dimension,
reported no problems with cognition.

B Extreme problems
Severe problems
Moderate problems
Slight problems

No problems
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Fig. 2 Distribution of responses 100% =
on the EQ-5D-5L dimensions
by severity level of cognitive
problems (no cognitive prob- 80%
lems versus cognitive problems)
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Head-to-head comparison

Chi-square tests showed that fatigue and cognition were
significantly related to all EQ-5D dimensions (p <0.01),
when testing on a dichotomized level. For all dimensions,
except for self-care,>50% of respondents reported corre-
sponding answers for both fatigue and the cognition dimen-
sion with the EQ-5D (Table 2). The highest percentages of
corresponding answers for fatigue and cognition with the
EQ-5D dimensions were found for usual activities (fatigue:
88%; cognition: 88%) and pain/discomfort (fatigue: 88%;
cognition 86%). The lowest percentages were found for self-
care (fatigue: 45%; cognition: 43%). Furthermore, in 84%
of the cases corresponding answers were found for fatigue
and cognition.

Convergent validity

Strong correlation was found between fatigue and both the
usual activities dimension (r=0.602) and the pain/discom-
fort dimension (r=0.510) (Table 3). Moderate correlation
was found for fatigue with the remaining three dimensions:
mobility, self-care, and anxiety/depression. Correlation
of cognition with the EQ-5D dimensions was found to be
strong for usual activities only (r=0.554). Pain/discomfort
and anxiety/depression showed a moderate correlation with
cognition, and mobility and self-care a weak correlation.
Fatigue and cognition were found to be moderately corre-
lated (r=0.476).

Regression analyses
Multiple regression analyses showed that the EQ-5D-5L

dimensions explained 40% of variance in fatigue, and
approximately 34% of variance in cognition (Table 4).

Self-care

problems problems problems

Usual activities Pain/discomfort Anxiety/depression

Table 2 Head-to-head comparison of fatigue and the cognition
dimension with the dimensions of the EQ-5D-5L

Fatigue Cognitive problems

No® (%) Yes® (%) No® (%) Yes® (%)
Mobility problems
No° 40 (9) 82 (19) 25 (6) 97 (23)
Yes! 19 (4) 291 (67) 20 (5) 290 (67)
Self-care problems
No° 54 (13) 231 (54) 41 (10) 244 (57)
Yes¢ 5(1) 142 (33) 4(1) 143 (33)
Usual activities problems
No° 25 (6) 20 (5) 18 4) 27 (6)
Yes? 34 (8) 353 (82) 27 (6) 360 (83)
Pain/discomfort problems
No° 28 (7) 22 (5) 17 4) 33 (8)
Yes? 31(7) 351 (81) 28 (7) 354 (82)
Anxiety/depression problems
No° 33(8) 118 (27) 32(7) 119 (28)
Yes? 26 (6) 255 (59) 13 (3) 268 (62)
Fatigue
No* - - 18 4) 41 (9)
Yes® - - 27 (6) 346 (80)

Bold frequencies (percentages) represent corresponding answers

#No fatigue represents both no and mild fatigue (based on a CIS
score < 35)

Yes fatigue represents severe fatigue (based on a CIS score > 35)

“No (problems) represents a score of 1 on the EQ-5D or cognition
dimension

dYes (problems) represents a score>1 on the EQ-5D or cognition
dimension

For fatigue, it was found that reporting complaints on any
level of usual activities significantly increased complaints
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Table 3 Spearman’s rank
correlation of EQ-5D-5L
dimensions with fatigue and

cognition

Mobility ~ Self-care

Usual activities

Pain/discomfort

Anxiety/depression  Cognition

Fatigue 0.435%%*
Cognition  0.291%**

0.602%** 0.510%*
0.554% 0.451%*

0.305%* 0.476%*
0.374%* -

**Statistically significant at a 1% level (p <0.01)

Table 4 Multivariable regression analyses of EQ-5D for fatigue and of EQ-5D for cognition

Fatigue®

Independent variables

Unstandardized beta® (95% CI)

Cognition®

Independent variables

Unstandardized beta® (95% CI)

Constant

Mobility level 2
Mobility level 3
Mobility level 4
Mobility level 5

Usual activities level 2
Usual activities level 3
Usual activities level 4
Usual activities level 5
Pain/discomfort level 2
Pain/discomfort level 3
Pain/discomfort level 4
Pain/discomfort level 5

33.76 (31.87, 35.65)**
1.52 (- 0.80, 3.83)
2.50 (0.16, 4.84)*

1.43 (= 1.50, 4.35)
—0.61 (- 12.89,11.67)
3.99 (0.97, 7.01)*
8.55 (5.60, 11.50)**
11.40 (8.05, 14.76)**
12.92 (7.97, 17.86)**
1.51 (= 1.55,4.57)
3.36 (0.44, 6.29)*
4.12 (0.74, 7.49)*
5.56 (0.24, 10.87)*

Constant

Usual activities level 2
Usual activities level 3
Usual activities level 4
Usual activities level 5
Anxiety/depression level 2
Anxiety/depression level 3
Anxiety/depression level 4
Anxiety/depression level 5

2.03 (1.83, 2.22)%*
0.11 (= 0.20, 0.43)
0.59 (0.29, 0.90)**
1.05 (0.70, 1.40)%*
1.07 (0.56, 1.59)%*
0.03 (— 0.18, 0.24)
0.35 (0.13, 0.57)%*
0.70 (0.38, 1.02)**
1.39 (0.35, 2.42)%*

Adjusted R? 0.400
F value 15.38%*

Adjusted R? 0.337
F value 11.94%*

CI Confidence Interval, MO mobility, SC Self-care, UA Usual activities, PD Pain/Discomfort, AD Anxiety/Depression, FA CIS fatigue score,

CO Cognition

*Statistically significant at a 5% level (p <0.05)
**Statistically significant at a 1% level (p <0.01)

“Range 8-56, higher score indicates more fatigue complaints

PRange 1-5, higher score indicates more cognitive problems

“Only statistically significant (p <0.05) independent variables were presented

with fatigue, compared to no complaints on usual activi-
ties. Furthermore, the same effect was found for reporting
moderate complaints with mobility (level 3), compared to
no problems with mobility, and reporting moderate, severe
or extreme pain/discomfort, compared to no pain/discom-
fort. For cognition, it was found that reporting moderate to
extreme problems with usual activities was associated with
reporting more severe cognitive problems, compared to no
problems with usual activities. Similar results were found
for anxiety/depression.

Comparing the explained variance of the EQ VAS by
the EQ-5D-5L dimensions with and without fatigue and the
cognition dimension, it was found that adding the fatigue
score increased the explained variance with 6%, whereas
adding the cognition dimension resulted in an increase of
only 0.1% in explained variance (Table 5). Adding both
fatigue and cognition to the EQ-5D resulted in a slightly
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lower percentage of increased explained variance than add-
ing fatigue only (51.7% vs 51.5%).

Discussion
Main findings

This study analyzed the sensitivity of the EQ-5D-5L for
fatigue and cognitive problems in a sample of Q-fever
patients. The majority of respondents reported both severe
fatigue and cognitive problems. Fatigue and cognitive
problems were partially captured by the EQ-5D-5L dimen-
sions, although fatigue was captured to a slightly larger
extent than cognitive problems. Fatigue was strongly cor-
related with both usual activities and pain/discomfort, and
moderately correlated with the remaining dimensions, as
expected. Cognition was strongly correlated with usual
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Table 5 Exp lanatoFy power .Of Dependent variable Independent variables Adjusted R? F value

EQ-5D with and without fatigue

and cognition for EQ VAS EQ VAS MO-SC-UA **_PD*_AD**2 0.456 19.06%*
MO-SC-UA**-PD*-AD**-FA**P 0.517 23.00%*
MO-SC-UA**-PD*-AD**-CQO° 0.457 16.14%*
MO-SC-UA**-PD*-AD**-FA**-CQY 0.515 19.31%*

MO mobility, SC Self-care, UA Usual activities, PD Pain/Discomfort, AD Anxiety/Depression, FA raw CIS
fatigue score (continuous), CO Cognition

*Statistically significant at a 5% level (p <0.05)

*#Statistically significant at a 1% level (p <0.01)

“Levels that were significant: UA levels 3%**, 4%* 5%%; PD levels 4%, 5%%; AD levels 3**, 4%*
YL evels that were significant: UA levels 4**, 5%%; PD level 5*%; AD levels 3*%*, 4#%*

“Levels that were significant: UA levels 3%**, 4%* 5%%; PD levels 4%, 5%%; AD levels 3**, 4%*
dLevels that were significant: UA levels 4**, 5%%; PD level 5*%; AD levels 3*%*, 4*%*

activities only, and moderately with pain/discomfort and
anxiety/depression, which was also expected. Explained
variance in fatigue and cognition by the EQ-5D-5L was
found to be slightly smaller for cognition than for fatigue
(34% vs. 40%). Interestingly, only mobility level 3 had a
significant effect on fatigue, whereas the effect of level
4-5 was not significant. Possibly, people who report severe
problems/unable to walk refrain from moving around and
therefore experience less fatigue, whereas people with
moderate problems with walking might experience more
fatigue as they keep walking and use more energy in walk-
ing due to their impairment. The explorative analyses on
extension of the EQ-5D-5L with fatigue/cognition showed
that the addition of fatigue increased the explained vari-
ance of the EQ-5D-5L for the EQ VAS, whereas add-
ing the cognition dimension had almost no impact on
the explained variance. This means that while cognitive
problems are only partially captured by the EQ-5D-5L,
the five dimensions of the EQ-5D-5L represent cogni-
tion with respect to HRQoL, when measured with the EQ
VAS. Fatigue, on the other hand, is less well represented
in the EQ-5D-5L dimensions, since inclusion of fatigue
improved the explained variance of the EQ-5D-5L for
HRQoL. Furthermore, addition of both fatigue and cog-
nition to the EQ-5D in the regression analyses resulted in a
slightly lower explained variance than adding fatigue only,
potentially due to the high correlation between fatigue and
cognition.

Comparison to previous studies

Fatigue, both in positive terminology (energy) and nega-
tive terminology (fatigue/tiredness) has been found to be
missing in the EQ-5D in multiple studies [32, 33]. When
included, many respondents reported problems on this
dimension [34, 35]. Considering the extent to which fatigue
is captured by the EQ-5D, a study by Spronk et al. reported

small to moderate correlation of fatigue with the EQ-5D-5L
in a general population, using the fatigue item of the Riv-
ermead Post-Concussion Symptoms Questionnaire (RPQ)
[36]. Respondents with at least one chronic condition had a
stronger correlation between fatigue and the EQ-5D dimen-
sions than respondents with no chronic disease, but the
reported correlation was not as strong as the correlations
for our Q-fever population [36]. This indicates that fatigue
is better captured by the EQ-5D dimensions in a population
with more fatigue complaints. However, it should be taken
into account that the study by Spronk et al. used a different
item to measure fatigue, which potentially measured differ-
ent aspects of fatigue. Considering the explanatory power of
the EQ-5D, another study reported that although respondents
frequently reported problems on energy, it did not add to
the explanatory power of the EQ-5D-3L, probably due to
high correlation with emotional functions [16]. This was
not in line with our findings, as we identified an increase in
explanatory power of the EQ-5D-5L for the EQ VAS when
including fatigue. However, our study added only fatigue as
independent variable, whereas the study by Jelsma et al. [16]
added more dimensions, which might have been overlapping
with the energy dimension. Moreover, an energy dimension
may not cover the same concept as fatigue. In addition, our
study used the 5 level version of the EQ-5D. Comparing
this finding to our regression analyses for the EQ VAS with
both fatigue and cognition added to the EQ-5D, it is in line
with the findings of Jelsma et al. as no additional explana-
tory power was found when adding both the cognition and
fatigue dimension compared to only adding fatigue. This
may have been caused by an interaction between fatigue
and cognition, which was also in line with the findings of
Jelsma et al. [16]. Moreover, a moderate correlation was
found between fatigue and cognition, which supports the
suspicion of a potential interaction. In addition, fatigue was
based on eight items in our study, which were framed dif-
ferently than the EQ-5D dimensions, instead of one bolt-on

@ Springer



2090

Quality of Life Research (2022) 31:2083-2092

dimension in EQ-5D format. This could potentially affect the
sensitivity of the CIS fatigue score, as eight items are likely
to be able to measure more aspects of fatigue than one bolt-
on dimension in EQ-5D format. In addition, the CIS fatigue
scale informs on fatigue complaints in the past two weeks,
whereas a dimension in the EQ-5D format informs on health
today. Therefore, a fatigue bolt-on might be less sensitive
to change in fatigue complaints than de CIS fatigue score.

The addition of a cognition dimension to the EQ-5D has
been studied more extensively than fatigue, and cognition
has in many studies already been applied as an additional
dimension of the EQ-5D [17]. However, while often sug-
gested [16, 32, 33] and also tested for added value [23, 24,
28, 34, 37-40], the cognition dimension is not an official
EQ-5D dimension. Therefore, it is relevant to analyze the
extent to which cognition is captured in a patient popula-
tion with cognitive problems. Previous studies reported
little added value for the cognition dimension in a variety
of patient- and general populations when added to the EQ-
5D-3L [28, 37] and the EQ-5D-5L [23, 24]. Although the
improvement in explanatory power of the EQ-5D with cog-
nition dimension for the EQ VAS was negligible, our results
showed that cognition was captured partially in the EQ-5D
dimension. This was in line with findings of the previously
mentioned studies. The addition of the cognition item did
not improve the explained variance of the EQ-5D-5L for
the EQ VAS, although our findings indicated that cogni-
tion is not fully captured in the EQ-5D dimensions. This
can be explained by the fact that the EQ VAS was used to
represent HRQoL, due to the absence of a golden standard
for HRQoL. It should be noted, however, that the EQ VAS
has been argued to represent a broader underlying construct
of health [41].

Strengths and limitations

This study had some strengths and limitations. A major
strength was that our study sample consisted of Q-fever
patients who frequently reported fatigue and cognitive
problems. This allowed us to investigate the sensitivity of
the EQ-5D-5L for these key aspects of infectious disease
sequelae.

A limitation of our study is that it is unknown whether
respondents filled out the questionnaires by themselves.
Approximately a quarter of respondents reported severe
cognitive problems. Cognitive problems are likely to have
affected the ability to fill out the questionnaire, which con-
sisted of more than fifty questions. Therefore, responses
might actually represent proxy responses. Proxy responses
are responses about a patient, given by someone else (e.g.
a family member). Previous studies showed that proxy
responses can differ randomly from patient responses, and
should therefore be interpreted with caution [42, 43].

@ Springer

Furthermore, it should be noted that data collection may
have suffered from selection and non-response bias. Sur-
veys were send to Q-fever patients by two Q-fever patient
organizations, which might have led to a selection bias. In
the Netherlands, there have been approximately 4300 noti-
fied cases of Q-fever between 2007 and 2018, whereas 880
(20%) was invited for our survey through the patient and
governmental organizations. Possibly, only Q-fever patients
with more severe complaints were members of one of the
patient organizations. This is illustrated by the large per-
centage of patients with QFS (59%), whereas a systematic
review indicated that approximately 20-30% suffers from
QFS [44]. However, the governmental patient organization
targets patients with long-term complaints. Since approxi-
mately 20-30% suffers from QFS, which leads to long-term
complaints, the 20% of all notified cases that was reached
should comprise a large proportion of all Q-fever patients
with long-term complaints. Furthermore, potentially only
Q-fever patients with ongoing complaints filled out the
survey. On the other hand, patients with severe fatigue and
cognitive problems might have been unable to fill out the
questionnaire. There is no certainty about the direction of
the potential selection and non-response bias. However, we
believe that the outcomes of our analyses were not affected
by this limitation, as representativeness of the study popula-
tion was not required for our research question.

Implications for future research

The results of our study suggested that fatigue was moder-
ately captured in the EQ-5D-5L, but inclusion of a fatigue
dimension in the EQ-5D could potentially improve the
coverage of HRQoL. More research on the addition of a
fatigue item, preferably in the EQ-5D phrasing and format,
could provide more certainty on whether or not an addi-
tional fatigue item is necessary to measure HRQoL in cer-
tain patient groups. Furthermore, it would be recommended
to study the differences in wording and concept of a fatigue
item, and the effect of the wording on the additional value
of a fatigue item for the EQ-5D-5L. For example, does the
wording or concept, such as fatigue, tiredness, energy or
vitality affect the added value of a bolt-on dimension? In
addition, a similar study could be performed in a popula-
tion of COVID-19 patients, to test whether results hold for
patients experiencing persistent sequelae of other infectious
disease as well. Furthermore, the added value of an addi-
tional dimension to the EQ-5D-5L could also be tested using
other data, such as the results of a time trade-off analyses,
since the EQ VAS is no golden standard.
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Conclusion

In conclusion, fatigue and cognitive problems are partially
captured by the EQ-5D-5L dimensions in a population of
Q-fever patients who reported at a large-scale severe fatigue
and cognitive problems. Adding a fatigue dimension to the
EQ-5D-5L slightly increased the explained variance of the
EQ VAS. In contrast to fatigue, adding a cognition dimen-
sion to the EQ-5D-5L had no effect on the explained vari-
ance. Therefore, addition of a fatigue dimension to the EQ-
5D-5L might further increase the explained variance of the
EQ-5D-5L for the EQ VAS in patients experiencing persis-
tent sequelae of other infectious disease.
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