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Background
Post COVID-19 condition, more commonly known 
as long COVID, refers to a wide and diverse constella-
tion of symptoms occurring following the acute phase 
of COVID-19 infection [1, 2]. Population-level burden 
of disease studies on COVID-19 that have incorporated 
long COVID indicate that health loss from long COVID 
contributed more to estimates of YLD (Years Lived with 
Disability) than health loss from the acute phase of infec-
tion. However, published estimates contain a large degree 
of uncertainty due to inconsistencies in definitions of 
long COVID across studies [3]. These uncertainties were 
caused by clear difficulties in establishing estimates of: 
the risk of developing, incidence, and duration, of an 
exhaustive list of long COVID symptoms. Another limit-
ing factor was the inability to match any epidemiological 
inputs to corresponding disability weights at a level that 
differentiated by severity.
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Abstract
Previous efforts to estimate the burden of fatigue-related symptoms due to long COVID have a very high threshold 
for inclusion of cases, relative to the proposed definition from the World Health Organization. In practice this means 
that milder cases, that may be occurring very frequently, are not included in estimates of the burden of long 
COVID which will result in underestimation. A more comprehensive approach to modelling the disease burden 
from long COVID, in relation to fatigue, can ensure that we do not only focus on what is easiest to measure; 
which risks losing focus of less severe health states that may be more difficult to measure but are occurring very 
frequently. Our proposed approach provides a means to better understand the scale of challenge from long COVID, 
for consideration when preventative and mitigative action is being planned.
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Initial approaches to estimating the burden of 
COVID-19
In late summer of 2020, members of the European Bur-
den of Disease Network convened to develop a consen-
sus approach for estimating disability-adjusted life years 
(DALYs) due to COVID-19. DALYs combine time lost 
due to morbidity, using YLD, and time lost due to pre-
mature death using Years of Life Lost [4–6]. Particular 
considerations were given to data availability and how the 
quality of epidemiological data may have varied by coun-
try, to ensure that the model not only had a theoretical 
basis but was also applicable in different settings.

Although reports on the occurrence of long COVID 
had emerged when the European Burden of Disease Net-
work’s consensus model was developed, epidemiologi-
cal data were sparse. Given the gaps in knowledge at the 
time, the European Burden of Disease Network’s consen-
sus models conservative recommendation was to include 
a single health state for long COVID. This involved 
using the disability weight for ‘infection, post-acute 
consequences’ to estimate YLD. This was similar to the 
approach the Global Burden of Disease (GBD) study have 
previously used to model the post-acute consequences of 
dengue and ebola [7]. The disability weight for this health 
state is a relatively high value of 0.219 [8]. Additionally, 
the value was fixed meaning that there was no scaling of 
degree of symptoms, for example from mild to severe. 
This presents a limiting factor when trying to match case 
definitions to the health state.

Although the mechanisms underlying the pathophysi-
ology of long COVID are still debated, various hypoth-
eses have been put forward, each of which can induce 
symptoms with different degrees of severity. On the one 
hand, long COVID may be related to organ damage fol-
lowing acute COVID-19 infection such as myocardial 
infection or renal failure, leading to persistent symptoms 
[9]. Another hypothesis is it is related to a prolonged pro-
inflammatory response related to SARS-CoV-2, induc-
ing an atypical response of the immune system and mast 
cells, and persistent symptoms [10]. In relation to the 
first hypothesis, this presents additional uncertainties in 
outcome-based YLD estimates as symptoms could plau-
sibly present as cases of non-communicable disease, such 
as through increases in the prevalence of cardiovascular 
conditions, which could lead to double-counting in com-
prehensive burden of disease studies. Finally, the symp-
tomatology of long COVID has been compared to that 
of fibromyalgia [11]. However, disability weights are not 
available for the latter as it is not included in the GBD 
study.

Evolution of approaches to measuring long COVID
More recently, the GBD Long COVID Collaborators pub-
lished estimates of the non-fatal disease burden of long 
COVID [12]. This provided a welcome development from 
focusing solely on the fatigue-related post-acute con-
sequences, and assessed the disease burden from three 
clusters of long COVID symptoms: persistent fatigue 
with bodily pain or mood swings; cognitive problems; 
and ongoing respiratory problems. Whilst the GBD Long 
COVID Collaborators have incorporated additional neu-
rological and respiratory disease clusters according to 
severity, further developments could be considered for 
the fatigue-related disease cluster as their approach is 
still in-line with the model proposed from the European 
Burden of Disease Network over applying the disability 
weight of 0.219 for ‘infection, post-acute consequences’ 
to cases with persistent fatigue with bodily pain or mood 
swings.

The clinical definition of long COVID proposed by the 
World Health Organization in relation to fatigue is not 
as restrictive as the one defined by the European Burden 
of Disease Network or GBD Long COVID Collaborators 
[12]. In practice this means that a proportion of patients 
suffering fatigue-related health states – but at a lower 
level of severity – do not meet the strict threshold to con-
tribute to YLD calculations, thus potentially underesti-
mating the true burden of fatigue-related long COVID. In 
addition, failing to capture less severe instances of fatigue 
may lead to studies applying a single disability weight, 
that is too severe, to cases that span a range of severity 
states. These limitations are all the more important as 
several studies have highlighted fatigue as the most prev-
alent symptom of long COVID [13–15]. Neither of these 
approaches are preferable, but both can be understood, 
as researchers attempt to understand the impact of long 
COVID on population health loss.

Proposal for developing fatigue-related health 
states
The aforementioned issues could be circumvented by 
extending the range of potential disability weights avail-
able for fatigue-related health states. We suggest that the 
GBD study disability weights used for mild, moderate, 
and severe anemia could be used to define health states 
less debilitating than the post-acute consequences of an 
infectious disease to further augment estimates of the 
long COVID fatigue disease cluster (Table  1). Several 
conditions have psychological and pathological symp-
toms and frequently both these symptoms are included 
in the health state description (e.g. paraplegia, where 
feelings of depression are also included in the lay descrip-
tion). For infectious disease, post-acute consequences 
(fatigue, emotional lability, insomnia) this psychological 
component is also included. Of course, for some patients 
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the severity of the psychological component may differ, 
but this is true for many other conditions with a psy-
chological component. Ideally, we would have disability 
weights for a wide spectrum of severity and diversity of 
clinical manifestations of a disease; however, in reality 
available epidemiological data is often limited in terms of 
information on severity and diversity of clinical manifes-
tations, and we have to make cruder groupings in terms 
of clinical manifestation of a disease.

These health states link to the GBD-defined symptom 
cluster of persistent fatigue with bodily pain or mood 
swings. Importantly, they are on a multiple scale of 
increasing severity allowing for more accurate matching 
to epidemiological estimates to reflect that certain symp-
toms are not only more debilitating, but may have impor-
tant differences in incidence and duration.

Further research could be undertaken to test the valid-
ity of this proposal. Long COVID patients with fatigue 
could be surveyed over how closely their symptoms 
match to the health state descriptions outlined in Table 1.

Conclusion
A more comprehensive approach to modelling long 
COVID in relation to fatigue can ensure that we do not 
only focus on what is easiest to measure, and thus lose 
focus of less severe health states that may be more dif-
ficult to measure but are occurring very frequently. The 
approach which we have outlined will help researchers 
more accurately, and comprehensively, estimate the bur-
den from long COVID. This will provide a better under-
standing of the scale of challenge from long COVID, for 
consideration when preventative and mitigative action is 
being planned.
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