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Background and aims: To propose an integrative model for post-COVID symptoms by considering the
absence/presence of previous symptomatology.
Methods: We searched different databases for original articles and reviews on post-COVID symptoms.
Results: The first consideration is to define which symptoms are of “new-onset” (symptoms never
experienced by a patient before COVID-19 and experienced the first time after) and which symptoms are
“exacerbated” (symptoms experienced by a patient prior to COVID-19 but aggravated later) after infec-
tion. The second consideration includes defining “persistent” (symptoms experienced at the acute phase
and continuing after without remission period) and “delayed-onset” (symptoms not experienced at the
acute phase of the infection but appearing after a “latency period”). This model integrates predisposing
individual factors, biological factors associated to the severity of disease, hospitalization/treatment fac-
tors, and outbreak surrounding factors which may promote post-COVID.
Conclusion: Since current literature on post-COVID is heterogeneous, this integrative model could help to
a better characterization of long-COVID.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.
The presence of sequelae after coronavirus disease 2019 (COVID-
19) has provoked a unexpected second pandemic, the “long-
haulers” i.e., individuals suffering from post-COVID symptoms
(long-COVID) [1]. The term long-COVID is probably the first medical
disease term firstly promoted by the patients themselves [2]. In
fact, the term long-COVID is now recognized by the World Health
Organization (WHO) as a worldwide health care problem and an
“emergency-use” ICD code has been assigned (U09.9 Post-COVID)
[3]. Long-COVID is a term generally used for describing in-
dividuals who had recovered from COVID-19, but they continue
exhibiting associated-symptoms after the acute phase, once the
infection has been theoretically ceased [4]. No consensus in post-
COVID terminology exists [5]. Some authors have discussed the
topic if these symptoms should be associated or not with a positive
diagnosis [6,7] and also potential timeframes [8,9] for considering
the term “post-acute” or “long-COVID”. Nevertheless, a discussion
about the different scenarios in relation to the development of
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post-COVID symptoms is scarce.
It seems that 80% of COVID-19 survivors could exhibit post-

COVID symptoms after surpassing the acute phase of the infec-
tion [10]. A recent meta-analysis, published as a preprint, has re-
ported that fatigue, headache, and attention disorders are the top
three post-COVID symptoms [11]. However, the heterogeneity in
the presentation of these symptoms supports the priority of better
phenotyping and defining post-COVID [12].

Therefore, this paper aims to propose an integrative model by
considering different classifications, based on the absence or
presence of previous symptomatology and the presence or absence
of a remission/delayed period.
1. New-onset or exacerbated post-COVID symptoms?

The first consideration is based on the previous presence/
experience of a symptom. Therefore, the first step is to identify if a
particular post-COVID symptom experienced by a COVID-19 sur-
vivor is new.We define “new-onset post-COVID” as a new symptom
never experienced by a patient before COVID-19 but appearing
after the acute infection. For instance, a patient who has never

mailto:cesar.fernandez@urjc.es
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dsx.2021.05.032&domain=pdf
www.sciencedirect.com/science/journal/18714021
www.elsevier.com/locate/dsx
https://doi.org/10.1016/j.dsx.2021.05.032
https://doi.org/10.1016/j.dsx.2021.05.032
https://doi.org/10.1016/j.dsx.2021.05.032
https://doi.org/10.1016/j.dsx.2021.05.032


C. Fern�andez-de-las-Pe~nas, L.L. Florencio, V. G�omez-Mayordomo et al. Diabetes & Metabolic Syndrome: Clinical Research & Reviews 15 (2021) 102159
experienced fatigue (or dyspnoea) before suffering COVID-19 who
starts with these symptoms after surpassing the infection. By
definition, a new-onset post-COVID symptom appears in subjects
without previous comorbidities or with comorbidities not sharing
common symptoms with COVID-19 such as diabetes or hyperten-
sion. As example, it has been found that almost half of % COVID-19
patients experiencing post-COVID headache did not exhibit previ-
ous history of headache before the infection [13]. New-onset post-
COVID could also appear in individuals with pre-existing comor-
bidities. In such a scenario, a patient with pre-existing history of
migraine before infection could experience anosmia after COVID-19
(symptom not related to the previous migraine). We define “exac-
erbated post-COVID” as a symptom experienced by a patient before
COVID-19 which is aggravated after the infection. For instance, an
individual with migraine before COVID-19 who experience a
worsening of migraine symptoms after the infection [14]. An
exacerbated post-COVID symptom can only appear in individuals
with previous experience of a particular symptom, e.g., previous
medical comorbidity sharing common symptoms with COVID-19.

Overall, post-COVID symptoms are mainly attributed to bio-
logical consequences, such as persistent viral replication or long-
lasting pro-inflammatory response (cytokine storm) associated
with SARS-CoV-2 infection. These biological responses may influ-
ence the immune system affecting multiple organ systems and
promoting the development of post-COVID symptoms [15]. Addi-
tionally, those surrounding factors associated to COVID-19 outbreak
(e.g., social alarm, familiar situation, lockdown, unemployment,
fear) could also promote psychological disorders (such as anxiety,
depression or posttraumatic stress) and enhance post-COVID
symptomatology.

2. Persistent or delayed-onset post-COVID symptoms?

The second consideration is the moment when the symptom
Fig. 1. Proposed Integrative Model for Post-COVID Symptoms. The model determines three s
presence of individual factors, biological COVID-associated factors, hospitalization factors a
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appears in relation to the acute phase of infection. We define
“persistent post-COVID” as a symptom experienced by a patient at
the acute phase of the infection (e.g., headache, myalgia) which
does not disappear at any time after (post-COVID). It would be a
patient experiencing headache as symptom during the acute
COVID-19 phase and that persists after COVID-19 without inter-
ruption, e.g., fulfilling pattern of new-daily persistent headache.We
define “delayed-onset post-COVID” as a symptom not experienced
by a patient at the acute COVID-19 phase but appearing after a la-
tency period (post-COVID). For instance, a patient who has not
experienced e.g., headache as a symptom at the acute phase of
infection but it appears several days or weeks after resolution of the
infection, e.g., fulfilling pattern of migraine-like headache.

Increasing evidence supports that COVID-19 onset symptoms
may influence the development of post-COVID symptomatology.
For example, the presence of multiple symptoms such as cough,
shortness of breath, headache, diarrhea, and hoarseness of voice at
COVID-19 onset has been associated with a higher risk of long-
COVID symptoms in non-hospitalized patients [16]. Our research
group observed that the presence of myalgia at the acute phase of
infection was associated with a higher prevalence of musculo-
skeletal long-term post-COVID pain in hospitalized survivors [17].
Current results suggest that early monitoring of onset/acute
symptoms of SARS-CoV-2 infection could help identify people at a
higher risk of developing future post-COVID symptoms.

3. Proposed integrative model for post-COVID symptoms

Based on these considerations, we would like to propose a
model for post-COVID symptoms (Fig. 1). This integrative model
could be applied to the plethora of symptoms that can exhibit long-
haulers, e.g., fatigue, dyspnoea, abdominal pain, concentration loss,
headaches or musculoskeletal pain. An important factor to consider
in the proposed model is the relapsing/remitting nature of post-
teps: pre-COVID status; acute-COVID status and post-COVID status. It also integrates the
nd COVID-19 outbreak surrounding factors.
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COVID symptomatology, since long-haulers can exhibit wide fluc-
tuations in their symptoms [18]. Therefore, the proposed integra-
tive model should be considered as a dynamic process. Further, this
model also integrate individual factors (age, gender, genetics,
medical comorbidities), biological factors associated to the severity
of COVID-19 (immune responses, inflammatory biomarkers), hos-
pitalisation and treatment factors (days at hospital, Intensive Care
Unit admission or not, prolonged bedding, adverse events derived
from treatment, ventilator related barotrauma) and social or
contextual factors surrounding COVID-19 outbreak (isolation, psy-
chological distress, modulation of information by social media,
lockdown, catastrophizing thoughts, etc.).

In conclusion, this paper proposes an integrative model for
defining post-COVID by considering the previous presence of a
particular symptom and/or the moment when the symptom ap-
pears in relation to the infection, to better characterized its
phenotype.
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