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Abstract
The prevalence of long-COVID symptoms is rising but it is not still possible to predict which patients will present them, and 
which types of symptoms they will present. We followed up 95 patients with confirmed COVID-19 for 9 months to identify 
and characterize long-COVID symptoms. Easy fatigability was the most common symptom (51.04%), followed by anxiety 
(38.54%), dyspnea (38.54%), and new-onset headache (38.54%). There was no association between COVID-19 severity in 
the acute phase and the number of long-COVID symptoms (F(1,93) = 0.75, p = 0.45), and cognitive function (MoCA) scores 
(F(1,90) = 0.073, p = 0.787) at follow-up. Being female (F(1,92) =  − 2.27, p = 0.02), having a higher number of symptoms 
(F(1,93) = 2.76, p = 0.0068), and experiencing constitutional neuropsychiatric symptoms (F(1,93) = 2.529, p = 0.01) in the 
acute phase were associated with having chronic fatigue syndrome at follow-up. Moreover, constitutional neuropsychiatric 
symptoms in the acute phase were associated with a lower MoCA score (F(1,93) = 10.84, p = 0.001) at follow-up. Specific 
clinical presentations such as constitutional neuropsychiatric symptoms in the acute phase might be predictors of debilitating 
long-COVID symptoms such as chronic fatigue syndrome and cognitive deficits.
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Introduction

As of this writing, more than 200 million cases of COVID-
19 have been reported worldwide, most of which have 
resulted in recovery [1]. COVID-19 is recognized as a 
multi-organ disease with a broad spectrum of manifesta-
tions, and there are increasing reports of long-term effects 
after acute COVID-19 [2]. Some authors include in the 
definition of post-acute sequelae of SARS-CoV-2 infection 
(PASC) symptoms lasting more than 3 weeks after onset 
of the disease, whereas chronic symptoms of SARS-CoV-2 
(CSSC) or long-COVID would include those extending 
beyond 12 weeks [3, 4]. The prevalence of PASC and CSSC 

or long-COVID varies across studies, probably based on the 
severity of the acute symptoms, the duration of the follow-
up, and other factors. Greenhalgh et al. reported a prevalence 
of 10% after 3 weeks [3]. In a post-acute COVID-19 study 
in the USA with a 60-day follow-up after discharge, it was 
found that 6.7% of patients died,15.1% required readmission, 
and 32.6% of reported persistent or even new-onset symp-
toms [5]. In a 6-month follow-up study after discharge,76% 
of the patients had at least one residual symptom (not count-
ing the patients who died, were readmitted, had psychosis 
or dementia, or were physically immobile). In this study, 
fatigue (63%), sleep difficulties (26%), hair loss (22%), and 
smell disorder (11%) were the most frequent residual symp-
toms [6].

Like several other respiratory viruses, COVID-19 has a 
neuroinvasive potential. It may damage the central nervous 
system as a result of virus-induced neuro-immunopathology 
and/or virus-induced neuropathology. Other mechanisms of 
brain involvement may be mediated through the effect of 
the virus on other organs and systems (such as the liver, 
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kidneys, and hypoxia) or through virus-induced coagulop-
athy. The psychosocial impact of the disease, with isola-
tion and emotional distress, are other important concerns 
after the acute phase [7]. Therefore, it is not surprising that 
neuropsychiatric symptoms are among the most common 
post-acute symptoms. In one study, over 30% of hospitalized 
COVID-19 patients exhibited cognitive problems, depres-
sion, and anxiety, which persisted for months after discharge 
[7]. In other research reports, it was registered that 1 month 
after infection, there was a considerably high prevalence 
of insomnia (34–40%), depressive symptoms (31–45%), 
anxiety symptoms (22–47%), post-traumatic stress disorder 
(28%), and obsessive–compulsive symptoms (20%) [8, 9]. 
In a survey of depressive symptoms, Perils et al. found a 
prevalence of 52.4% for these symptoms among COVID-19 
patients, and that the presence of headache was associated 
with higher probability of moderate or more severe depres-
sive symptoms [10].

Neurocognitive impairments are another category of 
post-COVID symptoms. In one study, 34% of 279 hospital-
ized COVID-19 patients reported memory loss, and 28% 
described impaired attention 3 months after discharge [11]. 
Other cognitive symptoms including impaired memory and 
receptive language and/or executive dysfunctions have been 
reported [12]. New-onset dementia after hospitalization for 
COVID-19 was shown to be 2–3 times more frequent than 
what was observed after hospitalization for other medical 
conditions [13].

However, it is not yet clear which patients will develop 
PACS and CSSC symptoms, specifically chronic neuropsy-
chiatric symptoms, after infection with COVID-19. A few 
efforts have been carried out to find the association between 
clinical manifestations and sociodemographic factors of 
patients and neurocognitive sequelae of COVID-19. For 
example, Woo et al. studied 18 patients with mild to mod-
erate COVID‐19 disease with a mean age of 42 years and 
found that after around 85 days, over 75% of patients had 
difficulties in episodic memory, attention, and concentra-
tion, but these cognitive deficits were not associated with 
a history of fatigue, depression, hospitalization, treatment, 
viremia, or acute inflammation [14]. However, in other 
studies, delirium, as one of the most important neurocogni-
tive symptoms during the acute phase of illness, was sug-
gested to contribute to long-term cognitive decline [15, 16]. 
Moreover, in other studies, post-COVID manifestations were 
reported to be related to comorbidities and disease severity 
[17]. Most of the literature on predictors of long-COVID 
symptoms is either subject to a small sample size [14] or 
contradicting results [15–17].

Therefore, in this study, we set to investigate the asso-
ciation of acute clinical manifestation of the COVID-19 
and sociodemographic features of the patients, and the 
experience of future long-COVID symptoms.We further 

investigated whether the severity of acute clinical manifes-
tation is a predictor of future long-COVID symptoms.We 
hypothesized that the pattern of long-COVID symptoms 
would not be random and those with more acute systemic 
and neuropsychiatric manifestations would have a higher 
probability to present with neuropsychiatric symptoms and 
chronic fatigue syndrome in the long term.

Material and methods

Participants

The present study was a 9-month follow-up of 201 partici-
pants with a diagnosis of COVID-19 (52 outpatients and 149 
inpatients) from March 2019 to April 2020 in a large tertiary 
hospital (with which the authors are affiliated) in Tehran. 
The findings of the baseline assessments of these individuals 
during their acute COVID-19 phase are reported elsewhere 
[18]. COVID-19 diagnosis was based on a positive real-time 
reverse transcription-polymerase chain reaction assay using 
a COVID-19 nucleic acid detection kit or an abnormal chest 
computerized tomography scan compatible with a typical 
finding of COVID-19 as reported by three specialists (an 
emergency medicine specialist, an infectious disease spe-
cialist, and a pulmonologist). The diagnosis was supported 
by related laboratory tests (biochemistry and inflammatory 
factors). Patients were diagnosed with COVID-19 according 
to the World Health Organization interim guidelines [19].

From the 201 initial patients, 95 were retained through 
follow-up (median age = 50 [range 28–86], 58% male 
[n = 55]). We follow patients for a median of 270 days 
(range = 258–300). Losses to follow-up included 8 deaths 
due to COVID-19 and 99 individuals who declined to par-
ticipate or who were unresponsive to the invitation.

All patients gave informed consent for the study. This 
research was approved by the ethics committee of the 
Iran University of Medical Science (code IR.IUMS.
REC.1399.1040).

Data collection

In the baseline study [18], patients with mild to moderate 
COVID-19 filled an online comprehensive symptom check-
list regarding their acute phase, and a trained neurology resi-
dent examined patients with moderate to severe COVID-19 
who were hospitalized. Patients’ electronic paraclinical data 
such as imaging and laboratory tests were also incorporated.

In the current study, two trained medical students fol-
lowed up with the patients via phone interviews. We also 
used the information about the clinical and paraclinical 
manifestation of the patients, drug history, comorbidity, and 
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sociodemographic profile that was collected 9 months before 
during the baseline study.

Symptom report

We documented symptoms reported after recovery from 
COVID-19 using a comprehensive checklist of specific 
symptoms of different organs potentially correlated with 
COVID-19, drug history, demographic information, and 
comorbidity. We also registered chronic fatigue syndrome 
based on the Centers of Disease Control and Prevention cri-
teria [20], which is a neurological disease characterized by 
severe mental and physical fatigue, chronic pain, and sleep 
disorder. Patients were asked to specifically remember 
symptoms that started after their diagnosis of COVID-19, 
those that started after recovery from COVID-19, and those 
which persisted.

Cognitive assessment

We used a Persian translated version of the Montreal Cogni-
tive Assessment (MoCA)-BLIND 7.1 for telephonic cogni-
tive assessment. MoCA is extensively used for the screening 
of mild neurocognitive impairment and evaluates a different 
aspects of cognitive abilities including orientation, short-
term memory/delayed recall, executive function, visuos-
patial ability, abstraction, naming, language, attention, and 
clock drawing test [21] (available at www. mocat est. org). A 
telephone-assessment version, devoid of its visual compo-
nent, has been also validated [22–24]

Statistical analysis

All statistical analyses were performed using R version 
3.6.1 (R Core Team, 2019) along with R Studio and pack-
ages “dplyr” and “rlang” for data manipulation, and also 
“ggplot2” for data visualization. For numerical variables, 
we used mean and standard deviation (SD) when they were 
normally distributed, and median and range if they were 
not. We used analysis of variance (ANOVA) to compare 
differences in means across groups. Correlations were tested 
using Pearson’s correlation coefficient. To find the predictor 
factor of our dependent variables, we performed a (general-
ized) linear model and in the case of more than one predictor 
factor, we performed a stepwise regression by iteratively 
adding and removing variables in each step. To do this in R, 
we used the “MASS” package, which chooses the best model 
based on the Akaike information criterion (AIC), and we 
used the “stepAIC” function for stepwise regression. Moreo-
ver, we used “rsq” package to calculate the R-squared and 
partial correlation coefficients for generalized linear (mixed) 
models. Statistical significance was set at a 2-tailed p-value 
threshold of < 0.05.

Results

Description of long‑COVID symptoms 
in the follow‑up of patients

In the descriptive analysis, easy fatigability (51.04%) was 
found to be the most common long-COVID symptom, 
followed by anxiety (38.54%), dyspnea (38.54%), and 
new-onset headache (38.54%). Eighty-six (90%) patients 
showed at least one long-COVID symptom in their follow-
up. Figure 1 displays the frequency of all the symptoms 
reported by our cohort of patients.

Persistent symptoms were then clustered based on 
their similarity of symptoms and the clusters identified in 
our previous study with acute-phase symptoms [18]. We 
obtained 8 main clusters: constitutional neuropsychiatric 
symptoms (palpitation, dizziness/vertigo, anxiety, mood 
swings, irritability, new-onset suicidal ideation, paresthe-
sia, depression), dermatologic symptoms (skin rash, new-
onset hair loss), respiratory symptoms (post-exertional 
dyspnea, constant dyspnea, occasional dyspnea), gas-
trointestinal symptoms (constantdiarrhea/constipation, 
constant stomachache, low appetite), chronic fatigue syn-
drome (sore throat, new-onset headache, constant muscle 
pain, constant joint pain, easy fatigability, constant fatigue, 
constant weakness, impaired concentration/forgetfulness, 
unrestful sleep, tender lymphnodes), specific neuropsy-
chiatric symptoms (auditory hallucinations, visual hallu-
cinations, vision impairments, visual distortion, double 
vision), and ear-nose-throat symptoms (constant hearing 
loss, tinnitus). Constitutional neuropsychiatric symptoms 
were the most commonly reported cluster of symptoms 
(58.33%), as shown in Fig. 2.

Generalized linear regression analysis exploring soci-
odemographic predictors of chronic fatigue syndrome 
indicated that gender was a predictor of chronic fatigue 
syndrome (Beta (Male) = 0.195, p = 0.02). Age was not 
a significant predictor (Beta = 0.004). The overall model 
fit was R2 = 0.073. As depicted in Fig.  3, the ANOVA 
analysis showed that this syndrome was more common 
in female patients: 64% female (median age = 49 [range 
36–86]); 36% male (median age = 48.5 [range 39–77]; F 
(1,93) = 5.654, MSE = 23.20, p = 0.02).

Relation between clinical manifestations 
in the acute phase of COVID‑19 and long‑COVID 
symptoms

In our acute-phase study [18], we had categorized patients’ 
acute-phase symptoms in six clusters: constitutional-like 
neuropsychiatric (including dizziness, headache, and limb 
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force reduction), olfactory (anosmia and hypogeusia), con-
stitutional cluster (fever and weakness), specific neuropsy-
chiatric (including photophobia, mental state change, hal-
lucination, vision and speech problems, seizures, stroke, 
and balance disturbance), gastrointestinal (diarrhea and 
nausea), and respiratory (cough and dyspnea). In the cur-
rent study, we explored potential associations between 
long-COVID symptom clusters and these acute-phase 
symptom clusters. To this end, multiple regression analy-
ses were used to test if the acute-phase COVID symptoms 
could predict each of the new clusters or symptoms present 
during the 9-month follow-up. The results of the general 
linear regression model indicated that the constitutional 
neuropsychiatric symptoms in the acute phase predicted 

chronic fatigue syndrome in the follow-up (R2 = 6.4%, 
F(1,93) = 2.529, p = 0.01). Further regression analyses 
showed that specific neuropsychiatric symptoms in the 
acute phase were associated with gastrointestinal symp-
toms (R2 = 6%, F(1,93) = 2.43, p = 0.01) in the follow-up. 
Having specific neuropsychiatric symptoms in the acute 
phase was also a predictor of dermatologic disturbances in 
the future (R2 = 8.5%, F(1,93) = 2.96, p = 0.003). Moreo-
ver, specific neuropsychiatric symptoms predicted respira-
tory symptoms as long-COVID (R2 = 9.8%, F(1,93) = 3.19, 
p = 0.001). Respiratory symptoms in the acute phase 
predicted future anosmia and dysgeusia symptoms, and 
they also marginally predicted olfactory symptoms in 
the acute phase of COVID-19. Finally constitutional and 

Fig. 1  The frequency of 
long-COVID symptoms in the 
follow-up of 95 patients with a 
history of COVID-19

Fig. 2  The frequency of clusters 
of long-COVID symptoms in 
the follow-up of 95 patients 
with a history of COVID-19
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olfactory symptoms in the acute phase were predictors 
of ear-nose-throat symptoms as long-COVID (R2 = 16%, 
F(2,93) =  − 1.913, p = 0.5, F(2,93) = 3.62, p = 0.0004, 
respectively).

There was no significant association between COVID-19 
severity in the acute phase and the number of long-COVID 
symptoms (F(1,93) = 0.75, p = 0.45). There was also no sig-
nificant association between COVID-19 severity in the acute 

phase and having chronic fatigue syndrome in the future 
as a long-COVID symptom (F(1,93) =  − 0.49, p = 0.62). 
However, the number of symptoms in the acute phase could 
predict having chronic fatigue syndrome as long-COVID 
(F(1,93) = 2.76, p = 0.0068), as shown in Fig. 4.

Cognitive status in the follow‑up of patients 
with COVID‑19

When testing the association between MoCA score and 
severity of COVID-19, the regression analysis did not 
show any correlation between MoCA score in the follow-up 
(cognitive status) and acute-phase disease severity (admis-
sion history) of patients with COVID-19 (F(1, 90) = 0.073, 
p = 0.787). However, it was shown that the duration of 
COVID-19 was associated with a lower MoCA score, though 
confounded by the effect of age (F(1,86) = 2.54, p = 0.11, 
F(2,85) = 26.04, p = 1.5e − 9). Furthermore, the number of 
symptoms in the acute phase did not predict later MoCA 
scores (R2 = 6.8e − 5%, F(1,92) = 0.079, p = 0.937). ANOVA 
analysis showed that among the six symptoms clusters at 
the acute phase of COVID-19, constitutional neuropsychi-
atric symptoms were associated with lower MoCA scores 
(F(1,93) = 7.17, p = 0.008) as you can see in Fig. 5 and they 
also had poor performance on delayed recall (F(1,93) = 8.91, 
p = 0.003).

Fig. 3  The relation of chronic fatigue syndrome (CFS) and age/gen-
der

Fig. 4  The relation of chronic 
fatigue syndrome (CFS) and 
the number of symptoms in the 
acute phase of COVID-19
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Discussion

Our study is one of the few attempts to follow-up patients 
with COVID-19 for several months after the acute phase 
[18]. We found that there was an association between 
acute-phase clinical manifestations of COVID-19 and later 
long-COVID symptoms and cognitive sequelae, although 
the severity of acute-phase symptoms was not significantly 
associated with those long-term consequences.

Long-COVID symptoms were very common among our 
patients: easy fatigability, anxiety, dyspnea, and new-onset 
headache were the most frequently reported. These findings 
are consistent with previous research reporting a high preva-
lence of long-COVID symptoms at follow-up: Sykes et al. 
reported long-COVID symptoms in 86% of their patients 
[25]. Consistent with other studies [26], there was no statisti-
cally significant association between disease severity in the 
acute phase and the risk of developing long-COVID at fol-
low-up. While most previous literature followed COVID-19 
patients for a maximum of 6 months [2, 25, 27], our results 
indicate the presence of persistent symptoms up to 9 months.

Experiencing physical symptoms alongside psychological 
and cognitive symptoms for several months could be impair-
ing for COVID-19 survivors and may reflect the bio-psycho-
social nature of this disease, which supports the need for 
multidisciplinary rehabilitation approaches. Previous litera-
ture has suggested that long-COVID represents a miscellany 
of physical and psychological symptoms, which, like Persian 
Gulf War illness, could even include a form of post-trau-
matic disorder [25]. We found that there was an association 
between the symptom clusters in the acute-phase and long-
COVID symptoms and they were not just random miscellany 
of symptoms coming together, which makes long-COVID 
as a sole  post-traumatic stress syndrome less probable [28]. 
We found that the constitutional neuropsychiatric symptom 

cluster was associated with having a lower MoCA score at 
follow-up, specifically more impaired delayed recall, while 
the number of COVID-19 symptoms in the acute phase, the 
severity of COVID-19 presented by the status of admis-
sion, and the duration of COVID-19 symptoms in the acute 
phase were not. These findings show that the pattern of 
organ involvement in COVID-19, specifically in the acute 
phase, could predict how patients would experience long-
COVID in the future. It seems that systemic inflammation, 
even when it is not severe, could lead to cognitive impair-
ment in the future if it involves neuroinvasion in the acute 
phase [29, 30]. These findings are also comparable with 
those of Guedj et al., who found that patients with long-
COVID showed hypometabolism patterns in different brain 
regions such as bilateral rectal/orbital gyrus, right temporal 
lobe, and amygdala, which were associated with memory 
and cognitive impairment [31]. Those findings further con-
firm that long-COVID symptoms are more than a random 
miscellany and suggest that they may be associated with 
disbalance in brain networks. Our findings are also consist-
ent with previous studies which reported an age-dependent 
cognitive decline [32] apathy, executive dysfunction, reduc-
tion in global cognition along with GABAergic disbalance 
as the underlying mechanisms for executive dysfunction in 
the long term for COVID-19 patients [33].

We also found that specific neuropsychiatric involvement 
in the acute phase was a good predictor of long-COVID in 
different organs in the follow-up. Experiencing specific neu-
ropsychiatric symptoms in the acute phase was associated with 
multisystem involvement such as specific gastrointestinal, der-
matologic, and respiratory symptoms in the follow-up. Sollini 
et al. showed that vascular inflammation could be the leading 
cause of long-lasting COVID symptoms [28]. However, anos-
mia and dysgeusia in the acute phase of COVID-19 were asso-
ciated with ear-throat-nose or inner ear (tinnitus and hearing 

Fig. 5  The relation between the 
constitutional neuropsychiatric 
symptoms and follow-up MoCA 
score
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loss) symptoms at follow-up. It is not yet clear whether these 
organs share a similar receptor in their vasculature or other 
cellular structure. Persistent endotheliopathy has been mani-
fest in convalescent COVID-19 and as a probable underlying 
mechanism of long-COVID [34].

Being female, experiencing constitutional neuropsychiatric 
symptom categories in the acute phase, and having a higher 
number of symptoms in the acute phase could predict later 
chronic fatigue syndrome. This was consistent with other 
results in our study showing that the severity of the COVID-19 
in the acute phase could not predict developing long-COVID 
in the future. It seems that it is also true for chronic fatigue 
syndrome and what is more important to predict the risk of 
chronic fatigue syndrome in the future is the pattern of organ 
involvement in the acute phase rather than the severity of the 
disease (low saturation, loss of consciousness, shock, admis-
sion status). This suggests that the mechanism of chronic 
fatigue syndrome is similar to other long-COVID symptoms, 
which is consistent with previous research findings [35]. 
Townsend et al. also found COVID-persistent fatigue to be 
more common in females and not associated with acute ill-
ness severity (admission status and laboratory inflammatory 
markers) [35]. One possible mechanism would be a state of 
chronic low-grade neuroinflammation followed by the disease 
[29]. COVID-19 can infect the brain leading to neuroinflam-
mation [36]. Alternatively, it can cause inflammation in other 
parts of the body, activating an innate immune response in the 
brain via humoral response and retrograde vagus nerve trans-
mission [30, 37]. Neuroinflammation can cause severe fatigue 
[38]. This would explain the association of constitutional neu-
ropsychiatric symptoms in the acute phase and chronic fatigue 
syndrome in the future.

Some important limitations of our study should be high-
lighted. A large number of lost to follow-up patients may 
have induced a selection bias. Face-to-face full-depth inter-
views and examinations might be a more accurate meas-
urement of the patients’ symptoms compared to telephone 
follow-up. Only a small number of patients had full workup 
of paraclinical data and chest imaging in the electronic 
system of the hospital; therefore, analyses of the associa-
tion between those data and long-COVID symptoms were 
not carried out. Future studies to explore the association 
between symptom clusters and inflammatory markers in the 
acute-phase and long-COVID symptoms could shed new 
light on the underlying mechanism of the post-acute phase 
in people suffering from COVID-19.

Conclusion

Most of our patients experienced at least one physical, psy-
chological, or cognitive symptom within 9 months follow-
ing acute COVID-19 infection. Easy fatigability, followed 

by headache, anxiety, and dyspnea were the most common 
long-COVID symptoms. There was an association between 
the acute presentation of COVID-19 and long-COVID 
symptoms in the follow-up, which was not related to dis-
ease severity. Having constitutional neuropsychiatric symp-
toms in the acute phase was associated with chronic fatigue 
syndrome, lower MoCA score, and poorer performance on 
delayed recall in the future. Having specific neuropsychiatric 
symptoms in the acute phase was associated with multisys-
tem involvement such as dermatologic, gastrointestinal, and 
respiratory symptoms as long-COVID. Olfactory symptoms 
in the acute phase were associated with inner ear complaints 
in the future. These results provide further insight into the 
long-lasting physical and neuropsychiatric sequelae of 
COVID-19 and may contribute to the understanding of their 
physiopathology and the study of short-term treatments and 
long-term rehabilitation approaches for this disease.
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