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INTRODUCTION
The prevalence of neurological disorders increased 

over time, and this trend is expected to continue as the 
population ages [1]. At a time when the predictions of a 
worldwide increase in neurodegenerative diseases were 
shifting the focus to the search for solutions, studying 
the risk factors and the conception of adequate preven-
tion programs [2, 3], the COVID-19 pandemic explod-
ed, this research path was interrupted, as energies and 
attention were diverted to COVID-19 related studies.

Although COVID-19 primarily affects the respiratory 
system, it is a multi-organ disease, often involving the 
nervous system and brain [4, 5]. Cognitive dysfunction, 
for example, identified as brain fog, has been widely re-
ported as COVID-19 sequela during the pandemic peri-
od: memory difficulties or impaired executive functions, 
such as focusing and planning, were common phenom-
ena even in non-hospitalized individuals [4, 6]. Other 
neurological manifestations were reported worldwide: 
headache was among the five most common symptoms 
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Abstract
Introduction. Neurocognitive disorders are typical of older people. Psychological dis-
tress increased during the pandemic, particularly in young people. Although often un-
derestimated, the impact of psychological distress on neurological disorders should be 
considered. As part of a longitudinal study conducted by the Italian Twin Registry (ITR) 
on the health effects of COVID-19 pandemic, we explored the onset of lasting neuro-
logical symptoms in relation with pre-existing psychological symptoms and/or SARS-
Cov-2 infection.
Methods. Online surveys on adult subjects of the ITR: in June 2020 we investigated 
symptoms of depression, anxiety and post-traumatic distress and, in December 2021, 
the onset of six persisting neurocognitive symptoms. SARS-CoV-2 infection was exam-
ined in both surveys. Associations of psychological symptoms and of viral infection with 
subsequent neurological manifestations were tested through logistic regression analysis.
Results. Among 1,784 participants (mean age 46.6), 42.8% reported neurological symp-
toms and 15.7% SARS-Cov-2 infection. Odds of neurological manifestations increased 
in participants with depressive or anxiety symptoms (ORs: 1.44 to 3.72), and in those 
with COVID-19 (ORs: 1.73 to 2.32). Anxiety symptoms explained more cases of cogni-
tive symptoms (26.9% to 37.9%) than COVID-19 (9.1% to 15.5%). Smell/taste changes 
were strongly associated with viral infection (OR: 43.2).
Conclusions. During the pandemic, widespread psychological distress contributed more 
than COVID-19 to the appearance of some cognitive symptoms in a relatively young 
population. Our findings indicates that preservation of neurological well-being cannot 
ignore mental health interventions. 
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of COVID-19 infection, as well as fatigue [7-9]. The 
discovery that COVID-19 was associated with neuro-
logical sequelae spurred researchers to study this issue. 
Yet, these symptoms were not new, especially the neuro-
cognitive ones, since they had already been described in 
the literature as subjective cognitive decline, that need 
to be monitored, as it may be normal for age, revers-
ible, indicative of a psychological disorder, or point to 
an organic disease or dementia. On the other hand, the 
pandemic has led to a sharp increase in mental health 
problems among the population [10], even among those 
without the COVID-19 disease [11, 12], although posi-
tive mental changes have also been described [13].  It is 
known that neurological and psychological issues (such 
as depression and anxiety) could share common risk 
factors and pathogenesis [14, 15]. Moreover, previous 
research has shown that depression increases the risk 
of developing dementia and cognitive difficulties [16]. 
This existing link between mental health and cognitive 
difficulties – as also demonstrated by long-COVID syn-
dromes [6] – is a topic that needs to be further explored.

As we had already observed an increase of depressive 
symptoms soon after the first Italian lockdown (March-
May 2020) [17], we hypothesized that having psycho-
logical distress could facilitate the appearance of neu-
rological symptoms. Therefore, we were interested in 
understanding whether the neurological manifestations 
described as lasting sequelae of COVID-19: i) arose de 
novo during the pandemic in a non-clinical population, 
ii) were associated with a previous SARS-CoV-2 infec-
tion, iii) were associated with pre-existing symptoms of 
depression and/or anxiety and/or post-traumatic stress. 
We addressed these aims in the context of a longitudinal 
survey [18] that covered the period between February 
2020 and February 2022, performed on a large sample 
of individuals enrolled in the Italian Twin Registry (ITR), 
a population-based registry of volunteer twins [19].

METHODS
Study design and participants

This study is part of a longitudinal investigation on 
the effects of COVID-19 pandemic on physical and 
mental health that was carried out by a survey in three 
waves (June 2020, i.e., at the end of the Italian lock-
down, December 2020, and December 2021). All adult 
twins (age 18-92 years) enrolled in the ITR, residing in 
Italy at the time of the pandemic and contactable by 
email, were invited to participate.  For the purposes of 
this study, only data collected in the first and third wave 
surveys were used, and only participants responding to 
both surveys were included in the analyses.

The longitudinal survey, in which this specific study 
is nested, was reviewed and approved by the Ethical 
Committee of the Italian National Institute of Health 
(Istituto Superiore di Sanità, ISS) (PRE BIO CE n. 
0020797, June 6, 2020). Participants provided written 
informed consent to participate in this study.

Measurements
Recruited twins filled out survey questionnaires us-

ing the LimeSurvey platform. Participants were given 
approximately a 2-month window to reply to each itera-

tion of the survey, such that the last wave was closed 
in February 2022. Socio-demographic characteristics 
of the respondents were investigated during the first 
wave of the study; each wave investigated COVID-19 
positivity (defined by molecular or antigenic swab), the 
month and year of diagnosis and whether hospitaliza-
tion or admission to Intensive Care Unit had been re-
quired. In the third wave, participants reported if, since 
the beginning of the pandemic (February 2020), they 
have ever suffered for at least one month from any of 
the six following symptoms: headache, memory prob-
lems, difficulty concentrating, excessive tiredness, con-
fused/heavy/empty head (also referred to as brain fog), 
reduction or loss of taste and smell. From now on, these 
six symptoms will be collectively defined as “lasting (or 
enduring or persisting) neurological symptoms”, while 
we will use the term “cognitive symptoms” to refer only 
to memory problems, difficulty concentrating and con-
fused/heavy/empty head. To avoid misinterpretation of 
the question, and in line with other articles [20], the 
investigated symptoms were deliberately presented in 
a straightforward and easy-to-understand wording. If 
appropriate, the month and year of onset had to be re-
ported. One-month duration for the lasting symptoms 
was chosen according to NICE guidelines [21].

Validated self-reported questionnaires on mental 
health were administered at each wave: 1) Patient 
Health Questionnaire (PHQ-9) [22], for symptoms 
of depression in the previous two weeks; 2) State-Trait 
Anxiety Inventory (STAI-6) [23], that measures the 
presence of current symptoms of anxiety; 3) Impact of 
Event Scale-Revised (IES-R) [24], to assess pandemic-
related subjective distress.

Higher total scores of the three above-mentioned 
scales corresponded to a poorer mental health status. 
Participants that scored above the thresholds of 10 
for PHQ-9, 40 for STAI-6, or 33 for IES-R, were cat-
egorized as having symptoms of depression, anxiety, or 
post-traumatic stress disorder, respectively.

Statistical analysis
Descriptive statistics were used to analyse the char-

acteristics of the sample. Continuous variables were 
presented as mean±standard deviation (SD) and com-
pared by paired or unpaired Student’s t-test. Categori-
cal variables were showed as percentage and significant 
differences were examined using Chi-squared test. All 
analyses used twins as individuals.

The psychological assessment of twins – as measured 
in June 2020 – was described by the mean score of each 
scale, alongside the prevalence of symptoms of depres-
sion, anxiety, and stress, and was used for subsequent 
analyses.

The association between each lasting neurological 
symptom with COVID-19 exposure or with the mea-
sures of psychological distress was tested with logistic 
regression. Gender, age, area of residence, marital sta-
tus, and educational level were included in the model 
as covariates. All subjects who reported having had 
enduring neurological symptoms before psychologi-
cal assessment and before the diagnosis of COVID-19 
were excluded from the multivariate analysis. P-values 
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and standard errors were adjusted for the non-indepen-
dence of observations because of twin relatedness.

Furthermore, the proportion of cases of each lasting 
neurological symptom that can be attributed to depres-
sion, anxiety and Coronavirus infection within the en-
tire population, was also estimated. All analyses were 
performed using Stata software version 16 (Stata Cor-
poration, College Station, TX, USA), and p-value <0.05 
were considered statistically significant.

RESULTS
Overall, 1,784 twins took part in both surveys (June 

2020 and December 2021). Mean age was 46.6 years 
(range 18-92) and 64.5% were female. Socio-demo-
graphic characteristics are shown in Table 1.

In the whole observation period (February 2020-Feb-
ruary 2022) 42.8% of participants reported having had 
one or more persistent neurological symptoms, and 
most of them traced the onset to the early months of 
the pandemic (February-April 2020) (Figure 1).

In the following months, instead, the appearance of 
these symptoms was almost evenly distributed; an excep-
tion was given by persistent change of smell and/or taste 
that closely followed the distribution of COVID-19 cas-
es (Figure 1). Excessive tiredness was the most frequent 
symptom (28.0%), followed by difficulty in concentrat-
ing, headache, confused/heavy/empty head, memory 
problems, and alteration of smell or taste (Table 2).

In the whole time frame, 270 participants (15.7%) 
had contracted COVID-19 with a chronological distri-
bution of cases (Figure 1) that closely resembles that of 
the national pandemic. Most of the COVID-19 cases 
(96%) in our sample were treated at home. A SARS-
CoV-2 infection preceded the appearance of excessive 
tiredness, difficulty in concentrating, headache, con-

fused/heavy/empty head, and memory problems in a 
minority (11.1-16.4%) of the participants; instead, CO-
VID-19 was very frequent (72.4%) before the onset of 
persistent dysgeusia/dysosmia (Table 2). In most cases, 
SARS-CoV-2 infection preceded of less than one month 
the onset of lasting neurological symptoms (from 76% 
for memory problems to 97.4% for reduction/loss of 
taste and/or smell). Participants reporting any of the 
above neurological symptoms, apart from memory 
problems, were significantly younger than those who did 
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Figure 1
Monthly onset of SARS-CoV-2 positivity and of lasting neurological symptoms among participants: February 2020-February 2022.

Table 1
Socio-demographic characteristics of participants (N=1,784)

Characteristics N (%)

Sex
Male/female 634/1,150 35.5/64.5

Age
<35
35-49
50-64
65+

413
588
561
222

23.15
32.96
31.45
12.44

Marital status
Never married
Married
Widowed/divorced/separated

727
796
200

42.2
46.2
11.6

Education
Up to lower secondary education
Upper secondary education
Bachelor or equivalent
Master or equivalent
Doctorate or equivalent

  93 
721
198
541
222

   5.2
40.6
11.2
30.5
12.5 

Area of residence in Italy
North
Centre
South and Islands

985
518
276

55.4
29.1
15.5
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not suffer from them (headache: mean age (interquar-
tile range) 41.7 (20.4) vs 48.4 (23.6), p<0.001; trouble 
concentrating: 41.7 (21.8) vs 48.6 (23.7), p<0.001; ex-
cessive tiredness: 42.0 (20.8) vs 48.8 (23.8), p<0.001; 
confused/heavy/empty head: 42.7 (22.0) vs 47.7 (23.2), 
p<0.001; smell/taste problems: 42.6 (22.5) vs 47.3 
(22.4), p<0.032). Women were more likely than men 
to have had each symptom (p<0.001, data not shown), 
with the exclusion of taste or olfaction modifications.

In the June 2020 survey, we assessed anxiety, de-
pressive symptoms, and pandemic-related subjec-
tive distress. Supplementary Table 1 available online as 
Supplementary Materials shows the average scores and 
prevalence of clinically significant symptoms for each 
scale. Half of the participants scored above the thresh-
old at the STAI-6 scale for anxiety symptoms; 12.5% 
and 9.2% of respondents obtained above cut-off scores 
for depression and stress, respectively.

To explore the psychological profile, beyond the Coro-
navirus infection, as risk factor for the appearance of 
the enduring neurological symptoms, we excluded from 
the subsequent analysis the participants who had de-
clared the beginning of the neurological symptoms be-
fore the psychological assessment in June 2020, or that 
had contracted COVID-19 after the onset of the neuro-
logical symptoms. In the multivariate analysis (Table 3) 
the presence of depressive symptoms was significantly 
associated with headache, memory and concentration 
problems, confused/heavy/empty head and excessive 
tiredness, but did not affect the onset of lasting dys-
geusia/dysosmia. Similarly, participants with anxiety 
symptoms were 1.44 to 2.26 times more likely to show 
subsequently cognitive problems, as well as tiredness. 
The above effects were net of the role of SARS-Cov-2 
infection that, as expected, doubled the risk of suffering 
from all the neurological symptoms, and increased the 

Table 2
Individuals with or without lasting neurological symptoms (onset February 2020 - February 2022): 
overall number and broken down by previous SARS-CoV-2 infection

Neurological symptom N Yes
N (%)

COVID-19 preceding onset  
of lasting symptom

Yes, N (%) No, N (%)

Headache 1,661 282 (17.0) 39 (14.1) 238 (85.9)

Memory problems 1,662 188 (11.3) 25 (13.8) 156 (86.2)

Trouble concentrating 1,662 365 (22.0) 39 (11.1) 314 (88.9)

Excessive tiredness 1,669 468 (28.0) 66 (14.2) 398 (85.8)

Confused/heavy/empty head 1,654 242 (14.6) 39 (16.4) 199 (83.6)

Reduction/loss of taste and/or smell 1,649 112 (6.8) 76 (72.4) 29 (27.6)

Table 3
Odds ratios of experiencing lasting neurological symptoms estimated by the logistic regression analysis

  Headache Memory 
problems

Difficulty 
concentrating

Excessive 
tiredness

Confused/heavy/
empty head

Reduction or loss 
of taste and smell

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Sex (male)
Female 2.27*** 1.49-3.47 2.10** 1.28-3.44 1.72** 1.20-2.48 1.74*** 1.28-2.37 1.78** 1.17-2.70 1.14 0.66-1.95

Age (<35 years)
35-49
50-64
65+

1.00 
0.73
0.28*

0.62-1.63
0.42-1.25
0.10-0.75 

1.20
1.61
1.15 

0.63-2.25
0.85-3.07 
0.45-2.90 

0.99
1.23
0.44 

0.63-1.56
0.75-2.02
0.18-1.09

0.87
0.85
0.65

0.58-1.29
0.55-1.32
0.35-1.20

1.04
0.95
0.67

0.64-1.71
0.54-1.65
0.29-1.55

1.10
0.93
0.24

0.53-2.27
0.41-2.11
0.06-1.01

Area of residence 
(North)
Centre
South and Islands

1.54*
2.98***

1.01-2.33
1.87-4.74 

1.08
1.45

0.68-1.72
0.82-2.55 

1.17 
1.70* 

0.79-1.72
1.09-2.64

1.17
1.49*

0.85-1.60
1.01-2.22

1.35
2.27***

0.87-2.08
1.42-3.61

1.23
1.72

0.69-2.20
0.86-3.44

COVID-19 
diagnosis 2.29*** 1.47-3.57 2.22** 1.36-3.61 1.73* 1.13-2.65 2.02*** 1.39-2.93 2.32*** 1.48-3.63 43.8*** 23.4-82.1

Anxiety symptoms 1.28 0.87-1.88 2.26*** 1.43-3.58 1.95*** 1.36-2.81 1.44* 1.07-1.95 1.77** 1.17-2.65 1.14 0.66-1.96

Depressive 
symptoms 2.33** 1.40-3.86 1.91* 1.10-3.34 2.47*** 1.60-3.83 3.72*** 2.48-5.57 2.47*** 1.54-3.96 2.02 0.97-4.20

Post-traumatic 
stress disorder 1.04 0.57-1.89 1.19 0.63-2.27 1.29 0.75-2.20 0.88 0.52-1.49 1.11 0.63-1.95 0.75 0.30-1.84

Subjects who had enduring neurological symptoms before the psychological assessment and before the diagnosis of COVID-19 were excluded.
Anxiety symptoms, depressive symptoms and post-traumatic stress disorders are categorical variables (scores below or above threshold for each scale). Other 
covariates included in the model: marital status and educational level; OR: adjusted Odds Ratio; 95% CI: 95% confidence interval; *p<0.05, **p<0.01, ***p<0.001.
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probability of having persistent alterations of taste and 
smell by more than forty times (Table 3).

The occurrence of perceived stress did not seem to in-
crease the probability of developing lasting neurological 
symptoms. Female gender was confirmed to be a risk 
factor for the neurological symptoms investigated, with 
the exception of dysosmia/dysgeusia. It also emerged a 
significant effect of the area of residence on the major-
ity of neurological symptoms; the age effect – observed 
in the univariate analysis – was reduced and remains 
significant only for enduring headache from which the 
oldest age group was protected. Marital status and edu-
cational level did not influence the onset of any neuro-
logical symptom.

We then estimated, for each persistent neurologi-
cal symptom, the proportions of cases that could be 
attributed to the presence of anxiety or depression 
symptoms or to a preceding SARS-Cov-2 infection. Al-
though the ORs estimates overlapped for the three risk 
factors (Table 3), anxiety symptoms were much more 
prevalent and therefore explained 1.7 to 3.4 times more 
cases of cognitive symptoms than those attributable to 
COVID-19 and depression symptoms (Supplementary 
Table 2 available online as Supplementary Materials).

DISCUSSION
Neurological sequelae of COVID-19 have been 

demonstrated by many studies, performed mainly in 
hospitalized people [25, 26]. However, neurologi-
cal consequences have been described also in mild 
COVID-19 cases. This study began with the aim of 
researching and describing the onset of neurologi-
cal symptoms, known as sequelae of COVID-19, in 
a sample of the Italian population during the COV-
ID-19 pandemic. About 40% of our responders expe-
rienced enduring neurological symptoms: the majority 
reported having experienced two or more. Excessive 
tiredness, difficulty concentrating, and headache were 
the most common, followed by confused/heavy/empty 
head, memory issues, and reduction or loss of taste 
and smell. These findings are consistent with previ-
ous literature regarding COVID-19 patients, that were 
more likely to experience a constellation of symptoms, 
among which fatigue and cognitive difficulties were 
very common [4, 27].

The detection of lasting cognitive symptoms in a 
large proportion of a relatively young general popu-
lation was an unexpected phenomenon, especially 
because our survey was conducted in a non-clinical 
setting. Of note, although COVID-19 infection rep-
resented a risk factor for showing neurological symp-
toms, possibly because of endotheliitis of brain vessels 
and encephalopathy [4], still a larger portion of our 
sample manifested cognitive difficulties without CO-
VID-19 or any specific risk factor involved. This was 
especially evident during the lockdown period (March-
May 2020), when the prevalence of coronavirus infec-
tions was limited to some areas of northern Italy, but 
neurological symptoms were reported throughout Ita-
ly. We therefore hypothesized that the drastic change 
in lifestyle, due to the particularly restrictive measures 
adopted in Italy, had a strong impact on the appear-

ance of the neurological symptoms, as a consequence 
of the psychological distress. Indeed, Italy was among 
the first European countries to introduce a strict na-
tionwide lockdown and kept it in place for longer than 
other countries, introducing regional restrictions and 
then gradually relaxing them [28]. This was also sug-
gested by previous data on difficulties in falling and/or 
staying asleep during lockdown [18], and on the signifi-
cant increase of the PHQ-2 mean score in post-lock-
down (June 2020) compared to pre-lockdown period 
[17]. In fact, from the longitudinal analysis of the data, 
it clearly emerged that having symptoms of depression 
or anxiety in June 2020 increased – in the following 
months – the risk of developing the enduring neuro-
logical symptoms, excluding alterations of taste and/or 
smell. Although suggestive, the temporal association 
observed does not prove a cause-effect relationship: 
neurological symptoms may have a psychosomatic 
basis, potentially arising or worsened by psychologi-
cal distress, also through unhealthy behaviors (i.e., 
alcohol, smoking, substance abuse, eating disorder); 
otherwise, psychological symptoms may have simply 
preceded neurological manifestations.  In this line of 
thought is also the observation that the worsening of 
psychosocial functioning during pandemic was associ-
ated with pre-existing mental disorders [29].

It also emerged that the risk estimates of neurologi-
cal symptoms, due to preceding anxiety or depression 
symptoms, are similar to those due to a previous SARS-
CoV-2 infection. Risk factors with similar individual 
association (i.e., OR) but with different prevalence ex-
plain different proportions (i.e., attributable fractions) 
of the outcome: thus, in our population, anxiety symp-
toms (prevalence 50.1%) explained a more relevant pro-
portion of cognitive symptoms compared to that due to 
COVID-19 (prevalence 14.3%).

We also show that women and those living in south-
ern Italy were more likely to have neurological symp-
toms. Women tend to participate to surveys more than 
men, and generally report more symptoms than men 
[30], and some biological factors could be suggested as 
causes. For instance, there are sex differences in im-
munological responses and expression/activity of cer-
tain enzymes accountable for the development of au-
toimmune or inflammatory diseases and post-infectious 
sequelae (such as endotheliitis). This was particularly 
important when it came to long-COVID symptomatol-
ogy [4, 31, 32]. Some symptoms such as headache and 
fatigue are known to be particularly frequent in women 
[1, 33, 34]. Also, sex hormones are known for influ-
encing neurocognitive manifestations, especially after 
menopause [35, 36]. In addition, a pre-COVID-19 
study reported that neurological manifestations were 
higher in women, both in incidence and prevalence [1]. 
Furthermore, it must be kept in mind that the lower 
participation of men may have prevented the detection 
of some effects related to male gender.

A higher prevalence of neurological symptoms in 
southern Italy could be due to environmental and cul-
tural factors, like higher unemployment rates or pov-
erty, health disparities, and lower quality and access to 
care, compared to other regions [37, 38].
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This study has some limitations: the non-random 
sampling of the participants, affects the generalizabil-
ity of our results. However, the analysis of respondents 
and non-respondents showed no substantial differences 
in age, gender, residence, or education. Moreover, we 
cannot rule out that some participants with lasting neu-
rological symptoms had not been diagnosed with CO-
VID-19, due to the limited availability of swabs in the 
first months of pandemic, and we could not investigate 
whether other causes (i.e., vascular, internal, neuromus-
cular, neurodegenerative diseases, etc.) were at the ori-
gin of the new-onset persistent neurological symptoms. 
In addition, since the study does not have a further fol-
low-up, it is not known whether neurological symptoms 
have regressed, still persist, or have evolved.

CONCLUSIONS
The pandemic crisis has highlighted the widespread 

presence of the neurological symptoms investigated. 
Among the associated risk factors, previous anxious 
symptoms precede the highest percentage of cognitive 
symptoms in our population. While it is true that the 
impact of mental health issues due to the pandemic 
may have been different across countries and contexts, 
we believe that lasting neurological symptoms deserve 
to be monitored over time and appropriately classi-
fied as they may regress, but they may also reveal an 
underlying organic or psychiatric disorder, or progress 
to cognitive decline. Finally, during a pandemic emer-
gency, health policies aimed at containing the spread 
of the infection should also consider mental well-being 
especially in younger age groups, and thus also pre-
serve brain health.
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