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Abstract 

Background The long-term psychiatric and neuropsychiatric sequelae of COVID-19 across diverse populations 
remain not fully understood. This cohort study aims to investigate the short-, medium-, and long-term risks of psychi-
atric and neuropsychiatric disorders following COVID-19 infection in five countries.

Methods This population-based multinational network study used electronic medical records from France, Italy, 
Germany, and the UK and claims data from the USA. The initial target and comparator cohorts were identified using 
an exact matching approach based on age and sex. Individuals diagnosed with COVID-19 or those with a positive 
SARS-CoV-2 screening test between December 1, 2019, and December 1, 2020, were included as targets. Up to ten 
comparators without COVID-19 for each target were selected using the propensity score matching approach. All 
individuals were followed from the index date until the end of continuous enrolment or the last healthcare encounter. 
Cox proportional hazard regression models were fitted to estimate the risk of incident diagnosis of depression, anxiety 
disorders, alcohol misuse or dependence, substance misuse or dependence, bipolar disorders, psychoses, personal-
ity disorders, self-harm and suicide, sleep disorders, dementia, and neurodevelopmental disorders within the first 
6 months (short-term), 6 months to 1 year (medium-term), and 1 to 2 years (long-term) post-infection.

Results A total of 303,251 individuals with COVID-19 and 22,108,925 individuals without COVID-19 from five coun-
tries were originally included. Within the first 6 months, individuals with COVID-19 had a significantly higher risk of any 
studied disorders in all databases, with Hazard Ratios (HRs) ranging from 1.14 (95% CI, 1.07–1.22) in Germany to 1.89 
(1.64–2.17) in Italy. Increased risks were consistently observed for depression, anxiety disorders, and sleep disorders 
across almost all countries. During the medium- and long-term periods, higher risks were observed only for depres-
sion (medium-term: 1.29, 1.18–1.41; long-term: 1.36, 1.25–1.47), anxiety disorders (medium-term: 1.29, 1.20–1.38; 
long-term: 1.37, 1.29–1.47), and sleep disorders (medium-term: 1.10, 1.01–1.21; long-term: 1.14, 1.05–1.24) in France, 
and dementia (medium-term: 1.65, 1.28–2.10) in the UK.
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Conclusions Our study suggests that increased risks of psychiatric and neuropsychiatric outcomes were consistently 
observed only within, and not after, the 6-month observation period across all databases, except for certain condi-
tions in specific countries.

Keywords Long COVID, SARS-CoV-2, Psychiatric disorders, Neuropsychiatric disorders, Mental health, OMOP CDM

Background
The COVID-19 pandemic has had unprecedented 
impacts on global health. In addition to its physical health 
consequences, concerns have been raised regarding the 
potential psychiatric and neuropsychiatric complications 
following infection [1–5]. Studies have indicated that 
SARS-CoV-2 can directly invade the central nervous sys-
tem or trigger an immune response that leads to inflam-
mation and subsequent psychiatric and neuropsychiatric 
manifestations [6–9]. Furthermore, psychosocial stress-
ors associated with the pandemic, such as social isolation, 
financial insecurity, and fear of illness, may contribute to 
a higher incidence of psychiatric symptoms [5, 10, 11].

Several studies have examined the association between 
COVID-19 infection and psychiatric and neuropsychiat-
ric disorders [3, 12–15]. Three USA-based studies using 
population-based electronic medical records found that 
COVID-19 infection was associated with an increased 
risk of psychiatric and neuropsychiatric diagnoses within 
6  months post-infection, highlighting a particular vul-
nerability to mood disorders, anxiety disorders, psy-
chotic disorders, substance use disorders, insomnia, and 
dementia among individuals with COVID-19 [12, 13, 
15]. A recent study included over 400,000 individuals 
from the UK Biobank database between March 1, 2020, 
and September 30, 2021, and found that individuals with 
COVID-19 were more likely to receive subsequent diag-
noses of psychotic, mood, anxiety, alcohol use, and sleep 
disorders than their COVID-19-free counterparts during 
the 1-year follow-up period [14]. Furthermore, a bina-
tional study indicated that during a follow-up period of 
up to 28  months, COVID-19 infection was associated 
with a higher risk of psychiatric disorders, including anx-
iety disorders and post-traumatic stress disorders, in the 
UK and Hong Kong [16].

While these studies provide valuable insights into the 
psychiatric and neuropsychiatric sequelae of COVID-19, 
most have limited follow-up periods, leaving knowledge 
gaps regarding the post-acute sequelae of SARS-CoV-2. 
Additionally, the generalizability of findings from specific 
countries, predominantly the USA and the UK, to other 
regions is uncertain due to varying healthcare systems 
and public health responses to the pandemic. Therefore, 
findings generated from multiple populations and diverse 
healthcare systems, with large sample sizes, extended 
follow-up periods, standardized study designs, and a 

broader range of psychiatric and neuropsychiatric out-
comes, are essential to enhance the current understand-
ing of the psychiatric and neuropsychiatric sequelae of 
COVID-19 [17].

This population-based multinational network study aims 
to comprehensively investigate the short-, medium-, and 
long-term psychiatric and neuropsychiatric sequelae of 
COVID-19 using electronic medical records and claims 
data from over 25 million individuals across five countries. 
This investigation sheds light on the potential psychiatric 
and neurological effects of COVID-19 at various stages, 
thereby informing the development of effective prevention 
and management strategies for affected individuals.

Methods
Data sources
We used data from five databases. These comprised four 
electronic medical record databases, the IQVIA Longi-
tudinal Patient Database France (France IQVIA), IQVIA 
Disease Analyser Germany (Germany IQVIA), Longitu-
dinal Patient Database Italy (Italy IQVIA), and IQVIA 
Medical Research Data UK (UK IMRD). The fifth data-
base was the IQVIA PharMetrics Plus in the USA (US 
PharMetrics Plus), a claims-based database. All data were 
routinely collected and converted to the Observational 
Medical Outcomes Partnership (OMOP) Common Data 
Model (CDM), version 5, maintained by the Observa-
tional Health Data Sciences and Informatics (OHDSI) 
network [18]. The standardized structure and content of 
these databases allow data partners to execute common 
analytical syntax locally and contribute aggregated results 
without sharing individual-level data. The databases used 
in this study are all population-based databases cover-
ing patients with diverse socioeconomic characteristics. 
These databases have been extensively used in previous 
studies to assess the physical and psychological conse-
quences of the COVID-19 pandemic [19–21]. Detailed 
descriptions of these databases, including their repre-
sentativeness and comparability, are presented in Addi-
tional file 1: Table S1 and have been previously reported 
[20–22].

Study design and participants
This study used data between December 1, 2018, and 
December 1, 2022. We identified target and compara-
tor cohorts using an exact matching approach based on 
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age and sex. The target cohort consisted of all individu-
als who received a diagnosis of COVID-19 or a positive 
SARS-CoV-2 screening test result between December 
1, 2019, and December 1, 2020. Targets with any nega-
tive SARS-CoV-2 screening test results within 3 days of 
the index date were excluded to eliminate potential false 
positives. The diagnostic codes for identifying individuals 
with COVID-19 were determined through internal and 
external consultations with epidemiologists, clinicians, 
and data scientists, and the list was further adjusted dur-
ing the preliminary testing process. Additional file  1: 
Table  S2 shows the final list of diagnostic codes. The 
initial comparator cohort included individuals with-
out any diagnosis or positive test results for COVID-19 
between December 1, 2019, and December 1, 2022. The 
earliest date of COVID-19 confirmation was designated 
as the index date for the targets, and the same dates 
were assigned as the index date for their corresponding 
matched comparators.

Individuals were eligible for the study if they had con-
tinuous observation for at least 365  days prior to the 
index date and at least 1 day after the index date. A maxi-
mum of ten comparators for each target were selected 
using the propensity score matching approach, although 
some targets may have fewer than ten comparator can-
didates. The standardized difference of mean  was used 
to assess the covariate balance between target and com-
parator cohorts, with a threshold of 0.2 [23]. The pro-
pensity scores were calculated based on a wide range of 
predefined generic characteristics, including demograph-
ics, diagnoses, drug exposures, measurement, medical 
procedures, and health service use behaviors observed 
365 days prior to and on the index date [24, 25]. A large-
scale regularized regression was employed for covariate 
selection and propensity score calculation, which has 
been widely used in previous research for confounding 
adjustment [25–28]. All individuals were followed from 
the index date until the end of continuous enrolment (for 
UK IMRD and US PharMetrics Plus) or the last health-
care encounter (for France IQVIA, Germany IQVIA, and 
Italy IQVIA). Our preliminary analysis identified 805,065 
targets and 39,754,216 comparators in the US PharMet-
rics Plus database. Due to computational limitations, we 
used a stratified random sampling approach to select 20% 
of individuals from the target and comparator cohorts 
within each age and sex stratum for the US PharMetrics 
Plus database.

Outcomes
The study outcomes included depression, anxiety disor-
ders, alcohol misuse or dependence, substance misuse or 
dependence, bipolar disorders, psychoses, personality dis-
orders, self-harm and suicide, sleep disorders, dementia, 

and neurodevelopmental disorders. The corresponding 
diagnostic codes are shown in Additional file 1: Table S3. 
Only the first diagnosis of each outcome following the 
index date was used. We also estimated the risk of any of 
the 11 outcomes to assess the overall psychiatric and neu-
ropsychiatric sequelae of COVID-19.

Statistical analysis
The short-, medium-, and long-term periods were defined 
as 6 months, 6 months to 1 year, and 1 to 2 years since 
the index date, respectively. For the analysis of each out-
come, individuals were excluded if they had the outcome 
of interest within 365 days prior to the start of the short- 
(the index date), medium-, and long-term observation to 
ensure the identification of incident cases. We used the 
term “incident” broadly to represent a first-ever diagnosis 
and a potentially prevalent diagnosis that became active 
after at least 365  days. The exclusion was performed 
before the propensity score matching step. We tabulated 
baseline characteristics to evaluate covariate balance 
before and after propensity score adjustment and report 
the incidence of outcomes by disease and database. Cox 
proportional hazards regression models were fitted to 
quantify the short-, medium-, and long-term associations 
between each outcome of interest and COVID-19 infec-
tion. All parameters are expressed as hazard ratios (HRs) 
with 95% confidence intervals (95% CIs). Two-sided P 
values of 0.05 or below were considered indicative of sta-
tistical significance. We further stratified the analyses by 
sex and age group (i.e., < 18, 18–24, 25–44, 45–64, and 
65 + years) to examine potential differences in associa-
tions related to sex and age [29, 30].

All analyses were conducted using statistical software 
R (version 4.2.0) [31]. The analysis packages were built 
on the open-source OHDSI CohortMethod and Cyclops R 
packages [26, 32, 33]. The study protocol and all statisti-
cal analysis packages were prespecified before the analy-
sis. The data are reported following the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) reporting guideline [34].

Role of the funding source
The funders of this study had no role in the study design, 
data collection, data analysis, interpretation, or writing of 
the report.

Results
We initially identified 303,251 individuals with COVID-
19 and 22,108,925 individuals without COVID-19 
across five countries during the study period. Figure S1 
in Supplement shows the study cohort selection pro-
cedure. After applying inclusion and exclusion criteria 
and conducting propensity score matching, the sample 
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size varied by follow-up period, outcome, and database 
(Table 1). In the target cohorts, the majority of individu-
als included for the 6-month risk analysis were females 
and aged 45–64 years across all databases. The propor-
tion of females ranged from 56.65% (N = 30,181) for 
substance misuse or dependence  in France to 45.76% 
(1382) for personality disorders in the Germnay. The 
proportion of individuals aged 45–64 years ranged from 
41.11% (3423) for personality disorders in Italy to 31.33% 
(11,131) for sleep disorders in the UK.

The short-term (6 months) incidence rate was generally 
high for anxiety disorders, depression, and sleep disor-
ders. The highest incidence of 130.16 per 1000 person-
years was observed among individuals with COVID-19 
for anxiety disorders in the USA, followed by 85.5 per 
1000 person-years for anxiety disorders in France and 
84.87 per 1000 person-years for sleep disorders in the 
USA. No self-harm and suicide cases were observed 
in Germany and Italy. Additional file  1: Tables S4–S5 
show the sample size, sex and age distribution, follow-
up time, and number and incidence of psychiatric and 
neuropsychiatric events for the medium- and long-term 
observation periods. The incidence of outcomes in the 
medium- and long-term observation periods was lower 
than the short-term results. The incidence of any out-
come among individuals with COVID-19 for the short-, 
medium-, and long-term periods  ranged from 40.71, 
28.73, and 27.67 per 1000 person-years in the UK, to 
243.41, 144.11, and 119.95 per 1000 person-years in the 
USA, respectively.

Table  2 shows selected baseline characteristics before 
and after propensity score matching for France IQVIA, 
using short-term depression risk as an example. Before 
propensity score matching, individuals with COVID-19 
were more likely to have acute respiratory disease and 
use antibacterial, anti-inflammatory, antirheumatic, and 
opioid products, with standardized difference of mean up 
to 0.77. After propensity score matching, all standardized 
differences were less than 0.2, and most were less than 
0.1, indicating that the samples of individuals with and 
without COVID-19 were well-balanced after matching. 
Additional file  1: Tables S6.1–S6.179 show the baseline 
characteristics for all outcomes in all databases, which 
had similar results.

Figure  1 and Additional file  1: Table  S7 show the 
short-term risks of psychiatric and neuropsychiat-
ric outcomes. During the first 6  months following the 
index date, individuals with COVID-19 had a signifi-
cantly higher risk of developing any psychiatric and 
neuropsychiatric disorder than individuals without 
COVID-19 across all databases. The HRs ranged from 
1.14 (95% CI, 1.07–1.22) in Germany to 1.89 (1.64–2.17) 
in Italy. Specifically, the risk of depression was higher 

in individuals with COVID-19 in all databases except 
for the UK, with HRs ranging from 1.05 (1.01–1.09) in 
the USA to 1.90 in Italy (1.55–2.31). Significant HRs for 
anxiety disorders were found in all databases except for 
Germany, ranging from 1.18 (1.14–1.21) in the USA to 
2.43 (1.61–3.61) in Italy. An increased risk of psychoses 
was observed in Italy (HR 2.39, 95% CI 1.09–4.85) and 
the USA (1.41, 1.17–1.70). Increased risks of substance 
misuse or dependence and personality disorders were 
found among individuals with COVID-19 in the USA 
(1.14, 1.08–1.19) and Italy (1.55, 1.04–2.25), respec-
tively. Additionally, COVID-19 was associated with an 
elevated risk of sleep disorders in France (1.34, 1.25–
1.44), Italy (1.73, 1.39–2.14), and the USA (1.21, 1.16–
1.25). Individuals with COVID-19 had an increased risk 
of dementia in the UK (1.86, 1.50–2.28), France (1.84, 
1.12-2.91), and the USA (1.43, 1.26–1.63). A significant 
HR for neurodevelopmental disorders was observed 
only in France (2.20, 1.65–2.91).

No significant associations were observed between 
COVID-19 and any of the psychiatric and neuropsychi-
atric disorders in the medium-term (6 months to 1 year) 
or long-term (1 to 2  years) periods, except for France 
(medium-term: HR 1.26, 95% CI 1.19–1.34; long-term: 
1.34, 1.27–1.41) (see Figs. 2 and 3 and Additional file 1: 
Table  S7). In France IQVIA, individuals with COVID-
19 had a higher risk of depression (HR 1.29, 95% CI 
1.18–1.41), anxiety disorders (1.29, 1.20–1.38), and sleep 
disorders (1.10, 1.01–1.21) during the medium-term 
observation, compared to matched comparators. Addi-
tionally, in the UK, an elevated risk of dementia (1.65, 
1.28–2.10) was observed during the medium-term. In the 
long-term, elevated risks were only observed for depres-
sion (1.36, 1.25–1.47), anxiety disorders (1.37, 1.29–1.47), 
and sleep disorders (1.14, 1.05–1.24) in France.

Additional file 1: Tables S8–S14 show the results of sub-
group analyses. The risk of psychiatric and neuropsychiat-
ric disorders associated with COVID-19 varied by sex and 
age group. For example, in the UK, there was an increased 
short-term risk of anxiety disorders (HR 1.59, 95% CI 
1.24–2.01) and bipolar disorders (5.15, 1.35–17.09) 
among males, but not females.

Additionally, a significantly higher short-term risk of 
substance misuse or dependence (HR  1.26, 1.18–1.34) 
was observed only among males in the USA. In age 
group-stratified analyses for short-, medium-, and long-
term risks, significant HRs for sleep disorders were only 
observed among individuals aged 25  years or older in 
France, Italy, and the USA. An elevated risk of substance 
misuse or dependence was observed among individuals 
aged 18–44 years and those aged 65 years or older in Italy 
and the USA.
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Table 2 Selected baseline characteristics for France IQVIA, using short-term depression risk as an example

Characteristic Before propensity score matching After propensity score matching

Targets, % Comparators, % Standardized 
difference

Targets, % Comparators, % Standardized 
difference

Age group
 0–4 0.7 2.9  − 0.17 0.8 1.2  − 0.04

 5–9 1.8 4.4  − 0.15 1.9 2.3  − 0.03

 10–14 3.2 4.4  − 0.06 3.4 3.7  − 0.01

 15–19 5.6 4.3 0.06 5.6 5.9  − 0.01

 20–24 7.3 4.2 0.13 7.1 6.5 0.02

 25–29 7.3 4.3 0.13 7 6.7 0.01

 30–34 8.3 5.1 0.13 8.1 7.7 0.02

 35–39 9 5.6 0.13 8.6 7.9 0.03

 40–44 9.4 5.9 0.13 9.1 8.3 0.03

 45–49 10.1 6.8 0.12 9.9 9.2 0.02

 50–54 9.8 7.5 0.08 9.6 9.4 0.01

 55–59 8.9 7.8 0.04 8.9 9 0

 65–69 4 7.7  − 0.16 4.3 4.7  − 0.02

 70–74 3.7 8  − 0.19 4 4.6  − 0.03

 75–79 2 5.2  − 0.17 2.2 2.7  − 0.03

 80–84 1.3 4  − 0.17 1.5 1.8  − 0.02

 85–89 0.9 2.6  − 0.13 1 1.3  − 0.03

 90–94 0.4 1.1  − 0.08 0.4 0.6  − 0.03

 95–99 0.1 0.2  − 0.03 0.1 0.2  − 0.01

Sex
 Female 56.4 57.4  − 0.02 55.9 55 0.02

Medical history: general
 Acute respiratory disease 16.7 6.9 0.31 15.7 18.7  − 0.08

 Chronic liver disease 0.1 0.1 0.01 0.1 0.1  − 0.01

 Chronic obstructive lung disease 0.9 0.7 0.02 0.9 1.3  − 0.04

 Crohn’s disease 0.1 0.1 0.01 0.1 0.1 0

 Dementia 0.1 0.1 0 0.2 0.2  − 0.02

 Depressive disorder 6.1 3.2 0.14 0.2 0.1 0.04

 Diabetes mellitus 5.2 4 0.06 5.4 6.8  − 0.06

 Gastroesophageal reflux disease 4.3 2 0.13 4.2 5.4  − 0.06

 Gastrointestinal hemorrhage 0.5 0.3 0.04 0.4 0.6  − 0.02

 Human immunodeficiency virus infection 0.2 0.1 0.03 0.2 0.4  − 0.04

 Hyperlipidemia 4 3 0.06 4 4.8  − 0.04

 Hypertensive disorder 11.7 9.9 0.06 12.1 15.6  − 0.1

 Lesion of liver 0.1 0.1 0 0.1 0.1  − 0.01

 Obesity 0.4 0.1 0.05 0.3 0.3 0

 Osteoarthritis 3.8 2.2 0.09 3.6 4.5  − 0.05

 Pneumonia 0.8 0.3 0.07 0.7 1  − 0.03

 Psoriasis 1 0.5 0.05 1 1.1  − 0.02

 Renal impairment 0.3 0.2 0.02 0.3 0.4  − 0.02

 Rheumatoid arthritis 0.2 0.3  − 0.01 0.3 0.3  − 0.02

 Schizophrenia 0.1 0.1 0 0.1 0.1 0

 Ulcerative colitis 0.1 0.1 0.01 0.1 0.1 0

 Urinary tract infectious disease 1.5 0.7 0.07 1.4 1.9  − 0.03
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Discussion
In this multinational network study using population-
based electronic medical records and claims data from 
four European countries and the USA, we compared the 
short-, medium-, and long-term risks of 11 psychiatric and 
neuropsychiatric disorders of individuals with and without 
COVID-19. During the first 6  months post-infection, an 
overall increased risk of psychiatric and neuropsychiatric 
disorders was evident across all databases, with increased 
risks consistently observed in depression, anxiety disorders, 
and sleep disorders. Increased risks were only observed for 

depression, anxiety disorders, sleep disorders in France, 
and dementia in the UK, in the medium- and long-term 
observation periods.

Previous studies have consistently demonstrated that 
a considerable number of individuals infected with 
COVID-19 suffer from mental and neurological health 
issues extending weeks to months beyond the acute phase 
of the illness. For instance, a meta-analysis of 51 stud-
ies involving approximately 19,000 subjects found that 
27.4% of COVID-19 survivors experienced sleep disor-
ders, 20.2% had cognitive impairment, 19.1% had anxiety 

Table 2 (continued)

Characteristic Before propensity score matching After propensity score matching

Targets, % Comparators, % Standardized 
difference

Targets, % Comparators, % Standardized 
difference

Medical history (cardiovascular disease)
 Atrial fibrillation 0.1 0.3  − 0.03 0.2 0.2  − 0.02

 Cerebrovascular disease 0.9 0.8 0.02 1 1.4  − 0.04

 Coronary arteriosclerosis 0.4 0.4 0 0.4 0.6  − 0.03

 Heart disease 3.3 3.6  − 0.02 3.4 4.7  − 0.07

 Heart failure 0.3 0.3  − 0.01 0.3 0.4  − 0.02

 Ischemic heart disease 1 0.9 0 1.1 1.5  − 0.03

 Peripheral vascular disease 0.2 0.2 0 0.2 0.4  − 0.03

Medical history (neoplasms) 0.2 0.1 0.01 0.2 0.3  − 0.02

 Venous thrombosis 0.3 0.2 0.03 0.3 0.4  − 0.02

 Medical history: Neoplasms

 Malignant neoplastic disease 1.1 0.8 0.03 1.2 1.7  − 0.04

 Malignant tumor of breast 0.3 0.2 0.02 0.3 0.4  − 0.02

 Malignant tumor of colon 0.2 0.1 0.03 0.2 0.1 0

 Primary malignant neoplasm of prostate 0.2 0.1 0.01 0.2 0.3  − 0.03

Medication use
 Agents acting on the renin-angiotensin system 10.5 10 0.02 11.1 14.2  − 0.09

 Antibacterials for systemic use 36.9 16.7 0.47 34.7 39.4  − 0.1

 Antidepressants 7.3 4.7 0.11 3.5 4.3  − 0.04

 Antiepileptics 2.4 2 0.03 2.2 3.3  − 0.06

 Antiinflammatory and antirheumatic products 35.2 20.3 0.34 35.3 40.1  − 0.1

 Antineoplastic agents 1 0.8 0.02 1 1.2  − 0.01

 Antipsoriatics 0.5 0.3 0.03 0.5 0.7  − 0.02

 Antithrombotic agents 8 7.6 0.01 8.3 10.6  − 0.08

 Beta blocking agents 6.3 6.4 0 6.5 8.1  − 0.06

 Calcium channel blockers 5.8 5.3 0.02 6.1 7.9  − 0.07

Medication use
 Diuretics 5.3 5.5  − 0.01 5.6 7.4  − 0.07

 Drugs for acid-related disorders 24.5 14.2 0.26 24.1 28.2  − 0.09

 Drugs for obstructive airway diseases 23.1 12.6 0.28 22.7 26.8  − 0.09

 Drugs used in diabetes 5.5 4.3 0.05 5.7 7.2  − 0.06

 Immunosuppressants 0.3 0.5  − 0.03 0.3 0.4  − 0.01

 Opioids 58.5 23.4 0.77 56.1 57.9  − 0.04

 Psycholeptics 15 8.7 0.2 12.6 15.2  − 0.07

 Psychostimulants, agents used for ADHD 
and nootropics

4.5 2 0.14 4.2 5  − 0.03
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disorders, and 12.9% had depression following the infec-
tion [35]. Furthermore, studies from Denmark, Estonia, 
Iceland, Norway, Sweden, the UK, and the USA indi-
cated an increased risk of psychiatric and neuropsychi-
atric sequelae in COVID-19 survivors compared to those 
uninfected by the virus or those suffering from influenza 
or other respiratory infections [9, 12–14]. However, most 
of these studies had a follow-up period of less than 1 year, 
thus not necessarily capturing the potential long-term 
consequences or accounting for the possibility of delayed 
help-seeking due to barriers in accessing mental health 
services. Additionally, the applicability of these find-
ings may be limited by variations in how the index date 
is determined and the absence of standardized measure-
ments or tools for identifying outcomes [36, 37]. By apply-
ing standardized definitions and analytical codes across 
five population-based databases, our study contributes 
multinational, large-scale evidence on the psychiatric and 
neuropsychiatric consequences associated with COVID-
19 during a 2-year post-infection timeframe.

Our study found that individuals with COVID-19 
showed an increased likelihood of developing psychiat-
ric and neuropsychiatric disorders within the 6 months 
following infection, consistent with existing research 
on COVID [9, 12–14], mirroring outcomes observed 

during past coronaviruses outbreaks [8], and support-
ing the direct and indirect impact of COVID-19 on 
mental and neuropsychiatric health. While some stud-
ies have suggested that immune dysfunction, includ-
ing nonspecific neuroinflammation and antineural 
autoimmune dysregulation, may be associated with the 
psychiatric and neuropsychiatric sequelae of SARS-
CoV-2 during the acute phase of the disease [38–40], 
the pathophysiological mechanisms underlying these 
manifestations still remain poorly understood. Addi-
tionally, pandemic-related psychosocial stressors, such 
as unprecedented social isolation due to lockdowns 
and quarantine, financial insecurity from economic 
downturns, and grief over the loss of loved ones might 
have contributed to psychiatric symptoms, although 
the impact should be similar between individuals with 
and without COVID-19 [41–45]. It is worth noting that 
our study focused on individuals infected by the early 
strain of COVID-19 in 2020, a period associated with 
greater disease severity [46]. The fear of illness, lack of 
vaccines, disrupted daily routines, and stigma associ-
ated with COVID-19 infection leading to social ostraci-
zation, further contributed to the psychological burden 
and heightened the risk of psychiatric manifestations 
among individuals with COVID-19 [47, 48].

Fig. 1 Risk of developing outcome events among individuals with COVID-19 in the short-term observation period (within 6 months)
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While our investigation revealed several psychiat-
ric and neuropsychiatric sequelae of COVID-19 in the 
6  months following infection, significant differences 
in risk were observed only for depression, anxiety dis-
orders and sleep disorders in France, and dementia in 
the UK during the medium- and long-term observation 
periods. This finding is partly consistent with a previ-
ous USA study, which reported that the risks of mood 
disorders, anxiety disorders, and insomnia associated 
with COVID-19 decreased 1 to 3  months after the 
infection, while the risks of dementia and psychotic dis-
order remained elevated after 2 years [15]. The attenu-
ation of risk can be attributed to several reasons. First, 
individuals with an incident diagnosis of psychiatric 
and neuropsychiatric disorder during the first 6 months 
post-infection were excluded from the mid- and long-
term analyses. Therefore, the risks after 6  months 
might be lower if an individual already “survived” the 
acute phase of the pandemic. Second, physical status 
gradually recovers over time, which includes the alle-
viation of the virus’s direct neurological effects that 
may have initially led to such disorders [49, 50]. Third, 
as the pandemic progressed, individuals adapted to 
the psychosocial stressors triggered by the pandemic. 
People have found appropriate coping mechanisms 

and adjusted to changed circumstances, reducing the 
impact of these stressors on mental health [51, 52]. 
Fourth, as public health measures control the spread 
of the virus and vaccines become widely available, the 
initial fear and uncertainty surrounding COVID-19 and 
its consequences diminish. Additionally, the implemen-
tation of specialized mental health services for COVID-
19 survivors helps address and mitigate the long-term 
psychiatric and neuropsychiatric effects of the virus. 
However, explaining the considerable heterogeneity in 
relative risks between countries remains challenging, 
as the mechanisms underlying the association between 
COVID-19 infection and psychiatric and neuropsychi-
atric outcomes are not yet fully understood [38–40]. 
The significant medium- and long-term increased risks 
observed in France and the UK may reflect the diverse 
impacts of differences in COVID-19 containment 
strategies, health systems, and rates of socioeconomic 
recovery by country, rather than the pandemic itself. 
Furthermore, the results may be partially influenced 
by detection bias, given the severe underdiagnosis and 
considerable diagnostic delays associated with psychi-
atric and neuropsychiatric disorders. For instance, the 
longer effect on dementia observed in the UK could 
simply result from longer waiting times for dementia 

Fig. 2 Risk of developing outcome events among individuals with COVID-19 in the medium-term observation period (6 months to 1 year)
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assessments. Further research is required to explore the 
causes of this discrepancy to mitigate potential long-
lasting impacts.

Our study has several strengths. By utilizing data 
from over 25 million individuals across five countries 
and diverse healthcare settings, we have enabled a 
comprehensive investigation into the short-, medium-, 
and long-term psychiatric and neuropsychiatric seque-
lae of COVID-19. These enhance the precision, repre-
sentativeness, and generalizability of our findings. To 
minimize potential confounding, we incorporated a 
significant amount of covariates into a large-scale regu-
larized regression for covariate selection and propen-
sity score calculation. Furthermore, using the OMOP 
CDM allowed us to standardize the study design, out-
come definition, and analytical syntax within partici-
pating data partners. This standardization streamlined 
the process of generating and sharing results without 
disclosing individual-level data. It is important to note 
that our intention is not to compare the incidence or 
risks among different populations and healthcare sys-
tems, as database-specific properties are not compa-
rable. Additionally, we have made the study package 
publicly available to encourage the reproduction of our 
findings and to foster collaboration.

This study has limitations. First, phenotype ascertain-
ment may be affected by the inherent measurement 
issues within our real-world databases. Although we used 
standardized diagnostic codes to identify outcomes, het-
erogeneity in diagnostic accuracy and coding processes 
across different healthcare settings persisted. Moreover, 
the specific diagnostic codes within the original data 
sources have not been validated, and their sensitivity 
and specificity require further exploration [53]. Second, 
electronic medical record databases from four European 
countries (France, Italy, Germany, and the UK) were col-
lected from primary care settings, which means inpatient 
records were not available for this study. Consequently, 
we could not capture outcomes diagnosed during hospi-
tal admissions. Third, several factors associated with the 
sequelae of COVID-19, such as infection severity, vacci-
nation, and mortality, were not available in our databases, 
preventing detailed investigations into the effects of these 
factors on COVID-19 sequelae. Fourth, individuals in the 
comparator group might have had undiagnosed COVID-
19 infection. To minimize the misclassification effect, we 
included all individuals with a COVID-19 diagnosis in 
healthcare institutions and positive SARS-CoV-2 screen-
ing test results from lab tests and adjusted the coding 
list for COVID-19 individuals’ ascertainment during the 

Fig. 3 Risk of developing outcome events among individuals with COVID-19 in the long-term observation period (1 year to 2 years)
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data testing process. Fifth, we only considered incident 
psychiatric and neuropsychiatric diagnoses. Individuals 
who sought help repeatedly (with prolonged and more 
severe symptoms) were excluded from the mid- and 
long-term analysis, potentially resulting in an underes-
timation of the results. Sixth, our study only included 
unvaccinated individuals infected with COVID-19 in 
2020, most of whom likely had no prior infection. Cau-
tion is warranted when generalizing our findings to other 
populations, as clinical consequences may differ between 
primary infections, reinfections, and breakthrough infec-
tions. Seventh, due to dataset limitations, we were only 
able to use a 1-year look-back period to exclude preva-
lent cases. As a result, some included individuals may 
not be “true” incident cases. Eighth, this study aimed 
to provide an overview of the association between psy-
chiatric and neuropsychiatric disorders and COVID-19 
across multiple databases, grouping outcomes of interest 
into 11 relatively broad disease categories. This approach 
was intended to ensure sufficient statistical power in each 
database and to simply reporting. However, it is possi-
ble that specific conditions within a category may have 
distinct associations with COVID-19, warranting future 
investigations. Finally, as with other observational stud-
ies, residual confounding was likely present in our study. 
For instance, individuals without COVID-19 infection 
were less likely than those with COVID-19 to present at 
healthcare institutions during the pandemic, reducing 
the probability of receiving diagnoses for other condi-
tions and potentially overestimating our results.

Conclusions
In this multinational network cohort study examining 
the short- (6 months), medium- (6 months to 1 year), and 
long-term (1 to 2 years) psychiatric and neuropsychiatric 
sequelae of COVID-19, we consistently observed short-
term risks of these conditions associated with COVID-
19 across different countries. Notably, there were very 
few differences in these risks between individuals with 
and without COVID-19 infection after 6  months. This 
phenomenon may be attributed to detection bias, the 
redirection of healthcare resources, diverse pandemic 
management strategies, and differing rates of socioeco-
nomic recovery rather than the direct impact of COVID-
19 itself. These findings underscore the complexity of 
the pandemic’s indirect effects on mental health. Further 
research is essential to elucidate the underlying causes of 
the medium- and long-term elevated risks of psychiatric 
and neuropsychiatric outcomes observed in France and 
the UK. Understanding these factors is crucial for devel-
oping targeted interventions and healthcare policies to 
mitigate these long-lasting impacts.
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