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Abstract
In this editorial we comment on the article by Cahn-Hidalgo D published in a 
recent issue of the World Journal of Psychiatry 2020; 10(1); 1-11. We focus on the 
importance of utilizing psychometrically valid cognitive screening tools when 
assessing for cognitive decline in older adults in a psychiatric outpatient setting. 
We compared the use of Cognivue® to use of the montreal cognitive assessment 
(MoCA) as a cognitive screening tool. A total of 58 patients aged 55 and over 
participated in this comparison study. Patients completed cognitive screening on 
Cognivue®, a new Food and Drug Administration-cleared computer screening 
device, and the MoCA. The results of patient performance using these two 
instruments were analyzed. Sixteen (28%) patients screened negative for cognitive 
impairment on both assessments. Forty-two (72%) patients screened positive on 
one or both of the assessments. There was 43% agreement between Cognivue® and 
the MoCA in identifying patients with cognitive impairment, and individual 
subtests were weakly correlated. The MoCA was determined to be the preferred 
instrument due to its high sensitivity and specificity (100% and 87%, respectively) 
when screening for cognitive impairment. We propose that the use of Cognivue® 
cognitive screening tool be closely reviewed until more research proves that the 
test meets the standards for reliability and validity. It is important for clinicians to 
remember that screeners should not be used to diagnosis patients with neurocog-
nitive disorders; instead, they should be used to determine whether further 
evaluation is warranted. Additionally, misdiagnosing of neurocognitive disorders 
can pose unnecessary psychological and emotional harm to patients and their 
families and also lead to incorrect treatment and undue healthcare costs.

Key Words: Dementia; Cognitive screening test; Cognitive impairment; Psychological 
assessment; Neurocognitive disorder; Geriatric psychiatry; Cognitive decline
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Core Tip: Practicing clinicians should utilize validated measures when screening for 
cognitive impairment among older adults. Based on their findings they should make 
recommendations for further evaluation and not use cognitive screening tools as 
diagnostic tools.
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INTRODUCTION
Cognitive decline is the leading cause of functional impairment among older adults
[1]. As the population of older adults in the United States continues to rise, recognition 
and prevention of neurocognitive disorders becomes increasingly important. 
Screening for cognitive deficits facilitates early identification of these disorders, which, 
in turn, helps providers determine when to refer patients to neurology, psychology, or 
geriatric specialists for more extensive evaluation. Further, recognition of cognitive 
impairments allows clinicians to more effectively monitor safety and adherence to 
treatment, determine when to include family in treatment/decision making, and make 
accommodations during visits (such as providing materials and instructions the 
patient can understand and remember). Early and accurate diagnosis enables 
clinicians to educate patients and their families on symptoms and prognoses and to 
advise on treatment and support options.

There are different types of neurocognitive disorders (i.e., mild and major) that vary 
in symptom presentation, degree of impairment, prognosis, and treatment. Screening 
for and differentiating among these conditions can be a challenge. When testing for 
cognitive impairments, an ideal screening tool should sample the various cognitive 
domains that are most often compromised. These domains include executive 
functioning, visuospatial skills, language, processing speed, attention, memory, 
abstraction, and psychomotor skills[2]. In addition to using the cognitive screening 
tool, direct observation of the patient and collection of collateral information from a 
close family member, friend, or caregiver can provide important details regarding 
symptoms and level of functioning. This information will assist clinicians in making 
informed decisions on how to proceed with further evaluation and treatment. 
Clinicians should not rely solely on cognitive screening tools to diagnose patients with 
neurocognitive disorders, as gathering additional information is imperative in 
confirming a diagnosis and providing the most appropriate treatment for patients. 
Incorrectly diagnosing any type of neurocognitive disorder can lead to misman-
agement of symptoms, improper use of medications, anxiety and distress for patients 
and their families, and unnecessary health care costs.

CRITICAL EVALUATION OF SCREENING INSTRUMENTS
It is important to critically evaluate screening tools to ensure they are psychometrically 
valid. Currently, there are a number of readily available screening instruments from 
which to choose[3]. Among the more widely researched and utilized screeners are the 
montreal cognitive assessment (MoCA), saint louis missouri mental status (SLUMS), 
and mini-mental state examination (MMSE). The MoCA detects symptoms of 
dementia with 100% sensitivity and 87% specificity[4]. It has been shown to evaluate 
many cognitive domains that are impacted in the various types of neurocognitive 
disorders. The pen-and-paper tool is administered by a clinician and takes about 10 
min to complete. Scores range from 0-30 (+1 for 12 or fewer years of education); a score 
of 26 or higher indicates “normal” cognitive functioning, while a score of 25 or lower 
indicates “impaired” functioning.

http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2220-3206/full/v11/i7/265.htm
https://dx.doi.org/10.5498/wjp.v11.i7.265
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Cognivue® is a recently introduced screening tool that is administered using a 
standalone computer and onscreen instructions. The instrument has been “cleared” by 
the Food and Drug Administration (FDA), signifying that the administration does not 
perceive it to pose any danger to patients when used as directed[5]. Notably, clearance 
of a “de novo medical device” implies there is no comparable instrument and, thus, 
imposes few, if any, requirements for comparative analyses. Cognivue® provides 
scores ranging from 0-100, with a score of 75 or higher signifying “normal” cognitive 
functioning, a score of 51-74 signifying low-moderate cognitive impairment, and a 
score of 50 or lower signifying severe cognitive impairment. There are a few research 
studies on this device which have been company-funded and focused on comparing 
Cognivue® results with that of the SLUMS and several other neuropsychological 
assessment tools. This research by Cahn-Hidalgo et al[6] was published in a recent 
issue of the World Journal of Psychiatry [2020; 10(1); 1-11].

In the Cahn-Hidalgo et al[6] article they noted correlations between various 
neuropsychological tests and the “components” of the Cognivue®; however, it is 
unclear which subtests of the Cognivue® fell under each of the five “components”. It 
did label the components as verbal processing, manual dexterity and speed, visual 
acuity, visuospatial and executive function, and speed and sequencing, which doesn’t 
align with the domains on the clinician report generated by the Cognivue® (i.e., 
Visuospatial, Executive Function/Attention, Naming/Language, Memory, Delayed 
Recall, and Abstraction). The results from Table of their article highlight strong correl-
ations (0.529 to 0.902) between verbal processing and the SLUMS naming task and Rey 
Auditory Verbal Learning Test; manual dexterity and speed with Groove Peg Board 
Task; visuospatial and executive function with Trails B and Judgment of Line 
Orientation; and speed and sequencing with Trails A (Cahn-Hidalgo et al[6], 2020). 
Correlations with other Cognivue® components and neuropsychological tests 
administered had low to moderate correlations (0.003 to 0.408) also outlined in Table. 
There was no good indication in this research that the Cognivue® tapped into the 
domains of attention, immediate memory, delayed recall, or abstraction, which are 
important areas to consider when screening for neurocognitive disorders. For example 
Cognivue® presentation of stimuli is all visual, which is a limitation. After initial 
exposure a few seconds pass before the participant is given a multiple choice 
paradigm to recognize and respond. This brief delay can be categorized as a short-
term memory process, but not a long-term memory one. Additionally when 
considering models of memory, recognition of stimuli in a multiple choice format is 
easier than free recall of information or encoding the stimuli to long-term memory[2]. 
Since recognition can be intact in some individuals with neurocognitive disorders, 
such as with vascular dementia or mild cognitive impairment, presentation of 
information in this way could lead to false-negatives. Additionally it is unclear how 
the Cognivue® subtests measure executive functioning skills even though Cahn-
Hidalgo et al[6] research suggests correlations with Trails B, an executive function test.

It is also important to highlight that correlations between subtests do not necessarily 
mean that they are valid or even that they measure the intended variables. For 
example, the naming task on the SLUMS had a strong correlation (0.529) with the 
“language” measures on Cognivue®[6]. The SLUMS naming task requires the subject 
to verbally generate as many animals as they can in one minute and is intended to 
screen for aphasia and other language/speech disturbances. In comparison, the 
language section on Cognivue® does not have a verbal component. The tasks consist of 
single letters or simple three-letter words being visually displayed on a screen and 
then presents the subject with a visual multiple-choice paradigm, which requires them 
to select what was previously presented from items that were not. While this task 
involves some elements of language, it does not assess the same area of the brain as a 
naming task that requires verbal fluency and word finding skills, which are commonly 
observed deficits in neurocognitive disorders like Alzheimer’s disease[2]. The 
cognitive domains measured by the Cognivue® are not well defined or researched in 
comparison to other screeners and neuropsychological measures.

Importantly, there are potential conflicts of interest with the aforementioned article. 
The research was funded by the makers of Cognivue® and the authors were employees 
or consultants for the company. Therefore it is important that studies with larger 
sample sizes are completed by unaffiliated researchers for validation of the 
Cognivue®. Additionally the company did not use trained psychologists or clinicians 
to administer the neuropsychological assessments in their research, calling the validity 
of the results into question. These authors concluded that the Cognivue® is either the 
equivalent or superior to the SLUMS when screening for cognitive impairment and 
“superior” for test-retest reliability[6,7]. They do admit more comparison studies are 
warranted; however they go on to infer that the Cognivue® will be equivalent in terms 
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Table 1 Demographics and montreal cognitive assessment and Cognivue® Scores

Positive MoCA score, n = 12 Positive Cognivue® score, n = 12

Gender, n (%); Male; Female 5, (41.7); 7 (58.3) 0, (0.0); 12 (100.0)

Age, yr 63.1 (5.0) 68.0 (7.2)

Length of education, yr 15.5 (2.2) 15.4 (2.4)

MoCA score 24.3 (0.8) 27.1 (1.3)

Cognivue® score 81.3 (4.7) 62.7 (11.6)

Presented as mean (SD), unless otherwise indicated. MoCA: Montreal cognitive assessment.

of its sensitivity, specificity, and psychometric validity to commonly used screeners 
like the MoCA and MMSE[6]. Without more research, with larger sample sizes, it is 
not appropriate to suggest the Cognivue® is more useful or accurate than other 
screening instruments. Furthermore the researchers claim the Cognivue® reduces 
“costs” associated with screening for cognitive impairments; however the cost saving 
advantage of this device vs other tools has not been established.

Unfortunately there are limited validation studies of the Cognivue®, especially ones 
that are not associated with or funded by the company. There has been research 
examining the use of the Cognivue® with a small sample of MS patients, which was 
coauthored by the founder and chief executive officer of Cerebral Assessment Systems 
and inventor of Cognivue®. This study compared Cognivue® total scores to the paced 
auditory serial addition test (PASAT) (which assesses auditory information processing 
speed, attention, and flexibility) and symbol digit modalities test (SDMT) (which 
assesses visual processing speed and attention)[8]. The PASAT and SDMT are 
commonly used cognitive screeners and research tools when working with Multiple 
Sclerosis (MS) patients[9]. Smith et al[8] found strong correlation between the 
Cognivue® Total Score and SDMT (0.79) and the PASAT (0.61)[8]. In 2020 Bomprezzi 
expanded this research and found moderate correlations (0.67) between the Cognivue® 
Total Score and SDMT results in a small sample of MS patients[10]. The finding of 
these studies suggests the Total Cognivue® score correlates with tests that are measu-
ring elements of attention and processing speed.

Digital and computer based screeners and tests show promise for detecting 
cognitive impairments[11]. In addition to the Cognivue® there has been development 
of different computerized cognitive screeners. For example the historical Clock 
Drawing Test has been transformed into a digital version. The five minute Digital 
Clock Drawing Test is registered as a FDA Class II medical device for cognitive 
screening[12]. The tablet uses a digitizing pen that captures and analyzes the drawing. 
One Harvard research study concluded the DCT clock showed “excellent discrim-
ination” between individuals with cognitive impairment and controls[12]. Unfortu-
nately much of the technology and test adaptations for these devices are new, with few 
studies, small sample sizes, and lack of evidence, making it risky to suggest that 
computerized testing should be used clinically for the detection, diagnosis, and 
monitoring of neurocognitive disorders without complete and validated research[11].

We compared the Cognivue® to the MoCA to assess its ability to screen for cognitive 
deficits among older adults in a mental health outpatient clinic. Both instruments were 
administered to 58 adult clinic outpatients aged 55-89 years by trained personnel. The 
results showed 28% agreement between tests for patients who did not screen positive 
for cognitive impairment according to their scores. In contrast, 42 (72%) patients 
screened positive on one or both measures. Of all patients who screened positive, the 
tests showed only 43% agreement in terms of identifying patients who may benefit 
from further assessment. Both Cognivue® and the MoCA independently identified 12 
different patients as being positive for cognitive impairment. Demographics as well as 
MoCA and Cognivue® scores are described in Table 1. As can be seen here, there may 
be particular risks for false positive results among older women using Cognivue® and 
among patients who score close to the cutoff (24 or 25) using the MoCA.

Given the lack of agreement between these measures, we then determined whether 
correlations exist between domains of the MoCA and Cognivue® and whether 
Cognivue® measures the same or similar domains as the well-established MoCA. The 
results, presented in Table 2, suggest there are a few low to moderate correlations 
between subtests of the two instruments, in terms of ability to assess visuospatial 
abilities, naming ability, and attention. The results also indicated that most subtests, 
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Table 2 Correlations between Subtests of the montreal cognitive assessment and Cognivue®

MoCA subtests Cognivue® subtests Correlation score P value

Executive function/visuospatial Cognivue visual salience 0.24815 0.0604

Executive function/visuospatial Cognivue shape discrimination 0.26059 0.0482

Executive function/visuospatial Cognivue motion discrimination 0.30570 0.0196

Executive function/visuospatial Cognivue word memory 0.19058 0.1519

Executive function/visuospatial Cognivue shape memory 0.35760 0.00591

Attention Cognivue visual salience 0.43944 0.00061

Attention Cognivue share discrimination 0.19740 0.1375

Attention Cognivue motion discrimination 0.34035 0.0089

Attention Cognivue word memory 0.25763 0.0509

Attention Cognivue shape memory 0.42319 0.00091

MoCA naming Cognivue letter discrimination 0.44421 0.00051

MoCA naming Cognivue word discrimination 0.35821 0.00581

MoCA language Cognivue letter discrimination 0.28987 0.0273

MoCA language Cognivue word discrimination 0.09739 0.4670

MoCA delayed memory Cognivue word memory 0.30907 0.0182

MoCA delayed memory Cognivue shape memory 0.21664 0.1024

MoCA delayed memory Cognivue letter memory 0.27064 0.0399

MoCA delayed memory Cognivue motion memory 0.29831 0.0229

MoCA delayed memory Cognivue word discrimination 0.19972 0.1328

MoCA delayed memory Cognivue shape discrimination 0.30308 0.0207

MoCA abstraction Cognivue shape discrimination -0.03896 0.7715

MoCA abstraction Cognivue motion discrimination 0.00276 0.9836

Bolded numbers represent significant correlations between the subtests.
1Notes it was significant at the P < 0.005 level.
MoCA: Montreal cognitive assessment.

which purportedly measure the same domains, do not demonstrate commensurate 
correlations.

CONCLUSION
The findings of this limited study raise questions regarding the utility of Cognivue® for 
its intended purposes. We compared instruments and based on our findings and 
previous research which determined that the MoCA is the preferable screening tool. 
While both instruments seemed comparable with regard to their acceptability to 
patients, the MoCA does require more time from trained personnel to administer. In 
addition, the use of MoCA is now restricted to trained users as there were significant 
variations observed in the quality of the tests that were administered and the potential 
liability that this issue causes to its users[13]. The training to administer and score the 
MoCA has been deemed necessary starting September 1, 2019. The users will have 1 
year to complete their training and will continue during that time to access the test 
without any restriction. After September 1, 2020, the access to the test has been 
restricted to certified users. We believe the requirement of additional time is offset by 
the extensive body of research supporting its psychometric properties and the 
significant risks to patients when screeners result in misdiagnosis.

Our findings call into question claims pertaining to the domains that Cognivue® 
measures, which are crucial for correctly identifying potential neurocognitive deficits. 
Most Cognivue® subtests appear to place cognitive demands in the domains of visual 
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ability, motor control, attention, processing speed, visual discrimination, and short-
term memory/recognition. These areas are important; however, if patients have 
deficits in one or more of these domains, it may impact their performance on some, if 
not all, subtests of the Cognivue® given the way tasks are presented. Therefore, results 
may be skewed, potentially creating false positive outcomes. Additionally the subtests 
do not appear to assess long-term memory, executive functioning, language, or 
abstraction. Clearly defining the subtests of the Cognivue® is crucial in determining its 
efficacy as a screening tool. More research by unaffiliated researchers, on large 
samples of participants, is needed to determine what specifically the Cognivue® 
subtests are measuring and what modifications can be made to improve its screening 
capabilities.

Practicing clinicians should be aware of the importance of identifying cognitive 
impairments among older adults. Screening tools may play an important role in the 
identification of cognitive impairments and should not be seen as an inconvenience, 
but as an essential part of optimizing patient care. A cognitive screening tool should 
not be chosen because it is new and easily administered, but because it is the most 
efficacious way to accomplish the task. We recommend that clinicians primarily use 
the MoCA for this purpose. Further, we propose that use of Cognivue® be evaluated 
carefully, until its subtests are modified or more research proves that the test meets 
standards for reliability and validity. Inadequate evaluation and misdiagnosis of 
neurocognitive disorders can be distressing for patients and their families and lead to 
inappropriate treatment and unnecessary healthcare costs. It is important to remember 
that a cognitive screening tool should not be used in isolation to establish a diagnosis 
of neurocognitive disorder, rather, it should be used to assist clinicians in determining 
when further evaluation is indicated.
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INTRODUCTION
Much of the evidence for integrating mental health treatment into primary care 
settings comes from collaborative care (CC) interventions for depression. While the 
effect of CC on clinical outcomes like glycemic control has been inconsistent[1], CC has 
proven effective in improving depressive symptoms, satisfaction, quality of life and 
costs[2,3], especially among racial and ethnic minorities[4]. Policymakers and resear-
chers designed CC to optimize the care of psychiatric patients, the majority of whom 
receive mental health treatment in primary care. The last decade saw remarkable 
improvements in CC implementation and reimbursement[5]. However, the recent 
coronavirus disease 2019 (COVID-19) pandemic contributed to physical morbidity and 
mortality but also social isolation, loneliness, economic insecurity, and alarming rates 
of acute stress, anxiety, and depression among patients[6] and providers alike[7]. 
Depression for example increased 3-fold in the United States[8], and up to 7-fold 
according to recent meta-analysis of multiple countries[9]. Few if any recent articles 
have addressed how best to overcome barriers to CC implementation in the post-
COVID era, however. In this perspective, we address emerging barriers and challenges 
to treating common mental health conditions. In addition, we propose systemic 
changes to improve the dissemination of mental health treatment in the telemedicine 
era.

CHALLENGES PRIMARY CARE PHYSICIANS FACE IN TREATING 
MENTAL HEALTH
Policymakers, providers and researchers developed CC models, in part, to address 
gaps in the access to quality mental health treatment in primary care and to offload 
busy primary care providers (PCPs). The lynchpin of these models are care managers, 
typically nurses or licensed social workers, who provide monitoring (using 
standardized screening tools) and problem-solving therapy under the supervision of a 
psychiatrist who assists with case review and complex cases. It remains unknown 
whether the programs can handle or even effectively treat the new deluge of patients 
with mental health issues. In fact, studies from multiple countries conducted in 2020 
(53 studies; n = 158000) report high point prevalence estimates of stress (29%-31%), 
depression (25%-47%), anxiety (32%-47%), sleep disturbances (34%-36%), and 
posttraumatic stress disorder (16%-18%)[9-17].

At the systems level, even prior to COVID-19, settings with CC programs reported 
insufficient resources (e.g., care manager fulltime equivalents) to address the volume 
and complexity of common mental health disorders seen in real-world primary care 
settings[18]. This remains an issue despite inroads in payment models and an 
expanded non-physician workforce. There are a variety factors contributing factors to 
the insufficient number of care managers to meet patient demand, including low 
reimbursement rates, limited time due to competing demands (i.e., coordination vs 
therapy), low job satisfaction, and suboptimal relationships with PCPs, particularly in 
large primary care settings with numerous PCPs per care manager[18]. Relatedly, CC 
outcomes also hinge on having a strong, integrated primary health care system[5], 
which has also historically been difficult to widely implement[19]. Furthermore, the 
rapid uptake of telemedicine during the COVID-19 pandemic affected clinical roles, 
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particularly for medical assistants who traditionally administered depression 
screening but lack pre-visit telemedicine workflows. Meanwhile, communication 
infrastructures among staff, patients, and providers have become fragmented. Due to 
the economic effects of COVID-19, many medical settings now have a greater 
percentage of uninsured, Medicare and Medicaid patients and higher costs on a case-
mix adjusted basis. Few studies, however, examine the unique barriers to CC 
implementation in settings that operate in fee-for-service models that devalue mental 
health care[18].

Provider engagement is also crucial to CC implementation[18,20], but PCPs 
increasingly face shortened, now remote, visits, administrative/teaching/telemedicine 
onboarding tasks, high turnover (i.e., of trainees) as well competing quality 
improvement priorities (e.g., diabetes targets, domestic violence screening), all 
resulting in fatigue and burnout[18]. Many providers in academic settings are not 
always physically present in clinics (e.g., have half day sessions) and lack formal 
mental health/CC training in residency, producing physicians ill-equipped to 
successfully manage their patients’ mental health conditions and provide population 
health-based ‘shared-care’ with a psychiatrist[21]. Increasing rates of provider psycho-
logical distress may also make it difficult to detect and address mental health issues in 
patients[7]. Finally, direct communication between PCPs and psychiatrists remains 
rare in these models despite the fact that physician-to-physician engagement often 
fosters a medical learning environment that enhances the psychiatric treatment skills 
of PCPs. This may explain why even successfully implemented CC programs see 
remission in less than half of patients[22].

Meanwhile, patient level barriers include stigma, fear of side-effects, low treatment 
availability and preferences for focusing on physical concerns resulting in patient 
nonadherence[23], which is compounded by chronic, resistant, psychosomatic 
symptoms often seen in primary care settings. It’s unclear whether the mental but also 
long-term physical sequelae of COVID-19 can be effectively managed by the short-
term treatment provided by CC.

ROLE DISCORDANCE: CHALLENGES FOR PSYCHIATRISTS
Integrated care models require psychiatrists to step back from direct patient care and 
collaborate with a care manager who provides therapy and communicates with the 
PCP for medication management. Although in an idealized CC setting, psychiatrist 
time would be focused on educating the team and supervising the care manager, often 
the psychiatrist’s limited time quickly becomes filled with direct patient consults. This 
is the result of several factors. Psychiatry residency, like all the other medical residency 
training programs, offers little if any training in supervising other clinicians (e.g., care 
managers) or liaising with PCPs during psychiatry residency. Concrete data does not 
exist to dictate whether a patient would be better suited for independent care by the 
PCP as opposed to direct or indirect (via care manager) psychiatric consultation, 
resulting in a patchwork of unnecessary psychiatric consultations or patients 
remaining in primary care who need referral to more specialized treatment. In 
addition, like in most other specialty residency training programs, many physicians 
enter psychiatry specifically to spend time delivering individual care to patients, 
creating a tendency to veer towards direct vs indirect consultation. Combined with the 
general psychiatrist workforce shortage, these factors make locating psychiatrists for 
these roles challenging. Finally, while the advent of telepsychiatry comes with 
improvements in access and convenience for patients and providers, corresponding 
decreases in direct face-to-face interaction with PCPs and care managers can create 
unique challenges, such as reduction in non-verbal cues and informal interactions that 
are often necessary for clarifying clinical and process details and building team-based 
trust and rapport[24].

LEVERAGING ADVANCES IN MENTAL HEALTH AWARENESS AND 
TREATMENT TO ADDRESS PRIMARY CARE NEED IN THE POST-COVID 
ERA
In the post-COVID era, telehealth both for primary care and mental health is 
increasingly the norm and will at least partially remain in place, offering a rare 
opportunity to address the above barriers and expand and improve the delivery of CC 
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for mental disorders in primary care. Prior research suggests that off-site telemedicine-
based CC may yield better outcomes than local practice-based CC albeit through better 
fidelity[25], but widespread implementation will require innovative, multi-discip-
linary solutions and adaptations. In Table 1, we recommend several interventions to 
improve mental healthcare in the primary care setting, starting with requiring 
dedicated time during outpatient internal medicine residency rotations to learn 
psychopharmacological and CC principles but also self-care strategies for reducing 
provider burnout. The Advancing Integrated Mental Health Solutions Center is a 
valuable resource for CC training. In addition, groups like the Association of American 
Medical Colleges have begun to create online curricula and modules for residents, and 
topics include cognitive behavioral therapy for insomnia and trauma informed care. 
Second, telemedicine era primary care settings may benefit from leveraging 
technology to make psychoeducation, cognitive behavior therapy (CBT) apps, and 
symptom self-monitoring, all proven effective in prevention and/or managing mild 
symptoms, part of routine care[26] (perhaps as part of new pre-visit telehealth roles of 
medical assistants or patient portals). This may be particularly important given the 
deluge of patients with mental health concerns in the post-COVID-19 era[6]. The 
American Psychiatric Association developed toolkits of telepsychiatry and CBT apps, 
which will be important resources.

Regardless, medication and therapy remain first-line in moderate-severe cases[26]. 
Patient-preference driven or precise, individualized algorithms (e.g., machine learning) 
for targeting screening and treatment according to patient depression phenotypes or 
risk[27] is now possible with integrated electronic health records and may further help 
address resource limitations, patient engagement and treatment efficiency. In CC 
settings, improved designations for referrals to care management vs direct psychiatry, 
ideally both remotely delivered, will also be essential and improve efficiency and 
engagement. Care will need to be taken to avoid technology-driven disparities among 
the socioeconomically disadvantaged populations often seen in community and 
academic medical centers (e.g., addressing concerns with stigma and confidentiality; 
offering phone vs video visits). True inroads in mental health treatment in primary 
care will require flexibility and acknowledging that not every setting is suitable for CC 
and may instead benefit from improving psychiatry-PCP communication, particularly 
in non-integrated medical settings where collaboration remains siloed[28]. Advances 
in telemedicine and technology have the potential to improve communication and 
make “colocation” even more possible, particularly in settings where a higher density 
of PCPs and psychiatrists practice.

DISSEMINATING SKILLS FOR PSYCHIATRISTS WORKING IN PRIMARY 
CARE
While the Accreditation Council for Graduate Medical Education-required experience 
in consultation-liaison psychiatry provides some inpatient training in collaboration, 
the outpatient environment is meaningfully different. Trainees need practice and 
supervision to know the limits of what can and cannot be done with a patient they 
have not directly interviewed, and how to teach colleagues clinical pearls in a 
digestible and helpful manner. These skills can and should be part and parcel to 
psychiatric training. In the interim, the American Psychiatric Association has 
developed trainings for psychiatrists already in practice to learn the skills needed to 
successfully operate in a CC setting. Systems should compensate psychiatrists not only 
for direct patient time but also indirect consultations and teaching primary care 
colleagues the nuances antidepressant titration strategies. These are the tools that will 
help scale an expertise-driven treatment of depression and anxiety much faster than 
having these patients wait to see a psychiatrist. Relatedly, financial models now 
compensate for telepsychiatry and tele-CC models but should also align with the long-
term need for indirect e-consultations as well as with new roles of PCPs and psychi-
atrists within integrated care settings particularly in the post-COVID-19 financial 
milieu.

CONCLUSION
In conclusion, long-standing barriers to addressing mental health in primary care 
settings are underscored in today’s environment. COVID-19 propelled the use of 



Moise N et al. Primary care and mental health recs

WJP https://www.wjgnet.com 275 July 19, 2021 Volume 11 Issue 7

Table 1 Recommendations to improve treatment of common mental health conditions in primary care settings

Recommendations

(1) ACGME requirements should be amended to require dedicated time for primary care physicians to learn self-care/burnout prevention as well as basic 
problem-solving therapy and psychopharmacological care on outpatient psychiatry rotations or through internal medicine resident-run mental health 
clinics and for psychiatrists to learn how to supervise other clinicians, including but not limited to: social workers, psychologists, and primary care doctors 
who function as the primary prescribers; (2) Health systems should streamline communications systems (pagers, cellphones, telehealth) to create access to 
e-consultations for primary care doctors needing psychiatric expertise; (3) Financial models should align with the long-term need for indirect consultations 
as well as with new roles of primary care providers and psychiatrists within integrated care settings particularly in the post-COVID-19 financial milieu; (4) 
Integrated care models should leverage technology to fill administrative functions (such as tracking patient health questionnaire (PHQ-9 forms), develop 
guidelines for determining when and how to use smartphone treatment applications and self-care resources in primary care settings, and rapidly expand 
telemedicine to address workforce gaps particularly in socioeconomically disadvantaged groups who face technology-driven disparities; (5) Primary care 
practices must partner with psychiatry specialty services to create a robust process for referring appropriate patients to specialty mental health care; and 
(6) Real world effectiveness research should be conducted to elucidate the effectiveness of precisely and efficiently targeting screening and treatment 
recommendations according to patient phenotype, risk and preference

ACGME: Accreditation Council for Graduate Medical Education; COVID-19: Coronavirus disease 2019.

telehealth and telepsychiatry, offering multiple opportunities for improving the 
uptake of CC. Future success in these settings will require that primary care and 
mental health providers apply lessons learned during this period and consider 
innovations in training, technology, workforce, and treatment selection.
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Abstract
Schizophrenia is a severe psychiatric disorder characterized by emotional, 
behavioral and cognitive disturbances, and the treatment of schizophrenia is often 
complicated by noncompliance and pharmacoresistance. The search for the 
pathophysiological mechanisms underlying schizophrenia has resulted in the 
proposal of several hypotheses to explain the impacts of environmental, genetic, 
neurodevelopmental, immune and inflammatory factors on disease onset and 
progression. This review discusses the newest insights into the pathophysiology 
of and risk factors for schizophrenia and notes novel approaches in antipsychotic 
treatment and potential diagnostic and theranostic biomarkers. The current 
hypotheses focusing on neuromediators (dopamine, glutamate, and serotonin), 
neuroinflammation, the cannabinoid hypothesis, the gut-brain axis model, and 
oxidative stress are summarized. Key genetic features, including small nucleotide 
polymorphisms, copy number variations, microdeletions, mutations and 
epigenetic changes, are highlighted. Current pharmacotherapy of schizophrenia 
relies mostly on dopaminergic and serotonergic antagonists/partial agonists, but 
new findings in the pathophysiology of schizophrenia have allowed the 
expansion of novel approaches in pharmacotherapy and the establishment of 
more reliable biomarkers. Substances with promising results in preclinical and 
clinical studies include lumateperone, pimavanserin, xanomeline, roluperidone, 
agonists of trace amine-associated receptor 1, inhibitors of glycine transporters, 
AMPA allosteric modulators, mGLUR2-3 agonists, D-amino acid oxidase inhibitors 
and cannabidiol. The use of anti-inflammatory agents as an add-on therapy is 
mentioned.

Key Words: Schizophrenia; Immune system; Inflammation; Genetics; Novel antipsy-

https://www.f6publishing.com
https://dx.doi.org/10.5498/wjp.v11.i7.277
http://orcid.org/0000-0001-8002-2477
http://orcid.org/0000-0001-8002-2477
http://orcid.org/0000-0001-8002-2477
http://orcid.org/0000-0002-9690-9846
http://orcid.org/0000-0002-9690-9846
http://orcid.org/0000-0002-3389-0287
http://orcid.org/0000-0002-3389-0287
http://orcid.org/0000-0002-2989-0030
http://orcid.org/0000-0002-2989-0030
http://orcid.org/0000-0001-5448-1717
http://orcid.org/0000-0001-5448-1717
http://orcid.org/0000-0001-5448-1717
mailto:hroudova.jana@gmail.com


Ľupták M et al. Novel approaches in schizophrenia

WJP https://www.wjgnet.com 278 July 19, 2021 Volume 11 Issue 7

reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Invited 
manuscript

Specialty type: Psychiatry

Country/Territory of origin: Czech 
Republic

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): 0

Received: February 27, 2021 
Peer-review started: February 27, 
2021 
First decision: March 30, 2021 
Revised: April 6, 2021 
Accepted: June 18, 2021 
Article in press: June 18, 2021 
Published online: July 19, 2021

P-Reviewer: Zhang Y 
S-Editor: Zhang H 
L-Editor: A 
P-Editor: Xing YX

chotics; Add-on therapy

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This review discusses the newest insights in the pathophysiology and risk 
factors for schizophrenia and points out the novel approaches of antipsychotic 
treatment, potential diagnostic and theranostic biomarkers. The hypotheses focusing on 
neuromediators (dopamine, glutamate, serotonin), neuroinflammation, cannabinoid 
hypothesis, gut brain axis model, and other currently discussed hypotheses are 
summarized. Key genetic features and new findings in the pathophysiology of schizo-
phrenia support the expansion of novel approaches in pharmacotherapy and 
development of non-dopaminergic antipsychotics.

Citation: Ľupták M, Michaličková D, Fišar Z, Kitzlerová E, Hroudová J. Novel approaches in 
schizophrenia-from risk factors and hypotheses to novel drug targets. World J Psychiatr 2021; 
11(7): 277-296
URL: https://www.wjgnet.com/2220-3206/full/v11/i7/277.htm
DOI: https://dx.doi.org/10.5498/wjp.v11.i7.277

INTRODUCTION
Schizophrenia is a serious mental disorder with a lifelong prevalence of approximately 
1% and a peak age of onset of 23-34 years in women and the early twenties in men. It is 
a very complex syndrome that involves widespread brain multi-dysconnectivity. It is 
characterized by cognitive, behavioral and emotional dysfunctions. To fulfil the 
diagnostic criteria for schizophrenia, patients must exhibit two or more negative, 
disorganized or positive symptoms that persist for a minimum of six months, and at 
least one symptom must be disorganized speech or a positive symptom[1]. Positive 
symptoms include hallucinations and delusions; negative symptoms are characterized 
by deficits in normal behavior, including asociality, alogia, anhedonia, blunted affect, 
and avolition[2]. There is a wide range of treatment possibilities; however, the effect-
iveness and/or adverse effects of antipsychotics with different pharmacological 
profiles vary. Successful treatment of schizophrenia is complicated by noncompliance 
and pharmacoresistance. The prevalence of pharmacoresistant schizophrenia is 
estimated to range from 12.9% to 48%[3]. It has been estimated that approximately 
20% of patients with schizophrenia receive combination treatment and/or anti-
psychotic polypharmacy[4]. Augmentation strategies used in clinical practice include 
the addition of another antipsychotic, concurrent administration of benzo-diazepines 
or mood stabilizers, repetitive transcranial magnetic stimulation or electroconvulsive 
therapy.

The pathophysiological mechanism of the onset and progression of schizophrenia, 
the diagnostic neuropathology, and sensitive and specific biomarkers have not yet 
been identified. Several different hypotheses have been proposed to explain the 
neuropathology of schizophrenia that focus on environmental, genetic, neurodevelop-
mental, and neurochemical effects. Research and development in imaging methods 
and in preclinical studies have led to the improvement of these theories. Positron 
emission tomography (PET) and single photon emission computer tomography enable 
in vivo quantification of dopaminergic functions in the brain and dopamine synthesis, 
release, and availability in postsynaptic dopaminergic neurons and transporters.

The targeting of existing and new drugs is based primarily on the dopamine and 
glutamate hypotheses of schizophrenia. All current antipsychotics modulate the 
function of the dopamine D2 receptor. A nonlinear relationship between D2 receptor 
occupancy, clinical response, and adverse effects of current antipsychotics was found. 
A small response to antipsychotic treatment appears at 50% dopamine receptor 
occupancy; as receptor occupancy increases, the response increases as well as the risk 
of extrapyramidal adverse effects[5]. These findings were proven in a double-blind 
study in patients with first episode schizophrenia; 65% occupancy of D2 receptors was 
the borderline between responders and nonresponders[6]. Recently, research has 
focused on the prodromal phase of schizophrenia. Dopamine synthesis increases 
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during the acute phase of the disease. Stress and other risk factors affect the dopamine 
systems, leading to their dysregulation and consequently to the development of 
psychotic disorder[7].

Excitatory glutamate neurotransmission occurs though ionotropic and metabotropic 
glutamate receptors. The glutamate hypothesis of schizophrenia is based on the 
dysfunction of the N-methyl-D-aspartate (NMDA) receptor. Currently, the effects of 
ketamine on brain function in healthy volunteers are being examined; studies are 
focused on glutamate concentrations in the brains of patients with prodromal 
symptoms during the first episode and other episodes of schizophrenia. Dysfunction 
of both NMDA receptors and presynaptic synthesis of dopamine has been implicated 
in the clinical symptoms of schizophrenia. Relationships between presynaptic 
dopamine dysfunction and positive symptoms and between glutamate dysfunction 
and negative and cognitive symptoms are expected[7].

To improve the diagnosis of schizophrenia, predict the therapeutic response to 
antipsychotics, develop new drugs, and personalize treatment, it is necessary to 
identify new specific and sensitive biomarkers of the disease[8]. Blood-based 
biomarkers are regarded as a feasible option because the dysregulation of gene 
expression, epigenetic patterns, protein quantities, and metabolic and inflammatory 
molecules in peripheral blood have been shown to have distinct patterns in patients 
with schizophrenia[8]. The aim of this review is to provide the newest insights into the 
pathophysiology and risk factors of schizophrenia and novel approaches to 
antipsychotic treatment.

GENETICS AND SCHIZOPHRENIA
Schizophrenia is closely linked to genetic factors, including small nucleotide 
polymorphisms (SNPs), copy number variations and changes in gene expression. 
Combinations of different pathogenic mechanisms, including aberrant DNA 
methylation, altered histone code, dysregulated long noncoding RNA (lncRNA)-
dependent tethering of epigenetic complexes to DNA, aberrant polyadenylation of 
pre-mRNAs, and mis-splicing, have been reported to play a role in schizophrenia 
development[9]. The hereditary burden of schizophrenia is estimated to be approx-
imately 80%. Genome-wide association studies (GWAS) have identified more than 100 
loci, many of which contain multiple genes that are significantly associated with 
schizophrenia. The assessment of polygenic scores allows us to determine the risk of 
schizophrenia based on the number of risk alleles weighted by the odds ratio of each 
allele.

DNA methylation, an epigenetic process that produces 5-methylcytosine, is 
mediated by DNA methyltransferases and has a key role in several processes, such as 
imprinting, inactivation of the X-chromosome, silencing of transposons or regulation 
of genomic stability and chromatin structure. Schizophrenia is linked to patho-
physiological DNA methylation of several genes, including those encoding reelin, 
catechol-O-methyltransferase (COMT), monoamine oxidase A, serotonin receptor 2A, 
the transcription factor SOX-10, and others. Unfortunately, no schizophrenia-specific 
“methylation panel” has been proposed, and it has not yet been clarified whether these 
changes represent causes or consequences of schizophrenia development[9].

Approximately 70%-80% of the genome is transcribed into noncoding transcripts, 
and the majority of schizophrenia-associated risk variants have been found in 
noncoding regions. LncRNAs can interact with DNA, RNA, and proteins, influencing 
transcription and posttranscriptional processes such as splicing, polyadenylation 
and/or regulation of transcript stability. MicroRNAs (miRNAs) are small noncoding 
RNAs that regulate more than 50% of protein-coding genes by acting as promoter or 
enhancer elements; miRNAs might participate in histone, DNA, or chromatin 
methylation and modification. Both lncRNAs and miRNAs can be affected by different 
genetic variants, especially SNPs, which could increase the risk of schizophrenia onset
[9,10].

Microdeletions in chromosomal region 22q11.2 are one of the well-established 
genetic risk factors for schizophrenia and increase the risk of schizophrenia 
development to 30%-40%[11,12]. COMT is a major dopamine catabolic enzyme, and its 
gene is located in this microdeletion region. In addition, a functional COMT 
polymorphism [valine/methionine (VAL/MET) substitution at codon 108] causes 
differences in its catabolic activity, dopamine baselines and stress-induced cortical 
dopamine release[13]. The MET version of the allele is not as stable as the VAL 
version, causing decreased COMT activity and an increase in dopamine levels, 
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especially in the prefrontal cortex[14].
The major histocompatibility complex (MHC) locus located on chromosome 6, 

which contains genes encoding proteins essential for adaptive immunity, has one of 
the strongest links to schizophrenia. Specifically, there was increased expression of 
complement component 4A (C4A). Sex differences in the C4 gene could explain the 
higher male susceptibility to schizophrenia. Schizophrenia patients with higher C4 
Levels were characterized as low responders or nonresponders to antipsychotic 
medication. The expression of the genes encoding CSMD1 and CSMD2, which are 
important regulators of C4, has been found to be decreased in schizophrenia and 
connected with reduced cognition and executive function[15,16]. Other immune 
receptors, including toll-like receptors (TLRs), which take part in microbe-derived 
molecular signaling, early brain development, synaptic plasticity, and neurogenesis, 
have been identified as schizophrenia susceptibility genes by GWAS. Both TLR2 and 
TLR4 were altered in the blood and brain tissue of schizophrenic patients[15].

The genes encoding for neuregulin 1 and neuregulin 3 are candidate schizophrenia 
genes and produce several possible proteins that influence neuronal differentiation 
and migration. The role of neuregulin 1 in schizophrenia is not well known, but 
increased neuregulin 1 signaling led to NMDA receptor hypofunction (in accordance 
with the glutamate hypofunction hypothesis of schizophrenia). There is no evidence of 
hyperexpression of neuregulin 1 itself; however, the possibility of mutations causing 
the production of proteins with enhanced function is still present[14]. Neuregulin 3 is 
a ligand for receptor tyrosine-protein kinase erbB-4 (ErbB4), and different genetic 
variants of the neuregulin 3 gene, especially the rs10748842 allele, are connected with 
higher schizophrenia risk and cognitive impairment[17]. Mutant mice with ErbB4 
deletion from fast-spiking interneurons exhibited increased cortical excitability and 
oscillatory activity and desynchronized neurons in the cortical region, probably caused 
by the disruption of the proper function of inhibitory GABA circuits in interneurons. 
These functional changes manifested in increased locomotion, impaired social and 
emotional behavior and cognitive dysfunction, which are common symptoms of 
schizophrenia[18,19].

The gene encoding dystrobrevin-binding protein 1 (also referred to as dysbindin or 
DTNBP1) has been identified as a gene associated with schizophrenia; however, no 
specific protein coding mutations increasing the risk of schizophrenia have been 
identified. Decreased dysbindin expression has been found in the brains of schizo-
phrenia patients, and dysbindin risk haplotypes have been associated with increased 
negative symptomatology in schizophrenia[14].

The gene most closely linked to schizophrenia is probably the gene encoding the 
protein disrupted in schizophrenia 1 (DISC1), which has been associated with schizo-
phrenia mainly due to a mutation causing a translocation between exons 8 and 9. The 
molecular mechanism of this mutation is not known, but the shortened mutant DISC1 
protein is incapable of dimerization, and it may interact with other proteins. DISC1 
expression is especially high during neurodevelopment in the late fetal and early 
postnatal phases, during which it participates in hippocampal development; however, 
DISC1 expression continues into adulthood. In schizophrenia pathophysiology, not 
only DISC1 itself but also its binding and interaction partners, such as microtubule-
associated protein 1A, glycogen synthase kinase 3β, phosphodiesterase 4 and fascicu-
lation and elongation protein zeta-1, might play a crucial role[14,20-22].

The synaptosomal-associated protein SNAP25 is involved in synaptic vesicle 
docking and fusion during neurotransmitter release. The promoter variant rs6039769 
with the C risk allele caused an increase in SNAP25 expression, probably causing a 
larger amygdala and greater functional connectivity between the amygdala and 
ventromedial prefrontal cortex in male schizophrenic patients. This modulation in the 
plasticity of the prefrontal cortex-limbic connection caused higher schizophrenia risk
[23].

The gene encoding transcription factor 4 (TCF4) is another GWAS-confirmed gene 
associated with schizophrenia. It encodes class I basic helix-loop-helix transcription 
factors and plays a role in neurodevelopment. Altered expression of TCF4 in the 
forebrain of a transgenic mouse caused altered cognition and long-term depression 
increased the density of immature spines[24]. Many other genes have been associated 
with schizophrenia diagnosis and have been reported in the literature[25-27]; 
description of all schizophrenia-linked genes is beyond the scope of this review.
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TRIGGERS AND RISK FACTORS
Environmental model of schizophrenia
The onset and severity of schizophrenia are always modulated by an interplay 
between genetic and environmental risk factors[28]. Many epidemiological studies 
have investigated putative environmental risk factors for schizophrenia and peripheral 
biomarkers of the disease[29,30]. According to an umbrella review of meta-analyses on 
risk factors and peripheral biomarkers for schizophrenia[31], history of obstetric 
complications, exposure to stressful events in adulthood or to childhood adversity, 
cannabis use, and serum folate level showed robust evidence of association with 
schizophrenia.

The prenatal and perinatal periods are characterized by great neural vulnerability to 
environmental insults. A recent systematic review and meta-analysis of 152 studies 
revealed numerous prenatal and perinatal risk factors, calculated with odds ratios 
(ORs), that were statistically linked to schizophrenia onset[32]. The biggest risk factors 
for schizophrenia onset are any familial psychopathology, especially maternal 
psychosis (OR: 7.61). Maternal infections (herpes simplex 2, OR: 1.35; unspecified 
infections, OR: 1.27), a suboptimal number of antenatal care visits (OR: 1.83), or 
maternal stress (OR: 2.4) can lead to a higher prevalence of obstetric events (OR: 1.52), 
which are the longest-studied and best replicated environmental risk factors for 
schizophrenia. Significantly relevant obstetric events include maternal hypertension 
(OR: 1.4), hypoxia (OR: 1.63), premature rupture of membranes (OR: 2.29) and polyhy-
dramniosis (OR: 3.05). There is experimental and clinical evidence showing significant 
risks of prenatal infection and inflammation for the later development of schizo-
phrenia. According to the viral model of schizophrenia, prenatal viral and bacterial 
infections and inflammation play an important role in the development of schizo-
phrenia[33].

Nutritional deficits or famine in pregnancy (OR: 1.4) or more than two pregnancies 
(OR: 1.3) can be associated with reduced allocation or lower socioeconomic status. 
Another risk factor is congenital malformations (OR: 2.35)[32]. The most relevant 
postnatal environmental risk factors are childhood trauma (OR: 2.87), urban living 
(OR: 2.19), migration (2.10) and cannabis use (OR: 5.17), and these stress factors lead to 
the sensitization of the subcortical dopamine system[11].

Many genes relevant to schizophrenia, especially immune genes, can be altered by 
air pollution. Children with greater exposure to traffic-related air pollution had 
increased levels of proinflammatory cytokines. It is not yet clear whether air pollution 
itself causes brain changes or inflammatory changes caused by air pollution contribute 
to the pathology of schizophrenia[15].

A study of the roles of both genetic and environmental influences on the 
development of schizophrenia is necessary to explain the fact that in approximately 
40%-55% of cases, monozygotic twins do not share a diagnosis of schizophrenia[34]. 
How genetic and environmental factors interact and the related neurobiological 
mechanisms that induce schizophrenia are not yet known.

Stress and schizophrenia
The vulnerability-stress model of schizophrenia proposes that when stress exceeds the 
vulnerability threshold, an individual is likely to develop a psychotic episode[35]. 
Stressful life events or psychological stress, especially in key periods of neurodevel-
opment, increase the risk of schizophrenia. These events include physical or mental 
abuse, lower socioeconomic status, urban environment, and neglect. The molecular 
mechanisms connecting these stressful situations with schizophrenia remain unclear. It 
was proven that patients with schizophrenia have altered cortisol function, and its 
release is linked to the inflammatory response rather than the anti-inflammatory 
response. Observation of HPA axis activation and cortisol release as a result of stress 
events in individuals with schizophrenia has produced inconsistent results; however, 
HPA axis dysfunction has been observed[15].

Neurons are extremely sensitive to redox imbalance during neurodevelopment and 
differentiation, mostly because of their high lipid content and metabolic rate. Increased 
reactive oxygen species (ROS) production and/or lowered antioxidant system capacity 
are considered risk factors for schizophrenia development. Increased protein and lipid 
oxidation and lowered levels of vitamin C and E, catalase, glutathione peroxidase and 
superoxide dismutase have been detected in schizophrenia patients. A study revealed 
that participants with low vitamin D3 Levels in the first year of life were at two times 
higher risk of schizophrenia. Glutamate-cysteine ligase is the rate-limiting biosynthetic 
enzyme of glutathione. One allelic variant of the GCLC gene is linked to the decreased 
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activity of glutamate-cysteine ligase and schizophrenia. NMDA receptors are 
regulated by the redox state, and glutathione deficiency induces NMDA receptor 
hypofunction, which leads to cortical oxidative stress and glutathione decrease[36,37].

Neurodevelopmental model
The neurodevelopmental model postulates that an increased risk of schizophrenia 
development is the result of abnormal brain neurodevelopment caused by genetic and 
environmental factors years before the onset of the disease[38]. The hypothesis is 
based on clinical, epidemiological, brain imaging, and genetic studies[39,40]. Schizo-
phrenia is supposed to be a developmental disorder of the brain, and changes in brain 
neuroplasticity are involved. The disconnection hypothesis[41] presumes the 
involvement of abnormal synaptic connections in the pathophysiology of schizo-
phrenia. Impaired synaptic plasticity and synaptic efficacy, mainly in areas of the brain 
responsible for learning, memory, and emotion, participate in schizophrenia 
pathophysiology. Modulation of ascending neurotransmitter systems and consol-
idation of synaptic connections during learning are implicated in schizophrenia 
neuropsychology, especially in impaired adaptive behavior and disintegrative aspects
[42].

The unitary hypothesis of schizophrenia includes different types of pathophysio-
logical models[43]; according to the hypothesis, early brain insults can lead to 
dysplasia of selective neural circuits, which is responsible for premorbid cognitive and 
psychosocial dysfunction in patients with schizophrenia. The onset of psychosis in 
adolescence may be associated with the excessive elimination of synapses with 
subsequent dopaminergic over activity. Decreased glutamatergic neurotransmission 
can predispose the brain to these processes. After the onset of the disease, these 
neurochemical changes can lead to further neurodegenerative processes. Brain 
plasticity includes both synaptic and nonsynaptic plasticity. The dysplastic model of 
schizophrenia suggests that impaired neuroplasticity during brain development may 
underlie cognitive and deficit symptoms and may lead to reorganization in other 
neuronal circuits, which may lead to affective and psychotic symptoms[44].

The multiple hit theory of schizophrenia[45] presumes that schizophrenia can be 
conceptualized as a process involving multiple vulnerability factors across numerous 
neurodevelopmental windows in which some hits are applied prenatally, in 
childhood, in adolescence, and in adulthood. Thus, the development of schizophrenia 
is driven by the interactions between genetic vulnerability and environmental 
influences (including prenatal vitamin D, nutrition, childhood trauma, viral infections, 
IQ, smoking, cannabis use, and social defeat), which are cumulative and interact with 
each other. The neurodevelopmental phase involves changes in synaptogenesis, 
synaptic enhancement, and myelination, leading to excessive elimination of synapses 
and loss of neuroplasticity.

An extension of the neurodevelopmental model[46] proposes that the abnormal 
formation and maturation of connectomes (an extensive network of interconnected 
neurons) is central to the etiology of the disease. That is, abnormal anatomical 
architecture and functional organization of the connectome may be a final common 
pathway leading to the manifestation of schizophrenia symptoms. To further refine 
the developmental hypothesis of schizophrenia, progress in our understanding of 
brain connectivity during development and dysconnectivity resulting from genetic 
and environmental factors is necessary.

Oxidative stress and apoptosis 
Disconnection of the prefrontal cortex in schizophrenic patients is associated with 
abnormalities in white matter, oligodendrocytes, and myelin. Myelin is produced by 
mature oligodendrocytes, and oligodendrocyte precursor cells are extremely sensitive 
to oxidative stress. A redox-induced prefrontal oligodendrocyte precursor cell-
dysfunctioning hypothesis of cognitive symptomatology in schizophrenia has been 
proposed[47]. According to this hypothesis, the combination of environmental factors 
and genetic predisposition causes oxidative stress due to the excessive generation of 
ROS and reactive nitrogen species in oligodendrocyte precursor cells. Oxidative stress 
can lead to the downregulation of myelin-related genes in oligodendrocytes, decreased 
expression of myelin basic protein, and a reduced number of oligodendrocytes in the 
rat brain. During adolescence, a high concentration of ROS impairs the proliferation 
and differentiation of oligodendrocytes and their precursors. This leads to their 
dysfunction and hypomyelination and consequently to the disruption of connectivity 
in the prefrontal cortex. The resulting cognitive symptoms coincide with the onset of 
schizophrenia.
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Additionally, oxidative stress induces dysregulation of the immune system and 
favors a proinflammatory response. Inflammation and disruption of immunity are 
other factors contributing to the pathogenesis of schizophrenia, as described in the 
following sections.

Mitochondria play a major role in cellular bioenergetics, oxidative stress, and 
apoptosis. According to the mitochondrial hypothesis of schizophrenia, mitochondrial 
dysfunction leads to distorted neuronal activity and plasticity, causing imbalanced 
brain circuitry and finally abnormal behavior[48]. Massive loss of white matter 
oligodendrocytes is a hallmark of schizophrenia. Therefore, it has been hypothesized 
that mitophagy is increased in oligodendrocytes in schizophrenia, which contributes to 
disease-related white matter neuropathology.

The intrinsic pathway of apoptosis is activated by intracellular signals generated 
during cellular stress and is triggered by the release of proapoptotic factors from 
mitochondria. Thus, consistent with the mitochondrial hypothesis, the apoptotic 
hypothesis postulates that apoptosis contributes to the pathophysiology of schizo-
phrenia. The data indicate a dysregulation of apoptosis in several cortical areas in 
schizophrenia. The potential involvement of nonlethal localized apoptosis in the early 
stages of the disease is presumed[49].

NEUROCHEMICAL HYPOTHESES
Dopamine hypotheses
According to the classic (receptor) dopamine hypothesis of schizophrenia, psychotic 
symptoms are related to dopaminergic hyperactivity in the brain. Hyperactivity of 
dopaminergic systems during schizophrenia is the result of increased sensitivity and 
density of dopamine 2 (D2) receptors. This increased activity can be localized in 
specific brain regions[50,51]. The dopamine hypothesis does not assume that 
dopamine hyperactivity fully explains schizophrenia. Over activation of D2 receptors 
appears to be only one effect of the overall dysregulation of chemical synapses in this 
disease.

The modified dopamine hypothesis assumes that schizophrenia is characterized by 
abnormally low prefrontal dopamine activity (causing negative symptoms) that leads 
to excessive dopamine activity in mesolimbic dopamine neurons (causing positive 
symptoms). Thus, this hypothesis presumes the co-occurrence of high and low 
dopamine activity in different neuronal circuits, which could explain the concurrent 
presence of positive and negative symptoms[52].

The unifying dopamine hypothesis of schizophrenia, called "the final common 
pathway", proposes that multiple environmental, genetic, and other risk factors (such 
as stress, drugs, or frontotemporal dysfunction) interact and result in striatal 
dopamine dysregulation, which alters signal transmission and leads to psychosis[53]. 
This hypothesis combines dopamine dysfunction with other risk factors, including 
pregnancy and obstetric complications, stress and trauma, drug abuse, genetic predis-
position and environment–gene interactions, with both increased presynaptic striatal 
dopaminergic function and other brain functions that underlie negative and cognitive 
symptoms.

A model has been presented of how genes and environmental factors may sensitize 
the dopamine system so that it is vulnerable to acute stress, leading to progressive 
dysregulation and the onset of psychosis[13]. The main steps of this model are as 
follows: genetic risk factors lead to impaired glutamatergic regulation, followed by 
increased striatal dopamine release, aberrant salience, and psychotic symptoms. Acute 
psychosocial stress can activate increased striatal dopamine release both directly and 
indirectly via blunted cortical dopamine release and impaired glutamatergic 
regulation. The dopaminergic system interacts also with muscarinic cholinergic system 
and closely related muscarinic hypothesis of schizophrenia.

Glutamate hypotheses
The glutamate hypothesis assumes that schizophrenia is caused by developmental 
abnormalities in glutamate synapse formation at specific sites, particularly at GABA 
interneurons in the cerebral cortex. These abnormalities may lead to subsequent 
excessive glutamate signaling to the ventral tegmental area (VTA), and excessive 
activation of this pathway may result in an excess of dopamine in the ventral striatum 
via the mesolimbic pathway[54]. The role of dysregulation of glutamatergic neurotrans
-mission in the pathophysiology of schizophrenia is supported by evidence from 
genetics, pharmacological, postmortem, and brain imaging studies[55]. The conver-
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gence of GABA impairment and glutamate neurotransmission in the dorsolateral 
prefrontal cortex could explain the impairment of certain cognitive functions in schizo-
phrenia[56].

The NMDA receptor hypofunction hypothesis[57] assumes that genetic and other 
risk factors induce epigenetic alterations leading to NMDA receptor hypofunction in 
schizophrenia. NMDA receptor hypofunction induces a cascade of downstream 
disturbances in neuronal activity, calcium entry, and epigenetic machinery, leading to 
abnormal synaptic development and dopaminergic and GABAergic dysfunction. 
These changes in neurotransmission result in the cognitive and social deficits found in 
schizophrenia. According to this hypothesis, changes in the dopamine system are 
secondary to NMDA receptor hypofunction.

Antagonists of NMDA receptors (e.g., phencyclidine) have been shown to cause 
symptoms similar to the positive and negative symptoms and cognitive defects in 
schizophrenia[58]. According to increasing evidence, deficits in NMDA transmission 
are linked to cognitive defects and negative symptomatology[59].

Serotonin hypothesis
There are 3 interconnected pathways hypothetically associated with hallucinations and 
delusions: (1) Dopamine hyperactivity at D2 dopamine receptors in the mesolimbic 
pathway, which extends from the VTA to the ventral striatum; (2) NMDA receptor 
hypoactivity on GABAergic interneurons in the prefrontal cortex; and (3) Serotonin (5-
HT) hyperactivity of 5-HT2A receptors on glutamate neurons in the cerebral cortex. All 
3 pathways can lead to hyperactivity of the mesolimbic dopamine pathway[54].

According to the serotonin hypothesis[60], the basic cause of schizophrenia is stress-
induced serotonergic hyperfunction in the cerebral cortex, especially in the anterior 
cingulate cortex and the dorsolateral frontal lobe. The serotonin hypothesis assumes 
hyperfunction of 5-HT2A receptors on glutamate neurons in the cerebral cortex. This 
overactivation of 5-HT2A receptors may be due to an excess of serotonin, upregulation 
of 5-HT2A receptors, or the effects of 5-HT2A receptor agonists. Subsequent release of 
glutamate in the VTA may activate the mesolimbic pathway, resulting in excess 
dopamine in the ventral striatum[54].

Cannabinoid hypothesis
According to the cannabinoid hypothesis[61-63], changes in the endocannabinoid 
system may contribute to the pathogenesis of schizophrenia. This hypothesis proposes 
that increased activation of the endocannabinoid system through CB1 receptors on 
GABAergic interneurons in the ventral tegmental area, basolateral amygdala, and 
medial prefrontal cortex may lead to a hyperdopaminergic and hypoglutamatergic 
status, which may cause schizophrenia. The hypothesis was supported by evidence 
that cannabis use in adolescence is an independent risk factor for schizophrenia 
development (OR: 3.90)[31] and by the confirmation of interactions between the 
cannabinoid and dopamine systems that may be related to the processes associated 
with drug addiction or schizophrenia[64].

BLOOD BRAIN BARRIER 
The pathophysiology of many central nervous system (CNS) disorders, including 
schizophrenia, includes altered function of the blood brain barrier (BBB), as shown by 
evidence from neuroimaging studies, research of both cerebrospinal fluid (CSF) and 
blood-based biomarkers, and postmortem studies[65]. It remains to be elucidated 
whether BBB dysfunction is the cause or consequence of schizophrenia pathology[65]. 
P-glycoprotein is highly expressed in capillary endothelial cells. P-glycoprotein limits 
the accumulation of psychotropic drugs in the brain and is responsible for the efflux of 
drugs from the CNS by using the energy from ATP hydrolysis to return the compound 
to the bloodstream.

According to increasing evidence, malfunction of the BBB and microvascular 
abnormalities contribute to the pathophysiology of schizophrenia[66]. In a postmortem 
study, the cellular expression of ABCB1 [the gene encoding P-glycoprotein 1 (P-gp); 
multidrug resistance protein 1] was examined in patients with schizophrenia. A 
reduced density of P-gp-expressing neurons was found in the medial habenula of 
patients with schizophrenia compared to that of controls[66]. Furthermore, polymor-
phisms of ABCB1 have been associated with changes in drug disposition and pharma-
cotherapy response[67].
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P-gp is not the only efflux protein; multiple drug resistance (MRP) and breast cancer 
resistance protein (BCRP) also facilitate the efflux of ATP-dependent substrates. In 
addition to P-gp, BCRP (ABCG2) and the multidrug resistance proteins MRP1 
(ABCC1) and MRP2 (ABCC2) are ATP-dependent efflux transporters present in the 
BBB[68].

Claudin-5 is a component of tight junctions and is specifically expressed in 
endothelial cells in the CNS. Polymorphism of claudin-5 has been associated with 
schizophrenia risk[65], and serum claudin-5 Levels were decreased in patients with 
schizophrenia[69]. The expression of claudin-5 in the hippocampus was reduced in 
patients with schizophrenia; the levels of claudin-5 correlated with the duration and 
age of onset of the disease[70]. The BBB impedes the transfer of many drugs, including 
antipsychotics, as well as some inflammatory molecules, such as cytokines, which play 
an important role in the pathophysiology of schizophrenia (see below).

Other explanations of pharmacoresistance in schizophrenia involve abnormal 
structure of the BBB, downregulation of genes encoding ion transport proteins, 
impaired immune system, dysfunctional glutamatergic transmission, etc.

NEUROINFLAMMATION
Based on the observation that schizophrenia is often associated with chronic neuroin-
flammation in the CNS[71], the vulnerability-stress model has been expanded into the 
vulnerability-stress-inflammation model[72], which suggests that the symptoms of 
schizophrenia are associated with specific changes in dopaminergic, serotonergic, 
noradrenergic, and glutamatergic neurotransmission following neuroinflammation 
and microglial activation. The hypothesis is based on the following findings: (1) Stress 
can increase proinflammatory cytokines and may even contribute to a chronic 
proinflammatory condition; (2) The typical changes in neurotransmission observed in 
schizophrenia have also been found in low-level neuroinflammation; (3) Risk factors 
for schizophrenia include genes whose expression promotes inflammation, environ-
mental stressors, alterations of the immune system, severe infections, and autoimmune 
disorders; and (4) Antipsychotics also provide anti-inflammatory and immunomodu-
latory effects.

The vulnerability-stress-inflammation model of schizophrenia suggests that genetic 
vulnerability and infection during pregnancy may induce a proinflammatory response 
in the mother, causing deleterious effects on the neurodevelopment of the fetus and 
increasing the risk of developing schizophrenia. The development of the glutamate 
system may be disrupted. Re-exposure to stress at a later age may be followed by 
increased cytokine release, astrocyte activation or loss, dopaminergic hyperactivity, 
and NMDA antagonism, leading to the positive, negative, and cognitive symptoms of 
schizophrenia. Immune conditioning and immune sensitization can elicit a repeated 
response to stress leading to the symptoms of the disease.

Immunologic processes in schizophrenia
Currently, the immune system, immunological processes and inflammation are 
believed to have a significant role in the neurobiology of schizophrenia[73]. Evidence 
of immune etiology in schizophrenia comes from GWAS, where a significant 
association between schizophrenia and the expression of MHC, located on chromo-
some 6, was observed[16,74].

The relationship between neurotransmitters and mediators of the inflammatory 
response can be reciprocal; an immunoregulatory function of dopamine has been 
described. Increased expression of dopamine D3 receptors and increased synthesis of 
interferon gamma (IFNγ) in lymphocytes were observed in nonmedicated patients 
suffering from schizophrenia[75]. An important finding from PET studies of inflam-
mation with elevation of proinflammatory cytokines produced by microglia was an 
elevated microglial activity in subjects with subclinical symptoms and patients with 
schizophrenia[64].

Numerous studies have found immune dysregulation in patients with schizo-
phrenia compared to healthy controls, and several meta-analyses have concluded that 
patients with schizophrenia exhibit signs of low-grade peripheral inflammation 
characterized by upregulated proinflammatory cytokines and acute phase proteins[76-
78]. A recent meta-analysis of postmortem brain studies evaluating histological 
alterations of cellular composition and those assessing molecular parameters 
strengthened the immunologic hypothesis of schizophrenia[79]. The authors found 
significant increases in the density of microglia (especially in the temporal cortex) and 
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the overall expression of pro-inflammatory genes but no difference in the expression of 
anti-inflammatory genes in patients with schizophrenia compared to those in controls. 
However, it is important to note that these immunological alterations have been found 
only in a subgroup of patients with schizophrenia: approximately 40% of studied 
patients have exhibited some level of inflammation[80,81]. As schizophrenia is seen as 
a syndrome consisting of several disease phenotypes with different underlying 
pathologies, it is crucial to define robust immune biomarkers that would help in the 
identification of patient groups that might benefit from anti-inflammatory therapy[76,
82]. Cytokines represent a broad category of signaling molecules produced by a wide 
range of cells, including immune cells such as B and T lymphocytes, macrophages, and 
mastocytes, as well as endothelial cells and fibroblasts. A meta-analysis of 18 studies 
found alterations in both proinflammatory and anti-inflammatory cytokines, and these 
disturbances were stage dependent[83]. In patients with first-episode psychosis, 
elevated levels of proinflammatory cytokines were found, whereas the level of 
interleukin (IL)-4 was significantly reduced. In acutely ill patients, increased pro-
inflammatory cytokines were observed, and lower levels of IL-4 and IL-10 Levels were 
found than in controls. In chronically ill patients, augmented levels of IL-1β, sIL-2R, IL-
6, and tumor necrosis factor alpha (TNF-α) and reduced IFNγ levels were observed 
compared to those in controls. Details are summarized in Table 1.

Moreover, a study evaluating the gene expression of cytokines in peripheral blood 
mononuclear cells reported increased mRNA levels of IL-6, IL-8 and TNF-α and 
decreased anti-inflammatory IL-2 mRNA[81]. Alterations in these cytokines were also 
found in CFS[84], and a meta-analysis of 16 studies found significantly higher CSF 
levels of IL-1β, IL-6 and IL-8 in patients with schizophrenia compared to healthy 
controls. Interleukins (e.g., IL-1β and IL-6) play important roles in neurotransmitter 
systems in schizophrenia. A relationship exists between increased concentrations of IL-
6 in childhood and a higher risk of subclinical psychotic symptoms in young 
adulthood. Increased concentrations of IL-6 and other proinflammatory cytokines, 
such as TNF-α, IL-1β, and IFNγ, are normalized in episodes of remission after 
antipsychotic treatment. Some studies have suggested an association among increased 
serum concentrations of cytokines, including IL-6, severity of the disease, and duration 
and antipsychotic therapy[74].

Alterations in the immune system influence the neurotransmission of dopamine, 5-
HT, norepinephrine, and glutamate. The immune system can activate indoleamine 2,3-
dioxygenase, an enzyme involved in tryptophan/kynurenine metabolism[73]. 
Kynurenic acid acts as a naturally occurring NMDA antagonist in the human brain. 
Increased levels of kynurenic acid were found in the CSF of patients with schizo-
phrenia[85,86]; however, no changes in kynurenic acid levels were observed in the 
peripheral blood of patients with schizophrenia[73]. Proinflammatory cytokines 
increase the concentration of kynurenic acid. Approximately 10% of nonmedicated 
patients in acute episodes of schizophrenia produce NMDA receptor antibodies, and 
this finding supports the hypothesis of NMDA receptor antagonism in schizophrenia
[72,73].

C-reactive protein (CRP) appears to be the most promising theranostic marker for 
inflammation, and patients with increased CRP might benefit from anti-inflammatory 
therapy[76,87]. CRP is synthesized in the liver in response to IL-1β, IL-6 and TNF-α 
and is released from macrophages and adipocytes[76]. CRP has been reported to 
correlate both with positive and negative symptoms of schizophrenia[88] and with 
cognitive dysfunction[89]. Recently, “ultraresistance” to treatment in schizophrenia 
(defined as current clozapine treatment and a mean positive and negative syndrome 
scale (PANSS) score ≥ 70) was found to be associated with abnormal CRP levels (> 3 
g/L), providing further justification for treating ultra-resistant patients with anti-
inflammatory agents[90]. Additionally, other acute phase proteins, including 
haptoglobin, alpha-1 antitrypsin, and alpha-2-macroglobulin, were also found to be 
elevated in a subgroup of individuals with schizophrenia and other psychoses[91,92].

Additional biomolecules and metabolites essential for inflammation and endothelial 
cell function (e.g., creatine kinase m/B, angiotensin-converting enzyme, matrix 
metalloproteinase, thyroid-stimulating hormone, thyroxine-binding globulin, 
intercellular adhesion molecule 1, cortisol, α-2-macroglobulin, and thrombopoietin) 
have been found in lower concentrations in drug-naïve patients than in controls[93]. 
The authors commented that most of these proteins are involved. Additionally, 
upregulation of leucocyte adhesion molecules was described in psychotic disorders, 
increased levels of soluble L-selectin were detected in the serum of drug-naïve patients 
with schizophrenia, and the serum levels of L-selectin and P-selectin in patients with 
schizophrenia did not differ from those in healthy controls[94]. In another study, P-
selectin plasma levels were found to be increased in patients with acute psychosis[95].
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Table 1 Possible diagnostic/theranostic immunologic biomarkers in schizophrenia

Parameter Serum/plasma/peripheral blood CSF

Pro-inflammatory cytokines ↑ IL-6, IFN-γ, IL-1RA, IL-1β, IL-6, IL-8, IL-12, sIL-2R, TGF-β, and TNF-α ↑ IL-1β, IL-6 and IL-8

Anti-inflammatory cytokines ↓ IL-10 and IL-4

Acute phase proteins ↑ CRP, haptoglobin, α-1 antitrypsin, and α-2 macroglobulin

Antibodies ↑ Anti-cardiolipin IgG and anti-NMDA receptor titers

Immune cells ↑ CD4+, CD3+ and CD56+

Other biomolecules/metabolites ↓ Creatine kinase m/B, MMP3, ACE, cortisol, TBG, α-2 macroblobulin, 
thrombopoietin, TSH, and ICAM-1, P-selectin

ACE: Angiotensin-converting enzyme; CRP: C-reactive protein; CSF: Cerebro-spinal fluid; ICAM: Intercellular adhesion molecule; IFNγ: Interferon 
gamma; IL: Interleukin; MMP3: Matrix metalloproteinase 3; NMDA: N-methyl-D-aspartate; TBG: Thyroxine-binding globulin; TGF-β: Transforming 
growth factor-beta; TNF-α: Tumor necrosis factor-alpha; TSH: Thyroid-stimulating hormone.

Certain studies have also found changes in the number of immune cells in patients 
with schizophrenia compared to healthy controls. A meta-analysis of 16 studies 
evaluating blood lymphocyte counts found a significant increase in the percentages of 
CD4+ (T-helper lymphocytes) and CD56+ (natural killer cells) lymphocytes in acutely 
relapsed inpatients and a significant increase in the absolute numbers of total 
lymphocytes and CD3+ (T-lymphocytes) and CD4+ cells[96]. However, a significant 
decrease in the percentage of CD3+ cells was found in drug-naïve patients in the first 
episode of schizophrenia. Additionally, some autoimmune responses were also found 
in schizophrenic patients, but their clinical relevance remains elusive. Regarding the 
pathogenesis of schizophrenia, different autoantibodies, as well as antibodies against 
diet antigens, e.g., gliadin and casein, were investigated in different parts of the brain, 
serum, and CSF. A systematic quantitative review of 81 studies found significantly 
increased anti-cardiolipin IgG and anti-NMDA receptor autoantibody titers in patients 
in the first episode of schizophrenia[97]. The authors also reported increased titers of 
anti-cardiolipin IgG and IgM and nerve growth factor in patients with schizophrenia 
compared with controls.

As mentioned, there is a strong link between oxidative stress and the immune 
system; therefore, by counteracting oxidative stress, antioxidants reduce inflammation 
and the overactive immune response. Glutathione is an antioxidant that is essential in 
the myelinization and maturation of white matter and can be supplemented as the 
amino acid precursor N-acetyl cysteine. N-acetyl cysteine possesses antioxidant 
properties and mild anti-inflammatory effects and regulates synaptic NMDA 
receptors. NAC supplementation for 6 mo ameliorated positive symptoms and 
improved neurocognition (processing speed) in patients with schizophrenia with high 
peripheral oxidative stress[98]. Omega-3-type polyunsaturated fatty acids have also 
exerted antioxidative capacity and anti-inflammatory effects[99].

Non-steroidal anti-inflammatory drugs in pharmacotherapy
Anti-inflammatory agents have shown some benefits as adds-ons to antipsychotic 
treatment in schizophrenia, as reported by two recent meta-analyses[100,101]. A meta-
analysis of 62 double-blind randomized clinical trials studying aspirin, celecoxib, 
omega-3 fatty acids, estrogens, pregnenolone, minocycline, N-acetyl cysteine, and 
erythropoietin in 2914 patients found an overall significant effect of a decrease in the 
PANSS score[100]. Additionally, cognitive improvement was significantly associated 
with minocycline and pregnenolone therapy. Another meta-analysis of 70 randomized 
clinical trials including 4104 subjects investigated either primarily non-steroidal anti-
inflammatory drugs (NSAIDs), minocycline and monoclonal antibodies, or drugs with 
potential anti-inflammatory properties (N-acetyl cysteine, melatonin, neurosteroids, 
estrogens, fatty acids, statins, and glitazones) as adjunctive therapies to antipsychotics. 
The analysis also found a decrease in the PANSS score[101]. Small but significant effect 
sizes were observed on both negative and positive symptoms, general psycho-
pathology and working memory. Interestingly, primarily anti-inflammatory drugs 
were not found to be superior to potential anti-inflammatory drugs. However, the 
authors highlighted that the reported effects might be overestimated due to the many 
small study samples included in the analysis.
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In conclusion, changes in the frequencies of immune cells, the levels and expression 
of cytokines, and the levels of acute phase proteins in the blood and CSF were 
observed in patients with schizophrenia compared to healthy controls, and CRP seems 
to be a promising theranostic biomarker for schizophrenia. Moreover, larger studies 
with longer treatment durations and the inclusion of only schizophrenic patients with 
proven inflammation (CRP levels > 3 g/L) are warranted to elucidate the efficacy of 
anti-inflammatory treatment in schizophrenia.

The challenges of drug development include the development of novel molecules 
affecting the immune system and of immunotherapy using autoantibodies as well as 
the stratification of patients with schizophrenia according to their immune phenotypes 
to enable the selection of effective pharmacotherapeutic agents[74].

MICROBIOME-BRAIN AXIS MODEL
The microbiome-gut-brain axis model postulates that bidirectional communication 
between the central and enteric nervous systems ensures the connection of the brain 
with peripheral intestinal functions[102,103]. It is presumed that the gut microbiome 
can program brain function during early development; in other words, active signals 
from the microbiome play a critical role in brain development. It is thought that the 
microbiome may affect brain development through epigenetic mechanisms[104]. 
Signal pathways from the gut microbiome to the brain include: (1) The direct 
activation of the vagus nerve; (2) The production or induction of various metabolites 
that may cross the BBB to regulate neurological functions; and (3) An immune system 
whose cytokines affect neurophysiology[105].

Probiotics modulate the immune responses of the host and could be beneficial for 
schizophrenia patients[106]. The immunomodulatory effects of probiotic supple-
mentation were examined after 14 wk in chronic patients with schizophrenia, and 
Lactobacillus and Bifidobacterium were administered as adjuvant treatments. Increased 
levels of brain-derived neurotrophic factor, chemokine ligand 5 (RANTES), monocyte 
chemotactic protein and macrophage inflammatory protein-1 beta were found[106]. 
Gut-brain communication suggests the direct secretion of some neuroactive 
substances, and some intestinal bacteria can produce mediators, e.g., GABA, 
acetylcholine.

INNOVATIVE DRUG APPROACHES AND TARGETS
All antipsychotics for schizophrenia treatment are based on dopamine agonism/ 
antagonism, and no nondopaminergic antipsychotics have yet been developed or 
approved (Figure 1). Lumateperone is characterized as a partial D2 receptor 
agonist/antagonist and a 5-HT2A antagonist, and it is a serotonin reuptake inhibitor 
that indirectly modulates glutamatergic transmission (effect on NMDA receptor 
subtype 2B, NR2B)[107,108]. It has no metabolic or extrapyramidal adverse effects and 
positively affects cognition[109]. Another study found that lumateperone was well 
tolerated with minimal extrapyramidal and cardiometabolic adverse effects and 
maintained or reduced the symptoms of schizophrenia after a switch from a previous 
antipsychotic[110].

A promising therapeutic drug strategy for schizophrenia is the use of antipsychotics 
without D2 receptor binding[111]. Agonists of trace amine-associated receptor 1 
(TAAR1) seem to selectively affect dopamine and may represent a new class of 
psychotropic drugs[112,113]. A novel compound, SEP-363856, was described as a 
TAAR1 and 5-TH1A agonist and was tested in a pilot trial with 120 patients with an 
acute exacerbation of schizophrenia. The reduction in the PANSS score of the 
treatment group was significant compared with that of the placebo group; longer and 
larger trials are necessary to prove the efficacy and safety of this TAAR1 agonist[113]. 
Other TAAR1 agonists, e.g., RO5263397, have been developed and are being tested for 
use in schizophrenia. RO5263397 was found to be safe, but a great variety in 
metabolism and plasma levels was found that depended on ethnicity and genotype
[112,114].

Novel drugs indirectly targeting glutamate neurotransmission are among the 
strategies being pursued for antipsychotic development. Inhibitors of glycine 
transporters (e.g., sarcosine and bitopertin), coadministration of NMDA agonists, 
allosteric modulators of AMPA receptors (ampakines), and allosteric modulators of 
mGluR5 are being tested; novel drugs affecting the glutamate ionotropic and meta-
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Figure 1 Illustration of current hypotheses and novel approaches in treatment of schizophrenia. DAAO: D-Amino acid oxidase; TAAR1: Trace 
amine-associated receptor 1; NSAIDs: Non-steroidal anti-inflammatory drugs.

botropic receptors mGluR2-3 have been developed[115].
Agonists of mGluR2-3 have anxiolytic properties and reverse the effects of stress; 

agonists of the mGluR3 receptor antagonize the effect of phencyclidine and 
amphetamine. Novel drugs directly affecting receptors were found to be ineffective 
and/or to have adverse effects. Pomaglumetad methionil is an mGluR2-3 agonist[58]. It 
was tested as an adjunctive therapy for patients with negative symptoms of schizo-
phrenia, and the study did not find a difference between the pomaglumetad group 
and the placebo group[116]. Post hoc analyses suggested the efficacy of pomaglu-
metad in patients suffering from schizophrenia for less than or equal to 3 years or in 
patients previously treated with antipsychotics predominantly acting as D2 antagonists
[117,118]. Thus, the potential of novel mGluR2-3 agonists is suggested for treating 
psychosis and aggression/agitation associated with neurodegenerative diseases 
(Parkinson’s disease, Alzheimer’s disease, dementia with Lewy bodies, etc.)[117].

D-Amino acid oxidase (DAAO) inhibitors were found to modulate NMDA 
transmission. Sodium benzoate, a DAAO inhibitor, has been tested as an add-on 
therapy and improved symptoms in clozapine-resistant patients[119]. In another 
study, sodium benzoate was administered to patients with schizophrenia as an add-on 
therapy compared to placebo. The adjunctive therapy was well tolerated, and chronic 
schizophrenia patients showed improved function, especially neurocognition[120].

Cannabidiol seems to be a promising candidate for the treatment of schizophrenia. 
Increased function of the endocannabinoid system was observed in schizophrenic 
patients; cannabidiol was found to decrease mesolimbic dopaminergic activity. There 
is evidence that chronic and acute administration of cannabidiol led to improvement 
of schizophrenia symptomatology[121].

Based on the serotonin hypothesis, pimavanserin was developed and characterized 
as an inverse agonist at 5-HT2A receptors, and it has binding affinity for sigma-1 
receptors. This antipsychotic has been FDA-approved for the treatment of psychosis 
associated with Parkinson’s disease. Further randomized controlled trials are needed 
to consider pimavanserin as a drug for schizophrenia treatment[122].

Antagonism at sigma-2 receptors was described for roluperidone, which was 
developed as a novel antipsychotic affecting 5-HT2A receptors and sigma-2 receptors
[58]. Roluperidone has been found to be effective in the treatment of negative 
symptoms[123].

Xanomeline is a muscarinic M1/M4 agonist and M5 antagonist that was originally 
developed for Alzheimer´s disease. Currently, it is being tested in combination with 
trospium, which reduces peripheral adverse effects (nausea and vomiting), as a new 
antipsychotic with a novel mechanism of action.

Phosphodiesterase inhibitors have been investigated as drugs to enhance cognition 
in schizophrenia[124]. Phosphodiesterase 10A inhibitors likely modulate D1 (directly) 
and D2 (indirectly) striatal pathways and regulate glutamate receptors[112]. TAK-063, a 
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phosphodiesterase 10A inhibitor, was tested, but the clinical trial did not meet the 
primary endpoint, and extrapyramidal syndromes occurred more often in the TAK-
063 group than in the placebo group[125].

CONCLUSION
Genetic predisposition and neurodevelopmental and environmental risk factors for 
schizophrenia were summarized. Nevertheless, the understanding of schizophrenia 
pathophysiology is limited, and current pharmacotherapy is complicated by adverse 
effects, pharmacoresistance, and low compliance of patients. Novel targets and 
approaches of antipsychotic treatment are being developed with the aim of covering 
the wide range of schizophrenia symptoms, especially negative symptomatology, 
cognitive impairment, and residual and treatment-resistant symptoms. Novel drug 
targets based on current schizophrenia hypotheses include molecules indirectly 
targeting glutamate neurotransmission, DAAO inhibitors, 5-HT2A receptor inverse 
agonists, sigma-2 receptor antagonists, phosphodiesterase inhibitors, etc. In pharma-
coresistant patients, possible comorbidities may be related to inflammation or a 
disrupted microbiome-gut-brain axis, and augmentation of antipsychotic treatment via 
NSAID or probiotic administration can be considered. Further research on schizo-
phrenia pathophysiology, genetic predisposition (based on GWAS), regulatory 
mechanisms in impaired mediator transmission and other factors is needed to improve 
the clinical outcomes of pharmacotherapy.
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Abstract
The versatility of glutamate as the brain’s foremost excitatory neurotransmitter 
and modulator of neurotransmission and function is considered common 
knowledge. Years of research have continued to uncover glutamate’s effects and 
roles in several neurological and neuropsychiatric disorders, including 
depression. It had been considered that a deeper understanding of the roles of 
glutamate in depression might open a new door to understanding the patholo-
gical basis of the disorder, improve the approach to patient management, and lead 
to the development of newer drugs that may benefit more patients. This review 
examines our current understanding of the roles of endogenous and exogenous 
sources of glutamate and the glutamatergic system in the aetiology, progression 
and management of depression. It also examines the relationships that link the 
gut-brain axis, glutamate and depression; as it emphasizes how the gut-brain axis 
could impact depression pathogenesis and management via changes in glutamate 
homeostasis. Finally, we consider what the likely future of glutamate-based 
therapies and glutamate-based therapeutic manipulations in depression are, and 
if with them, we are now on the final chapter of understanding the neuroche-
mical milieu of depressive disorders.
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Core Tip: The versatility of glutamate as the brain’s foremost excitatory neurotrans-
mitter, and modulator of intermediary metabolism in the gastrointestinal tract is 
considered common knowledge. Years of research suggest glutamate has a role to play 
in depression. Also, there is increasing evidence of a possible relationship between 
glutamate and the pathophysiology and/or treatment of depression. The complexity of 
depression suggests dysregulation of glutamate in sites such as the gastrointestinal tract 
and brain. The communication link involving dietary glutamate, the gut, endogenous 
glutamate, and the brain is a multidirectional pathway; the understanding of which is 
necessary to fully account for glutamate’s role in depression.

Citation: Onaolapo AY, Onaolapo OJ. Glutamate and depression: Reflecting a deepening 
knowledge of the gut and brain effects of a ubiquitous molecule. World J Psychiatr 2021; 
11(7): 297-315
URL: https://www.wjgnet.com/2220-3206/full/v11/i7/297.htm
DOI: https://dx.doi.org/10.5498/wjp.v11.i7.297

INTRODUCTION
Clinical depression or major depressive disorder (MDD) is a chronic, debilitating, and 
disabling mental health disorder that affects over 300 million people (across all age 
groups) globally[1-4]. It contributes significantly to the global burden of disease and 
escalating incidence of suicides amongst teenagers and young adults worldwide. 
Globally, the prevalence of depression continues to increase[4,5]; with factors such as 
worsening poverty, increasing unemployment, adverse life events and genetics[4] 
being recognized as important risk factors for its development.

The discovery of monoamine oxidase inhibitors and tricyclic antidepressants 
opened opportunities for the treatment of depression and provided insights into the 
role of neurotransmitters such as dopamine, serotonin and norepinephrine in the 
pathophysiology of depression[6,7]. However, the shortcomings of the currently-
approved pharmacotherapies such as the lag time between the effect of drugs on 
monoamine availability and their therapeutic effect, inadequate response, and the 
increasing incidence of treatment-resistant depression[7-9] means that there is still a 
critical need to better understand the pathophysiology of depression; and develop 
more-effective and efficient therapeutic interventions for depressive disorders.

The monoamine hypothesis supports the notion that the pathology in depression is 
primarily depletion in the levels of brain monoamine neurotransmitters including 
serotonin, norepinephrine, and dopamine[10-12]. In the almost seven decades since its 
formulation, it has largely explained the symptoms and response to currently available 
antidepressant therapy. However, inconsistencies in the hypothesis have resulted in 
further research to better understand depression pathophysiology and management. 
In the last three decades, there has been compelling clinical[13,14] and preclinical[15,
16] evidence demonstrating the involvement of the glutamatergic system in the 
pathophysiology of depression.

Since the first mention of the glutamate hypothesis of depression in the 1990s[15], 
our understanding of the versatility of glutamate as the brain’s foremost excitatory 
neurotransmitter, and modulator of neurotransmission and function has increased 
considerably. Years of research have continued to uncover glutamate’s effects and 
roles in several neurological and neuropsychiatric disorders, including depression. 
More recently, the antidepressant actions of ketamine, an N-methyl-D-aspartate 
(NMDA) glutamate receptor antagonist especially in treatment-resistant depression
[17,18] was reported; suggesting a deeper understanding of the roles of glutamate in 
depression could open new doors to understanding the pathological basis of the 
disorder, improve the approach to patient management, and lead to the development 
of newer drugs that may benefit more patients. Also, the roles of the gut-brain axis in 
glutamate signalling have been investigated, with reports that these could also impact 
the pathophysiology and treatment options in depression[19,20]. This review examines 
current understanding of the roles of endogenous and exogenous sources of glutamate 
and the glutamatergic system in the aetiology, progression and management of 
depression. It also examines the relationships that link the gut-brain axis, depression 
and glutamate (Figure 1); as it emphasizes how the gut-brain axis could impact 
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Figure 1 Possible relationships that link dietary glutamate, the gut-brain axis, endogenous glutamate and depression.

depression pathogenesis and management via changes in glutamate homeostasis. 
Finally, we consider what the likely future of glutamate-based therapies and 
glutamate-based therapeutic manipulations in depression are, and if with them, we are 
now on the final chapter of understanding the neurochemical milieu of depressive 
disorder.

GLUTAMATE AND DEPRESSION
Glutamate is an amino acid and the major excitatory neurotransmitter in the brain[21]. 
In the last few decades, there has been increasing insights into the roles played by the 
glutamatergic system (Figure 1) in the pathophysiology and treatment of mood 
disorders generally, and depressive disorders specifically[12,22,23]. Although 
glutamate is ubiquitous in the brain, excessive release of glutamate has been associated 
with excitotoxicity-induced brain injury[24]. The possible involvement of the glutama-
tergic system in mood disorders is supported by preclinical evidence of the antide-
pressant effects of NMDA antagonists[15,25]. Also, the results of early studies showing 
alterations in the levels of glutamate (peripherally and centrally) in persons with mood 
disorders confirmed this involvement[13,26]. Alterations in excitatory and/or 
inhibitory neurotransmitters resulting in the alteration of functional connectivity 
patterns within large brain networks have also been reported[27]. More recently, there 
is overwhelming evidence of the anxiolytic and antidepressant response to subanaes-
thetic-doses of ketamine in clinical[27-30] and preclinical studies[31,32].

The ability of diet to cause depression and depression-like phenotypes has been 
reported[33,34]. Research has continued to show that the consumption of diets rich in 
fat, deficient in magnesium, or high in monosodium glutamate can cause depression-
like behaviours such as decreased social interaction, anhedonia and behavioural 
despair in rodents[35-37]. While there have been suggestions that these effects are 
linked to the ability of dietary factors to alter the composition of the gut microbiota[36,
37], emerging evidence of the interactions between the gut microbiota and brain 
neurotransmitters such as dopamine, serotonin, gamma amino-butyric acid and 
glutamate[9,38] are opening new vistas into possible novel treatment modalities for 
depression.

Dietary glutamate and depression
Glutamate is an α-amino acid that is useful in the biosynthesis of proteins and 
important in intermediary metabolism, through its ability to link carbohydrate and 
amino acid metabolism via the tricarboxylic acid cycle[39,40]. Glutamate (in addition to 
being synthesized in the body in humans) is also derived from dietary sources such as 
cheese, meat, and several food-seasonings including monosodium glutamate[21,41].
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While endogenous brain glutamate has been linked to the pathophysiology of 
psychiatric conditions such as schizophrenia and mood disorders, the possible role of 
dietary glutamate (Table 1) in the development of neuropsychiatric conditions is still 
being evaluated[42]. There have been suggestions that the consumption of diets 
containing high concentrations of monosodium glutamate could increase body levels 
of glutamic acid, resulting in hyperglutamatergic neurotransmission, which could 
possibly contribute to the development of depression[43]. Also, a few studies have 
reported that factors such as chronic stress that reduce brain levels of glutamate and 
glutamine causing hypoactive glutamatergic signaling in the mouse prefrontal cortex 
are also associated with the development of depression[44], suggesting that regarding 
brain glutamatergic transmission a delicate balance always needs to be maintained.

In the last few years, reports from preclinical studies have associated the use of 
monosodium glutamate with the development of behavioural phenotypes such as 
anxiety and depression; and the ability to influence brain endogenous glutamate and 
glutamatergic neurotransmission[35,42,44-46]. There have also been reports from 
studies that monosodium glutamate could directly influence the concentrations of 
brain neurotransmitters such as serotonin and glutamate[21,35,45,47], although there 
have also been reports to the contrary[48].

The relationship between dietary monosodium glutamate and depression has been 
examined by a few studies[35,43,47]. The results of a clinical analysis that examined 
the relationship between the consumption of a diet high in glutamic acid and the 
development of depressive symptoms in a group of persons with schizophrenia 
revealed that in non-obese patients the consumption of high dietary glutamic acid was 
associated with an increase in depressive symptoms, although this was linked to the 
susceptibility of persons with one psychiatric condition to develop other co-
morbidities[42]. A preclinical study by Quines et al[35] that examined the effects of 
monosodium glutamate administered parenterally in the neonatal period with 
exposure to behavioural paradigms on postnatal days 60-64 reported the presence of 
anxiety and behavioural despair. However, studies from our laboratory revealed that 
while orally administered monosodium glutamate was associated with the 
development of anxiety behaviour, especially in male mice[21,45,49], an antide-
pressant effect was observed in the behavioural-despair paradigms irrespective of sex
[47]. The results of these studies from our laboratory suggest that the antidepressant 
response observed when monosodium glutamate was administered by gavage 
(compared to the response following parenteral administration) could have been 
influenced by the gut microbiota or the gut-brain axis, or by the ability of monosodium 
glutamate (at these doses) to minimally increase brain levels of glutamate which could 
have antidepressant benefits as previously reported[44].

Endogenous brain glutamate and depression
Glutamate plays an important role in the modulation of synaptic plasticity and 
transmission. It is also the precursor of the inhibitory neurotransmitter gamma amino-
butyric acid (GABA). Studies have shown that dysregulation of glutamatergic 
transmission or alterations in brain concentrations of glutamate is associated with 
derangement of brain function, development of excitotoxic brain injury, and cell death
[24,47]. There have also been reports showing that alterations in glutamatergic 
neurotransmission contribute significantly to the development of peripheral and 
central nervous system disorders[50]. In the last few years, the possible relationships 
that exist between glutamate/glutamatergic system and the development of neuropsy-
chiatric disorders such as depression have continued to be examined[22,24,51].

Several studies have linked dysregulation of glutamate neurotransmission with the 
development and progression of neurodevelopmental, neurodegenerative and 
psychiatric disorders such as autism, epilepsy and schizophrenia[52,53]. There is also 
emerging evidence (Table 2) linking the pathogenesis of depression to alterations in 
glutamate and glutamate signalling[12,52]. Levine et al[54], using a proton magnetic 
resonance spectroscopy (MRS) technique examined the relationship between 
cerebrospinal fluid (CSF) metabolites, such as glutamate and glutamine on depressive 
symptoms in hospitalized persons with severe unmedicated depression, and reported 
that compared to control subjects, glutamine level in the CSF of depressed patients 
was elevated. Also, using high performance liquid chromatography with fluorometric 
detection, Mitani et al[55] examined the relationship between plasma levels of 
glutamate on severity of depression and concluded that plasma levels of glutamate as 
well as alanine and L-serine were reflective of the severity of depression. The impact of 
brain glutamate levels on depression and depression phenotypes have been studied 
extensively[56-60]. Auer et al[56] and Hasler et al[57] using MRS reported region-
specific changes in the levels of brain glutamate in patients with depression. The result 
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Table 1 Dietary glutamate and depression

Subject Outcome Ref.

Human In non-obese participants, diets high in levels of glutamic acid were associated with greater depression symptomatology Kumar et al
[43]

Adult 
mice

While chronic immobilization stress decreased sodium-coupled neutral amino acid transporter (SNAT)-1 and 2 in neurons 
and glutamate transporter (GLT)1, SNAT3, and SNAT5 in astrocytes in the medial prefrontal cortex, 
glutamine—supplemented diet ameliorated these decrements

Baek et al[44]

Neonatal 
rats

Subcutaneous injection of monosodium glutamate (MSG) increased the immobility time in the forced swim test and the 
freezing reaction in the contextual fear conditioning. MSG also increased serotonin uptake in the cerebral cortices and caused 
deregulation of the hypothalamic-pituitary-adrenal axis

Quines et al
[35]

Mice Anxiolytic and memory-enhancing effects at low doses of MSG; however, at higher doses, anxiety and memory retardation 
were observed

Onaolapo et al
[45]

Mice Higher doses of dietary glutamate resulted in an increase in plasma glutamate and glutamine but no difference in total brain 
glutamate or glutamine levels

Onaolapo et al
[21,45,46]

Mice Anxiolytic response in females, and anxiogenic response in males following dietary MSG. A decrease in behavioural despair 
was observed in both sexes (females more than males)

Onaolapo et al
[46,47]

Mice Anxiogenic effect was observed following subchronic oral administration of MSG Onaolapo et al
[49]

Table 2 Endogenous glutamate and depression

Subject Method Outcome Ref.

Human Using a proton magnetic resonance 
spectroscopy technique

Compared to control subjects, glutamine levels in the cerebrospinal fluid of the 
depressed patients were elevated

Levine et al
[54]

Human High performance liquid chromatography 
with fluorometric detection

Plasma levels of glutamate as well as alanine and L-serine were reflective of the 
severity of depression

Mitani et al
[55]

Human Single voxel (1)H-Magnetic resonance 
spectroscopy in 19 patients with major 
depressive episodes

A significant decrease was observed in the levels of glutamate and glutamine in 
the anterior cingulate

Auer et al[56]

Human Magnetic resonance spectroscopy Depressed patients had reduced glutamine and glutamate levels in the 
dorsomedial/dorsal anterolateral prefrontal cortex

Hasler et al
[57]

Human Magnetic resonance spectroscopy Compared with controls, depressed patients showed an increase in glutamine 
levels

Godlewska et 
al[59]

Human Meta-analysis Decreased levels of glutamatergic metabolites were observed in the medial 
frontal cortex of depressed subjects

Moriguchi et 
al[60]

Human Meta-analysis Glutamate and glutamine concentrations were found to be lower in the anterior 
cingulate cortex in patients compared to controls

Luykx et al
[58]

Human Functional magnetic resonance imaging and 
magnetic resonance spectroscopy

Patients with anhedonic major depression showed decreased glutamine but 
normal glutamate and gamma-aminobutyric acid concentrations

Walter et al
[61]

Human Resting state functional magnetic resonance 
imaging

Decreased amplitude of low frequency fluctuation level in right putamen and 
right middle temporal cortex correlated positively with glutamate concentration 
in female patients with depression

Zhang et al
[66]

Mice Preclinical study Blockade of glutamate transporter-1 in the central amygdala and prefrontal 
cortex induced both anhedonia and anxiety

John et al[62,
63]

of a recent meta-analysis of MRS studies also supported the hypothesis that glutama-
tergic neurotransmission was involved in the pathophysiology of depression[60]. In 
another meta-analysis, Luykx et al[58] also reported region and state specific 
alterations in glutamate and glutamine concentrations in depression. The importance 
of glutamatergic neurotransmission in depression has been further supported by 
studies that showed altered glutamine concentrations despite normal glutamate levels
[59,61].

Abnormalities of the glutamatergic system such as those associated with glutamate 
clearance at the synaptic cleft and glutamate-related alterations in astrocytic energy 
modulation have also been observed in depression[61,62]. The results of preclinical 
studies have also demonstrated that blockade of astrocytic glutamate uptake in the 
prefrontal cortex and central nucleus of the amygdala was associated with the 
development of anhedonia and anxiety[62,63]. Furthermore, results from post-mortem 
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and magnetic resonance imaging studies have also revealed the presence of altered 
expression of glutamate-related genes, elevated levels of glutamate, reduced 
glutamine/glutamate ratio, and/or reduced levels of glutathione (a reservoir of 
neuronal glutamate) in brain regions such as the medial prefrontal cortex (which have 
been linked to depression symptomatology) in persons with depression[64-67].

Finally, the rapid antidepressant effects of drugs such as tianeptine and NMDA 
receptor antagonist ketamine further validate the importance of glutamate and the 
glutamatergic transmission in depression[22,68,69]. While reports provide some 
evidence for the involvement of endogenous glutamate in the pathogenesis and 
treatment of depression[22,50,69,70], the complexity of the disorder would suggest 
that the dysregulation of glutamate needs to occur in multiple sites (Figure 1) such as 
the gastrointestinal tract and brain, as can be seen if there is a communication link 
involving exogenous glutamate, the gut, endogenous glutamate, and then the brain in 
a multidirectional pathway which we would call the “GLUTAMATE-GUT-
GLUTAMATE-BRAIN AXIS”.

The gut-brain axis and glutamate
The impact of the gut (microbiota and gut peptides) in times past was not considered 
significant in brain development and functioning. Previously, it was believed that the 
commensal bacteria and their genes which constitute the gut microbiome enjoy a 
symbiotic relationship with man. In this relationship, they reside in a nutritionally 
enriched and protected habitat of the human gastrointestinal tract, while they in turn 
protect humans against colonization of the gut by pathogenic bacteria and provide the 
body with a rich source of indigestible nutrients. In the light of new evidence, it is now 
clear that they also play a key role in the brain, either in health or disease.

The gut-brain axis or microbiome-gut-brain axis describes the bidirectional, at times 
multidimensional system of communication that links the gastrointestinal tract with 
the central nervous system. It ensures that not only does the central nervous system 
modulate gastrointestinal function; the gut can also regulate or modulate brain 
signalling and impact brain structure and function[19]. There is now ample evidence 
supporting the view that the microbiome-gut-brain axis can influence the development 
or progression of central nervous system disorders. Some of these include observations 
of psychiatric co-morbidities occurring in several enteric neuropathies such as chronic 
inflammatory intestinal disorders[38,71,72]. The presence of altered gut microbial flora 
and concentration in neurodevelopmental disorders such as autism[73,74] as well as 
the results of microbial challenge using pathogenic bacteria or pharmacological 
manipulations with pre or probiotics, are also pointers to the possible roles played by 
the gut microbiota in the development of brain disorders[72,75]. Further reports have 
also shown that the gut microbiota influences brain function via its ability to modulate 
endocrine, immunologic and neurocrine signalling pathways; and brain neurotrans-
mitters[38,76].

Also, several possible mechanisms through which microbiome-gut-brain 
communication could impact the genesis or progression of central nervous system 
disorders have been proposed. There have been suggestions that communications 
occur through the activation of neurotransmitters such as serotonin, dopamine, GABA 
and noradrenaline in the enteric nervous system; these neurotransmitters are secreted 
by gut microbiota and are akin to the neurotransmitters in the central nervous system
[76]. The possible role of gut peptides and metabolites as mediators of the gut-brain 
crosstalk have also been suggested[77].

Gut-brain axis and depression
Studies have continued to demonstrate the deleterious effects that alterations in gut 
microbiome composition and microbiome-related metabolites could exert on the 
development of obesity, autoimmune disorders, inflammatory bowel disease, irritable 
bowel syndrome, and neuropsychiatric disorders[77-80]. Also, scientific information 
showing how gut microbes and gut stimuli (such as intragastric infusion of glucose or 
fatty acid) can directly influence emotional and cognitive functions[81,82] are pointers 
to the possible involvement of the gut-brain axis in psychiatric disorders. Several 
preclinical studies have also shown that the gut microbiota modulates brain 
behaviours such as behavioural despair, anhedonia and anxiety-like behaviours that 
have construct validity with clinical depression and anxiety[83-86]. Arentsen et al[84] 
and Kamimura et al[86] showed that compared to specific pathogen-free (SPF) mice, 
germ-free (GF) mice showed impaired social interactions choosing to spend more time 
with an object than conventionally raised mice. Huo et al[85] also observed that the 
exposure of GF mice and SPF mice to chronic restraint stress paradigm was associated 
with an increase in open field exploration time in GF compared to the SPF mice; with 
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SPF mice exhibiting more anxiety-like behaviours compared to GF mice. Chronic 
prebiotic administration has also been shown to exhibit anxiolytic and antidepressant 
behaviours in mice. The ability of the prebiotic to modulate behaviour correlated 
positively with its effects on hippocampal and hypothalamic gene expression and its 
ability to ensure a balance in the concentrations of short-chain fatty acids[87].

Although the mechanisms by which the gut microbiota influences mood and mood-
related behaviours are still being studied; there have been suggestions that because the 
gut and brain share peptide and receptor similarities the gut microbiome is able to 
modulate brain function through the activity of gut peptides[77]. Also, studies 
evaluating the impact of gut microbiome modulation (using prebiotics and probiotics) 
on brain function have demonstrated that chronic treatment with prebiotic had both 
antidepressant and anxiolytic effects, which could be linked to reduction in stress-
induced corticosterone and proinflammatory cytokine release, and modification of the 
expression of specific genes in the hippocampus[86,87]. Also, probiotics such as 
GABA-producing Lactococcus lactis strain have been shown to possess the capacity to 
modulate behaviours. In one study, in which Lactococcus lactis was grown in both 
glutamate and non-glutamate supplemented media, a significant increase in GABA 
production was observed in the glutamate supplemented medium[87], reinforcing the 
importance of glutamate in the modulation of mood and mood disorders.

There is now ample evidence suggesting that microbes play the role of signalling 
components in the gut-brain axis. This emerging concept of a microbiota-gut-brain axis 
suggests that our ability to modulate the gut microbiota may be a potential tool 
towards the development of novel therapies for complex brain disorders such as 
psychiatric disorders[19,71,72] (Table 3).

Is there a dietary glutamate-gut-endogenous glutamate-brain axis and how can it 
impact depression pathogenesis?
Glutamate is a multifunctional amino acid that is involved in intermediary metabolism 
in the gastrointestinal tract and is also crucial for the normal functioning and 
development of the brain. In the gut, it is derived from exogenous sources including 
dietary proteins and from free glutamate present in food additives; also, a fraction of 
the free glutamate in the lumen is from bacterial synthesis[88]. In the central and 
enteric nervous systems, respectively, glutamate is the major excitatory neurotrans-
mitter[50,89].

Glutamate and the glutamatergic pathways are also crucial to microbiota-gut-brain 
communication. There is increasing evidence that glutamate is both a neurotransmitter 
and neuromodulator of several functions[77,89]. Glutamate receptors and their 
transduction molecules have been demonstrated on the epithelial cells of the gut, 
splanchnic, vagal, and/or pelvic afferents[89-91]. The stimulation of gut glutamate 
receptors by dietary or luminal glutamate has been associated with the activation of 
vagal afferents which directly or indirectly influence brain areas such as the cerebral 
cortex, limbic system, hypothalamus and basal ganglia[90,92]. Also, the activation of 
glutamate receptors present on splanchnic, vagal, and/or pelvic afferents, allows the 
communication of sensory inputs to regions of the brain involved in the gut-brain axis, 
while, also influencing efferent pathways that convey excitatory or inhibitory inputs to 
the gastrointestinal tract[89,91].

While in health, the enteric ganglia and the brain are impermeable to dietary or 
luminal glutamate; there have been reports suggesting that glutamate permeability in 
these systems increases in diseased states such as enteric neuropathies, or conditions 
that alter the integrity of the blood-brain-barrier. The gut microbiome also influences 
brain glutamate, with the results of metabolomic studies revealing that alterations in 
the composition of the gut saprophytic microflora also affected brain concentrations of 
glutamate[93,94]. Although there is enough scientific evidence in support of the 
impact of central glutamate and the glutamatergic system in depression, there is 
however a dearth of information regarding the possible ways luminal glutamate 
(either from dietary sources or microbial activities) may influence depression 
pathophysiology.

However, from the foregoing, it is evident that while exogenous glutamate (from 
dietary sources or secreted by gut microbiota) can influence brain function through 
activation of the gut glutamatergic pathways, endogenous glutamate can be 
influenced by gut microbial composition or metabolites to impact brain function. This 
shows that glutamate may be more important in the bidirectional communication 
system of the microbiome-gut-brain axis than previously considered.
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Table 3 Gut brain axis and depression

Subject Outcome Ref.

Germ-free mice Germ-free (GF) mice showed impaired social interactions, anxiety and derangement of brain-
derived neurotrophic factor levels

Crumeyrolle-Arias et al[83], 
Huo et al[85], and Kamimura 
et al[86]

GF and SPF mice Exposure of GF mice and specific pathogen-free (SPF) mice to chronic restraint stress paradigm 
revealed an increase in open field exploration time in GF compared to SPF mice. Also, SPF mice 
exhibited more anxiety-like behavior than GF mice under the same external stress

Arentsen et al[84]

C57BL/6J male mice Chronic administration of prebiotic (fructo-oligosaccharides and galacto-oligosaccharides) have 
been associated with antidepressant and anxiolytic effects

Kamimura et al[86]

Glutamate and non-
glutamate supplemented 
media

Gamma amino-butyric acid (GABA)-producing Lactococcus lactis strain increased GABA 
production in the glutamate supplemented medium

Burokas et al[87]

GLUTAMATE AND DEPRESSION MANAGEMENT
In the preceding sections, the possible crucial roles that glutamate and glutamatergic 
neurotransmission play in the pathogenesis of mood disorders were discussed. The 
results of studies demonstrating the impact of glutamate dyshomeostasis and an 
imbalance between glutamatergic neurotransmission and synaptic plasticity on mood 
disorders have been pivotal in the search for novel pharmacotherapeutic strategies
[51]. Also, evidence from studies demonstrating the possible antidepressant-like 
effects of agents acting at the glutamate receptors including NMDA receptors, α-
amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) and metabotropic 
glutamate (mGlu) receptors are all pointers to the possible roles of glutamate and 
glutamate receptors in depression management.

GLUTAMATE-BASED THERAPIES IN DEPRESSION
For more than six decades, drugs that modulate biogenic amines, increasing their 
availability at the synaptic cleft by selectively blocking the uptake of serotonin and/or 
norepinephrine have been used in the management of depression. While the safety 
profile of the newer biogenic amine drugs has improved considerably (compared to 
the older monoamine oxidase inhibitors and tricyclic antidepressants), they do not 
address the major drawbacks that have been associated with this mechanism[95-97].

Delayed therapeutic onset, low remission rates, and increased treatment refract-
oriness are among the major limitations or drawbacks of the standard pharmacological 
agents for depression treatment[95,96]. Again, up to a third of patients are diagnosed 
with the treatment-resistant phenotype, adding significantly to the global burden of 
depression[98]. These limitations are evidence of therapeutics that were still based on 
an incomplete understanding of disease pathogenesis.

Evidence of ketamine’s quick and relatively sustained antidepressant, anti-suicidal, 
and anti-anhedonic effects in treatment-resistant depression has been documented; 
and it represents a turning point in our understanding of the possibly crucial role that 
the glutamatergic system plays in depression. Such findings also prompted further 
research into developing novel glutamate-based therapeutic targets with better antide-
pressant effects and without dissociative side-effects, meaning an improvement over 
ketamine. The results of animal studies evaluating immobility in the forced swim test 
and tail suspension tests highlighted that both competitive and non-competitive 
NMDA receptor antagonists had antidepressant-like effects[15]. Decades later, these 
findings eventually culminated in the approval of esketamine (Spravato®) by the US 
Food and Drug Administration[99] and the European Medicines Agency[100]; 
esketamine was selectively approved for use (in addition to a known antidepressant) 
in adults with treatment-resistant MDD. Apart from this, clinical investigations also 
continue to affirm that a single intravenous bolus administration of ketamine can 
evoke a rapid (within 2 h) and lasting (up to 7 d) antidepressant action[101-103].

NMDA antagonists
Ketamine: In humans, ketamine’s ability to alleviate depressive symptoms (Table 4) 
was first highlighted by a small, randomized, double-blind study demonstrating that a 
single subanaesthetic (0.5 mg/kg) dose of ketamine administered intravenously 
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Table 4 Glutamate-based therapies in depression

Study Receptor type Outcome Ref.

Randomized, double-
blind study

NMDAR 
antagonist

A single subanaesthetic (0.5 mg/kg) dose of ketamine administered 
intravenously improved depressive symptoms within 72 h in seven persons 
with treatment resistant major depressive disorder (MDD)

Berman et al[68]

Double-blind, placebo-
controlled, crossover 
study

NMDAR 
antagonist

A single ketamine infusion (0.5 mg/kg over 40 min) had a rapid, robust and 
mildly sustained antidepressant effect (1 wk) in treatment resistant MDD

Zarate et al[104]

Open label study NMDAR 
antagonist

Rapid anti-depressant effects of a single ketamine infusion in persons with 
treatment-resistant bipolar depression

DiazGranados et al[105]

Preclinical NMDAR 
antagonist

Memantine exhibited a dose-dependent antidepressant-like response in the 
tail-suspension test, with the response observed at a dose of 15 mg/kg 
persisting with sub-chronic administration

Kitanaka et al[112]

Double-blind placebo 
controlled

NMDAR 
antagonist

Memantine administered at doses of between 5-20 mg/d, showed no 
significant effects on depression phenotypes

Parsons et al[110], Kos and 
Popik[111], and Muhonen et 
al[114]

Preclinical NMDAR 
antagonist

The antidepressant effects of amantadine have been observed in situations 
where it is administered in combination with standard antidepressants such 
as fluoxetine and imipramine

Czarnecka et al[115] and Maj 
and Rogóz[116]

Preclinical NMDA (NR2B) 
receptor blockers

Ro 25-6981 exhibited behavioural antidepressant-like effects in the forced 
swim test

Mathews et al[118] and 
Refsgaard et al[119]

Preclinical NR2B-selective 
NMDA 
antagonist

CP-101,606 that was well-tolerated and devoid of psychotropic side effects 
was also used in a clinical trial involving subjects with traumatic brain injury

Refsgaard et al[119]

Randomized, placebo-
controlled, double-blind 
study

NR2B-selective 
NMDA 
antagonist

CP-101,606 demonstrated efficacy in treatment-refractory MDD subjects Merchant et al[120]

Cross-over pilot study NR2B-selective 
NMDA 
antagonist

Oral formulation of MK-0657 in persons with treatment-resistant MDD 
showed a significant antidepressant effect compared with placebo while no 
improvement in symptoms was noted using the primary efficacy measure

Preskorn et al[121]

Preclinical AMPA-
antagonist

LY392098 and LY451616 exhibited antidepressant effects in a number of 
animal models of depression; including the inescapable stressors, learned-
helplessness models, and exposure to chronic mild stress models

Li et al[122] and Lauterborn 
et al[123]

Preclinical mGLu LY341495, MSG0039, and MPEP exhibited significant antidepressant effects 
in rodent models of behavioural despair

Jaso et al[7] and Chaki et al
[130]

NMDA: N-methyl-D-aspartate; NMDAR: N-methyl-D-aspartate receptor; AMPA: α-Amino-3-hydroxy-5-methyl-4-isoxazole propionic acid; mGLu: 
Metabotropic glutamate.

improved depressive symptoms within 72 h in seven persons with treatment resistant 
MDD[68]. A larger, double-blind, placebo-controlled, crossover study also found that a 
single ketamine infusion (0.5 mg/kg over 40 min) had a rapid, robust and mildly 
sustained antidepressant effect (1 wk) in treatment-resistant MDD[104]. Adverse 
effects that included confusion, euphoria, dizziness, perceptual disturbances, blood 
pressure elevation and increased libido were self-limiting[104].

Since the first clinical study that demonstrated the antidepressant effects of 
ketamine, several other studies have continued to examine its efficacy across other 
depression phenotypes[104,105]. Diazgranados et al[105] demonstrated the rapid anti-
depressant effects of a single ketamine infusion in persons with treatment-resistant 
bipolar depression, which was replicated in a double-blind, randomized, crossover, 
placebo-controlled study[104]. The impact of ketamine on reducing suicides has also 
been examined. Ketamine was reported to have a rapid and significant anti-suicidal 
effect in persons with MDD[101]. While the discovery of ketamine’s antidepressant 
effect was met with enthusiasm, its associated sedative and psychotomimetic effects 
remain limitations to its use. Therefore, efforts continue to be directed towards 
blunting these effects. Studies have tried to research the effects of augmenting 
ketamine with other drugs that are probably better-tolerated; these drugs such as 
riluzole and lamotrigine have been examined for their ability to either improve 
ketamine antidepressant effects and/or reduce its psychotomimetic effects[106-108]. 
However, a number of these studies reported that these add-ons showed no significant 
ability to improve the course of the antidepressant response (compared to ketamine 
alone) or reduce the side effects of ketamine[107,108]. Anand et al[106] on the other 
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hand reported lamotrigine’s ability to decrease the perceptual abnormalities induced 
by ketamine.

Memantine and amantadine: The dampening of the enthusiasm that arose from the 
rapid and robust antidepressant effects of ketamine due its psychotomimetic side-
effects prompted research into the possible antidepressant activities of other non-
competitive NMDA receptor antagonists such as memantine, which has been reported 
to be devoid of these effects, at least at therapeutic doses[109-111]. The anti-depressant 
effects of memantine, a low-affinity, non-competitive, open-channel NMDA receptor 
antagonist which is approved for use in the management of Alzheimer’s disease has 
been extensively studied [104,112]. The results of a preclinical study by Kos and Popik
[111] revealed a dose-dependent antidepressant-like response in the tail-suspension 
test, with the response observed at a dose of 15 mg/kg persisting with sub-chronic 
administration. However, the results of clinical studies have shown mixed results[110,
111]. In one double-blind, placebo-controlled trial in which memantine was 
administered at doses of between 5-20 mg/d, no significant effects were observed
[113]. This result was also supported by another double-blind placebo-controlled 
study that examined the effect of memantine administered at 10 mg/kg on late-onset 
depression[113]. However, the result of a large double-blind randomized Finnish 
study reported a significant antidepressant effect with memantine in persons with co-
morbid alcohol dependence[114].

Amantadine is another NMDA receptor antagonist with possible influence on the 
serotonergic, dopaminergic and monamine-oxidase systems. The antidepressant 
effects of amantadine have been observed in situations where it is administered in 
combination with standard antidepressants such as fluoxetine and imipramine[115,
116]. However, clinical trials are limited, mostly using amantadine as an augmentation 
agent (up to 300 mg/daily) in treatment resistant MDD, where it had shown some 
modest effects[117].

Subtype-selective NMDA (NR2B) receptor blockers: Investigations into subtype-
selective blockers of the NMDA receptor (Table 4) have also been undertaken to by-
pass the psychotomimetic effects of ketamine. Along this line, agents such as Ro 25-
6981 that can block NR2B receptors have been studied. In preclinical experiments, the 
NR2B antagonist Ro 25-6981 exhibited behavioural antidepressant-like effects in the 
forced swim test[118]. The NR2B-selective NMDA antagonist (CP-101,606) that was 
well-tolerated and devoid of psychotropic side effects was also used in a clinical trial 
involving subjects with traumatic brain injury[119].

Other selective NMDA NR2B antagonists such as MK-0657 have also been 
examined. Again, in a randomized, placebo-controlled, double-blind study, the anti-
depressant efficacy of CP-101,606 was demonstrated in treatment-refractory MDD 
subjects[120], while the result of a crossover pilot study that evaluated the potential 
antidepressant efficacy and tolerability of an oral formulation of MK-0657 in persons 
with treatment-resistant MDD observed a significant antidepressant effect compared 
with placebo using recognized secondary efficacy scales; with no improvement noted 
when symptoms were assessed using the primary efficacy measure[121].

Other glutamate receptors
The AMPA glutamate receptors are main contributors in excitatory neurotransmission, 
as they mediate the fast, rapidly desensitizing excitation of many synapses. The 
potential beneficial role of AMPA receptor modulators (Table 4) in the treatment of 
mood disorders has been highlighted by studies that have shown that AMPA receptor 
potentiators such as LY392098 and LY451616 possess antidepressant effects in a 
number of animal models of depression; including the inescapable stressors, learned-
helplessness models, and exposure to chronic mild stress models[122]. Also, they do 
not seem to affect the extracellular concentration of monoamines[122]; yet they 
enhance the neurotrophic actions of BDNF mRNA and protein in primary neuronal 
cultures[122,123]. However, of the AMPA receptor positive allosteric modulators 
being investigated for MDD treatment, ORG-26576 was amongst the most-promising 
until it failed Phase II trial. Currently, while the potential roles of AMPA receptor 
modulators in experimental models of depression are still being researched, the world 
is still waiting for drugs whose actions are primarily linked to this. Stimulation of the 
AMPA receptor has also been associated with mediating the antidepressant-like effects 
of ketamine and group II mGlu receptor antagonist MGS0039[124], with suggestions 
that increased transmission via glutamatergic AMPA receptors possibly provide a 
common mechanism of antidepressant response[51].
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Kainate receptors are now recognized as important mediators of the pre- and 
postsynaptic actions of glutamate and GABA, through mechanisms that are still being 
evaluated[125]. The results of some studies have associated genetic variations in 
certain kainate receptor subtypes with the therapeutic outcome of antidepressant 
medications like citalopram and venaflaxine[125-127]. While it is generally accepted 
that kainate receptors have modulatory effects on synaptic transmission, the paucity of 
selective kainate receptor subtype agonists or antagonists has hampered research into 
the possible mechanisms through which kainite receptors modulate brain function 
and/or impact the pathogenesis and treatment of depressive disorders[125].

mGlu receptors have been shown to regulate glutamate’s neuronal transmission 
through the ability to alter neurotransmitter release or modulate the post-synaptic 
responses to glutamate release. There is enough evidence from studies to support the 
notion that regulation of glutamatergic neurotransmission through mGlu receptors is 
associated with the development of mood, leading to suggestions that they could serve 
as novel targets in depression management[128,129]. Modulation of the mGlu receptor 
has also been reported to increase neurogenesis and neurotransmitter release that has 
now been associated with therapeutic response in humans[128]. Several mGlu2, 
mGlu3 and mGlu5 receptors’ (Table 4) negative allosteric modulators (LY341495, 
MSG0039, MPEP) have been reported to have significant antidepressant effects in 
rodent models of behavioural despair[7,130]. Also type III mGluRs (4-8) are mostly 
expressed presynaptically, modulating glutamate release and response; but while a 
number of preclinical studies have identified possible type III mGluR novel drug 
targets such as the mGluR7[131,132], there is a dearth of clinical studies evaluating the 
possible therapeutic benefits of these type III mGluRs in depression. There have 
however been reports that a positive allosteric modulator of mGluR7 (AMN082) has 
antidepressant-like properties in rodent models of behavioural despair[7], that can be 
linked to its ability to modulate glutamate transmission in the hippocampus[133].

CAN THE RELATIONSHIP BETWEEN GLUTAMATE AND THE GUT-BRAIN 
AXIS BE OF THERAPEUTIC BENEFIT IN DEPRESSION?
There is ample evidence that dietary and endogenous glutamate (directly or indirectly) 
influences glutamatergic neurotransmission in the gastrointestinal tract and the brain, 
respectively. The gut microbiome has been shown to be involved in the synthesis and 
release of neuroactive molecules, including those involved in the pathogenesis of 
depression. Alterations in glutamate concentration and glutamatergic neurotrans-
mission have also been linked to the pathophysiology of depressive disorders. 
Scientific evidence has shown that diet influences the gut microbiota composition and 
density, and that both diet and gut microbiota influence emotional behaviour and 
neurological processes[134,135]. By direct evidence and inference, we now know there 
is a complex interplay involving diet, the gut microbiome and depression. Hence, 
specific dietary patterns that can help prevent or mitigate mood disorders, possibly via 
shifts in gut microbiota equilibrium can be identified and offered as components of 
clinical management.

Also, the use of dietary intervention may prove to be attractive and cost-effective as 
an alternative or adjuvant therapy in the clinical management of depression. However, 
despite the tantalizing prospect, the directionality and mechanism of the relationship 
involving diet, the gut microbiome, and depression are still subjects of research. That 
being said, diets rich in vegetables, fruits, cereals, nuts, seeds, pulses and moderate 
amounts of dairy, eggs, fish and unsaturated fats have been associated with a lower 
incidence of depression[136-139], a view not supported by some studies[140,141]. 
Research has shown that different microbiota profiles may be associated with positive 
or negative mental health, emphasizing the behavioural impact of the gut microbiome. 
Also, if we know that behaviour is determined by the brain’s neurotransmitter milieu, 
then the link involving diet, the gut microbiome, neurotransmitters and depression 
will be easier to appreciate.

Humans with depression have been shown to harbor variations in gut microbiota 
which tend towards a general pattern of increases in potentially harmful and inflam-
mation promoting bacteria such as Proteobacteria, and a decrease in commensal 
bacteria, which are normally more abundant[77,141-144]. However, the lack of a 
specific depression-associated gut microbiota profile is a major challenge[9]. Despite 
this, the presence of bacteria that produce neuroactive molecules strengthens the link 
between gut microbiota and behavioural disorders such as depression. In vitro and in 
vivo studies have demonstrated the ability of intestinally cultured strains of Lactoba-
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cillus brevis and Bifidobacterium dentium to efficiently produce GABA from 
monosodium glutamate enriched medium or monosodium glutamate supplemented 
food, respectively[145,146]; leading to suggestions that this could represent a 
promising therapeutic approach for depression management. Also, Lactobacillus 
rhamnosus (JB-1) has been shown to reduce stress-induced corticosterone levels in mice 
and ameliorate depression-like behaviour in the forced swim test; while also 
increasing brain glutamate and glutamatergic activity[9]. Other specific relationships 
involving glutamate are still being investigated, and their direct implications for 
therapy are being considered.

CONCLUSION
The limitations of the amine theory redirected the research focus to what was 
supposedly missing in the scientific understanding of the aetiology, course and 
management of depression. The discovery of the antidepressant effect of ketamine 
brought attention to the impact that manipulation of the glutamatergic system can 
have on the management of depression. Also, the role of diet and the gut microbiome 
in glutamate homeostasis is being continuously examined. As it becomes evident that 
gut microbes are involved in the synthesis and secretion of molecules that directly 
impact the brain, including glutamate, we now know that their manipulation through 
diet can become a cornerstone for the prevention and management of behavioural 
disorders. However, while glutamate-based therapies for depression are still in their 
infancy (and much more is dietary manipulation of glutamate balance via the gut 
microbes), it appears that understanding the diet, gut microbiome, gut-brain axis and 
glutamate link may be the next frontier in advancing our understanding of depression.
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Abstract
Patients with schizophrenia (SCZ) are at high risk of cardiovascular disease (CVD) 
due to an inherited predisposition, a sedentary life style and the use of 
antipsychotic medications. Several approaches have been taken to minimize this 
risk but results continue to be unsatisfactory. A potential alternative is prescribing 
selective serotonin reuptake inhibitors (SSRIs). SSRIs decrease platelet aggregation 
and reduce the risk of coronary heart disease in patients with depression. We 
therefore aim to investigate whether there is evidence that supports the use of 
SSRIs to reduce the risk for CVD in SCZ. A review of the literature revealed five 
published reports relating to the impact of SSRIs on CV risk in SCZ. Three trials 
assessed the influence on metabolic parameters of fluvoxamine when combined 
with clozapine. Two of those studies found improvements with fluvoxamine. Of 
the other two reports, one indicates SSRIs as a group caused minimal but statist-
ically significant increments in total cholesterol, low-density lipoprotein and 
triglyceride. The second report suggests that when SSRIs are combined with 
antipsychotics, the metabolic impact depends on the antipsychotic prescribed. 
While there are promising results, no conclusions can be made currently on 
whether SSRIs increase or decrease CV risk in SCZ. Further studies are needed to 
resolve this matter.
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Core Tip: We searched MEDLINE and Google Scholar to find articles related to the 
cardiovascular effects of selective serotonin reuptake inhibitors (SSRIs) in patients 
with schizophrenia (SCZ) who are taking antipsychotics. We found evidence showing 
that fluvoxamine reduces metabolic factors in patients taking clozapine, but we also 
found that SSRIs as a group cause significant yet small increments in metabolic 
factors. There is also evidence that the effect of SSRIs on metabolic factors depends on 
which antipsychotics the patient is concurrently taking. Further research in this area is 
needed before any firm conclusion can be reached on whether SSRIs are beneficial or 
harmful for cardiovascular risk in SCZ.
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INTRODUCTION
Life expectancy of patients with schizophrenia (SCZ) is significantly lower than for the 
rest of the population[1]. While multiple factors are at play, a common culprit is 
cardiovascular disease (CVD)[2-5]. The risk for CV illness is compounded by several 
characteristics surrounding SCZ, such as an inherited predisposition to develop 
metabolic abnormalities[6] and the fact that patients often experience apathy and 
anhedonia, symptoms that lead to a sedentary lifestyle. In addition, high rates of 
smoking and diets rich in calories and fat are also common among patients with SCZ
[7]. But perhaps even more significant is the impact of antipsychotics, particularly 
second-generation antipsychotics. These medications induce weight gain, hyperlip-
idemia and diabetes[8] all risk factors for CVD.

Mitigation of CV risk in patients with SCZ already includes a polydimensional 
approach that considers promoting changes in life style such as increased exercise and 
improved diet, switching or reducing the dose of antipsychotic medications[8], as well 
as the potential use of statins[9] and metformin[10]. But according to a recent meta-
analysis, all these efforts continue to fall short of a desirable outcome[1]. In the general 
population, patients at risk for CVD are often placed on aspirin or an anticoagulant 
like clopidogrel, but these medications are associated with increased risk of bleeding
[11] and thus guidelines for their use are becoming more restrictive[11]. A potential 
alternative is the use of selective serotonin reuptake inhibitors (SSRIs). SSRIs decrease 
platelet aggregation and appear to have a lower risk of bleeding than other antico-
agulants[12,13]. Moreover, there is evidence indicating that SSRIs can reduce the risk 
of coronary disease[14] and lower the severity of ischemic strokes[15]. Therefore, our 
hypothesis is that SSRIs could be a safe alternative to reduce the risk of CVD in 
patients with SCZ taking antipsychotics.

In order to challenge our hypothesis, we first present evidence indicating patients 
with SCZ are at an increased risk of CVD. Second, we review emerging data on the 
impact of SSRIs for CV risk and third, we describe and discuss currently available 
published literature on the role SSRIs have on CVD in patients with SCZ.

A review of the literature was conducted via MEDLINE and Google Scholar using 
search terms such as SCZ, SSRIs, CV risk, metabolic abnormalities, metabolic 
syndrome and morbidity. The search was limited to studies published in English. For 
each of the scientific manuscripts identified relating to the impact of SSRIs on 
metabolic or CV risk in patients with SCZ, its references were thoroughly inspected for 
secondary publications.

Schizophrenia and Cardiovascular risk
Patients with SCZ appear to have an inherited predisposition to develop risk factors 
for CVD. For instance, drug-naïve patients have greater than three times as much 
intra-abdominal fat as age-and body mass index (BMI)-matched individuals[16]. They 
also have impaired fasting glucose tolerance and are more insulin resistant than 
healthy subjects[6]. In addition, apathy and anhedonia are symptoms commonly 
experienced by patients with SCZ. These symptoms lead to limited physical activity 
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which in combination with high intake of fat and sugar often seen in SCZ, ultimately 
result in the development of metabolic syndrome[7]. Metabolic syndrome understood 
as dyslipidemias, insulin resistance and elevated blood glucose, frequently results in 
diabetes mellitus type 2 and CVD[17]. Not surprisingly, the prevalence of both 
diabetes and obesity is two to four times higher in patients with SCZ than in the 
general population[18]. Another contributing factor for the high prevalence of diabetes 
and the increased risk for CVD is antipsychotic intake.

All antipsychotics, including older typical neuroleptics, can elicit metabolic 
abnormalities[8,19]. The rate at which these side effects occur however, differs among 
medications. In the typical antipsychotic class, lower potency antipsychotics such as 
chlorpromazine and thioridazine induce greater weight gain compared to higher 
potency antipsychotics such as fluphenazine and haloperidol[20]. Likewise, chlorpro-
mazine and thioridazine are more strongly associated with diabetes compared to other 
typical antipsychotics[21]. But comparisons between typical vs atypical antipsychotics, 
also known as second generation antipsychotics (SGA), have clearly shown that SGA 
are more commonly associated with metabolic side effects[22]. Among SGA, clozapine 
and olanzapine appear to have the strongest association with weight gain and diabetes
[23,24]. Quetiapine is not far behind in its ability to elicit metabolic dysregulations. 
According to the clinical antipsychotic trials of intervention effectiveness study[25], 
olanzapine and quetiapine are associated with increases in total cholesterol and trigly-
ceride (TG) levels. When ranked for its potential to cause weight gain and other 
metabolic abnormalities, clozapine and olanzapine are at the top of the list followed by 
quetiapine and risperidone, while aripiprazole and ziprasidone are found at the 
bottom of the ranking[23,26,27]. For those medications with higher risk, data indicates 
there is a dose-dependent relationship between dose and metabolic complications[28]. 
For aripiprazole and ziprasidone no such relationship has been found[28]. Newer 
antipsychotics such as lurasidone, cariprazine and paliperidone are poorly studied to 
date.

SSRIs and Cardiovascular disease
Serotonin is needed for platelets to elicit platelet aggregation and vasoconstriction[29]. 
Platelets rely on reuptake of serotonin as they lack the capacity to synthetize this 
amine[29]. By inhibiting serotonin reuptake in platelets, SSRIs alter hemostasis[12,13] 
and therefore, are associated with increased risk for bleeding[30]. This potentially 
serious side effect however, is most commonly observed in individuals with medical 
conditions that already carry an increased risk of bleeding[13] or those taking other 
anticoagulant medications[30]. Overall, SSRIs are safe medications that rarely cause 
any serious side effects[31].

In the context of CVD, disrupting platelet aggregation could become an advantage. 
Not surprisingly, several studies have tried to establish whether SSRIs can minimize 
the risk of CV events. The majority of these publications indicate that SSRIs are 
cardioprotective in patients with depression (For a review refer to Andrade et al[9] and 
a recent meta-analysis by Guo et al[32]) but inconsistencies remain[9,33]. Variations in 
the cardioprotective effects of SSRIs could be related to differences in its mechanism of 
action. While all SSRIs diminish vasoconstriction and platelet aggregation by lowering 
serotonin release in platelets, other signaling cascades are also at play. For instance, 
sertraline impairs platelet aggregation by inhibiting CD9, GPIb, GPIIb/IIIa surface 
receptors while its inactive metabolite, N-desmethylsertraline, targets P-selectin and 
platelet endothelial cell adhesion molecule-1[12]. Sertraline also diminishes E-selectin 
and β-thromboglobulin concentrations[34]. In contrast, citalopram, fluvoxamine and 
fluoxetine inhibit tumor necrosis factor (TNF)-α-induced expression of vascular cell 
adhesion molecule and intracellular adhesion molecule in human aorta endothelial 
cells and TNF-α-stimulated adhesiveness to monocytes, resulting in less inflammation 
and more cardioprotective effects in patients with heart disease[35].

Recent clinical data also indicates there are differences in the potential CV benefits 
offered by SSRIs. Escitalopram appears to be the most advantageous for CV safety in 
older individuals at risk of coronary heart disease, whereas fluoxetine provided little 
benefit if at all[32]. In this same study, sertraline, citalopram and paroxetine delivered 
better caridoprotection than fluoxetine but less than escitalopram[32].

In addition to its effects on platelet aggregation and vasoconstriction, SSRIs could 
also impact metabolic markers. Diagnosis appears to be an important factor 
determining the role of SSRIs on metabolic markers. For instance, several studies have 
shown that SSRIs increase cholesterol levels in patients with panic disorder[36-38] 
with paroxetine being the main offender[37,38]. For women with generalized anxiety 
disorder (GAD) the impact varies according to the SSRI taken. Paroxetine increased 
BMI, waist circumference, fasting glucose, total cholesterol, low-density lipoprotein 
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(LDL), and TG after 16 wk, while citalopram and escitalopram only resulted in higher 
TG levels[39]. This study involving women with GAD also found that sertraline 
elevated total cholesterol, in contrast, fluoxetine lowered total cholesterol, weight and 
TG[39]. Similarly, adding fluoxetine to olanzapine for patients with bipolar depression 
did not affect cholesterol levels or body weight (BW) when compared to treatment 
with olanzapine alone[40].

SSRIs and Cardiovascular risk in Schizophrenia
The first study to assess the metabolic impact of SSRIs in SCZ is a randomized, 
prospective trail published in the year 2000 (Table 1)[41]. The authors tested whether 
clozapine alone or in combination with fluvoxamine differentially impacted BW, BMI 
or leptin levels among other parameters during a 6-wk follow-up period. They found 
no changes in weight or BMI between groups. Leptin levels however, were higher in 
patients receiving the combined therapy. Levels of clozapine, norclozapine or the ratio 
norclozapine-clozapine were similar between cohorts. Eleven patients received the 
dual therapy while 12 patients were prescribed only the antipsychotic. Fluvoxamine 
was prescribed at either 50 or 75 mg/d while clozapine was given at doses of 100 to 
150 mg/d in the combined group and around 300 mg/d for patients receiving 
clozapine alone.

The second study on SSRIs, CV risk and SCZ is a prospective, randomized, open-
label study that also compared clozapine monotherapy vs clozapine with fluvoxamine 
(Table 1)[42]. The medications were prescribed at slightly different doses than on the 
previous trail. The monotherapy group received up to 600 mg/d of clozapine, whereas 
the combined group could only take up to 250 mg/d together with fluvoxamine 50 
mg/d. The rationale was that fluvoxamine increases the serum clozapine level 2.3 
times[43]. Sixty-eight patients were recruited, thirty-four for each group. The authors 
assessed BW weekly during the 12-wk follow-up period. Fasting glucose, cholesterol 
and TG were measured at baseline and then at the end of the study. Their results 
showed that clozapine significantly increased weight, BMI, blood sugar and TG when 
baseline numbers were compared to values obtained after 12 wk. Comparisons 
between groups, revealed that individuals receiving clozapine alone had higher levels 
of blood sugar and TG by the end of the follow-up period. The authors also found that 
levels of norclozapine correlated with elevated blood sugar and TG while levels of 
clozapine did not. It is important to note that this study was conducted entirely with 
inpatients and therefore, their food intake was restricted to a hospital diet.

Lu et al[44] followed their open-label study on the metabolic effects of fluvoxamine 
in patients taking clozapine with a double-blind, randomized, clinically controlled trial 
(Table 1). Eighty-five patients were recruited and followed for 12 wk, with 43 receiving 
clozapine monotherapy at a target dose of 300 mg/d and 42 given fluvoxamine at 50 
mg/d and clozapine at 100 mg/d. The authors found that the clozapine-fluvoxamine 
combination limited increments in BW and waist circumference and reduced levels of 
insulin resistance, blood glucose, cholesterol and TG when compared with clozapine 
monotherapy. The Positive and Negative Symptoms Scores also improved on the dual 
therapy cohort. Liquid chromatography revealed no differences in blood levels of 
clozapine but, levels of norclozapine and clozapine N-oxide were higher on the 
monotherapy group. The norclozapine-clozapine ratio was higher in the combination 
group.

Through a naturalistic, cross-sectional study, Fjukstad et al[45] aimed to determine 
the effects of SSRIs on total cholesterol, LDL, high-density lipoprotein (HDL), TG, 
glucose, BMI, waist circumference and blood pressure. Their database included 868 
patients with SCZ of whom 169 were taking SSRIs and 433 individuals with bipolar 
disorder of whom 111 were taking SSRIs (Table 1). Linear regression analyses, 
indicated that SSRIs caused minimal but statistically significant increments in total 
cholesterol, LDL and TG. The authors also found that patients taking SSRIs had a 
slightly higher risk for developing metabolic syndrome. Blood glucose, BMI, waist 
circumference and blood pressure were not affected by the use of SSRIs. Unfortu-
nately, the authors did not parcel patients by diagnosis. Potential differences among 
the different SSRIs included in the analysis namely, escitalopram, citalopram, 
sertraline, fluoxetine and paroxetine were not investigated.

This research group published a second study mining the same cohort of patients 
(Table 1)[46]. Their new objective was to determine whether adding SSRIs to 
antipsychotic medications would increase metabolic risk factors[46]. Three antipsy-
chotics were included in their analysis, olanzapine, quetiapine and risperidone. SSRIs 
added to olanzapine or quetiapine led to small but statistically significant elevations in 
total cholesterol and LDL. Blood glucose increased when olanzapine was given 
together with SSRIs, in contrast, combining risperidone with SSRIs led to lower blood 
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Table 1 Selective serotonin reuptake inhibitors and cardiovascular risk in patients with schizophrenia

Ref. SSRI studied Number of 
patients Sex Average 

age Duration Metabolic parameters

Hinze-Selch et al
[41], 2000

Fluvoxamine1 23 M: 11 F: 
12

32 ± 151 6 wk BW, BMI, Leptin

Lu et al[42], 2004 Fluvoxamine1 68 M: 20 F: 
48

32.9 ± 8.51 12 wk BW, BMI, Glucose, Total Cholesterol, 
TG

Fjukstad et al
[45], 2016

Escitalopram, citalopram, 
sertraline, fluoxetine and 
paroxetine

8682 M: 697 F: 
604

31.7 ± 10.6 Cross sectional 
study

Total Cholesterol, LDL-C, HDL-C, TG, 
WC, SBP, DBP, BMI, Glucose

Lu et al[44], 2018 Fluvoxamine1 85 M: 61 F: 
24

43.6 ± 8.1 12 wk SBP, DBP, BW, WC, Insulin, FPG, Uric 
Acid, Total Cholesterol, TG, HDL-C, 
LDL-C, HOMA-IR

Fjukstad et al
[46], 20183

Escitalopram, citalopram, 
sertraline, fluoxetine and 
paroxetine

8682 M: 697 F: 
604

31.7 ± 10.6 Cross sectional 
study

Total Cholesterol, LDL-C, HDL-C, TG, 
WC, SBP, DBP, BMI, Glucose

1In combination with clozapine.
2the authors also included 433 individuals with bipolar disorder.
3The authors studied SSRIs combined with olanzapine, quetiapine and risperidone.
SSRI: Selective serotonin reuptake inhibitors; BW: Body weight; BMI: Body mass index; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density 
lipoprotein cholesterol; TG: Triglyceride; SBP: Systolic Blood Pressure; DBP: Diastolic blood pressure; FPG: Fasting plasma glucose; HOMA-IR: 
Homeostasis model assessment of insulin resistance.

glucose. The authors reported that none of the other parameters studied were affected 
by coadministration of risperidone and SSRIs. Dual therapy with SSRIs and either 
olanzapine or quetiapine also did not alter HDL, TG, BMI or blood pressure. What the 
authors did not mention but appears to be evident from their figures, is that 
risperidone alone led to statistically higher levels of LDL but when prescribed in 
conjunction with SSRIs, LDL did not increase. Likewise, quetiapine monotherapy 
caused a modest but statistically significant elevation in TG, while in combination with 
SSRIs TG did not change. Quetiapine without SSRIs significantly increased BMI but 
with these antidepressants, BMI was unaffected. The authors emphasized that their 
results have to be pondered with caution as their methodology did not allow 
excluding the potential impact of diet and even more importantly, they did not have 
access to non-psychotropic medications being taken by their patients such as statins or 
insulin.

CONCLUSION
Several factors place individuals with SCZ at risk of CVD including an inherited 
predisposition to metabolic anomalies[6,16], a sedentary life style prompted at least in 
part by core symptoms of this psychotic disorder and the use of antipsychotic 
medications which elicit metabolic syndrome[8]. So far, attempts to reduce all these 
risk factors have rendered unsatisfactory results[1]. Therefore, the search for new 
approaches continues.

Because of their capacity to decrease platelet aggregation and vasoconstriction[12,
13], SSRIs have been investigated as a potential alternative. Specially, considering that 
SSRIs have delivered promising cardioprotective results when prescribed for other 
mental illnesses such as major depressive disorder[9,14]. In addition to its effects on 
hemostasis, SSRIs can also influence CV risk by altering metabolic markers such as 
total cholesterol, LDL, BMI, blood glucose and others. But in contrast with its effects 
on platelet aggregation and vasoconstriction which are directly linked to SSRIs ability 
to block serotonin[12,13], how these medications elicit changes in metabolic 
parameters is yet undetermined. What the evidence currently indicates is that SSRIs 
impact on CV risks varies according to diagnosis and the specific SSRI prescribed. For 
instance, the risk for CVD is likely to increase if patients with panic disorder take 
paroxetine[36-38]. Gender also has to be considered. If women with GAD receive 
paroxetine, their likelihood of developing CVD also augments[39]. Conversely, 
fluoxetine has a cardioprotective effect on women with GAD[39]. Age also appears to 
be a factor. Older individuals at risk of coronary heart disease obtain no benefit from 
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receiving fluoxetine, whereas, escitalopram can be advantageous[32].
Not surprisingly, how SSRIs affect CV risk in patients with SCZ also depends on 

which specific one is being prescribed. Two trials developed by the same research 
team have shown that fluvoxamine diminishes at least some of the metabolic side 
effects elicited by clozapine[42,44]. These two studies took important steps to limit 
potential confounding factors such as excluding individuals taking medications 
known to affect metabolic parameters and at least one of those trails controlled their 
cohort’s food intake. There is also one publication that encountered different results. 
An independent team that also assessed the effects of fluvoxamine coadministered 
with clozapine did not find any metabolic benefits[41]. It is possible that the short 
duration of this study of only 6 wk could have prevented the authors from finding any 
significant differences. The two studies that found fluvoxamine to be effective, lasted 
for 12 wk. All three studies measured blood levels of clozapine and its metabolites and 
two of them found norclozapine levels to be associated with metabolic abnormalities. 
The three trials recruited a relatively small number of patients (Table 1).

The first cross-sectional study that Fjukstad et al[45] published found that SSRIs 
increased total cholesterol, LDL and TG in patients with SCZ and bipolar disorder. 
Nonetheless, there are several confounding factors that have to be pondered when 
assessing these results. Their study design did not allow discrimination of metabolic 
parameters between patients with SCZ and bipolar disorder as they were considered a 
single cohort. Likewise, escitalopram, citalopram, sertraline, fluoxetine and paroxetine 
were all clustered together in the analysis and consequently its potential individual 
impact could not be determined. Diet was not controlled for either this or their second 
study discussed below. Also applicable for both studies is that the authors did not 
have access to other medications their patients may have been taken such as statins or 
insulin which could ultimately impact their results.

Fjukstad et al[46] second cross-sectional study presents intriguing results consistent 
with previous publications suggesting that SSRIs influence the metabolic impact of 
antipsychotics in patients with SCZ. The authors found that when olanzapine is 
combined with an SSRI, several metabolic parameters worsened. Similarly, the 
combination of quetiapine and SSRIs leads to increases in total cholesterol and LDL. 
But this dual therapy prevents increments in TG and BMI caused by quetiapine alone. 
SSRIs appear to be beneficial when taken with risperidone. This combination lowers 
blood glucose and prevents rises in LDL elicited by risperidone monotherapy. 
Unfortunately, whether each of the SSRIs studied affects metabolic markers 
differently, was not determined, as all SSRIs included in the analysis were clustered as 
one group (Table 1).

SSRIs could improve CV risk by another mechanism of action. One of the factors 
that place patients with SCZ at increased CV risk is a sedentary life style. Negative 
symptom of SCZ can significantly contribute to lower levels of psychical activity. 
Thus, successfully treating negative symptoms would lead to benefits in CV health. 
Antidepressants have been successfully used in treating negative symptoms of SCZ, 
though not always[47].

The information currently available does not allow us to draw any firm conclusions. 
However, it suggests that for patients with SCZ, adding fluvoxamine to clozapine 
brings metabolic benefits[42,44], though clinicians have to be cautious with this 
combination as fluvoxamine can drastically increase clozapine levels[43]. Similarly, 
dual therapy with risperidone and SSRIs also appears to improve some metabolic 
parameters[46] but whether a specific SSRI is more advantageous than others is yet to 
be established. What appears to be clear is that SSRIs impact CV risk by affecting 
metabolic markers and that each SSRI has its own unique metabolic advantages and 
disadvantages depending on gender, age, diagnosis and the presence or absence of 
antipsychotics. Therefore, when metabolic parameters are being studied, SSRIs should 
be considered a confounder. Also evident is that no conclusions can be made currently 
on whether SSRIs increase or decrease CV risk in patients with SCZ. Further studies 
are needed to resolve this matter.
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Abstract
Depression is the most prevalent mental disorder in pregnancy, and yet it is less 
studied than postpartum depression despite the consequences it may have on 
both the pregnant woman and her offspring. Therefore, it would be important to 
know which risk factors may favour the appearance of antenatal depression in 
order to carry out appropriate prevention interventions. The aim of the present 
review was to identify the main risk factors of antenatal depression. We searched 
in databases PubMed and PsycINFO for articles published about the factors 
associated with antenatal depression from January 2010 through December 2020. 
The literature review identified three main groups of antenatal depression risk 
factors: sociodemographic, obstetric, and psychological. First, among the 
sociodemographic variables, the low level of studies and the economic income 
clearly stood out from the rest. Then, not having planned the pregnancy was the 
main obstetric variable, and finally, the main psychological risk factors were 
having a history of psychological disorders and/or depression as well as 
presenting anxiety, stress, and/or low social support during pregnancy. This 
review shows that the antenatal depression is affected by multiple factors. Most 
can be identified at the beginning of the pregnancy, and some are risk factors 
potentially modifiable through appropriate interventions, such as psychological 
factors. For this reason, it is important to carry out a good screening for de-
pression during pregnancy and consequently, be able to prevent its appearance or 
treat it if necessary.
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psychological factors are associated with the presence of antenatal depression. Most of 
them can be identified in early pregnancy. Therefore, a complete medical history along 
with the routine use of screening instruments to detect the risk profile of these women 
would allow the prevention and early detection of antenatal depression.
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INTRODUCTION
Traditionally, it was thought that pregnancy protected women against the onset or 
relapse of a depressive disorder. However, it has been shown that pregnancy does not 
protect them, and together with postpartum are two periods of great vulnerability for 
women[1]. Some studies have found that antenatal depression is as frequent, or even 
more frequent than postpartum depression[2-4]. Still, it is often underdiagnosed and, 
as a consequence, undertreated[5]. Furthermore, antenatal depression constitutes a 
major public health problem[6] due to the reasons discussed below.

Despite the fact that many women remain undiagnosed[7], the prevalence of 
depression during pregnancy is high[8,9] and varies in the different trimesters across 
studies[8,10,11].Therefore, diagnosing antenatal depression can be difficult if women 
are only screened once throughout pregnancy.

Depression during pregnancy has received much less attention than postpartum 
depression, although in the last decade the study of antenatal depression is becoming 
more and more prominent. This may be due to either an increase in diagnosed cases of 
depression in pregnant women or to the acquisition of greater awareness of the 
consequences of antenatal depression[12] among professionals.

During pregnancy, depression has a negative impact on both the course of 
pregnancy and on the foetal and neonatal outcome[13-15], with growing research in 
the field of “foetal programming,” triggering interest in the study of depression during 
pregnancy. According to this theory, the perinatal period is a critical stage where 
mental health protection efforts should be focused, and prevention models be 
developed[16]. It is now known that the psychological state of a mother during 
pregnancy has an important impact on the subsequent development and health of her 
child[15]. In this regard, the association between maternal stress, depression, or 
anxiety in pregnancy and an adverse neurodevelopmental outcome of the child is 
evident[17]. In addition, studies focusing on the perinatal period found that 
depression during pregnancy is the most important risk factor for postpartum 
depression[18,19].

Reviews identifying risk factors associated with prenatal depression are scarce and 
focus on a few risk factors, analyze them separately[20-22], or in a particular 
country/culture[23]. In light of the foregoing, it would be important to identify the 
risk factors associated with the presence of antenatal depression from the beginning of 
pregnancy, as this would allow us to offer more efficient help in accordance with the 
needs of future mothers, improving their self-perception of well-being. This would 
also prevent this depressive state from extending to the postpartum period, with the 
consequences that this would entail for both mothers and their children.

Therefore, the objective of this review is to describe and group the main risk factors 
found in the studies published in the last 10 years that simultaneously may be 
associated with the presence of antenatal depression.

LITERATURE REVIEW
A literature search was performed in PsycINFO and PubMed databases, using the 
search string: “antenatal depression” OR “depression during pregnancy” AND “risk 
factors” OR “variables associated.” The literature search was restricted to studies 
written in the English language and published from January 2010 to December 2020. 
Reference lists from retrieved articles were also examined.
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INCLUSION AND EXCLUSION CRITERIA
The variables/risk factors associated with antenatal depression were the epidemi-
ological parameters of interest. Studies were included as long as they made use of 
population-based surveys representative of communities, regions, or countries under 
study. Non-representative samples (e.g., inpatient groups, minority populations, 
victims of gender-based violence, immigrants, with presence of concomitant medical 
conditions, at risk of social exclusion) were excluded as they would probably provide 
biased estimates of risk factors associated with antenatal depression in the general 
population. Finally, studies using screening instruments (e.g., Edinburgh Postnatal 
Depression Scale, Patient Health Questionnaire, Beck Depression Inventory) and 
structured interviews (e.g., Structured Clinical Interview for Diagnostic and Statistical 
Manual of Mental Disorders) for diagnosis were included.

RESULTS AND DISCUSSION
Details of results are presented in Table 1. Out of the 466 titles identified on risk factors 
of antenatal depression, 29 studies met inclusion criteria. The analysis of the literature 
showed that the factors associated with antenatal depression can be classified into 
three domains of risk factors: sociodemographic, obstetric, and psychological risk 
factors. Although some variables are related to lifestyle, such as weight and substance 
use, they are also mentioned in several studies. In the studies, when information was 
available, the level of significance of the association (P value) and the odds ratio of the 
predictor variables are shown with the objective of showing the strength of the 
association between variables.

The variability of risk factors associated with antenatal depression found across 
studies can be attributed to several reasons. First, different instruments are used for 
assessing antenatal depression. More specifically, 27 studies assessed antenatal 
depression with self-reported questionnaires, with the Edinburgh Postnatal 
Depression Scale being the most commonly used (n = 16). However, with different cut-
off points across countries, even in studies carried out in the same country[24-26]. 
Only 2 studies used clinical interviews for diagnosis. In this regard, women may 
overestimate or underestimate their responses to a self-report questionnaire based on 
their beliefs, perceptions, culture, and stigmatisation of mental health in their 
communities[27]. It is also important to consider cultural differences, as they may 
explain part of the variability of some of the risk factors [for example, the type of 
public and/or private health care, prenatal health care and the ease of access, the 
professionals who monitor the pregnancy (e.g., gynaecologists, midwives, nurses), the 
quality of care available, religious customs, attitudes towards pregnancy and 
motherhood, gender roles, and/or the role of women in making decisions about her 
pregnancy][27].

Of the 29 studies included in this review, Arab countries contributed with the 
largest number of articles (n = 8), followed by Europe (n = 6), Asia (n = 5), Brazil (n = 
4), Africa (n = 3), Australia (n = 3), and India (n = 1). The samples of these studies were 
obtained from women who attended their follow-up pregnancy check-ups at their 
health centres of reference.

Particularly, there are 15 cross-sectional/cohort studies and, hence, evaluated 
women at any time regardless of their gestational age; 10 studies included women in 
their third trimester of pregnancy, and 4 studies evaluated women in their first 
trimester. No studies were found that analyzed risk factors associated with antenatal 
depression by trimester. The absence of studies that separately identify the risk factors 
associated with antenatal depression by trimester may offer a biased information on 
these variables. This is because each trimester of pregnancy has specific characteristics 
because both the physical changes, the medical tests, and the concerns that pregnant 
women face vary throughout the gestation. Therefore, variables that in a given 
trimester could be significantly related to antenatal depression (e.g., being in the first 
trimester and having had previous abortions) are perhaps not if women are evaluated 
in another trimester.

Sociodemographic variables
Different sociodemographic variables have been evaluated in the scientific literature  
(e.g., age, marital and employment status, educational level, etc.). In this section, we 
will present those most studied in relation to the presence of depression during 
pregnancy.
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Table 1 Risk factors for antenatal depression

Ref. Sociodemographic variables Obstetric variables Psychological variables

Benute et al[41], 2010, Brazil Low Socioeconomic S. (0.04) U. pregnancy (0.04)

Being a housewife1 2.28 U. pregnancy1 1.62Kheirabadi and Maracy[12], 
2010, Iran

Age < 25-yr-old1 1.53 Multiparity1 2.35

Previous depression1 1.83

Banti et al[10], 2011, Italy Low Socioeconomic S.1 2.48 Multiparity1 1.95 Anxiety (pregnancy)1 4.10

Low Socioeconomic S.1 1.40

Low Educational L.1 1.28

Unemployed husband1 1.73

Husain et al[38], 2011, Pakistan

Nuclear family1 1.18

Complications in a previous 
delivery1 0.98

Marital dissatisfaction (0.002) U. pregnancy1 0.08 Anxiety1 0.13

Concern about the economic 
situation1 0.08

Lack of knowledge about parenting1 
0.16

Stress1 0.41

Mohammad et al[46], 2011, 
Jordan

Lack of maternal ability1 0.27 Low social support (0.001)

Foreign nationality1 3.34

Unemployment1 2.17

Giardinelli et al[47], 2012, Italy

Marital dissatisfaction1 4.20

U. pregnancy1 3.83 Previous psychiatric disorders1 3.11

Goecke et al[37], 2012, 
Germany

Low Educational L. (0.001) Miscarriages (0.016)

Low Socioeconomic S.1 1.75

No partner1 1.93

Melo et al[25], 2012, Brazil

Non-White race1 1.48

Multiparity1 1.32

U. pregnancy (0.019)

Previous obstetric complications (< 
0.001)

Obstetric complications (< 0.001)

Miscarriages (< 0.001)

Ajinkya et al[6], 2013, India

Multiparity (< 0.01)

Low Socioeconomic S. (< 0.05)

Low Educational L.  (< 0.05)

Unemployment (< 0.01)

Bödecs et al[23], 2013, Hungary

Age < 20-yr-old (< 0.05)

Fadzil et al[56], 2013, Malaysia Previous cesarean section (0.042) Anxiety (pregnancy) (0.006)

U. pregnancy1 1.41Yanikkerem et al[39], 2013, 
Turkey

Low Educational L.1 1.49

Physical symptoms during 
pregnancy1 0.68

Low social support1 2.42

Age > 30-yr-old1 1.16 U. pregnancy1 1.55Weobong et al[34], 2014, 
Australia

No partner1 1.34 Miscarriages1 1.30

Low Socioeconomic S.1 1.03 Previous history of gender violence1 1.9Brittain et al[42], 2015, South 
Africa

No partner1 1.7

U. pregnancy1 2.0

Stressful life events1 1.9

Perceived stress (pregnancy)1 1.34Waldie et al[15], 2015, Australia Non-European race1 1.90-2.35 U. pregnancy1 1.30

Anxiety before and during pregnancy1 
3.08

Al-Azri et al[48], 2016, Oman Marital dissatisfaction1 13.83 U. pregnancy1 1.37 Family depression (0.019)

Multiparity (0.02) Previous depression1 11.32Castro e Couto et al[26], 2016, 
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Brazil Low Educational L. (0.022) Gender violence1 2.66

Maternal age 15-20-yr-old (0.012) U. pregnancy (0.014) Gender violence1 3.90

Obstetric complications (0.034)

No partner (0.010) Previous cesarean (0.032)

Increased number of family members 
(0.029)

Thompson and Ajayi[33], 2016, 
Nigeria

Drinking alcohol (pregnancy)1 3.98

Low  Socioeconomic  S. U. pregnancy Previous depression

Passive smoking Poor sleep quality

Weng et al[11], 2016, China

No partner

Low Educational L.1 5.47

Age < 35-yr-old1 1.36

Coll et al[24], 2017, Brazil

No partner1 1.36

Multiparity1 2.56 Previous depression1 2.93

Current psychiatric disorders (< 0.05)

Stressful family events1 2.41

Redinger et al[50], 2018, South 
Africa

Marital dissatisfaction  (< 0.05) Nulliparity (< 0.05)

Anxiety (< 0.05)

Yu et al[72], 2017, China Poor sleep quality 1.54

U. pregnancy1 2.78González-Mesa et al[52], 2018, 
Spain

Unemployment1 1.34

Miscarriages1 1.67

Turkey Unemployment1 1.34 Multiparity1 0.81

Low Socioeconomic S.1 0.3-0.6 Low partner support1 8.5Ogbo et al[43], 2018, Australia

Living in a multiethnic population1 
1.8

Gender violence1 6.0

Pampaka et al[44], 2018, Kuwait Low Socioeconomic S.1 1.69 Previous depression1 4.35

Poor sleep quality1 1.88Al-Hejji et al[73], 2019, Saudi 
Arabia

Husband smoker1 1.43 Multiparity1 1.87

Post-miscarriage psychological 
complications1 1.28

Low Socioeconomic S.1 0.31 Reproduction techniques1 5.63

Unemployment1 2.24 Lack of knowledge about prenatal 
health1 1.43

Marital dissatisfaction1 4.46

Living with extended family1 2.52

Chen et al[74], 2019, China

Live in a rural area1 1.71

Younger age1 0.93

Low Educational L.1 1.29

Unemployment1 1.075

Hu et al[75], 2019, China

Marital dissatisfaction1 4.77

Lack of self-esteemMarcos-Nájera et al[49], 2020, 
Spain 

Marital dissatisfaction

Low social support

1Odds ratio of predictor variables; (P value). Low Educational L.: Low Educational Level; Low Socioeconomic S.: Low Socioeconomic Status; U. pregnancy: 
Unplanned pregnancy.

Although the age of a woman is a variable considered in all the studies, it is not 
always analyzed in relation to the presence of depression in pregnancy. In this regard, 
the results provided by the studies are inconsistent. Several studies have indicated that 
younger maternal age increases the likelihood of depression during pregnancy[28-32]. 
Thus, age younger than 25[12], younger than 20[23], or between 15-20-years-old[33] 
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have been associated with increased risk of antenatal depression. This may be because 
younger women tend to have a more unfavorable and unstable economic position. 
Likewise, younger age may be associated with lower educational attainment and 
income level, lower paying jobs, or unemployment[33]. On the contrary, other studies 
have found that older maternal age has been associated with higher risk of antenatal 
depression. Specifically, it was found that age older than 35[24] and older than 30-
years-old[34] were associated with increased risk of depression. Accordingly, rather 
than age per se, the explanation behind these inconsistencies may be more related to 
cultural issues, such as the fact that in some societies being a young mother is the 
norm and expected, while in others the opposite is true. Also, the personal baggage 
that older women bring to motherhood with regard to potential difficulties in 
conceiving along with anxiety about obstetric and pregnancy complications associated 
with advanced maternal age[35,36] could be a possible explanation for their higher 
prevalence of depression.

Regarding educational level, there seems to be a consensus among researchers as 
when an association has been found, it has always been between lower educational 
level and antenatal depression[24,33,37-39]. It should be noted, though, that a low 
level of education is often related to other socioeconomic disadvantages, such as low 
income[24]. Thus, it can also be explained by the fact that these women present low 
self-esteem and self-efficacy[40,41], as they may feel inferior both socially and because 
of their inability to access better paid jobs.

Another factor that has been studied in relation to depression during pregnancy is 
socioeconomic status. In this case, different studies also agree that being in an 
unfavorable socioeconomic situation is associated with the presence of antenatal 
depression[11,34,42-44]. It has been proposed that during the perinatal period women 
with low socioeconomic status may fear being unable to care for their children[45]. 
Similarly, low socioeconomic status is often followed by increased stress related to 
economic hardship, which in turn is a risk factor for antenatal depression[46].

One factor related to socioeconomic status is the employment status of both the 
woman and her partner. In this regard of not having a paid job, the woman[12,23,47] 
and/or the partner[38], has been associated with the presence of antenatal depression. 
In the same vein, being a homemaker has also been associated with antenatal 
depression[12]. A possible explanation could be the fact that not working and/or 
being a homemaker implies having a smaller social support network and a certain 
isolation[47]. Likewise, being a homemaker may be an indicator of low educational 
level and lower economic resources[12]. It is worth noting that studies such as that of 
Husain et al[38] in Iran did not find such a relationship, but they did find a connection 
with the fact that it is the partner who is unemployed. Cultural issues related to the 
role of women in the world of work may be the background of this association. 
Another aspect that could explain this association could be women’s frustrations at the 
fact that pregnancy did not allow them equal access to the labor market.

Another factor associated with depression in pregnancy is related to marital status. 
Being single, not cohabiting with a partner, not having a stable partner or with a 
certain level of commitment[11,25,33,34,42], and/or cohabiting as a domestic partner
[23] has been associated with increased risk of antenatal depression. The absence of a 
partner may mean less social support[15,24] or lead to a worse economic situation, and 
it is sometimes associated with unintended pregnancy[33].

On the other hand, maintaining an unsatisfactory relationship with a partner has 
been associated with increased risk of depression during pregnancy[46-50]. One 
possible explanation for this relationship is based on the fact that physiological and 
psychological changes that occur during pregnancy often influence women’s moods, 
and they seek support from their partner. Consequently, the lack of such support may 
increase the likelihood of prenatal depression. Indeed, difficult or strained couple 
relationships marked by disharmony increase rates of prenatal depression[21,51]. 
Similarly, partners of women who have a depressive episode report greater marital 
distress. Likewise, these couples tend to resort to less constructive tactics to resolve 
their conflicts[51]. In the same way, being a victim of gender-based violence has also 
been associated with increased risk of antenatal depression[26,33,43].

The context of belonging of the pregnant woman as well as the social environment 
in which she lives and socializes are also factors that may be related to the risk of 
suffering depression. Thus, not being of the same race as the country in which one 
lives and/or being a foreigner[15,25,47] along with social isolation[23] have been 
described as variables associated with depression in pregnancy. The explanation 
behind all these situations is the lack of social support.
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Obstetric variables
It is increasingly common for researchers to consider obstetric and/or pregnancy-
related factors when looking for variables associated with antenatal depression. 
Pregnancy planning is one of the most studied variables, having been found by several 
studies that the situation of unplanned pregnancy is a risk factor for antenatal 
depression[11,34,46-48,52]. An unplanned or unwanted pregnancy carries an 
enormous emotional burden. Moreover, these women may not be financially, psycho-
logically, or socially prepared to cope with the demands of pregnancy[53]. That is, 
they may have difficulty reconciling maternal needs and other responsibilities at home 
or at work. Another explanation may be the fact that these women tend to have more 
unstable psychosocial environments and feel a lack of security and attachment with 
their partner[54]. In addition, couples with unplanned pregnancies tend to have more 
marital conflicts[55], which in turn increases the risk of antenatal depression.

Regarding parity, there are contradictory results. While one study has found 
nulliparity was associated with increased risk of antenatal depression[50], most 
studies have found that being multiparous has been associated with increased risk of 
antenatal depression[6,10,12,24-26,52]. One possible explanation is that the caregiving 
and parenting-related stress experienced by these women (e.g., expectations of coping 
with the new child) may make them more vulnerable to depression[24].

Variables related to the woman’s previous and current obstetric history have also 
been studied in relation to antenatal depression. Thus, the existence of previous 
abortions[6,34,37,52], complications in previous delivery and/or pregnancy as well as 
those that may exist in the course of the current gestation[6,33,38], and a history of 
caesarean section[33,56] have been associated with increased risk of depression during 
pregnancy. These events are very stressful during pregnancy[21]. As a matter of fact, 
women who have had a previous surgical delivery are more likely to experience 
feelings of loss, personal failure, and low self-esteem[33].

Additionally, the presence of physical symptoms, such as nausea, vomiting, and 
fatigue, have been associated with increased risk of antenatal depression because they 
can have negative effects on women’s daily lives[39]. With respect to caesarean 
section, this sort of delivery is highly influenced by cultural issues too. In some 
countries, having a caesarean birth would be an adverse event, while in others the 
adverse event is having a normal delivery. In fact, in recent decades, caesarean 
deliveries have become normalized in many countries, up to the point that organiz-
ations such as the World Health Organization have warned of the risks that these 
entail. It is worth highlighting the aspect of “perception” here because in many cases 
what the woman considers a complication is not so from the clinical point of view. For 
instance, some women perceive that having low back pain or nausea are complic-
ations, while for a health professional both entities would be considered physiological 
or within normality. Therefore, what it is relevant at a psychological level is not what 
is reflected in the medical history or what the professional thinks, but the perception 
that the woman has of her own process.

Psychological variables
The psychological variables that have been most closely related to antenatal 
depression will be discussed below. Notable among these variables are a history of 
depression, anxiety, stress, and low perception of social support.

History of depression: Family and personal history of psychological disorder, 
specifically, personal history of depression[10-12,24,26,44], or psychological disorders 
in general[47] as well as family history of depression[48] have been associated with an 
increased risk of antenatal depression. Specifically, it was found that women with a 
previous history of depression had a tenfold increased risk of antenatal depression
[26]. Patton et al[57] followed a sample of women for more than 30 years and found 
that 85.0% of those who had depressive symptoms during pregnancy also had mental 
health problems during adolescence or adulthood. This association may be due to the 
existence of a vulnerability to depression that may be intensified by lifestyle changes 
(sleep and eating patterns) as well as physical changes (symptoms and limitations) 
that take place in pregnancy[24]. Another possible reason that could explain this fact is 
the interruption of depression pharmacological treatment by the mother at the 
beginning of pregnancy for fear of possible teratogenic effects for the foetus[5].

Anxiety and stress: Regarding anxiety, its presence before and/or during pregnancy 
has been found to be associated with antenatal depression[10,15,46,50,56]. This may be 
due to the frequent comorbidity of both disorders[56]. In addition, both anxiety and 
antenatal depression share risk factors[58]. Ross et al[59] concluded that more than 
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50.0% of pregnant women with depression had also been diagnosed with anxiety. 
Therefore, depressive and anxiety disorders during pregnancy are probably not 
independent clinical entities[60]. It is worth noting that the Edinburgh Postnatal 
Depression Scale, designed specifically to detect depressive symptomatology, includes 
three items that assess anxiety, so it is not surprising that women who score high on 
this scale score high on depression and on anxiety.

Likewise, different studies have found that high levels of perceived stress during 
pregnancy and adverse life events play an important role in the onset of antenatal 
depression[15,42,46,50,61-63]. This may be because the time of pregnancy is especially 
considered as stressful for many women because of the changes this period causes in 
their lives[64]. They may experience fear for the baby’s health and well-being, fear of 
impending childbirth, hospitals, postpartum, and maternal role coping[65]. In fact, 
maternal stress, also called pregnancy-specific distress or pregnancy-related stress[66], 
is considered a negative emotional state different from depression and anxiety[67].

Social support: Regarding social support, research agrees that the absence or low 
perception of social support[39,46,49] and specifically the lack of partner support[43,
52] increases the risk of antenatal depression. Social support has been found to be 
crucial for psychological well-being during pregnancy[39]. In this regard, family 
contexts are important, although they differ substantially across cultures[52]. On the 
one hand, nuclear family settings are common in Western countries, whereas extended 
family structures are more frequent elsewhere such as Asia and/or Arab countries
[18]. Some authors[38,68] found that women living in a nuclear family environment 
were at higher risk of developing antenatal depression vs those in the context of a 
multigenerational household. This may be due to women feeling isolated and less 
socially supported than they would in a larger family setting. In contrast, living in an 
extended family has been identified as a protective factor for antenatal depression[69]. 
However, González-Mesa et al[52] found the opposite scenery, as women living in 
larger families, with a larger number of children and more relatives living in the same 
household, were at higher risk for antenatal depression. Despite beliefs about the 
strength of traditional family relationships, 40.0% of these women claimed to have had 
insufficient family support. Perhaps in the case of social support it is not so much the 
number of people you live with, but rather the support they give you.

In this respect, the possible explanations provided in the studies, for the connection 
between lower perception of social support and depression, are more based on the 
protective effect of social support on depression than on low social support as a risk 
factor for depression. Moreover, social support during times of stress can be a 
protective factor against the onset of depression, as it moderates the stress of 
pregnancy and childbirth and increases maternal self-efficacy[70], that is, the belief in 
one’s own capacity as a mother. Therefore, continuous social support can facilitate the 
process of adaptation to motherhood[71]. However, it should be noted that the 
important thing is that the woman perceives that she is indeed receiving this support.

Limitations
This review has met some limitations that ought to be mentioned. First, the review is 
confined to studies published in English, and thus generalizability of the findings is 
limited. Second, we did not conduct a meta-analysis of the findings, which may have 
added additional information about the differential impact of each risk factor. 
Nevertheless, most of the risk factors described in this review have been inde-
pendently replicated by a number of studies. This review has excluded research prior 
to 2010 and based on high-risk populations (e.g., studies conducted in women with 
pre-existing diseases, residents of war zones, poverty conditions, victims of gender-
based violence). Therefore, the generalizability of the findings to these populations 
may be limited.

CONCLUSION
In view of the results found in this review, there seems to be evidence that sociodemo-
graphic, obstetric, and psychological factors can influence the mental health of 
pregnant women. Many of these factors cannot be modified, such as age and obstetric 
and psychological history, but others, such as anxiety, stress, or lack of social support, 
can be influenced through appropriate interventions. Therefore, it is important to 
identify these risk factors from the first pregnancy follow-up visits in order to be able 
to carry out preventive and/or therapeutic interventions if necessary. For this purpose, 
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we consider it necessary to implement routine and protocolized screening tools to 
identify women at risk of depression in regular pregnancy check-ups. Likewise, better 
use could be made of health resources already available as is the case of maternal 
education classes. The mere fact of attending, of being in contact with other women in 
the same situation and with the same needs, and of having a professional of reference 
who listens empathetically and resolves doubts can minimize the impact of the 
possible fears and worries that most women have during pregnancy. Both strategies 
would prevent and/or reduce the psychological distress of pregnant women, limit its 
continuation in the postpartum period, and, therefore, reduce the costs of care for the 
depression. By intervening at the right time, future problems can be prevented.
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Abstract
The coronavirus disease-19 (COVID-19) pandemic has put healthcare workers in 
an unprecedented situation, increasing their psychological and mental health 
distress. Much research has focused on the issues surrounding anxiety, 
depression, and stress among healthcare workers. The consequences of mental 
health problems on healthcare workers’ physical health, health-compromising 
behaviours, suicide ideation, family relationships, and job satisfaction during the 
COVID-19 pandemic are not well studied. Enhanced psychological stress has 
known effects on an individual’s physical health. In healthcare workers with pre-
existing comorbidities, psychological stressors may exacerbate their current health 
problems. Healthcare professionals are known to have a high risk of substance 
use, hence they may be at risk of development of substance use addiction or 
vulnerable to addiction relapse. Frontline COVID-19 healthcare workers are being 
pushed above and beyond their limits, possibly resulting in suicidal tendencies. 
Furthermore, the burden of high workload and burnout may also have serious 
manifestations in relationships with family and an intention to quit their jobs. 
Future studies should explore the above-mentioned deleterious consequences to 
provide insight into the development of mental healthcare strategies to combat 
the psychological impact of COVID-19 on healthcare workers during the COVID-
19 emergency. It is imperative to employ strategies to care for and policies to 
protect the psychological well-being of healthcare workers.
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Core Tip: Much has been investigated surrounding the issue of anxiety, depression, and 
stress during the coronavirus disease-19 (COVID-19) pandemic among the healthcare 
workers in China. Nonetheless, the consequences of psychological and mental distress 
on healthcare workers’ physical health, general well-being, family relationships, job 
satisfaction, and anticipated turnover are not well studied. We herein discuss the multi-
faceted consequences of psychological and mental health on healthcare workers in 
China during the COVID-19 pandemic. This review also highlights the important areas 
overlooked in research and mental health policies.

Citation: Cai CZ, Lin YL, Hu ZJ, Wong LP. Psychological and mental health impacts of 
COVID-19 pandemic on healthcare workers in China: A review. World J Psychiatr 2021; 
11(7): 337-346
URL: https://www.wjgnet.com/2220-3206/full/v11/i7/337.htm
DOI: https://dx.doi.org/10.5498/wjp.v11.i7.337

INTRODUCTION
Coronavirus disease-19 (COVID-19) infection was first reported in Wuhan, China in 
December 2019, and spread rapidly throughout China. Just 3 mo later, the World 
Health Organization (WHO) declared the spread of the COVID-19 as a pandemic. In a 
short one year, the COVID-19 pandemic has become a major global health crisis. While 
the pandemic is still a crisis in many countries worldwide, China has managed to 
control the pandemic rapidly and effectively in just over 3 mo after its onset[1]. As of 
the end of December 2020, China had confirmed 96324 cases of COVID-19 and 4777 
deaths, while there have been over 79.2 million cases and over 1.7 million deaths 
globally since the start of the pandemic[2].

The COVID-19 pandemic is not only a threat to human life. Beyond the direct 
impacts of the virus, the mental health of the entire population is profoundly 
impacted. More importantly, the psychological and mental health of healthcare 
workers has been greatly challenged during this pandemic owing to their often 
extensive and close contact with COVID-19 patients in healthcare settings. High rates 
of infections and deaths among the healthcare workers involved in the fight against 
COVID-19 are causing them to experience high levels of distress and fear[3,4]. 
Worldwide, COVID-19 has affected large numbers of frontline healthcare workers. As 
of April 8, 2020, the WHO estimated that over 20000 health workers in 52 countries 
had contracted COVID-19[5]. In China, the outbreak has forced health professionals to 
work under extreme pressure and uncertainty, battling the novel coronavirus that is 
not fully understood and has claimed many lives. In a short intense 3 mo of battle 
against the coronavirus, the outbreak has exerted significant negative psychological 
impacts on healthcare professionals, particularly frontline health workers. A study of 
over 72000 patients with COVID-19 by the Chinese Centre for Disease Control and 
Prevention showed that around 3000 healthcare workers had become infected by 
February, accounting for 3.8% of all cases of COVID-19[6]. In addition to the fear of 
contagion during the early phase of the outbreak, healthcare workers in Wuhan also 
faced enormous pressure, including inadequate protection from contamination, work 
burden, isolation, witnessing patients suffering and dying, a lack of contact with their 
families, fear of transmitting the disease to families and loved ones, and exhaustion, 
which collectively contributed to serious mental health problems such as stress, 
anxiety, depressive symptoms, and insomnia[4,7].

Since the onset of the pandemic, there have been many published studies on the 
mental health of healthcare workers in the COVID-19 pandemic in China and other 
countries impacted by the COVID-19 pandemic. There were also several systematic 
reviews and meta-analyses that synthesised the findings of all published studies. A 
systematic review and meta-analysis of 13 studies of mental health during the COVID-
19 pandemic published up to April 17, 2020, of which 12 were from China and one 
from Singapore, reported a pooled prevalence of 23.2% for anxiety, 22.8% for 
depression, and 38.9% for insomnia[8]. An integrative review of the mental health of 
healthcare professionals in China during the new coronavirus pandemic found intense 
psychological experiences, traumatization, and various mental health disorders among 
healthcare workers, while also describing the importance of self-coping and psycho-
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logical needs[9]. A recently published meta-analysis of eight studies of frontline 
healthcare workers in China reported that the pooled prevalence of depression and 
anxiety was 31.5% and 23.7%, respectively[10], which was relatively higher than the 
former.

Although much has been investigated surrounding the issue of psychological and 
mental health impacts of the COVID-19 pandemic, most of the current published 
literature and reviews have investigated the level of anxiety, depression, and stress. 
The negative consequences of psychological and mental impacts during the era of the 
COVID-19 pandemic remain a relatively neglected area of inquiry. Among these are 
physical health, health-compromising behaviours, such as substance use disorders, 
suicide attempts or suicidal ideation, the disruption of family relationships, and the 
intention to leave jobs. To date, it has been over a year since COVID-19 first emerged 
in China. Many countries in the world are facing a resurgence of COVID-19 cases as 
the pandemic progresses. Healthcare workers in China may once again resume the 
COVID-19 battlefield and continue facing psychological distress. In light of the 
preceding discussion, this article discusses the multi-faceted consequences of psycho-
logical and mental health on healthcare workers in China during the COVID-19 
pandemic.

PHYSICAL HEALTH
Recent research continues to demonstrate that poor mental health is related to adverse 
physical health[11]. Mounting evidence is showing associations between psychological 
distress and physical health such as hypertension and cardiovascular diseases[12]. 
Emerging evidence indicates that the COVID-19 pandemic has posed significant 
psychological stress on the community with emerging cardiovascular implications
[13]. Recent reports show the link between emotional pressure caused by COVID-19 
and takotsubo cardiomyopathy presenting as acute heart failure[14]. Despite this, 
increasing trends in the prevalence of chronic diseases are not prominent. This could 
be due to a large delay in treatment-seeking during the pandemic[13]. Henceforth, 
public as well as healthcare workers with pre-existing cardiovascular comorbidities 
and psychological stressors may exacerbate their current health conditions. More 
importantly, a study in China showed that patients with hypertension were associated 
with severe outcomes from COVID-19[15]. Furthermore, there is also a significant 
association between the fatality rate in COVID-19 patients and cardiovascular 
metabolic diseases[16]. As in many developing countries, in China, hypertension 
remains a pervasive problem among Chinese adults. Results from the China 
Hypertension Survey 2012–2015 stated that 23.2% (approximately 244.5 million) of the 
Chinese adult population ≥ 18 years of age had hypertension[17]. The high prevalence 
of cardiovascular risk factors was also reported among healthcare workers in China 
and is of growing concern. The prevalence of hypertension among nurses in China 
was reported to be close to 30%[18]. Although it is well established that stressful life 
events are a factor mediating the progression of chronic diseases such as cancer 
growth and development of metastases[19], as well as metabolic syndrome and type II 
diabetes mellitus[20], direct evidence linking to COVID-19 pandemic related stress has 
yet been reported. Considering that untreated psychological and mental health 
problems may cause severe physical health problems, it is of utmost importance not to 
downplay the psychological and mental health of healthcare workers with 
cardiovascular risk factors or chronic illnesses during their fight against COVID-19.

Thus, it is essential to build a work environment where there is some recognition of 
mental health as a dangerous risk factor to physical health, particularly during the 
current pandemic situation. Raising awareness of mental health as a dangerous risk 
factor to physical health is also important because mental health literacy may help an 
individual to cope, seek help, or self-advocate for health improvement[21]. Having a 
workplace mental health policy that looks into the well-being of healthcare staff with 
health issues or comorbidities is of paramount importance. Local evidence on the 
interlink of physical and mental health problems remains a crucial area of invest-
igation in China.
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SUBSTANCE USE DISORDERS
The COVID-19 pandemic has serious implications for people with substance use 
disorders. Fear of contagion, uncertainty and anxiety, social distancing and isolation, 
loneliness, and economic repercussions were among the factors that promote 
substance use during the pandemic[22]. Deaths from alcohol, drugs, and suicide, 
collectively known as “deaths of despair”, are receiving growing international 
attention[23,34]. According to the findings of a study from the Well Being Trust 
released in May 2020, an estimate of 75000 “deaths of despair” associated with drug, 
alcohol, and suicide has been directly related to the COVID-19 pandemic[25]. Recently, 
it is estimated that the number of “deaths of despair” could double up to 150000 due to 
the pandemic’s slow recovery[26]. Stressful events have long been known to also cause 
increased substance use risk in healthcare workers[27-29]. An issue that is overlooked 
in the COVID-19 pandemic crisis among healthcare workers is the reactive behaviour 
to negative impacts of disasters such as the development of addiction and addiction 
relapse vulnerability. There has been a report of an increase in substance use among 
people who have existing substance problems in China in the era of the COVID-19 
pandemic[30]. Nevertheless, to date, relatively little has been reported in substance use 
among healthcare workers in China during the COVID-19 pandemic. Healthcare 
workers may similarly be vulnerable to substance use disorders during the COVID-19 
pandemic. In a previous report, post-traumatic stress disorder (PTSD) and alcohol 
abuse or dependence symptoms 3 years post Beijing's 2003 SARS outbreak were 
prevalent among hospital employees who lived through the outbreak[31]. Substance 
use prevention and cessation support should be provided in healthcare settings. 
Increased substance abuse during the COVID-19 pandemic among people without a 
substance abuse history has not been reported and warrants further observation. 
Despite this, psychological intervention and advice for preventing substance use 
during the COVID-19 pandemic should be disseminated to the public at large and 
specifically targeted at people with a history of substance abuse. Given the amount of 
intensified psychological and mental issues facing medical care workers during the 
pandemic, understanding the extent and nature of healthcare workers’ substance use 
disorders is essential for appropriate psychosocial management and successful 
treatment. However, the stigma associated with substance use disorders covers the 
entire trajectory of diagnosis, prevention, treatment, and recovery; hence, this is a 
major obstacle for healthcare-providers seeking diagnosis and treatment. There is a 
need to sensitise the public and healthcare organisations about addiction-related issues 
among healthcare workers during this pandemic. Family members' awareness and 
involvement in the treatment of substance use disorders are imperative[32]. Health 
systems should also facilitate access to substance use disorder treatment for healthcare 
workers, particularly those with pre-existing psychiatric conditions.

SUICIDE ATTEMPTS AND SUICIDAL IDEATION
Suicide is a worldwide phenomenon and studies have shown that suicide deaths are 
related to mental health disorders. There is growing concern that multiple lines of 
evidence point towards the increase in the rates of suicide attempts and completed 
suicides during the COVID-19 pandemic[22,32-35]. The profound pandemic related 
psychological impacts associated with prolonged social isolation, loneliness, fear of 
COVID-19 infection, uncertainty, occupational deprivation, and economic difficulties 
lead to the development or exacerbation of depression and anxiety, and ultimately 
aggravate vulnerability to suicidal thoughts and behaviours[22]. Vulnerable 
populations to the exacerbation of psychological or mental-related disorders and 
suicidal thoughts include individuals with pre-existing psychiatric disorders, less 
resilient people, those living in high COVID-19 prevalence areas, and people who have 
lost loved ones to COVID-19[36,37]. People in the medical-related profession have also 
been known to have a high prevalence of suicide attempts and suicidal ideation[38]. It 
was noted that the COVID-19 pandemic has increased the risk of suicide among 
healthcare workers due to the increased psychological distress, including witnessing 
COVID-19 patients’ deaths, a lack of feelings of control, personal blame for the 
inability to do more for patients, and increased working hours[39]. Suicide cases 
among healthcare workers have been reported across many countries including the 
United States, England, Italy, Mexico, and India[40-42].

In China, relatively little has been reported on suicidal ideation or suicide attempts 
among the healthcare workers in Wuhan, the epicentre of the coronavirus outbreak, 
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despite a high level of psychological and mental disorders during the early phase of 
the outbreak. China has promptly launched a psychological intervention and mental 
health support system to cope with the widespread psychological stress during the 
COVID-19 pandemic[43,44]. Psychological assistance hotlines providing online 
psychological counselling services have been established by mental health profes-
sionals in medical institutions, universities, and academic societies throughout all 
provinces and regions in mainland China, which provide free 24-h services that were 
widely made available to the public and healthcare workers. The online psychological 
self-help intervention systems include online cognitive behavioural therapy for 
depression, anxiety, and insomnia[45]. Of note, the current literature is lacking on 
suicide attempts or suicidal ideation in healthcare workers in China. It is unclear 
whether the lack of evidence is due to under-reporting or under-diagnosis. It is well 
known that despite the high rates of depressive and anxiety disorders among 
physicians, dealing with suicide is challenging as stigma and embarrassment prevent a 
large number of them from seeking care for mental health diagnosis and treatment[46].

Although the COVID-19 pandemic is largely under control in China now, PSTD in 
the aftermath of the COVID-19 pandemic is an issue that should not be overlooked. 
The impact on mental health can be long-lasting for large-scale crisis events like the 
COVID-19 pandemic[47]. The distressing events of the past 3 mo, particularly among 
the frontline healthcare workers providing care to patients with COVID-19, witnessing 
the pandemic’s massive death and trauma, could lead to long-term mental health 
problems. A study reported that a total of 3.8% of 377 healthcare workers in China 
reported PTSD a month after the outbreak and those with PTSD had a significantly 
higher probability of experiencing poor sleep quality[48]. Another study of 863 
medical care workers from seven provinces in China reported that 40.2% were positive 
for PTSD[49]. PTSD is known to be a risk factor for suicide and was found to account 
for 0.6% of suicides in men and 3.5% in women[50]. The psychological sequelae of the 
pandemic will probably persist for months and years to come and suicide is probably 
going to become an even more significant concern as the pandemic unfolds[35]. 
Suicide prevention research emphasises that building meaningful social connections 
and interventions to decrease burdensomeness among healthcare workers are urgently 
needed.

FAMILY RELATIONSHIP AND WELL-BEING 
The coronavirus pandemic has profound negative emotional impacts affecting 
personal and family harmony worldwide. The fear and uncertainty associated with 
pandemics provide an enabling environment that may aggravate family conflicts or 
violence in a family or relationship[51-53]. Prolonged lockdown and long-term home 
isolation measures and the stress of the COVID-19 pandemic have aggravated family 
conflicts and strained relationships, leading to a variety of family problems, including 
family violence and divorce. In China, after the 2-mo lockdown, the number of cases of 
family violence and divorces surged in March[51]. It is unclear if the strain of life 
under lockdown has contributed to the increase in divorce rate as the unprecedented 
number of divorces could also be due to backlog in cases as the pandemic has forced 
offices to close for months.  Little is known about whether the adverse psychological or 
mental health of healthcare workers during the COVID-19 pandemic has negative 
effects on their families or personal lives. It is well established that the high workload 
of healthcare workers has restricted their family life, leading to burnout and distress, 
which consequently have serious manifestations on family relationships and marital 
complications[54,55].

More research is needed to assess the experience of family turbulence due to the 
COVID-19 pandemic among healthcare workers in China. Sudden changes in daily 
work lives during the pandemic and high exposure to psychological distress are 
situations that put healthcare providers at an increased risk of negative effects on 
family relationships. Policies should take into consideration the implications of the 
pandemic on the family members of healthcare providers. Current mental health 
services and interventions for healthcare providers should adopt a more holistic 
approach, including supportive care for their family members and loved ones.
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Figure 1 Summary of the psychological and mental health impact of coronavirus disease-19 pandemic. COVID-19: Coronavirus disease-19.

JOB SATISFACTION AND TURNOVER INTENTION
As the pandemic progressed, evidence began to show a deterioration in the psycho-
logical and mental well-being of healthcare workers, resulting in decreased job 
satisfaction and triggering turnover intention[56,57]. In China, although the statistics 
of healthcare workers quitting their jobs during the COVID-19 pandemic are 
unknown, poor psychological well-being and heightened turnover intention were 
evident in healthcare workers fighting COVID-19 during the peak of the outbreak[58,
59]. It is crucial for healthcare workers to feel satisfied with their jobs during the 
COVID-19 pandemic. Poor level job satisfaction among healthcare workers during the 
COVID-19 pandemic has been reported in several studies worldwide. Mean occupa-
tional satisfaction of 3.6 (score range, 1-5) was reported during the COVID-19 
pandemic among Israeli nurses[60]. Job satisfaction score of 2.8 (out of a possible score 
of 4) was reported in a large-scale study among healthcare workers in Italy[61]. Large-
scale empirical study assessing the level of job satisfaction of healthcare workers in 
China is lacking. To date, two small-scale studies reported a job satisfaction score of 32 
(out of possible 48)[59] and 82 (out of possible 100)[62] in healthcare workers in China 
during the COVID-19 pandemic. Further large-scale studies are warranted to 
accurately determine the level of job satisfaction of healthcare workers in China in the 
era of the COVID-19 pandemic. The shortage of healthcare professionals in China is an 
issue that has long been at the forefront of the healthcare industry before the COVID-
19 pandemic, and the COVID-19 pandemic has simply increased the demand for 
healthcare professionals in China, resulting in the heightened importance of 
preventing the loss of the medical workforce in the healthcare service[63]. It is 
important to identify specific psychological or work problems surrounding poor job 
satisfaction and turnover intention among healthcare workers to enable more accurate 
targeted interventions. The catastrophic toll on mental health, inadequate protection, 
and fear of safety, along with that of their families, may cause many healthcare 
workers to choose to step away from their jobs[58]. As the need for medical doctors 
continues to increase with the world facing the unprecedented global health threat of 
coronavirus infection, the government must do everything in its power to retain 
employees in the healthcare setting.

The summary of psychological and mental health impacts of COVID-19 pandemic 
discussed is illustrated in Figure 1.
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CONCLUSION
There is a need to recognise the adverse consequences of psychological and mental 
health problems on the well-being of healthcare workers. Poor psychological and 
mental health among healthcare workers is harmful not only to themselves, but also to 
their patients, families, organisations, and healthcare services. The public, healthcare 
organisations, and government authorities should be made aware of the manifest-
ations of mental health among healthcare workers, their correlations, and the fact that 
any strategies to manage them must encompass all levels of society. The lacunae in the 
existing literature on the consequences of psychological and mental problems on 
healthcare workers may need to be completed over time through further research. 
Psychiatry and psychological first aid should be considered broadly during a crisis 
such as the COVID-19 pandemic. Efforts to destigmatise help-seeking behaviour for 
psychological and mental health problems are warranted. A workplace mental health 
strategy and policy are essential for a healthy workplace environment during a 
pandemic crisis.
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Abstract
Evolving data show a variable expression of clinical neurological manifestations 
in patients suffering with coronavirus disease 2019 (COVID-19) from early disease 
onset. The most frequent symptoms and signs are fatigue, dizziness, impaired 
consciousness, ageusia, anosmia, radicular pain, and headache, as well as others. 
Based on the high number of series of cases reported, there is evidence for the 
implication of the immune system in the pathological mechanism of COVID-19. 
Although the exact role of the immunological mechanism is not elucidated, two 
main mechanisms are suggested which implicate the direct effect of severe acute 
respiratory syndrome coronavirus 2 infection in the central nervous system and 
neuroinflammation. In the context of neurological manifestations associated with 
COVID-19, neuropsychiatric disorders show an exacerbation and are described by 
symptoms and signs such as depression, anxiety, mood alterations, psychosis, 
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post-traumatic stress disorder, delirium, and cognitive impairment, which appear 
to be common in COVID-19 survivors. A worsened score on psychopathological 
measures is seen in those with a history of psychiatric comorbidities. We review 
the neuropsychiatric manifestations associated with COVID-19 and some critical 
aspects of the innate and adaptive immune system involved in mental health 
disorders occurring in COVID-19.

Key Words: COVID-19; Immunological mechanism; Neuropsychiatric manifestation; 
Cytokine storm; Adaptive immune response; Innate immune response
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Core Tip: Severe acute respiratory syndrome coronavirus 2 infects the central nervous 
system and drives neuroinflammation. In coronavirus disease 2019 (COVID-19) 
patients, neuropsychiatric disorders are showing an exacerbation and are described by 
symptoms and signs such as depression, anxiety, mood alterations, psychosis, post-
traumatic stress disorder, delirium, and cognitive impairments. Some critical aspects of 
the innate and adaptive immune system are also involved in mental health disorders 
occurring in COVID-19.

Citation: Robinson-Agramonte MA, Gonçalves CA, Noris-García E, Préndes Rivero N, Brigida 
AL, Schultz S, Siniscalco D, García García RJ. Impact of SARS-CoV-2 on neuropsychiatric 
disorders. World J Psychiatr 2021; 11(7): 347-354
URL: https://www.wjgnet.com/2220-3206/full/v11/i7/347.htm
DOI: https://dx.doi.org/10.5498/wjp.v11.i7.347

INTRODUCTION
The Coronavirus Disease 2019 (COVID-19) pandemic, at the time of this publication, 
has shown a tendency to a reduction in contagiousness globally; however, the fire has 
not gone out. Reports of the World Health Organization and Johns Hopkins University 
confirm as of March 18, 2021 that there have been 121 214 686 cases diagnosed around 
the world and 2 680 740 deaths as consequence of the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). It is accepted that this infection affects the 
nervous system in various ways as the virus is deeply neurotropic and neuroinvasive
[1]. It will be necessary to understand the post-infectious manifestations of COVID-19 
to guide long-term management of neurodevelopmental and neuropsychiatric 
diseases.

Data derived from published clinical papers and case reports indicate that the main 
clinical manifestations of COVID-19 include anosmia, ageusia, central respiratory 
failure, stroke, acute inflammatory demyelinating polyneuropathy, toxic metabolic 
encephalopathy, headache, myalgia, myelitis, ataxia, and others[2,3]. As suggested 
earlier, in the acute phase, COVID-19 is a potential causal factor of neuropsychiatric 
manifestations, such as encephalopathy, psychosis, insomnia, and mood changes[4].

The neuropsychiatric manifestations of both viral infection per se and secondary to 
the host neuroinflammatory reaction are attributed to: (1) Microglial activation[5,6]; (2) 
An imbalance of central neurotransmitters, such as noradrenaline, epinephrine, and 
serotonin (with potential implication in neuropsychiatric disorders); and (3) A 
disruption of the blood–brain barrier (BBB) leading to peripheral immune cell transmi-
gration into the central nervous system (CNS)[7]. This manuscript reviews core critical 
aspects of neuropsychiatric disorders and COVID-19 while focusing on the immuno-
pathology and related clinical symptoms.

POTENTIAL IMMUNE MECHANISM AND NEUROPSYCHIATRIC SYMP-
TOMS IN COVID-19 
The neuroinvasive potential of coronavirus has been reported in SARS-CoV-1 patients 
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and experimental animals[6], and it was also speculated to include SARS-CoV-2 in 
relation to the routes and mechanisms of CoV neurotropism[8,9]. Potential mecha-
nisms of neuropsychiatric manifestations in COVID-19 are discussed from different 
viewpoints[10-13]; however, we will focus this short review on two main core mecha-
nisms in support of CNS involvement in mental health associated with COVID-19: 
Direct viral infiltration into the CNS and neuroinflammation with related neuropsy-
chiatric manifestations (Figure 1).

DIRECT VIRAL INFILTRATION INTO THE CNS 
It is well-known that viral infection takes place by recognition and binding of SARS-
CoV-2 virus-host receptor, specifically angiotensin-converting enzyme 2 (ACE-2), 
which is expressed in multiple tissues within the human body, including the CNS[1]. 
In the CNS, infection has been identified in glial cells and endothelial cells of blood 
vessels in the brain. In brain blood vessels, it has been demonstrated that it can induce 
disruption of the BBB and increase permeability[14-16].

One pathway for CoV invading the CNS is through synaptic routes of nerve cells, 
which seems to infect CNS retrograde via peripheral sensory nerves[17]. On the other 
hand, the olfactory nerve cells seem to be a feasible route for direct CNS infection, 
facilitated by the ACE-2 receptor expressed in olfactory epithelial cells[1]. Although 
this mechanism does not have a full consensus from various research groups, several 
pieces of evidence confirm that after cell infection by CoVs, death can be caused by 
autophagy, apoptosis, pyroptosis, or by elimination via innate immune cells[17,18] 
(Figure 1).

NEUROINFLAMMATION
It has been found that following SARS-CoV-2 infection, activation of both the innate 
and adaptive arms of the immune system are induced toward an uncontrolled 
systemic response with the intervention of a non-specific immune mechanism 
involving activated macrophages, neutrophils, and natural killer cells, as well as an 
adaptive immune mechanism with a relevant effector function mediated by dendritic 
cells and lymphocytes. The adaptive mechanism includes T helper cells (CD4), T 
cytotoxic cells (CD8) and B cells, which is followed by exaggerated pro-inflammatory 
cytokine release from these effector cells, such as interleukin (IL)-1b, IL-6, IL-10, IL-12, 
interferons (IFN)-alpha, IFN-gamma, tumor necrosis factor (TNF)-alpha, transforming 
growth factor-beta, and chemokines (CCL2, CCL3, CCL5, CXCL8, y/o CXCL10). This 
begins the so-called "cytokine storm", which is critical for the multi-organ failure 
leading to high lethality observed in affected patients[12,19-22].

The neuroinflammation caused by SARS-CoV-2, secondary to the cytokine storm 
and immune cells reactivation, also becomes an additional effect of CoV infection[21]. 
In this context, several pathways have been discussed regarding the strong immune 
response in humans secondary to SARS-CoV-2 infection[22]. A marked reduction in 
absolute count of T cells, monocytes, eosinophils, and basophils has been found during 
this infection, with a main impact on the absolute decrease of T cells, memory T helper 
and regulatory cells[23,24].

Besides the explosive cytokine release syndrome and the macrophage activation 
syndrome co-existing in SARS-CoV-2 infection and affecting the CNS, there is also a 
strong increase in pro-inflammatory cytokines, such as IL-6, IL-2, IL-17, granulocyte-
colony stimulating factor and TNF[24]. Inflammatory conditions can also induce the 
increase of IL-1, IL-6 and TNF soluble mediators that might facilitate major BBB 
permeability[25], as they have been responsible for neurological manifestations such 
as encephalitis, CNS demyelination and neuropsychiatric disorders[26].

Even in the absence of SARS-CoV-2 CNS infiltration, a transmigration of peripheral 
cytokines derived from the systemic host antiviral response may also take place to 
induce neuropsychiatric symptoms by the neuro-inflammatory response and BBB 
disruption. This may be caused by the peripheral effector immune cells migrating into 
the CNS, as well as local impairment of the neurotransmission system[27,28]. High 
levels of neurotransmitters, mainly noradrenaline, epinephrine, and serotonin, have 
been associated with psychological manifestations, such as depression, anxiety, and 
post-traumatic stress disorder[20].
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Figure 1 Immunological mechanisms of neuropsychiatric manifestations derived from severe acute respiratory syndrome coronavirus 2 
infection. COVID-19: Coronavirus disease 2019; CNS: Central nervous system; NPM: Neuropsychiatric manifestation; M: Macrophages; BBB: Blood-brain barrier; 
GMCSF: Granulocyte-colony stimulating factor; IL: Interleukin; TNF: Tumor necrosis factor.

It seems possible that the hypothesis of cytokine storm being associated with 
psychiatric manifestation induction is an indirect consequence of the hyperinflam-
mation. Previous studies regarding pandemics caused by respiratory viruses suggest 
that diverse occurrence of neuropsychiatric symptoms can take place during or after 
the acute infection, which may be underlined by the presence of persistent cognitive 
deficits.

In the COVID-19 acute phase, besides the psychosocial stressor factors, it has been 
argued that the infection underlying the pathophysiology of neuropsychiatric 
manifestations, such as encephalopathy, psychosis, insomnia, and mood changes, 
post-traumatic stress disorder, panic attacks, and anxiety, mostly seen in health care 
workers and survivors of SARS-CoV infection, have been mainly attributed to viral 
infection per se and secondary to the host immune response. In this way, direct viral 
infiltration of the CNS can trigger an inflammatory reaction at the brain level leading 
to local microglial activation, which in turn induces demyelinating processes that are 
one of the primary causes of encephalopathy. In the absence of direct viral infiltration, 
a peripheral cytokine storm causing an imbalance of neurotransmitters within the CNS 
has been implicated in neuropsychiatric manifestations. This cytokine storm induces a 
neuroinflammatory response causing disruption of the BBB, leading to peripheral 
immune cell transmigration into the brain and, in turn, causes imbalances in neurotran
-smission.

It continues to be a challenge for researchers to elucidate the real core mechanisms 
of COVID-19 associated neuropsychiatric complications due to general findings 
caused by SARS-CoV-2 infection. This may be difficult to distinguish from the enceph-
alopathy arising from systemic infection without affecting brain tissue[29]. Evidence 
such as the increase in IL-6 has been linked to high mortality in patients with COVID-
19[19], similar to the increase in this cytokine observed in other neuropsychiatric 
disorders such as schizophrenia and depression[19].

Other arguments underlining the immunological mechanism identify that 
peripheral myeloid cells are also infected by CoV[5], which can be recruited to 
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transmigrate to the CNS under an increased BBB permeability. Virus-infected 
monocytes in the CNS can promote microglial activation as well as induce neuropsy-
chiatric symptoms[5,27,28]. The role of microglial activation in schizophrenia and 
autism is well known[30,31,32]. Other mechanisms implicating mental disease in 
COVID-19 are the close inter-relation between the systemic compartment and the 
brain[7] (Figure 1).

NEUROPSYCHIATRIC FINDINGS IN THE COVID-19 PANDEMIC
Since the initial phase of the COVID-19 pandemic, a large number of studies have 
shown the clinical symptoms and signs of the infection. These principally include 
fever, cough, sore throat, dyspnea, nausea, diarrhea, and fatigue[27,33]. However, 
numerous reports also reveal an accumulation of frequent neurological symptoms in 
COVID-19 positive patients, such as dizziness, ageusia, fatigue, headache, impaired 
consciousness, and anosmia[34-36].

Parallel to the neurological events, evidence is growing for neuropsychiatric 
disorders that are also reported as secondary complications of SARS-CoV-2 infection
[37], which will be made clear in the few years. In this context, an exacerbation of 
mental health disorders has been described in COVID-19 that include delirium, 
cognitive impairment, mood alterations, and psychosis[38-40]. Delirium occurs in 90% 
of COVID-19 cases, while cognitive disorder is also considered a direct consequence of 
CNS infection by SARS-CoV-2[39]. Anxiety, depression, post-traumatic stress disorder, 
insomnia, and obsessive-compulsive symptomatology, mainly in females, appear to be 
quite common in COVID-19 survivors and coworkers with worsened scores on 
psychopathological measures in those with a history of psychiatric comorbidities. In 
addition, hypoxemia, a frequent clinical finding in COVID-19, can also produce mental 
health impairment[38]. Thus, a consequence of acute respiratory syndrome and 
associated relative hypoxia also shows worsening of attention, executive function, and 
verbal memory[41].

An exaggerated immune response, under a dysregulated cytokine network, 
occurring during the COVID-19 pandemic would also drive symptoms of visceral 
stress with an impact on mental health[38,42]. In this line of thinking, authors have 
defined a relationship between COVID-19 disease severity, somatic and psychiatric 
symptoms, and cytokine levels in patients positive for SARS-CoV-2 infection. There is 
also some evidence that patients with comorbidities and immunosuppression are more 
susceptible to developing psychiatric disorders, such as cognitive impairment, anxiety, 
and depression[43,44].

Considering the trajectory of the occurrence of COVID-19 around the world, from 
its beginnings in China in December 2019, it is clear that not only patients but also 
their family and the normal population are victims of the psychosocial impacts 
derived from this pandemic[42,45]. From this viewpoint, it is clearly necessary to 
investigate the behavioral aspects of this disease, either in the short- or long-term, to 
identify a more valuable strategy to control the transmission by carriers and assess the 
impact of COVID-19, not only in affected patients, but also in the general population. 
We are proposing a diagram regarding the impact of the immunological mechanism 
involved in SARS-CoV-2 infection by the occurrence of neuropsychiatric manifestation 
as a tool of acknowledgment of the way the disease progresses which could allow 
better management of the disease and prevention of the consequences in the short- or 
long-term.

The long-term neuropsychiatric consequences of SARS-CoV-2 infection have been 
demonstrated in a fraction of cases; however, they appear to be significant for the 
future due to the global burden of COVID-19. In this context, to understand the 
evolution and specificity of neuropsychiatric outcomes stemming from SARS-CoV-2 
infection and to elucidate the pathogenic mechanisms involved in these events should 
be useful in targeting critical interventions for the prevention of mental disorders 
derived from COVID-19. Nevertheless, the work of psychologists and psychiatrists 
concentrated on handling the psyche at clinics and paraclinics looking for more 
effective evidence of recovery from the potential neurological consequences will not be 
enough. It will be necessary to develop programs and strategies to achieve a more 
humanist medical approach to promote the resilience of the individuals affected as 
well as their parents to avoid the long-term occurrence of mental disorders due to the 
lost connection between the body and the soul. This is the neurobiological substrate in 
the development of neuropsychiatric disorders as a consequence of COVID-19. Finally, 
an earlier understanding of the characteristics of neuropsychiatric outcomes stemming 
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from SARS-CoV-2 infection and their pathogenic mechanisms will be necessary as an 
intervention target to avoid the sub-acute or chronic neuropsychiatric consequences of 
SARS-CoV-2 infection.

CONCLUSION
According to the numerous articles published since the beginning of the COVID-19 
pandemic, it could be surmised that the accumulated knowledge would be enough to 
understand many of the events occurring in this illness. However, there is not enough 
data to understand the long-term consequences of this disease. The neuropsychiatric 
dysfunctions as part of the group of disorders unknown in the evolutionary context of 
COVID-19 could also be the result of an exaggerated host response against SARS-CoV-
2 infection. The impact on the permeability of the BBB which facilitates the migration 
of immune cells to the CNS and their deleterious effect on neural function, followed by 
deregulation of the cytokine network that affects mental health, are manifested more 
frequently by anxiety, cognitive impairment and major depressive disorder. More 
studies will continue to be necessary to address this topic.
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Abstract
The dopamine hypothesis of how antipsychotic drugs exert their beneficial effect 
in psychotic illness has an interesting history that dates back to 1950. This 
hypothesis is not to be confused with the dopamine hypothesis of schizophrenia; 
the aim of the latter is to explain the etiology of schizophrenia. The present review 
does not deal with schizophrenia but, rather, with the historical development of 
our current understanding of the dopamine-associated actions of the drugs that 
reduce the symptoms of psychosis. This historical review begins with the 
serendipitous discovery of chlorpromazine, a drug synthesized around a chemical 
core that initially served to produce man-made dyes. This molecular core 
subsequently contributed to the chemistry of antihistamines. It was with the aim 
of producing a superior antihistamine that chlorpromazine was synthesized; 
instead, it revolutionized the treatment of psychosis. The first hypothesis of how 
this drug worked was that it induced hypothermia, a cooling of the body that led 
to a tranquilization of the mind. The new, at the time, discoveries of the presence 
of chemical transmitters in the brain soon steered investigations away from a 
temperature-related hypothesis toward questioning how this drug, and other 
drugs with similar properties and effects, modulated endogenous neurotrans-
mission. As a result, over the years, researchers from around the world have 
begun to progressively learn what antipsychotic drugs do in the brain.

Key Words: Chlorpromazine; Haloperidol; G-Protein coupled receptors; Binding assays; 
Receptor imaging; High affinity states
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Core Tip: This history starts with the synthesis of chlorpromazine in 1950 and traces the 
steps taken to discover how this drug, and related drugs, work to reduce, sometimes to 
reverse, the delusions and hallucinations associated with psychosis. The task to 
understand how these drugs work in the brain continues, as many unknowns remain.
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INTRODUCTION
The synthesis of chlorpromazine in 1950 marks the beginning of modern psychophar-
macology. While the clinical usefulness of this drug was almost immediately 
recognized, it took another 20 years to begin to uncover its mode of action. This review 
covers the history of these years and the steps that were taken to arrive at the 
dopamine hypothesis of antipsychotic drug action. It more briefly also outlines how 
this hypothesis has fared over the ensuing years (Table 1).

HISTORY 
Prior to the availability of chlorpromazine, many drugs had been used in psychiatry to 
tranquilize agitated patients, but this was the first psychoactive agent to not only calm 
patients, but also to decrease the intensity of their psychotic symptoms. Synthesized 
by Paul Charpentier of the French pharmaceutical company Rhône-Poulenc, chlorpro-
mazine was the product of a long process that began in the mid-1800s, starting out as a 
search for a method to synthesize dyes. This search led, in 1883, to the identification by 
August Bernthsen of a molecular structure, which he called a phenothiazine nucleus, 
around which later generations of chemists began to make antihistamine drugs for the 
treatment of allergies. In 1947, the pharmaceutical company, Rhône-Poulenc, produced 
promethazine, a first generation antihistamine[1] (Figure 1).

Promethazine induced hypothermia in laboratory animals so, in 1949, French 
military surgeon, Laborit[2] tried giving it to soldiers in order to lower their body 
temperature and prevent shock before, during, and after surgical operations. He noted 
that promethazine induced a “euphoric quietude” in his soldiers[2].

Hoping to increase the potency of promethazine, on December 11, 1950, Charpentier 
et al[3]  introduced a chlorine atom into one of the rings of promethazine (Figure 2).

The new drug was called RP (for Rhône-Poulenc) 4560. It was tested on rats and 
produced “detachment, slow reaction to stimuli, and a decrease in initiative.” The 
compound was again sent for human trials to Laborit, now at the Val de-Grâce 
Hospital in Paris, and, because of its psychological effects in animals, to a variety of 
French psychiatrists as well.

The first published report of its effect in humans was by Laborit and his team in 
February 1952. They reported that the drug calmed anxious patients without 
producing oversedation[4]. Three psychiatrists reported on the effect of the drug one 
month later[5]. This team concluded that 50-100 mg of RP4560, diluted in a glucose 
solution and given intravenously to patients with mania, kept them calm for 3 to 18 h, 
as long as an analgesic or a barbiturate was administered concurrently.

In May 1952, psychiatrists Delay and Deniker[6] published their observation on the 
soothing effect of the drug in patients with psychosis[6]. In June, this team once again 
reported positive results[7]. Going on the theory that the drug worked by cooling the 
body, a therapeutic intervention commonly used by psychiatrists at the time[8-10], in 
July, Delay et al[11] published more detailed results of 8 cases treated with RP4560
[11]. They diagnosed six of these patients as suffering from acute mania, one was said 
to show “excited delirium.” One patient showed “recurrent excitement” and was 
described as having “trouble thinking” and using “over rationalization.” In today’s 
classification systems, this patient might be diagnosed with schizophrenia. In this 
clinical group’s hands, RP4560 was administered without adjuncts, by injection, with 
oral tablets substituted for injections usually by the 10th treatment day. The results 
were remarkable–calm was induced in all patients, with minimum sedation. This 
created such a sensation in psychiatric circles that, by November 1952, the drug had 
become available by prescription in France[12].

The pharmaceutical firm Smith Klein and French bought the American rights to the 
drug and, in 1954, received Food and Drug Administration approval to market it in the 
United States under the name, Thorazine. The advertisement in the May 1954 issue of 
the American Journal of Psychiatry read: “Thorazine is useful in controlling anxiety, 

https://www.wjgnet.com/2220-3206/full/v11/i7/355.htm
https://dx.doi.org/10.5498/wjp.v11.i7.355


Seeman MV. DA hypothesis

WJP https://www.wjgnet.com 357 July 19, 2021 Volume 11 Issue 7

Table 1 Major steps in the dopamine hypothesis of antipsychotic drug action

Year Major Advances

1950 Synthesis of chlorpromazine[3]

1952 Preliminary evidence of antipsychotic effect of chlorpromazine[6,7,11]

1958 Synthesis of haloperidol[16]

1960 Parkinson basal ganglia are deficient in dopamine[19]

1963 Neuroleptics raise level of monoamine metabolites[18]

1966 Neuroleptics may antagonize dopamine receptors[26]

1971 2 nmol haloperidol in plasma effective in psychosis[34]

1974 Synthesis of (+-) butaclamol[36]

1975 Tritiated haloperidol binds DA receptors[38]

1975 Effective neuroleptic dose correlates with D2 block[39]

1979 Multiple dopamine receptors[54]

1984 Bimodal D2 distribution in schizophrenia[45]

1984 High and low affinity states for D2[58]

1988 Cloning of the D2 receptor[63]

1988 In vivo imaging of D2 occupancy[47]

1990 Cloning of D3[67]

1999 Fast-off theory[71]

2000 Multiple genetic variants of D2 receptor[73-75]

2000 Impact of the D3 receptor[81]

2005 Impact of other neurotransmitter receptors[83]

2010 Impact of receptor heterodimers[85]

2017 Impact of D2 high affinity state[77]

2021 Structure and specificities of D1, D2 signaling complexes[79]

tension, agitation, confusion, delirium, or hostility, whether occurring in schizo-
phrenic, manic-depressive, toxic, or functional states.” [1]. In France and also in 
Canada[13-15], the drug was called Largactil. Since it was mainly used in hospitalized 
patients who, for the most part, suffered from psychotic disorders, it swiftly gained a 
worldwide reputation for being able to reverse the symptoms of psychosis.

The phenothiazine core molecule was malleable and comparably easy to copy so 
that compounds with very similar efficacy were readily produced. By 1964, a variety of 
pharmaceutical companies had synthesized and marketed their own phenothiazines: 
promazine, triflupromazine, methoxypromazine, trifluoperazine, fluphenazine, 
thioridazine, and prochlorperazine. In 1958, haloperidol, a non-phenothiazine drug [a 
butyrophenone synthesized on the base of an opioid analgesic, meperidine (Demerol)] 
was created by pharmaceutical genius, Paul Janssen. This compound proved to be 
more potent against delusions and hallucinations than the phenothiazines[16].

Both phenothiazines and butyrophenones were initially called ‘major tranquilizers’ 
to distinguish them from the ‘minor tranquilizer,’ meprobamate[17], which was being 
widely marketed at the time for anxiety.

Searching for the mode of action of major tranquilizers, in 1963, Carlsson and 
Londqvist[18] reported that this category of drugs increased the level of metabolites of 
catecholamines. They suggested ‘‘. . . that chlorpromazine and haloperidol block 
monoaminergic receptors in brain . . . .” It was not possible at the time to selectively 
distinguish among alpha-adrenoceptors, beta-adrenoceptors, and dopamine receptors.

There were, nevertheless, several reasons to believe that it was the dopamine 
pathway that was involved. Firstly, the clinical side effects of chlorpromazine and 
haloperidol were tremor, rigidity, and akinesia -e.g. Parkinsonian signs and, by then, 
Parkinson’s disease had been linked to a deficiency of dopamine[19]. Secondly, it had 
already been suggested that dopamine-mimetic drugs such as amphetamine acted via 
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Figure 1 Promethazine. 

Figure 2 Chlorpromazine. 

dopamine receptors[20] and that amphetamines could induce schizophrenia-like 
psychotic symptoms in patients[21,22]. Disulfiram (Antabuse), in clinical use to 
prevent alcohol addiction, was known to inhibits dopamine beta-hydroxylase, the 
enzyme that converts dopamine to noradrenaline, and this drug, too, was capable of 
inducing psychosis[23].

There were also reports of chlorpromazine accelerating the turnover of dopamine
[24]. Van Rossum[25] had noticed in 1965 that major tranquilizers (or neuroleptics as 
they were called by this time), though not, as was first thought, particularly antiad-
renergic, were, instead, potent amphetamine antagonists[25].

The significance of dopamine for the action of antipsychotic drugs, a breakthrough 
often attributed to Arvid Carlsson (who did not seriously consider dopamine in the 
context of the action of these drugs until much later) was first formulated by Jacques 
van Rossum. In 1966, van Rossum[26] hypothesized that dopamine receptor blockade 
was a likely explanation for the mechanism of action of this group of drugs. He 
referred to neuroleptics as the first available dopamine antagonists. In 1967, van 
Rossum[27] wrote: “When the hypothesis of dopamine blockade by neuroleptic agents 
can be further substantiated, it may have far going consequences for the 
pathophysiology of schizophrenia. Overstimulation of dopamine receptors could then 
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be part of the aetiology. Obviously such an overstimulation might be caused by 
overproduction of dopamine, production of substances with dopamine actions 
(methoxy derivatives), abnormal susceptibility of the receptors, etc.”[27].

Van Rossum, thus, formulated two dopamine hypotheses (1) The hypothesis that 
dopamine receptor blockade was responsible for the antipsychotic effects of drugs like 
chlorpromazine, haloperidol, and similar drugs; and (2) The hypothesis that an excess 
of dopamine might be part of the etiology of schizophrenia. These two distinct 
hypotheses are often conflated[28].

They are conflated because, in the 1970s, it was hoped that the discovery of how 
neuroleptics work could lead to understanding the nature of schizophrenia itself. 
Based on the fact that amphetamine releases dopamine and amphetamine-induced 
psychosis is clinically very similar to an acute episode of schizophrenia[29], van 
Rossum[27] thought that schizophrenia might be due to an overproduction of 
dopamine[27].

From today’s standpoint, overactivity of dopamine, while possibly explaining the 
hallucinations and delusions of schizophrenia, does not shed light on the more 
fundamental negative and cognitive symptoms of schizophrenia. Over the years, many 
attempts have been made to elaborate and expand on van Rossum’s dopamine 
hypothesis of schizophrenia to account for symptoms other than delusions and 
hallucinations[30,31]. It remains the case, however, that schizophrenia is too 
multifaceted and heterogeneous a disorder to be fully explained by dopamine 
overactivity alone. That being said, it is still possible that the secretion and 
transmission of dopamine serves as a final common pathway to the expression of 
specific schizophrenia symptoms[32].

Van Rossum’s first hypothesis-that neuroleptics (today referred to as antipsychotics) 
exert their effect through dopamine receptors–has enjoyed a longer life than his 
second. In 2020, Kaar et al[33], in their review of mechanisms underlying clinical 
response to antipsychotics, conclude that “all currently licensed antipsychotic drugs 
show appreciable binding to dopamine D2 receptors at therapeutic doses, and this 
action is core to their therapeutic action.”

Van Rossum[25-27] had pointed out that overstimulation by dopamine could result 
from a number of potential causes, from overproduction by the secreting cell to 
oversensitivity of receptors on the post-synaptic cell. By extension, antipsychotic drugs 
could theoretically act by blocking dopamine synthesis or secretion or by interfering 
with its transport across the synapse or by blocking membrane receptors.

In 1971, Zingales[34] reported that the concentration of haloperidol in the plasma of 
treated patients was approximately 3 nanograms per millilitre of plasma (3 nmol)[34]. 
Because over 90% of haloperidol in plasma is bound to plasma proteins, the actual free 
concentration that enters the brain would then have to be approximately 1 nmol. This 
was a problem for the radioactive tagging needed in the search for specific targets of 
haloperidol action. The classical way to find a drug target was to tag the drug with a 
radioactive marker. In this case, however, because the drug needed to be diluted down 
to 1 nmol and still have enough radioactivity left for the experiment to succeed, the 
radioactive label had to be extra powerful. No such label existed at the time.

In November 1971, Philip Seeman, a Toronto physician/pharmacologist, asked Paul 
Janssen to persuade the company, I.R.E. Belgique, to prepare radioactive haloperidol 
at a high specificity of 10.5 Curies per millimole, which the company succeeded in 
doing in 1974.

True drug receptor targets have to take up the radioactively labelled ligand; a 
second important criterion in identifying a specific site of action is stereoselectivity–the 
configuration of the relevant molecule must fit the configuration of the target[35]. 
Seeman obtained mirror image antipsychotic molecules (+butaclamol and -
butaclamol), the first one active, the second inactive[36,37]. A specific antipsychotic 
target was confirmed when the site was blocked by +butaclamol to a significantly 
greater degree than it was by -butaclamol. This more or less settled the identity of the 
antipsychotic receptor. A further step was to see which of the endogenous neurotrans-
mitters had the most affinity for this location. When tested against noradrenaline, 
acetylcholine, serotonin, and dopamine, dopamine proved to be the most potent. This 
meant that the antipsychotic receptor was a dopamine receptor[38].

Soon after discovering the receptor, Seeman et al[39,40] showed that the published 
clinical doses of all antipsychotic drugs available at the time, regardless of their 
molecular structure, directly correlated with their ability to displace radioactive 
haloperidol[39,40]. This graph has recently been called “the most famous graph in 
schizophrenia therapeutics.”[41]. The findings from the Seeman laboratory were soon 
confirmed by binding studies from other labs[42-44]. A further confirmatory finding 
was that treatment with antipsychotic drugs increased the density of dopamine 
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receptors in post mortem brain tissue of individuals with schizophrenia[45].
In vivo molecular imaging studies were not initially available but, when they were, 

they were eventually able to confirm striatal dopamine D2 receptor blockade at 
clinically effective doses of all antipsychotic drugs, including first and second-
generation agents and dopamine partial agonists[46-52]. The initial molecular imaging 
studies in patients with treated schizophrenia suggested a therapeutic window 
(relatively good response without unacceptable extrapyramidal adverse effects) of 
between 60% and 80% D2 receptor occupancy. The definition of ‘response,’ of course, 
varies and non-response did not necessarily correlate with low occupancy rates[53].

Since then, the field of dopamine receptors has considerably expanded[54]. The 
receptor labeled by [3H] haloperidol was called D2[55,56], because, by the mid 1980s, 
five dopamine receptors, all belonging to a G-protein coupled set of receptors, had 
been isolated. Today, D1 and D5 are known to stimulate the cyclic adenosine 
monophosphate signaling pathway through G_s G-proteins, whereas D2R, D3, and D4 
inhibit this signal via G_i/o G-proteins[57]. Moreover, each of these receptors can exist, 
as can all G-protein linked receptors, in a state of high or low affinity for their ligand
[58,59]. Of the 5 known dopamine receptors, D1, D4, and D5 were cloned in the 
Seeman laboratory[60-62].

The dopamine D2 receptor was cloned in 1988 in the Civelli lab[63,64]. In 1989, 
Grandy et al[65] used in situ hybridization to map the gene to the 11q22–q23 junction.

Because of the excellent correlation between the affinity for striatal D2 receptors and 
the average clinical dose of antipsychotic drugs given to patients with schizophrenia, 
there was at first general agreement that all effective antipsychotic drugs must act by 
not only blocking dopamine D2 receptors in the striatum, but also blocking them in the 
mesolimbic system, where symptoms of psychosis are thought to originate[66].

In 1990, the D3 receptor (closely related to D2) was cloned in the laboratory of Jean-
Claude Schwartz[67].

Soon after, the 2nd generation antipsychotic drugs were brought to market, and they 
appeared to have much lower affinity for the D2/D3 receptors (they induced far fewer 
extrapyramidal symptoms) but to be just as potent against psychotic symptoms 
(delusions and hallucinations) as the older drugs. Clozapine, in particular, the best 
antipsychotic in that patients resistant to all other drugs often respond when 
prescribed clozapine, attached to many neurotransmitter receptors besides D2/D3
[68]. Many of the new drugs[69], including clozapine[70] had affinity for serotonin 
2AR, which was thought explain their much lower relative rate of extrapyramidal 
effects.

Another explanation was that the antipsychotics drugs that do not elicit extrapyr-
amidal symptoms, such as clozapine and quetiapine, bind to the D2 receptor more 
loosely than dopamine itself so that endogenous dopamine displaces them very 
quickly from the target receptor. Drugs that bind most tightly to the D2 receptor 
(chlorpromazine, trifluoperazine, fluphenazine, haloperidol, risperidone) stay on the 
receptor for 20-30 min and it is this long continuous occupation that may be 
responsible for parkinsonism[71,72]. This explanation suggests that, though a certain 
threshold percentage of D2 receptors still need to be bound in order to obtain an 
antipsychotic effect, the binding need not be of long duration. ‘Hit and run’ or ‘fast-off’ 
binding is able to prevent some of the adverse effects while still maintaining efficacy 
against psychosis.

An unresolved continuing problem with respect to antipsychotic drug action is that 
at least one third of patients with schizophrenia do not respond to drugs that block D2, 
whether transiently or for long periods, whether with or without serotonin 2A 
binding. One possible explanation is that individuals inherit different genetic variants 
of the D2 receptor[73-76], and that these variants determine response. Since the 
functional state of the dopamine receptor in the anterior pituitary[58], and perhaps 
everywhere in the brain[77], is its high affinity form, it is perhaps the relative duration 
of time that these receptors spend in their various affinity states that determines the 
extent of clinical response. It has been hypothesized that an interaction between D1 
and D2 receptors influences the time spent in the high affinity functional state[78]. 
Every year, more knowledge accumulates about the signaling complexes of D1 and D2 
receptors[79] and new radioactive ligands are available that bind specifically to high 
affinity sites[80].

Although binding to the D2 receptor continues to be considered as the cornerstone 
of antipsychotic action, the original hypothesis has undergone several refinements, 
such as the acknowledgement that other dopamine receptors as well as other 
neurotransmitter receptors play a part[81-84]. There now exist effective antipsychotic 
drugs that defy the earlier established D2 receptor occupancy threshold, which makes 
it difficult to attribute antipsychotic effect to any single neurotransmitter receptor[85-
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87].

CONCLUSION
Dopamine D2 receptor blockade remains necessary in order to obtain antipsychotic 
response in most patients. Individuals differ, however, and it remains possible, even 
probable, that specific subgroups of patients showing psychotic symptoms may 
respond most robustly to pharmaceutical agents that mainly affect brain chemical 
transmitters other than dopamine. Pimavanserin, for instance, a serotonin 2A receptor 
antagonist, has had some success in treating the psychosis associated with Parkinson’s 
disease, a condition of dopamine deficiency[88], but the Food and Drug Adminis-
tration in the United States has recently found it insufficiently effective for the 
psychosis associated with Alzheimer’s dementia. Differently caused psychoses may 
respond to differently configured drugs. Looking for the mechanism of action of drugs 
for psychosis continues, and, as new mechanisms are found, the secrets of the multiple 
causes of psychotic disorders may be decoded.
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Abstract
BACKGROUND 
The coronavirus disease 2019 (COVID-19) pandemic has caused major public 
panic in China. Pregnant women may be more vulnerable to stress, which may 
cause them to have psychological problems.

AIM 
To explore the effects of perceived family support on psychological distress in 
pregnant women during the COVID-19 pandemic.

METHODS 
A total of 2232 subjects were recruited from three cities in China. Through the 
online surveys, information on demographic data and health status during 
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pregnancy were collected. Insomnia severity index, generalized anxiety disorder 
7-item scale, patient health questionnaire-9, somatization subscale of the symptom 
check list 90 scale, and posttraumatic stress disorder checklist were used to assess 
the psychological distress.

RESULTS 
A total of 1015 (45.4%) women reported having at least one psychological distress. 
The women who reported having inadequate family support were more likely to 
suffer from multiple psychological distress (≥ 2 psychological distress) than 
women who received adequate family support. Among the women who reported 
less family support, 41.8% reported depression, 31.1% reported anxiety, 8.2% 
reported insomnia, 13.3% reported somatization and 8.9% reported posttraumatic 
stress disorder (PTSD), which were significantly higher than those who received 
strong family support. Perceived family support level was negatively correlated 
with depressive symptoms (r = -0.118, P < 0.001), anxiety symptoms (r = -0.111, P 
< 0.001), and PTSD symptoms (r = -0.155, P < 0.001).

CONCLUSION 
Family support plays an important part on pregnant women’s mental health 
during the COVID-19 pandemic. Better family support can help improve the 
mental health of pregnant women.

Key Words: Pregnant women; Perceived family support; Coronavirus; Psychological 
distress

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The coronavirus disease 2019 (COVID-19) pandemic has caused major 
public panic in China. Pregnant women may be more vulnerable to stress, which may 
cause them to have psychological problems. The purpose of this study was to explore 
the effects of perceived family support on psychological distress in pregnant women 
during the COVID-19 pandemic. We found that family support plays an important part 
on pregnant women’s mental health during the COVID-19 pandemic. Better family 
support can help improve the mental health of pregnant women.

Citation: Wang YN, Yuan ZJ, Leng WC, Xia LY, Wang RX, Li ZZ, Zhou YJ, Zhang XY. Role 
of perceived family support in psychological distress for pregnant women during the COVID-
19 pandemic. World J Psychiatr 2021; 11(7): 365-374
URL: https://www.wjgnet.com/2220-3206/full/v11/i7/365.htm
DOI: https://dx.doi.org/10.5498/wjp.v11.i7.365

INTRODUCTION
The outbreak of the coronavirus disease 2019 (COVID-19) is a global health threat[1] 
and is listed by World Health Organization (WHO) as a Public Health Emergency of 
International Concern (PHEIC). According to WHO data, there were 72546247 
confirmed cases and 1614014 deaths worldwide[2]. In China, there are more than 
90000 confirmed cases, with deaths exceeding 4758[2]. Corona viruses mainly cause 
respiratory diseases, ranging from the common cold to severe respiratory diseases, 
with a fatality rate of around 1%[3].

The COVID-19 pandemic seriously threatens people’s physical health and can 
trigger various psychological crises. COVID-19 was associated with increased psycho-
logical distress not only in the general population[4], but also in clinical samples[5]. 
Importantly, women are more vulnerable to psychological distress, when experiencing 
disasters or traumatic events, compared to men[6]. During the outbreak of COVID-19, 
approximate 35% of the 52730 people in China experienced psychological distress[7]. 
Another online survey showed that during the COVID-19 outbreak, among the 
general Chinese population, 31.3% of participants had depressive symptoms and 
36.4% of participants experienced anxiety[8]. In both studies, women showed higher 
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levels of stress, anxiety and depression[7,8]. The impact of the epidemic on women's 
mental health is significantly higher compared to men[7,8].

As the changes in the level and function of the endocrine system during pregnancy, 
pregnant women often experience great mood swings and even mental disorders, such 
as anxiety[9], depression[10]. During the COVID-19 pandemic, pregnant women may 
suffer extra psychological stress for worrying about the adverse effects on their 
offspring caused by 2019-nCoV. A recent study reported that after the announcement 
of the COVID-19 epidemic, the prevalence of depressive symptoms among pregnant 
women was spiked as to before the announcement[11].

In Wuhan city, a total of 50340 have been confirmed of COVID-19, making it the 
worst-hit area in China. Wuhan was cordoned off 3 wk after the outbreak. To prevent 
infection, most all of Wuhan residents had to stay at home and isolated from society. 
Loss of income was the following stress for them. As a result, most Wuhan residents 
may not only suffer from the epidemic, but also suffer from isolation, stress and the 
loss of income[12].

Women who have supportive networks of friends and family may experience less 
stress and have better mental health conditions. Conversely, poor family relationships 
and social support might be associated with depressive symptoms[13]. A longitudinal 
study in pregnancy has found that partnership tension was the only predictor of 
women’s transient and chronic anxiety during pregnancy or postpartum period[14].
The active support of the partner is a critical factor affecting the mental health of 
pregnant and postpartum women, and the support of the extended family is also 
important for the mental health conditions of pregnant women[14].

For family-centered Chinese culture, family support is probably the most important 
sources of social support[15]. Chinese women pay more attention to the family and are 
more susceptible to family relationships, compared with western women[16]. 
However, in the context of COVID-19 pandemic, it is unknown whether good family 
support can still benefit the psychological status of women. Therefore, after the 
announcement of the coronavirus epidemic in China, we conducted a mental health 
survey for pregnant women in different provinces of China, including Wuhan 
(Confirmed COVID-19 case > 60000), Beijing (Confirmed COVID-19 case: 581) and 
Lanzhou (Confirmed COVID-19 case: 24) in China. In addition, economic loss caused 
by COVID-19, characteristics related to pregnancy was investigated. The hypothesis of 
the study is that perceived family support is more important for the mental health of 
women during pregnancy than the economic loss caused by COVID-19 and the 
severity of the COVID-19.

MATERIALS AND METHODS
Participants
A cross-sectional survey was performed in this study after the Chinese government 
announced the coronavirus epidemic (from February 1 to April 28, 2020). The women 
during pregnancy were invited electronically to complete an anonymous online 
questionnaire in Wuhan, Beijing and Lanzhou by social media app WeChat (WeChat, 
Tencent Inc, China), since the Chinese government demanded the public staying at 
home. The questionnaire was disseminated through notifications from the maternal 
and child health hospitals. As a result, a total of 2232 valid responses were received 
from Wuhan (34.8%), Beijing (40.2%) and Lanzhou (25.0%).

The protocol of the study was approved by the ethics committee of the Institutional 
Review Board of the Institute of Psychology, Chinese Academy of Sciences. All 
participants provided the informed consent before participating in the study.

Questionnaire survey
A structured questionnaire was used to collect personal data, including socio-
demographic variables, information of pregnancy, information of psychological 
distress, information about COVID-19 and the perceived family support in pregnancy. 
The socio-demographic variables included age, nationality, marital status, occupation, 
and education. The information of pregnancy included gestational age, parity, period 
and pregnancy complications. The information of psychological distress of the 
participants was assessed by the Chinese version of 5 international validity scales, 
include insomnia severity index (ISI), generalized anxiety disorder 7-item scale (GAD-
7), patient health questionnaire-9 (PHQ-9), somatization subscale of the symptom 
check list 90 scale (SCL-90) and posttraumatic stress disorder checklist (PCL-5). 
Information about COVID-19 included income loss caused by COVID-19 and whether 
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or not their relatives or friends were infected with COVID-19.
ISI is a 7-item self-report questionnaire that assesses the severity and impact of 

insomnia[17]. Each item is rated on a 5-point scale (0 = no problem; 4 = very severe 
problem), with a total score ranging from 0 to 28. The total score is interpreted as 
follows: No insomnia (0-7); sub-threshold insomnia (8-14); moderate insomnia (15-21); 
and severe insomnia (22-28)[18]. Participants with a total score ≥ 15 were rated as 
having insomnia in this study. GAD-7 is a tool for assessing the severity of generalized 
anxiety. The 7 items are rated on a 3-point Likert scale, with a total score ranging from 
0 to 21 (0–4: Normal; 5–9: Mild anxiety; 10–14: Moderate anxiety and 15–21: Severe 
anxiety). Clinically significant anxiety can be detected when the total score reaches 5 or 
above[19,20]. PHQ-9 is a 9-item instrument for assessing the presence and severity of 
depressive symptoms. The PHQ-9 specially includes 9-item diagnostic criteria of the 
Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV), on 
which the clinical diagnosis of depressive disorder is based[21]. Each item is rated on a 
3-point scale (0 = no symptom; 3 = presence of symptom almost every day), with a 
total score ranging from 0 to 27(0–4: Normal; 5–9: Mild depression; 10–14: Moderate 
depression, 15–19: Moderately severe depression, and 20-27 severe depression)[21]. In 
this study, participants with a total score ≥ 5 were rated as suffering from depression. 
SCL-90[22] somatization subscale was used to assess the severity of somatization 
symptoms. The responses to these 12 items can be scored from 0 (none) to 4 (too much) 
on a Likert scale, with a total score ranging from 12 to 60. Participants with a total 
score ≥ 24 were rated as having somatic symptoms in this study. PCL-5[23] was used 
to assess the presence and severity of posttraumatic stress disorder (PTSD) symptoms. 
This is a 20-item self-report scale. Respondents were rated on a 5-point scale ranging 
from 0 (not at all) to 4 (extremely) to indicate how much troubled they have been in 
the past month according to PCL-5. The recommended PCL-5 cut-off score for the 
diagnosis of PTSD is 33[24]. In this study, participants with a total score ≥ 33 were 
rated as suffering from PTSD.

The perceived family support level was measured with the items of objective 
support from family numbers (husband, parents, parents-in-law, sisters ⁄ brothers, 
children and other family members) of Social Support Rating Scale (Chinese version)
[25]. Participants rated on a 4-point scales (1 = none, 2 = rarely, 3 = some support ⁄ care, 
4 = strong support/care)[15].

Statistical analysis
Analysis of variance was used to compare continuous variables, and χ2 test were used 
for categorical variables. Spearman correlation analysis was performed to examine the 
relationship between perceived family support level and the five types of maternal 
psychological distress. Multiple linear regression was performed to examine the linear 
relationship between the scores of ISI, GAD-7, PHQ-9, SCL-90, PCL-5 and family 
support levels. In addition, a binary logistic regression analysis was conducted to 
estimate the association between perceived family support and psychological 
distresses by calculating odds ratio (OR) and 95% confidence interval (CI).

All analyses were performed using SPSS version 22.0 software (SPSS Inc., Chicago, 
IL, United States). All tests were two-tailed, and the statistical significance was defined 
at P < 0.05.

RESULTS
Sample characteristics
The socio-demographic characteristics of the participants are shown in Table 1. 
Women with a history of mental illness were not excluded from this study due to the 
small proportion (13 women).Significant differences were found between the women 
with and without psychological distress in terms of age (χ2 = 2.16, P = 0.031), region (χ2 

= 89.7, P < 0.001), educational level (χ2 = 13.61, P = 0.001), annual household income (χ2 

= 10.23, P = 0.017), income loss caused by COVID-19 (χ2 = 13.83, P = 0.003) and 
perceived family support (χ2 = 13.57, P = 0.001).

Psychological distress in different perceived family support levels 
A total of 1015 (45.4%) women reported at least one instance of psychological distress. 
As shown in Figure 1, more women with less or some family support reported 
suffering multiple instances of psychological distress (≥ 2 type of psychological 
distress) than those with strong family support. A total of 5.2% of women with less 
family support reported having four types of psychological distress and 5.9% of them 
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Table 1 Demographic characteristics of responded women

Characteristics n (%) Psychological distress No psychological distress F/χ2 P value

Age (mean ± SD, yr) 30.25 ± 3.99 30.05 ± 3.99 30.42 ± 3.98 2.16 0.031

Region, n (%)1 89.71 < 0.001

Wuhan 777 (34.8) 382 (49.2) 395 (50.8)

Peking 897 (40.2) 306 (34.1) 591 (65.9)

Lanzhou 558 (25.0) 327 (58.6) 231 (41.4)

Marital status, n (%) 3.70 0.069

married 2179 (97.6) 984 (45.2) 1195 (54.8)

Single, separated, divorced or widowed 53 (2.4) 31 (58.5) 22 (41.5)

Educational level, n (%) 13.67 0.001

< 14 yr 1016 (45.6) 504 (49.6) 512 (50.4)

≥ 14 yr 1216 (43.7) 511 (42.1) 705 (57.9)

Annual household income (CNY), n (%) 10.23 0.017

< 80000 706 (31.6) 350 (49.6) 356 (50.4)

80000 1255 (56.2) 552 (43.9) 703 (56.1)

≥ 300000 273 (12.2) 113 (41.4) 160 (58.6)

Income loss caused by COVID-19(CNY), n (%) 13.83 0.003

< 20000 862 (38.7) 331 (38.8) 522 (61.2)

≥ 20000 1362 (61.3) 673 (50.7) 692 (49.3)

Employment status, n (%) 0.01 0.999

Employed 1496 (67.1) 681 (45.5) 815 (54.5)

Housewife 736 (32.9) 334 (45.4) 402 (54.6)

Perceived family support level, n (%) 13.57 0.001

Less2 134 (6.0) 71 (53.0) 63 (47.0)

Some 466 (20.9) 246 (52.8) 220 (47.2)

Strong 1632 (73.1) 706 (43.3) 926 (56.7)

1Confirmed COVID-19 cases in participating city: Wuhan: > 50000 cases; Beijing: 581 cases; Lanzhou: 24 cases.
2Participants rated on “none” and “rarely” scale.

had five types of psychological distress, which was significantly higher than those 
with some family support (3.2%,1.3%) or those with strong family support (2.6%, 
0.7%).

Women with less or some family support reported significantly higher rates of 
psychological distress than women with strong family support (all P < 0.05). Among 
women with less family support, 41.8% reported depression, 31.1% reported anxiety, 
8.2% reported insomnia, 13.3% reported somatization and 8.9% reported PTSD 
(Table 2).

Association between family support and psychological distress 
The perceived family support levels negatively correlated with depressive symptoms 
(PHQ-9 score, r = -0.118, P < 0.001), anxiety symptoms (GAD-7 scores, r = -0.111, P < 
0.001), and PTSD symptoms (PCL-5 score r = -0.155, P < 0.001). Logistic regression 
results showed there was a significant association between perceived family support 
and psychological distress of pregnant women (Table 3). After adjusting for age, 
marital status, region, educational level, annual household income, and income loss 
caused by COVID-19, less perceived family support displayed a significant association 
with anxiety (GAD-7 score ≥ 5, OR = 1.98, 95%CI: 1.32-2.96, P < 0.01), insomnia (ISI 
score ≥ 15, OR = 3.47, 95%CI: 1.68-7.16, P < 0.01), and PTSD (PCL-5 score ≥ 33, OR = 
6.69, 95%CI: 3.07-14.55, P < 0.01) (Table 3).
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DISCUSSION
To our best knowledge, this is the first study to explore the relationship between 
perceived family support and psychological distress in pregnant women during major 
life-threatening public health events. In this study, we had 3 main findings: (1) A 
significant proportion (45.4%) of pregnant women reported at least one psychological 
distress during COVID-19 pandemic; (2) The risk of insomnia, anxiety and PTSD in 
women with less family support was 3.46 times, 1.97 times and 6.69 times higher than 
that in women with strong perceived family support, respectively; and (3) Depression 
symptoms (PHQ-9 score), anxiety symptoms (GAD-7 score) and PTSD symptoms 
(PCL-5 score) were significantly negatively associated with perceived family support.

It is speculated that residents living in Wuhan suffered from higher levels of 
psychological distress, because this place was most affected by the epidemic[7] in 
mainland China. This may also increase the risk of psychological distress in pregnant 
women[11]. Interestingly, our study did not find an increase in the rate of maternal 
psychological distress amongst women in Wuhan. On the contrary, more women 
living in Lanzhou reported suffering from psychological distress, though it was only 
24 confirmed COVID-19 cases in Lanzhou. That may be due to the fact that more 
women living in Lanzhou reported insufficient support from family numbers than 
women living in Beijing and Wuhan. The results showed that depression (35.6%) and 
anxiety (22.0%) were the most common disorders reported by pregnant women. In 
addition, at the peak of the COVID-19 epidemic, the pregnant women also suffered 
from somatization (8.1%), insomnia (3.4%) and PTSD (2.3%). The findings were similar 
to those of previous studies, indicating that pregnant women may be more vulnerable 
to depression in the context of the COVID-19 epidemic. A recent study reported that 
during the COVID-19 epidemic, the depression rate amongst Chinese pregnant 
women rose to 29.6%[11]. Another study showed that 28.8% of Danish women had 
anxiety/depressive symptoms during the COVID-19 pandemic[26].

There is extensive evidence that psychological distress during pregnancy are 
thought to increase the risk of developing psychological dysfunction in the offspring
[27]. Pregnancy are very special periods for women. Affected by changes in the level 
and function of the endocrine system during pregnancy, mothers often experience 
huge mood swings and even mental disorders, such as anxiety[9], depression[10], and 
sleep disturbance[28]. The prevalence of depression in pregnant and postpartum 
women was estimated to be between 7% and 25%[10,26,27], and the prevalence of 
anxiety disorders is estimated to be between 4% and 39%[29]. However, our results 
showed that with different levels of family support, there were significant differences 
in the proportion of women with mental disorders during pregnancy. Women with 
inadequate family support were more likely to suffer from multiple psychological 
distresses. The strengthening of family support, the reporting rate of maternal psycho-
logical distress reduced. These findings highlight the essential role of adequate family 
support in mental health of pregnant women through major life-threatening public 
health events.

Social support, including supports from family members, colleagues, friends, 
neighbors, professionals, and organizations, is important for maternal mental health
[15]. Due to the sudden outbreak, features and clinic symptoms of the COVID-19 are 
still unclear during the peak of the epidemic. The Chinese government intensified its 
management of the pandemic through public health interventions, such as 
strengthening some blockades, demand of staying at home. Hospitals had to terminate 
health care services for pregnant women to prevent infection, and most of them were 
trapped at home and isolated themselves from society. The confinement conditions 
have made the support of family members the only source of social support. In the 
general population, social support is widely regarded as a key factor in relieving 
perinatal depression[30]. A large number of studies have confirmed that family 
support has a positive effect on the level of perceived psychological stress[6,31-33]. 
According to Cohen[34], the relationship between perceived family support and life 
satisfaction was very strong.

Perceived family support makes a person feel cared for, loved, and dependent on 
family numbers when needed[33]. The levels of perceived family support can affect 
the way people deal with and adapt to stressful events, thereby reducing the negative 
effects on mental and physical health[6]. Therefore, adequate family support can 
alleviate the pressure caused by the COVID-19 outbreak. However, although physical 
care for pregnant women has been greatly improved in China in the past few decades, 
little attention has been paid to emotional care[15]. The findings of this study 
emphasized the importance of emotional care for pregnant women. The role and 
mechanism of family support in alleviating the negative psychological effects of 
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Table 2 Self-reported psychological distresses of pregnant women with different perceived family support level, n (%)

Total Less PFS Some PFS Strong PFS F/χ2 P value

Depression 795 (35.6) 56 (41.8) 207 (44.4) 532 (32.6) 24.15 < 0.001

Anxiety 491 (22.0) 42 (31.1) 128 (27.5) 321 (19.6) 19.79 < 0.001

Insomnia 77 (3.4) 11 (8.2) 15 (3.2) 51 (3.1) 9.72 0.008

Somatization 180 (8.1) 18 (13.3) 41(8.8) 121(7.4) 6.34 0.042

PTSD 52 (2.3) 12 (8.9) 14 (3.0) 26 (1.6) 30.41 < 0.001

PFS: Progress-free survival; PTSD: Posttraumatic stress disorder.

Table 3 Association between perceived family support [n (%)] and self-reported maternal psychological distresses

Depression Anxiety Insomnia Somatization PTSD

Spearman correlation coefficient, r

-0.118b -0.111b -0.025 -0.038 -0.155b

Multiple linear regression, β

-0.973b -0.638b -0.195 -0.418 -2.238b

Logistic regression analysis, OR (95%CI)

Strong support 1 1 1 1 1

Some support 1.56 (1.26-1.94)b 1.69 (1.24-2.04)b 1.13 (0.62-2.04) 1.02 (0.65-1.45) 1.91 (0.96-3.79)

Less support 1.33 (0.90-1.92) 1.98 (1.32-2.96)b 3.47 (1.68-7.16)b 1.41 (0.80-2.48) 6.69 (3.07-14.55)b

OR and 95%CI were estimated using binary logistic regression and adjusted for age, marital status, region place of residence, educational level, annual 
household income, income loss caused by COVID-19.
bP < 0.01.
PTSD: Posttraumatic stress disorder.

adverse events have not been clearly or fully explained. Further research is needed to 
understand the role and mechanism of this factor in order to utilize family support to 
help pregnant women in major life-threatening public health events.

However, several limitations have to be considered when interpreting these 
findings. Firstly, the data obtained from online surveys and maternal psychological 
distress relied on self-reported measurements. Women may inaccurately report the 
presence or absence of psychological distress. Secondly, although internationally valid 
and reliable questionnaires were utilized in this study, these questionnaires did not 
provide a diagnosis of mental disorders. Thirdly, the evaluation of family support 
used the subjective feelings of women rather than the social support rating scale. This 
may make our results less precise. Fourthly, other influencing factors such as family 
relationship, family conflict, and family resources are also important variables that 
affect the psychological well-being of pregnant and postpartum women, which were 
not taken into account in this study. Finally, a cross-sectional analysis of this study 
suggests that there is an association between maternal psychological distress and 
family support, rather than a causal relationship. Future research may focus on a 
longitudinal study to confirm causality.

CONCLUSION
The results of this study indicate that the COVID-19 pandemic has a negative impact 
on the mental health of Chinese pregnant women. Family support was significantly 
negatively correlated with psychological distress. Compared with women with strong 
family support, women with insufficient family support were more associated with 
the risk of anxiety, insomnia, depression and PTSD. This study shows that in major 
life-threatening public health events, family support has a positive impact on the 
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Figure 1 Frequency for self-reported multiple psychological distresses in different perceived family support level. 1: Report one type of 
psychological distress; 2: Report two type of psychological distress; 3: Report three type of psychological distress; 4: Report four type of psychological distress; 5: 
Report five type of psychological distress.

mental health of pregnant women. However, cross-sectional nature limits the 
interpretation of the causal relationship between family support and mental health. 
Further longitudinal studies about the causal relationship between family support and 
mental health will be an essential area of future research, which may help to identify 
appropriate and effective interventions for pregnant and postpartum women to 
prevent from the mental health problems.

ARTICLE HIGHLIGHTS
Research background
Pregnant women may be more vulnerable to psychological distress during major life-
threatening public health events. The spread of the corona virus disease 2019 (COVID-
19) is likely to cause greater psychological stress, which may cause extra psychological 
problems for pregnant women.

Research motivation
The spread of the COVID-19 may cause extra psychological problems for pregnant 
women. Women who have better supportive networks of family may experience less 
psychological stress. However, the literatures on the role of family support in maternal 
psychological distress during the COVID-19 pandemic was limited.

Research objectives
This study aimed to clarify the potential role of family support on psychological 
distress for women during pregnancy stages at the peak of the COVID-19 epidemic.

Research methods
The authors retrospectively collected socio-demographic variables, information of 
pregnancy, and information of psychological distress and the perceived family 
support of pregnant women in China.

Research results
Among 2232 pregnant women, 45.4% women reported having at least one psycho-
logical distress during the COVID-19 pandemic. The women who reported having 
inadequate family support were more likely to suffer from multiple psychological 
distress than women received adequate family support. Perceived family support was 
negatively correlated with depressive symptoms, anxiety symptoms, and PTSD 
symptoms.
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Research conclusions
Family support was significantly negatively correlated with psychological distress. 
Adequate family support has a positive impact on the mental health of pregnant 
women during the COVID-19 pandemic.

Research perspectives
Adequate family support is important for maternal mental health. Further research is 
needed to understand the role and mechanism of this factor in order to utilize family 
support to help pregnant women in major life-threatening public health events.
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Abstract
BACKGROUND 
Grouping eating disorders (ED) patients into subtypes could help improve the 
establishment of more effective diagnostic and treatment strategies.

AIM 
To identify clinically meaningful subgroups among subjects with ED using 
multiple correspondence analysis (MCA).

METHODS 
A prospective cohort study was conducted of all outpatients diagnosed for an ED 
at an Eating Disorders Outpatient Clinic to characterize groups of patients with 
ED into subtypes according to sociodemographic and psychosocial impairment 
data, and to validate the results using several illustrative variables. In all, 176 
(72.13%) patients completed five questionnaires (clinical impairment assessment, 
eating attitudes test-12, ED-short form health-related quality of life, metacog-
nitions questionnaire, Penn State Worry Questionnaire) and sociodemographic 
data. ED patient groups were defined using MCA and cluster analysis. Results 
were validated using key outcomes of subtypes of ED.

RESULTS 
Four ED subgroups were identified based on the sociodemographic and 
psychosocial impairment data.
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ED patients were differentiated into well-defined outcome groups according to 
specific clusters of compensating behaviours.
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Core Tip: This is the first study to apply multiple correspondence analysis to eating 
disorders (ED) diagnostic data and to use cluster analysis (CA) in such detail to search 
for ED patient groups in this area. Multiple correspondence analysis and CA made it 
possible to identify different typologies of patients with specific features. Grouping ED 
patients into subtypes could help improve the establishment of more effective strategies 
of diagnosis and treatment, and improve patient care and prognosis in clinical practice.
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INTRODUCTION
Eating disorders (ED) are serious psychiatric conditions; clinical presentations of 
persons with ED[1,2] vary substantially and they may be associated with many factors, 
e.g., sociodemographic as gender[3] or clinical as personality profiles[4]. The 
Diagnostic and Statistical Manual of Mental Disorders (DSM)-5[5] aims to better 
capture the presentations of ED symptoms observed by modifying previous ED 
diagnostic criteria. However, as Turner et al[6] have, noted some researchers remain 
concerned, that these adjustments will fail adequately to address the substantial 
heterogeneity in clinical presentations amongst patients with ED[1]. It is important to 
research subtypes of ED, since otherwise the field might merely end up ‘studying what 
it defines’ (or failing to study anything it does not define)[7]. Thus, removing any 
reference to non-purging compensatory behaviors would reinforce the impression-
(created by subtyping) that bulimic-type ED characterized by purging behaviors is 
more severe than that involving non-purging behaviors when there is actually little 
empirical evidence to support this view[7,8]. Insofar as distinct subgroups of ED 
patients can be reliably identified, it is possible that these groupings might be used to 
inform assessment, treatment and future diagnostic nosologies[9]. Multiple corres-
pondence analysis (MCA) is an exploratory technique that offers descriptive patterns 
based on the categories of the original active variables[10,11]. It transforms the 
information on the categorical active variables into continuous factors. The relative 
positions of the categories given by the MCA factors are used to perform the cluster 
analysis (CA) which classifies information into relatively homogenous groups. By 
combining MCA and CA it might be possible to arrive at a classification of the subjects 
suggested by the data, rather than defined a priori, where subjects in each group are 
similar to one another but dissimilar to those of other groups[10,12].

Grouping ED patients into subtypes could help improve the establishment of more 
effective strategies of diagnosis and treatment, and improve patient care and prognosis 
in clinical practice. The aim of this study was to identify ED patient subtypes. To this 
end, MCA and CA statistical techniques were combined to analyze clinical data 
obtained in a prospective cohort study of ED patients treated in an ED Outpatient 
Clinic. The subtypes were then validated by estimating their relationships to key 
outcomes such as health-related quality of life (HRQoL), psychosocial impairment due 
to ED, worry and metacognitions, eating problems, and sociodemographic variables.
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MATERIALS AND METHODS
Participants
A prospective cohort study was conducted of all patients diagnosed with and treated 
for an ED at the Eating Disorders Outpatient Clinic The clinic forms part of the 
psychiatric services at the hospital, which serves a population of 300000. It is part of 
the Basque Health Care Service, which provides unlimited free care to nearly 100% of 
the population. Outpatients recruited between January 2010 and January 2011 were 
considered eligible for the study if they had received a diagnosis of anorexia nervosa 
(AN), bulimia nervosa (BN), or an ED not otherwise specified (EDNOS) by a psychi-
atrist, on the basis of the criteria listed in the Diagnostic and Statistical Manual of 
Mental Disorders, 4th edition text revision[5]. Patients were required to provide written 
informed consent before participating. They were excluded if they had a malignant, 
severe organic disease were unable to complete the questionnaires because of langua-
gedifficulties, or had not given their written informed consent to participate in the 
study.

The study received approval from the institutional review board of the Hospital.

Measures
ED patients gave their sociodemographic data, including age, gender, marital status, 
education, employment status, and living situation.

The clinical impairment assessment (CIA v.3.0)[13,14] is a 16-item self-report 
instrument specifically designed to assess psychosocial impairment secondary to 
features of an ED. A higher score indicates greater impairment. The CIA report of 
psychometric properties indicated that the measure was both adequate and valid[13,
15].

Eating pathologies were measured using the eating attitudes test-12 (EAT-12)[16]. 
This is a 12-item instrument, which uses a 4-point scale, with scores from 0 (never) to 3 
(always). Higher scores indicate more disordered eating. Its validity as a measure of 
disordered eating has been backed by previous studies[17,18].

The quality of life of ED patients was evaluated using the health-related quality of 
life in ED-short form)[19] ,a 20-item questionnaire divided into two domains: social 
maladjustment and mental health and functionality. The lower the quality of life, the 
higher the score[15,20].

The metacognitions questionnaire (MCQ-30)[21] is a brief multidimensional 
measure of a range of metacognitive processes and metacognitive beliefs related to 
worry and cognition relevant to vulnerability to and maintenance of emotional 
disorders. Higher scores reflect a more dysfunctional metacognitive belief. The 
subscales have good psychometric properties[21,22].

The Penn State Worry Questionnaire (PSWQ-R) is a 16-item self-report measure of 
trait worry that is widely used to measure pathological worry[23]. A Spanish version 
reduced to 11 items was used[24]. Higher scores indicate greater levels of pathological 
worry. The PSWQ-R has been shown to have good psychometric properties[25,26].

Procedure
Data gathering began in 2010. Psychiatrists who collaborated in the study informed 
their patients of the aims of the study and recorded sociodemographic information. 
Patients agreeing participate were mailed questionnaires and an informed consent 
form ,which they were asked to mail back using an enclosed, pre- franked envelope. 
Two reminders were mailed out at 15-d intervals to patients who failed to reply to the 
first mailing.

Statistical analysis
Various multivariate techniques are used in order to synthesize the information 
contained in a large set of explanatory variables into a few components, also called 
factors. One of them is the technique selected for this analysis, MCA, which is 
designed for categorical explanatory variables, while others, as principal component 
analysis, are designed for continuous variables. Based on the categories of the original 
variables, MCA provides descriptive patterns by factors. In the continuous factors, 
therefore, each category of variables is represented by a numerical value and a 
positive/negative sign, used for interpretation. Graphical displays of these factors are 
very useful in interpretation, as the association between the categories is indicated by 
their relative position on the graph. The closer the categories are to one another, the 
stronger the association. Variables included in the analysis are known as active 
variables, whilst those not included in the analysis but used to verify the relationship 
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with active variables are termed illustrative variables or outcomes[10]. A descriptive 
analysis was made of sociodemographic and psychosocial impairment data, using 
frequencies and percentages. Means and standard deviations were also used as 
additional information for questionnaires of psychosocial impairment. The active 
variables in the MCA were gender, age (13-25, 26-35, 35-63), marital status [single, 
spouse/partner, divorced/widow(er)], education completed (primary, secondary, 
higher), employment status (employed, unemployed, student, disabled, unpaid 
work/housewife), living situation (living alone, with partner/children, friends, 
parents/siblings), MCQ-30 questionnaire (≤ 57, 58-75, > 75), CIA questionnaire (< 16, ≥ 
16), EAT-12 questionnaire (< 8, ≥ 8), HeRQoLED-SocM (≤ 50, > 50), HeRQoLED-MHF 
(≤ 50, > 50) and PSWQ-R (≤ 28, > 28). Type (AN, BN and EDNOS) and subtype 
(restrictive, purgative and binge) of ED patients were used as illustrative variables.

For classification purposes, CA organizes information into relatively homogeneous 
groups based on their values in a range of variables —  in this case, based on the 
factors derived from the MCA. In other words, the objective of the CA is to assign 
individuals into different groups, in the way that individuals from the same group are 
similar to each other, but dissimilar from individuals of other groups. The number of 
groups derived from the CA is selected using the minimum inertia lost method[27].

The association between the active variables and the groups derived from the CA 
was evaluated using the chi-square test (or Fisher’s exact test when expected 
frequencies were less than 5). The non-parametric Kruskal-Wallis test was used for the 
scores of the psychosocial impairment questionnaires. In addition, the relationship of 
outcomes or illustrative variables was evaluated according to the groups obtained 
from the CA. In order to see the stability of the groups obtained and since we had all 
the active variables measured at 12 mo of follow up too, the same analysis was 
replicated with the variables at 12 mo of follow up. Statistical analyses were carried 
out with R v3.0.2 and SAS 9.4 software (copyright, SAS Institute Inc.). “SAS” and the 
names of all other SAS Institute Inc. products and services are registered trademarks 
or trademarks of SAS Institute Inc., Cary, NC, United States.

The study was approved by the Ethics Committee of the Galdakao-Usansolo 
Hospital. Written consent for participation was obtained. ClinicalTrials.gov Identifier: 
NCT02483117. All methods were used in accordance with the relevant guidelines and 
regulations.

RESULTS
A total of 244 patients with ED were invited to take part in the study. Of these, 176 
filled out the questionnaires. Early dropouts were largely due to patients failing to 
consent to participation. The mean of the CIA questionnaire was 19.5 (SD 13.6), which 
indicates a high level of impairment due to ED.

Results from the MCA showed that 74% of data variability could be explained by 
two factors, the first primarily associated with the HRQoL and the second with socio-
demographic data. Figure 1 shows the map created by the first and second factors. The 
first factor is represented on the horizontal axis and the second on the vertical axis. 
Variables that were well-represented in the first factor were: the questionnaires related 
to psychosocial impairment; eating problems; HRQoL; worry; and metacognitions. 
Categories located in the positive part (right) of the map included lower values at CIA, 
EAT-12, HeRQoLED-s, MCQ-30, PSWQ. In contrast, higher values of the question-
naires were in the negative part (left). This axis was defined as “Psychosocial 
impairment: from high to low”.Moreover, the relative position of the illustrative 
variables on the graph indicates that some subtypes of diagnosis according to 
compensatory behaviour as well as some subtypes of diagnosis related to DSM-IV-TR 
classification were well represented by this factor. Indeed, restrictive behaviour (AN, 
EDNOS) was located in the right side of the axis, whereas purgative behaviour (BN, 
EDNOS) stood on the left of the axis. The variables that were well-represented in the 
second factor were socio-demographic variables. Categories such as being male, 
having a spouse, having secondary studies, being a housewife and living with a 
partner/children were related to the positive part (top). In contrast, the categories of 
being single, having higher studies, being a student and living with friends or parents 
or/and a sibling, were related to the negative part of the axis (bottom). This axis was 
therefore interpreted as “socio-demographic data”. As in the other axis, some 
categories of the illustrative variables were well-represented by this axis. Purgative 
AN was located in the negative part, while binge behaviour (only in patients with 
EDNOS diagnosis) was located in the positive part.
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Figure 1 Graphical displays of the two factors/components derived from the multiple correspondence analysis. Active variables (sociodemographic variables). Age (≤ 25, 26-35, > 35); Marital status (single, spouse/partner, 
divorced/widow(er); Educational level (primary education, secondary education, higher education); Employment status (employed, unemployed, student, disabled, non-paid work/housewife); Living situation (alone, partner/children, friends, 
parents/siblings). Active variables (questionnaires). Metacognitions questionnaire, (0: ≤ 57, 1: 58-75, 2: > 75). Clinical impairment assessment, (0: ≤ 16, 1: ≥ 16); Eating attitudes test, (0: ≤ 8, 1: ≥ 8). Health-related quality of life in eating disorder-short 
form, [social maladjustment domain, (0: ≤ 50, 1: > 50); Mental health and functionality domain, (0: ≤ 50, 1: > 50); Penn state worry questionnaire (0: ≤ 28, 1: > 28). Red triangles represent the categories of the active variables. White triangles represent the 
categories of the illustrative or outcome variables. TP1: B EDNOS: Type of patient 1: Binge-eating disorder not-otherwise specified; TP1: P EDNOS: Type of patient 1: Purgative- eating disorder not-otherwise specified; TP1: R EDNOS: Type of patient 1: 
Restrictive- eating disorder not-otherwise specified; TP1: P BN: Type of patient 1: Purging-bulimia nervosa; TP1: P AN: Type of patient 1: Purging-anorexia nervosa, TP1: R AN: Type of patient 1: restrictive-anorexia nervosa; TP2: R: Type of patient 2: 
restrictive; TP2: P: Type of patient 2: Purgative; TP2: B: Type of patient 2: binge; G: Gender; F: Female; M: Male; MS: Marital status; EL: Educational level; ES: Employment status; LS: Living situation; MCQ: Metacognitions questionnaire; CIA: Clinical 
impairment assessment; EAT: Eating attitudes test; HeRQoLED-s: Health-related quality of life in eating disorder-short form; SocM: Social maladjustment domain; MHF: Mental health and functionality domain; PSWQ: Penn State Worry Questionnaire.

Following application of CA to the factors derived from the MCA, four ED patient 
types were identified (Figure 2) and labelled from A to D. Types A and C were 
patients with high psychosocial impairment, while types B and D were patients with 
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Figure 2 Dendogram obtained from the cluster analysis. The dendogram represents the results from the cluster analysis performed with the two 
components obtained from the multiple correspondence analyses. The graphical display includes an easy interpretation of the clustering and a brief description of the 
identified groups. 1Having < 35 years, being single, having higher studies, being a student and living with friends or parents or/and a sibling; 2Having > 35 years, being 
male, having a spouse, having secondary studies, being a housewife and living with partner/children.CIA: Clinical impairment assessment; EAT: Eating attitudes test.

low psychosocial impairment. However, types A and C, and B and D, differed in their 
socio-demographic characteristics. Figure 3 shows the two-dimensional distribution 
resulting from graphing the first and second factors. Types were represented by 
colours and the relative positions of the two illustrative variables were projected on 
the graph.

Tables 1 and 2 summarize the variables collected for all ED patients across the four 
ED subtypes. Statistically significant differences between subtypes were observed in 
all socio-demographic and psychosocial impairment variables, except for gender. 
Table 2 shows the associations between the subtypes and the illustrative variables and 
subtypes. Among patients in subtypes A (n = 42) and C (n = 47), 71.43% and 70.21% 
respectively had purgative behaviours. Subtype D included 35 patients, of whom 
65.71% had restrictive behaviours. Among the 52 patients in subtype B, 58.85% had 
purgative behaviours, 30.77% had restrictive behaviours, and 15.38% had binge 
behaviours. The distribution of patients across the subtypes was significantly 
associated with the illustrative variable (P < 0.0001). In order to see the stability of the 
groups obtained in another way, results at 12 mo of follow-up showed that factors 
created by the MCA with the 12 mo follow-up data were the same as in the baseline 
(see material online, Supplementary Tables 1 and 2, Supplementary Figure 1). So, the 
characteristics that define the groups derived from the CA (A, B, C, D) are stable. 
Table 3 shows the differences in quality of life among the three groups defined in the 
literature (AN, BN and EDNOS).

DISCUSSION
The purpose of this study was to identify clinically meaningful subgroups among 
subjects with ED using multiple correspondence analyses. MCA is a well-established 
statistical technique that is suitable for suggesting possible diagnostic categories, as 
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Table 1 Distribution of the active variables related to the patients with eating disorders: Sociodemographic and health-related quality of 
life variables

Type of patient
n (%)

A B C D
P value

Active variables 176 42 (23.86) 52 (29.55) 47 (26.70) 35 (19.89)

Sociodemographic variables

Gender (Female) 166 (94.32) 42 (100) 47 (90.38) 44 (93.62) 33 (94.29) 0.25

Age < 0.0001

≤ 25 42 (23.86) 9 (21.43) 0 (0) 0 (0) 33 (94.29)

26-35 62 (35.23) 22 (52.38) 25 (48.08) 13 (27.66) 2 (5.71)

> 35 72 (40.91) 11 (26.19) 27 (51.92) 34 (72.34) 0 (0)

Marital status < 0.0001

Single 102 (57.95) 36 (85.71) 26 (50.00) 6 (12.77) 34 (97.14)

Spouse/partner 64 (36.36) 5 (11.90) 25 (48.08) 33 (70.21) 1 (2.86)

Divorced/Widow(er) 10 (5.68) 1 (2.38) 1 (1.92) 8 (17.02) 0 (0)

Educational level 0.007

Primary education 36 (20.45) 7 (16.67) 12 (23.08) 10 (21.28) 7 (20.00)

Secondary education 56 (31.82) 7 (16.67) 17 (32.69) 24 (51.06) 8 (22.86)

Higher education 84 (47.73) 28 (66.67) 23 (44.23) 13 (27.66) 20 (57.14)

Employment status < 0.0001

Employed 72 (40.91) 20 (47.62) 33 (63.46) 17 (36.17) 2 (5.71)

Unemployed 25 (14.20) 11 (26.19) 8 (15.38) 6 (12.77) 0 (0)

Student 41 (23.30) 6 (14.29) 2 (3.85) 0 (0) 33 (94.29)

Disabled 18 (10.23) 4 (9.52) 2 (3.85) 12 (25.53) 0 (0)

Non-paid work/housewife 20 (11.36) 1 (2.38) 7 (13.46) 12 (25.53) 0 (0)

Living situation < 0.0001

Alone 13 (7.39) 4 (9.52) 5 (9.62) 3 (6.38) 1 (2.86)

Partner/children 82 (46.59) 8 (19.05) 33 (63.46) 40 (85.11) 1 (2.86)

Friends 14 (7.95) 8 (19.05) 1 (1.92) 3 (6.38) 2 (5.71)

Parents/siblings 67 (38.07) 22 (52.38) 13 (25.00) 1 (2.13) 31 (88.57)

Health-related quality of life variables

MCQ-30 < 0.0001

≤ 57 59 (33.52) 4 (9.52) 30 (57.69) 7 (14.89) 18 (51.43)

58-75 58 (32.95) 23 (54.76) 11 (21.15) 10 (21.28) 14 (40.00)

> 75 59 (33.52) 15 (35.71) 11 (21.15) 30 (63.83) 3 (8.57)

MCQ-301 67.0 (18.5) 72.2 (12.4)BD 57.6 (18.6)AC 78.4 (18.4)BD 58.6 (12.8)AC < 0.0001

CIA (≥ 16) 100 (56.82) 39 (92.86) 10 (19.23) 39 (82.98) 12 (34.29) < 0.0001

CIA1 19.5 (13.6) 30.7 (9.6)BD 9.2 (8.0)AC 26.0 (12.8)BD 12.2 (9.2)AC < 0.0001

EAT-12 (≥ 8) 111 (63.07) 41 (97.62) 11 (21.15) 44 (93.62) 15 (42.86) < 0.0001

EAT-121 10.7 (7.5) 16.4 (5.9)BD 4.9 (4.6)AC 14.1 (6.2)BD 7.6 (6.2)AC < 0.0001

HeRQoLED-s

SocM (> 50) 84 (47.73) 35 (83.33) 4 (7.69) 35 (74.47) 10 (28.57) < 0.0001

SocM1 48.1 (24.0) 63.9 (16.4)BD 29.0 (15.8)AC 63.1 (19.4)BD 36.6 (20.6)AC < 0.0001
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MHF (> 50) 61 (34.66) 28 (66.67) 2 (3.85) 25 (53.19) 6 (17.14) < 0.0001

MHF1 43.5 (21.7) 56.8 (17.8)BD 29.0 (15.2)AC 56.9 (17.8)BD 30.4 (17.0)AC < 0.0001

PSWQ-R (> 28) 110 (62.50) 38 (90.48) 18 (34.62) 39 (82.98) 15 (42.86) < 0.0001

PSWQ-R1 29.7 (8.3) 34.8 (4.1)BD 24.4 (8.4)AC 33.6 (5.9)BD 25.9 (8.2)AC < 0.0001

1Results showed as mean (standard deviation). Types of patients have been labeled in alphabetical order. The four subtypes (A, B, C and D) identified for 
the MCA factors “Psychosocial impairment” (first factor), and “Socio-demographic data” (second factor) provide a typology of eating disorders patients. 
MCQ: Metacognitions questionnaire; CIA: Clinical impairment assessment; EAT-12: Eating attitudes test; HeRQoLED: Health-related quality of life in 
eating disorder-short form; SocM: Social maladjustment domain; MHF: Mental health and functionality domain; PSWQ-R: Penn state worry questionnaire.

Table 2 Distribution of the illustrative variables, by subtype

Type of patient
n (%)

A B C D
P value

Illustrative variables

Type of ED 0.11

AN 53 (30.11) 17 (40.48) 13 (25.00) 8 (17.02) 15 (42.86)

BN 34 (19.32) 6 (14.29) 10 (19.23) 13 (27.66) 5 (14.29)

EDNOS 89 (50.57) 19 (45.24) 29 (55.77) 26 (55.32) 15 (42.86)

Subtype of ED < 0.0001

Restrictive 51 (28.98) 8 (19.05) 16 (30.77) 4 (8.51) 23 (65.71)

Purgative 103 (58.52) 30 (71.43) 28 (53.85) 33 (70.21) 12 (34.29)

Binge 22 (12.50) 4 (9.52) 8 (15.38) 10 (21.28) 0 (0)

Types of patients have been labeled in alphabetical order. The four subtypes (A, B, C and D) identified for the MCA factors “Psychosocial impairment” 
(first factor), and “Socio-demographic data” (second factor) provide a typology of eating disorders patients. ED: Eating disorder; AN: Anorexia nervosa; 
BN: Bulimia nervosa; EDNOS: Eating disorder not otherwise specified. Type and subtype of eating disorder are based on DMS-IV-TR.

seeks to identify clusters of individuals with similar features. In this study, ED 
outpatients can be categorized by two main components: one related to sociodemo-
graphic data (in graphical terms, shown by the second factor, in which negative values 
were associated with being old and living with partner/children and positive values 
were associated with being young and living with parents/siblings), and the other 
related to psychosocial impairment data (shown by the first factor, in which positive 
values were associated with better HRQoL and negative values were associated with 
worse HRQoL). In the hierarchy used, patients were first classified based on HRQoL 
variables, followed by the sociodemographic variables. The four subtypes (A, B, C, and 
D) provide a typology of ED patients.

Moreover MCA and CA made it possible to identify different typologies of patients 
with specific features. Types D and A were similar with regard to sociodemographic 
data, while Types A and C (D and C) were similar with regard to psychosocial 
impairment variables. In relation to the sociodemographic variables, Types D and A 
were characterized by being younger, having a higher education level, being single, 
and living with their parents or siblings. Types B and C, in contrast, were charac-
terized by being older (> 35 years), having secondary education and living with their 
partner/children. According to psychosocial impairment variables, Types A and C 
had the most severe ED and were characterized by higher psychosocial impairment, 
ED severity, lower HRQoL, higher dysfunctional metacognitive belief and level of 
pathological worry, while Types D and B had a lower psychosocial impairment and 
less severe ED. As regards the diagnostic, as in this study, other research[28,29] have 
also failed to identify specific differences between the HRQoL effect of distinct ED 
diagnostic groups. With regard to the type of compensating behaviour, 65.71% of 
patients in Group D, and 53.85% of patients in Group B belong to the group of 
restrictive patients; while 71.43% of patients in Group A and 70.21% of those in Group 
C belong to the group of purgative patients.
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Table 3 Differences in quality of life among the three groups defined in the literature

Total Type of ED P value

n (%) AN, n (%) BN, n (%) EDNOS, n (%)

Health-related quality of life 
variables

176 53 (30.11) 34 (19.32) 89 (50.57)

MCQ-30 0.25

≤ 57 59 (33.52) 17 (32.08) 8 (23.53) 34 (38.20)

58-75 58 (32.95) 22 (41.51) 11 (32.35) 25 (28.09)

> 75 59 (33.52) 14 (26.42) 15 (44.12) 30 (33.71)

MCQ-301 67.0 (18.5) 65.3 (19.5) 72.1 (18.5) 66.1 (17.7) 0.19

CIA (≥ 16) 100 (56.82) 32 (60.38) 20 (58.82) 48 (53.93) 0.73

CIA1 19.5 (13.6) 21.7 (14.4) 21.3 (13.9) 17.6 (12.8) 0.17

EAT-12 (≥ 8) 111 (63.07) 35 (66.04) 22 (64.71) 54 (60.67) 0.8

EAT-121 10.7 (7.5) 12.9 (8.6) 12.1 (8.1) 8.9 (6.1) 0.02

HeRQoLED-s

SocM (> 50) 84 (47.73) 25 (47.17) 19 (55.88) 40 (44.94) 0.55

SocM1 48.1 (24.0) 48.4 (25.2) 52.0 (25.0) 46.5 (22.9) 0.58

MHF (> 50) 61 (34.66) 21 (39.62) 12 (35.29) 28 (31.46) 0.61

MHF1 43.5 (21.7) 43.3 (24.5) 44.2 (23.3) 43.4 (19.5) 0.99

PSWQ-R (> 28) 110 (62.50) 32 (60.38) 24 (70.59) 54 (60.67) 0.56

PSWQ-R1 29.7 (8.3) 28.6 (8.7) 31.1 (9.0) 29.8 (7.7) 0.23

1Results showed as mean (standard deviation). MCQ: Metacognitions questionnaire; CIA: Clinical impairment assessment; EAT: Eating attitudes test; 
HeRQoLED-s: Health-related quality of life in eating disorder-short form; SocM: Social maladjustment domain; MHF: Mental health and functionality 
domain; PSWQ: Penn state worry questionnaire; ED: Eating disorders; AN: Anorexia nervosa; BN: Bulimia nervosa; EDNOS: Eating disorder not otherwise 
specified.

These findings are consistent with those of DeJong et al[30], who explored whether 
purge spectrum groups have a higher degree of clinical severity than restrictive 
groups. Indeed, a major meta-analysis concluded that vomiting and purgative abuse 
suggested an unfavourable prognosis[31].

Patients with restrictive subtypes of ED are known to tend to underestimate the 
impact of their illness on their everyday activities and often continue to work and to 
maintain an active lifestyle, even at extreme levels of starvation[32]. There is some 
evidence that individuals with bingeing and/or purging forms of AN are more 
impaired than those with restrictive AN[30,33]. Several authors have suggested that 
restrictive EDs are often experienced as ego-syntonic as a result of the highly valued 
weight loss associated with these disorders[30,34,35]. In the study by DeJong et al[30], 
there were no differences in the CIA scores of different diagnostic groups (AN, BN, 
EDNOS). However when the groups were divided into restrictive and binge-purge 
subtypes, significant differences were found, as in this study. This suggests a greater 
degree of functional impairment amongst binge-purge spectrum diagnoses. This is 
consistent with an apparently higher degree of clinical severity amongst binge-purge 
spectrum groups than restrictive groups[30]. As Fairburn et al[2] have suggested, is 
that EDs are not stable. As Fairburn et al[36] one possible explanation  note, the current 
arrangement used for classifying EDs is a historical accident that poorly reflects the 
clinical reality. They propose a (transdiagnostic) model highlighting similarities 
amongst diagnoses rather than focusing on differences between EDs[36]. Such 
similarities include extreme dietary restraint and restriction, binge eating, self-induced 
vomiting and misuse of laxatives, driven exercising, body checking and avoidance, 
and an over-evaluation of control over eating, shape and weight[37,38].

In DSM-5 the subtypes of BN disappear, since in clinical practice, the non-purging 
subtype was uncommon and tended to be confused with the diagnosis of binge ED
[39]. Although it is important to clarify that fasting and/or excessive exercise are still 
considered as control behavior in order not to gain weight in BN, so that this type of 
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Figure 3 Map created by the first and second factors derived from the multiple correspondence analysis. Black dots in the plane represent the 
categories of the illustrative variable “subtypes of diagnosis according to compensatory behaviour and Diagnostic and Statistical Manual of Mental Disorders-IV 
classification”. Grey dots represent the categories of the illustrative variable “subtype of diagnosis according to compensatory behaviour”. The relative positions of the 
patients in this plane are represented by different colours, depending on the type derived from the cluster. B EDNOS: Eating disorder not otherwise specified, subtype 
binge; P EDNOS: Eating disorder not otherwise specified, subtype purgative; P BN: Bulimia nervosa, subtype purgative; P: Purgative; P AN: Anorexia nervosa, 
subtype purgative; R EDNOS: Eating disorder not otherwise specified, subtype restrictive; R: Restrictive; R AN: Anorexia nervosa, subtype restrictive.

patients could continue to be diagnosed. The main purpose of the DSM is to be 
clinically useful, i.e., to improve the assessment and care of individuals with mental 
disorders[39]. The current focus of the DSM on “clinical utility” may incentivize the 
use of MCA and CA methods; the groups of ED patients formed after applying this 
methodology, do so based on common characteristics (sociodemographic, clinical and 
HRQoL), which may or may not coincide with the clinical diagnosis of each patient 
(DSM criteria). The data of this study may have important implications for ED patient 
care. The development of compensating behaviour-oriented treatments may prove 
useful for management of ED patients. But before these findings can be used to justify 
adjustments in therapeutic interventions, they will have to be replicated using the 
DSM-5 criteria to examine whether similar, or different clusters are present in different 
populations. Furthermore, future studies are needed to evaluate our ability to use this 
CA prospectively to classify disease severity and improve ED control by personalizing 
ED management. It would be interesting to determine whether the cluster groups have 
a differential response to one or more specific ED treatments. The potential interest in 
clinical practice is the usefulness that this method can have for clinicians, detecting 
typologies that may be useful for decision-making in these types of patients.

Strenghts and limitations
This study has several strengths. The MCA sought to identify groups of patients with 
homogeneous characteristics. For quality of life, the MCA methodology shows groups 
that are more discriminating, i.e., patients of each group (A, B, C, D) are more 
similar/homogeneous among themselves and dissimilar/heterogeneous among the 
different groups. This methodology has proven useful for eliminating superfluous 
variables and retaining significant ones[10]. Traditional statistical methods, such as 
regression models, are designed to test the relationship between explanatory or 
independent variables and one outcome or dependent variable. In contrast, the aim in 
this study was to create ED patient typologies that were not strictly related to a specific 
outcome. The utility of this approach lies in the fact that the classification does not 
depend on a specific outcome, but is instead related to several[10]. Appropriate 
validation of the subtypes identified was provided by statistically significant 
relationships between the subtypes and several key outcomes.

To the authors’ knowledge, this is the first study to apply MCA to ED diagnostic 
data and to use CA in such detail to search for ED patient groups in this area. Based on 
a review of the existing literature, only one study[40] used MCA in ED patients, but 
only in AN patients, and for another purpose (the aim was to differentiate patients 
with AN into well-defined outcome groups according to specific clusters of prognostic 
factors).

This study has a number of limitations. The first of these is that it only included 
patients who were attending a dedicated ED outpatient care program. It may therefore 
not necessarily be possible to extrapolate the results to other settings, such as 
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inpatients or patients treated as part of primary care. Another limitation is the large 
number of non-completors, and that there were no analyses of those patients who did 
and did not participate to determine if they differ based on certain characteristics. The 
third limitation is that this research was conducted prior to the publication of the 
DSM-5, and thus used DSM-IV-TR criteria for ED. An examination of patient subtypes 
across a range of ED patients using the new DSM-5 criteria, will be helpful.

CONCLUSION
In conclusion, four subtypes of ED patients were identified, which were associated 
with different illustrative variables. The classification was primarily driven by two 
components: (1) The HRQoL status; and (2) The sociodemographic data. As Fairburn et 
al[37] have noted, a classificatory scheme that reflects the clinical reality would greatly 
facilitate research and clinical practice.

ARTICLE HIGHLIGHTS
Research background
Eating disorders (ED) pose special problems for patients and have serious implic-
ations, including impaired health, psychiatric comorbidity and poor quality of life. 
Some authors assert that there is heterogeneity in clinical presentations that charac-
terize patients with ED. It is relevant to research subtypes of ED, and these groupings 
might possibly be used to inform assessment, treatment and future diagnostic 
nosologies.

Research motivation
This is the first study to apply multiple correspondence analysis to EDs diagnostic 
data and to use cluster analysis (CA) in such detail to search for EDs patient groups in 
this area.

Research objectives
The aim of our study was to characterize groups of patients with ED into subtypes 
according to sociodemographic and psychosocial impairment data using multiple 
correspondence analysis (MCA), and to validate the results using several illustrative 
variables and arrive at a classification of the subjects that is suggested by the data, 
rather being defined a priori, where subjects in each group are similar to one another 
but dissimilar to those from other groups.

Research methods
This study involved ED patients, who were receiving psychiatric care at the Hospital 
Galdakao-Usansolo in Biscay, Spain, all of whom were informed of the nature of this 
research by their psychiatrist before agreeing to participate. MCA provides descriptive 
patterns based on categories of the original variables, and CA organizes information 
from apparently heterogeneous individuals into relatively homogeneous groups based 
on their values in different variables.

Research results
Of 176 ED patients were differentiated into well-defined outcome groups according to 
specific clusters of compensating behaviours. Types D and A were similar with respect 
to sociodemographic data, while types D and B were similar with respect to 
psychosocial impairment variables. Types B and D had the least severe ED (according 
to psychosocial impairment variables); Types A and C had the most severe.

Research conclusions
In our study, the MCA methodology shows groups that are more discriminating, i.e., 
patients of each group (A, B, C, D) are more similar or homogeneous among 
themselves and dissimilar or heterogeneous among the different groups. A technique 
such as MCA synthesizes information on the original variables into a small number of 
components, making data interpretation easier and more viable.
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Research perspectives
Grouping ED patients into subtypes could help improve the establishment of more 
effective diagnostic and treatment strategies, and improve patient care and prognosis 
in clinical practice.
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Abstract
BACKGROUND 
Children diagnosed with autism spectrum disorder (ASD) may have great 
difficulties when their routines change, and this may affect the psychological well-
being of their parents. For this reason, it is important to examine studies that 
address the mental health of parents in order to adapt to the coronavirus disease 
2019 (COVID-19) pandemic.

AIM 
To determine the mental health status of parents with children diagnosed with 
ASD in the COVID-19 pandemic.

METHODS 
The study, which is a systematic review, was conducted between December 15, 
2020 and December 30, 2020 by scanning articles in English. The Scopus, Science 
Direct, PubMed, Cochrane, Web of Science, and Google Scholar databases were 
used for scanning. The keywords COVID-19 AND (“autism” OR “autistic” OR 
“autism spectrum disorder”) AND parent AND (“mental health” OR “anxiety” 
OR “stress”) were used in the search process. The inclusion criteria in the study 
were findings regarding the mental health of parents with children diagnosed 
with ASD in the COVID-19 pandemic, addressing their anxiety and stress 
situations, being a research article, and accessing the full text of the article.

RESULTS 
In the study, a total of 6389 articles were reached, and the full texts of 173 articles 
were evaluated for eligibility. After the articles excluded by the full-text search 
were eliminated, 12 studies involving 7105 parents were included in the analysis. 
The findings obtained from the articles containing data on mental health in the 
COVID-19 pandemic of parents with children with autism spectrum disorder 
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were discussed in three groups. These were findings on the experiences of parents 
with children with ASD in the COVID-19 pandemic regarding the areas where 
parents with children with ASD need support in the COVID-19 pandemic and 
methods of coping with the COVID-19 pandemic for parents with children with 
ASD. In the systematic review, it was determined that the anxiety and stress of the 
parents increased, they needed more support compared to the pre-pandemic 
period, and they had difficulty coping.

CONCLUSION 
In this systematic review, it was concluded that the COVID-19 pandemic 
negatively affected the mental health of the parents of children with ASD.
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Core Tip: Parents with a child diagnosed with autism spectrum disorder (ASD) in the 
coronavirus disease 2019 (COVID-19) pandemic may have a hard time explaining the 
COVID-19 pandemic, changes in routines and safety measures to their children in a 
comprehensible way. Parents may feel stressed and anxious as they have difficulty 
managing the process and need support in using effective coping methods. It is 
important to analyze the results of studies on the mental health of parents with children 
with ASD in the COVID-19 pandemic period. This is the first study to systematically 
examine the mental health status of the parents of children with ASD in the COVID-19 
pandemic period.

Citation: Yılmaz B, Azak M, Şahin N. Mental health of parents of children with autism 
spectrum disorder during COVID-19 pandemic: A systematic review. World J Psychiatr 2021; 
11(7): 388-402
URL: https://www.wjgnet.com/2220-3206/full/v11/i7/388.htm
DOI: https://dx.doi.org/10.5498/wjp.v11.i7.388

INTRODUCTION
The coronavirus disease 2019 (COVID-19) pandemic and disaster processes 
significantly adversely affect individuals with severe and chronic mental illness. Data 
on individuals diagnosed with autism spectrum disorder (ASD), which is one of the 
most common neurodevelopmental disorders in the world, and their parents’ 
experiences in extraordinary conditions are still limited[1]. The Diagnostic and 
Statistical Manual of Mental Disorders Fifth Edition defines autism as a pervasive 
developmental disorder characterized by disturbances in social interaction and 
communication (difficulty in social-emotional response, inability to use and 
understand non-verbal communication behaviors, inability to initiate and maintain 
communication appropriate to the level of development), limited and repetitive 
behaviors. The prevalence of autism, which causes limitations in performing the daily 
life functions of the individual with its early symptoms, continues to increase[2]. 
Autism begins in childhood and affects one in every 160 children in the world[3]. In a 
study conducted throughout the United States, it was reported that ASD was observed 
in one of every 54 children[4,5].

The World Health Organization (WHO) declared the COVID-19 epidemic as a 
global pandemic on March 11, 2020[6]. With the announcement of the pandemic, some 
restrictions started to be applied in countries. Initiatives to reduce the rate of 
transmission include behavioral recommendations such as comprehensive and 
frequent hand washing, maintaining social distance, avoiding in-person contact and 
wearing a facemask[7]. Groups with special needs have faced bigger problems during 
the pandemic. Children with ASDs and their parents are among the groups adversely 
affected by the COVID-19 pandemic[8-10]. The pandemic that caused mental problems 
even in healthy individuals has caused much more distress in children with ASD, who 
are extremely sensitive to changes in their routine[11,12]. Children with ASD may 
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present the psychosocial distress they experience due to the pandemic in the form of 
aggression, tantrums or refusing to participate in daily activities[8]. Furthermore, 
children with ASD may have difficulties without training in hand washing, avoiding 
eye contact, and especially wearing a facemask. The necessity to wear a mask is partic-
ularly disturbing for any child who has sensory sensitivity and does not understand 
the rationale for wearing a mask[13,14].

Parenting a child with ASD may be stressful[15]. Meeting the needs of these 
children may be more difficult for parents due to the seriousness of their condition and 
the chronic spectrum, mental health comorbidities, intense interventions that children 
need and the difficulty of getting services[16]. During the pandemic, disruption in 
daily routines, difficulty in accessing health services, inability to access private care 
and the increased anxiety of parents worsen the psychological wellbeing of children 
and increase their behavioral problems[17]. Parents have a difficult period in 
management of children with special needs during the pandemic where people are 
confined to homes. Normally, the burden of parents was shared with care centers, 
schools and special education centers. Social distancing is placed between caregivers 
who can support parents in the care process, and individuals who support these 
parents in care such as grandparents and parents are left alone due to the risk of 
COVID-19 transmission[18,19]. As the burden of parents increases, their coping 
capacity may decrease[20]. The parents of children with ASD, who had felt isolated 
before the COVID-19 pandemic, may feel more lonely and stressed during the 
pandemic with compulsory social distancing[21].

Parental health and well-being are directly related to the quality of care parents can 
provide to their children[21]. In the COVID-19 pandemic, international organizations 
such as WHO, the United Nations International Children's Emergency Fund and the 
American Academy of Pediatrics have created guidelines to support parents in 
management of the pandemic and stress management[22-24]. Similarly, Narzisi[12] 
recommended the parents of children with ASD to explain what COVID-19 is to the 
child, structure their daily routines according to this process and maintain their 
connections with educational institutions so that they can have a healthy pandemic 
process. It is important for parents to be able to explain the pandemic process to their 
children so that they and their children feel safer. For this reason, parents should be 
supported in teaching their children social distancing rules[21]. It is very important 
that the parents of children with ASD receive social support and have access to profes-
sional health services in reducing their stress and improving their emotional wellbeing
[16,25]. In the COVID-19 pandemic, anxiety and stress situations, needs and coping 
methods should be determined, as well as mental health conditions in parents with 
children with ASD.

This systematic review determined the mental health status of the parents of 
children with ASD in the COVID-19 pandemic.

MATERIALS AND METHODS
This study is a systematic review. The Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses protocol was followed in preparation of the study and the 
report. In this systematic review, to reduce the risk of possible bias, the processes of 
literature review, article selection, data extraction and evaluation of article quality 
were carried out independently by two researchers, each stage was checked in a 
session with the third researcher, and a consensus was established. In a session where 
the three researchers were together for carrying out the process in appropriate form 
and quality, a pilot study was conducted including searching through the PubMed 
search engine with a keyword (COVID-19, autism, parent) within the scope of the 
study, selecting an article, extracting data with five research articles and evaluating the 
quality of the articles. The differences of opinion and information that emerged after 
the pilot study were resolved through discussion.

Search strategy
The search processes for this systematic review were conducted between December 15, 
2020 and December 30, 2020 and updated on 17 March 2021 to include the latest 
publications in the publication process. The search procedure was achieved by 
browsing the Web of Science, PubMed (including MEDLINE), Cochrane, Scopus, 
Science direct and Google Scholar databases using the keywords COVID-19 AND 
(“autism” OR “autistic” OR “autism spectrum disorder”) AND parent AND (“mental 
health” OR “anxiety” OR “stress”). The list of references of the included studies was 
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reviewed to access additional studies.

Selection criteria and selection of studies
Inclusion and exclusion criteria: The articles in English, which could be accessed in 
full text without any limitation of publication year and country, were included in the 
study. The systematic review was created according to the PICOS strategy. 
Participants: the parents of children with ASD; Interventions: effects of the COVID-19 
pandemic on mental health; Comparators: the parents of children without ASD; Main 
outcomes: anxiety, stress, difficulty in coping, loneliness, inadequacy of support 
systems, social isolation, change in routines and financial difficulties; Additional 
outcomes: exercise at home, practicing yoga and meditation, reading newspapers, 
getting support from a therapist, cooking meals, talking to their loved ones on online 
platforms during the pandemic. These results have been reported in studies and 
included and presented in this systematic review.

Studies suitable for this systematic review were included based on the following 
inclusion criteria. In the COVID-19 pandemic, the findings related to the mental health 
of parents with children with ASD and the anxiety and stress situations they 
experienced were handled, being a research article, the publication language was 
English, and the full text of the article was available. Studies with an unknown method 
and those dealing with the experiences of children with ASD in the COVID-19 
pandemic were excluded.

Identification and selection of the studies were achieved independently by two 
researchers (Yılmaz B, Azak M) in accordance with the inclusion criteria. After 
repetitive studies were removed from the search results, selection was made according 
to the title, abstract and full text, respectively. The selection process followed in the 
systematic review is given in Figure 1.

Data extraction
A data extraction tool developed by the researchers was used to obtain data in the 
study. With this data extraction tool, data about the authors of the studies and the 
publication year, research type, method, sample size, number of cases, the country in 
which the data were collected, the year the data were collected, the data collection 
instrument and the main results were obtained.

Evaluation of methodological quality
The methodological quality of the articles included in this systematic review was 
evaluated by one of the researchers and checked by the other two researchers. The 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 
Statement[26] was used to evaluate the quality of the observational (descriptive, cross-
sectional and case-control) studies, and the “Critical Appraisal Skills Program: Quality 
Appraisal Criteria for a Qualitative research” (CASP) was used for qualitative research 
(https://casp-uk.net/wp-content/uploads/2018/01/CASP-Qualitative-Checklist-
2018.pdf). The STROBE Statement is a checklist of 22 items that indicate the sections 
that should be written in the article during the preparation of observational research 
articles. CASP is a form consisting of 10 items that may be used to evaluate the quality 
of qualitative research.

Data analysis
The narrative synthesis method was used in the analysis of the data. Narrative 
synthesis is a method that may be used to synthesize both quantitative and qualitative 
studies, and it can be used when the findings of studies included in the systematic 
review are not similar enough for meta-analysis[27]. The pattern, data collection 
methods and data collection instruments of the studies examined in this systematic 
review were different. Therefore, the findings are presented with the narrative 
synthesis method.

Ethical aspect of research
In the study, the research articles included in the sample did not require ethics 
committee approval because they were obtained from accessible electronic databases 
and search engines. All stages of the study were carried out in accordance with the 
principles in the Declaration of Helsinki.

https://casp-uk.net/wp-content/uploads/2018/01/CASP-Qualitative-Checklist-2018.pdf
https://casp-uk.net/wp-content/uploads/2018/01/CASP-Qualitative-Checklist-2018.pdf
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Figure 1 PRISMA flow diagram.

RESULTS
Scanning results
As a result of the search, 6389 records were initially reached. As a result of the 
examination made according to the title, abstract and full text, respectively, 173 articles 
were reached. Repetitive records were removed, and data extraction was performed 
with twelve studies after the examination according to the inclusion criteria. Explan-
ations about the selection process of the articles are shown in Figure 1. In this review, 
twelve studies that met the inclusion criteria were analyzed, and Table 1 shows the 
country, type, sample characteristics, data collection instruments and main results of 
these studies. A total of 12 studies were included in a quantitative and qualitative 
design (cross-sectional descriptive: 8; comparative cross-sectional descriptive: 1; cohort 
study: 1; quasi-experimental design: 1; qualitative design: 1). A total of 7105 parents 
who have children with a diagnosis of ASD were enrolled in the studies that were 
included in this study. The included studies were carried out in United States, China, 
Spain, Italy, Saudi Arabia, Portugal and Turkey. While the quantitative research data 
included in the study were collected through online questionnaires, the qualitative 
research data were obtained by phone call via semi-structured forms.

Methodological quality assessment results
When the reporting quality of the observational studies was evaluated over 22 points 
with the 22-item STROBE, the mean score was found to be 19.54 (range: 17-22). In the 
evaluation of qualitative research using CASP, it was found that the quality score was 
9.0 (Table 1). While disasters and epidemics affect the whole society negatively, they 
affect individuals with ASD in the disadvantaged group and their parents mentally. In 
the systematic review, the results obtained from the articles containing data on the 
mental health of parents with children with ASD in the COVID-19 pandemic were 
discussed in three groups. These were results regarding the experiences of parents 
with children with ASD in the COVID-19 pandemic, results regarding the areas where 
parents with children with ASD need support in the COVID-19 pandemic and 
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Table 1 Summary of the studies included in this systematic review

Ref. Country Research 
type

Data collection 
instrument Sample Main results

Critical 
appraisal 
toll

Demographic Form

The Parent Stress 
Index-Short Form 

Alhuzimi
[28], 2021 

Saudi 
Arabia

Cross-
sectional 
descriptive 

The General Health 
Questionnaire 

150 parents of children 
with ASD

While 94% of the parents reported that their 
stress levels increased in the COVID-19 
pandemic, 78.7% of them reported that the 
pandemic negatively affected their emotional 
well-being. The parents stated that the support 
they received from their relatives during this 
process reduced their stress levels, fatigue and 
improved emotional their wellbeing

19/22 
STROBE

Demographic Form

The General Health 
Questionnaire

The Hospital 
Anxiety and 
DepressionScale

Althiabi
[34], 2021

Saudi 
Arabia

Cross-
sectional 
descriptive

The Family Impact 
Questionnaire

211 parents of children 
with ASD

The parents reported that, in the COVID-19 
pandemic, they had difficulty calming their 
children due to changes in routine and 
experienced fear and anxiety. They reported 
that they had difficulties in finding activities 
and games to keep their children entertained at 
home. During this process, the parents 
reported that they sought help from their 
friends, teachers, doctors and psychologists

21/22 
STROBE

Amorim et al
[29], 2020

Portugal Comparative, 
cross-sectional 
descriptive

Questionnaire form 
created by 
researchers

43 parents of children 
with ASD and 56 control 
group participants 
(parents of children 
without 
neurodevelopmental 
problems)

In the study, it was determined that the parents 
of children with ASD had higher anxiety levels 
than those with healthy children. The parents 
reported that they felt tired during the 
pandemic as they had to spend extra time on 
their children with ASD. In the study, 55.8% of 
the parents of children with ASD and 29.6% of 
the control group reported that the pandemic 
had a negative effect on emotion management. 
Social isolation, inability to spend time outside, 
sudden changes in routines, boredom and 
distance education practices were reported as 
the most difficult areas for parents. The parents 
stated that they frequently talked to their 
families, close friends, colleagues, and some 
parents received support from a therapist

17/22 
STROBE

Bent et al
[31], 2020

China Qualitative Interview 
formcreated 
byresearchers

15 parentsofchildren 
withASD

The parents had trouble explaining COVID-19 
and safety measures to their children. Sudden 
changes in routines increased children’s crying 
spells and aggression. The parents had 
difficulty coping with these behavioral 
problems and adapting to e-learning. The 
participants reported that they exercised, 
practiced yoga, meditation, prayed, read 
newspapers and talked with their close friends 
online during this period.

9/10 
CASP

Colizzi et al
[30], 2020

Italy Cross-
sectional 
descriptive

40-question 
questionnaire 
created by 
researchers

527 parents of children 
with ASD

The parents reported that having a single child, 
the inability of the child with ASD to speak, the 
male gender of the child and a single parent 
having the child's responsibility were among 
the factors increasing their stress during the 
pandemic. 19.1% of the parents reported that 
they received support from a neuropsychiatrist 
due to the onset of new behavioral problems in 
their children and due to feeling helpless. The 
sudden curfew restrictions caused stress for the 
parents and their children. 47.4% of the 
participants stated that they needed more 
health services during the pandemic, 30% 
needed to strengthen their home support 
systems, and 16.8% needed more state support 
in quarantine

18/22 
STROBE

The Self-rating 
Anxiety Scale

The Self-rating 
Depression Scale

The Parenting Stress 
Index-Short Form

Liu et al[36], 
2021

China Quasi-
experimental

125 mothers having 
children with ASD

With web-based support, it was found that the 
mothers' stress and anxiety levels decreased in 
the COVID-19 pandemic period. The parents 
reported feeling relaxed as the program 
facilitated parent-child interaction

20/22 
STROBE
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The Herth Hope 
Index

The Child Behavior 
Checklist

Lugo-Marín 
et al[33], 
2021

Spain Cross-
sectional 
descriptive

The Symptom 
Checklist 90 Revised

104 children with ASD, 
their parents and 
caregivers

In the data collected 8 wk after the lockdown 
onset, it was observed that there was an 
increase in somatization, obsessive-
compulsive, interpersonal sensitivity, 
depression, anxiety, hostility, phobic anxiety, 
paranoid ideation and psychoticism in the 
parents

21/22 
STROBE

Manning et 
al[32], 2020

The 
United 
States of 
America

Cross-
sectional 
descriptive

Questionnaire form 
created by 
researchers

474 parents of children 
with ASD

It was determined that the children with ASD 
and their parents experienced high levels of 
stress and fear during the pandemic. The 
children who had to spend a long time at home 
exhibited aggressive and problematic 
behaviors, causing more stress in their parents 
and making it difficult to cope. 54.5% of the 
participants stated that they were worried 
about their children being at home all the time, 
52.1% were afraid that they or their children 
could be infected with COVID-19, and 30.7% 
stated that they experienced stress due to 
economic problems. The parents reported that 
they received the most support from family, 
friends, school guidance, therapy center and 
parent support group, respectively, during the 
pandemic.

18/22 
STROBE

Mumbardo-
Adam et al
[35], 2021

Spain Cross-
sectional 
descriptive

A semi-structured 
online survey

47 individuals with ASD 
and parents

The parents reported that they developed new 
strategies to better manage quarantine with 
their children with ASD. During this period, 
36.2% of the parents reported that they 
communicated with their relatives online, and 
23.4% received online psychological support

20/22 
STROBE

Sociodemographic 
FormThe Beck 
Anxiety 

Inventory (for 
parents)

The Aberrant 
Behavior 

Checklist (for 
children)

Mutluer et al
[17], 2020

Turkey Cross-
sectional 
descriptive

The Pittsburgh Sleep 
Quality Index (for 
children)

87 individuals with ASD 
and parents

The parents reported that children with ASD 
felt under house arrest because they had 
difficulty obeying social distancing rules and 
did not want to wear masks. The participants 
stated that their children's sleep patterns were 
disturbed during the pandemic, and they also 
had sleep problems. The majority of the 
parents said they could not continue distance 
education and needed support in this regard. It 
was determined that 25% of the parents had 
minimal anxiety, 29% had mild anxiety, 21% 
had moderate anxiety, and 25% had severe 
anxiety. The parents reported that they 
provided each other rest breaks when there 
was more than one adult at home who could 
take care of the child with ASD

17/22 
STROBE

Sociodemographic 
Form

The COVID-19 
Questionnaire

The Connor-
Davidson Resilience 
ScaleThe Simplified 
Coping Style 
Questionnaire

Wang et al
[37], 2021

China Cross-
sectional 
descriptive

The Self-Rating 
Anxiety Scale

1764 parents of children 
with ASD and 4962 
parents of typically 
developing children

It was found that the parents of children with 
ASD had more deterioration in their diet, less 
physical exercise, less social support, higher 
levels of psychological stress, anxiety and 
depression, and worse coping strategies than 
the parents of children with normal 
development

22/22 
STROBE

White et al
[38], 2021

The 
United 
States of 
America 

Cohort study Brief Family Distress 
Scale

3502 parents of children 
with ASD

80% of the parents reported disruptions in their 
children's special education. 64% of them 
stated that these disruptions had severely or 
moderately impacted their children’s ASD 
symptoms, behaviors or challenges. Increasing 
distress and stress negatively affected their 
lives

22/22 
STROBE

ASD: Autism spectrum disorder; COVID-19: Coronavirus disease 2019.

methods of coping with the COVID-19 pandemic for parents with children with ASD.
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Results on the experiences of parents of children with ASD in the COVID-19 pandemic
The COVID-19 pandemic affected the parents of children with ASD mentally. In the 

study conducted in Saudi Arabia, 94% of the parents reported that their stress levels 
increased, while 78.7% stated that the pandemic affected their emotional wellbeing 
negatively[28]. Amorim et al[29] found that parents with children with ASD had 
higher anxiety levels than those with healthy children. Colizzi et al[30] reported that 
having a single child, the child with ASD not being able to speak, the child with ASD 
being male and a single parent having the child's responsibility were among factors 
that increased stress in the parents. Curfew restrictions that emerged suddenly during 
the pandemic caused stress in parents and children. Bent et al[31] stated that parents 
had difficulty explaining the restrictions and security measures to their children. The 
parents reported that their children had difficulty in obeying the social distancing 
rules, they could not take their children to the market, etc. because they did not want 
to wear a mask and felt under house arrest[17,31]. In the study by Manning et al[32], 
54.5% of the participants stated that they were worried about their children being at 
home all the time, 52.1% were afraid that they or their children could be infected with 
COVID-19, and 30.7% reported that they had stress due to economic difficulties. In 
Spain, it was observed that there was an increase in somatization, obsessive behavior, 
depression, anxiety, hostile behavior, paranoid ideas, phobic anxiety and aggression in 
the parents according to the data collected 8 wk after the start of the lockdown[33].

For individuals with ASDs, changes in their routine may be very disturbing and 
challenging. It was reported that this situation led to serious behavioral disorders such 
as crying episodes, increase in aggression and rejection of transition[31]. In the study 
by Amorim et al[29] the mean anxiety score (8.75 ± 0.96) of parents with a child with 
ASD in the COVID-19 pandemic was found to be significantly higher than the mean 
score of parents with healthy children (5.36 ± 2.71). Althiabi[34] also reported that the 
stress levels of parents increased, and they had difficulty in maintaining their mental 
wellbeing. Children's adaptation levels affect the parents’ anxiety. It was determined 
that children who could continue their routines (7.72 ± 1.84) had significantly higher 
levels of adaptation than those who could not (5.25 ± 2.75). In the same study, the 
parents reported that they felt helpless because there was not enough time to change 
routines. In the study, some parents reported that their children adapted to the 
situation without any major problems and thought of this process as a school holiday. 
The majority of parents, on the other hand, stated that other children had to continue 
their education in the home environment due to the pandemic, and they were tired of 
housework. One of the changing routines during the pandemic is that e-learning has 
been placed at the center of life. Parents reported that they felt tired as they had to 
spend extra time on their children with ASD during the pandemic. Parents revealed 
that they felt lonely and bored as they had to assume the role of educators during the 
pandemic. Some participants stated that their children who spent more time at home 
during the pandemic felt better as they took more responsibility in housework. In 
another study, 40.4% of the parents reported that they could spend more time with 
their ASD-diagnosed children, and 31.9% calmed their children by creating school-
related activities[35]. In the study by Mutluer et al[17] parents stated that their 
children’s sleep patterns were disturbed during the pandemic, and they also had sleep 
problems. In the study by Amorim et al[29], 55.8% of the parents of children with ASD 
and 29.6% of the control group reported that the COVID-19 pandemic had a negative 
effect on emotion management. The most difficult areas for parents were expressed as 
social isolation (41.4%), not being able to spend time outside (13.1%), sudden changes 
in routines (11.1%), boredom (9.1%) and distance education practices (7.1%). In the 
quasi-experimental study by Liu et al[36] in two sessions per week for 12 wk, 
relaxation-muscle exercises, home activities with the child, protection strategies, 
emotional management, parental stress coping strategies and psychological counseling 
strategies to cope with the pandemic situation were used. With web-based support, it 
was found that mothers' stress and anxiety levels decreased in the COVID-19 
pandemic period. The parents reported feeling relaxed as the program facilitated the 
parent-child interaction. In a study conducted in China, it was found that the parents 
of children with ASD had more deterioration in their diet, less physical exercise, less 
social support, higher levels of psychological stress, anxiety and depression, and worse 
coping strategies than the parents of children with normal development[37].

Results regarding the areas where parents of children with ASD need support in the 
COVID-19 pandemic
Parents stated that they had difficulties during the COVID-19 pandemic due to 
deficiencies in support systems[30]. In the study conducted in Italy, it was reported 
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that parents with children with ASD needed local health service support, supportive 
training for e-learning and decrease in quarantine restrictions during the COVID-19
[30]. In the study conducted in Saudi Arabia, it was found that the support that 
parents received from their relatives reduced parental stress, fatigue and contributed 
to improving emotional wellbeing[28]. In the study conducted in Turkey, the majority 
of parents reported that they could not continue distance education and needed 
support. In the same study, it was determined that 25% of the parents had minimal 
anxiety, 29% had mild anxiety, 21% had moderate anxiety, and 25% had severe anxiety 
according to the Beck Anxiety Inventory[17].

In the study conducted in Portugal, 13% of the parents stated that they took their 
children to a specialist psychologist, and 1.5% of them visited emergency health 
services at the moment of their children's tantrums[29]. In the study conducted in 
Saudi Arabia, parents reported that their children with ASD mostly experienced 
problems in maintaining their care skills, coping with tantrums, controlling their 
negative behaviors and maintaining communication with their children. Additionally, 
the parents stated that they needed psychological and financial support the most, 
respectively[34]. In the study conducted in the United States, it was observed that tele-
health services were insufficient in meeting the education and treatment needs of the 
children of parents. In the study, most of the parents of children with ASD stated that 
they had difficulty coping with the increasing negative behaviors of their children, and 
distress and stress negatively affected their lives[37].

In the study conducted in Italy, it was found that 19.1% of parents visited a 
neuropsychiatrist due to the onset of new behavioral problems in their children and 
feeling helpless[30]. It was stated by 47.4% of the participants that they needed more 
health services during the pandemic, 30% needed to strengthen their home support 
systems, and 16.8% needed more state support in quarantine. It was stated by 25% of 
the parents that one of the parents had to quit their job (26.1% of mothers, 27.5% of 
fathers) to take care of their children with ASD. The majority of the participants (94%) 
stated that this situation was financially difficult for them. During the pandemic, only 
27.7% of the parents reported that they could get support from local health services. It 
was specified by 23% of the parents that they had difficulties in regulating the eating 
behaviors of their children, 31% had difficulties in providing authority to their 
children, 78.1% had difficulties in making use of spare time, and 75.7% had difficulties 
in having their children do homework[30].

The coping methods of parents with children with ASD with the COVID-19 pandemic
The parents of children with ASD resorted to various coping methods in the COVID-
19 pandemic process. In the study by Bent et al[31], it was found that parents exercised 
at home, practiced yoga and meditation, read newspapers, cooked meals, talked to 
their loved ones on online platforms and spent time (bathing, nail care and online 
shopping) during the pandemic. In the study of Mutluer et al[17], it was reported that 
parents provided each other with rest breaks when there was more than one adult at 
home who could take care of the child with ASD. In the study by Amorim et al[29], it 
was determined that parents frequently talked to their family, friends and colleagues 
by video, and some of them received support from a therapist. In another study, it was 
observed that parents received the most support from their families, friends, school 
guidance services, therapy centers and parent support groups, respectively, during the 
pandemic process[32]. In the study conducted in Saudi Arabia, most parents reported 
that they received online counseling and guidance services to deal with the child's 
behavior at home and tantrums[34]. In another study, 36.2% of parents stated that they 
communicated with their relatives online, 23.4% received online psychological 
support, and 6.4% occasionally walked with their children[37].

DISCUSSION
This study is the first systematic review aimed at determining the mental health status 
of the parents of children with ASD in the COVID-19 pandemic. The systematic review 
showed that the difficulties associated with the COVID-19 pandemic negatively affect 
the mental health of the parents of children with ASD. Restriction of face-to-face 
education, social activities, and child monitoring during the pandemic process 
threaten the physical and mental health of children. Parents worldwide are concerned 
about how to support their children best under these difficult conditions[8-10]. The 
distinctive features of the diagnosis of ASD put children with ASD and their parents at 
risk of more adverse effects from the COVID-19 pandemic. Since these children may 



Yılmaz B et al. Mental health and ASD in COVID-19

WJP https://www.wjgnet.com 397 July 19, 2021 Volume 11 Issue 7

have difficulties in social communication, they can develop when they are in 
environments that support their social interactions[38]. Although regular physical 
activity may provide a calming and regulating effect on children, they lack this 
opportunity due to the pandemic[8]. Considering all of these effects on children 
diagnosed with ASD, the inability of parents, who are deprived of support during the 
pandemic process, to maintain their mental health becomes prominent. Parents often 
experience mental distress as they postpone their own needs for their children with 
ASD and their families[21]. Disruption in healthcare support or services is an 
additional stressor on families with a child or dependent with ASD during an already 
stressful time because of the COVID-19 pandemic[39]. Restrictive social and economic 
regulations, discomfort caused by COVID-19, fear of transmission, isolated family life, 
closure of schools, lack of support programs for parents, loss of loved ones, work from 
home and the resulting increase in full-time childcare and home responsibility, as well 
as financial difficulties, are the main problems that parents experience in this process
[8,17,28-32,39,40]. There has been a consensus on this issue in the studies included in 
this systematic review[17,28-37,39].

Sleep problems significantly affect children with ASD[41]. Studies on children with 
ASD reported that sleep problems lead to symptoms such as social withdrawal, 
anxiety and depression and behavioral problems such as self-aggression, 
hyperactivity, aggression and high levels of irritability during the day[42,43]. Another 
study noted that disruption in the circadian sleep rhythm increased the symptoms of 
ASD[44]. All of these effects of sleep problems negatively influence parents, causing an 
increase in the burden of these parents and an increase in their stress levels. In a study, 
it was determined that the situation of being home during the pandemic process 
caused sleep problems in children with ASD, and this situation increased the severity 
of ASD symptoms[45]. In the study conducted in Italy, it was reported that more 
behavioral problems were observed during the COVID-19 pandemic process, and 
these problems were associated with sleep[17]. The occurrence of these problems 
creates a sense of loss of control in parents and increases their stress[45]. All of these 
changes in the lives of parents and children also hinder the physical and cognitive 
development of the child. Therefore, it is clear that there is also an increase in parental 
stress levels during a pandemic that directly affects children's quality of life[46]. In a 
study, it was reported that, during the COVID-19 pandemic process, the parents of 
children with ASD experienced higher levels of anxiety about themselves and their 
children in comparison to the parents of children without neurobehavioral disorders
[29,37]. Similarly, in the study by Alhuzimi[28] it was emphasized that the parents of 
children with ASD have higher stress levels and lower welfare levels. Manning et al
[32] stated that children with ASD and their parents experienced high levels of stress 
during the pandemic process and reported that there were disruptions in their daily 
life routines. In this process, the issues regarding which they experienced the most 
stress were related to illness, isolation and materiality[32]. The fear of getting infected 
in the event of a pandemic is significant in the parents of children with ASD, and this 
fear increases stress significantly[47]. This was supported by the findings of the study 
by Manning et al[32] on the COVID-19 pandemic. Although staying at home during 
the isolation process and the obligation to quarantine are measures taken to reduce the 
transmission of COVID-19, harmful effects of social isolation on the mental health of 
children and parents may be observed[48]. This may further increase stress in children 
diagnosed with ASD and their parents[29,30,32]. Lugo-Marín et al[33] reported that 
there was an increase in somatization, obsessive behavior, depression, anxiety, hostile 
behavior, paranoid ideas, phobic anxiety and aggression in parents in 2 mo after the 
lockdown onset. Interruptions in the care process are an important need in the parents 
of children with ASD[49] and have an important role in reducing stress for the parents 
of children with ASD[50]. However, the decrease in the support received from 
caregivers during the isolation process and the fact that parents have taken on the 
entirety of the care burden have made it difficult for these parents to cope. Parents had 
difficulties in regulating their children's eating behaviors, providing authority to their 
children, making use of spare time and finding activities, and having their children do 
homework, and they felt lonely[30,34,35]. In the studies included in the systematic 
review, it was reported that, in order to cope with this situation, parents had rest 
breaks when there was another adult at home who could take care of their children 
with ASD[17,31].

An increase in the severity of ASD symptoms in children has an important role in 
affecting the stress and wellbeing levels of parents[51-54]. The COVID-19 pandemic 
process have caused more intense and more frequent behavioral problems in children 
with ASD[30]. In the study by Manning et al[32] one of the studies included in the 
systematic review, it was reported that the increasing severity in the symptoms of 
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children with ASD along with the pandemic caused an increase in the stress reported 
by parents. Children who are confined at home exhibit aggressive and problematic 
behaviors, causing more stress for their parents and making it difficult to cope. In 
other studies supporting these results, the pandemic and the increasing behavioral 
changes in children with ASD were found to play a significant role in the increase of 
stress in parents[17,30]. Parental stress also reportedly had an effect on emotional well-
being[28]. In this sense, there has been a consensus that there is a lack of support for 
children and parents.

The positive attitude of parents during the COVID-19 pandemic is necessary for 
them to manage their stress and also control their children's behavior at home[34]. 
Pottie and Ingram[55] pointed out the importance of social support in helping a parent 
with a child with ASD cope with stress and raise their mood. All kinds of support 
from the community and from parents who experience similar situations facilitate the 
home care processes of children with ASD and their parents[56]. For this reason, 
during the pandemic, it is necessary to maintain contact in online environments with 
all individuals and institutions that parents can receive support from such as other 
parents, teachers, therapists and health professionals who experience similar situations
[12]. In a qualitative study, parents stated that, although they could not get together 
with other parents who were in the same situation during the pandemic, they 
supported each other in home care through groups established via online messaging 
applications and mentioned how this helped them[57]. Similarly, in the studies 
included in the systematic review, parents reported that they frequently made video 
calls with their families and friends[29,31]. Althiabi[34] found that parents sought 
support from teachers, family members and therapists to take care of their children 
with ASD during the pandemic outbreak. Bent et al[31] stated in their study that it is 
important to seek help from friends, family, co-workers, therapists and healthcare 
professionals, as parents must remain strong for their families and children. With the 
closure of schools, parents are struggling to find different activities at home to support 
the development of their children with ASD and prevent their symptoms from 
appearing[57]. In the studies included in the systematic review[30,31,34,35], in 
accordance with the literature, parents stated that they sought daily activities and 
events that their children enjoyed. All family members including parents who leave 
their jobs or work from home due to the pandemic and children whose schools are 
closed are at home all together. In this process, the support of all family members for 
each other in the care of the child with ASD also provides a significant reduction in 
their burden of care[57].

Children diagnosed with ASD can only survive the pandemic with healthy parents. 
Therefore, parents should take care of their health, both for themselves and their 
children. Firstly, parents should not disrupt their physical care with adequate nutrition 
and rest and accept the emotional burden they experience. They should practice 
spiritual self-care by planning an activity they enjoy. Parents should be encouraged to 
plan activities they can do with their children in the home environment. Moreover, 
they should be encouraged to seek help from healthcare professionals when they feel 
they have mental problems that they cannot cope with[21]. Consistent with the 
literature, Bent et al[31] reported that parents spend time with activities such as 
bathing, nail care and online shopping as a method of coping with stress. In the 
qualitative study, the parents stated that they used methods such as walking, cycling, 
yoga, meditation, reading a newspaper and praying to cope with stress during the 
COVID-19 pandemic[31]. With the web-based support program prepared by Liu et al
[36] relaxation-muscle exercises, home activities with the child, protection strategies, 
emotional management, parental stress coping strategies and psychological counseling 
strategies to cope with the pandemic situation were implemented. Their study stated 
that mothers' stress and anxiety levels decreased, and parents reported feeling relaxed 
as the program facilitated parent-child interaction.

Limitations
The limitations of this study were that studies whose full texts were not available and 
those published in languages other than the English language were not included in the 
systematic review, 12 databases were searched, and the gray literature was not 
screened. Since the pandemic has only the last year, studies in the field are limited. 
Therefore, the results should be interpreted with caution, as the systematic review was 
performed with a limited number of descriptive studies (twelve articles) with lower 
levels of evidence.
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CONCLUSION
The COVID-19 pandemic has negatively affected the mental health of children with 
ASD and their parents. While many factors play a role in increasing the stress levels of 
parents, stress may also lead to different problems. In this case, it is possible for 
children with ASD to continue their lives in a healthy way with mentally healthy 
parents. In the systematic review, it was concluded that parents with children with 
ASD had difficulty with their children being at home all day long and financial 
difficulties as they had to quit their jobs. The parents were also able to devote less time 
to themselves during this process, and their stress and anxiety levels increased. During 
the pandemic where face-to-face services are interrupted, governments and relevant 
institutions should provide support for parents with children with ASD, and 
institutions that provide support should also work to improve the quality of the 
support they provide. In this process, it may be recommended to research new ways 
such as online health monitoring, online diagnosis systems, support groups for 
children and parents, increased tele-health services, tele-therapies and e-health 
support. Additionally, after the restrictions imposed by the pandemic are removed, it 
is important to support children with ASD and their parents while they are getting 
used to their social lives. Support services, such as counseling and helplines, may be 
created to help parents share their concerns and receive assistance in dealing with 
specific situations. Parents should be evaluated in terms of mental health, and profes-
sional help should be provided for individuals who need support.

ARTICLE HIGHLIGHTS
Research background
Although staying at home prevents the spread of coronavirus disease 2019 (COVID-
19), this poses a number of challenges, especially for children with special needs such 
as autism spectrum disorders (ASD) and their parents. The parents of children with 
ASD participate in special education practices that involve physical activity in order to 
cope with the behavioral, cognitive and mental problems of their children. However, 
during COVID-19 pandemic, this process was disrupted, and the mental health of the 
parents was affected.

Research motivation
Although there were many studies on the effects of the COVID-19 pandemic in the 
literature search, it was observed that there was very limited information on mental 
health effects on the parents of children with ASD, and there was no systematic review 
on this topic.

Research objectives
In this systematic review, it is aimed to determine the mental health status of the 
parents of children with ASD in the COVID-19 pandemic.

Research methods
Articles in English, which could be accessed in full text without any limitation of 
publication year and country, were included in the study. The systematic review was 
conducted according to the PICOS strategy (Participants: The parents of children with 
ASD; Interventions: Effects of COVID-19 pandemic on mental health; Comparators: 
The parents of children without ASD; Main outcomes: Anxiety, stress, difficulty in 
coping, loneliness, inadequacy of support systems, social isolation, change in routines 
and financial difficulties; Additional outcomes: Exercise at home, practicing yoga and 
meditation, reading newspapers, receiving support from a therapist, cooking meals, 
talking to their loved ones on online platforms during the pandemic. These results 
have been reported in studies and included and presented in this systematic review. 
Study design: Quantitative/qualitative studies). The search results were reached by 
browsing the Web of Science, PubMed (including MEDLINE), Cochrane, Scopus, 
Science direct and Google Scholar databases using the keywords COVID-19 AND 
(“autism” OR “autistic” OR “autism spectrum disorder”) AND parent AND (“mental 
health” OR “anxiety” OR “stress”). The list of the references of the included studies 
was reviewed to access additional studies.
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Research results
The systematic review was conducted according to the PICOS strategy, and a total of 
12 studies were included in a quantitative and qualitative design. The studies have 
revealed that parents are negatively affected by the COVID-19 pandemic. It was 
reported that the parents of children with ASD had increased anxiety and stress 
during the pandemic, children became aggressive as their routines changed, and the 
parents had difficulty coping with this process. During the pandemic, the parents met 
with their friends via online platforms, practiced yoga and meditation, the spouses 
provided rest breaks to each other and received support from therapists.

Research conclusions
The COVID-19 pandemic negatively affected the mental health of children with ASD 
and their parents. It may be recommended to plan more interventions that will 
positively affect the mental health of parents and support them.

Research perspectives
Given the uncertainty of how long the COVID-19 pandemic will last, it is important to 
conduct a large number of descriptive and interventional studies on the mental health 
of parents with children who have ASD. In this systematic review, it was revealed that 
the number of studies on this topic is quite limited. It is thought that this systematic 
review will form the basis for future studies.
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