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Abstract

Computational psychiatry is an emerging field that not only explores the biolo-
gical basis of mental illness but also considers the diagnoses and identifies the
underlying mechanisms. One of the key strengths of computational psychiatry is
that it may identify patterns in large datasets that are not easily identifiable. This
may help researchers develop more effective treatments and interventions for
mental health problems. This paper is a narrative review that reviews the
literature and produces an artificial intelligence ecosystem for computational
psychiatry. The artificial intelligence ecosystem for computational psychiatry
includes data acquisition, preparation, modeling, application, and evaluation.
This approach allows researchers to integrate data from a variety of sources, such
as brain imaging, genetics, and behavioral experiments, to obtain a more complete
understanding of mental health conditions. Through the process of data prepro-
cessing, training, and testing, the data that are required for model building can be
prepared. By using machine learning, neural networks, artificial intelligence, and
other methods, researchers have been able to develop diagnostic tools that can
accurately identify mental health conditions based on a patient’s symptoms and
other factors. Despite the continuous development and breakthrough of computa-
tional psychiatry, it has not yet influenced routine clinical practice and still faces
many challenges, such as data availability and quality, biological risks, equity,
and data protection. As we move progress in this field, it is vital to ensure that
computational psychiatry remains accessible and inclusive so that all researchers
may contribute to this significant and exciting field.

Key Words: Computational psychiatry; Big data; Artificial intelligence; Medical ethics;
Large-scale online data
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Core Tip: This study reviews and integrates the methods and models in the clinical practice of computa-
tional psychiatry and constructs a complete and mature Artificial Intelligence ecosystem. The ecosystem
for computational psychiatry includes data acquisition, preparation, modeling, application, and evaluation.
This approach allows researchers to integrate data from a variety of sources to obtain a more complete
understanding of mental health conditions. Despite the continuous development and breakthrough of
computational psychiatry, it has not yet influenced routine clinical practice and still faces many
challenges, such as data availability and quality, biological risks, equity, and data protection.
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INTRODUCTION

Mental illness is a significant threat to human health, which was especially evident during the
coronavirus disease 2019 (COVID-19) pandemic[1,2]. In recent years, artificial intelligence has played an
increasingly prominent role in the clinical practice of psychiatry. The birth of computational psychiatry
represents not only the inevitable choice to conform to the trend of the fourth industrial revolution but
also an important means to solve the real dilemma.

Psychiatry mainly studies the causes, symptoms, and clinical diagnosis of human mental diseases.
Computational psychiatry[3] uses computational and mathematical techniques to better understand
mental disorders and to develop new treatments. Computational psychiatry is an emerging psychiatry
approach that integrates various multidisciplinary approaches, such as psychiatry, neuroscience,
machine learning, psychology, statistics, and computer science, to develop quantitative models of
mental illness and to assess the effectiveness of different treatments[4]. Specifically, computational
psychiatry builds computational models of brain function based on the neurological and cognitive
phenomena associated with mental illness, predicts the abnormal degree of mental function, and
evaluates the efficacy of treatment by using detailed multidimensional computational models[5,6].

Computational psychiatry includes two approaches: Data-driven computational psychiatry and
theory-driven computational psychiatry[6]. Data-driven approaches involve machine learning and big
data analytics, and they can improve predictive accuracy in clinical diagnosis, prognosis, and treatment
by learning clinical and biological data. The theory-driven approach derives from computational
neuroscience and focuses more on constructing models to understand the mechanisms of psychosis[7].
Due to the fact that computational psychiatry is based on mathematics, computer science, biological
science, and other deep theories, it has the advantage of multidisciplinary integration[3]. One of the key
goals of computational psychiatry is to move beyond the traditional "black box" approach to
understanding the brain[8], whereby researchers study the symptoms and behaviors of individuals
without fully understanding the underlying mechanisms. By introducing computational and statistical
approaches, computational psychiatry has opened the "black box" of pathological mechanisms[9].
Moreover, neural computing functions provide precise algorithmic details for the analysis and solution
of specific problems.

Computational psychiatry can identify the pathogenesis of mental diseases from both theory-driven
and data-driven aspects, which is the result of the fusion of computational neuroscience and psychiatry
[10]; in addition, it has a significant contribution to the diagnosis, treatment, and prevention of mental
diseases. Overall, computational psychiatry is a rapidly growing and exciting field that has the potential
to revolutionize our understanding of mental illness and to allow for the development of new
treatments. By using computational and mathematical techniques to build quantitative models of
mental illness, researchers in the field are working to identify the underlying mechanisms of mental
illness and to develop more effective treatments.

Although various experimental studies have provided valuable information for understanding and
explaining the underlying mechanisms of mental illness[11-13], the development of computational
psychiatry is challenged by multiple interactions[14]. For instance, one of the biggest challenges faced
by computational psychiatry today is the availability and quality of data. Mental health disorders are
complex and multifaceted, and it is difficult to collect data that accurately reflect experiences with the
disorders. Another challenge is the interpretability of the results. Many techniques that are used in
computational psychiatry are highly complex and even difficult for experts in the field to understand,
which makes it difficult for researchers to communicate their findings with others and for clinicians to
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apply these findings to actual treatment. Many other problems also need to be solved, such as the
technical connection between model development and clinical practice and ethical acceptability. Despite
these issues, we remain optimistic about the future of computational psychiatry.

Establishing a complete artificial intelligence ecosystem of computational psychiatry is an effective
method to solve the challenges in the clinical practice of psychiatry. In this study, we focus on building
an artificial intelligence ecosystem for computational psychiatry to better facilitate the elimination of
barriers to clinical practice. This review aims to make a fundamental contribution to shaping the
ecosystem and for allowing the modules to be smoothly applied. Moreover, it outlines the responsib-
ilities of the different agents and the linkages between them and builds a loop from data collection to
modeling, evaluation, and clinical practice. We plan to sort out and integrate the same and different
methods and models in the field, overcome the existing limitations, provide full attention to the role of
each subject, and eventually form a complete and mature ecosystem. It is believed that as the field
continues to evolve, researchers will eventually find ways to overcome the challenges and make greater
advances in our understanding and treatment of mental health conditions.

METHODS

In this review, we used "computational psychiatry", "machine learning", "artificial intelligence", "psy-
chiatry", and "deep learning" as keywords and retrieved the English literature in PubMed (https://
www.ncbi.nlm.nih.gov/pubmed/) and Web of Science. We also manually screened the retrieved
literature according to the relevance of the literature content to the topic and narrowed it down to a
more accurate scope.

ARTIFICIAL INTELLIGENCE ECOSYSTEM FOR COMPUTATIONAL PSYCHIATRY

Based on the literature concerning clinical thinking and life cycle management of artificial intelligence
projects, we conducted an integrated design of the ecosystem of computational psychiatry. We divided
the clinical practice process of computational psychiatry into the following four main stages: data
acquisition, modeling preparation, model construction, and application evaluation (Figure 1).

Data collection

One of the strengths of computational psychiatry is its ability to integrate big datasets of various forms
to help researchers gain a more complete understanding of a patient's mental health. Thus, the first and
most critical step in the artificial intelligence ecosystem for computational psychiatry is data collection.
During this process, researchers can select one or more input data that can be measured according to the
relevance of the research problem[15]. Common forms include clinical scales, visual data, voice,
physiological signals, and Internet of Things data, etc. Although there are a wide variety of input data,
tool selection should be based on a clear understanding of treatment strategies and the realistic
evaluation of clinical effectiveness. Moreover, it should consider the mutual limiting effect of different
data acquisition methods and technology operations, as well as the quality of original data and the
details of processing methods, which will directly affect the reliability of the tools, and thus affect the
effectiveness of clinical application[16,17].

Preparation for modeling

Modeling relies on different theoretical traditions[18]. For example, algorithm engineers are required to
follow industry practice rules and conference content, articles, or implicit guidelines related to machine
learning, and psychiatrists are bound by rules in the legal and medical fields, such as the National
Institute for Health and Clinical Excellence guidelines or the American Psychiatric Association Practice
guidelines. In addition, judgments are often made differently depending on the unique personality of
the model builder. For example, clinicians' decision-making styles and willingness to take risks have a
direct impact on their treatment paths and diagnostic strategies, and conservative and adventurous
engineers also exhibit differences in aesthetic awareness and modeling styles. Therefore, the theoretical
basis is worth fully preparing before building the model. The second is data preprocessing and quality
checking. Since the collected data are often incomplete, as well as the fact that data from heterogeneous
data sources may need to be collected, the raw data need to be preprocessed and quality checked to
ensure the quality of the data. Only after data cleaning, data integration, data reduction, data
transformation, and other processing can standardize data for model construction. The establishment of
the compilation environment is also one of the preparatory works of model construction. There are
several open source platforms that can be used for training, testing, and benchmarking algorithms based
on different design requirements, such as OpenAI Gym][19], which provides a range of tasks, including
some classic arcade games including Doom, as well as models, tests, and diagnostic paradigms that can
be used for mental illness.
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Figure 1 Framework for modeling artificial intelligence ecosystems.
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Model building

The first two steps in the computational psychiatry ecosystem both serve the third step; specifically,
after collecting and processing the corresponding data in the theoretical context, the next step involves
normative model building[20-22]. This step is divided into two parts: initial model training and model
modification. Machine learning[23-27] is often used in model training to recognize emotional states[25],
to detect mood swings[29], and to diagnose mental diseases[30]. There are two main types of machine
learning: supervised learning and unsupervised learning. Supervised learning uses categorization and
regression to learn from examples of existing labels. This method is often used to build classifiers to
distinguish healthy people from sick people or to build predictive models. Washington et al[31]
designed Guesswhat, which is a smartphone game for emotional data collection. They trained a
pediatric emotion classification convolutional neural network classifier to recognize children's
expressions, such as sadness, surprise, disgust, happiness, and neutral expressions. Their results
demonstrated the value of mobile digital health. Although mood classifiers have made remarkable
progress in automatic emotion recognition, the computational cost of existing models is too high.
Banerjee et al[32] optimized the design of the machine learning model. The MobileNet-V2 network that
they trained on ImageNet achieved a balanced accuracy rate of 65.11% and an F1 score of 64.19% on
CAFE. Through optimization techniques, machine learning models can achieve greater accuracy and
lighter weight. Unsupervised learning[33,34] is a classification method that does not require human data
classification but automatically divides the structure based on the inherent distribution characteristics of
datasets. In addition, clustering methods are often used in unsupervised learning. Regardless of which
training method is used, professional school education and clinical training are needed. For example,
clinicians require training in psychiatric education based on clinical case studies (fictional or nonfic-
tional), and machine learning engineers require systematic schooling and professional experience.
Finally, the initial model is reasonably built.

Computational psychiatry seeks to develop quantitative, mechanistic models of psychiatric disorders
[35] that can help researchers better understand the biological and cognitive processes that lead to these
disorders. A key benefit of computational models is that they can help researchers generate testable
hypotheses about the underlying mechanisms of mental disorders. For example, reinforcement learning
models of addiction[36,37] can be used to generate hypotheses about specific brain regions and
pathways associated with addiction, as well as types of interventions that may be effective in treating
addiction. The model, which is based on principles of neuroscience and psychology, suggests that
addiction is caused by a disorder in the brain's reward system, which leads to obsessive behavior and a
loss of control over behavior. Another benefit of computational models in psychiatry is that they can
help researchers assess the effectiveness of different treatment options. For example, the cognitive-
affective neural circuit model of depression[38] can be used to evaluate the efficacy of different antide-
pressants or psychotherapy based on predictions of their effects on basic brain circuits associated with
depression. The model, which is based on evidence from neuroscience and psychology, proposes that
depression is caused by the disequilibrium of the brain's emotional and cognitive processing systems,
which leads to symptoms such as low mood, reduced negative thinking, and reduced motivation.
However, regardless of how good the model is, there is room for improvement. As more theoretical
background is accumulated in clinical practice, updated data will be incorporated into the model[39,
40]. Moreover, the model will expose more practical problems in clinical application; thus, it needs to be
constantly adjusted and modified to adapt to new challenges.

Evaluation

Computational psychiatry is not currently used clinically, but it has the potential to inform new clinical
interventions and treatments for mental illness to help guide the treatment of mental disorders. For
example, clinicians can use computational models to assess an individual's brain activity and symptoms
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to choose the most appropriate treatment for them. By using computational and mathematical models to
better understand the underlying mechanisms of these diseases, researchers in the field can identify
potential targets for intervention and assess the likely effects of different treatment options. However,
more research is needed to fully understand the clinical potential of computational psychiatry and to
develop the necessary tools and techniques to apply it in the clinical setting. Given the complexity of
psychiatric disorders, future applications should be subject to enhanced regulatory oversight of clinical
practice, as well as the evaluation and post hoc analysis of actual clinical benefits and model
performance[41].

DATA SOURCES OF COMPUTING PSYCHIATRY

Based on the review of the existing studies, we conclude that data sources mainly include the following
methods: scales, public data, language, physiological signals, blood, multimodal data, etc. (Table 1). This
paper will discuss some of these categories.

Scales

Clinical scales[42-45] are one of the most widely used tools in clinical evaluation, and mature scales
include the World Health Organization-Quality of Life-Brief (WHO-QoL-Bref), cognitive function test,
Hamilton Depression Scale, Autism Diagnostic Observation Schedule, Hamilton Anxiety Scale,
Fibromyalgia and Chronic Fatigue Rating Scale, etc. Large datasets accumulated through electronic
medical records[46] facilitate the determination of goals by using computational methods. Self-reported
digital scales[47,48] are used in the following manner. Researchers load the quantitative list of questions
into the app, allow users to answer questions by using smart devices, and ultimately screen for
symptoms based on the answers. This approach relies on mobile technology rather than traditional
clinical scales.

Large-scale online data

Dubois et al[49] used a large online sample to demonstrate an association between human exploration
strategies and impulse psychiatry, which not only demonstrated that impulsivity is associated with
specific forms of exploration but also explored links between impulsivity and other psychiatric
dimensions. Moreover, Nam et al[50] used machine learning and web analysis to identify factors
associated with depression from national population surveys. Nielsen ef al[51] discussed how large
multisite public datasets contribute to the application of machine learning in psychiatry. Furthermore,
Hu et al[52] collected users’ text expressions on social platforms (such as Weibo) as data sources to
predict their depression symptoms. Artificial intelligence (especially big data)[53] plays a vital role in
health care, thus demonstrating its significant potential in applications[54].

Images and videos

Research indicates that psychiatric patients have different color vision and are less able to discriminate
between colors than ordinary people. Therefore, the color recognition of images can be used to examine
the difference between psychiatric patients and control groups or as a prognostic diagnosis. Shen et al
[55] reviewed the paintings of 281 patients with chronic schizophrenia and 35 patients with healthy
controls and used a series of computational analyses to scan and process the images. The results showed
that color paint images have the potential to be used as a clinical diagnostic and prognostic tool for
patients with chronic schizophrenia. The video data collected by the camera exhibit a large deviation,
which is caused by noise in the natural environment. Moreover, existing studies provide optimized
schemes through data collection pipelines, feature engineering, and data expansion strategies. The
standard diagnosis for autism spectrum disorders takes several hours and assesses 20 to 100 behaviors (
e.g., eye contact, social smiling, etc.). Leblanc et al[56] introduced feature replacement methods to
analyze family videos to establish the diagnosis of autism. They rated 140 videos of children on
YouTube, filled in missing values by using feature replacement methods, and optimized the
performance of the autism detection classifier. Dynamic feature replacement methods are superior to
traditional methods in terms of performance and can reduce the impacts of missing values on video
diagnosis[56]. Furthermore, Tariq ef al[57] used mobile devices to classify videos by machine learning
and labeled video features. This method ensures the accuracy of assessment and improves the speed of
diagnosis.

Language

Automated speech analysis has been used in psychiatric diagnosis[58,59] and learns baseline interview
data through machine learning algorithms to predict mental illness. Carrillo et al[60] conducted baseline
autobiographical interviews with patients and transcribed them by using machine learning algorithms
to predict the effectiveness of psilocybin for depression. The combination of machine learning with
automated speech algorithms[61] contributes new ideas for the prediction and diagnosis of psychiatry.
Moreover, the acquisition of language is relatively mild compared to acquiring intrusive data and
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Table 1 Data sources for computational psychiatry

Module

Category

Single data

Multimodal
data

Clinical scales[42,45], electronic medical records[46], and digital scales[47,48]

large online sample[49], national population surveys[50], and large multisite public datasets[51]
Images[55] and videos[56,57]

Language[62] and baseline interviews[60]

Emotional faces[63,64], electrocardiogram[65], electroencephalogram[68-70], magnetoencephalogram[71], and magnetic resonance
imaging[72,73,75]

Human motion bone data[79]
Blood[81,85]

Multimodal data[45,86,89]

Jaishideng®

supports self-testing by users[62]. Computational linguistics combined with artificial intelligence
provides a good aid to clinical diagnosis and risk monitoring.

Physiological signals

Physiological signals include emotional faces[63,64], electrocardiogram[65], electroencephalogram
(EEG)[66-69], magnetoencephalogram[71], and functional magnetic resonance imaging (fMRI)[72-77].
There are two main methods to collect biological signals: invasive and noninvasive methods.
Noninvasive data acquisition is commonly used, including electroencephalogram and functional
magnetic resonance imaging. In recent years, physiological signals have been increasingly used to
measure emotional responses. Compared with audiovisual data, physiological signals provide more
detailed and real information. However, there are too many interference factors in the collection process
of physiological signals, and the processing mechanism is more complex.

Human motion bone data

The clinical and scientific value of full body movement assessment has been increasingly recognized,
and it is often used in the diagnosis of cerebral palsy. Previous studies were mostly based on computer
vision[78]. However, during the process of sorting out the relevant studies, we noticed an interesting
experimental study[79]. From the perspective of full body kinematics, the team built a machine-learning
model to establish the purpose of automatic recognition and classification of depression. They used
Kinect to capture human motion bone data, conducted experiments with four machine learning tools
(including a support vector machine, logistic regression, random forest, and gradient lift), and finally
utilized the evaluation and classification of patients with depression and without depression. This
experimental study allows us to demonstrate the auxiliary role of kinematics in the identification of
depression. However, when motion capture equipment is used to record the joint skeleton data of
participants in motion, the captured data often contain noise due to the influence of the environment
and sensor accuracy, which limits the accuracy of the data.

Blood

Biomarkers[80] are a group of proposed markers in recent years related to cell growth, proliferation, and
disease occurrence, and they can be used to reflect drug reactions during pathological processes or after
therapeutic interventions. Wagh et al[81] reviewed gene expression studies based on peripheral blood to
identify gene expression biomarkers for schizophrenia. According to a genome-wide association study
(GWAS), C-reactive protein (CRP) which is a biomarker of chronic inflammation, in the blood is likely
associated with an increased risk of major depression; however, it is also correlated with a decreased
risk of anorexia nervosa, obsessive-compulsive disorder, and schizophrenia[82]. By examining RNA,
researchers can determine the patient’s current state of anxiety, depression, and mania[83]. Moreover,
despite the differences in population characteristics, analysis methods of gene expression, and nature of
the research, the results still proved the validity of blood-based gene expression. Fernandes et al[84]
used a machine learning algorithm composed of peripheral blood immunoinflammatory biomarkers
and cognitive biomarkers in the diagnosis of bipolar disorder and schizophrenia with clinical effect-
iveness. The manner in which machine learning is combined with pharmacogenomic data provides a
new way to predict patients with major depression. In a systematic review of recent advances in
machine learning and pharmacogenomics studies, Bobo et al[85] demonstrated the effectiveness of
pharmacogenomics in predicting short-term antidepressant responses and suggested that the prediction
of treatment outcomes may depend on background factors that cannot be captured by machine learning
algorithms.
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Multimodal data

In addition to collection methods of single data, multimodal datasets are increasingly used in
psychiatry, such as the use of clinical scale evaluation and resting-state functional magnetic resonance
imaging (MRI) to establish a prediction model of mood disorders, anxiety, and anhedonia[45], as well as
a machine learning framework based on multimodal neuropsychiatric data to predict the responses of
patients with schizophrenia to treatment[86]. Chen et al[87] conducted a comprehensive review of the
practice of machine learning combined with neuroimaging in psychiatry, which emphasized the
importance of multimodal data and the extraction of multimedia information. Data were collected
through a combination of electronic questionnaires, standard clinical care record reviews, and device
output analysis[88]. Although this statistical method integrating multimodal data demonstrates
advantages over the general methods of single data, it is usually prone to overfitting and poor general-
ization[89]. The method of how to avoid these problems should be further explored in the future.

CHALLENGES OF COMPUTATIONAL PSYCHIATRY

The building of an Al ecosystem for computational psychiatry currently faces multiple challenges,
which can be broadly divided into three categories: technical factors, cost and context, and ethical
challenges. In this section, each challenge is explained separately.

Technical factors

It is important to note that computational psychiatry is still in its early stages, and there are many
challenges that must be overcome. The most fundamental challenge is technical difficulty. Examples
include data availability and quality, data transparency[90], technology openness, and professional
integration. The quality of the raw data and the details of the processing are directly related to the
interpretation of the results. One primary way to address this challenge is to increase collaboration with
experts in other fields, such as computer science and engineering. By combining their expertise,
researchers can develop new algorithms and tools to better handle the complex datasets associated with
mental health research. Automation, rigor, and standardization of treatment methods[16] is another
manner to advance the field of computational psychiatry, which can help to ensure that the results of
computational research are replicable and can be generalized to a wider population. Due to the fact that
"data-driven" research is based on the analysis and application of data, the transparent presentation of
data results without bias and selectivity is the norm that researchers must follow. In response, there is a
need to develop an interpretable, transparent, and universally applicable scientific review framework
[91] to ensure the feasibility of using Al in psychiatry. Although the rapid development of artificial
intelligence approaches has made up for the shortcomings of traditional mental illness research
methods, thus identifying increasingly more information related to brain function, it must be stated that
mental illness researchers and clinicians know very little about computational technology methods[92,
93]. It is recommended that there should be improvements in the computational literacy of neuros-
cientists and mental health professionals[94] while also leveraging the talent development role of higher
education to bring more people with cross-disciplinary professional backgrounds into the field. Another
note about computational psychiatry is the importance of ensuring that the field remains accessible and
inclusive. As computing becomes more widely used in mental health research, it is important that these
technologies are not just reserved for the best-funded or best-known researchers. Instead, an open and
inclusive approach should be taken to provide researchers from diverse backgrounds and institutions
with the tools and resources that are needed to conduct computational psychiatry research. It is also
important for researchers to engage with policy-makers and advocacy groups[95] to ensure that
findings from computational psychiatry are translated into practical applications.

Costs and different theoretical backgrounds

The costs mentioned in this section include time costs[18] and labor costs, which are uncontrollable
factors that should be considered in clinical modeling. Due to the wide range of projects contained in the
ecosystem, the system operation needs to be repeatedly monitored, evaluated, adjusted, and optimized,
thus requiring a large amount of time. Moreover, there are many participating roles in each link, and
there are cost consumption problems in coordination and communication management. For example, a
team of clinicians may accept social and institutional pressures, and there may be conflicts between
experienced mature doctors and novice decision-makers. The intersection and unification of viewpoints
under different theoretical backgrounds in interdisciplinary cooperation also require coordination and
compromise. Second, the reasonable match between professional salary structure and working style will
also affect the clinical practice effects. In addition to the abovementioned overt factors, some individuals
have raised concerns about the use of computational techniques in studies of mental health conditions,
wherein they have argued that these methods may oversimplify complex phenomena and ignore
important environment-specific factors. We also need to consider whether the modeling state of
computational psychiatry follows the natural trajectory of core neurobiology[3] and whether computa-
tional psychiatry is detached from the developmental background of the field of psychiatry. When we
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discuss the development of psychiatry with sophisticated Al approaches, we must not lose sight of the
core purpose of disease treatment.

Ethical challenge

In addition, there are ethical issues with the use of computing in mental health research[96,97]. The
application of AI to psychiatry needs to consider Al ethical issues, including respecting patient
autonomy by providing adequate consent[70,98], data ownership, the ignoring of conscious experience,
privacy protection[99], and equity[100]. An ethically acceptable manner[101,102] is an obstacle to the
transformation of computational psychiatry from theory to practice. Some researchers have argued that
the use of these techniques can lead to biased or discriminatory results, especially if the algorithm is not
properly trained or verified. In the practice of treating and predicting mental illness, we call upon
researchers and health care professionals to approach patients with rigorous optimism concerning the
principles of kindness[103], harmfulness, respect for autonomy and justice[42], and prevention of ethical
issues from the aspects of communication, consent, and contrast[104]. According to four basic ethical
principles (respect, no harm, benefit, and justice), researchers should fully respect the independent will
of data providers when collecting and using data, as well as pay attention to the protection of their
personal privacy and process data anonymously. In addition, the participants” rights and interests
should be the first priority. Justice and fairness should be adhered to. Moreover, informed consent
should be obtained, and the process should be open and fair. Although we are aware that computa-
tional Al approaches (such as machine learning) can have a profound impact in psychiatry, there are
still no applications that constitute standard clinical practice. The early consideration of these ethical
challenges and the establishment of standards and requirements to eventually allow for the early use of
the benefits of Al for mental health care should be enacted. Despite these concerns, we remain
convinced that the potential benefits of computational psychiatry far outweigh the risks[105]. By
properly using Al to study mental health conditions, researchers can gain a more comprehensive and
nuanced understanding of mental illness, which could ultimately lead to better treatments.

LIMITATIONS

There were several limitations to this study. First, all of the relevant literature that was analyzed in this
paper is in English and does not cover studies in other languages (such as Chinese, Korean, Japanese,
and German). Thus, the coverage of the research may still be insufficient. Second, this paper is only a
summary of the research in related fields, which cannot be applied to clinical treatment. This review
only collates extensive research on data sources, tools, and model frameworks in computational
psychiatry and does not use explicit methods, such as systematic reviews, nor does it address
substantive clinical outcomes.

CONCLUSION

This paper builds an artificial intelligence ecosystem for computational psychiatry by reviewing the
literature, including the following four stages: data acquisition, preparation for modeling, model
building, and application evaluation. In terms of data acquisition, we discussed different data
acquisition methods and data forms and summarized single data source methods, such as scale, open
data, language, and physiological signals, as well as multimodal data statistical methods combining
different types of data. In terms of preparation for modeling, we explored constraints from both the
clinician and algorithm engineer industry norms and emphasized the importance of data preprocessing
and quality testing. For model building, we proposed two steps of normative modeling (initial model
training and model modification) and discussed supervised learning and unsupervised virtual seats in
machine learning. Finally, based on the relevant theory and experience, we prospectively assessed the
aspect of application evaluation and clarified the complexity and necessity of model performance
evaluation and post analysis.

In conclusion, computational psychiatry is a promising field that has the potential to revolutionize
our understanding and treatment of mental health conditions. In recent years, research on computa-
tional psychiatry has produced many good results. For example, it has made profound theoretical
breakthroughs in the integration of computer science, biology, psychiatry, statistics, and other
disciplines. In addition, it has allowed for the performance of more in-depth research in the use of
computing and mathematical techniques to explain mental diseases and has made many attempts and
modifications in data collection, model construction, and other aspects. It is worth mentioning that this
field has accumulated a rich amount of data, with data originating from traditional clinical scale
evaluations to the application of big data, from language to EEG, and from a single dataset to
multimodal data, which provides a solid foundation for future clinical practice.
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However, it should not be ignored that computational psychiatry is still in its early stages and
experiences of technical challenges, such as data quality and tool openness, cost issues (such as role
conflict and development cycle), and ethical challenges (such as data privacy, respect, and equity). More
work will need to be performed to realize its full potential to ensure that existing discoveries are
eventually translated into clinical applications. Specifically, the need for an artificial intelligence
ecosystem for computational psychiatry can help researchers clarify their work, build on it, further
develop better algorithms and techniques to analyze complex datasets, establish more rigorous and
standardized experimental methods, and collaborate with policy-makers and advocacy groups to
ensure that the findings of computational psychiatry are translated into practical applications. When
considering that the use of artificial intelligence needs to experience a series of ethical problems caused
by computing technology, the establishment of relevant application standards and moral guidelines
should be emphasized in the future. Moreover, future research should focus on the integration of
computational psychiatry with other disciplines, such as psychology, neuroscience, and genetics. By
combining multidisciplinary and multidisciplinary expertise, researchers can gain a more compre-
hensive understanding of the crux of mental illness and develop more effective treatments and
interventions.
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Abstract

Diabetes is a major global public health issue. The prevalence of type 1 diabetes is
comparatively static, as hereditary and genetic causes are involved, while type 2
diabetes (T2D) prevalence is increasing day by day. T2D is associated with chronic
complications, including diabetic neuropathy (DN), nephropathy, retinopathy,
and other complications like diabetic foot. DN is the main complication of both
types of diabetes. DN can be diagnosed by routine laboratory tests, microalbu-
minuria > 300 mg/24 h, and a gradual decrease in glomerular filtration rate. As
the appearance of microalbuminuria is a late manifestation, an early marker for
renal damage is needed. Lipocalin-2, also known as neutrophil gelatinase-
associated lipocalin (NGAL), is a small protein purified from neutrophil granules
and a good marker for kidney disease. NGAL is a transporter protein responsible
for many physiological processes, such as inflammation, generation of the
immune response, and metabolic homeostasis. NGAL has been reported to depict
the early changes in renal damage when urine microalbumin is still undetecable.
Therefore, elucidating the role of NGAL in detecting DN and understanding its
mechanism can help establish it as a potential early marker for DN.

Key Words: Type 1 diabetes; Type 2 diabetes; Diabetic nephropathy; Lipocalin-2; Early
biomarkers for kidney disease; Acute kidney injury
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Core Tip: Diabetic nephropathy (DN) is a chronic complication of diabetes. The mainstay markers for
kidney injury are a gradual decrease in glomerular filtration rate and microalbuminuria. Microalbuminuria
appears late in DN; thus, new biomarkers are required. Different researchers highlighted the role of
lipocalin-2 (NGAL) in the early detection of nephropathy before the appearance of microalbumin in urine.
In this review, we briefly describe the role of NGAL in various diseases and cancers and detail its role as
an early biomarker in DN.

Citation: Dahiya K, Prashant P, Dhankhar R, Dhankhar K, Kumar S, Vashist S. Lipocalin-2 as a biomarker for
diabetic nephropathy. World J Meta-Anal 2023; 11(4): 92-101

URL: https://www.wjgnet.com/2308-3840/full/v11/i4/92.htm

DOI: https://dx.doi.org/10.13105/wjma.v11.i4.92

INTRODUCTION

Diabetic nephropathy (DN) is a chronic complication of diabetes, and it affects more than 40% of both
type 1 diabetes (T1D) and type 2 diabetes (T2D) cases and may lead to end-stage renal disease as
reported worldwide. DN can be diagnosed clinically based on a gradual decrease in glomerular
filtration rate (GFR) and an increase in urine albumin > 300 mg/24 h, which is shown to be associated
with cardiovascular complications. An early diagnostic and prognostic marker is still needed to detect
DN early for better treatment outcomes and predictive value[1,2].

The current diagnostic markers for DN, i.e., microalbuminuria and serum creatinine levels, have
questionable reliability even when specific indicators like creatinine clearance or ratio of creatinine and
albumin in 24-hour urine samples are used. Microalbuminuria can be associated with other
physiological and pathological conditions such as exercise, diet, infections, and dehydration[3]. Serum
creatinine levels vary according to age, gender, hydration, muscle mass, and kidney conditions, and are
often elevated later in advancing disease processes. Therefore, the reliability of these markers in early
renal damage detection is questionable[4-10].

SELECTION OF A RENAL BIOMARKER

The characteristics of a biomarker shall be considered to determine its usefulness. Its measurement
should be easy and accurate, and results should be reproducible. It should also indicate an early renal
injury, and the response to the treatment, cost-effectiveness, and availability should be taken into
account. It should be able to be applied to a large population and augment the disease's clinical
diagnosis and prognosis[11].

The commonly used markers for acute kidney injury (AKI) and renal dysfunctions are plenty, which
may be extrapolated to DN. The biomarkers for oxidative stress include 8-hydroxy-2'-deoxyguanine (8-
OHAJG) as a novel but controversial marker for DNA damage; pentosidine, 2,4-dinitrophenylhydrazine,
and advanced oxidation protein products for protein injury; and F2-o prostaglandin and 4-hydroxy-2-
nonenal for lipid injury. The glutathione-s-transferase, an enzyme-like protein, is a marker for the
glutathione antioxidant system. Some other biomarkers of inflammation, like cytokines and a variety of
chemokines, are essential biomarkers for AKI and kidney dysfunction and include interleukin-8 (IL-8),
tumor necrosis factor-o. (TNF-a), monocyte chemoattractant protein-1 (MCP-1), and interferon-inducible
protein-10 (IP-10). The renin-angiotensin-aldosterone system biomarkers are also used as kidney injury
markers[12-14].

Biomarkers for damage to glomerular filtration membranes include urinary mRNA levels of podocin,
synaptopodin, and nephrin. The levels of basement membrane injury markers like type IV collagen are
substantially higher before microalbuminuria and and serum creatinine abnormality appear[15,16]. The
biomarkers for endothelial cell injury, like vascular endothelial growth factor, von Willebrand factor
(vWE), and intercellular adhesion molecule-1(ICAM-1), are found raised in patients with DN[17-20].
The biomarkers for mesangial expansion and fibrosis are also crucial, as DN is seen with extracellular
matrix alterations and mesangial expansion, e.g., transforming growth factor-p1 (TGF-p1) and pigment
epithelial-derived factor[21,22]. The alteration of renal function is associated with glomerular and renal
tubular dysfunction[23]. Transferrin, ceruloplasmin, and immunoglobulin G are early biomarkers for
glomerular dysfunction. The renal tubular dysfunction markers include a-1 microglobulin, retinol-
binding protein 4, lipocalin-2, N-acetyl-B-D-glucosidase, kidney injury molecule-1, and heart-type fatty
acid binding protein[24-27].
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Lipocalin-2

Neutrophil gelatinase-associated lipocalin (NGAL), also known as lipocalin-2, is a small protein purified
from neutrophil granules and is considered a good marker for AKI and kidney disease. It belongs to the
lipocalin family and is encoded by the lipocalin-2 (LCN2) gene on chromosome 9[28-30]. NGAL is a
transporter protein responsible for many physiological processes, such as inflammation, the generation
of an immune response, and metabolic homeostasis. Several studies have reported the role of lipocalin-2
in renal diseases, suggesting its role as a novel biomarker for acute renal injury and chronic kidney
disorders. A few studies have also demonstrated its inverse relation with serum creatinine in T1D and
T2D, although albuminuria was undetectable in these patients. In patients with DN, NGAL levels were
significantly higher in serum and urine, which correlated with the estimated glomerular filtration rate
(eGFR) inversely (Figure 1). However, these patients did not have albuminuria, implicating the potential
role of NGAL as a diagnostic biomarker for DN[29-33].

EXPRESSION OF NGAL IN BODY TISSUES

NGAL is expressed in several body tissues, including the kidney, liver, lungs, trachea, small intestine,
bone marrow, prostate, non-neoplastic breast tissue, macrophages, and fat tissues. Expression of NGAL
is seen in fetal skin in the epidermis as early as the 20" week of intrauterine life and later concentrated
around hair follicles only[32,34].

The normal concentration of NGAL in serum averages 20 ng/mL, while in urine also, it is 20 ng/mL.
Its low molecular weight and positive charge make it undergo filtration, so renal clearance is seen as the
primary regulator of the concentration of NGAL[35,36].

FUNCTIONS OF NGAL

As part of transport proteins, lipocalin-2 is also seen in many physiological conditions of the body
involved in the innate immune response. It is generated through neutrophil degranulation and thus,
released at the site of bacterial infection for bacterial sequestration. Iron transport is another role of
NGAL as it is accumulated in the cytoplasm, and iron-responsive genes are stimulated in response to
this increased concentration. Apo-NGAL is responsible for transporting chelated iron from the inside to
the extracellular matrix. Apo-NGAL binds to the 24p3 receptor and internalizes to bind with the cellular
siderophore, thus transporting it out of the cell. It signalizes the apoptotic cascade to start due to the
expression of the pro-apoptotic protein Bim. The initiation of programmed cell death, whether under
normal or abnormal circumstances, depends on the Bim protein. Its activation is precisely regulated at
various levels to ensure its proper functioning. Bim is essential in preventing autoimmunity during
normal immune responses; however, excessive activation can lead to chronic inflammation and tumor
development. In nerve cells, the overexpression of Bim can result in neurodegenerative diseases such as
Alzheimer's and Parkinson's diseases. On the other hand, cancer cells typically inhibit Bim expression
from facilitating their proliferation and metastasis[29,37-44].

NGAL AND RENAL DAMAGE

The low molecular weight of NGAL makes it easily filterable through the glomerulus and later
reabsorbed in the proximal tubules. If renal tubular damage starts, the reabsorption changes, and thus,
excretion of NGAL starts early; epithelial damage thus results in increased NGAL concentration in
serum and urine[45].

OVEREXPRESSION OF NGAL IN OTHER DISEASES

Several inflammatory and metabolic disorders are seen with altered concentrations of NGAL. Inflam-
matory conditions like pancreatitis, meningitis, psoriasis, and myocarditis are seen with increased
NGAL expression. In certain autoimmune diseases like psoriasis, NGAL mRNA levels were found
raised ten times or more. NGAL levels have been reported to be considerably higher in viral infective
diseases but markedly lower in human immunodeficiency virus-infected patients who were not
receiving therapy than in healthy controls[46,47]. Higher levels of NGAL were found to be associated
with anemia independent of eGFR and other parameters like myeloperoxidase and high-sensitivity C-
reactive protein[36].
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Figure 1 Alteration of lipocalin-2 levels in different diseases. Lipocalin-2 levels increase in all except a few cancers where its levels are found to
decrease. AKI: Acute kidney injury; CKD: Chronic kidney disease; CVD: Cardiovascular disease; DM: Diabetes mellitus.
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NGAL IN CANCERS

The possible role of NGAL in various cancer models has been studied and is suggested to be both
beneficial and detrimental. The nuclear factor kappa B (NF-xB) signaling pathway regulates the
transcription of NGAL, and the mitogen-activated protein kinase (MAPK) pathway may cooperate with
NF-«B to upregulate the expression of NGAL. Moreover, epigenetic modifications might significantly
initiate NGAL expression in tumor cells[28,48-56]. It may explain the increased levels of NGAL in most
cancers. It remains to identify the specific molecular forms of NGAL (in serums and cells) associated
with a particular cancer type (solid or liquid)[48]. Functionally, NGAL appears to exhibit all the
significant events of tumorigenesis, including tumor proliferation, tumor cell survival, distant
migration, local invasion, tumor angiogenesis, and resistance to anti-cancer drugs[57]. NGAL protein
and mRNA levels are quantitatively measured in body fluids like blood, urine, and tissues and found
overexpressed in various cancers like ovarian, endometrial, bladder, liver, breast, brain, lung,
pancreatic, colorectal, and several other solid tumors[48-50,54]. The NGAL complex may help assess
tumor stage in endometrial cancers before surgical treatment. The NGAL complex is found in blood
tumor cells in patients with different types of leukemia[55,58-60].

METABOLIC DISORDERS AND NGAL

In metabolic diseases, including obesity, kidney disorders, and pre-eclamptic subjects, NGAL levels
were significantly higher in animal models and obese human subjects[61-63]. T2D is characterized by
inflammatory processes in the whole body, resulting in endothelial dysfunction. Pro-inflammatory
cytokines such as IL-1, IL-6, and TNF-a, as well as chemokines and adhesion molecules, have been
shown to contribute to vascular complications in T2D. In T1D, an early predictive role of NGAL as a
biomarker for nephropathy and incipient cardiovascular morbidity before and independent of microal-
buminuria has been observed|6].

NGAL IN DN

The plasma NGAL (pNGAL) is filtered by the glomerulus and can be almost reabsorbed in the proximal
tubules. The chance of detection of urinary NGAL (uNGAL) and pNGAL in animal and human subjects
with renal injury has led to evaluating NGAL as an early noninvasive biomarker in human acute and
chronic kidney injury in numerous research studies. Lipocalin-2 is, therefore, one of the most promising
early, next-generation biomarkers for AKI. Glomerular basement thickening and mesangial expansion
have been reported in several studies. The pathogenesis of DN is associated with glomerular and renal
tubular interstitial injury. The primary mechanism of NGAL clearance from the blood is via megalin-
dependent endocytosis in the proximal tubules of the kidney. Therefore, urinary excretion of NGAL is
only expected when there is proximal renal tubular injury which prevents NGAL reabsorption or
increased de novo NGAL synthesis. The NGAL protein secreted into the urine from the distal nephron
segments is predominantly monomeric and differs from the dimeric NGAL originating from
neutrophils. The overexpression of NGAL in the distal tubules and its rapid secretion into the urinary
tract align with its role as an antimicrobial strategy. Furthermore, recent evidence suggests that NGAL
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may also promote cell survival and proliferation, given the documented apoptotic cell death in distal
nephron segments in various animal and human models of AKI[6,28,62]

Various proteomic and transcriptomic studies have identified NGAL as one of the most upregulated
genes (LCN2 gene) and one of the most highly induced proteins in the kidney very early in the course
of acute kidney disease in animal as well as human models[63,64]. NGAL is a novel marker for the
diagnosis of DN. It is a marker for kidney injury or any other condition affecting the functions of the
kidneys. Early diagnosis of AKI is often challenging and complicated, as suitable early markers for renal
damage and kidney function are scarce. NGAL, being an early marker of AKI, overcomes such
limitations and seems to demonstrate its role in the diagnosis at an early stage[65,66].

Various studies have reported increased urinary and serum levels of NGAL in AKI. NGAL as an
early biomarker to diagnose DN, even earlier to incipient nephropathy, can be seen as a tubular injury
marker. Both pPNGAL and uNGAL can predict early tubular damage and can be used as a noninvasive
tool for diagnosing, staging, and monitoring progressing DN[67]. Subclinical and early kidney injury
can be seen in children with T1D with normal renal function. The pNGAL and uNGAL derangement,
low-range albuminuria, and normal eGFR can indicate early kidney injury even in optimal glycaemic
control. pPNGAL and uNGAL in these changes result from tubular injury[68].

In non-terminal chronic kidney disease, NGAL can be used as a novel, independent renal predictor of
CKD progression along with the severity of the renal disease. The urinary NGAL can be used as a
marker for the early detection of DN, and its mean value has been observed to correlate with the degree
of renal impairment. The parallel elevation in uNGAL with disease severity or with increasing stages of
CKD supports the hypothesis of active tubular production, excluding a passive consequence of reduced
renal clearance capacity. Urinary NGAL has been reported to correlate positively with urine albumin/
creatinine ratio, duration of diabetes, hemoglobin A1C, and dyslipidemia. As the positive urine NGAL
results were found even in normoalbuminuric patients, uNGAL can be used as an early biomarker for
DN in normoalbuminuric patients, especially those with long-standing and uncontrolled diabetes[28,69-
72]. Urinary NGAL levels may help monitor the status and treatment of diverse renal diseases reflecting
defects in the glomerular filtration barrier, proximal tubule reabsorption, and distal nephrons[34].

It was appreciated that uNGAL is produced in response to ischemia, toxins, or inflammation in the
tubular epithelial cells. For each 300 ng/mL increase in uNGAL, an increased risk for the resultant
outcome of CKD (due to T1D and T2D) progression, end-stage kidney disease, or death in CKD patients
is seen. Urinary NGAL of the microalbuminuric group increased way higher than the normoalbu-
minuric group|[73-75].

The plasma levels of NGAL and IGFBP4 have been appreciated to be higher in patients with DN.
Regular follow-up and monitoring before the symptomatic presentation of DN can be carried out with
serial monitoring of uNGAL levels, but defining the baseline concentration of NGAL in patients is
required[76-78].

The uNGAL may be a more specific marker of active renal tubular epithelial damage and tubulointer-
stitial inflammation, whereas pPNGAL may be more indicative of the renal (and possibly extra-renal)
vasculature state, including glomerular filtration ability. Increased level of NGAL as an endogenous
filtration biomarker in type 2 diabetic patients is considered a predictive biomarker for early detection
of DN. The uNGAL was found to be higher in patients with microalbuminuria than normoalbuminuria,
especially in those with long-standing, uncontrolled diabetes and dyslipidemia[79-82]. The serum
NGAL (sNGAL) showed an excellent diagnostic value comparable to uNGAL[83].

Urinary NGAL has a positive association with microalbuminuria and can be a noninvasive tool for
diagnosing and monitoring the progression of DN. Urinary NGAL measurement is more sensitive than
microalbumin, detecting early renal involvement in patients with diabetes mellitus. The uNGAL and
creatinine ratio (uUNCR) might prove promising in identifying cases with a high clinical suspicion of
diabetic kidney disease and in patients with confirmatory biopsy. T2D patients with increased uNCR
may have worse outcomes and higher chances of DN complications. However, pPNGAL rises markedly
with the reduction in GFR, resulting in many false positive inclusions of AKI in chronic patients. So
along with eGFR, the uNGAL and plasma brain natriuretic peptide should be used in chronic kidney
disease patients to assess AKI[69,84,85].

The increase in uNGAL and cystatin-C levels was directly proportional to microalbuminuria in
diabetic patients. T2D patients with early DN had high uNGAL and cystatin-C levels. NGAL reflects
tubular damage, and nitric oxide may be used as an angiogenic and oxidative stress marker. Using
specific biomarkers along with NGAL can increase its diagnostic efficacy in differentiating renal causes
from other clinical conditions[85-88]. uNGAL may be a more specific marker for active renal tubular
epithelial damage and tubulointerstitial inflammation, whereas pNGAL may be more indicative of the
renal (and possibly extra-renal) vasculature state, including glomerular filtration ability[89].

However, some studies have shown that exosomal-NGAL (NGAL-E) is a better marker than free-
NGAL in T1D. NGAL was present in subjects' urinary enriched extracellular vesicle fraction (NGAL-E);
however, NGAL-E did not correlate with glycated hemoglobin and albumin/creatinine ratio in the early
stages[90].

NGAL was readily detected in the urine after anti-neoplastic drug administration in a dose- and
duration-dependent manner. By comparison, uNGAL excretion following cisplatin administration was
quantified within 96 h of drug administration so that it can be used as an early marker of kidney injury
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in cancer subjects very early, showing its efficacy as an early marker in other pathologies leading to
renal dysfunction[91,92].

A metanalytical study also concluded that NGAL is a potential diagnostic marker for patients with
DN and that its diagnostic value for microalbuminuria and macroalbuminuria is superior to that for
microalbuminuria alone[93]. Several studies collectively and strongly support using NGAL as a
biomarker for predicting AKI. However, the lack of published studies that adhere to diagnostic study
guidelines, heterogeneity in AKI definition, the lack of uniformly applicable cut-off values, and
variability in the performance of commercially available NGAL assays are big challenges to establish its
role concretely[94]. The specificity and sensitivity of NGAL were found to be moderate to excellent in
various studies in various conditions, including indoor and outdoor patients, as a good predictor of AKI
[10,63,95-98]. Although some limitations are reported, NGAL (sNGAL and uNGAL) can be prognostic
of renal damage even in the case of subclinical or modest renal damage that can only be diagnosed by
creatinine studies late in the course of the disease[99].

CONCLUSION

The studies reported in the present review describe the role of NGAL in nephropathy, particularly DN.
Early detection of renal changes is vital for diagnostic and prognostic purposes. NGAL is an important
renal dysfunction marker. Although its role in other conditions like infections, metabolic disorders, and
cancers is already established, its function in nephropathy is also promising, as it increases significantly
before other usual markers appear in the urine and blood.
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Abstract

Dehydroepiandrosterone sulfate (DHEAS) is a hormone produced by the zona
reticularis of the adrenal gland and the ovaries. Initially considered as an inert
compound merely serving as an intermediate in the conversion of cholesterol to
androgens, interest in DHEA began to grow in the 1960s when it was found that
DHEAS is the most abundant steroid hormone in human plasma and that its
levels decline with age. In many countries, DHEA is considered a nutritional
supplement. It has been used for a multitude of conditions which include sexual
dysfunction, infertility, genitourinary syndrome of menopause, musculoskeletal
disorders, cardiovascular diseases, ageing, neurological diseases, autoimmune
conditions, adrenal insufficiency, and anorexia nervosa. We describe an overview
of the historical evolution of DHEA, its physiology, and the disease states where it
has been evaluated as a supplement.

Key Words: Dehydroepiandrosterone; Adrenal; Health supplements; Hypothyroidism;
Autoimmunity; Depression; Cardiovascular disease
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Core Tip: In this review we discuss the current evidence for the nutraceutical utility of dehydroepiandros-
terone sulfate (DHEAS). Initially regarded as a panacea for a multitude of human diseases, studies
conducted with DHEA supplementation have yielded largely inconclusive results, with the possible
exception as an alternative agent in adrenal insufficiency patients with low energy and low libido (in
affected females), and genitourinary syndrome of menopause (vaginal preparation). However, with its
easy availability as a relatively inexpensive over-the-counter supplement in many countries, DHEA, like
vitamin D, has continued to evoke curiosity in the scientific community. Hence, the subject of DHEA
supplementation requires a pragmatic approach, backed by robust evidence, with careful weighing of
potential benefits (or lack thereof) and possible adverse effects.

Citation: Jethwani P, Rastogi A, Shukla R. Dehydroepiandrosterone sulfate supplementation in health and diseases.
World J Meta-Anal 2023; 11(4): 102-111

URL: https://www.wjgnet.com/2308-3840/full/v11/i4/102.htm
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INTRODUCTION

Dehydroepiandrosterone (DHEA) was first isolated and characterized by Adolf Butenandt in 1934, and
he was subsequently awarded the Nobel Prize in 1939 for his “work on sex hormones”. The sulfated
form of DHEA, dehydroepiandrosterone sulfate (DHEAS), was then isolated in 1944 by Munson,
Gallagher, and Koch in 1944[1]. The hormone was named dehydroepiandrostenedione by Lieberman in
1949[1].

In the 1980s, despite a lack of human studies and information on its function, efficacy, and safety,
DHEA began to be marketed as a non-prescription drug in the United States (US) for multiple
indications such as anti-ageing, anti-cancer, and anti-obesity. It gained limelight as a “super hormone”
and an “anti-ageing” wonder drug which led to multiple studies around its use in various conditions.

Soon thereafter in 1985, the US FDA predictably banned over-the-counter sales of DHEA considering
the lack of health benefits and long-term safety data. However, in 1994, DHEA was re-introduced in the
market with the dietary supplement health and education act, which allowed certain substances to be
marketed as dietary supplements not requiring FDA approval. Marketing as a cure-all elixir and the
lack of regulation led to skyrocketing production of DHEA and it became easily available as an over-
the-counter supplement. However, research around the hormone has made rapid strides ever since with
implications for the diagnosis and treatment of a host of human diseases (Table 1).

SEARCH STRATEGY

The following databases were used to identify the relevant studies: PubMed/Medline, Scopus, and
Cochrane. We also applied Reference Citation Analysis (RCA) to further enhance our search results. All
the databases were searched from their inception till December 10, 2022. We did a search again and the
search was extended up till February 7, 2023 to look for any additional articles. Keywords used were
mainly related to the topics of interest, including “DHEA,” “adrenal insufficiency”,” menopause”,”
autoimmunity”, “immunity”, “cognition”, “infertility”, “sexual function”, “genitourinary”, “anorexia”,
“bone”, “muscle”, “musculoskeletal” “systemic lupus erythematosus” or “SLE”, “schizophrenia”,
“depression”, “cardiovascular disease”, “rheumatoid arthritis”, and “hypothyroidism”.

There was no restriction for study design and language (where English language translation was
available). All articles related to DHEA supplementation were reviewed and relevant articles were

considered for inclusion in this scoping review.

vy s

NORMAL PHYSIOLOGY

About 75%-90% of DHEA is produced by the zona reticularis of the adrenal gland while the rest is
produced in the ovaries and the brain. Its sulfated form, DHEAS, is exclusively synthesized by the
adrenals. DHEA has a shorter half-life and is secreted in a pulsatile manner, mirroring the circadian
rhythm of corticotrophin. In contrast, DHEAS has a longer half-life and relatively more stable levels
across the day, providing a continuous reservoir of DHEA.

DHEA and DHEAS start increasing in boys and girls around the age of six to eight years, and this
increase in adrenal androgens is known as adrenarche and the concomitant clinical appearance of pubic
hair is known as pubarche. The levels rise steadily and peak in the second to third decade of life.
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Table 1 Proposed therapeutic indications of dehydroepiandrosterone

Indication

Current evidence

Sexual dysfunction

Infertility

Genitourinary symptoms (alternative agent)
Peri-menopausal and menopausal women
Adrenal insufficiency (alternative agent)
Anorexia nervosa

Autoimmune diseases

Musculoskeletal

Neuropsychiatric diseases

Anti-ageing agent

Cardiovascular disorders

Equivocal[6]
Equivocal[13]
Positive[7,9]
Equivocal[5]
Positive[17]
Equivocal[19]
Equivocal[24,27]
Equivocal[43]
Equivocal[48]
Negative[35,36]

Equivocal[54,55]

Thereafter there is a progressive decline by around 2%-5% each year with advancing age, such that
levels decrease by 80%-90% in the eighth to ninth decade of life[2].

The exact mechanism of action of DHEA remains uncertain with some evidence suggesting that it has
pleiotropic effects. As DHEA has minor steroidogenic activity, it acts predominantly by conversion to
androgens and estrogens in peripheral target tissues (Figure 1). It also functions as a neurosteroid and
acts via receptors for N methyl-D aspartate receptors (NMDA) and gamma amino butyric acid alpha
(GABAu), peroxisome proliferator-activated receptor a (PPARa), or receptors for pregnane X,
androstanol, and estrogen receptor B[3].

DHEA IN DISEASE STATES

DHEA and sexual dysfunction

Serum levels of DHEA and DHEAS start declining from the third decade, leading to decreased
androgen levels. In a randomized, double-blind, placebo-controlled trial by Panjari et al[4], 93 post-
menopausal women with low libido were included and the effect of DHEA on sexual function was
assessed. They observed that there was no significant improvement in sexual function with regard to
the primary outcome measures which included the change in total satisfying sexual events and the
Sabbatsberg Sexual Self-Rating Scale total score. There was no significant change in secondary outcome
measures as well, which included measures of well-being and quality of life.

In a systematic review and meta-analysis of 28 studies of DHEA therapy in 1273 post-menopausal
women, DHEA therapy did not improve sexual function, quality of life, or menopausal symptoms and
was associated with androgenic side effects[5]. It is to be noted that these studies had a duration less
than 3 mo. Also, oral DHEA was used in all of these, and there are no studies on local DHEA (see below).
Currently, the endocrine society guidelines recommend against the use of DHEA for sexual dysfunction
and other related indications because of a lack of long-term safety efficacy data[6].

Genitourinary syndrome of menopause

Genitourinary syndrome of menopause (GSM), a term first introduced in 2014, is a relatively common
entity with a prevalence ranging from 27% to 82%. It encompasses symptoms ranging from
vulvovaginal dryness and dyspareunia to urinary urgency and dysuria, and leads to significant
impairment in quality of life and sexual function. In a randomized prospective double-blind placebo-
controlled trial by Labrie et al[7], the efficacy of 0.5% intravaginal DHEA in women with GSM was
assessed. They observed that vaginal DHEA (Prasterone) significantly relieved dyspareunia with
improvement in vaginal secretions and epithelial integrity. Prasterone was first approved by the FDA in
2016 for the treatment of dyspareunia due to GSM[8]. Recent guidelines suggest vaginal DHEA as an
alternative agent in individuals with GSM symptoms after the initial use of non-hormonal agents[9].

DHEA and infertility

DHEA has been found to improve ovarian steroidogenesis and also leads to an increase in IGF-1 which
is speculated to have a favorable effect on oocyte quality and follicular development[10,11]. In a
randomized prospective study by Wiser et al[12], they enrolled 33 women with poor ovarian reserve (17
in the DHEA group and 16 in the control group) and observed the effects of DHEA supplementation on
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in vitro fertilization. Patients in the DHEA group had a significantly higher live birth rate as compared
to controls. In a meta-analysis by Qin et al[13], they included nine studies and observed that clinical
pregnancy rates were significantly increased in women with diminished ovarian reserve supplemented
with DHEA. However, when the analysis was restricted to randomized control trials, there was no
significant difference in pregnancy rates. In a recent meta-analysis by Schwarze et al[14], they included
five studies with a total of 910 individuals with diminished ovarian reserve, of which 413 received
DHEA. They observed that DHEA supplementation was associated with significantly improved
pregnancy rates and decreased abortion frequency. There was no effect on the number of oocytes
retrieved. Hence, the results have been largely conflicting and it is difficult to draw any conclusions as
the definitions for diminished ovarian reserve, stimulation protocols used, and dosing and duration of
DHEA varied notably between studies. Taken together, it implies that DHEA may have a role in the
peri-implantation period but have less impact on ovulation induction/ooscytes retrieval. Future
randomised controlled trials planned with primary endpoints of implantation success in such group of
subjects, may yield a favorable role for DHEA supplementation.

DHEA in adrenal insufficiency

Adrenal insufficiency is associated with reduced androgen levels which have been suggested to have
multiple effects including loss of libido, reduced energy, and consequently decreased quality of life
despite optimal glucocorticoid replacement. DHEA therapy has been suggested as a potential therapy to
mitigate these effects. In a randomized double-blind placebo-controlled study by Binder et al[15], they
included 23 young women with secondary hypoadrenalism and observed significant improvements in
pubic hair growth and psychological well-being. In a subsequent meta-analysis by Alkatib et al[16]
which included 10 studies in women with either primary or secondary adrenal insufficiency, DHEA
supplementation lead to minor improvements in quality of life. However, there was no effect on sexual
function or anxiety. Currently, the guidelines suggest that DHEA replacement (25-50 mg as a single oral
dose in the morning) may be considered in individuals with low energy and in women with reduced
libido despite optimized glucocorticoid and mineralocorticoid replacement[17]. Monitoring is done by
clinical and biochemical markers such as measurement of DHEAS, testosterone, androstenedione, and
sex hormone-binding globulin (SHBG) 24 h after the last DHEA dose. If the patient fails to report a
sustained, beneficial effect of replacement after 6 mo, the treatment should be discontinued.

DHEA in anorexia nervosa

DHEA levels have also been implicated to play a role in low bone mass in anorexia nervosa. In a
randomized control trial by Gordon et al[18] which compared the effects of DHEA vs conventional
hormone replacement therapy in young women with anorexia nervosa, they observed that while hip
bone mineral density (BMD) increased significantly with both therapies, DHEA therapy was associated
with increased bone formation markers. DHEA therapy in addition was associated with significant
improvement in psychological parameters. However, in a recent systematic review and meta-analysis,
DHEA treatment was not found to be associated with improvement in BMD compared with placebo
after adjustment for weight gain[19]. Therefore, while DHEA does play a role in the bone pathology in
anorexia nervosa, evidence with treatment remains sparse and further randomized trials are needed.

DHEAS in autoimmune diseases
DHEA has been found to modulate inflammatory responses by blunting the production of pro-inflam-
matory cytokines, downregulating complement activation via the generation of C1 inhibitor, and
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enhancing T-cell and NK cell cytotoxicity[20]. In accordance, DHEAS levels have also been found to be
decreased in multiple autoimmune diseases including systemic lupus erythematosus, rheumatoid
arthritis, autoimmune hypothyroidism, fibromyalgia, and polymyalgia rheumatica[21-23].

In a randomized double-blind placebo-controlled study by Nordmark et al[24], they included 41
women with SLE on steroids and assessed the efficacy of DHEA supplementation. They observed
significant improvement in some domains of health-related quality of outcome measures which
included an improvement in mental health. There was also an improvement in sexual well-being while
there was no improvement in other domains such as physical function, general health, or vitality.

Similarly, DHEA levels have also been found to be low in Sjogren’s syndrome, which has been
hypothesized as a potential cause of fatigue in these individuals. In a multicenter randomized controlled
trial by Virkki et al[25], they included 107 individuals with primary Sjogren’s syndrome and assessed
the efficacy of DHEA administration on several measures of fatigue. They observed that DHEA supple-
mentation at a dose of 50 mg significantly improved measures of fatigue but a similar improvement was
observed with placebo as well. Their results were similar to an earlier study by Hartkamp et al[26], and
hence the authors suggested cognitive behavioral interventions in these individuals. In autoimmune
hypothyroidism, Shukla et al[27] investigated the relationship between DHEAS levels and arthralgias in
individuals with primary hypothyroidism. They assessed 73 individuals with subclinical hypoth-
yroidism and observed that DHEAS levels < 43.6 mcg/dL significantly predicted early rheumatoid
changes in individuals with primary hypothyroidism. They postulated the inhibition of 11-p HSD1, a
possible bystander effect due to hypothalamic-pituitary-axis suppression and its immunosuppressive
effects as some of the mechanisms to explain the effects. Thus, there is some evidence to suggest a
potential role of DHEA in multiple immunological diseases, and clinical interventions targeting this
area merit further investigation.

Cognition

Ageing is associated with declining DHEA levels and deterioration in cognition. Several studies have
explored the relationship of DHEA supplementation with cognitive outcomes. DHEA is synthesized in
the brain and is the most abundant neurosteroid in humans. DHEA and DHEAS have multiple actions
including neuroprotection, acting via AMPA and NMDA receptors, neuronal differentiation and
apoptosis via tyrosine kinase receptors, inhibition of 11-p HSD1 activity, and anti-oxidant and anti-
inflammatory actions[28,29]. In a study by Wolf et al[30], the authors studied the effect of DHEA supple-
mentation on cognition in healthy elderly men and women. This was a double-blind placebo-controlled
study and they observed that DHEA supplementation at a dose of 50 mg had no effect on cognitive
abilities in these individuals. In a double-blind placebo-controlled study by Alhaj et al[31], they studied
the effects of DHEA administration on episodic memory in 24 healthy young men and observed that
DHEA was associated with both subjective and objective improvements in memory when given at a
dose of 150 mg over a period of 7 d. In a Cochrane review by Grimley Evans et al[32] that included five
trials, they observed that DHEA supplementation was not associated with any beneficial effects on
cognitive outcomes in healthy individuals over 50 years of age. Subsequently, in a double-blind placebo-
controlled cross-over study by Merritt et al[33], 50 mg of oral DHEA supplementation did not improve
short-term memory in post-menopausal women. Hence, although DHEA does seem to play a role in
cognitive function, there is little evidence to support its role as therapy for the same. Therefore, large-
scale clinical studies are needed to assess whether DHEA could be used as a diagnostic and therapeutic
tool for clinical implications.

Anti-ageing agent

Concomitant to its potential multiple actions on well-being, sexual function, and cognition, early interest
in DHEA came about with it being promoted as the “fountain of youth hormone.” In the DHEAge study
by Baulieu and colleagues, they observed the effects of DHEA supplementation at 50 mg daily for a year
in 280 older men and women (age 60-79, 140 each). While there was some improvement in some
parameters such as sexual function in women over 70 years of age, BMD at the femoral neck, and skin
indices, there was no difference in libido, BMD, or sexual function in men[34]. Moreover, there was no
difference in body composition or muscle strength in women. Thereafter, in a double-blind randomized
placebo-controlled study by Nair et al[35], they investigated the effects of DHEA administration in 87
elderly men with low levels of DHEAS and bioavailable testosterone and 57 elderly women with low
DHEAS levels. There was no improvement in body composition, quality of life, physical performance,
or insulin supplementation with DHEA supplementation. Similarly, there have been studies that have
found no effects of DHEA supplementation on sexual function or well-being parameters[36,37]. Taken
together, studies have argued against the use of DHEA as a cure-all elixir and the lack of long-term
safety data does not justify the use of DHEA in healthy elderly individuals.

DHEA and the musculoskeletal system

As age-related decline in androgens and estrogens is said to contribute to the loss of muscle mass and
bone mineral density in older adults, DHEA has been suggested as a potential agent for minimizing
these losses. Moreover, the peak and nadir of BMD mirror the rise and fall in levels of DHEA,
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respectively, and this has led to multiple studies of DHEA supplementation for bone health.

In bone, DHEA has been postulated to have a dual, pro-anabolic, and anti-catabolic effect. The
anabolic effect of DHEA comes from its ability to increase the activity of osteoblasts secondary to raised
IGE-1 levels via the GH/IGF-1 pathway. The anti-catabolic action involves its ability to inhibit the
overall function of osteoclasts via direct and indirect actions on the estrogen receptor. DHEA also results
in increased osteoprotegerin levels, which contributed to reduced resorption by osteoclasts.

In a recent pooled analysis of four double-blind randomized control trials by Jankowski et al[38], they
examined the efficacy of DHEA in 295 women and 290 men aged 55 years or elder given DHEA or
placebo daily for 12 mo. They observed that men had a significant increase in DHEAS, estradiol, and
IGF-1 while women in addition had a significant increase in testosterone levels as well. There was no
effect of DHEA on BMD in men, while there was a small increase in lumbar spine (1.0% * 3.4%) and
trochanter (0.5% * 3.8%) with maintained hip BMD in women. This modest increase in BMD is less than
that found with other anti-osteoporotic agents including bisphosphonates, denosumab, and teriparatide.
However, these trials did not primarily involve women with osteoporosis which may explain these
findings.

DHEA is also said to contribute to muscle growth and strength through an anabolic effect aug-
menting protein synthesis. The mechanisms suggested involve the ability of the skeletal muscle to
metabolize DHEA to active androgens and increased bioavailability of insulin-like growth factor-1 (IGF-
1). IGF-1 is said to be involved in the proliferation of myogenic cells leading to muscle growth and
repair[39,40].

Scattered studies have found some positive effects of DHEA on muscle strength, muscle mass, and
mobility, as well as physical function[41,42]. However, in a systematic review by Baker ef al[43], they
included eight randomized control trials and observed that the effects of DHEA on muscle strength and
physical performance were inconclusive.

DHEA supplementation in schizophrenia

DHEA has also been found to play a role in the pathophysiology of schizophrenia. It has been suggested
to modulate neuronal differentiation and synaptogenesis. Additionally, it also interacts with multiple
hormone receptor systems including gamma-aminobutyric acid, glutamate, and dopamine[44]. In a
systematic review and meta-analysis by Misiak et al[45] which included 19 studies, DHEAS levels were
found to be significantly elevated in individuals with schizophrenia.

DHEA supplementation in depression

DHEA being a neurosteroid has also been evaluated in depression on account of its multiple actions. Its
direct actions involve its ability to regulate neuronal excitability by interactions with neurotransmitter
receptors known to modulate mood. Other indirect actions involve its ability to regulate cortisol levels
and its potential to increase IGF-1 levels.

In one of the initial studies by Wolkowitz et al[46], they included 22 individuals with major
depression and observed that DHEA was associated with a significant improvement in depressive score
compared to placebo. Thereafter in 2005, Schmidt et al[47] evaluated the efficacy of DHEA in 46
individuals (23 men and 23 women) aged 45 to 65 years with depression in a randomized double-blind
placebo-controlled study. They observed that 6 wk of DHEA supplementation was associated with a
significant improvement in measures of depression. In a recent meta-analysis by Peixoto et al[48] which
included 14 studies, DHEA was associated with a beneficial effect on depressive symptoms compared to
placebo. However, the quality of evidence was low due to high clinical heterogeneity in clinical studies.
Hence, although DHEA has been found to have some beneficial effect on depressive symptoms, the
results should be interpreted with caution and further well-designed larger clinical trials will help in
assessing these findings.

DHEA and cardiovascular disease

DHEAS levels have also been found to be decreased in cardiovascular disease in a few studies,
suggesting a possible therapeutic role in atherosclerosis and coronary artery disease[49,50]. The
mechanisms suggested to explain these effects include inhibition of platelet aggregation, smooth muscle
cell proliferation and plasminogen activator inhibitor-1 generation, increased nitric oxide generation,
and vasodilation[51,52]. In the Women’s Ischemia Syndrome Evaluation study, lower DHEAS levels
were associated with higher cardiovascular mortality and all-cause mortality and this was independent
of other major cardiovascular risk factors. However, when adjusted for the presence or severity of
obstructive coronary artery disease, the risk became non-significant[49]. DHEAS levels have also been
found to be associated with arrhythmias. In the Rotterdam study which involved 1180 individuals
without atrial fibrillation at baseline, after a mean follow-up of 12.3 years, DHEAS levels were found to
be inversely associated with the risk of atrial fibrillation[53]. However, several studies have also failed
to show an association between DHEA levels and cardiovascular disease[54,55]. In a case-control study
by Golden et al[54], they assessed the correlation between DHEAS levels and atherosclerosis in 364 post-
menopausal women and observed that DHEAS levels were not associated with the risk of athero-
sclerosis which was assessed by carotid artery intimal medial thickness. In a recent study by Zhao et al
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[56], they observed that while increased testosterone levels were associated with an increased risk of
cardiovascular diseases, DHEAS levels were not associated with these outcomes. In fact, some studies
have found DHEA supplementation to be associated with increased cardiovascular risk. DHEA supple-
mentation has been found to be associated with a pro-atherogenic state via upregulation of lipoprotein
processing genes leading to macrophage foam cell formation[57]. Similarly, DHEA supplementation has
also been found to be associated with deranged lipid profiles[58,59]. In a double-blind randomized
cross-over study by Srinivasan et al[58], they assessed the effect of 50 mg DHEA supplementation for 3
mo on lipid parameters, they observed significantly decreased levels of high-density lipoprotein (HDL)
in women supplemented with DHEA. Hence, the association of lower DHEAS levels with increased
cardiovascular risk remains uncertain. On the contrary, evidence suggests a cautionary approach in
using DHEA supplementation in view of a possible association with adverse cardiovascular profile.

ADVERSE EFFECTS

The major concerns with DHEA revolve around its ability to convert to androgen and estrogen
metabolites. Reported androgenic side effects involve mild acne, facial hair growth, and seborrhea[60].
DHEA has also been associated with a pro-atherogenic state with decreased HDL levels[57,58]. It has
also been seen that DHEA leads to proliferation of breast cancer cells via stimulation of estrogen
receptors[61]. Hence, there have been concerns with the use of DHEA in hormone dependent cancers
including breast cancer, endometrial cancer, and prostate cancer[62,63]. Currently, there is limited
evidence with a paucity of long-term safety data and caution needs to exercised.

CONCLUSION

Initially marketed as a magic bullet for a myriad of human diseases, its clinical utility remains limited
with conflicting results across multiple studies. Nevertheless, it remains an important physiological
precursor in the synthesis of androgens and estrogens. While there is considerable evidence to suggest
the role of DHEA in adrenal insufficiency and GSM, its role in menopausal females, elderly individuals,
and other conditions such as sexual dysfunction, infertility, autoimmunity, and neurological and
cardiovascular diseases remains to be fully elucidated. The studies done till date are limited by
variations in diagnostic thresholds, DHEA dosing and timing of treatment, relatively small sample size,
and shorter duration. Further large-scale, multicentric, robust randomized control trials to assess the
effects of DHEA supplementation going forward will help gain a foothold in this untapped research
area.
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Abstract

BACKGROUND

There is no consensus on the appropriate therapeutic strategy for Boerhaave
syndrome due to its rarity and changing therapeutic approaches. We conducted a
systematic review of case reports documenting Boerhaave syndrome.

AIM
To assess the therapeutic methods and clinical outcomes and discuss the current
trends in the management of Boerhaave syndrome.

METHODS
We searched PubMed, Google scholar, MEDLINE, and The Cochrane Library for
studies concerning Boerhaave syndrome published between 2017 and 2022.

RESULTS

Of the included studies, 49 were case reports, including a total of 56 cases. The
mean age was 55.8 + 16 years old. Initial conservative treatment was performed in
25 cases, while operation was performed in 31 cases. The rate of conservative
treatment was significantly higher than that of operation in cases of shock vital on
admission (9.7% vs 44.0%; P = 0.005). Seventeen out of 25 conservative cases
(68.0%) were initially treated endoscopic esophageal stenting; 2 of those 17 cases
subsequently underwent operation due to poor infection control. Twelve cases
developed postoperative leakage (38.7%), and 4 of those 12 cases underwent
endoscopic esophageal stenting to stop the leakage. The length of the hospital stay
was not significantly different between the conservative treatment and operation
cases (operation vs conservation: 33.52 * 22.69 vs 38.81 + 35.28 days; P = 0.553).

CONCLUSION
In the treatment of Boerhaave syndrome, it is most important to diagnose the
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issue immediately. Primary repair with reinforcement is the gold-standard procedure. The
indication of endoscopic esophageal stenting or endoluminal vacuum-assisted therapy should
always be considered for patients in a poor general condition and who continue to have leakage
after repair.

Key Words: Boerhaave syndrome; Esophageal perforation; Self expandable metalic stent; Minimally invasive
surgical procedures; Anastomotic leakage; Shock
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Core Tip: Totally 49 published case reports concerning the Boerhaave syndrome were systematically
reviewed. In the treatment of Boerhaave syndrome, it is most important to diagnose the issue immediately.
Primary repair with reinforcement is the gold-standard procedure. The indication of endoscopic
esophageal stenting or endoluminal vacuum-assisted therapy should always be considered for patients in a
poor general condition and who continue to have leakage after repair.

Citation: Yamana I, Fujikawa T, Kawamura Y, Hasegawa S. Current approach for Boerhaaves syndrome: A
systematic review of case reports. World J Meta-Anal 2023; 11(4): 112-124
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INTRODUCTION

Since Herman Boerhaave first recognized the disease in 1724, spontaneous esophageal perforation has
been described as a medical emergency in the relevant literature[l]. The annual incidence of
spontaneous esophageal perforation, also called Boerhaave syndrome, is 3.1 per 1000000; although rare,
this condition is associated with high rates of misdiagnosis and mortality[2].

Boerhaave syndrome can be caused by vomiting and is frequently associated with alcohol
intoxication[3]. A long period of time between perforation and treatment often results in mediastinitis,
followed by septic shock and multiorgan failure[4-10]. Surgery and conservative management are the
major treatment options for Boerhaave syndrome. However, few reports have examined whether
operation or conservation is the preferred treatment method. Indeed, in the past five years, only one
systematic review of Australasian literature on Boerhaave syndrome has been reported[11]. At present,
there is no consensus on the optimal therapeutic strategy due to the rarity of Boerhaave syndrome and
changing therapeutic approaches.

We therefore reviewed and evaluated 56 cases published in 49 case report articles in PubMed, Google
scholar, MEDLINE, and The Cochrane Library in the past 5 years to assess the therapeutic methods and
clinical outcomes and discuss the current trends in the management of Boerhaave syndrome.

MATERIALS AND METHODS

Study selection

A case report literature review was conducted using Pubmed, Google scholar, Cochrane Library, and
MEDLINE for articles published between October 2017 and October 2022. The search was limited to
articles in English. “Boerhaave syndrome” or “spontaneous esophageal perforation” were key words in
the search. All titles and abstracts of publications were screened to select articles describing Boerhaave
syndrome or spontaneous esophageal perforation. The searches were further broadened by extensively
checking all references in the articles retrieved that met the inclusion criteria.

Inclusion and exclusion criteria

The inclusion criterion was patients who underwent operation or conservative therapy for Boerhaave
syndrome. The exclusion criteria were meta-analyses, reviews, articles without outcomes reported,
articles without the operation method reported, articles involving cases of treatment refusal, articles
involving recurrent cases of esophageal perforation, articles involving best supportive care, articles
involving pediatric cases, articles focusing on other diseases, and articles in non-English languages.
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Data extraction

The study design, and data on the patients” demographics, interventions, and outcomes were extracted
from the included studies. An independent researcher collected the study data using a standard Excel™
data collection sheet (Microsoft Corporation, Japan). This spreadsheet was used to calculate the
descriptive statistics of all parameters that were evaluated in the present study. Continuous and
categorical variables were shown as the mean and standard deviation (SD) and range.

Quality appraisal

The overall quality of the cases was classified as good to moderate. The majority of patients adequately
described the chief complaint (100%), the patient’s medical history (82.1%), the sex (98.2%), the length
from symptom onset (98.2%), the length of the hospital stay (76.8%), imaging findings (100%),
treatments (100%), and outcomes (100%).

Statistical analyses

All values were presented as the mean * SD. Intergroup differences were evaluated by an analysis of
variance, while a nonparametric analysis was conducted for data with a skewed distribution. Statistical
analyses were performed using EZR (Saitama Medical Center, Jichi Medical University)[12]. EZR for R
(The R Foundation for Statistical Computing, version 2.13.0) is a modified version of the R commander
(version 1.6-3) that includes statistical functions that are frequently used in biostatistics. P values of <
0.05 were considered statistically significant.

RESULTS

The results of the literature search are shown in Figure 1. Through our search, we identified 1310
studies. Of these, 990 studies were excluded by title and abstract. Of the remaining 115 potentially
relevant articles, we excluded 48 concerning other diseases, 11 with insufficient data, 3 concerning
recurrence cases, 2 involving best supportive care, and 2 pediatric cases. This resulted in the inclusion of
49 case report articles involving 56 cases for this study.

Patients’ characteristics

Table 1 shows the details of the included studies. Of the 55 patients whose sex was mentioned, 51 were
male, and 4 were female (1 case with no information). The mean age was 55.8 * 16 years old. Thirty-six
of the 55 cases (65.5%) were referred to the hospital within 24 h after symptom onset (1 case with no
information). The most common method of the diagnosis was computed tomography (n = 31), followed
by esophagography (1 = 15), endoscopy (1 = 9), and exploratory laparotomy (n = 1). A total of 42 cases
(75%) were accurately diagnosed on admission. Fourteen patients (25%) showed shock vitals when they
arrived at the hospital. Twelve (21.4%) were intra-mediastinum type, and 44 (78.6%) were extra-
mediastinum type. The mean (range) size of the laceration in the 30 cases for which such details were
described was 3.8 (1-12) cm (Table 2).

Initial treatment for Boerhaave syndrome

Conservative treatment was performed in 25 cases, while operation was performed in 31 cases. Conser-
vative treatment included endoscopic esophageal stents in 17 cases, endoscopic clipping in 5, thoracic
drainage in 21, and endoluminal vacuum-assisted (EVAC) therapy in 1. The operation approach was
trans-thoracic and trans-abdominal approaches in 18 and 10 cases, respectively; a combined trans-
abdominal and trans-thoracic approach was performed in 3 cases. In the trans-thoracic approach,
minimally invasive surgery was performed in 5 cases (23.8%). In the trans-abdominal approach,
minimally invasive surgery was performed in 8 cases (61.5%). The operation methods were primary
repair only in eight cases, primary repair with omentoplasty in six cases, primary repair with fundus
pouch in six cases, primary repair with intercostal muscle pouch in five cases, primary repair with
pericardial fat pouch in five cases, T tube in two cases, esophagectomy in one case, and esophagostomy
in one case. Twelve out of 31 cases (38.7%) developed postoperative leakage. Two of those cases
underwent EVAC therapy, and four of the cases underwent endoscopic esophageal stenting. Seven out
of the 56 total cases (12.5%) died following treatment for Boerhaave syndrome; notably, 4 of those 7
cases (57.1%) had already had shock vitals on arrival at the hospital (Table 3).

Endoscopic esophageal stenting

Seventeen cases underwent endoscopic esophageal stenting initially, and 14 of them (82.4%) had severe
comorbidities. Ten of the 17 cases (58.8%) who underwent endoscopic esophageal stenting had had
shock vitals on arrival at the hospital. One case (14.3%) was the intra-mediastinum type, while the other
16 (85.7%) were the extra-mediastinum type. Two of the 17 cases who underwent endoscopic
esophageal stenting had initially undergone operation due to poor infection control.
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Table 1 Descriptive comparative characteristics of all included 49 studies

Accurate Shock Laceration g
Ref. Age Sex . . Rupture type . . Treatment Prognosis
diagnosis vital size (cm)

Jahangir et al[4], 64 M Yes Intrapleural type Yes 1 Stent, thoracic drainage Death
2021
Issa et al[23], 32 M Yes Intrapleural type No 2 Stent, thoracic drainage Alive
2019
Tan et al[5], 2022 84 M No Intrapleural type No Unknown Thoracotomy, primary repair only Death
Changet al[13], 67 M Yes Intrapleural type No 3 Thoracopy, primary repair only, Alive
2021 feeding jejunostomy
Changet al[13], 62 M Yes Intrapleural type No 2 Thoracopy, primary repair only, Alive
2021 feeding jejunostomy
Sheshala et al 39 M No Intrapleural type Yes Unknown Stent, thoracic drainage Alive
[24], 2021
Matsumoto et al 60 M No Intrapleural type Yes Unknown Stent, thoracic drainage Alive
[25], 2019
Ayazi et al[6], 22 M Yes Intrapleural type Yes Unknown Thoracotomy, esophagectomy, Death
2021 gastrostomy
Maki et al[44], 76 M Yes Intramediastinal  No 7 Transhiatal approach, primary repair Alive
2022 type plus omentoplasty, feeding

jejunostomy
Toannidis et al 83 F Yes Intrapleural type No Unknown Thoracic drainage Alive
[39], 2021
Y Ket al[26], 86 M Yes Intrapleural type Yes B Stent, thoracic drainage, feeding Alive
2018 jejunostomy
Czopnik et al 47 M Yes Intrapleural type No 5 Transhiatal approach, primary Alive
[3], 2017 repair, gastrostomy
Awadelkarim et 36 M Yes Intrapleural type Yes 2 Stent, thoracic drainage Alive
al[27], 2021
Chalikonda etal 74 M No Intrapleural type Yes Unknown Stent, thoracic drainage Alive
[28], 2019
Sniezynskietal 53 M Yes Intrapleural type No 3 Stent, thoracic drainage Alive
[29], 2021
Matsuuraetal 69 M Yes Intramediastinal No Unknown Endoscopic clipping Alive
[21], 2022 type
Chen et al[19], 57 M No Intramediastinal  No Unknown Transhiatal approach, primary repair Alive
2021 type only, feeding jejunostomy
Truyens et al 66 M Yes Intramediastinal ~ Yes Unknown Antibiotic administration Alive
[30], 2020 type
Truyens et al 77 M Yes Intramediastinal No Unknown Stent Alive
[30], 2020 type
Swol et al[7], 70 M Yes Intramediastinal  No 2 Transhiatal approach, primary repair Death
2019 type plus fundus pauch
Park et al[45], Unknown Unknown Yes Intramediastinal No 5 Laparoscopic transhiatal approch, Alive
2021 type primary repair plus omentoplasty —

endoscopic clipping, stent
Rahman et al 53 M Yes Intrapleural type No Unknown Thoracotomy, primary repair plus Alive
[49], 2021 intercostal muscle pauch, gastro-

jujuno tube — stent

Nachiappanet 59 M No Intrapleural type No 13 Endscopic clipping, stent — laparo-  Alive
al[46], 2022 scopic transhiatal approach, primary
repair plus omentoplasty

Pasternak etal 37 M Yes Intrapleural type No Unknown Thoracotomy, primary repair only,  Alive
[14], 2019 gastrostomy
Kita et al[55], 46 M Yes Intramediastinal No 4 Laparoscopic transhiatal approch, Alive
2022 type primary repair plus fundus pauch
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Kita et al[55],
2022

Kita et al[55],
2022

Saffo et al[8],
2021

Kochar et al[50],
2019

Bury et al[51],
2022

Aref et al[47],
2019

Bani Fawwaz et
al[15], 2022

Bani Fawwaz et
al[15], 2022

Xu et al[22],
2021

Tufion et al[57],
2021

Lee et al[58],
2018

He et al[54],
2018

Kim et al[59],

2019

Shennib et al
[52], 2021

Agrawal et al
[40], 2019

Sato et al[31],
2018

Sato et al[31],
2018

Ali et al[16],
2020

Anand et al[48],
2022
Barakat et al

[32], 2017

Alakkari et al
[17], 2019

Zhu et al[18],
2021

Sekiya et al[56],
2019

Sekiya et al[56],
2019

Olivero et al

Jaishideng®

48

65

76

40

50

32

63

56

63

24

52

57

56

47

26

52

53

30

64

62

69

33

61

64

67

No
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Intramediastinal
type

Intramediastinal
type
Intrapleural type

Intrapleural type

Intrapleural type

Intramediastinal
type
Intrapleural type

Intrapleural type

Intrapleural type

Intrapleural type

Intrapleural type

Intramediastinal
type

Intrapleural type

Intrapleural type

Intrapleural type

Intrapleural type

Intrapleural type

Intrapleural type

Intrapleural type

Intrapleural type

Intrapleural type

Intrapleural type

Intrapleural type

Intrapleural type

Intrapleural type

No

Yes

No

No

No

No

No

116

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Laparoscopic transhiatal approch,
primary repair plus fundus pauch

Laparoscopic transhiatal approch,
primary repair plus fundus pauch

Stent, thoracic drainage
Thoracotomy, primary repair plus
intercostal muscle pauch, intraop-
erative stent, thoracic drainage
Thoracotomy, primary repair plus
intercostal muscle pauch, thoracic

drainage

Laparoscopic transhiatal approach,
primary repair plus omentoplasty

Stent, thoracic drainage
Thoracotomy, primary repair plus T
tube, Belsey fundoplication, intraop-
erative stent, thoracic drainage,
gastrostpomy

Endoscopic clipping

Endoluminal vacuum therapy —
endoscopic clipping

Thoracoscopic approach, primary
repair only — endoluminal vacuum
therapy, thoracic drainage
Endoscopic clipping

Thoracotomy, primary repair only —
endoluminal vacuum therapy,
thoracic drainage

Thoracotomy, primary repair plus
pericardial pauch, gastrostomy,
feeding jejunostomy

thoracic drainage

Thoracotomy, primary repair only —

stent, thoracic drainage

Stent, thoracic drainage
Thoracotomy, primary repair only

Thoracotomy, primary repair plus
intercostal muscle pauch, thoracic
drainage

Stent, endoscopic clipping
Thoracotomy, primary repair plus T
tube

Stent, PEG —thoracotomy, drainage
Thoracoscopic and laparoscopic
approach, primary repair plus
pericardial pauch, gastrostomy
Thoracoscopic and laparoscopic
approach, primary repair plus
pericardial pauch, feeding

jejunostomy

Thoracotomy, primary repair plus
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Alive
Alive
Death

Alive

Alive

Alive
Alive

Alive

Alive
Alive

Alive

Death

Alive

Alive

Alive
Alive
Alive
Alive

Alive

Alive
Alive
Alive

Alive

Alive
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[53], 2019
Felipe et al[38],
2021

Ahmad et al
[33], 2018

Hashmi et al
[10], 2021

Teblick et al[34],
2018

He et al[9], 2018

47

63

83
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pericardial pauch, thoracic drainage

M Yes Intrapleural type No 12 Thoracotomy and laparotomy Alive
approach, esophagostomy,
gastrostomy — stent
M Yes Intrapleural type No 2.5 Stent, thoracic drainage Alive
M Yes Intrapleural type Yes Unknown Antibiotic administration Death
M Yes Intrapleural type No Unknown Stent, thoracic drainage Alive
M Yes Intrapleural type No 6 Thoracotomy, primary repair plus Alive

pleural flap, feeding jejunostomy

PEG: Percutaneous endoscopic gastrostomy; M: Male; F: Female.

Table 2 Characteristics of the patients with Boerhaave syndrome included in the review, n (%)

Sex

Age

The length from symptom within 24 h

The method of diagnosis

Accurate diagnosis on admission

Shock vital on admission

Rupture type

Lacelation size (cm) (range)

“Male 51, female 4

55.8+16

36 (65.5)
CT 31
Esophagography 15
Endoscopy 9
Exploratory laparotomy 1

42 (75)

14 (25)
Intramediastinal 12 (21.4)
Extramediatinal 44 (78.6)

3.8 (1-12)

?One case with no information.

One case with no information.

€26 cases with no information.

CT: Computed tomography.

Jaishideng®
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Four of the cases who initially underwent operation consequently underwent endoscopic esophageal
stenting to stop leakage.

Minimally invasive surgery

Eleven out of 31 cases (35.5%) underwent minimally invasive surgery. Seven of the 13 cases (53.8%) who
underwent the trans-abdominal approach received the trans-hiatal approach specifically with laparo-
scopic surgery. Five of the 21 cases (23.8%) who underwent the trans-thoracic approach received
thoracoscopic surgery. The length of the hospital stay after surgery tended to be shorter with minimally
invasive surgery than with non-minimally invasive surgery [minimally invasive surgery (n = 10) vs non-
minimally invasive surgery (1 = 15): 25.5 +17.1 vs 38.86 + 24.85 d; P = 0.153] (Figure 2A).

Conservative treatment vs surgery

Table 4 shows the differences in details between patients who underwent an operation and those who
received conservative treatment. The sex, age, rate of patients admitting within 24h after symptom
onset, rupture type, and rate of survival did not significantly differ between patients who underwent an
operation and those who received conservative treatment. The rate of patients with shock vitals on
admission did differ significantly between patients who underwent an operation and those who
received conservative treatment (9.7% vs 44.0%; P = 0.005). The length of hospital stay was not
significantly different among the 43 cases (operation vs conservative treatment: 33.52 + 22.09 vs 38.81 +
35.28 d; P = 0.55) (Figure 2B).
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Table 3 Initial treatment for Boerhaave syndrome

The number do not add up because of duplication

case
Conservation (n = Esophageal stent 17
25)°
Clipping 5
Thoracic 21
drainage
EVAC® 1
Operation (n = 31) Approach Trans-thoracic approach 18
Trans-abdominal approach 10
Trans-thoracic and abdominal approach 3
Method Primary repair only 8
Primary repair with omentoplasty 6
Primary repair with fundus pauch 6
Primary repair with intercostal muscle 5
pauch
Primary repair with pericardial fat pauch 5
T tube 2
Esophagectomy 1
Esophagostomy and gastrostomy 1

“Duplication exist.
PEndoluminal vacuum-assisted therapy.
EVAC: Endoluminal vacuum-assisted.

Table 4 The length of hospital stay was not significantly different among the 43 cases

Factor Group Operation (n = 31) Conservation (n = 25) P value

Sex (%) M 27 (90.0) 24 (96.0) 0.617
F 3 (10.0) 1(4.0)

mean + SD 53.17 (14.68) 59.00 (18.14) 0.193

The length from symptom within 24 h (%) Yes 10 (32.3) 9 (36.0) 1
No 20 (64.5) 16 (64.0)

Shock vital on admission (%) Yes 3(9.7) 11 (44.0) 0.005
No 28 (90.3) 14 (56.0)

rupture type Intramediastinal (%) 8(25.8) 4 (16.0) 0.516
Extramediastinal (%) 23 (74.2) 21 (84.0)

Alive (%) Yes 28 (90.3) 21 (84.0) 0.688
No 3(9.7) 4 (16.0)

F: Female; M: Male.

DISCUSSION

Primary surgical repair has been the gold-standard treatment for esophageal perforation for a long time
[13-19]. Primary repair of the esophagus conducted with mediastinal and thoracic drainage is reported
to have a 90% success rate. Cases in which esophageal rupture is diagnosed at an early stage (within 24
h) without associated esophageal disease are reported to show a particularly high success rate[20].

Bishidenge VIMA | https://www.wjgnet.com 118 April 18,2023 | Volumell | Issued |



Yamana I ef al. Current approach for Boerhaaves syndrome

Identification

Citation identificated through databases (7 = 1310)

("Boerhaave syndrome" or "spontaneous esophageal perforation")
PubMed (7 = 231)

Google Scholar (7 = 999 )

Cochrane Library (n = 6)

MEDLINE (7 = 74)

Screening

Eligibility

el
Q
°
=
o
i=
=

Y

Records after duplicated removed (7 = 1105 )

Records excluded by
”| title, abstract (7 = 990)

Y

Potencially relevant citation for which full text was
assessed for eligibility (7 = 115)

Excluded = 66
X Other disease 48
Publication (n = 49) Insufficient data 11
Number of cases (n = 56) Recurrence case 3

Best supportive care 2
Pediatric case 2

DOI: 10.13105/wjma.v11.i4.112 Copyright ©The Author(s) 2023.

Figure 1 PRISMA flow diagram demonstrating articles selection process.
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Figure 2 Comparison of length of hospital stay. A: The length of hospital stay in the non-minimally and minimally invasive surgery groups; B: The length of
hospital stay in the operation and conservative treatment groups.

Jaishideng®

There has been a recent trend toward more non-operative management[21,22], such as esophageal stent
replacement via an endoscopic approach[23-32]. The indications for esophageal stenting include
multiple comorbidities, advanced mediastinal sepsis, hemodynamic compromise, and clinical
intolerance of extensive surgical repair[33]. In our review, the rate of conservation was significantly
higher than that of operation in instances of shock vital on admission (44.0% vs 9.7%; P = 0.005).
Esophageal stenting was able to be attempted for patients who were in a bad general condition or
intolerant to surgery[34]. Endoscopic esophageal stenting was also performed for cases of postoperative
leakage. Kauer et al[35] in 2008 first described the usefulness of stent placement in the management of
thoracic anastomotic leakage after esophagectomy. An interval approach utilizing covered metallic stent
was then introduced for the management of anastomotic leakage after esophagectomy[36]. However, no
prospective clinical study comparing the outcomes of esophageal stenting to that of conservative/
surgical treatment has yet been performed. Bi et al[37] reported that the efficacy of the three-tube
method, (tube drainage of the abscess, placement of a jejunal feeding tube, and placement of a
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gastrointestinal decompression tube, with implantation of a covered metallic stent) for the management
of anastomotic leakage following esophagectomy. This means that it is important not only to place
esophageal stents but also to provide adequate drainage, a concept that can also be applied for treating
Boerhaave syndrome.

Surgical approaches differed among facilities in our review. The operation approach in our evaluated
studies was the trans-thoracic approach in 18 cases, trans-abdominal approach in 10 cases, and
combined trans-thoracic and trans-abdominal approach in 3 cases. The approach seemed to differ
depending on laceration site, the patient’s general condition, and whether the operator was a thoracic
surgeon or a gastrointestinal surgeon. The reported operative methods for Boerhaave syndrome include
primary repair (with/without reinforcement), an exclusion diversion operation[38], esophageal
resection, and simple thoracic drainage[39-40]. Previous reports mentioned that reinforcement with
vascularized tissue was associated with reduced fistula formation and mortality rates in comparison to
repair without reinforcement[41-43]. In the case of friability of the tissue, primary repair with
reinforcement, such as omental flaps[44-47], intercostal muscle flaps[48-51], and pericardial flaps[52-
54], should be performed. A comprehensive evaluation of the degree of laceration, extent of laceration,
and general condition required for deciding the repair method should be conducted.

There have been a few recent reports concerning minimally invasive surgery for Boerhaave
syndrome. Kita et al[55] suggested that a good clinical course can be obtained by laparoscopic trans-
hiatal esophageal repair for Boerhaave's syndrome with localized mediastinal collections to avoid
surgical invasion due to thoracotomy. Sekiya et al[56] reported the convenience and usefulness of
minimally invasive surgery via an abdominal and left thoracic approach, which provides excellent
visualization of the abdominal and thoracic cavities and facilitates quick switching between views. The
authors further suggested that, in cases with an interval to the diagnosis < 24 h, no severe comorbidities,
and a perforation site in the left lower esophagus, a trans-hiatal approach for minimally invasive
surgery is feasible to repair the laceration and ameliorate the infection[56]. In our systematic review, the
length of hospital stay after minimally invasive surgery tended to be shorter than after non-minimally
invasive surgery (25.5 + 17.1 vs 38.86 + 24.85 d; P = 0.153). Minimally invasive surgery is useful for its
cosmetic aspect, camera magnification effect, and ease of suturing, especially a laparoscopic trans-hiatal
approach.

In our systematic review, 12 out of 31 cases (38.7%) developed postoperative leakage. Two of those 13
Leakage cases underwent EVAC therapy. Recently, the efficacy of EVAC therapy for esophago-pleural
fistula after an operation for Boerhaave syndrome was reported[57-59]. EVAC therapy can be applied in
postoperative management according to the principle applied for external wounds that provide wound
drainage and tissue granulation. EVAC therapy can be applied to conservatively treat cases where
primary surgical repair of esophageal perforation is unsuccessful. Moreover, with the use of an S-B tube,
the patient can simultaneously receive intraluminal EVAC therapy with enteral nutrition in a non-
invasive manner[58]. This may accelerate the healing of the injured esophagus and reduce the duration
of hospitalization.

We suggest an algorithm that might be useful in the treatment of Boerhaave syndrome in Figure 3,
with reference to our systematic review. If Boerhaave syndrome is suspected on computed tomography,
esophagography or upper gastrointestinal endoscopy should be performed immediately. The treatment
of Boerhaave syndrome is basically primary repair with reinforcement. If postoperative leakage occurs,
endoscopic esophageal stenting or EVAC therapy should be considered. If the patient is inoperable
(severe shock vitals, super-elderly patients, severe comorbidities, etc.), endoscopic esophageal stenting
and thoracic drainage should be considered.

Several limitations associated with the present study warrant mention. Importantly, due to its rarity,
there are few large case series on Boerhaave syndrome. Furthermore, the therapeutic strategies for
Boerhaave syndrome have changed over time, with new approaches being developed recently. We
reviewed and analyzed 49 articles; however, the review process may have included various publication
biases.

CONCLUSION

In the treatment of Boerhaave syndrome, it is most important to diagnose the issue immediately.
Primary repair with reinforcement is the gold-standard procedure. The optimal treatment should be
determined according to the etiology, general physical condition of the patient, and site of perforation,
as well as the extent of contamination, as determined by radiology. The indication of endoscopic
esophageal stenting or endoluminal vacuum-assisted therapy should always be considered for patients
in a poor general condition and who continue to have leakage after repair.
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| Boerhaave syndrome suspected |

| Esophagography or Endoscopy ‘

| Boerhaave syndrome is diagnosed |

(severe shock vital, super elderly patinet, severe comorbidity, and so on )

Inoperable status

Immediately % ~

Primary repair with reinforcement Appropriate drainage
Trans-abdominal approach (Thoracic drainage, endoluminal drainage)
Trans-thoracic approach

Endoscopic esophageal stenting

|
| Leakage

A 4

Endoscopic esophageal stenting or EVAC

DOI: 10.13105/wjma.v11.i4.112 Copyright ©The Author(s) 2023.

Figure 3 Algorithm for the treatment of Boerhaave syndrome with reference to the systematic review findings. CT: Computed tomography;
EVAC: Endoluminal vacuum-assisted.

Jaishideng®

ARTICLE HIGHLIGHTS

Research perspectives

As far, it has long been reported that Boerhaave syndrome has a poor prognosis when diagnosed late.
However, no consensus has been reached concerning the appropriate therapeutic strategy for Boerhaave
syndrome because of the rarity of the disease and the changing therapeutic trends.

Research conclusions

We assess the therapeutic methods [operation vs drainage vs stent vs endoluminal vacuum-assisted
(EVAQ), etc.] and clinical outcomes and discuss the current trends in the management of Boerhaave
syndrome.

Research results

We believe that this systematic review will be useful in future treatment of Boerhaave syndrome when
there is doubt as to whether conservative treatment or surgery should be done, as well as the method of
surgery.

Research methods
We searched PubMed, Google scholar, MEDLINE, and The Cochrane Library for studies concerning
Boerhaave syndrome published between 2017 and 2022.

Research objectives

In results, the key to treatment of Boerhaave syndrome was early diagnosis. In addition, although
surgery was the basic treatment, esophageal stents and drainage may be useful for patients with
intolerance. Furthermore, for postoperative leakage, esophageal stents, drainage, and EVAC were
useful.

Research motivation

In the treatment of Boerhaave syndrome, it is most important to diagnose the issue immediately.
Primary repair with reinforcement is the gold-standard procedure. The indication of endoscopic
esophageal stenting or endoluminal vacuum-assisted therapy should always be considered for patients
in a poor general condition and who continue to have leakage after repair.

Research background
Because Boerhaave syndrome is a rare disease, observational studies should be conducted in collab-
oration with other centers. We hope that this will result in a high-quality strategy.
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Abstract

BACKGROUND

Recent studies have indicated the use of baricitinib in coronavirus disease 2019
(COVID-19) patients. However, the use of baricitinib in COVID-19 patients is
unclear so far.

AIM
To determine the precise role of baricitinib in the mortality of COVID-19 patients.

METHODS

The relevant studies were searched in PubMed, Google scholar, and Clinical trials
registries till July 13, 2021 and sorted out based on inclusion and exclusion
criteria. The quality of studies was assessed using Newcastle-Ottawa Scale. A
random-effect model was used, and the pooled estimate was calculated as the
odds ratio with a 95% confidence interval using Rev Man 5.

RESULTS

A total of 11 studies (4 observational and 7 clinical trials) were found relevant for
analysis. The overall estimate measure in terms of odds ratio for observational
studies was 0.42 [0.11, 1.67], whereas for clinical trials it was 0.37 [0.09, 1.46],
indicating a non-significant reduction in COVID-19 patient deaths in the
baricitinib group versus the non-baricitinib group.

CONCLUSION
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Core Tip: Emerging reports have indicated the use of baricitinib in hospitalized coronavirus disease 2019
(COVID-19) patients. However, the use of baricitinib in COVID-19 patients is unclear so far. Current
study aimed to find out the exact association of baricitinib in the mortality of COVID-19 patients.

Citation: Thakur M, Babu A, Khatik GL, Datusalia AK, Khatri R, Kumar A. Role of baricitinib in COVID-19
patients: A systematic review and meta-analysis. World J Meta-Anal 2023; 11(4): 125-133
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INTRODUCTION

According to the World Health Organization (WHO), multiple pneumonia episodes of unknown cause
were reported in the central Metropolitan area of Wuhan in December 2019 in China. The causal
infection was later identified as a novel coronavirus, tentatively termed coronavirus disease 2019
(COVID-19). This virus has been causing havoc on public health across the world since its outbreak in
December 2019. More than 2000 incidents of COVID-19 infection were reported as of January 26, 2020,
the majority of which were individuals living in or traveling Wuhan. The WHO claimed the COVID-19
pandemic was a Public Health Emergency of International Concern on January 30, 2020[1]. The cases of
infection were highly associated with the seafood market in Wuhan[2]. Chinese officials announced
2835 confirmed cases in 2020, with 81 deaths. The causal agent has been identified as a novel
coronavirus, COVID-19, a pathogen linked to severe acute respiratory syndrome (SARS), was quickly
identified as the cause (SARS-CoV) by Chinese officials[3,4]. Coronaviruses (CoV) belongs to the family
“coronaviridae”. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is thought to be
spread directly from bats to humans or by a single or several host species[3,5]. The treatment is based on
the symptoms of the patients. Various classes of drugs are repurposed and are being used in the
management of this infection.

Janus Kinase Inhibitors (JAKi) are also one of the repurposed drugs which are being used in the
management of hospitalized COVID-19 patients due to their anti-inflammatory (inhibition of IL-6) and
anti-viral effects (inhibit the entry of virus)[6]. Baricitinib is one of the JAKi approved for the treatment
of rheumatoid arthritis. It has been observed that most SARS-CoV-2 infected patients were died due to
cytokine storms, specifically the excess release of IL-6. Thus, baricitinib might be useful in the reduction
of deaths of COVID-19 patients[7,8]. Meta-analysis is one of the quantitative analyses that help in
clinical decision-making. The results of the individual studies are pooled and integrated using suitable
statistical procedures[9-11]. In the current study, we performed a systematic review of clinical studies to
determine the role of baricitinib in the deaths of COVID-19 hospitalised patients.

MATERIALS AND METHODS

The study was conducted in compliance with the Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) guidelines (Figure 1). The study is registered with the International
prospective register of systematic reviews (PROSPERO, Registration number: CRD42021281366).

Search strategy

A search was conducted in PubMed, Google scholar, and Clinical trial registry for observational,
randomized, and non-randomized controlled studies, cohort studies, and comparative cross-sectional
studies with the following search strategies: “baricitinib”, OR “immunosuppressants”, OR “anti-
rheumatoid”, OR “Janus kinase inhibitor” OR “Disease-modifying antirheumatic drug” AND “COVID-
19” OR “Coronavirus” OR “Acute respiratory distress syndrome” OR “SARS-CoV-2". The references of
included studies were screened to boost the search.

Study selection
Two reviewers (MT and AB) separately screened all the titles and abstracts as per the inclusion and
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Figure 1 Selection of studies as per the PRISMA guidelines.
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exclusion criteria. The studies were included if participants were on baricitinib therapy, with all age
groups, and all sexes. The case reports, case series, narrative review, systematic review, meta-analysis,
studies of poor quality as per standard scale were excluded. The reviewers (MT and AB) separately
screened the full-text studies for final inclusion. In the case of conflicts over the inclusion, the third
reviewer (AK) was consulted.

Quality assessment

The quality assessment of eligible observational studies was done using Newcastle-Ottawa Scale
whereas quality assessment of clinical trials was done using NIH quality assessment scale for quality
assessment of controlled intervention studies. The assessment was done by two reviewers (MT and AB)
separately. The disagreement among authors was resolved after a discussion with four reviewers (GLK,
AKD, RK, and AK). The studies were categorized into three categories, i.e., good, fair, and poor quality.

Data extraction

The data was extracted from studies by two reviewers (MT and AB) in an excel sheet. The information
includes the name of the first author with publication year, the country where the study has been
conducted, gender, study design, the total number of subjects, number of subjects, and deaths in
baricitinib, non-baricitinib group.

Sensitivity analysis
The sensitivity analysis was done to check the effect of high or low sample size on the outcome to
address the degree of heterogeneity.

Statistical analysis

RevMan 5 was used for all of the analyses. Using a random-effect model, the overall estimate was
calculated as an odds ratio with 95% confidence intervals. Cochrane Q and I square statistics were used
to calculate study heterogeneity.
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Figure 2 Forest Plot showing overall estimate measure of observational studies as odds ratio using random-effect model.
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Figure 3 Forest Plot showing overall estimate measure of clinical trials as odds ratio using random-effect model.
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RESULTS

Search results and study characteristics

We found 865 articles after the initial search. After primarily screening of titles, 21 relevant articles were
found. Further, based on the screening of abstracts, 16 were retrieved, out of which 05 articles were
excluded due to insufficient information. Finally, 11 articles[11-22] were included for qualitative and
quantitative analysis. Figure 1 depicts the selection of articles. The full-text or secondary screening with
bibliography searches yielded no additional articles for inclusion. Out of the 11 studies, 4 were observa-
tional studies whereas the remaining 7 studies were clinical trials. The four studies were conducted in
Italy, two in Spain, one in Italy and Spain, and one each at, Omaha, Bangladesh, Germany, Wuhan. The
characteristics of included observational studies were compiled in Table 1 whereas the characteristics of
included clinical trials were compiled in Table 2.

Quality assessment

All observational studies on the Newcastle-Ottawa Scale were found to be of good to fair quality based
on their scores in the selection, comparability, and outcome subscales. Three of the four studies were of
high quality, while the fourth was of fair quality (Table 3). According to the NIH quality assessment
scale, 5 studies were of good quality, while the remaining two were of fair quality (Table 4).

Analysis of observational studies

A total of 558 patients were found in selected 4 observational studies. 233 of the 558 coronavirus disease
2019 (COVID-19) cases were taking baricitinib, while the remaining 325 were not. The overall estimate
was 0.42 [0.11, 1.67], indicating that the baricitinib group had a non-significant reduction in COVID-19
patient deaths compared to the non-baricitinib group (Figure 2).

Analysis of clinical trials

In total, 1457 patients were found in 7 clinical trials. 719 of the 1457 COVID-19 cases were taking
baricitinib, while the remaining 738 were not. The overall estimate was 0.37 [0.09, 1.46], indicating that
the baricitinib group had a non-significant reduction in COVID-19 patient deaths compared to the non-
baricitinib group (Figure 3).
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Table 1 Characteristics of included observational studies

Sex Baricitinib group Non-baricitinib group

Sample
Ref. Country  Study design Number of Number of

SIZE Male Female . Death . Death

patients patients

Hasan et al[14], 2021 Bangladesh Cohort study 238 159 79 122 4 116 7
Stebbing et al[15], 2021 Italy, Spain Observational 790 438 352 37 1 142 47
Rodriguez-Garcia et al[16],  Spain Cohort study 112 78 34 62 5 50 2
2020
Rosas et al[19], 2020 Spain Case control 29 20 9 12 2 17 6

study

Table 2 Characteristics of included clinical trials

Sex Baricitinib group Non-baricitinib group
Ref. Country Study design Sample size

Male Female Number of patients Death Number of patients Death
Bronte et al[13], 2020 Italy Clinical trial 76 38 38 20 1 56 25
Kalil et al[12], 2020 Omaha  Clinical trial 1033 652 381 515 32 518 52
Cantini et al[17], 2020 Germany  Clinical trial 24 20 4 12 0 12 0
Cantini et al[18], 2020  Italy Clinical trial 191 19 72 113 0 78 7
Cao et al[20],2020 Wuhan Clinical trial 41 24 17 20 0 21 3
D'Alessio et al[21],2021  Ttaly Clinical trial 75 52 23 32 3 43 0
Giudice et al[22], 2020  Italy Clinical trial 17 13 4 7 1 10 1

Table 3 Quality assessment of observational studies using new castle Ottawa scale

Ref. Selection Comparability Exposure Total score Quality of the study
Hasan et al[14], 2021 Hokstok $ok Hokok 9 Good

Stebbing et al[15], 2021 ok * Fokk 7 Good
Rodriguez-Garcia et al[16], 2020 sopstok * Hokok 8 Good

Rosas et al[19], 2020 Kok Hok Kok 7 Fair

*For each numbered item within the selection and outcome categories.

Heterogeneity
The I* (90%) and chi? statics have shown high heterogeneity among studies.

Sensitivity analysis

We have analyzed the forest plots of both observational and clinical trials and found that there is a
study with high and low sample sizes, particularly in clinical trials. Therefore, analysis was also done
again to check the effect of these studies on the outcome. The studies with a high and low sample sizes
i.e., Kalil et al[12] and Giudice et al[22], were excluded, and analysis was done again. The overall
estimate was 0.23 [0.02, 2.37], indicating a non-significant reduction in COVID-19 patient deaths in the
baricitinib group versus the non-baricitinib group (Figure 4). Overall, results were not affected by the
studies with high and low sample sizes.

DISCUSSION

The current analysis was done to find out the role of baricitinib in the reduction of deaths of COVID-19
hospitalized patients. To the best of our knowledge, very few meta-analyses have been done so far on
the use of baricitinib in COVID-19 treatment. Recently, Chen ef al[23], have performed a meta-analysis
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Table 4 Quality assessment of clinical trials using NIH scale

No. Ref.

Typeof 01 @2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Qi1 Q12 Q13 Q4 Sulityofthe
study study

1 Bronte et al[13], 2020  Clinical trial Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Good

2 Kalil et al[12], 2020 Clinical trial Yes Yes Yes Yes Yes Yes Yes Yes NR Yes Yes Yes Yes Yes Good

3 Cantini et al[17], 2020  Clinical trial Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Good

4 Cantini ef al[18], 2020  Clinical trial No No Yes Yes Yes Yes Yes Yes Yes Yes Yes NO Yes Yes Fair

5 Cao et al[20], 2020 Clinical trial Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Good
6 D'Alessio et al[21], Clinical trial No No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Fair
2021

7 Giudice et al[22], 2020  Clinical trial Yes Yes Yes Yes Yes Yes Yes Yes NO Yes Yes NO Yes NR Good

Baricitinib Non-baricitinib 0Odds ratio 0Odds ratio
Study or subgroup _ Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%(CI
Bronte 2020 1 20 25 56 29.2% 0.07[0.01,052) N
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Cantini 2020a 0 13 7 78 242% 0.04 [0.00,0.75) &
Cao 2020 020 3 21 232% 0.13[0.01, 2.67] #
D'Alessio 2021 3 32 0 43 234% 1032[0.51,207.29) b
Total (95%Cl) 197 210 100.0% 0.23[0.02, 2.37] -.'—
Total events 4 35
Heterogeneity: Tau®= 3.82; Chi*=9.04, df=3 (P=0.03); F=67% 0.0105 071 1-0 2ﬁ0
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Figure 4 Forest Plot showing overall estimate measure of clinical trials as odds ratio after exclusion of studies with high (Kalil et al[12],
2020) and low sample size (Giudice et al[22], 2020) using random-effect model.
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of 11 studies and reported the safety and efficacy of JAK-inhibitors including baricitinib in COVID-19
patients. Another JAK inhibitor i.e., ruxolitinib is also used in hospitalized patients. The meta-analysis
results of Wijaya et al[24], have demonstrated a significant clinical improvement and decrease in the risk
of mortality of COVID-19 patients. The potential of baricitinib in the reduction of deaths of hospitalized
COVID 19 patients is also indicated by a meta-analysis conducted by Walz et al[25]. Recently, Putman et
al[26], have also performed a meta-analysis to find out the efficacy of anti-rheumatoid therapy,
including baricitinib and steroids for the treatment of COVID-19. However, number of available studies
regarding the use of baricitinib in COVID-19 patients at that time was very less. The already published
meta-analysis have also analyzed different design of studies together which make less valid conclusion.
In the current meta-analysis, we have analyzed observational and clinical trials separately. However,
the results of both observational and clinical trials have shown the non-significant deaths of COVID-19
hospitalized patients in the baricitinib group as compared to non-baricitinib group. Further, the
sensitivity analysis results have also shown no effect of outliers on the outcome.

CONCLUSION

In conclusion, more research is needed to draw a valid conclusion about the use of baricitinib in the
reduction of COVID-19 patient deaths.

ARTICLE HIGHLIGHTS

Research background
More research is needed to draw a valid conclusion about the use of baricitinib in the reduction of
coronavirus disease 2019 (COVID-19) patient deaths.
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Research motivation
More research is needed to confirm the role of baricitinib in COVID-19 patient deaths.

Research objectives

A total of 11 studies (4 observational and 7 clinical trials) were found relevant for analysis. The overall
estimate measure in terms of odds ratio for observational studies was 0.42 [0.11, 1.67], whereas for
clinical trials it was 0.37 [0.09, 1.46], indicating a non-significant reduction in COVID-19 patient deaths
in the baricitinib group versus the non-baricitinib group. The degree of heterogeneity among studies
was also discovered to be high.

Research methods
The study was conducted as per the PRISMA guideline using RevMan 5 software.

Research results
To investigate the role of baricitininb in the reduction of COVID-19 patient deaths.

Research conclusions
Can baricitinib reduce the deaths of COVID-19 patients?

Research perspectives
Emerging reports have indicated the use of baricitinib in hospitalized COVID-19 patients. However, the
use of baricitinib in COVID-19 patients is unclear so far.
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