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Abstract
Psychiatric manifestations of pellagra could be subtle but important to recognize 
in clinical practice. These may vary from non-syndromic symptoms of anxiety, 
depression, and psychosis to pellagrous encephalopathy. The course and outcome 
of pellagra’s non-encephalopathic psychiatric manifestations (NEPM) are variable 
and have not received much attention. Therefore, a review in this regard is deemed 
necessary to understand the evolution of psychiatric symptoms and possible neu-
rochemical changes produced in pellagra. A focused scoping review of the literature 
using Preferred Reporting Items for Systematic reviews and Meta-Analyses- extension 
for Scoping Reviews (PRISMA-ScR) guidelines was carried out to chart the results 
of studies to find out the characteristic nature of NEPM, role of niacin, and under-
lying etiopathogenesis. The review included 12 studies comprising 271 participants. 
Depressive and insomnia symptoms were the most frequent manifestations of NEPM 
followed by anxiety, thought disorder, psychomotor agitation, hallucinations, confu-
sion, and disorientation. Alcohol use remains the most common cause of NEPM in 
pellagra, followed by nutritional deficiency. The alteration in the kynurenine pathway is 
a probable mechanism implicated in the NEPM of pellagra and future research should 
explore the role of niacin replacement in such patients. The findings of the review incite 
further discussion and research on biomarkers for patients with pellagra and subtype 
of patients with depression who share a common immune-inflammatory pathway. 
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Introduction

Psychiatric manifestations of pellagra are mostly described in the context 
of acute symptoms of delirium or encephalopathy. Besides these neuro-

psychiatric conditions, non-specific psychiatric symptoms such as irritability, 
tiredness, fatigue, restlessness, depression, and apathy during pellagra are 
commonly encountered but under-recognized and under-treated in clinical 
practice.1 Even before the development of encephalopathy or delirium, subacute 
depressive or psychotic symptoms have been reported during pellagra.2 
Among various factors that can cause niacin deficiency, chronic alcohol con-
sumption is an important one.3-8 The other risk factors may include nutritional 
deficiency, predisposing dietary pattern (predominant maize or jowar as staple 
food), food faddism, malabsorption syndrome, and treatment with isoniazid. 
Although many of these factors have been taken care of by the process of food  
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fortif ication and endorsing the benef its of  
consuming a balanced diet, pellagra continues 
to exist in the developing world. The classical 
triad of pellagra is described as the presence of 
diarrhea, dermatitis, and dementia. However, in 
contemporary medicine, it is rare to see the progres-
sive chronic course of pellagra leading to dementia.7 
As the prevalence of classical pellagra has reduced 
over time, the presentation of neuropsychiatric 
manifestations perhaps has become subtle and 
commonly found among people with alcohol use 
disorder. These psychiatric symptoms may present 
at the subsyndromal level and are often missed in 
clinical practice, thus require a high level of clinical 
suspicion in routine practice.

Further, depressive symptoms in pellagra 
may not be associated with any of the classical 
pellagrous manifestations, including gastrointes-
tinal, dermatological (pellagra sine pellagra), or  
dementia-like syndrome.7 Furthermore, identifying 
and screening such clinical presentations require the 
exploration of underlying biochemical pathways to 
identify biomarkers. Studies conducted earlier have 
missed the etiopathogenesis perspective due to 
the overt focus on the management of delirium or 
encephalopathy associated with alcohol in mental 
health care settings.9 Therefore, we defined these 
subsyndromal psychiatric symptoms in pellagra as 
non-encephalopathic psychiatric manifestations 
(NEPM), and conducted a scoping review of the 
literature to find their association with alcohol con-
sumption, niacin supplementation, and underlying 
biochemical pathways. 

Material and methods
A literature review on pellagra and NEPM was con-
ducted using PRISMA-ScR guidelines.10

Objective: The review objectives were to deter-
mine the magnitude of psychiatric manifestations 
in pellagra, the response to niacin and to review 
the literature on underlying etiopathogenesis in 
this context.

Eligibility Criteria

Type of Studies We included all types of original 
research studies published till May 2021 including 
case reports, case series, and comparative studies 

which focused on psychiatric manifestations of 
pellagra, including syndromic or non-syndromic 
symptoms of depression, anxiety, and psychosis. We 
excluded the reviews, meta-analyses, and studies 
primarily focussing on encephalopathy. Studies 
containing only gastrointestinal symptoms such 
as diarrhea, and constipation, etc., or only neuro-
logical symptoms such as seizure, neuropathy, etc., 
or only dermatological symptoms of pellagra were 
excluded. 
Type of Interventions We included studies focus-
sing on dietary supplementation, medical treat-
ment, combined supplementation, or replacement 
with niacin, group-B vitamins, or both to treat or 
reverse the psychiatric manifestations of pellagra, 
irrespective of the concomittant treatment with 
other psychoytopics.
Type of participants We included studies with 
participants of any age and gender who had been 
reported to have psychiatric manifestations of 
pellagra exclusively (pellagra sine pellagra) or psy-
chiatric manifestations along with dermatological 
and gastrointestinal manifestations of any type and 
any severity, admitted, out-patient, or under com-
munity treatment. We included all the studies with 
any underlying cause leading to the development 
of pellagra.
Search Strategy A systematic literature search 
of the following databases was conducted on 15th 
May 2021 by two independent authors (RS and PC): 
Cochrane, PubMed, and Google scholar. In addition, 
the reference lists of the pertinent literature were 
screened for the relevant studies.
Search keywords: The literature was searched using 
keywords: “pellagra” AND “mental illness”, “niacin” 
AND “mental illness”, “pellagra” AND “psychosis”, 
“pellagra” AND “psychiatric disorder”, “pellagra” AND 
“depression”, “pellagra” AND “anxiety”, “pellagra” 
AND “depression” OR “alcohol” OR “anxiety” OR 
“psychosis”, OR “neuropsychiatric”
Data Collection and Analysis The outcome vari-
ables used for data extraction constituted author 
name, year of publication, study design, country 
of research, age (mean or median), sample size, 
psychiatric manifestations of pellagra, systemic 
manifestations (gastrointestinal, neurological, and 
dermatological) of pellagra, supplementation with 
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niacin, and other vitamins, the details of psychotro-
pic medications, and radiological or pathological 
findings of the associated lesions in pellagra. 

Data Extraction and Management

Three authors (PC, RS, and DB) independently 
extracted data from the selected studies using a 
standardized coding form prepared in Microsoft 
Excel 2010. They discussed any differences in the 
data extraction till the resolution of conflict by a 
third author (AP). The following data were extracted: 

Synthesis of Results

The results of the study were tabulated to mention 
the characteristic findings of each study describ-
ing causes of pellagra, symptoms of NEPM, and 
etiopathogenesis of NEPM. A schematic charting 
method was used to display the results of the 
synthesis. The studies and reports predominantly 
describing delirium and encephalopathy in the 
context of pellagra were identified and described 
separately.

Results
Selection of Sources of Evidence

We identified 236 relevant studies on psychiat-
ric manifestations of pellagra, of which 20 were 
removed because of duplicates, 216 were screened 
for relevancy and 182 were excluded as they were 
not meeting the review objective. The full text and 
abstract of the few studies were unavailable, while 
12 studies were on encephalopathic psychiatric 
manifestations (EPM), hence described separately. 
Finally, 12 studies with 271 participants were included 
in the scoping review (Figure 1).

Characteristics of Sources of Evidence

Among included studies, four studies used case-con-
trol design and all of them were from India, whereas 
seven were case reports from Japan, Greece, the 
USA, India, Brazil, China, and Canada, and a case 
series from Japan. Case-control studies from India 
reported places near Hyderabad in Telangana 
and Udaipur in Rajasthan, where maize or jowar 
(Sorghum vulgare) constitutes the major staple diet. 

Critical Appraisal within Sources of 
Evidence

The case-control studies from India had a less robust 
methodology; three were conducted before 1975. All 
the case-control studies predominantly utilized the 
purposive sampling technique for the comparison 
of dietary patterns leading to the development of 
pellagra. All the included case reports and case 
series followed the Committee on Publication Ethics 
(COPE) guidelines for reporting their findings.

Results of Individual Sources of Evidence 

Nine studies mentioned the co-occurrence of 
depressive symptoms in pellagra, including two 
case-control studies, six case reports, and one case 
series (Table 1). 
The participant’s age at the time of the presenta-
tion ranged from 25–51 years. The most common 
precipitating factors for pellagra were alcohol con-
sumption in five studies,11-15 dietary pattern in four 
studies16-18 nutritional deficiency in two studies,2,19 

and isoniazid therapy in one case series.20 The NEPM 
described in pellagrins included depressed mood, 
apathy, irritable mood, reduced speech tempo, easy 
fatigability, psychomotor retardation, psychomotor 
agitation, dysphoria, and loss of appetite. None of 
the reports used objective assessment tools for 
the assessments except one study, which used 
symptom checklist-90 revised -SCL-90.16 Most of 
the cases were presented to an emergency depart-
ment. Other associated symptoms included anxiety, 
nervousness, insomnia, confusion, delirium, hallu-
cination, and delusion. Two cases had delusion as 
the only psychotic symptoms.12,13 While three case 
reports mentioned visual and auditory hallucina-
tions with or without delusions.11,19,20 None of the 
case reports differentiated the course of depressive Figure 1: Flowchart of the selection of sources of evidence
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or psychotic symptoms except in one report, where 
improvement in psychotic symptoms was followed 
by dysphoric mood.13 None of the studies used a 
clearly defined duration of clinical depression as 
per the criteria of the International Classification of 
Diseases (ICD) or Diagnostic and Statistical Manual 
of Mental Disorders (DSM). 

In terms of dermatological manifestations of pel-
lagra, most studies described the lesions as bilateral 
symmetrical dermatitis, the details of which are 
given in Table 1. 1,2,11-15, 17, 19,20 

In regards to treatment, niacin was administered 
intravenously and orally. The most common oral 
regimen was 150 mg per day as a part of replace-
ment than supplementation and the dose ranged 
from 50–500 mg/day. Improvement in the derma-
tological and gastrointestinal symptoms took a rel-
atively longer time than improvement of psychiatric 
symptoms to the extent that dramatic improvement 
in sleep and mood occurred within 24–48 hours 
after niacin replacement in two reports.11,14 In addi-
tion, a significant role of thiamine, tryptophan, and 
niacin was observed in early recovery from psychi-
atric symptoms in almost all the studies. Improve-
ment in psychotic symptoms was noted when 
olanzapine and haloperidol were augmented with 
niacin. Except for one report, all the studies reported 
systemic manifestations of pellagra.7 In a case of 
pellagra manifesting as delusional parasitosis, the 
delusion resolved rapidly after niacin-augmenta-
tion therapy and antipsychotic. This supports the 
role of niacin in treating pellagrous delusional dis-
order, as reported in similar cases.13 While growing 
food faddism in modern days and the increasing 
prevalence of alcohol use, a high index of suspicion 
is required in diagnosing NEPM of pellagra and 
prompt treatment with niacin.12

In terms of biological markers of psychiatric mani-
festations of pellagra, low platelet 5-Hydroxy Trypt-
amine (5-HT) was observed among cases in two 
studies,1,18 and low CSF levels of 5-Hydroxy Indole 
Acetic Acid (5-HIAA) among pellagrin. Whereas, 
the basal cortisol and stress response to adreno-
corticotropic hormone (ACTH) administration was 
comparable among cases and controls.17 One report 
documented the reduced levels of N-methyl nicotin-
amide (<0.5 mg) in a 24 hour urine test.19 Necropsy 
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findings from one case series suggested that 50% 
of the patients with pellagra had no skin lesions.20 
Table 1 describes the characteristic findings of the 
included studies. The possible role of kynurenine 
pathway activation has been reported in the psy-
chiatric manifestations13it was observed that the 
patients with pellagra were all poor, subsisted mainly 
on maize, and rarely ate fresh meat. Subsequent 
occurrences have been in the form of epidemic out-
breaks, consequent to either introduction to maize 
as a major food or increased consumption of other 
niacin-deficient diets like Jowar (Sorgum vulgare 
and the results are charted in Figure 2. 

Characteristics of Studies on 
Encephalopathic Psychiatric 
Manifestations (EPM) 

Studies predominantly describing the findings 
related to delirium, and Wernicke’s encephalopathy  
in the context of pellagra were termed as enceph-
alopathic psychiatric manifesttaions (EPM) in this 
review. These constituted seven case reports, three 
case series, and two retrospective chart reviews, 

Figure 2: Charting of the results of scoping review
TDO- Tryptophan Dioxygenase, IDO-Indolamine Dioxy-

genase, TPH-Tryptophan Hydroxylase, NMDA- N methyl D 
Aspartate, KA- Kynurenic acid, QA-Quinolinic Acid, 5ALA- 5 

Alpha Levulenic Acid

including autopsy findings. The majority of them 
described the neurological manifestations associ-
ated with pellagra, such as myoclonus, catatonia, 
truncal ataxia, rapidly progressive cognitive decline, 
cerebellar signs, pyramidal signs, oppositional 
hypertonus, hyperreflexia, apraxia, dysarthria, 
tremors, nystagmus, extrapyramidal symptoms, 
spasticity.7,8,21–31associated in 13 cases with Marchi-
afava-Bignami disease and/or Wernicke-Korsakoff 
disease. The clinical features included confusion 
and/or clouding of consciousness, marked oppo-
sitional hypertonus (‘gegenhalten’ The psychiatric 
manifestations included apathy, confusion, depres-
sive and anxiety symptoms as described in Table 
2. The autopsy findings of suspected pellagrins 
were laminar cortical necrosis with vacuoles and 
astrocytosis in the second and third layers of the 
bilateral frontal cortices, suggesting Morel’s laminar 
sclerosis.23 One report mentioned the central chro-
matolysis in the neurons corresponding to cerebral 
pellagra, fibrillary astrogliosis in the tegmentum of 
the brainstem similar to that of Wernicke’s enceph-
alopathy31 while only neuronal chromatolysis was 
reported on one study.21associated in 13 cases with 
Marchiafava-Bignami disease and/or Wernicke-Kor-
sakoff disease. The clinical features included con-
fusion and/or clouding of consciousness, marked 
oppositional hypertonus (‘gegenhalten’ In terms of 
neuroimaging findings, the computerized cervical 
tomography showed multiple lipomas of homoge-
neous aspect up to the sternal notch 15. A CT of the 
brain identified abnormalities of the cerebral cortex 
and diffuse spots around the cerebral ventricles in 
one of the reports 19 while in another report, a CT 
brain showed frontotemporal atrophy 2.

Discussion
To the best of our knowledge, this appears to be 
the first attempt to understand the development 
of NEPM in pellagra. The symptoms of depression, 
anxiety, and psychosis may not be noticeable during 
pellagra because of unawareness of NEPM until 
the full-blown pellagra manifests. Because alcohol 
use remains the most common cause of pellagra 
in the contemporary world, the focus of treatment, 
therefore, revolves around the management of 
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niacin and requires a brief discussion here 33,14,34,35. 
Niacin deficiency can activate the liver enzymes 
- tryptophan dioxygenase (TDO) and indolamine 
dioxygenase (IDO), causing tryptophan to undergo 
oxidation via the kynurenine pathway. As the brain 
cannot synthesize tryptophan, its unavailability pre-
disposes to the development of a hypo-serotonergic 
state that possibly manifests as lethargy, dysphoria, 
sadness, and anhedonia.36 It is also true that TDO, 
a rate-limiting enzyme of kynurenine synthesis, is 
upregulated by glucocorticoids under a pro-inflam-
matory state in pellagra. In such circumstances, the 
tryptophan is metabolized into kynurenic acid (KA), 
and quinolinic acid (QA) which acts as an N-methyl 
D-aspartate (NMDA) antagonist, and agonist, 
respectively.37 Lower KA/QA ratio initially predis-
poses hyper-glutamatergic state due to reduced 
bioavailability of tryptophan and worsening of 
depressive symptoms that are further amplified by 
reduced energy utilization in the absence of niacin, 
and its end-product nicotinamide adenine dinu-
cleotide phosphate (NADPH).38 Chronic deficiency 
of tryptophan worsens the pro-inflammatory state. 
The body tries to establish homeostasis through 
activating anti-inflammatory cytokines by reversing 
the KA/QA ratio that develops a hypo-glutamatergic 
state and psychosis-like symptoms in the course of 
Pellagra.39 Since most cases of pellagra are induced 
by regular alcohol consumption, its withdrawal leads 
to glutamatergic toxicity associated with gamma 
amino butyric acid (GABA) scarcity.40 Such a rapidly 
fluctuating shift in KA/QA ratio could create a state of 
disorientation and confusion that tends to respond 
quickly to supplementation with niacin, and small 
doses of GABA facilitators such as benzodiazepines. 
The reversal of the hepatic kynurenine pathway by 
the end-product NADPH inhibition also results in 
the rapid resolution of psychiatric symptoms. One 
more interesting hypothesis is intermediate haem 
precursor 5- Amino Levulenic Acid (5-ALA) which 
acts as a powerful inhibitor of GABA, leading to 
worsening of the hypo-serotonergic state that can 
produce non-specific anxiety symptoms in pellagra 
apart from photosensitivity of pellagrous derma-
titis.32 Another potential contributor to serotonin 
deficiency in this cascade is a possible impaired 
decarboxylation of the immediate serotonin pre-

alcohol use disorder in such patients. The subtle 
psychiatric manifestations are often presumed as 
a part of alcohol use disorder which could further 
go unnoticed due to delayed help-seeking by 
patients, an emergency presentation, and over-
lapping symptoms of alcohol withdrawal delirium 
or encephalopathy9. However, subsuming such 
subacute depressive and anxiety symptoms under 
the subsyndromal delirium without investigating 
extrapyramidal symptoms and electroenceph-
alography (EEG) would hardly help the clinician 
understand the course of the illness. The exact 
relationship between niacin deficiency and the 
pathogenesis of depressive or psychotic symptoms 
is unclear, however many underlying hypotheses, 
such as neuronal insult through direct cytoplasmatic 
damage, secondary axonal change, and indirect 
evidence of chromatolysis in the region of the 
pons, and activation of the immune-inflammatory 
pathway have been contemplated.32

Summary of Evidence
The NEPM can range from depressive, psychotic, 
or anxiety symptoms to confusion and disorien-
tation. The psychotic symptoms may not always 
be associated with encephalopathy or delirium 
as noted in a few reports3,11-13 and are difficult to 
tease out at times from subacute delirium.9 It is 
interesting to prospectively follow up the course of 
illness in suspected patients with pellagra without 
dermatological manifestations and treat them with 
niacin up to 150–300 mg/day while monitoring the 
urinary metabolites of serotonin and niacin. Mention 
of depression, neurasthenia, irritability, and apathy 
reflects the classical endogenous symptoms of 
depression recorded during the evolution of pellagra 
in reported cases20 and could help us in improving 
the understanding of a few subtypes of depression. 
Further rapid response and rapid resolution of 
psychiatric symptoms with niacin replacement is 
a characteristically unique finding in the context of 
pellagra.3,11-14 Routine supplementation with niacin 
among alcohol use disorders is an area worth explor-
ing in future prospective studies.

An immune-inflammatory biochemical pathway 
underlying the psychiatric manifestations of pellagra 
is partly related to the conversion of tryptophan to 
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cursor 5-hydroxytryptophan by the pyridoxal 
50-phosphate-dependent aromatic L-amino acid 
decarboxylase (ALAAD), whose activity is impaired 
in (functional) vitamin B6 deficiency and explains 
the supplemental role of vitamin B6 in the treat-
ment.32

Although current evidence is mixed regarding 
niacin replacement in cases of depression and psy-
chosis 41-43 the biochemical changes postulated for 
pellagra could help us to unravel the neurobiology 
of a subset of independent psychiatric disorders.2 
Recently in a case of Crohn’s disease, abnormal level 
of 5-OH-indoleacetic acid in a 24-hour urine test, 
and metabolites of 1-methyl nicotinamide, and the 
ratio of levels of 1-methyl-2-pyridone-5-carboxam-
ide to blood creatinine are proposed as biomark-
ers for pellagra44. Niacin has also been implicated 
in non-pellagrous depressive disorders in recent 
studies; therefore, these biomarkers also provide a 
ray of hope to assist in diagnosis of psychiatric disor-
ders. Future studies should look at the consistency 
of depressive and psychotic symptoms as discussed 
in this review and the role of niacin replacement in 
their reversal.

Limitations
The review is focused on selected psychiatric man-
ifestations i.e., depression, anxiety, and psychosis 
during pellagra. There is a paucity of data and also 
it is difficult to distinguish anxiety, depressive and 
psychotic symptoms from a broad gamut of enceph-
alopathy, therefore, the overlapping symptoms 
reported in a few case reports could be the limitation 
of this review. 

Conclusion
It is crucial to timely recognize the importance of 
differentiating encephalopathic and non encephalo-
pathic psychiatric manifestations of pellagra. While 
encephalopathic presentations are acute, the non 
encephalopathic presentations could be subacute to 
chronic. The indirect involvement of the kynurenine 
system and niacin supplementation’s effect during 
evolution of subacute psychiatric symptoms requires 
further research. Therefore, the commonly occurring 
depressive, anxiety, and psychotic symptoms in an 

individual with chronic alcohol consumption should 
be assessed, and investigated carefully for possible 
niacin deficiency. The possible role of niacin supple-
mentation in subacute presentations of NEPM in 
pellagra cases could potentially halt its progression 
to encephalopathy by correcting the underlying  
biochemical imbalance. In future, this association 
may be supported by measuring 5-hydroxy trypt-
amine (5-HT), 5-hydroxy indole acetic acid (5-HIAA), 
cortisol, and immune-inflammatory markers in 
serum, cerebrospinal fluid, and platelets. Rapid 
identification of psychiatric symptoms supported by 
investigations on the immune markers, and treat-
ment with nicotinic acid should also be attempted 
independently  in a subgroup of psychiatric dis-
orders where the shared immune-inflammatory 
hypothesis is contemplated.
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