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Summary

Niacin has recently been demonstrated to lower blood pressure in hypertensive
patients and to reduce cardiovascular events when combined with a statin. As a
consequence, niacin has been elevated from being of historical interest as the
treatment for pellagra, to being a compound with possible relevance to contem-
porary therapeutics. In spite of this, niacin deficiency leading to pellagra contin-
ues to be a health problem in some countries. Characterized by an exposed-site
hyperpigmented dermatitis, pellagra is generally accepted to have been the first
photosensitivity syndrome described. At its worst, pellagra manifests as one of
the most striking examples of systemic photosensitivity. This is the only photo-
sensitivity syndrome where death is included as a cardinal clinical feature (the
often quoted four ‘Ds’: dermatitis, diarrhoea, dementia and death). However, the
pathogenetic mechanism for the photosensitivity caused by niacin deficiency has
yet to be determined. This review seeks to update the classification and pheno-
typic characterization of the various forms of niacin-deficient photosensitivity.
Previous speculation about possible mechanisms for the pathogenesis of photo-
sensitivity due to niacin deficiency is reviewed in the context of advances in the
understanding of the photochemical basis of photosensitivity reactions. The
review concludes by highlighting research required to advance the understanding
of this photosensitivity syndrome.

Niacin is currently the focus of renewed interest due to recent

research demonstrating a role in lowering blood pressure in

hypertensive patients.1 Furthermore, niacin has been shown to

decrease carotid intima–media thickness producing fewer clin-

ical cardiovascular events when combined with a statin.2 In

stark contrast, World Health Organization data from 2004

confirm that pellagra, a niacin-deficiency syndrome, remains a

health problem in some parts of the developing world.3 The

population group most susceptible to pellagra is probably mal-

nourished children. Recent data from UNICEF includes India

and China at the top of the table of clinically malnourished

children under the age of 5 years, with 60Æ8 million and 12Æ3
million affected, respectively.4 Furthermore, pellagra is one of

a number of clinical syndromes seen in populations subjected

to prolonged war or famine.5,6 First described nearly

250 years ago, photosensitivity due to niacin deficiency

remains an enigma. As a cause for photosensitivity, niacin

deficiency is not infrequently omitted from modern dermatol-

ogy text books, or referred to as a ‘photoaggravated disorder’.

Published photographs of patients with pellagra from these

same books typically reveal a striking photosensitivity derma-

titis on all exposed skin with a clear cut-off at the margins of

clothing. Photoprotected skin is usually unaffected. Such clini-

cal features place photosensitivity due to niacin deficiency at

the severe end of the spectrum of photosensitivity disorders.

Pellagra has almost disappeared from developed countries,

which may explain why it has yet to be the focus of rigorous

photobiological research. As a consequence, the clinical fea-

tures of the condition remain poorly characterized, the action

spectrum for the photosensitivity has not been established and

its pathomechanism remains unknown. This review seeks to

address these issues by updating the literature on niacin defi-

ciency syndromes in general; epidemiological and clinical

papers on niacin-deficient photosensitivity in both developed

and developing countries are analysed. We have reviewed the

biochemical consequences of niacin deficiency and speculate

about photochemical mechanisms that could explain this strik-

ing clinical phenotype.

Methods

The search strategy was developed over several phases. The

initial search, focused on peer-reviewed literature, was con-

ducted using OVID-hosted databases. These were Medline
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(1996 to current) and Embase (1950 to current). Other online

databases used were the Cochrane Library, PubMed and Go-

ogle Scholar. The Google Scholar search provided many of the

pre-1950 articles. Each strategy was adapted according to the

database, using an appropriate combination of subject heading

and free-text terms.

The second phase of the search was based on MD and PhD

dissertations and these from Venezuela, South Africa, India

and Brazil, where the disease remains prevalent, and the uni-

versity libraries are of good quality and freely accessible. In

order to locate dissertations from these four countries, a list of

universities was compiled using Google, and links within

websites. Each university site had a library catalogue which

was also searched.

The third phase concentrated on the grey literature from

these four countries, using online search engines, such as the

Virtual Health Library and other international resources. This

included reports, statistics and other corporate and unpub-

lished or unofficially published information. Additionally

ad hoc references were also obtained by scanning the reference

lists of retrieved literature. In addition, the same search strat-

egy in Mandarin was used to search pellagra in Chinese data-

bases.

History

The first medical report of pellagra is credited to Gaspar Casal in

Spain in 1735.7 He described an exposed-site dermatitis on the

dorsum of the hands and feet with a collar-like rash on the

upper part of the neck in Asturian peasants.7 He speculated that

the origin of this disease was poor diet and ‘atmospheric influ-

ences’ in the area.8 These proved to be astute deductions, pre-

ceding both the discovery of ultraviolet (UV) radiation and

proof of the dietary cause for pellagra by more than 100 years.

Casal’s writing was compiled and posthumously published by

his friend Juan Sevillano in 1762 with the title ‘Historia Natural y

Medicina del Principado de Asturias’.8 Casal’s published report on pel-

lagra preceded Willan’s report of ‘eczema solare’ in 1798 by

36 years;9,10 as such, it was the first description of a photosensi-

tivity syndrome in modern medicine. It is now recognized that

pellagra is a potential complication of diet dominated by corn-

meal, a cheap energy-rich food source that fails to provide

adequate levels of niacin. Cornmeal was introduced into Europe

after the voyages of Columbus in the late 15th century and rap-

idly became the staple diet of the poor.11–13 The spread of corn-

meal as a food source was followed by the spread of pellagra

across the continent from Spain to Italy, France, central Europe,

Romania, Bulgaria, Turkey, Greece, southern Russia, Hungary

and Austria;11,14 it eventually spread to Egypt, central and

southern Africa and Ethiopia.6,13 Pellagra rapidly became a

worldwide health problem.15

Francesco Frapolli16 was the first to coin the term ‘pellagra’.

In the 19th century, the French physician Roussel eradicated

pellagra by a public health campaign that persuaded the gov-

ernment to restrict the cultivation of maize in France.17 How-

ever, pellagra remained endemic among the maize-eating poor

population of southern Europe for nearly two centuries. It was

not until early in the 20th century that an American public

health doctor, Joseph Goldberger, dedicated his life’s work to

demonstrating that pellagra was not an infectious disease, as

was widely believed at the time, but was caused by a deficient

diet.18,19 Goldberger carried out a variety of experiments

including the induction of pellagra in six of 11 prison inmates

by changes in their diet.14,20,21 Goldberger was correct in

establishing that pellagra was caused by a nutritional defi-

ciency factor, but did not discover that it was due to deficient

vitamin B3.
14 Nicotinic acid was first discovered by Huber in

1867;22 however, its role in the prevention of pellagra was

not identified until 1937.23 Conrad Elvehjem was the first to

show that niacin cured pellagra when attempting to treat

‘black tongue’ (the canine version of pellagra) in dogs.24,25

Krehl subsequently discovered that tryptophan dietary supple-

ments were also effective in the treatment and prevention of

pellagra.15 The outcome of this body of research was that nia-

cin became a routine additive to staple foods such as flour and

bread in both developed and developing countries.13 In 1945,

Wisconsin researchers found that corn significantly increases

the body’s niacin requirement, while milk reduces it.26 In

1956, a new congenital metabolic syndrome characterized by

a pellagra-like exposed-site dermatitis was reported; the name

‘Hartnup disease’ derives from the index family surname.27

Hartnup disease is caused by impaired neutral amino acid

transport in the kidneys and intestine; amino acids, such as

tryptophan, are excreted in the urine.28,29 The ‘Hartnup’ gene,

SLC6A19, has now been identified, cloned and sequenced.29–31

Highlights in the history of pellagra are summarized chrono-

logically in Table 1.

Epidemiology

Pellagra has been a worldwide health problem in the recent

past. Public health statistics from the U.S.A. in the early 20th

Table 1 Summary of the history of pellagra

Year, reference Event

17357 The first description of pellagra was made
by Gaspar Casal in Spain

17628 Casal’s writing on pellagra was published by
his friend Juan Sevillano

177116 Francesco Frapolli was the first to coin the term
‘pellagra’

192614 Joseph Goldberger established that pellagra was
caused by a nutritional deficiency factor

193725 Conrad Elvehjem discovered the role of niacin in
the prevention of pellagra

194515 Krehl discovered tryptophan could protect
people from pellagra

195627 Baron recognized Hartnup disease as a
congenital niacin-deficient syndrome

200429,30 SLC6A19 was identified as the causative gene
for Hartnup disease

� 2011 The Authors

BJD � 2011 British Association of Dermatologists 2011 164, pp1188–1200

Review of pellagra with emphasis on photosensitivity, P. Wan et al. 1189



century provide the best quality epidemiological data on pella-

gra. The first case of pellagra in the U.S.A. was reported by

Gray in New York in 1864.32,33 Initial sporadic reports of pel-

lagra before 1906 were followed by a pellagra epidemic in

the southern U.S.A. among the poor, especially in black peo-

ple.21 Incidence and mortality statistics from the state of South

Carolina recorded 30 000 cases of pellagra by 1912, with a

case fatality rate of 40%.34,35 From 1915 to 1925, the first

decade of systematic reporting, 27 648 deaths from pellagra

were recorded in the U.S.A.36 Reported deaths exceeded 7000

between 1928 and 1930; there were probably more than

200 000 patients suffering from pellagra in the U.S.A. at this

time.14 At its peak, pellagra was the eighth highest cause of

death, exclusive of accidents, between 1928 and 1929;37 the

rise and fall in pellagra deaths in the U.S.A. from 1929 to

1955 are summarized in Figure 1.38 Thus, the pellagra epi-

demic lasted for over 30 years from 1906 to 1940.21 It

resulted in an estimated three million cases, with at least

100 000 deaths in the reporting states.36 The pellagra

epidemic resolved rapidly once research had revealed niacin

deficiency as the cause and dietary niacin fortification

was introduced.

In the 21st century, pellagra is now rare in developed coun-

tries, having been largely eradicated by niacin fortification of

food. Despite this, sporadic cases continue to occur. Niacin

deficiency may still occur in subjects with severe alcoholism,39

patients with anorexia nervosa40 and severe malabsorption dis-

orders,5 and as a drug-induced condition.41 Recently the Chi-

nese literature confirmed that the majority of patients with

pellagra from China were male chronic alcoholics.42,43 In eco-

nomically poor countries, or in economically deprived areas

of developing countries, pellagra remains a problem if the diet

is restricted to corn or maize and where foods such as bread

and flour have not been fortified with niacin.

Recent outbreaks of pellagra

Recent major outbreaks of pellagra have been described in

association with humanitarian emergencies in Malawi,

Mozambique, Angola, Zimbabwe and Nepal.5,13,44 While

affecting both children and adults, pellagra was more generally

common in female than in male subjects; the risk of pellagra

increased with age.45,46 Young children and infants were

rarely affected.46,47 In Angola, 10% of the population in

displaced camps around Kuito and 30% of the inhabitants in

Camacupa showed signs of pellagra. Although niacin levels

were not measured throughout the population, it was specu-

lated that many had subclinical niacin deficiency which could

develop into pellagra over time.48 Seal et al.5 reported that the

incidence of clinical pellagra in Angola had not decreased

since the civil war in 2002. Clinical pellagra was reported in

0Æ3% of women and 0Æ2% of children while niacin deficiency

was noted in 29Æ4% of women and 6% of children. Of rele-

vance was the reliance on untreated corn as the major food

staple. The highest prevalence in recent times has probably

been in South Africa. A report from South Africa suggested

that 50% of patients seen at a clinic in the Transvaal had some

evidence of pellagra, and that the majority of adults admitted

to the mental hospital in Pretoria had the disease.49 World

Health Organization data on pellagra cases in 2004 also

showed that South Africa had the most deaths (2Æ28 deaths

per 1 million people), with Venezuela and Brazil ranking

second and third, respectively.3

Biochemical basis for pellagra

Pellagra occurs as a result of a deficiency in niacin (also

known as nicotinic acid or vitamin B3). This water-soluble

vitamin is essential for maintaining cell function and more

than 100 enzymes in the human body require nicotinamide

adenine dinucleotide (NAD) and nicotinamide adenine di-

nucleotide phosphate (NADP) to act as hydrogen ion donors

and acceptors. NAD is involved in the catabolism of carbo-

hydrates, fats, proteins and alcohol. NADP functions in

anabolic reactions, for the synthesis of fatty acids and choles-

terol. The reduced form NADP is converted to NADPH and is

used in reactions to detoxify reactive oxygen species and

drugs. In addition, NAD is also involved in nonredox reactions

such as cell signalling and DNA repair.50

The metabolic pathway for conversion of tryptophan to

niacin is summarized in Figure 2.15,51–54 The de novo synthesis

of niacin from tryptophan involves a series of eight different

reactions and this supplies most of the body’s niacin require-

ments. The reason that a poor diet can produce a deficiency in

niacin is that the pathway is dependent upon an adequate

intake of tryptophan, niacin and the B vitamin cofactors

required for this pathway. Furthermore, the conversion of

Fig 1. Pellagra deaths in the United States from 1929 to 1955.38

Permission to use this figure granted by E.A. Yetley (pers. comm., 10,

Mar 2010).
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tryptophan to niacin is an inefficient process in humans as

1 mg of niacin is obtained from 60 mg of tryptophan.53

Pathogenesis of photosensitivity in pellagra

The pathogenetic mechanism of photosensitivity in pellagra

remains unclear. Four theories have been proposed: (i) cuta-

neous deficiency in urocanic acid;54,55 (ii) accumulation of

kynurenic acid;51,55 (iii) deficiency of NAD ⁄NADP;56 and (iv)

altered porphyrin metabolism.57 Each of these theories and

their proposed mechanism of action are summarized below.

Defective photoprotection due to skin deficiency in

urocanic acid resulting in ultraviolet B-mediated

photosensitivity

Urocanic acid in the stratum corneum of the epidermis is

believed to play an important role in the protection of the epi-

dermis against the damaging effects of UVB radiation.58

Vasantha59 measured histidase activity, histidine and urocanic

acid in eight patients with pellagra and 12 normal adults. On

admission, histidase enzyme activity and concentration of uro-

canic acid and histidine were low in skin from patients with
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pellagra compared with normal subjects. After treatment with

nicotinic acid, there was a rise in histidase enzyme activity, as

well as in urocanic acid and histidine content. They concluded

that deficiency in the skin of urocanic acid leads to the loss of

the photoprotective effects of this epidermal compound, lead-

ing to photosensitivity induced by UVB.59 Recent research by

Barresi et al.60 has demonstrated decreased UVB absorption

capacity and increased DNA damage in a mouse model of his-

tidinaemia characterized by decreased urocanic acid concentra-

tions. In contrast, it appears that individuals with

histidinaemia, an inborn error metabolism due to histidase

deficiency, resulting in decreased concentrations of urocanic

acid in blood and skin, do not have an increase in sensitivity

to sunlight.61,62 Further studies assessing urocanic acid con-

centrations in the skin of patients with pellagra are required to

clarify the possible role of low urocanic acid levels in produc-

ing photosensitivity in pellagra.

Phototoxicity to ultraviolet A mediated by accumulation

of kynurenic acid

Kynurenic acid, a by-product of the tryptophan–kynurenine–

nicotinic acid pathway (Fig. 2), has a ring structure with alter-

nating double bonds; this structure makes it a candidate for

inducing photosensitivity reactions when irradiated with

appropriate radiant energy. In 1973, Swanbeck et al. identified

kynurenic acid as a potential photosensitizer by analysis of

fluorescence and excitation spectra in patients with actinic re-

ticuloid.63,64

When present in excess, kynurenic acid leads to photo-

haemolysis in vitro cell culture studies. It was proposed that ky-

nurenic acid might act as a photosensitizer leading to a

phototoxic reaction when irradiated by UV radiation between

350 and 380 nm.63,64 In the tryptophan–kynurenine–nicotinic

acid pathway, nicotinic acid deficiency leads to accumulation

of kynurenic acid.51

Cellular photosensitivity secondary to deficiency of

nicotinamide adenine dinucleotide (NAD) and NAD

phosphate

Niacin is a precursor of NAD and NADP (Fig. 2). Both NAD

and NADP are cofactors important to the repair of UV-induced

damage in the epidermis. Thus, deficiency in NAD and NADP

reduces this photorepair mechanism with a resultant suscepti-

bility to photosensitivity.56 Rapaport65 attributed photosensi-

tivity in pellagra to a reduction of epidermal repair process

due to NAD and NADP deficiency and regarded this process to

be phototoxic in origin. Another possible explanation from

relatively minor damage to the skin may arise from the fact

that both NAD and NADP are obligatory for cellular energy

transfer reactions. It might be expected that tissues with a high

energy requirement, such as the brain, or those with a rapid

cell turnover, such as skin, mucosa and intestine, would be

the sites of major metabolic derangement if cellular energy

transfer was impaired.54,66

Altered porphyrin metabolism leading to photosensitivity

to visible light

Porphyrin accumulation was suggested by Gillman et al.57 as a

possible mechanism for the clinical photosensitivity observed

in pellagra. However, no supporting biochemical evidence

was presented to support this concept.

Phototesting in patients with pellagra

Initial uncertainty about the role of sun exposure in the patho-

genesis of pellagra was addressed by a number of authors with

clinical photoprovocation studies (Table 2).7,67–71 These stud-

ies confirmed that sun exposure played a central aetiological

role in the exposed-site dermatitis of pellagra.69

No research group has attempted formal in vivo photo-

testing studies to establish the action spectrum of the photo-

sensitivity reaction in pellagra. Only four papers have

included reports of phototesting in pellagra (Table 3). The

first of these, from 1935, used a quartz mercury vapour lamp

for phototesting in 10 patients.70 This study reported increas-

ing pigmentation of UV-irradiated nonpellagrous skin. The

author concluded that pellagra was a systemic disorder and

sunlight was not the primary cause. They did, however, state

that sunlight may act as ‘an irritant and precipitate the cuta-

neous lesions’. Phototesting in a Japanese patient with pella-

gra secondary to chronic alcoholism was reported as normal

to UVB, UVA and visible light.71 Phototesting using a broad-

spectrum ‘solar simulator’ light source in a patient with

pellagra due to anorexia nervosa was reported as being

normal.65 Finally, a single case report with monochromator

light testing showed sensitivity in drug-induced pellagra to

UVA.72 This is the only published report of monochromator

light testing for pellagra (Table 3).

Clinical variants of niacin deficiency

Niacin deficiency may develop as a consequence of a wide

variety of clinical conditions. This section describes the main

features of the single congenital form of niacin deficiency and

the multiple acquired variants (Table 4).27,41,55,72–94

Hartnup disease

Hartnup disease, first described in 1956, is an autosomal

recessive defect named after the English family in whom the

condition was first recognized and described.27 It results

from impaired transport of neutral amino acids across epithe-

lial cells in the intestinal mucosa and proximal renal

tubules.29 The clinical manifestations include a pellagra-like

rash on exposed areas, cerebellar ataxia and psychosis. As

with pellagra, there is wide clinical variation from case to

case. The exposed-site dermatitis is the most constant feature

of Hartnup disease, and usually precedes other features.95,96

The rash is worse during the spring and summer months; as

in pellagra, the skin is dry, scaly, hyperkeratotic and
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pigmented.96 Of note is the absence of reports of either

mucosal involvement or skin hyperkeratosis over bony prom-

inences.97,98 Both of these features have been reported for

dietary variants of pellagra cases.69,99

Inadequate diet

Pellagra occurs in association with extreme poverty, occurring

in communities that subsist on maize and rarely eat niacin-

rich foods such as meat, eggs, milk or fish.100 Maize contains

niacin, but in a tightly bound, unusable form, as determined

from bioassays with rats.101 Alkaline hydrolysis unbinds niacin

from maize, which explains why pellagra is rarely seen in

Central America and Mexico where corn is routinely washed

with lime water before consumption.22,82,102 Lime water is a

cheap and efficient way to remove the husks from kernels of

corn.103,104 Pellagra also occurs in jowar-eating popula-

tions.105 Jowar (Sorghum vulgare) has adequate levels of usable

niacin but also contains leucine which inhibits the conversion

of tryptophan to niacin.82,91,106 This may also be important in

individuals who are on other high leucine diets including gel-

atin, yogurt and beef.107

In patients with chronic alcoholism, malnutrition is com-

mon.108 Klauder and Winkelman109 reported 100 patients

with cutaneous pellagra, all of whom were chronic alcoholics.

Currently, alcoholism is the most common cause of pellagra

in developed countries.77 Pellagra also occurs in populations

subjected to prolonged starvation as a result of war and

famine.5

Malabsorption

Gastrointestinal disease characterized by malabsorption may

result in deficiency of tryptophan and niacin. Crohn dis-

ease,15,80 coeliac disease,41 subtotal gastrectomy,55 gastroent-

erostomy,82 jejuno-ileitis,82 chronic colitis,41 severe ulcerative

colitis,41 regional ileitis82 and tuberculosis of the gastrointesti-

nal tract41 may all cause pellagra: such patients respond rap-

idly to parenteral supplementation with niacin and

tryptophan. Pellagra may also complicate long-standing hepatic

cirrhosis, although this is rare.84

Metabolic ‘steal’

Tryptophan and niacin deficiency may rarely complicate the

carcinoid syndrome. Carcinoid syndrome results from exces-

sive neuroendocrine secretion of amines and peptides includ-

ing serotonin (5-hydroxytryptamine). Serotonin is derived

from tryptophan (Fig. 2).110,111 In normal subjects, just 1%

of absorbed tryptophan is metabolized to serotonin; in carci-

Table 2 Photoprovocation with sunlight in patients with pellagra

Year Authors Experiments Results or comments

1905 Gherardini67 Limits of the eruption varied according to

displacement of clothing

This was the earliest report of photoprovocation

testing in patients with pellagra
1905 Hameau67 Variety of photoprovocation outline

according to variation in fenestration in
gloves worn for experimental studies

Pellagra was provoked by the action of the

sun’s rays

1911 Tucker68 30 patients with pellagra were exposed to
the sun

21 out of 30 had positive photoprovocation
tests

1935 Spies70 The areas of pellagrous dermatitis in 8
patients were exposed to direct sunlight.

In 6 of these patients, normal
(nonpellagra) skin was also exposed to

sunlight

Normal skin became reddened and swollen,
then desquamated and became pigmented.

Pellagrous skin showed similar changes

1935 Spies70 Two pellagra patients with normal-

appearing skin and 2 normal controls were
exposed to the sun for 5 days

Photoexposed skin in both patients and normal

subjects became reddened, swollen and
desquamated. No difference was observed

between patients with pellagra and the normal

controls
1937 Smith and Ruffin69 35 pellagra patients on a pellagra-inducing

diet with normal skin and some controls
(number unspecified) were exposed

directly to the sun with gradual increase in
exposure time

13 out of 35 pellagra patients developed typical

skin lesions of pellagra. It was concluded that
exposure to the sun precipitates acute

pellagrous dermatitis

1985 Kojima et al.71 One pellagra patient and 6 controls with
similar skin type were exposed to 8 MED

of UVB (dosage not specified)

No pellagra-like rash was observed in pellagra
patient. The cutaneous reaction was reported

as bright erythema that turned purplish-red
colour; later small blisters appeared. No

reaction was recorded for the 6 controls

MED, minimal erythema dose; UV, ultraviolet radiation.
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noid syndrome, up to 99% of tryptophan can be catabolized

to serotonin.112,113 Shah et al.112 found that 10 out of 36

patients with carcinoid syndrome suffered from niacin defi-

ciency at an early stage of the disease. Bell et al.113 showed

that five out of 25 patients with advanced malignant carcinoid

syndrome developed signs of pellagra and described the diver-

sion of this pathway away from production of niacin and

NAD ⁄NADP (Fig. 2).

Drug induced

Several drugs interact with compounds in the tryptophan–ky-

nurenine–niacin pathway leading to inhibition of NAD and

NADP synthesis. Isoniazid, a structural analogue of niacin, can

cause suppression of endogenous niacin production, and sub-

sequent pellagra. Slow acetylators may be more susceptible to

drug-induced pellagra.114 Ishii sand Nishihara92 reported eight

patients with pellagra among 106 necropsy cases from isonia-

zid-treated tuberculosis. Other drug-induced cases of pellagra

are explained by inhibition of the conversion of tryptophan

to niacin; such drugs include 5-fluorouracil, pyrazinamide,

6-mercaptopurine, hydantoin, ethionamide, phenobarbital,

azathioprine and chloramphenicol.15,115,116 In addition,

6-mercaptopurine, whose structure resembles adenine, may

substitute for adenine in NAD, making it nonactive.15

Human immunodeficiency virus

Pellagra may be observed in patients with human immuno-

deficiency virus (HIV).84,116 It has been shown in cell cul-

ture models that HIV infection induces intracellular niacin

deficiency, which is reversed by the administration of nico-

tinamide.117 Monteiro et al.118 showed that all of five patients

with acquired immune deficiency syndrome (AIDS) with

diarrhoea had reduced urinary excretion of a niacin meta-

bolite when compared with seven patients with AIDS with-

out diarrhoea. In contrast, a 3-year prospective study of 108

patients with pellagra between 1996 and 1998 included six

patients with HIV. The authors commented that the inci-

dence of HIV infection in patients with pellagra and pella-

gra-like erythema was not higher than in the general

population.119 Tremeschin et al.120 showed that HIV-positive

Table 3 Phototesting in patients with pellagra

1935, Spies70 1985, Kojima et al.71 1985, Rapaport65 1999, Darvay et al.72

Patients 10 patients with pellagra 1 patient 1 patient with

anorexia nervosa

1 patient with drug-induced

pellagra
Light source Quartz mercury vapour Fluorescent lamps

FL20SE, FL20BLB,
FL20B

Solar simulator Monochromatic irradiation

source

Type of radiation Broad spectrum: UVB, UVA,
visible light

UVB, UVA, visible
light

Broad spectrum: UVB,
UVA, visible light

Wavelengths: 300–400 nm

Experiment Irradiation of pellagra rash
and protected skin. Control

was covered skin on opposite
side of body

UVB irradiation of
front chest and UVA,

visible light
irradiation of

abdomen skin. No
controls

Irradiation of the back Unaffected skin of the
patient’s back was irradiated

with a series of increasing
doses

Result Normal skin reddened and
became tanned. Pellagrous

skin became darker. UV did

not prevent pellagrous
change from healing

MED was in normal
range

MED > 100 s (in the
authors’ normal

range)

Photosensitivity to UVA with
reduced minimal erythemal

doses recorded at 340 and

360 nm

Comment Protected skin reacted
normally to increasing doses

of UV with erythema and
tanning, as would be

expected with a light source
which was primarily UVB.

Sensitivity to UVA with this
light source would not be

apparent due to dominant
cutaneous effects of high

doses of UVB

Anterior chest was
tolerant to UVB.

The dosage of
radiation was

not stated

This is not greatly
different from other

subjects and patients.
Use of this light

source for
phototesting is not

ideal as the effects of
UVB dominate and

obscure effects of
UVA and visible

light. Dosage of
irradiation was not

given

The action spectrum for
drug-induced pellagra due

to isoniazid is primarily
UVA and is maximal at 340

and 360 nm

MED, minimal erythema dose; UV, ultraviolet radiation.
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children showed normal niacin metabolism compared with

HIV-negative controls.

Cutaneous manifestations of pellagra

Generations of medical students in the English-speaking world

have remembered the features of pellagra as ‘four Ds’: derma-

titis, diarrhoea, dementia and, if left untreated, death. Cutane-

ous, gastrointestinal and neuropsychiatric manifestations are

generally observed, but not invariably appearing in this

order.121 Early symptoms are usually nonspecific, with weak-

ness, loss of appetite, vomiting, abdominal pain and irritabil-

ity.39,41 Cutaneous features are often an important clue to the

diagnosis of pellagra.84,122 Skin signs become evident in

spring and summer, and may present initially as sunburn-like

erythema.51 A number of different forms of skin and mucous

membrane features have been described for pellagra.51,69

These include photosensitivity dermatitis on exposed sites;

perineal, genital and mucosal skin lesions; skin thickening and

pigmentation over the bony prominences; and sebaceous

gland changes. The nails are rarely affected.123 These four

variants of cutaneous pellagra are now summarized in more

detail.

Photosensitivity dermatitis on exposed sites

Prominent skin changes involving exposed sites are the most

common and characteristic cutaneous feature of pella-

gra.41,55,124 The rash is typically bilateral, symmetrical and lim-

ited to exposed sites of solar exposure.11 It is well-defined and

usually most prominent on the dorsum of hands, ‘V’ of the

neck, face, radial aspects of the forearms, and exposed skin on

legs and feet.125 These sites initially become red and swollen;

patients may complain of burning and pain.51 The clinical fea-

tures at this stage closely resemble sunburn with erythema and

skin oedema as dominant signs;51 the initial clue to the diagno-

sis of pellagra may only arise following recognition by the

patient that the threshold for sunburn has reduced signifi-

cantly.70 Vesicles may occur in acute and severe attacks of pella-

gra.41,51,126 Persistent erythema and scaling are sequelae of the

acute eruption. In contrast to sunburn, where skin erythema and

swelling typically fade within days, in pellagra the skin becomes

darker with prominent hyperpigmentation.84 Skin healing and

repair in pellagra is delayed fourfold or longer compared with

acute sunburn.127 In long-established disease, hyperpigmenta-

tion increases and becomes the dominant cutaneous sign, in

association with skin thickening, dryness and roughness.99 Pain-

ful fissures may complicate involvement of palms and soles.126

The dorsa of the hands is one of the most commonly af-

fected sites with up to 97% of patients with pellagra having

skin features showing involvement.41 Skin changes on the arms

may extend proximally with a characteristic line of demarca-

tion at the distal margin of clothing to form the ‘glove’ or

‘gauntlet’ of pellagra.126 Feet and legs up to the distal edge of

trousers or skirt are also commonly affected sites. The sharply

demarcated hyperpigmentary changes of pellagra on the lower

legs and feet have been likened to ‘boots’.126 Symmetrical

eruption on the face is frequently observed in pellagra, involv-

ing the nose, cheeks, chin and lips; less commonly, eyelids and

ears are affected.128 A broad hyperpigmented band or collar-

like appearance has been reported for pellagra on the neck.

This is commonly referred to as ‘Casal’s necklace’ (Fig. 3) in

recognition of the first doctor to describe this characteristic

sign of pellagra.51,55 Malfait et al.129 reported a sample of 992

patients with pellagra in 1990 of whom 76% had ‘Casal’s

necklace’. Differences in the degree of photoprotection affor-

ded by clothing are thought to explain the variability of skin

changes of pellagra on the neck and upper chest. Neck changes

can sometimes extend down over the sternum.126

Perineal, genital and mucosal skin lesions

Scrotal and perineal erythema with erosions have been

reported in pellagra.13,69,127 A variety of genital skin signs

have been reported in pellagra including perineal erythema

with maceration and secondary bacterial infection. The vaginal

mucosa may become inflamed and exudative. About one-third

of patients with pellagra have involvement of the lip, tongue

and oral mucous membrane.41 The tongue in pellagra shows

marked erythema, swelling and dryness followed by pseudo-

Table 4 Medical conditions that cause niacin deficiency

Type ⁄variant Factors

Congenital Hartnup disease27

Acquired
Inadequate diet Malnutrition73

Maize diet55

Jowar (sorghum) diet55

Chronic alcoholism74,75

Anorexia nervosa76–78

Dietary restriction in atopic dermatitis79

Malabsorption Crohn disease80,81

Jejuno-ileitis55,82

Gastroenterostomy55,82

Subtotal gastrectomy55

Chronic colitis41

Severe ulcerative colitis41

Regional ileitis83

Hepatic cirrhosis84

Gastrointestinal tract tuberculosis41

Coeliac disease41

Metabolic ‘steal’ Carcinoid syndrome85,86

Drug-induced 6-Mercaptopurine82

5-Fluorouracil82,87

Azathioprine88

Carbamazepine89

Chloroamphenicol93

Ethionamide41

Hydantoin90,91

Isoniazid72,92

Phenytoin84

Phenobarbitone93

Protionamide91

Pyrazinamide94
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membranous furrows, erosions or ulcers; later, it becomes

atrophic with diminution of its papillae.11 There is also ten-

derness, swelling and fragility of gum and oral mucous mem-

branes. Cheilitis, or angular stomatitis, may also occur.41 In

1937, Sydenstricker and Armstrong130 reported that 96Æ5% of

440 patients with pellagra had glossitis and stomatitis. Of note

is the absence of reports of genital and oral mucosal involve-

ment in Hartnup disease and drug-induced pellagra.

Skin thickening and pigmentation over the bony

prominences

Bilateral symmetrical skin lesions over the bony prominences

of the body sites include the knees, ankles, elbows and

spinous processes.51,69 These lesions are hyperkeratotic and

hyperpigmented. In contrast to the exposed-site photosensitiv-

ity skin changes, these skin changes are slow in onset.69 As

with the genital, perineal and oral mucosal lesions of pellagra,

case reports of Hartnup disease and drug-induced pellagra do

not include skin thickening and pigmentation over bony

prominences as clinical features.85,131,132

Sebaceous gland changes

Patients with pellagra may develop sebaceous gland hyperpla-

sia and prominent seborrhoea.133 Sebaceous gland prominence

in pellagra has been described on the alae nasi, forehead,

scalp, face and neck.15 There are fine, yellow scales over the

follicular orifices. The eruption resembles seborrhoeic derma-

titis except for its location.127 This dysfunction of the

sebaceous glands appears to be confined to the face and seems

to be independent of sun exposure.133 The plugs of abnormal

inspissated sebum may project from the dilated orifices of the

sebaceous follicles giving the skin surface a rough appearance

and feel.85,131,132

Discussion

This review confirms pellagra to be a complex, multisystem

disease that may arise in a variety of different situations and

conditions. The best recognized of these is pellagra developing

due to inadequate diet. In developed countries pellagra is now

rare, but may still occur in alcoholism, severe malabsorption

syndromes, and rarely, as a side-effect of drug therapy. As

with many rare metabolic conditions with multisystem mani-

festations, the key to diagnosis is clinician awareness of the

disorder. Once recognized, the diagnosis is easily established;

treatment is inexpensive and the therapeutic response is fairly

rapid over a few days. In most developing countries pellagra

is also rare. However, it is unclear how rare, as countries with

low gross domestic product and high rates of poverty tend to

have poorly developed public health services, including unreli-

able or absent public health morbidity and mortality data. This

review includes an attempt to collate public health data on

pellagra from both developed and developing countries. Data

from the World Health Organization from 2004 reported

higher death rates of pellagra in South Africa, Venezuela and

Brazil.3 Pellagra may also arise where chronic starvation affects

populations affected by famine or war. Sporadic reports from

famine and war zones indicate that the rate of pellagra is often

high.44,129

The cutaneous features of pellagra have been described in

medical publications over the past 200 years. The most con-

sistent clinical feature is exposed-site dermatitis. The clinical

features are consistent with a primary photosensitivity syn-

drome and do not suggest a photoaggravated disorder. The as-

sociated oral and genital mucosal changes are more difficult to

assess from the literature. They are clearly not features of

photosensitivity and it is unclear from the literature if they are

related to niacin deficiency. In the absence of conclusive evi-

dence to confirm a causal relationship, it is more likely that

accompanying vitamin deficiencies are responsible. Possible

compounds include thiamine, riboflavin, pyridoxine, vitamin

C and zinc.108,121 The absence of mucosal involvement in

drug-induced pellagra and Hartnup disease is consistent with

this explanation.97,98 Similarly, the thickening of skin over

bony prominences is an inconsistent feature of pellagra that

appears to be limited to niacin deficiency caused by an inade-

quate diet. Chronic malnutrition leads to skin, muscle and

subcutaneous fat atrophy which makes skin on bony promi-

nences particularly vulnerable to trauma. Thus, chronic trauma

with hypertrophic repair is a more likely explanation for this

cutaneous feature of pellagra rather than niacin deficiency

itself. As with mucosal involvement, this explanation is sup-

ported by the absence of this cutaneous feature in drug-

induced pellagra and Hartnup disease.97,98 Occasionally, seba-

ceous gland changes in pellagra patients are independent of

Fig 3. Clinical image showing the broad hyperpigmented band or

collar-like appearance of pellagra on the neck. This is commonly

referred to as ‘Casal’s necklace’.
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sun exposure and resemble seborrhoeic dermatitis, raising the

possibility of riboflavin deficiency.108,121

The case report by Darvay et al.72 concluded that the action

spectrum for photosensitivity in drug-induced pellagra in the

patient reported was in the UVA range.

It is clear that further studies are needed to elucidate fully

the biochemical basis of pellagra before an adequate explana-

tion can be given for the mechanisms of pellagra-induced

photosensitivity. Previous biochemical studies undertaken to

investigate the biochemical basis of pellagra have used subjects

with chronic alcohol abuse, individuals from a background of

poor nutrition and animal models with dietary restriction of

niacin ⁄ tryptophan. While these studies have been useful, they

have not fully assessed the impact of the essential nutritional

cofactors that play a crucial role in the functioning of this

pathway. Further biochemical investigation of this pathway is

now needed to assess the interplay of the essential cofactors

under different conditions of niacin ⁄ tryptophan status. Such

studies should include subjects with pellagra caused by nutri-

tional deficiencies, and patients with Hartnup disease. Addi-

tionally, cell culture model systems will be required in order

to identify the biochemical basis of pellagra.

It is currently not possible to give a concise explanation for

the pathogenesis of the photosensitivity eruption of pellagra.

Such an explanation will require good quality phototesting

studies to establish the action spectrum for the disorder. In vitro

studies using cell culture techniques could then be used to

assess cell survival in selectively depleted media of relevance

to the tryptophan ⁄niacin pathway. Finally, in vivo cellular stud-

ies on the effects of skin irradiation in patients with pellagra

with relevant wavelengths can then be used to characterize the

nature of the cutaneous damage and the immunological and

repair response that is elicited.

In conclusion, this review of the literature confirms pellagra

as a primary photosensitivity disorder which may sometimes

be severe. Mucosal changes and skin changes over bony promi-

nences are probably unrelated to niacin deficiency. Clinical

studies on phototesting in pellagra have yet to establish the

action spectrum for this photosensitivity disorder, but preli-

minary data in a single patient suggest this will be within the

UVA spectrum. This review includes a detailed analysis of the

niacin ⁄NADP ⁄NADPH biochemical pathway which has revealed

many unresolved issues and a lack of contemporary research.

Further biochemical studies are needed to understand how bio-

chemical changes in this pathway lead to the striking clinical

pathology that characterizes pellagra. Only then will the patho-

genesis of this photosensitivity disorder be established.

What’s already known about this topic?

• Pellagra was the first photosensitivity disorder to be

reported in the medical literature nearly 250 years ago.

• The biochemical and photobiological features of pella-

gra have not yet been analysed using contemporary

techniques.

What does this study add?

• This study is the first to identify systematically relevant

clinical, epidemiological, biochemical and photochemi-

cal literature on pellagra with the aim of establishing a

clearer understanding of this photosensitivity disorder.

• The review concludes by highlighting potential areas

for future research.
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