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Skin changes associated with vitamin B12 defi-
ciency are common. In most cases, patients present 
primarily with systemic involvement (eg, megalo-
blastic anemia and/or neurologic effects), and 
additional cutaneous changes related to the diag-
nosis are noted as incidental findings. The role of 
vitamin B12 deficiency in the etiology of Addisonian
pigmentation has not been well studied. We 
discuss the importance of testing vitamin B12

levels in patients who present for evaluation of 
generalized hyperpigmentation. Various cutane-
ous changes associated with vitamin B12 defi-
ciency also are reviewed.
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Vitamin B12 deficiency is common in develop-
ing countries1 and may manifest from a fatal 
disease to a condition diagnosed biochemi-

cally during routine screenings. Although vitamin B12

deficiency can have a range of hematologic, 

psychiatric, neurologic, dermatologic, and cardio-
vascular effects, megaloblastic anemia and neuro-
logic manifestations are most commonly described.2 
Cutaneous manifestations of vitamin B12 deficiency 
include characteristic pigmentation, vitiligo, angular 
chelitis, and hair abnormalities.3 Vegetarians are at 
a higher risk for developing this deficiency because 
animal products are the main sources of vitamin B12.4

Reports of hyperpigmentation as the primary pre-
senting symptom of vitamin B12 deficiency are 
sparse in the literature. There have been no studies 
regarding the incidence of vitamin B12 deficiency in 
patients presenting primarily with Addisonian pig-
mentation; a PubMed search of articles indexed for 
MEDLINE using the terms Addisonian pigmentation
and vitamin B12 deficiency, vitamin B12 deficiency, and 
skin and vitamin B12 deficiency yielded case reports 
only. We present a case series of patients who were 
found to be vitamin B12 deficient after initially pre-
senting with Addisonian pigmentation.

Case Series
Nine patients presented with a history of general-
ized hyperpigmentation. Of these 9 patients, 7 were 
men and 2 were women (age range, 21–51 years). 
The demographics and disease parameters for each 
patient are outlined in the Table. The duration of 
symptoms ranged from 2 to 12 months, with more 
than half of patients reporting increased hyperpig-
mentation in the 6 weeks prior to presentation. 
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Practice Points
	 Patients	presenting	with	Addisonian	pigmentation	should	be	screened	for	vitamin	B12	deficiency.
	 Assessment	of	serum	vitamin	B12	levels	is	a	reliable	and	cost-effective	method	of	screening	for	vita-

min	B12	deficiency.
	 Oral	vitamin	B12	supplementation	is	effective	in	correcting	a	deficiency	state.
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Further evaluation revealed that 5 patients had a his-
tory of nonspecific generalized weakness and 3 had a 
history of paresthesia of the feet. All but one patient, 
who was taking oral metformin for treatment of dia-
betes, reported no current medications. Two patients 
had a history of recurrent oral ulcers. There was no 
history suggestive of malabsorption. 

On clinical examination, characteristic 
Addisonian hyperpigmentation in the form of brown-
ish black discoloration was noted in all patients, with 
involvement of the face, oral mucosa (Figure 1), and 
dorsal hands and feet with periungual accentuation. 
Palmoplantar involvement varied from patchy to dif-
fuse discoloration (Figure 2). Nail discoloration from 
diffuse hyperpigmentation to longitudinal melano-
nychia and pigmentation of the onychodermal band 

also was noted. A thorough systemic evaluation, 
including the nervous system, was conducted in all 
patients and revealed no systemic abnormalities. 

Laboratory Evaluation—Serum cortisol levels were 
well within reference range in all 9 patients. Serum 
vitamin B12 levels were low in all patients, with 
values ranging from below the detectable limit of  
50 pg/mL to 93 pg/mL via chemiluminescence. 
Three patients had low hemoglobin with raised 
mean corpuscular volume values. The Schilling 
test was not performed, as it was not available at 
our institution or in surrounding laboratories. All 
9 patients were treated with oral methylcobalamin 
(1000 g/d). No additional medication was admin-
istered. After 4 weeks, all patients showed an 
80% decrease in hyperpigmentation. Two patients 

Patient Demographics and Disease Parameters

Age, y Gender Diet Hb, g/dLa MCV, fLb 

Vitamin B12 

Level,  
pg/mLc

Serum 
Cortisol 
Level,  
g/dLd

Duration, 
mo

Other 
Symptoms

33 M Nv 11.30 119 50 9.65 12 Weakness, 
numbness 
of feet

26 M Ovoveg 15.6 96 57 11.01 7 Weakness

25 F Veg 13.8 85 75 8.08 6 Weakness

23 F Nv 11.0 121 75.2 7.83 12 Oral ulcers

22 M Veg 11.2 115.5 50 10.19 9 None

51 M Veg 11.2 76.8 93 9.83 3 Weakness, 
numbness 
of feet

23 M Veg 15.4 106.4 50 9.65 3 Weakness, 
numbness 
of feet

25 M Ovoveg 13.5 114.5 82 16.47 3 None

21 M Veg 15.0 98.6 55 10.67 2 Oral ulcers

Abbreviations: Hb, hemoglobin; MCV, mean corpuscular volume; M, male; Nv, nonvegetarian; Ovoveg, ovo-lacto vegetarian; F, female; Veg, 
lacto-vegetarian.
aReference range, 13–18 g/dL (male) and 11.5–15.5 g/dL (female).
bReference range, 76–96 fL.
cReference range, 180–914 pg/mL (via chemiluminescence). 
dReference range, 6.7–22.6 g/dL.
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experienced minor adverse effects (ie, mild gastritis 
and nasal congestion).

Comment
Vitamin B12 (cobalamin) is found only in bacteria, eggs, 
and animal by-products. The average daily requirement 
for vitamin B12 in adults is 1 to 3 g to make up for 
daily losses. The body stores of vitamin B12 range 
from 2 to 3 mg (2000 to 3000 g), which is sufficient 
for 3 to 4 years without replenishment.5 Vitamin B12

exists in a number of different chemical forms and is the 
cofactor for important enzymes such as methylmalonyl- 
CoA mutase and methionine synthase.5

Although vitamin B12 deficiency generally is asso-
ciated with people who are strict vegetarians, the 
condition also can result from malabsorption due to 
inadequate gastric production or defective function-
ing of the intrinsic factor. Other conditions that can 
lead to vitamin B12 deficiency include gastrectomy, 
wide surgical resection of the terminal ileum, bacte-
rial overgrowth in the small intestine, diverticulitis, 
celiac disease, Crohn disease, chronic alcoholism, 
human immunodeficiency virus, Diphyllobothrium 
infestation, giardiasis, and medications such as met-
formin and colchicine. Additionally, malabsorption 
of vitamin B12 has been associated with long-term 
use (4 years) of H2-receptor antagonists and 
proton-pump inhibitors. Among these potential 
causes for vitamin B12 deficiency, the most common 
are low dietary intake and malabsorption.6

Baker et al7 referred to Dr. Bramwell Cook’s first 
description in 1944 of pigmentary changes suggestive 
of vitamin B12 deficiency. Since then, there have 
been several anecdotal reports of various cutaneous 
changes associated with the condition. Baker et al8 

described predominant pigmentation of the skin 
over the dorsal aspect of the interphalangeal joints 
in patients with tropical sprue and megaloblastic 
anemia. There is a paucity of reported cases of vita-
min B12 deficiency wherein mucocutaneous lesions 
predate other manifestations. The characteristic 
reversible, brownish black hyperpigmentation often 
affects photoexposed sites, dorsal aspects of the hands 
and feet, knuckles, flexures, mucosa, palmar creases, 
and nails. Hyperpigmentation related to vitamin B12

deficiency is more common in darker-skinned 
patients.3 Vitiligo also has been associated with 
vitamin B12 deficiency, which is now being disputed, 
as recent analysis has not shown any difference 
in vitamin B12 levels between vitiligo and control 
groups.9 Of note, none of our patients had vitiligo. 
Pigmentary changes are less prominent in patients of 
European descent and usually are spotty or reticulated 
rather than generalized.10 In most patients presenting 
with Addisonian pigmentation, investigation often 

Figure 2. Palmar	pigmentation	before	(A)	and	after	
treatment	with	oral	methylcobalamin	(B).

A

B

Figure 1. Mucosal	pigmentation.
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includes serum cortisol levels only, and vitamin B12

levels seldom are assessed. Studies have shown that 
vitamin B12 deficiency is widely prevalent in the 
Indian community, both due to dietary and nondi-
etary factors, with only a few patients having overt 
systemic involvement. The skin, on the other hand, 
may be the site of the first manifestations of the con-
dition, highlighting the importance of vitamin B12 

testing in the early diagnosis of this condition. 
The mechanism of reversible hyperpigmenta-

tion in vitamin B12 deficiency is unclear. Electron 
microscopic findings in biopsies have suggested that 
hyperpigmentation is not due to a defect in melanin 
transport but is secondary to an increase in melanin 
synthesis.11 Vitamin B12 deficiency causes a decrease in 
the cell’s ability to synthesize DNA without affecting 
RNA and protein synthesis.12 It has been postulated 
that vitamin B12 deficiency lowers the intracellular 
redox potential with a concomitant decrease in the 
reduced glutathione to oxidized glutathione ratio. 
Once the tyrosinase-inhibiting effect of reduced glu-
tathione has diminished, the epidermal melanocytes 
are then stimulated to produce melanin.13 Another 
hypothesis is that high intracellular tyrosine levels, 
which may be found in vitamin B12 deficiency, pro-
duce excess DOPA, presumably by mass effect induc-
ing excess melanin production.12 

Another prominent cutaneous finding of vita- 
min B12 deficiency described in the literature is 
graying hair,14,15 which is paradoxical to the hyperpig-
mentation of the skin. It could be related to an altered 
cyanocobalamine metabolism in genetically suscep-
tible individuals.15 It has been shown that gray hair 
has undergone a reduction in the number of melanin 
granules; this decrease in melanin synthesis appears to 
be associated with a decrease in tyrosinase activity.16 
In our case series, however, graying hair was observed 
in only 1 patient.

Reddish brown hyperpigmentation confined to 
the lateral surfaces of the legs,16 polymorphous rashes 
on photoexposed areas,3 and secondary organic delu-
sion of parasitosis17 also have been described in asso-
ciation with vitamin B12 deficiency. Nail changes such 
as pigmentation and bluish discoloration also may be 
seen.10 Four of our patients had either diffuse or longi-
tudinal melanonychia or both. An interesting finding 
was pigmentation of the onychodermal band in some 
of the affected nails.

Mucosal manifestations of vitamin B12 deficiency 
are varied and may range from glossodynia to dif-
fuse erythematous mucositis and recurrent ulcers.18,19 
Hunter glossitis (or Moeller glossitis) is the most clas-
sic form of mucosal manifestation, which can occur 
in up to 25% of cases and is characterized by diffuse, 
beefy red erythema and atrophy of the lingual papillae 

affecting more than half of the tongue.19 Hunter glos-
sitis has 2 stages: an inflammatory stage with bright 
red plaques, and a late atrophic stage characterized by 
papillary atrophy. The linear, erythematous, depap-
illated lesions on the tongue and hard palate may 
be a specific and early manifestation of vitamin B12 
deficiency.19 These oral changes may occur in the 
absence of symptomatic anemia or macrocytosis.20 
Pigmentation of the mucosa was observed in all of our 
patients, and 2 patients reported recurrent oral ulcers.

Assessment of serum vitamin B12 levels generally 
is considered to be a sufficiently robust and cost- 
effective method of ruling out vitamin B12 deficiency 
in the majority of patients suspected of having vita-
min B12 deficiency.5 However, normal concentrations 
of vitamin B12 have been reported in patients with 
overt deficiency. In such cases, serum homocysteine 
and methylmalonic acid levels are considered to be 
more reliable indicators of vitamin B12 deficiency.21

Four of our patients had low hemoglobin lev-
els; 6 had a macrocytic blood picture; and another  
3 reported occasional tingling of the feet without any 
sensory, motor, or proprioceptive deficits. Variable 
manifestations occur because vitamin B12 deficiency 
may affect 1 cell line before involving another in a 
given patient.22,23 Mean corpuscular volume levels 
were normal in 3 (33.3%) of our patients, as described 
in earlier studies.23,24 High mean corpuscular volume 
has low sensitivity in the diagnosis of vitamin B12 defi-
ciency, as a pooled analysis conducted by Oosterhuis 
et al25 showed that the sensitivity was 30% for low 
serum vitamin B12 concentration, 58% for deficiency, 
and 75% for deficiency in patients with anemia, 
which is consistent with our findings. 

Another common cause of vitamin B12 deficiency 
is malabsorption. It takes 2 to 5 years to develop 
vitamin B12 deficiency, even in the presence of severe 
malabsorption.3 None of our patients showed features 
of malabsorption.

Treatment of vitamin B12 deficiency depends on 
the underlying causes. Blocked or reduced oral bio-
availability, such as in patients with pernicious ane-
mia, requires injections of vitamin B12. However, if 
there are no obvious reasons for an injection (eg, 
in cases of ileal resection where absorption of oral 
vitamin B12 in the gut is likely to be impaired), oral 
substitution is a sensible strategy. Dosage recommen-
dations can vary, but 1 to 2 mg administered daily 
at the start of treatment and then tapered to weekly 
and later monthly generally is recommended.4 All of 
our patients responded well to oral methylcobalamin 
therapy; studies have shown that oral vitamin B12 is as 
effective as intramuscular injections.26-28

Vitamin B12 generally is well tolerated; how-
ever, there have been reports of sclerodermoid skin 
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changes,29 acneform eruptions,30,31 Nicolau syndrome,32 
urticarial reactions,33 and anaphylaxis34 associated with 
injectable forms. Patients who are allergic to hydroxo-
cobalamin may tolerate cynaocobalamin, and vice 
versa.33-35 High doses of hydroxocobalamin are recom-
mended as an antidote for cyanide poisoning, which 
may impart a harmless and transient reddish color to 
the skin and urine.36 In our patients, no major adverse 
effects were reported.

A probable limitation of our study was the nones-
timation of folate levels, as low folate levels also can 
produce pigmentary changes. It also should be noted 
that serum folate levels tend to be increased in patients 
with vitamin B12 deficiency, presumably because of 
impairment of the methionine synthase pathway and 
accumulation of 5-methyltetrahydrofolate, the prin-
cipal form of folate in the serum. For this reason, it is 
recommended that red blood cell folate levels are mea-
sured37; however, this method of testing was unavail-
able at our institute. Despite this limitation, the rapid 
and gratifying response to oral vitamin B12 therapy that 
was observed in our patients makes this possibility an 
unlikely etiology in our particular case series. 

Our case series highlights the importance of assess-
ing vitamin B12 levels in addition to serum cortisol lev-
els in patients with Addisonian pigmentation. Overt 
systemic manifestations of vitamin B12 deficiency may 
not always be observed. We propose that there may be a  
small patient population that is genetically prone to 
developing pigmentary changes prior to the onset of 
other systemic manifestations in the setting of vita- 
min B12 deficiency. It is important that clinicians are 
aware of this condition, especially in developing coun-
tries where dietary deficiencies leave a large segment of 
the population at risk for vitamin B12 deficiency.

Conclusion
Addisonian pigmentation is not an uncommon pre-
sentation of vitamin B12 deficiency in clinical practice. 
A high percentage of the population in India practices 
a vegan diet, which also is popular in the West, and 
predisposes patients to vitamin B12 deficiency. To avoid 
serious complications from this easily treatable condi-
tion, it is important for physicians to have a high index 
of suspicion in recognizing patients with pigmentary 
changes who also may be vitamin B12 deficient.
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