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What is known about this subject in regard to
women and their families?

- Historical teachings on the role of sex in nutrition-
related dermatologic diseases has been that there is
generally no sex predilection, with a few notable ex-
ceptions.

- These exceptions include deficiencies related to re-
productive health, such as iron deficiency due to
menses and pregnancy, as well as folate deficiency
during pregnancy due to increased requirements.

What is new from this article as messages for
women and their families?

« Recently, there has been reemergence of so-called
forgotten nutritional deficiencies, such as scurvy and
pellagra, that were thought to be obsolete in devel-
oped countries.

Recognizing the cutaneous signs and symptoms
of nutritional deficiencies, as well as predisposing
risk factors (e.g., food faddism, restricted diets, and
bariatric surgery) that may uniquely affect women
more than men, is important.

Introduction

Malnutrition encompasses an imbalance of nutrient intake and
physiological needs. This review article focuses on the derma-
tologic manifestations of selected nutrient deficiencies, including
protein-energy and micronutrient-related malnutrition, the latter
of which includes vitamin and mineral deficiencies.

Role of sex in nutrition and skin diseases

The historical teaching on the role of sex in nutrition-related
dermatologic disease has been that there is generally no sex
predilection, with a few notable exceptions. These exceptions in-
clude deficiencies related to reproductive health, such as iron de-
ficiency due to menses and pregnancy, as well as folate deficiency
during pregnancy due to increased requirements. However, our un-
derstanding of the effects of nutrient deficiencies beyond cuta-
neous manifestations in at-risk female groups has become more
nuanced in recent years. For example, a recent study found that
even mild iron deficiency among young women, a group at partic-
ular risk of depleted iron stores, may be associated with decreased
cognitive endurance (Dziembowska et al., 2019).

On a global scale, micronutrient deficiencies have been linked
to poor health outcomes, and women in developing countries may
bear a disproportionate burden of micronutrient deficiencies, al-
though this is culturally specific (Darnton-Hill et al., 2005). For ex-
ample, in cultures where women receive less sun exposure due
to head coverings and more time spent indoors, vitamin D de-
ficiency disproportionally affects women (Elsori and Hammoud,
2018; Prentice, 2008; van Schoor and Lips, 2011). Similarly, even
when women in some areas of Asia have their energy and protein
needs met, they may be at risk of micronutrient malnutrition due
to a lower intake of nutrient dense and more expensive foods (Rao
et al.,, 2001).

Additionally, there has been reemergence of so-called forgot-
ten nutritional deficiencies, such as scurvy and pellagra, that were
thought to be obsolete in developed countries. These entities
are seen in populations with predisposing risk factors that may
uniquely affect women more than men, such as restricted diets,
food faddism, and bariatric surgery. For example, pellagra has been
reported in the context of a severely restricted, primarily vegan
diet in an otherwise healthy young woman (Ng and Neff, 2018).

Fig. 1. Kwashiorkor (photograph credit: Albert Yan, MD).

Similarly, a retrospective review at Mayo Clinic found that women
comprised the majority of patients with scurvy between 1976 and
2002. Among common associated causes, such as gastrointestinal
disease, poor dentition, and alcoholism, food faddism was noted
(Olmedo et al., 2006).

Finally, micronutrient deficiencies are prevalent in the morbidly
obese female population, despite an excess of macronutrients (Lee
et al.,, 2019; Sanchez et al., 2016). These deficiencies are often ex-
acerbated after bariatric surgery, and the majority (~80%) of pa-
tients undergoing bariatric surgery in the United States are female
(Kochkodan et al., 2018; Shankar et al., 2010).

Protein-energy malnutrition
Marasmus, kwashiorkor, and marasmic kwashiorkor

Marasmus occurs with prolonged inadequate intake of protein
and calories, leading to stunted growth. Kwashiorkor is tradition-
ally associated with inadequate protein intake in the setting of rel-
ative adequate caloric intake, resulting in the distinctive feature of
edema (Fig. 1; Dipasquale et al., 2020). Marasmic kwashiorkor is
an overlap syndrome wherein the growth retardation of marasmus
and the edema of Kwashiorkor are both present.

In marasmus, loss of subcutaneous fat leads to dry, loose, and
wrinkled skin. On the face, loss of the buccal fat pads results in a
prematurely aged appearance. Excess lanugo-like hair can be seen,
as well as fissured, poorly growing nails and thin hair (Castellani,
1947). Unlike Kwashiorkor, there is no edema or dermatitis.

The dermatitis of Kwashiorkor begins as hypopigmented to
erythematous-violaceous patches in areas of friction and pressure,
such as intertriginous areas, and may be misdiagnosed as atopic
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Table 1
Distinctive skin changes of nutritional disorders and selected differential diagnosis

Skin change Nutritional disorder

Selected differential diagnosis

Exfoliative erythroderma Kwashiorkor

Phrynoderma

Vitamin A deficiency, vitamin B-complex deficiencies,

Atopic dermatitis, psoriasis, staphylococcal scalded skin
syndrome
Keratosis pilaris, pityriasis rubra pilaris

vitamin C deficiency, essential fatty-acid deficiency

Petechiae, purpura
petechiae)

Yellow-orange discoloration Carotenemia
Hyperpigmentation

Photo-distributed dermatitis

Seborrheic dermatitis-like changes
Angular stomatitis
Glossitis

Vitamin B-complex deficiencies

deficiency
Diaper dermatitis

Lightening of hair
copper deficiency

Vitamin C deficiency
Koilonychia: iron deficiency

Corkscrew hairs
Nail changes

Longitudinal hyperpigmented streaks: vitamin B3

deficiency (pellagra)

Vitamin K deficiency, vitamin C deficiency (perifollicular

Vitamin B12 deficiency, folate deficiency
Vitamin B3 deficiency (pellagra), vitamin B6 deficiency

Vitamin B-complex deficiencies, iron deficiency
Vitamin B-complex deficiencies, zinc deficiency, iron
Zinc deficiency, vitamin B-complex deficiencies

Kwashiorkor, marasmus, vitamin B-complex deficiencies,

Consumptive coagulopathy, coagulation disorder,
thrombocytopenia, vascular fragility syndrome
(Ehlers-Danlos), cutaneous vasculitis (e.g.,
Henoch-Schonlein purpura)

Jaundice, quinacrine-induced

Addison disease

Connective tissue disease (systemic lupus erythematosus,
dermatomyositis), polymorphous light eruption
Seborrheic dermatitis, psoriasis

Angular cheilitis with candidal overgrowth
Sjogren syndrome, oral lichen planus, syphilis

Irritant or allergic contact dermatitis, seborrheic
dermatitis, inverse psoriasis, Langerhans cell histiocytosis
Poliosis, vitiligo

Koilonychia: chronic irritant, lichen planus, psoriasis,
Plummer-Vinson syndrome, transient in young children
Longitudinal hyperpigmented streaks: physiologic,
drug-induced, trauma

dermatitis Table 1 (Rogers et al., 2014). Restrictive diets for pre-
sumed atopic dermatitis may lead to a concomitant protein-energy
malnutrition dermatosis (Henrique de S B Xavier et al., 2017). Over
time, the skin darkens, with a shiny, varnished appearance, and the
fragile skin peels away to reveal hypopigmentation. This is often
referred to as enamel paint or flaky paint (Cox et al., 2014). Pig-
ment changes are striking with dyschromia. The hair becomes dry,
lusterless, and hypopigmented, and curly hair becomes straight.
The distinctive flag sign is typically observed in long dark hair and
described as a red-brown or pale color change of the hair during
periods of undernutrition, resulting in alternating pale and dark
bands of hair (McLaren, 1987). The skin may gradually repigment
with increased protein intake.

Vitamins
Vitamin A

Deficiency

Vitamin A deficiency is the most common preventable cause
of blindness in children worldwide (Smith and Steinemann, 2000),
and prompt recognition and treatment is critical (McLaughlin et al.,
2014). Vitamin A deficiency may result in a spectrum of ocular dis-
ease known as xeropthalmia (Smith and Steinemann, 2000). Early
signs include diminished dark adaptation and night blindness (nyc-
talopia). Later manifestations include conjunctival and corneal xe-
rosis, Bitot spots (white grey plaques on the conjunctiva), corneal
ulceration, keratomalacia, and retinopathy (Smith and Steinemann,
2000).

Cutaneous findings of vitamin A deficiency include generalized
xerosis and phrynoderma or toad skin (Miller, 1989). Phrynoderma
describes firm, follicular, hyperkeratotic papules, characteristically
distributed on the extensor extremities and buttocks; the shoul-
ders, posterior neck, back, and abdomen may also be involved. In
the majority of patients, the papules are asymptomatic (Ragunatha
et al.,, 2011).

Phrynoderma must be distinguished from other entities with
follicular papules, such as keratosis pilaris and pityriasis rubra
pilaris. Although classically associated with vitamin A deficiency,
phrynoderma is not a specific finding and has been described in

other vitamin deficiencies (B-complex, C, and E), as well as essen-
tial fatty acid deficiency (Maronn et al., 2005).

Excess

Excess vitamin A may present as vitamin A toxicity, which man-
ifests initially with systemic symptoms, such as fatigue, anorexia,
nausea, vomiting, myalgias, and arthralgias. Hypervitaminosis A
may progress to xerosis, cheilitis, desquamation, pruritus, and
alopecia. Pseudotumor cerebri and skeletal hyperostosis may also
occur (Bollag, 1983). Carotenemia is excessive beta-carotene, the
natural provitamin of vitamin A. Notably, carotenemia is not as-
sociated with vitamin A toxicity (Maharshak et al., 2003).

Carotenoderma describes yellow-orange pigmentation of the
skin, resulting from excretion of carotenes from the sebaceous and
eccrine glands and deposition in the stratum corneum. Not surpris-
ingly, carotenoderma characteristically involves areas of the face
with abundant sebaceous glands, such as the nasolabial folds and
forehead, as well as areas with a thick stratum corneum (palms
and soles; Maharshak et al., 2003). Lack of mucous membrane in-
volvement helps distinguish carotenoderma from jaundice. Addi-
tional causes of yellow skin pigmentation include lycopenemia (an
isomer of carotenoid), riboflavinemia, and drug-induced pigmenta-
tion (e.g., quinacrine; Maharshak et al., 2003). Pigmentary changes
typically resolve within weeks to months of normalization of beta-
carotene intake.

Vitamin B2 deficiency

Specific groups at risk of vitamin B2 (riboflavin) deficiency in-
clude breastfed infants of mothers with deficiency and patients
who have undergone bariatric surgery. Deficiency can also be seen
in the setting of alcohol use disorder, hypothyroidism, photother-
apy for neonatal hyperbilirubinemia, and medications such as
chlorpromazine, probenicid, and tricyclic antidepressants (Miller,
1989). Acute vitamin B2 deficiency, which may be induced by acute
borate ingestion (Yan and Jen, 2012), presents with deep-red ery-
thema, epidermal necrolysis, and mucositis. These findings may re-
semble the clinical features of Kwashiorkor.

In contrast, chronic vitamin B2 deficiency may lead to oral-
ocular-genital syndrome. Oral findings include cheilitis and angu-
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lar stomatitis with papules at the oral commissures that may bleed
(Miller, 1989). Glossitis may be observed, initially as prominent lin-
gual papillae giving a pebbly appearance and eventually as an at-
rophic, smooth, and magenta-colored tongue (Jen and Yan, 2010).
Ocular features include conjunctivitis and photophobia. Genital in-
volvement often presents as a scrotal dermatitis in men, sparing
the midline, and may spread to the inner thighs and perianal area.
Initially the dermatitis is pruritic; it then becomes painful with
possible associated fissuring and swelling, as well as balanitis and
phimosis. Vulvar dermatitis is less common (Lakdawala and Grant-
Kels, 2015).

Facial dermatitis of vitamin B2 deficiency may resemble sebor-
rheic dermatitis and is similarly distributed on the nasolabial folds,
nasal ala, forehead, cheeks, and postauricular skin (Miller, 1989).
Areas of friction, such as the perineum of infants, are commonly
involved.

Vitamin B3 deficiency

Chronic vitamin B3 (niacin) deficiency results in pellagra, the
features of which are often quoted as the four Ds: dermatitis, di-
arrhea, dementia, and (if left untreated) death. The characteris-
tic dermatitis is a photosensitive eruption. Initially, there is ery-
thema and edema after sun exposure, which may be painful, burn-
ing, or pruritic and may resemble a sunburn (Wan et al.,, 2011).
If severe, vesicles or bullae may be seen, sometimes termed wet
pellagra. Repeated eruptions lead to fixed, well-demarcated, hyper-
pigmented, and hyperkeratotic plaques. Later, the skin develops a
glassy or shellac-like appearance with parchment-like consistency.
As with other photodistributed eruptions, common sites of involve-
ment include the dorsal hands (seen in up to 97% of patients; Wan
et al., 2011), butterfly distribution on the face, and the neck/upper
chest in a broad band or collar, termed Casal necklace. The glove
and boots of pellagra refer to the sharply demarcated plaques at
the distal margin of clothing at the wrist and ankles (Jen and Yan,
2010).

Although photosensitive dermatitis is most commonly seen
(Hegyi et al., 2004), three other variants of cutaneous pellagra have
also been described (Wan et al., 2011): perineal, genital, and mu-
cosal erosions, which can have associated atrophic glossitis, cheili-
tis, and vaginitis; hyperkeratosis and hyperpigmentation over bony
prominences (e.g., knees and elbows) that is usually symmetric
and gradual in onset; and sebaceous gland prominence, which may
resemble seborrheic dermatitis. Hartnup disease and drug-induced
pellagra tend not to present with features of genital and mucosal
erosions or skin thickening and pigmentation over bony promi-
nences (Wan et al., 2011).

Vitamin B6 deficiency

The most common cutaneous presentation of vitamin B6 (pyri-
doxine) deficiency is a seborrheic eruption on the face, scalp, neck,
shoulders, buttocks, and perineum. Features of other vitamin B
deficiencies include atrophic glossitis, angular stomatitis, cheili-
tis, and oral mucosa ulcerations (Jen and Yan, 2010). More rarely,
a pellagra-like dermatitis on the dorsal extremities is observed
(Miller, 1989).

Vitamin B12 and folate deficiency

The classic triad of vitamin B12 (cobalamin) deficiency includes
megaloblastic anemia, glossitis, and neuropsychiatric symptoms.
Folate deficiency shares the features of hematologic abnormalities
and oral manifestations but lacks neurologic symptoms. Pregnant
women are at risk of folate deficiency due to increased require-
ments (Solano and Councell, 1986). Hunter’s glossitis (or glossi-

tis of Moeller-Hunter) is classically associated with vitamin B12
deficiency and describes diffuse erythema and atrophy of lingual
papillae, affecting more than half of the tongue (Greenberg, 1981).
Hunter’s glossitis is a nonspecific finding and is present in only
25% of cases of vitamin B12 deficiency.

The broader term “atrophic glossitis”, which describes a smooth
beefy-red tongue, can be a manifestation of other nutritional de-
ficiencies (folate, iron, niacin, riboflavin, and zinc), as well as can-
didiasis, Helicobacter pylori infection, xerostomia, and diabetes mel-
litus (Chiang et al., 2020). Atrophic linear lesions on the tongue
and hard palate may be a more specific early clinical sign of vita-
min B12 deficiency that precedes the onset of macrocytic anemia
(Graells et al., 2009). Symptoms of glossitis include a generalized
sore mouth, burning, and taste disturbance (Brescoll and Daveluy,
2015). Angular cheilitis and aphthous stomatitis have also been as-
sociated with vitamin B12 deficiency (Brescoll and Daveluy, 2015;
Vigarios et al., 2019).

The most common cutaneous manifestation of vitamin B12 de-
ficiency is hyperpigmentation. This is typically accentuated on the
face, palmar creases, and flexures (Brescoll and Daveluy, 2015),
similar to what is observed in Addison disease. Pigmentation
in the nails may appear as longitudinal hyperpigmented streaks
(Noppakun and Swasdikul, 1986). Depigmentation of the hair and
skin (vitiligo) may also be seen (Brescoll and Daveluy, 2015).

The mucocutaneous findings generally resolve with replace-
ment therapy; however, early recognition and treatment is critical
to prevent the development of advanced neurologic disease, which
may be irreversible.

Vitamin C deficiency

Scurvy develops over at least 1 to 3 months of sustained severe
vitamin C deficiency (Deirawan et al.,, 2020) and can be summa-
rized by the four Hs: hemorrhagic signs, hyperkeratosis of the hair
follicles, hypochondriasis, and hematologic abnormalities (anemia).
The onset of scurvy is marked by systemic symptoms, such as fa-
tigue, malaise, and musculoskeletal pain, as well as weight loss,
emotional lability, arthralgias, anorexia, and diarrhea. Easy bleed-
ing, bruising, and poor wound healing are also seen.

As in vitamin A deficiency, there can be follicular hyperkerato-
sis, especially of the posterolateral arms. Corkscrew hairs, resulting
from impaired keratin-disulfide bond crosslinks, are often seen in
association with these keratotic plugs (Walters et al., 2007). Help-
ful features on dermoscopy include a white area (perifollicular fi-
brosis) with a violaceous peripheral halo (red blood cell extravasa-
tion) surrounding the corkscrew hairs (Cinotti et al., 2015). Vascu-
lar congestion leads to lower extremity edema, which may be mis-
taken for cellulitis, and perifollicular erythema, hemorrhage, and
purpura (Fig. 2). Of note, the purpura of scurvy can occasionally
be palpable, mimicking a cutaneous vasculitis, such as Henoch-
Schonlein purpura. Subcutaneous and intramuscular hemorrhage
can result in tender nodules and ecchymoses, and subperiosteal
hemorrhage presents as bone pain (Deirawan et al., 2020). Splin-
ter hemorrhages of the nail bed may also be seen.

In individuals with preexisting poor dentition, hemorrhagic gin-
givitis with spongy, red, shiny gingiva is followed by bleeding and
necrosis. Teeth are soft, poorly formed, loose, and prone to infec-
tion. Untreated scurvy can be fatal, usually secondary to bleeding
or infection (Deirawan et al., 2020).

Vitamin D deficiency

Vitamin D deficiency has no primary cutaneous manifestation
other than alopecia. Globally, adequate vitamin D is present in
<50% of the world’s adult population during the winter. Particu-
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Fig. 2. Scurvy (photograph credit: Albert Yan, MD).

lar groups at risk include pregnant women and older persons (van
Schoor and Lips, 2017).

Minerals
Copper deficiency

Copper deficiency is marked by sensory and motor neuropa-
thy. The primary dermatologic feature is hypopigmentation of the
hair and skin because tyrosinase, a key enzyme in melanin syn-
thesis, is copper-dependent (Finner, 2013). Menkes disease (kinky
hair disease) is an X-linked recessive condition of defective cop-
per absorption. The disease is named for the twists of hair (pili
torti) that are light or ivory in color, sparse, and wiry, resembling
steel wool (Aguilar et al., 1966). Infants have a characteristic cheru-
bic face with pudgy cheeks, Cupid’s bow upper lip, and doughy
skin. Skeletal abnormalities, such as osteoporosis, as well as renal
and urologic disease, are common. Neurologic deficits are severe,
and patients may experience convulsive seizures, hypothermia, and
vascular complications leading to death at a young age (Droms et
al., 2017).

Zinc deficiency

The inherited autosomal recessive form of zinc deficiency, acro-
dermatitis enteropathica, is caused by a mutation in an intestinal
zinc transporter gene. This disease often presents in infants shortly
after transitioning from breastmilk to formula due to the higher
absorption of zinc from human milk. Alternatively, a maternal mu-
tation may decrease secretion of zinc into breast milk and lead to
deficiency in breastfed infants, which is termed transient neonatal
zinc deficiency (Watson et al., 2018). Pregnant women and children
are at greatest risk of zinc deficiency (Berhe et al.,, 2019). Acquired
zinc deficiency can also be seen in anorexia nervosa, alcoholism,
inflammatory bowel disease, celiac disease, chronic diarrhea, gas-
tric bypass surgery, and medications.

The complete classic triad of periorificial and acral dermati-
tis, diarrhea, and alopecia is seen in only 20% of patients with
acrodermatitis enteropathica (Nistor et al., 2016). The dermatitis
is characterized by sharply demarcated erythematous and eczema-
tous plaques that become vesicular, bullous, pustular, or erosive
with peripheral scale-crust and involve the perioral, acral, and
anogenital skin. This disease must be considered when assessing
chronic diaper rash in an infant with diarrhea. The perioral distri-
bution often spares the upper lip, giving a U-shaped appearance
(Fig. 3).

Fig. 3. Acrodermatitis enteropathica (photograph credit: Albert Yan, MD).

Superinfection with bacteria (Staphylococcus aureus) and yeast
(Candida albicans) is common due to immune dysregulation. Pa-
tients are often irritable and emotionally labile. Impaired wound
healing, growth retardation, and hypogonadism in male patients
may be observed (Perafan-Riveros et al., 2002). Other features in-
clude diffuse alopecia, ocular manifestations (blepharitis, conjunc-
tivitis, abnormal dark adaptation), and mucosal findings (stomati-
tis, cheilitis, and glossitis; Maverakis et al., 2007). Paronychia may
also be commonly seen (Yan and Jen, 2012). In older children and
adolescents, zinc deficiency can present as psoriasiform dermatitis
of the hands, feet, and knees (Maverakis et al., 2007).

Iron deficiency

Iron deficiency is common worldwide and prevalent
among women and young children in industrialized countries
(Zimmermann and Hurrell, 2007). Patients with gastrointestinal
disease or post Roux-en-Y gastric bypass surgery are also at high
risk. In addition to microcytic anemia and fatigue, nail changes
are characteristically described. Koilonychia (i.e., spoon-shaped
nails) describes the upward eversion of the lateral and distal
nail plate and usually affects the first three digits (Walker et al.,
2016). Although classically associated with iron deficiency anemia,
koilonychia is seen in only 5% of cases (Razmi et al., 2018) and can
be observed in other conditions, including systemic amyloidosis,
hemochromatosis, chronic irritant/detergent use, lichen planus,
psoriasis, and Plummer-Vinson syndrome (a clinical triad of dys-
phagia, iron deficiency anemia and esophageal webs) (Walker et
al., 2016).

Koilonychia can also be a transient physiologic finding in young
children age <4 years, uniquely affecting the second to fourth toes,
unlike other forms of koilonychia (Chinazzo et al., 2017). Other
mucocutaneous findings of iron deficiency include glossitis, angu-
lar cheilitis, pruritus, and telogen effluvium. Iron deficiency as a
cause of hair loss remains controversial. Ferritin is the most widely
used screening test for iron deficiency contributing to alopecia,
and supplementation is often considered for a level <70 ng/ml, al-
though concomitant chronic inflammation can make ferritin unre-
liable (Elston, 2010).

Conclusion

The various nutrient deficiencies presented may share common
features. However, distinctive cutaneous signs may prompt clini-
cians to consider a nutritional cause and help distinguish a nutri-
ent deficiency from other common dermatologic conditions. Recog-
nition of nutritional disorders is important because appropriate
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treatment may reverse cutaneous signs and prevent irreversible se-
quelae.
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