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Background/Objective: Micronutrient deficiencies such as pellagra are rarely seen after bariatric sur-
gery and can be challenging to diagnose and manage. Alcohol use can precipitate nutritional
deficiencies.
Case Report: A 51-year-old woman with a history of Roux-en-Y gastric bypass surgery who later
developed an alcohol-use disorder after her diagnosis of breast cancer. She experienced a subacute
decline in her physical and cognitive function along with a rash after radiation treatment for breast
cancer, lower extremity pain and weakness, anemia, and diarrhea with severe hypokalemia. Workup
showed undetectable niacin levels. She initially did not respond to an oral niacin replacement,
necessitating intramuscular injections. Alcohol cessation and parenteral B complex replacement led
to the resolution of her symptoms and biochemical derangements.
Discussion: Bariatric surgery with concomitant alcohol use can precipitate niacin deficiencyeinduced
liver dysfunction. In the correct clinical setting, screening for alcohol use and checking niacin levels
may help avoid extensive testing and can help make the correct diagnosis. Parenteral replacement
may be necessary in this setting.
Conclusion: Niacin deficiency needs to be considered in patients with bariatric surgery with a history
of alcoholism in the correct clinical setting.
© 2023 AACE. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

We present the case of a patient with a history of Roux-en-Y
gastric bypass (RYGB) in whom niacin deficiency developed after
increased alcohol use. Niacin deficiency classically presents as
diarrhea, dermatitis, and dementia, although presentations can
vary. Bariatric surgery contributes to micronutrient deficiency,
including niacin deficiency.1 Alcohol contributes to niacin defi-
ciency by reducing absorption and decreasing the endogenous
conversion of tryptophan to niacin.2 In the setting of both these
comorbidities, it can be challenging to achieve the resolution of
clinical symptoms with oral niacin, necessitating an intramuscular
alternative in severe cases.
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Our patient was a 51-year-old woman with a history of
hyperlipidemia and morbid obesity who underwent RYGB in
2007 with a subsequent 100-pound weight loss. She did receive
vitamin B12 injections subsequently as part of routine care,
bariatric supplements, and vitamin D3 replacement. However,
she developed persistent fatigue, and workup showed multifac-
torial anemia from malabsorption and heavy menstruation. She
was treated with iron sucrose infusions as she was not initially
tolerating oral iron supplementation. She also elected to undergo
total laparoscopic hysterectomy with bilateral salpingo-oopho-
rectomy. These interventions led to a significant improvement in
her symptoms and resolution of anemia. She was diagnosed
with invasive ductal carcinoma of the right breast in 2021(14
years after the gastric bypass) for which she underwent radia-
tion therapy. Her mother had succumbed to breast cancer 20
years ago, and her diagnosis caused depression, leading to a
significant increase in alcohol consumption. She received 16
rounds of radiation with a total radiation of 42.56 Gy. During
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Highlights

� Screening for alcohol use in patients with a history of
postegastric bypass surgery can help diagnose potential
complications such as micronutrient deficiencies

� It is unclear whether screening for niacin deficiency in patients
with a history of postebariatric surgery is cost effective.
However, checking niacin levels in patients with symptoms
consistent with niacin deficiency is likely to be helpful

� Intramuscular injection using B complex vitamins is likely to
help correct the deficiency in patients with a history of gastric
bypass surgery

Clinical Relevance

Bariatric surgeries are rising to counteract the obesity
epidemic. Depression incidence is also high in obese pa-
tients. Depression can lead to increased alcohol consump-
tion. This case highlights the risk of niacin deficiency in
patients with a history of postegastric bypass surgery who
increase their alcohol intake because of worsening
depression.
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radiation treatment, she developed a rash on her right anterior
chest (Fig.).

Rash was limited to the radiation area, and the patient reported
burning sensation initially and later progressing to a rough, scaly
area of skin discoloration ranging from red to brown. The rash
responded to treatment with topical steroids and emollient cream
and cleared up 2 to 3 weeks following the completion of radiation
treatment.

She did not require chemotherapy; however, a broad spec-
trum of symptoms and electrolyte deficiency developed after the
completion of adjuvant radiation. She developed chronic diar-
rhea, imbalance, weakness with walking, leading to wheelchair
use, bilateral lower extremity cramping and pain, and postmeal
vomiting. Family members also noted a significant decline in
patient cognitive functions. However, Montreal cognitive
assessment testing was not performed. The patient who was
working full time had to leave her job because of the above
symptoms. The evaluation showed macrocytic anemia, mild
leukopenia, and lymphopenia. She underwent upper and lower
endoscopies, which showed mild gastritis. Bone marrow biopsy
showed normocellular marrow with ringed sideroblasts. She also
developed severe hypokalemia and hypomagnesemia, requiring
oral potassium replacement.

She was found to have impairment in liver function with
aspartate aminotransferase level ranging from 150 to 200 and
alkaline phosphatase level ranging from 200 to 300. Extensive
nutritional workup revealed zinc (59 mg/dL), tryptophan
(8 mmol/L), and niacin (<20 ng/mL) deficiencies. Her copper
levels were normal at 105 mg/dL (75-175 mg/dL). Plasma amino
acid analysis showed a severe deficiency of tryptophan
(Table 1).

Her medications at presentation included monthly B12 in-
jections, calcium carbonate with vitamin D, and daily thiamine
100 mg. She was started on zinc supplementation and received
an injection of vitamin B complex containing vitamin B1, B2,
B3, B5, and B6 in the clinic, which she will continue receiving
on a monthly basis. Interestingly, before obtaining the vitamin
B complex injection, our patient was started on oral niacin 100
mg 3 times daily with little improvement in her symptoms.
Repeat nicotinic acid levels after 2 months of oral therapy were
Fig. A, Before starting radiation treatment. B, After 16 rounds of radiation treatment. Eryt
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still low (Table 2). She stopped consuming alcohol completely
in June 2022. She was started on a high-protein diet as well.

After 2 doses of intramuscular niacin, she had steady
improvement in liver function tests and neurologic recovery
with a return to an unassisted gait at her 3-month follow-up.
There were no unanticipated or adverse events. Her anemia
and electrolyte deficiencies also improved (Table 3). Patient
cognition, balance, and gait speed also showed significant
improvement.
Discussions

Niacin is absorbed primarily from the duodenum and jejunum,
with a small amount of absorption taking place in the stomach.3
hematous dermatitis is localized to the radiation treatment area on the right breast.



Table 1
Plasma Amino Acid Analysis

Amino Acid Reference Range (mmol/L) Value

Aspartic acid 1-4 6 H
Glutamic acid 10-97 230 H
Hydroxyproline 4-27 14
Serine 65-138 54 L
Asparagine 31-64 52
a-Aminoadipic acid �2 <1
Glycine 122-322 128
Glutamine 428-747 335 L
Sarcosine �4 <1
b-Alanine �5 3
Taurine 31-102 41
Histidine 60-109 100
Citrulline 16-51 15 L
Arginine 43-107 20 L
Threonine 67-198 74
Alanine 200-483 192 L
1-Methylhistidine �47 4
g-Aminobutyric acid �3 <1

Methyl Plus 2-9 4
b-Aminoisobutyric acid �3 3
Proline 104-383 420 H
Ethanolamine 5-13 36 H
a-Aminobutyric acid 7-32 27
Tyrosine 38-96 5 L
Valine 132-313 171
Methionine 16-34 6 L
Cystathionine <1 <1
Isoleucine 34-98 28 L
Leucine 73-182 93
Homocysteine <1 <1
Phenylalanine 40-74 44
Tryptophan 40-91 8 L
Ornithine 27-83 61
Lysine 119-233 36

“L” and “H” indicate low and high values, respectively.
Bold entries indicate abnormal labs.
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Meat, dairy, and eggs are excellent sources of tryptophan. Di-
etary tryptophan is metabolized to niacin along the hepatic
kynurenine pathway. Deficiency of niacin can therefore result from
the consumption of a diet low in tryptophan, use of medications or
drugs that block the conversion of tryptophan or niacin by blocking
the hepatic kynurenine pathway, and malabsorption involving the
stomach and small intestine.

Historically, poverty, famine, and war led to niacin deficiency as
the affected population was forced to shift from meat to a maize-
rich diet.2 Maize is a poor source of tryptophan; it contains a sig-
nificant amount of niacin, but this niacin cannot be hydrolyzed by
the mammalian digestive tract.4
Table 2
Nicotinic Acid Levels Before and After Oral Therapy

Reference
Range

Before
Treatment

On Oral
Replacement

Nicotinic acid (ng/mL)
Nicotinamide (ng/mL)

See notes
See notes

<20
<20

<20 53

There is a large variability in the metabolism of nicotinic acid, leading to a large
range in the serum concentration from <20 ng/mL to ~30 000 ng/mL. As nicotin-
amide is a metabolite of nicotinic acid, its plasma concentration also varies. This
table shows the near lack of improvement in both levels despite oral vitamin B3
therapy.
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With the increasing rate of morbid obesity worldwide, the
number of people undergoing bariatric surgery has increased
significantly. Bariatric surgery, while extremely helpful in
achieving weight loss and reversing the metabolic problems
associated with obesity, has some inherent risk of malabsorp-
tion of essential nutrients such as B complex vitamins, fat-
soluble vitamins, copper, zinc, and iron.5 As highlighted above,
niacin is absorbed from the stomach and small intestine, and
its absorption will likely be affected by procedures such as
RYGB and sleeve gastrectomy.

Short-term (<12 months) and long-term (>3 years) micro-
nutrient deficiencies, including vitamin B complex vitamin de-
ficiencies, were studied following laparoscopic sleeve gastrectomy
(LSG) and RYGB surgeries. Interestingly, 12% of the patients were
noted to have a niacin level of <55 mmol/L within 12 months after
procedures, and almost 20 % of them had low niacin levels >3 years
after surgery. No difference in niacin levels was found between LSG
and RYGB patients in this study.5

Alcohol can decrease both the absorption of niacin and the
conversion of tryptophan to niacin by inhibiting the tryptophan
2,3-dioxygenase enzyme. Patients with bariatric surgery who
consume large amounts of alcohol are therefore at increased risk of
niacin deficiency, both directly by reduced absorption and indi-
rectly by the inhibited conversion of tryptophan to niacin. Our
hypothesis for the subacute nature of her symptoms is that a sig-
nificant increase in alcohol caused protein-calorie malnutrition
causing low tryptophan levels and worsening micronutrient
absorption.

Niacin deficiency is classically defined as a 3D syndrome with
diarrhea, dermatitis, and dementia; however, the deficiency of
niacin can vary significantly on a case-to-case basis, and a high
index of suspicion is required in patients to make the correct
diagnosis. Tryptophan is a precursor of serotonin, and therefore its
deficiency can cause insomnia, anxiety, dysphoria, and psychosis.
Confusion and memory loss can progress, leading to severe
delirium, and stupor death.6

Especially in cases of alcohol-induced niacin deficiency,
other features, such as hypoproliferative macrocytic anemia
and leukopenia, are seen. Low albumin and elevated bilirubin
levels are also been reported in alcohol-induced niacin defi-
ciency.7 Severe diarrhea can induce hypokalemia and a low
magnesium level. Colonoscopy with biopsy during the evalua-
tion of postoperative diarrhea following bariatric surgery has
shown inflammation with punctate erythematous erosions in
the proximal colon and rectum, in a small series published by
Kohli et al.8 Plasma niacin was found to be low in these pa-
tients with improvement in diarrhea on oral niacin treatment.
Interestingly, pellagra rash is limited to a sun-exposed area;
initially, this resembles a sunburn and then progresses to
rough, scaly, hyperpigmented plaque. Our patient was pre-
dominantly homebound and the only major light exposure to
her skin was during radiation treatment and the rash also
improved 2 to 3 weeks following treatment, likely indicating
the rash was precipitated by radiation therapy.

Treatment of alcohol-induced pellagra includes alcohol cessa-
tion and providing a diet rich in tryptophan and parenteral nico-
tinamide, which does not produce histamine releaseerelated side
effects of nicotinic acid. Because patients with alcoholism with
bariatric surgery are likely to bemalnourished and low in nutrients,
it is a good idea to replace the vitamin B complex intramuscularly
with other vitamins such as B2, B5, and B6.

This case highlights that niacin deficiency should be entertained
in patients with bariatric surgery, especially with a history of
alcoholism, in the setting of subacute neurocognitive, and func-
tional decline.



Table 3
Trend of Complete Blood Count, Electrolytes, and Liver Function

Laboratory Value Reference Range Day � 30 Day 0a Day þ 7 Day þ 21 Day þ 60b Day þ 67

Complete Blood Count
White blood cell count (�103/mL) 3.7-11.0 2.0 2.3 2.9 5.6
Hemoglobin (g/dL) 11.5-16.0 8.3 9.5 9.0 12.2
Platelets (�103/mL) 150-400 117 221 235 319

Basic Metabolic Panel
Sodium (mmol/L) 136-145 138 137 138 136
Potassium (mmol/L) 3.5-5.1 3.3 2.8 3.5 4.3
Chloride (mmol/L) 96-111 100 107 108 103
Bicarbonate (mmol/L) 22-30 23 21 24 25
BUN (mg/dL) 8-25 3 3 7 10
Creatinine (mg/dL) 0.60-1.05 0.63 0.59 0.48 0.74
Magnesium (mmol/L) 8.5-10.0 8.9 8 8 9.7
Phosphorous (mmol/L) 1.8-2.6 2 1.6 1.7
Calcium (mmol/L) 2.4-4.7 1.8 3.5 4.5

Liver Function Panel
Albumin (g/dL) 3.5-5.0 2.2 1.7 2 3.5
Total bilirubin (mg/dL) 0.3-1.3 7.7 11.4 2.4 1.1
Conjugated bilirubin (mg/dL) 0.1-0.4 6 8.2 1.7
AST (U/L) 8-45 88 156 96 43
ALT (U/L) 8-22 96 57 31 23
ALP (U/L) 50-130 524 192 168 94

Abbreviations: BUN ¼ blood urea nitrogen; ALP ¼ alkaline phosphatase; ALT ¼ alanine transaminase; AST ¼ aspartate aminotransferase.
There are some laboratory values that were not collected and these spaces have left blank. Notably, there is improvement in the transaminase values over time after the
intramuscular vitamin B injections.

a Date of first intramuscular vitamin B complex injection.
b Date of second intramuscular vitamin B complex injection.
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Disclosure

The authors have no multiplicity of interest to disclose.

Patient Consent

Patient consent was obtained for this case report.
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