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ABSTRACT

Diuretic therapy is a cornerstone in the management of heart failure. Most studies assessing body thiamine
status have reported variable degrees of thiamine deficiency in patients with heart failure, particularly those
treated chronically with high doses of furosemide. Thiamine deficiency in patients with heart failure seems
predominantly to be due to increased urine volume and urinary flow rate. There is also evidence that
furosemide may directly inhibit thiamine uptake at the cellular level. Limited data suggest that thiamine
supplementation is capable of increasing left ventricular ejection fraction and improving functional capacity
in patients with heart failure and a reduced left ventricular ejection fraction who were treated with diuretics
(predominantly furosemide). Therefore, it may be reasonable to provide such patients with thiamine sup-
plementation during heart failure exacerbations.
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Heart failure is an important public health problem affecting
more than 5 million persons in the United States and 23
million individuals worldwide.1 The prevalence of this con-
dition in the United States is steadily increasing with
approximately 650,000 new cases diagnosed each year.1,2

Heart failure hospitalizations in the United States also
continue to increase and now exceed more than 1 million per
year.1,3 Diuretics commonly are used to reduce dyspnea and
peripheral edema in both acute and chronic heart failure.
Furosemide is the most frequently prescribed loop diuretic.
Common side effects of furosemide therapy include hypo-
volemia and electrolyte depletion. Multiple studies have
suggested that long-term furosemide therapy also may cause
thiamine (vitamin B1) deficiency, although the exact mech-
anism remains unclear.4-8 Thiamine deficiency has been
known to cause a clinical cardiac syndrome known as “wet

beriberi.” Wet beriberi is a high cardiac output form of heart
failure characterized by tachycardia, dyspnea, and peripheral
edema.3,9 In its severe form, thiamine deficiency can cause
fulminant heart failure termed “shoshin beriberi,” with signs
of cardiovascular collapse, metabolic acidosis, and severe
hemodynamic instability.3,10 In the absence of urgent treat-
ment with intravenous thiamine, death may ensue.3,10 It is
important for physicians to be aware that furosemide may
cause thiamine deficiency and potentially cause worsening of
preexistent heart failure.

The major dietary sources of thiamine are unprocessed
rice, wheat germ, cereal grains, nuts, seeds, liver, beef, pork,
poultry, fish, orange juice, and tomato juice.3,11,12 In contrast,
dairy products, fruits, andmost vegetables are low in thiamine
content.3,11,12 Animals are prone to thiamine deficiency
because they do not synthesize or store a sufficient amount of
thiamine and therefore are dependent on regular dietary
intake.3,12 According to the 1980 Committee on Dietary
Allowance, Food, and Nutrition Board, the recommended
daily allowance of thiamine for adults aged �19 years is 1.2
mg per day for men and 1.0 mg per day for women.13

Thiamine deficiency clearly is an important health care
problem in underdeveloped countries. However, it is not
uncommon to encounter thiamine deficiency in developed

Funding: None.
Conflict of Interest: None.
Authorship: All authors had access to the data and played a role in

writing this manuscript.
Requests for reprints should be addressed to Martin A. Alpert, MD,

University of Missouri Health Sciences Center, Room CE-306, 5 Hospital
Drive, Columbia, MO 65202.

E-mail address: alpertm@health.missouri.edu

0002-9343/$ -see front matter � 2016 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.amjmed.2016.01.037

REVIEW

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjmed.2016.01.037&domain=pdf
mailto:alpertm@health.missouri.edu
http://dx.doi.org/10.1016/j.amjmed.2016.01.037


countries. According to the Boston Nutritional States Survey,
15% of an elderly population who did not receive thiamine
supplements had low thiamine levels.14 Institutionalization
and poverty have been associatedwith poor thiamine intake in
the elderly.15,16 Other independent risk factors for thiamine
deficiency include excessive alcohol intake, malabsorption
and eating disorders, various cata-
bolic diseases, trauma, surgery,
prolonged nausea and vomiting,
and frequent use of processed
foods.3,11,15,16 A variety of drugs
have been associated with thiamine
deficiency, including antibiotics
(penicillins, cephalosporins, fluo-
roquinolones, tetracyclines, sulfa-
containing drugs, aminoglycoside)
and phenytoin.3 As a water-soluble
vitamin, thiamine is excreted in the
urine. Thus, it is not surprising that
multiple studies have suggested
that diuretics may facilitate thia-
mine deficiency.3,5-8,12 Because
diuretics, and in particular the loop
diuretic furosemide, represent the
cornerstone of pharmacotherapy of heart failure, it has been
postulated that their long-term use may cause thiamine defi-
ciency, thereby reducing ventricular function with a subse-
quent worsening of heart failure symptoms and signs. Indeed,
various studies have reported the prevalence of thiamine
deficiency in patients with heart failure to range from 0% to
98%.3 The wide variation in prevalence values may reflect
variability in age, risk factors, dietary intake, and severity of
heart failure.

This is a focused review of the interrelationship of
furosemide use, thiamine deficiency, and heart failure. We
discuss the pathophysiology and biochemistry of thiamine
deficiency as they relate to heart failure in patients receiving
furosemide therapy, describe the results of clinical and
experimental studies that address the relation of furosemide
therapy and thiamine deficiency, and provide recommen-
dations concerning the role of thiamine in the prevention
and management of heart failure in patients receiving
furosemide therapy. This focused review used a MEDLINE
search using the terms “thiamine deficiency,” “furosemide,”
and “heart failure” to identify relevant articles from the past
25 years. A total of 24 articles were identified that met the
search criteria.

BIOCHEMICAL CONSIDERATIONS
Thiamine is a water-soluble vitamin that is present in the body
in an unphosphorylated form and as a monophosphate,
diphosphate, and triphosphate. Thiamine plays a vital role in
numerous cellular functions. The most important of those
related to the heart involve thiamine diphosphate, also known
as “thiamine pyrophosphate.” In the pentose phosphate
pathway, thiamine pyrophosphate serves as a coenzyme to

transketolase, facilitating the conversion of glucose-6-
phosphate to ribose-5-phosphate, which in turn contributes to
nucleic acid synthesis. In the citric acid (Kreb’s) cycle, thia-
mine pyrophosphate serves as a coenzyme to the pyruvate
dehydrogenase complex in the conversion of pyruvate to
acetyl coenzyme A and then to alpha-ketoglutarate. Thiamine

pyrophosphate also serves as a co-
enzyme to alpha-ketoglutarate de-
hydrogenase in the conversion of
alpha-ketoglutarate to succinate,
which facilitates adenosine triphos-
phate production.

QUANTIFYING BODY
THIAMINE STATUS
Various laboratory tests are avail-
able to quantify body thiamine
status. These include tests that
directly measure thiamine levels in
the serum, plasma, and urine, as
well as high-performance liquid
chromatography.3 Other laboratory
tests provide an indirect estimation
of thiamine status, including the

thiamine pyrophosphate effect. The thiamine pyrophosphate
effect measures erythrocyte ketolase activity when thiamine
diphosphate is added to serum in vitro.3,17 This is an actual
representation of tissue thiamine level. Measurement of
thiamine pyrophosphate effect is widely available.3,18 Thia-
mine pyrophosphate effect >15% suggests that thiamine
deficiency is present, and thiamine pyrophosphate effect
>25% suggests that severe thiamine deficiency is present.19

The urine thiamine level provides information about the ad-
equacy of thiamine intake, but does not quantify tissue thia-
mine stores.19 The plasma or serum thiamine level does not
accurately represent body thiamine status because it contains
only a fraction of total body thiamine.19

EFFECT OF FUROSEMIDE ON BODY THIAMINE
STATUS
In 1980, Yui et al7 reported that thiamine deficiency may
result from a long-term decrease in transketolase activity
and serum thiamine levels, and a surge in thiamine pyro-
phosphate effect in rats treated with intraperitoneal admin-
istration of furosemide for 4 weeks.

A study reported by Seligmann et al6 in 1991 suggested
that urinary loss of thiamine may be the main cause for
thiamine deficiency related to chronic diuretic therapy in
patients with heart failure. Twenty-three patients with heart
failure who were treated with furosemide (80-240 mg per
day) for 3 to 14 months were found to have thiamine defi-
ciency compared with 16 individuals who did not have heart
failure and did not receive furosemide. There was a signif-
icantly higher mean thiamine pyrophosphate effect in the
furosemide-treated group compared with a control group

CLINICAL SIGNIFICANCE

� Thiamine deficiency has been demon-
strated to contribute to the development
of heart failure.

� Loop diuretics commonly are used to
treat heart failure.

� Furosemide therapy has been shown to
produce thiamine deficiency.

� Thiamine supplementation may increase
left ventricular ejection fraction and
improve function capacity in patients
with systolic heart failure.
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