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Background: Patients with alcohol use disorder (AUD) may develop peripheral edema

due to alcohol-related liver, renal, or heart disease. Thiamine deficiency is reported to

occur in AUD and type 2 diabetes mellitus (T2DM). Thiamine deficiency may also cause

peripheral edema. Thiamine is essential for optimal glucose metabolism through its role

as an essential co-factor for key enzymes in intermediary metabolism. Since glucose

metabolism worsens under diabetic conditions, it seems that a relative shortage of

thiamine may occur more easily in patients with diabetes mellitus.

Case Presentation: A 59-year-old Japanese man was admitted to the hospital with

severe peripheral edema. His background history included alcohol liver disease (ALD),

chronic renal failure (CRF), and T2DM. His body mass index (BMI) at admission was

37.7 kg/m2 and this represented a 30 kg increase in body weight over 2 months.

Laboratory investigations showed anemia, liver and renal injury, hyperglycemia, and

marginal hypothyroidism. The plasma thiamine diphosphate concentration was 20 ng/mL

(reference range: 24–66 ng/mL). Diet therapy of 1,600 kcal/day and intravenous

fursultiamine hydrochloride therapy (50 mg/once a day, seven days) was commenced

in combination with intravenous diuretics. After one week, the plasma thiamine

concentration was 853 ng/mL, and the patient’s body weight had reduced by 18 kg.

Conclusions: Patients with T2DM and AUDmay develop severe peripheral edema in the

context of marginal thiamine deficiency. Fursultiamine hydrochloride (50 mg/once a day,

seven days) restored normal plasma thiamine concentrations and may have contributed

to the rapid resolution of severe peripheral edema in this case. Empirical treatment with

thiamine should be considered in patients with severe peripheral edema in the context

of AUD and T2DM.
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BACKGROUND

Alcohol dependency may cause peripheral edema, ascites, and
heart failure. There are a variety of causes for fluid retention in
patients with alcohol dependency. For example, ascites may be
caused by severe alcohol-related liver injury or cirrhosis, which
is often complicated with alcohol dependency (1). Thiamine
(vitamin B1) deficiency may also cause peripheral edema and
severe thiamine deficiencymay progress to cardiac failure-related
edema (2).

Furthermore, thiamine is essential for optimal glucose
metabolism through its role as an essential co-factor for pyruvate
dehydrogenase (PDH) and alpha-ketoglutarate dehydrogenase
(AKGDH). PDH catalyzes the conversion of pyruvate to acetyl
CoA and therefore represents the bridge between glycolysis and
the tricarboxylic acid (TCA) cycle (3, 4). There are few reports
of thiamine and thiamine-dependent enzyme status in clinical
diabetes mellitus. It has been reported that thiamine-dependent
enzyme transketolase (TK) activity is lower in patients with
diabetes and the concentration of vitamin B1 is lower in patients
with diabetes (5–7). In addition, it has been reported that glucose
tolerance at least in part, is influenced by dietary thiamine intake
(7, 8). Furthermore, glucosemetabolism is reported to deteriorate
in patients with type 2 diabetes mellitus (T2DM) in the context of
thiamine deficiency (7).

Here we describe a patient with alcohol dependency, T2DM,
and marginal thiamine deficiency who suffered from severe
edema in the whole body and marked weight gain. His fluid
retention was very severe and his body weight was increased
by over 30 kg during the preceding 2 months. His severe
peripheral edema was resolved after 2 weeks following treatment
of thiamine deficiency.

CASE PRESENTATION

A 59-year-old Japanese man was admitted to the hospital
with symptoms of diffuse peripheral edema. He reported
general fatigue and severe edema that had evolved over the
preceding 2 months. Moreover, his body weight was increased
by over 30 kg (body weight on admission = 101.5 kg). At
that time, his height and body mass index (BMI) were
164.0 cm and 37.7 kg/m2, respectively. His background history
included alcohol dependency for 30 years, previous alcohol-
related pancreatitis (at the age of 25), hypertension for 10
years, a recent diagnosis of Parkinson’s disease (at 53), and
alcohol-related liver disease (at 55). His medications included
nifedipine (20 mg/once a day) for hypertension and rotigotine
(18 mg/once a day), levodopa/carbidopa (100 mg/three times a
day), and tandospirone (10 mg/three times a day) for Parkinson’s
disease. In addition, he was taking three tablets/day of excelase
combination tablets, branched-chain amino acid (4.5 g/three
times a day), ursodeoxycholic acid (100 mg/three times a day),
furosemide (20 mg/once a day), and spironolactone (25 g/once a
day) for the treatment of pancreatitis, alcoholic liver injury, and
edema. His father had Parkinson’s disease and his mother had
diabetes mellitus. He was a smoker (pack-years = 2 packs/day
× 43 years). His daily intake of alcohol was 540mL of Japanese

liquor called Sake or Shochu. As his daily intake of alcohol was
increased, his body weight was increased. His vital signs were:
temperature, 37.1◦C; blood pressure, 160/90 mmHg; heart rate,
95 bpm; oxygen saturation, 97%. Table 1 shows the laboratory
data on admission. Infection markers were mildly elevated:
white blood cell, 7,400/µL (reference interval: 3,300–8,600/µL);
C-reactive protein, 2.79 mg/dL (<0.14 mg/dL). His albumin
was decreased [3.0 g/dL (4.1–5.1 mg/dL)]. Renal and liver
dysfunction was observed: creatinine, 1.32 mg/dL (0.65–1.07
mg/dL); blood urea nitrogen (BUN), 17 mg/dL (8–20 mg/dL);
aspartate aminotransferase (AST), 52 U/L (13–30 U/L); alanine
transaminase (ALT), 25 U/L (10–42 U/L); alkaline phosphatase
(ALP), 300 U/L (106–322 U/L); γ-glutamyl transpeptidase (γ-
GTP), 190 U/L (13–64 U/L); lactate dehydrogenase (LDH),
195 U/L (124–222 U/L). Marginal iron deficiency anemia was
observed. Nutrient deficiency-associated data showed marginal
thiamine deficiency (Table 1). He had liver and renal injuries.
Although he did not take any antidiabetic drug on admission,
he had T2DM: plasma glucose, 132 mg/dL; hemoglobin A1c, 7.1
% (4.9–6.0 %). In addition, he had marginal hypothyroidism:
thyroid-stimulating hormone (TSH), 8,228 µIU/mL (0.400–
6.000 µIU/mL); free tri-iodothyronine (FT3), 3.03 pg/mL (2.50–
4.20 pg/mL); free thyroxine (FT4) 0.69 ng/dL (0.80–1.60 ng/dL).
Since his hypothyroidism was subclinical hypothyroidism, we
observed it without levothyroxine therapy. The brain natriuretic
peptide (BNP) concentration was mildly elevated [35.5 pg/mL
(0.0–18.4 pg/mL)].

His CT showed a marginal pleural effusion and cardiomegaly.
His abdominal CT revealed early liver cirrhosis together with
fatty change, surface nodularity, and a small amount of ascites. In
addition, limb CT revealed severe subcutaneous edemamainly in
the lower limb (Figure 1). It seemed that his effusion and edema
were mainly due to lower limb edema and partially due to pleural
effusion, cardiomegaly, and ascites on MRI and ultrasonography
(Figure 2). The electrocardiogram was normal except for the
left axis deviation. The echocardiography demonstrated no
remarkable change compared with that examined four years
before, with a left ventricular ejection fraction of 61–63 %.
Marked right atrial and ventricular dilation was found, although
noted to be unchanged relative to the previous echo examination
four years previously. His liver cirrhosis and heart failure were
not very severe compared with his leg edema and weight gain.
Based on such findings, we think it is possible that severe edema
in the whole body and significant weight gain were, at least
in part, induced by thiamine deficiency itself, although he had
various causes of fluid retention due to alcohol dependency.

Caloric restriction diet was commenced immediately
after admission. Nifedipine, furosemide, and spironolactone
medications were also continued. In addition, intravenous
fursultiamine hydrochloride therapy (50 mg/once a day) was
also commenced four days after admission. According to the
dietary history from the patient, he consumed a total of 1,300
kcal/day of meals, which was mainly carbohydrate, and over
500 kcal/day of alcohol every day. First, we treated him with
diet therapy of 1,600 kcal/day (about 27 kcal/ideal body weight
kg) and a restriction of 6 g salt for T2DM and hypertension. In
Japan, it is recommended to have 25–30 kcal/ideal body weight
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TABLE 1 | Laboratory data on admission in this patient.

Variable Result Reference range Variable Result Reference range

Peripheral blood Electrolytes

White blood cells (/µL) 7,400 3,300–8,600 Sodium (mmol/L) 139 138–145

Red blood cells (×104/µL) 357 435–555 Potassium (mmol/L) 3.8 3.6–4.8

Hemoglobin (g/dL) 9.9 13.7–16.8 Chloride (mmol/L) 105 101–108

Reticulocyte (%) 2.1 0.5–2.0 IP (mg/dL) 2.7 2.7–4.6

MCV (fL) 89.6 83.6–98.2 Calcium (mg/dL) 8.4 8.8–10.1

MCH (pg) 27.7 27.5–33.2 Magnesium (mg/dL) 1.6 1.9–2.6

MCHC (g/dL) 30.9 31.7–35.3 Anemia marker

Platelets (×104/µL) 16.8 15.8–34.8 Iron (µg/dL) 31 40–188

Blood biochemistry TIBC (µg/dL) 410 248–395

Total protein (g/dL) 8.1 6.6–8.1 UIBC (µg/dL) 379 70–282

Albumin (g/dL) 3.0 4.1–5.1 Tf % (%) 7.9

Globulin (g/dL) 5.1 2.2–3.4 Ferritin (ng/mL) 19 10–240

Total bilirubin (mg/dL) 0.6 0.4–1.5 Vitamin B12 (pg/mL) 1211 233–914

AST (U/L) 52 13–30 Vitamin

ALT (U/L) 25 10–42 Vitamin B1 (ng/mL) 20 24–66

LDH (U/L) 195 124–222 Vitamin B2 (ng/mL) 79.9 66.1–111.4

ALP (U/L) 300 106–322 Metabolism and Endocrinology marker

γ-GTP (U/L) 190 13–64 Plasma glucose (mg/dL) 132

BUN (mg/dL) 17 8–20 Hemoglobin A1c (%) 7.1 4.9–6.0

Creatinine (mg/dL) 1.32 0.65–1.07 Total cholesterol (mg/dL) 161 142–248

Cholinesterase (U/L) 169 240–486 LDL cholesterol (mg/dL) 101 65–139

Uric acid (mg/dL) 10.0 3.7–7.8 HDL cholesterol (mg/dL) 36 40–90

Creatine kinase (U/L) 146 59–248 Triglyceride (mg/dL) 90 40–149

Amylase (U/L) 75 44–132 TSH (µIU/mL) 8.228 0.400–6.000

Pancreatic amylase (U/L) 20 19–53 FT3 (pg/mL) 3.03 2.50–4.20

CRP (mg/dL) 2.79 <0.14 FT4 (ng/dL) 0.69 0.80–1.60

BNP (pg/mL) 35.5 0.0–18.4

MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; AST, aspartate aminotransferase; ALT, alanine

aminotransferase; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; γ -GTP, γ -glutamyl transpeptidase; BUN, blood urea nitrogen; CRP, C-reactive protein; BNP, brain natriuretic

peptide; IP, Inorganic Phosphorus; TIBC, total iron binding capacity; UIBC, unsaturated iron binding capacity; Tf%, transferrin % saturation; LDL, Low-density lipoproteins; HDL,

High-density lipoprotein; TSH, thyroid stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine.

(kg) for patients with diabetes mellitus. We continued 20 mg/day
of nifedipine for hypertension and diet therapy only and no
medication for T2DM. We continued furosemide (20 mg/once
a day) and spironolactone (25 g/once a day) treatment for
edema. In addition, since we considered that the severe edema
in the whole body and significant weight gain were, at least in
part, caused by thiamine deficiency, we started fursultiamine
hydrochloride (50 mg/once a day) for seven days. The plasma
vitamin B1 concentration was increased to 853 ng/mL (reference
interval: 24–66 ng/mL) (Liquid chromatography-tandem mass
spectrometry, SRL Inc., Tokyo). Table 2 shows the laboratory
data at a point when the vitamin B1 concentration was increased
(12 days after admission). His body weight was decreased by
18 kg two weeks later and was 83.2 kg at discharge. His conditions
of the heart, liver, and renal function did not substantially change
during the period of exacerbation of his edema and weight

gain. In addition, ALT, AST, creatinine, and BUN were rather
increased mildly probably due to dehydration 12 days after
admission when body weight was decreased (Tables 1, 2;
Figure 3). Thereafter, his liver and renal function were gradually
improved (Figure 3). These results suggest the possibility that
the significant decline in body weight in this patient was, at least
in part, attributed to the treatment of mild thiamine deficiency.

DISCUSSION

Herein, we reported a case with severe edema in the whole
body and significant weight gain induced by marginal thiamine
deficiency complicated with alcohol dependency. In general, in
patients with alcohol dependency, especially with liver cirrhosis,
fluid retention such as ascites is often observed. There are
several possible mechanisms for such fluid retention as follows:
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FIGURE 1 | Total body CT: Chest CT showed a marginal pleural effusion and

cardiomegaly. Abdominal CT revealed early liver cirrhosis together with fatty

change, surface nodularity, and a small amount of ascites. Limb CT revealed

severe subcutaneous edema mainly in the lower limb.

the overflow of fluid caused by excessive sodium and fluid
retention in the kidney (9), some underfilling caused by the
increase of sodium and fluid resorption together with the
activation of the renin-angiotensin-aldosterone system due to
decreased effective circulating blood volume (10), and substantial
dilation of the peripheral artery caused by decreased effective
circulating blood volume due to portal hypertension (11).
Hypoalbuminemia and portal hypertension are also associated
with fluid retention in patients with liver dysfunction. Diuretics
such as furosemide and spironolactone are usually used in the
treatment of fluid retention in this patient group (12). In this
patient, based on such recommended treatment procedures,
furosemide and spironolactone had been used to mitigate severe
edema. Nonetheless, severe whole-body edema in the whole body
and significant weight gain had developed in this patient over two
months before presentation. Moreover, the patient reported that
as his daily intake of alcohol was also increased, his body weight
was increased. Although his Child-Pugh Score for Cirrhosis
Mortality, was relatively elevated (seven points), this score did
not change after the start of severe edema and weight gain.
Therefore, it was not likely that his severe edema and weight gain
were induced by the aggravation of liver function.

Thiamine deficiency is a medical condition of low
concentrations of plasma thiamine (vitamin B1). In our
hospital, the reference range of plasma thiamine is from 24 to
66 ng/ml. However, in general, thiamine deficiency is defined
as < 20 ng/mL, and low concentrations of thiamine are from
20 to 27 ng/mL. It is known that thiamine deficiency becomes
one of the causes of various edema (13), brain cytotoxic edema
and vasogenic edema (14, 15), and local edema in muscles
(16). The most common edema associated with thiamine
deficiency is caused by heart disorders, which is called wet

FIGURE 2 | Magnetic resonance imaging (MRI) and ultrasonography showed

lower limb edema.

beriberi. Beriberi is one of the clinical syndromes associated
with thiamine deficiency. In addition, it is known that beriberi-
associated edema is hemodynamically characterized by high
output heart failure with low peripheral vascular resistance
(17). It is recommended that we should treat the patients using
fursultiamine hydrochloride if we suspect wet beriberi due to
heart failure (18). However, his heart function did not change for
four years on echocardiography and his BNP concentration was
not elevated (35.5 pg/mL). It seemed that he did not suffer from
severe heart failure. In addition, he was not complicated with
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TABLE 2 | Laboratory data on 12 days after admission in this patient.

Variable Result Reference range Variable Result Reference range

Peripheral blood Electrolytes

White blood cells (/µL) 6,850 3,300–8,600 Sodium (mmol/L) 132 138–145

Red blood cells (×104/µL) 392 435–555 Potassium (mmol/L) 4.4 3.6–4.8

Hemoglobin (g/dL) 10.8 13.7–16.8 Chloride (mmol/L) 100 101–108

MCV (fL) 87.2 83.6–98.2 IP (mg/dL) 3.9 2.7–4.6

MCH (pg) 27.6 27.5–33.2 Calcium (mg/dL) 8.7 8.8–10.1

MCHC (g/dL) 31.6 31.7–35.3 Magnesium (mg/dL) 1.0 1.9–2.6

Platelets (×104/µL) 16.2 15.8–34.8 Vitamin

Blood biochemistry Vitamin B1 (ng/mL) 853 24–66

Total protein (g/dL) 9.1 6.6–8.1 Metabolism and Endocrinology marker

Albumin (g/dL) 3.5 4.1–5.1 Plasma glucose (mg/dL) 103

Globulin (g/dL) 5.6 2.2–3.4 Total cholesterol (mg/dL) 153 142–248

Total bilirubin (mg/dL) 0.7 0.4–1.5

AST (U/L) 71 13–30

ALT (U/L) 45 10–42

LDH (U/L) 204 124–222

ALP (U/L) 328 106–322

γ-GTP (U/L) 145 13–64

BUN (mg/dL) 32 8–20

Creatinine (mg/dL) 1.71 0.65–1.07

Cholinesterase (U/L) 191 240–486

Uric acid (mg/dL) 10.8 3.7–7.8

Creatine kinase (U/L) 115 59–248

CRP (mg/dL) 1.08 <0.14

MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; AST, aspartate aminotransferase; ALT, alanine

aminotransferase; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; γ -GTP, γ -glutamyl transpeptidase; BUN, blood urea nitrogen; CRP, C-reactive protein; IP,

Inorganic Phosphorus.

Wernicke’s encephalopathy. Therefore, we think it is possible
that severe edema in the whole body and significant weight
gain in this patient were, at least in part, induced by marginal
thiamine deficiency itself. However, since edema can be induced
by multiple causes such as mild renal impairment, liver failure,
and hypothyroidism, we cannot exclude the possibility that some
of these conditions contributed to the evolution of edema in
this patient.

In addition, the long-term administration of the diuretic
drug for heart failure may lead to thiamine deficiency through
increased thiamine excretion (19). It is reported that thiamine
supplementation may be effective for patients with heart
failure (20), although still, there is not enough evidence.
Fursultiamine hydrochloride is a nutritional supplement and
vitamin B1 derivative. Since fursultiamine hydrochloride is
used effectively inside the body, fursultiamine hydrochloride is
administered as treatment or prevention of thiamine deficiency.
Hence, fursultiamine hydrochloride may have contributed to the
resolution of severe edema in this patient.

In patients with diabetes mellitus, glucose metabolism is
aggravated to a greater or less extent. Therefore, it is likely that
a larger amount of thiamine is needed under diabetic conditions
and thereby relative shortage of thiamine is more easily brought

about in patients with diabetes mellitus. We assume that this
could explain, at least in part, the reason why marginal thiamine
deficiency led to severe edema and marked weight gain in
this patient. In addition, we assume that starting diet therapy
in addition to stopping alcohol after admission enhanced the
effects of fursultiamine hydrochloride therapy by improving
glucose metabolism.

There is a limitation in this case report. First, the precise
causative link between the lower thiamine concentrations and
this patient’s conditions remained unclear. We assume that a
mildly lower value of thiamine is more pathogenic if thiamine
transport is impaired due to somemutations whose pathogenicity
is not obvious under normal conditions (21). Second, we cannot
exclude the possibility that his severe edema and weight gain
were brought about by mixed conditions with various effects
of alcohol dependency such as liver cirrhosis, marginal heart
failure and hypertension, renal dysfunction, mineral unbalance,
hypoalbuminemia, and diabetes mellitus.

We should bear in mind that patients with marginal thiamine
deficiency in the context of alcohol dependency may present with
severe peripheral and central edema with associated significant
weight gain. This may be more likely to occur in the context of
co-existing underlying diabetic conditions, even in the absence
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FIGURE 3 | Time course of clinical parameters in this patient. We continued 20 mg/day of furosemide and 25 g/day of spironolactone treatment for edema. He was

treated with diet therapy of 1,600 kcal/day and a restriction of 6 g of salt after admission. In addition, we started 50 mg/day of fursultiamine hydrochloride. Plasma

vitamin B1 concentration was increased from 20 to 853 ng/mL. His body weight was decreased by 18 kg only after two weeks and it was 83.2 kg at discharge. BW,

body weight; BUN, blood urea nitrogen; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

of liver cirrhosis and/or heart failure. Caloric restriction in
combination with diuretic and fursultiamine hydrochloride
therapy has been proven very effective for such edema and weight
gain in this patient with alcohol-dependency, diabetes mellitus,
and thiamine deficiency. Empirical treatment with thiamine
should be considered in patients with severe peripheral edema
in the context of AUD and T2DM.
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