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Background: With an increase in the global popularity of coffee, caffeine is one of the most consumed ingredients
of modern times. However, the consumption of massive amounts of caffeine can lead to severe hypokalemia.

Case presentation: A 29-year-old man without a specific past medical history was admitted to our hospital with
recurrent episodes of sudden and severe lower-extremity weakness. Laboratory tests revealed low serum potassium
concentration (2.6-2.9 mmol/L) and low urine osmolality (100-130 mOsm/kgH-0O) in three such prior episodes.
Urinary potassium/urinary creatinine ratio was 12 and 16 mmol/gCr, respectively. The patient was not under
medication with laxatives, diuretics, or herbal remedies. Through an in-depth interview, we found that the patient
consumed large amounts of caffeine-containing beverages daily, which included > 15 cups of coffee, soda, and
various kinds of tea. After the cessation of coffee intake and concomitant intravenous potassium replacement, the
symptoms rapidly resolved, and the serum potassium level normalized.

Conclusions: An increased intracellular shift of potassium and increased loss of potassium in urine due to the
diuretic action have been suggested to be the causes of caffeine-induced hypokalemia. In cases of recurring
hypokalemia of unknown cause, high caffeine intake should be considered.

Background
Caffeine, one of the most widely consumed drugs in
daily life, is consumed by up to 90 % of the U.S. adult
population [1]. While many foods contain caffeine, the
majority of caffeine consumption comes from beverages
such as coffee, energy drinks or shots, tea, and carbon-
ated soft drinks [1]. The exact amount of caffeine con-
sumed worldwide is unknown, although many countries
regularly survey and report on the caffeine intake of
their populations.

Overdrinking caffeinated beverages is known to cause
various medical complications such as anxiety,
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palpitations, tremors, and gastrointestinal symptoms [2—
5]. Caffeine intake can also cause electrolyte imbalance
such as hypokalemia and hypophosphatemia [6, 7], but
it has not been considered a major cause of hypokal-
emia. Here we report a case of recurrent hypokalemia
induced by the heavy drinking of caffeinated beverages.

Case presentation

A 29-year-old man without a significant past medical
history visited our hospital emergency room with severe
generalized muscle weakness and bilateral leg numbness
that continued for several hours. He had no specific
family history including diabetes mellitus and hypokal-
emia. His motor power values were 3 of 5 in all four ex-
tremities with normal reflexes and sensation. Blood
pressure was within normal range and no other abnor-
malities were found on his physical examination. The
patient was not under medication with herbal medicines
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(such as licorice), diuretics, or laxatives. No documented
endocrinal dysfunction was noted. He had no symptoms
such as fever, dyspnea, chest pain, palpitations, abdom-
inal pain, or diarrhea.

His symptom onset was relatively rapid. He felt no dis-
comfort for several years before the symptoms pre-
sented. First he felt progressive generalized muscle
weakness and fatigue; after a few hours, the muscle
weakness and numbness became intolerable. His labora-
tory examination data demonstrated considerable hypo-
kalemia (2.6 mmol/L as K¥), decreased serum renin
(0.14 ng/mL/hr, reported 8 days after testing) and aldos-
terone (11.81 pg/mlL, reported 8 days after testing),
metabolic acidosis with respiratory compensation, and
diluted urine (decreased urine osmolality, 130 mOsm/kg
H,O) (Table 1). The transtubular potassium gradient
(TTKG) was 2.43, but it was not valid because the urine
osmolality was less than plasma osmolality. The spot
urine potassium/creatinine ratio was 16 mEq/gCr. He
was discharged from the emergency room after the
muscle weakness improved by 40 mEq of intravenous
potassium replacement. His potassium level was 4.4
mmol/L and he refused to be admitted for evaluation of
the cause of hypokalemia. When he visited an outpatient
clinic a few days later, the potassium level was within
the normal range (4.3 mmol/L). Sixteen months after
the first event, he visited the emergency room again with
the same symptoms and signs. Serum and urine labora-
tory test results were similar to those of the first event:
serum potassium, 2.9 mmol/L; serum renin, 0.48 ng/mL/
hr; and aldosterone, 7.39 pg/mL. When the patient vis-
ited the emergency room at the first event, symptoms
improved rapidly after intravenous potassium replace-
ment and were discharged without a 24-hour urine test.
In the second event, the 24-hour urine potassium excre-
tion was measured at 57.4 mEq/24-hours while intraven-
ous potassium replacement was performed. Two months
later, a third event occurred with the same symptoms
and signs. Potassium levels during the third hypokalemia
event improved to 4.1 mEq/L in the next day only by
recommending discontinuation of caffeine drink, with-
out intravenous or oral potassium supplementation. As
the potassium level was corrected, his generalized weak-
ness resolved. Hypokalemia was suspected as the main
cause of his muscle weakness and numbness.

Hypokalemic paralysis occurred three times over 18
months. After the third episode, he agreed to be admit-
ted and to evaluate the cause of the intermittently recur-
rent hypokalemia. Upon further questioning, we found
that his eating habits were extremely unbalanced, and he
tended to overconsume convenience and fast foods such
as ramen, burger, pizza, fried chicken, and fried chips.
He stated that he drank large amounts of caffeinated
coffee, i.e, more than 12-20 cups a day, regardless of
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coffee type. His mother also mentioned that he con-
sumed 1.5 L of Coke and fell asleep on the day of his
third visit to the emergency room. Using the analytical
contents of coffee, his caffeine ingestion was estimated
to be >1000 mg/day up to a maximum of 3000-
4000 mg (Table 2) [1, 2, 8, 9].

Besides the hypokalemia, he showed abnormal liver
function test results (aspartate transaminase, 48 IU/L
and alanine transaminase, 102 IU/L) with a moderate
degree of fatty liver, an abnormal lipid profile (total
cholesterol, 255 mg/dL; triglyceride, 136 mg/dL; low-
density lipoprotein, 187 mg/dL; and high-density lipo-
protein, 40 mg/dL), and undiagnosed diabetes mellitus
(hemoglobin Alc, 6.2 %; fasting glucose, 134 mg/dL; and
post-prandial 2-hour glucose, 237 mg/dL). His body
mass index was 26.0 kg/m”> (height 171.9 cm, body
weight 76.8 kg).

Three days after he stopped the coffee and coke inges-
tion, his diluted urine was concentrated (from 111 to
438 mOsm/kg H,0), and the serum potassium level
remained normal without supplementation. He was di-
agnosed with caffeine-induced hypokalemia. We edu-
cated him about healthy diet habits and prescribed lipid-
lowering agents and metformin. After discharge, he dras-
tically altered his lifestyle, including a reduction in his
caffeine intake, regular exercise, and a decrease in his in-
take of convenience foods. At the last visit, an examin-
ation revealed a normal potassium level, normal liver
function test results, and well-controlled diabetes melli-
tus and dyslipidemia.

Discussion and conclusions

An excessive intake of caffeine might explain our pa-
tient’s clinical features. The European Food Safety Au-
thority stated that caffeine intakes up to 400 mg/day and
single doses of 200 mg do not create safety concerns for
adults in the general population [10]. Our patient was
reportedly ingesting >1000 mg up to a maximum >
3000 mg of caffeine each day.

Caffeine is an effective stimulant, and many articles
have been published on its toxicity following worldwide
interests [4, 6, 8, 10, 11]. Although a number of case re-
ports of caffeine-associated hypokalemia also have been
reported, most of the previous reports are related to
acute intake of a large quantity of caffeine and as a “one-
off” [2-8, 12—15]. In one study, a caffeine ingestion of
500-600 mg/day was reported sufficient to provoke clin-
ical symptoms (insomnia, irritability, anxiety, heart palpi-
tations, muscle tension, heartburn, biliousness, gastritis,
flatulence, and diarrhea) [13]. There was a report of sig-
nificant hypokalemia after the ingestion of 180 mg of
caffeine, the equivalent of 2—3 cups of regular coffee or
1-2 cups of strong coffee [9]. A regular cup of coffee
has a minimum of 95 mg caffeine (range, 95-333 mg)
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Table 1 Laboratory biochemical test results of the patient for the 1st, 2nd, and 3rd events

Units Referencerange 1st event 2nd event 3rd event At 3 days after discontinuation of caffeinated
beverages
Serum
White blood cells x10%/L 3,000-9,000 8,200 7,320 6,600 6,570
Red blood cells x10"%/L 43-56 4.99 4.84 4.62 453
Hematocrit % 40-50 433 432 411 40.1
Hemoglobin g/dL 13-17 14.9 14.6 139 136
Platelet x10%/L 140-400 284 327 301 304
Blood urea nitrogen mg/dL 8-19 9 8 14 15
Creatinine mg/dL 0.67-1.17 0.70 0.68 0.69 0.82
Creatine phosphokinase 1U/L 0-190 166 158 139
Sodium mEq/L 135-146 14 140 138 138
Potassium mEg/L 35-53 26 29 33 4.1
Chloride mEg/L 99-108 107 106 105 102
Total CO, mmol/L 21-31 226 24.2 283 294
Phosphate mg/dL 19-44 20 25 24 37
Calcium mg/dL 8.2-104 9.1 89 9.1 9.7
Magnesium mg/dL 20-25 - 20 2.1 22
Osmolality mOsm/ 280-300 293 296 - 299
kgH,0O
Renin ng/mL/hr 1.31-3.95 0.14 048
Aldosterone pg/mL 30.0-355.0 11.81 739
T3 ng/mL 0.60-1.81 1.20 1.45
Free T4 mg/dL 0.89-1.76 1.17 1.39
TSH ulu/mL 0.55-4.78 4.03 2.21
Arterial Blood Gas Analysis
pH pH 7.35-745 7.339 7.343
pCO, mmHg 32-48 411 44.2
pO, mmHg 83-108 95.7 9.1
HCO; mmol/L 22-31 215 234
Urine
Osmolality mOsm/ 500-1200 130 111 438
kgH,O
Protein mg/dL 1-14 1.2 54
Albumin mg/L 0-30 19 1.9
Creatinine (Cr) mg/dL 17.50 27.86 58.54
Sodium mEq/L 38 18 100
Potassium mEq/L 28 34 51
Potassium/Cr ratio mEqg/gCr 16 12.2 87.11

Note: Conversion factors for units: serum creatinine in mg/dL to pmol/L, x88.4; urea nitrogen in mg/dL to mmol/L, x0.357

per 8 fluid ounces [14]; however, hypokalemia has not
been well-known complication of caffeine intake. In the
current case, the event occurred intermittently, but re-
peated with a high daily intake of caffeine-containing
beverages. We estimated that his potassium level was
consistently lower than normal, but his symptoms and
signs occurred only when his potassium level decreased

to below the threshold required to maintain his muscle
activity by ingesting excessive amounts of caffeine.
Hypokalemia can be induced due to a combination of
the effects of caffeine and the diuretic effect of fluid
drinking itself. In a recent study, the incidence of hypo-
kalemia was significantly correlated in acute caffeine tox-
icity, and the higher the blood concentration of caffeine,
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Item

Caffeine (mg)

Coffee [1, 7]
Brewed from grounds, prepared with water (/8 fluid ounces)
Brewed, espresso, restaurant-prepared (/1 fluid ounce)
Instant, regular, powder (/8 fluid ounces)
Decaffeinated, brewed or instant (/8 fluid ounces)
Espresso (/1 fluid ounce)
Cola (/8 fluid ounces) [1]

Chocolate (/100 g) [6]
100 % cocoa
55% cocoa
33 % cocoa
Energy drinks (/8 fluid ounces) [1]

Caffeine contained tea (/1 serve) [1]
Brewed black (/8 fluid ounces)
Brewed green (/8 fluid ounces)

Ready-to-drink, bottled (/8 fluid ounces)

95-333
64
62.7-99
2-35
47-64
24-46

240

45
27-164

25-48
25-29
5-40

the lower the potassium level was shown [7]. Although
the detailed mechanism has not yet been clarified, losing
potassium via the urine stream due to the diuretic action
of caffeine is proposed as one possibility [16, 17]. In
addition, caffeine promotes diuresis and natriuresis by
competitively binding to adenosine receptors Al and
A2,, and the lifestyle of high caffeine consumption while
on a high sodium diet like this patient may be associated
with more potent polyuria and subsequent potassium
loss [10]. Caffeine induces potassium redistribution into
the cells and increases renal losses by inhibiting
phosphodiesterase, which increases cyclic adenosine
monophosphate (cAMP) levels. Increased cAMP acti-
vates sodium-potassium adenosine triphosphates (ATP),
causing a shift of extracellular potassium into the intra-
cellular compartment [18]. It has been known that caf-
feine also reduces the conductance of potassium-ATP
channels, but contradicting data exist on whether it
mainly acts as an inhibitory or stimulatory effect on the
channel [19-21]. In another potential mechanism, caffeine
stimulates the beta-adrenergic system and increases renin re-
lease [12]. When the renin-angiotensin-aldosterone system is
activated, potassium loss increases. However, the patient in
this case showed constant low plasma renin activity and al-
dosterone level in repeated tests. In general, caffeine is asso-
ciated with renin-angiotensin-aldosterone system activation
as an acute effect especially in subjects who have not been
exposed to caffeine, but patients with chronic caffeine con-
sumption have reported lower renin levels than normal [22].
Severe hypokalemia also suppresses aldosterone secretion
[23]. He seldom drink still water, and mostly hydrated with
coffee or soda. In addition to the effect of caffeine, a large

amount of fluid intake itself may have intensified hypokal-
emia by increasing flow-induced potassium secretion
through the large conductance Ca®** activated potassium
(BK) channel [24]. Caffeine-induced elevated cardiac output
increases the glomerular filtration rate, which induces
caffeine-related diuresis and subsequent potassium excretion
[15, 17]. Although it is a relatively minor effect, caffeine also
activates the respiratory center of the brain, causing hyper-
ventilation, and the resultant respiratory alkalosis possibly in-
duces hypokalemia [16]. In this patient, metabolic acidosis
with respiratory compensation was observed, which is also
reported as a part of acute toxicity of caffeine [11].

This patient had no history of diabetes, but was di-
agnosed with diabetes mellitus through serially mea-
sured blood sugar and hemoglobin Alc after
hospitalization as the third event. Hypokalemia has
been reported to be associated with diabetes mellitus
in various ways. Hypokalemia is known to be associ-
ated with impaired insulin secretion by hypokalemia-
mediated beta-cell dysfunction, increased hepatic glu-
cose production, and decreased peripheral glucose
utilization resulting in glucose intolerance and hyper-
glycemia [25, 26]. Also, there is a study showing that
insulin sensitivity was restored after correction of
hypokalemia [27]. In this patient, chronic clinical or
subclinical hypokalemia may have been associated
with diabetes mellitus. However, although the hypo-
kalemia was completely improved and did not recur
through the change of the diet (mainly on reducing
caffeine), the oral anti-diabetic drug was not able to
stop, so it is considered that his diabetes was a part
of metabolic syndrome.
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At our patient’s first and second visits, we tried to cal-
culate the TTKG from his spot urine values, but there
was a limitation to interpreting the TTKG because his
urine osmolality was lower than his serum osmolality.
He reported urinating at least 10 times a day while
awake, and our findings suggested that his polyuria was
related to the excessive caffeine intake itself and urinary
concentrating defect in hypokalemia [28]. That also ex-
plained why his spot urine osmolality was too diluted to
calculate TTKG. In this patient, 24-hour urine potas-
sium excretion was measured once and high potassium
excretion was shown. However, since clinically urgent
potassium repletion was required at the time, the urine
collection was proceeded with concomitant IV potas-
sium replacement. Therefore, although the 24-hour
urine potassium excretion is the most accurate method
to measure urinary potassium excretion, it is thought
that potassium excretion measured by spot urine is more
meaningful than the value of 24-hours potassium excre-
tion in this setting.

Excessive caffeine intake was not considered as a
major cause of hypokalemia in previous studies. Al-
though there are individual differences, modern people
ingest reasonable amounts of caffeinated beverages daily.
However, physicians should pay attention to patients’
drinking habits of caffeinated beverages during evalua-
tions of hypokalemia.

In conclusion, excessive caffeine intake can cause re-
petitive episodes of hypokalemia. Physicians should pay
more attention to patients’ caffeine intake as well as sev-
eral metabolic or endocrinological causes during the
work-up for hypokalemia by taking a detailed history.
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