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Urinary glucose and ketone bodies as indicators of acute
caffeine poisoning

Seiji Morita, Tomoatsu Tsuji, Mari Amino, Naoya Miura, Takeshi Saito, and Yoshihide
Nakagawa

Department of Emergency and Critical Care Medicine, Tokai University School of Medicine, Isehara, Japan

Aim: In various countries, many fatal health problems have been reported due to high intake of caffeine-rich energy drinks, tablets,
and powders. In patients with acute caffeine poisoning, determination of blood caffeine concentration is an important yet difficult
task. We aimed to assess whether the presence of glucose and ketone bodies in urine reflected the blood caffeine concentration in
patients with acute caffeine poisoning.

Methods: From April 2010 to March 2018, 25 patients with an overdose of only caffeine-rich tablets were admitted to our hospital.
Their clinical features were investigated. In addition, we investigated whether the glucose and ketone bodies in the urine reflected
blood caffeine concentration in 23 patients who underwent the urine qualitative test at admission.

Results: The majority of the patients were young healthy women, whose average caffeine ingestion was 15.6 � 8.1 g. Initial urine
examinations showed glucose in 60% (14/23) of patients and ketone bodies in 57% (13/23) of patients. Ketone bodies or glucose were
found in 78% (18/23) of the patients. The correlation between blood caffeine concentration and urinary glucose was R = 0.625, blood
caffeine concentration and ketone bodies was R = 0.596, and blood caffeine and both was R = 0.76.

Conclusion: Urine qualitative test is effective for differential diagnosis and severity assessment of acute caffeine poisoning in
patients.
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INTRODUCTION

CAFFEINE, A NATURALLY derived compound found
in coffee beans, tea leaves, and cacao beans, is classi-

fied as a relatively safe compound.1 Recently, many caf-
feine-rich energy drinks and over-the-counter supplements
have been sold as appetite suppressants, revitalizers, and
high-performance supplements.2,3 However, many fatal
health problems have been reported due to the combined use
of alcohol and energy drinks, and their overdose.3–5 Several
case reports and forensic reports on acute caffeine poisoning
have already been published.6–10

In patients with acute caffeine poisoning, blood caffeine
concentration plays a major role in treatment strategy, which
is difficult to measure in real time. In 2014, we reported the

correlation between blood lactate concentration and blood
caffeine concentration in acute caffeine poisoning.11 This
study aimed to assess whether the urine qualitative test (uri-
nary glucose and ketone bodies) is simpler and more effec-
tive than the measurement of blood lactate concentration in
reflecting blood caffeine concentration in patients with acute
caffeine poisoning.

METHODS

FROM APRIL 2010 to March 2018, 25 patients with
acute caffeine poisoning due to only caffeine-rich

tablets were admitted to our Trauma and Emergency Center.
Their clinical parameters were recorded for this study.

Among them, the results of 23 patients who underwent a
urine qualitative test using the urine dipstick during admis-
sion were assessed for the levels of glucose and ketone bod-
ies in the urine to determine whether the levels reflected
blood caffeine concentration.

Glucose is easily filtered in the glomerulus but is not pre-
sent in the urine because the filtered glucose is normally reab-
sorbed. Therefore, a negative value is normal and ranges from
1+ to 4+, depending on the glucose concentration. When the
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intermediate products of fatty acid metabolism exceed the
ability of the body to metabolize these compounds, ketone
bodies accumulate in the blood and urine. However, urinary
ketone bodies do not react qualitatively. Therefore, a negative
value is normal and ranges from 1+ to 3+, depending on the
amount of ketone bodies in the urine.

The correlation was analyzed by plotting blood caffeine
concentration on the vertical axis; the urinary glucose (nega-
tive, 1+, 2+, 3+, and 4+), urinary ketone bodies (negative, 1+,
2+, and 3+), and sum of the two (negative, 1+, 2+, 3+, 4+,
5+, 6+, and 7+) on the horizontal axis. The urinalysis in this
study used Uro-PaperIII (Eiken Chemical Co., Tokyo, Japan).
Statistical analysis software (IBM SPSS Statistics version 26)
was used for data analysis (Spearman’s rank correlation coef-
ficient). Data are presented as mean � standard deviation.

RESULTS

CLINICAL PARAMETERS OF the 25 patients are
shown in Table 1. The average age was

25.7 � 8.3 years, and the majority of patients were
young healthy women with an average caffeine ingestion
of 15.6 � 8.1 g. Initial vital signs showed that conscious-
ness was either normal or mildly disturbed with tachycar-
dia or tachypnea. No extreme hypotension or
hypertension was observed. In the initial blood examina-
tion, the average blood caffeine concentration and aver-
age blood glucose level were 78.9 � 54.6 lg/mL and
144.2 � 27.8 mg/dL, respectively. In their initial urine
examination, 60% (14/23) of patients had glucose and
57% (13/23) of patients had ketone bodies. Ketone bod-
ies or glucose in the urine were found in 78% (18/23) of
patients.

The correlation coefficients between blood caffeine
concentration and glucose in the urine was 0.625
(Fig. 1A), between blood caffeine concentration and
ketone bodies in the urine was 0.596 (Fig. 1B), and
blood caffeine concentration and sum of the two in
urine was 0.760, which were comparatively higher
(Fig. 1C).

Fig. 1. Correlation graphs of (A) urinary glucose and blood caffeine concentration, (B) urinary ketone bodies and blood caffeine concen-

tration, (C) both urinary glucose and ketone bodies and blood caffeine concentration in patients with acute caffeine poisoning patients.

© 2020 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
Japanese Association for Acute Medicine

Acute Medicine & Surgery 2020;7:e498 Urinalysis as indicator of caffeine poisoning 3 of 5



DISCUSSION

CAFFEINE, A CENTRAL nervous system stimulant of
the methylxanthine class, is the world’s most widely

consumed psychoactive drug as it is unregulated.1,2 In nor-
mal doses, there are three main mechanisms: (i) release of
calcium from intracellular stores, (ii) inhibition of phospho-
diesterase, (iii) antagonism of central and peripheral adeno-
sine receptors. Because presynaptic adenosine receptors are
blocked, the systemic release of catecholamines is
increased.12–14 Due to this, caffeine awakens the central ner-
vous system, reducing fatigue and sleepiness and improving
reaction time, concentration, and motor control.

In contrast, high doses of caffeine can lead to many fatal
health problems, which have been reported in various coun-
tries.2,6–9,12,15 Therefore, many organizations and countries
are calling attention to the overconsumption of caffeine
preparations.16–18 However, there are still many countries,
including Japan, where they can be easily purchased
over the counter. The symptoms of acute caffeine poison-
ing include electrolyte imbalance (hypokalemia and hypona-
tremia), lethal dysrhythmia, hypotension, convulsion,
respiratory failure, lactic acidosis, and rhabdomyolysis.8,19–
21 The severity of acute caffeine poisoning depends on the
blood caffeine concentration, which requires specialized
techniques for its measurement. In Japan, Kamijo et al.
undertook retrospective and multicenter studies on 101
patients who consumed high quantities of caffeinated

supplements or energy drinks.21 However, only 17% (17/
101) of patients had caffeine blood concentrations measured
during admission, and whether it was measured in real time
remained unclear. Therefore, a simple indicator of blood caf-
feine concentration is important.

Schmidt and Karlson-Stiber concluded that caffeine
results in excessive sympathetic stimulation, which leads to
lactic acidosis15 (Fig. 2). This served as a basis for our study
in 2014, in which we reported the correlation between blood
lactate levels and blood caffeine concentrations in patients
with acute caffeine poisoning.14 We later realized that the
mechanisms of production of urinary glucose and ketone
bodies were similar to those of lactic acidosis and concluded
that a urine qualitative test was a much simpler alternative.
Although lactate is a highly correlated factor of caffeine
blood concentration, it is dependent on many factors includ-
ing convulsions and shock. Therefore, using both as indica-
tors is effective in many situations.

The mechanisms of production of urinary glucose and
ketone bodies are shown in Figure 2. In acute caffeine poi-
soning, excessive beta-1 adrenergic receptor stimulation pro-
motes lipolysis, producing increased levels of fatty acids
and glycerol. These fatty acids are converted to acetyl-CoA
by beta-oxidation, which is used in the tricarboxylic acid
cycle. Any unused acetyl-CoA is converted into ketone bod-
ies, which enters the blood stream and consequently urine.

In another pathway, excessive stimulation of beta-2 adren-
ergic receptor promotes glycolysis and raises blood glucose

Fig. 2. Mechanisms of production of urinary glucose and ketone bodies in acute caffeine poisoning. TCA, tricarboxylic acid.

© 2020 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
Japanese Association for Acute Medicine

4 of 5 S. Morita et al. Acute Medicine & Surgery 2020;7:e498



levels, some of which enters the urine. Some glucose is
converted to pyruvate. However, pyruvate dehydrogenase is
inhibited to prevent pyruvate conversion to acetyl-CoA, and
hence, gluconeogenesis occurs from glycerol. These mecha-
nisms result in hyperglycemia, resulting in the appearance of
urinary glucose. In our patients, the average blood glucose
level was high (144.2 mg/dL) and urinary ketone bodies or
glucose was found in 78% (18/23) of them. The balance
between glucose and ketone bodies in urine is unclear, but
the sum of both correlated with blood caffeine concentration.

LIMITATION

IN THIS STUDY, patients with diabetes or other illnesses
were not included and hence, it might not be effective in

such cases.

CONCLUSION

BASED ON OUR findings, the urine qualitative test is a
very simple and effective method that can be carried

out at the clinic to assess the initial severity of acute caffeine
poisoning in patients.
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