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Plasma lactate concentration as an indicator of plasma
caffeine concentration in acute caffeine poisoning

Seiji Morita, Takeshi Yamagiwa, Hiromichi Aoki, Keiji Sakurai, and Sadaki Inokuchi

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

Aim: Severe caffeine poisoning is rare, but is associated with high mortality. Plasma caffeine concentration is one of the indications of
treatment of caffeine poisoning; however, it is not easily measured at most emergency departments. If the plasma lactate concentration
and the plasma caffeine concentration were correlated, the plasma lactate concentration may be an indication of caffeine poisoning. In
this study, we investigated the correlation between the plasma lactate concentration and the plasma caffeine concentration.

Methods: From April 2010 to March 2012, 18 patients with severe caffeine poisoning by overdose were admitted at our Emergency
Center. The plasma lactate concentration and plasma caffeine concentration of 10 patients were determined at the same time at 12–24 h
after admission. These findings were plotted and we analyzed the correlation and trends in these concentrations.

Results: There were strong correlations between the plasma lactate concentration and the plasma caffeine concentration at admission
(n = 18) and at 12–24 h after admission (n = 10) (correlation coefficients, 0.95 and 0.91, respectively). There was a strong positive
correlation between the trend of the plasma lactate concentration and the plasma caffeine concentration (n = 10). The correlation
coefficient was 0.91.

Conclusion: These results are extremely beneficial for emergency department clinical physicians because such findings permit the
determination of the severe caffeine poisoning patient. Additionally, the plasma lactate concentration might be one of the indicators of
hospitalization and discharge.
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INTRODUCTION

CAFFEINE-CONTAINING PRODUCTS ARE popular
drugs used to combat physical and mental fatigue, and

are sold over-the-counter in tablet form.1,2 Severe caffeine
poisoning is rare but is associated with high mortality.1,2 The
plasma caffeine concentration (PCC) is one of the indica-
tions of treatment of caffeine poisoning; however, it is not
easily measured at most emergency departments (ED). Con-
versely, measurement of the plasma lactate concentration
(PLC) is a common blood examination procedure used in
ED for circulatory collapse, ischemia, and other critical
patients.3–5 Few published reports have mentioned increased
PLC in severe caffeine poisoning.6 If there is a correlation
between the PLC and the PCC, the PLC may be an indicator

of the severity of caffeine poisoning in a patient. Further-
more, any correlation in the change of the PLC and the PCC
would be useful in decision-making regarding treatment
strategies.

In this study, we investigated the correlation between the
PLC and the PCC in patients with severe caffeine poisoning.

METHODS

FROM APRIL 2010 to March 2012, 18 patients with
severe caffeine poisoning by overdose were admitted to

the Tokai University Trauma and Emergency Center (Isehara,
Japan). The PLC and PCC of these patients were examined at
admission. The details of patients’ characteristics and clinical
courses are presented in Table 1. Six patients were male, the
average age was 26.8 years (range, 16–46 years), average
caffeine ingestion was 15.7 g (range, 8–24 g), and all patients
survived. No patient presented with shock, seizures, or
hypoxia during the clinical course. The PLC and PCC of 10
of the patients were examined at the same time at 12–24 h
after admission.
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The PLC and PCC at admission (n = 18) and at 12–24 h
after admission (n = 10), respectively, were plotted. We ana-
lyzed the correlation between the PLC and the PCC. In
addition, we investigated the trend in these concentrations.
We analyzed the correlation between the respective changes
of the PLC and the PCC (subtract the PLC at 12–24 h after
admission from the PLC at admission, and subtract the PCC
at 12–24 h after admission from the PCC at admission) in the
10 patients whose PLC and PCC were examined at the two
time points. Statistical analysis software (Dr. SPSS II for
Windows, 11.0.1J; SPSS Inc., Tokyo, Japan) was used
for data analysis (Pearson product–moment correlation coef-
ficient). Our hospital’s institutional ethics committee
approved this study.

RESULTS

Figure 1A depicts the correlation between the PLC and the
PCC at admission (n = 18). The correlation coefficient was
0.95. Figure 1B illustrates the correlation between the PLC
and the PCC at 12–24 h after admission (n = 10). The cor-
relation coefficient was 0.91. Figure 2 depicts the correlation
between the respective changes of the PLC and the PCC
(n = 10). The correlation coefficient was 0.91. These results
indicated a strong positive correlation between the PLC and
the PCC.
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Fig. 1A. Correlation graph of the plasma lactate concentration
(PLC) and the plasma caffeine concentration (PCC) in patients
with severe caffeine poisoning at admission to the emergency
department (n = 18).
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DISCUSSION

CAFFEINE IS A natural alkaloid methylxanthine found
in various plants, such as coffee or tea plants.1 Many

caffeine-containing products are sold over the counter in
tablet form and used to counter physical and mental fatigue.
These products are very popular drugs worldwide. Caffeine
is well absorbed in the body and reaches its peak levels in
blood within 15–45 min following ingestion.2 The liver
quickly metabolizes caffeine into active stimulants such as
theophylline. Approximately 85% of a dose is excreted in the
urine within 48 h. Although the plasma half-life of caffeine
is reported to be 2–10 h (mean, 4 h) in adults, alcohol and
some medicines have prolonged plasma half-lives.1,2 Over
a brief time, ingestion of 3–10 g caffeine or a PCC of
>80 μg/mL might cause death.1,2

At moderate doses, caffeine acts as a competitive antago-
nist on adenosine receptors. Adenosine acts through specific
receptors and is found in the human body, but acts as a
negative inotropic and chronotropic substance both in brain-
modulating systems and in the heart.1,3 At high doses, caf-
feine inhibits the intracellular enzyme phosphodiesterase,
which converts cyclic adenosine monophosphate into its
non-cyclic form. Through this action, caffeine interacts with
the sympathetic nervous system causing prolonged and
intensified beta-receptor activation with positive inotropic
and chronotropic effects.1 Therefore, severe caffeine poison-
ing is relatively rare, but it is very lethal.1,7,8 The severe
symptoms of poisoning that have been reported include
electrolyte abnormality (hypokalemia and hyponatremia),
lethal arrhythmias (ventricular arrhythmias and ventricular
fibrillation), hypertension, respiratory failure, seizures, and
rhabdomyolysis.7–10 The PCC is the most important factor for
judging the severity of caffeine poisoning. However, mea-
surement of the PCC in the ED is impractical. Therefore, we
believe that it is necessary to have a convenient and realistic
indicator of PCC in the ED.

Schmidt et al. reported a case of caffeine poisoning that
involved an increase in the PLC.6 The PLC is a widely used
indicator of circulatory collapse, ischemia, and other critical
conditions in ED patients. This phenomenon was clarified, in
that caffeine gives rise to excessive sympathetic stimulation,
with increased glycogenolysis and lipolysis and a secondary
increase in pyruvate. If pyruvate does not enter the aerobic
pathway, it is converted to lactate instead, causing lactatemia.
Other mechanisms involving inhibited pyruvate oxidation
and/or inhibition of pyruvate dehydrogenase might also con-
tribute to lactatemia (Fig. 3).

We have encountered caffeine poisoning cases in which
the PLC was increased. Thus, we examined the correlation
between the PLC and the PCC. We found that there was a

Fig. 1B. Correlation graph of the plasma lactate concentration
(PLC) and the plasma caffeine concentration (PCC) in patients
with severe caffeine poisoning at 12–24 h after admission to the
emergency department (n = 10).

Fig. 2. Correlation graph between the respective changes of the
plasma lactate concentration (PLC) and the plasma caffeine con-
centration (PCC) in patients admitted to the emergency depart-
ment with severe caffeine poisoning (n = 10). Difference in PLC
was calculated by subtracting the PLC at 12–24 h after admission
from the PLC at admission. Difference in PCC was calculated by
subtracting the PCC at 12–24 h after admission from the PCC at
admission.
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strong positive correlation between these factors. Further-
more, the PLC and the PCC decreased in parallel. These
results are beneficial for ED clinical physicians, as it would
permit them to determine the severity of caffeine poisoning
in a patient. In addition, the PLC might be one of the indi-
cators of hospitalization and discharge.

It is likely that the strong correlation between the two
concentrations was due to the studied patients not presenting
with shock, seizures, or hypoxia during the clinical course.
These clinical conditions are factors for an increase in the
PLC. Therefore, the PLC may be unsuitable for evaluating

caffeine poisoning patients who show these clinical condi-
tions prehospital. However, caffeine poisoning patients pre-
senting with shock, seizures, and hypoxia would be in a
severe state of poisoning. Thus, the condition of these
patients would be moot, and the PLC can be used to deter-
mine the severity of caffeine poisoning in other patients.
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Fig. 3. Mechanisms underlying lactatemia in cases of severe caf-
feine poisoning. CoA, coenzyme A; SH, sulfhydryl; TCA, tricarbox-
ylic acid.
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