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Serum melatonin levels
are associated with
mortality in patients
with malignant middle
cerebral artery infarction
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Abstract

Objectives: Lower serum melatonin levels are found in patients with ischaemic stroke com-

pared with healthy controls. This study aimed to determine whether serum melatonin levels are

associated with peroxidation status, antioxidant status, and mortality in patients with ischae-

mic stroke.

Methods: Patients with severe malignant middle cerebral artery infarction (MMCAI), defined

as a Glasgow coma scale (GCS) score lower than 9, were included. Serum levels of

melatonin, malondialdehyde (to assess lipid peroxidation), and total antioxidant capacity
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at the time of diagnosing MMCAI were determined. We chose 30-day mortality as the endpoint

of the study.

Results: We found significantly higher serum levels of melatonin, total antioxidant capacity,

and malondialdehyde in non-survivors (n¼ 32) than in survivors (n¼ 32) with MMCAI. Serum

melatonin levels were associated with 30-day mortality (odds ratio¼ 2.205; 95% confidence

interval¼ 1.294–3.759) after controlling for GCS score and age. We found a positive association

between serum melatonin levels and total antioxidant capacity (rho¼ 0.36), and between serum

melatonin and malondialdehyde levels (rho¼ 0.35).

Conclusions: Our study shows that serum melatonin levels are associated with peroxidation

status, antioxidant status, and mortality in patients with MMCAI.
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Introduction

Ischaemic stroke causes mortality, disabili-

ty, and consumption of health resources.1

In cerebral infarction, there is cell death

due to brain obstruction of the vasculature,

which limits the supply of blood containing

vital oxygen and substrates for neurons.

Additionally, there can be a secondary

injury due to different mechanisms, such

as oxidative stress, inflammation, and apo-

ptosis, which could contribute to increase

cell death.2–6 Administration of melatonin

on traumatic brain injury can have different

beneficial effects, such as anti-oxidant, anti-

inflammatory, and anti-apoptotic effects.7–9

Melatonin levels in patients with ischaemic

stroke have not been well determined.10–15

Lower urinary levels of melatonin and/or its

metabolite 6-sulfatoxymelatonin,10–14 and

lower serum melatonin levels15 have been

found in patients with ischaemic stroke com-

pared with healthy controls. Therefore, this

study aimed to determine whether serum mel-

atonin levels are associated with peroxidation

status, antioxidant status, and mortality in

patients with ischaemic stroke.

Methods

Design and subjects

In this observational and prospective study,

64 patients with severe malignant middle

cerebral artery infarction (MMCAI) were

included. The diagnosis of ischaemic

stroke was based on clinical and computed

tomography findings.1 We considered a

middle cerebral artery infarction territory

as MMCAI when computed tomography

findings indicated that there were ischaemic

changes that affected more than 50% of

the territory. Clinical severity of MMCAI

was assessed using the Glasgow coma

scale (GCS).16 We considered an MMCAI

to be severe when the GCS score was< 9.

Therefore, we included patients with

MMCAI and a GCS score< 9. Exclusion

criteria were pregnancy, inflammatory or

malignant disease, and age younger than

18 years.
This multicentre study was carried out

at six intensive care units (ICUs) in

Spain. The study was approved by the

Institutional Review Board of each of the
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following participating hospitals: Hospital

Universitario Nuestra Se~nora de Candelaria

from Santa Cruz de Tenerife, Hospital

Universitario de Canarias from La Laguna,

Hospital Universitario Dr. Negr�ın from Las

Palmas de Gran Canaria, Hospital Insular

from Las Palmas de Gran Canaria,

Hospital General de La Palma from Bre~na

Alta, and Hospital Cl�ınico Universitario de

Valencia from Valencia. Legal guardians of

patients signed written informed consent.

Variables recorded

The following variables were recorded for

each patient: sex, fibrinolytic therapy,

decompressive craniectomy, age, tempera-

ture, sodium levels, glycaemia, leukocytes,

pressure of arterial oxygen (PaO2), the PaO2/

pressure of arterial oxygen/fraction inspired

oxygen (FIO2) ratio, bilirubin levels, creati-

nine levels, haemoglobin levels, GCS, lactic

acid levels, platelet count, international

normalized ratio, activated partial thrombo-

plastin time, fibrinogen levels, and Acute

Physiology and Chronic Health Evaluation

II score.17 The endpoint of the study was

30-day mortality.

Measurement of melatonin,

malondialdehyde and total

antioxidant capacity levels

Serum samples were collected at the time

of diagnosing MMCAI and were frozen at

�80�C until measurement of melatonin,

malondialdehyde, and total antioxidant

capacity levels.
Serum melatonin levels were measured by

the ELISA method using a commercial kit

from Immuno Biological Laboratories (IBL

Hamburg GmbH, Hamburg, Germany) in

the Physiology Department of the Faculty

of Medicine from La Laguna University

(Tenerife, Spain). This kit has a detection

limit of 0.13 pg/mL, and intra- and

inter-assay coefficients of variation were
6.4% and 11.1%, respectively.

Serum levels of malondialdehyde, which
is an end-product formed during lipid per-
oxidation that is released into the extracel-
lular space and finally appears in the
blood,18,19 were measured to assess oxida-
tion. Malondialdehyde levels were mea-
sured using a thiobarbituric acid-reactive
substance assay 20 in the Physiology
Department of the Faculty of Medicine
from La Laguna University (Tenerife,
Spain). This kit has a detection limit of
0.079 nmol/mL, and intra- and inter-assay
coefficients of variation were 1.82% and
4.01%, respectively.

Serum total antioxidant capacity provides
better information on antioxidant status
than individual antioxidant compounds21

because antioxidant compounds establish
complex interactions with other antioxidant
compounds.22 Therefore, we measured
serum total antioxidant capacity to assess
antioxidant status. Total antioxidant capac-
ity measurements were performed using an
antioxidant assay kit (Cayman Chemical
Corporation, Ann Arbor, MI, USA) in the
Laboratory Department of the Hospital
Universitario de Canarias from La Laguna,
(Tenerife, Spain). This kit has a detection
limit of 0.04 mmol/L, and intra- and inter-
assay coefficients of variation were 3.4%
and 3.0%, respectively.

Statistical methods

We used medians and interquartile ranges to
report continuous variables, and frequencies
and percentages to report categorical varia-
bles. We used the Wilcoxon–Mann–Whitney
test to compare continuous variables
between groups and the chi-square test to
compare categorical variables. Multiple
logistic regression analysis was applied to
determine the association between serum
melatonin levels and 30-day mortality, con-
trolling for the GCS score and age.
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We calculated odds ratios (ORs) and
their 95% confidence intervals (CIs) to mea-
sure the clinical impact of each variable.
We used receiver operating characteristic
analysis to determine the 30-day mortality
prediction capacity for serum melatonin
levels. The Youden J index was used to
select the optimal cut-off serum melatonin
level for prognostic value (2.93 pg/mL).
We carried out Kaplan–Meier analysis to
compare 30-day survival between patients
with serum melatonin levels � 2.93 pg/mL
and> 2.93 pg/mL. Spearman’s rank correla-
tion coefficient was used to determine the
association between serum levels of melato-
nin, total antioxidant capacity, and malon-
dialdehyde. Bonferroni correction was used
for multiple comparisons. All p values lower
than 0.05 were considered as statistically sig-
nificant. We performed statistical analyses
using LogXact 4.1 (Cytel Co., Cambridge,
MA, USA), NCSS 2000 (NCSS, Kaysville,
UT, USA), and SPSS 17.0 (SPSS Inc.,
Chicago, IL, USA).

Results

A total of 32 of 64 patients died at 30 days of
severe MMCAI. Non-survivors showed sig-
nificantly higher serum levels of melatonin
(p< 0.001), malondialdehyde (p< 0.001),
and total antioxidant capacity (p< 0.001),
and had a lower GCS score (p< 0.01) than
did survivors (Table 1).

There was no significant difference in
serum melatonin levels between women
and men (3.72 [2.11–6.58] vs 3.81 [2.43–
6.18] pg/mL; p¼ 0.46), and no association
with age (rho¼ 0.15; p¼ 0.22).

In multiple logistic regression analysis,
serum melatonin levels predicted 30-day
mortality (OR¼ 2.205; 95% CI¼ 1.294–
3.759; p¼ 0.004) after controlling for GCS
score and age (Table 2). The area under the
curve of 30-day mortality prediction for
serum melatonin levels was 0.89 (95%
CI¼ 0.79–0.95; p< 0.001) (Figure 1).

Survival analysis showed a higher 30-day
mortality in patients with serum melatonin
levels> 2.93 pg/mL than in those with
lower levels (hazard ratio¼ 9.9; 95%
CI¼ 4.97–19.86; p< 0.001) (Figure 2).

We found a positive association between
serum levels of melatonin and total antiox-
idant capacity (rho¼ 0.36; p¼ 0.003),
between serum levels of melatonin and
malondialdehyde (rho¼ 0.35; p¼ 0.005),
and between serum levels of total antioxi-
dant capacity and malondialdehyde
(rho¼ 0.43; p< 0.001). All of these p
values were statistically significant after
Bonferroni correction for multiple
comparisons.

Discussion

To the best of our knowledge, our study is
the first series to report data on serum mel-
atonin levels in surviving and non-surviving
patients with MMCAI. We found that
patients with MMCAI who did not survive
showed higher serum melatonin levels than
did those who survived. We also showed
that serum melatonin levels were associated
with peroxidation status, antioxidant status,
and mortality in patients with MMCAI.

There are scarce data regarding serum
melatonin levels in patients with ischaemic
stroke. A previous study reported lower
serum melatonin levels in patients with
ischaemic stroke compared with healthy
controls.15 However, there are no previous
data regarding serum melatonin levels in
patients with ischaemic stroke according
to survival. Therefore, our study is the
first to report higher serum melatonin
levels in non-surviving than in surviving
patients with MMCAI. Additionally, we
found that serum melatonin levels were
associated with early mortality in patients
with MMCAI after controlling for CGS
and age in multiple logistic regression anal-
ysis. We also found that serum melatonin
levels were a good predictor of 30-day
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mortality according to results of receiver
operating characteristic analysis.

Another interesting novel finding of
our study was that serum melatonin levels

were associated with peroxidation status
and antioxidant status in patients with
MMCAI. A positive association was found
between serum levels of melatonin and

Table 1. Clinical and biochemical characteristics of patients with malignant middle cerebral
artery infarction according to 30-day survival

Survivors

(n¼ 32)

Non-survivors

(n¼ 32) p value

Sex, women 13 (40.6%) 12 (37.5%) 0.99

Age (years) 59 (47–68) 64 (54–70) 0.30

Volume of infarction (mL) 173 (100–231) 180 (60–277) 0.64

Thrombolysis 10 (31.3%) 10 (31.3%) 0.99

Temperature (�C) 36.4 (35.8–37.0) 37.0 (36.0–37.4) 0.19

TAC (mmol/L) 2.28 (1.88–3.31) 6.30 (3.44–12.31) <0.001

Platelet count (� 103/mm3) 214 (170–280) 170 (131–212) 0.008

PaO2 (mmHg) 137 (104–207) 114 (86–153) 0.26

PaO2/FIO2 ratio 300 (197–372) 248 (184–330) 0.22

Midline shift (mm) 6 (2–12) 10 (3–15) 0.42

Melatonin (pg/mL) 2.46 (1.77–3.37) 4.84 (3.83–11.61) <0.001

Malondialdehyde (nmol/mL) 1.89 (1.28–2.29) 2.95 (1.92–4.51) <0.001

Leukocytes-median� 103/mm3 (p 25–75) 12.5 (9.5–17.0) 13.9 (9.3–21.4) 0.43

Lactic acid (mmol/L) 1.30 (0.90–1.70) 1.40 (1.00–2.10) 0.25

INR 1.09 (1.01–1.20) 1.20 (1.05–1.31) 0.10

Haemoglobin (g/dL) 12.2 (11.4–14.4) 13.7 (11.0–15.0) 0.78

Haemorrhagic transformation 7 (21.9%) 6 (18.8%) 0.99

Glycaemia (g/dL) 128 (100–170) 135 (105–160) 0.99

GCS score 7 (6–8) 6 (3–7) 0.01

Fibrinogen (mg/dL) 440 (335–494) 419 (311–631) 0.83

Decompressive craniectomy 8 (25.0%) 5 (15.6%) 0.54

Creatinine (mg/dL) 0.80 (0.60–1.15) 1.00 (0.76–1.28) 0.12

Bilirubin (mg/dL) 0.70 (0.40–0.95) 0.70 (0.33–1.10) 0.86

aPTT (s) 28 (26–30) 27 (26–32) 0.77

APACHE-II score 20 (16–25) 22 (19–27) 0.10

Data are presented as number of patients (percent), or median (interquartile range); PaO2¼ pressure of

arterial oxygen; FIO2¼ pressure of arterial oxygen/fraction of inspired oxygen; INR¼ international nor-

malized ratio; GCS¼ Glasgow coma scale; aPTT¼activated partial thromboplastin time; APACHE¼Acute

Physiology and Chronic Health Evaluation; TAC¼ total antioxidant capacity.

Table 2. Multiple binomial logistic regression analysis to predict 30-day mortality

Variable Odds ratio

95% Confidence

interval p value

Age (years) 1.001 0.957–1.047 0.97

Serum melatonin levels (pg/mL) 2.205 1.294–3.759 0.004

Glasgow coma scale score 0.723 0.516–1.013 0.06
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Figure 1. Receiver operating characteristic analysis using serum melatonin levels as a predictor of mortality
at 30 days

Figure 2. Survival curves at 30 days using serum melatonin levels � 2.93 pg/mL vs> 2.93 pg/mL

Lorente et al. 3273



malondialdehyde, and between serum levels
of melatonin and total antioxidant capacity.
In our previous studies, we found an associ-
ation between mortality of patients with
MMCAI and serum levels of total antioxi-
dant capacity23 and of malondialdehyde24

We speculate that an explanation for our
findings is that non-survivors with MMCAI
had increased reactive oxygen species pro-
duction. This could have led to an increased
oxidant state (according to higher serum
malondialdehyde levels), higher circulating
total antioxidant status (according to higher
serum total antioxidant capacity), and higher
serum melatonin levels to compensate for the
increased production of oxidizing products.
However, this attempt of compensation to
maintain the balance of the oxidant and anti-
oxidant states could have been insufficient in
non-surviving patients with MMCAI.
Consequently, these patients had higher per-
oxidation and finally died.

In animal models of ischaemic stroke,
administration of melatonin has beneficial
effects, such as reducing oxidation, inflam-
mation, apoptosis, mitochondrial dysfunc-
tion, brain oedema, brain infarction
volume, and neurological dysfunction, and
increasing survival.25–34 Therefore, the find-
ings of our study and those from animal
models could lead to administration of mel-
atonin in patients with ischaemic stroke.

Melatonin levels can decrease with
age.35,36 However, we did not find any sig-
nificant difference in serum melatonin levels
according to age. Some studies have shown
differences in serum melatonin secretion
according to sex, with lower melatonin
levels37 and higher melatonin levels 38,39

found in women. However, serum melato-
nin levels were not significantly different
between women and men in our study.

We recognize that there are some limita-
tions in our study. First, we did not report
serum melatonin levels during follow-up in
non-surviving and surviving patients.
Second, blood samples were not obtained

from all of the patients at the same time
of day. Therefore, serum samples were col-
lected at the time of diagnosing MMCAI.
There is a circadian rhythm of melatonin,
with lower values during the light than in
the dark period. However, we measured
ICU light intensity and we found a light
intensity of 2.8 lux during the light period
(corresponding to the period of greatest
ICU activity) and of 0.2 lux during the
dark period (corresponding to the period
of the least ICU activity). The light intensi-
ty ratio between the light and dark periods
in the ICU is approximately 14. However,
outside of the hospital, the light intensity
varies from 1000 lux during the light
period to 0.1 lux during the dark period.
Consequently, the light intensity ratio
between the light and dark periods under
normal conditions could be approximately
10,000. Therefore, there were almost no
changes in the light intensity in the ICU
throughout the day. Despite these limita-
tions of our study, we believe that our
novel and interesting findings and those
from animal models could generate interest
in research on melatonin in stroke patients
regarding prediction of mortality
and treatment.

Conclusions

Our series reported data on serum melato-
nin levels in surviving and non-surviving
patients with MMCAI. Our study shows
that non-survivors with MMCAI have
higher serum melatonin levels than do sur-
vivors. Furthermore, serum melatonin
levels are associated with peroxidation
status, antioxidant status, and mortality in
patients with MMCAI.

Key messages

• Non-surviving patients with MMCAI
have higher serum melatonin levels than
do survivors.

3274 Journal of International Medical Research 46(8)



• Serum melatonin levels are associated

with mortality of patients with MMCAI.
• There is an association of serum melato-

nin levels with peroxidation and antioxi-

dant status in patients with MMCAI.
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et al. Serum malondialdehyde levels in

patients with malignant middle cerebral

artery infarction are associated with mortal-

ity. PLoS One 2015; 10: e0125893.
25. Koh PO. Melatonin attenuates the cerebral

ischemic injury via the MEK/ERK/

p90RSK/bad signaling cascade. J Vet Med

Sci 2008; 70: 1219–1223.
26. Cuzzocrea S, Costantino G, Gitto E, et al.

Protective effects of melatonin in ischemic

brain injury. J Pineal Res 2000; 29: 217–227.

27. Koh PO. Melatonin regulates the calcium-

buffering proteins, parvalbumin and hippo-

calcin, in ischemic brain injury. J Pineal Res

2012; 53: 358–365.
28. Tai SH, Hung YC, Lee EJ, et al. Melatonin

protects against transient focal cerebral

ischemia in both reproductively active and

estrogen-deficient female rats: the impact of

circulating estrogen on its hormetic dose-

response. J Pineal Res 2011; 50: 292–303.
29. Yang Y, Jiang S, Dong Y, et al. Melatonin

prevents cell death and mitochondrial dys-

function via a SIRT1-dependent mechanism

during ischemic-stroke in mice. J Pineal Res

2015; 58: 61–70.
30. Li H, Wang Y, Feng D, et al. Alterations in

the time course of expression of the Nox

family in the brain in a rat experimental

cerebral ischemia and reperfusion model:

effects of melatonin. J Pineal Res 2014;

57: 110–119.
31. Bhattacharya P, Pandey AK, Paul S, et al.

Melatonin renders by protein kinase C medi-

ated aquaporin-4 inhibition in animal model

of focal cerebral ischemia. Life Sci 2014;

100: 97–109.
32. Paredes SD, Rancan L, Kireev R, et al.

Melatonin Counteracts at a Transcriptional

Level the Inflammatory and Apoptotic

Response Secondary to Ischemic Brain

Injury Induced by Middle Cerebral Artery

Blockade in Aging Rats. Biores Open

Access 2015; 4: 407–416.
33. Ma Y, Feng Q, Ma J, et al. Melatonin amel-

iorates injury and specific responses of ische-

mic striatal neurons in rats. J Histochem

Cytochem 2013; 61: 591–605.
34. Balduini W, Carloni S, Perrone S, et al.

The use of melatonin in hypoxic-ischemic

brain damage: an experimental study.

J Matern Fetal Neonatal Med 2012;

25(Suppl 1): 119–124.
35. Ermolenko KS, Rapoport SI and Solov’eva

AV. Melatonin secretion in women of

advanced reproductive age. Klin Med

(Mosk) 2013; 91: 52–54.
36. Wetterberg L, Aperia B, Gorelick DA, et al.

Age, alcoholism and depression are

3276 Journal of International Medical Research 46(8)



associated with low levels of urinary
melatonin. J Psychiatry Neurosci 1992;
17: 215–224.

37. Obayashi K, Saeki K, Tone N, et al. Lower
melatonin secretion in older females: gender
differences independent of light exposure
profiles. J Epidemiol 2015; 25: 38–43.

38. Wada K, Nakamura K, Tamai Y, et al.
Associations of urinary 6-sulfatoxymelato-
nin with demographics, body mass, sex

steroids, and lifestyle factors in preschool
Japanese children. Ann Epidemiol 2013;
23: 60–65.

39. Touitou Y, Fevre-Montange M, Proust J,
et al. Age- and sex-associated modification
of plasma melatonin concentrations in man.
Relationship to pathology, malignant or
not, and autopsy findings. Acta Endocrinol

(Copenh) 1985; 108: 135–144.

Lorente et al. 3277


	table-fn1-0300060518775008

