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Bedtime banana and milk intake on sleep and
biochemical parameters
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Background and Objectives: This study aimed to evaluate the effects of milk and banana given as a bedtime
snack to patients with primary insomnia on sleep parameters and some biochemical parameters such as brain-
derived neurotrophic factor, leptin, and ghrelin. Methods and Study Design: 21 patients with insomnia who met
the inclusion criteria participated in this study. The patients were divided into 3 parallel groups: banana, milk and
control. The intervention group were given either 1 portion of banana or just 200 mL of whole-fat milk at bedtime.
The control group did not consume any non-routine food. Venous blood samples were taken at baseline and after
the study from patients to measure brain-derived neurotrophic factor, leptin and ghrelin concentrations. Sleep
quality and architecture were determined by polysomnography and Pittsburg Sleep Quality Index. Results: Pitts-
burg Sleep Quality Index scores of the banana and milk group were found to be lower after intervention (p<0.05).
In terms of polysomnography, the total sleep time of the milk group was found to be significantly higher than
baseline. Serum ghrelin concentration of the milk group decreased significantly compared to baseline. Conclu-
sions: Bedtime milk or banana intake was effective in dealing with insomnia. Foods rich in tryptophan, such as

banana and milk, given at bedtime, may improve sleep parameters and appetite hormones.
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INTRODUCTION
Sleep is one of the essential factors that plays a crucial
role in the maintenance of the circadian system. Sleep
quality (low number of awakenings >5 min, less awaken-
ing after the onset of sleep, etc.) and sleep duration (7-9
h/day) affects the general health status of individuals.
Many restorative and regulatory functions of the human
body, such as memory, mental restoration, mood and be-
havior, are also associated with sleep.* Despite the im-
portance of adequate sleep, approximately 45% of Aus-
tralian and American adults do not have the recommend-
ed 7-9 h of sleep per day.®

Insomnia is the most common form of sleep disorder.
It is characterized by one or more of the following char-
acteristics: difficulty in initiating or maintaining sleep
and/or waking up too early. Long work hours, alcohol
consumption, or being overweight are prominent factors
associated with shorter sleep duration and indirectly in-
somnia.t® Insomnia is linked to many common public
health issues. For example, insomnia is strongly linked to
obesity and diabetes, thereby indirectly increasing the
prevalence of cardiovascular diseases and mortality recip-
rocally. Furthermore, cognitive dysfunction such as
memory problems and difficulty in focusing are other
comorbid factors that may relate to insomnia.®® Previous
studies show that diet may be considered as an alternative
treatment to reduce sleep disturbances.1%!

Foods, especially, those high in tryptophan and mela-

tonin may improve sleep disorders. Foods consumed be-
fore bedtime may have a strong effect on sleep.*> Foods
that are especially rich in tryptophan given before bed-
time helps release insulin, which will draw large amino
acids into the muscle tissues and allow tryptophan to
cross the blood-brain barrier, thus promoting the synthe-
sis of serotonin and melatonin. Bananas and milk are
tryptophan-rich foods that are known to have sleep-
inducing effects. However, there has been no study that
studies their effects on sleep using objective methods.
The aim of the study was to determine the effect of 6-
week bedtime banana and milk intervention on sleep
quality and on Brain Derived Neurotrophic Factor
(BDNF), leptin, and ghrelin concentrations in patients
with insomnia. We hypothesize that banana and milk
treatment for 6-weeks at bedtime may improve sleep pa-
rameters.

Corresponding Author: Dr. Muteber Gizem Keser, KTO
Karatay University, Health Science Faculty, Department of
Nutrition and Dietetics, Central Campus: Alaaddin Kap Street.
Number:130, 42020 Karatay, Konya, Turkey

Tel: +90 444 1 251/7663

Email: muteber.gizem.keser@karatay.edu.tr

Manuscript received 24 December 2023. Initial review complet-
ed 28 May 2024. Revision accepted 05 June 2024.

doi: 10.6133/apjcn.202412_33(4).0002


mailto:muteber.gizem.keser@karatay.edu.tr

482

MG Keser, A Yuksel, AH Ekmekci and H Vatansev

METHODS

Participants

Patients with insomnia were included in the study be-
tween July 2022 and February 2023 in a neurology outpa-
tient clinic at one of the university hospitals. Patients with
insomnia were diagnosed by neurologists through Ameri-
can Sleep Medicine Academy criteria in the neurology
department of the hospital.

Inclusion criteria were: patients diagnosed with insom-
nia; aged 18 to 45 years; and BMI 18.5-24.9 kg/m? ac-
cording to Word Health Organisation (WHO) classifica-
tion. Exclusion criteria were patients that did not have
any acute or chronic psychological and medical condi-
tions, as determined by questionnaires, interviews, physi-
cal exams, clinical history, and urine and blood tests; not
taking any regular medications (except oral contracep-
tives); smokers. Other exclusion criteria were pregnant
and lactating women; those who engaged in extreme
physical activity; and allergic to banana or milk. Two of
the 23 subjects who were accepted in this study dropped
out. Finally, 21 eligible subjects completed the study with
no adverse events.

All patients provided written informed consent in ac-
cordance with the Declaration of Helsinki. The protocol
was approved by the Selcuk University Faculty of Medi-
cine Clinical Research Ethics Committee (2022/02). The
present study was registered at ClinicalTrials.gov (Clini-
calTrials.gov Identifier: NCT05420090).

Procedure

This study employed a controlled-prospective design. The
total study duration was 6-weeks with two different inter-
vention groups and a control group. Patients with insom-
nia were diagnosed by neurologists through American
Sleep Medicine Academy criteria in the neurology de-
partment of the hospital. Using G*Power software
(http:/lwww.gpower.hhu.de/) and specifying a signifi-
cance level of 0.05 and a power of 95%, a sample size
was identified as 21 patients according to the total sleep
time for subjective measurements (Cohen’s d effect size
(d): 1.93).1% Subjects were not randomized but were al-
lowed to choose to be in one of the following groups: (a)

banana group (1 portion banana (85-100 g) consumed
before bedtime), (b) milk group (200 mL whole-fat milk
before bedtime), or (c) control group (follow their routine
diets and not eat banana or milk at bedtime). All patients
were prohibited from drinking caffeinated drinks after 5
p.m. and drinking herbal teas close to bedtime because
they may interfere with sleep quality. All patients were
contacted via telephone over a period of 6 weeks to ascer-
tain their adherence to the study protocols. All patients
completed a food consumption record form to ensure
compliance with this protocol (Supplementary Table 1).
Sociodemographic characteristics of the patients were
collected via questionnaire. All patient’s anthropometric
measurement (height, weight, wait and hip circumfer-
ences were measured at the beginning of study. Depres-
sion of patients identified by the BECK Depression Scale
validated in Turkish.}* Venous blood sample was taken
during daytime and serum BDNF, leptin, and ghrelin
concentrations analysed. Study design was shown in Fig-
ure 1.

Sleep assessment

Subjective sleep assessment was determined by the Pitts-
burgh Sleep Quality Index (PSQI) validated in Turkish.*
This scale assessed sleep quality and disorders in past
month. These are subjective sleep quality, sleep time,
sleep latency, sleep efficiency, usage of drug for sleeping,
sleep disorder and daytime functionality disorder. Fur-
thermore, the objective sleep assessment method, poly-
somnography (PSG), was used to analyse patients' sleep
architecture. The type of sleep disorders was determined
by electroencephalogram (EEG) and electrocardiogram
(ECG). These are done in the sleep laboratory simultane-
ously with neurophysical or cardiorespiratory records
signalling. Records were then assessed and scored by a
neurologist following the American Sleep Medicine
Academy criteria.

| Patients selection‘ ‘

Total Study Period (6-week) ‘

BMI 18.5-24.9 kg/m?
18-45 aged
Insomnia

First assesment (Day 1) |

-Sleep architecture
Polysomnography
-Anthropometric measurements
-First questionnaire, PSQI, BECK
depression scale

-First venous blood sample (serum
BDNF, leptin, ghrelin)

by

Intervention | [ The last assesment (Day 43) |

Banana group, n=7
Routine diet+1 portion
(85-100 g) banana
before bedtime

-Sleep architecture by
Milk group. n=7 Polysomnography
Routine diet+200 mL -Last questionnaire, PSQI,

milk before bedtime BECK depression scale

-Last venous blood sample

(serum BDNF., leptin,

Control group, n=7 ghrelin)

Routine diet (not
consume banana and
milk before bedtime)

b

Food frequency and a 3-day diet record for during total study period

Figure 1. Study design
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Statistical analysis

SPSS (Statistical Package for Social Science, version 24;
Chicago, IL, USA) was used for statistical analysis of
data. Homogeneity of variance, which is a prerequisite for
parametric tests, was evaluated using the "Levene" test
and normality of the data was tested by Saphiro-Wilk test.
If differences between variables are not normally distrib-
uted, non-parametric tests were used such as Wilcoxon or
Mann Whitney U. Data were distributed normally para-
metric test was such as Paired t-test used for analysing
data. In evaluating the difference between the means of
three variables, one-way analysis of variance (ANOVA),
which is one of the parametric tests, was used if the data
was normally distributed, and Kruskal-Wallis variance
test, one of the non-parametric tests, was used if it was
not normally distributed. Pearson Correlation Coefficient
was used to evaluate the relationship between continuous
and normally distributed variables, and Spearman Corre-
lation Coefficient was used to evaluate the relationship
between non-normally distributed variables. For repeated
tests, the assumption of sphericity was checked with the
Mauchly test. Since the assumption of sphericity was not
met, Greenhouse Geisser test results and mixed design
analysis of variance were used for repeated measure-
ments. The partial eta squared (n?) was reported as a
measure of effect size. All statistical analyses were done
with SPSS 24.0 (IBM SPSS Statistics for Windows) sta-
tistical package program, and the significance level was
accepted as p <0.05.

RESULTS

Twenty-one patients with insomnia completed the study
without any adverse events. Seventeen (81%) of the pa-
tients were women and 4 were (19%) men. 57.1% of the
patients were between the ages of 18-30, and 42.9% were
between the ages of 31-45 (p>0.05). 85.7% of the patients
in the banana and control groups were women and 14.3%
were men whilst 71.4% of the patients in the milk group
were women and 28.6% were men (p>0.05). When the
age and anthropometric characteristics of the patients
were evaluated, it was seen that age, body weight, height,
BMI, waist and hip circumference were similar in all
three groups (p>0.05). Age and anthropometric character-
istics of all patients was shown in Table 1.

Subjective sleep quality

As for PSQI scores, the ANOVA revealed a significant
Group x time interaction (F=1.461, p=0.258) whereas the
main effects of Group (F=3.930, p=0.038) and time
(F=21.791, p<0.001) were significant. In post-hoc anal-
yses, a statistically significant difference was found be-
tween the banana and control group averages (p=0.005)
and between the milk and control group averages
(p=0.022) in terms of the post-intervention PSQI score.
Comparison of PSQI and BECK Depression Scale scores
between groups and within groups was presented in Table
2.

Objective sleep quality

PSG and actigraphy are the primary methods used in the
evaluation of sleep parameters. In this study, the PSG
test, was used in the measurement of the sleep architec-

ture of patients with insomnia. Multiple analysis of vari-
ance was used in repeated measurements to determine
whether there was a difference between the groups' mean
total sleep time from PSG test components. As for total
sleep time, the ANOVA revealed a nonsignificant group x
time interaction (F=0.882, p=0.431) and the main effects
of group (F=1.803, p=0.193) but time (F=5.828, p=0.027)
were found as significant.

Multiple analysis of variance was used in repeated
measurements to determine whether there was a differ-
ence between the groups' mean sleep efficiency from PSG
test components. As for total sleep efficiency, the ANO-
VA revealed a nonsignificant group x time interaction
(F=0.665, p=0.527) and the main effects of group
(F=1.235, p=0.314) and time (F=3.981, p=0.061) were
found as nonsignificant.

Multiple analysis of variance was used in repeated
measurements to determine whether there was a differ-
ence between the groups' mean sleep latency from PSG
test components. As for total sleep latency, the ANOVA
revealed a nonsignificant group X time interaction
(F=0.117, p=0.349) and the main effects of group
(F=1.868, p=0.183), and time (F=3.938, p=0.063) were
found as nonsignificant. The common effect of factors
showing measurements at different times and being in
different groups on sleep latency is not significant.

Multiple analysis of variance was used in repeated
measurements to determine whether there was a differ-
ence between the groups' mean NREM minutes from PSG
test components. As for total NREM, the ANOVA re-
vealed a nonsignificant group x time interaction
(F=2.555, p=0.106) and the main effects of group
(F=0.025, p=0.976) and time (F=3.707, p=0.070) were
found as nonsignificant. The common effect of factors
showing measurements at different times and being in
different groups on NREM is not significant.

Multiple analysis of variance was used in repeated
measurements to determine whether there was a differ-
ence between the groups' mean NREM minutes from PSG
test components. As for total NREM, the ANOVA re-
vealed a nonsignificant group x time interaction
(F=3.691, p=0.071) and the main effects of group
(F=0.068, p=0.935), and time (F=2.576, p=0.104) were
found as nonsignificant. The common effect of factors
showing measurements at different times and being in
different groups on REM is not significant. Comparison
of PSG Test components of all patients by groups was
presented in Table 3.

Biochemical parameters

Baseline serum BDNF concentrations of patients in the
banana, milk and control groups were 86.1+81.3;
23.7+£15.0; 28.4+21.3 pg/mL and 34.8£35.4 pg/mL,
20.3+8.9 pg/mL and 19.5£7.8 pg/mL post-intervention.
Multiple analysis of variance was used in repeated meas-
urements to determine whether there was a difference
between the groups' mean serum BDNF concentration
and biochemical parameters. As for serum BDNF, the
ANOVA revealed a nonsignificant group x time interac-
tion (F=2.954, p=0.078) and the main effects of group
(F=3.150, p=0.067) and time (F=5.796, p=0.027) were
found as significant.
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Table 1. Age and anthropometric characteristics of all patients (n=21)

Banana (n=7) Milk (n=7)
Mean+SD Min-Max Mean+SD Min-Max
Age (year) 27.848.3 20.0-42.0 28.1+9.2 18.0-45.0
Weight (kg) 63.0+8.5 56.0-75.0 67.2+12.9 52.0-85.0
Height (cm) 166+6.2 160-174 166+11.4 155-184
BMI (kg/m?) 22.7+2.4 18.9-25.5 24.0+2.0 20.7-25.3
Waist circumference (cm) 77.0+11.9 63.0-97.0 82.2+11.3 65.5-96.5
Hip circumference (cm) 101+5.3 92.0-108 103+6.7 94.0-112
Control (n=7) F/W p
Mean+SD Min-Max
Age (year) 27.145.4 20.0-34.0 0.03 0.97
Weight (kg) 57.4+7.6 48.0-72.0 1.72 0.21
Height (cm) 162+4.3 157-170 2.28 0.32
BMI (kg/m?) 22.0+213 18.7-25.4 2.42 0.30
Waist circumference (cm) 71.9+10.8 63.5-95.0 2.55 0.28
Hip circumference (cm) 98.2+5.5 90.0-105 1.35 0.29
BMI: Body mass index
Table 2. Comparison of PSQI and BECK Depression Scale scores
Scale scores Baseline  Post- intervention a2 p! b2 p? °n? p?
PSQI score 0.05 0.612 0.46 0.01*
Banana 9.3+2.4 4,7+0.7" 0.63 0.01*
Milk 8.7+2.6 5.4+2.9% 0.36 0.04*
Control 10.1+3.1 8.4+1.3% 0.14 0.22
BECK score 0.02 0.81 0.07 0.51
Banana 12.3+4.4 5.0+2.1 0.63 0.02*
Milk 10.345.6 7.145.5 0.52 0.05
Control 12.0+£7.9 8.0+5.9 0.42 0.12

PSQI: Pittsburgh Sleep Quality Index; BECK: BECK Depression Scale score
p': Comparison of mean value in groups. p2: Comparison of mean values between groups in baseline. p*: Comparison of mean values

between groups in post-intervention
'8 between banana and control group
85 between milk and control group

n2: Within groups. Pn% Baseline condition between groups. ®n?: Post-intervention condition between groups

*p<0.05

Baseline serum leptin concentrations of patients in the
banana, milk and control groups were 0.7£1.5 ng/mL,
0.1+0.1 ng/mL and 0.3+0.3 ng/mL and 0.5+0.79 ng/mL,
0.1+0.14 ng/mL and 0.1+0.13 ng/mL post-intervention.
Multiple analysis of variance was used in repeated meas-
urements to determine whether there was a difference
between the groups' mean serum leptin concentration and
biochemical parameters. As for serum leptin the ANOVA
revealed a nonsignificant group x time interaction
(F=0.62, p=0.55) and the main effects of group (F=1.05,
p=0.37) and time (F=2.38, p=0.14) were found as signifi-
cant.

Baseline serum ghrelin concentrations of patients in the
banana, milk and control groups were 5437+1811 pg/mL,
36931785 pg/mL and 37702639 pg/mL and
3602+1597 pg/mL, 3526+2166 pg/mL and 3079+1203
pg/mL post- intervention. Multiple analysis of variance
was used in repeated measurements to determine whether
there was a difference between the groups' mean serum
leptin concentrations from biochemical parameters. As
for serum leptin the ANOVA revealed a nonsignificant
group X time interaction (F=0.78, p=0.48) and the main
effects of group (F=1.18 p=0.33) and time (F=2.58
p=0.13) were found as nonsignificant. Comparison of

biochemical parameters of all patients by groups was in-
dicated in Table 4.

DISCUSSION

Insomnia is the most common form of sleep disorder. It
leads to such a range of health problems such as hyper-
tension, obesity and diabetes. Diet is one of the preven-
tion or treatment factors for insomnia. This clinical study
aimed to determine the effects of bedtime banana and
milk intake on patients with insomnia. Objective and sub-
jective sleep and biochemical parameters were evaluated
at baseline post-intervention. PSQI score was significant-
ly reduced in the milk and banana group post-
intervention. Overall, the PSQI score of the milk and ba-
nana group was significantly lower than the control group
after 6 weeks of intervention. This indicated that 6-weeks
bedtime banana and milk intervention improved subjec-
tive sleep quality. Therefore, bedtime banana and milk
may be associated with improved sleep parameters or
sleep quality. Patients who drank honey with milk twice a
day for three days showed significantly increased sleep
score according to the Richards-Campbell sleep scale
when compared to the control group.*® Another study
conducted in the elderly showed a reduction in sleep
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Table 3. Comparison of PSG Test components of all patients by groups
PSG Test Components Banana (n=7) Milk (n=7) Control (n=7) a2 pt b2 p? M2 p? 4n? p*
Total sleep time (min) 0.12 0.25 0.36 0.04* 0.02 0.62
Baseline 204+78.6 161+84.4 263+68.5 0.25 0.07
Post-intervention 253+71.9 265+82.3 289+68.5 0.03 0.77
Sleep efficiency (%) 0.20 0.14 0.20 0.13 0.01 0.84
Baseline 52.3+20.8 42.7£19.8 62.5+18.2 0.17 0.20
Post-intervention 68.4+13.9 63.6+£20.2 65.3+£25.6 0.01 0.91
Sleep latency (min) 0.50 0.06 0.09 0.74 0.05 0.87
Baseline 121+71.8 130+114 57.9+51.4 0.08 0.19
Post-intervention 36.3+34.3 81.7+61.3 55.8+61.8 0.12 0.31
NREM (%) 0.36 0.18 0.03 0.92 0.54 0.04*
Baseline 98.1+1.5 97.3+2.5 99.8+0.6 0.25 0.04*
Post-intervention 94.1+5.2 95.5+7.2 92.248.9 0.02 0.46
REM (%) 0.41 0.13 0.03 0.92 0.54 0.04*
Baseline 1.8+14 4.5+£7.2 0.2+0.6 0.25 0.04*
Post-intervention 5.9+5.2 2,724 6.2+5.9 0.11 0.34

PSG: Polysomnography; NREM:Non-rapid eye movement; REM: Rapid eye movement

p': Comparison of mean value between groups. p% Comparison of mean values intra groups in banana group. p*: Comparison of mean values intra groups in milk group. p*

in control group

2 Between groups. ’n?:

*p<0.05

Table 4. Biochemical parameters of all patients by groups

Intragroup effect size in banana groups. ®n?: Intragroup effect size in milk groups. n? Intragroup effect size in control groups

: Comparison of mean values intra groups

PSG Test Components Banana (n=7) Milk (n=7) Control (n=7) a2 p! b2 p? m? pd 4n? p*
BDNF (pg/mL) 0.14 0.61 0.45 0.09 0.27 0.31
Baseline 86.1+81.3 23.7+15.0 28.4+21.3 1.28 0.12
Post-intervention 34.8+£35.4 20.3+8.9 19.5+7.8 0.03 0.28
Leptin (ng/mL) 0.37 0.17 0.25 0.35 0.63 0.02*
Baseline 0.7£1.5 0.1£0.1 0.3+£0.3 0.19 0.06
Post-intervention 0.5+0.8 0.1+0.1 0.1+0.1 0.17 0.08
Ghrelin (pg/mL) 0.09 0.74 0.54 0.04* 0.09 0.74
Baseline 5437+1811 3692+1785 37702639 0.14 0.10
Post-intervention 3602+1597 3526+2166 3079+1203 0.02 0.83

PSG: Polysomnography

p': Comparison of mean value between groups. p% Comparison of mean values intra groups in banana group. p*: Comparison of mean values intra groups in milk group. p*: Comparison of mean values intra groups

in control group
% Between groups. °n

*p<0.05

2.

Intragroup effect size in banana groups. ®n?2: Intragroup effect size in milk groups. “? Intragroup effect size in control groups
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disorder in the intervention groups given either one or
two bananas daily for 14 days when compared to the con-
trol group.'” On the contrary, Markus et al. (2005) found
that evening alpha-lactalbumin intake in healthy subjects
with or without sleep complaints induced a 130% in-
crease in Tryptophan: Large Neutral Amino Acids before
bedtime but significantly reduced sleepiness.*®

PSG test and actigraphy are the main objective meth-
ods used to evaluate sleep quality. In this study, the PSG
test was used to evaluate the sleep architecture of patients
with insomnia. In the study, no significant difference was
found between the total sleep time of the banana, milk
and control groups. Total sleep time of all groups were
increased after intervention, but only a significant differ-
ence was found in the milk group pre- and post-
intervention. When the sleep efficiency of the patients
was evaluated, all groups showed increased sleep effi-
ciency post-intervention, but no significant difference was
found between all groups. Also, there was no significant
change in sleep activities before and after intervention in
all groups. Similar results were observed in a study con-
ducted by Howatson et al. (2012), whereby Montmorency
cherry juice or a placebo drink was offered to 20 patients
aged between 18 and 40 for 7 days.’® The results were
evaluated objectively by actigraphy and subjectively by
sleep diaries. At the end of the study, according to the
actigraphy results, a significant increase in total sleep
time, a non-significant decrease in sleep latency, and a
non-significant increase in sleep efficiency were detected
in the intervention group compared to the control group
and pre-intervention.

In our study involving 21 insomnia patients, when ex-
amining the sleep latency of individuals, it was observed
that the sleep latency decreased more in the banana and
milk group compared to the control group. However,
there was no statistically significant difference between
the groups. In a randomized controlled trial evaluating the
effects of an evening milk-based drink on sleep efficiency
and memory recall in sleep-deprived Indonesian children,
children aged 5-6 years were randomly assigned to three
intervention groups including a reference product, a sa-
tiety stimulant product, and a relaxant product, in which
all were prepared with milk. The study lasted for 6 weeks,
during which the children drank two portions of 200 mL
of the milk drink per day in the evening. Sleep parameters
were monitored using actigraphy and a sleep diary over
three consecutive days. At the end of the study, no signif-
icant differences were found between the treatment
groups in terms of total sleep time, sleep efficiency, or
number of awakenings. However, in the group receiving
the milk drink consisting of the satiety stimulant product,
there was a significant increase in the number of awaken-
ings by the end of the intervention, which was negatively
correlated with sleep efficiency.?

BDNF is of great importance in regulating food intake
and body weight. It is predicted that the increase in
BDNF secretion in healthy individuals may increase the
entry of leptin into the brain or cells and reduce its serum
concentrations. In this study, no significant difference
was found between inter-group or intra-group compari-
sons of banana, milk and control group patients. The rea-
son for not seeing a significant difference in BDNF con-

centrations compared to baseline may be due to multiple
factors. First, it is believed that BDNF concentrations are
not solely determined by the amount of BDNF present in
platelets, but rather by the platelets' capacity to release it.
In the study, analysing the 'ratio between BDNF in serum
and whole blood' rather than serum BDNF concentration
can more clearly express the BDNF concentration of the
patients, as it represents the release of BDNF from plate-
lets.?! It is also assumed that the venous blood samples
taken from the patients in this study were collected during
the day rather than in the early hours of the morning. Ad-
ditionally, some female patients donated blood during
their menstrual period, which may also affect BDNF con-
centration. In a study involving 18 healthy individuals, it
was observed that consumption of dark chocolate by pa-
tients for 4 weeks did not cause any change in BDNF
concentration. Similarly, in another study involving 21
healthy individuals, a decrease in meal frequency over 8
weeks also did not result in any change in BDNF concen-
tration.?22® On the contrary, in a study evaluating serum
BDNF concentrations among 50 adults with insomnia
symptoms and healthy controls, it was observed that indi-
viduals experiencing sleep deprivation had significantly
lower serum BDNF concentrations compared to healthy
individuals with normal sleep patterns, which aligns with
findings in the existing literature.?*

Sleep deprivation activates the sympathetic nervous
system and leads to a decrease in leptin concentration.?®
In a study involving children of various ages (3 years, 7
years, late adolescence), sleep deprivation was associated
with lower leptin concentrations specifically in late ado-
lescent boys. However, there was no observed relation-
ship between sleep duration and serum leptin concentra-
tion at other ages. On the other hand, in a separate study
including twenty-one patients with insomnia, no signifi-
cant difference was found in serum leptin concentrations
between groups after a 6-week period of receiving a night
meal. However, a significant difference in leptin concen-
tration was detected only in the control group compared
to baseline. This significance in the control group could
be attributed to some patients failing to adapt to the study
protocol or experiencing lifestyle changes over the ex-
tended study period. In another study involving 15
healthy men with ideal body weight, spontaneous physi-
cal activity was monitored using an accelerometer
throughout the entire experiment. Food intake and related
hormone levels were assessed during two nights of regu-
lar sleep and two nights of sleep deprivation followed by
a 15-hour daytime period. It was observed that acute
sleep restriction did not affect the participants' ghrelin and
leptin concentrations.?

It is known that ghrelin concentration can be affected
by dietary energy, protein and fat intake as well as weight
loss.? here are numerous studies in the literature examin-
ing the effect of sleep deprivation on ghrelin concentra-
tion.??° In a study conducted by Broussard et al. (2016),
ghrelin concentration was found to be significantly higher
after sleep restriction. Fasting blood leptin, ghrelin and
adiponectin concentrations of 44 university students with
a BMI over 30 were measured after one night of sleep
deprivation in another study. It was found that after sleep
deprivation, fasting leptin concentrations were found to
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be significantly lower, and ghrelin and adiponectin con-
centrations were significantly higher.? In this study, it
was observed that ghrelin concentration of insomnia pa-
tients decreased after given banana or milk at bedtime.
Serum ghrelin concentrations significant decreased in the
milk group post-intervention. Since the half-life of
ghrelin is 15-20 min, bananas given as a night meal may
have prevented this effect from being directly and signifi-
cantly reflected in the serum.%

Conclusion

Banana and milk are two foods believed to be effective in
sleep and relaxation. In this study, the sugar in ripened
banana and milk consumed at bedtime help release insu-
lin, drawing larger amino acids into muscle tissue and
allowing tryptophan to cross the blood brain barrier; thus,
promoting the synthesis of serotonin and melatonin,
which may improve sleep parameters. Additionally, both
bananas and milk contain tryptophan, further supporting
their potential sleep-promoting effects.

This study is the first to experimentally evaluate the
role of banana and milk in sleep quality and other sleep
components using the PSG test, which is known as the
gold standard objective method; hormones involved in
sleep and appetite such as BDNF, leptin, and ghrelin were
also assessed. Furthermore, the foods provided in the
study were given as a night meal, provided just before
bedtime. This timing is crucial as it coincides with the
onset of melatonin synthesis, which promotes sleep.
Many studies in the literature highlight the significance of
meals at bedtime and their effects on sleep.

According to the present study, a statistically signifi-
cant decrease was observed in the PSQI score, which
evaluates subjective sleep quality, among patients in the
banana and milk group compared to the baseline. Accord-
ing to the PSG test results used to evaluate objective sleep
quality, the total sleep duration and REM percentage of
the individuals increased significantly at the end of the
study, while the NREM percentage decreased significant-
ly. Significant difference was found between individuals'

200 mL whole-fat milk

-Decreased Pittsburg Sleep
Quality Index scores of the
banana and milk group l

ﬁ

-The total sleep time of the milk
group was found to be
significantly higher than base\inet

-Serum ghrelin concentration of
the milk group  decreased
significantly compared to the
baseline l

baseline and post-intervention leptin concentrations. Ve-
nous blood samples were taken shortly after the consump-
tion of milk or banana in order to evaluate their direct
effects and to prevent interference from other foods con-
sumed; this is also to enhance the power of the study and
the reliability of the data. However, taking blood samples
as a routine before going to bed at night is not sustaina-
ble. This study also has its limitations. Banana or milk
consumption were based on self-reported food records
and patient declaration. In addition, the body weight of
patients was not recorded at the end of the study. Further
studies may be conducted to determine the relationship
between the effects of bedtime eating on sleep depriva-
tion objectively, especially focusing on specific foods
such as bananas or milk

ACKNOWLEDGEMENTS
We express our gratitude to all the individuals who participated
in this research study.

AUTHOR DISCLOSURES
The authors declare that there are no conflicts of interest.

This study was supported by the Scientific Research Projects
Coordination of the University of Health Sciences with number
2022/157.

REFERENCES

1. Ohayon M, Mickwire EM, Hirshkowitz M, Albert SM,
Avidan A, Daly FJ, et al. National Sleep Foundation’s sleep
quality recommendations: first report. Sleep Health.
2017;3:6-19. doi: 10.10116/J.SLEH.2016.11.006.

2. Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O,
DonCarlos L, et al. National Sleep Foundation’s updated
sleep duration recommendations: final report. Sleep Health.
2015;1: 233-43. doi:10.1016/J.SLEH.2015.10.004.

3. Watson NF, Badr MS, Belenky G, Bliwise DL, Buxton OM,
Buysse D, et al. Joint Consensus Statement of the American
Academy of Sleep Medicine and Sleep Research Society on
the Recommended Amount of Sleep for a Healthy Adult:
Methodology and Discussion. Journal of Clinical Sleep
Medicine: JCSM: Official Publication of the American



488

MG Keser, A Yuksel, AH Ekmekci and H Vatansev

10.

11.

12.

13.

14.

15.

16.

17.

18.

Academy of Sleep Medicine. 931. doi:
10.5664/JCSM.4950.

Assefa SZ, Diaz-Abad M, Wickwire EM, Scharf SM. The
Functions of Sleep. AIMS Neuroscience.2015; 2: 155-71.
doi:10.3934/Neuroscience.2015.3.

Adams RJ, Appleton SL, Taylor AW, Gill TK, Lang C,
McEvoy RD, et al. Sleep health of Australian adults in 2016:
results of the 2016 Sleep Health Foundation national survey.
Sleep Health. 2017; 3: 35-42. doi:10.1016/j.sleh.2016.11.00
5

Krueger PM, Friedman EM. Sleep duration in the United
States: a cross-sectional population-based study. American
Journal of Epidemiology. 2009; 169: 1052-63.
doi:10.1093/AJE/KWP023.

Park S, Cho MJE, Chang SM, Bae JN, Jeon HJ, Cho SJ, et
al. Relationships of sleep duration with sociodemographic
and health-related factors, psychiatric disorders and sleep
disturbances in a community sample of Korean adults. J
Sleep Res. 2010; 19: 567-77. doi: 10.1111/J.1365-
2869.2010.00841.X.

Fernandez-Mendoza J, VVgontzas AN, Liao D, Shaffer ML,
Vela-Bueno A, Basta M, et al. Insomnia with objective short
sleep duration and incident hypertension: the Penn State
Cohort. Hypertension. 2012; 60:929-35.
doi:10.1161/HYPERTENSIONAHA.112.193268.

Chalet FX, Saskin P, Ahuja A, Thompson J, Olopoenia A,
Modi K, et al. The Associations between Insomnia Severity
and Health Outcomes in the United States. J Clin Med.
2023; 22:2438. doi:10.3390/jcm12062438.

Wilson K, St-Onge MP, Tasali E. Diet Composition and
Objectively Assessed Sleep Quality: A Narrative Review. J
Acad Nutr Diet. 2022; 122:1182-95.
doi:10.1016/j.jand.2022.01.007.

Godos J, Grosso G, Castellano S, Galvano F, Caraci F, Ferri
R. Association between diet and sleep quality: A systematic
review. Sleep  Med  Rev. 2021, 57:101430.
doi:10.1016/j.smrv.2021.101430.

Peuhkuri K, Sihvola N, Korpela R. Diet promotes sleep
duration and quality. Nutrition Research (New York, N.Y.).
2012; 32: 309-19. d0i:10.1016/J.NUTRES.2012.03.009.

Lin HH, Tsai PS, Fang SC, Liu JF. Effect of kiwifruit
consumption on sleep quality in adults with sleep problems.
Asia Pac J Clin Nutr. 2011;20:169-74.

Hisli N. Validity and accuracy of Beck depression inventory
among university students. Turk. J. Psychol.1989; 7:3-13.
Agargiin MY, Kara H, Anlar O. The Validity and Reliability
of the Pittsburgh Sleep Quality Index. Turk. J. Psychol.
1996;7:107-15.

Fakhr-Movahedi A, Mirmohammadkhani M, Ramezani H.
Effect of milk-honey mixture on the sleep quality of
coronary patients: A clinical trial study. Clin Nutr ESPEN.
2018;28:132-135. doi:10.1016/j.clnesp.2018.08.015.
Panurywanti EE, Wiboworini B, Indarto D. The effect of
banana dose and duration on the decrease of sleep disorders
in the elderly. J Med Allied Sci. 2021; 11: 71-6. doi:
10.5455/jmas.134020.

Markus CR, Jonkman LM, Lammers JH, Deutz NE, Messer
MH, Rigtering N. Evening intake of alpha-lactalbumin

2015;11:

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

increases plasma tryptophan availability and improves
morning alertness and brain measures of attention. Am J
Clin Nutr. 2005; 81:1026-33. doi:10.1093/ajcn/81.5.1026.
Howatson G, Bell PG, Tallent J, Middleton B, McHugh MP,
Ellis J. Effect of tart cherry juice (Prunus cerasus) on
melatonin levels and enhanced sleep quality. Eur J Nutr.
2012; 51: 909-16. doi:10.1007/S00394-011-0263-7.
Sekartini R, Chandra DN, Arsianti T, Bardosono S, Wiguna
T, Schaafsma A. An evening milk drink can affect word
recall in Indonesian children with decreased sleep
efficiency: A randomized controlled trial. Nutr Neurosci.
2018; 21: 546-55. doi:10.1080/1028415X.2017.1323396.
Karege F, Bondolfi G, Gervasoni N, Schwald M, Aubry JM,
Bertschy G. Low Brain-Derived Neurotrophic Factor
(BDNF) levels in serum of depressed patients probably
results from lowered platelet BDNF release unrelated to
platelet reactivity. Biol Psychiatry. 2005;57: 1068-72.
doi:10.1016/j.biopsych.2005.01.008.

Sumiyoshi E, Matsuzaki K, Sugimoto N, Tanabe Y, Hara T,
Katakura M. et al. Sub-chronic consumption of dark
chocolate enhances cognitive function and releases nerve
growth factors: A parallel-group randomized trial. Nutrients.
2019; 11: 1-15. doi:10.3390/nu11112800.

Carlson O, Martin B, Stote KS, Golden E, Maudsley S,
Najjar SS. Impact of reduced meal frequency without caloric
restriction on glucose regulation in healthy, normal-weight
middle-aged men and women. Metabolism. 2007; 56:1729-
34. doi:10.1016/j.metabol.2007.07.018.

Chen Z.-Y, Jing D, Bath KG, leraci A, Khan T, Siao C-J. et
al. Genetic variant BDNF (Val66Met) polymorphism alters
anxiety-related behavior. Science. 2006; 314: 140-3.
doi:10.1126/science.1129663.

Van Der Lely AJ, Tschép M, Heiman ML, Ghigo E.
Biological,  Physiological,  Pathophysiological, and
Pharmacological Aspects of Ghrelin. Endocr Rev.
2004;25:426-57. doi:10.1210/ER.2002-0029.

Schmid S. M., Hallschmid, M., Jauch-Chara, K., Born, J., &
Schultes, B. A single night of sleep deprivation increases
ghrelin levels and feelings of hunger in normal-weight
healthy men. J Sleep Res. 2008; 17: 331-4.
doi:10.1111/J.1365-2869.2008.00662. X.

Altiner A, Sahin I, Bilal T, Vural H. Factors Affecting
Blood Leptin, Ghrelin and Adiponectin Levels:Review.
Turkiye Klinikleri Journal of Veterinary Sciences. 2016;
7:15-23. doi:10.5336/VETSCI.2016-51738.

van Egmond LT, Meth EMS, Engstrom J, llemosogloui M,
Keller JA, Vogel H,et al. Effects of acute sleep loss on
leptin, ghrelin, and adiponectin in adults with healthy weight
and obesity: A laboratory study. Obesity.2023; 31: 635-641.
doi:10.1002/0by.23616.

Broussard JL, Kilkus JM, Delebecque F, Abraham V, Day
A, Whitmore HR et al. Elevated ghrelin predicts food intake
during experimental sleep restriction. Obesity (Silver
Spring). 2016; 24:132-8. doi:10.1002/0by.21321.

Mc Carthy CE. Sleep Disturbance, Sleep Disorders and Co-
Morbidities in the Care of the Older Person. Medical
Sciences  (Basel,  Switzerland).  2021;9:31.  doi:
10.3390/MEDSCI19020031.



Bedtime banana and milk intake

Supplementary Table 1. Comparison of daily energy and nutrient intake of patients’

Banana (n=7) Milk (n=7) Control (n=7) Test value p
Mean+SD Min-Max Mean+SD Min-Max Mean+SD Min-Max
Energy (kcal) 1244+336 716-1630 1226+162 991-1410 1218+501 746-2072 0.989 0.99
Carbohydrate (g) 138+37.1 86.6-189 137+15.5 118-162 137+64.3 88.1-250 0.002 0.99
Percentage (%) 44.6x4.4 38.0-50.4 44.8+3.9 40.8-52.3 44.3+3.5 38.3-48.3 0.029 0.97
Protein (g) 45.6+18.3 25.9-80.2 46.9+7.5 31.0-53.8 43.0£17.2 29.3-68.2 0.121 0.89
Percentage (%) 14.5+3.3 12.4-21.9 15.4+1.9 12.5-18.0 14.3+1.5 12.4-15.9 1.527 0.47
Lipid (g) 58.9+17.1 27.3-74.4 53.3+10.6 38.5-68.6 43.7£20.5 9.3-734 1.555 0.49
Percentage (%) 43.5£13.5 34.2-73.3 38.9+3.1 34.9-43.8 36.0+14.6 4.0-47.2 0.382 0.83
Fiber (9) 12.9+40 7.1-17.5 12.3+2.6 8.5-14.9 13.1+6.1 7.6-22.5 0.070 0.93
PUFA (g) 10.2+3.32 5.6-14.4 8.7£2.6 5.7-13.7 9.3+35 4.6-15.8 0.387 0.69
Cholesterol (mg) 258+162 81.7-476 236.2+75.2 116-350 209+79.3 91.4-348 0.328 0.73
Vit A (mg) 794+478 324-1783 754+357 341-1455 719+354 385-1342 0.208 0.90
Vit E (mg) 7.9+35 3.3-12.9 6.6+1.8 4.2-9.1 7.9+3.3 4.5-14.6 0.445 0.66
Vit B-1 (mg) 0.6+0.2 0.3-0.7 0.6+0.1 0.4-0.7 0.6+0.3 0.3-1.0 0.150 0.86
Vit B-2. (mg) 0.9+0.3 0.4-11 1.2+0.3 0.52-1.7 0.9+0.4 0.5-1.5 1.967 0.17
Vit B-3 (mg) 9.74¢5.3 5.1-20.6 8.9£1.6 5.9-10.9 8.6+2.3 5.8-12.4 0.318 0.85
Vit B-6 (mg) 1.0+0.3 0.5-1.6 0.9+0.2 0.5-1.1 0.8+0.3 0.4-1.4 1.391 0.27
Folate (mg) 167+46.6 93.8-225 191+45.4 106-225 186+74.8 109-319 0.333 0.72
Vit C (mg) 55.7+20.7 28.8-78.7 54.6+21.5 26.6-81.9 52.9+20.3 31.9-84.8 0.033 0.99
Sodium (mg) 1909+642 982-2725 2146525 1615-3233 2122+687 1318-3027 0.308 0.75
Potassium (mg) 1700471 1070-2367 1721+358 1145-2177 1519+628 1047-2672 0.349 0.72
Calcium (mg) 385+70.6 268-474 557+143 252-669 420+210 249-791 2.624 0.10
Magnesium (mg) 187+56.9 93.3-245 180+39.8 127-230 165+65.3 106-265 0.349 0.74
Phosphorus (mg) 705+210 375-973 686+341 0.9-955 624+364 172-1161 0.128 0.88
Iron (mg) 7.9+3.6 2.9-135 7.3+1.3 5.7-8.6 6.8+2.3 4.4-10.0 0.335 0.72
Zinc (mg) 6.4+1.9 3.2-84 7.0¢1.2 5.2-8.5 6.6+2.6 4.2-10.7 0.181 0.84

PUFA: Polyunsaturated fatty acid
"Nutrient intake acquired from patients' food consumption records taken 3 times a week for a total of 18 days.



