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ORIGINAL STUDY

Heart rate changes in relation to sleep stages in
patients with obstructive sleep apnea syndrome

Adriana Neagos'®, Cristian Mircea Neagos?, Andra Calinciuc?, Beata Kiss’

“George Emil Palade” University of Medicine, Pharmacy, Sciences and Technology, ENT Clinic, Targu Mures, Romania
#Carol Davila” University of Medicine and Pharmacy, Bucharest, Romania

ENT Clinic, Targu Mures Emergency County Clinical Hospital, Targu Mures, Romania

ABSTRACT

BACKGORUND. Obstructive sleep apnea syndrome (OSAS) is a major health problem. The complications of this condition
decrease the quality of life. Patients with OSAS present an increased risk of cardiovascular diseases: arterial hypertension, heart
failure, myocardial ischemia, myocardial infarction, stroke.

MATERIAL AND METHODS. The patients included in the study were divided into 4 groups, depending on the value of the
apnea-hypopnea index (AHI): Control Group A with AHI<5; Group B — mild apnea, 5<AHI<15; Group C — moderate apnea,
16<AHI<30; Group D — severe apnea, AHI >30. AHI and heart rate at different sleep stages were correlated.

RESULTS. 133 patients were analyzed. The average age was 47 years+15 years, and the gender distribution shows women 21.1%
and men 78.9%. The average value of oxygen saturation was 90.45+4.99%. The average value of heart rate during sleep was
104+67.7 beats/minute. The heart rate was variable depending on the sleep stage, with p = 0.0089 regardless of the sleep stage.
CONCLUSION. It can be argued that sleep apnea is a factor that interferes with the adaptive mechanisms of heart rate during
sleep. Polysomnographic evaluation of sleep stages and clinical examination of patients with OSAS allow the initiation of treat-

ments to prevent the occurrence of cardiovascular diseases.
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INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) is a major
health problem that modern medicine is faced with. The
complications arising from this condition can be observed
in the short term, but also in the long term through the
decrease in the quality of life. The prevalence of OSA is
40% to 80% in patients with arterial hypertension, coro-
nary disease, pulmonary hypertension, atrial fibrillation
and stroke. It represents a cardiovascular risk factor’.

Nocturnal micro-awakenings, preceded by the decrease
or interruption of the respiratory flow, are generators of
the state of daytime sleepiness. Cardiovascular diseases,
metabolic syndrome, diabetes mellitus represent an im-
portant part of the effects of OSAS. Normal sleep-wake
cycles are characterized by variations in blood pressure,
heart rate and heart rhythm. Sleep apnea disrupts the in-
teraction between sleep and cardiac activity. There is an

association between sleep apnea syndrome and heart dis-
eases’. Obstructive sleep apnea occurs in most patients
with cardiac disorders and influences cardiac function®.
OSAS causes the alteration of sleep architecture and a
change in cardiovascular and respiratory parameters. This
pathology is associated with an increased risk of cardiovas-
cular diseases. In patients with obstructive sleep apnea, as
a result of sleep fragmentation, sympathetic stimulation
occurs with hypoxia, hypercapnia and increased left ven-
tricular cardiac afterload with hypertension'. As a result,
obstructive sleep apnea syndrome is associated with hyper-
tension, heart failure, myocardial ischemia, myocardial
infarction, stroke and other vascular complications?.

In OSAS, there is a reduction in heart rate variability
between rapid eye movement (REM) and non-rapid eye
movement (non-REM, NREM) sleep. Heart rate de-
creases when transitioning to NREM sleep, both from
the REM stage and from wakefulness®. This decrease is
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associated with an increase in cardiac vagal modulation.
At the same time, when making the transition from
NREM sleep to REM sleep, the fluctuations of the auto-
nomic cardiac activity are attenuated in patients with se-
vere apnea. Sleep apnea induces sudden increases in
cardiac sympathetic and parasympathetic activities®”.
The duration of sleep also varies according to the degree
of hypoxia. Thus, although the total period of sleep re-
mains unchanged (3-7 hours + 0.5), changes may occur
in the proportions of sleep that the patients benefited
from, namely 83% of sleep in the superficial NREM N1
and N2 sleep stages, with a decrease recorded in slow-
wave sleep, and REM sleep, the proportions being 13%
and 4%, respectively. During the night, there is an adap-
tation to hypoxia, the values recorded before sleep in the
group of hypoxic patients suggesting a decrease in SaO,
and in PaCO, and an increase in pH to 7.46 compared
to the patient in normoxia. During both non-REM and
REM hypoxic sleep, SaO2 decreased and PaO, increased
compared to hypoxic periods during wakefulness*®.

Heart rate shows changes in the nervous system af-
fected by apnea and hypopnea events in patients with ob-
structive sleep apnea syndrome®. To evaluate the activity of
the nervous system, the heart rate study plays an important
role and is frequently used, correlating these parameters
with the values of the apnea-hypopnea index (AHI)®. The
evaluation of the heart rate variability can be assessed by
non-invasive methods’. The therapy carried out using
positive pressure produces changes in the electrocardio-
graphic recordings. These changes can be evaluated by
using a Holter for a period of 24 hours, also analyzing
possible changes during sleep®.

There is also an association between sleep apnea syn-
drome and diabetes mellitus, respectively heart rate in
these patients''. The association of apnea-hypopnea index
values with nocturnal hypoxemia and sleep fragmentation
together with changes in heart rate are elements found in
patients with obstructive sleep apnea syndrome'?. It can be
stated that sleep breathing disorders, being a frequent
condition, are associated with an increased risk of cardiac
disorders, heart rhythm disorders and stroke'®. The use of
electrocardiography to identify obstructive sleep apnea
syndrome can analyze heart rate variability'*. Electrocar-
diographic recordings are used as modern screening
methods for the diagnosis of moderate and severe obstruc-
tive sleep apnea syndrome's. The risk of cardiovascular
diseases is known, explained by the association of hypoxia
and periods of micro-awakening (arousals) during sleep.
Heart rate variability is mediated by sinus arrhythmia, as
well as by baroreflex and thermoregulatory fluctuations'®.

Obstructive sleep apnea syndrome, being a condition
characterized by repetitive episodes of cessation of breath-
ing during sleep, followed by hypoxemia and sleep inter-
ruption, produces at the same time symptoms such as
daytime sleepiness, cognitive dysfunctions, the develop-
ment of cardiovascular and metabolic diseases, with sec-

ondary impact on the quality of life. It is known that
obstructive sleep apnea syndrome is also determined by
changes in the craniofacial massif, such as micrognathia
and retrognathia, followed by heart rhythm disorders and
neurological disorders. The diagnosis by respiratory polyg-
raphy and polysomnography can correlate the sleep
breathing disorders with sleep stages, evaluating superfi-
cial and deep sleep periods in patients with OSAS. This is
important in establishing effective treatments with the aim
of reducing symptoms and improving the quality of life'”.

The present study wants to demonstrate how cardiac
activity, respectively heart rate, changes in different stages
of sleep in patients with different degrees of the apnea-
hypopnea index, an important element in the classifica-
tion of obstructive sleep apnea syndrome.

MATERIAL AND METHODS

We performed an observational, comparative and de-
scriptive study, using the documents obtained in the
framework of the research project entitled “Evaluation of
patients with sleep breathing pathology and the implica-
tions on the quality of life”, ongoing project at the Uni-
versity of Medicine, Pharmacy, Sciences and Technology
in Targu Mures.

The inclusion criteria in the study consisted of the pa-
tient’s consent, as well as the presence of sleep breathing
disorders, associated with the values of the apnea-hypop-
nea index evaluated by polysomnographic recording. The
exclusion criteria consisted of the lack of a complete poly-
somnographic record. Patients were recorded during a
period of 6 hours, during physiological sleep. The poly-
somnographic (PSG) recording was analyzed using NREM
sleep stages 1, 2, 3, 4 and REM stage.

The study was carried out in compliance with the Dec-
laration of Helsinki, by concluding an agreement with the
institution involved and signing the professional ethics
policy and respecting the confidentiality of personal data.

From the studied group of 133 patients, 71 patients
were evaluated, in which all stages of sleep and wakeful-
ness were found in the polysomnographic recording.
They were divided into 4 groups: Group A — 20 patients —
was represented by the group of patients used as a control
group, with apnea-hypopnea index (AHI) between 0-5;
Group B - 8 patients — was represented by the group of
patients with mild apnea, with AHI between 5-15; Group
C - 7 patients — was represented by the group of patients
with moderate apnea, AHI being between 16-30; Group D
— 36 patients — was formed by the group of patients with
severe apnea, the AHI index having a value >30.

The patient data obtained through the polysomno-
graphic analysis were compared with the clinical results.
The results obtained by evaluating the 4 analyzed groups
were compared. Descriptive statistics were performed for
each group, according to sleep stages, for each degree of
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Figure 1. Comparison of the apnea-hypopnea index (AHI) with the duration of deep sleep.

apnea severity. A MANCOVA multiple comparison test was
performed, with the heart rate as the dependent variable,
the independent covariates being the study groups classi-
fied according to apnea severity. The heart rate averages
of each sleep stage, from each apnea severity group, were
therefore compared with each other.

In all patients who went through all stages of sleep on
PSG, the individual variability of heart rate values in differ-
ent stages of sleep was evaluated with the help of the
Bland-Altman method, which establishes a degree of
agreement. The Graph Pad 3.1 program was used for sta-
tistical data analysis.

RESULTS

The patients included in the study, N=133, had the fol-
lowing gender distribution: 21.1% female and 78.9% male
respectively. The average age of the patients was 56+15
years. The average value of the time spent by the 133 pa-
tients in a certain sleep stage shows the following distribu-
tion: 4.91% REM stage, 0.1% NREM stage 1, 46.20%
NREM stage 2, 16.065% NREM stage 3, 1.70% NREM
stage 4, 30.93% wakefulness. The average heart rate dur-
ing the recording period was 104 +67.7 beats/minute.

From the total of 133 patients included in the study,
after applying the exclusion criteria, 71 patients re-
mained, and then a correlation was made between the
severity of the apnea syndrome assessed by the value of
the AHI index and the heart rate in different stages of
sleep, by tracking the way heart rate varies in different
stages of sleep.

After a first analysis, comparing the values of the apnea-

hypopnea index (AHI) and the duration of deep sleep,
one can observe the significant inverse proportionality
with p=0.0004, i.e. an increase in the apnea-hypopnea
index equivalent to a moderate or severe obstructive
apnea syndrome, present in group C and D, is associated
with a significant reduction in the period spent in deep
sleep (Figure 1).

Analyzing the average apnea period in REM and NREM
stages, following descriptive statistics, an average apnea
duration of 13.1 seconds is observed in the REM stage,
respectively of 28.25 seconds in the NREM stage. The dif-
ferences recorded between these two variables are statisti-

p 0.0001
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Figure 2. Comparison between the values of apnea periods in the NREM
and REM sleep stages.
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Figure 3. Comparison of heart rate changes in REM and NREM sleep. Distribution of individual
variabilities of heart rate averages depending on NREM and REM.

cally significant, with a value of p<0.0001 (Figure 2).
Taking into account the individual variable of heart rate
in NREM and REM sleep stages, applying the Bland-Alt-
man method that establishes a threshold of agreement
between -14.3559 and 12.7015, it is observed that most of
the values fell within the range of agreement, except for 4
patients who present variable values in the NREM and
REM stage. It is about heart rate variations in different
sleep stages present in the patients, less so in the 4 patients
who showed variables in NREM and REM sleep stages.

Performing the T-student test, a statistically insignificant
p=0.34 value is obtained for the entire group of 71 investi-
gated patients (Figure 3).

Applying the same Bland-Altman analysis method, with
an agreement threshold between -15.0764 and 8.48155,
taking into account heart rate variability between NREM
sleep and wakefulness, it can be seen that the values fall
within the range of agreement, except for 5 patients. The
Tstudent test shows a value of p<0.0001, the results being
statistically significant (Figure 4).
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Figure 4. Distribution of individual variabilities of heart rate averages depending on NREM and wakefulness.



198 Romanian Journal of Rhinology, Volume 12, No. 48, October - December 2022

20 =
15 N Q
= +1.96 SD
12,3
10 = o o
L=]
s|- . g N
o o =
=1 =] L=
o o
0 -1 4 O o
o . Meaan
o = ' 26
=S= ' ¥ O O i I
@5 F S o a Q
o o = o o .
~10 = ’ o
o C o
-15 |- o
o ! ) -1.96 SD
e] . -17 .4
20 ! , 1 1 . 1 ; ]
=0 6O 70 a0 100 110
AVERAGE of rem FR and wake FR

Figure 5. Distribution of individual variabilities of heart rate averages depending on REM and wakefulness.

The same Bland-Altman method was then applied to
the individual variability of heart rate in REM and wakeful-
ness stages, in this case the acceptance threshold being
between -17.4407 and 12.3179. The comparative relation-
ship between the heart rate in the REM and wakefulness
stages of sleep shows that most of the values fell within the
range of agreement, the use of the Tstudent test revealing
avalue of p=0.0089 (Figure 5).

DISCUSSIONS

Along with oxygen saturation, heart rate is an essential
parameter, being monitored throughout any investigation
performed for sleep breathing disorders. Descriptive sta-
tistics reveal the fact that, although there are differences
between the healthy / sick status of the patients, the respi-
ratory pathology analyzed in the present case is not suffi-
cient to produce a statistically significant difference in the
average evening heart rate of the patients, who have a nor-
mal heart rate most of the night. Only by considering the
standard deviation can it be argued that there are periods
of transition to interpretable frequencies, but these are
only observed in patients with AHI>30.

Possible forms of error in the measurement of sleep by
polysomnography (PSG) involve data loss, artifacts, both
inter- and intra-event recognition errors, and measure-
ment errors. Since the polysomnogram is considered the
reference standard, the reliability and technical accuracy
of PSG is largely accepted without doubt or question.
However, the polysomnogram, even when accurately mea-
sured, recorded and analyzed, may establish an erroneous
classification of patients according to the parameters re-

corded, based on variability from night to night or accord-
ing to different types of probes used, which may produce
an under- or overestimation of events as well as due to a
vague clinical definition of the respective disorder. Esti-
mates regarding polysomnography sensitivity in detection
of AHI>5 in patients with OSA ranges from 77% to 88%.

Sleep apnea is a common disease associated with day-
time sleepiness, fatigue as well as significantly increased
morbidity and mortality due to cardiovascular accidents.
Male sex, advanced age, obesity, anatomical abnormalities
(including small pharyngeal diameter due to excessive
adipose tissue in the neck), heredity and instability of re-
spiratory control during sleep have been reported as risk
factors for the occurrence of sleep apnea. Visceral obesity
is associated with insulin resistance and metabolic syn-
drome (dyslipidemia, coagulation disorders, arterial hy-
pertension and type II diabetes, associated with
cardiovascular sequelae, mostly ischemic cardiopathy).

Regarding the heart rate, no statistically significant
difference is observed between the means of the
groups with minimal, mild, moderate or severe apnea-
hypopnea index.

Due to individual variability in heart rate, regardless of
the patients’ healthy or sick status, the problem of observ-
ing the variations of these parameters was raised, taking
into account both individual variations and those that may
occur during the change of sleep stages. For this reason,
the Bland-Altman method was used, which establishes a
so-called “threshold of agreement” or an individual limit
between which these personal variations can exist. If there
were patients whose limits did not fall within these limits,
being either below or above the threshold, these outliers
were excluded. The comparative NREM-REM heart rate
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relationship shows a statistically insignificant difference
between the means of the NREM sleep stage, lower than
the means of the REM stage values. The comparative rela-
tionship between NREM-WAKE heart rate shows a statisti-
cally significant difference between the means of the
NREM sleep stage, lower than the means of the values in
the WAKE stage. The comparative relationship between
REM-WAKE heart rate shows a statistically significant dif-
ference in the means of the REM sleep stage, lower than
the average values in the wakefulness stage.

CONCLUSIONS

In terms of heart rate, no statistically significant differ-
ence is observed between the means of the groups with
minimal, mild, moderate, or severe apnea-hypopnea
index. In light of these findings, it can be stated that sleep
apnea is a factor that interferes with the adaptive mecha-
nisms of heart rate during sleep, the transition from one
sleep stage to another being variably associated with
changes in heart rate.

Acknowledgement: This study was carried out within
the project “Evaluation of patients with sleep breathing
pathology and the implications on the quality of life”, Con-
tract No. 8302/06.12.2021.

Conflict of interest: The authors have no conflict of
interest to disclose.

Contribution of authors: All the authors have equally
contributed to this work.

REFERENCES

1. Yeghiazarians Y, Jneid H, Tietjens JR, Redline S, Brown DL, El-Sherif
N, et al. Obstructive sleep apnea and cardiovascular disease: a scientific
statement from the American Heart Association. Circulation.
2021;144(3):e56-e67. DOIL: 10.1161/CIR.0000000000000988.

2. MehraR. Sleep apnea and the heart. Cleve Clin J Med. 2019;86(9 Suppl
1):10-8. DOI: 10.3949/ccjm.86.51.03.

3. Pearse SG, Cowie MR. Sleep-disordered breathing in heart failure. Eur J
Heart Fail. 2016;18(4):353-61. DOI: 10.1002/ejhf.492.

4. Xie],YuW, Wan Z, Han F, Wang Q, Chen R. Correlation analysis between
obstructive sleep apnea syndrome (OSAS) and heart rate variability. Iran
J Public Health. 2017;46(11):1502-11.

11.

12.

14.

15.

16.

17.

Legramante JM, Galante A. Sleep and hypertension: a challenge for the
autonomic regulation of the cardiovascular system. Circulation.
2005;112(6):786-8. DOI: 10.1161/CIRCULATIONAHA.105.555714.
Gong X, Huang L, Liu X, Li G, Mao X, Liu W, et al. Correlation analysis
between polysomnography diagnostic indices and heart rate variability
parameters among patients with obstructive sleep apnea hypopnea syn-
drome. PLoS One. 2016;11(6):e0156628. DOI: 10.1371/journal.
pone.0156628.

Cabiddu R, Cerutti S, Viardot G, Werner S, Bianchi AM. Modulation of
the sympatho-vagal balance during sleep: frequency domain study of
heart rate variability and respiration. Front Physiol. 2012;3:45. DOI:
10.3389/fphys.2012.00045.

Kim YS, Kim SY, Park DY, Wu HW, Hwang GS, Kim HJ. Clinical implica-
tion of heart rate variability in obstructive sleep apnea syndrome pa-
tients. J Craniofac Surg. 2015;26(5):1592-5. DOI: 10.1097/
SCS.0000000000001782.

Gammoudi N, Cheikh RB, Saafi MA, Sakly G, Dogui M. Cardiac auto-
nomic control in the obstructive sleep apnea. Libyan ] Med.
2015;10:26989. DOI: 10.3402/1jm.v10.26989.

. Seyis S, Usalan AK, Rencuzogullari I, Kurmus O, Gungen AC. The Effects

of continuous positive airway pressure on premature ventricular contrac-
tions and ventricular wall stress in patients with heart failure and sleep
apnea. Can Respir J. 2018;2018:2027061. DOI: 10.1155/2018,/2027061.
Amra B, Behjati M, Penzel T, Fietze I, Schoebel C, Sarrafzadegan N. Noc-
turnal heart rate variation in diabetic and non-diabetic patients with
sleep apnea syndrome. Sleep Med. 2017;29:57-60. DOI: 10.1016/j.
sleep.2016.11.003.

Bradicich M, Sievi NA, Grewe FA, Gasperetti A, Kohler M, Schwarz EI.
Nocturnal heart rate variability in obstructive sleep apnoea: a cross-sec-
tional analysis of the Sleep Heart Health Study. J Thorac Dis.
2020;12(Suppl 2):5129-S138. DOT: 10.21037/jtd-cus-2020-005.

. Bounhoure JP, Galinier M, Didier A, Leophonte P. Sleep apnea syn-

dromes and cardiovascular disease. Bull Acad Natl Med. 2005;189(3):445-
59; discussion 460-4.

Sun J, Li X, Guo ], Han F, Zhang H. Identification of obstructive sleep
apnea syndrome by ambulatory electrocardiography: clinical evaluation
of time-domain and frequency-domain analyses of heart rate variability
in Chinese patients. Cell Biochem Biophys. 2011;59(3):165-70. DOI:
10.1007/5s12013-010-9128-6.

Karasulu L, Dalar L, Sékiicti S, Altin S. Heart rate variability analysis of
single-channel electrocardiogram can help to differentiate high-risk pa-
tients with obstructive sleep apnea syndrome - a study on diagnostic ac-
curacy. Anadolu Kardiyol Derg. 2012;12(4):331-8. DOI: 10.5152/
akd.2012.097.

Park DH, Shin CJ, Hong SC, Yu ], Ryu SH, Kim EJ, et al. Correlation be-
tween the severity of obstructive sleep apnea and heart rate variability
indices. ] Korean Med Sci. 2008;23(2):226-31. DOI: 10.3346/
jkms.2008.23.2.226.

Banno K, Kryger MH. Sleep apnea: clinical investigations in humans.
Sleep Med. 2007;8(4):400-26. DOI: 10.1016/j.sleep.2007.03.003.

© 2022 Adriana Neagos, Cristian Mircea Neagos, Andra Calinciuc, Beata Kiss, published by Romanian Rhinologic Society

W kG RD

This is an open access article published under the terms and conditions of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional (CC BYNCND 4.0) License (https://creativecommons.org/licenses/by-ncnd/4.0/). CC BY-NCGND 4.0 license requires that reusers give credit to the
creator by citing or quoting the original work. It allows reusers to copy, share, read, download, print, redistribute the material in any medium or format, or

to link to the full texts of the articles, for non-commercial purposes only. If others remix, adapt, or build upon the material, they may not distribute the modified material.


https://pubmed.ncbi.nlm.nih.gov/?term=Yeghiazarians+Y&cauthor_id=34148375
https://pubmed.ncbi.nlm.nih.gov/?term=Jneid+H&cauthor_id=34148375
https://pubmed.ncbi.nlm.nih.gov/?term=Tietjens+JR&cauthor_id=34148375
https://pubmed.ncbi.nlm.nih.gov/?term=Redline+S&cauthor_id=34148375
https://pubmed.ncbi.nlm.nih.gov/?term=Brown+DL&cauthor_id=34148375
https://pubmed.ncbi.nlm.nih.gov/?term=El-Sherif+N&cauthor_id=34148375
https://pubmed.ncbi.nlm.nih.gov/?term=Mehra+R&cauthor_id=31509499
https://pubmed.ncbi.nlm.nih.gov/?term=Pearse+SG&cauthor_id=26869027
https://pubmed.ncbi.nlm.nih.gov/?term=Cowie+MR&cauthor_id=26869027
https://pubmed.ncbi.nlm.nih.gov/?term=Xie+J&cauthor_id=29167768
https://pubmed.ncbi.nlm.nih.gov/?term=Yu+W&cauthor_id=29167768
https://pubmed.ncbi.nlm.nih.gov/?term=Wan+Z&cauthor_id=29167768
https://pubmed.ncbi.nlm.nih.gov/?term=Han+F&cauthor_id=29167768
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+Q&cauthor_id=29167768
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+R&cauthor_id=29167768
https://pubmed.ncbi.nlm.nih.gov/?term=Legramante+JM&cauthor_id=16087808
https://pubmed.ncbi.nlm.nih.gov/?term=Galante+A&cauthor_id=16087808
https://pubmed.ncbi.nlm.nih.gov/?term=Gong+X&cauthor_id=27253187
https://pubmed.ncbi.nlm.nih.gov/?term=Huang+L&cauthor_id=27253187
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+X&cauthor_id=27253187
https://pubmed.ncbi.nlm.nih.gov/?term=Li+C&cauthor_id=27253187
https://pubmed.ncbi.nlm.nih.gov/?term=Mao+X&cauthor_id=27253187
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+W&cauthor_id=27253187
https://pubmed.ncbi.nlm.nih.gov/?term=Kim+YS&cauthor_id=26114507
https://pubmed.ncbi.nlm.nih.gov/?term=Kim+SY&cauthor_id=26114507
https://pubmed.ncbi.nlm.nih.gov/?term=Park+DY&cauthor_id=26114507
https://pubmed.ncbi.nlm.nih.gov/?term=Wu+HW&cauthor_id=26114507
https://pubmed.ncbi.nlm.nih.gov/?term=Hwang+GS&cauthor_id=26114507
https://pubmed.ncbi.nlm.nih.gov/?term=Kim+HJ&cauthor_id=26114507
https://pubmed.ncbi.nlm.nih.gov/?term=Gammoudi+N&cauthor_id=25861821
https://pubmed.ncbi.nlm.nih.gov/?term=Ben+Cheikh+R&cauthor_id=25861821
https://pubmed.ncbi.nlm.nih.gov/?term=Saafi+MA&cauthor_id=25861821
https://pubmed.ncbi.nlm.nih.gov/?term=Sakly+G&cauthor_id=25861821
https://pubmed.ncbi.nlm.nih.gov/?term=Dogui+M&cauthor_id=25861821
https://pubmed.ncbi.nlm.nih.gov/?term=Seyis+S&cauthor_id=29623136
https://pubmed.ncbi.nlm.nih.gov/?term=Usalan+AK&cauthor_id=29623136
https://pubmed.ncbi.nlm.nih.gov/?term=Rencuzogullari+I&cauthor_id=29623136
https://pubmed.ncbi.nlm.nih.gov/?term=Kurmu%C5%9F+%C3%96&cauthor_id=29623136
https://pubmed.ncbi.nlm.nih.gov/?term=Gungen+AC&cauthor_id=29623136
https://pubmed.ncbi.nlm.nih.gov/?term=Amra+B&cauthor_id=28153217
https://pubmed.ncbi.nlm.nih.gov/?term=Behjati+M&cauthor_id=28153217
https://pubmed.ncbi.nlm.nih.gov/?term=Penzel+T&cauthor_id=28153217
https://pubmed.ncbi.nlm.nih.gov/?term=Fietze+I&cauthor_id=28153217
https://pubmed.ncbi.nlm.nih.gov/?term=Schoebel+C&cauthor_id=28153217
https://pubmed.ncbi.nlm.nih.gov/?term=Sarrafzadegan+N&cauthor_id=28153217
https://pubmed.ncbi.nlm.nih.gov/?term=Bradicich+M&cauthor_id=33214918
https://pubmed.ncbi.nlm.nih.gov/?term=Sievi+NA&cauthor_id=33214918
https://pubmed.ncbi.nlm.nih.gov/?term=Grewe+FA&cauthor_id=33214918
https://pubmed.ncbi.nlm.nih.gov/?term=Gasperetti+A&cauthor_id=33214918
https://pubmed.ncbi.nlm.nih.gov/?term=Kohler+M&cauthor_id=33214918
https://pubmed.ncbi.nlm.nih.gov/?term=Schwarz+EI&cauthor_id=33214918
https://pubmed.ncbi.nlm.nih.gov/?term=Bounhoure+JP&cauthor_id=16149210
https://pubmed.ncbi.nlm.nih.gov/?term=Galinier+M&cauthor_id=16149210
https://pubmed.ncbi.nlm.nih.gov/?term=Didier+A&cauthor_id=16149210
https://pubmed.ncbi.nlm.nih.gov/?term=Leophonte+P&cauthor_id=16149210
https://pubmed.ncbi.nlm.nih.gov/?term=Sun+J&cauthor_id=20960073
https://pubmed.ncbi.nlm.nih.gov/?term=Li+X&cauthor_id=20960073
https://pubmed.ncbi.nlm.nih.gov/?term=Guo+J&cauthor_id=20960073
https://pubmed.ncbi.nlm.nih.gov/?term=Han+F&cauthor_id=20960073
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+H&cauthor_id=20960073
https://pubmed.ncbi.nlm.nih.gov/?term=Karasulu+L&cauthor_id=22484710
https://pubmed.ncbi.nlm.nih.gov/?term=Dalar+L&cauthor_id=22484710
https://pubmed.ncbi.nlm.nih.gov/?term=S%C3%B6k%C3%BCc%C3%BC+S&cauthor_id=22484710
https://pubmed.ncbi.nlm.nih.gov/?term=Alt%C4%B1n+S&cauthor_id=22484710
https://pubmed.ncbi.nlm.nih.gov/?term=Park+DH&cauthor_id=18437004
https://pubmed.ncbi.nlm.nih.gov/?term=Shin+CJ&cauthor_id=18437004
https://pubmed.ncbi.nlm.nih.gov/?term=Hong+SC&cauthor_id=18437004
https://pubmed.ncbi.nlm.nih.gov/?term=Yu+J&cauthor_id=18437004
https://pubmed.ncbi.nlm.nih.gov/?term=Ryu+SH&cauthor_id=18437004
https://pubmed.ncbi.nlm.nih.gov/?term=Kim+EJ&cauthor_id=18437004
https://pubmed.ncbi.nlm.nih.gov/?term=Banno+K&cauthor_id=17478121
https://pubmed.ncbi.nlm.nih.gov/?term=Kryger+MH&cauthor_id=17478121



