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Abstract

Aim: Circadian rhythm dysregulation is one of the important mechanisms playing a role in the pathophysiology of bipolar disorder (BD). This study aims to
examine the relationship between deterioration in circadian rhythm and psychosocial functionality among patients with BD, healthy first-degree relatives, and
a control group.

Material and Methods: We planned a cross-sectional study consisting of 64 BD patients, 64 healthy first-degree relatives, and 64 healthy controls. We used
the Biological Rhythms Interview of Assessment in Neuropsychiatry to assess disruption in circadian rhythm, the Morningness-Eveningness questionnaire to
determine chronotypes, and the Functioning Assessment Short Test to assess functionality.

Results: In our study, it was found that the circadian rhythms of BD patients were more disrupted than those of the control group, while the BD group was
found to exhibit higher rates of morningness and eveningness than patient relatives and healthy controls. It was determined that the circadian rhythms of
BD patients with evening chronotype were more disrupted, whereas an association was noted between dysregulation circadian rhythm and deteriorated
functionality in the patient group.

Discussion: In light of the obtained data, it can be suggested that circadian rhythm disorder in BD patients may be an independent predictor of low psychosocial
functioning. Our study supports that therapeutic interventions targeting circadian rhythm stability play an important role in the acute and long-term
management of BD.
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Introduction

Bipolar disorder is a chronic mood disorder characterized by
recurrent manic, hypomanic, and depressive episodes [1]. BD
is associated with cognitive and functional impairment and
a decrease in quality of life. Rapid cycling, co-diagnosis of
substance use disorder, sub-threshold depressive symptoms,
and neurocognitive impairments are important factors affecting
functionality [2]. However, there is still insufficient information
on predictors of functional impairment.

In humans, the sleep-wake cycle, hormone levels, mood, and
cognitive functions have a rhythm of approximately 24 hours,
called the circadian rhythm, and are regulated by a central clock
located in the suprachiasmatic nucleus (SCN) in the anterior
hypothalamus [3]. While the SCN self-regulates approximately
24-hour rhythmes, it is also synchronized by environmental cues.
Light is the most important factor in terms of circadian rhythm,
but it is also affected by many environmental factors and daily
activities, meal times and social activities [4].

Chronotype is a concept that subjectively expresses the time
when individuals feel best to carry out their daily activities and
reflects the physiological order of the circadian system [5].
Different chronotypes have been defined for humans, including
morningness and eveningness. Circadian preferences displaying
both chronotype features are classified as intermediate types.
This classification is based on the sleep-wake cycle as well as
biological, psychological, and behavioral variables [3].

The pathophysiology of BD includes both endogenous
abnormalities in the central clock, SCN, and disturbances in the
external regulation of circadian rhythms by physical and social
cues. Inmany studies, polymorphisms are found in genes related
to circadian rhythm in BD patients, suggesting that circadian
rhythm dysregulation may display familial characteristics [6].
Some studies report circadian rhythm disorders in people at
risk for BD as well as an increased sensitivity to circadian
rhythm dysregulations [7].

The risk of developing BD is known to be higher in first-
degree relatives of patients with BD compared to the general
population. It is emphasized that a family where a genetic
disease is seen intensely share some common features, both
in the patient and in the individuals who have susceptibility
genes but who do not have the disease, which should be
investigated [8]. The detection of circadian rhythm disorders
during periods of remission, and its presence in healthy patient
relatives has brought forward that this condition may be an
endophenotype candidate for BD [7]. In BD, the detection of
well-defined disease-related endophenotypes is important
for the development of intervention strategies for these risk
groups.

Our study aims to examine the relationship between
deterioration in circadian rhythm and psychosocial functionality
among BD-1 patients, healthy first-degree patient relatives,
and a control group.

Material and Methods

Study Design and Participants

In our study, the patient group consisted of a total of 64
euthymic BD patients who applied to the Ondokuz Mayis
University Faculty of Medicine Psychiatry outpatient clinic, were

hospitalized in the psychiatry ward, and were diagnosed with
BD-1 according to DSM-5 [1].
study were determined as being between the ages of 18-65,
having a score of 5 or less on the Young Mania Rating Scale,
and having a score of 7 or less on the Hamilton Depression
Rating Scale. First-degree relatives and healthy volunteers
between the ages of 18-65 were included in the study. Those
with any neurological disease or organic mental disorder, or
those with alcohol or substance abuse were excluded. Those
using any psychotropic drugs were excluded from the first-

The inclusion criteria for our

degree relatives and healthy controls group.

64 healthy first-degree relatives of the patient group and 64
healthy volunteers constituted the control group following their
evaluation with respect to inclusion and exclusion criteria. 24
parents, 24 siblings and 16 children as healthy first-degree
relatives were included in the study. A gender-matched control
group was formed.

Data Collection Tools

Biological Rhythms Interview of Assessment in Neuropsychiatry
(BRIAN)

It is an assessment tool consisting of 21 items with a four-
point Likert type and is applied by the interviewer [9]. It consists
of five subscales, which include sleep, activity, social, eating
habits, and the dominant rhythm pattern. The Turkish validity
and reliability study of the scale was conducted by Aydemir et
al. in 2012. In the internal consistency analysis of the scale,
Cronbach’s alpha coefficient was calculated as 0.899 [10].
Morningness - Eveningness Questionnaire (MEQ)

The scale developed by Horne et al divides individuals into
3 groups: ‘morning type’, ‘evening type’ and ‘medium type’
according to sleep-wake pattern, lifestyle and performance
duration [11]. The Turkish validity and reliability study was
conducted by Piundik et al, and the Cronbach a internal
consistency coefficient was calculated as 0.84 [12].
Functioning Assessment Short Test (FAST)

It is a 24-item, four-point Likert-type scale filled by the
interviewer [13]. High scores indicate poor functionality. The
Turkish validity and reliability study was conducted by Aydemir
and Uykur in 2012, and the Cronbach a coefficient was found
to be 0.960 [14].

Hamilton Depression Rating Scale (HAM-D)

Itis an interviewer-filled scale developed to evaluate depression
severity in patients diagnosed with depression [15]. Akdemir et
al. conducted the Turkish validity and reliability study in 1996
and found the Cronbach a internal consistency coefficient to
be 0.75[16].

Young Mania Rating Scale (YMRS)

It aims to evaluate the severity and shifts of the manic state
[17]. The Turkish validity and reliability study was conducted
by Karadag et al. in 2001, and the Cronbach a coefficient was
found to be 0.79 [18].

Statistical Analysis

Study data were uploaded to the system and analyzed using
SPSS for Windows 21.0 (SPSS Inc, Chicago, IL). Descriptive
statistics were presented as mean (z) standard deviation,
median (Q1-Q4), frequency distribution, and percentage. The
conformity of variables to the normal distribution was examined
using visual (histograms and probability graphs) and analytical
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methods (Kolmogorov-Smirnov/Shapiro-Wilk Tests). Kruskal-
Wallis and chi-square tests were used for group comparisons
that did not fit the normal distribution. A one-way ANOVA test
was used for group comparisons with a normal distribution.
The relationship between the variables was examined with the
Spearman correlation test. In the evaluation of the Spearman r
coefficient, a relationship score of 0-0.3 was accepted as very
low, a score of 0.3-0.5 as low, a score of 0.5-0.7 as moderate, a
score of 0.7-0.9 as high, and a score of 0.9-1.0. Univariate and
multivariate linear regression analyses were used for modeling.
p<0.050 was accepted as statistically significant.

Ethical Approval

This study was approved by the Ethics Committee of Ondokuz
Mayis University (Date: 2021-05-28, No: 2021/257).

Results

The data of 64 patients diagnosed with BD-1, 64 first-degree
relatives of BD-1 patients and 64 healthy volunteers were
examined. The average age in the BD group was 36.2+10.7
years. It was observed that the patient’s relative group
(39.6+13.3) was statistically significantly older than the healthy
controls (33.3+6.8) (F:5.089, p:0.007). There was no statistically
significant difference between the groups in terms of gender.
It was found that the healthy control group had a statistically
significantly higher number of years of education than the BD
and patient relative groups (KW:39.189, p:0.001). 87.5% (n: 56)
of the BD group were in the antipsychotic group, 54.7% (n: 35)
were in the lithium group, 45.3% (n: 29) were in the sodium
valproate group, 14.1% (n: n: 9), in the antidepressant group,
4.7% (n:3) were using benzodiazepine and 3.1% (n:2) were
using lamotrigine. 92.2% (n:59) of the patients were using
combination treatments.

Comparison of the circadian rhythm dysregulation between the
groups in the sleep subscale showed that the BD group displayed
statistically significantly more deterioration than patient
relatives and healthy controls, while healthy controls displayed
statistically significantly more deterioration than patient

Table 1. Intergroup comparison of circadian rhythm dysregulation

relatives. Activity, social, eating habits, and total impairment
scores were statistically significantly higher in the BD group
than in the other two groups. Table 1 shows the comparison of
circadian rhythm dysregulations between the groups.
Intergroup comparison of chronotypes demonstrated that
the BD group displayed a higher rate of morning (39.1%)
and evening (31.3%) chronotype features and a lower rate of
intermediate type (29.7%) features than the patient relatives
and healthy controls (x2:24.681, p:0.001).

Comparison of circadian rhythm dysregulation between the
chronotypes in the patient group showed that the patients with
the evening type chronotype had statistically significantly higher
sleep scores than those with the morning and intermediate
type chronotypes. Similarly, the social scores of patients with
an evening chronotype were higher than those of patients with
an intermediate type of chronotype. In terms of total scores,
the evening type had the highest score, while the intermediate
type had the lowest score. Table 2 shows the comparison of
circadian rhythm dysregulations between chronotypes in the
BD group.

A comparison of functionality between chronotypes in the BD
group showed that the evening type displayed impairment at a
significantly higher rate than the morning type in the autonomy
subscale (KW: 8.669, p:0.013).

Comparison of the association between functionality and
circadian rhythm dysregulation in the BD group revealed a
relationship between total dysregulation and total functional
impairment (r:0.485, p:0.001). Table 3 shows the association
between
dysregulation subscales.

functionality subscales and circadian rhythm

Discussion

When the comparison was made between the groups, it was
determined that patients with BD-1 had more circadian rhythm
irregularities in all sub-dimensions compared to the relatives
and healthy control groups. It was found that patients with BD
were more sensitive to social rhythm disruptions caused by life

Bipolar Disorder (1) (n:64) Patient relative -2 (n:64) Healthy control -3 (n:64) Statistics Post-hoc
Sleep 10 (Q1:8- Q4:13) 7 (Q1:5- Q4:8) 8 (Q1:8- Q4:9) KW: 44.085  0.001* 1>3>2
Activity 11 (Q1:8- Q4:13) 5 (Q1:5- Q4:8) 6 (Q1:6- Q4:7) KW: 58536  0.001* 1>2=3
Social 8 (Q1:6- Q4:9) 5(Q1:5- Q4:7) 5 (Q1:4- Q4:6) KW: 42,332 0.001* 1>2=3
Eating habits 9 (Q1:8- Q4:10) 6 (Q1:4- Q4:8) 6 (Q1:5- Q4:7) KW: 65.976 0.001* 1>2=3
Total 38 (Q1:32- Q4:44) 23 (Q1:20- Q4:34) 26 (Q1:25- Q4:28) KW: 67.551  0.001* 1>2=3

Note: Median and quantile values are presented. Post-hoc analyses were performed with the Kruskal-Wallis and one-way ANOVA tests, and Bonferroni correction was utilized. *p<0.017

Table 2. Comparison of circadian rhythm dysregulation between chronotypes in the bipolar disorder group

Morning Type -1 (n:25)

Intermediate Type -2 (n:19)

Statistics Post-hoc

Evening Type -3 (n:20)

Sleep 9 (Q1:8- Q4:10) 10 (Q1:8- Q4:11)
Activity 10 (Q1:9- Q4:13) 8 (Q1:6- Q4:12)
Social 7 (Q1:6- Q4:9) 7 (Q1:5- Q4:8)

Eating habits 8(Q1:7 Q4:10) 9 (Q1:7- Q4:10)

Total 35 (Q1:31- Q4:40)

34 (Q1:28- Q4:39)

13(Q1:12- Q4:14) KW: 23.331 0.001* 3>1=2
12 (Q1:11- Q4:14) KW: 5.999 0.050

8(Q1:8-Q4:10) KW: 9.997 0.007* 3>2
10 (Q1:10- Q4:11) KW: 5.981 0.050
44 (Q1:44- Q4:48) KW: 16.379 0.001* 3>1>2

Note: Median and quantile values are presented. The Kruskal-Wallis test and Bonferroni correction were performed. Post-hoc analyses were performed with a one-way ANOVA test. *p<0.017
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Table 3. The association between functionality and circadian
rhythm dysregulation in the bipolar disorder group

Sleep  Activity Social Eati.n e A Total q
habits irregularity

r 0.457 0.301 0370 0258 0.437
Autonomy

p  0001* 0.016* 0003* 0039 0.001*
et 0137 0297 0330 0247 0301
functionality 579 0017*  0008*  0.049* 0016*
Cognitive r 0252 0.145 0221 0216 0255
functionality g 945+ 0254 0079 0.087 0.042*
A r 0.451 0.486 0356 0395 0546
EGHETS p  0001* 0.001* 0004*  0001* 0.001*
nterpersonal " 0367 0376 0389 0247 0.425
relations p 0.003* 0.002* 0.001* 0.049* 0.001*
y— r 0.145 0433 0353 0331 0395
activities p 0254 0.001* 0.004*  0.007* 0.001*
Total r 0351 0.427 0.453 0351 0.485
functionality g go4+ 0.001* 0001*  0.004* 0.001*

Note: The Spearman correlation analysis was used

events, and the BD group experienced social rhythm disruptions
at a higher rate following a life event of similar intensity
compared to healthy controls [6]. Disruptions in activity, social,
eating, and sleep rhythm patterns may persist as residual
symptoms in individuals with BD even during remission [19]. Our
findings were evaluated in accordance with the literature and
indicate that there is a relationship between the pathogenesis
of the disease and circadian rhythm dysregulation.

In our study, evening chronotype was found to be statistically
significantly higher in our patient group than in the patient
relatives and control groups. In the BD patient group, the rates
of morning, evening, and intermediate chronotypes were found
to be similar to each other. The intermediate chronotype is
known to be the most common type in the adult population
[20]. The higher incidence of morning and evening chronotypes
in the BD patient group compared to control groups may be
due to the fact that BD patients experience circadian rhythm
alterations at a higher rate and may have difficulty regulating
their circadian rhythms.

It was found that the sleep parameter of the patients with
the evening chronotype was statistically significantly more
disrupted than the other two groups. It can be said that exposure
to outdoor light affects the entrainment stage of circadian
rhythm, and evening chronotypes are disadvantageous in terms
of sleep loss and poor sleep quality since our society has mostly
synchronized programs according to the morning chronotype
[21]. Individuals with the evening chronotype have been shown
to be more likely to suffer from social jetlag, as they have to
adjust their habits to social demands that are not compatible
with their internal circadian rhythms [22]. Similarly, in our study,
the social scores of the patients with the evening chronotype
were higher than those with the intermediate chronotype,
indicating that circadian rhythm disruption is more common
in the evening chronotype. In addition, our finding that the
evening chronotype had statistically significantly higher scores
than the intermediate chronotype in total functionality scores
in the bipolar group is also consistent with the literature [5].

In our study, a statistically significant relationship was noted

between circadian rhythm irregularity and total impaired
functionality scores in the BD patient group. A moderately
strong correlation was found between total biological
irregularity scores and functional impairment related to
financial issues. A study examining the burden of BD reported
that BD patients had a high unemployment rate and experienced
occupational difficulties [23]. This may have caused the
patients to experience difficulties in financial matters. In BD,
both manic and depressive episodes have harmful and long-
lasting effects on general functionality, occupational status,
and job performance, while, on the other hand, the absence of
a daily routine due to being unemployed can increase the risk
of a mood episode recurring [24]. Also, consistent with social
rhythm theory, life events may impair functionality by triggering
subsyndromal depressive symptoms in BD patients, which is in
line with studies on interpersonal and social rhythm reporting
that regularity of daily and social rhythms reduces relapse and
improves occupational functioning in BD patients [25].
Limitations and Strengths

Our study has some limitations. In our study, all participants
in the patient group were receiving pharmacological treatment
that has the potential to affect their circadian rhythms,
especially their sleep patterns. Most patients with BD receive
lifelong preventive treatment. Therefore, it is very difficult to
obtain a sample of patients who are not on medication in order
to exclude the effects and side effects of drugs. Additionally,
sleep-related symptoms may remain as residual symptoms of
bipolar disorder. This situation was not excluded in our study.
In terms of the strengths of our study, it is the first to investigate
functionality among chronotypes in the relatives of patients
with BD. A review of the literature shows that there are only
a few studies examining circadian rhythm irregularities among
patient relatives. The relatively high age level of our patient
relatives enabled our control group to be more objective, in
which individuals with disease-related genes but not clinical
manifestations of the disease were targeted, in contrast to
studies that included children of BD patients.

Conclusion

In conclusion, we observed that the circadian rhythms of BD
patients in remission were more disrupted than in the healthy
control group, and morning and evening chronotypes were
observed more frequently in BD patients than in healthy control
groups. We found that circadian rhythms were more disrupted in
BD patients with an evening chronotype, and their functionality
was worse than in patients with an intermediate chronotype. We
detected a relationship between circadian rhythm irregularity
and impaired functionality in BD patients. Our results suggest
that the biological irregularity detected in BD patients may
be an independent predictor of poor psychosocial functioning.
Although longitudinal studies are needed to test the causality of
such a relationship, our study supports the idea that therapeutic
interventions targeting circadian rhythm stability play a
significant role in the acute and long-term management of BD.
Longitudinal studies with larger and multicenter sample groups
in the future will also be useful in this regard.

Scientific Responsibility Statement

The authors declare that they are responsible for the article’s scientific content
including study design, data collection, analysis and interpretation, writing, some

607 | Annals of Clinical and Analytical Medicine



Rhythm dysregulation and psychosocial functioning

of the main line, or all of the preparation and scientific review of the contents and
approval of the final version of the article.

Animal and Human Rights Statement

All procedures performed in this study were in accordance with the ethical
standards of the institutional and/or national research committee and with
the 1964 Helsinki Declaration and its later amendments or compareable ethical
standards.

Funding: None

Conflict of Interest
The authors declare that there is no conflict of interest.

References

1. American Psychological Assocation. Diagnostic and Statistical Manual of
Mental Disorders. Washington: D.C.;2013.235-42.

2. Bonnin CDM, Reinares M, Martinez-Ardn A, Jiménez E, Sdnchez-Moreno ), Solé
B, et al. Improving functioning, quality of life, and well-being in patients with
bipolar disorder. Int ] Neuropsychopharmacol. 2019;22(8):467-77.

3. Selvi Y, Besiroglu L, Aydin A. Kronobiyoloji ve duygudurum bozukluklari
[Chronobiology and mood disorders]. Psikiyatr Guncel Yaklasimlar. 2011;3(3):368-
86.

4. Coogan A. Chronobiology and chronotherapy of affective disorders. ] Cogn
Behav Psychot. 2013;13(1a):239-54.

5. Melo MC, Garcia RF, Aratijo CF, Luz JH, Bruin PF, Bruin VM. Chronotype in bipolar
disorder: An 18-month prospective study. Braz J Psychiatry. 2020(1);42:68-71.

6. Alloy LB, Boland EM, Ng TH, Whitehouse WG, Abramson LY. Low social rhythm
regularity predicts first onset of bipolar spectrum disorders among at-risk
individuals with reward hypersensitivity. ] Abnorm Psychol. 2015;124(4):944-52.
7. Anisoy O, Oral T. Bipolar bozuklukla ilgili genetik arastirmalar: Bir gézden
gecirme [Genetic research on bipolar disorder: A review]. Turk Psikiyatri Derg.
2009;20(3):282-93.

8.Zhang H, Chen J, Fang Y. Functional alterations in patients with bipolar disorder
and their unaffected first-degree relatives: Insight from genetic, epidemiological,
and neuroimaging data. Neuropsychiatr Dis Treat. 2023;19:2797-806.

9. Giglio LMF, Magalhdes PVS, Andreazza AC, Walz JC, Jakobson L, Rucci P,
et al. Development and use of a biological rhythm interview. J Affect Disord.
2009;118(1-3):161-5.

10. Aydemir O, Siiciillioglu-Dikici D, Akdeniz F, Kalayci F, Akkaya C, Altinbas K, et
al. Biyolojik ritim degerlendirme gériismesinin tiirkce siiriimiiniin giivenilirligi ve
gecerliligi [reliability and validity of the turkish version of the biological rhythm
assessment interview]. Anadolu Psikiyatri Derg. 2012;13:256-61.

11. Horne JA, Ostberg 0. A self-assessment questionnaire to determine
morningness-eveningness in human circadian rhythms. Int J Chronobiol.
1976;4(2):97-110.

12. Piindiik Z, Giir H, Ercan i. Sabahgil-aksamcil anketi tiirkce uyarlamasinda
giivenilirlik ¢alismasi [Reliability study on the Turkish adaptation of the
Morningness - Eveningness Questionnaire]. Turk Psikiyatri Derg. 2005;16(1):40-5.
13. Rosa AR, Sdnchez-Moreno J, Martinez-Aran A, Salamero M, Torrent C,
Reinares M, et al. Validity and reliability of the functioning assessment short test
(FAST) in bipolar disorder. Clin Pract Epidemiol Ment Health. 2007;3:5.

14. Aydemir O, Uykur B. Kisa islevsellik degerlendirme élcegi’nin tiirkce siiriimiiniin
bipolar bozuklukta giivenilirligi ve gecerliligi [Reliability and validity of the
Turkish version of the Functioning Assessment Short Test in bipolar disorder ].
Turk Psikiyatri Derg. 2012;23(3):193-200.

15. Hamilton M. A rating scale for depression. ] Neurol Neurosurg Psychiatry.
1960;23(1):56-62.

16. Akdemir A, Orsel DS, Dag i, Tiirkcapar MH, iscan N, Ozbay H. Hamilton
Depresyon Derecelendirme Olgegi (HDDO)'nin gecerliligi-giivenirliligi ve klinikte
kullammi [Validity-reliability and clinical use of the Hamilton depression rating
scale (HDRS)]. Psikiyatri Psikoloji Psikofarmakoloji Dergisi. 1996;4(4):251-9.

17. Young RC, Biggs JT, Ziegler VE, Meyer DA. A rating scale for mania: Reliability,
validity and sensitivity. Br J Psychiatry. 1978;133:429-35.

18. Karadag F, Oral ET, Aran Yalgin F, Erten E. Young mani derecelendirme
6lgeginin Tiirkiye'de gecerlik ve giivenilirligi [Validity and reliability of the young
mania rating scale in Turkey]. Turk Psikiyatri Derg. 2001;13(2):107-14.

19. Kapczinski F, Dias VV, Kauer-Sant’Anna M, Frey BN, Grassi-Oliveira R, Colom
F, et al. Clinical implications of a staging model for bipolar disorders. Expert Rev
Neurother. 2009;9(7):957-66.

20. Tan MN, Mevsim V, Pozlu Cifci M, Sayan H, Ercan AE, Ergin OF, et al. Who is
happier among preclinical medical students: The impact of chronotype preference.
Chronobiol Int. 2020;37(8):1163-72.

21. Bowen AE, Staggs S, Kaar J, Nokoff N, Simon SL. Short sleep, insomnia
symptoms, and evening chronotype are correlated with poorer mood and quality
of life in adolescent transgender males. Sleep Health. 2021;7(4):445-50.

22. Wittmann M, Dinich J, Merrow M, Roenneberg T. Social jetlag: Misalignment
of biological and social time. Chronobiol Int. 2006;23(1-2):497-509.

23. Sajatovic M. Bipolar disorder: Disease burden. Am J Manag Care.
2005;11(3):80-4.

24. Crowe M, Beaglehole B, Inder M. Social rhythm interventions for bipolar
disorder: A systematic review and rationale for practice. ] Psychiatr Ment Health
Nurs. 2016;23(1):3-11.

25. Frank E, Soreca I, Swartz HA, Fagiolini AM, Mallinger AG, Thase ME,
et al. The role of interpersonal and social rhythm therapy in improving
occupational functioning in patients with bipolar | disorder. Am ] Psychiatry.
2008;165(12):1559-65.

How to cite this article:

Ece Turan, Aytiil Karabekiroglu, Pelin Géksel, Omer Békeb, Ahmet Rifat Sahin,
Hatice Ozyildiz Giiz, Gékhan Sarisoy, Selcuk Ozdin. The association between
biological rhythm and psychosocial functionality in patients diagnosed with
bipolar disorder 1 and in healthy first degree relatives. Ann Clin Anal Med
2024;15(9):604-608

This study was approved by the Ethics Committee of Ondokuz Mayis University
(Date: 2021-05-28, No: 2021/257)

608 | Annals of Clinical and Analytical Medicine



