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Regulace cirkadiannich rytmu
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Regulace cirkadiannich rytmu — modulace
genetické exprese regulaénich proteinu

Bmall (Brain and muscle aryl-hydrocarbon receptor nuclear translocator-like 1),
CLOCK (Circadian Locomotor Output Cycles Kaput),

Per (Period),
Cry (Cryptochrome).
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CLOCK
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Chen and Yang Front Pharmacol. 2015; 6: 71.



n,Zeltgeber® - amplitudy a periody
cirkadianniho rytmu — vliv svétla / tmy vs. free-
running rhythm
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Nacasovani prijmu potravy a
modifikace biorytmu

Daily rhythms in
physiology and behavuor
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Herzog and Muglia Nature Neuroscience 9, 300 - 302 (2006)



In vivo tracking exprese genu spojenych
s regulaci cirkadiannich rytmu
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Centralni a periferni regulace
cirkadiannich rytmu

Central Clock
(SCN)

. Peripheral clock
Direct pathway mediated pathway
Autonomic Nervous System
Humoral Factors
Unknown Endocrine Systems

Peripheral
Clock

Clock-Controlled Genes

Aorta Endothelium VSMC

| | |

Cirkadianni variace i u erytrocytu Clock-Controlled Genes

(nezavisla na fosforylaci nuklearnich proteinu) Hypertension Research (2010) 33, 645651

Journal of Cardiology (2011) 57, 249-256



Biologicky rytmus v perifernich tkanich
kardiovaskularniho systému

8-10% proteinu ve tkanich ma cirkadianni
rytmickou expresi

endotelialni bunky (produkce NO)
bunky hladkeho svalstva (aorta)

kardiomyocyty (noradrenalin je hlavnim
,Zeltgeberem” myokardu)

Hypertension Research (2010) 33, 645-651
Journal of Cardiology (2011) 57, 249-256
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Vliv deregulace denniho rezimu na
endokrinni regulaci
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Dobrovolnici v pokusu se
zachovani (aligned)
cirkadianniho rytmu a umélym
narusenim jeho periodicity
(misaligned)

—o— aligned
—e— misaligned

Indukce poruchy glukézové tolerance

Zvyseni stredniho arterialniho tlaku
(+3%, P <0.001),

Redukce efektivity spanku
(-20%, P < 0.002).

Scheer et al. PNAS 2009;106:4453-4458



CIRKADIANNI RYTMY -
KARDIOVASKULARNI DOPADY



Cirkadianni variace agregace desticek
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Cirkadianni variace t-PA a PAI-1
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24 hodinovy profil u nemocnych s hypertenzi —
Dipper vs. Non-dipper

Krevni tlak (mm HQ) Spanek
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Adapted from: Redman, et al. 1976; Mancia, et al. 1983; Kobrin, et al. 1984; Baumgart, et al.
1989; Imai, et al. 1990; Portaluppi, et al. 1991.



Prognosticky vyznam noc¢nich hodnot TK
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Saga, Mancia et al. Circulation. 2005;111:1777-1783



Infarcts per Hour

Cirkadianni variabilita vzniku
akutniho infarktu myokardu

UE-IEBIDIEM‘J'EHEGEEIﬂzat55101214161320122'
24 Howur Period Replotted

CK-MB Estimated Hour of Onset

N Engl J Med 1985;313:1315-1322.



Cirkadianni vyskyt mozkovych céevnich prihod

Ischemic Stroke
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Vliv cirkadiannich rytmu na jaterni metabolismus
a farmakokinetiku podavanych lécCiv

Circadian clock Per1, Per2, Rev-erba, Rev-erbf, Rora, Rorf3, Rory

v
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l

Clock-controlled * ; ¢
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Tahara and Shibata Nature Reviews Gastroenterology
And Hepatology 13, 217-226 (2016)



VYZNAM PRACE NA SMENY
PRO KV RIZIKO



Scand J Work Environ Health 10 (1984) 409—414

Shift work and cardiovascular disease

by Torbjérn Akerstedt, PhD,"2 Anders Knutsson, MD,® Lars Alfredsson, PhD,* Téres Theorell, MD,
PhD’ :

AKERSTEDT T, KNUTSSON A, ALFREDSSON L, THEORELL T. Shift work and cardiovascular
disease. Scand J Work Environ Health 10 (1984) 409—414. This paper reviews a number of studies which
have presented results on the association between shift work and cardiovascular disease. It is suggested
that many of the early studies suffer from methodological flaws which render them difficult to interpret.
In studies in which incidence of disease has been computed and related to exposure to shift work, the
results indicate a higher risk for cardiovascular disease among shift workers as compared to day workers.
The evidence cannot yet, however, be considered conclusive,

Key terms: epidemiology, morbidity, mortality.

Scand J Work Environ Health 10 (1984) 409-414
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Smeénna prace a KV rizikové faktory —
metabolicky syndrom

n=27 485 , Vasterbotten intervention program (VIP)
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Pocet rizikovych faktoru: hypertenze, obezita, hypertrigyceridémie

Karlsson et al. Occup Environ Med 2001;58:747-752



Epidemiologickeé studie u zamestnanych
ve sménném provozu

Casté&ji obézni, vétsi obvod pasu
VysSsi hodnoty TG

VySSi riziko diabetu

— RR 1,37 u muzu, 1,09 u zen

VySsSi hodnoty STK

VySSi procento kuraku

Vyssi celkove vypoctene KV riziko

Thomas et al. Eur J Epidemiol. 2010 May;25(5):305-14.
Ruidavets et al. Arch Mal Coeur Vaiss. 1998 Aug;91(8):957-62.
Park et al. Ann Occup Environ Med. 2015 May 11;27:15.

Gan et al., Occup Environ Med 2014;0:1-7.



Nocni prace a subklinicka ateroskleroza
Gutenberg Health Study

Pulse wave velocity
Kumulativni vliv odpracovanych nocnich smén

15%

—— Unadjusted model
——Model 1: adjusted fpr age and gender
Model 2: adjustmerjts of model 1 plus occupa}ional characteristics
—8— Model 3: adjustmer)ts of model 2 plus disposifional & lifestyle variables

10% | " /'

5%

e n=15010

)

Percentage change in arterial stiffness related to the reference

-5%

Reference 1-220 nights vs. 0 221-660 nights vs. 0 >660 nights vs. 0
Cumulative night shift work in the last 10 years

Int Arch Occup Environ Health. 2016; 89(8): 1169-1182.



VYZNAM PRACE NA SMENY
PRO KV PRIHODY



Smeénna prace a ICHS - Japonsko...

« 17 649 zaméstnanych muzu 40 — 59 let; 233 869 osob x roku sledovani

Age adjusted
Person-years Deaths Relative 95% confidence
(no.) (no.) risk interval

Total deaths

Daytime worker 195,280 1,138  Referent

Fixed-night worker 11,751 81 1.13 0.90, 1.42

Rotating-shift worker 26,838 144 1.00 0.84, 1.19
Circulatory system diseases

Daytime worker 195,280 235 Referent

Fixed-night worker 11,751 21 m 0.90, 2.21

Rotating-shift worker 26,838 48 \22// 1.19, 2.21

Ischemic heart disease

Daytime worker 195,280 63  Referent

Fixed-night worker 11,751 5 @ 0.51, 3.17

Rotating-shift worker 26,838 18 \2.2? } 1.34, 3.84
——

Fujino et al. Am J Epidemiol 2006;164:128-135



Smenna prace a ICHS - Finsko

20 142 dospelych dvojcat
Sledovani 22 let (1982-2003)

Prihody

— 857 umrti na ICHS,

— 721 duchodu pro ICHS

— 2 642 nové léCenych hypertoniku

Relativni riziko

— ICHS umrti  1.09 muzi 1.22 zeny
— Duchod 1.15muzi  0.96 Zeny
— Hypertenze 1.15muzi  0.98 zeny

Hublin, C., Partinen, M., Koskenvuo, K. et al. Eur J Epidemiol (2010) 25: 315.



Smeéenna prace — metaanalyza

34 studii u 2 011 935 jedincu
Prace na smeéeny spojena s rizikem

IM 1.23,95% CIl 1.15 - 1.31;
Ischemické CMP 1.05, 95% CI| 1.01 -1.09:
AKS 1.24, 95% Cl 1.10 -1.39

VySsi riziko u nocCni prace

Vyas et al. BMJ 2012;345:e4800 doi: 10.1136/bmj.e4800 (Published 26 July 2012)




Smeéenna prace — metaanalyza
Prospektivni kohortove studie

Study z score P value Risk ratio (95% CI) Risk ratio (95% Cl)
Prospective cohort studies
Allesoe et al -1.65  0.10 —- 0.81 (0.63 to 1.04)
Boggild et al 0.91 0.36 -t | 0.90 (0.72t0 1.13)
Fujino et al C 7 7. 0.00 i—'— 2.32 (1.37 t0 3.94)
Hublin et al 0.73  0.46 e 1.11 (0.84 to 1.47)
Kawachi et al 2:12 0.03 . 1.31 (1.02to0 1.68)
Knutsson 1986* 2.58  0.01 3.32 (1.33t0 8.26)
Tuchsen 1993 2018 0.00 P 1.74 (1.65 to 1.84)
Tuchsen et al 2006 1.54  0.12 A 1.40 (0.91 t0 2.15)
Vertin 0.00 1.00 :. 1.00 (0.14 to 6.96)
Virkunnen et al 2.35 0.02 + 1.30 (1.04 to 1.62)
Laugsand et al 3.28  0.00 - 1.37 (1.14 t0 1.66)
Total 2.58 0.01 -‘ 1.32 (1.07 to 1.63)

0.1 a2 0.5 1 2 5 10

Shift work better Shift work worse
Vyas et al. BMJ 2012;345:e4800 doi: 10.1136/bmj.e4800 (Published 26 July 2012)



Smeéenna prace a riziko ICHS
heterogenita vysledku

Study Odds ratio &
95% confidence interval

Alfredson et al 1982 —
Tuchsen 1993 B
Kawachi et al 1995 ——
McNamee et al 1996 —1
Tenkanen et al 1997
Baggild et al 1999 o
Knutsson et al 1999 T

Karlsson et al 2005 ™
Fujino et al 2006 B D
Yadegarfar & McNamee 2008 I

Steenland & Fine 1996

01 0.2 05 1.0 2.0 5.0 10.0
Frost et al. Scand J Work Environ Health 2009, vol 35, no 3



Occupational Health

INCREASED RISK OF ISCHAEMIC HEART
DISEASE IN SHIFT WORKERS

ANDERS KNUTSSON! TORBJORN AKERSTEDT!
BJORN G. JONSSON? KRISTINA ORTH-GOMER!
National Institute for Psychosocial Factors and Health,! and S e I e kce p rezi t Im

University College, Sundsvali-Harnosand,? Stockholm, Sweden

TABLE [—-RELATIVE RISK OF ISCHAEMIC HEART DISEASE
IN DIFFERENT EXPOSURE CATEGORIES

Years of shift work

— 0 2—=5 | 6—10 [11—15]|16—20( 21—

‘ RR 10 15 20 2:2 2-8 0-4 \
ion with 1HL G/110 | 3/58 7760 | 10/81 | 10/52

Person-years 1414-5 | 776-0 | 751-0 | 9280 | 647-0 | 17225
p-values . NS NS 004 | 003 | NS

504 délniku z papirny sledovano 15 let

Knutsson et al. The Lancet 1986



Mechanismy zvyseného KV rizika prace na
smeny

SHIFT WORK
circadian stress

!

PSYCHOSOCIAL BEHAVIORAL STRESS PHYSIOLOGICAL
STRESS . STRESS
* sleep quality and
* work stress length * inflammation
» work-life ¥ | . smoking “4— | .+ blood coagulation
balance . . .
* nutrition * cardiac autonomic
* recovery from . iaht aai function
work weight gain _
. . - * HPA-axis
» physical inactivity
> * blood pressure

\ v
OTHER DISEASE CONDITIONS /
* atherosclerosis

* metabolic syndrome

* type II diabetes

'

Cardiovascular disease

Scand J Work Environ Health 2010, vol 36, no 2



Uskali epidemiologickych studii

Nejednotna expozice smenné praci

Smenna prace X nocni prace

Regionalni vlivy

Zaznamenavane prihody (veétsinou jen fatality)

Adjustace

— vySSi tradicni rizikoveé faktory u smenné prace
(koureni, BMI, metabolicky sy., hypertenze)

— po adjustaci ,tradiCnimi riziky” vliv samotného
faktu smenneé prace mizi?

,oelekce prezitim”



Zavery

» Cirkadianni rytmus hraje vyznamnou roli
— v regulaci krevniho tlaku, agregace a koagulace

— v patogeneze akutnich koronarnich prihod, arytmii a
cévnich mozkovych prihod

— ovlivnuje terapeutickou odpoved na antihypertenzni
medikaci

* Smenna (zejména nocni prace)
— je spojena s vysSim vyskytem rizikovych faktoru (koureni,
hypertenze, metabolicky sy.)
— je spojena s vyssim vyskytem KV komplikaci
— data jsou heterogenni a vysledky nejsou zcela konkluzivni



