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Review article 

Impact of the circadian clock on fibrinolysis and coagulation in healthy 
individuals and cardiovascular patients – A systematic review 
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A B S T R A C T   

Introduction: Human body functions exhibit a circadian rhythm generated in peripheral cells and synchronized by 
the suprachiasmatic nucleus (SCN), which mostly is entrained by the daily light/dark cycles. Activity, meals and 
posture are capable of interfering with the endogenous circadian rhythm of coagulation parameters. An 
increasing number of human disorders show a circadian component, and epidemiological studies find cardio-
vascular events to peak in the morning hours. 
The aim was to review the circadian rhythms impact on fibrinolysis and coagulation in healthy individuals and 
cardiovascular patients. 
Materials and methods: A total number of 25 studies were identified where 8 enrolled cardiovascular patients with 
or without healthy individuals. Using a MeSH-search in MEDLINE PubMed. Only original peer-reviewed papers 
were included. 
Results: Results showed substantial variance with respect to exhibition of circadian rhythms and/or peak/trough 
times. Circadian rhythms of fibrinolysis were less pronounced in cardiovascular patients than in healthy in-
dividuals with decreased levels in the morning hours compared to healthy inducing higher risk of blood clotting. 
Conclusions: Because of small studied group sizes and failure to control for entraining factors, larger studies are 
needed to fully establish the effects of the circadian rhythm on especially coagulation. The findings of chrono-
biologic rhythms in coagulation and fibrinolysis could suggest a need for a chrono-pharmacological approach 
when treating/preventing cardiovascular diseases.   

1. Introduction 

The human body functions exhibit an approximate 24-hour circadian 
rhythm generated in cells and for the most part controlled and syn-
chronized by the suprachiasmatic nucleus (SCN) located in hypothala-
mus [1,2], creating a uniform internal time [1]. The SCN is mainly 
entrained by the light/dark cycles produced by the earth's rotation by 
special melanopsin-containing retinal ganglion cells. The information 
reaches the SCN via the retinohypothalamic tract (RHT) [3]. Other 

entrainers, or zeitgebers, are food and activity. 
In mammals, the circadian clock can influence physical parameters 

far beyond the sleep/wake and fasting/feeding cycle. Cardiovascular 
parameters, temperature, hormone secretion, metabolism, and memory 
all exhibit circadian variation [4–7]. 

The establishment of the human circadian rhythms in absorption, 
distribution, metabolism, and excretion has led to the field of chro-
nopharmacology. Ongoing research is studying the impact of the 
circadian clock on pharmacologic interventions and reverse where the 

Abbreviations: SCN, suprachiasmatic nucleus; RHT, the retinohypothalamic tract; PAI-1, plasminogen activator inhibitor; T-PA, tissue plasminogen activator and 
tissue plasminogen antigen; ECLT, euglobulin clot lysis time; Lp(a), lipoprotein(a); PPI, plasmin-plasmin inhibitor complex; PAP, plasmin-plasmin inhibitor complex/ 
plasmin-a2-antiplasmin complex; PAR, platelet aggregation ratio; FDP, fibrinogen/fibrin degradation products; TFPI, Tissue factor pathway inhibitor; AT, Anti-
thrombin; AT-III, antithrombin III; TAT, thrombin antithrombin; APTT, Activated Partial Thromboplastin Time; PT time, prothombin time; ADMA, asymmetric 
dimethylarginine; ASA, acetylsalicylic acid; PA, platelet aggregation; FD, forced desynchronization; IHD, ischemic heart disease; MI, myocardial infarction; PF-4, 
platelet factor 4; WBA, whole blood aggregation; VWF, von Willenbrand factor; В-TG, β-thromboglobulin; Long.Obs, longitudinal observational study; EPI, 
epinephrine; AA, arachidonic acid; OD, optical density. 
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use of simvastatin in the evening, is a well-established example of 
chronopharmacology [8,9]. 

According to WHO cardiovascular events are the leading cause of 
death worldwide [10]. Cardiovascular events peak in the morning be-
tween 6 am and noon pointing to the existence of a circadian component 
[11]. The cause is well discussed and may include multiple biochemical 
and physiological parameters which are controlled by the circadian 
rhythm (e.g. variations in blood pressure, activity of the autonomic 
nervous system, coagulation cascade and vascular tone), but the inter-
action of these factors and their specific influence are still unknown. 
Only few studies have investigated the circadian fluctuations of coagu-
lation and fibrinolytic activity and no review have focused on getting an 
overview over these circadian fluctuations in humans with and without 
cardiovascular event. The aim of this review is to present an overview of 
today's knowledge of the circadian rhythms impact on coagulation and 
fibrinolysis in both healthy humans and patients who have experienced 
a cardiovascular event. 

2. Methods 

2.1. Search strategy 

The search of literature was conducted in MEDLINE, PubMed, via a 
Medical Subject Heading (MesH) search. The search strategy was: 
(Stroke OR infarction OR healthy) AND “Chronobiology phenomena” 
[MesH] AND hemostasis [MesH]. 

The search resulted in 120 potentially relevant articles. In addition, a 
“hand-search” of the identified articles' reference list was conducted. 
This was done to detect any relevant missing articles. The “hand-search” 
resulted in seven articles. A total of 128 potentially relevant articles 
were thereby identified. The last search took place the 16th of January 
2021. 

2.2. Inclusion and exclusion criteria 

To be included, the studies had to be published after peer-review and 
evaluate the circadian rhythms (both night and day) impact on fibri-
nolysis and/or coagulation independent of study design. The relevant 
studied parameters had to be obtained by blood testing. The subjects 
should be studied under normal circumstances (no unnatural events/ 
intervention/environment). Due to language barriers, the articles had to 
be written in English, Danish, Swedish or Norwegian. Only original 
studies presenting own results were included. 

2.3. Data extraction 

Abstracts of the 128 articles were read and 69 articles did not fulfill 
the inclusion criteria and were excluded. Hereafter, 59 full-text articles 
were read, and 34 articles failed to fulfill the inclusion criteria. The 25 
remaining articles were evaluated by specific parameters using a pre- 
pilot extraction form (Table 2). The parameters were: the design of 
the study, the participants, the results, and a quality assessment of the 
strengths and weaknesses and thereby an evaluation of the study's lim-
itations (Fig. 1). 

3. Results 

From the identification process 25 relevant articles were identified, 
reviewed, and included. All the identified parameters across the 25 
papers is visualized (Table 1) together with study information (Table 2). 
A total number of 20 out of 25 relevant articles investigated the circa-
dian rhythms impact on coagulation, fibrinolysis, or both in healthy 
persons only or together with cardiovascular patients [12–31]. The 
remaining articles addressed the same question in cardiovascular pa-
tients only and represent four different study designs; two longitudinal 

Fig. 1. Prisma flow diagram.  
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observational studies [32,33], One comparative retrospective study [34] 
and One cross-sectional study [35]. 

3.1. Fibrinolysis parameters in healthy individuals and cardiovascular 
patients 

3.1.1. Plasminogen activator inhibitor (PAI-1) 
Amount of 10 papers studied PAI-1 activity or antigen fluctuations in 

healthy individuals [12–15,26–30,34] and 4 in patients with AMI, se-
vere myocardial ischemia or both [26,27,33,34] (Table 3). 

3.1.2. Tissue plasminogen activator and tissue plasminogen antigen (t-PA) 
The daily variation of t-PA levels in healthy individuals were pre-

sented in seven papers [12,13,15,27–30]. t-PA activates plasminogen 
and thereby promotes fibrinolysis while PAI-1 inhibits fibrinolysis by 
inhibiting t-PA. The included articles investigated t-PA levels as t-PA 
antigen, t-PA activity, or both. The fluctuations of t-PA antigen signifi-
cantly showed the same diurnal variation as PAI-1 activity [12,13,30]. 
However, the activity of t-PA varied inversely to t-PA antigen, PAI-1 
antigen, and PAI-1 activity with peaks at 2 pm [28], 3 pm [12] or 5 
pm [30] 6 pm [15]. The discordance between the daily variations of t-PA 
antigen and activity is attributed to the inhibitory effect of PAI-1 on t-PA 
activity [12]. Two studies measured blood levels of plasminogen and 
α-1-antiplasmin but no circadian rhythms were found [16,29]. 

Two studies investigated t-PA antigen fluctuations in patients with 
AMI, severe myocardial infarction or both [27,33]. Huber et al. found 
trends that t-PA antigen followed the same rhythm as PAI-1 activity 
[27]. No circadian rhythm of t-PA levels was observed in the observa-
tional study [33]. 

3.1.3. Euglobulin clot lysis time (ECLT) 
One study regarding the diurnal variation of ECLT in healthy humans 

were identified [13]. This study found fibrinolysis to be lowest in the 
morning at 8–11 am 1 ± 0.2 AU/mL [13]. 

One study concerning daily ECLT variations in patients (ischemic 
stroke) was identified [32]. Fibrinolysis was found to be lowest at 7–11 
am (139 ± 10.12 min) and to increase during the day till maximum 
activity at midnight (110 ± 5.08 min). 

3.1.4. Lipoprotein(a) (Lp(a)) 
One study regarding Lp(a) and fibrinolysis was identified [34]. All 

were AMI patients. A negative correlation between Lp(a) and t-PA ac-
tivity was observed between 6 am and noon and a non-significant trend 
toward a positive correlation between Lp(a) and PAI-1 occurred in the 
same timeframe. No studies regarding Lp(a) and fibrinolysis in healthy 
individuals were identified. 

3.1.5. Plasmin-plasmin inhibitor complex (PPI) 
Three study addressing the circadian variations of plasmin-plasmin 

inhibitor complex/Plasmin-a2-antiplasmin complex (PAP) were identi-
fied [14,28,29]. The participants included were all healthy. However, 
the studies are conflicting each other since Kapiotis et al. [14] found that 
PPI measured at 8 pm was found to be significantly higher (449 ± 58 μg) 
than PPI measured at 8 am (235 ± 37 μg), suggesting that intravascular 
plasmin generation is highest in the evening and Budkowska et al. found 
the opposite with the highest levels at 8 am [103.7 ± 31.7 ng/mL in 
women, 146.9 ± 58.0 ng/mL in men (p = 0.0012)], and the lowest in the 
evening, around 8 pm [40.2 ± 14.8 ng/mL in women, 52.3 ± 20.9 ng/ 
mL in men (p = 0.0012)]. No rhythmicity was found in PAP by Akiyama 
et al. [29] No studies regarding PPI in cardiovascular patients were 
identified. 

3.2. Coagulation and platelet parameters in healthy individuals and 
cardiovascular patients 

3.2.1. Platelet count 
Two articles reported the circadian changes of platelet count in 

healthy individuals, both from longitudinal observational studies 
[17,28]. Budkowska et al. [28] found the peak time at 2 pm (294 ± 44 
G/L in women, 282 ± 42 G/L in men), while the lowest were observed in 
the morning at approximately 8 am (252 ± 41 G/L in women, 253 ± 40 
G/L in men). No studies regarding platelet count or platelet size in 
cardiovascular patients were identified. 

3.2.2. Platelet adhesion 
Three longitudinal observational studies investigated the circadian 

variations of platelet adhesion [16,17,28]. Only healthy individuals 

Table 1 
An overview of all identified parameters regarding circadian changes of hemo-
stasis which include fibrinolytic, coagulation and platelet parameters.   

Effect(s) Reference(s) 

Fibrinolytic parameters 
t-PA Activates plasminogen: 

promotes fibrinolysis. 
[12,13,15,27–30,33] 

PAI-1 Inhibits t-PA = inhibits 
fibrinolysis. 

[12–15,26–30,33,34] 

PPI/PAP Marks intravascular plasmin 
generation. 

[14,28,29] 

Alpha 1 
antiplasmin 

Responsible for inactivating 
plasmin 

[16,29] 

Alpha-2- 
macroglobulin 

An inhibitor plasmin, 
kallikrein and thrombin. 

[16] 

ECLT Time for euglobulin fraction of 
plasma to form a fibrin clot. 

[13,32] 

Lp(a) Probably an inhibitor of 
fibrinolysis. 

[34] 

Plasminogen The inactive precursor of 
plasmin 

[16,29]  

Coagulation and platelet parameters 
B-TG PF-4 Markers of platelet activation. [22,23,29] 
Anti-GMP-140 – [20] 
Platelet adhesion – [16,17,28] 
Platelet 

aggregation 
– [16–18,22,25,28,31,32] 

Whole blood 
aggregation 

– [18,19] 

Platelet count – [16,17,28] 
ADMA Inhibits platelet activation by 

inhibiting NO synthesis. 
[35] 

Antithrombin(-III) Inhibits enzymes in the 
coagulation cascade. 

[16,23,25,29,32] 

APTT Time (sek) it takes for a clot to 
form in blood 

[16,25,28] 

Factor VII Coagulation cascade: leads to 
the formation of fibrin 

[14,24,29,36] 

F II, V, VIII, X, XI, 
XII 

Coagulation cascade: leads to 
the formation of fibrin 

[16](Factor V) [16](Factor VIII) 

[29] 
IX antigen level  [29] 
Fibrinogen Cleaved to form fibrin. [16,25,26,28,29] 
Fibrinopeptide A Product of proteolytic cleavage 

of fibrinogen 
[29] 

FDP Substances after a dissolved 
blood clot 

[29,32] 

PAR Low ratio: high aggregation 
ratio. 

[20,29] 

Protein C Anticoagulant protein. [23,29] 
Protein S Cofactor for protein C. [23] 
Prothrombin 

fragment 
Released from prothrombin. [14] 

PT Time for plasma to clot after 
addition of tissue factor. 

[16,28] 

TFPI Inhibits coagulation by 
inhibiting factor Xa and TF- 
WIIa. 

[24] 

Vitamin K Cofactor for coagulation 
factors II, VII and X. 

[21] 

Von Willebrand 
factor 

Promotes platelet adhesion. [29,33,36] 

D-dimer Fibrin degradation product. [22,28] 
TAT Maker of in vivo thrombin 

generation. 
[22,28,34]  
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Table 2 
A summarized overview of study information of all the included papers. Abbreviations: M = Male. ag/a: antigen/activity. Com. Retro = comparative retrospective. +
= significant rhythmicity. Italics = not included in the review due to lack of use in the clinic. += significant rhythmicity, − /+= diurnal rhythmicity described, but not 
significant with the used statistics. - = no significant rhythmicity. (-) = no data. See also abbreviations list. *The healthy group from Adamian et al. is excluded from the 
review as no biochemical analyzes were measured in this group.  

Reference Design N Healthy/age N CVD/age Parameters Circadian 
rhythm 
(+/− ) 

Strengths Weaknesses 

Petralito et al.  
[25] 

Case- 
control 

10 (10M)/ 
average age 58 

10 (10 M) MI/ 
average age 58 

PA 
AT-III 
Fibrinogen 
APTT 

+ (healthy) 
+ (CVD) 
+ (healthy) 
+ (both) 

Controlled environment, 
meals and activity. 
Blood sampling 8/day 

Small group size 
No FD protocol 

Adamian et al.  
[26] 

Case- 
control 

26 (-)/ 
age 42–43* 

123 (-) IHD + MI/ 
age 50–51 

PAI-I:a 
Fibrinogen 
Prothrombin index 
Thrombin time 
Heparin Time 
Plasma heparin 
tolerance 
Plasminogen 
proactivator 
Antiplasmin 
Fibrinase 

+ (CVD) 
+ (CVD) 
+ (CVD) 
+ (CVD) 
+ (CVD) 
- (CVD)  

+ (CVD)  

- (CVD) 
+ (CVD) 

Bigger group, controlled 
environment, meals, activity 
Blood sampling 8/day 

No FD protocol 
Gender not accounted 
for. 

Huber et al.  
[27] 

Case- 
control 

22 (10M)/age 
49–69 

63 (49M) IHD/age 
49–69 

t-PA:ag 
PAI-I:a 

+ (both) 
+ (both) 

Bigger group, controlled 
environment 

No FD protocol 

Ündar et al.  
[31] 

Case- 
control 

10 (6M)/age 
24–70 

10 (8M) CAD/age 
36–60 

PA + (both) Controlled environment, meals, 
activity, Blood sampling 7/day 

Small group size 
No FD protocol 

Johansen et al.  
[30] 

Cross- 
sectional 

20 (8M)/age 
(22–46) 

− t-PA:ag 
PAI-I:a 

+

+

Controlled environment Small group size  
No FD protocol 

Budkowska 
et al. [28] 

Long. Obs 66 (33M)/age 
26–44 

− PAI-1:a 
t-PA 
D-dimer 
PPI/PAP 
APTT 
PT 
Fibrinogen 
TAT 
PA 
Platelet count 
Platelet adhesion 

+

+

+

+

+

+

+

+

+

+

- 

Bigger group, controlled 
environment 

Blood sampling 4 times 
No FD protocol 

Kluft et al. [12] Long. Obs 10 (10M)/age 
22–34 

− t-PA:ag/a 
PAI-I:ag 

+

+

Standardized blood drawing Small group size 
ambulatory 
participants 

Grimaudo et al. 
[13] 

Long. Obs 8 (8M)/age 
18–30 

− ECLT 
PAI-I:a/ag 
t-PA:ag 

+

+

+

Blood sampling 6 times Small group size 
No FD protocol 

Akiyama et al.  
[29] 

Cross- 
sectional 

16 (9M)/age 
21–51 

. Fibrinogen 
Factor VIII, IX 
II, V, VII, X, XI, XII 
AT-III 
Plasminogen 
Alpha1antiplasmin 
IX antigen level 
VWF 
Protein C 
PAI-1 
t-PA 
B-TG 
PF-4 
Fibrinopeptide A 
PAP 
FDP 

- 
+

- 
- 
- 
- 
- 
- 
- 
- 
+

+

+

+

- 
- 
- 

Blood sampling 7 times Small group size 
No FD protocol  

Andreotti et al.  
[15] 

Long. Obs 6 (4M)/age 
23–39 

− PAI-I:a 
t-PA:a 

+

+

Blood sampling 8 times Small group size 
No FD protocol 

Haus et al. [16] Long. Obs 10 (5M)/age 
20–42 

− Fibrinogen, PA 
Platelet adhesion 
AT-III 
Factor V 
Plasminogen 
PT 
APTT 
Factor VIII 
Alpha-2- 
macroglobulin 

+

+

- 
- 
- 
+

+

+

- 

Controlled meals 
Blood sampling 6/day 

Small group size 
No FD protocol 
Ambulatory 

Jovicic et al.  
[32] 

Long. Obs − 21 (21M) Ischemic 
stroke./age 51–65 

PA 
Antithrombin III 

+

- 
Blood sampling 6/day 

(continued on next page) 
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were included. All three studies found higher platelet adhesion in the 
morning compared to the evening values and Haus et al. [16] and 
Budkowska et al. [28] found that platelet adhesion exhibit a significant 
circadian rhythm with a peaked at 8 am. No studies regarding platelet 
adhesion in cardiovascular patients were identified. 

3.2.3. Platelet activation 
Four different parameters of platelet activation (β-thromboglobulin, 

platelet factor 4 and anti-GMP-14) distributed over a total of four arti-
cles were identified (Table 4) [20,22,23,29]. All included are healthy 
individuals. No studies regarding platelet activation in cardiovascular 
patients were identified. 

3.2.4. Platelet aggregation 
Six studies examined platelet aggregation in platelet rich plasma 

[16–18,22,28,31] while three did so in whole blood [18,19,28]. Two 
studies by same author expressed platelet aggregation as platelet ag-
gregation ratio (PAR) [20,31]. (Table 5). 

The circadian rhythms of platelet aggregation in platelet rich plasma 
in cardiovascular patients were investigated in two studies, two case- 
control studies [25,31]. Platelet aggregation in cardiovascular patients 
was in one study [25] found to be higher at every time point than in 
healthy individuals, but this was not the case in the other study. The 

circadian variations were was found to peak at 9 am [25,31]. Only one of 
the studies [31] revealed information of the enrolled patient's intake of 
antithrombotic medicine. 

3.2.5. Enhancers of the coagulation cascade 
Distributed over a total of eight articles (Table 6) the circadian 

rhythms of fibrinogen [16,25,28,29] vitamin K [21], coagulation factor 
II, V [16], VIII [16,36], X, XI, XII, IX antigen, fibrinogen/fibrin degra-
dation products (FDP), Fibrinopeptide A [29], von Willenbrand factor 
[29,36] and coagulation factor VII [14,24,29] in healthy individuals 
have been studied. 

Four studies investigated enhancers of the coagulation cascade in 
cardiovascular patients. Fibrinogen, FDP and von Willebrand factor 
antigen were studied [25,26,29,32,33]. The circadian rhythm of 
fibrinogen activity was studied in two case-control studies, cases being 
patients suffering from MI or ischemic heart disease [25,26]. Petralito 
et al. did not find fibrinogen to exhibit circadian variations while Ada-
mian et al. [26] found fibrinogen to peak at 8 pm. One study did not find 
circadian variation of von Willebrand factor antigen in patients suffering 
from ischemic heart disease [33]. One study examined FDP in stroke 
patients and found a circadian rhythm contrary to their healthy cohort 
[32] with a peak at midnight. None of the case-control studies revealed 
any information on the enrolled patients medicine status while Bridges 

Table 2 (continued ) 

Reference Design N Healthy/age N CVD/age Parameters Circadian 
rhythm 
(+/− ) 

Strengths Weaknesses 

ECLT 
FDP 

+

+

Small group size 
No FD protocol 
aggregating agent 

Fujimura et al.  
[17] 

Long. Obs 6 (6M)/age 
30–56 

− PA 
Platelet adhesion 
Platelet count 

+

+

- 

Controlled environment and 
meals 
Blood sampling 6/day 

Small group size 
No FD protocol 

Jafri et al. [22] Long. Obs 9 (4M)/ 
age 41–61 

− B-TG, 
D-dimer, TAT, 
PA, PF-4 

+

- 
- 

Controlled environment and 
activity 
Blood sampling 6/day 

Small group size 
No FD protocol 
seemingly healthy 

Bridges et al.  
[33] 

Long. Obs − 10 (10M) IHD/age 
48–69 

t-PA:ag 
PAI-I:a 
VWF 

- 
+

- 

Blood sampling 6/day Small group size 
No FD protocol 
Ambulatory 

Knöfler et al.  
[18] 

Long. Obs 7 (7M)/age 
18–23 

− WBA 
PA 

+

+

Controlled environment 
and meals Blood sampling 6/day 

Small group size 
No FD protocol 

Kapiotis et al.  
[14] 

Long. Obs 10 (5M)/age 
19–40 

− FVII:a 
FVII:ag 
Prothrombin 
PAI-I:ag 
PPI 

+

- 
+

+

+

Controlled environment 
and meals 

Small group size 
No FD protocol 
Blood sampling*4/day 

Ündar et al.  
[23] 

Long. Obs 10 (10M)/age 
22–28 

− Protein C/S 
Antithrombin III 
B-TG 

+

+

+

Controlled environment 
and meals. Blood sampling 7/day 

Small group size 
No FD protocol 
Individual activity 

Ündar et al.  
[20] 

Long. Obs 10 (10M)/age 
23–33 

− anti-GMP-14 
PAR 

+

+

Blood 
sampling 7/day 

Small group size 
No FD protocol 
Individual activity 

Dalby et al.  
[19] 

Long. Obs 15 (15M)/age 
19–27 

− WBA + − Small group size 
No FD protocol 
Meals/activity 
individual 

Fujino et al.  
[34] 

Com. Retro − 41 (-)/- Lp(a), 
TAT 
PAI-I:a 

+

+

+

Better at analyzing multiple 
outcomes 

Small group size 
No gender description 

Kamali et al.  
[21] 

Long. Obs 6 (3M)/age 
21–37 

− Vitamin K + Controlled environment 
and meals. Blood sampling 6/day 

Small group size 
No FD protocol 
Individual activity 

Pinotti et al.  
[24] 

Long. Obs 13 (13M)/age 
25–35 

− TFPI 
FVII:a 

+

+

Controlled environment and 
meals 

Small group size 
No FD protocol 
Individual activity 
Blood*2/day 

Bergheanu et al. 
[35] 

Cross- 
sectional 

− 120 (-) AMI/(-) ADMA + Bigger group size No gender description 

Timm et al.  
[36] 

Long. Obs 20 (20M)/age -  VWF activity 
VWF antigen 
VIII activity 
VIII antigen 

− /+
+

− /+
− /+

Blood sampling 6/day Small group size 
No FD protocol  
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et al. revealed that participants did not take any medication except for 
glycerol-trinitrate. 

3.2.6. Inhibitors of the coagulation cascade 
Seven articles regarding inhibitors of the coagulation cascade in 

healthy individuals have been identified [16,22–25,28,29]. The articles 
studied five different parameters; antithrombin III (AT-III), Thrombin 

Table 3 
All studies which have include and described rhythmicity of plasminogen acti-
vator inhibitor in healthy individuals and cardiovascular patient. A significant 
diurnal rhythmicity is illustrated by a p-value <0.05. Com. Retro: Comparative 
retrospective study and PP%: Pooled Plasma %.  

Reference Design Parameter Peak 
value 
(time) 

Trough 
value (time) 

P-value 

Healthy 
Kluft et al.  

[12] 
Long. 
Obs 

PAI-I:ag 105 ± 4% 
PP (9 am) 

55 ± 11% 
PP (3 am)  

<0.01 

Kluft et al.  
[12] 

Long. 
Obs 

PAI-I:a 119 ±
14% PP 
(9 am) 

47 ± 3% PP 
(3 pm)  

<0.01 

Grimaudo 
et al. [13] 

Long. 
Obs 

PAI-I:ag 23.5 ±
6.8 ng/mL 
(10 am) 

8.8 ± 3.2 
ng/mL (8 
pm)  

<0.01 

Grimaudo 
et al. [13] 

Long. 
Obs 

PAI-I:a 10 ± 5.4 
IU/mL (8 
am) 

5.5 ± 1.6 
IU/mL (4 
pm)  

<0.01 

Kapiotis et al. 
[14] 

Long. 
Obs 

PAI-I:ag 9.9 ± 2.2 
ng/mL (8 
am) 

5.4 ± 2.4 
ng/mL (8 
pm)  

<0.005 

Andreotti 
et al. [15] 

Long. 
Obs 

PAI-I:a 197.2 ±
24.4% PP 
(3 am) 

52.5 ± 5.9% 
PP (6 pm)  

<0.001 

Budkowska 
et al. [28] 

Long. 
Obs 

PAI-I:a 20.5 ±
6.6 ng/mL 
in women 
24.2 ±
5.3 ng/mL 
in men (8 
am) 

8.8 ± 2.4 
ng/mL in 
women 
10.2 ± 2.1 
ng/mL in 
men 
(2 pm)  

<0.0001 

Johansen 
et al. [30] 

Cross- 
sectional 

PAI-I:a – –  <0.002 

Akiyama 
et al. [29] 

Cross- 
sectional 

PAI-I:ag – –  <0.01  

Cardiovascular patients 
Adamian 

et al. [26] 
Case- 
control 

PAI-1:a 46.1 ±
9.8 μg 
(8.30 pm) 

- (morning)  <0.05 

Huber et al.  
[27] 

Case- 
control 

PAI-I:a 15.3 ±
0.7 IU/mL 
(6 am) 

12.6 ± 0.6 
IU/mL (6 
pm)  

<0.0001 

Bridges et al. 
[33] 

Long. 
Obs 

PAI-1:a 21 ± 6 IU/ 
mL (4 am) 

11 ± 3 IU/ 
mL (8 pm)  

0.001 

Fujino et al.  
[34] 

Com. 
Retro 

PAI-I:a 61 ± 19.2 
ng/mL (6 
am – 
noon) 

–  0.82  

Table 4 
Extracted parameters of platelet activation markers in healthy individuals. 
Significant diurnal rhythmicity is illustrated with p-values <0.05. % = surface 
activated marker.  

Reference Design Parameter Peak value 
(time) 

Trough 
value 
(time) 

P-value 

Jafri et al.  
[22] 

Long.Obs B-TG 147 ± 29 
IU/mL (3 
pm) 

31 ± 3.6 
IU/mL (8 
am)  

<0.05 

Undar et al. 
[23] 

Long. Obs B-TG 39.7 ±
11.7 IU/ 
mL (6 pm) 

12.5 ± 4.4 
IU/mL 
(noon)  

0.0038 

Jafri et al.  
[22] 

Long. Obs PF-4 34 ± 10 
IU/mL (3 
pm) 

3 ± 1 IU/ 
mL (8 am)  

<0.06 

Undar et al. 
[20], 

Long.Obs anti-GMP- 
14 

4.7 ±
0.5% (9 
am) 

1.9 ± 0.3% 
(9 pm)  

0.01 

Akiyama 
et al.  
[29] 

Cross- 
sectional 

B-TG, PF-4 – –  <0.05  

Table 5 
Identified studies regarding platelet aggregation in healthy individuals in 
platelet rich plasma and whole blood and their reporting rhythmicity. Signifi-
cant diurnal rhythmicity is illustrated with p-values <0.05. % agg = % platelet 
aggregation, s = second.  

Reference Design Agent Peak value 
(time) 

Trough 
value (time) 

P-value 

Platelet rich plasma 
Haus et al.  

[16] 
Long. 
Obs 

ADP 45 ± 4%OD 
(00) 

56 ± 4% OD 
(4 pm) 

– 

Fujimura 
et al. [17] 

Long. 
Obs 

ADP 65 ± 8% agg 
(4 am + 4 
pm) 

30 ± 4% agg 
(12 am + 8 
pm) 

<0.05 

Jafri et al.  
[22] 

Long. 
Obs 

ADP -3 ± 0.5 μM 
(3-6 pm) 

4.5 ± 1.5 (7- 
8 am) 

0.20 

Knöfler et al.  
[18] 

Long. 
Obs 

ADP 23 ± 4% OD 
(4 am + 5 
pm) 

60 ± 5% OD 
(7.30 am) 

<0.05 

Haus et al.  
[16] 

Long. 
Obs 

EPI 42 ± 4% OD 
(00) 

63 ± 4% OD 
(4 pm) 

– 

Fujimura 
et al. [17] 

Long. 
Obs 

EPI 48 ± 10% 
agg (4 am +
4 pm) 

10 ± 2% 
agg, (noon) 

<0.05 

Jafri et al.  
[22] 

Long. 
Obs 

EPI -2 ± 0.05 μM 
(3 pm) 

− 12 ± 6 μM 
(7 am) 

0.16 

Fujimura 
et al. [17] 

Long. 
Obs 

Collagen 70 ± 5% 
agg, (4 am 
+ 4 pm) 

52 ± 6% agg 
(noon) 

<0.05 

Knöfler et al.  
[18] 

Long. 
Obs 

Collagen 62 ± 10% 
agg (4 am +
5 pm) 

30 ± 7% agg 
(7.30 am) 

<0.05 

Fujimura 
et al. [17] 

Long. 
Obs 

AA 80 ± 7% agg 
(4 am + 4 
pm) 

40 ± 20% 
agg (noon) 

<0.05 

Knöfler et al.  
[18] 

Long. 
Obs 

AA 80 ± 11% 
agg (4 am +
5 am) 

25 ± 4% agg 
(7.30 am) 

<0.05  

Whole blood aggregation 
Knöfler et al.  

[18] 
Long. 
Obs 

ADP 3.5 ± 1.5 
Ohm (4 am) 

0.5 ± 0.2 
Ohm (5.30 
pm) 

<0.05 

Dalby et al.  
[19] 

Long. 
Obs 

ADP 85 ± 25 s 
(8.30 am) 

94.5 ± 27 s 
(noon) 

0.04 

Budkowska 
et al. [28] 

Long. 
Obs 

ADP 926 ± 151 
AU*min in 
women 
789 ± 132 
AU*min in 
men (8 am) 

715 ± 132 
AU*min in 
women 
611 ± 134 
AU*min in 
men (8 pm) 

<0.0001 

Dalby et al.  
[19] 

Long. 
Obs 

EPI 114,3 ±
23.8 s, 8.30 
am 

140.5 ±
43.5 s, 5 pm 

0.0023 

Budkowska 
et al. [28] 

Long. 
Obs 

AA 1007 ± 154 
AU*min in 
women 
894 ± 123 
AU*in men 
(8 am) 

778 ± 164 
AU*min in 
women 
716 ± 114 
AU*min in 
men (8 pm) 

<0.0001  

Platelet aggregate ratio 
Undar et al.  

[20] 
Long. 
Obs 

EDTA 0.8 ± 0.05 
PAR (9 am) 

1 ± 0.1 PAR 
(6 pm) 

0.00005 

Undar et al.  
[31] 

Case- 
control 

EDTA 0.85 ± 0.02 
PAR (9 am) 
CAD 
0.80 ± 0.04 
(9 am) 
Control 

0.62 ± 0.04 
PAR (6 am) 
CAD 
0.61 ± 0.03 
PAR (6 am) 
Control 

<0.01  
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antithrombin (TAT), protein C/S, and tissue factor pathway inhibitor 
(TFPI) (Table 7). 

In cardiovascular patients, only AT-III and TAT have been studied. 
One study investigated the circadian rhythm of AT-III as a case-control 
study (MI patients) [25] Only the case-control study found AT-III to 
exhibit a circadian rhythm. Peak time was observed at 6 pm and trough 
time at 6 am. One comparative retrospective study investigated TAT 
(AMI patients) [34] and found that TAT levels were higher in patients 
experiencing an AMI between 6 am and noon than in patients experi-
encing AMI during another daytime. One of the two studies revealed 
that the blood-drawing took place before administration of anticoagu-
lant treatment [34], while the other study revealed no information on 
medicine intake [25]. 

3.2.7. Coagulation markers 
Five studies investigated the circadian rhythm of other coagulations 

markers. D-Dimer was investigated by two studies [22,28], one study 
investigated the rhythm of prothrombin fragment [14] and three studies 
also investigated Activated Partial Thromboplastin Time (APTT) and/or 
Prothombin time (PT time) [16,25,28]. Participants were healthy in-
dividuals. All three studies found significant circadian rhythm of both D- 
Dimer, PT time and APTT. Prothrombin fragment values were found to 
decrease throughout the day by 19% from a starting value of 0.97 ±
0.18 μg/L at 8 am [14]. No studies regarding D-Dimer or prothrombin 
fragments in cardiovascular patients were identified. 

3.2.8. Lipoprotein a (Lp(a)) and asymmetric dimethylarginine (ADMA) 
Two studies found a circadian rhythm of Lp(a) or ADMA [34,35]. 

Both studies only included AMI patients, but represent two different 
study designs. One comparative retrospective study investigated lp(a) 
and demonstrated that Lp(a) in patients experiencing an AMI was 
highest between 6 am and noon, and Lp(a) was furthermore found to 
correlate positively to TAT levels [34]. The blood-drawing in this study 
took place before administration of anticoagulantia. ADMA was inves-
tigated in a cross-sectional study and was found to peak between 6 am 
and noon. The study controlled for aspirin, clopidogrel and statins 
intake, but none of those were found to significantly influence the values 
of ADMA [35]. 

4. Discussion 

The studies in this review represent different study designs and the 
variety of designs make it complicated to compare results across studies. 
Nevertheless, the presented results point to an existence of hypofi-
brinolysis and hypercoagulation in the morning hours when the occur-
rence of cardiovascular events peak. 

4.1. Assessment of the circadian rhythm 

Only few of the included studies took entertainers into account or 

Table 6 
Extracted enhancers of the coagulation cascade in healthy individuals from the 
included papers and their identified diurnal rhythms. Significant diurnal 
rhythmicity is illustrated with p-values <0.05. (-) = unit missing. ≈ means read 
by curves.  

Reference Parameter Design Peak 
value 
(time) 

Trough 
value 
(time) 

P-value 

Petralito 
et al. [25] 

Fibrinogen Case- 
control 

240 ±
15 mg/ 
dL 
(noon) 

185 ±
12 mg/ 
dL (00) 

<0.01 

Haus et al.  
[16] 

Fibrinogen 
Factor V, VIII 

Long. 
Obs 

242 ±
20 mg/ 
dL (8 
am) 

215 ±
20 mg/ 
dL (00) 

- 
(not 
Factor V) 

Budkowska 
et al. [28] 

Fibrinogen Long. 
Obs 

3.26 ±
0.40 g/ 
L in 
women 
3.28 ±
0.52 g/ 
L in 
men (8 
am) 

2.66 ±
41 g/L in 
women 
2.61 ±
45 g/L in 
men (8 
pm) 

<0.0001 

Kamali et 
Al [21]. 

Vitamin K Long. 
Obs 

10 pm 
(− ) 

10 am 
(− ) 

0.005 

Akiyama 
et al. [29] 

Fibrinogen 
FDP 
Fibrinopeptide 
A 
Factor II, V, VII, 
VIII, X, XI, XII 
IX antigen 
VWF 

Cross- 
sectional 

– – <0.05 
(only 
factor 
VIII, IX) 

Kapiotis 
et al. [14] 

Factor VII Long. 
Obs 

2.03 ±
1.14 
ng/mL 
(8 am) 

1.16 ±
0.53 ng/ 
mL (8 
pm) 

0.005 

Pinotti et al. 
[24] 

Factor VII Long. 
Obs 

+6% (8 
am) 

- (2 pm) 0.05 

Timm et al.  
[36] 

VWF activity 
VWF antigen 
VIII activity =
(FVIII/VFW 
ratio 
VIII antigen 

Long. 
Obs 

≈14.5 
kU/L 
(11:10 
am) 
≈ 0.95 
kU/L 
(12:16 
pm)  

≈1.9 
(09:06 
pm) 
≈1.35 
kU/L 
(01:27 
pm) 

≈1.3 
kU/L ≈
(11:00 
pm) 
≈0.75 
kU/L ≈
(01:00 
am)  

≈1.65 
kU/L ≈
(09:00 
am) 
≈1.225 
kU/L ≈
(01:00 
am) 

0.40 
0.02  

0.30 
0.20  

Table 7 
Overview of the inhibitors of the coagulation cascade in healthy individuals that 
were extracted from the included papers and their diurnal rhythmicity. Signif-
icant diurnal rhythmicity is illustrated with p-values <0.05. (-); Units missing.  

Reference Parameter Design Peak value 
(time) 

Trough 
value 
(time) 

P-value 

Petralito et al. 
[25] 

AT-III Case- 
control 

– – No 
rhythm 

Haus et al.  
[16] 

AT-III Long.Obs – – No 
rhythm 

Undar et al.  
[23] 

AT Long.Obs 1.11 ±
0.14 (− ) 
(6 pm) 

0.98 ±
0.08 (− ) 
(noon) 

0.049 

Jafri et al.  
[22] 

TAT Long.Obs – – No 
rhythm 

Budkowska 
et al. [28] 

TAT Long.Obs 13.6 ± 4.2 
ng/mL in 
women 
14.7 ± 4.7 
ng/mL in 
men (8 
am) 

7.6 ± 2.6 
ng/mL in 
women 
8.2 ± 2.4 
ng/mL in 
men (2 
pm) 

<0.0001 

Akiyama 
et al. [29] 

AT 
Protein C 

Cross- 
sectional 

– – No 
rhythm 

Undar et al.  
[23] 

Protein C Long.Obs 1.07 ±
0.7% (6 
am) 

0.83 ±
0.08% (00 
pm) 

0.0034 

Undar et al.  
[23] 

Protein S Long.Obs 1.15 ±
0.05% (6 
am) 

1.04 ±
0.11% 
(noon) 

0.0448 

Pinotti et al.  
[24] 

TFPI Long.Obs +11% (8 
am) 

- (2 pm) <0.05  
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highlighted them and therefore seem to evaluate a dysregulated circa-
dian rhythm and the impact on coagulation are therefore less valid at 
evaluating the isolated effects of the circadian rhythm on hemostasis, 
also taken into account to the effect training and upright position can 
have of the acute activation of the coagulation and fibrinolytic systems, 
regardless of the time of day [37]. It may therefore be obligate to add the 
most known entertainers for the circadian rhythm as; sleeping times, last 
meal, evening work, daily activity and light exposure in a project 
investigation the circadian rhythm for better transparency in the results. 

4.2. Fibrinolysis parameters in healthy individuals and cardiovascular 
patients 

Seven articles studied fibrinolysis parameters in healthy individuals 
[12–15,28–30]. Regardless of fibrinolysis parameter, study design, age, 
and gender, every study found fibrinolysis to be lowest in the morning 
hours and to increase during the day. These findings suggest that results 
can be reproduced even across study designs. It therefore seems that the 
circadian rhythm of fibrinolysis in healthy individuals is highly robust 
and that the rhythm cannot easily be altered by external factors. 

Four studies investigated fibrinolysis parameters in cardiovascular 
patients [27,33,34,38]. None of the identified studies controlled the 
circadian rhythm for entraining elements. Across study designs, gender 
and disease, three of the four studies investigating PAI-1 found PAI-1 to 
be highest in the morning [27,33,34], and one study found PAI-1 to be 
lowest in the morning [26]. The latter study was performed by Adamian 
et al., and did not differ from other studies investigating PAI-1 with 
respect to study design, age, or patient group. Nevertheless, no de-
scriptions of gender or baseline risks were presented. In contrast, the 
three other PAI-1 investigating articles report that enrolled patients 
were smoking [27,33] or suffered from hypertension, hyperlipidemia, or 
Diabetes type 2 [27]. It has not been possible to identify studies sug-
gesting that the mentioned risk factors can shift the circadian rhythm of 
PAI-1 that drastic in healthy individuals or cardiovascular patients. In 
contrast, in healthy individuals fatty meals do not shift the circadian 
phase of fibrinolysis parameter and the circadian rhythm of PAI-1 do not 
differ between men and women [39]. It therefore seems difficult to 
explain the great deviations of the results presented by Adamian et al. 
[26] 

The circadian rhythm of fibrinolysis in cardiovascular patients ap-
pears to be less pronounced than in healthy individuals. However, from 
the present studies not much about the causality of this trend can be said 
and no information on medication or entrainers for the circadian rhythm 
are revealed. Therefore, to fully enlighten the effects of the circadian 
rhythm on fibrinolysis more studies are still needed. 

4.3. Coagulation and platelet parameters in healthy individuals and 
cardiovascular patients 

The circadian variations of coagulation parameters in healthy in-
dividuals have been presented. An overweight of the parameters 
enhance coagulation in the morning hours, but a great variety among 
the presented results exists. The results of platelet size, adhesion 
[16,17], and activation [23] as well as prothrombin fragment [14] are 
consistent across studies and indicate higher coagulation in the morning 
hours in healthy individuals. The greatest inconsistencies among results 
are found across studies investigating the circadian rhythm of platelet 
aggregation in platelet rich plasma. Many external factors influence the 
state of platelet aggregation. In addition the upright posture [40] and 
lipids [18] have been found to also influence platelet aggregation. 
Especially remnant lipoprotein-cholesterol (RLP-cholesterol) correlates 
with ADP induced platelet aggregation [18]. None of the studies 
investigating platelet aggregation in platelet rich plasma have taken all 
the external factors or entraining signals into account. The included 
studies control for different external factors which makes it more 
complicated to compare results across studies. When consulting results 

of platelet aggregation in platelet rich plasma in healthy individuals they 
show platelet aggregation to peak in the morning hours, in the after-
noon, or both. Only one study finds a trend of aggregation to peak only 
in the afternoon [20]. This study did not differ from the others with 
respect to design, gender, age or platelet aggregating agent. However, 
the participants were much more active during the day compared to the 
other studies, increasing the risk of misclassification. Two studies 
consistently found platelet aggregation in platelet rich plasma to show a 
12-hour rhythm with peaks in the morning and afternoon [17,18]. In 
contrast to other studies, these only included men and controlled meal 
time but not activity levels. This suggests that the morning peak could be 
due to the internal circadian rhythm, while the second peak possibly 
could be explained by increasing activity levels during the day. How-
ever, studies using whole blood aggregation do not seem to find a second 
peak of platelet aggregation during the afternoon despite increased ac-
tivity levels, suggesting that different measuring methods could produce 
different results regarding platelet aggregation in healthy individuals in 
relation to activity levels [18,19]. But the platelet aggregation in one 
study [31] showed an increased afternoon (and perhaps night) elevation 
of platelet aggregation. This increase during the night may be due to 
“stagnation” of blood flow which leads to aggregation of many circu-
lating platelets and not the reflection of the circadian rhythm. 

Across any differences of the included articles investigating param-
eters that enhance/inhibit the coagulation cascade no significant 
circadian pattern was observed. 

In general, it seems that the coagulation factors, which are under the 
influence of the circadian rhythm, in healthy individuals favors a pro- 
thrombic state of hypercoagulation in the morning hours. The rhythm, 
however, seems less robust than the rhythm of fibrinolysis parameters. 
Because the included studies do not keep the same zeitgebers (eg. ac-
tivity or lighting) constant and blood is drawn differently it is difficult to 
compare study results across studies. 

In cardiovascular patients only platelet aggregation [25,31,32], 
fibrinogen [25,26,33], von Willebrand factor [33], antithrombin 
[25,32], TAT [25,32], APTT [25], lp(a) [34], and ADMA [35] have been 
studied. As for fibrinolytic parameters in cardiovascular patients, no 
consistent pattern of the circadian rhythms impact on coagulation was 
observed. It appears that the circadian rhythm in relation to coagulation 
in cardiovascular patients is less pronounced than in healthy in-
dividuals. From the included studies, not much about the causality of 
this pattern can be concluded. Maybe most prominently only two studies 
revealed any information on medical status of their enrolled cardio-
vascular patients [33,35]. Regard to von Willenbrand factor is there 
doubt about a real diurnal activity in both healthy and cardiovascular 
patients, however data show that healthy may has one with peak around 
noon [36]. However, only one study investigated ADMA but ADMA in 
healthy individuals could not be found, making it difficult to explore. In 
general, it is therefore most difficult to deduce from papers if antico-
agulant treatment could be the reason why cardiovascular patients seem 
to express a less pronounced circadian rhythm in relation to coagulation. 
In addition, it could possibly be due to their cardiovascular event, less 
mobility, changes in food-intake, or lack of exposure to natural sunlight 
because of admission – or a combination of all. 

Except for platelet aggregation and PAI-1 in healthy individuals, 
results of all studied parameters are limited for the same reasons; failure 
to control for zeitgebers, small studied group sizes, and number of 
studies. To fully evaluate the circadian rhythm of especially coagulation 
in patients, more and especially bigger studies that include zeitgebers 
and control for external factors known to alter the circadian rhythm are 
needed. 

4.4. Results of other reviews 

Six reviews concerning circadian changes in the hemostatic system in 
healthy individuals or cardiovascular patients were found (only the 
latest review was included when reviews had same authors) [41–46]. 
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One based results upon articles investigating rats [41] while another 
studied physiologic parameters (eg. blood pressure) [42]. High corre-
lation was found between this review and the remaining four [43–46] 
which included 12 of the 24 articles included in this review 
[12,14,17,19,20,22–25,27,32,33]. The lack of the remaining 9 articles is 
due to the latest review being published in 2009 [43]. All reviews agreed 
of the existence of hypofibrinolysis and hypercoagulation in the morning 
hours. However, because no former reviews included articles design that 
include entrainment of the circadian rhythm a greater possibility of 
misinterpreting the circadian rhythms impact of fibrinolysis and coag-
ulation is present. 

4.5. Relevance and chronopharmacology 

Cardiovascular events are one of the leading causes of death 
worldwide and show epidemiological evidence of a circadian occurrence 
[11]. A meta- analysis of 30 reports included 66.635 AMIs and 
demonstrated a 40% higher risk of having an AMI between 6 am and 
noon compared to the rest of the day [47]. In the same time frame the 
risk of experiencing a stroke increases by 54% compared to the 
remaining 18 h [11]. Results regarding the circadian rhythm's impact on 
coagulation and fibrinolysis highly correlate with the circadian onset of 
cardiovascular events. This makes studies of the circadian clock in 
relation to coagulation and fibrinolysis highly relevant and has among 
others led to the development of chronopharmacology. Peripheral 
clocks influencing endothelial function, blood pressure and heartrate, 
which hypothetical are related to cardiovascular events, are known and 
will not be discussed in this paper. A recent study by Hemmeryckx et al. 
[48] showed that the clock gene Bmal1 has significantly influence on the 
circadian regulation of coagulation by showing that Bmal1 deficiency in 
mice shows an early prothrombotic risk characterized by elevated 
plasma FVII, FVIII and fibrinogen levels in combination with endothelial 
dysfunction. This study by Hemmeryckx et al. together with previous 
studies showing hyperaggregability of platelets and PAI-1 level distur-
bances in CLOCK deficiency [49], determines the link between circadian 
disturbances and disturbances of hemostasis which supports the clot risk 
in circadian disruption. However, the understanding of the pathways 
between the clock genes and parameters of coagulation and fibrinolysis 
is still unknown. It may be a complex interaction of direct and indirect 
SCN control and isolated circadian oscillations in the liver and vascular 
tissues. Knowledge of these rhythms could optimize the effects of 
pharmacological antithrombotic interventions. Examples of applied 
chronopharmacology ranges from the cholesterol decreasing use of 
simvastatin in the evening [8] to cancer treatments [50]. Because many 
body functions exhibit circadian variations chronopharmacology have 
broad intervention areas. It therefore seems relevant that circadian 
rhythms of pharmacodynamics and kinetics will be an integrated part of 
future pharmacologic development. 

In relation to the circadian occurrence of hypercoagulation and 
hypofibrinolysis in the morning researchers are beginning to investigate 
if effects of blood thinners differ in relation to the time of intake. 
Brunner-Ziegler et al. found that the concentration of rivaroxaban in-
creases in the morning if administered in the evening compared to 
morning administration [51]. Furthermore, another study found that 
evening administered acetylsalicylic acid (ASA) decreases the morning 
COX-1 dependent platelet activity significantly compared to morning 
intake of ASA [52] thereby suggesting a pharmacologic improvement if 
administered correctly in relation to the endogenous circadian coagu-
lation rhythm. These results underline just how relevant further devel-
opment of chronotherapy is - a development which is highly dependent 
on identifying mechanisms behind the endogenous circadian rhythm of 
fibrinolysis and coagulation. 

5. Conclusion 

A systematic review of published papers was conducted. It seems that 

the circadian clock generates a pro-thrombic state of hypofibinolysis and 
hypercoagulation in the morning hours in both healthy individuals and 
cardiovascular patients. In addition to the four other reviews on the 
subject this review included more and newer studies which controlled 
for known entraining factors. This review suggests that both fibrinolytic, 
platelet and coagulation parameters express a decreased circadian 
rhythm in cardiovascular patients. However, the most significant he-
mostatic difference between healthy individuals and cardiovascular 
patients may be the hemostatic balance is shifted toward greater fibrin 
production in cardiovascular patients. This disturbance may be related 
to the alteration between tPA and PAI-1, which showed a decreased 
diurnal rhythmicity in tPA levels compared to PAI-1 in the morning 
hours inducing a higher risk of clots. This mismatch was only significant 
in one cohort and the reason for increased morning cardiovascular event 
and the circadian contribution is therefore still uncertain. Cardiovas-
cular patients e.g. post stroke patients may lack exposure to natural 
sunlight due to longterm admission and possible immobilization. 
Because light is an important entrainer of the SCN it is highly relevant to 
investigate the possible effects of indoor naturalistic lighting on hemo-
stasis in cardiovascular patients. A possible widener knowledge on this 
subject along with growing establishment of the circadian clocks' role in 
cardiovascular disease, and further development of chrono- 
pharmacology could lead to a possibility of a more effective treatment 
and prevention of cardiovascular diseases and events. 
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