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Abstract 

Background:  Both exercise and cold exposure increase blood coagulation potential but their combined effects are 
not known. The purpose of the present study was to assess blood coagulation factors in response to submaximal 
exercise in the cold environment among patients with stable coronary artery disease (CAD).

Methods:  Sixteen men (61.1 ± 7.1 years) with stable CAD participated in three 30-min experimental conditions 
(seated rest in − 15 °C and exercise in both + 22 °C and − 15 °C) in random order. The employed exercise consisted 
of brisk walking (66–69% of maximal heart rate). Factor VII (FVII), fibrinogen, D-dimer and von Willebrand factor (vWF) 
were analyzed from blood samples obtained before, immediately and one hour after each experiment.

Results:  On average, FVII activity (95% confidence interval, CI) was 123 (108–143) %, 123 (106–140) %, 121 (103–139) 
% (baseline, recovery 1, recovery 2), fibrinogen concentration (95% CI) 3.81 (3.49–4.12) g/l, 3.71 (3.34–4.08) g/l, 3.65 
(3.26–4.05) g/l, D-dimer concentration (95% CI) 0.42 (0.28–0.56) µg/ml, 0.42 (0.29-.55) µg/ml and 0.39 (0.29–0.49) µg/
ml, and vWF activity (95% CI) 184 (135–232) %, 170 (128–212) % and 173 (129–217) % after exercise in the cold. Aver-
age FVII activity varied from 122 to 123%, fibrinogen concentration from 3.71 to 3.75 g/l, D-dimer concentration from 
0.35 to 0.51 µg/ml and von Willebrand factor activity from 168 to 175% immediately after each three experimental 
condition.

Conclusions:  Our findings suggest that submaximal lower body exercise carried out in a cold environment does not 
significantly affect blood coagulation parameters among patients with stable CAD.
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Background
Regular exercise improves cardiovascular health, 
decreases mortality and reduces the risk of developing a 
cardiovascular disease through mechanisms, such as low-
ered resting blood pressure, reduced progression of ath-
erosclerotic disease and improved blood oxygen-carrying 
capacity [1]. In coronary artery disease (CAD) patients, 

exercise-based cardiac rehabilitation decreases cardio-
vascular mortality and hospital admissions [2]. Physical 
activity for cardiac rehabilitation should consist of regu-
larly performed, moderate intensity endurance training, 
lasting at least 30 min at a time [3].

Irrespective of the beneficial effects, physical activity 
acts as an important external trigger for acute myocar-
dial infarction [4]. In addition, high levels of coagula-
tion parameters, such as factor VII (FVII), fibrinogen, 
von Willebrand factor (vWF), as well as low fibrino-
lytic activity have been associated with cardiovascular 
diseases [5–9]. Exercise has been shown to increase 

Open Access

*Correspondence:  tiina.ikaheimo@oulu.fi
1 Center for Environmental and Respiratory Health Research (CERH), 
University of Oulu, P.O. Box 5000, 90014 Oulu, Finland
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-021-01907-9&domain=pdf


Page 2 of 11Parkkila et al. BMC Cardiovasc Disord           (2021) 21:93 

blood coagulation potential in both healthy people 
[10] and cardiovascular disease patients [11] and the 
elevated coagulation potential is usually accompa-
nied with increased fibrinolytic activity [10, 12]. These 
changes in hemostatic profile, however, depend on the 
intensity and duration of the physical activity. Espe-
cially high-intensity or prolonged exercise increases 
the blood coagulation potential, while moderate exer-
cise or shorter exercise bouts have a lesser impact on 
the hemostatic profile [10, 13]. Most adverse cardio-
vascular events, such as unstable angina, myocardial 
infarction, cerebrovascular accidents and sudden car-
diac deaths, occur due to an occlusive blood clot [14]. 
Therefore, acute hemostatic responses to physical exer-
cise are of great clinical significance.

Based on recent systematic reviews, cold temperature 
increases cardiovascular strain and may elevate coagu-
lation and fibrinolytic activity [15, 16]. There is evi-
dence that short-term decrease in ambient temperature 
increases hospitalizations for ischemic heart diseases 
[17] and that cardiovascular mortality follows a seasonal 
pattern where mortality rates are higher in colder seasons 
and climates [18]. Likewise, an epidemiological study 
conducted in the United Kingdom, showed that blood 
coagulation parameters peaked during the coldest time 
of the year [19]. However, there are only a few previous 
controlled experiments exploring the effects of acute cold 
exposure on blood coagulation profile. In a controlled 
experiment, Keatinge et  al. [20] reported increases in 
erythrocyte, platelet and inflammatory cell count, as well 
as increased blood overall viscosity during mild surface 
cooling. Therefore, cold exposure can increase the risk of 
arterial thrombosis and partially contribute to the higher 
occurrence of cold-related cardiovascular events [21].

As both exercise and cold exposure may separately 
increase the coagulation potential, it is important to 
understand their joint effect. Nagelkirk et al. [22] showed 
in a controlled experiment that maximal exercise per-
formed in a cold environment increased blood coagula-
tion potential more compared with that performed at 
a neutral temperature. These effects may be especially 
pertinent among CAD patients whose blood coagulation 
potential is already elevated because of the disease itself 
[23]. However, there are no previous studies exploring 
the joint effects of submaximal exercise and cold expo-
sure on blood coagulation parameters in CAD patients.

The purpose of the current study was to elucidate the 
effects of acute submaximal lower body exercise and 
whole-body cold exposure on blood coagulation param-
eters among CAD patients. It was hypothesized that 
cold temperature and submaximal exercise occurring in 
combination would increase the coagulation parameters 
more than expected from their Independent effects.

Methods
Study population
The study population, design and safety protocols have 
been described in detail earlier [24, 25]. An experienced 
cardiologist identified participants with CAD and myo-
cardial infarction from the patient registry of the Oulu 
University Hospital (2014–2016) and inquired their 
willingness to participate in the study. The patients of 
this study were treated at the University Hospital dur-
ing the acute phase of their myocardial infarction which 
included angiography of coronary arteries and placement 
of stents. The inclusion criteria included diagnosed CAD 
(Canadian Cardiac Society class I-II) and a non-ST-ele-
vation myocardial infarction at least 3 months before the 
experiments. The exclusion criteria were the following: 
Canadian Cardiac Society class III-IV, previous myocar-
dial infarction less than 3 months before the recruitment, 
chronic atrial fibrillation, claudication, unstable angina 
pectoris, left ventricular ejection fraction < 40%, a history 
of coronary artery bypass crafting, pacemaker, serious 
ECG anomalies at rest, presence of physician-diagnosed 
asthma or diabetes and current smoking. A complete set 
of coagulation parameters were obtained from a total 
of sixteen men (age: 61.1 ± 7.1  years, body mass index: 
28.3 ± 4.9 kg/m2) and their characteristics are presented 
in Table 1. The study was approved by the Ethics Com-
mittee of Oulu University Hospital District and the study 
is registered in the Clinical Trials (no. NCT02855905 
date 04/08/2016). The participants received both oral 
and written information of the study, and they signed an 
informed consent. Full details of the research protocol 
can be found in the Additional file 1.

Study design
In the current study, each subject participated in a total 
of three different 30-min experimental conditions in 
random order. The order of these was based on ballot-
ing performed by the researchers. These experiments 
included resting (sitting) in a cold environment (− 15 °C, 
wind 1.0 m/s), and exercising both in a neutral (+ 22 °C, 
wind 1.0  m/s) and cold environment (− 15  °C, wind 
1.0 m/s). The employed exercise consisted of brisk walk-
ing for 30 min on a treadmill. Clinical exercise tests were 
performed prior to the experiments to asses maximal 
exercise capacity [25] and the results were used to calcu-
late an individually based walking speed for the experi-
mental condition that represented moderate intensity 
exercise (65–70% of the individual heart rate maximum). 
The chosen exercise type and intensity represents physi-
cal exercise recommendations for CAD patients [3]. The 
cold exposure mimics everyday winter conditions in the 
northern climate. While resting in the cold, the partici-
pants wore full winter clothing (clothing insulation value 
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2.13 clo) and the cold exposure was targeted mainly to 
their face and airways. During exercise in the cold, the 
participants removed their insulated trousers and jacket 

(clothing insulation 1.88 clo). They used less clothing 
(0.75 clo) during experiments in neutral conditions.

The experiments were conducted in winter 2015–
2016 during the same time of the day for each partic-
ipant and there was at least one week in between the 
experiments. The subjects were instructed to avoid 
heavy exercise 24  h before, alcohol 48  h before and 
caffeine related beverages 2  h before the experiments. 
Prior to the experiments, the participants completed 
questionnaires inquiring of their health and lifestyle, 
physical fitness, current health status and exposure to 
cold at work or during their leisure time. In addition, 
their body composition was assessed by bioimpedance 
measurements (InBody720 Biospace, Seoul, Korea). 
The participants were equipped with 10 skin tempera-
ture thermistors and ECG electrodes. After the instru-
mentation, baseline measurements were carried out 
in a seated position in a climate chamber with neutral 
temperature (+ 22  °C). The experimental trials (rest or 
exercise for 30 min) were conducted in an adjacent cli-
mate chamber with temperature set either to − 15  °C 
or + 22 °C. After each experimental condition, the par-
ticipants were followed up in neutral conditions for 
60 min.

Measured parameters
Blood coagulation parameters
The primary outcome of interest of the present study 
are the blood coagulation parameters. A total of three 
blood samples from each participant were drawn dur-
ing each experiment: after 15 min of sitting in neutral 
conditions (baseline), as well as immediately (recov-
ery 1) and 60 min after (recovery 2) each experimental 
condition. Blood was collected by venipuncture using 
20-gauge needle into tubes containing 3.2% trisodium 
citrate (0.109 M, 0.1vol). The first tube was discarded to 
avoid tissue factor contamination of the sample. Plasma 
was prepared within an hour after the last sampling of 
each participant by centrifugation at 2500 g for 15 min 
in room temperature. Prepared plasma was stored in 
aliquots at − 80 °C until analyzed.

Fibrinogen was measured by using Clauss method 
(STA-Liquid Fib, Diagnostica Stago). D-dimer was 
measured by using immune-turbidimeric assay (STA®-
Liatest® D-Di Plus, Diagnostica Stago). Factor VII 
activity was measured using prothrombin time based 
one-stage assay (Stago Deficient VII, Diagnostica 
Stago). VWF activity was measured by using turbidi-
metric assay (Innovance® VWF Ac, Siemens, OPHL). 
All analyzes were done using automated coagulation 
analyzer (STA-R Max® analyzer, Diagnostica Stago). 
When analyzing each variable, all samples of one 

Table 1  Characteristics of the study group

Values are the number of the patients (% within the group) or means ± SD. BMI, 
body mass index; BF, body fat percentage; Peak V̇O2, estimated (3.5 × MET, where 
MET is metabolic equivalent of task) symptom-limited maximal oxygen uptake; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; ADP, adenosine‐
diphosphate; ACE, angiotensin-converting enzyme; ATR, angiotensin receptor

Variables (n) 16

Age, years 61.1 ± 7.1

BMI, kg/m2 28.3 ± 4.9

BF, % 23.2 ± 7.4

Peak VO2, ml⋅kg−1⋅min−1 30.8 ± 4.8

SBP, mmHg 123 ± 24

DBP, mmHg 75 ± 13

Hypertension

Yes 10 (63%)

No 6 (38%)

Medications

Aspirin 14 (88%)

β-blockers 9 (56%)

Statins 12 (75%)

ADP receptor antagonist 6 (38%)

ACE-inhibitors 11 (69%)

ATR-blocker 2 (13%)

Calcium channel blocker 1 (6%)

How do you find your current health status?

Excellent 3 (19%)

Quite good 6 (38%)

Average 7 (44%)

Quite poor 0 (0%)

Very poor 0 (0%)

Alcohol within 12 months

Yes 15 (94%)

No 1 (6%)

Pensioner

Yes 9 (56%)

No 7 (44%)

How demanding is/was your work physically?

My work is mainly done sitting 7 (44%)

I walk quite much in my work 4 (25%)

I have to walk and lift much 4 (25%)

My work represents heavy manual labor 1 (6%)

How much do you exercise and stress yourself physically in your 
leisure time?

Never 2 (13%)

Rarely 10 (63%)

Often 3 (19%)

Very often 1 (6%)
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patient were analyzed at the same time in the same 
run to avoid inter assay variation. Laboratory person-
nel were blinded to the participants and experimental 
conditions.

For each coagulation parameter, the reference ranges 
of Fimlab hemostasis laboratory were used: FVII activity 
(78–155%), fibrinogen (2.0–4.0  g/l), D-dimer (< 0.5  µg/
ml), and vWF activity (49–205%).

Physical strain and thermal responses
Physical strain during exercise was measured by con-
tinuous monitoring of heart rate and by inquiring of 
the perceived exertion at 5-min intervals (Borg scale). 
Skin temperature was monitored continuously using 
thermistors (NTC DC95, Digi-Key, Thief River Falls, 
MN) attached to the right scapula, left cheek, fore-
head, left calf, right anterior thigh, left index finger, 
left hand, left forearm, right shoulder and left upper 
chest. Mean skin temperature (Tsk) was calculated as 
follows: tsk = ∑ki*tski = [0.07*forehead + 0.175*right 
scapula + 0.175*left upper chest + 0.07*right 
arm + 0.07*left arm + 0.05*left hand + 0.19*right ante-
rior thigh + 0.2*left calf ] [26]. Subjective thermal sensa-
tion was inquired every 5 min using scales of perceptual 
judgements of personal thermal state [27].

Statistical methods
A sample size estimation and power analysis (G-Power 
3.1.0) was conducted prior to the study which esti-
mated 15 participants to be sufficient to detect sta-
tistically significant differences in blood pressure 
(our primary outcome measure in the broader study) 
between a warm and cold environment [Power (1-ß 
err prob), 0.9, Cohen’s effect size 0.8, α err prob 0.05]. 
The normality assumptions of the dependent variables 
(FVII, fibrinogen, D-dimer, vWF) was tested using the 
Shapiro–Wilk test. All parameters except D-dimer 
were normally distributed, for which a natural logarith-
mic transformation was used for statistical analyses. 
Means in coagulation parameters were compared with 
a repeated measures ANOVA using within-participants 
condition (cold rest, neutral exercise, cold exercise) and 
test time (baseline, recovery 1, recovery 2). Statistical 
analyses were performed with IBM SPSS version 25 for 
Microsoft Windows and statistical significance was set 
at P < 0.05.

Results
Nine of the sixteen participants were pension-
ers (Table  1). Their physical fitness (mean VO2peak 
30.8 ± 4.8  ml/kg/min) was mediocre according to 

reference values for peak oxygen uptake [28]. All the 
participants rated their health status as being moder-
ate or better. Despite of this, 12 persons (75%) reported 
being only rarely or never physically active during their 
leisure time. The average time elapsed from myocardial 
infarction was 17 ± 6 months. Nine (56%) of the partici-
pants had a single-vessel, six (38%) a double-vessel and 
one (6%) a triple-vessel disease. Six participants had one 
stent, five had two stents and the rest had 3 to 5 stents. 
The left ventricular ejection fraction of the participants 
was on average 60 ± 11% and varied from 41 to 79%.

Skin temperature, thermal sensation and level of exercise
The mean skin temperature was 25.7 ± 0.9  °C (rest in 
the cold), 28.6 ± 0.8 °C (exercise in neutral environment) 
and 23.3 ± 0.9 °C (exercise in the cold) immediately after 
each experimental condition. Mean skin temperature was 
6.3 ± 1.0  °C lower immediately after exercise in the cold 
compared to pre-exposure baseline (p < 0.001). Facial skin 
temperature decreased significantly from 31 ± 0.4  °C to 
12 ± 1.3  °C after both rest and exercise in the cold envi-
ronment (p < 0.001).  The average individual whole-body 
thermal sensation was − 3/cold (rest in the cold), + 2/
warm (exercise in neutral conditions) and − 1/slightly 
cool (exercise in the cold) at the end of each condition. 
On average, the achieved exercise intensity represented 
66% (neutral conditions) and 69% (cold conditions) of the 
heart rate maximum. The rate of perceived exertion using 
the Borg scale varied from fairly light to somewhat hard 
while exercising in neutral or in cold conditions.

Effect of submaximal exercise in cold ambient temperature 
on blood coagulation parameters
The employed experimental condition and test time 
showed statistically significant interaction only for FVII, 
F (4, 32) = 3.201, p = 0.026. Figure 1 represents coagula-
tion parameter values obtained immediately after each 
experimental condition.

The box plot charts represent blood coagulation fac-
tor values immediately after each experimental condi-
tion (rest at − 15 °C and exercise at + 22 °C or − 15 °C) 
in coronary artery disease patients (n = 16). The red lines 
indicate the reference range for each coagulation factor. 
(Fig. 1 legend).

Factor VII
Factor VII activity (95% CI) was on average 116 (103–
130) %, 122 (108–136) %, 126 (108–145) % (baseline, 
recovery 1, recovery 2) during  rest in cold, 126 (106–
145) %, 122 (106–137) %, 126 (110–141) % during the 
exercise in neutral conditions and 123 (108–143) %, 
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123 (106–140) %, 121 (103–139) % during the exercise 
in cold. At baseline, nearly all FVII values were in the 
upper half of the reference range (78–155)%. The effects 
of condition F (2, 16) = 0.275, p = 0.763 or test time, F (2, 

16) = 1.829, p = 0.193 were not significant. Two (13%) of 
the participants demonstrated FVII levels that exceeded 
the reference range following rest or exercise in the cold. 
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Fig. 1  Blood coagulation factors obtained immediately after rest or exercise at either + 22 ºC or − 15 °C among CAD patients
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Table 2  Individual responses in blood coagulation factors immediately after each experimental condition

Rest -15 °C FVII (%) Fibrinogen (g/l) D-dim (µg/ml) vWF (%)

Patient Baseline Change Baseline Change Baseline Change Baseline Change

1 118 ↑ 9.3% 3.85 ↑ 4.7% 0.27  ↔  104 ↓ 10.6%

2 106 ↑ 8.5% 4.05 ↑ 3.2% 0.35 ↓ 2.9% 186 ↑ 17.2%
3 117 ↓ 6.0% 3.35 ↓ 2.4% 0.27  ↔  185 ↓ 6.5%

4 94 ↑ 5.3% 3.14 ↑ 13.7% 0.27 ↑ 88.9% 177 ↓ 1.7%

5 135 3.39 0.27  ↔  155

6 132 ↑ 10.6% 3.43 ↑ 7.3% 0.36 ↓ 25% 109 ↓ 12.8%

7 109 ↓ 6.4% 3.61 ↑ 1.9% 0.29  ↔  156 ↓ 7.1%

8 114 ↑ 8.8% 4.31 ↑ 7.7% 0.66 ↑ 50% 189 ↑ 16.4%
9 167 ↑ 4.8% 3.97 ↓ 0.25% 0.27  ↔  143 ↑ 10.5%

10 136 ↑ 5.1% 4.28 ↓ 2.1% 0.34 ↑ 20.6% 206 ↑ 10.7%
11 84 ↑ 13.1% 3.49 ↓ 1.4% 0.27  ↔  215 ↑ 7.9%
12 130 ↑ 2.3% 3.44 ↓ 2.0% 0.63 ↓ 14.3% 112  ↔ 

13 101 5.36 0.79 271
14 126 ↑ 2.4% 3.17 ↑ 1.6% 0.27 ↑ 14.8% 201 ↓ 1.5%

15 103 ↑ 15.5% 2.96 ↑ 4.1% 0.27  ↔  239 ↑ 23.4%
16 99 ↓ 1.0% 4.2 ↑ 1.4% 0.63 ↓ 30.2% 229 ↓ 1.3%

Exercise + 22 °C FVII (%) Fibrinogen (g/l) D-dim (µg/ml) vWF (%)

Patient Baseline Change Baseline Change Baseline Change Baseline Change

1 143 ↓ 11.9% 4.36 ↓ 7.6% 0.27 ↑ 14.8% 99 ↓ 4.0%

2 83 ↑ 16.9% 3.56 ↑ 10.4% 0.29 ↑ 121% 176 ↑ 3.4%

3 114 ↓ 2.6% 3.24 ↓ 2.5% 0.27 175 ↓ 16.0%

4 108 ↓ 3.7% 3.62 ↓ 7.7% 0.37 ↑ 13.5% 195 ↓ 12.8%

5 145 ↓ 2.1% 3.6 ↓ 5.6% 0.27  ↔  167 ↑ 1.8%

6 142  ↔  3.82 ↓ 1.3% 0.31 ↓ 12.9% 96 ↑ 1.0%

7 100 ↑ 3.0% 3.78 ↓ 6.1% 0.37 ↓ 18.9% 127 ↑ 12.6%

8 – – – –

9 – – – –

10 140 ↓ 5.7% 4.43 ↓ 6.5% 0.42 ↓ 23.8% 214  ↔ 0.0%

11 105 ↓ 5.7% 3.33 ↓ 1.8% 0.27  ↔  246 ↓ 6.9%
12 146 ↓ 6.8% 3.67 ↓ 1.4% 1.56 ↓ 11.5% 135 ↓ 1.5%

13 108 ↓ 4.6% 4.93 ↓ 1.0% 0.27 ↑ 100% 217 ↑ 1.4%
14 158 ↓ 3.8% 3.59 ↓ 1.7% 0.44 ↓ 38.6% 211 ↓ 6.6%

15 125 ↓ 4.0% 3.3 ↓ 10.3% 0.27 ↑ 51.9% 252 ↓ 5.2%
16 101 ↑ 0.99% 4.28 ↑ 0.47% 0.72 ↑ 18.1% 210 ↑ 3.3%

Exercise -15 °C FVII (%) Fibrinogen (g/l) D-dim (µg/ml) vWF (%)

Patient Baseline Change Baseline Change Baseline Change Baseline Change

1 120 ↑ 0.8% 4.08 ↑ 1.5% 0.78 ↓ 7.7% 100 ↓ 8.0%

2 124 ↓ 4.8% 4.02 ↑ 3.2% 0.48 ↑ 20.8% 208 ↓ 1.4%
3 118 ↓ 2.5% 3.27 ↓ 4.6% 0.27 ↑ 22.2% 188 ↑ 2.1%

4 107 ↓ 7.5% 3.27 ↓ 9.2% 0.27  ↔  167 ↓ 0.60%

5 144 ↓ 6.9% 3.46 ↓ 2.0% 0.3 ↓ 10.0% 170 ↓ 9.4%

6 165 ↓ 4.8% 3.31 ↓ 6.0% 0.27  ↔  104 ↓ 0.96%

7 101 ↓ 5.9% 3.93 ↓ 3.3% 0.36 ↓ 11.1% 135 ↑ 66.7%

8 127 ↑ 7.9% 4.11 ↑ 3.6% 0.78 ↑ 19.2% 182 ↑ 19.8%
9 152 ↑ 7.2% 3.85 ↓ 0.78% 0.27  ↔  178 ↓ 15.7%

10 124 ↓ 4.0% 4.5 ↓ 1.8% 0.33 ↑ 6.1% 260 ↓ 24.6%
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In total, FVII activity decreased in ten and increased in 
six participants after the exercise in the cold (Table 2).

Fibrinogen
Fibrinogen concentration (95% CI) was on average 3.70 
(3.38–4.01) g/l, 3.74 (3.41–4.07) g/l, 3.68 (3.39–3.98) 
g/l (baseline, recovery 1, recovery 2) during  rest in the 
cold, 3.81 (3.47–4.15) g/l, 3.75 (3.45–4.05) g/l, 3.86 
(3.47–4.25) g/l during the exercise in neutral condi-
tions and 3.81 (3.49–4.12) g/l, 3.71 (3.34–4.08) g/l, 3.65 
(3.26–4.05) g/l during the exercise in cold. The effects 
of condition F (2, 16) = 1.1, p = 0.357 or test time F (2, 
16) = 0.44, p = 0.651 were not significant. At baseline, 
fibrinogen levels of the participants were in the high-
est quarter of the reference range (2.0–4.0  g/l). Four 
(25%) of the participants demonstrated values above 
the reference range after every experimental condition. 
Fibrinogen concentrations decreased immediately after 
exercise in the cold in the majority (81%) of the partici-
pants (Table 2).

D‑Dimer
D-dimer concentration (95% CI) was on average 0.38 
(0.26–0.49) µg/ml, 0.35 (0.27–0.42) µg/ml, 0.32 (0.24–
0.39) µg/ml (baseline, recovery 1, recovery 2) during  
rest in the  cold, 0.51 (0.18–0.83) µg/ml, 0.51 (0.21–
0.81) µg/ml, 0.56 (0.23–0.88) µg/ml during the exercise 
in neutral conditions and 0.42 (0.28–0.56) µg/ml, 0.42 
(0.29–0.55) µg/ml and 0.39 (0.29–0.49) µg/ml during 
the exercise in cold. The effects of condition F (1.789, 
14.309) = 1.850, p = 0.195 or test time F (2, 16) = 0.107, 
p = 0.9 were not significant. Five (31%) of the partici-
pants had values above the reference range (< 50  µg/
ml) after the exercise in cold. One patient had D-dimer 
values almost three-fold above the reference range 
in neutral conditions: 1.56  µg/ml (baseline), 1.38  µg/
ml (recovery 1), and 1.59  µg/ml (recovery 2). In total, 

D-dimer values increased among six (38%), decreased 
among five  (31%) and did not change in   five (31%) of 
the participants following exercise in the cold (Table 2).

Von Willebrand factor
VWF activity (95% CI) was on average 172 (134–210) %, 
175 (129–221) %, 177 (133–222) % (baseline, recovery 
1, recovery 2) during the rest in cold, 174 (133–214) %, 
168 (128–208) %, 193 (154–232) % during the exercise in 
neutral conditions and 184 (135–232) %, 170 (128–212) 
% and 173 (129–217) % during the exercise in cold. The 
effects of condition F (2, 16) = 0.194, p = 0.826 or test 
time F (2, 16) = 1.884, p = 0.184 were not significant. Six 
(38%) of the participants demonstrated values above the 
reference range (49–205%) following the exercise in cold. 
The vWF activity of one patient increased significantly 
from 135% (baseline) to 225% (recovery 1) after exer-
cising in the cold. Compared to others, another patient 
reacted strongly following exercise in neutral conditions 
with an increase of vWF activity from 96% (baseline) 
to 232% (recovery 2). The majority (69%) of partici-
pants demonstrated decreased, while 31% demonstrated 
increased vWF activity immediately after exercising in 
the cold (Table 2).

Discussion
This is the first study to examine the independent and 
joint effects of exercise and cold exposure on coagula-
tion parameters among participants with stable CAD. 
The novel results of the current study indicate that sub-
maximal lower body exercise performed in cold ambient 
temperature does not induce significant alterations in 
blood coagulation parameters acutely. This finding sug-
gests that such conditions would not increase the risk for 
thrombosis within the studied population.

Exercise is known to activate sympathetic nervous 
system and increase blood catecholamine levels in an 
intensity-dependent manner [29]. Sympathetic activation 

Individual responses in blood coagulation factors (FVII, Fibrinogen, D-dim, vWF) immediately after each experimental condition (rest at -15 °C and exercise at + 22 °C 
or -15 °C) in coronary artery disease patients (n = 16). The relative change in coagulation factors occurring immediately after the intervention compared with baseline 
is presented. Bolded baseline values and/or relative changes (recovery 1) indicate values that exceed the reference values: FVII, 78–155%; Fibrinogen, 2.0–4.0 g/l; 
D-dim, < 50 µg/ml; vWF, 49–205%

Table 2  (continued)

Exercise -15 °C FVII (%) Fibrinogen (g/l) D-dim (µg/ml) vWF (%)

Patient Baseline Change Baseline Change Baseline Change Baseline Change

11 93 ↑ 3.2% 3.59 ↓ 3.6% 0.27  ↔  260 ↓ 9.6%
12 137 ↑ 2.9% 3.75 ↓ 8.3% 0.55 ↑ 7.3% 114 ↓ 7.9%

13 108 ↓ 3.7% 5.14 ↓ 2.9% 0.47 ↓ 27.7% 227 ↑ 4.4%
14 150 ↓ 1.3% 3.56 ↓ 0.84% 0.27 ↑ 11.1% 199 ↓ 1.5%

15 119 ↑ 4.2% 2.99 ↓ 0.33% 0.27  ↔  216 ↑ 1.4%
16 97 ↓ 4.1% 4.17 ↓ 3.8% 0.53 ↓ 32.1% 220 ↓ 5.9%
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may lead to increased platelet count and activation, as 
well as increased FVIII activity and vWF release via beta-
adrenergic receptor stimulation and endothelial activa-
tion [30–33]. VWF has been shown to have an important 
role in vascular inflammation and thrombus formation 
[34]. Considering its possible role in atherosclerosis, 
as well as in predicting cardiovascular events [34, 35], 
increased vWF release could contribute, in particular, 
to exercise-induced pathological outcomes. Addition-
ally, high-intensity exercise and stenotic arteries may 
lead to pathological shear stress on the endothelial wall 
resulting in attenuated nitric oxide production, endothe-
lial dysfunction and a pro-coagulant microenvironment 
[36, 37]. Previous studies have shown exercise-induced 
increases in platelet counts and function, blood coagula-
tion markers and fibrinolysis [38–40]. These changes in 
hemostatic profile, however, are influenced particularly 
by the intensity of the exercise [13]. For instance, Menzel 
& Hilberg [10] showed that exercise at 100% of individual 
anaerobic threshold (IAT) leads to significantly greater 
increase in factor VIII and thrombin-antithrombin com-
plex (TAT) compared to 80% IAT. Moreover, Cadroy 
et al. [40] found an increased thrombotic tendency only 
after intense exercise and Wang et al. [41] showed even 
decreased platelet aggregation and adhesion immediately 
after moderate-intensity exercise of 30  min. Exercise in 
the current study consisted of brisk walking on a tread-
mill for 30  min and the achieved intensity represented 
the physical activity guidelines for cardiac rehabilitation 
[3]. The results presented in the present paper support 
the previous findings [10, 13] suggesting that moderate 
intensity exercise exerts minor or no effects on blood 
coagulation parameters.

There are only few experimental studies investigat-
ing how acute cold exposure affects blood coagulation 
parameters. Cold-induced vasoconstriction and elevated 
blood pressure [15, 16] might increase shear stress on the 
endothelial wall, which could manifest as increased coag-
ulation potential through platelet aggregation, as well as 
vWF unfolding and self-association [33, 42]. An experi-
mental study with eight healthy 18–25  years old par-
ticipants showed that mild surface cooling for six hours 
(+ 24 °C, air speed 10 m/s) increased erythrocyte, throm-
bocyte and leucocyte counts, as well as overall blood 
viscosity [20]. It should be noted, that these changes 
had barely started within the first hour and most of the 
effects were observed after six hours of monitoring. In 
contrast, Nagelkirk et  al. [22] reported elevated coagu-
lation potential (increased thrombin-antithrombin con-
centration) after only 15 min of rest in a cold (5 or 8 °C) 
environment. An epidemiologic study by Woodhouse 
[19] reported increased fibrinogen and FVII activity dur-
ing winter, but these responses were related to various 

inflammation markers and self-reported cough, but not 
to ambient temperature. In accordance with the results 
of the current study, Mercer et al. [44] did not detect any 
significant changes in fibrinogen or FVII following a mild 
exposure to cold stress (+ 11  °C) even though they had 
a much longer follow-up period (48 h) compared to cur-
rent study (60 min). Therefore, regardless that cold acti-
vation of FVII has been reported in blood samples [45], 
it seems that it does not occur in people exposed to cold. 
The deviating findings in the discussed studies likely 
relate to the duration and intensity of cold exposure, 
examined coagulation parameters, as well as timing of 
the measurements.

Exercise-induced shear stress combined with cold 
temperature may lead to impaired regulation of vascu-
lar tonus [36, 46] and activation of vWF [33, 34] which 
further potentiates blood coagulation. Moreover, athero-
sclerosis and CAD itself could result in elevated coagula-
tion potential [23]. These factors might explain the higher 
occurrence of sudden cardiac deaths triggered by winter-
time activities among CAD patients compared to other 
cardiovascular disease patients [47]. Currently, there 
is only one previous study exploring the joint effects of 
exercise and cold temperature on blood coagulation 
parameters. Nagelkirk et  al. [22] studied the impact of 
maximal exercise, performed at different environmental 
temperatures (5–8  °C, 20  °C or 30  °C), on blood coagu-
lation potential among healthy young (19–35  years 
old) participants. They observed that maximal exercise 
increased thrombin-antithrombin concentrations, and 
that cold temperature further potentiated this effect. In 
contrast, no marked effects of either submaximal exercise 
itself, or an added effect of cold exposure (− 15 °C) were 
found in the current study for fibrinogen, FVII, vWF or 
D-Dimer levels among CAD patients. However, a few 
subjects demonstrated notable increases in D-dimer and/
or vWF concentrations after exercise in neutral or cold 
conditions. Based on the sensitivity analyses of the cur-
rent study, these participants did not differ from the rest 
of the study population in terms of age, BMI, perceived 
level of exertion, thermal sensations or medication. The 
deviating results between the studies likely relate to the 
differences in exercise intensity, studied populations and 
examined coagulation parameters. At baseline, the par-
ticipants in the present study demonstrated fibrinogen 
and vWF values which were in the upper parts of the ref-
erence ranges. This observation agrees with the previous 
studies suggesting that coagulation potential could be 
elevated with CAD itself [23] as well as due to aging [48].

Perspectives and significance
Exercise and cold exposure increase cardiac strain in 
patients with cardiovascular diseases [15, 16]. In fact, 



Page 9 of 11Parkkila et al. BMC Cardiovasc Disord           (2021) 21:93 	

physical activity is a common external trigger for acute 
cardiovascular events [4]. Additionally, cold temperature 
separately increases hospitalizations and mortality for 
cardio- and cerebrovascular diseases [17, 49]. Elevated 
coagulation potential related to cold exposure [20] and 
exercise [12] independently and together [22], as well as 
the CAD-related hypercoagulable state [23] could mani-
fest as thrombotic events. Winter-time physical activities, 
such as skiing and snow shoveling, can therefore expose 
especially CAD patients to sudden cardiac deaths [47]. 
However, at the same time regular year-round exercise 
plays a crucial role as a rehabilitative treatment for CAD 
patients. Exercise-based cardiac rehabilitation reduces 
cardiovascular mortality, hospital admissions, and may 
decrease health care costs compared to non-exercising 
control participants [2].

This is the first study exploring the joint effects of sub-
maximal exercise and cold exposure on blood coagulation 
parameters of stable CAD patients. The results presented 
here suggest that coagulation is not acutely altered after 
submaximal lower body exercise performed in cold 
conditions in patients with stable CAD. Furthermore, 
Valtonen et  al. [25] reported that submaximal exercise 
performed in cold conditions increased cardiac work-
load but did not cause myocardial ischemia or impaired 
endothelial function among stable CAD patients [50]. 
Hence, year-round health-enhancing exercise appears 
to be a safe treatment for patients with stable CAD even 
with recurrent cold ambient temperatures. The current 
study provides information for health care professionals 
and can be utilized to encourage patients to engage in 
regular physical activities. By doing so, the overall health 
of cardiovascular patients and their functional capabili-
ties are expected to be maintained or promoted.

Strengths and limitations
The strengths of the present study include precisely 
controlled thermal exposure mimicking common win-
ter conditions in northern countries. In addition, the 
employed exercise represented physical activity guide-
lines for cardiovascular patients [3]. The comprehensive 
crossover study design eliminated possible order effects 
and reduced confounding from factors other than those 
related to CAD.

There are some limitations related to the present study. 
The study participants represents only a relatively healthy 
population of men with stable CAD. Acclimatization to 
winter conditions could have affected baseline levels of 
coagulation parameters, and possibly the magnitude of 
their responses. Finally, for safety reasons the partici-
pants were not instructed to withdraw their medications 
which could have affected the results. Although, by not 

withdrawing the medications it was possible to evaluate 
the coagulation parameter responses of individuals who 
are being treated for CAD, rather than responses without 
any preventative medication.

Conclusions
To conclude, no significant changes in blood coagu-
lation parameters (FVII, fibrinogen, D-dimer, vWF) 
were observed in stable CAD patients in response to 
submaximal lower body exercise performed in cold 
ambient temperature. Future studies involving differ-
ent study populations (e.g. more advanced state of the 
disease or other cardiovascular diseases) and exer-
cise intensities are needed to further elucidate these 
interactions to help us achieve a more comprehensive 
understanding on the subject.
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