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Abstract 

Background  Several prior studies postulated an effect of hypertension on coagulation factors. However, population-
based studies investigating the sex-specific associations between hypertension and hemostatic parameters are 
scarce. Therefore, we investigated the relationship between blood pressure and parameters of coagulation, namely 
activated partial thromboplastin time (aPTT), international normalized ratio (INR), fibrinogen, factor VIII, antithrombin 
III, protein C, protein S, and D-dimer in men and women from the general population.

Methods  Based on 803 participants (376 men, 427 women) from the KORA-Fit Study the sex-specific relationship 
between systolic, diastolic, and pulse pressure and commonly measured coagulation factors were investigated using 
multivariable-adjusted linear regression models.

Results  Hypertensive males had significantly higher median fibrinogen levels and factor VIII activity in comparison to 
normotensive males. There was a statistically significant difference between females with and without hypertension 
regarding the parameter fibrinogen, D-dimers, Protein S activity, and factor VIII activity. In multivariable linear regres-
sion analyses no significant association between systolic blood pressure, diastolic blood pressure, as well as pulse 
pressure and the investigated hemostatic parameters was found in men. In women, a significant positive association 
could be observed between systolic blood pressure and D-dimer level [β-estimate per mmHg increase 3.37 (95% CI 
0.935–5.804; p = 0.007)] and between pulse pressure and D-dimer level [β-estimate per mmHg increase 5.351 (95% CI 
1.772–8.930; p = 0.003)].

Conclusions  It appears that sex differences exist in the association between blood pressure parameters and com-
monly measured coagulation markers in the general population. Further studies are needed to identify the underly-
ing causes.
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Background
Worldwide, the prevalence of arterial hypertension 
is still high and it remains the greatest risk factor for 
mortality with 9.4 million deaths in 2010 [1] in indus-
trialized countries. It is estimated that about one third 
of the 18 to 79  years old German population suffers 
from hypertension, and the frequency increases sig-
nificantly with age [2]. Hypertension is recognized as 
a risk factor for the development of atherosclerosis 
via damage of the intima of blood vessels which leads 
to increased platelet aggregation [3]. Eventually, the 
coagulation system is activated, which may also stimu-
late the development of atherosclerosis. Thus, persons 
with hypertension are at increased risk of cardiovas-
cular diseases, such as coronary heart disease (CHD), 
heart attack, heart failure, kidney failure, stroke and 
arterial occlusive disease [4, 5].

Previous studies, mostly from the 90  s, addressed the 
question whether hypertension confers a hypercoagu-
lable state [6]. However, these investigations in subjects 
with and without hypertension led to conflicting results 
[7–10]. So far, epidemiological data from large popula-
tion-based studies including men and women with and 
without hypertension and with the standardized meas-
urement of blood pressure and a number of hemato-
logic parameters are still scarce. Thus, the present study 
examines whether there are sex-specific associations 
between systolic and diastolic blood pressure and the 
parameters  international normalized ratio (INR), acti-
vated partial thromboplastin time (aPTT), antithrombin 
III, fibrinogen, D-dimer, protein C, protein S, and factor 
VIII in a sample of the general adult population. Further-
more, in this context we also examined the role of pulse 
pressure, which is also a predictor of cardiovascular and 
mortality risk [11].

Materials and methods
Study sample
KORA (Cooperative Health Research in the Region of 
Augsburg, Germany) is a regional research platform for 
population-based studies. It consists of 4 cross-sectional 
baseline surveys (S1 1984/85, S2 1989/90, S3 1994/95 and 
S4 1999/2001) [12].

The KORA-Fit follow-up study was conducted from 
22.01.2018 to 29.06.2019; all KORA participants born 
between 1945 and 1964 who agreed to be re-contacted 
were invited to the KORA study centre (n = 3059 or 
64.4% of all appropriate participants).

In the present analysis, all S4 participants in KORA-
Fit were considered (n = 1394 eligible persons). Of those, 
856 participants took part in the KORA-Fit examina-
tion (61.4% of all eligible S4 persons), and citrate plasma 

samples were collected. For the present analysis, 803 par-
ticipants (376 men, 427 women) with available data on 
hemostatic parameters were included.

The study methods were approved by the Ethics 
Committees of the Bavarian Chamber of Physicians 
(KORA-Fit EC No 17040). The study was performed in 
accordance with the Declaration of Helsinki. All study 
participants gave written informed consent.

Data collection
During a face-to-face interview information on smok-
ing habits, physical activity level, alcohol consumption, 
medication use, and socioeconomic status was gath-
ered by trained and certified study nurses. Furthermore, 
the study participants underwent a standardized medi-
cal examination including collection of a fasting blood 
sample. All study participants should take their morn-
ing medications as usual prior to the study. Height and 
weight measurements were performed with the subjects 
in light clothing and without shoes; body mass index 
(BMI) was calculated as weight in kilograms divided by 
the height in m2. Education years were categorized into 
low (< 10  years of schooling) and high ( ≥10  years of 
schooling). Alcohol intake was classified into low risk 
(men ≤ 24  g/d, women ≤ 12  g/d) and risky consumption 
(men > 24  g/d, women > 12  g/d). The physical activity 
level was estimated by means of two separate four-cate-
gory interview questions asking about the time per week 
spent on sports activities during leisure time in sum-
mer and winter. The winter and summer responses were 
combined to create one variable of leisure time physi-
cal activity [13]. A participant was defined as physically 
active during leisure time if he/she participated in sports 
in summer and winter and for more than one hour per 
week in at least one season [14]. In participants with or 
without hypertension, blood pressure was measured after 
a rest of at least 5 min at the right arm in the morning 
at the examination center. Three measurements were 
taken with 3  min intervals between the measurements 
and the results of the second and third measurements 
were averaged. Subjects who were aware of having hyper-
tension, who were therefore taking antihypertensive 
medication and/or had blood pressure measurements of 
140/90 mmHg or higher at the examination were defined 
as having actual hypertension. However, participants 
without known hypertension with normal blood pressure 
readings on examination but taking medications that 
affect blood pressure were not considered hypertensive.

Pulse pressure was calculated by building the differ-
ence between systolic and diastolic blood pressure. Anti-
coagulation therapy was defined as yes, if a participant 
was treated either with a novel oral anticoagulant (e.g. 
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apixaban, rivaroxaban) or with phenprocoumon. Fur-
ther information on the data collection procedures and 
examinations in the KORA studies have been described 
in detail elsewhere [15].

Laboratory measurements
All hemostatic factors were measured in citrat plasma 
samples, which were collected in an overnight fasting state, 
and processed, aliquoted, and stored at -80° C until analy-
sis. INR (reference value: 0.9–1.15) was calculated from the 
prothrombin ratio (Thromborel S, Siemens Healthcare). 
aPTT (reference value: 26–36 s) was measured photomet-
rically (Pathromtin SL, Siemens Healthcare); antithrombin 
III activity (reference value: 78–113%) was determined by 
a chromogenic activity assay (Innovance Antithrombin-
Assay, Siemens Healthcare). Fibrinogen (reference value: 
210–400  mg/dl) was measured photometrically and 
turbidimetrically (Multifibren U, Siemens Healthcare). 
D-dimers (reference value: < 500  µg/L) were measured by 
a particle-enhanced immunoturbidimetric assay (Inno-
vance D-dimer Kit, Siemens Healthcare). Protein-C and 
protein-S activities (reference values prot C: 70–140%, prot 
S men: 73–130%, women: 52–126%) were measured pho-
tometrically (Berichrom Protein C, Siemens Healthcare; 
Hemoclot Protein S). Factor VIII activity (reference value: 
70–150%) was measured photometrically (Coagulation 
factor VIII Deficient Plasma reagents used with Pathrom-
tin SL reagents, Siemens Healthcare). All measurements 
were performed on a Siemens BCS-XP analyzer (Siemens, 
Eschborn, Germany) except the measurement of protein 
S activity, which was measured on a CaoChrom analyzer 
(Wien, Austria).

Total cholesterol (reference value: ≤ 200  mg/dl) and 
HDL cholesterol (reference value: > 45 mg/dl) were meas-
ured enzymatically (Hoffmann-La Roche AG, Basel/Swit-
zerland) on a Cobas 8000 c702 Roche chemistry analyzer. 
Non-HDL cholesterol (reference value: ≤ 130 mg/dl) was 
calculated by subtracting HDL cholesterol from total 
cholesterol.

Statistical analysis
Continuous variables were checked for normal distri-
bution by the Shapiro–Wilk test and were described by 
mean ± standard deviation (SD) in case of normal distri-
bution; non-normally distributed variables were reported 
as median and interquartile range (IQR). Categorical 
variables were given as absolute frequencies and per-
centages. Medians of continuous variables were com-
pared by the Mann–Whitney-U-Test, arithmetic means 
by the t-test, and the categorical variables by the Fisher’s 
exact test. The associations between the blood pressure 

exposures (systolic, diastolic, and pulse pressure) and 
the outcomes INR, aPTT, antithrombin III, fibrinogen, 
D-dimer, protein C, protein S, and factor VIII were inves-
tigated using multivariable linear regression models. 
The models were adjusted for age, waist circumference, 
leisure time physical activity, alcohol consumption, soci-
oeconomic status, BMI, diabetes, smoking status, non-
HDL cholesterol, and use of medications acting on blood 
pressure. Persons treated with anticoagulation drugs 
were excluded from the analyses with INR as outcome. 
We investigated whether the exposure-outcome associa-
tions were modified by sex or age by conducting formal 
tests for interaction (significance level 5%). Because there 
was a significant interaction with sex, separate analyses 
for men and women were carried out. All required model 
assumptions were ensured. Multicollinearity and auto-
correlation were assessed by the variance inflation factor 
and Durbin-Watson statistics, respectively. The linear-
ity assumption between continuous covariables and the 
respective outcome were tested using restricted cubic 
splines. The Breusch-Pagan test was applied to test for 
heteroscedasticity, and if present, robust standard errors 
were calculated. Influential observations were identi-
fied calculating Cook’s distances ( Di ) and removed when 
Di > 1 . P-values < 0.05 were considered as statistically 
significant. The statistical softwares IBM SPSS 26 and R 
(version 4.0.1) were used for data analysis.

Results
Table  1 shows the sex-specific characteristics for par-
ticipants with and without hypertension. Men and 
women with hypertension were significantly older than 
subjects without hypertension (mean age in men 64.1 
vs 61.8  years; in women: 65.1 vs. 61.8  years; p < 0.0001 
in both sexes). Mean systolic, diastolic, and pulse 
pressure values in men with hypertension were sig-
nificantly higher than in normotensive men (systolic 
blood pressure: 136.0 vs. 122.8  mmHg; diastolic blood 
pressure: 78.9 vs. 74.0  mmHg; pulse pressure: 57.1 
vs. 48.8  mmHg; p < 0.0001 for all comparisons). This 
was also the case in women (systolic blood pressure: 
128.0 vs. 115.1  mmHg; diastolic blood pressure: 75.1 
vs. 70.1  mmHg; pulse pressure: 52.9 vs. 45.1  mmHg; 
p < 0.0001 for all comparisons).

Also, mean BMI was significantly higher in male and 
female participants with hypertension in comparison 
to normotensive subjects (men: 29.94 vs. 27.22; women: 
29.59 vs. 26.12 mmHg; p < 0.0001 in both sexes). In both 
sexes, participants with hypertension suffered signifi-
cantly more often from diabetes than subjects without 
hypertension. Females with hypertension more often 
were treated with anticoagulation drugs, and had higher 



Page 4 of 8Vogel von Falckenstein et al. Thrombosis Journal            (2023) 21:7 

total cholesterol as well as lower HDL cholesterol values 
in comparison to normotensive women. Other param-
eters did not differ significantly for men and women with 
and without hypertension (see Table 1).

The hemostatic parameters of men and women with and 
without hypertension are given in Table 2. In men, median 
fibrinogen levels and factor VIII activity were significantly 
higher in the hypertensive group than in normotensive par-
ticipants (fibrinogen: 300.3 vs. 281.7 mg/dl, p = 0.006; fac-
tor VIII: 123.5 vs. 113.6%, p = 0.043). The other investigated 
hemostatic parameters did not significantly differ between 
hypertensive and non-hypertensive men (see Table 2).

In women, there was a statistically significant differ-
ence between participants with and without hyperten-
sion regarding the parameters fibrinogen, D-dimers, 
protein S activity and factor VIII activity; females with 
hypertension showed higher levels of these parameters 

Table 1  Sex-specific characteristics given as means ± SD or n (%) for participants with and without hypertension

HTN Hypertension

MEN WOMEN

HTN yes, n = 211 HTN no, n = 165 p-value HTN yes, n = 170 HTN no, n = 257 p-value

Blood pressure systolic mmHg 136.0 (16.4) 122.8 (9.7)  < 0.0001 128.0 (19.8) 115.1 (11.4)  < 0.0001
Blood pressure diastolic mmHg 78.9 (10.3) 74.0 (7.3)  < 0.0001 75.1 (10.2) 70.1 (8.1)  < 0.0001
Pulse pressure mmHg 57.1 (12.7) 48.8 (7.6)  < 0.0001 52.9 (13.6) 45.1 (7.9)  < 0.0001
Age years 64.1 (5.6) 61.8 (5.8)  < 0.0001 65.1 (5.1) 61.8 (5.4)  < 0.0001
BMI kg/m2 29.9 (5.6) 27.2 (3.5)  < 0.0001 29.6 (5.7) 26.1 (4.6)  < 0.0001
Education education ≤ 10 yrs 70 (33.2) 47 (28.5) 0.370 89 (52.4) 82 (31.9)  < 0.0001

education > 10 yrs 141 (66.8) 118 (71.5) 81 (47.6) 175 (68.1)

Diabetes yes 27 (12.8) 8 (4.8) 0.011 25 (14.8) 8 (3.1)  < 0.0001
no 184 (87.2) 157 (95.2) 144 (85.2) 248 (96.9)

Leisure time physical 
activity

yes 150 (71.1) 111 (67.3) 0.432 114 (67.1) 190 (73.9) 0.128

no 61 (28.9) 54 (32.7) 56 (32.9) 67 (26.1)

Smoking Smoker 30 (14.2) 26 (15.8) 0.437 22 (12.9) 32 (12.5) 0.878

Ex smoker 114 (54.0) 78 (47.3) 67 (39.4) 96 (37.4)

Never smoker 67 (31.8) 61 (37.0) 81 (47.6) 129 (50.2)

Alcohol consumption low risk 161 (76.3) 134 (81.7) 0.253 99 (58.2) 147 (57.2) 0.842

risky 50 (23.7) 30 (18.3) 71 (41.8) 110 (42.8)

Drugs acting on blood 
pressure

yes 160 (75.8) 8 (4.8)  < 0.0001 153 (90.0) 11 (4.3)  < 0.0001
no 51 (24.2) 157 (95.2) 17 (10.0) 245 (95.3)

Anticoagulative medication yes 15 (7.1) 6 (3.6) 0.177 5 (2.9) 1 (0.4) 0.039
no 196 (92.9) 159 (96.4) 165 (97.1) 255 (99.2)

Total cholesterol normal ≤ 200 mg/dl 113 (53.8) 77 (46.7) 0.212 67 (39.4) 65 (25.3) 0.003
high > 200 mg/dl 98 (46.4) 88 (53.5) 103 (60.6) 192 (74.7)

HDL cholesterol low ≤ 45 mg/dl 69 (32.7) 41 (24.8) 0.110 19 (11.2) 7 (2.7) 0.001
normal > 45 mg/dl 142 (67.3) 124 (75.2) 151 (88.8) 250 (97.3)

non-HDL cholesterol normal ≤ 130 mg/dl 89 (42.2) 56 (33.9) 0.110 55 (32.4) 82 (31.9) 1.000

high > 130 mg/dl 122 (57.8) 109 (66.1) 115 (67.6) 175 (68.1)

(fibrinogen: 317.1 vs. 292.4  mg/dl, p = 0.001; D-dimers: 
459.5 vs. 370.0  µg/l, p = < 0.001; protein S: 124.8 
vs. 117.9%, p = 0.008; factor VIII: 125.7 vs. 118.7%, 
p = 0.031). Other hemostatic parameters did not differ 
significantly in women (see Table 2).

Linear regression analyses
In multivariable-adjusted linear regression analyses  (see 
Table  3) a significant positive association could be 
observed between systolic blood pressure and D-dimer 
level [β-estimate per mmHg increase 3.37 (95% CI 
0.935–5.804; p = 0.007)] and between pulse pressure and 
D-dimer level [β-estimate per mmHg increase 5.351 (95% 
CI 1.772–8.930; p = 0.003)] in women. No further signifi-
cant associations were observed in women. Furthermore, 
no notable associations between the three exposures and 
the investigated coagulation factors were found in men.
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Discussion
The present observational study explored the sex-spe-
cific association between hypertension and a number of 
commonly measured coagulation factors. It was found 
that fibrinogen levels and factor VIII activity differed 
significantly between normotensive and hypertensive 
men. Hypertensive women had statistically significantly 
higher levels of fibrinogen, D-dimers, protein S activity 
and factor VIII activity in comparison to normotensive 
women. In multivariable linear regression analysis only 
the associations between systolic blood pressure and 
pulse pressure and D-dimer in women remained sta-
tistically significant, while no other significant results 
were found in both sexes.

Available literature reported that hypertension is 
associated with a hypercoagulable state [6], which may 
contribute to the pathogenesis of atherothrombotic 
diseases [16]. Decades ago, Letcher et  al. found that 
in haematocrit-matched hypertensives, the levels of 

fibrinogen are increased, a change that might partly be 
responsible for a higher blood viscosity [17]. However, 
a number of early epidemiological studies showed only 
weak associations [10, 18, 19]. Most prior studies could 
show that individuals with hypertension had higher 
fibrinogen levels than normotensive persons [7, 20], and 
that women have higher fibrinogen levels than men [7, 
21, 22], a finding which could be confirmed by our study. 
Some former investigations reported no independent 
association between blood pressure and fibrinogen lev-
els after multivariable adjustment for other cardiovascu-
lar risk factors [10, 23, 24]. Other studies [9, 18] showed 
a weak but independent association in women only. 
For example, the association between fibrinogen levels 
and blood pressure was investigated in the population-
based Northern Sweden MONICA study including 1558 
men and women aged 25 to 64  years [9]. However, it 
remained unclear whether there are sex differences in 
relationships between blood pressure and fibrinogen 

Table 2  Coagulation factors of the subjects investigated (sex-specific values, that is median and IQR, for the total sample and stratified 
by hypertension yes/no)

(a) men

Coagulation factor Overall (n = 378) Hypertensive men p-Value
Yes No

Quick % (excl. Anti-
coag)

Median (IQR) 106.7 (100.1; 112.6) Median (IQR) 106.8 (100.8; 113.5) Median (IQR) 106.4 (99.4: 111.7) 0.284

INR in sec. (excl. 
Anticoag)

Median (IQR) 0.97 (0.93; 1.01) Median (IQR) 0.97 (0.93; 1.00) Median (IQR) 0.97 (0.94; 1.01) 0.307

aPTT (excl. Anticoag) Median (IQR) 31.15 (29.3; 33.5) Median (IQR) 31.0 (29.3; 33.2) Median (IQR) 31.3 (29.3; 33.7) 0.586

Antithrombin III in 
mg/dl

Median (IQR) 99.2 (93.3; 106.2) Median (IQR) 99.1 (92.5; 106.1) Median (IQR) 99.2 (93.8; 106.3) 0.944

Fibrinogen in mg/dl Median (IQR) 290.4 (258.3; 330.4) Median (IQR) 300.3 (267.2; 342.6) Median (IQR) 281.7 (252.9; 319.6) 0.006
D-dimers in µg/l Median (IQR) 404.0 (303.8; 563.0) Median (IQR) 420.0 (326.0; 576.0) Median (IQR) 390.0 (288.5; 544.0) 0.162

Protein C in % Median (IQR) 116.7 (107.3; 131.´3) Median (IQR) 116.5 (107.1; 130.8) Median (IQR) 116.8 (107.2; 131.8) 0.776

Protein S in % Median (IQR) 131.9 (109.3; 157.2) Median (IQR) 134.4 (113.3; 160.8) Median (IQR) 129.1 (104.9; 153.5) 0.058

Factor VIII in % Median (IQR) 119.1 (95.4; 141.7) Median (IQR) 123.5 (97.0; 144.1) Median (IQR) 113.6 (93.7; 138.6) 0.043
(b) women

Coagulation factor Overall (n = 427) Hypertensive women p-Value
Yes No

Quick % (excl. Anti-
coag)

Median (IQR) 110.4 (104.5; 115.8) Median (IQR) 111.0 (104.4; 116.7) Median (IQR) 110.3 (104.5; 115.1) 0.480

INR in sec. (excl. 
Anticoag)

Median (IQR) 0.94 (0.91; 0.98) Median (IQR) 0.94 (0.91; 0.98) Median (IQR) 0.95 (0.92; 0.98) 0.558

aPTT (excl. Anticoag) Median (IQR) 30.2 (28.4; 32.6) Median (IQR) 30.1 (28.3; 32.7) Median (IQR) 30.3 (28.5; 32.4) 0.998

Antithrombin III in 
mg/dl

Median (IQR) 104.7 (98.3; 110.8) Median (IQR) 103.8 (97.1; 109.6) Median (IQR) 105.6 (99.2; 112.8) 0.062

Fibrinogen in mg/dl Median (IQR) 300.3 (263.5; 341.0) Median (IQR) 317.1 (266.8; 356.7) Median (IQR) 292.4 (259.8; 325.5) 0.001
D-dimers in µg/l Median (IQR) 406.0 (306.0; 554.0) Median (IQR) 459.5 (353.0; 684.8) Median (IQR) 370.0 (282.0; 505.0)  < 0.0001
Protein C in % Median (IQR) 129.0 (116.2; 142.1) Median (IQR) 128.7 (116.6; 147.1) Median (IQR) 129.4 (115.2; 140.2) 0.405

Protein S in % Median (IQR) 120.1 (101.3; 138.9) Median (IQR) 124.8 (106.5; 145.1) Median (IQR) 117.9 (99.4; 133.2) 0.008
Factor VIII in % Median (IQR) 123.2 (101.1; 143.4) Median (IQR) 125.7 (105.4; 152.1) Median (IQR) 118.7 (97.8; 140.8) 0.031
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levels [9, 10, 18, 23]. In the present population-based 
study no independent association between blood pres-
sure and fibrinogen levels in multivariable-adjusted 
regression analysis was observed, neither in men nor in 
women.

Factor VIII is mainly synthesized in hepatocytes, but 
also endothelial cells, kidneys, and lymphatic tissue [25]. 
In the blood-stream it is present in a non-covalent com-
plex in association with the von Willebrand factor [26, 
27]. We found significantly higher factor VIII levels in 
men and women with hypertension in comparison to 
normotensive individuals. In the population-based third 
MONICA Glasgow survey, factor VIII was correlated 
with diastolic blood pressure in men but not women in 
age-adjusted Spearman rank correlation analysis [28]. 
However, in our study in both sexes the results of the 
multivariable linear regression models do not support 
an independent association between systolic and dias-
tolic blood pressure as well as pulse pressure and factor 
VIII levels. To the best of our knowledge, no population-
based studies have investigated the association between 
blood pressure and factor VIII in detail. There are only 
a few studies on the association between von Willebrand 
factor and blood pressure, and they found no independ-
ent relationship [29]. Unfortunately, no von Willebrand 

factor measurements were available in our study. Further 
investigations on the association between blood pressure 
and factor VIII in the general population are necessary.

Protein S and protein C are vitamin K dependent inhib-
itors of blood coagulation [30]. Contrary to protein C, 
which is synthesized in the liver only, protein S is synthe-
sized in a number of cells including endothelial cells. In 
this study, significantly higher protein S levels were found 
in women with than without hypertension. Prior stud-
ies investigating the relationship between protein S and 
blood pressure are scarce. In the third Glasgow MON-
ICA survey an age-adjusted Spearman rank correlation 
between protein S levels and blood pressure was found in 
both, men and women [28]. However, in regression anal-
ysis, in both sexes there was no significant association 
[28]. In another study blood protein S levels were higher 
in relatives of hypertensive men than in men without a 
family history of hypertension [31].

Plasma D-dimer is a degradation product of cross-
linked fibrin and a marker of hypercoagulability and 
thrombosis [32]. Higher fibrin D-dimer concentra-
tions may reflect an increased turnover of fibrin [18]. 
Moderately high levels of D-dimer have been associ-
ated with an increased risk of subsequent thrombotic 
events, particularly in patients with prior vascular 

Table 3  Association between blood pressure measurements and coagulation factors. Results of the multivariable linear regressions in 
men and women

Exposures: systolic, diastolic, and pulse pressure; Outcomes: INR, aPTT, protein C, protein S, antithrombin III, fibrinogen, D-dimers, Factor VIII. Level of significance at 
P < 0.05. ß regression coefficient, CI Confidence interval, BP Blood pressure

Adjusted for age, BMI, diabetes, smoking status, non HDL-Cholesterol, and medications acting on blood pressure. Participants with anticoagulative medication were 
excluded from the linear regression models

MEN Systolic BP Diastolic BP Pulse pressure
ß-estimate (95% CI) P-value ß-estimate (95% CI) P-value ß-estimate (95% CI) P-value

INR 0 (-0.001, 0) 0.497 0 (-0.001, 0.001) 0.942 0 (-0.001, 0) 0.394

aPTT (sec) 0.012 (-0.01, 0.034) 0.289 0 (-0.037, 0.038) 0.987 0.021 (-0.009, 0.051) 0.161

Protein C activity (%) 0.043 (-0.077, 0.163) 0.483 -0.041 (-0.243, 0.161) 0.69 0.108 (-0.054, 0.271) 0.192

Protein S activity (%) -0.02 (-0.254, 0.214) 0.868 -0.047 (-0.438, 0.343) 0.812 -0.004 (-0.321, 0.313) 0.980

Antithrombin III (mg/dl) 0.012 (-0.058, 0.081) 0.739 0.01 (-0.107, 0.126) 0.868 0.014 (-0.08, 0.108) 0.768

Fibrinogen (mg/dl) -0.185 (-0.592, 0.223) 0.374 -0.145 (-0.837, 0.548) 0.682 -0.255 (-0.805, 0.294) 0.362

D-dimers µg/l -1.941 (-4.674, 0.793) 0.164 -0.501 (-5.108, 4.107) 0.831 -3.030 (-6.713, 0.653) 0.107

Factor VIII activity (%) 0.045 (-0.186, 0.277) 0.702 0.182 (-0.206, 0.569) 0.358 -0.038 (-0.349, 0.275) 0.816

WOMEN Systolic BP Diastolic BP Pulse pressure
ß-estimate (95% CI) P-value ß-estimate (95% CI) P-value ß-estimate (95% CI) P-value

INR 0.000 (0.000, 0.000) 0.896 0.000 (0.000, 0.001) 0.461 0.000 (-0.001, 0.000) 0.651

aPTT (sec) -0.003 (-0.022, 0.016) 0.759 0.02 (-0.014, 0.054) 0.253 -0.02 (-0.049, 0.008) 0.164

Protein C activity (%) 0.065 (-0.042, 0.173) 0.233 0.127 (-0.063, 0.317) 0.19 0.055 (-0.103, 0.213) 0.492

Protein S activity (%) 0.024 (-0.154, 0.202) 0.795 -0.033 (-0.332, 0.267) 0.831 0.072 (-0.180, 0.324) 0.576

Antithrombin III (mg/dl) -0.02 (-0.077, 0.038) 0.506 -0.044 (-0.143, 0.055) 0.385 -0.012 (-0.098, 0.075) 0.793

Fibrinogen (mg/dl) -0.24 (-0.612, 0.132) 0.206 -0.341 (-1.004, 0.322) 0.313 -0.291 (-0.836, 0.255) 0.296

D-dimers (µg/l) 3.37 (0.935, 5.804) 0.007 2.718 (-1.614, 7.051) 0.218 5.351 (1.772, 8.930) 0.003
Factor VIII activity (%) -0.029 (-0.235, 0.177) 0.785 -0.081 (-0.446, 0.283) 0.662 -0.004 (-0.307, 0.299) 0.978
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disease [32]. Serum D-dimer levels correlate with the 
extent of the total thrombolytic activity [32]. In our 
study, the D-dimer levels were significantly higher in 
hypertensive women compared to non-hypertensive 
ones, but this difference was not seen in men. Higher 
D-dimer levels in women compared to men were also 
reported from an Italian study [33]. Linear regression 
models attempting to assess the independent associa-
tion between the systolic, diastolic and pulse pressure 
showed a significant relationship between systolic 
blood pressure and pulse pressure and D-dimer lev-
els in women only. Our finding is in accordance with 
results from the Edinburgh Artery Study [34], in which 
systolic blood pressure in women was independently 
associated with D-dimer levels. Higher fibrin D-dimer 
levels in hypertensive than normotensive patients have 
been shown in further studies [33, 35].

The strengths of the present study are primarily the 
population-based design, and the availability of labora-
tory data, information on medication intake, and stand-
ardized assessed cardiovascular risk factors, including 
standardized blood pressure measurement. The sam-
ple size allowed for a sufficiently powered sex-specific 
analysis. This study also has limitations. Because the 
analyses were based on a follow-up examination of the 
population-based KORA study, it could be argued that 
the responders are not representative of the initial pop-
ulation-based sample. Thus, selection bias that may have 
affected the present results cannot be excluded. Further-
more, residual confounding by unmeasured variables 
cannot be entirely ruled out. The cross-sectional design 
of the study, the evaluation of leisure physical activity by 
self-report only, and the missing information on other 
types of physical activity represent further shortcom-
ings [36]. Finally, because this study included German 
subjects born between 1945 and 1964, the results are not 
transferable to other age-groups and persons of other 
ethnicity.

In conclusion, while in both sexes there were sig-
nificant differences in fibrinogen and factor VIII levels 
between hypertensive versus non-hypertensive subjects, 
the blood levels of protein S and D-dimers in hyperten-
sives versus non-hypertensives differed only in women. 
There was no significant association between systolic, 
diastolic, and pulse pressure and any of the coagulation 
factors in both sexes, except for an independent associa-
tion between systolic and pulse pressure and D-dimers 
in women. Thus, it seems that sex differences exist in 
the association between blood pressure parameters and 
commonly measured coagulation markers in the general 
population. Further studies are needed to identify the 
underlying causes.

Abbreviations
aPTT	� Activated partial thromboplastin time
BMI	� Body mass index
CHD	� Coronary heart disease
HDL	� High-densitiy lipoprotein
INR	� International normalized ratio
IQR	� Interquartile range
KORA	� Cooperative Health Research in the Region of Augsburg, Germany
SD	� Standard deviation

Acknowledgements
The KORA study was initiated and financed by the Helmholtz Zentrum 
München – German Research Center for Environmental Health, which is 
funded by the German Federal Ministry of Education and Research (BMBF) and 
by the State of Bavaria. Data collection in the KORA study is done in coopera-
tion with the University Hospital of Augsburg. Furthermore, KORA research 
was supported within the Munich Center of Health Sciences (MC-Health), 
Ludwig-Maximilians-Universität, as part of LMUinnovativ.

Authors’ contributions
JVvF analysed and interpreted the data and wrote the manuscript. DF and CM 
supervised the analysis and interpreted the data. JL and CM were responsible 
for the design of the study. AP and MH were responsible for the implementa-
tion and conduct of the KORA-Fit Study. All authors critically reviewed the 
manuscript and finally approved the version to be published.

Funding
Open Access funding enabled and organized by Projekt DEAL. This research 
did not receive any specific funding.

Availability of data and materials
The data that support the findings of this study are available from Helmholtz 
Zentrum München but restrictions apply to the availability of these data, which 
are not publicly available. Data are however available from the authors upon 
reasonable request and with permission of Helmholtz Zentrum München.

Declarations

Ethics approval and consent to participate
The study protocol was approved by by the Ethics Committees of the Bavarian 
Chamber of Physicians (KORA-Fit EC No 17040). The study was performed in 
accordance with the Declaration of Helsinki. All study participants gave writ-
ten informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 4 April 2022   Accepted: 11 January 2023

References
	1.	 Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A 

comparative risk assessment of burden of disease and injury attribut-
able to 67 risk factors and risk factor clusters in 21 regions, 1990–2010: a 
systematic analysis for the Global Burden of Disease Study 2010. Lancet. 
2012;380(9859):2224–60.

	2.	 Sarganas G, Neuhauser HK. Untreated, Uncontrolled, and Apparent 
Resistant Hypertension: Results of the German Health Examination 
Survey 2008–2011. J Clin Hypertens (Greenwich). 2016;18(11):1146–54.

	3.	 Medina-Leyte DJ, Zepeda-Garcia O, Dominguez-Perez M, Gonzalez-
Garrido A, Villarreal-Molina T, Jacobo-Albavera L. Endothelial dysfunction, 
inflammation and coronary artery disease: potential biomarkers and 
promising therapeutical approaches. Int J Mol Sci. 2021;22(8):3850.



Page 8 of 8Vogel von Falckenstein et al. Thrombosis Journal            (2023) 21:7 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	4.	 Global Burden of Metabolic Risk Factors for Chronic Diseases C. Cardio-
vascular disease, chronic kidney disease, and diabetes mortality burden 
of cardiometabolic risk factors from 1980 to 2010: a comparative risk 
assessment. Lancet Diabetes Endocrinol. 2014;2(8):634–47.

	5.	 Collaboration NCDRF. Long-term and recent trends in hyperten-
sion awareness, treatment, and control in 12 high-income coun-
tries: an analysis of 123 nationally representative surveys. Lancet. 
2019;394(10199):639–51.

	6.	 Lip GY, Li-Saw-Hee FL. Does hypertension confer a hypercoagulable 
state? J Hypertens. 1998;16(7):913–6.

	7.	 Landin K, Tengborn L, Smith U. Elevated fibrinogen and plasminogen 
activator inhibitor (PAI-1) in hypertension are related to metabolic risk 
factors for cardiovascular disease. J Intern Med. 1990;227(4):273–8.

	8.	 Donders SH, Lustermans FA, Van Wersch JW. Coagulation factors and lipid 
composition of the blood in treated and untreated hypertensive patients. 
Scand J Clin Lab Invest. 1993;53(2):179–86.

	9.	 Eliasson M, Evrin PE, Lundblad D. Fibrinogen and fibrinolytic variables 
in relation to anthropometry, lipids and blood pressure. The Northern 
Sweden MONICA Study. J Clin Epidemiol. 1994;47(5):513–24.

	10.	 Smith WC, Lowe GD, Lee AJ, Tunstall-Pedoe H. Rheological determi-
nants of blood pressure in a Scottish adult population. J Hypertens. 
1992;10(5):467–72.

	11.	 Strandberg TE, Pitkala K. What is the most important component of blood 
pressure: systolic, diastolic or pulse pressure? Curr Opin Nephrol Hyper-
tens. 2003;12(3):293–7.

	12.	 Holle R, Happich M, Lowel H, Wichmann HE, Group MKS. KORA–a 
research platform for population based health research. Gesund-
heitswesen. 2005;67(Suppl 1):S19-25.

	13.	 Pereira MA, FitzerGerald SJ, Gregg EW, Joswiak ML, Ryan WJ, Suminski RR, 
et al. A collection of Physical Activity Questionnaires for health-related 
research. Med Sci Sports Exerc. 1997;29(6 Suppl):S1-205.

	14.	 Meisinger C, Löwel H, Thorand B, Döring A. Leisure time physical activity 
and the risk of type 2 diabetes in men and women from the general 
population. The MONICA/KORA Augsburg Cohort Study. Diabetologia. 
2005;48(1):27–34.

	15.	 Meisinger C, Thorand B, Schneider A, Stieber J, Doring A, Lowel H. Sex dif-
ferences in risk factors for incident type 2 diabetes mellitus: the MONICA 
Augsburg cohort study. Arch Intern Med. 2002;162(1):82–9.

	16.	 Lee AJ. The role of rheological and haemostatic factors in hypertension. J 
Hum Hypertens. 1997;11(12):767–76.

	17.	 Letcher RL, Chien S, Pickering TG, Sealey JE, Laragh JH. Direct rela-
tionship between blood pressure and blood viscosity in normal and 
hypertensive subjects. Role of fibrinogen and concentration. Am J Med. 
1981;70(6):1195–202.

	18.	 Lee AJ, Smith WC, Lowe GD, Tunstall-Pedoe H. Plasma fibrinogen and 
coronary risk factors: the Scottish Heart Health Study. J Clin Epidemiol. 
1990;43(9):913–9.

	19.	 Moller L, Kristensen TS. Plasma fibrinogen and ischemic heart disease risk 
factors. Arterioscler Thromb. 1991;11(2):344–50.

	20.	 Cushman M, Yanez D, Psaty BM, Fried LP, Heiss G, Lee M, et al. Association 
of fibrinogen and coagulation factors VII and VIII with cardiovascular risk 
factors in the elderly: the Cardiovascular Health Study. Cardiovascular 
Health Study Investigators. Am J Epidemiol. 1996;143(7):665–76.

	21.	 Vaya A, Martinez M, Garcia J, Labios M, Aznar J. Hemorheological altera-
tions in mild essential hypertension. Thromb Res. 1992;66(2–3):223–9.

	22.	 Kannel WB, Wolf PA, Castelli WP, D’Agostino RB. Fibrinogen and risk of car-
diovascular disease. The Framingham Study. JAMA. 1987;258(9):1183–6.

	23.	 Fowkes FG, Lowe GD, Rumley A, Lennie SE, Smith FB, Donnan PT. 
The relationship between blood viscosity and blood pressure in a 
random sample of the population aged 55 to 74 years. Eur Heart J. 
1993;14(5):597–601.

	24.	 Junker R, Heinrich J, Schulte H, Erren M, Assmann G. Hemostasis in nor-
motensive and hypertensive men: results of the PROCAM study. The pro-
spective cardiovascular Munster study. J Hypertens. 1998;16(7):917–23.

	25.	 Mazurkiewicz-Pisarek A, Plucienniczak G, Ciach T, Plucienniczak A. The 
factor VIII protein and its function. Acta Biochim Pol. 2016;63(1):11–6.

	26.	 Toole JJ, Knopf JL, Wozney JM, Sultzman LA, Buecker JL, Pittman DD, et al. 
Molecular cloning of a cDNA encoding human antihaemophilic factor. 
Nature. 1984;312(5992):342–7.

	27.	 Vehar GA, Keyt B, Eaton D, Rodriguez H, O’Brien DP, Rotblat F, et al. Struc-
ture of human factor VIII. Nature. 1984;312(5992):337–42.

	28	 Woodward M, Lowe GD, Rumley A, Tunstall-Pedoe H, Philippou H, Lane 
DA, et al. Epidemiology of coagulation factors, inhibitors and activation 
markers: The Third Glasgow MONICA Survey. II. Relationships to cardio-
vascular risk factors and prevalent cardiovascular disease. Br J Haematol. 
1997;97(4):785–97.

	29	 Conlan MG, Folsom AR, Finch A, Davis CE, Sorlie P, Marcucci G, et al. Asso-
ciations of factor VIII and von Willebrand factor with age, race, sex, and 
risk factors for atherosclerosis. The Atherosclerosis Risk in Communities 
(ARIC) Study. Thromb Haemost. 1993;70(3):380–5.

	30	 Rick ME. Protein C and protein S. Vitamin K-dependent inhibitors of blood 
coagulation. JAMA. 1990;263(5):701–3.

	31.	 Endre T, Mattiasson I, Berntorp E, Berglund G, Hulthen UL. Coagulation 
and fibrinolytic factors in normotensive hypertension-prone men. J 
Hypertens. 1996;14(5):629–34.

	32.	 Soomro AY, Guerchicoff A, Nichols DJ, Suleman J, Dangas GD. The current 
role and future prospects of D-dimer biomarker. Eur Heart J Cardiovasc 
Pharmacother. 2016;2(3):175–84.

	33.	 Giansante C, Fiotti N, Cattin L, Da Col PG, Calabrese S. Fibrinogen, D-dimer 
and thrombin-antithrombin complexes in a random population sample: 
relationships with other cardiovascular risk factors. Thromb Haemost. 
1994;71(5):581–6.

	34.	 Lee AJ, Fowkes GR, Lowe GD, Rumley A. Determinants of fibrin 
D-dimer in the Edinburgh Artery Study. Arterioscler Thromb Vasc Biol. 
1995;15(8):1094–7.

	35.	 Kruskal JB, Commerford PJ, Franks JJ, Kirsch RE. Fibrin and fibrinogen-
related antigens in patients with stable and unstable coronary artery 
disease. N Engl J Med. 1987;317(22):1361–5.

	36.	 Weller I, Corey P. The impact of excluding non-leisure energy expendi-
ture on the relation between physical activity and mortality in women. 
Epidemiology. 1998;9(6):632–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Sex-specific associations between systolic, diastolic and pulse pressure and hemostatic parameters in the population-based KORA-Fit study: a cross-sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Materials and methods
	Study sample
	Data collection
	Laboratory measurements
	Statistical analysis

	Results
	Linear regression analyses

	Discussion
	Acknowledgements
	References


