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Background: High levels of blood lipids have been associated with high levels of coagula-
tion factors. We investigated whether blood lipids influence the results of global coagula-
tion tests, including prothrombin time (PT), activated partial thromboplastin time (aPTT),
and thrombin generation assay (TGA).

Methods: PT, aPTT, and TGA, along with procoagulant and anticoagulant factors, were
measured in 488 normal individuals. Vitamin K status was assessed with prothrombin-in-
duced by vitamin K absence-Il (PIVKA-II).

Results: The procoagulant factors Il, VII, IX, X, and XI and anticoagulant factors protein C
and protein S showed significant correlations with triglyceride, and the procoagulant fac-
tors II, V, VII, IX, X, XI, and XlI and anticoagulant factors antithrombin and protein C corre-
lated with total cholesterol. There were no correlations of blood lipid levels with PIVKA-II
levels. Subjects with high triglyceride levels (=200 mg/dL) showed shorter PT values than
those with lower triglyceride levels. However, aPTT value was not changed in terms of
blood lipid levels. In both 1 and 5 pM tissue factor-induced TGAs, subjects in the high-tri-
glyceride or high-cholesterol groups (=240 mg/dL) had high levels of lag time, time-to-
peak, and endogenous thrombin potential. Total cholesterol was a significant determinant
of PT and TGA values.

Conclusion: High blood lipids were related with increased coagulation activity in a normal
population. Our findings are expected to help interpret the global coagulation test results
in individuals with high lipid levels.
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INTRODUCTION

Global coagulation assays, including prothrombin time (PT) and
activated partial thromboplastin time (aPTT), are widely used in
clinical laboratories for identification or monitoring of hemorrhagic
conditions. However, these routine coagulation tests have limita-
tions in terms of detecting some hemorrhagic diseases [1]. Re-
cently, the thrombin generation assay (TGA) has been introduced
as a new global coagulation assay that measures the whole co-
agulation cascade and diagnoses the general state of the coagu-
lation system [2]. TGA is based on the activation of coagulation

http://dx.doi.org/10.3343/alm.2015.35.1.15

in the test plasma after addition of human relipidated recombi-
nant tissue factor (TF) as a coagulation-triggering factor, which
is suitable for replacing conventional thromboplastin in PT test
[3]. The result is measured using a fluorescent substrate. TGA
has been proven to reflect hemorrhagic and thrombotic diseases
[2, 4-7] and is expected to be a good test for detecting hemo-
static abnormalities, especially in patients with normal PT and
aPTT results. In low-concentration TF physiological conditions,
the TF factor VII complex mainly activates factor IX in associa-
tion with factor VIII [8]. Therefore, low-concentration (1 pmol/L)
TF-induced TGA is sensitive to factors VIIl and IX compared with
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the usual concentration (5 pmol/L) of TF-induced TGA that is
independent of factor VIII and IX levels.

High blood lipid levels have been linked to increased coagula-
tion factors [9-111. Moreover, fat intake showed a strong associa-
tion with increased coagulation factor VII [12, 13]. Hypercoagu-
lability can be decreased by lipid-lowering drugs (statins) [14].

Because blood lipid levels are associated with coagulation
factors, it is hypothesized that blood lipid levels affect coagula-
tion test results. We investigated whether blood lipids influence
the results of global coagulation tests including PT, aPTT, and
TGA in a normal population.

METHODS

1. Study population and blood sampling

A total of 448 normal individuals (267 males and 181 females;
mean age, 55 yr; age range, 24-78 yr) who did not have a hos-
pitalization history during the past 3 months was investigated in
this study. These individuals’ medical history regarding hyper-
tension or hypercholesterolemia and medication history was not
collected. This study was approved by the Institutional Review
Board of Seoul National University Hospital.

Peripheral blood was collected in commercial vacutainers
(3.2% sodium citrate tube and serum separation tube; Becton
Dickinson, San Jose, CA, USA). The whole bloods were centrifuged
for 15 min at 1,550 g and the aliquots of supernatant plasma or
serum were stored at —80°C for subsequent assays.

2. Coagulation assays

PT and aPTT were assayed by using the RecombiPlasTin (In-
strumentation Laboratory, Milan, Italy) and SynthASil (Instru-
mentation Laboratory) on an ACL 3000 (Beckman Coulter Inc.,
Fullerton, CA, USA). Procoagulant factor II, VII, and X levels
were measured by a one-stage PT-based clotting assay. Proco-
agulant factor VIII, IX, XI, and XII levels were measured by an
aPTT-based clotting assay on the ACL 3000. Antithrombin, pro-
tein C, and protein S activity was determined by using HemoslIL
liquid antithrombin, HemoslIL Protein C, and HemoslIL Free Pro-
tein S (Instrumentation Laboratory).

3. Thrombin generation assay

Thrombin generation was measured in a Fluoroskan Ascent Flu-
orometer (Thermo Lab systems, Helsinki, Finland) as described
by Hemker et al. [15]. Thrombin generation was stimulated by
two concentrations of TF (1 and 5 pmol/L). Briefly, 80 uL plasma
was mixed with 20 pL of reagents containing TF and phospho-
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Fig. 1. Parameters of thrombin generation assay. Tissue factor addi-
tion generates thrombin along the reaction time, and the resulting
thrombin generation curve can be drawn as the above bell-shaped
curve. Lag time is the point at which one-sixth of the peak thrombin
height is reached; time-to-peak is the point at which the peak throm-
bin height is reached. Peak thrombin is the maximum thrombin
height, and endogenous thrombin potential (ETP) is the area under
the thrombin generation curve.

lipid to a final concentration of 1 or 5 pmol/L TF. Then, 20 pL of a
fluorogenic substrate mixed with CaCl.was added. The thrombin
generation amount was measured by using Thrombinoscope
software (Diagnostica Stago, Asnieres, France). Four parame-
ters including lag time, time-to-peak, peak thrombin, and en-
dogenous thrombin potential (ETP) can be calculated from the
thrombin generation curves (Fig. 1). Lag time is the starting
point of thrombin generation, time-to-peak is the point to reach
the peak thrombin height, peak thrombin is the maximum
thrombin height, and ETP is the area under the thrombin gener-
ation curve.

4. Chemistry assay
Glucose, albumin, total cholesterol, triglyceride, low density lipo-
protein (LDL)-cholesterol, high density lipoprotein (HDL)-choles-
terol, and high-sensitivity C-reactive protein (hs-CRP) were mea-
sured using Toshiba 200FR (Toshiba, Tokyo, Japan). Glucose
was measured with using SHINYANG SICDIA L-GLU kit (Shin-
yang Chemical Co., Ltd., Seoul, Korea), albumins with SHIN-
YANG SICDIA BCG (Shinyang Chemical Co.), total cholesterols
with SHINYANG SICDIA T-CHO (Shinyang Chemical Co.), tri-
glyceride with GPO-PAP Cobas kit (Roche Diagnostics, Mannheim,
Germany), LDL-cholesterol with Randox direct LDL-cholesterol
kit (Randox laboratories Ltd., Belfast, Northern Ireland), HDL-
cholesterol with HDL-C plus 3rd generation kit (Roche Diagnos-
tics) and hs-CRP with CRP-latex X2 kit (Denka Seiken Co., To-
kyo, Japan).

Vitamin K status was assessed with prothrombin-induced by
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vitamin K absence-II (PIVKA-II) that was measured by Elitest
ELISA kit (Eisai Co., Tokyo, Japan) on an LUMIPULSE G1200
(Fujirebio Inc., Tokyo, Japan).

5. Statistical analysis

We used IBM SPSS Statistics version 21 (IBM Corporation, Ar-
monk, NY, USA) for all statistical analyses. Correlations were ex-
pressed as Pearson correlation coefficients. Subgroup analyses
for lipid profiles were performed by t-test. Multiple linear regres-
sion analyses were performed to investigate the potential contrib-
uting factor(s) to the levels of PT, aPTT, and TGA. A probability
value (P) of less than 0.05 was considered significant.

RESULTS

1. Correlation of global coagulation test results with blood
lipid levels

Correlations of four blood lipid levels (triglyceride, total choles-
terol, LDL-cholesterol, and HDL-cholesterol) with global coagula-
tion test results were analyzed (Table 1). PT negatively correlated
with triglyceride and total cholesterol (P<0.001 and P=0.015,
respectively). In addition, aPTT showed negative correlation with
triglyceride (P=0.005). In 1 pmol/L TF-induced TGA, four pa-
rameters—Ilag time, time-to-peak, peak thrombin, and ETP—
correlated with triglyceride (P<0.001, P<0.001, P=0.008, and
P=0.024, respectively). Lag time, time-to-peak and ETP corre-
lated with total cholesterol (P<0.001, P<0.001, and P=0.020,
respectively) and LDL-cholesterol (P=0.006, P=0.005, and
P<0.001, respectively); in addition, lag time and peak thrombin
correlated with HDL-cholesterol (P=0.009 and P=0.008). In 5
pmol/L TF-induced TGA, lag time, time-to-peak, and ETP corre-
lated with triglyceride (P<0.001, P<0.001, and P=0.003, re-
spectively), total cholesterol (P=0.001, P<0.001, and P=0.002,
respectively), and LDL-cholesterol (P=0.002, P<0.001, and
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P<0.001, respectively).

2. Correlation of procoagulant and anticoagulant factors
with blood lipid levels

There were significant correlations of some procoagulant and
anticoagulation factors with blood lipid levels (Table 2). The pro-
coagulant factors I, VII, IX, X, and XI and anticoagulant factors
protein C and protein S showed significant correlations with tri-
glyceride (P<0.001, P<0.001, P<0.001, P<0.001, P=0.004,
P<0.001, and P<0.001, respectively) (data on protein S were
missing in 204 normal participants). The procoagulant factors
I, V, VII, IX, X, XI, and Xll and anticoagulant factors antithrom-

Table 2. Correlation of blood lipid levels with coagulation factors
(n=448)

Tl Total LDL- HDL-
cholesterol  cholesterol  cholesterol

Fibrinogen 0.003 0.016 0.034 -0.015
Factor Il 0.219' 0.4477 0.3341 0.206
Factor V 0.063 0.176" 0.188" 0.063
Factor VIl 0.276" 0.275 0.121 0.1841
Factor VIII -0.009 0.019 0.057 -0.008
Factor IX 0.337° 0.198" 0.181" -0.081
Factor X 0.400 0.307° 0.227 -0.004
Factor X 0.136* 0.171° 0.147* 0.056
Factor XII 0.094 0.095* 0.062 0.057
Antithrombin 0.116 0.253" 0.166 0.148
Protein C 0.352° 0.4017 0.303" 0.085
Protein S* 0.258" 0.171 0.094 -0.035
PIVKA-II* -0.032 0.065 0.088 -0.030

Values are presented as correlation coefficients.

*P<0.05; '/P<0.001; *Data on protein S and PIVKA-II were missing in 204
and 249 normal persons, respectively.

Abbreviations: LDL, low-density lipoprotein; HDL, high-density lipoprotein;
PIVKA-II, prothrombin-induced by vitamin K absence-II.

Table 1. Correlation of global coagulation test results with lipid profile (n=448)

1 pM TF-induced TGA

5 pM TF-induced TGA

" T gt m;eeafx0 thrPoena1lt()in e g m;?:atko throena1|l;in Ee
Triglyceride 0169 -0133 0319 0261  0126* 0107 0234 0249  —0025  013%*
Total cholesterol 0115 —0005 0168 0190 0004  O1l* 0164 0222  —0009  0.150*
LDL-cholesterol 0.014 0046 0131* 0133 0075  0074" 0150 0181 0042 0167
HDL-cholesterol 0,063 0044 0123 005 0127 0062 0077  —0038  —0008 0015

Values are presented as correlation coefficients. *P<0.05; 'P<0.001.

Abbreviations: PT, prothrombin time; aPTT, activated partial thromboplastin time; TF, tissue factor; TGA, thrombin generation assay; ETP, endogenous throm-

bin potential; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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Table 3.Mean differences of global coagulation test results in terms of blood lipid levels

Triglyceride (mg/dL) Total cholesterol (mg/dL) LDL-cholesterol (mg/dL) HDL-cholesterol (mg/dL)
< 200 > 200 < 240 > 240 < 190 > 190 < 60 > 60
PT (sec) 122+13 11.6£1.2* 122+13 11.9+1.1 122+13 11.9+13 122+12 12114
aPTT (sec) 33.3+4.1 32244 332+4.1 33.1+4.1 332+4.1 32.0+36 33.1+4.1 336+4.3
1 pM TF-induced TGA
Lag time (min) 9.1+19 11.1+26 9.3+2.0 10.0+2.4* 9.3+2.0 10.0+24 9.5+21 88+1.7*
Time-to-peak 129+2.1 148+29 13.0£2.2 14.0+2.4* 13.1+22 13.8+25 132+23 12.7£1.8*
(min)
Peak thrombin ~ 169.7+£59.0  192.5+61.8* 171.7+593  172.4+63.6 1714+59.3  185.8+723 1742+600  164.3+57.8
(nM)
ETP (nM-min)  1,272.3%297.2 1411.2+313.7% 1272942935 1416.2+352.1% 1,276.6+293.0 1,607.2+433.7" 1296.7+307.1 1,248.0+279.4
5 pM TF-induced TGA
Lag time (min) 4.0+0.7 46+0.8" 4.0+0.7 4407 4.0+0.7 44407 41+08 40+0.7
Time-to-peak 71+11 80+1.2° 7.1+1.1 1.7+1.2% 71+1.1 79+1.2*% 712+12 71+10
(min)
Peak thrombin ~ 267.9+£580  263.7+62.0 267.6+57.6  267.2+66.3 267.8+57.7  258.5+81.0 267.3+£59.6  268.1+54.5
(nM)
ETP (n\M-min)  1,630.2+£301.2 1,779.2+339.2* 1,631.5+304.4 1,777.4+311.6* 1,640.1+£305.7 1,781.3+257.0 1,646.0+314.2 1,636.2+286.3

Values are presented as mean +standard deviation. *P<0.05; 'P<0.001.

Abbreviations: LDL, low-density lipoprotein; HDL, high- density lipoprotein; PT, prothrombin time; aPTT, activated partial thromboplastin time; TF, tissue fac-

tor, TGA, thrombin generation assay; ETP, endogenous thrombin potential.

bin and protein C correlated with total cholesterol (P<0.001,
P<0.001, P<0.001, P<0.001, P<0.001, P<0.001, P=0.044,
P<0.001, and P<0.001, respectively). LDL-cholesterol also
correlated with procoagulants II, V, IX, X, and XI and the antico-
agulants antithrombin and protein C (P<0.001, P<0.001, P<
0.001, P<0.001, P=0.002, P<0.001, and P<0.001, respec-
tively). HDL-cholesterol correlated with procoagulant factors Il
and VII (P<0.001 and P<0.001). Factor VIII and PIVKA-II lev-
els did not show any correlation with blood lipid levels (data on
PIVKA-Il were missing in 249 normal participants).

3. Mean values of global coagulation test results in terms of
blood lipid levels

Blood lipid levels were divided into two groups according to the
National Cholesterol Education Program (NCEP) guidelines [16].
Subjects with high triglyceride levels (>200 mg/dL) significantly
showed shorter PT values than those with lower triglyceride lev-
els (<200 mg/dL) (P=0.003) (Table 3). However, the mean value
of aPTT was not changed according to blood lipid level mea-
surements. In 1 and 5 pmol/L TF-induced TGA, subjects with
high triglyceride levels showed higher levels of lag time (P<
0.001 and P<0.001), time-to-peak (P<0.001 and P<0.001),
and ETP (P=0.005 and P=0.003) than those with low triglycer-
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ide levels. Mean levels of PT and aPTT were not different in
terms of total cholesterol. Subjects with high total cholesterol
levels (=240 mg/dL) showed high levels of lag time (P=0.032
and P=0.007), time-to-peak (P=0.009 and P= 0.001), and
ETP (P=0.005 and P=0.006) in 1 and 5 pmol/L TF-induced
TGA. According to LDL-cholesterol levels, ETP of 1 pmol/L TF-
induced TGA was significantly different (P<0.001). Subjects
with high HDL-cholesterol levels (>60 mg/dL) had high levels of
lag time (P=0.001) and time-to-peak (P=0.022) in 1 pmol/L
TF-induced TGA.

4. Contributing factors to the results of global coagulation
tests

Multiple linear regression analyses were performed to investi-
gate the potential independent contributor(s) to PT, aPTT, and
TGA results (Table 4). The significant contributors to PT were al-
bumin (P<0.001) and total cholesterol (P=0.001); albumin was
also a contributor to the aPTT level (P<0.001). A lag time and
time-to-peak of 1 pmol/L TF-induced TGA were significantly af-
fected by hs-CRP (P=0.002 and P=0.022), creatinine (P=0.001
and P=0.003), and total cholesterol (P=0.001 and P=0.001).
The ETP of 1 pmol/L TF-induced TGA was determined by hs-
CRP (P=0.015), glucose (P=0.046), and total cholesterol
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Table 4. Determinants of global coagulation test results in multiple linear regression analysis

1 pM TF-induced TGA

5 pM TF-induced TGA

: T Lagine ﬂr;l:a;[(o thfoerﬁﬁm a7 I m;:atko thE)er?]Ein al?

Age 0009 0038 0005  —0007 0294 1582 <0000l 0005 0087  —279%
0006)  (0.02)  (0010) (01 (0315  (L602) (0004 (0005  (0308)  (L619)

Sex 0.034 0811 0041 0145 14763 2550  —0078 0178 12859 18,020
0147) (47 (0239) (0260 (7251 (36875  (008)  (0.133)  (.034)  (37.264
hs-CRP 002 0650 0952¢ 0757  19822¢ 112240 0354  0363* 15402  129.342%
0186 (0597  (0298) (0328 (9055  (46048)  (O11)  (0.166)  (8784)  (46.535)

Glucoss 0002 0013 0004 0003  O0576*  L747* 0002 0002 0199 1267
0003)  (001) (0008 (0006  (0.17) (0872 (0002 (0003  (0166)  (0.881)

Albumin 1033 4043 0583 0921  -8172 33503 0068 0223 9588 51799
0279) (0906 (0455 (05000 (138200  (70.277)  (0170) (0253  (13408)  (7L.020)
AT 0005 0014 0006 0006 0245 0815 0001 0004  —0517%  —2.144%
0003  (0010)  (0005)  (000B) (0159 (0808 (0002  (0003) (0154  (0.816)

Creatinine 0.250 1067 1642 163%2F 7481  -65.997 0333 0262 15563 50.902
0298) (0967  (0488)  (0537) (14838  (7545%6) (0183 (0272  (143%4)  (76.25)
Total Cholesterol ~~~ —0.006*  —0008 0010 001 0072 1043  0004% 0007+ 00l 1390%
000 (0006  (0003)  (0003)  (0.093) (0474 (000 (0002  (00%0) (0479

Values are shown as regression coefficients (standard error). *P value<0.05.

Abbreviations: PT, prothrombin time; aPTT, activated partial thromboplastin time; TF, tissue factor; TGA, thrombin generation assay; ETP, endogenous throm-
bin potential; hs-CRP, high-sensitivity C-reactive protein; ALT, alanine transaminase.

(P=0.029). The lag time and time-to-peak of 5 pmol/L TF-in-
duced TGA were mainly determined by hs-CRP (P=0.002 and
P=0.030) and total cholesterol (P=0.001 and P=0.001). The
ETP of 5 pmol/L TF-induced TGA was determined by hs-CRP
(P=0.006), ALT (P=0.009), and total cholesterol (P=0.004).

DISCUSSION

This study demonstrated significant associations of global coag-
ulation test results with blood lipid levels. The normal individuals
with high triglyceride levels (=200 mg/dL) showed definitively
shorter PT values than those with lower triglyceride levels. In both
1 and 5 pM TF-induced TGA, lag time, time-to-peak, and ETP
were increased in the high triglyceride or high cholesterol
groups (=240 mg/dL) compared with the lower triglyceride or
cholesterol groups. Total cholesterol was revealed as a signifi-
cant determinant of PT and TGA values.

It has been shown that patients with hypercholesterolemia or
triglyceridemia had higher fibrinogen and factor VIl levels and
shorter PT and aPTT values than patients with lower cholesterol
level [10, 111. Similarly, our study showed significant correla-

http://dx.doi.org/10.3343/alm.2015.35.1.15

tions of total cholesterol and triglyceride levels with procoagulant
factors Il, VII, IX, and X except fibrinogen, implying that eleva-
tion of procoagulant factors may contribute to short PT value in
subjects with high blood lipids. Because there was no associa-
tion of factor VIII with blood lipid levels in our study, subjects
with hyperlipidemia also did not show a short aPTT value.

Besides procoagulant factors, anticoagulant factors such as
protein C and protein S significantly correlated with triglyceride,
whereas antithrombin and protein C correlated with total choles-
terol. It is plausible that elevated procoagulant factors may be
balanced by increased anticoagulant factors in hyperlipidemia
and suggests a natural defense mechanism against athrombotic
event. However, total hemostatic balance tends to shift to hyper-
coagulability, considering that PT was short and ETP increased
in hyperlipidemia.

It has also been reported that vitamin K-dependent coagula-
tion factors correlated with blood lipid levels [17, 18]. Hence, vi-
tamin K status may correlate with blood lipids. Our study as-
sessed vitamin K status by measuring the circulating PIVKA-II
level. There was no association between PIVKA-II and blood
lipid levels. Our results eventually disclosed no apparent rela-
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tionship between vitamin K status and blood lipid levels.

TGA recently emerged as a new coagulation test that provides
useful information about hemorrhagic or thrombotic tendencies
[2, 4-7]. TGA can measure the global hemostatic potential that
is balanced by both procoagulant and anticoagulant factors [171].
ETP value represents total endogenous thrombin amount that
can be generated by TF stimulation. The ETP value increases as
procoagulant factors increase or anticoagulant factors decrease
[17, 19]; therefore, our results showed that high levels of ETP
were observed in hyperlipidemia, suggesting relatively high lev-
els of procoagulant factors. Peak thrombin level is also changed
similar to ETP values.

TGA's lag time is mainly determined by factor VI, factor XII,
and protein S levels [17, 19]. In other words, a decrease in fac-
tor VII and XII or elevation of protein S can increase lag time. It
has also been reported that procoagulant fibrinogen can para-
doxically increase the lag time [20]. Our results showed that sub-
jects with high lipid levels had increased lag times. Because
high levels of protein S were associated with high triglyceride
levels, the elevation of protein S in hypertriglyceridemia may in-
crease lag time. Determining the exact cause of this paradoxical
observation — that subjects with high lipid levels had increased
lag times — needs further study.

Statins, the well-known lipid-lowing drugs not only decreases
blood lipid levels but also reduces coagulation activity through
the downregulation of TF in blood monocyte and endothelial
cells [14]. Moreover, long-term statin treatment can reduce co-
agulation activity in subjects with hypercholesterolemia [21]. In
the same way, our data imply an association of hyperlipidemia
with hypercoagulability.

This study has a few limitations. First, a prospective study would
be necessary to verify the causal relationship suggested in this
study, although our data demonstrated a clear relationship of
blood lipid levels with global coagulation test results. Second,
we could not assess other hypercoagulable status such as obe-
sity, hormonal treatment, or socioeconomic factors that may af-
fect global coagulation test results. Third, this study focused on
effects of lipids on coagulation assay results only in a normal
population. The effects of lipids on coagulation test results in
patients with various diseases needs to be studied further.
Fourth, we could not get detailed medical or medication history
of the study participants. However, we analyzed the correlation
of current lipid levels with coagulation assay results.

In summary, our study showed significant associations between
blood lipid levels and global coagulation test results. Of note,
normal subjects with high triglyceride levels (=200 mg/dL) ex-
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hibited significantly shorter PT values than those with lower tri-
glyceride levels. However, aPTT values were not changed in
terms of blood lipid levels. In both 1 and 5 pM TF-induced TGA,
subjects with high triglycerides or those in the high cholesterol
groups (=240 mg/dL) had high levels of lag time, time-to-peak,
and ETP. Total cholesterol was shown as a significant determi-
nant of PT and TGA values. These findings are expected to help
interpret global coagulation test results in the population with
high lipid levels.
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