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Background: Coagulation factor assays are very important for diagnosing, treating, and monitoring
inherited and acquired factor deficiencies. Appropriate pre-analytical storage conditions of citrate-
anticoagulated plasma are essential for detection of coagulation factor activity. We aimed to investigate the
effects of storage temperature and time on coagulation factor (F) II, FV, FVII, FX, FXI, and FXII activity up
to 24 h and the effects of freeze-thaw times at -80 °C on factor activity.

Methods: Twenty-two blood samples were analyzed after storage for 0 (baseline), 2, 4, 6, 8, 12, and 24 h at
25 and 4 °C. Mean percent changes, numbers of samples with >10% changes, percent change trend plots, and
difference plots were evaluated to determine clinically relevant differences.

Results: The acceptable storage times for FII coagulation activity (FII:C), FV:C, FVII:C, FX:C, FXI:C,
and FXIL:C were 24, 8, 8, 24, 12, and 12 h at 4 °C and 24, 4, 8, 8, 12, and 12 h at 25 °C, respectively. The
acceptable freeze-thaw times for FII:C, FV:C, FVIL:C, FX:C, FXI:C, and FXII:C were 2, 2, 3, 3, 2, and 1,
respectively.

Conclusions: When factor activity cannot be determined within these acceptable timeframes, we

recommend that plasma samples should be frozen and thawed at appropriate times for analysis.
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Introduction disorders with asymptomatic, moderate, or severe bleeding
. . . tendencies (4-11). The liver is the primary production
Coagulation factor activity assays are very important for ) ) )

. S . . S site for most coagulation factors, and thus acquired factor
diagnosing inherited and acquired factor deficiencies (1-3).

Inherited factor deficiencies affect the intrinsic and deficiencies are closely related to the liver (12,13). Diagnosis

extrinsic blood coagulation pathways and may lead to of single factor and/or combined clotting factor defects can

lifelong bleeding disorders (1-3). The severity of these be difficult using routine coagulation tests, and only specific

disorders tends to be proportional to the degree of factor
deficiency. Inherited factor (F) 11, FV, FVII, FX, FXI, and

FXII deficiencies are rare autosomal recessive coagulation

© Annals of Translational Medicine. All rights reserved.

factor assays allow the correct diagnosis to be reached.
Meanwhile, factor assays are essential for the treatment and
monitoring of bleeding disorders and thrombosis (13,14).
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With the development of a hierarchical medical system
in China, some patients requiring treatment for bleeding
disorders or hepatic diseases consult doctors in small
hospitals, community hospitals, and clinics, or family
doctors (15,16). As coagulation factor assays are not carried
out in many hospitals in China, the samples collected from
these patients are sent to independent clinical laboratories
or certain comprehensive hospitals for analysis (17). The
delivery time of such samples often exceeds 4 h. The
Clinical and Laboratory Standards Institute H21-AS
guideline does not clearly specify appropriate storage
times and temperatures for coagulation factor assays,
unlike the case for other assays in the guideline, such as the
recommendation that samples for other assays should be
centrifuged and tested within 4 h at room temperature after
collection (18). Furthermore, the guideline recommends
that if such samples cannot be analyzed within 4 h, the
plasma should be removed from the cellular component, and
if the samples cannot be analyzed within 24 h, the plasma
should be removed without disturbing the sedimented cells
and frozen at -20 °C or below for short-term storage (up to
2 weeks) and -70 °C or below for long-term storage (18).
The H21-AS5 guideline also recommends that individual
laboratories should perform in-house validation studies (18).

Previous studies have focused on coagulation factor
assays in fresh-frozen plasma (FFP) for transfusion (19-23).
We want to accurately detect factor activities that reflect
the true factor activities in the body. Furthermore,
biobanks are a very important biomedical research
resource and the development of biomarker detection,
molecular diagnosis, translational medicine, and
multidisciplinary disease research urgently needs the
support of a large number of high-quality clinical bio-
specimens (24,25). Therefore, we also wanted to provide
relevant factor data for the construction and sustainable
development of high-quality clinical biobanks. The
important pre-analytical variables primarily comprise
sample collection, transportation, storage time, and
temperature. Unsuitable samples can lead to unreliable
factor activities and interfere with clinical decisions.
Therefore, we planned to perform in-house validation
studies on pre-analytical variables for factor activity assays
in our laboratory. Thus, the aims of this study were to
investigate whether storage temperature (4 and 25 °C)
and time influence factor activity up to 24 h, whether
freeze-thaw times influence factor activity after long-
term storage, and whether changes arising from delayed
analysis result in clinically relevant differences, with a
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view to establishing acceptable pre-analytical storage time,
temperature, and freeze-thaw guidelines for our laboratory.
In the present study, we determined the FII coagulation
activity (FII:C), FV:C, FVIL:C, FX:C, FXI:C, and FXII:C
in citrate-anticoagulated plasma stored for 0 (baseline), 2,
4,6,8,12,and 24 h at 4 and 25 °C, and compared the factor
activity differences for various freeze-thaw times (snap-
freezing at -80 °C and thawing in a 37 °C water bath).

Methods

The sample population consisted of 52 asymptomatic
individuals (26 men and 26 women; mean age: 45 years;
age range, 20-62 years) recruited from The First Affiliated
Hospital of Zhejiang University for physical examination
in October 2016. A blood sample was collected from each
subject in the morning after a 12-h fast. For this, a 5.4-mL
venous whole blood sample was collected into two tubes
(2.7 mL each) containing 0.109 M sodium citrate as an
anticoagulant (Becton Dickinson, Franklin Lakes, NJ, USA)
at a blood-to-anticoagulant ratio of 9:1. The 52 samples
were divided into two groups and used to detect the factor
stability at -80 °C [30 samples (15 men and 15 women) for
freeze-thaw tests] or 25 and 4 °C [22 samples (11 men and
11 women)]. All samples were centrifuged (10 min, 3,000 xg)
to obtain fresh platelet-poor plasma. Next, 30 samples were
quickly divided into four Eppendorf (EP) tubes (numbered
1-4) and capped, and the remaining 22 samples were quickly
divided into 13 EP tubes [baseline (0 h), plus storage for 2, 4,
6,8, 12, and 24 h at 25 or 4 °C, respectively] in 15 minutes.
The EP tubes used for the aliquots were composed of a
non-activating plastic.

The 22 samples divided into 13 EP tubes (group 1,
showed in Figure I) were tested for FII:C, FV:C, FVIIL:C,
FX:C, FXI:C, and FXII:C immediately (baseline, 0 h)
and after storage for 2, 4, 6, 8, 12, and 24 h at 25 or 4 °C,
respectively, using a Sysmex CS5100 system (Sysmex, Kobe,
Japan) and Siemens reagents (Siemens, Marburg, Germany).

In the 30 samples divided into four EP tubes (group 2,
showed in Figure 2), FII:C, FV:C, FVIL:C, FX:C, FXI:C,
and FXII:C in each No. 1 aliquot (freeze-thawed 0 times)
were tested immediately (baseline, 0 h), and all testing was
completed within 30 min after sample collection. The No.
2-4 aliquots were snap-frozen at -80 °C. After 24 h, all
aliquots were thawed in a 37 °C water bath for 6 min and
mixed by 10 end-over-end inversions. The No. 2 aliquots
(freeze-thawed one time) were tested using the same lots of
reagents and same instrument as the fresh sample testing
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Figure 1 The flow chart of detection factors stabilities after
storage for 0, 2, 4, 6, 8,12, and 24 h at 25 or 4 °C.

above, while the No. 3 and 4 aliquots were re-frozen at
-80 °C. After another 24 h, the No. 3 and 4 aliquots were
again thawed in a 37 °C water bath for 6 min and mixed.
The No. 3 aliquots (freeze-thawed two times) were tested
as described for the No. 2 aliquots, and the No. 4 aliquots
were re-frozen at —-80 °C. After another 24 h, the No. 4
aliquots (freeze-thawed three times) were thawed in a 37 °C
water bath for 6 min, mixed, and tested as described for the
No. 2 aliquots.

Ethics statement

This study was approved by the Ethics Committees of The
First Affiliated Hospital of Zhejiang University (Ethical
Application Ref: 2015-15). Subjects provided written
informed consent for their samples to be used in the study
according to the principles expressed in the Declaration of
Helsinki.

Laboratory assays

The aliquots were tested for FII:C, FV:C, FVIL:C, FX:C,
FXI:C, and FXII:C by two-stage coagulation assays using
the Sysmex CS5100 system and the following Siemens
reagents: coagulation factor II-deficient plasma (lot:
503634A); coagulation factor V-deficient plasma (lot:
504951); coagulation factor VII-deficient plasma (lot:
500753A); coagulation factor X-deficient plasma (lot:
504011B); coagulation factor XI-deficient plasma (lot:
50324B); and coagulation factor XII-deficient plasma (lot:
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Figure 2 The flow chart of detection factors stabilities after three
freeze-thawing cycles at -80 °C.

503407A). The results were expressed as %.

Statistical analyses

The coagulation factor activity results were reported as
mean = standard deviation. The statistical significance
of differences in values for repeated-measure multiple
groups or frozen samples compared with baseline values
was evaluated by repeated-measures analysis of variance
(ANOVA). To assess the stability of coagulation factor
activity, the percent differences were calculated by the
following equation (26,27): (value at storage time X - value
at baseline) x100%/value at baseline. In accordance with
our previous study (26) and that by van Geest-Daalderop
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Table 1 Values for FII:C, FV:C, FVIL:C, FX:C, FXI:C, and FXII:C in samples stored at 4 and 25 °C

Terms Baseline Temperature (°C) 2h 4h 6h 8h 12 h 24 h
FIl:C (%)  123.2+13.8 4* 128.5+12.7¢  134.0+15.7*  125.8+10.5 121.6+11.9*  123.4+14.6* 117.4+£12.9*
25" 127.5+13.3* 133.2+16.4* 125.6+12.0 120.0+10.6* 117.7£13.4* 114.3+11.6*
FV:C (%) 121.7+10.6 4* 123.9+11.9*  122.1+12.3*  115.7+10.8* 112.3+11.1*  109.7+18.6* 103.4+18.7*
25* 121.8+11.1 119.1£11.5*  111.6+13.8*  103.9+14.1* 93.1+£20.3* 73.5+24.6*
FVII:C (%) 114.6+26.9 4* 116.6£27.7¢  114.6x27.9 113.0+27.1 107.6+23.8*  105.8+22.5* 103.8+22.5*
25* 118.1+26.5* 119.3+28.5" 116.9+27.9" 113.6+26.7 109.4+23.8" 108.6+25.4*
FX:C (%) 111.8+14.5 4* 117.3214.9* 117.1£15.3* 112.9+15.3 112.4+13.9 110.0+16.3 110.0£14.7*
25* 115.9+14.4*  118.2+16.1*  110.4+15.0 109.9+15.5*  105.2+16.4* 102.8+14.8*
FXI:C (%) 83.5+£16.0 4* 81.6+£15.5% 80.6+15.7* 81.0+15.7* 84.0+15.2 81.6+14.8* 74.2+£13.7*
25" 81.9+15.2* 79.9+15.0* 79.2+14.8 80.9+14.8* 80.3+14.2* 73.3+13.5*
FXII:C (%) 65.1+23.2 4* 61.1+21.4* 59.6+21.3* 60.3+21.1* 63.6+21.3* 61.6+21.0* 56.7+19.7¢
25* 61.9+21.5* 60.4+21.5* 60.7+21.2* 63.0+21.2* 62.2+22.0* 59.2+20.8*

The statistical significance of differences in values for repeated-measure multiple groups compared with baseline values was evaluated by
repeated-measures analysis of variance (ANOVA); *, P<0.05 vs. baseline values; *, P<0.05 among groups. FII:C, FV:C, FVII:C, FX:C, FXI:C,
and FXII:C: coagulation activities of Fll, FV, FVII, FX, FXI, and FXII, respectively.

et al. (27), a clinically relevant difference was defined as a
mean change of >10%. If the number of individuals with
>10% changes was less than 25% of the total 22 samples,
the effect was termed moderate. If more than 25% of the
total 22 samples had >10% changes, the effect was deemed
large. Trend plots for the mean percent changes were
created, with storage times at 25 and 4 °C on the X-axis, and
mean percent differences on the Y-axis. Differences between
the values for FII:C, FV:C, FVII:C, FX:C, FXI:C, and
FXII:C before and after freeze-thawing were calculated by
the following equation: (value after freeze-thawing X times
— value at baseline) x100%/value at baseline. Difference
plots of the percent changes were drawn with the percent
changes of all samples on the Y-axis and the freeze-thaw
times on the X-axis. These plots were visually inspected to
determine the underlying variability characteristics of the
relationships between factor activity at baseline and after
freeze-thawing, as well as individual differences. Two dotted
lines were drawn in these plots to indicate plus or minus
10% changes. The trends for mean percent differences in
FII:.C, FV:C, FVII:C, FX:C, FXI:C, and FXII:C in samples
after freeze-thawing three times were evaluated. Values of
P<0.05 were considered statistically significant. All statistical
analyses were performed using SPSS version 22 (SPSS Inc.,
Chicago, IL, USA).

© Annals of Translational Medicine. All rights reserved.

Results
Stability studies

The results for FII:C, FV:C, FVII:C, FX:C, FXI:C, and
FXII:C after storage for 2,4, 6, 8, 12, and 24 h at 4 or 25 °C
are shown in Table I and compared with baseline values (0 h).
Table 2 shows the mean percent changes and acceptable
stability times for FII:C, FV:C, FVII:C, FX:C, FXI:C, and
FXII:C when the samples were stored under the above-
mentioned conditions. Figure 3 shows the percent changes
and change trends for FII:C, FV:C, FVIL:C, FX:C, FXI:C,
and FXII:C in samples stored for 2, 4, 6, 8, 12, and 24 h at
4 or 25 °C, and the two dotted lines represent plus or minus
10% changes. We found that FII:C, FV:C, FVII:C, FX:C,
FXI:C, and FXIIL:C all gradually reduced with storage time
at both 4 and 25 °C. Among the factors, FV:C reduced the
fastest and the change reached -60% after storage for 24 h
at 25 °C. By combining the results, we found that the mean
percent changes in FII.C, FV:C, FVIL:C, FX:C, FXI:C, and
FXII:C were less than 10% compared with the baseline
values after storage for 8 h at 4 °C and 4 h at 25 °C. When
the storage time was prolonged, the acceptable times for
stability of FII:C, FV:C, FVIL:C, FX:C, FXI:C, and FXII:C
were 24, 8, 8, 24, 12, and 12 h at 4 °C and 24, 4, 8, 8, 12,
and 12 h at 25 °C. Among the factors, FV:C was the most
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Table 2 Mean percent differences for FII:C, FV:C, FVIL:C, FX:C, FXI:C, and FXII:C in samples stored at 4 and 25 °C

2h 4h 6h 8h 12h 24 h Accept (h)
Terms

4°C 25°C 4°C 25°C 4°C 25°C 4°C 25°C 4°C 25°C 4°C 25°C 4°C 25°C

FII:C (%) 4.66 3.70 9.02 8.18 2.67 2.49 -1.01 -2.19 0.27 -4.13 -454 -7.02 24 24
FV:C (%) 1.75 0.07 0.27 -2.11 -4.87 -8.16* -7.72 -14.62* -10.00* -23.62* -15.30* -39.67" 8 4
FVII:C (%) 1.62 3.17 -0.09 4.05 -1.22 2.03 -596 -0.92 -7.22* -412* -8.94* -5.16" 8 8
FX:C (%) 5.05 3.77 4.89 5.67 112 -1.18 067 -176 -1.81 -6.06* -1.65 -8.13" 24 8
FXI:C (%) -2.21 -1.73 -3.43 -4.21 -2.93 -5.00 0.86 -2.90 -1.99 -351 -10.97* -12.04* 12 12
FXII:C (%) -591 -470 -843 -722 -7.06 -6.53 -422 -165 -2.58 -4.08 -12.40* -8.29* 12 12

Changes were calculated according to the following formula: (value at storage time X — value at baseline) x100%/value at baseline; *,
changes of >10% in individual samples occurred in >25% of samples. FII:C, FV:C, FVII:C, FX:C, FXI:C, and FXII:C: coagulation activities of

FIl, FV, FVII, FX, FXI, and FXII, respectively.

4°C
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Figure 3 Trend plots for mean percent changes in FII:C, FV:C,
FVIIL:C, FX:C, FXI:C, and FXII:C in samples stored for 2, 4, 6,
8, 12, and 24 h at 4 and 25 °C. The two dotted lines show plus or

minus 10% changes.

unstable, and the stability of FV:C and FX:C at 4 °C was
better than that at 25 °C.

Freeze-thaw results

The baseline results and all freeze-thaw results for FII:C,

© Annals of Translational Medicine. All rights reserved.

FV:C, FVIIL:C, FX:C, FXI:C, and FXII:C are shown in
Table 3, and the differences between the baseline and
freeze-thaw values are shown in Table 4. Figure 4 shows
the individual differences in FII:C, FV:C, FVIIL:C, FX:C,
FXI:C, and FXII:C after freeze-thawing with storage at
-80 °C, and the two dotted lines represent plus or minus
10% changes. In this figure, individual samples with
changes of >10% can be visualized from the scatter plots,
and the numbers of samples with changes of >10% in each
group can be visualized to determine moderate or large
effects. The results showed that the acceptable freeze-thaw
times for FII:C, FV:C, FVII:C, FX:C, FXI:C, and FXII:C
were 2,2, 3,3, 2, and 1, respectively.

Discussion

Coagulation factor assays are very important for diagnosing,
treating, and monitoring inherited and acquired bleeding
disorders (1,14). Therefore, it is necessary to evaluate the
effects of pre-analytical variables for sample storage. Our
study is the first to investigate the effects of split-tube
storage for 2, 4, 6, 8, 12, and 24 h at 25 and 4 °C, and to
evaluate the effects of freeze-thaw storage at -80 °C on
FII:C, FV:C, FVIIL:C, FX:C, FXI:C, and FXII:C in fresh
citrate-anticoagulated plasma.

In our study, although some significant differences were
observed between baseline factor activities and activities
with different storage times, temperatures, and freeze-
thaw times, the differences were within the acceptable time
frames. A clinically relevant difference was defined as a
mean change of >10%, and changes of >10% in individual
samples occurred in >25% of samples. We found that FII:C,

atm.amegroups.com Ann Transl Med 2018;6(23):456
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Table 3 Values for FII:C, FV:C, FVIL:C, FX:C, FXI:C, and FXII:C in samples subjected to freeze-thawing at -80 °C

Terms 0 1 2 3 P

FlI:C (%) 119.7+16.1 116.2£14.7* 115.4+£15.2* 109.4+£13.7¢ <0.001
FV:C (%) 124.8+19.5 117.3+18.3* 117.6+£17.6* 111.7£18.4* <0.001
FVII:C (%) 107.3+20.7 102.8+21.0* 101.9+19.0* 99.8+18.2* <0.001
FX:C (%) 104.6+17.8 102.5+16.3* 103.2+17.9* 100.0£17.3* <0.001
FXI:C (%) 80.0+15.9 78.6+£16.0* 75.7+15.3* 76.1+£15.1* <0.001
FXII:C (%) 68.5+19.3 68.2+19.1 61.5+17.7* 62.2+18.2* <0.001

The statistical significance of differences in values for frozen samples compared with baseline values was evaluated by repeated-
measures analysis of variance (ANOVA); *, P<0.05 vs. baseline results. 0, freeze-thawed 0 times; 1, freeze-thawed one time; 2, freeze-
thawed two times; 3, freeze-thawed three times. FII:C, FV:C, FVII:C, FX:C, FXI:C, and FXII:C: coagulation activities of Fll, FV, FVII, FX, FXI,

and FXII, respectively.

Table 4 Acceptable freeze-thaw times for FII:C, FV:C, FVIIL:C, FX:C, FXI:C, and FXII:C in samples subjected to freeze-thawing at -80 °C

Terms di d3 Accept
FII:C (%) -1.31(-12.47 10 9.88) -4.15 (-8.69 t0 2.7) -8.98 (-14.58 to —0.56)" Twice
FV:C (%) -5.28 (-12.54 to —1.45) -5.43 (-15.22 to 0) -9.69 (-23.82 to -3.69)* Twice
FVII:C (%) -4.65 (-12.78 to 5.36) -4.9 (-8.69 to 0.62) ~7.24 (-11.82 to -2.19) Thrice
FX:C (%) -1.67 (10.79 to 5.96) -1.38 (-5.5 t0 4.83) -4.08 (-13t0 4.17) Thrice
FXI:C (%) -1.75 (~7.62 to 2.06) -4.05 (-14.35 to 0)* -5.25 (-12.14 to -0.38) Twice
FXII:C (%) 0 (-11.12 to 5.51) -8.6 (-20.64 to —1.38)* -10.19 (=20.99 to —1.65)* Once

*, more than 25% of samples had >10% changes. d1, difference 1 = (value for freeze-thawing one time — value at baseline) x100%/value
at baseline; d2, difference 2 = (value for freeze-thawing two times — value at baseline) x100%/value at baseline; d3, difference 3 = (value
for freeze-thawing three times — value at baseline) x100%/value at baseline; accept, acceptable freeze-thaw times; FII:C, FV:C, FVII:C,
FX:C, FXI:C, and FXII:C: coagulation activities of Fll, FV, FVII, FX, FXI, and FXIl, respectively.

FV:C, FVII:C, FX:C, FXI:C, and FXII:C all gradually
reduced at both 4 and 25 °C. When the storage time was
prolonged, the acceptable short-term storage times for
stability of FII:C, FV:C, FVIL.C, FX:C, FXI:C, and FXIL:C
were 24, 8, 8, 24, 12, and 12 h at 4 °C and 24, 4, 8, 8, 12,
and 12 h at 25 °C. We also determined the acceptable
freeze-thaw times for FII:C, FV:C, FVIL:C, FX:C, FXI:C,
and FXII:C. Through our in-house validation study,
we established suitable storage temperatures and times
for factor activity assays in the short term. If the factor
activity cannot be detected within these acceptable time
frames, we suggest that plasma should be frozen at -80 °C
for transportation and/or storage, and thawed for activity
detection at appropriate times, because the changes in
FVIIL:C and FX:C in plasma freeze-thawed three times,
FIL:C, FV:C, and FXI:C in plasma freeze-thawed two times,
and FXIL:C in plasma freeze-thawed one time compared

© Annals of Translational Medicine. All rights reserved.

with baseline values were all less than 10%.

No previous studies have analyzed the stability of
coagulation factor activities in fresh citrate-anticoagulated
plasma besides our early research, in which we determined
the effects of storage time and temperature on FVIII:C
and FIX:C in fresh plasma, and found that samples for
FVIII:C and FIX:C can be safely stored for <2 and <4 h at
both 4 and 25 °C (26). Heil ez al. (28) found the stability in
plasma (allowing for 10% variation from the initial value)
was 48 hours for factor V in healthy subjects at 6 °C and for
8 hours at room temperature. Woodhams ez a/. (29) reported
the frozen stability of factors II, V, VII, VIII, IX, X, XI, and
XII and found all factors (allowing for 10% variation) were
stable for up to 3 months if frozen at -24 °C or lower, and
for at least 18 months at -74 °C.

True activity determination of factors in fresh plasma
from patients is very valuable in clinical applications. In

atm.amegroups.com Ann Transl Med 2018;6(23):456
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Figure 4 Freeze-thaw difference plots for FII:C, FV:C, FVIL:C, FX:C, FXI:C, and FXII:C. e: 1, percent changes in FII.C, FV:C, FVIL:C,
FX:C, FXI:C, and FXIL:C after freeze-thawing one time; m: 2, percent changes in FII.C, FV:C, FVIL:C, FX:C, FXI:C, and FXII:C after
freeze-thawing two times; A: 3, percent changes in FII:C, FV:C, FVIIL:C, FX:C, FXI:C, and FXII:C after freeze-thawing three times. The

two dotted lines show plus or minus 10% changes.

the present study, we found that all factor activities were
significantly reduced with extended storage time up to 24 h
at 25 and 4 °C. To avoid the factor activities becoming lower
than the true activities, we established suitable storage times
and temperatures for each factor in our laboratory: the
storage times for FII:C, FV:C, FVILC, FX:C, FXI:C, and
FXIL:C were 24, 8, 8, 24, 12, and 12 h at 4 °C and 24, 4, 8, 8,
12, and 12 h at 25 °C, respectively . When the factor activity
cannot be determined within these acceptable time frames,
we recommend that plasma should be frozen and thawed at
appropriate times for analysis. Our study provides reliable
data for clinical diagnosis, treatment, and monitoring of
bleeding disorders.

Our study has some limitations. First, our study was
based on asymptomatic individuals. Thus, we did not study
the factor activities in patients with oral anticoagulant
therapy, hepatitis, liver cirrhosis, liver failure, and
haemophilia, and cannot comment on the factor stability in
these situations. Second, we used only the CS5100 system
and Siemens reagents to detect the factor activities with
coagulation assays. Third, our study was a single-centre

© Annals of Translational Medicine. All rights reserved.

study and based solely on the Chinese Han population
in Zhejiang province. Our findings need to be validated
by further research based on multi-centre studies, with
different study populations, disease states, reagents,
instruments, and determination methodologies.
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