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Abstract

Background: Type 2 diabetic mellitus patients are amongst the most susceptible groups to vascular abnormali-
ties, which predominantly lead to myocardial disease. The hypercoagulable state has been widely studied by
researchers as being the major suspicious mechanism facilitating the consecutive chain of molecular events
leading to these complications. However, there is no consensus on the definition of the hypercoagulable state
with respect to coagulation quantities, their interrelations and basic factor(s) initiating this pathogenic event, by
which the prognosis of myocardial complications could be determined.

Methods: Path analysis was used to study the interactions between coagulation factors as well as other factors
beyond coagulation factors in relation with pathogenic events in both diabetics and healthy subjects. In the pre-
sent work, coagulation factors of 40 healthy and 40 type 2 diabetics were determined experimentally. The data
were then analyzed using SPSS and AMOS software. Multivariate regression analysis was done to draw path
diagrams.

Results: Our results show that Fll, as the main cause for hypercoagulable state, is directly induced by FX and
FVIII in normal individuals and by FX, FXI, FV and VWEF cofactors in diabetic patients.

Conclusion: In general, our findings showed complicated relationship between coagulation factors and their
effects either separately or combined.

Keywords: Hypercoagulable State, Path analysis, vascular Complication, Myocardial Infarction, Coagulation
Factors.
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Introduction

Type 2 diabetes mellitus is one of the
mostly incriminated conditions for the on-
set of atherosclerosis, endothelial, vascular
and thrombotic complications (1-5). In-
creased concentration of coagulation fac-
tors is widely reported in type 2 diabetes
mellitus (1, 6-8). Fibrinogen coagulation
factor with plasma concentration of 200-
400mg/dL and half-life of 4-6 days is con-
verted to insoluble protein fibrin, by Flla
(9-10). In type 2 diabetic patients with or

without vascular complications, fibrinogen
concentrations do not indicate remarkable
difference; hence fibrinogen may not be an
important causal factor for vascular com-
plications (11-12).

Thrombin or Fllais a serine protease en-
zyme produced by proteolytic cleavage of
its precursor FlI (prothrombin) by FXawith
am of FV and phospholipid membrane
(13-15). In diabetics, FIl has been reported
neither to increase in concentration (more
than 10mg/dL) nor to be a risk factor for
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vascular events (15). However FX is a
plasma glycoprotein with mean concentra
tion of Img/dL and a half-life of 2-2.5
days. The activation pathway of FX to FXa
is the committed step stands at the cross-
road between intrinsic and extrinsic path-
ways of coagulation. Coagulation FV with
0.4-1.4 mg/dL and 0.5-1.5 days of haf-life
in turn is activated by FXa and Flla. There
are many reports which show no significant
increase in FV in diabetic patients without
prognostic importance (11, 16-17).

In the intrinsic pathway FX is activated
by FIXa via formation of TENASE com-
plex with coagulation factor VIII and calci-
um ions on phospholipid membranes. The
plasma concentration of FIX showed no
remarkable difference between norma and
diabetics either with or without artery com-
plications, although elevated FIX was re-
ported in patients with myocardia infarc-
tion (16, 18-19). Coagulation FVIII which
is activated by Flla, tends to increase in
diabetes mellitus but with no correlation
with vascular complications (19-20). Some
researchers hold that increased concentra-
tions of both FVIII and its carrier VWF
(von-Willebrand factor) in diabetes mellitus
render them susceptible to heart attack (21-
22). It has been shown that the activation of
FXI and FIX is required for continued for-
mation of Flla (23). In diabetic patients,
there are elevated concentrations of plasma
FX1 and FXII of which the former factor
(FX1) has been shown to be involved in
myocardia infarction (16, 20, 24-27). This
coagulation factor exerts its pathogenic ef-
fect via FIX and FX activation (23, 28).
Multivariate regression analysis showed
that FXI is an independent factor for
thrombotic complications (29-32). Coagu-
lation FXII seems of no prognostic im-
portance in vascular complication.

In extrinsic pathway, FX is activated by
FVII/TF complex on phospholipid mem-
brane in the presence of calcium ions. Co-
agulation FVII circulates in plasma as a
zymogen of a short half-life (5-8 hours) at
0.05mg/dL concentration (33-34). High
concentration of FVII acts as independent
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variable that correlates with ischemic heart
disease (10-11, 13, 35). In contrast to FVI-
la, inactivated FVII shows partial enzymat-
ic activity at high concentration in the pres-
ence of TF, so that it may activate FIX;
promote FXa formation and leads to artery
problems (36-37). Tissue factor is neces-
sary for the initiation of extrinsic coagula-
tion pathway through FVII activation. (3,
38-39). Raised blood glucose and hyperin-
sulinemia in T2DM induces a marked in-
crease in TF activity (1, 20, 40-42). There
are reports showing that TF is increased in
coronary complications (43-44)

Since Fll is the last target of coagulation
cascade either from intrinsic or extrinsic
origin play a determinant role in initiation
of vascular complication, this study has
chosen it as a most important dependent
variable in a hypothetical model or path
resemble coagulation cascade to edit and
verify it as a causality model for coagula-
tion factors. The main purpose of the pre-
sent study is to extract a path model using
our hypothetical model and experimental
data obtained for diabetics and normal in-
dividuals via multivariate regression analy-
sis (path analysis) (45-46). The obtained
model expected to be important model that
gives a prospect on the path relations be-
tween coagulation factors e.g. the extent to
which one factor affects other coagulation
factors. This effect may be positive effect
(threatening factors) or negative effect
(safety factors) against vascular complica
tions.

Methods

Subjects Selection: Forty patients with
type 2 diabetes mellitus were selected
based on their medical history as well as
forty normal volunteers, al with no history
of micro/macro vascular complications,
neuropathy, nephropathy, insulin therapy,
psychiatric illness or smoking. Subjects
with backgrounds of any acute or chronic
diseases were excluded. Chronic diseases
of retinopathy were followed by regular
checking of patients visuad acuity,
nephropathy (rise in serum creatinine con-
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centration and microalbuminurea) and foot
sensation. All subjects were nominated by
Dezfoul Ganjavian Hospital, Khuzestan
Province, IRAN. The body mass index,
BMI, was calculated to be 18 to 25 kg/m®.
The only medication used by diabetics was
anti-diabetic metformin pill having no insu-
lin.

Sample Preparation: Blood samples were
collected from 12-h fasted subjects. Plasma
was prepared by twice centrifugation at
1500xg for 10 min each at 15-18 °C and
was then stored in polypropylene tubes at
=70 °C until used for measurement. All
samples were assayed in duplicate. Plasma
samples showing evidence of hemolysis
were discarded.

Analytical method: Fasting glucose of
subjects was measured by PAD/GOD
Method (CinnaGen Incorporation, Glucose
Diagnostic Kit, Shahrak Ekbatan, Tehran,
Iran). Duplicated glucose level of fasting
blood plasma glucose of 2126 mg/dL was
used as criteria for type 2 diabetes mellitus
in patients with at least 8h fasting with no
caloric intake. The patients were selected
based on their medical history with no
signs of insulin resistance and no history of
insulin treatment. The coagulation assay
method used for the determination of VWF,
Fibrinogen, II, V, VII, VIII, IX, X, Xl in
plasma was performed as reported previ-
ously (46). All experimental procedures
involving human participants were con-
ducted with due attention to the guidelines
approved by the Research Ethical Commit-
tee of Shahid Chamran University (Ahwaz,
Iran).

Statistical analysis

Coagulation Factor Correlation: The
correlation between coagulation factors re-
sults were analyzed using the Statistical
Package for the Social Science (SPSS-PC,
version 15. SPSS, Inc., Chicago, IL). The
significance level of 0.05 was used for cor-
relation tests.

MJIRI, Vol. 28.59. 13 July 2014

Path analysis: Path analysis was used to
investigate the relation between coagul ation
factors in normal and diabetic individuas
and to survey probable causal effects of
some coagulation factors on a certain
coagulation factor. Path analysis made it
possible to describe and interpret the
correlation between some coagulation
factors and their effects on coagulation
factor 1l of 40 diabetics and 40 normal
voluntrees in a path model using Amosl16
software (Arbuckle, J. L. (2006). Amos
(Version 16.0) (Computer Program). Chi-
cago. SPSS). The obtaind structura
equation models were tested and confimed
a the significance level of 0.05. The
causality model defines some hierarchica
regression models between coagulation
factors and FlIl variable (the effect). Paths
between variables are drawn from inde-
pendent to dependent variables with direc-
tional arrow for every regression model (ar-
rowhead on one end only). A two-way ar-
row between two variables indicates that
the correlation between these two variables
will remain unanalyzed. For every regres-
sion the total variance in dependent varia-
ble is theorized to be caused either by inde-
pendent variables of the model or by extra-
neous variables (e) not considered in the
model. An arrow from e indicates the influ-
ence of these extraneous variables. Hence,
the total variances of dependent variable
become the sum of variance caused by both
independent variables and extraneous vari-
ables. Each independent variable may af-
fect the dependent variable directly and/or
indirectly, i.e. via mediation factors. Ac-
cordingly, the total effect of an independent
variable on a certain dependent variable is
the sum of its direct and indirect effects.
Each path has a coefficient showing the
standardized coefficient of regressing inde-
pendent variable on dependent variable of
the relevant path. A coefficient may be pos-
itive (increase of independent variable ele-
vates dependent variable when all other in-
dependent variables are held constant) or
negative (increase of independent variable
decreases dependent variable). The indirect
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effect was determined by multiplying the
path coefficients of intervening variables
(47).

Results

In order to construct path analysis model
between coagulation factors we made a pair
wise Pearson test between coagulation fac-
tors and only the factors showing signifi-
cant 2-tailed correlations were selected as
suitable for model construction. These data
are shown in table 1(a-b). The best refined

model for our hypothetical model obtained
by path analysis calculated for healthy sub-
jectsis presented in figure 1. In this model,
FX and FVIII are the only independent var-
iables which showed direct effects on FllI.
FX seemed to be the determinant factor for
FIl and the major risk factor for vascular
complications. Table 2 summarizes path
coefficients of total, direct and indirect ef-
fects of coagulation factors of the model on
Fll. As represented in table 2, the maxi-
mum total effect exerted by FX on Fll isas

Table 1. Pearson correlation of coagulation factors with 2-tailed significance in parenthesis for a, 40 normal and b, 40

diabetic groups.
Table1l-a
VWF
Vil -0.226
(0.399)
Vil
I -0.156 0.480
(0.536) (0.038)
I
X -0.456 0.736 0.637
(0.066) (0.001) (0.003)
X
VI 0.712 -0.285 0.329 -0.352
(0.003) (0.285) (0.182) (0.166)
Vi
X1 -0.205 -0.163 0.258 -0.050 0.320
(0.447) (0.532) (0.285) (0.839) (0.211)
Xl
\ -0.624 -0.015 -0.008 0.334 -0.613 0.038
(0.006) (0.952) (0.973) (0.151) (0.007) (0.879)
Table 1-b
VIl 0.034
(0.839)
Vil
I -0.178 0.694
(0.286)  (<0.001)
I
X -0.043 0.586 0.868
(0.797)  (<0.001) (<0.001)
X
VIl 0.144 -0.006 -0.046 0.076
(0.387)  (0.971) (0.779) (0.640)
VI
FIB 0.256 0.251 0.200 0.279 0.377
(0.121)  (0.119) (0.215) (0.081) (0.016)
FIB
Xl -0.008 0.336 0.218 0.359 0.525 0.377
(0.9620  (0.036) (0.183) (0.025) (0.001) (0.018)
Xl
\ 0.303 0.522 0.485 0.398 0.206 0.256 0.428
(0.064)  (0.001) (0.002) (0.011) (0.201) (0.110) (0.007)
\%
1X 0.070 0.546 0.553 0.642 0.190 0.186 0.581 0.341
(0.679) (<0.001) (<0.001) (<0.001)  (0.247) (0.257) (<0.001)  (0.034)
4 MJIRI, Vol. 28.59. 13 July 2014
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Table 2. Total, direct and indirect effects of coagulation
factors on FIl in the best path diagram obtained from
path analysis shown in figurel.

Indirect

I effect
\% -.170 .000 -.170
Xl 211 .000 211
VWF .299 .000 .299
VIl 444 .000 444
VI 514 514 .000
X .642 .698 -.056

Table 3. The total, direct and indirect coefficients ob-
tained in casualty model in diabetic patient extracted
from multivariate regression done for 40 patients with
type 2 diabetes mellitus.

Total effect  Direct effect  Indirect effect

VWF -.254 -.254 .000
Glc -101 .000 -101
VI .038 .000 .038
Xl 112 -.222 334
VIl 232 .000 232
\% .340 .340 .000
IX 518 .000 518
X .837 .837 .000

large as 0.642. This is followed by FVIII,
FVIl, VWF and FXI which show positive
effects of 0.514, 0.444, 0.299 and 0.211
respectively. Whereas FV shows negative
effect of 0.170 on FII. However only FX
and FVIII show direct effects on FlII while,
other factors show indirect effects.

Figure 2 show the best refined model for
our hypothetica model obtained by path
analysis calculated for diabetic patients. In

v wwi
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34
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Fig. 1. The best path diagram obtained from multivari-
ate done for 40 norma individuas. All variable are
putted in a rectangle, a single headed arrow from inde-
pendent variable shows a path relation. The standard-
ized path coefficients are calculated for direct relations
between independent and dependent variables and putt-
ed over on headed arrows. The error terms that are
shown by e are uncorrelated with variables of the model
and with each other.

this model, FX, FV, VWF and FXI show
direct effects. Table 3 summarizes the total,
direct and indirect effects of coagulation
factors on Fll. As depicted in Table 3, FX
and FV have positive effects of 0.837 and
0.340 respectively on FIl but VWF and FXI
have negative effects of 0.254 and 0.222
respectively. In path model for diabetic pa
tients, as in Figure 2, al variables except
FX, FXI, FV and VWF have only indirect
effects on Fll. The unique coagulation fac-

-25

el a2 el
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R - 38 s T
X . X LA o
54 T4 L 4 L 4
A7 22
34

Fig. 2. The best path diagram obtained from multivariate done for 40 type2 diabetics. All variable are putted in a rectan-
gle, a single headed arrow from independent variable shows a path relation. A double-headed arrow is connecting two
variables that are merely correlated with our obvious path relations. The standardized path coefficients are calculated for
direct relations between independent and dependent variables and putted over on headed arrows. The error termsthat are
shown by e are uncorrelated with variables of the model and with each other.
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tor that affects FII by dua action of direct
effects of 0.340 and indirect effects of
0.334, isFXI.

Next to coagulation factor X, Factor IX is
an important factor which imposes variance
on FIlI with positive effect of about 0.52,
while, FV, FVII, EXI and FVIII are ranked
a lower causative situations in terms of
inducing variances on FllI. This finding im-
plies that increase in concentration of fac-
tors X, IX, V, VII, XI and VIII induce in-
crease in Fll variance and could be consid-
ered as threatening factors for cardiovascu-
lar problems given their total effects. This
model shows that glucose and VWF exert
negative effects on FllI, counteracting the
effects of other factors on vascular disease.
The effect of VWF, as FVIII carrier, could
be easily interpreted, since it takes up the
free FVIII from plasma decreasing its ac-
tive form involved in coagulation phenom-
enon. However, the negative effects of glu-
cose on FlI could not be so easily interpreted.

Discussion

As shown in Figures 1 and 2, the extent
of correlation between coagulation factors
in diabetics is more evident than in normal
group i.e. in the case of diabetics, most of
coagulation factors are correlated and
hence the numbers of variables included in
the model become higher than in the case
of normal group. This may be the reason
for the more hypercoagulable conditions
stated in diabetic condition (46-48) .It is of
great importance to remember that the main
goal of the current research isto find out an
acceptable model by which the biological
events that lead to micro or macro vascular
complication could be el ucidated.

Model Fit Assessment: In order to assess
how our model fits the data, we used the

model to check the data fit degree. In this
connection, we used some qualification pa-
rameters including (Table 4):

1. Chi-sguare statistic, as the first index
used. This test is a single number that adds
up al the differences between our actua
data and the data expected if there is no dif-
ference. If the actual data and expected data
(if no difference) are identical, the Chi-
square value is zero. A bigger difference
will give a bigger Chi-square value. The
most important characteristic of this statis-
tic is its p-value criterion. As shown, the
calculated p-value exceeds 0.05. Therefore,
both models (healthy norma and diabetic
models) are consistent with the null hy-
pothesis and hence according to this criteri-
on, both models are acceptable models.

2. The second index used was GFI or the
goodness of fit index. GFl says what pro-
portion of the variance in the sample vari-
ance-covariance matrix is accounted for the
model. This should exceed 0.9 for a good
model. According to this index, both mod-
els are acceptable models but they are not
good fit.

3. The Root Mean Square Error of Ap-
proximation or RMSEA is used as a meas-
ure of total error and estimates the lack of
fitted model compared to the saturated
model with all correlated factors linked to
each other. RMSEA value of 0.05 or less
indicates good fit, and 0.08 or less indicates
adequate fit. Based on this index the model
extracted here for normal individuals show
agood model while the model of diabetic is
apoor model.

4. Comparative Fit Index (CFl) is an in-
dex well performs well even with small
size sample. This statistics ranges from 0.0
to 1.0 with values closer to 1.0 indicating
good fit. Accordingly our models for
healthy and diabetics show good fits (47).
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Table 5. simple correlation for coagulation factors
that connected with two headed arrows in diabetic
model shown in figure 2.

VWF 0.23
GLC 0.30 0.38 0.36
VIl 0.18

However there are limitations for path
models including the necessity of adequate
sample size, normal distribution of the data
and the presence of linear relation between
studied variable which all match our data.

Bidirectional relations: Table 5 shows
simple correlations between the coagulation
factors due to unanalyzed relation repre-
sented by two-headed arrows which seems
to add values to the extracted models. Tak-
ing into account such correlations will ena
ble including, within the model, certain in-
visible relations between coagulation fac-
tors which may not be perceived immedi-
ately. As mentioned earlier, there may be
one- way relations between each pair of
these coagulation factors or otherwise spu-
rious associations caused by a third factor
as if it be biological one. In this context,
FV tends to correlate with VWF, and glu-
cose with FVIII in a way to construct a
plausible model asin Table 5. This finding
may open a new horizon of research for
studying the mechanisms behind such cau-
sality relationship and beyond. The correla
tion which exists between FV and either
VWEF or glucose in diabetic model is absent
in norma model. So, what is the factor be-
hind this discrepancy between diabetics and
normal individuals? The other bidirectional
relations are formed with glucose in diabet-
ic patients. Glucose tends to have bidirec-
tional association with each of FV, FVII
and FVIIIl. This may lead to hypercoagula
ble states and hence life-threatening cardi-
ovascular events in diabetic patients.

Conclusion

Path analysis findings indicate that the
anaysis is a powerful method that helps to
discover invisible relations between coagu-
lation factors. Our results gave two ac-

MJIRI, Vol. 28.59. 13 July 2014

ceptable models, which adequate fit the da-
tafor normal and diabetic patients. Accord-
ing to the first model for normal individu-
als, as shown in Figure 1 and Table 2, FX
and FVIII induce the largest direct effects
on FII with total effects of .642 and .514
respectively. On the other hand, FV, FXI,
VWEF and FVII show indirect effects on
FIl. While in the second model for diabetic
group, as shown in Figure 2 and Table 3,
the most direct effects are exerted by coag-
ulation factors VWF, FX, FV and FXI on
FIl. As per this model, in addition to Glu-
cose (Glc), FVIII and FV, factor X1 aso
exertsindirect effect on Fll simultaneously.

Our findings show that the obtained path
model or diagram for coagulation factors
are more complicated in diabetic patients
than in normal individuals and convey that
a sudden increase in the synthesis of each
coagulation factors or their activation may
trigger the initiation of coagulation cascade,
leading to vascular clot formation with
myocardial consegquences.
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