Thrombophilia in Patients With Hypercholesterolemia
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To investigate a possible interrelationship between hypercholesterolemla and the coagulation and fibrinolytic system, the
Cardiovascular Disease Risk Factor Two-Township Study in Taiwan was undertaken as a longitudinal prospective study
focusing on the evolution of cardiovascular disease risk factors, with an emphasis on hemostatic factors. Hemostatic
parameters measured in this study included prothrombin time (PT), activated partial thromboplastin time (APTT), fibrinogen,
factor Vllc, factor Viiic, antithrombin llI, and plasmmogen Subjects of both sexes with hypercholesterolemia {>6.2 mmol/L)
also had significant elevations of diastolic blood pressure, plasma glucose, triglycerides, fibrinogen, and factor Vlic and reduced
PT and APTT compared with subjects with lower cholesterol. The hypercholesterolemic women additionally had significant
elevations of systolic blood pressure and factor Villc. Levels of the anticoagulant factors, antithrombin Il and plasminogen,
were also higher in both hypercholesterolemic men and women. In men, only factor Vilic had no statistically significant
elevatlon In women, only PT showed no statistical difference. Estabhshed coronary risk factors such as fibrinogen and factor
Viic showed remarkable elevations in patuents of both sexes. Using Pearson correlation and multiple regression, the most
significant parameter related to cholesterol level was factor Vlic. The present results show that hemostatic abnormalities do
exist in patlents with hypercholesterolemia, and this thrombophlllc phenomenon sheds further Ilght on the study of higher

cardiovascular mortality in these subjects.
Copyright © 1996 by W.B. Saunders Company

'\HE THREE MAIN reversible cardiovascular disease
risk factors—cigarette smoking, hypertension, and
hypercholesterolemla—were able to predict only about one
third of the coronary heart disease (CHD) events in early
epidemiological studies.! Therefore, in recent years investi-
gators have turned their attention to measurement of other
factors that may promote atherosclerosis, thrombosis, or
ischemia.2® Such factors include parameters related to
vascular endothelial function, platelets, coagulation, and
fibrinolysis. Their biological significance is related hemosta-
sis and bleeding disorders on the one hand and thrombosis
and atherosclerosis on the other.2?

" Hypercholesterolemia has been linked to an increase in
coagulation factors*; an increase in serum total choles-
terol—a surrogate measure of serum low-density lipopro-
tein cholesterol (LDL-C)—is associated with an increased
risk of CHD.® The risk of CHD can be decreased by
treatment that reduces serum cholesterol level.” One possi-
bility is that a decrease in lipids has an effect that reduces
the risk of coronary thrombosis. Additionally, data concern-
ing hypercholesterolemia and coagulation from the Athero-
sclerosis Risk in Communities Study show that both factor
VIIc and fibrinogen are associated with LDL-C in both
univariate and multivariate analysis.®? In the Northwick
Park Heart Study,'” although significant correlations were
shown for factor VIlc, factor VIIIc, and fibrinogen in
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relation to cholesterol components (total cholesterol and
LDL-C) in the multiple regression analysis, only fibrinogen
was significantly associated with LDL-C in men. The
present study was performed to evaluate whether other
important hemostatic variables have any relationship to
hypercholesterolemia in a relatively large population of
middle-aged people. ‘

SUBJECTS AND METHODS
Patient Population

The Cardiovascular Disease Risk Factor Two-Township Study is
a longitudinal study ongoing in two suburban communities: Chu-
Dung (northwest Taiwan) and Pu-Tzu (southwest Taiwan). The
study focuses on the evolution of cardiovascular disease risk
factors. The participants have been described in detail in previous
reports.112 Briefly, Chu-Dung is 2 Hakka township in northwest
Taiwan,!* and Pu-Tzu is a Fukienese township in southwest
Taiwan. Both the Hakka and Fukienese are groups of Chinese who
migrated to Taiwan a few hundred years ago from mainland China.
Five villages in each of the two townships were selected randomly
from those with greater than 1,000 people or a population density
greater than 200/km?. All residents were invited to participate in
the study by a mailed invitation letter that described the study and
its purpose. The response rate was approximately 50%. Subjects
were divided into those with a higher total cholesterol and a control
group with lower total cholesterol, with a cutoff value of 6.2
mmol/L (240 mg/dL). The study included 2,158 people aged 45 to
69 years. There were 939 men in the control group and 179 in the
study group, and 901 women in the control group and 139 in the
study group.

Assay Procedure

Fasting venous blood samples were collected from every subject
together with background data such as age, gender, body mass
index (kg/m?), and waist to hip ratio. Blood sampling was per-
formed according to a standard protocol to avoid activation of the
coagulation system. A no. 21 butterfly needle (Nissho, Osaka,
Japan) was used for puncture to minimize trauma. No hemostasis
or repeated punctures were allowed when collecting blood. The
first 10 mL blood was collected into a sodium heparin tube
(Sherwood Medical, St Louis, MO) for routine biochemical analy-
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sis. After releasing the tourniquet, two precooled 4.5-mL sodium
citrate tubes (Becton Dickinson, Rutherford, NJ) were filled. All
samples were kept at 4°C until centrifugation. Samples were
centrifuged for 15 minutes at 3,000 rpm at —4°C. After separation,
plasma samples were stored at —70°C until the analysis was
performed.

Hemostatic parameters measured included prothrombin time
(PT), activated partial thromboplastin time (APTT), fibrinogen,
factor VlIc, factor VIIIc, antithrombin 111, and plasminogen. All
hemostatic measurements were made within 1 month of blood
sampling on an ACL 300 Plus Automat Clotting and Fibrinolyzing
Analysis System (Instrumentation Laboratory, Chicago, IL), using
reagents provided by the manufacturer. Cholesterol and triglycer-
ide levels were measured by the Monarch 2000 Autoanalyzer
(Instrumentation Laboratory).

Statistics

Statistical analyses were performed using SAS Version 6.06
(SAS, Cary, NC). The data are expressed as the mean =+ SD.
Comparison among the four groups was made by ANOVA (general
linear model program). Where only two groups were being com-
pared, the chi-square test or unpaired r test were used. A P value
less than .05 was regarded as significant. Relationships between
cholesterol and each of the hemostatic factors were tested using
simple Pearson correlations and multiple regression analysis. The
effects of age and body mass index were adjusted for in the multiple
regression model.

RESULTS

Table 1 summarizes baseline data and hemostatic vari-
ables of the study population. The subjects were well-
matched for age and body mass index. Of seven variables
(PT, APTT, fibrinogen, factor VIIc, factor VIIIc, antithrom-
bin III, and plasminogen) measured, comparing hypercho-
lesterolemic and control subjects, all hemostatic factors
showed significant differences except factor VIIIc in men
and PT in women. For the well-established risk factors for
CHD (fibrinogen and factor VIIc), both hypercholesterol-
emic groups of both sexes showed statistically higher levels.
For the anticoagulant factors (antithrombin III and plas-
minogen), again, study groups of both sexes showed higher
activity.

Hypercholesterolemic patients, regardless of gender, also
had statistically higher blood glucose and triglycerides and
diastolic blood pressure. In the women, higher systolic
blood pressure and fasting insulin were also noted. Body
mass index and waist to hip ratio showed no statistical
difference, indicating that hypercholesterolemia was inde-
pendent of obesity in these subjects.

Table 2 summarizes the relationships between hemo-
static parameters and plasma total cholesterol by Pearson
correlation and multiple regression analysis. Both PT and
APTT showed a significant negative correlation with choles-
terol concentration, while almost all the other parameters,
ie, factor VIlc, factor VIIIc, fibrinogen, plasminogen, and
antithrombin III (ordered in decreasing size of the correla-
tion), showed a positive correlation in men and women in
univariate and multivariate analyses. Significance was not
shown for factor VIIIc in men in the multiple regression
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Table 1. Baseline Data and Hematologic Parameters of Control and
Study Groups After Adjustment for Other Confounding Variables
Such as Smoking, Alcohol Consumption, and Triglyceride Level

Men Women
Normal Chol 1 Normatl Chol 1

Parameter {n = 839) (n =179} (n = 901) (n = 139)
Age (yr) 576 +58 ©573x54 56.2 56 579+54
Weight (kg) 658+97 679x112 587x92 586=8.0
BMI{kg/m?) 243 +32 248=x35 25037 248+50
COl 089 x0.09 089006 0.81=006 0.82=0.07
SBP 122.3 £18.3 1253+ 16.3 122.1 = 18.7 125.1 = 20.3¢
DBP 79.0 = 11.2 824 = 10.0f 76.1 + 104 77.1 = 10.2%
Glucose

{mmol/L) 581 £ 196 6.27 £2.29f 570+ 168 6.27 £ 2.41*
Insulin

{pmol/L) 59.6 + 116 61.2x13.8 63.4+45.0 74.7 =59.8%
TG (mmol/L) 1.32 +0.60 1.71 £0.67* 1.18 £ 0.61 1.52 + 0.75*
Fibrinogen

{g/L) 271 £0.74 297 £0.708 287 +0.76 3.03 x 0.83%
APTT (s} 27537 265+33%f 265x41 258 =x3.48
PT (s} 13314 13.0x1.0+ 13.0x181 129+16
Factor Vilc

(%) 126.9 + 39.8 139.8 = 30.5T7 133.6 = 37.6 151.4 + 43.2*
Factor Vllic

(%) 134.6 = 55.0 140.3 = 7.1 141.0 = 62.2 157.2 + 77.5t
AT-1Il (%) 1056.8 £ 22.2 112.5 = 21.1% 105.6 = 21.2 122.6 + 22.2*
Plasminogen

(%) 122.0 = 32,9 133.0 + 37.67 126.1 = 37.2 141.4 + 43.2%

NOTE. Values are the mean = SD. Cutoff value for cholesterol, 6.21
mmol/L.

Abbreviations: COl, central obesity index (waist to hip ratio); BMI,
body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TG, triglyceride; Chol, cholesterol; Chol 1, hypercholesterol-
emic; AT-lll, antithrombin Il

*P < .0001, TP < .001, tP < .01, §P < .05: v normal group of same
sex.

model. The most significant parameter related to choles-
terol level was factor VIIc for both sexes.

DISCUSSION

The parameters that have been documented in the
long-term prospective Framingham Heart Study as indepen-
dent risk factors for CHD are (1) increased age, (2) male
gender, (3) decreased high-density lipoprotein cholesterol,
(4) increased total cholesterol or LDL-CL, (5) elevated
blood pressure, (6) cigarette smoking, (7) diabetes, and (8)
left ventricular hypertrophy determined by electrocardio-
gram.!* Additional cardiovascular risk factors such as eleva-
tion of fibrinogen and factor VIIc have also been shown by
other epidemiological studies,!>17

This study shows that men with hypercholesterolemia
have a significant elevation of fibrinogen and factor Vllc
along with shortened PT and APTT. This indicates a
thrombogenic tendency in these patients. The elevation of
antithrombin IIT and plasminogen was also significant.
Factor VIIIc also increased in the men, but showed no
statistical significance. Until recently, opinions concerning
hemostatic factors in CHD were based primarily on cross-
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Table 2. Relationship Between Hemostatic Parameters and
Cholesterol by Pearson Correlation and Multiple Regression Analysis

Pearson Correlation Muitiple Regression

Variable Coefficient P Coefficient P

APTT (s)

Men -.185 .0001 —.0109 .0001

Women —.237 .0001 —.0133 .0001
PT (s)

Men -.215 .0001 —.0003 .0001

Women -.198 0001 —.0003 .0001
Fibrinogen {g/L)

Men .135 .0001 1661 .0075

Women 144 .0001 .1161 .0303
Factor Vlic (%)

Men .304 .0001 1871 .0001

Women .334 .0001 1769 .0001
Factor Vlilc (%)

Men 115 .0009 .0005 NS

Women 244 ,0002 .0013 .0001
Plasminogen (%)

Men A3 .0002 .0821 .0032

Women .195 .0001 .1200 .0001
AT-ll (%)

Men .099 .0043 .0626 .0027

Women .090 .0015 .0471 .0021

NOTE. Adjusted for age and body mass index.
Abbreviations: NS, not significant; AT-Ili, antithrombin IIl.

sectional studies, epidemiological characteristics, and cross-
cultural comparisons.'® However, the information derived
from prospective epidemiological and longitudinal cohort
studies has expanded considerably in the past couple of
years. Nevertheless, prospective studies cannot resolve the
cause-and-effect issue, because altered levels of certain
hemostatic factors relating to CHD may be a mere conse-
quence of the risk state itself or a result of other processes
causally related to or associated with CHD.

Recent prospective studies have provided new informa-
tion on the relationship between fibrinolytic function and
CHD. With the accumulation of further CHD episodes in
the Northwick Park Heart Study,'” a strong independent
relationship has emerged between low fibrinolytic activity,
as measured by dilute clot lysis time, and increased risk of
future CHD in men between 40 and 54 years of age at the
time of entry into the survey. Previous data from the same
study group showed that increased levels of plasma fibrino-
gen, factor VIIc, and serum cholesterol are independently
associated with an increase in acute ischemic heart disease
events in middle-aged men.!32° Although an increased level
of factor VIIIc has also been demonstrated to be associated
with an increased risk of CHD, it did not attain the usually
accepted level of significance.!

In hypercholesterolemic women in our study, the phenom-
ena were similar to those observed in male subjects.
However, there are still some differences worth mention-
ing. Factor VIIIc showed a prominent elevation, and
determining whether this phenomenon implies that women
sustained a higher risk for CHD needs further study. A
similar phenomenon has been observed previously in dia-

CHAN ET AL

betic women.'? Additionally, elevations of fibrinogen, factor
VIIc, antithrombin III, and plasminogen were also more
significant in women than in men, leading to a presumption
that in hypercholesterolemic women, the risk of CHD is
probably higher than for men. However, considering the
Pearson correlation and multiple regression analysis
(Table 2), the strongest associations found between choles-
terol and hemostatic factors were those for factor VIIc in
both sexes.

The elevation of antithrombin III and plasminogen in
hypercholesterolemic patients may be a protective mecha-
nism, since antithrombin III is one plasma inhibitor for
which a decrease in quantity or activity has been associated
with a thrombotic tendency in humans.?! Previous studies
have shown that an elevation of antithrombin III in diabetic
patients is considered a protective mechanism against other
changes favoring the onset of vascular disease.?>?

Plasminogen becomes absorbed and concentrated into
fibrin, thereby allowing and facilitating the formation of
plasmin directly on its substrate,® and fibrinolysis, which
results in the dissolution of fibrin clots, is ultimately
mediated by the proteolytic enzyme, plasmin. Therefore,
the elevation of antithrombin III and plasminogen in these
hypercholesterolemic patients may be a protective mecha-
nism against an excessive thrombotic tendency associated
with elevation of coagulation factors. However, determin-
ing whether this represents an increase in quantity but
defective activity needs further study.

In these patients with hypercholesterolemia, the proco-
agulation activity of increased levels of fibrinogen, factor
Vlilc, and factor VIIIc with shortened PT and APTT was
perhaps balanced by an increased anticoagulant activity of
antithrombin III and plasminogen, probably indicating that
such activity was a natural defense mechanism against
thrombotic events in these patients. There are few previous
studies showing a link between hypercholesterolemia and
increased coagulability.*> Besides fibrinogen, this study
investigated other coagulation and anticoagulation factors
that also showed a parallel increase with fibrinogen.

The role of insulin resistance in the development of CHD
has generated considerable interest in recent years. Sub-
jects with CHD tend to have a higher insulin response to an
oral glucose load than subjects without the disease.>%
Hyperinsulinemia is associated with a worsened profile of
cardiovascular risk factors, including obesity, elevated tri-
glyceride levels, low levels of high-density lipoprotein cho-
lesterol, and elevated blood pressure.” From the present
data, hypercholesterolemic women showed significantly
increased levels of fasting insulin compared with the other
three groups. However, further study is needed to deter-
mine whether this phenomenon shows additional coronary
risk in female hypercholesterolemic patients.

In conclusion, this study is the first to demonstrate the
elevation of various coagulation and anticoagulation factors
in hypercholesterolemia in a relatively large Chinese popu-
lation, implying that these phenomena may partially contrib-
ute to the cardiovascular risk of hypercholesterolemia.



THROMBOPHILIA IN HYPERCHOLESTEROLEMIA

969

REFERENCES

1. Heller RF, Chinn S, Tunstall-Pedoe HD, et al: How well can
we predict coronary heart disease? Findings in the United King-
dom Heart Disease Prevention Project. Br Med J 288:1409-1411,
1984

2. Francis RB Jr: Atherosclerotic Cardiovascular Disease, He-
mostasis and Endothelial Function. New York, NY, Marcel-
Dekker, 1992

3. Lowe GDO: Laboratory investigation of pre-thrombotic states,
in Poller L, Thomson JM (eds): Thrombosis and its management.
Edinburg, UK, Churchill-Livingstone, 1993, pp 31-46

4. Branchi A, Rovellini A, Sommariva D, et al: Effects of three
fibrate derivatives and of two HMG-CoA reductase inhibitors on
plasma fibrinogen level in patients with primary hypercholesterol-
emia. Thromb Haemost 70:241-243, 1993

5. Stuart J, George AJ, Davies Al, et al: Hematological stress
syndrome in atherosclerosis. J Clin Pathol 34:464-467, 1981

6. Tyroler HA: Review of lipid-lowering clinical trials in relation
to observational epidemiologic studies. Circulation 76:515-522,
1987

7. Miller GJ: Lipoproteins and the hemostatic system in athero-
thrombotic disorders. Baillieres Clin Haematol 7:713-732, 1994

8. Folsom AR, Wu KK, Davis CE, et al: Population correlates of
plasma fibrinogen and factor VII, putative cardiovascular risk
factors. Atherosclerosis 91:191-205, 1991

9. Folsom AR, Conlan MG, Davis CE, et al: Relations between
hemostasis variables and cardiovascular risk factors in middle-age
adults. Ann Epidemiol 2:471-480, 1992

10. Balleisen L, Assmann G, Bailey J, et al: Epidemiological
study on factor VII, factor III and fibrinogen in an industrial
population II. Baseline data in relation to blood pressure, blood
glucose, uric acid and lipid fractions. Thromb Haemost 54:721-723,
1985

11. Yeh CJ, Pan WH, Bai CH, et al: Curvilinear relationships
between age and hemostatic parameters in Chinese. Thromb
Haemost 70:239-243, 1993

12. Chan P, Pan WH: Coagulation activation in type 2 diabetes
mellitus: The higher coronary risk of female diabetic patients.
Diabetic Med 12:504-507, 1995

13. Chan P, Lin TH, Pan WH, et al: Thrombophilia associated
with obesity in ethnic Chinese. Int J Obes 19:756-759, 1995

14. Kannel WB, D’Agostino RB, Belanger AJ: Update on

fibrinogen as a cardiovascular risk factor. Ann Epidemiol 2:457-
466, 1992

15. Meade TW, Mellows S, Brozovic M: Hemostatic function
and ischemic heart disease: Principal results of the Northwick Park
Heart Study. Lancet 2:533-537, 1986

16. Meade TW, North WRS, Chakrabarti RR, et al: Haemo-
static function and cardiovascular death: Early result of a prospec-
tive study. Lancet 1:1050-1054, 1980

17. Anderson KM, Wilson PW, Odell PM, et al: An updated
coronary risk profile. A statement for health professionals. AHA
Medical/Scientific Statement Science Advisory. Circulation 83:356-
362, 1991

18. Hamsten A: The hemostatic system and coronary heart
disease. Thromb Res 70:1-38, 1993

19. Meade TW, Ruddock V, Stirling Y, et al: Fibrinolytic
activity, clotting factors, and long-term incidence of ischemic heart
disease in the Northwick Park Heart Study. Lancet 342:1076-1079,
1993

20. Meade TW, Copper JA, Stirling Y, et al: Factor VIIIc ABO
blood group and the incidence of ischaemic heart disease. Br J
Haematol 88:601-607, 1994

21. Wessler S: Oestrogen-associated thromboembolism. Ann
Epidemiol 2:439-443, 1992

22. Almer LO, Pandolfi M: Fibrinolysis and diabetic retinopa-
thy. Diabetes 25:807-810, 1976 (suppl 2)

23. Fuller JH, Keen H, Jarrett RJ, et al: Hemostatic variables
associated with diabetes and its complications. Br Med J 2:964-966,
1979

24, Lucas MA, Fretto LI, Kckee PA: The binding of human
plasminogen to fibrin and fibrinogen. J Biol Chem 258:4249-4256,
1983

25. Reaven GM: Role of insulin resistance in human disease in
multiple risk factors in cardiovascular disease, in Gotto AM,
Lenfant C, Paoletti R, et al (eds): Giovanni Lorenzino Medical
Foundation. Dordrecht, The Netherlands, Kluwer Academic, 1992,
pp 91-97

26. Mitchell BD, Haffner SM, Hazuda HP, et al: The relation-
ship between serum insulin levels and 8-year changes in lipid,
lipoprotein, and blood pressure levels. Am J Epidemiol 136:12-22,
1992



