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Original Article

Oral Contraceptive Types in Relation to
ABO Blood Groups Among Saudi Women
of Different Reproductive Age Groups and
Impact on Venous Thromboembolism

Abdulrahman B. O. Mohamed, MD1,2, Nabeel Al-Ama, MD3,
Huda Al Kreathy, PhD1, Khalid H. B. Ahmed, PhD4,
Turki Al Amri, MD5, Steve Harakeh, PhD6,
Shaker A. Mousa, PhD7 , and Bas De Laat, PhD2

Abstract
The risk varies of venous thromboembolism (VTE) is related to the type of Oral Contraceptive (OC) generations used. This study
evaluated the effect of OC types in relation to ABO blood group on the risk of VTE among Saudi women. Thrombin generation
(TG) was measured in the plasma of these women in the presence and absence of platelet rich plasma, platelet poor plasma and
thrombomodulin or activated protein C. OC usage increased thrombin generation parameters ETP and Peak height by 9.81% and
16.04%, respectively. An increased risk of VTE was seen among women on third generation OCs as compared to those using
second generation products. Within OC generation, we found that for those on fourth generation OCs, their ETP increased by
36.18% as compared to those using second generation and by 6.07% in those using third generation compared to those using
second generation. There was significant difference with respect to ABO blood groups and OC generation types but larger sample
size is required. Women who are 40 years and older and using third generation OC had a higher risk of having thrombosis
(11.84%), as compared to those on second generation OC (8.79%), and for those using fourth generation OC (5.03%). An
association between different OC groups and non-O blood group in thrombosis generation was noted. TG parameters were
significantly increased in relation to BMI when comparing to OC users versus non-users. In addition, inhibition of TG parameters
in the presence of recombinant human thrombomodulin (TM) and activates protein C (APC) were significantly increased.

Keywords
oral contraceptives, ABO blood groups, thrombin generation, venous thromboembolism, body mass index, endogenous throm-
bin potential, activated protein C

Introduction

Deep Vein Thrombosis (DVT) is the presence of thrombus

deeply into the pelvis or legs. It is associated with many burden-

some and serious complications including pulmonary embolism

(PE) and development of symptoms and signs of chronic venous

insufficiency, known as Post-thrombotic Syndrome (PTS).1,2

The incidence rate of Venous Thromboembolism (VTE) among

adults is 1-2 per 1000 people, and age is considered to be an

important risk factor. Aging contributes to an increased VTE

incidence rate by around 1% annually.3-5 VTE amplifies its

recurrence at an annual rate of 5-10% after the first event. More-

over, such an occurrence is often associated with PTS. As a

result of DVT, up to 40% of patients will develop an association

between ABO blood type and the risk for VTE,6 coronary heart

disease 1 and atherosclerosis.7 An increased bleeding tendency

1 Department of Pharmacology, Faculty of Medicine, King Abdulaziz University

(KAU), Jeddah, Saudi Arabia (SA)
2 Synapse Research Institute, Maastricht, the Netherlands
3 Department of Cardiology, Faculty of Medicine, King Abdulaziz University

(KAU), Jeddah, Saudi Arabia
4 Department of Clinical Biochemistry, Faculty of Medicine, King Abdulaziz

University (KAU), Jeddah, Saudi Arabia
5 Family and Community Medicine Department, Faculty of Medicine in Rabigh,

King Abdulaziz University (KAU), Jeddah, Saudi Arabia
6 Special Infectious Agents Unit, King Fahd Medical Research Center, King

Abdulaziz University (KAU), Jeddah, Saudi Arabia
7 Pharmaceutical Research Institute, Albany College of Pharmacy and Health

Sciences, Rensselaer, NY, USA

Corresponding Author:

Abdulrahman. B. O. Mohamed, Faculty of Medicine, Department of Pharma-

cology, Cardiovascular Researcher@Heamostasis, King Abdulaziz University,

Jeddah 80205, Saudi Arabia.

Email: abdulrahman.badwi@gmail.com

Clinical and Applied
Thrombosis/Hemostasis
Volume 26: 1-9
ª The Author(s) 2020
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/1076029620966051
journals.sagepub.com/home/cat

https://orcid.org/0000-0002-9294-015X
https://orcid.org/0000-0002-9294-015X
mailto:abdulrahman.badwi@gmail.com
https://sagepub.com/journals-permissions
https://doi.org/10.1177/1076029620966051
http://journals.sagepub.com/home/cat


has been reported for blood group O.8,9 In contrast, non-O blood

group increased the risk of thrombosis caused by increased lev-

els of FVIII-Von Willebrand.8,10

There are many other risk factors3,11 for DVT including

inherited blood clotting disorders, family history of DVT/PE,

obesity, surgical procedures or injuries, pregnancy and espe-

cially the use of oral contraceptive (OC) pills12 or hormone

replacement therapy. A typical observation from several studies

was a distinct relation between elevated body fat or body mass

index (BMI) 13,14 and an increased incidence of thrombotic

events and associated complications.1,15,16 Different mechan-

isms were suggested to explain the role of obesity in increasing

the risk of thrombotic events and included decreased fibrinoly-

sis, increasing platelet aggregation and hyperfibrinogenemia.17

Previously due to religious considerations, the use of OCs was

not popular in the Saudi community. However, more recently,

other factors have emerged including those who are working and

changes in the habits of the Saudis in general.18

OC pills are a combination of 2 main components, estrogen

and progestin. They are divided into 4 generations based on the

type of progestin they contain. First generation progestin

includes norethindrone, lynestrenol, ethynodiol diacetate, and

norethisterone; second generation includes levonorgestrel and

nongestural; third generation includes desogestrel, gestodene,

and norgestodene; and fourth generation includes drospirenone

and dienogest. The fourth generation is not recommended for

those with predisposition to develop breast cancer.19,20 The

most commonly used types of OCs by Saudi women are second

and third generation types.

The combined estrogen and progestogen OCs are known to

increase the thromboembolic risk by unbalancing coagulation

homeostasis and inducing a procoagulant state.21

The use of OCs has been associated with excessive thrombin

generation (TG), as assessed by comparative studies of endo-

genous thrombin potential (ETP) between users and non-users,

as well as between different progestogens.22 This excess in TG

is explained by increased levels of procoagulant factors such as

factors VII, VIII and II with concomitant decrease in antic-

oagulant factors such as antithrombin and protein S.23,24

The procoagulant effect of OC use is manifested by lower

protein S and antithrombin III levels, elevated levels of plas-

minogen, fibrinogen and specific clotting factors, and

increased activated protein C (APC) resistance.25 The extent

of the hemostatic effect is related to the amount of estrogen and

the type of progestogen.26,27

There are not obvious reasons to explain prescribing second

or third generation OCs in practice. Second generation OCs are

prescribed based on over age 40, duration of use, and family

history of thromboembolism to reduce risk of VTE. Both BMI

and lifestyles factors played a role in OC selection.

Methods

Study Population

This study was approved by the ethical committee at King Abdu-

laziz University. Our subjects were approached by our

university obstetrics-gynecology department at the patient

clinic. Eligible women for inclusion were Saudis and between

18 and 45 years of age who were non-smoker and not overly

obese. Women taking oral anticoagulants or antiplatelet drugs

during the prior month, over age 50 years, smokers or overly

obese were excluded. The study objective was clearly explained

to all participants and they each signed an informed written

consent according to the Helsinki Declaration. In total, 115

women were included in this study, of which 47 women were

using OCs for a period ranging from 3 months to 17 years and 68

women were not using OCs and served as the control group.

Blood Sample Collection and Preparation

Vacutainer® tubes containing 0.105 mol/L trisodium citrate

(ratio 9:1; Becton Dickinson, Pont de Claix, France) were used

for blood collection. Platelet poor plasma (PPP) was prepared

by centrifuging the citrated blood twice at 4000 � g for 10 min

at 25�C. After centrifugation, the supernatant was collected and

frozen at -80�C until needed.

Normal pooled plasma (NPP) was prepared in-house by

collecting blood from 10 healthy control donors. The blood

was centrifuged at 2,500 � g for 5 min and the plasma from

each donor was collected and pooled together. Hereafter, the

plasma pool was subjected to an ultra-centrifugation at 10,000

� g for 10 min and aliquoted. The aliquots were stored in liquid

nitrogen until needed.

Reagents

Recombinant tissue factor (TF) was obtained from Innovin

(Dade-Behring, Marburg, Germany). The source of Z-Gly-

Gly-Arg-aminomethylcoumarine (ZGGR-AMC) was Bachem

(Basel, Switzerland). The synthetic phospholipids were

received from Avanti Polar Lipids Inc. (Alabaster, AL, USA).

The preparation of the calibrator, a2-macroglobulin-thrombin

complex (a2M-FIIa), was done as described elsewhere.28

Hepes buffers containing either 5 mg/ml or 60 mg/ml bovine

serum albumin (BSA5 and BSA60, respectively) were prepared

as reported elsewhere.29 Recombinant human thrombomodulin

(TM)12 was obtained from Asahi Kasei Pharma (Tokyo, Japan)

and APC was a kind gift from Veronique Regnault.9

Calibrated Automated Thrombinography

TF was premixed with phospholipids and 10 ml of this mixture

was placed into the wells of a flat bottom 96-well polystyrene

plate with 10 ml of either BSA5 buffer or TM or APC to achieve

a final concentration of 1 pM TF, 4 mM phospholipids, with or

without 2.5 nM TM or APC. In the calibration wells, 20 ml of

a2M-FIIa was added for correcting inner filter effect, plasma

color and substrate consumption. Next, 80 ml of PPP was dis-

pensed into each well. Thrombin generation was started by

addition of 20 ml of the fluorogenic substrate and calcium to

the wells according to the method described by Al Dieri
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et al.29,30 NPP was also measured to normalize the data of each

measurement.

Fluorescent signals were measured at excitation/emission

wavelengths of 390/460 nm and analyzed using Thrombin

scope software (Maastricht, Netherlands). Thrombin genera-

tion results were expressed as ETP (nmol/L min), lag time

(min) and peak height (nmol/L). ETP and peak height data

were normalized to the data obtained by measuring NPP at

5 pM TF. In the presence of TM or APC, TG parameters were

expressed relative to the parameters in the absence of TM or

APC (lag time and TTP as ratio to corresponding parameter

without TM or APC; peak height and ETP and lag time as %
inhibition by TM or APC).

Statistical Methods

Statistical analysis was performed using the Statistical Package

for Social Science version 24.0 for windows (SPSS Inc.,

Armonk, NY, USA) for testing the difference among thrombin

generation parameters and subject characteristics. MedCalc

Statistical software version 19.0.3 for windows (MedCalc,

Acacialaan 22, Ostend, Belgium) was used for graphing and

charts. The data was expressed as mean + SD (standard devia-

tion). The Student’s t-test was used to compare the differences

between OC user and non-user. In addition, 1-way ANOVA,

2-way ANOVA, and 3-way ANOVA were carried out to inves-

tigate whether significant difference existed among thrombin

generation parameters in relation to subject characteristics (age

group, BMI levels, blood groups, and OC generation). Statis-

tical significance was set at p < 0.05.

Results

Study Population

Our study population included 115 Saudi women of whom 47

(40.8%) were on OCs and 68 (59.1%) were non-users and

served as the control group (Table 1)[AQ2].
Based on blood group, we classified the participants and

controls as blood group O and non-O blood group. For parti-

cipants they were 38.3% group O and 61.7% non-O and for the

control they were 47.6% group O and 52.4% non-O. As for OC

generation usage, 21.3% were using second generation, 55.3%
third generation and 23.4% fourth generation (Table 2).

Referring to Table 3, it is noted that there was a significant

difference between OC users and non-users with respect to

thrombin generation parameters. OC usage increased thrombin

generation parameters ETP and Peak height by 9.81% and

16.04%, respectively. There was significant difference in the

lag time (P value ¼ 0.011) between OC users and non-users.

Table 4 shows the relationship of subject characteristics to

thrombin generation parameters including lag time, ETP and

Peak height. There was a significant difference with respect to

BMI levels, blood groups, and OC generation types except for

the age category. There was no significant difference in all age

groups but for those 40 years and above, they were more likely

to develop thrombosis than those less than 40 years for the rise

of thrombin generation parameters ETP and Peak height by

10.12% and 2.69%, respectively. BMI level had a significant

impact on thrombin generation parameters ETP and Peak

height. The same was true for blood group and OC generation.

Subjects with B blood group had the lowest thrombin para-

meter levels, and the highest thrombin generation parameters

were observed in those with AB blood group. Within OC

Table 1. Characteristics of OC Users and Non-Users in the Study.

OC users Non-user

Parameter Number % Number % p-value

Age (years)
Under 40 34 72.3 41 60.3 0.182
Over 40 13 27.7 27 39.7

BMI
Underweight 1 2.2 4 10.0 0.094
Normal 19 42.2 9 22.5
Overweight 9 20.0 14 35.0
Obese 16 35.6 13 32.5
Unknown 2 4.1 28 41.1

Blood group
O-Individuals 18 38.3 10 47.6 0.831
A-Individuals 10 21.3 4 19.0
B-Individuals 12 25.5 5 23.8
AB-Individuals 7 14.9 2 9.5
O group 18 38.3 10 47.6 0.428
Another group 29 61.7 11 52.4

OC generation
Second 10 21.3 - - -
Third 26 55.3 - -
Fourth 11 23.4 - -

Abbreviations: OC, Oral Contraceptive; BMI, Body Mass Index.

Table 2. Distribution of OC Generation Use in the Study Among Different Age Groups and Blood Types.

Age group Blood Class Blood groups

OC generation
Under 40

N (%)
Over 40
N (%)

O Individual
N (%)

Non – O
N (%)

O
N (%)

A
N (%)

B
N (%)

AB
N (%)

Second 6 (12.8) 4 (8.5) 2 (4.3) 8 (17.0) 2 (4.3) 2 (4.3) 5 (10.6) 1 (2.1)
Third 20 (42.6) 6 (12.8) 12 (25.5) 14 (29.8) 12 (25.5) 5 (10.6) 4 (8.5) 5 (10.6)
Fourth 8 (17.0) 3 (6.4) 4 (8.5) 7 (14.9) 4 (8.5) 5 (10.6) 1 (2.1) 1 (2.1)

Abbreviations: OC, Oral Contraceptive.
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generation, we found that for those on fourth generation OCs,

their ETP increased by 36.18% as compared to those using

second generation and by 6.07% in those using third generation

compared to those using second generation.

Table 5 shows the relationship of subject characteristics on

thrombin generation parameters’ inhibition ETP and Peak for

TM and APC. There was a significant difference regarding

BMI levels. There was no significant difference for blood

groups, OC generation types, and age category.

Two way ANOVA showed the effect of combined factors of

blood group and OC generation on thrombin parameters lag

time, ETP, and Peak height (Table 6). A significant effect was

noted between the combination factors of blood group and OC

generation on ETP and Peak height, which means that subjects

using fourth generation OC with blood group O had the highest

ETP and were more likely to develop thrombosis as compared

to second generation OC users with non-O blood group who

had the lowest ETP and were more prone to bleeding tendency.

Moreover, those using third generation OC with non-O blood

group were more likely to develop thrombosis (1.89%).

Two-way ANOVA showed the effect of combined factors of

age group and OC generation on thrombin parameters lag time,

ETP and Peak height (Table 7). There was no significant effect

of combined age group and OC generation on either thrombin

generation parameters ETP or Peak height. Those using fourth

generation OC and who were 40 years old and above had the

highest thrombin generation parameters in comparison to those

who were under 40 years. The implication is that women using

fourth generation OC and are over 40 years are more likely to

have thrombosis than others. Women using second generation

OC and less than 40 years are more likely to have bleeding as

compared to others.

In addition, those who are 40 years and older and using third

generation OC had a higher risk of having thrombosis

(11.84%), as compared to those on second generation OC

(8.79%), and for those using fourth generation OC (5.03%).

Discussion

The use of OCs has been a controversial subject in Saudi Ara-

bia due to religious beliefs and was banned for a long time in

the past. However, Saudi society has witnessed many changes

lately and women have become more educated as professionals

and are a major resource in the work force. As a result, they

Table 3. Effect of OC Use on Thrombin Generation.

Parameter

OC users Non – user

p-valueMean + SD Mean + SD

Lag time (min) 3.56 1.11 4.05 0.82 0.011*
ETP (nmol/L)

TG 1525.59 361.12 1389.27 298.68 0.033*
TM 890.09 563.43 623.29 296.38 0.005*
TM (%) -43.27 26.14 -55.85 17.29 0.007*
APC 923.62 554.15 606.64 353.45 0.001*
APC (%) -42.02 25.05 -58.46 20.03 0.001*

Peak height (nmol/L)
TG 258.81 104.73 223.03 81.39 0.043*
TM 177.79 120.24 119.04 81.63 0.005*
TM (%) -36.82 21.61 -50.83 16.32 0.000*
APC 161.57 124.88 93.79 81.01 0.002*
APC (%) -45.53 23.51 -63.22 18.17 0.000*

* Statistically significant results (p < 0.05).
Abbreviations: OC, Oral Contraceptive; SD, Standard Deviation; ETP, Endo-
genous Thrombin Potential; TG, Thrombin Generation; TM, Thrombomodulin;
APC, Activated Protein C.

Table 4. Relationship of Subject Characteristics to Thrombin Generation for OC Used.

Parameter

Lag time (min)

p-value

ETP (nmol/L)

p-value

Peak height (nmol/L)

p-valueMean + SD Mean + SD Mean + SD

Age (years)
Under 40 3.66 1.31 0.361 1487.96 340.63 0.235 256.85 105.34 0.838
Over 40 3.29 0.88 1638.49 413.21 263.95 107.20

BMI
Underweight 8.67 - 0.000* 1036.00 - 0.017* 155.99 - 0.039*
Normal 3.59 0.64 1376.34 257.51 216.11 68.75
Overweight 3.06 1.09 1614.21 319.33 314.49 101.83
Obese 3.33 1.11 1727.44 426.77 292.14 126.04

Blood group
O – Individuals 3.72 1.64 0.101 1622.19 479.52 0.025* 264.38 128.69 0.025*
A – Individuals 3.66 0.72 1540.75 167.58 250.68 71.45
B – Individuals 3.86 0.62 1218.46 228.57 195.65 73.91
AB – Individuals 2.53 0.71 1673.67 361.12 348.69 57.55

OC generation
Second 3.67 0.91 0.173 1366.15 244.41 0.002* 229.75 84.29 0.010*
Third 3.77 1.33 1449.06 280.68 235.62 84.29
Fourth 2.96 1.00 1860.42 440.02 340.05 124.44

*Statistically significant results (p < 0.05).
Abbreviations: OC, Oral Contraceptive; BMI, Body Mass Index.
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started to use OCs.31 OCs consist of estrogen and progestogen.

Such a combination carries variable risk for thrombosis

depending on the generation type used. OCs have been used

in obstetric practice in Saudi Arabia. The main problem asso-

ciated with their use, especially when used at late reproductive

age, is related to the considerable risk for developing throm-

bosis. We used second, third and fourth generation OCs to

evaluate their effect on TG parameters and hence their ten-

dency to cause thrombosis. We also included blood group type

of the participants to investigate the effect on predisposition to

thrombosis. Moreover, we took into consideration the age

groups of the study population and their relation to liability

to develop thrombosis. There are many previous reports32,33

on the effect of OC use on thrombin generation in other parts

of the world, but our current study is the first to be conducted in

Saudi Arabia.

Regarding age, women who were less than 40 years old

mostly used the third generation OCs and those who were older

than 40 used second generation OCs. It was also noted that OCs

led to increased thrombin generation parameters either ETP

and/or Peak in all participants. Increased generation of throm-

bosis may induce VTE risk factors due to resistance of pro-

thrombin and deficiency of antithrombin as reported by Al

Dieri et al.30 Our results are in agreement with those reported

by Rosendaal et al.34 who stated that a prolonged use of OCs

enhanced thrombosis generation. Bloemen et al.35 also reported

that there was a significant incremental increase in ETP and

peak levels accompanied with shortened lag time in women

who used OCs.

In this study, higher BMI were associated with a higher

baseline TG profile, including lag time, higher peak height and

ETP levels, compared to women with a normal weight. More-

over, overweight, but not obese women, are more exposed to

OC-related prothrombotic effect, as demonstrated by the sig-

nificant reduction in both TM and APC inhibiting effects, com-

pared to women with normal weight. This considerably

highlights that TG regulation by TM and APC is impaired in

overweight women, while it is relatively conserved in obese

ones. Moreover, it is well recognized that having a high BMI is

associated with VTE, and the risk of developing thromboem-

bolic events is 3-fold greater for a BMI >25 kg/m2 and more

than 5-fold greater for a BMI >30 kg/m2.11 A study by Beijers

et al.36 investigated the effect of both BMI and body fat per-

centage on thrombin generation and found a positive relation

with TG parameters peak and ETP. However, this relation was

only observed in female participants and not in males.36 The

same findings were observed in a study by Garcı́a-Raso and

Sillero 201411 who found a significant association of body fat

percentage with the tendency to thrombosis in females but not

in males. Both obesity and OC use are known predisposing

factors for VTE.26 Nevertheless, due to the presence of several

confounders and the variability of the risk estimates, the abso-

lute risk of OC use-related thromboembolic events among

obese women is not accurately evaluated to date, and the same

clinical recommendations for the screening and prevention of

VTE applies for all weight categories.37 In a report by Sonnevi

et al.38 they measured TG in plasma of women with a history of

VTE and concluded that obesity was correlated with higher

ETP; this only occurs when using a high concentration of TF

10 pmol/L. This was in line with the analysis of a previous

study that showed a linear correlation between lag time and

ETP with BMI. In contrast, after adding APC, no difference in

TG was observed between obese and non-obese patients.14 On

the other hand, another study that compared OCs users with

non-users indicated that women on OCs had a weaker APC-

induced inhibition of TG.39 Our results are in harmony with

those of others who reported that the increase of prothrombosis

was associated with obesity that in turn was linked to higher TG

profile, peak, and ETP.18 Consequently, obesity might lead to

damaging TG regulation through APC and TM and finally end

up with thrombosis.40,41

When evaluating thrombin generation parameters ETP and

Peak separately and combined effect of blood group and OC

generation, there was a significant effect of blood group and

OC generation on both thrombin parameters ETP and Peak,

which means that those who are using fourth generation OCs

and with blood group O have the highest ETP and are more

likely to develop thrombosis as compared to second generation

OC users with non-O blood group who have the lowest ETP

and are more prone to bleeding tendency, moreover, those

using third generation OC with non-O blood group are more

likely to develop thrombosis by 1.89%. In a different study, the

effect of blood group and OC generation used was a larger

decline in antithrombin III for women with blood type O using

the highest estrogen dose preparation and for women with non-

type O using the lowest progestin dose preparation; plasma

levels of OCs were associated with changes in the most

extreme levels of antithrombin III.42 The Al Dieri et al.30 report

is in line with our study because the demonstrated increased

formation of thrombin in plasma always induces a risk of VTE,

whether it is due to deficiency of antithrombin or protein C, an

excess of prothrombin resistance, and non-O blood group.

These results were in agreement with the result of Mohamed

et al.18 who didn’t detect any significant difference in any

parameters of TG when using the 3 generations of OCs (sec-

ond, third, and fourth). Moreover, Tchaikovski et al.43 didn’t

record any difference in ETP between users of the 3 different

OCs generations, but they found the third generation caused an

inhibition to APC more than the second generation. It has also

been reported that the third generation of OCs has a more

resistant APC profile than the second generation of OCs.44

Conclusion

This study found an increased risk for VTE among Saudi

women on third generation OCs compared to those using sec-

ond generation. There is a significant difference with respect to

ABO-blood groups and OC generation types. Age was associ-

ated with risk for thrombosis. In contrast to the increased risk of

thrombosis seen in non-O blood group individuals, the O blood

group was associated with bleeding tendency. Moreover,

Higher BMI were associated with significant increase in TG

Mohamed et al 7



parameters lag time, ETP and Peak. Regarding the inhibition of

TG parameters ETP and peak in the presence of TM and APC,

there is a significant difference in relation to BMI, while there

is an increase although not significant in relation to ABO blood

group and OC types. Special attention was devoted to the fact

that women develop a resistance to APC because of OC use.

Women who used third generation OC showed higher resis-

tance to APC than women who used second generation OC.

A limitation of this study is the wide variation in the period

of the OC usage which ranged from 3 months up to 17 years. It

would be prudent to investigate the effect of duration of OC

usage on thrombosis.
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