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Abstract 

Obesity has been over-represented in the UK-MBRRACE maternal mortality 

reports, with 73% of VTE-related deaths in between 2019-2021 occurring in women 

who were either overweight or obese. The pathophysiology underlying the 

increased thrombotic risk in overweight and obese pregnant women is poorly 

understood. In the non-pregnant obese population, a chronic inflammatory state, 

dysfunctional adipocytes and adipose tissue distribution are thought to contribute 

to the prothrombotic state. Whether these elements also contribute to increased 

thrombotic risk in the obese pregnant population is yet to be determined  

This thesis aimed to investigate, in a prospective observational study, the 

pathophysiology underlying the prothrombotic state in obese pregnant women. 

Blood samples and anthropomorphic measurements (BMI, waist and hip 

circumference, SAT and VAT thickness) were obtained from 262 pregnant women 

(lean n=109, overweight/obese class I n=115, obese class II n=24, obese class III 

n=14) at the booking appointment (means 10.2 weeks’ gestation). Adipokines 

(leptin, adiponectin, IL-6, TNF-α and IL-1β) and adipose tissue distribution were 

correlated with thrombin generation and other laboratory measures of the 

prothrombotic state (FVIII, fibrinogen Clauss, D-dimer, PAI-1, protein S and TFPI). 

BMI at the booking appointment had a significant positive association with 

thrombin generation, as assessed by ETP (p=0.0058). BMI was also positively 

associated with fibrinogen (p<0.0001), TFPI (p=0.002) and PAI-1 (p=0.039). There 

a significant interaction between time x BMI with ETP (p=0.0498), TFPI (p-0.047) 

and PAI-1 (p<0.0001) which, together with the data from the booking 

appointment, reflected that obese pregnant women have a more prolonged 

prothrombotic state compared to their lean counterparts. Waist circumference, 

SAT and IL-6 were able to explain 32.01% of variance in fibrinogen at booking 

(p<0.0001) whilst BMI, SAT and leptin were able to predict 13.62% of variance in 

ETP at booking (p<0.0001). 

The increased risk of VTE for obese pregnant women may relate to the more 

prolonged prothrombotic state, with greater loss of naturally occurring 
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anticoagulants. Central obesity, as measured by waist circumference, and SAT, 

may be driving the procoagulant state via leptin and IL-6. 
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Chapter 1 Introduction 

1.1 Epidemiology of VTE in pregnancy 

Venous thromboembolism (VTE) affects approximately 1 in 1000 pregnancies in 

the United Kingdom, and has remained the leading direct cause of maternal 

mortality for more than a decade.(Knight M et al., 2021; Sultan et al., 2012; Heit 

et al., 2005; Pomp et al., 2008) The most recent MBRRACE-UK report, the triennial 

confidential enquiry into maternal deaths during the period 2021-23, identified 

the rate of thromboembolic deaths in pregnancy to be more than twice that of 

any other direct cause of maternal death (2.1 per 100,000 pregnancies). Black 

women were at significantly greater risk of death (OR 6.51 vs 2.33) from VTE 

compared to white women, and overall obese women (BMI ≥ 30) constituted more 

than 30% of women who died from causes directly related to pregnancy.(Felker A, 

2025)  

Pregnancy is recognised as a prothrombotic state, with the risk of antenatal VTE 

4-6 times higher than that of the age and sex-matched general population. The 

risk in the postnatal period is even further increased at 60 times that of age and 

sex-matched non-pregnant controls.(Pomp et al., 2008) Obesity, defined as a body 

mass index (BMI) ≥ 30, is an independently recognised risk factor for VTE in both 

pregnant and non-pregnant populations, with studies in the non-pregnant 

population identifying the odds ratios of VTE in obesity as between 2.50 and 

3.04.(Pomp et al., 2007; Stein, Beemath and Olson, 2005) Several population-

based studies have identified BMI ≥ 30 as a risk factor for VTE during pregnancy 

and the puerperium, with adjusted odds ratios between 1.7 and 5.3.(Liu et al., 

2009; Simpson et al., 2001; Knight and UKOSS, 2008) A large population-based 

cohort study by Butwick et al found a statistically significant increase in both 

antepartum and postpartum VTE with increasing pre-pregnancy BMI (p<0.0001). in 

the antepartum period VTE prevalence in underweight women was 0.02%, 

compared to 0.11% in obese class III women.(Butwick et al., 2019) Furthermore, 

both the 2014-2016 and 2017-2019 triennial confidential enquiry reports into 

maternal mortality identified that 73% of VTE-related deaths during pregnancy 

and the puerperium in the UK and the Republic of Ireland occurred in overweight 

or obese women, suggesting that obesity is likely to be a significant contributory 

factor to the thrombotic risk already associated with pregnancy.(Knight M et al., 



Chapter 1 

19 

2021; M et al., 2018) The incidence of obesity is increasing worldwide, and this is 

also apparent within the maternity population. The National Maternity and 

Perinatal Audit in 2016/17 found, for the first time, that more than half of women 

were overweight (BMI >25) or obese (BMI >30) at the antenatal booking 

appointment, and it is expected that this will have further increased given the 

increase in national average BMI since then.(NMPA, 2018) Whilst older mothers are 

recognised to be at greatest risk for the majority of pregnancy-related 

complications, VTE-related deaths appear to affect pregnant women of all ages, 

with 25% of the women who died in the 2021 UK-MBRRACE survey aged 25 years or 

less. However, 63% of these women were morbidly obese with BMI >40 which 

alludes to the significant risk obesity poses, even in young mothers.(Knight M et 

al., 2021)   

Obesity in pregnancy was identified as an independent risk factor for all-cause 

maternal death in a 2020 study by Saucedo et al, with OR 3.40 for women with 

class II-III obesity (BMI  35).(Saucedo et al., 2021) This study is one of many which 

also illustrated that obese mothers are at increased risk of other cardio-metabolic 

complications of pregnancy compared to mothers with a normal BMI (18-25 

kg/m2), which may suggest an overlap in pathophysiology with VTE.(Saucedo et 

al., 2021) Risk factors for pre-eclampsia were examined in a case-control study by 

Bohiltea et al, with obesity identified as a significant risk factor for pregnancy-

induced hypertension and mild pre-eclampsia.(Bohiltea et al., 2020) Whilst an 

earlier systematic review found that for each 5-7kg/m2 increase in pre-pregnancy 

BMI, the risk of pre-eclampsia was doubled.(O'Brien, Ray and Chan, 2003) 

1.2 Pathophysiology of VTE 

Venous thromboembolism (VTE), encompassing both deep vein thromboses (DVT) 

and pulmonary embolism (PE), is a disease with annual incidence of 1-2 per 1000 

within the general population. The pathophysiology of VTE was first proposed in 

Virchow’s triad as an interaction between venous stasis, hypercoagulability and 

endothelial injury, and whilst understanding of the disease has advanced since 

this theory was devised, many risk factors can be traced back to these three 

elements of Virchow’s triad, as depicted in Figure 1-1. (Bagot and Arya, 2008) 
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Figure 1-1 Virchow's triad. 

Virchow proposed that the development of venous thromboembolism was the effect of the 
interaction between three variables: a hypercoagulable state, endothelial injury and venous 
stasis. 

Endothelial injury, as caused by surgery, trauma or simply indwelling vascular 

access devices, results in the exposure of tissue factor which initiates the 

coagulation cascade, whilst exposed collagen and release of von Willebrand Factor 

activate and aggregate platelets. Disruption to blood flow within the vessel, due 

to immobility or mechanical obstruction, results in venous stasis which makes 

blood more prone to clotting. Finally, increased levels of pro-coagulant factors or 

reduced levels of naturally-occurring anticoagulants also predispose to the 

development of thrombosis. There can be many inherited or acquired changes in 

coagulation factors, including genetic deficiencies of anticoagulants protein C, S 

or antithrombin, or the increase in procoagulant factors observed in response to 

surgery, systemic infection or pregnancy.(Schulman et al., 2024) 

One single abnormality within the Virchow’s triad may not lead to thrombosis, but 

the cumulative effect of multiple risk factors may tip the balance towards a 

prothrombotic state. 

1.3 Risk Factors for VTE 

A study by Anderson et al found, in a series of more than 1200 VTE cases, >96% 

had one identifiable risk factor present.(Anderson and Wheeler, 1992) There are 

many recognised risk factors for VTE, which can be related to the elements 

described by Virchow. For example, surgery and trauma, in simplest terms as 

mediators of endothelial injury, have an odds ratio for VTE quoted as high as 21.7 

(95% CI 9.4-49.9).(Anderson and Wheeler, 1992; Meknas et al., 2023; Heit et al., 

2000) Whilst malignancy, a recognised hypercoagulable state, increases the risk 
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of VTE four-fold compared to those without cancer.(Heit et al., 2000) Venous 

stasis may be induced by immobility, due to prolonged bed rest or hospital 

inpatient stay, which has an odds ratio for VTE risk of 8.0 (95% CI 4.5-14.2).(Heit 

et al., 2000; Anderson and Wheeler, 1992)  

Increased age is known to be a significant risk factor, with risk of VTE increased 

60-fold in the over 60 year old population. However, this same level of risk is 

reached during pregnancy and the postpartum period for younger women.(Pomp 

et al., 2008)  

Healthy pregnancy therefore is a significant risk factor in itself for VTE occurrence 

and there are many features of Virchow’s triad identifiable in the pathogenesis: 

reduced mobility and the pressure of the gravid uterus on pelvic veins results in 

venous stasis; there is the development of a hypercoagulable state with an 

increase in procoagulant factors and decrease in naturally-occurring 

anticoagulants which is widely considered to be an evolutionary adaptation aimed 

at preventing excessive blood loss at delivery when separation of the placenta 

from the uterine wall can expose the blood flow from the uterine spiral arteries; 

and, delivery, particularly with operative delivery, results in endothelial injury. 

But aside from these inherent risks of pregnancy, further inherited and acquired 

risk factors can compound the risk from pregnancy alone. Obesity is a significant 

risk factor for VTE in pregnancy (OR 2.4) and is a known risk factor for VTE in the 

non-pregnant population also. 

A prospective study of 87,226 non-pregnant women identified a positive 

correlation between BMI and the incidence of pulmonary embolism, with a relative 

risk of 2.32-5.53 for those with BMI 25-35.(Kabrhel et al., 2009) The thrombotic 

risk associated with obesity is most marked in younger women. Stein et al 

calculated the relative risk of VTE to be 6.10 for women under 40, compared to 

that of age-matched men which was 3.71, however this study did not account for 

pregnancy or the oral contraceptive pill which could be potential 

confounders.(Stein, Beemath and Olson, 2005) A further observational study by 

Hotoleanu described an increase in the risk of VTE with increasing BMI class: for 

Class I obesity OR 2.86, Class II OR 5.29, Class III OR 6.65, demonstrating that VTE 

risk is positively correlated with BMI.(Hotoleanu, 2020)  
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Taking this data together with what is already known about the risk of thrombosis 

in pregnancy, with the increase in maternal age and population levels of obesity, 

women are entering pregnancy with additional non-modifiable risk factors which 

have a cumulative effect on the VTE risk. 

1.4 Assessing and managing the risk of VTE during 
pregnancy 

As part of the current strategy to mitigate VTE risk during pregnancy, the Royal 

College of Obstetricians and Gynaecologist have devised a risk stratification tool 

for health professionals to help identify those women at greatest risk of VTE. This 

weighted scoring system, which is depicted in Table 1 adapted from the RCOG 

Green Top Guideline: Reducing the Risk of Venous Thromboembolism during 

Pregnancy and the Puerperium (37a), is based upon the adjusted odds ratios for 

VTE from a large body of literature on the risk factors for VTE during 

pregnancy.(RCOG, 2015)  

Table 1 Royal College of Obstetricians and Gynaecologists Green Top Guideline 37a VTE risk 
assessment tool  

Score ≥ 4 consider thromboprophylaxis from the first trimester; score 3 consider 
thromboprophylaxis from 28 weeks; score ≥2 postnatally consider thromboprophylaxis for at 
least 10 days. Range of adjusted odds-ratio from evidence within guideline. nr=not recorded. 
(adapted from RCOG guideline 37a) 

 Risk Factors for VTE Score Adj OR 

 Previous VTE 

Previous VTE provoked by major surgery 

Known high risk thrombophilia 

Medical comorbidities 

Family history unprovoked/oestrogen-related VTE in 1st 

degree relative 

Known low risk thrombophilia 

Age > 35years 

Obesity: BMI ≥30 / (BMI ≥40) 

Parity ≥ 3 

Smoker 

Gross varicose veins 

4 

3 

3 

3 

1 

1 

1 

1(2) 

1 

1 

1 

24.8 

nr 

4.1-50 

1.7-43.4 

nr 

2.1-2.3 

1.2-1.4 

1.7-5.3  

2.4 

1.4-2.7 

2.4 
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 Pre-eclampsia 

Assisted reproductive technology  

Multiple pregnancy 

Caesaerean section in labour 

Elective caesarean section 

Mid-cavity/rotational forceps delivery 

Prolonged labour (>24hours) 

Postpartum haemorrhage (>1 litre or transfusion) 

Preterm birth <37 weeks 

Stillbirth 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

2.9-5.8 

1.8-4.3 

1.7-4.2 

2.7 

1.8-3.6 

nr 

nr 

4.1-12 

2.4-2.7 

6.24 

 Surgical procedure during pregnancy 

Hyperemesis 

Ovarian hyperstimulation syndrome 

Systemic infection 

Immobility, dehydration 

3 

3 

4 

1 

1 

nr 

2.5-4.4 

nr 

4.1-6.1 

7.7-10.8 

 

Despite the over-representation of obesity in the maternal death statistic, in the 

absence of other risk factors, thromboprophylaxis with low molecular weight 

heparin (LMWH) would only be recommended by the RCOG guidelines for 

mothers with BMI ≥40 in the postpartum period.(RCOG, 2015; Larsen TB, 2007)  

1.5 Pharmacological prevention of VTE during 
pregnancy 

Low molecular weight heparin (LMWH) has been demonstrated as a safe and 

effective measure to prevent venous thrombosis in the non-pregnant medical 

inpatient population for over two decades.(Samama MM and Janbon C, 1999; 

Leizorovicz et al., 2004) As LMWH is known not to cross the placenta and has a 

lower risk of complications compared with alternative anticoagulants, the data 

from medical populations has been extrapolated to pregnancy, and prophylactic 

LMWH is used in those pregnant women considered to be at high thrombotic 

risk.(Bates et al., 2018) Safety data has accumulated over the years of LMWH 

usage, and studies have shown no significant increase in blood loss at delivery in 

women using LMWH.(Roeters van Lennep et al., 2011) However, as there have 

been no randomised control trials of prophylactic LMWH in the pregnant 
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population, data for efficacy and dose-finding is limited and as such some 

observational studies have found the low dose LMWH to be ineffective in the 

highest risk women, for example those with thrombophilia or prior VTE.(Roeters 

van Lennep et al., 2011; Rodger et al., 2014) The Highlow study, published in 

2022, was one of the first multi-centre randomised, controlled trials to compare 

the efficacy of low dose LMWH with weight-adjusted intermediate dose LMWH in 

pregnant women with a prior history of VTE. This study found no significant 

difference in either the incidence of VTE or risk of major bleeding, although there 

was a non-significant trend toward incidence of PE in the low dose group. 

(Bistervels et al., 2022) A further area of contention is dose-finding of LMWH 

prophylaxis for overweight and obese women during pregnancy and the 

puerperium. 

Due to the over-representation of obese women in maternal VTE-related deaths, 

and appreciative of the lack of high-quality evidence, in 2009 the RCOG took a 

pragmatic decision to increase the dose of prophylactic LMWH for women weighing 

>90kg based upon the findings of a study by Rottenstreich et al in which weight-

adjusted LMWH dosing in post-caesarean section women weighing >90kg resulted 

in a reduction in thrombin generation.(RCOG, 2015; Rottenstreich et al., 2018) 

Subsequently, a small study of obese pregnant women during the third trimester 

found a weight-adjusted dose of tinzaparin prophylaxis (75 iu/kg) could achieve 

target anti-Xa levels of 0.1-0.5iu/mL, which is within the range recognised as safe 

and effective for thromboprophylaxis in non-pregnant populations. There was also 

a corresponding reduction in thrombin generation and an absence of any major 

bleeding.(Ismail et al., 2014) 

Although not routinely requiring monitoring, given the changes in 

pharmacokinetics which are known to occur during pregnancy, a method of 

ensuring adequate anticoagulation with LMWH is desirable and anti-Xa levels are 

the current method of choice to assess LMWH drug levels.  During pregnancy, 

studies have shown glomerular filtration rate and clearance of enoxaparin to have 

increased by up to 50% and due to the pregnancy-associated plasma volume 

expansion, the volume of distribution of enoxaparin increased by almost 

50%.(Anderson, 2005; Lebaudy et al., 2008)  Patel et al found that as pregnancy 

progressed, anti Xa peak levels reduced, and trough levels increased which 

indicated a prolongation of the half-life of LMWH.(Patel et al., 2013) But other 
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studies have cast doubt upon the reliability of anti-Xa levels as an assessment of 

the anticoagulation effect: although anti-Xa levels were within therapeutic range, 

the ability of LMWH to reduce thrombin generation declined with gestation and 

showed significant inter-individual variability.(Chowdary et al., 2015; Selmeczi et 

al., 2015)  

Previous studies to assess the feasibility of a randomised control trial in pregnant 

women to assess the efficacy of prophylactic LMWH were met with significant 

recruitment difficulties, with many potential participants not wishing to take the 

placebo drug, or citing difficulty in attending study visits in the post-partum 

period.(Rodger et al., 2015)  Given the difficulties in undertaking studies in the 

pregnant population, much of the data obtained to assess efficacy of LMWH in 

pregnancy have been accrued from studies of laboratory haemostasis. 

1.6 Normal haemostasis in the non-pregnant 
population 

Haemostasis is a finely balanced process of blood clotting, ultimately resulting in 

the production of the substance thrombin which is converted to the fibrin clot. 

The sequential activation of procoagulant clotting factors are balanced through 

the action of naturally occurring anticoagulants and fibrinolytic substances which 

aim to halt the coagulation process once haemostasis is achieved to prevent 

excessive clot formation   

Haemostasis can be considered in two phases: primary and secondary, both of 

which are critical to the formation of the clot and regulation of the process. 

Primary haemostasis involves the activation of platelets which migrate to the site 

of injury to form the platelet plug, thereby sealing the injury site. Simultaneously, 

there is release of tissue factor from the endothelium which stimulates the 

secondary haemostasis process in which procoagulant factors are sequentially 

activated in the coagulation cascade (see Figure 1-2).  
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Figure 1-2 Coagulation cascade 

The extrinsic pathway is activated by tissue factor following tissue damage. Tissue factor 
forms a complex with Factor VIIa, which leads to the activation of Factor Xa and the initiation 
of the common pathway when Factor Xa forms the prothrombinase complex with Factor Va 
(activated by thrombin). This in turn converts prothrombin to thrombin which converts 
fibrinogen to the fibrin clot. Thrombin formation provides positive feedback and amplifies the 
coagulation process through activation of the intrinsic pathway. The intrinsic pathway can 
also be initiated by contact activation which results in the activation of Factor XII. There is 
sequential activation of factors XI and IX, and then Factor VIII (which is activated by thrombin) 
forms the tenase complex with activated Factor IX. The tenase complex initiates the common 
pathway as previously outlined. The system is regulated by naturally-occurring 
anticoagulants including protein C, protein S, and TFPI. Fibrinolysis is the process of 
breaking down the clot once formed to prevent excessive thrombosis. 

The coagulation cascade can broadly be considered as three pathways: the 

extrinsic pathway (initiated by activated tissue factor), the intrinsic pathway 

(initiated by the activation of contact factor and high molecular weight 

kininogens) and the common pathway (which can be initiated by either the 

intrinsic or extrinsic pathway to result in generation of thrombin and subsequently 

the fibrin clot). 

1.6.1 Procoagulant factors 

The procoagulant factors (fibrinogen, Factors II, V, VII, VIII, IX, and XI) exist in the 

circulation as inactive zymogens, which once activated trigger the next part of 

the coagulation cascade. Following vessel wall injury, the extrinsic pathway is 

initiated by the activation of tissue factor (TF) which binds to Factor VIIa, forming 

the TF-FVIIa complex which subsequently activates Factors IX and X. Activated 

Factor X (Xa) in combination with activated factor V (Va), is known as the 
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prothrombinase complex which converts prothrombin (Factor II) to thrombin. A 

small amount of thrombin is produced by this method, however the production of 

thrombin itself results in a positive feedback loop by activating Factors V, VIII, IX 

and XI. Activated Factors VIII and IX combine to form the tenase complex which 

activates Factor X allowing further formation of the prothrombinase complex with 

Factor Va. This amplification of haemostasis results in the rapid generation of 

thrombin, known as the ‘thrombin burst’. In the final step, thrombin converts 

fibrinogen (Factor I) to fibrin which is then crosslinked by Factor XIII to form the 

fibrin clot.(DAVIE and RATNOFF, 1964; MACFARLANE, 1964) 

1.6.2 Naturally occurring anticoagulants 

Whilst the haemostatic system is essential to prevent blood loss, the system must 

remain in careful balance to prevent excessive clotting which would result in 

obstruction of blood flow within vessels, and any clot formed must in time be 

dissolved to restore normal flow within the injured vessel once it has been 

repaired.  

Whilst haemostasis is achieved through the activation of the procoagulant factors, 

natural inhibitors of coagulation, including thrombomodulin, antithrombin, 

protein C, protein S and tissue factor pathway inhibitor (TFPI) are simultaneously 

activated to prevent excessive clot formation. 

Antithrombin is a serine protease inhibitor which primarily inhibits Factors IXa, Xa 

and thrombin.(Rezaie and Giri, 2020) Protein C and Protein S are Vitamin-K 

dependent naturally-occurring anticoagulants which regulate the coagulation 

cascade via negative feedback loops. Thrombomodulin is a transmembrane 

receptor located on endothelial cells which forms a complex with thrombin to 

prevent the binding of FV, FVIII and fibrinogen. Thrombin-bound thrombomodulin 

activates protein C which, with the co-factor protein S, inactivates FVa and 

FVIIIa.(Clark et al., 1998) Protein S is also a co-factor for tissue factor pathway 

inhibitor (TFPI), a 3-kunitz domain glycoprotein released from endothelial cells, 

or platelets activated by thrombin, and directly inhibits the TF-FVIIa complex and 

FXa.(Hackeng and Rosing, 2009) 80% of TFPI is bound to the endothelium and 20% 

is free circulating, yet it is not clear whether free or bound TFPI, is most 

responsible for the anti-coagulant effect.(Sandset, Bendz and Hansen, 2000) 



Chapter 1 

28 

1.6.3 Fibrinolysis 

Once the fibrin clot has been formed and successfully secured haemostasis at the 

site of vessel injury, fibrinolytic mechanisms are in place to dissolve the fibrin clot 

to restore normal calibre and flow to the vessel. This process is triggered 

simultaneously by the procoagulant process, with the binding of fibrin to 

plasminogen triggering the conversion of plasminogen to plasmin by tissue 

plasminogen activator (tPA). Plasmin targets and cleaves fibrin and fibrinogen into 

numerous fibrin degradation products (FDPs), including D-dimers, which are a 

breakdown product of cross-linked fibrin polymers. The fibrinolytic process is 

controlled by the inhibitors, plasminogen activator inhibitor-1 (PAI-1) and 

plasminogen activator inhibitor-2 (PAI-2). PAI-1 is a serpin which inhibits tPA and 

uPA and is produced and secreted by endothelial cells, but is also present in 

platelet α-granules and more recently found to be produced by other cells, 

including adipocytes. (Longstaff and Kolev, 2015) PAI-2 is produced predominantly 

during pregnancy by placental trophoblasts, but can also be upregulated in periods 

of acute inflammation. (Astedt, Lindoff and Lecander, 1998) 

When in balance, these complex anticoagulant and fibrinolytic systems are able 

to tightly regulate the haemostatic process and limit clot formation to that which 

is essential. However, the disruption of this balance results in the development of 

a prothrombotic state which can lead to venous thromboembolic disease. 

1.7 Laboratory assessment of the prothrombotic state 

Unlike with bleeding disorders, or deficiencies of coagulation factors, 

characterising the prothrombotic state is more challenging. Standard laboratory 

tests of haemostasis assess time taken for a clot to form, and measurement ceases 

upon the formation of the fibrin clot. It is known that by this point, only a small 

part of the total amount of thrombin generated has been formed, with 95% of the 

thrombin-generating capacity of the plasma unmeasured.(Brummel et al., 2002) 

Thus, standard laboratory haemostasis tests have limited utility in conditions 

which result in hypercoagulability. 

The current approach in clinical practice is to measure each element of the 

haemostasis pathway individually to ascertain where deficiencies or functional 
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abnormalities in naturally-occurring anticoagulants may lie. In some situations, 

this may identify the underlying cause for VTE, however the majority of 

unprovoked VTEs remain unexplained by laboratory tests. 

Global assays of coagulation, such as thrombin generation, thromboelastography 

(TEG) and rotational thromboelastography (ROTEM), have been used in 

haemostasis research for several decades. Such assays are considered to be more 

representative of in vivo haemostasis as they provide an overall assessment of the 

balance of pro-coagulant and anticoagulant factors and are unique in being able 

to identify a prothrombotic state.  

Ex vivo thrombin generation, a global coagulation assays, has been shown to 

accurately reflect a thrombotic phenotype and has been characterised in several 

prothrombotic conditions, including normal pregnancy.(Hron et al., 2006; Tripodi 

et al., 2008; Bagot et al., 2010; Haidl et al., 2006; Rosenkranz et al., 2008; 

Selmeczi et al., 2015; Bagot et al., 2017; McLean, Bernstein and Brummel-Ziedins, 

2012) 

The current and most widely accepted methodology was devised by Hemker et al 

and utilises a fluorochrome which emits fluorescence in the presence of 

thrombin.(Hemker et al., 2003)  Thrombin generation is measured by the 

Calibrated Automated Thrombogram (CAT) analyser, an analyser capable of 

dispensing reagents and measuring fluorescence within a 96-well microplate.  

Experimental plasma samples are assessed in duplicate alongside a calibrator well 

to overcome the effect plasma colour may have on the fluorescence measured. 

Coagulation is triggered by the addition of a reagent containing tissue factor and 

phospholipids to platelet poor plasma. The concentration of tissue factor used 

determines which components of the coagulation pathways are assessed by the 

assay. In a high concentration of tissue factor (5pM), the thrombogram reflects 

the activity of the extrinsic pathway within the sample. In a lower concentration 

of tissue factor (1pM), coagulation requires the activation of the intrinsic pathway.  

Therefore, by altering the experimental conditions, different aspects of the 

coagulation system be assessed. The activity of the naturally-occurring 

anticoagulants can also be assessed by this assay through the addition of 

thrombomodulin (TM).(Hemker et al., 2003) Thrombomodulin binds to protein C 

and increases its activation 20,000-fold, which in turn is inhibitory to thrombin 
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generation. Given that acquired protein C resistance is known to occur during 

pregnancy, an overview of the protein C system is desirable when assessing the 

plasma of pregnant women.(Clark, Walker and Greer, 1999) Finally, the 

coagulation process is initiated once calcium, mixed in solution with a 

fluorochrome (amino-methlycoumarin) is added by the dispenser to the wells.  As 

thrombin is produced by the active coagulation process, it binds to and splits the 

fluorochrome emitting a fluorescent signal which can be measured by the CAT 

analyser. Fluorescent intensity is proportional to the thrombin concentration 

when compared to the calibrator of known thrombin concentration.  The 

thrombogram for each well, such as the example provided in Figure 1-3, is 

generated by CAT analyser software and a series of 5 parameters are calculated 

by the Thrombinoscope® software to provide an objective assessment of Thrombin 

generation: 

 

Figure 1-3 Thrombogram with measurement parameters. Raw data from NIBSC reference 
plasma used to demonstrate the thrombogram produced by the CAT analyser and the 
measurement parameters obtained. 

Lagtime: time (minutes) taken from initiation of clotting to the start of the 

thrombin burst during the propagation phase of thrombin generation 

Peak: maximum amount of thrombin (nM) generated during the assay 
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20 40 60 80

-50

0

50

100

150

time (min)

th
ro

m
b

in
 (

n
M

)

Thrombin Generation curve 

(NIBSC reference plasma)

ttP 

lagtime

Peak

VelIndex

ETP



Chapter 1 

31 

Endogenous thrombin potential (ETP): total amount of thrombin formed, 

quantified by calculating the area under the curve (nM*min) 

Velocity index (VelIndex): rate of thrombin production during the thrombin burst 

(nM/min) 

In addition to providing a global assessment of the haemostatic system, thrombin 

generation has been shown to correlate with thrombotic risk and therefore can be 

a useful biomarker when the desired primary endpoint of VTE may be of low 

incidence, for example in pregnancy.(Hron et al., 2006)  

1.8 Haemostatic changes during normal pregnancy 

It is widely accepted that pregnancy is associated with the development of a 

prothrombotic state. This prothrombotic state has been well-characterised 

through standard laboratory measures of haemostasis with changes in all aspects 

of the regulation of haemostasis. 

1.8.1 Procoagulant factors during pregnancy 

During pregnancy and the puerperium, there is an incremental rise in levels of 

pro-coagulant factors. In a similar manner to that observed in studies of the 

combined oral contraceptive pill, the increased levels of oestrogen in pregnancy 

are thought to induce hepatic protein synthesis and thereby upregulate production 

of coagulation factors from hepatocytes.(Tchaikovski and Rosing, 2010) 

Several longitudinal studies have evaluated the plasma levels of the coagulation 

factors at time points throughout pregnancy and the puerperium. All agree that 

levels of factors VII, VIII and von Willebrand factor antigen and activity increase 

progressively with gestation, and some identified increases in factors V, IX and 

X.(Stirling et al., 1984; Choi and Pai, 2002; Clark et al., 1998; Sánchez-Luceros et 

al., 2003; Szecsi et al., 2010) Peak levels of factors VII, VIII, and IX are reached 

by the third trimester, with mean FVIII levels more than 3 times that of non-

pregnant controls.(Choi and Pai, 2002) Fibrinogen is also markedly increased in 

pregnancy and exhibits a positive correlation with gestational age, with levels at 

term nearly twice those pre-pregnancy.(Stirling et al., 1984; Szecsi et al., 2010; 

Tang et al., 2019)  
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It is thought that the increase in procoagulant factors during pregnancy is part of 

a physiological effort to protect against the risk of major haemorrhage at delivery, 

and as such, all factor levels return to non-pregnant values by 8 weeks 

postpartum.(Choi and Pai, 2002) 

1.8.2 Naturally occurring anticoagulants during pregnancy 

Although there are increases in pro-coagulant factors during pregnancy, 

alterations in the levels and activity of naturally occurring inhibitors of 

coagulation, antithrombin, protein C, protein S and TFPI, also contribute to the 

prothrombotic state.  

Antithrombin levels are known to fall during pregnancy, with a negative 

correlation with gestational age identified between second trimester and term 

and an overall 20% reduction in antithrombin. The most significant drop in 

antithrombin is in the immediate postpartum period, thought to reflect 

consumption at delivery.(James et al., 2014) 

During pregnancy there is a progressive fall in Protein S, from as early as the 5th 

gestational week and there is development of acquired protein C resistance.(Bagot 

et al., 2017; Kovac et al., 2015; Kjellberg et al., 1999) Tchaikovski et al have 

suggested the fall in Protein S may result from haemodilution due to the increase 

in maternal plasma volume during pregnancy as there is a positive correlation 

between haematocrit and Protein S levels.(Tchaikovski et al., 2011)  

The decreasing Protein S levels associated with pregnancy may result in the 

progressively impaired function of its co-factor, activated Protein C (APC), as the 

prevalence of APC resistance has been seen to correlate positively with gestation 

and negatively with Protein S levels.(Walker et al., 1997; Tchaikovski et al., 2011) 

It has previously been recognised that APC resistance is an independent risk factor 

for VTE in both the pregnant and non-pregnant population (Bergrem et al., 2011). 

When APC resistance occurs in the non-pregnant, 90% of cases are due to the 

inheritance of Factor V Leiden, a single nucleotide polymorphism in the Factor V 

gene which confers resistance to inactivation by Protein C.(Sedano-Balbás et al., 

2011) In contrast, there is evidence of an acquired and progressive resistance to 

APC during pregnancy, in the absence of the Factor V Leiden mutation, which has 
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been shown to correlate with increased generation of thrombin-antithrombin 

complexes, indicative of increased thrombin generation.(Clark et al., 1998; 

Bergrem et al., 2011; Walker et al., 1997) 

There is conflicting data on the changes in TFPI during pregnancy: Some studies 

have demonstrated that TFPI levels are positively correlated with gestational 

age,(Erez et al., 2010; Rosenkranz et al., 2008) and others have found either a 

significant fall or no difference in TFPI antigen or activity levels between pregnant 

and non-pregnant controls.(Uszyński et al., 2001; Tchaikovski et al., 2011; Egan 

et al., 2017) A low TFPI level is recognised to be a weak risk factor for VTE and 

has been found in association with oestrogen-containing contraceptive 

preparations.(Raps et al., 2013; Dahm et al., 2003) TFPI resistance has also been 

reported to be associated with increased risk of VTE, and has been found during 

pregnancy which is thought to relate to the reduction in Protein S levels associated 

with pregnancy, as Protein S is a co-factor to TFPI.(Tardy-Poncet et al., 2012; 

Hackeng et al., 2009) Taken together, these data may suggest a role for TFPI in 

the pathophysiology underlying the prothrombotic state induced by pregnancy. 

1.8.3 Fibrinolysis during pregnancy 

In addition to imbalances between pro-coagulant and anticoagulant factors, 

fibrinolysis is impaired in pregnancy which further contributes to the 

prothrombotic state. Pro-fibrinolytic substances, plasminogen and its activators, 

tissue plasminogen activator, (tPA) and urokinase-type plasminogen activator 

(uPA), are increased in pregnancy, mirroring gestational increases in 

fibrinogen.(Hellgren, 2003; Choi and Pai, 2002) The fibrin degradation product and 

biomarker of fibrinolytic activity, D-dimer, progressively increases from the 5th 

gestational week and peaks at delivery, reflective of the increased thrombin 

generation and subsequent clot lysis associated with pregnancy. (Bagot et al., 

2019; Szecsi et al., 2010; Stirling et al., 1984; Kovac et al., 2015) However, the 

total fibrinolytic capacity of the system is impaired due to increased 

concentrations of potent inhibitors of fibrinolysis: plasminogen activator inhibitor-

1 (PAI-1), which is released from the endothelium, and to a lesser extent, 

plasminogen activator inhibitor-2 (PAI-2), which is predominantly produced by the 

placenta, but also in smaller quantities by macrophages.(Hellgren, 2003; Kruithof 

et al., 1987) These serine protease inhibitors are the principle inhibitors of tPA 
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and uPA which prevent the conversion of plasminogen to plasmin and reduce the 

activity of plasmin on cross-linked fibrin.(Cesarman-Maus G and KA, 2005; Kruithof 

et al., 1987)  

PAI-1 is the predominant tPA inhibitor during pregnancy and begins to increase in 

the second trimester with peak levels attained during the third trimester when 

they are approximately 3-5x that of the non-pregnant population. (Kruithof et al., 

1987; Choi and Pai, 2002; Jørgensen et al., 1987) PAI-2 levels also increase 

throughout pregnancy, and have been inversely associated with placental 

complications during pregnancy, including intrauterine growth restriction, pre-

eclampsia and low birthweight.(Coolman et al., 2012; Astedt, Lindoff and 

Lecander, 1998; Yatsenko et al., 2025) The consequence is comparatively 

diminished fibrinolysis, despite the elevated D-dimer, within a significantly 

activated coagulation system, contributing still further to the overall 

prothrombotic state. 

Overall, this hypercoagulable state in pregnancy has been extensively 

investigated, but the further increased thrombotic risk in overweight and obese 

pregnant women remains poorly understood.   

1.9 Haemostatic changes associated with obesity in the 
non-pregnant population 

Laboratory haemostasis parameters in the non-pregnant obese population show 

changes reflective of a prothrombotic state. Several studies have associated 

obesity with an increase in tissue factor (TF) and coagulation factors VII, VIII, von 

Willebrand’s factor, prothrombin and fibrinogen.(Chitongo et al., 2017; Kopp et 

al., 2003; Mertens and Van Gaal, 2002) Fibrinolysis is known to be impaired in 

obesity with increased plasma PAI-1 and D-dimer levels, yet coagulation inhibitors 

protein C, protein S and TFPI are also elevated, possibly as a mechanism to 

rebalance the coagulation system.(Chitongo et al., 2017)   

The overall effect of the coagulation factor changes associated with obesity are 

reflected in thrombin generation data from several studies which have found 

endogenous thrombin potential (ETP) to be positively correlated with BMI, 
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confirming a prothrombotic phenotype. (Chitongo et al., 2017; Campello et al., 

2015; Sonnevi et al., 2013)  

Ay et al strengthened the evidence for a relationship between obesity and a 

hypercoagulable state, by observing that the prothrombotic changes observed in 

obesity could be reversed following weight loss surgery, demonstrating a 

significant reduction in tissue factor, PAI-1, prothrombin fragment 1+2 and 

thrombin generation in patients who had lost weight as a consequence of bariatric 

surgery.(Ay et al., 2010)   

Ex vivo thrombin generation data confirms a relationship between increased 

waist:hip ratio and thrombotic risk with a study by Beijers et al which identified 

a positive association between BMI, central adiposity and thrombin generation 

parameters (lag time, peak and endogenous thrombin potential) independent of 

recognised cardiovascular risk factors.(Beijers et al., 2010)  

The pathophysiology underlying the increased risk of venous thromboembolism 

observed in obesity is complex but an increasing body of work is recognising the 

importance of adipose tissue distribution and dysfunctional adipose tissue function 

resulting in a chronic pro-inflammatory state, abnormal cytokine release and the 

development of the prothrombotic state.  

1.10 Obesity  

1.10.1 Assessment of obesity 

Obesity is defined by the World Health organisation (WHO) as a body mass index 

(BMI) ≥ 30kg/m2. Body Mass Index (BMI) is a clinical tool which can quickly identify 

individuals who are overweight or obese by assessing body weight relative to 

height. BMI is calculated by dividing body weight (kilograms) by height (metres) 

squared. (WHO, 2010)  

However, evidence has shown that BMI underestimates total body adiposity, with 

the difference more marked in women compared with men.(Gallagher et al., 

1996) Accumulating evidence has shown that the location and type of adipose 

tissue can influence its function, with different phenotypes of fat distribution and 

function associated with varying cardio-metabolic risk.(Brook et al., 2001; Borch 
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et al., 2009; Després, 2001) Given that BMI provides no insight into adipose tissue 

distribution, this may account for its indiscriminate prediction of those who are 

at increased risk of developing the metabolic complications of obesity such as type 

2 diabetes mellitus, hyperlipidaemia and ischaemic heart disease, again a 

phenomenon particularly pronounced in women.  

A ‘pear’ shape, where the majority of adipose tissue is carried around the hips, 

has been recognised as more protective against cardiovascular disease than the 

‘apple’ shape, which signifies the presence of increased abdominal adipose tissue. 

(Peters, Bots and Woodward, 2018) Indeed, a waist:hip ratio of >0.85 has been 

defined as ‘unhealthy’ by the World Health Organisation (WHO) which is backed 

up by data that increased waist:hip ratio and central obesity are associated with 

vascular endothelial dysfunction, cardiometabolic disease and venous 

thromboembolism.(WHO, 2008; Wang et al., 2023; Brook et al., 2001; Phillips et 

al., 2018) In addition to location of adipose tissue, the depot in which it is stored 

also appears to be important. 

1.10.2 Adipose tissue depots 

Over the last few decades, research has provided a greater understanding of the 

functions of adipose tissue beyond that of an energy store, and it is well 

recognised that adipose tissue is metabolically active with the ability to interact 

with the surrounding environment via production of cytokines.(Vilahur, Ben-Aicha 

and Badimon, 2017) The functionality of the adipose tissue is influenced by the 

depot in which it is stored, with some adipose tissue depots more metabolically 

active than others. 

Adipose tissue is comprised of thermogenic brown adipose tissue, and white 

adipose tissue. White adipose tissue can be categorised as subcutaneous adipose 

tissue (SAT) and visceral adipose tissue (VAT), with each depot differing in 

metabolic and endocrine function.(Suárez-Cuenca et al., 2021; Smith et al., 2001) 

Visceral adipose tissue (VAT), which is predominantly located around the 

abdominal organs, is known to be the more metabolically active depot, which 

when in excess has been more closely associated with cardiovascular risk. Whilst 

subcutaneous adipose tissue (SAT), has traditionally been considered as a more 

stable store of excess energy, with the storage of fat in the gluteofemoral region 
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associated with insulin sensitivity.(Karpe and Pinnick, 2015) SAT can be further 

subdivided into superficial SAT (SSAT) and deep SAT (DSAT), anatomically 

separated by the fascia superficialis, with the latter possessing inflammatory and 

metabolic properties more akin to VAT. (Smith et al., 2001) 

There are sex-specific differences in the location of, and risk associated with, 

each of the adipose tissue depots. Women tend to carry more subcutaneous 

adipose tissue (SAT), particularly superficial SAT (SSAT), whereas men had more 

VAT than SAT.(Kammerlander et al., 2021; Smith et al., 2001; Kelley et al., 2000) 

The Framingham heart study data was analysed to assess sex-based differences in 

cardiovascular risk and found that visceral adipose tissue (VAT) was more closely 

related to cardiovascular risk factors in women than men. For men, BMI is an 

accurate surrogate measure of VAT, but the same was not seen for women in 

whom the measurement of VAT provided additional predictive value for 

cardiovascular risk.(Kammerlander et al., 2021)  the underlying reason for the 

different properties of the adipose tissue depots appears to relate to differences 

in the adipocytes contained within them. 

1.10.3 Adipocytes and normal expansion/function 

White adipose tissue adipocytes are the predominant store of excess energy and 

differ in function and structure to brown adipocytes. White adipocytes contain a 

large central lipid droplet and eccentrically positioned nucleus and organelles. 

Healthy adipocytes expand hyperplastically and, in health, excess adipose tissue 

accumulates within subcutaneous depots. In times of energy excess, adipocytes 

secrete lipoprotein lipase which releases free fatty acids from circulating dietary-

derived triglycerides. Free fatty acids and glucose (converted to glycerol) are 

stored as triglycerides within the adipocytes, which can be broken down via 

lipolysis to be released at time of energy requirement.(Ziegler and Scheele, 2024; 

Feingold et al., 2000) 

The sensitivity of adipocytes to insulin is crucial in the homeostasis of adipose 

tissue. Insulin suppresses lipolysis but when there is resistance to insulin this 

process is unopposed and results in high levels of circulating free fatty acids which 

can be deposited in ectopic fat stores, for example in the liver. 



Chapter 1 

38 

In addition to providing an accessible energy store, adipocytes have important 

endocrine and paracrine functions. Adipokines, such as leptin and adiponectin, 

are cytokines produced by adipose tissue which, along with inflammatory 

cytokines such as IL-6 and TNF-α, are involved in numerous metabolic pathways 

to regulate glucose and insulin metabolism, energy intake and expenditure, in 

addition to some inflammatory processes. Yet in obesity, normal adipose tissue 

function is dysfunctional and the loss of these normal functions is known to be 

associated with a chronic pro-inflammatory state and the development of the 

cardiometabolic complications of obesity.(Mertens and Van Gaal, 2002; Samad and 

Ruf, 2013)  

1.10.4 Adipose tissue dysfunction in obesity. 

In obese adipose tissue, hypertrophy of adipocytes leads to increased apoptosis 

and a resultant inflammatory response.(Samad and Ruf, 2013; Lumeng et al., 

2008) Adipocyte size has been demonstrated to relate to function, with small 

adipocytes protective against metabolic dysfunction and hypertrophic adipocytes 

more susceptible to lipolysis.(Suárez-Cuenca et al., 2021) The dysfunction of 

adipose tissue in obesity is not only evident at cellular level, but also in the 

pattern of distribution across the adipose tissue depots. 

The “adipose tissue overflow’ hypothesis, has been described by Sniderman et al 

and several others, initially as an ethnic variation in fat distribution, but is also 

considered as a potential explanation for differential adipose tissue distribution 

associated with cardiometabolic risk. In obesity, the superficial subcutaneous 

(SSAT) depot reaches capacity whilst there is concurrent hypertrophic expansion 

of adipocytes resulting in overspill of free fatty acids. The circulating free fatty 

acids are deposited in ectopic adipose tissue depots contributing to the expansion 

of visceral (VAT) and deep subcutaneous (DSAT) compartments.(Sniderman et al., 

2007)  In the obese population, increasing VAT has been associated with insulin 

resistance and cardiovascular disease, with subsequent resolution of these 

pathologies when there is a reduction in visceral adiposity.(Björntorp, 1991; Borch 

et al., 2009; Després, 2001; Seven et al., 2016)  

The pathophysiology underlying the cardiometabolic complications of obesity are 

thought to relate to the effect of dysfunctional adipose tissue which can be 
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demonstrated by alterations in the release of adipokines, such as leptin and 

adiponectin, and inflammatory cytokines, as outlined below: 

 Pro-inflammatory cytokines 

Evidence of the association between adipose tissue distribution and a chronic 

inflammatory state has been demonstrated in several studies. Park et al found a 

positive correlation between both BMI and waist:hip ratio (WHR) and CRP, IL-6 and 

TNF-α. (Park, Park and Yu, 2005) Whilst both SAT and VAT have been found to be 

similarly positively associated with markers of inflammation (CRP, IL-6 and 

fibrinogen). Schlecht et al found the relationship between VAT and IL-6 to be 

stronger in the overweight/obese group whereas SAT was more strongly associated 

with IL-6 in the lean group.(Park, Park and Yu, 2005; Schlecht et al., 2016) In 

another study, VAT was more strongly associated with further inflammatory 

markers, including monocyte chemoattractant protein-1 (MCP-1) and 

isoprostanes, independently of BMI and waist circumference.  

Inflammatory cytokines in obesity are produced by adipose tissue macrophages 

(ATMs) and are pathognomic of adipose tissue dysfunction. The increased 

apoptotic rate, along with high levels of the satiety hormone leptin, and increased 

production of monocyte chemotactic protein-1(MCP-1) results in recruitment of 

greater numbers of adipose tissue macrophages (ATMs). (Weisberg et al., 2003) 

Weisberg et al were the first to discover ATMs to be positively correlated with 

both BMI and adipocyte size, and recognise the importance of these inflammatory 

cells in the pathophysiology of obesity-associated disease.(Weisberg et al., 2003) 

In obesity, ATMs comprise up to 40% of adipose tissue cells, compared to <10% in 

lean adipose tissue.(Weisberg et al., 2003) However in addition to the absolute 

increase in number of macrophages within adipose tissue, there is also a change 

in their function, with a phenotypic switch from the anti-inflammatory M2 

macrophage to the pro-inflammatory M1 macrophage.(Samad and Ruf, 2013; 

Weisberg et al., 2003; Acedo et al., 2013; Suárez-Cuenca et al., 2021) Acedo et 

al incubated human CD14+ cells with leptin and discovered the macrophages bore 

surface markers of the M2 macrophage but produced the pro-inflammatory 

cytokines, TNF-α, IL-6, IL-1β, IL-1ra, monocyte chemotactic protein-1 (MCP-1) and 

IL-10, which are associated with M1-polarised macrophages.(Acedo et al., 2013)  
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 Leptin 

Leptin, the satiety hormone, is responsible for maintenance of body weight 

through its effect on the hypothalamus to suppress hunger and reduce energy 

intake.(Vilahur, Ben-Aicha and Badimon, 2017) Obesity is associated with 

hyperleptinaemia due to an apparent ‘leptin resistance’ which results in 

dysregulation of hypothalamic-mediated body weight homeostasis.  

Several studies would suggest that leptin may have a role in the phenotypic switch 

of adipose tissue macrophages.(Acedo et al., 2013; Zarkesh-Esfahani et al., 2001) 

In addition to inducing the pro-inflammatory phenotypic switch of ATMs, increased 

levels of leptin also contribute to a pro-inflammatory state by reducing 

proliferation of T regulatory cells, promoting generation of pro-inflammatory T 

helper (Th1) cells and inducing endothelial dysfunction.(Abella et al., 2017; Korda 

et al., 2008)  

 Adiponectin 

Adiponectin, the other prominent adipokine released from adipose tissue, has 

anti-inflammatory properties and is associated with increased insulin sensitivity. 

Alongside leptin, adipose tissue also secretes adiponectin, an anti-inflammatory 

adipokine which has vasculoprotective functions relating to insulin sensitivity, 

atheroma formation and the innate immune system.(Ouchi et al., 1999; Yokota et 

al., 2000) Adiponectin is reduced in obese individuals, and increases following 

weight loss surgery.(Askarpour et al., 2020) Demonstration of the anti-

inflammatory properties of adiponectin were observed in an atherosclerotic ex 

vivo model by Okamoto et al, where adiponectin was observed to inhibit 

macrophage tissue factor.(Okamoto et al., 2013) The low levels of adiponectin in 

obesity could potentially result in a loss of the aforementioned vascular protective 

functions and anti-inflammatory properties.(Ouchi et al., 1999)  
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1.11 Adipose tissue distribution changes in healthy 
and obese pregnancy 

1.11.1 Adipose tissue depots in healthy and obese pregnancy 

Pregnancy is associated with gestational increase in body weight and adjustments 

to adipose tissue distribution to help the body support the growing fetus. In 

healthy pregnancy, SAT declines with gestational age whilst VAT increases and is 

thought to contribute to the necessary metabolic changes which occur during 

pregnancy.(Dutra et al., 2014; Selovic, Sarac and Missoni, 2016; Straughen, 

Trudeau and Misra, 2013)  Gene expression analysis in lean term pregnancies 

showed greater gene transcription within VAT compared to SAT, indicating VAT as 

the more dominant depot for metabolic regulation during pregnancy. However, in 

obese pregnancy, both VAT and SAT demonstrate equivalent level of gene 

transcripts, thus altering the ratio of VAT:SAT gene expression and indicating the 

dominance of VAT for metabolic regulation may be lost in obese 

pregnancy.(Bashiri et al., 2014) 

In healthy pregnancy, VAT is preferentially deposited (Kinoshita and Itoh, 2006), 

but obese women may be entering pregnancy with excess VAT deposited due to 

adipocyte dysfunction and as such this may affect the ability of the obese VAT 

depot to respond to pregnancy in the same way that the lean VAT depot would. 

This pattern was observed in a study of gestational weight gain by Straughen et 

al: Weight gain was at a slower rate in overweight compared to lean pregnant 

women and the distribution of adipose tissue between SAT and VAT compartments 

was subtly different. Total fat thickness increased in lean and decreased in 

overweight/obese women, but the proportion of VAT increased more in lean 

compared to overweight/obese.(Straughen, Trudeau and Misra, 2013) 

SAT has been identified in some studies to be a predictor for gestational diabetes 

and adverse pregnancy outcomes(Kansu-Celik et al., 2018; Kennedy et al., 2016), 

however these studies did not quantify VAT alongside SAT therefore it is unknown 

if SAT or VAT would have been the better predictor when directly compared. Work 

by several groups have shown that VAT, rather than SAT, is more closely associated 

with pro-inflammatory states in pregnancy, such as pre-eclampsia and gestational 

diabetes (Chitongo et al., 2017; Huda et al., 2017; Martin et al., 2009; Trivett, 
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Lees and Freeman, 2021)  When SAT and VAT were directly compared, VAT 

measurements in the first trimester were found to correlate better with 

measurement of insulin resistance (HOMA-IR), blood pressure, triglycerides and 

cholesterol than both SAT and BMI.(Bartha et al., 2007; Martin et al., 2009) 

1.11.2 Adipocyte dysfunction in obese pregnancy 

 Adipokine profile in healthy and obese pregnancy 

In healthy pregnancy, adipose tissue accumulation leads to increased leptin 

production by adipocytes which, combined with placental leptin production, 

results in a gestational increase in leptin.(Savard et al., 2022) The function of 

hyperleptinaemia in pregnancy is to increase maternal appetite to provide 

nutrition for the growing fetus, and there is the development of leptin-

insensitivity, similar to that which occurs in obesity.(Tessier, Ferraro and Gruslin, 

2013). In obese pregnancy, much like in non-pregnant individuals, leptin is 

positively correlated with BMI.(Hendler et al., 2005) Andersson-Hall et al 

characterised gestational changes in adipokine concentrations during pregnancy 

between healthy weight and obese women. Leptin concentration was higher in 

obese throughout pregnancy and post-partum and, in contrast to lean pregnancy, 

did not increase with gestation.(Andersson-Hall et al., 2020)   

Adiponectin decreases during pregnancy, and low adiponectin:leptin ratio has 

been associated with both pre-eclampsia and serum amyloid A, a biomarker of 

dysfunctional adipose tissue which is associated with insulin resistance.(Frühbeck 

et al., 2019; Hendler et al., 2005) Andersson-Hall et al found adiponectin 

concentrations were significantly lower in obese women at the start of pregnancy 

and fall similarly to those of lean women until the third trimester when lean 

women had a sharp drop in adiponectin levels.(Andersson-Hall et al., 2020; Savard 

et al., 2022) The loss of the anti-inflammatory properties of adiponectin in obesity 

means the pro-inflammatory state goes unopposed which may contribute to the 

pathologies associated with the low adiponectin:leptin ratio. 

 Pro-inflammatory cytokines in healthy and obese pregnancy 

Pregnancy itself is an inflammatory state, with evidence of an increase in 

inflammatory markers that are counterbalanced in healthy pregnancy by anti-
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inflammatory factors, including adiponectin and IL-10.(Fialová et al., 2006) The 

reasons for this increased inflammation is not well understood but may relate to 

adaptations to the immune system necessary to allow successful implantation and 

placental development.(Zhou et al., 2021) Successful implantation is associated 

with a shift from the Th1 response of cellular immunity, characterised by release 

of IL-2, interferon gamma, TGF-β and TNF-α, to the humoral response via Th2 

cytokines IL-4, IL-5, IL-6. Imbalance in these responses has been postulated as a 

potential mechanism for complications such as pre-eclampsia which is more 

prevalent in the obese. Our group has previously identified that evidence of an 

excessive Th2 response in obese pregnant women, as assessed by low TNF-α:IL-6 

ratio, was associated with endothelial dysfunction.(Stewart et al., 2007)  

IL-6 has been demonstrated to be significantly higher in obese women in the first 

trimester, whilst lean women had a gestational increase in IL-6 which reached 

that of obese women by the third trimester.(Stewart et al., 2007; Zembala-

Szczerba et al., 2017) In a study by Savard et al, IL-6 was compared across all 

three trimesters of pregnancy in women of different BMI groups (lean, BMI 25-30, 

BMI >30) and there was a significant effect of both gestation and BMI by two-way 

ANOVA.(Savard et al., 2022) In addition, increased IL-6, TNF-α and CRP have been 

linked to both pre-eclampsia and PAI-1, a marker of endothelial 

dysfunction.(Udenze, Arikawe and Makwe, 2017) Taken together, these data 

might indicate that the pro-inflammatory phenotype obese women have in the 

first trimester, which leads to endothelial dysfunction and pre-eclampsia, stems 

from a pre-pregnancy adipose-derived inflammation.  

1.11.3 Cardiometabolic changes in healthy and obese 
pregnancy 

Pregnancy is a period of increased metabolic demands, with a progressive increase 

in insulin resistance, increased lipid mobilisation and improved microvascular 

function.(Stewart et al., 2007) Data from Sonagra et al showed a progressive 

increase in fasting serum insulin levels and HOMA-IR with advancing gestation, 

demonstrating the development of insulin resistance that characterises the 

catabolic state which ensues in late pregnancy.(Sonagra et al., 2014; Lain and 

Catalano, 2007) This insulin resistance of healthy pregnancy results in elevated 

maternal glucose and free fatty acids which is a physiological mechanism to ensure 



Chapter 1 

44 

adequate supply of carbohydrate-derived energy and nutrients to the fetus.(Sivan 

et al., 1998) In addition, HDL in pregnancy is known to have antithrombotic, 

antioxidant and vasodilatory functions.(Sulaiman et al., 2016) 

However, in obesity these mechanisms are disrupted, possibly as a result of 

adipocyte dysfunction. In obese pregnancy there is more pronounced insulin 

resistance with increased incidence of gestational diabetes.(Trivett, Lees and 

Freeman, 2021) In contrast to the improvement in microvascular function, there 

can be impairment of endothelial function which contributes to the increased risk 

of pre-eclampsia in overweight and obese pregnant women.(Udenze, Arikawe and 

Makwe, 2017) The underlying pathophysiology in obesity-induced endothelial 

dysfunction has some similarities between pregnant and non-pregnant populations 

with inflammatory markers, including CRP, TNF-α and IL-6, considered as 

mediators.(Esteve et al., 2007; Ramsay et al., 2002; Stewart et al., 2007; Fialová 

et al., 2006) 

And whilst increased mobilisation of lipids is intended to provide nutrition to the 

fetus, obese pregnancy has been associated with higher first trimester triglyceride 

levels, reduced HDL, an atherogenic LDL subtype and increased neonatal 

birthweight, suggesting that the fetus may be exposed to elevated levels of 

circulating fatty acids.(Jarvie et al., 2020; Meyer et al., 2013; Jarvie et al., 2010; 

Sulaiman et al., 2016) 

Saucedo et al identified an overlap in the risk factors responsible for the 

cardiometabolic complications of obese pregnancy, with those attributable to VTE 

in pregnancy, which may suggest a shared pathophysiology in the development of 

the prothombotic state in obese pregnancy. 

1.12 Obesity as a prothrombotic state 

The increased risk of VTE in obesity in the non-pregnant is thought to be linked to 

dysfunctional adipose tissue and abnormal adipose tissue distribution. Several 

studies have observed BMI and adipokines to be associated with elevated 

procoagulant factors, thrombin generation and the generation of tissue factor-

bearing microparticles. 
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1.12.1 Role of leptin in the pathophysiology of VTE 

Leptin is a recognised risk factor for arterial thrombotic events, and leptin levels 

positively correlate with coronary heart disease risk.(Wallace et al., 2001) The 

evidence base in venous thrombosis is much smaller, however hyperleptinaemia 

has been shown to be an independent risk factor for VTE in a cohort of patients 

post total knee arthroplasty where elevated pre-operative leptin was found to be 

significantly associated with post-operative deep vein thrombosis (DVT) in 

multivariate analysis.(Lu et al., 2018) In addition, high leptin:low adiponectin 

ratio has been associated with the development of the post-thrombotic 

syndrome.(Mrozinska et al., 2018) Laboratory evidence of an activated 

coagulation system exists, which supports a role for leptin in the pathophysiology 

of obesity-related VTE: Leptin has been positively correlated with levels of 

fibrinogen, PAI-1, mean platelet volume, FVIII and platelet 

microparticles(Csongrádi et al., 2017; Pieterse, Schutte and Schutte, 2015; Singh 

et al., 2010; De Mitrio et al., 1999)  Leptin has also been significantly correlated 

with clot strength and formation as measured by ROTEM in a cohort of bariatric 

patients. but leptin has never been directly related to thrombin generation.(Taura 

et al., 2014) 

Leptin receptors are present not only in hypothalamic tissue where they are 

involved in satiety signalling, but also in peripheral blood mononuclear 

cells.(Rafail et al., 2008; Zarkesh-Esfahani et al., 2001) Zarkesh-Esfahani et al 

demonstrated the presence of the leptin receptor on PBMCs and that stimulating 

these cells with leptin resulted in the release of pro-inflammatory cytokines:  

There was a 5-fold increase in TNF-α, whilst IL-6 production was increased 19-

fold, suggesting that leptin contributes to the chronic pro-inflammatory state in 

obesity.(Zarkesh-Esfahani et al., 2001) There is also evidence that leptin induces 

monocyte production of tissue-factor bearing microparticles with high levels of 

such microparticles being associated with a previous history of VTE.(Petrini et al., 

2016; Bucciarelli et al., 2012) In vitro stimulation of PBMCs by leptin increased 

tissue-factor mRNA expression and activity in a dose-dependent manner, and was 

abolished by JAK-2 inhibition and anti-TNFα inhibition, suggesting that both TNF-

α and JAK-STAT signalling is implicated in the process.(Rafail et al., 2008) 
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Enhanced platelet activity, thought to be mediated through activation of the JAK-

STAT pathway and the GPIIb/IIIa receptor, has also been demonstrated with 

leptin. Obese patients, with high levels of leptin, demonstrate accentuated in 

vitro ADP-dependent platelet aggregation compared with normal weight 

subjects.(Dellas et al., 2008) Corsonello et al identified a dose-dependent 

relationship between leptin and in vitro ADP-dependent platelet aggregation in 

lean individuals, however they found this effect to be blunted in the obese group, 

which the investigators suggested may reflect a degree of leptin-resistance within 

the platelet leptin-receptor.(Corsonello et al., 2003) However, a further study 

identified that leptin at higher concentration enhances ADP-dependent platelet 

aggregation, which may mean that supra-therapeutic doses of leptin may 

overcome the apparent leptin-resistance in vitro.(Nakata et al., 1999) 

Leptin has been shown to promote endothelial dependent vasodilation via nitric 

oxide in healthy individuals, a function which is impaired in hyperleptinaemia 

resulting in endothelial dysfunction.(Wang et al., 2013; Vecchione et al., 2002; 

Korda et al., 2008) In most of the studies, endothelial function was assessed by 

real-time non-invasive methods, which are able to directly assess vasodilation 

under different conditions, to identify differences in endothelial-dependent and -

independent vasodilation, but plasma biomarkers for endothelial function have 

also been investigated.  

PAI-1 and von-willebrand factor are coagulation factors located in endothelial 

cells and are non-specific markers of endothelial damage. In a study by Pieterse 

et al, leptin was assessed alongside PAI-1, von Willebrand factor (vWF) and urinary 

albumin:creatinine ratio (ACR), the latter being a marker of renal vascular 

damage. Leptin was found to be independently associated with PAI-1, fibrinogen 

and clot lysis time, rather than with vWF and ACR.(Pieterse, Schutte and Schutte, 

2015) 

There seem to be several possible mechanisms by which leptin contributes to 

thrombotic risk: by inducing a pro-inflammatory state which is known to be a 

driver of coagulation, by inducing PBMC production of tissue-factor bearing 

microparticles, by increasing platelet aggregation and by inducing endothelial 

dysfunction. 
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1.12.2 Role of adiponectin in the pathophysiology of VTE 

In contrast to leptin, adiponectin has been shown to have both anti-inflammatory 

and directly antithrombotic properties. Studies in vitro have demonstrated dose-

dependent inhibition of macrophage proliferation, reduced macrophage TNF-α 

production and inhibition of TNFα-induced monocyte adhesion. Production of 

adhesion molecules,V-CAM-1, E-selectin and I-CAM-1, which are biomarkers for 

endothelial dysfunction and involved in the early development of atherosclerosis 

were also inhibited by adiponectin.(Ouchi et al., 1999; Yokota et al., 2000) 

Okamoto et al stimulated adiponectin pre-treated macrophages with 

lipopolysaccharide (LPS) and quantified both tissue factor and tissue factor mRNA, 

both of which were reduced. Furthermore, an adiponectin knock-out mice study 

found accelerated thrombus formation following laser arterial injury in the knock-

out model which was attenuated by adiponectin supplementation. These results 

were strengthen by in vitro evidence of increased platelet aggregation and 

enhanced thrombus formation in blood-collagen studies in the knock-out 

mice.(Okamoto et al., 2013; Kato et al., 2006)  

Taken together, these data suggest that the loss of the protective antithrombotic 

effects, when adiponectin is reduced in obesity, combined with the procoagulant 

effects of leptin may in part explain the increased thrombotic potential of obesity.  

1.12.3 Role of chronic inflammation in the pathophysiology of 
VTE 

The link between the pro-inflammatory state and thrombosis is well-recognised, 

particularly with further recognition of acute thromboinflammation in the setting 

of COVID-19. An association exists also between chronic low-grade inflammation, 

such as that seen in obesity, and thrombotic risk.  As previously discussed, 

inflammatory cytokines including TNF-α, IL-6, CRP and MCP-1 are increased in 

obesity due to increased production by adipocytes or release from adipose tissue 

macrophages. TNF-α is known to induce IL-6 production which in turn stimulates 

the hepatic acute phase response resulting in increased synthesis of CRP, 

fibrinogen and serum amyloid A by the liver. (Cottam et al., 2004) 

Analysis of the inflammatory marker C-reactive protein (CRP) in a large 

prospective longitudinal study investigating risk factors for VTE, found a positive 
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correlation between obesity and CRP. CRP was found to be independently 

associated with thromboembolic events, once adjusted for BMI, and the addition 

of CRP to hazards model resulted in an attenuation of the effect of BMI on VTE 

risk which the researchers proposed indicated the importance of inflammation in 

the pathophysiology of VTE in the obese. (Olson et al., 2014; Kunutsor et al., 2017) 

The increased expression of monocyte chemotactic protein-1 (MCP-1) may provide 

a link to the increased risk of thrombosis in obesity, as this protein has been shown 

to generate tissue factor and is linked to thrombus formation.(Charo and 

Taubman, 2004)  

1.12.4 Tissue factor-bearing microparticles and the 
prothrombotic state 

Several studies have identified obesity to be associated with upregulation of the 

tissue factor pathway.(Okamoto et al., 2013; Rafail et al., 2008; Egorina et al., 

2005) Increased lipolysis associated with the expansion of adipose tissue results in 

the release of inflammatory cytokines, which in turn induce the production of 

tissue factor mRNA by monocytes. This results in an increased in monocytes 

expressing tissue factor and tissue-factor bearing microparticles.(Petrini et al., 

2016; Samad and Ruf, 2013) 

Tissue factor-bearing microparticles, derived from the membranes of activated or 

apoptotic cells, have been shown to have a prothrombotic role and have been 

identified in several thrombotic conditions including cardiovascular disease and 

venous thromboembolism in addition to obesity.(Bucciarelli et al., 2012; Campello 

et al., 2015) By binding tissue factor and expressing phosphatidylserine, the 

microparticles present an optimum environment for initiation and propagation of 

thrombosis. Microparticles are known to be increased in obesity and corresponding 

thrombin generation data shows an increase in ETP, peak thrombin and a 

reduction in lag-time when compared to normal weight individuals.(Campello et 

al., 2015)  

Tissue factor is present throughout the body, with the large majority associated 

with solid organs, however there is a small dormant pool in endothelial cells and 

circulating myelomonocytic cells.(Fleck et al., 1990; Egorina et al., 2005) In the 
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setting of inflammation, endothelial cells and monocytes are activated by 

cytokines and lipopolysaccharides which results in the induction of tissue factor 

mRNA production, a significantly enhanced expression of tissue factor and a 

reduction in thrombomodulin expressed on the endothelium, causing a shift 

towards a procoagulant environment.(Samad, Pandey and Loskutoff, 1998; 

Szotowski et al., 2005; Archipoff et al., 1991)  

1.12.5 Adipose tissue depot and thrombotic risk 

As VAT is known to be the adipose depot most closely correlated with risk of 

cardiovascular disease, it might be assumed that VAT would also predict for risk 

of VTE.  However, in one study, SAT rather than VAT was found to be 

independently predictive of PE. A large autopsy-based case-control study by Ogren 

et al examined the autopsy data from nearly 24,000 in-hospital deaths and found 

that 50% had PE at time of death, with 50% of these deemed to be the cause of 

death. The investigators identified that BMI and SAT were both positive predictors 

of progression from DVT to PE, independently of age, gender and presence of 

cancer. (Ogren et al., 2005) 

The association between the adipose tissue compartment and thrombin generation 

is conflicting, with Chitongo et al finding VAT to be more closely associated with 

an increase in thrombin generation parameters than SAT, and Prüller et al finding 

SAT to be the adipose tissue depot most predictive of the thrombin generation 

parameter, endogenous thrombin potential (ETP).(Chitongo et al., 2017; Prüller 

et al., 2012) 

1.13 The prothrombotic effect of obesity during 
pregnancy  

Considering the evidence outlined thus far, both pregnancy and obesity are 

recognised as independent risk factors for venous thrombosis, but when occurring 

simultaneously the effect appears to be multiplicative. Jacobsen et al showed in 

a case-control study that BMI ≥ 25 was associated with an increased risk of 

thrombosis during pregnancy, with adjusted odds ratio of 2.4. With the addition 

of antepartum immobilisation this risk increased to an adjusted odds ratio of 40.1 

for women with BMI ≥ 25, compared to 10.8 for women with BMI <25.(Jacobsen, 
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Skjeldestad and Sandset, 2008) This suggests that obesity likely has a significant 

multiplicative effect on pre-existing thrombotic risk factors. 

Oestrogen is known to be the significant driver of the prothrombotic state in 

healthy pregnancy, with oestrogen inducing hepatic synthesis of many coagulation 

factors linked to the increase in thrombin generation in early pregnancy.(Bagot et 

al., 2019) However, in obese pregnancy there is likely the added influence of those 

factors which increase the thrombotic risk in obesity: adipose tissue distribution, 

adipose tissue dysfunction and the chronic inflammatory state. 

A small study by Smrtka et al may provide some laboratory evidence of this: Obese 

(BMI >30kg/m2) and non-obese (BMI <30kg/m2) pregnant women had a range of 

coagulation parameters measured in late third trimester. Plasminogen, 

fibrinogen, factors II, VII and VIII were measured, along with naturally-occurring 

anticoagulants protein C (and activated protein C resistance), and protein S (total 

and free). Only plasminogen (p=0.04) and fibrinogen (p<0.001) were found to be 

significantly higher in the obese group, with a positive correlation identified 

between BMI and fibrinogen. However, a further study by Morgan et al found no 

significant change in fibrinogen, Protein S, PAI-1 or platelet count when lean and 

obese pregnant women were compared in the third trimester of pregnancy. 

Thromboelastography was also assessed and no BMI-related effect was noted. 

(Morgan et al., 2017) 

Although VTE is a significant and potentially life-threatening complication of 

pregnancy, the actual population incidence is low, at 1 in 1000 pregnancies, 

making studying this condition challenging.  In addition, given the dynamic 

changes in balance of pro-coagulant and anti-coagulant factors during pregnancy, 

measuring individual factor assays does not give an accurate representation of the 

prothrombotic state. Several assays of global coagulation have been studied, with 

the largest body of research undertaken using the Calibrated Automated 

thrombogram (CAT) method of thrombin generation. 

1.13.1 Thrombin generation data in obese pregnancy 

The calibrated automated thrombogram (CAT) method of thrombin generation is 

the global coagulation assay most investigated in obese pregnancy, yet there is 
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not a large body of evidence in this area and data has been conflicting. Ismail et 

al observed that thrombin generation parameters, endogenous thrombin potential 

(ETP) and peak thrombin, were increased more in morbidly obese pregnant women 

compared to normal weight pregnant women when measured during the third 

trimester.(Ismail et al., 2014) The MaTOPs study compared thrombin generation 

in obese women (BMI ≥ 30) with lean women (BMI 18.5-25). In contrast to the 

earlier study by Ismail et al, no difference in ETP was found between lean and 

obese at 26-28 weeks’ gestation, whilst interestingly obese women were found to 

have lower ETP than lean at term. ETP reduced in both groups in the postpartum 

period.(Mandlebe et al., 2021)  

O'Keefe et al compared three global coagulation assays in pregnant women at term 

with non-pregnant controls. 41.7% of the pregnant group were obese (BMI ≥30). 

Thromboelastography (TEG), CAT thrombin generation and overall haemostatic 

potential assay (OHP), the latter measuring fibrin generation, all showed 

hypercoagulability in the pregnant group compared to non-pregnant controls. 

There was no difference in any of the CAT thrombin generation or OHP parameters 

at term when lean (BMI 18.5-24.9kg/m2, n=13) where compared with obese (BMI 

=30kg/m2, n=25), however maximum amplitude as assessed by TEG was 

significantly higher in obese pregnant women at term.(O'Keefe et al., 2021) 

However, a further study of rotational thromboelastography (ROTEM) at term 

found no difference in coagulation between lean and obese pregnant women at 

term.(Lee et al., 2020) 

The limitations of each of these studies is that measurements were only taken 

during the third trimester or term. It is known that there is evidence of a 

prothrombotic state from the 5th gestational week, and that 50% of maternal 

deaths from VTE occur in the antenatal period, therefore there may be 

unmeasured changes in the prothrombotic state in earlier pregnancy which these 

studies have not accounted for. 

1.14 Hypothesis 

The incidence of VTE-related maternal death has remained unchanged for over a 

decade, despite the use of prophylactic low molecular weight heparin in those 

deemed, by risk-stratification, to be at greatest risk.  Overweight and obese 
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women are over-represented within the maternal mortality data which suggests 

that the current strategy to identify women at greatest risk of VTE is insufficient 

for this population. Common aspects of the pathophysiology between thrombosis 

and the metabolic syndrome, including a low-grade inflammatory state and 

central adiposity, have been identified in non-pregnant individuals. 

A more thorough understanding of the pathophysiology underlying the 

prothrombotic state in pregnancy complicated by obesity would allow better 

identification of risk factors pertinent to this population, and in turn allow 

development of further strategies to mitigate the increased thrombotic risk posed 

to this population. Due to the relatively low incidence of VTE in pregnancy, 

conducting a study with an outcome measure of VTE incidence would require a 

large study population and long duration of study before any meaningful 

conclusions can be drawn. The use of a reliable biomarker can circumvent this 

difficulty, and ex vivo thrombin generation has been previously associated with 

risk of VTE and has been measured in healthy pregnancy. 

This thesis aims to test the hypothesis that the increased risk of venous 

thromboembolism in obese pregnant women, as measured by thrombin 

generation, is related to low-grade chronic inflammation due to adipocyte 

dysfunction and adipose tissue distribution. 

1.14.1 Aims 

A longitudinal study of pregnant women within 4 different BMI classes (lean, 

overweight/obese class I, obese class II and obese class III) was devised to allow 

the characterisation of the prothrombotic phenotype of obese pregnancy and 

investigate the underlying pathophysiology.  

As the hypothesis was that adipose tissue distribution and adipocyte dysfunction 

contributed to the prothrombotic state, an assessment of the prothrombotic state 

(using individual coagulation factor assays alongside ex vivo thrombin generation) 

was made and correlated with measurements of adipose tissue distribution (Waist 

and hip circumference, abdominal SAT and VAT depths) and adipokines known to 

be associated with dysfunctional adipose tissue (leptin, adiponectin, IL-6, TNF-α 

and IL-1β). 
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Blood samples were collected at the antenatal booking visit (8-12 weeks) and at 

28 weeks’ gestation to assess for gestational changes in haemostasis and adipokine 

parameters. 

Objective 1 (Chapter 3) 

To characterise the prothrombotic effect of obesity during pregnancy by 

examining the changes in laboratory markers of haemostasis in women within each 

of the 4 BMI classes (lean, overweight/obese class I, obese class II and obese class 

III) between early pregnancy (8-12 weeks’ gestation) and the third trimester (28 

weeks’ gestation). The prothrombotic state will be assessed by quantification of 

procoagulant factors (Factor VIII and fibrinogen), naturally-occurring 

anticoagulants (Protein S and TFPI), and markers of fibrinolysis (D-dimer and PAI-

1), in addition to assessment of the global coagulation assay and biomarker for 

thrombotic risk, thrombin generation. 

Objective 2 (Chapter 4) 

To characterise the difference in the pattern of adipokines and inflammatory 

cytokines in women within each of the 4 BMI classes (lean, overweight/obese class 

I, obese class II and obese class III) between early pregnancy (8-12 weeks’ 

gestation) and the third trimester (28 weeks’ gestation). Adipokines known to be 

altered in obesity (leptin and adiponectin) and markers of the low-grade 

inflammatory state (TNF-α , IL-6 and IL-1β) will be correlated with the thrombin 

generation and other haemostatic parameters to identify drivers of the 

prothrombotic state in obese pregnancy. 

Objective 3 (Chapter 5) 

To compare abdominal adipose tissue distribution, measured by waist and hip 

circumference at booking and ultrasound scan at 12-17 weeks’ gestation, in 

women within each of the 4 BMI classes (lean, overweight/obese class I, obese 

class II and obese class III) and investigate the relationship between adipose tissue 

distribution, and the adipokine and haemostasis profile measured at booking. 

Objective 4 (Chapter 6) 
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To determine, based on the findings of Chapters 3-5, which of the adipokines and 

which measurements of adipose tissue distribution are most closely related to 

thrombin generation and the other measured haemostasis parameters known to 

be affected by BMI in obese pregnant women. 
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Chapter 2 Materials and Methods 

2.1 Introduction 

This chapter provides an outline of the design and methodology of the study used 

to address the research questions in this thesis, “An Investigation of the 

Pathophysiology underlying the increased risk of venous thrombosis in overweight 

and Obese Pregnant women (The IPOP study)”. The IPOP study was carried out 

between April 2019 and March 2020. Funding for the study and a Clinical Research 

Fellowship was the result of a successful application to the British Heart 

Foundation which I wrote along with my supervisors, Dr Catherine Bagot and Dr 

Dilys Freeman. I was personally successful in my application for an NHS Greater 

Glasgow and Clyde endowment fund award which was used to fund some of the 

laboratory analyses. I devised the study design alongside both of my supervisors, 

and performed all of the haemostasis laboratory analyses, thrombin generation 

and ELISAs for TFPI and PAI-1. The remaining ELISAs were conducted by Mrs Fiona 

Jordan at the University of Glasgow due to time constraints. I performed all of the 

statistical analyses with support from Dr Dilys Freeman. 

2.2 Study Design 

2.2.1 Ethical considerations 

Ethical approval for the study, and subsequent amendments, was granted by the 

West of Scotland Research Ethics Committee 4 (Reference number 19/WS/0022) 

on the 6th of February 2019 and Board approval was issued by Greater Glasgow and 

Clyde Research and Development (R&D reference GN18HA013). 

Written informed consent was obtained from study participants after they had 

read the participant information leaflet (PIL) (see Appendix 1) and been given 30 

minutes to consider whether they wished to take part. 
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2.2.2 Study outline and recruitment considerations 

This was a prospective observational study with four different body mass index 

(BMI)-based cohorts. The study was designed to allow the assessment of changes 

in coagulation parameters and adipokines with advancing pregnancy, and how 

these differ dependent upon BMI.  

Body mass index (BMI) was calculated as follows: 

BMI (kg/m2) = Weight (kg) ÷ (height(m))2 

BMI groups were assigned according to the World Health Organisation (WHO) 

classification (see Table 2).(WHO, 2010) 

Table 2 IPOP study BMI groups and WHO BMI classification system. 

*Adapted from World Health Organisation “A healthy lifestyle” factsheet, 2010.(WHO, 2010)  

BMI WHO Nutritional Status* IPOP Study group 

<18.5 Underweight 
Lean 

18.5-24.9 Normal weight 

25.0-29.9 Pre-obesity / Overweight 
Overweight/Obese Class I 

30-34.9 Obesity class I 

35.0-39.9 Obesity class II Obese class II 

≥40 Obesity class III Obese class III 

 

 Study population 

The study population was recruited from women attending for the antenatal 

booking appointment at the Princess Royal Maternity Hospital, Glasgow Royal 

Infirmary. The booking appointment is a routine part of antenatal care and ideally 

takes place between 8-15 weeks’ gestation.  The appointment is conducted by a 

midwife in either a hospital or community clinic setting with the purpose of 

identifying any issues pertaining to the health of the woman or the pregnancy 

which may need further monitoring during her antenatal period. 
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It is has previously been demonstrated that changes in coagulation occur very early 

in pregnancy, from the 5th gestational week, however identifying women eligible 

to participate in antenatal studies during these early stages of pregnancy is 

challenging as the majority of women are not yet aware of the pregnancy, nor will 

they have made contact with antenatal services.(Bagot et al., 2017) Therefore, 

the booking appointment was selected as the point for study recruitment as it is 

usually the first contact that most women will have with obstetric services. 

Measurements and blood samples taken at the booking appointment can provide 

a surrogate baseline with which to compare samples obtained later in pregnancy 

to show the further changes which occur as pregnancy progresses.  
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 Study design flowchart 

The study consisted of three study visits, as outlined in Figure 2-1. The first and 

third visit were chosen to coincide with routine antenatal care to reduce the 

number of attendances to hospital for participants and in turn encourage 

attendance to study follow-up appointments. The first visit, at which women were 

recruited to the study, coincided with the booking appointment. At this visit blood 

samples and anthropometric measurements were obtained, along with 

demographic data collection. 

 

Figure 2-1 Study design flowchart. 

The study consisted of 3 visits, with the data collected at each visit outlined above. 

The second study visit was an additional attendance for an ultrasound scan to 

measure subcutaneous and visceral abdominal fat. This was arranged between 12-

17 weeks’ gestation. The third study visit coincided with the 28 week (± 2 weeks) 
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routine antenatal clinic attendance. Repeat study bloods were taken alongside 

routine antenatal clinic blood samples. Outcome data was collected from case 

notes once 6 weeks postpartum had elapsed. 

2.2.3 Inclusion/Exclusion criteria  

Inclusion and exclusion criteria were as summarised in Table 3. All women 

attending for a booking appointment at the Princess Royal Maternity hospital 

antenatal clinic who were ≥ 18 years age and were pregnant at ≤ 15 weeks’ 

gestation were invited to take part in the study. Women were ineligible to 

participate in the study if they were taking low molecular weight heparin or had 

a previous history of venous thromboembolism; if they had a known major 

thrombophilia (protein C, protein S or antithrombin deficiencies); were unable to 

provide informed consent without the need for an interpreter; or were known to 

be having a twin pregnancy at time of booking appointment. Women with medical 

comorbidities were not excluded. 

Gestation at time of recruitment to the study was estimated from the last 

menstrual period (LMP), and only women with an estimated gestation of 8-15 

weeks were recruited to the study. Due to variability in menstrual cycle length, 

the gestation by LMP is an estimate, and the actual gestational age at time of 

booking was calculated from the dating scan performed around 12 weeks’ 

gestation. 
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Table 3 Study inclusion and exclusion criteria 

 

Inclusion/Exclusion Criteria Rationale 

Inclusion 

≥ 18 years of age Women <18 years usually attend different 

hospital clinic for antenatal care with added 

social support 

≤ 15 weeks’ gestation First blood samples to reflect first/early 

second trimester 

Exclusion 

Currently prescribed low molecular weight 

heparin (LMWH) 

Anticoagulation affects coagulation studies 

and may impact development of normal 

prothrombotic state during pregnancy 

Previous VTE/major thrombophilia Women would require prophylactic 

anticoagulation during pregnancy. 

Unable to provide informed consent without 

the need for an interpreter 

Attendance of in-person interpreter not always 

possible, therefore true informed consent 

could not be guaranteed. Interpreter costs not 

available for second study visit which did not 

coincide with usual antenatal care 

Twin pregnancy Investigating only singleton pregnancies to 

minimise additional confounding variables. 

 

2.2.4 Power Calculation 

Scottish statistics on the prevalence of obesity in the pregnant population, around 

the time of study development in 2017, indicated approximately 30% of pregnant 

women were overweight, 16% obese and 2% morbidly obese (BMI ≥ 40)(NSS, 

November 2016). This prevalence data was taken into consideration when sample 

size was calculated so that the sampling of the population was representative of 

the population as a whole. 

Sample size calculations were undertaken using GraphPad StatMate version 2.00 

by The Robertson Institute, University of Glasgow. Calculations were performed 

using sample size for unpaired t-test, and were based upon standard deviation 

(SD) data from previous thrombin generation studies. All calculations assumed 80% 

power with a Type 1 error rate of 0.05 (two-tailed). 
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Ismail et al investigated the effect of obesity in pregnancy on thrombin generation 

by conducting a study in late third trimester with 20 normal weight women and 

20 morbidly obese women (BMI >40).  The difference in mean endogenous 

thrombin potential (ETP) between lean and obese participants was 402nM*min 

(21% increase) with maximum standard deviation (SD) of 234.(Ismail et al., 2014)  

Thrombin generation is known to correlate with BMI in non-pregnant populations, 

with a smaller difference in thrombin generation parameters reported between 

normal weight and overweight/obese women than in the study by Ismail et al. One 

study compared normal weight to overweight and obese non-pregnant women. 

This study reported a 6.3% and 8.4% increase in ETP in overweight and obese 

women respectively (maximum S.D. = 236).(Beijers et al., 2010) In our laboratory, 

a study performed on pregnant women compared a mean ETP of 1610 +/- 273 

nM*min in the first trimester compared to a mean ETP of 1201 +/- 222 nM*min in 

the same women in a non-pregnant state (34% increase in ETP).(Bagot et al., 2017) 

Given the above data, using the mean ETP obtained in our laboratory in pregnant 

women during the first trimester (1610 nM*min) and the highest standard deviation 

obtained in these studies (273 nM*min), it was proposed to recruit 100 lean women 

with BMI 18-24.9 and 100 women with a BMI 25-35. Assuming a mean increase in 

ETP of 240 and 330 nM*min in pregnant women with a BMI ≥35 and BMI >40 

respectively, it was proposed to recruit 20 women with a BMI ≥35 and 12 women 

with a BMI >40. 

Previous observational studies undertaken at the Princess Royal Maternity Hospital 

reported <1% loss to follow-up. It was initially anticipated that there would be a 

combined lost to follow up and study withdrawal of < 5%. This included an estimate 

of approximately 2% of women who may suffer a second trimester miscarriage 

after recruitment into the study.(Ammon Avalos, Galindo and Li, 2012) During 

recruitment however, it became apparent that the loss to follow-up was greater 

than anticipated, primarily due to first trimester miscarriage as most women had 

not undergone a viability scan prior to attending for their booking appointment 

and agreeing to participate in the study.  As such, loss to follow-up due to first 

trimester miscarriage was 6%. Loss to follow-up due to other causes (e.g. 

participant choice to withdraw, participant moved out of healthboard area) was 

observed to be 5%. In order to maintain 80% power of the study, the Research 

Ethics Committee was consulted during the course of recruitment and a 



Chapter 2 

62 

substantial amendment was submitted to alter the recruitment target, reflecting 

the greater loss to follow-up of 10-15%. In accordance with the informed consent 

form signed by participants at study entry, all data and blood samples collected 

up until the point of loss to follow up were included in the final analysis. 

Based upon loss to follow-up of up to 15%, final target recruitment numbers were: 

115 women with normal BMI (18-24.9), 115 women with a BMI 25-34.9, 23 women 

with a BMI 35-39.9 and 14 women with a BMI ≥ 40. 
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2.2.5 Loss to Follow-up  

A consort diagram of study recruitment and loss-to-follow-up is provided in Figure 

2-2. In total 263 women were recruited to the study. Once ineligible women were 

excluded, there were 109 lean (BMI 17-24.9), 115 overweight/obese class I (BMI 

25-34.9), 24 obese class II (BMI 35-39.9) and 14 obese class III (BMI ≥40).  

The study ultrasound scan, to measure subcutaneous and visceral adipose tissue 

depth, was attended by 154 women. As this was separate to the blood sampling, 

women not attending this appointment were not excluded from further study 

follow-up. Results from the study ultrasound will be discussed in Chapter 5.  

 

Figure 2-2 Consort diagram of study design and recruitment, including loss to follow-up 

*study visit 2 was an additional attendance out with routine antenatal care. Many women were 
unable to attend this appointment but remained happy to continue within the study to provide 
research blood samples at study visit 3. For this reason, we did not exclude these women 
from continuing in the study and have not counted missing this appointment as lost to follow-
up (this is further discussed in section 2.2.7.4). 

Unfortunately, all study recruitment and follow-up visits were suspended with 

immediate effect in March 2020 due to the developing Coronavirus pandemic. This 

had a significant impact upon the rate of loss to follow-up, with the 28-week study 

n=160 
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visit and blood sampling being missed by 58 (22%) of the recruited women. All-

cause loss to follow-up for each BMI group was: 40 (36%) of lean, 34 (29.6%) 

overweight/obese class I, 13 (54%) of obese class II and 2 (14%) of obese class III. 

Analysis of reasons for loss to follow-up are as per Table 4. 

Table 4 Loss to follow-up 

Loss to follow-up for 262 eligible women recruited to IPOP study. *other causes for loss to 
follow-up: participant moved out of area, research team unable to attend appointment. 
ow=overweight, ob=obese 

Reason for loss to follow-up Lean 

 

n=109 

ow/ob class I  

 

n=115 

ob class II 

 

n=244 

ob class III  

 

n=14 

Total (%) 

COVID-19 study suspension 27 25 6 0 58 (22%) 

First trimester miscarriage 6 4 5 2 17 (6.5%) 

Second trimester miscarriage 1 0 0 0 1 (0.4%) 

Participant choice 2 2 1 0 5 (1.9%) 

Other* 4 3 1 0 8 (3.1%) 

      

Subtotals, n (%) 40 (36%) 34 (29.6%) 13 (54.2%) 2 (14.3%) 89 (34%) 

 

After loss to follow-up from miscarriage, COVID-19 and participant withdrawal, 

173 participants completed both booking and 28 week blood sampling (lean=69, 

overweight/obese class I= 81, obese class II = 11 and obese class III = 12). Outcome 

data was collected from all women recruited to the study who had a viable 

pregnancy, providing consent for data collection had not been withdrawn. 

Outcomes were collected on 240 women, with 4 outcomes missing as the women 

had moved out of area and casenotes were not accessible. 

In addition to the increased loss to follow-up, due to the COVID-19 pandemic and 

pause of all research work, a further cross-sectional study to investigate ex vivo 

cytokine release from adipocytes was unable to proceed. This small study aimed 

to collect samples of subcutaneous and visceral adipocytes from the abdominal 

adipose tissue of 20 pregnant women of normal BMI and 20 obese pregnant women 

undergoing planned caesarean section at term. Concurrent blood samples were to 

be obtained for thrombin generation analyses. Cultured adipocytes were to be 

assessed under basal and LPS-stimulated conditions with measurement of released 

cytokines in the supernatant measured by ELISA and results correlated with the 
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plasma thrombin generation results. It was hoped that findings of this cross-

sectional study may have provided data to explain the pathophysiology of the 

associations identified between adipose tissue distribution and the prothrombotic 

state in the main observational study. 

2.2.6 Study recruitment.  

 Participant recruitment process 

Participant information leaflets (PIL) were initially sent out in the post by the 

antenatal booking office staff along with the appointment letter for all women 

attending PRMH for booking appointment. Booking appointments were allocated 

at random, therefore there was no bias towards more complex or high-risk 

pregnancies attending booking appointment in the hospital compared to 

community clinics. Once the woman had completed her booking appointment, the 

midwife then determined from the clinical history if the woman was eligible to 

have ongoing follow-up in the community (green pathway) or whether she had 

more complex antenatal care needs which necessitated hospital antenatal clinic 

follow-up (red pathway).(RCOG, 2015) 

A member of the research team attended the antenatal clinic at PRMH and handed 

out the participant information leaflet to women who were deemed eligible upon 

case note review. Women were provided with a participant information leaflet 

upon arrival at the antenatal clinic and given a minimum of 30 minutes to consider 

if they wished to take part. Although PILs had initially been sent out in the post 

to give women awareness of the study before attending their appointment, we did 

not notice any change to recruitment when this was stopped, so we moved to a 

recruitment model whereby leaflets were only handed out to women on the day 

they attended for booking appointment when a researcher was present. 

The antenatal clinic midwife undertook the booking antenatal assessment and if 

the patient was willing to participate in the study a member of the research team 

attended to confirm eligibility and obtain informed consent. Written informed 

consent was obtained and stored in the study site file, and a copy given to the 

study participant. Participants were allocated a unique study number and all data 

collected was labelled with this study number to allow for pseudo-anonymisation 
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of data. A password-protected file kept participant details (name and community 

health index number) alongside study ID for the purpose of collecting outcome 

data from participant notes at a later date. 

2.2.7 Data and sample collection 

 Demographics 

Once informed consent was obtained, baseline demographic data was collected 

by a member of the research team. A demographics form (see Appendix 2), 

labelled only with the unique study ID, was completed for each participant. 

Information was collected on age, parity, past medical history, current 

medications, smoking status, and ethnicity. 

Further demographic data was obtained at the 3rd study visit (28±2 weeks). Data 

was collected on any new comorbidity which may have developed since the 

booking appointment, current medications, smoking status, and pregnancy 

complications e.g. pregnancy-induced hypertension. 

Outcome data was collected at 6 weeks post-partum from electronic case note 

review. 

 Anthropomorphic Measurements 

Height (metres) and weight (kilograms) were measured by the antenatal clinic 

midwife as part of standard antenatal care. BMI (weight (kg)/height (m)2) was 

calculated by the antenatal care system, Badgernet, once height and weight were 

entered. Based upon the BMI calculated at the booking appointment, women were 

recruited into the appropriate study group: lean (BMI 18-24.9), overweight/obese 

class I (BMI 25-34.9), obese class II (BMI 35-39.9) or obese class III BMI ≥40) as 

previously indicated in Table 2. 

Hip and waist circumference were measured, according to the CDC National 

Health and Nutrition Examination Survey guidelines, using a plastic measuring 

tape.(CDC, 1988) Hip measurement was taken at the widest point across the hips 

and encompassing the buttocks at their point of greatest protuberance. Waist 

circumference was obtained at the narrowest point between the lower ribs and 
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anterior superior iliac spines. Measurements were taken in singlicate, correct to 

the nearest 0.5cm. 

 Venepuncture and blood sample preparation 

Blood samples were collected from study participants at study visit 1 and study 

visit 3, to coincide with the timing of routine antenatal blood sampling, as outlined 

in Figure 2-3. 

 

Figure 2-3 Blood sample requirements for each study visit 

A total of 30mL blood samples were collected at study visit 1 and 3. Adipokine ELISA samples 
were collected in EDTA and all coagulation samples were collected in trisodium citrate and 
subsequently prepared in the laboratory as platelet poor plasma. 

Blood samples were obtained by a member of the research team or antenatal 

clinic midwife from an antecubital or dorsal hand vein using a tourniquet and a 

butterfly needle (Greiner bio-one Vacuette®, minimum 23 gauge). Routine 

antenatal blood samples were collected first followed by a total of 30mL of blood 

for research purposes. Study blood samples were collected in 2 x 4.5mL 0.369M K3 

EDTA and 6 x 3.5mL 0.109M 3.2% trisodium citrate vacutainers from study 

participants at the antenatal booking visit (8-15 weeks’ gestation) and follow-up 

samples obtained at the 3rd study visit (26-30 weeks’ gestation).  

Samples for coagulation studies (PT, APTT, TCT, Ddimer, Protein S, Fibrinogen, 

FVIII, TFPI, PAI-1 and thrombin generation) were collected in 0.109M 3.2% 

trisodium citrate, with a total of 6 x 3.5mL vacutainers collected per participant 

per visit. Samples for adipokine ELISA (leptin, adiponectin, IL-1B, IL-6, TNF-α) 

were collected in 2 x 4.5mL 0.369M K3-EDTA vacutainers. Samples were 
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transported to the Haemostasis Laboratory at Glasgow Royal Infirmary within 1 

hour of venepuncture, and preparation completed within 2 hours from sample 

collection.  

Samples underwent centrifugation at 3500g for 10 minutes, following which 

plasma was collected into a 10mL secondary tube.  The secondary tube underwent 

a further centrifugation step at 3500g for 10minutes to separate platelets from 

plasma, then plasma was aspirated from the tube without disturbing the platelet-

rich layer in the bottom 0.5mL. The resultant platelet poor plasma (PPP) was 

frozen at -80°C in 1 mL aliquots to allow future batch analysis. 

 Ultrasound scan 

Participants were provided with an appointment for the study ultrasound scan to 

measure subcutaneous and visceral adipose tissue depth. Travel expenses up to a 

maximum value of £20 or a £20 shopping voucher were provided as compensation 

for attending this additional appointment. 

Ultrasound scan was undertaken between 12-17 weeks’ gestation, after pregnancy 

was confirmed viable by a routine 12 week antenatal scan. The same Consultant 

Radiologist performed all of the study ultrasound scans, except on one occasion 

where the scan was performed by a senior sonographer. 

The scan was performed according to the protocol devised by Martin et al, as 

illustrated in Figure 2-4.(Martin et al., 2009) Subcutaneous adipose tissue (SAT) 

depth in millimetres was measured from the outer border of the rectus abdominus 

muscle to the skin surface, and visceral adipose tissue (VAT) depth was measured 

from the inner border of the rectus abdominus muscle to the anterior wall of the 

abdominal aorta at the level of the linea alba. Three measurements were taken, 

and an average calculated and the data documented on a data collection form 

(see Appendix 4).  
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Figure 2-4 Anatomical landmarks on cross-sectional view for measurement of abdominal 
visceral and subcutaneous adipose tissue. 

Original diagram and measurement technique by Martin et al (Martin et al., 2009) 

Due to the study scan being an additional appointment outwith routine antenatal 

care, there was some additional loss to follow-up for this appointment alone (see 

Figure 2-2). It was decided that missing this appointment did not mean exclusion 

from further follow-up, as the data from the blood analysis could stand alone from 

the ultrasound data. SAT and VAT measurements by ultrasound were collected on 

154 women (58.8% of the total cohort), comprising 66 (60.1%) lean, 71 (61.7%) 

overweight/obese class I, 9 (37.5%) obese class II and 8 (57%) obese class III. 

2.3 Laboratory Methodologies 

2.3.1 Haemostasis analyses of plasma samples 

All coagulation studies were performed on platelet-poor plasma, prepared as per 

section 2.2.7.3, in the Haemostasis Laboratory of Glasgow Royal Infirmary. This is 

a clinical laboratory serving Glasgow Royal Infirmary and the surrounding area’s 

community healthcare settings. At time of analysis, the laboratory held a managed 

service contract with Instrumentation Laboratory, Werfen. As such, all analyses 

were undertaken on the ACL TOP 750 analyser using reagents purchased from 

Werfen. The laboratory Standard Operating Procedure (SOP), based upon 

manufacturer’s instructions, was followed for each assay.  The same lot numbers 
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were used for the entire study sample analyses, and calibration for each lot was 

undertaken prior to commencement of study analyses. Internal quality control, 

using Werfen control material, was performed on each day of analyses (30 samples 

per day) and only accepted if within 1SD of the mean. Control values and co-

efficient of variation were not documented for the coagulation studies performed 

in the clinical laboratory. The laboratory participates in the NEQAS external 

quality control scheme, with all results from recent exercises ‘within consensus’. 

Booking and 28 weeks’ samples for the same participant were analysed 

simultaneously to reduce the impact of inter-assay variability. 

 Coagulation Screen (PT, APTT, TCT) 

Prothrombin Time (PT), Activated Partial Thromboplastin Time (APTT) and 

Thrombin Clotting Time (TCT) were measured according to manufacturer’s 

guidance for the ACL TOP 750 analyser (Instrumentation Laboratory, Werfen, 

Bedford, MA 01730, USA) at Glasgow Royal Infirmary Haematology Laboratory.  

The analyser used a turbidimetric clot detection method which measured the 

change in optical density over time to determine the time taken for clot to form 

in the presence of specific reagents to give information on different aspects of 

the coagulation cascade. 

The PT assesses the extrinsic and common pathways (Factors II, V, VII, X and 

Fibrinogen as illustrated in Figure 2-5). RecombiPlastin 2G (Lot number N1081865, 

Werfen, Warrington,UK) and calcium were added to thawed participant platelet 

poor plasma at 37°C, and the time taken for clot to form was measured by change 

in optical density. 
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Figure 2-5 Coagulation cascade 

The intrinsic pathway is initiated by contact activation which results in the activation of Factor 
XII. There is sequential activation of factors XI and IX, and then Factor VIII (which is activated 
by thrombin) forms the tenase complex with activated Factor XI. The tenase complex initiates 
the common pathway by activating Factor Xa which forms the prothrombinase complex with 
Factor Va (activated by thrombin). This in turn convert prothrombin to thrombin which 
converts fibrinogen to the fibrin clot. The extrinsic pathway is activated by tissue factor 
following tissue damage. Tissue factor forms a complex with Factor VIIa, which leads to the 
activation of Factor Xa and the initiation of the common pathway as previously outlined. 
Thrombin formation provides positive feedback and amplifies the coagulation process 
through activation of the intrinsic pathway. Fibrinogen is converted to fibrin to form the clot, 
which is subsequently broken down by fibrinolysis to fibrin degradation products (FDPs) 
including D-dimer. PAI-1 and PAI-2 regulate the fibrinolytic pathway. Natural anticoagulants 
activated protein C (APC) and it’s co-factor protein S inhibit coagulation Factor V and VIII, 
whilst TFPI inhibits tissue factor. 

The APTT assesses the intrinsic (or contact) pathway (Factors VIII, IX, XI, XII, pre-

kallikrein and high molecular weight kininogen as illustrated in Figure 2-5). 

Coagulation was activated using silica and phospholipid in the SynthaSil reagent 

(Lot number N1181982), Werfen, Warrington, UK) which was added to thawed 

participant platelet poor plasma at 37°C. Calcium chloride was added after a 3-

minute incubation period and time taken for clot to form measured using changes 

in optical density.  

The TCT is a screening test to assess Fibrinogen activity. Bovine thrombin solution 

(3UNIH/mL; Lot number N1081482, Werfen, Warrington, UK) was added to thawed 

participant platelet poor plasma at 37°C and time taken for clot to form, following 

conversion of fibrinogen to fibrin, measured using changes in optical density. 



Chapter 2 

72 

 Fibrinogen Clauss 

The Fibrinogen Clauss method was used to assess functional fibrinogen levels. 

Bovine thrombin solution at high concentration (100UNIH/mL; lot number 

N0797528, Werfen, Warrington, UK) was added to thawed participant platelet 

poor plasma which had been pre-diluted to 1:10 and warmed to 37°C. Time taken 

for conversion of fibrinogen to fibrin was measured by the ACL TOP analyser using 

changes in optical density. 

 D-dimer 

An automated latex enhanced immunoassay (lot number B31673, Werfen, 

Warrington, UK) was used to give a quantitative assessment of D-dimer in thawed 

participant platelet poor plasma. Latex particles, coated with a monoclonal 

antibody specific to D-dimer, bind and agglutinate in the presence of the reaction 

buffer. The degree of agglutination was proportional to the concentration of D-

dimer in the sample and measured by the ACL TOP analyser using changes in 

optical density. 

 Free Protein S 

An automated latex ligand immunoassay (lot number B31644, Werfen, Warrington, 

UK) was used to determine concentration of free protein S. In vivo 40% of Protein 

S is free-circulating, and the remainder is bound to complement C4b-binding 

protein (C4BP). Latex particles adsorbed with C4BP were added to thawed 

participant citrated platelet poor plasma and bound with high affinity to free 

protein S. An anti-Protein S monoclonal antibody adsorbed onto latex particles 

was added and in the presence of Protein S agglutination of the latex particles 

was measurable by the ACL TOP analyser with changes in optical density. The 

degree of agglutination was proportional to the concentration of free Protein S in 

the plasma. 

 Factor VIII 

Concentration of factor VIII was assessed by an APTT-based turbidimetric method. 

FVIII deficient plasma (lot number N0290477, Werfen, Warrington, UK) was added 

to thawed participant citrated platelet poor plasma which had been diluted to 

1/10 and 1/20 concentrations. The APTT was measured as described above (see 
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section 2.3.1.1) and the concentration of FVIII determined based upon the degree 

of correction of the APTT following addition of the test sample, in comparison to 

a reference line derived from a reference plasma of known FVIII concentration. 

The average of the 1/10 and 1/20 dilution was taken as the FVIII result. If the 1/10 

dilution provided a result >140iU/dL, reflex testing rules set up on the ACL-TOP 

analyser mandated a 1/40 dilution be performed as values >140iUdL were outwith 

the linear range of the 1/10 calibration curve. In the event of results >140iU/dL, 

the value of the 1/40 dilution was taken as the FVIII result. 

If the values of the 1/10 and 1/20 dilutions showed inter-assay variability >10%, 

the assays were repeated. In a small number of cases there was evidence of inter-

assay variability >10% which persisted upon repeat. These results showed a 

‘reverse non-parallelism’, with decreasing FVIII concentrations as dilutions 

increase, which can be observed in the clinical laboratory and is often indicative 

of an activated coagulation sample due to pre-analytical factors, for example due 

to difficult venepuncture. In this situation, to obtain the FVIII result, the dilution 

which resulted in a plot with a value within the linear range of the calibration 

curve was used. 

2.4 Thrombin Generation 

Thrombin generation is an ex-vivo global coagulation assay which provides 

information on the balance of pro-coagulant factors and naturally-occurring 

anticoagulants in platelet-poor plasma. This provides a more complete assessment 

of the coagulation system than standard laboratory tests, which are based upon 

measuring the time for the initial clot to form. By the time the initial clot forms, 

only 5% of the total amount of thrombin generated by the coagulation process will 

have been formed, therefore much of the coagulation process is not captured by 

standard laboratory tests(Brummel et al., 2002).  The Thrombin Generation Assay 

is also unique in providing laboratory evidence of a procoagulant state which 

cannot be achieved by routine clinical laboratory coagulation tests. 

The current and most widely accepted methodology was devised by Hemker et al 

and utilises a fluorochrome which emits fluorescence in the presence of 

thrombin.(Hemker et al., 2003)  Thrombin Generation is measured by the 
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Calibrated Automated Thrombogram (CAT) analyser, an analyser capable of 

dispensing reagents and measuring fluorescence within a 96-well microplate.  

Experimental plasma samples are assessed in duplicate alongside a calibrator well 

to overcome the effect plasma colour may have on the fluorescence measured. 

Coagulation is triggered by the addition of a reagent containing tissue factor and 

phospholipids to platelet poor plasma. The concentration of tissue factor used 

determines which components of the coagulation pathways are assessed by the 

assay. In a high concentration of tissue factor (5pM), the thrombogram reflects 

the activity of the extrinsic pathway within the sample. In a lower concentration 

of tissue factor (1pM), coagulation requires the activation of the intrinsic pathway.  

Therefore, by altering the experimental conditions, different aspects of the 

coagulation system be assessed. The activity of the naturally-occurring 

anticoagulants can also be assessed by this assay through the addition of 

thrombomodulin (TM).(Hemker et al., 2003) Thrombomodulin binds to protein C 

and increases its activation 20,000-fold, which in turn is inhibitory to thrombin 

generation. Given that acquired protein C resistance is known to occur during 

pregnancy, an overview of the protein C system is desirable when assessing the 

plasma of pregnant women.(Clark, Walker and Greer, 1999) Finally, the 

coagulation process is initiated once calcium, mixed in solution with a 

fluorochrome (amino-methlycoumarin) is added by the dispenser to the wells.  As 

thrombin is produced by the active coagulation process, it binds to and splits the 

fluorochrome emitting a fluorescent signal which can be measured by the CAT 

analyser. Fluorescent intensity is proportional to the thrombin concentration 

when compared to the calibrator of known thrombin concentration.  The 

thrombogram for each well, such as the example provided in Figure 2-6, is 

generated by CAT analyser software and a series of 5 parameters are calculated 

by the Thrombinoscope® software to provide an objective assessment of Thrombin 

Generation. 
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Figure 2-6 Thrombogram with measurement parameters. Raw data from NIBSC reference 
plasma used to demonstrate the thrombogram produced by the CAT analyser and the 
measurement parameters obtained. 

Lagtime: time (minutes) taken from initiation of clotting to the start of the 

thrombin burst during the propagation phase of thrombin generation 

Peak: maximum amount of thrombin (nM) generated during the assay 

Time to peak (ttP): time (minutes) from initiation of the assay to Peak thrombin. 

Endogenous thrombin potential (ETP): total amount of thrombin formed, 

quantified by calculating the area under the curve (nM*min) 

Velocity index (VelIndex): rate of thrombin production during the thrombin burst 

(nM/min) 

2.4.1 Thrombin Generation Reagents 

 PPP low 

PPP low reagent (Ref TS31.0, Lot number PPL1910/01) was purchased from 

Diagnostica Stago, Theale, UK. It consists of Tissue factor (1pM) and phospholipid 

for use with platelet poor plasma (PPP). PPP low was reconstituted with 1mL 

distilled water prior to use. 
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 Calibrator  

Thrombin Calibrator (Ref TS20.0, Lot number TC2001/01, activity 730nM) was 

purchased from Diagnostica Stago, Theale, UK. The calibrator contains citrate 

buffered saline, bovine proteins and saccharides. The composition of the 

calibrator is based upon the formulation of a thrombin calibrator devised by 

Hemker (Hemker et al., 2003) in which α-2-macroglobulin is bound to a bovine 

thrombin-like enzyme.  This α-2-macroglobulin-thrombin complex is mixed with 

antithrombin and heparin to prevent the calibrator from clotting.  As the 

calibrator contains a known concentration of thrombin and is non-clotting, it 

provides a continuous reaction with the fluorogenic substrate from which test 

sample thrombin concentrations can be interpolated.(Hemker et al., 2003). 

Thrombin Calibrator was reconstituted with 1mL distilled water prior to use. 

 Thrombomodulin 

Thrombomodulin (ST09-009, batch 00510), 43μM, was kindly gifted by the 

Cardiovascular Research Institute Maastricht (CARIM). A 1μM stock solution of 

thrombomodulin was required for Thrombin Generation, therefore this was 

prepared by the Haemostasis laboratory clinical scientist by diluting 

Thrombomodulin in a Hepes-NaCl 0.5% BSA buffer. 

The Hepes-NaCl buffer was made by adding 25mM HEPES to 175mM NaCl, creating 

a solution of pH 7.7 to which 0.5% BSA (w/v) was added. 

The 1μM Thrombomodulin stock solution was then made by adding 50μL of the 

43μM thrombomodulin to 2100μL of the HEPES-NaCl 0.5% BSA buffer. 

The optimal concentration for this batch of thrombomodulin to reduce ETP by 50% 

was previously determined to be a working solution of 0.4nM, therefore the 1μM 

stock required further dilution prior to thrombin generation analyses. 

A 30nM stock solution of thrombomodulin with 1pM tissue factor was made by 

diluting 3L of 1M thrombomodulin in 97L of reconstituted PPP low (see section 

2.4.1.1). A 0.4nM working solution of thrombomodulin + 1pM tissue factor was 

prepared by adding 54L of the stock solution to 621L of reconstituted PPP low. 
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 FluCa 

Fluo substrate (TS50-10, lot number FLS2003/01), which contains the 

fluorochrome, and Fluo buffer (TS50-20, lot number FLB2002/01), containing 

calcium, were purchased from Diagnostica Stago, Theale, UK.  Prior to use in the 

Thrombin generation assay, 3200μL Fluo buffer was warmed to 37℃ in the 

waterbath. Fluo substrate, 80μL, was diluted in the Fluo buffer to make the FluCa 

solution which was protected from light and used within one hour of dilution. 

 Thrombin Generation Test Reference Plasma 

A lyophilised Thrombin Generation test reference plasma (lot number 06/232) was 

kindly gifted by NIBSC (Potters Bar, Hertfordshire, UK). This was reconstituted 

with 1mL of distilled water and remained stable at 4℃ for 3 hours. A new vial was 

reconstituted for each plate run. An acceptance range (mean ± 2SD) was devised 

for the TG reference plasma (see section 2.4.3) as previously described by our 

laboratory.(Bagot and Leishman, 2015) 

2.4.2 Thrombin Generation Method 

Thrombin generation was performed according to the method developed by 

Hemker at al using a Fluroskan Ascent fluorometer (Thermo Labsystems OY, 

Helsinki, Finland). (Hemker et al., 2003) 

Reagents and thawed, vortexed participant samples were added to an Immulon 

2HB clear U-bottom 96 well plate as per the plate plan in Table 5 
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Table 5 Example thrombin generation plate plan.  Samples assayed in duplicate under each 
condition (with and without thrombomodulin), and with calibrator. Corresponding booking 
and 28 week samples were assayed on the same 96-well plate.  NIBSC = reference plasma, 
IPOP001= example study number. 

 1pM TF 1pM TF + TM Calibrator 1pM TF 1pM TF + TM Calibrator 

  1 2 3 4 5 6 7 8 9 10 11 12 

A NIBSC NIBSC NIBSC 
IPOP005 

booking 

IPOP005 

booking 

IPOP005 

booking 

B NIBSC NIBSC NIBSC 
IPOP005 

28 weeks 

IPOP005 

28 weeks 

IPOP005 

28 weeks 

C 
IPOP001 

booking 

IPOP001 

booking 

IPOP001 

booking 

IPOP006 

booking 

IPOP006 

booking 

IPOP006 

booking 

D 
IPOP001 

28 weeks 

IPOP001 

28 weeks 

IPOP001 

28 weeks 

IPOP006 

28 weeks 

IPOP006 

28 weeks 

IPOP006 

28 weeks 

E 
IPOP003 

booking 

IPOP003 

booking 

IPOP003 

booking 

IPOP007 

booking 

IPOP007 

booking 

IPOP007 

booking 

F 
IPOP003 

28 weeks 

IPOP003 

28 weeks 

IPOP003 

28 weeks 

IPOP007 

28 weeks 

IPOP007 

28 weeks 

IPOP007 

28 weeks 

G 
IPOP004 

booking 

IPOP004 

booking 

IPOP004 

booking 

IPOP008 

booking 

IPOP008 

booking 

IPOP008 

booking 

H 
IPOP004 

28 weeks 

IPOP004 

28 weeks 

IPOP004 

28 weeks 

IPOP008 

28 weeks 

IPOP008; 

8 weeks 

IPOP008 

28 weeks 

 

The plate was pre-incubated in the fluorometer for 10 minutes, following which 

the dispenser was washed with distilled water heated to 37C before being filled 

with warmed FluCa solution. FluCa (20L) was automatically dispensed to each 

well of the 96-well plate to initiate the assay. Fluorescence was measured at an 

excitation wavelength of 390nM and an emission wavelength of 460nM. 

Thrombinoscope® software automatically calculated the individual values for lag 

time, ETP, peak thrombin, time to peak, velocity index and start tail. This data 

was exported to Excel for analysis. 
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2.4.3 Thrombin Generation Reference Plasma and Coefficient of 
Variation 

At present, the Thrombin Generation assay remains primarily a research tool 

whilst its translation to clinical practice is under development. Thrombin 

Generation, as measured by the CAT analyser, is subject to significant intra-assay 

and inter-assay variability. Moreover, variability between individuals is greater 

than with standard laboratory assessment of coagulation. Historically, to allow 

comparison of results between individuals and reduce the impact of inter-assay 

variability, it has been the practice to normalise results to a control sample run 

on each plate. However, work by Bagot and Leishman showed that by introducing 

a standard reference plasma with an acceptance range for individual thrombin 

generation parameters, it was possible to reduce inter-assay variability, exclude 

experiments with erroneous results and give confidence in the production of 

accurate data. (Bagot and Leishman, 2015) 

The practice of using a reference plasma was adopted for all thrombin generation 

analyses in this study. NIBSC reference plasma was analysed in duplicate alongside 

participant samples on every plate. The values with intra-assay CV of <5% were 

taken and compared with the values of NIBSC reference plasma for all plates once 

analyses of all samples was completed. The inter-assay CVs for all NIBSC reference 

plasma are depicted in Table 6 and an acceptance range of mean  2SD was 

derived, using the same methodology as Bagot and Leishman.(Bagot and Leishman, 

2015) If the NIBSC plasma values for lag time, ETP, peak or time to peak were 

outwith the acceptance range, the analyses of all samples on that plate were 

discarded and the experiment repeated to ensure that the values obtained across 

different plates could be directly comparable. Any participant samples which had 

lag-time, ETP, peak, or time to peak values with an intra-assay CV >10% were 

repeated. Velocity index has been repeatedly shown by our lab to be highly 

variable and as such samples with CV >10% in Velocity index alone were not 

repeated. 
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Table 6 Thrombin generation inter-assay coefficient of variation (%)NIBSC plasma values ± 
2SD; CV(%) 

 Lagtime ETP Peak Time to Peak Velocity Index 

1pM TF 

Mean ( 2SD) 

CV (%) 

4.86 

(4.56, 5.16) 

3% 

1279.35 

(1044.70, 1514.01) 

9% 

127.52 

(90.08, 164.95) 

15% 

11.43 

(10.47, 12.38) 

4% 

19.69 

(11.21, 28.18) 

22% 

1pM TF + TM 

Mean ( 2SD) 

CV (%) 

4.59 

(4.16, 5.02) 

5% 

652.12 

(398.93, 905.30) 

19% 

93.55 

(54.52, 132.58) 

21% 

8.95 

(8.41, 9.50) 

3% 

21.59 

(11.38, 31.80) 

24% 

 

2.5 ELISA 

2.5.1 ELISA Principle 

The Enzyme-Linked Immunosorbent Assay (ELISA) utilises the immunological 

action of a specific antibody to detect and quantify the analyte of interest. In the 

quantitative sandwich ELISA kits utilised in this study, 96-well plates were pre-

coated with an antibody specific to the analyte being measured. As per the 

example plate plan in Table 7, standards, test samples and controls were added 

to the pre-coated plates. Following an incubation phase, any excess unbound 

antigen was washed off with buffered surfactant. An enzyme-linked antibody 

specific for the analyte of interest was then added to the plate. Following a 

further incubation and wash step, any unbound enzyme-linked antibody was 

removed and a chromogenic substrate (tetramethylbenzidine) added. The 

enzyme-substrate reaction was stopped after 30minutes by the addition of 2 N 

sulphuric acid and the colour change observed was proportional to the 

concentration of bound analyte of interest. Colour intensity was measured by 

microplate-reader at an absorbance of 450nM and the optical density values 

measured were compared to the standard curve to interpolate the analyte 

concentration of each sample. 
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Table 7 Example ELISA plate plan 

TFPI plate 3.  S= standard, P =participant sample (booking/28weeks), C= control, X=empty 

 1 2 3 4 5 6 7 8 9 10 11 12 

A 
S 

2000pg/mL 

S 

2000pg/mL 
C 

P91 

(28) 

P95 

(28) 

P100 

(b) 

P104 

(b) 

P108 

(b) 

P112 

(b) 

P116 

(28) 

P121 

(b) 

P125 

(b) 

B 
S 

1000pg/mL 

S 

1000pg/mL 

P88 

(b) 

P92 

(b) 

P96 

(b) 

P100 

(28) 

P104 

(28) 

P108 

(28) 

P112 

(28) 

P117 

(b) 

P121 

(28) 

P125 

(28) 

C 
S 

500pg/mL 

S 

500pg/mL 

P88 

(28) 

P92 

(28) 

P96 

(28) 

P101 

(b) 

P105 

(b) 

P109 

(b) 

P113 

(b) 

P117 

(28) 

P122 

(b) 

P126 

(b) 

D 
S 

250pg/mL 

S 

250pg/mL 

P89 

(b) 

P93 

(b) 

P97 

(b) 

P101 

(28) 

P105 

(28) 

P109 

(28) 

P113 

(28) 

P118 

(b) 

P122 

(28) 

P126 

(28) 

E 
S 

125pg/mL 

S 

125pg/mL 

P89 

(28) 

P93 

(28) 

P98 

(b) 

P102 

(b) 

P106 

(b) 

P110 

(b) 

P114 

(b) 

P119 

(b) 

P123 

(b) 

P127 

(b) 

F 
S 

62.5pg/mL 

S 

62.5pg/mL 

P90 

(b) 

P94 

(b) 

P98 

(28) 

P102 

(28) 

P106 

(28) 

P110 

(28) 

P115 

(b) 

P119 

(28) 

P123 

(28) 

P127 

(28) 

G 
S 

31.3pg/mL 

S 

31.3pg/mL 

P90 

(28) 

P94 

(28) 

P99 

(b) 

P103 

(b) 

P107 

(b) 

P111 

(b) 

P115 

(28) 

P120 

(b) 

P124 

(b) 
X 

H blank blank 
P91 

(b) 

P95 

(b) 

P99 

(28) 

P103 

(28) 

P107 

(28) 

P111 

(28) 

P116 

(b) 

P120 

(28) 

P124 

(28) 
C 

 

Platelet-poor plasma samples collected in 0.369M K3-EDTA were used for 

adiponectin, leptin, TNF-α, IL-1β, and IL-6 assays, as recommended in the product 

literature for the ELISA kits. Platelet-poor plasma samples collected in 0.109M 

3.2% trisodium citrate were used for TFPI and PAI-1 ELISAs as recommended in the 

package insert. Samples which were paired, booking and 28 weeks’ gestation for 

the same study participant, were analysed together to reduce the impact of inter-

assay variability upon the ability to directly compare analyte values. Samples 

which were above the linear range of detection were further diluted by a factor 

of 50% and analysis repeated. All samples were analysed in singlicate due to cost 

restrictions. Sample analyses for adipokines (leptin, adiponectin, TNF-α, IL-1β and 

IL-6) were undertaken at the University of Glasgow by Mrs F. Jordan, Laboratory 

Research Technician for the School of Cardiovascular and Metabolic Health. TFPI 

and PAI-1 ELISAs were undertaken at the Glasgow Royal Infirmary Haemostasis 

laboratory. 

2.5.2 Adiponectin 

Adiponectin was assessed using R&D systems Human Total Adiponectin/Acrp30 

solid-phase Quanitikine® ELISA (catalogue number DRP300, lot number P247897) 
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which supplied a 96-well plate pre-coated with a monoclonal antibody specific for 

the globular domain of adiponectin.  

A lyophilised recombinant adiponectin was provided as a standard to produce a 

curve from which test sample concentrations could be determined. The standard 

was reconstituted and serial dilutions produced by diluting with Calibrator Diluent 

RD6S (buffered protein base with preservatives). The undiluted adiponectin 

standard served as the top concentration (250ng/mL) with subsequent doubling 

dilutions of 125ng/mL, 62.5ng/mL, 313.3ng/mL, 15.6ng/mL, 7.8ng/mL and 

3.9ng/mL making up the rest of the standard curve. Calibrator diluent RD6S served 

as the zero standard, labelled ‘blank’ on the plate plan. 

Participant samples were diluted 100-fold prior to analysis. Following the addition 

of 100L of assay diluent RD1W, 50L each of participant samples, Adiponectin 

Standard dilutions and in-house control samples were added to the 96-well plate 

in accordance with the plate plan (see Table 7). The sealed plate was incubated 

at room temperature for 2 hours before undergoing 4 washes using 300L of Wash 

Buffer (buffered surfactant) per well. Human Adiponectin Conjugate (200L), an 

enzyme-linked monoclonal antibody specific for the globular domain of 

adiponectin, was added to each well prior to a further 2-hour incubation at room 

temperature. The Conjugate was removed by a further 4 washes using 300L of 

Wash Buffer per well, and 200L of chromogenic Substrate Solution 

(tetramethylbenzidine mixed with hydrogen peroxide) was added to each well. 

The sealed plate was incubated, protected from light, for 30 minutes to allow the 

action of the chromogen, before 50L of Stop solution (2 N sulphuric acid) was 

added to each well to halt chromogenic activity. Optical density was measured 

within 30 minutes using the microplate reader (MULTISKAN EX 230V microplate 

Reader, Thermofisher Scientific) set to 450nM. Adiponectin standards were 

plotted on log-log graph using GraphPad PRISM software and study and control 
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sample values were interpolated from the standard curve (

 

Figure 2-7). Values were multiplied by 100 to account for the original dilution. 

 

Figure 2-7 Adiponectin ELISA standard curve 

Log-log graph plotting mean and SD of the adiponectin standard (2 replicates), with nonlinear 
regression line. The optical density of each participant sample was read from this graph to 
obtain the concentration of adiponectin in the sample. 

2.5.3 Leptin 

Leptin was assessed using R&D systems Human Leptin solid-phase Quantikine® 

ELISA kit (DLP00, lot number P243227) which included a 96-well plate pre-coated 

with a monoclonal antibody specific for E.coli-expressed recombinant Human 

Leptin. Participant samples were diluted 100-fold with Calibrator Diluent in 
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preparation for analysis. Participant samples were assayed alongside serial 

dilution of a reconstituted Leptin Standard and an in-house control. 

The Leptin Standard was reconstituted with distilled water to produce a 

10,000pg/mL solution. 100μL of the standard was added to 900μL of Calibrator 

Diluent RD5P (diluted 1:5) which served as the top standard, 1000pg/mL. 

Calibrator diluent was used to create the serial dilutions at concentrations of 

500pg/mL, 250pg/mL, 125pg/mL, 62.5pg/mL, 31.3pg/mL, and 15.6pg/mL. The 

Calibrator Diluent served as the zero standard. 

Assay Diluent RD1-19 (100L) was added to the 96-well plate prior to 100L of 

Leptin Standard, diluted participant samples and controls. The sealed plate was 

incubated for 2 hours at room temperature following which the plate was washed 

4 times with 300L of Wash Buffer (buffered surfactant) per well to remove any 

unbound leptin in the sample wells. Human Leptin Conjugate (200L), an enzyme-

linked monoclonal antibody specific for leptin, was added to each well prior to a 

1-hour incubation. Any unbound monoclonal antibody was removed during a 

further 4 washes prior to 200L of a chromogenic Substrate Solution (equal parts 

tetramethylbenzidine and hydrogen peroxide) being added to each of the wells. 

Stop Solution (2 N sulphuric acid) was used to stop the chromogenic reaction 

following a 30-minute incubation in the dark, and the optical density was read by 

the plate-reader (MULTISKAN EX 230V microplate Reader, Thermofisher Scientific) 

set to 450nM within 30 minutes. GraphPad PRISM software was used to generate a 

log-log curve of the leptin Standard which participant and control values were 

interpolated from (Figure 2-8). Interpolated values were multiplied by 100 to 

correct for the dilution factor applied. 
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Figure 2-8 Leptin ELISA standard curve 

Log-log graph plotting mean and SD of the leptin standard (2 replicates), with nonlinear 
regression line. The optical density of each participant sample was read from this graph to 
obtain the concentration of leptin in the sample. 
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2.5.4 PAI-1 

R&D Systems solid-phase Quantikine® ELISA plates were used to quantify PAI-1 

(DTSE100, lot number P277485) as per the general procedure in section 2.5.1 and 

according to manufacturer’s instructions.  Participant samples were diluted to 1 

in 10 concentration with Calibrator Diluent and assayed alongside serial dilutions 

of a PAI-1 Standard, and PAI-1 low positive control (R&D systems, control set 822, 

lot number 1338374). 

The PAI-1 Top Standard (20ng/mL) was produced by diluting 50μL of the 

reconstituted 200ng/mL Standard with 450μL of Calibrator Diluent RD5-26. Serial 

doubling dilutions of 10ng/mL, 5ng/mL, 2.5ng/mL, 1.25ng/mL, 0.625ng/mL and 

0.313ng/mL were made by diluting 200μL of the previous dilution with 200μL of 

Calibrator Diluent. Calibrator Diluent served as the zero standard. 

The 96-well plate supplied in the ELISA kit was pre-coated with a PAI-1-specific 

polyclonal antibody. Following application of 50L of assay diluent, diluted 

participant samples, controls and PAI-1 Standard dilutions were added to the plate 

and then incubated at room temperature for 2 hours. Wash buffer, 300L per well, 

was used to remove any unbound PAI-1 in the samples, and the wash step was 

repeated for a total of 4 washes. An enzyme-linked polyclonal antibody to PAI-1 

(200L) was added to the wells prior to a further 2-hour incubation. Following 

another series of 4 plate washes, 200L of a chromogenic Substrate Solution (equal 

parts hydrogen peroxide and tetramethylbenzidine) was added to the wells. The 

reaction was stopped with 2 N sulphuric acid after 30 minutes incubation 

protected from the light and optical density was read by the microplate reader 

(Sunrise, Tecan, Austria GmbH) at 450nM absorbance.  A four-parameter logistic 

(4-PL) standard curve was generated using GraphPad PRISM software (Figure 2-9), 

and PAI-1 concentrations were read from this curve and then multiplied by the 

dilution factor of 10. 
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Figure 2-9 PAI-1 ELISA standard curve 

4-PL curve plotting mean and SD of the PAI-1 standard (2 replicates). The optical density of 
each participant sample was interpolated from this curve to obtain the concentration of leptin 
in the sample. 

2.5.5 TFPI 

R&D Systems’ Human TFPI Quantikine® ELISA kit (DTFP10, lot P274140) was used 

to measure plasma TFPI. 

Serial dilutions of a TFPI Standard were produced by diluting a 20,000pg/mL of 

the Standard with Calibrator Diluent RD5-20. The final concentrations of the 

standards were 2000pg/mL (‘top standard’), 100pg/mL, 500pg/mL, 250pg/mL, 

125pg/mL, 62.5pg/mL, and 31.3pg/mL, with the Calibrator Diluent serving as the 

‘zero standard’. 

Assay Diluent RD1-89 (100L) was first added to the 96-well plate pre-coated with 

a TFPI-specific monoclonal antibody. Participant samples were diluted 100-fold 

prior to being added to the plate alongside the serial dilutions of the TFPI standard 

and R&D Systems’ medium positive control (Control set 860, lot number 1363476). 

The plate underwent 4 washes with 300L of Wash Buffer (buffered surfactant) 

per well after a 2-hour room-temperature incubation on a microplate-shaker.  

Following this 200L of TFPI Conjugate, an enzyme-linked TFPI-specific 

monoclonal antibody, was added to the wells. The wash-step was repeated 

following a further 1-hour incubation at room temperature on the microplate-
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shaker. Chromogenic substrate (200L)was added to the plate and stop solution 

(2 N sulphuric acid) halted the reaction after a 30-minute incubation in the dark. 

Optical density was read from each well by the microplate reader (Sunrise, Tecan, 

Austria GmbH) at an absorbance of 450nM. GraphPad PRISM software was used to 

generate a four-parameter logistic (4-PL) curve of the TFPI standard and 

participant samples were interpolated from this curve (Figure 2-10). Final 

concentration of TFPI for each sample was calculated following correction for the 

100-fold dilution. 

 

Figure 2-10 TFPI ELISA standard curve 

4-PL curve plotting mean and SD of the TFPI standard (2 replicates). The optical density of 
each participant sample was interpolated from this curve to obtain the concentration of TFPI 
in the sample. 

2.5.6 IL-6 

Plasma IL-6 was quantified with R&D Systems’ human IL-6 Quantikine High 

Sensitivity ELISA kit (HS600C, lot number P249514) using a 96-well plate pre-

coated with monoclonal antibody to IL-6. Participant samples were assayed 

alongside IL-6 Standard dilutions and in-house control material of known 

concentration. 

The IL-6 Standard (100pg/mL) was diluted with Calibrator Diluent RD5-4 to a 

concentration of 10pg/mL, which served as the ‘top standard’. Doubling dilutions, 

produced by diluting 500μL of the previous concentration with 500 μL Calibrator 

Diluent, resulted in the final series of dilutions: 5pg/mL, 2.5pg/mL, 1.25pg/mL, 
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0.625pg/mL, 0.313pg/mL and 0.156pg/mL. Calibrator Diluent served as the ‘zero 

standard’. 

Assay diluent (100L) was added to the wells, followed by 100L of standard, 

sample or control as appropriate. The plate was sealed and incubated for 2 hours 

at room temperature on a microplate shaker. The plate underwent 4 washes with 

Wash Buffer (buffered surfactant) then 200L of human IL-6 HS Conjugate, a 

biotinylated polyclonal antibody specific for IL-6, was added.  Following a further 

1-hour incubation on the plate-shaker, the wash step was repeated and 200L of 

streptavidin Polymer-HRP was added to the wells. Streptavidin binds with strong 

affinity to biotin which was bound to the anti-IL-6 antibody, therefore the wash 

step repeated after a 30-minute incubation removed any unbound Streptavidin 

and left only that which was bound to the anti-IL-6 antibody. Substrate solution 

(equal parts Tetramethylbenzidine and Hydrogen Peroxide (200L) was added to 

the plate and protected from light for 30mins to allow the chromogenic reaction 

to occur in proportion to the concentration of bound IL-6. A stop solution (2 N 

sulphuric acid) was added and optical density measured using the plate reader 

(MULTISKAN EX 230V microplate Reader, Thermofisher Scientific) set to 450nM 

absorbance.  A four-parameter logistic (4-PL) standard curve was generated using 

GraphPad PRISM software and participant sample concentrations interpolated 

from this curve (Figure 2-11). 
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Figure 2-11 IL-6 ELISA standard curve 

4-PL curve plotting mean and SD of the TFPI standard (2 replicates). The optical density of 
each participant sample was interpolated from this curve to obtain the concentration of TFPI 
in the sample. 

2.5.7 IL-1 

R&D System’s Quantikine® High Sensitivity IL-1 ELISA kit (catalogue number 

HSLB00D, lot number P248971) was used to quantify IL-1 in participant samples. 

The 96-well plate provided was pre-coated with a monoclonal antibody specific to 

human IL-1.  

Serial Dilutions of IL-1β standard provided a standard curve from which test 

sample concentrations were read. The IL-1β Top Standard (8pg/mL) was produced 

by diluting 100μL of the reconstituted 80pg/mL Standard with 900μL of Calibrator 

Diluent RD5T. Serial doubling dilutions of 4pg/mL, 2pg/mL, 1pg/mL, 0.5pg/mL, 

0.25pg/mL and 0.125pg/mL were made by diluting 500μL of the previous dilution 

with 500μL of Calibrator Diluent. Calibrator Diluent served as the zero standard. 

Assay Diluent (50 L) was added to the wells, followed by 100L of IL-1 Standard, 

participant samples and controls as per the plate plan. The plate was incubated 

on the horizontal orbital microplate shaker for 2 hours at room temperature and 

then any unbound IL-1 was washed off using Wash buffer (300L per well, 4 

washes). Human IL-1 HS Conjugate (biotinylated polyclonal antibody specific to 

IL-1) (200L) was added to the wells and the wash step was repeated following 

a 1-hour incubation on the plate shaker. Streptavidin polymer-HRP, which has a 
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high affinity for biotin, was added and a further 30-minute incubation was 

undertaken. The wash step was repeated to remove any unbound Streptavidin and 

the chromogenic Substrate (tetramethylbenzidine and hydrogen peroxide) was 

added to the plate. Following 30 minutes of incubation at room temperature, 

protected from light, the stop solution (2 N Sulphuric Acid) was added to stop the 

reaction. Optical density was measured at absorbance of 450nM on the microplate 

reader. (MULTISKAN EX 230V microplate Reader, Thermofisher Scientific) A four-

parameter logistic curve of the IL-1 Standard dilutions was generated using 

GraphPad PRISM and participant sample and control values interpolated from this 

(Figure 2-12).  

  

Figure 2-12 IL-1β ELISA standard curve 

4-PL curve plotting mean and SD of the IL-1β standard (2 replicates). The optical density of 
each participant sample was interpolated from this curve to obtain the concentration of IL-1β 
in the sample. 

Concentrations for IL-1 in this assay were undetectable at booking in 24% and in 

32% of samples at 28 weeks, despite a high sensitivity assay being used. 

Unfortunately, data for plate 6 was lost in a fire suffered by our laboratory at the 

University of Glasgow. As the yield of detectable results was so low over the rest 

of the data series, we opted not to repeat this plate due to cost and timing 

constraints. 

2.5.8 TNF-α 

TNF-α was quantified by R&D Systems Quantikine® high Sensitivity ELISA kit 

(catalogue number HSTA00E, lot number P245804). A 96-well plate pre-coated 
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with E.coli-derived recombinant human TNF-α antibodies was provided in the kit 

purchased from R&D Systems.  

Serial dilutions of the TNF-α standard were produced. The Top Standard 

(10ng/mL) was produced by diluting 50μL of the reconstituted 100pg/mL Standard 

with 450μL of Calibrator Diluent RD6S. Serial doubling dilutions of, 5pg/mL, 

2.5pg/mL, 1.25pg/mL, 0.625pg/mL, 0.313pg/mL and 0.156pg/mL were made by 

diluting 200μL of the previous dilution with 200μL of Calibrator Diluent. Calibrator 

Diluent served as the zero standard. 

Assay diluent was added to each well of the plate (50μL), followed by 50μL of the 

serial dilutions of TNF-α Standard, in-house controls and participant samples. The 

plate was incubated at room temperature for 2 hours on an orbital microplate 

shaker, before the wells were washed with 300μL of Wash Buffer (x4) to remove 

any unbound samples.  Biotinylated polyclonal antibody to TNF-α (200μL) was 

added to each of the wells and the plate was incubated again for an hour at room 

temperature on the microplate shaker. Unbound TNF-α antibody was removed 

with a further wash step following which 200μL of Streptavidin-Polymer-HRP was 

added to the wells. This was washed off after a 30-minute incubation under 

agitation on the plate shaker and the chromogenic substrate was added. After 30 

minutes incubation in the dark, the chromogenic reaction was stopped with 2 N 

sulphuric acid and the optical density of the wells read by the plate reader set to 

450nM. The optical density and concentrations of the TNF-α standard dilutions 

were input into GraphPad PRISM and a four-parameter logistic curve generated 

from which the concentrations of TNF-α in participant samples and controls could 

be interpolated (Figure 2-13). 
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Figure 2-13 TNF-α ELISA standard curve 

4-PL curve plotting mean and SD of the TNF-α standard (2 replicates). The optical density of 
each participant sample was interpolated from this curve to obtain the concentration of TNF-
α in the sample. 
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2.5.9 ELISA Coefficients of Variation (CV%) 

Control material was purchased from R&D systems for PAI-1 and TFPI ELISAs. 

Material was reconstituted on the first day of analyses then aliquots were frozen 

for use on subsequent plates. For PAI-1 controls, material reconstituted fresh for 

plate 1 provided values slightly below the acceptance range, whereas the same 

material which went through one freeze-thaw cycle provided values within the 

acceptance range which were consistent across the remaining 5 plates (CV for PAI-

1 plates 2-6 =7%). For all other ELISAs, an in-house control of known value was 

used. Controls were performed in duplicate, except on occasion when a control 

well was required to repeat a participant sample. Intra- and inter-assay CVs are 

depicted in Table 8, controls not performed in duplicate are annotated as ‘single’. 

Singlicate control samples were necessary when repeat study samples were 

required to be analysed in the control well due to a shortage of capacity for repeat 

analyses. 

Table 8 ELISA control coefficient of variation (CV%) 

Controls performed in singlicate marked as ‘single’. *IL-1β plate 6 results lost. 

Control material 

Intra-assay CV (%) Inter-
assay CV 
(%) 

Plate 
1 

Plate 
2 

Plate 
3 

Plate 
4 

Plate 
5 

Plate 
6 

Adiponectin  
(in-house control) 

11% 13% 4% 14% 1% 1% 12% 

Leptin  
(in-house control) 

8% 1% single 1% single single 13% 

PAI-1  
(R&D low positive control) 

0% 4% 6% 6% 0% single 21% 

TFPI  
(R&D medium positive 
control) 

0% 1% 6% 8% 3% 2% 9% 

IL-6  
(in-house control) 

1% 1% 1% 4% 1% 4% 4% 

IL-1  
(in-house control) 

6% 17% 7% 6% 10% n/a* 17% 

TNF-  
(in-house control) 

4% 6% 7% 3% 4% single 10% 
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2.6 Statistical Analysis 

Data were assessed for normality using D’Agostino-Pearson normality test 

by GraphPad PRISM software. Where data were normally distributed, mean and SD 

values are provided, and in the case of non-parametric data median and 

interquartile ranges are supplied. Data which was non-parametric was 

transformed to log10 or square root to allow the use of more powerful parametric 

statistical tests.  

Within the subsequent results chapters, coagulation and cytokine values 

are displayed graphically as median and IQR to demonstrate change between the 

two study timepoints, booking and 28 weeks’ gestation. Two-way ANOVA with 

mixed effects modelling on log-transformed data was used to determine the 

effect of both time and BMI on each parameter, and whether there was a different 

effect on time for different BMI groups. Post hoc analysis by Tukey’s multiple 

comparison test identified any differences between the BMI groups at each time-

point.  

Correlations between BMI and both coagulation and cytokine parameters were 

performed using Pearson’s correlation, on log-transformed data where 

appropriate. Non-linear associations have goodness-of-fit statistics, adjusted R2 

displayed. 

Further detail on multivariate statistical analysis is provided in the relevant results 

chapters. 
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Chapter 3 The prothrombotic effect of obesity 
during pregnancy 

3.1 Introduction 

Pregnancy is known to induce a prothrombotic state, with extensive evidence 

demonstrating an increase in procoagulant factors such as Factor VIII, von 

Willebrand Factor and fibrinogen occurring from early in the antenatal 

period.(Choi and Pai, 2002; Sánchez-Luceros et al., 2003) This increase in 

procoagulant factors is accompanied by a fall in the naturally-occurring 

anticoagulant protein S, the development of activated protein C resistance and an 

impairment of the clot breakdown process, fibrinolysis.(Clark, Walker and Greer, 

1999; Walker et al., 1997; Choi and Pai, 2002) All of these changes contribute to 

the prothrombotic state necessary to prevent excessive bleeding at delivery, but 

also result in the increased risk of venous thromboembolism (VTE) during 

pregnancy and the puerperium. 

With obesity also known to be a risk factor for VTE in the non-pregnant population, 

it could be assumed that the combination of obesity and pregnancy would produce 

a greater risk of thrombosis.(Hotoleanu, 2020; Stein, Beemath and Olson, 2005; 

Pomp et al., 2007) Data on maternal morbidity and mortality confirms this theory, 

with an increased incidence of thrombosis in obese pregnant women, compared 

to their lean counterparts.(Liu et al., 2009; Knight and UKOSS, 2008; Simpson et 

al., 2001) 

Having the ability to identify women at risk from venous thromboembolic disease 

during pregnancy may provide the opportunity for earlier intervention to prevent 

a disease which can prove fatal to new mothers.  In current clinical practice, no 

single test exists which can predict the development of VTE, and as such 

identification of mothers at risk of thrombosis is through the application of a 

clinical risk scoring system.(RCOG, 2015) However, given that VTE remains the 

leading direct cause of maternal death, and with the increasing prevalence of 

obesity within the maternity population, a more comprehensive strategy is 

required, and the introduction of a biomarker for thrombotic risk could provide a 

valuable adjunct to current risk stratification methods. 
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3.1.1 Routine assessment of the thrombotic state in clinical 
practice 

Assessment of haemostasis can be performed by measurement of clotting times 

(including the PT and APTT) which act as screening tests and may indicate 

deficiencies in clotting factors, or by measurement of individual clotting factors 

(including fibrinogen, FVIII and von Willebrand factor). However, assessment in 

the laboratory of the prothrombotic state is more challenging. 

The prothrombin time (PT) predominantly assesses the extrinsic pathway of 

coagulation, which encompasses factors VII and the inhibitor TFPI. The activated 

partial thromboplastin time (APTT) is used to assess the intrinsic pathway which 

consists of factors VIII, IX, XI and XII, and is inhibited by activated protein C and 

protein S. Both tests can also be affected by changes within the common pathway 

(factors X, V, prothrombin and fibrinogen). A shorter clotting time, measured in 

seconds, may indicate a more prothrombotic sample.  

It can be valuable to measure concentrations of individual factors, as these are 

known to correlate in some studies with risk of thrombosis, particularly Factor VIII 

and Fibrinogen. Fibrinogen, or Factor I, is a zymogen converted by thrombin to 

fibrin which then is cross-linked to form the fibrin clot.  Fibrinogen is a critical 

substance within haemostasis, with the fibrin clot the main end product of the 

coagulation cascade, and the formed fibrin network provides a structure to which 

coagulation factors and cellular components of the coagulation process (including 

red blood cells, leucocytes, platelets and endothelial cells) can adhere.(Aleman 

et al., 2014) Recent research has indicated that alterations within fibrin clot 

structure, including reduced permeability and impaired susceptibility to lysis, are 

associated with both first and recurrent VTE.(Baker et al., 2019) 

Hyperfibrinogenaemia is a recognised risk factor for VTE. (Ariëns, 2013)There is 

also laboratory evidence of increased thrombus formation following the 

administration of fibrinogen concentrate to mice, and data showing the use of 

siRNA molecules to reduce fibrinogen synthesis in murine models of trauma 

resulted in reduction in thrombus formation, confirming the importance of 

fibrinogen concentration in VTE risk.(Machlus et al., 2011; Seadler et al., 2024)  
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Factor VIII is a coagulation factor produced predominantly by the liver. Factor VIII 

circulates in the blood bound to von Willebrand Factor which prolongs the half-

life of FVIII by preventing its degradation as a free molecule. Activated Factor VIII 

acts as a cofactor to activated Factor IX in converting Factor X to its active form 

which subsequently can convert prothrombin to thrombin. Factor VIII also acts as 

an acute phase protein, which increases in response to inflammation, hence its 

relevance in obesity which is associated with a chronic low-grade inflammatory 

state. 

It is recognised that deficiencies of the naturally-occurring anticoagulants have 

been associated with thrombotic risk, particularly in inherited deficiencies known 

as thrombophilias. Protein S is a naturally-occurring anticoagulant which exerts 

its function via a number of direct and indirect mechanisms. It enhances the 

anticoagulant activity of its cofactor TFPI, inhibiting the Tissue Factor-Factor VIIa 

complex and acts as a cofactor to activated protein C which in turn inhibits Factor 

Va and Factor VIIIa. In addition, Protein S directly binds to activated Factor IXa 

preventing the formation of the tenase complex (FVIIIa-FIXa), and also binds to 

Factor Va and Factor Xa preventing formation of the prothrombinase complex 

which cleaves prothrombin.(Pilli, Plautz and Majumder, 2016) 

Accurately characterising the dynamic change in balance between procoagulant 

and anticoagulant factors which occurs during pregnancy can be challenging, but 

this difficulty may be overcome by the use of a global coagulation assay, such as 

thrombin generation. Thrombin generation provides an assessment of the amount 

of thrombin produced over time, thus encapsulating the activity of the entirety of 

the coagulation cascade. This assay can give a unique perspective on global 

haemostasis which is preferable given that this is closer to coagulation in vivo 

compared to standard haemostasis laboratory tests which quantify individual 

factor levels.  

3.1.2 Thrombin generation as a biomarker for thrombotic risk in 
pregnancy 

Thrombin generation has been studied in pregnancy before, with increases in 

peak, ETP and velocity index, indicative of the development of the prothrombotic 

state, starting from as early as the 5th gestational week.(Bagot et al., 2017) The 
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association between obesity and thrombin generation has also been investigated, 

with one study finding a reduction in ETP following obesity surgery, suggesting BMI 

and thrombin generation may be correlated.(Tripodi et al., 2019) Only a few 

studies exist which have examined the combined impact of obesity and pregnancy. 

Mandelebe et al measured thrombin generation in late pregnancy and at 12 weeks 

postpartum. They showed that ETP was not significantly different between obese 

and non-obese at 26-28 weeks’ gestation, but by 36-40 weeks’ gestation non-obese 

pregnant women had statistically higher ETP than the obese group. By 12 weeks’ 

postpartum, they found that non-obese women had a significant decrease in ETP 

but the decrease in obese women was non-significant.(Mandlebe et al., 2021) Two 

further studies have compared thrombin generation in the third trimester between 

lean and obese pregnant women, finding significantly greater ETP in the obese 

groups.(Ismail et al., 2014; O’Connor  H 2014) Indication of an enhanced 

prothrombotic state in obese pregnancy was also observed in a study of the global, 

point of care coagulation assay thromboelastography (TEG).(O'Keefe et al., 2021)  

These studies add to the accumulating evidence that obese women have greater 

thrombin generation during pregnancy than lean women. Yet by looking only at 

the later part of pregnancy and postpartum, where the majority of work has been 

done to-date, it remains unknown how long these women have greater thrombotic 

risk.  

Given the over-representation of obese women in VTE-related maternal mortality, 

an accurate characterisation of the prothrombotic state in obese pregnancy is 

necessary to allow future studies of strategies to mitigate the apparent increased 

risk. 

3.1.3 Hypothesis and Aims 

It was hypothesised that obese pregnancy would be characterised by a greater 

increase in thrombin generation between the first and third trimesters, and the 

measurement of standard laboratory measures of haemostasis would strengthen 

the thrombin generation data by ensuring the haemostasis findings of the cohort 

were comparable to those of previous studies. 

The main aim of this chapter is to characterise the influence of obesity on the 

prothrombotic state during pregnancy by examining the changes in laboratory 
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markers of haemostasis in women within each of the 4 BMI classes (lean, 

overweight/obese class I, obese class II and obese class III) between early 

pregnancy (8-12 weeks’ gestation) and the third trimester (28 weeks’ gestation). 

The prothrombotic state will be assessed by quantification of procoagulant factors 

(Factor VIII and fibrinogen), naturally-occurring anticoagulants (Protein S and 

TFPI), and markers of fibrinolysis (D-dimer and PAI-1), in addition to assessment 

of the global coagulation assay and biomarker for thrombotic risk, thrombin 

generation. 

The coagulation screen provides no significant insight into the assessment of the 

prothrombotic state, but was utilised to ensure the validity of the samples (i.e to 

ensure samples not activated) and exclude any significant coagulation factor 

deficiencies which may affect the results of thrombin generation. Thrombin 

generation is the key biomarker for this study, with correlations to thrombotic risk 

already well-established in the non-pregnant population. The inclusion of the 

other coagulation factor analyses aimed to confirm the findings in existing studies 

of pregnant women which would ensure the thrombin generation findings were 

representative, and also to investigate the underlying pathophysiology of the 

prothrombotic state given fibrinogen and PAI-1, for example, are known to 

increase in obesity and fibrinogen has been associated with thrombotic risk. 

3.1.4 Specific research questions 

What changes are observed in the following measures and components of the 

coagulation system between the booking appointment (8-15 weeks’ gestation) and 

28 weeks’ gestation, and how do they differ between women of different BMIs 

during pregnancy: 

• Coagulation screen (prothrombin time, activated partial thromboplastin 

time) 

• Procoagulants (fibrinogen Clauss, Factor VIII) 

• Naturally-occurring anticoagulants (Protein S, tissue factor pathway 

inhibitor) 
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• Markers of fibrinolysis (plasminogen activator inhibitor-1, D-dimer) 

• Global coagulation assay, thrombin generation (as measured by the CAT 

method) 

3.2 Methods 

3.2.1 Study Recruitment 

This was a prospective longitudinal study with blood samples collected at two 

timepoints during pregnancy (booking appointment and 28 weeks’ gestation). The 

study population consisted of pregnant women, recruited within four different BMI 

groups (lean, overweight/obese class I, obese class II and obese class III). Study 

design and recruitment methods were as previously described in the Materials and 

Methods chapter (section 2.2). 

3.2.2 Laboratory Methods 

Laboratory methods are as previously described in detail in the materials and 

methods chapter (section 2.3)  In brief, participant blood samples were collected 

in 3.2% sodium citrate in the antenatal clinic by a member of the study team and 

transported to the haemostasis laboratory at Glasgow Royal Infirmary within 1 

hour. Platelet poor plasma was prepared within 2 hours of sample collection, and 

frozen in 1mL aliquots to allow batch analysis of samples at a later date. 

Paired samples, collected at booking and 28 weeks’ gestation, from the same 

participant were analysed simultaneously to minimise differences due to inter-

assay variability. The ACL TOP automated analyser was used to perform a routine 

coagulation screen, Fibrinogen Clauss, D-dimer, Factor VIII and Protein S. TFPI and 

PAI-1 were quantified by ELISA, and thrombin generation was measured by the 

calibrated automated thrombogram (CAT) method. 

A routine coagulation screen, consisting of prothrombin time (PT), activated 

partial thromboplastin time (APTT) and thrombin clotting time (TCT) was 

performed on all study samples to ensure samples were not activated (initiation 

of coagulation in the collection tube due to pre-analytical variables) and exclude 

any major coagulation abnormalities which may affect further tests.  



Chapter 3 

102 

TFPI and PAI-1 were both quantified by ELISA, as previously described in detail in 

the materials and methods chapter (section 2.5).  

 Thrombin generation 

Thrombin generation using platelet poor plasma was performed by the calibrated 

automated thrombogram (CAT) method, as described in detail in the materials 

and methods chapter (section 2.4). Paired samples (booking and 28 weeks) from 

the same study participant, where available, were analysed concurrently to 

minimise the impact of inter-assay variability.  

Samples were analysed under two conditions: 1pM tissue factor (TF) with and 

without thrombomodulin (TM). Low (1pM) concentration tissue factor allows 

increased sensitivity to the intrinsic pathway of coagulation, and the addition of 

thrombomodulin provides sensitivity to disorders of the activated protein C 

system, such as acquired protein C resistance which can be observed during 

pregnancy. For this reason, the data presented is that analysed with 

thrombomodulin (TM). 

3.2.3 Statistical Methods 

 Demographic and outcome data 

Demographic data (Table 9) and outcome data (Table 10), where normally 

distributed, are expressed as mean ± SD. Where data was not normally distributed, 

data is expressed as median with interquartile ranges, and comparisons were 

made on log-transformed data. Comparison between the four BMI groups was by 

one-way ANOVA, with post hoc analysis by Tukey’s multiple comparisons test to 

identify where any significant differences lay between the groups.  

Categorical data is expressed as number and percentages, with paired 

comparisons made by Fisher’s exact test and comparisons of 3 or more groups by 

Chi-squared test. Where a significant p-value was found through Chi-squared 

analyses, Z-scores with Bonferroni correction were calculated to ascertain where 

the significant difference lay. 
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 Haemostasis data 

All coagulation laboratory data was non-parametric, and therefore prior to 

statistical analyses this data was log-transformed to fit a normal distribution. 

However, given the familiarity of clinicians with the laboratory values and normal 

ranges, raw data (expressed as median and interquartile range) has been plotted 

alongside the statistical analyses. 

Data was analysed by two-way ANOVA with mixed effects model as this statistical 

method was able to overcome the interindividual variability between thrombin 

generation measurements and allowed for missing values, given the loss to follow-

up between the two study visits. Data was grouped by time and BMI class. P-values 

<0.05 were accepted as significant where a single variable was analysed.  In the 

case of mixed effects model output with interaction of variables (time x BMI), p 

values <0.05 were accepted as significant. Tukey’s post hoc test was used to 

identify differences between each of the groups.   

3.3 Results 

3.3.1 Study population demographics 

 Baseline demographic data 

The characteristics of the study population are shown in Table 9. Participants were 

well-matched for age and smoking status in each of the four BMI groups studied, 

and the population was predominantly Caucasian. As would be anticipated, 

weight, hip and waist circumference were statistically different between each of 

the four groups, all increasing with BMI. Median waist:hip ratio in all groups was 

considered within the ‘healthy’ range by WHO standards.(WHO, 2008) An 

unhealthy waist:hip ratio (>0.85) was present in 2.75% of lean participants, 23.48% 

of overweight/obese class I, 29.17% of obese class II and 28.57% of obese class III. 
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Table 9 Study population characteristics by BMI group 

Continuous normally distributed data expressed as mean (SD) with comparison by one-way ANOVA, * denotes non-parametric data expressed as median 
(interquartile range) with comparison by one-way ANOVA performed on log-transformed data. One-way ANOVA post hoc analysis with Tukey’s test: different 
superscript letters denote significant difference. # Chi-squared test of association used to compare categorical data (ethnicity comparing caucasian vs 
black/s.asian/other to achieve statistical power), $significant difference contributing to p-value (significant Z-score following Bonferroni correction). Previous 
smokers stopped at least 6 months ago.  

 Lean Overweight/ obese class I Obese class II Obese class III p-value 

Age (mean, SD) 31.0 (5.7) 30.9 (5.3) 32.1 (5.3) 33.4 (5.0) 0.37 

Ethnicity #, n (%)  Caucasian 95 (87) 107 (93) 23 (96) 14 (100) 0.19 

Black 6 (6) 4 (3) 0 (0) 0 (0) 

S.Asian 5 (5) 4 (3) 1 (4) 0 (0) 

Other 3 (3) (0) 0 (0) 0 (0) 

Weight*, kg (IQR) 61.0 (55.8,65.9)a 77.0 (72.4,83.7)b 99.4 (94.1, 107.8)c 126.0 (114.6, 145.4)d <0.0001 

Waist circumference*, cm (IQR) 76.0 (73.5, 80.0)a 90.0 (85.5, 95.0)b 101.5 (98.0, 104.8)c 120.5 (114.5, 131.5)d <0.0001 

Hip circumference*, cm (IQR) 100.0 (96.0, 104.0)a 110 (107.0, 115.0)b 126 (122.0, 131.0)c 145.5 (135.0, 163.5)d <0.0001 

Waist:hip ratio* (IQR) 0.76 (0.74, 0.80)a 0.82 (0.78, 0.85)b 0.81 (0.76, 0.86)b 0.80 (0.79, 0.89)b <0.0001 

Parity #, n (%) primiparous 49 (45) 48 (42) 7 (29) 3 (21) 0.23 

multiparous 60 (55) 67 (58) 17 (71) 11 (79) 

Pre-pregnancy 

comorbidity, n (%) 

Yes 27 (25)$ 42 (37) 16 (67)$ 7 (50) 0.001 

No 82 (75)$ 73 (63) 8 (33)$ 7 (50) 

Smoker, n (%) Current 11 (10) 11 (9.6) 2 (8.3) 3 (21) 0.58 

 Previous 25 (23) 28 (24) 8 (33.3) 1 (7)  

 Never 73 (67) 76 (66) 14 (58.3) 10 (71)  

Gestation at booking (weeks) 10.1 (1.8) 9.9 (2.0) 9.5 (1.9) 9.8 (1.3) 0.98 
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Parity was subdivided into primiparous (no previous pregnancies) and multiparous 

(≥1 previous pregnancy) and no significant difference was found in parity between 

the 4 BMI groups (p=0.23) when compared by Chi-squared test. Pre-pregnancy 

comorbidity was more prevalent in the obese groups. There was a significant 

difference in co-morbidity between different BMI groups, with statistically more 

comorbidity in obese class II group compared to the lean group, as demonstrated 

by Chi-squared test of association post hoc analysis using Bonferroni correction of 

Z-scores.  

The mean gestational age at time of study recruitment (booking appointment), 

based upon the dating ultrasound scan, was 9.9 weeks (range 4-17 weeks), and 

there was no significant difference in gestational age at booking between the 

different BMI groups (p=0.98) as documented in Table 9. 

 Outcome Data 

Pregnancy outcomes are depicted in Table 10. The secondary outcome measure 

of VTE only occurred in one participant, consisting of a superficial 

thrombophlebitis extending 6cm and to within 3cm of the saphenofemoral 

junction. Given that the incidence of VTE during pregnancy is 1 in 1000, it would 

not have been anticipated to have more than one episode of VTE in a study 

population of this size.(Pomp et al., 2008) 
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Table 10 Pregnancy outcomes by BMI group. 

Outcome data below on 240 women (loss to follow-up due to miscarriage or moved outwith healthboard). Categorical data displayed as number (%) and 
analysed by Fisher’s exact test (comparing each group to lean). Continuous, normally distributed data expressed as mean (SD) and analysed for significance 
using one-way ANOVA (p value in brackets indicates significant value on Tukey’s multiple comparison post hoc test). Non-parametric data expressed as 
median (IQR) and log-transformed prior to analysis by one-way ANOVA. Shared superscript indicates no significant difference, SVD = spontaneous vaginal 
delivery, LUSCS = lower uterine segment caesarean section. 

 Lean  

n=101 

Overweight/Obese Class I  

n=106 

Obese Class II  

n=21 

Obese Class III 

n=12 

p value 

Pregnancy-induced hypertension/pre-eclampsia, n (%) 2 (2.0%)a 6 (5.7%)a 0a 1 (8.3%)a p=0.28 (lean v ow/ob1) 

p>0.99 (ow/ob1 vs ob2) 

p=0.28 (ob2 vs ob3) 

Venous thromboembolism, n (%) 0 1 (0.9%) 0 0 n/a 

Gestational diabetes mellitus, n (%) 1 (0.99%)a 5 (4.7%)a 3 (14%)b 4 (33.3%)c p=0.21 (lean v ow/ob1) 

p=0.016 (ow/ob1 vs ob2) 

p=0.0004 (ob2 vs ob3) 

Gestation at delivery, weeks (SD) 39.4 (1.5) 39.1 (2.3) 38.5 (1.3)a 37.7 (2.1)a p=0.015 
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Table 2 Pregnancy outcomes by BMI group (continued) 

 Lean  

n=101 

Overweight/Obese Class 

I  

n=106 

Obese Class II  

n=21 

Obese Class III 

n=12 

p value 

Mode of delivery; 

n (%) 

SVD 62 (61.4%) 52 (49%) 11 (52.4%) 4 (33.3%) p=0.09 (lean v ow/ob1) 

p=0.47 (ow/ob1 vs ob2) 

p=0.07 (ob2 vs ob3) 

Elective LUSCS 21 (20.8%) 37 (34.9%) 7 (33.3%) 5 (41.7%) p=0.03a 

p=0.26 (ow/ob1 vs ob2) 

p=0.46 (ob2 vs ob3) 

Emergency LUSCS 18 (17.8%) 17 (16%) 3 (14.3%) 3 (25%) p=0.85 (lean v ow/ob1) 

p=1.0 (ow/ob1 vs ob2) 

p=0.24 (ob2 vs ob3) 

EBL (median, IQR) 500 (300, 600) 500 (337.5, 952.5) 500 (375,825) 700 (425, 1075) p=0.074 

Neonatal birth weight, grams (SD) 3398 (487) 3390 (665) 3570 (422) 3472 (780) p=0.60 

Duration hospital inpatient from 28weeks,  

hours (IQR) 

48 (34,78.5)a 57 (36,96)a 72 (50,127) 93.5 

(57.5,133.75) 

p=0.005 (lean v ow/ob1) 

(p=0.035) (ow/ob1 vs ob2) 

(p=0.04) (ob2 vs ob3) 
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Metabolic pregnancy-related complications were more likely in the obese groups. 

The incidence of gestational diabetes was greater in obese class II (p=0.016) and 

obese class III (p=0.0004) when compared to lean. There was no difference in the 

incidence of pregnancy-induced hypertension/pre-eclampsia when each of the 

overweight/obese groups were compared to lean. 

Higher BMI was associated with earlier delivery, with mean gestation at delivery 

significantly lower in obese class III mothers compared to lean mothers (37.7 vs 

39.4 weeks, p=0.022). Mode of delivery was not significantly different between 

the BMI groups, although the percentage of caesarean section deliveries (both 

elective and emergency) increased with BMI. Overweight/obese class I women 

were more likely to have an elective caesarean section compared to lean (p=0.03), 

but this difference was not found in either of the other obese groups.  Emergency 

caesarean section occurred in 25% of obese class III mothers, compared to an 

incidence of 14-17% in all other groups, however this was not found to be 

statistically significant when compared to lean (p=0.24). 

Cumulative duration of hospital inpatient stay from 28 weeks’ gestation was 

significantly greater in obese class II and obese class III compared to lean mothers 

(p=0.035 and p=0.04 respectively).  

No significant difference was found by ANOVA between BMI groups and neonatal 

birthweight in this cohort (p=0.60).  
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3.3.2 Procoagulant Tests 

 Screening tests (PT and APTT) 

Figure 3-1 illustrates the changes in prothrombin time between booking and 28 

weeks’ gestation, with data sub-divided by BMI class. 

 

Figure 3-1 PT at booking and 28 weeks, by BMI group (raw data, median ± IQR 
displayed).The data was non-parametric, therefore two-way ANOVA with mixed effects 
model was performed on log-transformed data. Tukey’s post hoc test was used to identify 
differences between the four BMI groups at each time point. * p<0.05. Data points for 
overweight/obese class I, obese class II and obese class III overlap in this figure. 

Two-way ANOVA with mixed effects modelling showed a significant negative 

association with both time (p<0.01) and BMI (p=0.01) on PT between booking and 

28 weeks’ gestation. The interaction between time and BMI was not significant 

(p=0.17) Tukey’s post hoc analysis found no significant difference in PT between 

each of the four BMI groups at booking. The only significant difference at 28 weeks 

was shorter PT in lean compared to overweight/obese class I groups (p=0.01). 
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Activated partial thromboplastin time (APTT) at each of the two study timepoints 

is depicted in Figure 3-2.  

 

Figure 3-2 APTT at booking and 28 weeks, by BMI group (raw data, median ± IQR 
displayed).The data was non-parametric so log-transformed data was used for two-way 
ANOVA with mixed effects model. Tukey’s post hoc test was used to identify significant 
differences between the BMI groups at each time point. APTT normal range 27-38 seconds. 
ns=non-significant 

Mixed effect modelling showed a significant correlation with time (p<0.0001), with 

significant shortening of APTT with advancing gestation, but no association with 

BMI on APTT and no interaction between time and BMI was found. 
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 Fibrinogen 

Fibrinogen Clauss raw data is depicted in Figure 3-3, and illustrates the increase 

in Fibrinogen in each of the 4 BMI groups as pregnancy advances. 

 

Figure 3-3 Fibrinogen Clauss at booking and 28 weeks, by BMI group (raw data, median ± 
IQR displayed). 

Data was non-parametric so was log-transformed prior to statistical analysis with two-way 
ANOVA and mixed effects model. Normal range fibrinogen Clauss 1.7-4.0g/l. *** p<0.001, ** 
p<0.01, ns=non-significant 

Median fibrinogen levels were increased above the normal range (1.7-4.0 g/L) in 

obese class II and obese class III from the booking appointment. By 28 weeks’ 

gestation, median fibrinogen levels were elevated outwith the normal reference 

range for all BMI groups. 

Two-way ANOVA with a mixed effects model confirmed a significant increase in 

Fibrinogen Clauss over time (p<0.0001) and an increase with each BMI group 

(p<0.0001). The interaction between time and BMI was not statistically significant. 

Post hoc analysis by Tukey’s multiple comparison test identified significantly 

higher Fibrinogen at booking in each of the overweight and obese groups when 

compared to lean (all p<0.001). By 28 weeks this difference was reduced and the 

only significant differences were between lean and overweight/obese class I 

(p=0.007), lean and obese class II (p=0.001); and overweight/obese class I and 

obese class II (p=0.044). The attenuated difference between the BMI groups by 28 

weeks’ gestation reflects the interaction between BMI and time, with less of an 

increase observed in Fibrinogen Clauss for the obese Class III group.  
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 Factor VIII 

Figure 3-4 shows the concentrations of Factor VIII between booking and 28 weeks’ 

gestation, subdivided by BMI group. Two-way ANOVA with mixed effects modelling 

found a significant increase in Factor VIII with time (p<0.0001), but no difference 

in Factor VIII levels with BMI (p=0.53) and no interaction between time and BMI 

(p=0.30) as illustrated in Figure 3-4. At the time of the booking appointment, 35% 

of women had Factor VIII levels above the normal range for our laboratory (58-

152iu/dL). Between booking and 28 weeks’ gestation, there was an increase in 

Factor VIII in all BMI groups which reached mean values of >200iu/dL.  

 

Figure 3-4 Factor VIII at booking and 28 weeks, by BMI group (raw data, median ± IQR 
displayed). 

Data was non-parametric so was log-transformed prior to statistical analysis with two-way 
ANOVA and mixed effects model. ns=non-significant. Normal range 58-152iU/dL. 
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3.3.3 Inhibitors of Coagulation 

 Protein S 

Two-way ANOVA with mixed effects modelling found a significant decrease in 

Protein S with time (p<0.0001), but no correlation with BMI (p=0.13). The 

interaction between time and BMI did not reach statistical significance (p=0.28).  

 

Figure 3-5 Protein S at booking and 28 weeks, by BMI group (raw data, median ± IQR 
displayed). 

Data was non-parametric so was log-transformed prior to statistical analysis with two-way 
ANOVA and mixed effects model. Normal range 65-137iU/dL.  

Protein S at booking was below the reference range set for our clinical laboratory 

(65-137iu/dL) in 69% of lean and overweight/obese class I women and 50% of obese 

class II and class III women. Protein S fell in all women between booking and 28 

weeks’ gestation and was below the reference range in 90.1% of all women by 28 

weeks’ gestation. This lack of statistical significance may be due to the small 

sample size in the obese groups as the graph depiction suggests a greater decrease 

in obese class II and class III which has not been borne out in the statistical 

analyses. 

 Tissue Factor Pathway Inhibitor (TFPI) 

TFPI median ± IQR at booking and 28 weeks’ gestation for each of the four BMI 

groups are illustrated in Figure 3-6. Two-way ANOVA with mixed effects model 

identified a significant reduction in TFPI with time (p <0.0001) and that BMI was 

positively correlated with TFPI (p=0.0002).  In addition, an interaction between 

time and BMI (p=0.047) illustrates gestational change in TFPI observed during 
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pregnancy differs according to BMI group. As illustrated in Figure 3-6, at the time 

of the booking appointment, TFPI was significantly higher in obese class II and 

class III when compared to lean (p=0.0004 and p<0.0001 respectively). There was 

a reduction in TFPI in all BMI groups between the two study timepoints, then by 

28 weeks there was no longer a significant difference between lean and obese 

groups. This would suggest the interaction between time and BMI signifies a 

greater reduction in TFPI in more obese women between booking and 28 weeks’ 

gestation. 

 

Figure 3-6 TFPI at booking and 28 weeks, by BMI group (raw data, median ± IQR displayed). 

Data was non-parametric so log-transformed data was used for statistical analysis by two-
way ANOVA with mixed effect modelling. **** p<0 0001, *** p<0.001, ns=non-significant. 
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3.3.4 Fibrinolysis 

 Plasminogen Activator Inhibitor 1 (PAI-1) 

Figure 3-7 shows the change in PAI-1 between booking and 28 weeks’ gestation in 

each of the four BMI groups. PAI-1 data at booking and 28 weeks’ gestation was 

subdivided by BMI class and analysed by two-way ANOVA with mixed effects 

modelling which found a significant increase in PAI-1 with time (p<0.0001), a 

positive association with BMI (p=0.039) and interaction between time and BMI 

(p<0.0001).  

 

Figure 3-7 PAI-1 (ng/mL) raw data, median and IQR, at booking and 28 weeks by BMI group. 
Two-way ANOVA with mixed effects model performed on log-transformed data as raw data 
was non-parametric. Tukey’s post hoc test confirmed obese class II and obese class III 
groups had significantly higher PAI-1 at booking compared to lean, but there was no 
significant difference between any of the groups at 28 weeks. ****p<0.0001, ns=non-
significant. 

PAI-1 at booking was significantly greater in obese class II and obese class III groups 

when compared to lean (both p<0.0001). Between booking and 28 weeks’ 

gestation, PAI-1 increased in all BMI groups with the increase statistically 

significant for all groups except obese class III (lean p<0.0001, overweight/obese 

class I p<0.0001, obese class II p=0.006, obese class III p=0.83). By 28 weeks’ 

gestation PAI-1 values between the four BMI groups were not statistically 

different. The increase in PAI-1 was greatest in lean and least in obese class III 

which likely accounts for the noted interaction in the two-way ANOVA between 

BMI and time and results in a reversal of the positive correlation between BMI and 

PAI-1 at 28 week’s gestation. 
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 D-dimer 

Two way ANOVA with mixed effects modelling showed a positive correlation with 

time (p<0.0001) , with D-dimer increasing between booking and 28 weeks’ 

gestation in all BMI groups, but there was no association with BMI (p=0.12) and 

no interaction between time and BMI (p=0.54).  

 

Figure 3-8 D-dimer at booking and 28 weeks, by BMI group (raw data, median ± IQR displayed). 
Data was non-parametric so log-transformed prior to analysis by two-way ANOVA with mixed 
effects modelling. Ns=non-significant 
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3.3.5 Thrombin Generation 

 Lagtime 

Two-way ANOVA with mixed effects modelling found there was no correlation with 

gestation (p=0.72) but there was positive association with BMI (p=0.0006) with 

prolongation of lagtime in more obese groups. There was no interaction identified 

between time and BMI (p=0.20).  

Post hoc analysis by Tukey’s multiple comparison test found a significantly longer 

lagtime at booking in Obese Class II (p=0.0027) and Obese Class III (p=0.002) when 

compared to the Lean group.  No such difference existed at 28 weeks gestation. 

 

Figure 3-9 Lagtime (1pM tissue factor + thrombomodulin) at booking and 28 weeks, by BMI 
group (raw data, median ± IQR displayed).Data was non-parametric so log-transformed prior 
to analysis by two-way ANOVA with mixed effects model. Tukey’s post hoc analysis found a 
significant difference in lagtime at booking between lean and obese class II and class III but 
no difference at 28 week’s gestation. **p<0.01, ns=non-significant. 
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 Peak 

Figure 3-10 shows peak thrombin at booking and 28 weeks’ gestation, subdivided 

by BMI group.  When the data was considered overall, two-way ANOVA with mixed 

effects model found a significant positive correlation with time (p<0.0001) and 

BMI (p=0.0058) on peak thrombin values, but there was no significant interaction 

present between time and BMI (p=0.10).  

 

 

 

Post hoc analysis was by Tukey’s multiple comparison test. At booking, peak 

thrombin was significantly greater in overweight/obese class I (p=0.0027) and 

obese class II (p=0.0004) compared to lean, however no difference was found 

between lean and obese class III (p=0.80). Whilst peak thrombin at booking was 

seen to increase with each increase in BMI class, Obese Class III women did not 

follow the trend and had lower than anticipated peak thrombin when compared 

to the rest of the study population.  By 28 weeks’ gestation, no differences were 

found between any of the 4 groups which may reflect the interaction between 

time and BMI, as the differences evident at booking between the BMI groups were 

no longer apparent by 28 weeks suggesting the rate of change must be different 

dependent upon BMI group. 

These data demonstrate that whilst peak thrombin is greatest in obese class II at 

booking and remains so by 28 weeks’ gestation, the amplification of thrombin 

Figure 3-10 Peak thrombin (1pM tissue factor + thrombomodulin) at booking and 28 weeks, 
by BMI group (raw data, median ± IQR displayed). 

Data was non-parametric so log-transformed prior to analysis by two-way ANOVA with mixed 
effects modelling. ***p<0.001, **p<0.01, ns=non-significant 
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generation is greatest in lean participants between booking and 28 weeks’ 

gestation, such that any differences initially evident at booking between the BMI 

groups were no longer apparent by 28 weeks’ gestation as the lean group had 

increased peak thrombin to reach that of obese class II women. Obese Class III 

participants did not fit into the trend as expected, i.e lower than lean when 

expected to be higher than Obese Class II, which may be due to small sample size 

in this cohort. 

 Endogenous Thrombin Potential (ETP) 

Raw ETP data is depicted in Figure 3-11. Two way ANOVA with mixed effects model 

on log-transformed data found a positive correlation between both time 

(p=0.0069) and BMI (p=0.0057) and ETP, and also identified and an interaction 

between time and BMI (p=0.0498) suggesting that the BMI group is associated with 

how much ETP increases as pregnancy progresses. 

  

There was an increase in booking ETP with each subsequent increase in BMI group. 

ETP at booking was observed to be significantly greater in Obese Class II and 

Overweight/Obese Class I compared to Lean (p=0.0003 and p=0.0019, 

respectively). However Obese Class III did not follow this trend, with no statistical 

difference between Obese Class III and Lean ETP at booking (p=0.99).  These 

findings were similar to the pattern observed with peak thrombin data, as Obese 

Class III had lower than expected peak thrombin within the context of the other 

BMI groups. 

Figure 3-11 ETP (1pM tissue factor + thrombomodulin) at booking and 28 weeks, by BMI 
group (raw data, median ± IQR displayed).. 

Log-transformed data was analysed by two-way ANOVA with mixed effects modelling and 
post hoc  analysis by Tukey’s multiple comparison. *** p<0.001, ** p<0.01, ns=non-significant. 
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ETP increased in all BMI groups, as reflected in the mixed effects model by the 

correlation between time and ETP, but by 28 weeks’ gestation the differences 

between the BMI groups were no longer apparent and no statistical difference was 

identified between any of the BMI groups. This, similar to the peak thrombin data, 

signifies the interaction between time and BMI and that the rate of increase in 

ETP between booking and 28 weeks’ gestation differs between the BMI groups 

 Time to Peak (ttP) 

Figure 3-12 shows raw data for ttP in each of the 4 BMI groups at booking and 28 

weeks’ gestation. When all log-transformed data was considered in a two-way 

ANOVA mixed effects model, a significant decrease in ttP with time was identified 

(p=0.0056) but there was no relationship with BMI (p=0.25) and no interaction 

between time and BMI (p=0.76). 
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Figure 3-12 ttP (1pM tissue factor + thrombomodulin) at booking and 28 weeks, by BMI 
group (raw data, median ± IQR displayed). 

Log-transformed data was analysed by two-way ANOVA with mixed effects modelling. 
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 Velocity Index 

Raw data for velocity index at booking and 28 weeks’ gestation is depicted in 

Figure 3-13. Two-way ANOVA on log-transformed data found a significant positive 

association with time (p<0.0001) and BMI (p=0.0021) on Velocity Index, but the 

interaction between time and BMI did not reach statistical significance (p=0.16). 

 

 

At booking, velocity index was seen to increase with each increase in BMI group, 

but as has been seen with the previously discussed thrombin generation 

parameters, the Obese Class III group did not fit into this pattern. There was a 

significant increase in Velocity index between lean and overweight/obese class I 

(p=0.0024), and lean and obese class II (p=0.0001) at booking, but no difference 

between lean and obese class III (p=0.6048). Velocity index increased in all groups 

between booking and 28 weeks but there were no longer any significant 

differences between the BMI groups by 28 weeks’ gestation.  

3.4 Discussion 

This study provides a unique assessment of the changes to haemostasis which 

occur during pregnancy and how these differ between lean and obese women. 

Although previous studies have described the changes in individual factors which 

occur antenatally, there are few which have investigated the influence obesity 

has on these factors, and fewer which have simultaneously measured thrombin 

generation. Following a recent literature search, and to the best of our 

Figure 3-13 Velocity index (1pM tissue factor + thrombomodulin) at booking and 28 weeks, 
by BMI group (raw data, median ± IQR displayed). 

Two-way ANOVA with mixed effects model on log-transformed data and Tukey’s post hoc 
analysis. ***p<0.001, **p<0.01, ns=non-significant. 
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knowledge, this study is the first to compare thrombin generation between 

different BMI groups prospectively and from early pregnancy through to the third 

trimester.  

3.4.1 Main findings 

The original hypothesis assumed that thrombin generation, and related 

prothrombotic substances would show a greater increase in obese women 

compared to lean, where in fact the opposite has been demonstrated. Whilst it 

has been demonstrated that thrombin generation (peak, ETP and velocity index), 

was positively affected by BMI group at booking (p=0.0057, p=0.0058 and p=0.0021 

respectively), thrombin generation was not found to increase more in obese 

compared to lean pregnancies by 28 weeks’ gestation (time x BMI p=0.10, 

p=0.0498, p=0.76 respectively), and instead there was no significant difference in 

peak, ETP and velocity index between the four different BMI groups at 28 weeks’ 

gestation. 

Although the initial hypothesis was not proven, these data shown the 

prothrombotic state in obese pregnancy onsets earlier than in lean women. Obese 

women had higher thrombin generation at booking appointment, and 

theprothrombotic state developed between booking and 28 weeks’ gestation in 

lean women, so that thrombin generation was similar in all BMI groups by 28 

weeks’ gestation 

These findings are strengthened by the following haemostasis parameters. 

 Procoagulant substances in obese pregnancy 

Fibrinogen was positively correlated with BMI at both study timepoints, and 

increased with advancing gestation, which is concordant with data from Smrtka 

et al and others.(Smrtka et al., 2012) Fibrinogen was greater than the upper 

threshold of the normal reference range at booking in obese class II and class III 

women. However the gestational increase in fibrinogen was attenuated in the 

obese groups compared to lean, which mirrors the attenuated increase in 

thrombin generation observed in obese women. 
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Factor VIII did not show any relationship with BMI, but did increase significantly 

between booking and 28 weeks’ gestation, in concordance with the previously 

summarised findings in the literature. 

Screening tests PT and APTT showed a significant negative correlation with time 

(p<0.01 and p<0.0001, respectively), but no association with BMI. Given that APTT 

is reflective of the intrinsic pathway, particularly Factor VIII, the shortening of 

the APTT likely reflects the increase in Factor VIII. 

 Inhibitors of coagulation in obese pregnancy 

Plasma concentrations of TFPI correlated positively with BMI at booking but fell 

with advancing gestation. There was an interaction between time x BMI (p=0.0047) 

with the data plot indicating the loss of TFPI in pregnancy is greatest in the most 

obese. By 28 weeks’ gestation there was no significant difference in TFPI between 

the four BMI groups. Therefore, it may stand to reason that having such a 

proportionally greater loss of coagulation inhibition could be pushing the balance 

towards a more prothrombotic state, based on the knowledge that a reduction in 

TFPI in the non-pregnant population has been associated with risk of VTE (Dahm 

et al., 2003) 

Protein S significantly reduced by 28 week’s gestation in all groups, similar to the 

findings of the previously summarised literature. The difference between the BMI 

groups at booking did not reach statistical significance. 

 Fibrinolysis in obese pregnancy 

PAI-1 was significantly greater in obese compared to lean women at booking and 

increased significantly between booking and 28 weeks in all except obese class III 

women. There was an interaction between time x BMI (p<0.0001) noted which 

manifest as an increase in PAI-1 which was greatest in lean women and most 

attenuated in obese class III, such that by 28 weeks’ gestation there was no 

significant difference in PAI-1 levels between the BMI groups. 

As outlined in previous literature, the data from this study also found an increase 

in D-dimer between booking and 28 weeks’ gestation, but there was no 

relationship identified between BMI and D-dimer. 
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 Thrombin generation in obese pregnancy 

ETP was the only thrombin generation parameter which showed a significant 

interaction between time and BMI (p=0.498), but a similar pattern was observed 

between booking and 28 weeks’ gestation for each of peak, ETP and velocity 

index, with thrombin generation positively associated with each parameter at 

booking, increasing between booking and 28 weeks’ gestation but no longer a 

significant difference between the BMI groups by 28 weeks. The most obese 

women entered their booking appointment with higher baseline thrombin 

generation and had minimal change by 28 weeks’ gestation, whereas lean women 

start started with lower parameters and matched the levels of thrombin 

generation by 28 weeks that obese women had been exposed to from early 

pregnancy.  

Obese class III women did not follow the trends set by the other BMI classes, with 

thrombin generation similar to that of lean women, which was suspected to relate 

to the small sample size in this group (n=12). 

 Interpretation of main findings 

In this study, all measured substances within each of the domains of the 

haemostasis system (procoagulant, anticoagulant and fibrinolysis) were altered 

during pregnancy. Factors from each of the domains also showed a relationship 

with BMI: fibrinogen (procoagulant), TFPI (anticoagulant) and PAI-1 (fibrinolysis). 

Yet only TFPI, PAI-1 and thrombin generation (ETP) showed an interaction 

between time x BMI. 

Examining the pattern of change in thrombin generation, TFPI and PAI-1 indicate 

that obese women show less ‘flexibility’ in their response to pregnancy compared 

to the response of lean women. 

In concordance with our data, a recent study by Mandelebe et al compared 

thrombin generation in lean and obese women during late pregnancy and the 

puerperium found no significant difference in ETP at 26-30 weeks’ gestation. 

However, by term, lean women had higher ETP than obese women. At the final 

study time point 6-12 weeks postpartum, ETP in the lean group had decreased 

more sharply and was lower than obese group.(Mandlebe et al., 2021) If we 
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consider the data from our study and this study together as a complete picture of 

thrombin generation during pregnancy and the puerperium (see illustration in 

Figure 3-14), this may fit with the theory that lean women have a more flexible 

haemostatic system which responds more acutely to physiological changes such as 

pregnancy with a rapid return to normal postpartum. Obese women, on the other 

hand, are prothrombotic to begin with and have less ability to respond to changes, 

resulting in a more prolonged prothrombotic period with greater area under the 

curve. This difference in response to pregnancy between lean and obese subjects 

has been recognised before in metabolic parameters, and obese women are 

recognised to be less “metabolically flexible” in response to physiological stressors 

such as pregnancy.(Meyer et al., 2013) 

 

Figure 3-14 Approximation of ETP across pregnancy and the puerperium in lean and obese. 

Hypothesis of changes in ETP across pregnancy combining trends observed in our data 
(solid line) and data from Mandlebe et al 2021 (dotted line). Lean women respond more rapidly 
to physiological change such as pregnancy, obese women have higher levels of ETP outwith 
pregnancy and lower percentage change across pregnancy. 

3.4.2 Secondary findings:  Pregnancy outcomes and relationship 
with obesity 

VTE occurred in one study participant during the study and follow-up period. Given 

the incidence of VTE during pregnancy is around 1 in 1000, this single occurrence 

in our study population would be in keeping with the known incidence. However, 

as may have been anticipated given the link between obesity and metabolic 
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diseases, the incidence of gestational diabetes was significantly greater in obese 

class II (14%, p=0.016) and obese class III (33.3%, p=0.0004) groups when compared 

to lean. There was no significant difference in incidence of pregnancy-induced 

hypertension or pre-eclampsia between the four BMI groups, despite this being 

found to be more common within obese women during pregnancy in many previous 

studies, which could relate to the small sample size for obese class II and class III 

women.(Bohiltea et al., 2020; Ehrenthal et al., 2011) 

As has been recognised in previous studies, obesity was also associated with earlier 

delivery, with gestational age at delivery significantly earlier in obese class III 

compared to lean (37.7 vs 39.4 weeks, p=0.022).(Bone et al., 2022) Obesity is 

known to be associated with both pre-term and post-dates labour, with an 

increased risk of induction failure and incidence of operative delivery.(Bone et 

al., 2022; Slack et al., 2019; Ellis et al., 2019) The earlier delivery rate in this 

study population could relate to an increased incidence of elective caesarean 

section deliveries in obese class III compared to lean (41.7% vs 20.8%), as planned 

deliveries tend to be arranged around 39 weeks’ gestation, however the difference 

in delivery modes was not found to be statistically significant between the BMI 

groups.  

Estimated blood loss at delivery and neonatal birth weight showed no difference 

between the four BMI groups.  However, duration of hospital inpatient stay was 

significantly different when the four BMI groups were compared by one-way 

ANOVA (p=0.005), with the difference between lean and obese class II (p=0.035) 

and lean and obese class III (p=0.04) contributing to the statistically significant 

results. It was suspected that this relationship may relate to the greater incidence 

of operative delivery for obese women within the study. 

3.4.3 Limitations 

The original hypothesis, that ETP would increase more in obese pregnant women, 

has been proven to be false. Thrombin generation in obese class III women did not 

correlate with BMI as it was seen to in the other obese groups, or in the other 

haemostasis data. Following review of the power calculations, it is most likely that 

the small sample size for Class II and Class III obesity groups have resulted in these 

anomalous results. In addition, a greater loss to follow-up than originally 
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anticipated (consequent on first trimester miscarriage and cancellation of 28 

weeks’ gestation follow-up visits due to COVID-19 pandemic) has contributed to a 

reduced sample size at the 28 week’s gestation time point. 

For the purposes of power calculations, it was hypothesised that ETP would be 

greatest in the most obese women, Obese Class III, with an estimated 20% increase 

in ETP when compared to lean women.  Mean ETP for each group was compared 

to lean ETP.  ETP was 14% higher at booking in overweight/obese class I women, 

30% higher in obese class II women and only 3.5% higher in obese class III women.  

Sample size was considered as the most likely factor which could be influencing 

the results, and the power for detecting a difference between the means 

compared to the lean group was recalculated. The power for overweight/obese 

class I and obese class II were 93% and 69% respectively but given the small 

difference in the mean between lean and obese class III the power was only 5%, 

with a required sample size of 408 women necessary to detect a significant 

difference. (Ismail et al., 2014) 

Conducting a study to include this many women with BMI ≥40 would be challenging 

and potentially biased, given the frequency in the general population. The current 

study has a population which is an accurate reflection of the BMI distribution of 

the pregnant population in the West of Scotland. Given the other haemostatic 

parameters for this group appeared to following the trends of the other BMI 

groups, it may be that the small sample size for an analyses such as thrombin 

generation which has significant inter-individual variability has resulted in a 

significant skewing of the results. Future study could allow repetition on a scaled-

up sample size to determine if the results were reproducible. 

3.5 Summary 

Taking the factor assays and thrombin generation together, these data reflect the 

development of a pro-coagulant state and impaired fibrinolytic capacity known to 

be associated with advancing gestational age. These findings are comparable to 

those from previous studies which provides confidence that the novel findings 

relating to obesity are from a representative sample of the pregnant 
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population.(Choi and Pai, 2002; Stirling et al., 1984; Sánchez-Luceros et al., 2003; 

Kovac et al., 2015; Bagot et al., 2017)  

What is new, is that we have observed that obese pregnant women are subjected 

to a more prolonged prothrombotic state compared to lean women, and have 

proportionally greater loss of the usual compensatory mechanisms, the naturally 

occurring inhibitors of coagulation. This more prolonged exposure to the 

prothrombotic state may explain why obese pregnant women are at greater risk 

of VTE during pregnancy. 

A thorough understanding of the underlying pathophysiology of the prothrombotic 

state in obese pregnancy is necessary and has not previously been fully elucidated. 

Taking what is known of the development of thrombosis in the obese, non-

pregnant population, it may relate to dysfunctional adipose tissue and a chronic 

pro-inflammatory state. In the next chapter, changes in inflammatory markers and 

adipokines known to be dysregulated in obesity will be compared between the 

different BMI groups and across pregnancy and related to the haemostatic 

measurements of this chapter. 
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Chapter 4 Adipokine changes during pregnancy 
in women of different BMI and their relationship 
to markers of haemostasis 

4.1 Introduction 

There are several maternal metabolic adaptations observed in healthy pregnancy 

to support the growing fetus and prepare the mother for delivery and lactation. 

These include development of insulin resistance, increased lipid mobilisation, 

improved vascular endothelial function and the development of a prothrombotic 

state. In obese pregnancy, dysfunctional adipocytes and the associated low-grade 

inflammatory state interfere with the mechanisms involved in these adaptations, 

resulting in reduced metabolic capacity to respond to the pregnant state and as 

such puts obese women at higher risk of complications including pre-eclampsia, 

gestational diabetes, and thrombosis.   

4.1.1 Dysfunctional, pro-inflammatory adipose tissue in obese 
pregnancy 

In the non-pregnant obese population, dysfunctional adipose tissue has been 

associated with an altered adipokine profile, characterised by high leptin, low 

adiponectin and elevated levels of inflammatory cytokines. The adipocyte 

dysfunction relates to the hypertrophic expansion of adipose tissue in obesity, 

resulting in an increased lipolytic rate, increased recruitment of adipose tissue 

macrophages and their polarisation towards the pro-inflammatory M1 phenotype 

which is evidenced by increased levels of proinflammatory cytokines, including IL-

6, TNF-α, IL-1β, CRP and MCP-1.(Cottam et al., 2004; Vilahur, Ben-Aicha and 

Badimon, 2017)   

Gestational changes in adipokines differ between lean and obese pregnant 

women. Leptin was found to be persistently higher in obese during pregnancy and 

the postpartum period without any significant increase, in contrast to the marked 

gestational increase observed in lean pregnant women.(Andersson-Hall et al., 

2020)  Similarly, adiponectin was observed to remain lower in obese women with 

little gestational change during pregnancy, in contrast to the steep drop-off 

observed in the lean pregnant group.(Andersson-Hall et al., 2020) 
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This ‘metabolic inflexibility’ observed in the adipokines of obese women has also 

been demonstrated in the gestational changes of IL-6 in obese pregnancy. IL-6 was 

higher in obese pregnant women in the first trimester, but the increase in the lean 

group was greater resulting in IL-6 concentration comparable to those of the obese 

group by the third trimester.(Stewart et al., 2007; Savard et al., 2022) 

Several groups have investigated gestational changes in inflammatory cytokines, 

comparing lean and obese pregnant women. CRP has been observed to correlate 

with BMI in pregnancy, but showed no significant gestational change.(Savard et 

al., 2022; Ramsay et al., 2002; Stewart et al., 2007) Whereas, TNF-α showed a 

significant gestational increase in the same study by Stewart et al, and no 

difference between lean and obese was observed.(Stewart et al., 2007) 

The apparent ‘inflexibility’ of adipokine response to the changes required by 

pregnancy, which may result in a greater exposure to the pro-inflammatory 

cytokines throughout the course of pregnancy, is one factor which may contribute 

to the increased risk of metabolic complications and potentially of VTE in obese 

pregnant women. 

4.1.2 Endothelial dysfunction in obese pregnancy 

The vascular endothelium is recognised to be integral to several physiological 

processes including vascular tone, immune cell recruitment, angiogenesis and 

haemostasis.(Aird, 2008; Palomo et al., 2023) Endothelial cell activation is a 

normal physiological function, triggered by cytokines including IL-1, TNF-α and 

endotoxin, as an adaptation to, for example infection or stress. This process allows 

greater vascular permeability, expression of leucocyte adhesion molecules and 

increase in cytokine production to support the immune system. There is also the 

development of a locally prothrombotic state with increase in tissue factor and 

PAI-1 expression and reduction in the antithrombotic thrombomodulin.(Hunt and 

Jurd, 1998) However, this process can become maladaptive and considered 

dysfunctional in some disease states if, for example, there is prolonged 

stimulation.(Palomo et al., 2023) Impaired vasomotor function was first 

demonstrated to be involved in the pathophysiology underlying atherosclerotic 

disease but has subsequently been identified in other disease states.(Aird, 2008) 
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Microvascular endothelial function is also known to be impaired in obese 

pregnancy. Previous work by our group has identified lower endothelium-

dependent and -independent vasodilation in obese pregnant women compared to 

lean.(Stewart et al., 2007) This impairment of endothelial function is considered 

to be mediated by the inflammatory cytokines, CRP, IL-6 and TNF-α, which act 

unopposed in obesity due to reduced plasma levels of protective factors, including 

HDL and adiponectin. Endothelial dysfunction is implicated in the underlying 

pathophysiology of metabolic complications of pregnancy, for example 

preeclampsia.(Esteve et al., 2007; Ramsay et al., 2002; Stewart et al., 2007; 

Fialová et al., 2006; Sulaiman et al., 2016)  

Endothelial dysfunction can be indicated by elevated concentrations of nitric 

oxide, but also by increased levels of the coagulation factors, PAI-1 and von 

Willebrand factor, which are released by endothelial cells. Leptin has been 

consider as a potential mediator of endothelial dysfunction in obesity in the non-

pregnant population given the independent association with PAI-1.(Wang et al., 

2013; Vecchione et al., 2002; Korda et al., 2008) (Pieterse, Schutte and Schutte, 

2015)  

Evidence has shown that metabolic adaptations are altered in obese pregnancy, 

with endothelial dysfunction contributing to placental insufficiency and pre-

eclampsia, greater insulin resistance leading to gestational diabetes mellitus and 

a more active inflammatory response which may contribute to many of these 

vascular complications of pregnancy, including VTE. Given the role leptin appears 

to play in endothelial dysfunction, and the association between markers of the 

prothrombotic state, this may suggest that one mechanism for the development 

of the prothrombotic state in obesity is through endothelial dysfunction, induced 

by hyperleptinaemia. 

4.1.3 Relating markers of the procoagulant state to dysfunctional 
adipose tissue and chronic low-grade inflammation in obese 
pregnancy 

In the non-pregnant population, leptin has been linked both with procoagulant 

factors, fibrinogen, FVIII and FIX, and with the development of VTE.(Mrozinska et 

al., 2018; Buis et al., 2020; Lu et al., 2018; Pieterse, Schutte and Schutte, 2015)  
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There seem to be several possible mechanisms by which leptin contributes to 

thrombotic risk: by inducing a pro-inflammatory state which is known to be a 

driver of coagulation, through endothelial dysfunction, by inducing peripheral 

blood mononuclear cell (PBMC) production of tissue-factor bearing microparticles, 

and through impairment of fibrinolysis. 

PBMCs, when stimulated by leptin, produce increased significantly elevated levels 

of pro-inflammatory cytokines TNF-α and IL-6, in addition to microparticles of the 

procoagulant substance, tissue factor(Zarkesh-Esfahani et al., 2001; Petrini et al., 

2016; Bucciarelli et al., 2012; Rafail et al., 2008)  

In the non-pregnant, leptin has been associated with endothelial dysfunction, a 

known mediator of the procoagulant state. Due to low levels of the anti-

inflammatory cytokine adiponectin in obesity, the actions of leptin on the 

endothelium go unopposed, and as such the high leptin:low adiponectin phenotype 

associated with obesity may contribute to the prothrombotic state. 

In the non-pregnant obese population, studies have shown increased release of 

inflammatory cytokines including TNF-α and IL-6 from adipocytes and adipose 

tissue macrophages.(Park, Park and Yu, 2005; Weisberg et al., 2003) An in vitro 

study by Szotowski et al found a significant increase in tissue factor production by 

endothelial cells in response to stimulation by TNF-α and IL-6, with demonstrable  

procoagulant activity with a significant increase in generation of activated Factor 

X in the cell supernatant only 5 hours after the cytokines were 

introduced.(Szotowski et al., 2005)IL-6 in turn induces hepatic production of CRP, 

fibrinogen and serum amyloid A. CRP has been associated both with laboratory 

evidence of the prothrombotic state, and clinically associated with increased risk 

of VTE.(Olson et al., 2014; Kunutsor et al., 2017) (Prüller et al., 2012).  

How the cytokine changes in obesity interact with those which develop in 

pregnancy relate to the development of a prothrombotic state in obese pregnancy 

is not well-studied and understanding this is likely to be valuable in developing 

clinical strategies to reduce the risk of VTE in this population. 

In order to address this gap in knowledge, this study planned to assess laboratory 

measures of haemostasis, and the global coagulation assay thrombin generation 
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which is known to act as a biomarker for VTE, alongside adipokines and 

inflammatory markers known to be dysregulated in obesity to ascertain the 

relationship between the dysfunctional adipose tissue in obese pregnancy and the 

prothrombotic state.  

4.2 Hypothesis, Aims and Objectives 

It was hypothesised that dysfunctional adipose tissue (as identified by elevated 

leptin and low adiponectin), alongside a chronic inflammatory state (evidenced 

by elevated IL-6, TNF-α and IL-1β) would be associated with markers of the 

prothrombotic state: increased thrombin generation (peak, ETP and velocity 

index), increased procoagulant factors (FVIII and fibrinogen), reduced natural 

anticoagulants (protein S and TFPI), and impaired fibrinolysis (elevated PAI-1, 

elevated D-dimer). 

4.2.1 Aims 

To characterise the difference in the pattern of adipokines and inflammatory 

cytokines in women within each of the 4 BMI classes (lean, overweight/obese class 

I, obese class II and obese class III) between early pregnancy (8-12 weeks’ 

gestation) and the third trimester (28 weeks’ gestation). Adipokines known to be 

altered in obesity (leptin and adiponectin) and markers of the low-grade 

inflammatory state (TNF-α , IL-6 and IL-1β) will be correlated with the thrombin 

generation and other haemostatic parameters to identify drivers of the 

prothrombotic state in obese pregnancy. 

4.2.2 Specific Research Questions 

1. What changes are observed in the adipokines leptin, adiponectin, IL-6, TNF-α 

and IL-1β between the booking appointment (mean 9.9 weeks’ gestation) and 28 

weeks’ gestation, and how do they differ between women of different BMIs during 

pregnancy? 

2. How do the adipokines leptin, adiponectin, IL-6, TNF-α and IL-1β relate to 

measures of haemostasis (fibrinogen, Factor VIII, protein S, TFPI, PAI-1 and D-

dimer) and thrombin generation (lagtime, peak, ETP, time to peak, velocity index) 

at booking and 28 weeks’ gestation. 
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4.3 Methods 

4.3.1 Study Recruitment 

This was part of the prospective longitudinal study as previously described in 

section 2.2.2. The study population is the same as described in the previous 

chapter and consisted of pregnant women, recruited within four different BMI 

groups (lean, overweight/obese class I, obese class II and obese class III). Blood 

samples were collected at two timepoints during pregnancy (booking appointment 

and 28 weeks’ gestation).  Study design and recruitment methods were as 

previously described in the Materials and Methods chapter (section 2.2.2). The 

study population characteristics were as detailed in section 3.3.1 

4.3.2 Laboratory Methods 

The adipokines investigated were quantified by ELISA as outlined in detail in the 

Materials and Methods chapter section 2.5. 

In brief, blood samples were collected in 0.369M K3-EDTA and platelet-poor plasma 

was collected for analysis of adiponectin, leptin, TNF-α IL-1β and IL-6 assays as 

dictated in the product literature. Booking and 28 week samples for each 

participant were assayed on the same plate alongside a standard. Due to cost 

restriction on the study, participant samples were assayed in singlicate. 

4.3.3 Statistical Methods 

All adipokine data was non-parametric and was log-transformed to fit a normal 

distribution prior to analysis, with the exception of IL-1β which was unable to 

transform, so analysed non-parametrically. Data for booking samples (n=262) and 

the paired 28 weeks’ gestation samples (n=173) were analysed together by two-

way ANOVA with mixed effect modelling which allowed for missing values. The 

two-way ANOVA was able to assess for associations with BMI group, gestation and 

also to look for an interaction between BMI and gestational changes (BMI x time). 

P-values of <0.05 were accepted as statistically significant and post hoc testing by 

Tukey’s test was used to identify differences between each of the subgroups. 

Pearson’s correlation was used to determine the strength of the relationships 

between the cytokines and BMI at booking. As BMI was not remeasured at 28 
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weeks’ gestation, correlations between BMI and cytokine levels at 28 weeks’ 

gestation were not undertaken as the BMI value was not valid for the time of blood 

sampling. IL-1β was only detectable in 24% of booking samples and 32% of 28 week 

samples therefore could not be analysed in the same method as the other 

adipokines. Paired booking and 28 week samples were compared by Friedman rank 

test to assess for evidence of a significant difference. Spearman’s rank was used 

for correlations with markers of haemostasis and other adipokines. 

Simple linear regression, on log-transformed data, was used to characterise the 

relationship between adipokines and thrombin generation and haemostasis 

parameters. Multiple regression analysis was used to test if the relationship at 

booking was independent of BMI. BMI was not adjusted for in the 28 week 

regressions as it was not representative of adipose tissue mass at the time of blood 

sampling. The relationships which were independent of BMI were plotted with 

linear regression line and Pearson’s correlation r value. A significance level of 

p<0.01 was set for this chapter to allow focus on the parameters which showed 

the strongest relationships with measures of haemostasis. 
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4.4 Results 

4.4.1 Leptin 

 Associations between leptin, BMI and gestation during pregnancy 

Two-way ANOVA on log-transformed leptin data (Figure 4-1) found a significant 

positive correlation with BMI (p<0.0001), although no individual effect of time was 

identified (p=0.13) and the interaction between time and BMI did not reach 

statistical significance (p=0.12). 

 

Figure 4-1 Leptin at booking and 28 weeks' gestation (raw data, median and IQR), 
subdivided by BMI group. 

Statistical analysis by two-way ANOVA on log-transformed data, with post hoc analysis by 
Tukey’s test. **** p<0.0001. 

Leptin correlated positively with BMI group at booking (r=0.77, p<0.0001, data not 

shown) and post hoc analysis with Tukey’s multiple comparison test on the two-

way ANOVA found a significant difference in booking leptin level existed between 

each of the BMI groups when compared to lean (all p<0.0001). Between booking 

and 28 weeks’ gestation, leptin increased in all groups, except for obese class III 

in which leptin decreased. 

 Relationships between leptin, other adipokines and measures of 
haemostasis 

Leptin was positively associated with IL-6, TNF-α, fibrinogen, FVIII, protein S, 

TFPI, PAI-1, lagtime, peak, ETP and velocity index at booking. However following 

adjustment for BMI only the relationships between leptin and IL-6, fibrinogen, 

peak thrombin, ETP and velocity index remained robust. At 28 weeks’ gestation 
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there were significant associations with IL-6, TNF-α, fibrinogen and most thrombin 

generation parameters however BMI could not be accounted for as it was not 

recalculated at that time. The strongest association was between leptin and IL-6, 

which further increased by 28 weeks (adj-R2=15.65% to 21.18%). 

Table 11 Leptin associations with haemostasis parameters and thrombin generation. 

Simple linear and multiple regression analyses. Multiple regression analysis adds BMI to the 
model and overall adjusted-R2 displayed. 28 week samples were not adjusted for BMI as BMI 
was not remeasured and as such associations would be with booking BMI and not 
representative of 28 week adipose mass.  

 Association with 

leptin at booking 

(n=262) 

Association with leptin 

at booking (adjusted 

for BMI, overall adj-R2) 

Association with 

leptin at 28 

weeks (n=173) 

 adj-R2 p-value adj-R2 p-value adj-R2 p-value 

IL-6 15.65% <0.001 18.54% 0.042 21.18% <0.0001 

TNF-α  4.06% 0.001 5.78% 0.721 3.75% 0.006 

Fibrinogen 18.18% <0.0001 20.08% 0.005 11.05% <0.0001 

FVIII 1.16% 0.045 0.84% 0.34 0% 0.44 

Protein S 2.13% 0.010 4.04% 0.78 0.03% 0.31 

TFPI 10.76% <0.0001 13.68% 0.219 0.24% 0.24 

PAI-1 6.39% <0.0001 11.11% 0.867 0.59% 0.16 

D-dimer 0% 0.828 0% 0.938 1.16% 0.085 

Lagtime 6.07% <0.0001 8.37% 0.564 2.68% 0.018 

Peak 12.88% <0.0001 13.71% <0.0001 2.93% 0.014 

ETP 13.03% <0.0001 15.04% <0.0001 3.03% 0.013 

ttP 0.11% 0.256 1.06% 0.472 0% 0.61 

Velocity index 12.54% <0.0001 12.66% <0.0001 3.32% 0.010 
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Correlations between the adipokines and haemostasis measures which were 

independent of BMI in their relationship with leptin are shown in Figure 4-2 

 

a) b) 

  

c)  

 

 

Figure 4-2 Correlations between log-leptin and a) log-IL-6 b) log-fibrinogen c) log-ETP. 

Relationships between leptin and adipokines/markers of haemostasis which were 
independent of BMI on multiple regression analysis, as in Table 11. Pearson’s correlation 
used to demonstrate relationship. 

Considering the potential mechanisms by which leptin may be associated with the 

pro-coagulant state, and the BMI-independent association between IL-6 and 

leptin, a further regression model was tested to ascertain if the prothrombotic 

state associated with leptin was being mediated via a pro-inflammatory pathway. 

A multiple regression model including leptin, IL-6 and BMI was tested against 

fibrinogen, peak, ETP and velocity index as in Table 12. These models identify 

that the relationship between leptin and fibrinogen is not independent of BMI or 



Chapter 4 

139 

IL-6, and that IL-6 is more closely associated with fibrinogen (β =0.21, p<0.0001) 

than leptin (β 0.053, p=0.024). Together, leptin, IL-6 and BMI were able to predict 

27.81% of variance in fibrinogen levels. In contrast, the relationship between 

leptin and the thrombin generation parameters were independent of IL-6, 

suggesting the prothrombotic state is mediated via a different mechanism, 

unrelated to the inflammatory markers assessed in this study. 

Table 12 Multiple regression modelling to ascertain the contribution of IL-6 in mediating the 
prothrombotic effects of leptin. 

 β co-efficient p-values model adjusted-R2 

Fibrinogen log-leptin 0.053 

log-IL-6 0.21 

BMI 0.0018 

0.024 

<0.0001 

0.086 

27.81% 

Peak log-leptin 0.20 

log-IL-6 0.0016 

BMI-0.03 

<0.0001 

0.98 

0.068 

13.37% 

ETP log-leptin 0.22 

log-IL-6 -0.0027 

BMI -0.0042 

<0.0001 

0.97 

0.0098 

14.71% 

Velocity Index log-leptin 0.24 

log-IL-6 0.027 

BMI-0.0028 

<0.0001 

0.76 

0.23 

12.36% 

 

4.4.2 Adiponectin 

 Associations between adiponectin, BMI and gestation during 
pregnancy 

Figure 4-3 shows there was a significant negative correlations for both time and 

BMI with adiponectin (both p<0.0001) but no interaction between time and BMI 

(p=0.73) suggesting the fall in adiponectin with advancing gestation was similar in 

each of the BMI groups.  
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Figure 4-3 Adiponectin at booking and 28 weeks' gestation (raw data, median and IQR), 
subdivided by BMI group.Data was non-parametric so log-transformed prior to analysis by 
two-way ANOVA with mixed effects model. Post hoc analysis by Tukey’s multiple 
comparison test. *** p<0.001, *p<0.05, ns=non-significant 

Adiponectin correlated weakly with BMI at booking (r-0.24, p<0.0001, data not 

shown). Tukey’s post hoc test found, when compared to lean, adiponectin was 

significantly lower in overweight/obese class I (p=0.015) and obese class III 

(p=0.0003) groups. Obese class III was also significantly lower than both 

overweight/obese class I (p=0.035) and obese class II (0.045) at booking. 

Adiponectin decreased similarly in all groups between booking and 28 weeks’ 

gestation, and remained significantly lower in obese class III when compared to 

lean (p=0.0001) and overweight/obese class I (p=0.011) at 28 weeks’ gestation. 

 Relationships between adiponectin, other adipokines and measures 
of haemostasis 

Considering the relationship between adiponectin and the other adipokines (Table 

13), adiponectin was negatively associated with IL-6 (β -0.075, p=0.019) which 

remained robust once BMI was added to the regression model. The addition of BMI 

improved the predictive value and was able to explain 18.98% of variance in IL-6 

levels but showed continued contribution of adiponectin. 
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Table 13 Adiponectin associations with haemostasis parameter and thrombin generation. 

 Simple linear and multiple regression analyses. Multiple regression analysis adds BMI to the 
model and overall adjusted-R2 displayed. 28 week samples were not adjusted for BMI as BMI 
was not remeasured and as such associations would be with booking BMI and not 
representative of 28 week adipose mass. 

 Association with 

adiponectin at 

booking (n=262) 

Association with 

adiponectin at 

booking (adjusted for 

BMI, overall adj-R2) 

Association with 

adiponectin at 

28 weeks 

(n=173) 

 adj-R2 p-value adj-R2 p-value adj-R2 p-value 

IL-6 4.99% 0.00016 18.98% 0.019 11.53% <0.0001 

TNF-α  2.58% 0.005 7.03% 0.060 2.64% 0.019 

Fibrinogen 3.33% 0.002 18.44% 0.11 1.64% 0.052 

FVIII 0% 0.80 0.51% 0.85 0% 0.46 

Protein S 0.02% 0.30 5.48% 0.046 0% 0.77 

TFPI 1.73% 0.019 13.48% 0.33 0% 0.98 

PAI-1 4.03% 0.001 12.80% 0.026 1.74% 0.046 

D-dimer 0% 0.69 0% 0.64 0.37% 0.20 

Lagtime 6.97% <0.0001 12.44% 0.001 2.99% 0.013 

Peak 0% 0.40 3.82% 0.99 0.78% 0.13 

ETP 0% 0.53 2.75 0.91 0.91% 0.11 

ttP 3.88% 0.001 4.14% 0.003 0.38% 0.20 

Velocity 

index 

0% 0.38 4.81% 0.96 0.90% 0.11 

 

Adiponectin was also negatively associated with fibrinogen (β -0.073), TFPI (β -

0.10), PAI-1 (β -0.20), lagtime (β -0.068) and ttP (β -0.037) at booking but only 

the relationships with PAI-1, lagtime and ttP remained robust once BMI was 

accounted for. ttP is consequent on the duration of lagtime therefore further 

analyses were concentrated on lagtime. These most significant relationship 

between adiponectin and IL-6, PAI-1 and lagtime are depicted in Figure 4-4. 
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a) b) 

  

c)  

 

 

Figure 4-4 Correlations between log-adiponectin and a) log-IL-6 b) log-PAI-1 c) log-lagtime. 

Relationships between adiponectin and adipokines/markers of haemostasis which were 
independent of BMI on multiple regression analysis, as in Table 13. Pearson’s correlation 
used to demonstrate relationship. 

 

Lagtime is known to be affected by high levels of TFPI, but the weak association 

between adiponectin and TFPI suggests this may not explain the relationship 

between adiponectin and lagtime here. To confirm, multiple regression analysis 

was undertaken which found adiponectin (β -0.047, p0.001), TFPI (β 0.12, 

p<0.001) and BMI (β 0.0011, p0.03) to all be independently associated with lagtime 

and able to explain 21.61% of variance in lagtime. 

4.4.3 IL-6 

 Associations between IL-6, BMI and gestation during pregnancy 

As seen in Figure 4-5, there was a significant positive relationship between BMI 

and IL-6 concentration (p<0.0001), but no association with time (p=0.42) as IL-6 

levels remained stable between booking and 28 week’s gestation. No interaction 

between time and BMI was observed (p=0.73). IL-6 was significantly higher at both 
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timepoints for all overweight and obese groups when compared to lean women. 

(lean vs obese class III p<0.0001 at both timepoints) 

 

Figure 4-5 IL-6 at booking and 28 weeks' gestation (raw data, median and IQR), subdivided 
by BMI group. 

Data was non-parametric so log-transformed prior to analysis by two-way ANOVA with mixed 
effects modelling. Post hoc testing by Tukey’s multiple comparison test. ****p<0.0001, *** 
p<0.001, *p<0.05, ns=non-significant. 

 Relationships between IL-6, other adipokines and measures of 
haemostasis 

IL-6 was positively associated with TNF-α, fibrinogen, FVIII, Protein S, PAI-1, 

lagtime, peak, ttP and velocity index. The associations with PAI-1 and protein S 

were no longer robust after adjustment for BMI. Together, IL-6 and BMI were able 

to predict 28.03% of variance in TNF-α, 26.44% of variance in fibrinogen, 17.22% 

of variance in TFPI levels and 18.23% of variance in lagtime duration. 
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Table 14 IL-6 associations with haemostasis parameter and thrombin generation. 

 Simple linear and multiple regression analyses. Multiple regression analysis adds BMI to the 
model and overall adjusted-R2 displayed. 28 week samples were not adjusted for BMI as BMI 
was not remeasured and as such associations would be with booking BMI and not 
representative of 28 week adipose mass. 

 Association with 

IL-6 at booking 

(n=262) 

Association with IL-6 at 

booking (adjusted for 

BMI, overall adj-R2) 

Association with 

IL-6 at 28 weeks 

(n=173) 

 adj-R2 p-value adj-R2 p-value adj-R2 p-value 

TNF-α  17.81% <0.0001 28.03% <0.0001 16.35% <0.0001 

Fibrinogen 19.84% <0.0001 26.44% <0.0001 17.46% <0.0001 

FVIII 3.25% 0.002 3.00% 0.01 5.98% 0.001 

Protein S 2.67% 0.005 4.85% 0.13 3.53% 0.008 

TFPI 11.11% <0.0001 17.22% 0.0005 4.57% 0.003 

PAI-1 4.61% 0.0003 11.87% 0.14 0% 0.62 

D-dimer 0% 0.71 0% 0.97 0% 0.82 

Lagtime 16.59% <0.0001 18.23% <0.0001 11.45% <0.0001 

Peak 1.23% 0.04 3.99% 0.51 2.32% 0.026 

ETP 0.96% 0.062 2.91% 0.51 2.40% 0.024 

ttP 6.31% <0.0001 6.0% 0.0002 3.27% 0.01 

Velocity index 1.80% 0.017 5.10% 0.38 2.99% 0.013 
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The most significant relationships with IL-6 were with TNF-α, fibrinogen, TFPI and 

lagtime as correlated in Figure 4-6. The association between IL-6 and prolonged 

lagtime may again be mediated by TFPI as discussed in 4.4.2.2. However, multiple 

regression analysis found that IL-6 (β 0.14, p<0.0001) and TFPI (β 0.17, p<0.0001) 

were both independently associated with lagtime and able to predict 24.41% of 

variance in lagtime.  

a) b) 

  

c) d) 

  

Figure 4-6 Correlations between log-IL-6 and a) log-TNF-α b) log-fibrinogen c) log-TFPI d) 
log-lagtime. 

Relationships between adiponectin and adipokines/markers of haemostasis which were 
independent of BMI on multiple regression analysis, as in Table 14. Pearson’s correlation 
used to demonstrate relationship. 
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4.4.4 TNF-α 

 Associations between TNF-α, BMI and gestation during pregnancy 

Figure 4-7 shows significant positive associations for both time and BMI with TNF-

α (p<0.0001 for both), but no interaction between time x BMI (p=0.89). On post-

hoc analysis, Obese Class III women had significantly higher TNF-α levels than each 

of the other groups at both study timepoints (P<0.0001 at booking, p<0.001 at 28 

weeks’ gestation) which was likely responsible for the apparent significant 

relationship with BMI in this mixed effects model. 

 

Figure 4-7 TNF-α at booking and 28 weeks' gestation (raw data, median and IQR), 
subdivided by BMI group. 

Data was non-parametric so log-transformed prior to analysis by two-way ANOVA with mixed 
effects model with post hoc Tukey’s multiple comparisons testing. ***p<0.001, ****p<0.0001. 

 Relationships between TNF-α, other adipokines and measures of 
haemostasis 

At booking, TNF-α was weakly associated with an increase in fibrinogen, TFPI, PAI-

1, lagtime and ttP. The relationships with fibrinogen, TFPI and PAI-1 were no 

longer significant once BMI was taken into account. Significant associations with 

peak and ETP were only present once BMI was added to the model suggesting these 

relationships were due to BMI rather than TNF-α. Only lagtime and ttP were weakly 

associated at 28 weeks’ gestation. 
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Table 15 TNF-α associations with haemostasis parameter and thrombin generation. 

Simple linear and multiple regression analyses. Multiple regression analysis adds BMI to the 
model and overall adjusted-R2 displayed.  28 week samples were not adjusted for BMI as BMI 
was not remeasured and as such associations would be with booking BMI and not 
representative of 28 week adipose mass. 

 Association with 

TNF-α at booking 

(n=262) 

Association with TNF-α 

booking (adjusted for 

BMI, overall adj-R2) 

Association with 

TNF-α at 28 

weeks (n=173) 

 adj-R2 p-value adj-R2 p-value adj-R2 p-value 

Fibrinogen 3.47% 0.001 18.19% 0.11 1.03% 0.099 

FVIII 0.65% 0.10 1.06% 0.22 0.36% 0.21 

Protein S 1.13% 0.047 4.23% 0.24 0% 0.42 

TFPI 3.17% 0.002 14.17% 0.096 0% 0.35 

PAI-1 2.57% 0.006 12.06% 0.14 0% 0.36 

D-dimer 0.42% 0.15 0.15 0.13 0% 0.98 

Lagtime 7.33% <0.0001 12.44% 0.0004 4.83% 0.002 

Peak 0% 0.74 4.62% 0.020 0% 0.54 

ETP 0% 0.40 3.99% 0.088 0.41% 0.19 

ttP 3.92% 0.001 4.08% 0.003 2.29% 0.027 

Velocity index 0% 0.95 5.34% 0.33 0% 0.84 

 

4.4.5 IL-1β  

 Associations between IL-1β, BMI and gestation during pregnancy 

Due to the very low concentrations of IL-1β detectable, raw data with median and 

interquartile ranges were plotted. As the median values for most of the BMI group 

were zero, analysis by two-way ANOVA was not undertaken. Raw data is plotted 

in Figure 4-8 and was compared using Friedman rank test. No statistically 

significant difference existed between paired booking and 28 week IL-1β 

concentrations. 
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Figure 4-8 IL-1β at booking and 28 weeks’ gestation, subdivided by BMI group. 

Data plotted as median (annotated value) and interquartile range (depicted by error bars) 

 Relationships between IL-1β, other adipokines and measures of 
haemostasis 

IL-1β was correlated with other adipokines and haemostasis parameters at booking 

and 28 weeks’ gestation using Spearman’s rank test. Correlation co-efficients and 

p-values are displayed in Table 16. The most significant positive correlations at 

booking were with other inflammatory cytokines, TNF-α (r=0.27, p<0.0001) and 

IL-6 (r=0.15, p=0.025). IL-1β was only significantly associated with 2 haemostasis 

parameters at booking: positively with TFPI (r=0.18, p=0.0081) and negatively with 

ETP (r=-0.15, p=0.027). By 28 weeks’ gestation, the moderately positive 

correlations between IL-1β and TNF-α and IL-6 persisted, the correlations with 

TFPI only just reached statistical significance (r=0.15, p=0.047) and ETP was no 

longer associated. 
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Table 16 IL-1β associations with haemostasis parameter and thrombin generation.  

Spearman rank correlations and p-values at booking and 28 weeks’ gestation. 

 Association with IL-1β at 

booking 

(n=216) 

Association with IL-1β at 

28 weeks  

(n=173) 

 correlation p-value correlation p-value 

leptin 0.062 0.36 -0.02 0.80 

adiponectin -0.13 0.053 -0.11 0.17 

IL-6 0.15 0.025 0.25 0.001 

TNF-α  0.27 <0.0001 0.23 0.003 

Fibrinogen 0.015 0.83 -0.05 0.51 

FVIII 0.008 0.91 0.12 0.11 

Protein S 0.023 0.74 0.098 0.20 

TFPI 0.18 0.0081 0.15 0.047 

PAI-1 0.005 0.95 0.03 0.69 

D-dimer 0.086 0.21 0.023 0.77 

Lagtime 0.053 0.44 0.094 0.22 

Peak -0.12 0.073 0.018 0.82 

ETP -0.15 0.027 -0.004 0.96 

ttP 0.053 0.44 0.075 0.33 

Velocity index -0.11 0.11 0.018 0.81 

 

4.5 Discussion 

4.5.1 Main findings 

The main hypothesis for this chapter was that adipokines, known to be 

characteristic of dysfunctional adipose tissue, and inflammatory cytokines, would 

be associated with evidence of the prothrombotic state. This chapter has proven 

the hypothesis correct with increased BMI associated with elevated leptin, low 

adiponectin and increased IL-6 and TNF-α, all characteristic of dysfunctional 

adipose tissue and a pro-inflammatory state. In turn, each of the measured 

adipokines and inflammatory cytokines (excluding IL-1β) has been associated with 

at least one haemostatic parameter, with leptin and IL-6 most closely related to 

measures of the prothrombotic state – ETP (leptin), fibrinogen (leptin and IL-6) 

and TFPI (IL-6).  
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4.5.2 Evidence of dysfunctional adipose tissue in obese 
pregnancy 

BMI group was positively correlated with leptin and negatively with adiponectin 

at booking, displaying the high leptin:adiponectin ratio characteristic of 

dysfunctional adipose tissue.(Frühbeck et al., 2019). There was also evidence of 

a pro-inflammatory state, with positive associations between BMI group and both 

IL-6 and TNF-α at booking, although the increase in TNF-α was only evident in the 

most obese women (obese class III). Previous work by our group found no effect 

of BMI on TNF-α, however in the study by Stewart et al the mean BMI in the obese 

group was 34.2 (± 4.5) so potentially the study population in that cohort did not 

allow for identification of the relationship with obese class III women.(Stewart et 

al., 2007) 

In the current study, there were gestational changes in the adipokines as 

previously observed in other studies. This study identified that pregnancy resulted 

in a fall in adiponectin as has been seen previously. However, although leptin did 

increase with gestation in lean, overweight/obese class I and obese class II groups, 

in keeping with findings of previous studies ,this was not found to be statistically 

significant likely due to the slight decrease in leptin in the most obese 

group.(Andersson-Hall et al., 2020) Leptin was noted to show no gestational 

increase in obese pregnant women in the study by Andersson-Hall et al , but a 

significant increase in the healthy weight group, which would fit with our findings 

and provides further evidence of the ‘metabolic inflexibilty’ observed in previous 

studies of obese pregnant women.(Stewart et al., 2007) TNF-α increased with 

gestation, but unlike in previous studies we did not see a gestational rise in IL-

6.(Stewart et al., 2007; Savard et al., 2022) 

4.5.3 Relationship between adipokines and haemostasis 

Due to BMI not being recalculated at 28 weeks’ gestation, and the relationship 

with obesity being most prominent at booking, only relationships between 

adipokines and markers of haemostasis at booking will be discussed. 

Booking leptin and IL-6 were the cytokines most closely related to coagulation.  

Independently of BMI, leptin was strongly and positively associated with fibrinogen 

(adj-R2=20.08%, p=0.005), and thrombin generation (Peak adj-R2=13.71, ETP adj-
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R2=15.04%, velocity index adj-R2=12.66%, p<0.0001 for all). Ex vivo administration 

of leptin in rat studies has been identified to be associated with a concentration-

dependent increase in ETP (Lagrange 2017) suggesting that leptin has a direct role 

in increasing thrombin generation. There are several potential mechanisms by 

which leptin may increase thrombin generation: by inducing PBMC production of 

tissue-factor bearing microparticles, by increasing platelet aggregation. by 

inducing endothelial dysfunction and by inducing a pro-inflammatory state which 

is known to be a driver of the prothrombotic state.(Vecchione et al., 2002; 

Zarkesh-Esfahani et al., 2001; Rafail et al., 2008) The association between IL-6, 

leptin, fibrinogen and ETP demonstrated by this study supports the hypothesis that 

the pro-inflammatory state in obese pregnant women is contributing to the 

prothrombotic state, 

To investigate whether the associations of leptin with fibrinogen and thrombin 

generation were driven via IL-6 pro-inflammatory pathways, a further multiple 

regression model was built to add IL-6 alongside leptin and BMI. These models 

identified that 27.81% of variance in fibrinogen could be explained by leptin and 

IL-6, with leptin more strongly associated which suggests that increases in 

fibrinogen due to leptin may be mediated via IL-6. This would fit with previous 

studies which have shown IL-6 induces hepatic synthesis of fibrinogen. However, 

interestingly the same pattern was not observed in the regression analysis for 

markers of thrombin generation. Peak, ETP and velocity index all remained 

positively associated with leptin independently of both BMI and IL-6, suggesting 

the procoagulant effect of leptin as measured by thrombin generation is IL-6 

independent. Whilst the increased fibrinogen will undoubtedly be contributing to 

increased thrombin generation, these data suggest that there may be further 

mechanisms by which thrombin generation is increased, for example by leptin’s 

direct actions on stimulating tissue factor production from monocytes. There was 

no association between leptin and markers of endothelial dysfunction, TFPI and 

PAI-1 observed in this study, however more specific assessment of endothelial 

function would be required to exclude this as a contributing factor in thrombin 

generation. 

The loss of the anti-inflammatory functions of adiponectin in obesity may result 

in increased inflammation, as demonstrated in the negative associations between 

adiponectin, IL-6 and TNF-α, or endothelial dysfunction, as indicated by weak 
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negative associations with TFPI and PAI-1. Lagtime and ttP both correlated 

negatively with adiponectin. Lagtime, and by inference ttP, is known to be 

sensitive to elevated TFPI therefore it was considered whether the relationship 

between adiponectin and lagtime could be mediated by TFPI.(de Laat-Kremers et 

al., 2022) However, the relationship between lagtime and adiponectin remained 

robust once TFPI was adjusted for, and the predictive value of the regression 

model improved suggesting that the relationship between adiponectin and lagtime 

was independent of TFPI. Our data does show a weak association between low 

adiponectin and the pro-inflammatory state and evidence of endothelial 

dysfunction, but does not clearly show that these are the mechanisms by which 

coagulation is affected. 

In addition to the association with fibrinogen, IL-6 was also positively associated 

with TNF-α, FVIII, TFPI, lagtime and ttP and PAI-1, although the PAI-1 relationship 

was not independent of BMI. Many of these observations have been well-

recognised in the literature: TNF-α is known to induce production of IL-6, which 

may explain the close correlation observed, whilst IL-6 is known to induce hepatic 

synthesis of FVIII as an acute phase protein.(Stirling, Hannant and Ludlam, 1998; 

Cottam et al., 2004) As discussed previously, elevated TFPI can cause a 

prolongation of lagtime in vitro therefore the prolongation of lagtime and ttP 

could relate to the effects of IL-6 on TFPI.(de Laat-Kremers et al., 2022) To the 

best of our knowledge, IL-6 is not known to directly influence the release of TFPI 

as it has been observed to with the acute phase proteins, but it could represent 

endothelial dysfunction. The microvascular endothelium is thought to be the 

predominant source of TFPI, with production also occurring in megakaryocytes and 

storage of TFPI in platelets. TFPI release from the endothelium is triggered by 

thrombin and it has been considered as a marker of endothelial dysfunction due 

to its association with subclinical atherosclerosis.(Morange et al., 2001; Mitchell 

et al., 2009; Lupu et al., 1995) Elevated TFPI has been demonstrated in obesity 

before and potentially could reflect IL-6-induced endothelial dysfunction as IL-6 

has been identified to increase endothelial permeability.(Desai et al., 2002; 

Vambergue et al., 2001)  
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4.5.4 Summary 

Taking together the findings of this chapter with existing knowledge in the 

literature, the proposed involvement of adipokines in the development of the 

prothrombotic state in obese pregnancy are illustrated in Figure 4-9.  

 

Figure 4-9 Adipokine involvement in the prothrombotic state in obese pregnancy. 

Dysfunctional adipocytes produce increased leptin and reduced adiponectin whilst recruiting 
and polarising adipose tissue macrophages towards the pro-inflammatory M1 phenotype. 
Leptin induces endothelial dysfunction (as recognised by increased TFPI) via high levels of 
nitric oxide, the usual inhibition of which is impaired due to reduced adiponectin. Leptin also 
stimulates release of TF-bearing microparticles by monocytes. Pro-inflammatory ATMs 
release IL-6 which contributes to endothelial dysfunction and also induces hepatic 
production of FVIII and fibrinogen. The procoagulant contributions of FVIII, tissue factor and 
potentially the effects of endothelial dysfunction are measurable by increased ETP, whilst 
fibrinogen also contributes to the thrombotic state through mechanisms not assessable by 
thrombin generation. Created in  https://BioRender.com 

Dysfunctional adipose tissue produces increased leptin and reduced adiponectin. 

Leptin is known to promote endothelial-dependent vasodilation via nitric oxide, 

causing endothelial dysfunction, which can be indicated by elevated TFPI.(Wang 

et al., 2013; Vecchione et al., 2002; Korda et al., 2008; Mitchell et al., 2009; 

Morange et al., 2001) The reduced adiponectin levels are therefore unable to 

counteract the inflammatory and oxidative state and the resultant endothelial 

dysfunction predisposes to thrombosis. The effects of leptin on primary 
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haemostasis were not assessed in this study, but existing literature indicates that 

leptin induces platelet aggregation.(Corsonello et al., 2003; Dellas et al., 2008) 

The infiltration of dysfunctional adipose tissue by increased numbers of adipose 

tissue macrophages which are then polarised toward the pro-inflammatory M1 

phenotype results in increased IL-6. IL-6 contributes to endothelial dysfunction by 

increasing endothelial permeability but also induces hepatic synthesis of FVIII and 

fibrinogen.(Desai et al., 2002) The increase in these factors can be demonstrated 

by increased thrombin generation, however FVIII and fibrinogen do not fully 

explain the increase in ETP seen in obese pregnant women at booking. It is 

proposed that a contribution from the tissue factor pathway, via leptin stimulation 

of PBMC release of tissue factor-bearing microparticles may be contributing to 

increased ETP. 

4.5.5 Limitations 

Due to budgetary limitations, only a small selection of adipokines were able to be 

analysed in this study. IL-1β has been observed to be poorly predictive of the 

prothombotic state, and was only detectable in a minority of study participants. 

IL-1β is a cytokine elevated in inflammation but given the chronic low-grade 

inflammation involved in obesity this may not be sufficient to cause a significant 

measurable increase. if this study were to be repeated,  then measurement of a 

highly sensitive CRP would be better value for money as a general marker of 

inflammation which is known to be associated with thrombotic risk.(Prüller et al., 

2012) 

As BMI was not recalculated based on current weight at 28 weeks’ gestation, BMI 

could not be used in the analysis of 28 weeks’ gestation adipokines as the booking 

BMI would not have been representative of the current adipose tissue mass at time 

of blood sampling. Therefore, it is unknown whether the changes in adipokines by 

28 weeks’ gestation relate specifically to pregnancy or to gestational weight gain. 

It is known that BMI provides a poor assessment of adipose tissue mass and does 

not provide insight to adipose tissue function which is likely of greater 

consequence when considering the adipokine profile during pregnancy. The next 

chapter will investigate the application of alternative measurements of adipose 
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tissue distribution and their relationship to adipokines and markers of the 

prothrombotic state. 
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Chapter 5 Adipose tissue distribution and the 
prothrombotic state in pregnancy 

5.1 Background 

Adipose tissue function is closely linked to adipose tissue distribution, with 

differing adipokine profiles between subcutaneous and visceral adipose tissue. 

Obesity is known to be an important cardiometabolic risk factor, however BMI has 

been shown to be an indiscriminate predictor for the metabolic complications of 

obesity, particularly in women(Gallagher et al., 1996) Instead, adipose tissue 

distribution and depot, as measured by waist:hip ratio and by quantifying SAT and 

VAT, have been proven to be more predictive of cardiometabolic disease.(Brook 

et al., 2001; Borch et al., 2009; Després, 2001) VAT has been identified in 

epidemiological studies to be associated with cardiovascular mortality, and has 

been associated with ectopic fat deposition. Both VAT and ectopic fat, for 

example epicardial fat or liver steatosis, are associated with the release of pro-

inflammatory cytokines, insulin resistance, oxidative stress and increased vascular 

resistance.(Lim and Meigs, 2014; van den Munckhof et al., 2024)  Extrapolating 

what is known in the non-pregnant female population would lead us to expect that 

similar risk factors in the pregnant population are contributing to a greater 

thrombotic potential.  

5.1.1 Influence of body shape on thrombotic risk outwith 
pregnancy 

Using ex vivo thrombin generation as a biomarker of the prothrombotic state, the 

link between adipose distribution and thrombotic risk has been characterised by 

several groups, including Beijers et al who identified a positive association 

between BMI, central adiposity (i.e waist circumference) and thrombin generation 

parameters (lag time, peak and endogenous thrombin potential).(Wang et al., 

2023; Beijers et al., 2010; Prüller et al., 2012) Furthermore, these correlations 

identified by Beijers et al and similar by Peverill et al were only present in women, 

providing additional evidence of the differing consequence of adipose tissue 

distribution between the sexes. In women in particular, central adiposity is 

associated with a greater risk of cardiometabolic and thrombotic disease.(Beijers 

et al., 2010),(Peverill et al., 2007) Central adiposity reflects greater waist 
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circumference, and although waist circumference encompasses both 

subcutaneous (SAT) and visceral adipose tissue (VAT), higher waist circumference 

implies greater VAT thickness.(Pouliot et al., 1994) What is not known, is whether 

subcutaneous adipose tissue (SAT) or visceral adipose tissue (VAT) carries the 

greater risk of thrombosis.(Prüller et al., 2012) 

5.1.2 Influence of adipose tissue depots on cardiometabolic and 
thromboembolic risk 

In the obese population, VAT was associated with increased thrombin generation, 

independently of BMI.(Beijers et al., 2010; Chitongo et al., 2017) Similarly, when 

Pou et al compared VAT with SAT, VAT was also found to be more robustly 

associated with inflammatory markers, known mediators of a prothrombotic 

state(Charo and Taubman, 2004; Pou et al., 2007) In this same study, SAT was 

only found to be associated independently of BMI with fibrinogen, but in an 

autopsy-based study by Ogren et al, presence of thromboembolic disease was 

more closely associated with SAT rather than VAT.(Pou et al., 2007; Ogren et al., 

2005)  

In pregnancy, it is known that VAT increases with advancing gestation while SAT 

falls.(Selovic, Sarac and Missoni, 2016; Straughen, Trudeau and Misra, 2013; Dutra 

et al., 2014). VAT has been more closely associated with the development of pre-

eclampsia, gestational diabetes and correlated with blood pressure, triglycerides, 

HOMA-IR and cholesterol. (Kansu-Celik et al., 2018; Kennedy et al., 2016) 

(Chitongo et al., 2017; Huda et al., 2017; Martin et al., 2009; Trivett, Lees and 

Freeman, 2021) (Bartha et al., 2007; Martin et al., 2009) 

Taking these data together, in the non-pregnant population, central adiposity 

appears to be more closely associated with thrombotic risk, and whilst it may be 

assumed this indicates a greater proportion of VAT, there is no clear consensus on 

whether SAT or VAT is the better predictor of thrombotic risk.  However in both 

the pregnant and non-pregnant populations, there were more robust association 

between VAT and the pro-inflammatory and cardiometabolic complications.  

The investigation in this chapter will aim to identify the adipose tissue 

distribution, assessed both by waist and hip circumference and abdominal SAT and 
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VAT thickness, which is most closely associated with inflammatory adipokines and 

markers of the prothrombotic state. 

5.2 Aims and Objectives 

5.2.1 Hypothesis 

With the evidence of the importance of adipose tissue distribution in the 

underlying pathophysiology of thrombosis in non-pregnant individuals, and with 

the evidence that VAT is associated with dysfunctional metabolic and pro-

inflammatory states in pregnancy, it was hypothesised that VAT is similarly 

associated with risk of thrombosis, as assessed by the biomarker thrombin 

generation, in obese pregnant women. 

5.2.2 Aims 

To compare abdominal adipose tissue distribution, measured by waist and hip 

circumference at booking and ultrasound scan at 12-17 weeks’ gestation, in 

women within each of the 4 BMI classes (lean, overweight/obese class I, obese 

class II and obese class III) and investigate the relationship between adipose tissue 

distribution, and the adipokine and haemostasis profile measured at booking. 

5.2.3 Specific Research Questions 

1. What are the relationships between waist circumference (cm), hip 

circumference (cm), waist:hip ratio (WHR) and each of the following: 

- BMI/WHO obesity classification (lean, overweight/obese class I, obese class II 

and obese class III) 

- adipokines (leptin, adiponectin, IL-6, TNF-α and IL-1β) 

- measures of haemostasis (PT, APTT, FVIII, fibrinogen, TFPI, protein S, D-dimer, 

PAI-1) 

- biomarker of venous thromboembolism, thrombin generation 
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2. What are the relationships between subcutaneous adipose tissue (SAT) 

thickness and visceral adipose tissue (VAT) thickness and each of the following: 

- BMI/WHO obesity classification (lean, overweight/obese class I, obese class II 

and obese class III) 

- adipokines (leptin, adiponectin, IL-6, TNF-α and IL-1β) 

- measures of haemostasis (PT, APTT, FVIII, fibrinogen, TFPI, protein S, D-dimer, 

PAI-1) 

- biomarker of venous thromboembolism, thrombin generation 

5.3 Methods 

5.3.1 Study recruitment 

Study participants were recruited as previously described in the Materials and 

Methods chapter as part of the IPOP study. All study participants had basic 

anthropometric measurements obtained at the booking appointment, and all were 

provided with an appointment to attend for an ultrasound scan between 12-17 

weeks’ gestation for the measurement of abdominal subcutaneous and visceral fat 

thickness (as previously described). As the attendance for the study ultrasound 

scan was outwith routine antenatal care, a £20 shopping voucher, or travel 

expenses up to the value of £20, were offered as compensation for the study 

participant’s time. 

Due to loss to follow-up of 39%, the study population for this anthropometry ‘sub-

study’ consisted of 160 women in total, subdivided into the same four BMI groups. 

Lean (n=70), overweight/obese class I (n=72), obese class II (n=10), obese class III 

(n=8). The women included in this part of the study were recruited within the 

main IPOP study recruitment process, as detailed in the Materials and Methods 

chapter and as outlined in the consort diagram in Figure 5-1. All women included 

in the anthropometry ‘sub-study’ had booking blood samples obtained at study 

visit 1, and had measurement of height, weight, waist and hip circumference 

collected at the booking visit in the same way as all other study participants. The 

mean gestational age at the ultrasound study visit was 14.6 weeks. 
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Figure 5-1 Consort diagram of IPOP study recruitment. 

*denotes anthropometry sub-study population. Scan undertaken at mean gestation of 14.6 
weeks. 

5.3.2 Anthropometric methods 

 Body mass index (BMI) 

Body mass index was calculated as weight (kg) divided by squared-height (m), and 

participants were grouped by BMI according to the WHO BMI classification system, 

as outlined previously in the Materials and Methods chapter. 

 Waist and hip circumference 

Waist circumference was measured, in centimetres, at the narrowest point 

between the lower ribs and the hips. Hip circumference was measured, in 

centimetres, at the widest point around the buttocks and hips. 

n=160 
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Waist:hip ratio (WHR) was calculated by dividing waist circumference by hip 

circumference. The World Health organisation (WHO) have previously defined 

WHR <0.85 as ‘healthy’ and WHR >0.85 as ‘unhealthy’.(WHO, 2008) 

 Ultrasound scan of abdominal SAT and VAT 

Study participants attended ultrasound scan between 12-17 weeks’ gestation 

(mean 14.6 weeks’ gestation). Subcutaneous adipose tissue (SAT) measurement in 

millimetres was obtained, in triplicate, from the surface of the skin to the outer 

border of the rectus abdominus muscle (as in Figure 5-2). Visceral adipose tissue 

(VAT) thickness was measured in millimetres, and in triplicate, from the inner 

border of the rectus abdominus muscle to the anterior wall of the abdominal aorta 

and the level of the linea alba. An average of each of the measurements was taken 

to minimise the impact of intra-operator variability. 

 

Figure 5-2 Anatomical landmarks on cross-sectional view for measurement of abdominal 
visceral and subcutaneous adipose tissue. 

Original diagram and measurement technique by Martin et al.(Martin et al., 2009) 

5.3.3 Statistical methods 

To account for multiple comparisons and reduce type I error, for the conclusions 

of this chapter a significance level of p<0.001 was used to allow focus on only the 

most significant relationships and therefore those which may have the most 

clinically significant value. 
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Anthropometric measurements, waist and hip circumference, waist:hip ratio, SAT 

and VAT thickness were first related to BMI as a continuous variable to assess for 

correlation and then to BMI groups to ascertain the pattern of adipose tissue 

distribution within each of the different BMI groups. 

SAT and VAT measurements were next related to the adipokine and haemostasis 

data to identify whether adipose tissue distribution was associated with any of 

these parameters. SAT and VAT measurements were not normally distributed and 

therefore were log-transformed prior to analyses. To identify the nature of the 

relationship between these anthropometric measurements and the markers of 

haemostasis and adipokines, the data were analysed both as continuous variables 

using Pearson’s correlation, and as quartiles (SAT and VAT quartiles divisions as in 

Table 17) using one-way ANOVA to identify any threshold patterns associated with 

fat distribution.  Where a significant threshold effect was identified, the quartile-

based analyses have been displayed alongside the correlation analyses and 

statistics. 

Table 17 SAT and VAT quartile divisions 

Quartile SAT thickness (mm), n VAT thickness (mm), n 

Q1 5.0-11.9, n=44 2.0-7.9, n=52 

Q2 12.0-16.9, n=42 8.0-10.9, n=35 

Q3 17.0-24.79, n=34 11.0-19.79, n=33 

Q4 24.8-47, n=40 19.8-65, n=40 

 

Waist and hip circumference were non-parametric and were log-transformed prior 

to analysis. Waist and hip circumference were correlated with adipokines and 

measures of haemostasis, including thrombin generation. Any significant 

correlations were further analysed by multiple regression analysis as described 

above, with SAT and VAT measurements included in the model to identify whether 

the relationship with the adipokines were independent of the other measurements 

of body fat distribution. 

When a significant correlation or significant difference between the groups was 

identified (defined as p<0.001), multiple regression analysis was used to identify 

if the variance was attributable to the anthropometric measurement or if there 

was collinearity with BMI group, waist or hip circumference, SAT or VAT. Four 
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different models were used as outlined in Table 18, with combinations of these 

models being used to identify which factors were most predictive of the parameter 

assessed. For the final regression model, stepwise multiple regression analysis 

using all anthropometric parameters was used to avoid interpretation bias. For 

this stepwise model an α value of 0.15 was used to enter or remove a term. 

Table 18 Adipose tissue distribution multiple regression model definitions 

Multiple regression model Variables assessed within model 

Model 1 BMI 

Model 2 SAT and VAT 

Model 3 waist circumference and hip circumference 

Model 4 waist:hip ratio 

Final model 
Stepwise using combination of above variables 

(α=0.15 to enter/remove) 
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5.4 Results 

5.4.1 Comparison of anthropomorphic measurements of adipose 
tissue distribution and body mass index 

 Waist and hip circumference 

Figure 5-3 illustrates that BMI strongly correlated with both waist circumference 

(adj R2=0.88, p<0.0001) and hip circumference (adj R2=0.88, p<0.0001) at booking. 

The relationship between BMI and hip circumference was linear, however the 

relationship between BMI and waist circumference appeared to reach a plateau 

when BMI reached >40 suggesting that once BMI is >40 additional adipose tissue 

deposition was predominantly in the hip region. 

 

Figure 5-3 Correlation between BMI and waist circumference; correlation between BMI and 
hip circumference. 

Waist and hip measurements were non-parametric so log-transformed prior to correlation 
with BMI. Pearson’s r value and p value displayed for waist circumference, non-linear 
regression line of best fit and adjusted R2 displayed for hip circumference. 
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Waist:hip ratio (WHR) was correlated with BMI in Figure 5-4. The relationship was 

non-linear with an exponential plateau line providing the best fit line (although 

adjusted R2 only 0.21, p<0.0001). This fits with what we observed in the individual 

waist and hip circumference plots, that although total body mass is increasing, 

there is a plateau in waist circumference and an ongoing increase in hip 

circumference so no increase in WHR. 

 

Figure 5-4 Correlation between waist:hip ratio (WHR) and BMI. 

WHR data was normally distributed. Non-linear regression line displayed along with adjusted 
R2 value. 

When subdivided into the WHO ‘healthy’ (<0.85) and ‘unhealthy’ (>0.85) WHR, 

the majority of the study group (84.4%) had WHR within the WHO ‘healthy’ range, 

<0.85, despite 56.3% of the study group having a BMI >25 which would be deemed 

unhealthy (data not shown). 
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 Subcutaneous (SAT) and Visceral Adipose Tissue (VAT) 

There was a strong relationship between BMI and VAT (adj R2=0.46, p<0.001) and 

an even stronger relationship between BMI and SAT (adj R2=0.70, p<0.0001). A 

plateau in both the SAT and VAT curves was observed in those with BMI >40 making 

an exponential non-linear regression line the line of best-fit for both variables 

(Figure 5-5). The plateau was more marked with the SAT measurements, whereas 

VAT did continue to increase with BMI but an an attenuated rate, in contrast to 

the linear relationship observed between hip circumference and BMI. This may 

suggest that excess adipose tissue is deposited in the hip region in the most obese. 

 

Figure 5-5 Correlation between BMI and (a) SAT and (b) VAT 

Non-linear regression used to plot line of best fit (goodness of fit denoted by adjusted R2 
value). 
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To further investigate the distribution of SAT and VAT within BMI groups, SAT and 

VAT quartiles were plotted with BMI groups to determine the frequency of each 

SAT and VAT quartile within different BMI groups (Figure 5-6).  

 

Figure 5-6 Stacked bar chart depicting percentage frequency of each SAT and VAT quartile 
within each BMI group.  

Lean participants had no discrepancy between SAT and VAT quartiles, with similar 

frequencies within each quartile and the majority of participants had SAT and VAT 

thickness within the lowest quartile. Within the Overweight/Obese Class I group, 

the majority of participants had SAT and VAT thickness in Q3 or Q4. Obese Class 

II and Class III groups both had the majority of participants within Q4 thickness of 

SAT and VAT.  

  

le
an

 S
AT 

le
an

 V
AT

ow
/o

b I 
S
AT

ow
/o

b I 
VAT

ob II
 S

AT

ob II
 V

AT

ob II
I S

AT

ob II
I V

AT

0

10

20

30

40

50

60

70

80

90

100

%
 f

re
q

u
e
n

c
y
 o

f 
q

u
a
rt

il
e Q1

Q2

Q3

Q4



Chapter 5 

168 

To assess the relationship between SAT and VAT, the frequency of VAT quartile 

within each SAT quartile were plotted in Figure 5-7 and log-transformed SAT and 

VAT data were plotted against each other (Figure 5-8) These charts show that as 

SAT thickness increases, VAT thickness also increases and displays an exponential 

relationship when higher thickness of SAT are reached.  

  

Figure 5-7 Frequency of VAT quartile 
associated with SAT quartiles 

Figure 5-8 Non-linear regression log 
SAT vs log VAT. 

 

To ascertain if there was a difference in fat distribution with increasing obesity, 

SAT:VAT ratio within each of the four BMI groups was compared by one-way 

ANOVA, with no significant difference identified, p=0.32 (data not shown). 
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5.5 Relationship between adipokines and measurements 
of adipose tissue distribution 

5.5.1 Leptin and adipose tissue distribution 

 SAT and VAT 

Leptin correlated strongly with both SAT (r=0.84, p<0.0001) and VAT (r=0.66, 

p<0.0001) thickness(Figure 5-9). When analysed within quartiles (data not shown), 

there was no evidence of a threshold effect but a continuous increase in leptin 

with each quartile. 

 

Figure 5-9 Correlation between log-leptin and (a) log-SAT and (b) log-VAT. 

Pearson r value and p-values displayed. Linear regression line plotted and goodness of fit 
denoted by adjusted R2 value. 
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 Waist and hip circumference 

Figure 5-10 shows a positive, curvilinear relationship between leptin and both 

waist circumference (adjR2=0.68, p<0.0001) and hip circumference (adjR2=0.68, 

p<0.0001), reflecting that despite further increases in both waist and hip 

circumference there was a plateau in leptin concentration. 

 

Figure 5-10 Correlation between log-leptin and (a) waist circumference and (b) hip 
circumference. 

Non-linear regression on log-transformed data. The line of best fit was a curvilinear line, with 
goodness of fit denoted by adjusted R2 value. 

Waist:hip ratio was also moderately correlated with leptin (r=0.36, p<0.0001, data 

not shown). When participants were divided by healthy waist:hip ratio (<0.85) and 

unhealthy waist:hip ratio (>0.85), mean leptin was higher in the unhealthy group 

(p=0.006), but did not reach the statistical threshold set for this study. 
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 Multiple regression analysis leptin and anthropometry 

As leptin was previously demonstrated in Chapter 4 to be closely correlated with 

BMI, multiple regression analysis was used to ascertain if SAT, hip and waist 

circumference and waist:hip ratio were predictive of leptin, independently of BMI. 

The multiple regression models were built up as illustrated in Table 19.  

Table 19 Leptin and adipose tissue distribution multiple regression model construction. 

Leptin was analysed within four individual models (numbered 1-4) as previously defined in 
statistical methods section (page 160). Each model was combined with model 1 (BMI) to 
ascertain if the anthropometric measurements were correlated with leptin independently of 
BMI.  A final stepwise model (α =0.15 to keep/remove) was used to find the variables which 
were the strongest predictors of leptin concentration. 

Regression Model β co-efficient p-value adjusted R2 

model 1 (BMI) 0.035 <0.0001 58.86% 

model 2 (SAT and VAT) log-SAT 1.16 

log-VAT 0.16 

<0.0001 

0.019 

71.18% 

model 3 (WC, HC) log-wc 2.50 

log-hc 2.34 

<0.0001 

0.0003 

67.22% 

model 4 (WHR) 2.09 <0.0001 11.75% 

model 1 + model 2 BMI 0.013 

log-SAT 0.89 

log-VAT 0.085 

<0.0001 

<0.0001 

0.193 

74.18% 

model 1 + model 3 BMI -0.005 

log-wc 2.71 

log-hc 2.78 

0.46 

<0.0001 

0.0017 

67.12% 

model 1 + model 4 BMI 0.034 

WHR 0.69 

<0.0001 

0.03 

59.83% 

final model (stepwise) log-hc 2.28 

log-SAT 1.23 

log-VAT -0.32 

SAT:VAT -0.11 

<0.0001 

<0.0001 

0.092 

0.025 

77.00% 

 

The relationship between leptin and SAT was independent of BMI, whereas the 

relationship with VAT was no longer significant when BMI was added to the model 

(model 1+2) suggesting collinearity between BMI and VAT thickness. The positive 
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correlation between leptin and both waist circumference and hip circumference 

were independent of BMI (model 1+3). 

The best fitting regression model (devised via stepwise method) identified that 

the combination of SAT, VAT, hip circumference and SAT:VAT ratio were able to 

explain 77% of variance (adjusted R2=77.0%, p<0.0001). Log-SAT and log-hip 

circumference both positively predicted log-leptin, whilst log-VAT and SAT:VAT 

ratio negatively predicted log-leptin. These relationships were independent of BMI 

which was removed from the model due to p value >0.15. 

5.5.2 Adiponectin and adipose tissue distribution 

 SAT and VAT 

Figure 5-11 shows correlation between log-adiponectin, log-SAT and log-VAT. 

Adiponectin was moderately negatively correlated with both SAT (r=-0.33, 

p<0.0001) and VAT (r=-0.30, p<0.0001). 

 

 

Figure 5-11 Correlation between adiponectin and (a) SAT, and (b) VAT. 

Linear regression and correlation analysis performed. Pearson r value and p values 
displayed. Linear regression line and goodness of fit denoted by R2 value. 

When adiponectin was analysed within SAT and VAT quartiles (data not shown), 

adiponectin concentration was observed to follow a linear reduction with each 

increase in VAT quartile. However, there appeared to be a threshold effect within 

SAT quartiles, with a fall in adiponectin when SAT thickness reached the third 

quartile (SAT thickness >17mm, Q2 vs Q3 p=0.0013), although this was just outwith 

the threshold set for statistical significance for this study. 
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 Waist and hip circumference 

Log-waist circumference and log-adiponectin were significantly inversely 

correlated (r=0.29, p=0.0003, data not shown). A weaker association was seen 

between log-hip circumference and log adiponectin (r=0.18, p=0.026, data not 

shown). The strongest relationship was between waist:hip ratio and log-

adiponectin (r=-0.31, p<0.0001).  

 

Figure 5-12 Correlation between log-adiponectin and waist:hip ratio 

Linear regression and correlation analyses performed on log-transformed data. Pearson r 
value and p values displayed.  

When waist:hip ratio was subdivided into healthy and unhealthy groups (data not 

shown), mean adiponectin was significantly lower in the unhealthy group 

(p=0.041), however didn’t meet statistical significance level set for this study. 

 Multiple regression analysis adiponectin and anthropometry 

To ascertain if the moderate correlations between adiponectin, SAT and VAT were 

due to collinearity with BMI, a multiple regression analysis was performed. 
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Table 20 Adiponectin and adipose tissue distribution multiple regression model 
construction. 

Adiponectin was analysed within four individual models (numbered 1-4) as previously defined 
in statistical methods section (page 160). Each model was combined with model 1 (BMI) to 
ascertain if the anthropometric measurements were correlated with adiponectin 
independently of BMI.  A final stepwise model (α =0.15 to keep/remove) was used to find the 
variables which were the strongest predictors of adiponectin. 

Regression Model β co-efficient p-value adjusted R2 

model 1 (BMI) -0.0078 0.002 5.07% 

model 2 (SAT and VAT) log-SAT -0.26 

log-VAT -0.10 

0.028 

0.22 

10.39% 

model 3 (WC, HC) log-WC -2.25 

log-HC 1.67 

0.0003 

0.027 

9.81% 

model 4 (WHR) -1.29 <0.0001 8.75% 

model 1 + model 2 BMI 0.0022 

log-SAT -0.31 

log-VAT -0.12 

0.57 

0.033 

0.183 

10.0% 

model 1 + model 3 BMI -0.01 

log-WC -1.86 

log-HC 2.50 

0.24 

0.007 

0.016 

10.04% 

model 1 +model 4 BMI -0.005 

WHR -1.083 

0.05 

0.002 

10.39% 

final model (stepwise) log-SAT -0.26 

WHR -0.842 

0.005 

0.018 

12.69% 

 

Waist:hip ratio was one of the parameters most closely associated with 

adiponectin (β =-1.29, p<0.0001). This negative relationship fits with the 

individual findings of waist and hip circumference that the ‘pear shape’ of lower 

WHR is associated with higher concentrations of the anti-inflammatory and 

vasculoprotective adipokine, adiponectin. 

The negative relationship between log-SAT and adiponectin was found to be 

independent of BMI (p=0.033). This relationship was weak and was only able to 

explain 10% of variance in adiponectin at booking. A stepwise model looking at all 

of the anthropometric variables only found log-SAT and waist:hip ratio, and not 

BMI,  to be negatively predictive of adiponectin concentrations, yet this model 

only explained 12.69% of variance and neither of the predictors achieved the level 
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of significance set for the study, suggesting anthropometric measurements are 

poor predictors of plasma adiponectin levels. 

5.5.3 TNF-α and adipose tissue distribution 

 SAT and VAT 

Figure 5-13 depicts the correlations between TNF-α and both SAT and VAT which 

whilst correlated did not reach the level of statistical significance set for this 

study. SAT correlated moderately positively with TNF-α (r=0.24, p=0.0026) and 

VAT also correlated positively but the relationship was weaker (r=0.17, p=0.029). 

No significant difference in TNF-α was found when analysed within SAT and VAT 

quartiles. 

 

Figure 5-13 Correlation between log-TNF-α and (a) log-SAT, and (b) log-VAT. 

Pearson r value and p-values displayed. 

 Waist and Hip Circumference 

Figure 5-14 shows there was a moderately positive correlation between TNF-α and 

waist circumference (r=0.26, p=0.0012), and a slightly stronger positive 

correlation between TNF-α and hip circumference (r=0.32, p<0.0001). Hip 

circumference was the only parameter which reached the statistical significance 

threshold set for this study. Waist:hip ratio did not significantly correlate with 

TNF-α (data not shown). 
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Figure 5-14 Correlation between TNF-α and (a) waist circumference and (b) hip 
circumference. 

Pearson correlation on log-transformed data as both sets of data were non-parametric. 

 Multiple regression analysis TNF-α and anthropometry 

Table 21 TNF-α and adipose tissue distribution multiple regression model construction. 

TNF-α was analysed within four individual models (numbered 1-4) as previously defined in 
statistical methods section (page 160). Each model was combined with model 1 (BMI) to 
ascertain if the anthropometric measurements were correlated with TNF-α independently of 
BMI.  A final stepwise model (α =0.15 to keep/remove) was used to find the variables which 
were the strongest predictors of TNF-α. Waist:hip ratio (WHR) was not analysed alongside 
BMI as when analysed alone the regression model was not found to have a statistically 
significant p-value. 

Regression Model β co-efficient p-value adjusted R2 

model 1 (BMI) 0.0018 <0.0001 9.59% 

model 2 (SAT and VAT) log-SAT 0.045 

log-VAT 0.0016 

0.038 

0.92 

4.41% 

model 3 (WC, HC) log-WC -0.089 

log-HC 0.35 

0.39 

0.007 

9.61% 

model 4 (WHR) regression model p=0.93 

model 1 + model 2 BMI 0.002 

log-SAT 0.0035 

log-VAT -0.0094 

0.005 

0.89 

0.53 

8.67% 

model 1 + model 3 BMI 0.0017 

log-WC -0.16 

log-HC 0.20 

0.23 

0.19 

0.25 

9.88% 

model 1 +model 4 not performed   

final model (stepwise) log-HC 0.25 <0.0001 9.77% 
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Multiple regression modelling identified BMI and hip circumference as significant 

positive predictors of TNF-α, although each was only able to account for <10% of 

variance in TNF-α concentrations and they were not independent of each other. 

Stepwise modelling identified log-hip circumference as the best predictor of TNF-

α, although the predictive value of this relationship was poor, explaining only 

9.77% of variance. 

5.5.4 IL-6 and adipose tissue distribution 

 SAT and VAT 

Figure 5-15 shows a strong positive correlation between IL-6 and both SAT (r=0.45, 

p<0.0001) and VAT (r=0.42, p<0.0001). When IL-6 was analysed within SAT and 

VAT quartiles, there was a contnuous increase in IL-6 with increasing quartiles 

with no threshold effect demonstrated (data not shown). 

 

Figure 5-15 Correlation between log IL-6 and (a) log-SAT, and (b) log-VAT. 

Analysis by Pearson correlation and simple linear regression. Pearson r-value and p-values 
displayed. Linear regression line and goodness of fit denoted by R2 value. 
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 Waist and hip circumference 

Figure 5-16 demonstrates the strong positive correlation between IL-6 and both 

waist circumference (r=0.49, p<0.0001) and hip circumference (r=0.44, p<0.0001) 

 

Figure 5-16 Correlation between IL-6 and (a) waist circumference and (b) hip circumference. 

All data non-parametric and log-transformed for analysis. Pearson r-value and p-values 
displayed. Linear regression line and goodness of fit denoted by R2 value. 

Waist:hip ratio was found to be significantly and moderately positively correlated 

with IL-6 (r=0.28, p=0.0004), as in Figure 5-17. When IL-6 was analysed according 

to waist:hip ratio category, healthy (<0.85) and unhealthy (>0.85), IL-6 was found 

to be higher in those with an unhealthy waist:hip ratio, but did not reach the level 

of statistical significance set for this study (p=0.027, data not shown).  

 

Figure 5-17 Correlation between waist:hip ratio and IL-6. 

All data non-parametric and log-transformed for analysis. Pearson r-value and p-values 
displayed. Linear regression line and goodness of fit denoted by R2 value. 
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 Multiple regression analysis IL-6 and anthropometry 

Multiple regression analysis was used to determine the predictive value of the 

anthropomorphic measurements on IL-6 levels at booking and assess whether 

there was any collinearity from BMI group. A model (Table 22) was drawn up using 

the pre-defined models 1-4, including BMI, SAT, VAT, waist circumference, hip 

circumference and waist: hip ratio included as predictors. A stepwise method was 

used to refine the final model to reduce interpretation bias. 

Table 22 IL-6 and adipose tissue distribution multiple regression model construction. 

IL-6 was analysed within four individual models (numbered 1-4) as previously defined in 
statistical methods section (page 160). Each model was combined with model 1 (BMI) to 
ascertain if the anthropometric measurements were correlated with IL-6 independently of BMI.  
A final stepwise model (α =0.15 to keep/remove) was used to find the variables which were 
the strongest predictors of IL-6 concentration. 

Regression Model β co-efficient p-value adjusted R2 

model 1 (BMI) 0.0081 <0.0001 20.45% 

model 2 (SAT and VAT) log-SAT 0.18 

log-VAT 0.086 

0.002 

0.043 

21.27% 

model 3 (WC, HC) log-WC 0.88 

log-HC 0.12 

0.004 

0.76 

22.7% 

model 4 (WHR) 0.64 0.0004 7.15% 

model 1 + model 2 BMI 0.004 

log-SAT 0.99 

log-VAT 0.064 

0.038 

0.16 

0.14 

22.92% 

model 1 + model 3 BMI 0.0019 

log-WC 0.81 

log-HC -0.051 

0.64 

0.02 

0.92 

22.32% 

model 1 + model 4 BMI 0.0072 

WHR 0.33 

<0.0001 

0.049 

21.89% 

final model (stepwise) log-WC 0.74 

log-VAT 0.072 

<0.0001 

0.068 

24.28% 

 

SAT and VAT did not remain independently associated with IL-6 once BMI was 

included in the model (model 1+2). However, waist circumference did remain an 

independent predictor of IL-6 when adjusted for BMI (model 1+3) 
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The best fitting model was only able to explain 24.28% of variance (adjusted 

R2=24.28%, p<0.0001) and included waist circumference and VAT, but not BMI 

which was removed as p>0.15. Only waist circumference was independently and 

positively associated with IL-6 levels at booking, as VAT was not found to be 

independently associated with IL-6 once waist circumference was included.  

5.5.5 IL-1β and adipose tissue distribution 

 SAT and VAT 

Figure 5-18 illustrates that there was no correlation observed between IL-1β and 

either SAT or VAT. 

 

Figure 5-18 Correlation between IL-1β and (a) SAT and (b) VAT. 

Pearson r-value and p-values displayed. 
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 Waist circumference and hip circumference 

There was no correlation between IL-1β and either waist or hip circumference, as 

depicted in Figure 5-19 

 

Figure 5-19 Correlation between IL-1β and (a) waist circumference and (b) hip 
circumference. 

Pearson r value and p-values displayed. 

5.6 Relationship between haemostasis parameters and 
measurements of adipose tissue distribution 

5.6.1 FVIII and adipose tissue distribution 

 SAT and VAT 

There were no significant correlations between FVIII levels at booking and SAT or 

VAT thickness (Figure 5-20). 

 

Figure 5-20 Correlation between log-FVIII and (a) log-SAT and (b) log-VAT. 



Chapter 5 

182 

Pearson r-value and p-values displayed 

 Waist and hip circumference 

As with SAT and VAT, FVIII did not correlate with either waist or hip circumference 

(Figure 5-21). 

 

Figure 5-21 Correlation between log-FVIII and (a) log-waist circumference and (b) log-hip 
circumference. 

Pearson r-value and p-values displayed. 

5.6.2 Fibrinogen and adipose tissue distribution 

 SAT and VAT  

As illustrated in Figure 5-22, there was a significant positive linear correlation 

between fibrinogen Clauss and SAT (r=0.52, p<0.0001) and also with VAT (r=0.41, 

p<0.0001). 

 

Figure 5-22 Correlation between log-fibrinogen Clauss and (a) log-SAT and (b) log-VAT. 
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Pearson r-value and p-values displayed. Linear regression line plotted with goodness-of-fit 
denoted by R2 value. 

When fibrinogen was analysed with SAT and VAT quartiles (data not shown), there 

was a threshold effect on fibrinogen when VAT reached the 4th quartile (VAT 

thickness > 19.8mm, p=0.0086) however this didn’t quite reach the statistical 

threshold set for this study. The increase in fibrinogen with increasing SAT 

quartiles appeared linear. 

 Waist and hip circumference 

Both waist and hip circumference were strongly positively and linearly correlated 

with fibrinogen at booking (Figure 5-23). Pearson’s correlation found the 

relationship between fibrinogen and waist circumference (r=0.53, p<0.0001) to be 

slightly stronger than that with hip circumference (r=0.41, p<0.0001) with linear 

regression showing a better predictive value for waist circumference also (R2=0.28 

vs 0.18). 

 

Figure 5-23 Correlation between log-fibrinogen and (a) log-waist circumference and (b) log-
hip circumference. 

Pearson r value and p-values displayed with linear regression line and goodness of fit 
denoted by R2, 

When fibrinogen was analysed within healthy and unhealthy waist:hip ratio groups 

(Figure 5-24), participants with an unhealthy waist:hip ratio at booking were found 

to have a significantly higher fibrinogen (p=0.0007). 
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Figure 5-24 log-fibrinogen subdivided by waist:hip ratio (healthy vs unhealthy). 

Healthy WHR <0.85, unhealthy WHR >0.85. Analysed by unpaired t-test, ***p<0.001 

 Multiple regression analysis fibrinogen and anthropometry 

Multiple regression analysis was used to identify which of the anthropomorphic 

measures were able to best predict fibrinogen levels at booking. Whilst 

individually, each of BMI, SAT, VAT, waist circumference, hip circumference and 

WHR were significantly positively correlated with fibrinogen, when the four 

regression models (1-4 as previously described) were used it was evident some of 

these relationships were not independently associated. 
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Table 23 Fibrinogen and adipose tissue distribution multiple regression model construction. 

Fibrinogen was analysed within four individual models (numbered 1-4) as previously defined 
in statistical methods section (page 160). Each model was combined with model 1 (BMI) to 
ascertain if the anthropometric measurements were correlated with fibrinogen independently 
of BMI.  A final stepwise model (α =0.15 to keep/remove) was used to find the variables which 
were the strongest predictors of fibrinogen concentration. 

Regression Model β co-efficient p-value adjusted R2 

model 1 (BMI) 0.0055 <0.0001 21.72% 

model 2 (SAT and VAT) log-SAT 0.18 

log-VAT 0.026 

<0.0001 

0.34 

26.51% 

model 3 (WC, HC) log-WC 0.95 

log-HC -0.36 

<0.0001 

0.14 

27.7% 

model 4 (WHR) 0.6 <0.0001 15.23% 

model 1 + model 2 BMI 0.0019 

log-SAT 0.14 

log-VAT 0.016 

0.136 

0.002 

0.578 

27.09% 

model 1 + model 3 BMI 0.0029 

log-WC 0.83 

log-HC -0.61 

0.26 

0.0002 

0.065 

27.82% 

model 1 + model 4 BMI 0.0045 

WHR 0.41 

<0.0001 

0.0002 

 

final model (stepwise) log-SAT 0.12 

log-WC 0.67 

log-HC -0.41 

0.013 

0.003 

0.086 

30.04% 

 

When SAT and VAT were analysed together, the relationship between VAT and 

fibrinogen was not independent of SAT, but the relationship between SAT and 

fibrinogen was independent of both VAT and BMI (models 1+2). The relationship 

between waist circumference and fibrinogen remained statistically significant 

once BMI was taken into consideration (models 1+3), as did the relationship 

between WHR and fibrinogen (models 1+4). 

Overall, using stepwise multiple regression analysis to identify the best predictors 

of fibrinogen (α =0.15 to keep/remove), SAT, waist circumference and hip 

circumference were the variables identified which were able to predict 30.04% of 

variance in fibrinogen levels at booking. BMI was not included in the final model. 
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5.6.3 D-dimer and adipose tissue distribution 

 SAT and VAT 

There was no correlation between either SAT or VAT with D-dimer at booking  

Figure 5-25 Correlation between log-D dimer and (a) log-SAT and (b) log-VAT. 

. 

 

Figure 5-25 Correlation between log-D dimer and (a) log-SAT and (b) log-VAT. 

Pearson r-value and p values displayed. 

 Waist and hip circumference 

No correlation was present between D-dimer and either waist or hip 

circumference (Figure 5-26). 
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Figure 5-26 Correlation between log-D-dimer and (a) waist circumference and (b) hip 
circumference. 

Pearson r-value and p-values displayed. 
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5.6.4 TFPI and adipose tissue distribution 

 SAT and VAT 

Figure 5-27 shows the moderately positive correlation between booking TFPI level 

and both SAT (r=0.27, p=0.0005) and VAT (r=0.33, p<0.0001). Linear regression 

found the ability of SAT and VAT to predict TFPI levels weak with R2=0.11 for each. 

When TFPI was analysed with SAT and VAT quartiles, there was a continuous 

increase in mean SAT with each quartile increase and no evidence of a threshold 

effect (data not shown). 

 

 

Figure 5-27 Correlation between log-TFPI and (a) log-SAT and (b) log-VAT. 

Pearson r-value and p-values displayed. Linear regression line plotted with goodness-of-fit 
denoted by R2 value. 
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 Waist and hip circumference 

Figure 5-28 depicts the moderately positive correlation between TFPI and both 

waist circumference (r=0.31, p<0.0001) and hip circumference (r=0.28, p=0.0003). 

However, linear regression analysis identified the predictive value of waist 

circumference and hip circumference on TFPI levels to be very low (R2=0.098 and 

0.079, respectively) 

 

Figure 5-28 Correlation between log-TFPI and (a) log-waist circumference and (b) log-hip 
circumference. 

Pearson r-value and p-values displayed. Linear regression line plotted with goodness-of-fit 
denoted by R2 value. 

When the population was subdivided by healthy and unhealthy WHR (data not 

shown), there was no significant difference in TFPI concentrations between the 

two groups (p=0.43). 

 Multiple regression analysis TFPI and anthropometry 

Multiple regression analysis identified that the positive correlation between TFPI 

and SAT was not independent of VAT or BMI, however the positive correlation 

between VAT and TFPI remained robust once BMI was included in the model. 

Neither relationship with waist or hip circumference and TFPI was independent of 

BMI.  The final stepwise regression model identified BMI (p=0.047) and log-VAT 

(p=0.042) to be the best independent predictors of TFPI, but this model was only 

able to explain 11.99% of variance. 
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Table 24 TFPI and adipose tissue distribution multiple regression model construction. 

TFPI was analysed within four individual models (numbered 1-4) as previously defined in 
statistical methods section (page 160). Each model was combined with model 1 (BMI) to 
ascertain if the anthropometric measurements were correlated with TFPI independently of 
BMI.  A final stepwise model (α =0.15 to keep/remove) was used to find the variables which 
were the strongest predictors of TFPI concentration. 

Regression Model β co-efficient p-value adjusted R2 

model 1 (BMI) 0.0079 <0.0001 10.22% 

model 2 (SAT and VAT) log-SAT 0.068 

log-VAT 0.16 

0.44 

0.011 

10.09% 

model 3 (WC, HC) log-WC 0.82 

log-HC 0.053 

0.071 

0.92 

8.65% 

model 4 (WHR) 0.572 0.021 2.73% 

model 1 + model 2 BMI 0.0054 

log-SAT -0.044 

log-VAT 0.13 

0.061 

0.67 

0.044 

11.53% 

model 1 + model 3 BMI 0.011 

log-WC 0.38 

log-HC -0.89 

0.068 

0.46 

0.24 

10.00% 

model 1 + model 4 BMI 0.0072 

WHR 0.27 

0.0002 

0.28 

10.32% 

final model (stepwise) BMI 0.0047 

log-VAT 0.12 

0.047 

0.042 

11.99% 
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5.6.5 Protein S and adipose tissue distribution 

 SAT AND VAT 

There was no correlation between protein S and either SAT or VAT at booking 

(Figure 5-29). 

 

Figure 5-29 Correlation between log-protein S and (a) log-SAT and (b) log-VAT. 

Pearson r-value and p values displayed. 

 Waist and hip circumference 

There was a weak positive correlation between protein S and waist circumference 

(r=0.19, p=0.015), and a weak positive correlation between protein S and hip 

circumference (r=0.16, p=0.049) as seen in Figure 5-30. The linear regression 

analyses identified waist circumference and hip circumference to be poor 

predictors of protein S (R2=0.037 and 0.024, respectively) and the threshold for 

statistical significance for this study was not reached. 
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Figure 5-30 Correlation between log-protein S and (a) log-waist circumference and (b) log-
hip circumference. 

Pearson r value and p values displayed. Linear regression line plotted with goodness-of-fit 
denoted by R2 value. 

The study population was divided according to healthy (<0.85) and unhealthy 

(>0.85) waist: hip ratio and protein S levels compared between the two groups. 

There was no significant difference between the healthy WHR and unhealthy WHR 

groups (p=0.11, data not shown). 
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5.6.6 PAI-1 and adipose tissue distribution 

 SAT and VAT 

There was a weakly positive non-linear association between PAI-1 and SAT 

(R2=0.12 p<0.0001) and between PAI-1 and VAT (R2=0.09, p=0.0002) as depicted 

in Figure 5-31. 

 

Figure 5-31 Correlation between log-PAI-1 and (a) log-SAT and (b) log-VAT. 

Non-linear regression lines plotted and goodness-of-fit denoted by R2 values. 

The line of best fit for both SAT and VAT was a non-linear exponential line and 

predictive value of SAT for PAI-1 was stronger than that of VAT (R2=0.12 vs 0.09, 

respectively). This suggests that at greater thickness of VAT, and more so SAT, 

there is a greater increase in PAI-1. This relationship was also identified when TFPI 

was analysed within SAT and VAT quartiles (data not shown) however due to the 

small sample size in these groups did not reach the level of statistical significance 

set for this study (p<0.001). 

When PAI-1 was analysed within SAT and VAT quartiles (data not shown), one-way 

ANOVA confirmed a significant difference in PAI-1 between the SAT quartiles 

(p<0.0001) and VAT quartiles (p=0.0007). On post hoc analysis it was evident that 

there was a threshold effect, with the only significant increase between the 

groups existing when SAT or VAT thickness reached the 4th quartile (comparing Q3 

to Q4: SAT >24.8mm p=0.0053, VAT >19.8mm p=0.048), however this was below 

the level of significance set for the study. 
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 Waist and hip circumference 

Figure 5-32 shows the moderately positive correlation between PAI-1 and waist 

circumference (r=0.31, p<0.0001) and hip circumference (r=0.33, p<0.0001). when 

the study population was divided by waist:hip ratio into healthy (<0.85) and 

unhealthy (>0.85) groups, there was no significant difference in level of PAI-1 

between the two groups (data not shown). 

 

Figure 5-32 Correlation between log-PAI-1 and (a) log-waist circumference and (b) log-hip 
circumference. 

Pearson r value and p values displayed. Goodness of fit denoted by R2. 
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 Multiple regression analysis PAI-1 and anthropometric measures 

Multiple regression models were built up as described in Table 25. The previously 

demonstrated correlations with SAT and VAT were not found to be independent 

from BMI. Similarly, the correlations between waist circumference and hip 

circumference were explained by collinearity with BMI. Overall, the best fitting 

model, as identified through stepwise modelling, used only BMI as a predictor for 

PAI-1 which was able to predict only 11.93% of variance. 

Table 25 PAI-1 and adipose tissue distribution multiple regression model construction. 

PAI-1 was analysed within four individual models (numbered 1-4) as previously defined in 
statistical methods section (page 160). Each model was combined with model 1 (BMI) to 
ascertain if the anthropometric measurements were correlated with PAI-1 independently of 
BMI.  A final stepwise model (α =0.15 to keep/remove) was used to find the variables which 
were the strongest predictors of PAI-1. 

Regression Model β co-efficient p-value adjusted R2 

model 1 (BMI) 0.011 <0.0001 11.93% 

model 2 (SAT and VAT) log-SAT 0.27 

log-VAT 0.08 

0.015 

0.30 

10.71% 

model 3 (WC, HC) log-WC 0.30 

log-HC 1.07 

0.59 

0.12 

10.04% 

model 4 (WHR) regression model p value 0.25 

model 1 + model 2 BMI 0.0065 

log-SAT 0.13 

log-VAT 0.043 

0.071 

0.32 

0.59 

12.00% 

model 1 + model 3 BMI 0.011 

log-WC -0.16 

log-HC 0.072 

0.12 

0.80 

0.94 

10.84% 

model 1 + model 4 BMI 0.011 

WHR -0.092 

<0.0001 

0.77 

11.42% 

final model (stepwise) BMI 0.011 <0.0001 11.93% 
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5.7 Relationship between thrombin generation and 
measurements of adipose tissue distribution 

5.7.1 Lagtime and adipose tissue distribution 

 SAT and VAT 

There was a moderate positive correlation between lagtime and both SAT (r=0.31, 

p<0.0001) and VAT (r=0.31, p<0.0001) as displayed in Figure 5-33. However linear 

regression R2 values were low for both SAT (R2=0.095) and VAT (R2=0.094) 

suggesting the predictive value of these measurements on lagtime was poor. 

 

Figure 5-33 Pearson correlation between log-lagtime and (a) log-SAT and (b) log-VAT. 

Pearson r-value and p-values displayed. 

When lagtime was analysed with SAT and VAT quartiles (data not shown) the 

increase with each SAT quartile appeared to be continuous, whereas there was a 

threshold effect with VAT quartile. There was an increase between Q3 and Q4 VAT 

(VAT>19.8mm), however this didn’t reach the level of statistical significance set 

for this study. 

 Waist and hip circumference 

Figure 5-34 shows a moderate positive correlation between lagtime and waist 

circumference (r=0.26, p=0.0007) but the correlation between lagtime and hip 

circumference was not statistically significant (r=0.16, p=0.050). When subdivided 

by healthy (<0.85) and unhealthy (>0.85) waist:hip ratio, there was no significant 

difference in lagtime between the two groups (p=0.054, data not shown). 



Chapter 5 

197 

 

Figure 5-34 Correlation between log-lagtime and (a) log-waist circumference and (b) log-hip-
circumference. 

Pearson r value and p values displayed. 

 Multiple regression analysis lagtime and anthropometric measures 

Multiple regression analysis was used to ascertain the variables independently 

predictive of lagtime at booking. Hip circumference remained negatively 

predictive of lagtime once BMI was adjusted for and WHR was the only other 

parameter to remain independently associated with lagtime following the addition 

of BMI to the model. However, the stepwise multiple regression identified WHR 

and VAT, rather than BMI, as the best independent predictors of lagtime, but this 

equation was only able to predict 12.56% of variance. 
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Table 26 Lagtime and adipose tissue distribution multiple regression model construction. 

Lagtime was analysed within four individual models (numbered 1-4) as previously defined in 
statistical methods section (page 160). Each model was combined with model 1 (BMI) to 
ascertain if the anthropometric measurements were correlated with lagtime independently of 
BMI.  A final stepwise model (α =0.15 to keep/remove) was used to find the variables which 
were the strongest predictors of lagtime. 

Regression Model β co-efficient p-value adjusted R2 

model 1 (BMI) 0.0022 0.001 6.23% 

model 2 (SAT and VAT) SAT 0.053 

VAT 0.026 

0.082 

0.098 

9.98% 

model 3 (WC, HC) WC 0.57 

HC -0.44 

0.00038 

0.024 

8.84% 

model 4 (WHR) 0.33 0.00011 8.45% 

model 1 + model 2 BMI 0.0001 

log-SAT 0.051 

log-VAT 0.035 

0.92 

0.17 

0.12 

9.40% 

model 1 + model 3 BMI 0.0063 

WC 0.31 

HC -0.99 

0.002 

0.072 

0.00018 

13.63% 

model 1 + model 4 BMI 0.0015 

WHR 0.26 

0.021 

0.003 

10.93% 

final model (stepwise) VAT 0.047 

WHR 0.24 

0.004 

0.006 

12.56% 

 

5.7.2 Peak thrombin and adipose tissue distribution 

 SAT and VAT 

Figure 5-35 shows the moderate positive correlation between peak thrombin and 

SAT (r=0.28, p=0.00027). There was also a very weak positive correlation between 

peak thrombin and VAT but it did not reach statisticaly significance thresholds set 

for this study (r=0.19, p=0.018). When analysed within SAT and VAT quartiles (data 

not shown), there was a continuous increase in peak thrombin with each increase 

in SAT or VAT quartile, with no evidence of a threshold effect. 
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Figure 5-35 Correlation between log-peak thrombin and (a) log-SAT and (b) log-VAT. 

Pearson r value and p values displayed. 

 Waist and hip circumference 

There was a moderately positive correlation between peak thrombin and waist 

circumference, however it did not reach level of statistical significance set for 

this study (r=0.24, p=0.0026). The correlation between peak thrombin and hip 

circumference did not reach statistical significance (r=0.16, p=0.05). There was 

no significant difference in peak thrombin when it was compared between 

participants with a healthy waist:hip ratio and those with an unhealthy waist:hip 

ratio (p=0.081, data not shown). 

 

Figure 5-36 Correlation between log-peak thrombin and (a) log-waist circumference and (b) 
log-hip circumference. 

Pearson r value and p values displayed 

 Multiple regression analysis peak thrombin and anthropometry 

Multiple regression modelling identified that both SAT and waist circumference 

remained independently correlated with peak thrombin once BMI was adjusted 

for, however waist circumference was not independent of SAT. The final 
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regression model was able to account for 7.5% of variance and used only SAT as 

the predictor. 

Table 27 Peak thrombin and adipose tissue distribution multiple regression model 
construction. 

Peak thrombin was analysed within four individual models (numbered 1-4) as previously 
defined in statistical methods section (page 160). Each model was combined with model 1 
(BMI) to ascertain if the anthropometric measurements were correlated with peak thrombin 
independently of BMI.  A final stepwise model (α =0.15 to keep/remove) was used to find the 
variables which were the strongest predictors of peak thrombin. Waist:hip ratio (WHR) was 
not included in the multiple regression as there was no significant difference between peak 
thrombin when subdivided by healthy and unhealthy WHR in the a priori analysis. 

Regression Model β co-efficient p-value adjusted R2 

model 1 (BMI) 0.0029 0.032 2.27% 

model 2 (SAT and VAT) SAT 0.18 

VAT -0.012 

0.006 

0.82 

6.94% 

model 3 (WC, HC) WC 0.89 

HC -0560 

0.007 

0.14 

5.72% 

model 4 (WHR) 0.53 0.003 5.00% 

model 1 + model 2 BMI -0.002 

SAT 0.22 

VAT 0.0004 

0.35 

0.005 

0.99 

6.86% 

model 1 + model 3 BMI -0.0023 

WC 0.98 

HC -0.40 

0.60 

0.009 

0.48 

5.29% 

model 1 + model 4 BMI 0.0018 

WHR 0.46 

0.20 

0.014 

5.40% 

final model (stepwise) SAT 0.17 0.00027 7.50% 
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5.7.3 ETP and adipose tissue distribution 

 SAT and VAT 

Figure 5-37 shows the moderate positive correlation between ETP and SAT (r=0.31, 

p<0.0001). There was a weak positive correlation between ETP and VAT (r=0.21, 

p=0.009) however this did not reach the level of statistical significance set for this 

study. 

 

Figure 5-37 Correlation between log-ETP and (a) log-SAT and (b) log-VAT. 

Pearson r value and p values displayed. 

When ETP was analysed within SAT quartiles (data not shown), there was evidence 

of a threshold effect with a significant increase in ETP when SAT increased from 

Q1 to Q2 (p=0.0086) but this was below the study level of significance. There was 

no further significant difference between the subsequent quartiles. There was no 

significant difference in ETP when compared between VAT quartiles, although 

overall there was a small increase in ETP as VAT increased (p=0.025) which was 

below the statistical threshold for significance set for this study 
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 Waist and hip circumference 

There was a weak positive correlation between ETP and waist circumference 

(r=0.22, p=0.0045) as shown in Figure 5-38, however this did not reach the level 

of significance set for this study (p<0.001). The correlation between ETP and hip 

circumference did not reach statistical significance (r=0.16, p=0.05). When the 

population was subdivided by waist:hip ratio, into healthy (<0.85) and unhealthy 

(>0.85) groups, there was no difference observed between the two groups 

(p=0.19). 

 

Figure 5-38 Correlation between log-ETP and (a) log-waist circumference and (b) log-hip 
circumference. 

Pearson r values and p values displayed. 

 Multiple regression analysis ETP and anthropometry 

Multiple regression analysis found the relationship between SAT and ETP was 

independent of BMI, as was the relationship between waist circumference and 

BMI. Waist circumference was no longer significantly correlated with ETP once SAT 

was added to the model. However, the final stepwise multiple regression model 

identified BMI and SAT as the best predictors of BMI, able to account for 10.06% 

of variance. BMI was not independent from SAT. 
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Table 28 ETP and adipose tissue distribution multiple regression model construction. 

ETP was analysed within four individual models (numbered 1-4) as previously defined in 
statistical methods section (page 160). Each model was combined with model 1 (BMI) to 
ascertain if the anthropometric measurements were correlated with ETP independently of 
BMI.  A final stepwise model (α =0.15 to keep/remove) was used to find the variables which 
were the strongest predictors of ETP.  

Regression Model β co-efficient p-value adjusted R2 

model 1 (BMI) 0.0026 0.044 1.93% 

model 2 (SAT and VAT) SAT 0.18 

VAT -0.01 

0.002 

0.81 

8.58% 

model 3 (WC, HC) WC 0.72 

HC -0.43 

0.021 

0.26 

4.57% 

model 4 (WHR) 0.33 0.0001 8.45% 

model 1 + model 2 BMI -0.0032 

SAT 0.25 

VAT 0.007 

0.11 

0.001 

0.86 

9.50% 

model 1 + model 3 BMI -0.0032 

WC 0.85 

HC -0.16 

0.44 

0.017 

0.77 

4.32% 

model 1 + model 4 BMI 0.0015 

WHR 0.26 

0.021 

0.003 

10.93% 

final model (stepwise) BMI -0.0031 

SAT 0.25 

0.11 

0.00014 

10.06% 

 

5.7.4 Time to peak (ttP) and adipose tissue distribution 

 SAT and VAT 

There were only very weak positive correlations (Figure 5-39) between time to 

peak thrombin (ttP) and SAT (r=0.17, p=0.036) and VAT (r=0.19, p=0.016) which 

did not reach the significance threshold for this study. When ttP was analysed 

within SAT and VAT quartiles (data not shown), there was no significant difference 

between any of the groups. 
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Figure 5-39 Correlation between log-time to peak (ttP) and (a) log-SAT and (b) log-VAT. 

Pearson r value and p values displayed. 

 Waist and hip circumference 

There was no correlation between ttP and either waist or hip circumference. 

There was no significant difference in ttP when participants with a healthy 

waist:hip ratio were compared to participants with an unhealthy waist:hip ratio 

(p=0.64, data not shown). 

 

Figure 5-40 Correlation between log-time to peak (ttP) and (a) log-waist circumference and 
(b) log-hip circumference. 

Pearson r value and p values displayed. 

5.7.5 Velocity Index and adipose tissue distribution 

 SAT and VAT 

Figure 5-41 shows the moderate positive correlation which was present between 

velocity index and SAT (r=0.27, p=0.0006). A weaker correlation existed between 

velocity index and VAT (r=0.18, p=0.026), however this didn’t reach statistical 
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significance for this study. When data was analysed within SAT and VAT quartiles 

(data no shown), the increase in velocity index with each SAT quartile was 

observed to be continuous with no evidence of a threshold effect (data not 

shown). 

 

Figure 5-41 Correlation between log-velocity index and (a) log-SAT and (b) log-VAT. 

Pearson r value and p values displayed. 

 Waist and hip circumference 

In Figure 5-42 the moderate positive correlation between velocity index and waist 

circumference is displayed (r=0.25, p=0.0014). There was a weaker positive 

correlation between velocity index and hip circumference (r=0.17, p=0.033). 

However, neither of these correlations reached statistical significance threshold 

set for this study. There was no significant difference in velocity index when the 

study group was subdivided into healthy and unhealthy waist:hip ratio groups 

(p=0.11, data not shown. 
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Figure 5-42 Correlation between log-velocity index and (a) log-waist circumference and (b) 
log-hip circumference. 

Pearson r value and p values displayed. 

 Multiple regression analysis velocity index and anthropometry 

Multiple regression analysis identified that the relationship between SAT and 

velocity index was independent from BMI, and that the correlation between waist 

circumference and velocity index remained robust once BMI was accounted for. 

Stepwise multiple regression analysis identified WHR and SAT as the variables able 

to predict 8.08% of variance in velocity index, however only SAT was 

independently predictive and neither relationship reached the statistical 

threshold set. 
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Table 29 Velocity index and adipose tissue distribution multiple regression model 
construction. 

Velocity index was analysed within four individual models (numbered 1-4) as previously 
defined in statistical methods section (page 160). Each model was combined with model 1 
(BMI) to ascertain if the anthropometric measurements were correlated with velocity index 
independently of BMI.  A final stepwise model (α =0.15 to keep/remove) was used to find the 
variables which were the strongest predictors of velocity index.  

Regression Model β co-efficient p-value adjusted R2 

model 1 (BMI) 0.0044 0.018 2.89% 

model 2 (SAT and VAT) SAT 0.23 

VAT -0.014 

0.009 

0.82 

6.05% 

model 3 (WC, HC) WC 1.26 

HC -0.83 

0.005 

0.13 

6.45% 

model 4 (WHR) 0.76 0.002 5.58% 

model 1 + model 2 BMI -0.00093 

SAT 0.25 

VAT -0.0085 

0.75 

0.02 

0.89 

5.51% 

model 1 + model 3 BMI -0.0018 

WC 1.33 

HC -0.67 

0.78 

0.009 

0.38 

5.91% 

model 1 + model 4 BMI 0.0028 

WHR 0.64 

0.14 

0.01 

6.28% 

final model (stepwise) SAT 0.16 

WHR 0.49 

0.023 

0.062 

8.08% 

 

5.8 Discussion 

5.8.1 Main findings 

The main aim of the analysis in this Chapter was to assess the influence of adipose 

tissue distribution on the prothrombotic state via the biomarker, ex vivo thrombin 

generation. The hypothesis that VAT would be predictive of thrombin generation 

was incorrect as it was identified that SAT was the parameter with the most robust 

relationship to ETP. However, together, SAT and BMI were only able to predict 

10.06% of the variance in ETP. This finding is in contrast with the only other 

previous study in this area by Chitongo et al who identified, in a non-pregnant 

population, that VAT was associated with thrombin generation parameters. 
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The other main findings of this study were consistent with the pre-existing body 

of literature, that BMI incompletely reflects adiposity, and that in pregnancy, 

measurements of adipose tissue distribution are better able to predict leptin, IL-

6 and fibrinogen, mediators of the procoagulant state than BMI alone. The most 

significant associations are depicted in Figure 5-43 and outlined below: 

• In this study, identification of central adiposity in early pregnancy, with 

increased waist circumference, was found to be a strong predictor for 

plasma IL-6 at booking (adjusted R2=24.28%). To the best of our knowledge, 

this is a novel finding in the pregnant population, and does correlate with 

the evidence base in the non-pregnant population(Charo and Taubman, 

2004; Pou et al., 2007).  

• Upper and lower body SAT, as measured by abdominal SAT thickness, waist 

and hip circumference, were strong predictors of plasma fibrinogen 

concentrations (adj R2=30.04%) independently of BMI, similar to findings 

observed in non-pregnant individuals by Pou et al.(Pou et al., 2007) 

• In keeping with the data in non-pregnant individuals, leptin was reflective 

of total fat mass, with waist circumference, hip circumference, SAT and 

VAT taken together all strongly predictive of plasma leptin concentrations, 

and providing a greater predictive value than BMI alone (adj R2=77.00% vs 

58.86%)  
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Figure 5-43 Associations between anthropomorphic measurements and markers of 
haemostasis and adipokines. Each variable is associated independently of BMI. Variables 
which showed a threshold effect also included and denoted by asterisk. 

 

These findings and how they may relate to the underlying pathophysiology of the 

prothrombotic state in obese pregnancy will be discussed in further detail. 

5.8.2 Relationship between measures of adipose tissue 
distribution and BMI 

Whilst BMI is a useful tool to quickly identify overweight and obese subjects, it is 

known to provide a poor assessment of body fat distribution, which has been 

shown to be an important indicator of cardiovascular risk. 

As might have been anticipated, waist and hip circumference at booking both 

strongly correlated with BMI (adjusted R2=0.88, p<0.0001). Waist:hip ratio, which 

provides an assessment of body shape, did not correlate as strongly with BMI as 

the individual measurements (adjusted R2=0.21), indicating that BMI does not 

reflect body shape. Both SAT and VAT thickness at booking correlated positively 

with BMI (adjusted R2=0.70 and 0.46, respectively) but one-way ANOVA comparing 
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the four BMI groups found no significant difference in SAT:VAT ratio (p=0.32) 

implying that BMI provides no insight into the composition of adipose tissue.  

It was observed that waist circumference reached a plateau when BMI reached 40, 

whereas hip circumference continued to have a linear relationship with BMI 

suggesting excess adipose tissue is deposited more in the lower body SAT depots 

than centrally. The analyses of the relationship between BMI and abdominal SAT 

and VAT thickness found that central SAT thickness plateaued once BMI reached 

40 whilst the relationship with VAT remained linear. Taken together, these data 

might suggest that in obese women, excess adipose is preferentially deposited 

centrally as VAT rather than SAT, or it is being deposited outwith the area 

measured by ultrasound in this study e.g into hip region. It is not possible to 

distinguish at this study point whether the adipose distribution relates to 

pregnancy or to pre-gestational obesity but given the early gestation at which the 

scan was undertaken (mean 14.6 weeks) it seems most likely that pre-pregnancy 

body composition is having the greatest influence.  

The “adipose tissue overflow’ hypothesis, described by Sniderman et al and 

several others initially as an ethnic variation in adipose tissue distribution, may 

offer an explanation for the differences observed in adipose tissue distribution in 

those with BMI >40 in this study. They suggested that the expansion of adipose 

tissue into the deep SAT (DSAT) and VAT compartments occurs once the more 

stable subcutaneous SAT (SSAT) depot reaches capacity.(Sniderman et al., 2007) 

There is evidence to support this theory when the current study population was 

analysed within SAT quartiles, the VAT thickness increased exponentially as SAT 

reached the 3rd quartile.  

The adipose tissue overflow hypothesis has been recognised previously within the 

pregnant population in conditions such as gestational diabetes mellitus and pre-

eclampsia, where VAT thickness has been positively correlated with metabolic 

parameters.(Trivett, Lees and Freeman, 2021; Bartha et al., 2007; Gur et al., 

2014). Martin et al and others found a significant positive association between 

VAT thickness and the development of gestational diabetes.(Martin et al., 2009; 

Li et al., 2024) Whilst Huda et al demonstrated ex vivo stimulation of visceral 

adipocytes from mothers with pre-eclampsia released greater concentrations of 

inflammatory markers including IL6, TNF-α and CCL-2, compared to visceral 
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adipocytes from healthy pregnant women. (Huda et al., 2017)In healthy 

pregnancy, VAT is preferentially deposited(Kinoshita and Itoh, 2006), but obese 

women may be entering pregnancy with excess VAT deposited due to adipocyte 

dysfunction and as such this may affect the ability of the obese VAT depot to 

respond to pregnancy in the same way that the lean VAT depot would. This pattern 

was observed in a study of gestational weight gain by Straughen et al: Weight gain 

was at a slower rate in overweight compared to lean pregnant women and the 

distribution of adipose tissue between SAT and VAT compartments was subtly 

different. Total fat thickness increased in lean and decreased in overweight/obese 

women, but the proportion of VAT increased more in lean compared to 

overweight/obese.(Straughen, Trudeau and Misra, 2013)  

These data have identified in this pregnant population, as has been shown 

previously in the general population, that whilst BMI is a useful tool in assessing 

total mass of body fat, it does not accurately reflect the distribution of body fat 

and the inherent risks with which different phenotypes of adipose tissue 

distribution may be associated. 

5.8.3 Relationship between measures of adipose tissue 
distribution and adipokines 

Leptin was the adipokine which most strongly correlated with measures of adipose 

tissue distribution, showing strong positive correlations with both upper and lower 

body SAT. Given that leptin is produced by adipocytes, our findings may reflect 

that leptin is associated with total fat mass rather than location or differing 

properties of adipose tissue. 

IL-6, in contrast, was associated with evidence of central obesity, with waist 

circumference independently positively correlated with IL-6. VAT appeared to be 

colinear with BMI but was included in the final regression model alongside waist 

circumference which was able to predict 24% of variance in IL-6. This finding may 

reflect the already well-recognised pro-inflammatory effects of central obesity 

within the pregnant and non-pregnant populations. However, the lack of 

independent association between VAT and IL-6 was surprising, given the evidence 

in pregnant and non-pregnant individuals that VAT is the more pro-inflammatory 

depot.(Stewart et al., 2007; Kahn et al., 2022; Pou et al., 2007; Schlecht et al., 
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2016) Given the relationship with waist circumference, it could be that the 

production of IL-6 relates to the inflammatory properties of unmeasured deep 

SAT, which has been associated with inflammatory markers and the metabolic 

syndrome similarly to VAT. (Smith et al., 2001; Kim et al., 2016) 

In summary, it appears that plasma leptin concentrations reflected total fat mass, 

whereas the anti-inflammatory adipokine, adiponectin, was negatively associated 

with central adiposity and SAT. IL-6, was associated with waist circumference but 

not VAT. TNF-α and IL-1β showed no significant associations with adipose tissue 

distribution. 

Taken together these data suggest that in pregnant women at booking, central 

adiposity, but not exclusively VAT, results in a pro-inflammatory state. This could 

reflect lesser-recognised inflammatory properties of SAT, changes which develop 

in pregnancy, or may suggest that what we are detecting is the influence of deep 

SAT, which was not quantified in this study. 

5.8.4 Relationship between measures of adipose tissue 
distribution and markers of haemostasis 

Anthropometric measures correlated with fibrinogen Clauss, TFPI and PAI-1, but 

the relationship with PAI-1 was colinear with BMI and therefore not independent. 

There was no correlation between any of the measures of adipose tissue 

distribution and Factor VIII, D-dimer or protein S. 

Fibrinogen was strongly positively correlated with waist circumference and SAT. 

The devised multiple regression model comprised of SAT, waist circumference 

and a negative relationship with hip circumference was able to explain 30.04% of 

variance in fibrinogen concentrations, independently of BMI. This suggests that 

higher fibrinogen concentrations are associated with the deposition of additional 

SAT in the waist region in preference to the hip region, i.e. a central obesity 

distribution. 

VAT was not found to be independently correlated with fibrinogen, due to 

collinearity with SAT. However, when fibrinogen was analysed within VAT 

quartiles, a threshold effect was evident showing a significant (p=0.008) increase 

in fibrinogen once VAT reached a thickness of 19.8mm (4th quartile) a finding 
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which may have been too small to have identified within multiple regression 

modelling. This may reflect the inflammatory potential of VAT, as fibrinogen is 

known to be an acute phase protein released as part of the inflammatory response, 

however it does also suggest that having very high levels of VAT (>19.8mm) may 

contribute exponentially to the prothrombotic state in obese pregnancy. A 

previous study by Gur et al found a VAT thickness of 19.5mm was the optimal cut-

off point in prediction of gestational diabetes mellitus, therefore although these 

findings weren’t below the significance level in this study, they may suggest a 

shared pathophysiology between thrombotic risk and the metabolic syndrome in 

pregnancy.(Gur et al., 2014) 

Central obesity, measured by VAT, in combination with BMI were found to be 

positively and independently predictive of TFPI, able to account for 11.99% of 

variance suggesting that obesity and adipose tissue distribution have only a minor 

influence on TFPI levels. TFPI is a recognised naturally occurring anticoagulant, 

therefore its positive association with markers of obesity seems contrary to the 

hypothesis that obesity is associated with a prothrombotic state. TFPI has also 

been recognised as a marker of endothelial dysfunction and could also reflect a 

regulatory mechanism developed in obesity to counter the increased thrombotic 

risk. 

In summary, central adipose tissue distribution, measured by waist circumference 

and SAT rather than VAT, has a strong positive association with fibrinogen levels. 

Although there was a significant increase in fibrinogen when VAT thickness was 

>19.8m, SAT showed the closer association with fibrinogen. This again suggests 

that the central adiposity link with the pro-inflammatory and prothrombotic state 

may be mediated via inflammatory SAT or deep SAT rather than VAT as was 

hypothesised. The positive correlation between VAT and TFPI would not 

contribute to the prothrombotic state but may reflect evidence of endothelial 

dysfunction in obesity. 

5.8.5 Relationship between measures of adipose tissue 
distribution and thrombin generation 

SAT thickness was the anthropomorphic measure most strongly associated with 

the thrombin generation parameters, with independent and positive association 
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with each of lagtime, ETP, peak thrombin and velocity index. The adjusted R2 

values of the multiple regression models were low for all of these parameters 

suggesting that anthropomorphic measures do not have a strong influence on 

thrombin generation. 

Interestingly, a prolongation of lagtime was associated with both upper body SAT 

and VAT (both r=0.31, p<0.0001), with evidence that once VAT reaches 19.8mm 

there was a significant increase in lagtime (p=0.039). The multiple regression 

analysis final stepwise model found that SAT, VAT, BMI and hip circumference 

were the strongest predictors for lagtime, but this model was only able to predict 

16.93% of the variance in lagtime. In a prothrombotic state, a shortening of 

lagtime would be expected, however a similar phenomenon has been found in 

association with high levels of TFPI, fibrinogen and protein S which can prolong 

lagtime in vitro without affecting ETP and peak thrombin.(Chitongo et al., 2017; 

Brodin et al., 2009) TFPI, fibrinogen and protein S were all positively correlated 

with BMI and VAT so this could be the explanation for this apparent discrepancy 

in lagtime results. 

In summary anthropometry is a poor predictor of thrombin generation, however 

SAT correlates most frequently, and does contribute independently of BMI to the 

prothrombotic state.  

5.8.6 Limitations 

There were several limitations of this study in determining the influence of 

adipose tissue distribution on thrombin generation. 

Sample size 

The main IPOP study group consisted of 262 participants, yet complete adipose 

distribution data to include SAT and VAT thickness were only available on 160 

women. Unfortunately, due to time pressures during the routine antenatal dating 

scan which all women receiving at around 12 weeks’ gestation, the obstetric 

sonographers felt they would not be able to undertake study measurements of SAT 

and VAT, and as such a research-specific scan was arranged to obtain these 

measurements. As this was an additional voluntary attendance to the hospital, 
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and with no direct benefit to the study participant’s pregnancy, the attendance 

rate was only 61%. A substudy group of the 160 women who did attend for analysis 

purposes, was therefore analysed which did have a proportionate spread of BMIs, 

comparable to the main study. However, ideally the study scan measurements 

would have been obtained at the routine antenatal scan to maximise collection of 

SAT and VAT data, providing a larger sample size for more robust conclusions. 

Method for measurement of SAT and VAT 

The ‘gold standard’ for accurate quantification of visceral adipose tissue is by CT 

or MRI scan as these give accurate, reproducible cross-sectional images in multiple 

planes by which accurate volumetric assessment of VAT can be ascertained. 

However, these methodologies are generally confined to research-use due to 

availability in clinical practice. In addition, CT uses ionising radiation which is 

harmful to the unborn foetus and to developing maternal breast tissue and 

reproductive organs, and as such would not be suitable for use in the pregnant 

population. The rationale for using ultrasound scan in this study was to utilise a 

readily-available technique which pregnant women would already by undergoing 

during pregnancy, so that any identified associations with thrombotic risk could 

be easily extrapolated into clinical risk scoring for VTE assessment during 

pregnancy. by using ultrasound, we recognise the measurements are only 2-

dimensional and can be prone to inter- and intra-operator variability. 

Timing of SAT/VAT scan 

As the SAT/VAT scan required women to find time to attend for an additional 

appointment which only took place weekly, some women may not have been able 

to attend until close to the 17 week gestation cut off for completing the scan. The 

average gestation at time of the SAT/VAT scan was 14.6 weeks, with most women 

already into the second trimester of pregnancy before SAT and VAT thickness were 

measured. As it is known that VAT expands and SAT declines during the second 

trimester, SAT and VAT thickness may have been influenced by these pregnancy-

related changes rather than reflecting early pregnancy adipose tissue depots, 

which have been identified predictors of metabolic disease in pregnancy. (Li et 

al., 2024) 
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Superficial and deep SAT quantification 

One potential explanation for why SAT was more closely related to pro-

inflammatory cytokines and the prothrombotic state than VAT is that there may 

be an unmeasured proportion of the more metabolically active deep SAT which is 

influencing the prothrombotic state. In this study subdivisions in the measurement 

of SAT were not assessed so it is impossible to draw any conclusions on this 

hypothesis, but this could be something to consider in future studies. 

5.8.7 Summary 

Considering all of the anthropometric data together, SAT and waist circumference 

appeared to be the most frequently associated anthropometric measures, 

independent of BMI, in predicting adipokines and markers of haemostasis. With 

regard to the primary study endpoint in predicting thrombotic risk, SAT was the 

strongest anthropometric predictor of thrombin generation (ETP) and added to 

the predictive value of BMI, however the overall predictive value of the multiple 

regression model was low at 10.66%, suggesting that in isolation anthropometric 

measures are not strong predictors of thrombotic risk. These findings are in 

contrast to the work of Chitongo et al, whose study in class III obese non-pregnant 

individuals found VAT to have the strongest association with thrombin generation 

parameters.(Chitongo et al., 2017)  

There are a number of differences in the study design between this study and that 

of Chitongo et al which could be contributing to our opposing findings. Firstly, the 

Chitongo study was in older (mean age 44), non-pregnant individuals so the 

differences could reflect phenotypic alterations in SAT and VAT attributable to 

both age and pregnancy. Secondly, the method of quantifying adipose tissue 

differed as our study used abdominal ultrasound compared to software-assisted 

volume quantification by CT scanning which likely provides a more accurate and 

reproducible measurement. And thirdly, the Chitongo study focused on class III 

obese individuals, therefore, as the current study has demonstrated, there are 

differences in properties of SAT and VAT in women of different BMI groups. Our 

study had only a small proportion of participants with BMI ≥ 40 therefore 

associations specific to this group may have been missed. Furthermore, both 

studies only measured SAT and VAT, meaning that any functional differences in 
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superficial SAT and deep SAT will not have been identified and correlations 

between the more metabolically active DSAT and proinflammatory cytokines and 

thrombin generation potentially overlooked.  

SAT has been associated with VTE previously in an autopsy-based study by Ogren 

et al.(Ogren et al., 2005) It may be that in both Ogren’s study and the current 

study that it is the more metabolically active subdivision of SAT, DSAT, that is 

exerting the pro-inflammatory effect. DSAT is predominantly located in the 

abdomen and separated from the superficial subcutaneous adipose tissue (SSAT) 

by a fascial plane. Several studies have explored the role of deep subcutaneous 

adipose tissue (DSAT) in cardiovascular risk, with the metabolic properties of DSAT 

similar to those of VAT.(Kelley et al., 2000) When compared to SSAT, DSAT is more 

vascular, has less stable triglyceride storage, and is strongly associated with 

features of the metabolic syndrome including insulin resistance, dyslipidaemia and 

potentially with pro-inflammatory cytokines.(Sniderman et al., 2007) 

Considering data within the pregnant population, Straughen et al’s study 

investigating gestational weight gain, the rate of change of the VAT:SAT ratio was 

greater in lean compared to overweight/obese women, a phenomenon seen in 

some haemostasis parameters in our study and may explain the reduced flexibility 

observed by our group with some metabolic parameters in pregnancy.(Stewart et 

al., 2007) 

The impaired response to pregnancy observed in metabolic parameters in obese 

pregnancy, and in the current study with attenuated gestational changes in 

thrombin generation, PAI-1 and TFPI, may relate to adipocyte dysfunction as 

outlined previously in the adipocyte expandability hypothesis by Suárez-Cuenca et 

al. (Suárez-Cuenca et al., 2021) Adipocyte size has been demonstrated to relate 

to function, with small adipocytes protective against metabolic dysfunction. In 

the expansion of adipose tissue, adipocytes can expand in a ‘healthy’ hyperplastic 

manner or, in the case of adipocyte dysfunction, in a hypertrophic fashion. The 

hypertrophic adipocytes are associated with increased leptin and reduced 

adiponectin (as observed in our cohort) then more prone to lipolysis, with 

increased cell death attracting more adipose tissue macrophages. The 

macrophages become polarised towards the pro-inflammatory M1 phenotype and 

there is increased release of cytokines including TNF-α, IL-1β and IL-6, which in 
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turn stimulate the increase in fibrinogen. Our cohort demonstrated increased IL-

6 and fibrinogen associated with increasing adiposity, but Q3 VAT (>17mm) was 

associated with a significant fall in adiponectin and Q4 VAT (>19.8mm) associated 

with increases in PAI-1 and fibrinogen suggesting at this critical VAT mass there is 

an alteration in adipocyte function. 

Our initial hypothesis that pro-inflammatory cytokines produced by excess VAT 

contribute to increased thrombin generation was not correct, as SAT was seen to 

be more closely associated with thrombin generation than VAT. However, if the 

SAT and waist circumference measurements were known to reflect accumulation 

of DSAT, then it remains possible that the correlations with leptin, adiponectin, 

IL-6, fibrinogen relate to the more metabolically active DSAT portion and that the 

theory of the chronic proinflammatory state being the driver for thrombotic risk 

in obesity remains true. The proposed influence of adipose tissue distribution on 

the prothrombotic state in obese pregnancy is illustrated in Figure 5-44. 
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Figure 5-44 Adipose tissue distribution in obese pregnancy and association with the 
prothrombotic state. 

Obese women enter pregnancy with an excess of adipose tissue which, for women at greatest 
risk, is deposited in the waist region rather than the hips resulting in the ‘apple’ shape of 
central obesity. SAT was more closely related to thrombotic risk in this study and we propose 
that excess adipose tissue is deposited in VAT and the similarly active deep SAT. Normal 
healthy gestational VAT gain is attenuated and the adipose tissue in the deep SAT and VAT 
depots consists of dysfunctional, hypertrophic adipocytes. These adipocytes are prone to 
increased lipolysis, increased recruitment of adipose tissue macrophages and polarisation 
of these macrophages to the pro-inflammatory M1 phenotype which results in release of pro-
inflammatory cytokines, particularly IL-6. Adipokines are dysregulated resulting in increased 
leptin and a fall in the anti-inflammatory adiponectin. IL-6 and fibrinogen are increased and 
there is also increased thrombin generation (as measured by ETP) 

The data in this chapter has shown that the assessment of waist circumference 

and SAT thickness provides additional information over and above that of BMI, but 

ex vivo adipocyte studies looking at the differing properties of SAT (superficial 

and deep) and VAT adipocytes in healthy women of different BMI during 

pregnancy, alongside thrombin generation data, may help to elucidate how SAT 

and VAT properties differ in these BMI groups and how this might be affecting 

thrombin generation.  

In the final chapter, using the most significant findings of the preceding chapters, 

the adipokine and anthropomorphic parameters will be analysed alongside the 
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haemostasis markers to determine the pathways involved in the pathophysiology 

underlying the prothrombotic state in obese pregnancy. 
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Chapter 6 The pathophysiology underlying the 
prothrombotic state in obese pregnant women 

6.1 Background 

The rationale for undertaking this study was to characterise the prothrombotic 

phenotype of obese pregnancy, which would allow identification of risk factors for 

thrombotic risk in this population and ultimately targets for developing strategies 

to allow mitigation of this risk. In order to do this, an accurate understanding of 

the pathways involved in the development of the prothrombotic state is necessary. 

The previous chapters have examined the individual relationships between 

measures of the prothrombotic state, adipokines and adipose tissue distribution 

but in order to appreciate the underlying pathophysiology leading to the 

prothrombotic state in obese pregnancy the interactions between all of these 

factors need to be understood. The strongest relationships from each of the 

previous chapters will be taken together in this chapter to determine the 

characteristics which best predict the prothrombotic state, as measured by 

thrombin generation, during pregnancy. 

In the current study, measures of the prothrombotic state; ETP, Fibrinogen, TFPI 

and PAI-1; were observed to show a significant association with time and BMI 

during pregnancy. Considering the adipokine and adipose tissue distribution 

parameters which may be driving these prothrombotic measures, the adipokine 

leptin, in addition to anthropometric assessment by BMI, waist circumference and 

SAT, was found to be positively correlated with ETP. Fibrinogen Clauss was found 

to be strongly associated with leptin, waist circumference and SAT, and studies 

have previously identified fibrinogen to be associated with thrombotic 

risk.(Aleman et al., 2014; Klovaite et al., 2013) TFPI was independently associated 

with BMI and the measure of central obesity, VAT, but had no significant 

associations with any adipokines. PAI-1, whilst showing a significant correlation 

with both time and BMI during pregnancy, was only significantly associated with 

BMI and none of the other anthropomorphic measures at booking. 

In support of the original hypothesis for this study, that pro-inflammatory 

dysfunctional adipocytes and adipose tissue distribution in obese pregnancy were 

driving thrombotic risk, the relationship between leptin and fibrinogen appeared 
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to be IL-6 dependent. In turn, IL-6 was associated with SAT and waist 

circumference, suggesting that the central obesity phenotype, although not VAT, 

contributes to the prothrombotic state. 

In this short chapter, statistical analyses will identify the variables identified so 

far which best predict endogenous thrombin potential (ETP), the biomarker of 

thrombosis used in this study. In addition, surrogate measures of haemostasis 

which each showed an association BMI at booking; fibrinogen, PAI-1 and TFPI, will 

be analysed to identify which adipokine and adipose tissue distribution variables 

are most closely associated. The analysis of fibrinogen and TFPI will aim to 

strengthen the thrombin generation findings, whilst PAI-1 will show the impact of 

obesity during pregnancy on fibrinolysis, an important determinant of thrombotic 

risk. 

6.2 Aims and Objectives 

6.2.1 Aims 

To determine, based on the findings of Chapters 3-5, which of the adipokines and 

which measurements of adipose tissue distribution are most closely related to 

thrombin generation and the other measured haemostasis parameters known to 

be affected by BMI in obese pregnant women. 

6.2.2 Hypothesis 

The increased risk of VTE in obese pregnant women, as measured by thrombin 

generation, is positively correlated with leptin and IL-6, BMI, waist circumference 

and SAT.  

6.2.3 Specific Research Questions 

1. What is the best statistical model to predict fibrinogen, incorporating the 

parameters known to be associated with fibrinogen: leptin, IL-6, SAT, waist 

circumference and BMI 

2. What is the best statistical model to predict TFPI, incorporating the parameters 

known to be associated with TFPI: VAT, IL-6 and BMI 



Chapter 6 

223 

3. What is the best statistical model to predict PAI-1, incorporating the parameters 

known to be associated with PAI-1: adiponectin and BMI 

4. What is the statistical model best able to predict ETP, incorporating parameters 

known to be associated with ETP: leptin, SAT, waist circumference, BMI 

6.3 Methods 

6.3.1 Study population 

The study population was the ‘sub-study’ group (n=160) as previously described in 

detail in Chapter 5 as this population allowed analysis of the anthropometric data 

alongside the haemostasis and adipokine data obtained at booking. 

6.3.2 Statistical analyses 

Analyses were focussed on ETP, fibrinogen, TFPI and PAI-1 at booking as these 

were the haemostatic parameters which showed a significant relationship with 

BMI. In addition, haemostasis parameters at the booking appointment were able 

to be related to both plasma concentrations of adipokines and measurements of 

adipose tissue distribution taken at the same time point. BMI and adipose tissue 

distribution were not re-measured at 28 weeks’ gestation therefore relating 

adipokine and haemostasis data accurately to the adipose tissue distribution was 

not possible. 

Multiple regression analysis for each of the haemostatic parameters (ETP, 

fibrinogen, TFPI and PAI-1) were undertaken. In each model, the adipokine and 

anthropometric parameters found to be significantly associated in the relevant 

previous chapters were nominated as predictors, alongside BMI. Stepwise multiple 

regression analysis was used, with α-value set at 0.15 to remain/remove.  

Taking together all of the conclusions from earlier chapters, a theory for how each 

of the variables measured interact to explain the increased risk of thrombosis in 

obese pregnancy has been proposed. A curated multiple regression analysis model 

was used to test these theories. To prove a dependent relationship or pathway, a 

reduction in adjusted R2 and non-signficance of the p-values were observed with 

the addition of a parameter.  
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6.4 Results 

6.4.1 Predictive models for fibrinogen, TFPI and PAI-1 

 Prediction of fibrinogen 

Plasma fibrinogen concentration was seen to be positively correlated with BMI and 

increase with advancing gestation in this study. Fibrinogen concentration is one 

component of the procoagulant state which has been extensively associated in 

previous studies to be associated with VTE risk, and understanding which 

adipokine and anthropomorphic parameters have influenced fibrinogen can aid in 

determining the pathophysiology of the prothrombotic state. The parameters 

identified as significantly associated with fibrinogen in this study were BMI, waist 

circumference (adj R2=27.82% p=0.0002 independent of BMI and hip 

circumference), SAT (adj-R2=27.09%, p=0.002 independent of BMI and VAT), leptin 

(adj R2=20.08%, p<0.0001 independent of BMI) and IL-6 (adj-R2=26.44%, p<0.0001 

independent of BMI). The stepwise multiple regression model in Table 30 was able 

to predict 32.01% of variance in plasma fibrinogen concentrations (p<0.0001): 

Table 30 Multiple regression model for prediction of variability in fibrinogen at booking. 

Stepwise multiple regression, α=0.15 to keep/remove 

Log-fibrinogen = 0.2736 + 0.101 log-SAT + 0.0013 log-waist circ + 0.14 log-IL-6 

 

adj-R2= 32.01%, p<0.0001 

Variable β co-efficient p-value 

log-SAT 0.101 0.023 

log-waist circumference 0.0013 0.06 

log-IL-6 0.14 0.006 

 

This regression model suggests the central obesity body shape, pro-inflammatory 

state and increased SAT are positively associated with fibrinogen, mirroring the 

findings seen with ETP. The association between leptin and fibrinogen which was 

demonstrated in Chapter 4 was no longer evident in this model, but this may be 

due to collinearity with SAT. 
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  Prediction of TFPI 

TFPI was weakly but independently associated with VAT (adj R2=11.99%, p=0.042) 

and BMI (adj R2=11.99%, p=0.047) in Chapter 5, and with IL-6 (adj R2=17.22%, 

p=0.0005 independent of BMI) in Chapter 4. A stepwise multiple regression model 

was used to identify the parameters most predictive of TFPI levels (Table 31). The 

final model (p<0.0001) was able to predict 12.91% of variance in TFPI levels: 

Table 31 Multiple regression model for prediction of variability in TFPI at booking. 

Stepwise multiple regression, α=0.15 to keep/remove 

Log-TFPI = 0.7659 + 0.189 log-IL-6 + 0.1008 log-VAT and 0.0367 BMI 

 

adj-R2=12.91%, p<0.0001 

Variable β co-efficient p-value 

log-IL-6 0.189 0.11 

log-VAT 0.1008 0.085 

BMI 0.0367 0.14 

 

TFPI was positively associated with BMI, IL-6 and VAT, but p-values were all non-

significant, implying collinearity. This suggests TFPI at booking is associated with 

the pro-inflammatory central obesity phenotype and it may be increased in obesity 

in an effort to counteract the procoagulant substances increased in obesity. 

Alternatively, TFPI is considered a marker of endothelial dysfunction which is 

known to occur in obesity, therefore elevated TFPI may reflect the endothelial 

dysfunction in obesity with a ‘double effect’ of some anticoagulant activity which 

is not at a sufficient level to mitigate the procoagulant substances in 

obesity.(Morange et al., 2001) Increased TFPI in the obese groups explains the 

contradictory thrombin generation profiles, which showed prolongation of lagtime 

(indicative of reduced coagulation) yet elevated peak, ETP and velocity index 

(parameters associated with increased thrombotic potential). Previous studies 

have identified TFPI prolongs lagtime in the thrombin generation assay but is 

known to not have significant effect on ETP, therefore the increase in TFPI must 

not be sufficient to counterbalance the prothrombotic substances contributing to 

thrombin generation.(Brodin et al., 2009) 
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 Prediction of PAI-1 

PAI-1 was found to be significantly positively associated with BMI (p<0.0001) and 

very weakly negatively associated with adiponectin (adj R2=12.80%, p=0.026, 

independent of BMI). Linear regression found these variables to predict 13.22% of 

variance in PAI-1. 

Table 32 Multiple regression model for prediction of variability in PAI-1 at booking. 

Stepwise multiple regression, α=0.15 to keep/remove 

Log-PAI-1 = 0.914 + 0.0096 BMI-0.13 log-adiponectin 

 

adj-R2=13.22%, p<0.0001 

Variable β co-efficient p-value 

log-adiponectin -0.13 0.069 

BMI 0.0096 <0.0001 

 

PAI-1 reflects fibrinolysis which is known to be dysregulated in obesity and 

pregnancy. It would not contribute to ETP, as the CAT methodology does not assess 

fibrinolysis but does contribute to thrombotic risk. BMI is the most important 

predictor of PAI-1, but low adiponectin is indicative of dysfunctional adipose tissue 

and may have a role. 
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6.4.2 Predictive model for ETP using significant adipokine and 
anthropometric parameters 

A stepwise multiple regression model was used to identify, using the significant 

parameters identified in previous chapters, exclusive of other haemostasis 

parameters, which were greatest at predicting variance in ETP. Included in this 

model were BMI, waist circumference (adj R2=4.32%, p=0.017 independent of BMI), 

SAT (adj-R2=9.50%, p=0.001 independent of BMI), and leptin (adj-R2=15.04%, 

p<0.0001 independent of BMI). The stepwise mode used an α value of 0.15 to 

keep/remove. The final regression equation (p<0.0001) was able to predict 13.62% 

of variance in ETP: 

Table 33 Multiple regression model for prediction of variability in ETP at booking. 

Stepwise multiple regression, α=15 to keep/remove 

Log-ETP= 2.51 – 0.00504 BMI+ 0.1187 log SAT +0.1408 log-leptin 

 

adj-R2=13.62%, p<0.0001 

Variable β co-efficient p-value 

BMI -0.00504 0.012 

log-SAT 0.1187 0.14 

log-leptin 0.1408 0.007 

 

Leptin (p=0.007) and BMI (p=0.012) were independently associated with ETP, 

whilst waist circumference and SAT did not remain associated despite SAT being 

the anthropomorphic measure most associated with ETP in Chapter 5. This may 

reflect the strong positive relationship between SAT and leptin, which may be 

indicative of collinearity in this statistical model. 

6.5 Proposed pathophysiological pathways for the 
development of the prothrombotic state in obese 
pregnant women 

Taking together all of the most significant results from this and the previous 

chapters, a proposed mechanism for the development of the prothrombotic state 

in obese pregnant women at booking is outlined in Figure 6-1. 
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The current study identified that obese pregnant women started pregnancy with 

higher fibrinogen and ETP, but also higher concentrations of naturally occurring 

anticoagulants, particularly TFPI, when compared to lean counterparts. PAI-1 was 

also positively correlated with BMI.  

Based upon the findings of Chapter 5, central obesity and accumulation of SAT, 

and to a lesser extent VAT, is associated with hyperleptinaemia which may lead 

to the recruitment and phenotypic switch of adipose tissue macrophages to the 

pro-inflammatory M1 phenotype, as described by Acedo et al. M1 ATMs release 

inflammatory cytokines, in particular IL-6 which induces hepatic productions of 

fibrinogen which likely contributes to the prothrombotic state. The procoagulant 

state, as assessed by ETP is associated with BMI, SAT and leptin, but the 

mechanism appears to be IL-6 independent, suggesting alternative methods 

through which hyperleptinaemia induces a prothrombotic state (see Figure 6-1). 

Release of IL-6 from VAT contributes to the increase in TFPI, which in addition to 

having anticoagulant properties is also a measure of endothelial dysfunction. 
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Figure 6-1 Pathophysiology underlying the increased risk of thrombosis in obese pregnant 
women. 

The central obesity phenotype, with increased waist circumference and increased SAT, was 
seen in the study to be associated with hyperleptinaemia and elevated IL-6. IL-6 stimulates 
hepatic production of fibrinogen resulting in hyperfibrinogenaemia which may contribute to 
the prothrombotic state. Leptin may cause increased thrombin generation via induction of 
tissue factor-expressing microparticles or endothelial dysfunction. VAT was positively 
associated with TFPI, which may be a marker of endothelial dysfunction, whilst SAT was 
associated with PAI-1 which indicates impaired fibrinolysis. The prothrombotic state in obese 
pregnancy is present from early pregnancy and therefore more prolonged than in lean 
pregnancy, and may be further exacerbated by the greater gestational fall in TFPI with 
advancing gestation.  

Solid arrows indicate associations demonstrated in the current study, dashed arrows indicate 
supporting theories from literature. Created in  https://BioRender.com. 

https://biorender.com/
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For the proposed pathway towards increased ETP, as suggested in Figure 6-1, 

multiple regression analysis was used to confirm if the variables within the 

pathway were truly dependent upon each other.  

6.5.1 Analysis of the SAT-ETP pathway 

Table 34 shows the sequential multiple regression analysis of the parameters 

from the SAT-leptin-ETP pathway (Figure 6-1). 

Table 34 Multiple regression analysis of SAT-ETP pathway 

SAT-ETP pathway 

Variables in model β co-efficient p-value model adj-R2 

log-SAT 0.17 <0.0001 9.13% 

log-SAT 

log-leptin 

0.049 

0.094 

0.52 

0.057 
10.64% 

 

The analysis in Table 34 demonstrates loss of significance of SAT when leptin is 

added to the model which suggests the proposed pathway from SAT to ETP may 

have merit. However, given that this model is only able to explain 10.64% of 

variance in ETP, it indicates there are other pathways which contribute to the 

ETP increase in obese pregnant women. 

6.5.2 Analysis of the SAT-fibrinogen pathway 

To strengthen the thrombin generation findings with further evidence of the 

prothrombotic state and confirm the hypothesised pathways in Figure 6-1, the 

pathways thought to contribute to increased fibrinogen were analysed by multiple 

regression modelling. 

The SAT-fibrinogen pathway is outlined in Table 35. 
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Table 35 Multiple regression analysis of SAT-fibrinogen pathway 

Fibrinogen pathway (SAT) 

Variables in model β co-efficient p-value model adj-R2 

log-SAT 0.21 <0.0001 26.54% 

log-SAT 

log-leptin 

0.16 

0.036 

0.002 

0.26 
26.67% 

log-SAT 

log-leptin 

log-IL-6 

0.14 

0.019 

0.16 

0.005 

0.54 

0.002 

30.62% 

 

Table 35 shows the significant positive relationship between SAT and fibrinogen, 

which remained independent following the addition of leptin to the model with 

minimal change in the adjusted-R2 suggesting that the SAT and leptin relationship 

was dependent. IL-6 was identified to have a significant correlation with 

fibrinogen, independently of SAT. 

6.5.3 Analysis of the VAT-fibrinogen pathway 

The parameters from the VAT-fibrinogen pathway, as indicated in Figure 6-1, 

were analysed within a multiple regression analysis model as built up in Table 

36. 

Table 36 Multiple regression analysis of VAT-fibrinogen pathway 

Fibrinogen pathway (VAT) 

Variables in model β co-efficient p-value model adj-R2 

log-VAT 0.12 <0.0001 16.46% 

log-VAT 

log-IL-6 

0.080 

0.21 

0.00029 

<0.0001 
23.97% 

 

The VAT-fibrinogen pathway was also assessed (Table 36) and both VAT and IL-6 

found to be independent predictors of fibrinogen. This model was able to explain 

23.97% of variance in fibrinogen, yet VAT and IL-6 have been identified as 

independent of each other, suggesting an alternate influence on IL-6 production. 
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Given the findings in Table 34, in which SAT and IL-6 were independent predictors 

of fibrinogen, it may stand to reason that the persistent independence of IL-6 

across both models suggest the dual influence of both SAT and VAT on IL-6 

production.  

6.6 Discussion 

6.6.1 Proposed pro-coagulant pathways in obese pregnancy 

At booking, this study has shown obese women to have higher fibrinogen, ETP, 

TFPI and PAI-1 compared to lean counterparts. As depicted in Figure 6-1 and 

analysed in detail above, central obesity and SAT appear to have the greatest 

influence upon the development of the prothrombotic state. The SAT-ETP pathway 

model was able to predict 10.64% of variance in ETP suggesting there are 

additional mechanisms, which have not been investigated in the current study, 

through which ETP is increased in obese pregnant women. 

However, the relationships between fibrinogen and the measurements of adipose 

tissue distribution were considerably stronger than those seen with ETP. SAT and 

VAT were both implicated in increasing fibrinogen in pregnancy complicated by 

obesity, via IL-6. The SAT-fibrinogen pathway was superior at predicting the 

procoagulant state compared to the VAT pathway (30.62% vs 23.97%), and both 

pathways demonstrated closer assocaitions with fibrinogen than those with ETP. 

These analyses also identified independent associations between SAT, IL-6 and 

fibrinogen, and suggested the dual influence of SAT and VAT on IL-6 production. 

These findings in pregnancy are unique to this study, as the influence of adipokines 

and adipose tissue distribution on thrombin generation have not, in the literature 

published to date, been elucidated.  

6.6.2 Limitations 

The analyses for this chapter were limited to the ultrasound substudy group 

(n=160) due to the availability of complete data sets of both laboratory data and 

anthropometric data, therefore the sample size is relatively small and so weaker 

associations may not have been powered enough to become evident. 
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In addition, the data was only analysed at one time point, the booking 

appointment. Therefore, haemostasis and adipokine observations at 28 weeks’ 

gestation, which are likely to have been influenced by the unmeasured body 

composition changes at this time point, may have been overlooked and their 

ability to strengthen any findings between adipose tissue distribution and the 

prothrombotic state missed. 

The curated multiple regression analyses performed to confirm the 

pathophysiological pathways are unable to accurately appreciate multi-directional 

pathways or dual influence on parameters. Statistical pathway analysis software 

exists but requires specialist software add-ons and statistician input, therefore 

was not within the scope of this thesis. 

Finally, the proposed pathophysiological pathways, as indicated in Figure 6-1, 

have been derived based on multiple regression analysis, therefore conclusions 

are hypothesised and based on statistical analyses and interpretation of previous 

literature rather than scientifically proven. Analyses of adipokine secretion from 

SAT and VAT of obese pregnant women would provide direct laboratory evidence 

to confirm or refute these proposed pathways and give greater strength to the 

hypothesised pathophysiology. 

6.6.3 Summary 

This is the first study which has aimed to establish the relationships between 

adipokines, adipose tissue distribution and thrombin generation in pregnancy. This 

study has identified that central obesity, with SAT rather than VAT, is part of a 

pathway involving leptin which is able to predict 10.64% of variance in ETP.   

Two pathways, starting with VAT and abdominal SAT respectively, which 

culminate in increased levels of fibrinogen via leptin and IL-6, were also proposed. 

Leptin and IL-6 appear to be associated more closely with the SAT-fibrinogen 

pathway which had a greater ability to predict fibrinogen than the VAT-fibrinogen 

pathway. 

Although associations between adipose tissue distribution, adipokines and 

thrombin generation were identified, these only explain a small percentage of 
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variance in ETP, suggesting there are alternative pathophysiology underlying the 

increased thrombin generation in obese pregnancy which have yet to be 

elucidated. However, the relationships observed between fibrinogen and 

measurements of obesity were considerably stronger than those observed with 

ETP, suggesting that fibrinogen may be a valuable biomarker in identifying women 

at risk from VTE during pregnancy. 
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Chapter 7 Discussion 

The triennial MBRRACE maternal mortality reports have identified VTE as the 

leading direct cause of maternal death in the UK and Ireland for several 

years.(Knight M et al., 2021) Despite risk-stratification guidelines for the use of 

prophylactic low molecular weight heparin in selected women during pregnancy 

and the puerperium, the incidence of VTE-related mortality has remained 

unchanged in over a decade. Overweight and obese women are over-represented 

in the mortality data, and with the worldwide prevalence of obesity increasing, 

understanding the factors which contribute to the prothrombotic effect of obesity 

during pregnancy is essential in developing strategies to both identify those at 

greatest risk and to help mitigate this risk to prevent future maternal deaths.  

Reflecting the pathophysiology underlying thrombosis in non-pregnant obese 

individuals, it was hypothesised that a chronic low-grade inflammatory state 

driven by dysfunctional adipose tissue, consequent on adipose tissue distribution, 

would be associated with increased thrombin generation in obese pregnant 

women. 

In order to investigate this hypothesis, 262 pregnant women, comprising 109 lean, 

115 overweight/obese class I, 24 obese class II and 14 obese class III, were 

recruited into the current prospective observational study. Assessment of adipose 

tissue distribution was undertaken by BMI, waist and hip circumference and 

abdominal SAT and VAT measurements. Blood samples were obtained at the 

antenatal booking appointment (mean 10.2 weeks’ gestation) and repeated at 28 

weeks’ gestation. Blood analysis included haemostatic parameters to assess the 

prothrombotic state (Factor VIII, fibrinogen, protein S, TFPI, D-dimer, PAI-1 and 

ex vivo thrombin generation) and adipokines which were known to be dysregulated 

in obesity (leptin, adiponectin, TNF-α, IL-6, IL-1β). Two-way ANOVA was used to 

identify the relationships between BMI and gestation on each of the haemostasis 

parameters and adipokines, whilst multiple regression analysis was used to 

determine the associations between the measures of adipose tissue distribution, 

adipokines and haemostatic markers. 

The aims of the current study were to characterise the prothrombotic state in 

obese pregnancy, characterise the adipokine changes in obese pregnancy, 
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characterise the differences in adipose tissue distribution in obese pregnant 

women at booking, and finally relate the adipokine and adipose tissue distribution 

data to the haemostatic parameters to determine the underlying pathophysiology 

for the prothrombotic state in obese pregnancy. 

7.1 Main findings 

Chapter 3 has provided a characterisation of the development of the 

prothrombotic state in pregnancy in women of the four BMI groups. This chapter 

showed that for all women, Factor VIII, fibrinogen, D-dimer and PAI-1 increased 

whilst the naturally occurring anticoagulants, protein S and TFPI, decreased with 

advancing gestation as has previously been extensively demonstrated in the 

literature. As these haemostatic parameters are comparable with the literature, 

it provides strength to the novel thrombin generation findings in this cohort.   

Fibrinogen, TFPI, PAI-1 and ETP were the only haemostatic parameters to show an 

association with both time and BMI, and were all positively correlated with BMI at 

the booking appointment. However, by 28 weeks’ gestation, whilst fibrinogen 

remained significantly higher in obese, there was no longer a difference in TFPI, 

PAI-1 or ETP between the four BMI groups. The attenuated increase in ETP and 

PAI-1 between booking and 28 weeks’ gestation in obese women (Figure 7-1) is 

similar to the pattern of ‘metabolic inflexibility’ previously observed in the 

changes in lipids in obese pregnant women by Meyer et al, which may suggest that 

obesity during pregnancy impairs the ability to respond to adaptations necessary 

during pregnancy.  
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Figure 7-1 Schematic representing proposed changes in procoagulant and anticoagulant 
substances in lean and obese pregnant women. 

 

The converse was observed with TFPI, which showed a proportionally greater loss 

of TFPI for the obese women (Figure 7-1). Low TFPI has previously been associated 

with occurrence of VTE, therefore it may be that the more prolonged 

prothrombotic state which obese women have during pregnancy is then 

compounded by the gestational loss of TFPI, resulting in the greater incidence of 

VTE during pregnancy in this group. 

Mirroring the findings in the current study, Mandelebe et al found no significant 

difference in ETP between lean and obese pregnant women at the 26-28 weeks’ 

gestation time point, but then ETP was significantly higher in lean women by term. 

When this data is taken along with that of the current study, it may suggest that 

although obese women have greater thrombin generation in early pregnancy, it is 

matched by that of lean women by 28 weeks’ gestation, yet obese women do not 

recover post-partum to the same level as lean women and remain prothrombotic. 

This may suggest, as illustrated in Figure 7-2, that the prothrombotic state which 

develops in pregnancy is more flexible in its onset and ability to recover in lean 

women, whereas obese women have a greater area under the curve representing 

a more prolonged prothrombotic state.  
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Figure 7-2 Schematic representation of changes in procoagulant state in lean and obese 
women during pregnancy.  

Based upon data of the current study and the work of Mandlebe et al. Solid line indicates 
findings from current study, dotted line indicates findings of Mandlebe et al. 

In the existing literature, studies investigating ex vivo thrombin generation in 

obese pregnancy have predominantly examined the assay in the third trimester, 

often at a single timepoint. Epidemiological data has shown that the risk of VTE 

occurs from early in pregnancy, with 50% of antenatal thrombotic episodes 

occurring in the first trimester. Whilst it has previously been demonstrated by 

Bagot et al that thrombin generation is known to increase from the 5th gestational 

week, the current study offers novel thrombin generation data for overweight and 

obese women from the first trimester through to the early third trimester. Based 

upon the data in the current study it could be proposed that, against our initial 

hypothesis, obese women are not at greater risk of thrombosis during pregnancy 

due to a greater increase in thrombin generation but that it is the longer duration 

of the prothrombotic state, coupled with greater loss of compensatory 

mechanisms, which contribute to the occurrence of thrombotic events.  

It was hypothesised that dysfunctional adipose tissue and a chronic low grade 

inflammatory state were the drivers behind the prothrombotic state in obese 

pregnant women. In Chapter 4, I aimed to characterise the changes in adipokines 

and inflammatory cytokines between the booking appointment and 28 weeks’ 
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gestation in women of the four different BMI groups, and then assess for 

associations between the adipokines and measures of the prothrombotic state.  

Leptin was positively correlated with both BMI and gestation, whilst adiponectin 

negatively correlated with BMI and gestation, as has previously been described in 

the literature. Pro-inflammatory cytokines, TNF-α and IL-6, were both positively 

correlated with BMI, although TNF-α was only significantly increased in the most 

obese group and neither showed significant relationship with gestation. IL-1β was 

only detectable in a minority of participants and showed no correlation with BMI 

or gestation, possibly reflecting that the inflammatory state in obesity is too low-

grade for this to be detectable. 

Considering the relationships between the adipokines and prothrombotic state, 

leptin was strongly positively associated with fibrinogen and ETP, independently 

of BMI. Acedo et al have previously identified hyperleptinaemia to contribute to 

the recruitment of adipose tissue macrophages and their switch to the pro-

inflammatory M1 phenotype which release higher concentrations of IL-6. Based 

upon the existing literature, and multiple regression analysis in this cohort, the 

relationship between leptin and fibrinogen is hypothesised to be mediated by 

increased circulating IL-6 which induces hepatic production of fibrinogen. The 

relationship between leptin and ETP was independent of IL-6, but previous work 

by Petrini et al has shown leptin stimulates release of tissue factor-bearing 

microparticles from PBMCs which may have a direct impact on thrombin 

generation. Leptin is also known to increase thrombotic risk via inducing 

endothelial dysfunction, which increases thrombotic risk which may not 

necessarily be captured in the measurement of ex vivo thrombin generation.  

It was initially hypothesised that adipocyte dysfunction and the chronic 

inflammatory state would be identified as the driver of the prothrombotic state. 

The findings of Chapter 4 partially prove my hypothesis for this chapter, with an 

association between leptin, as an indicator of dysfunctional adipocytes, and both 

fibrinogen and ETP. However, there is less of an association between the 

measured inflammatory markers and the prothrombotic state. IL-6 was the only 

inflammatory cytokine to be significantly associated with haemostasis, via a 

previously well-described association with fibrinogen. Fibrinogen has been 

associated with risk of thrombosis in several studies, but isn’t considered to be as 



Chapter 7 

240 

robust a biomarker for thrombotic risk as thrombin generation. This study has not 

demonstrated a link between the pro-inflammatory state in obesity and increased 

thrombin generation, and it may be that thrombin generation in obese pregnant 

women is related to leptin-induced endothelial dysfunction and increased release 

of tissue factor-bearing microparticles. 

Adipokine and inflammatory cytokine release in obesity is consequent on the 

amount and location of adipose tissue. Adipose tissue distribution has been found 

to be an important determinant of cardiometabolic and thrombotic risk in non-

pregnant individuals, and associated with metabolic complications of pregnancy. 

Therefore, in Chapter 5, I aimed to identify associations between 

anthropomorphic measurements of adipose tissue distribution and the 

measurements of the pro-inflammatory and prothrombotic states in women of the 

four BMI groups at the antenatal booking appointment. 

As has been recognised in previous studies, the current study found BMI to be an 

inaccurate measure of adipose tissue distribution. Whilst waist and hip 

circumferences and SAT and VAT thickness did positively correlate with BMI, these 

relationships were less robust in those with BMI >40. In the most obese, excess 

adipose tissue was preferentially deposited centrally as VAT, which may be 

supported by the previously described ‘adipose tissue overflow’ hypothesis in 

which less stable depots of adipose tissue, DSAT and VAT, expand once the SAT 

depot reaches capacity. This then contributes to the chronic low grade 

inflammatory state in obesity as SAT and VAT have increased adipose tissue 

macrophage recruitment and polarisation towards the pro-inflammatory M1 ATM 

phenotype. There was not strong evidence of the pro-inflammatory state in the 

current study, as inflammatory cytokines IL-6, TNF-α and IL-1β were not 

associated, independently of BMI, with VAT as expected based on the existing 

literature. However, there was a significant BMI-independent relationship 

between IL-6 and waist circumference which led to the consideration that the 

central obesity association with IL-6 may be via unmeasured DSAT. 

Based upon the existing data in cardiovascular disease and previous data in 

metabolic complications of pregnancy, it was hypothesised that central obesity 

and specifically VAT would be positively associated with thrombin generation due 

to the pro-inflammatory phenotype associated with this adipose tissue depot. This 
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hypothesis was incorrect, as in the current study SAT was the adipose tissue depot 

most closely associated with ETP, independently of BMI. SAT and waist 

circumference were also associated with fibrinogen concentration. 

The current study has found that ETP was positively correlated with the adipokine 

leptin and measures of adiposity: BMI, waist circumference and SAT. This data is 

strengthened by similar positive relationships between fibrinogen and leptin, SAT, 

and waist circumference. Taken together, these data would suggest that leptin, 

BMI, waist circumference and SAT may be relevant to the underlying 

pathophysiology of the prothrombotic state in obese pregnancy.  

To try to further refine these relationships, Chapter 6 aimed to take the adipokine 

and anthropomorphic measures which had the closest relationships to ETP and 

fibrinogen to identify the pathophysiological pathways leading to the 

prothrombotic state in obese pregnant women at the antenatal booking 

appointment. Multiple regression analysis confirmed dependent relationships 

between SAT-leptin-ETP, and SAT-leptin-IL-6-fibrinogen. SAT and leptin were only 

able to predict 10.64% of variance in ETP, which suggests there are other pathways 

contributing to the increase in ETP observed in obese pregnant women, but 32.01% 

of variance in fibrinogen was explained by SAT, leptin and IL-6.  

7.2 Conclusions 

In conclusion, this study is the first to compare thrombin generation in pregnant 

women of different BMI from the first trimester, and the first to demonstrate that 

the increased thrombotic risk in obese pregnant women may be due to a more 

prolonged prothrombotic state, as demonstrated by increased ETP and fibrinogen, 

which is present from the antenatal booking appointment and is compounded by 

the gestational loss of TFPI. 

The prothrombotic state in obese pregnant women in this study, as measured by 

ETP and fibrinogen, was associated with central adiposity, as measured by waist 

circumference, and SAT rather than VAT. IL-6 was positively correlated with SAT, 

leptin and fibrinogen. The same was not true for thrombin generation, as ETP was 

associated with leptin, but not IL-6. 
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7.3  Limitations 

There were a number of limitations to this study, as previously mentioned in the 

relevant results chapters. 

7.3.1 Study design limitations 

The main limitation relating to study design is the sample size for the most obese 

groups, obese class II and class III, which were initially planned to be n=25 and 

n=14. These were based upon the expectation that ETP would show a greater 

percentage increase between booking and 28 weeks’ gestation in these groups, 

whereas this study has shown that although greater at booking, the increase in 

ETP between booking and 28 weeks’ is inversely related to BMI. Due to the 

attenuated increase in ETP in the most obese, the small group size has resulted in 

thrombin generation results for obese class III women which are much lower than 

may have been anticipated, based upon the trends observed with the other three 

BMI classes. 

Another significant flaw in the study design was the omission of a repeat BMI and 

anthropomorphic measurements at 28 weeks’ gestation. It may have been difficult 

to determine if there were gestational-related weight gain, and measuring waist 

circumference would not have been reflective of adipose tissue mass and rather 

the growing uterus, but the adipokine concentrations at 28 weeks’ gestation were 

unable to be reliably linked to any measurements of adipose tissue as the study 

measurements were obtained at booking and would not reflect the gestational 

changes in adipose tissue deposition between booking and 28 weeks’ gestation. 

Whilst thrombin generation has been the assay most-studied in relation to 

thrombotic risk, it is not a readily available test in clinical practice, meaning that 

it limits the immediate clinical applicability of this work. Point-of-care global 

coagulation assays (e.g TEG and ROTEM) are used in obstetrics frequently, 

predominantly for assessment of coagulation in situations of major obstetric 

haemorrhage. TEG is predominantly used for assessment of deficiencies of clotting 

factors and haemostasis, however the study by O’Keefe et al describes a profile 

suggestive of a prothrombotic state which was observed in obese pregnant women. 

Whilst TEG/ROTEM are clinically available, further work would need to be 
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undertaken to determine if their use was able to identify those women at 

increased risk of VTE in pregnancy.(O'Keefe et al., 2021) 

7.3.2 Limitations related to loss to follow-up and COVID-19 
pandemic 

The rate of loss to follow-up was greater than initial estimates as these were based 

upon rates of second trimester miscarriage and expected drop out for studies in 

which all study visits coincide with routine antenatal care. As women were 

recruited prior to the booking ultrasound scan, which confirms pregnancy viability, 

several were recruited who had suffered undetected first trimester miscarriage. 

In addition, due to the study ultrasound scan involving an additional hospital 

attendance, many women dropped out of this portion of the study. 

The most significant reason for loss to follow-up was the development of the 

COVID-19 pandemic, due to which non-COVID-related studies were suspended and 

as such 60 women could not complete the second set of study bloods. Despite this, 

and due to the rapid achievement of recruitment targets earlier in the study 

period, a large number (n=173) of women attended both study visits which 

provided a significant study population which was representative of the local 

maternity population. 

In addition to the increased rate of loss to follow-up, a pause on recruitment for 

all non-COVID-19 studies meant that the planned ex vivo adipocytes work could 

not take place. Samples of SAT and VAT adipocytes collected at caesarean section 

from pregnant women of different BMI were to be collected and measurement of 

released adipokines compared under basal and LPS-stimulated conditions, and 

compared to contemporary thrombin generation.  If this work were to be 

undertaken, isolating adipocytes from deep SAT would potentially further the 

theories of this thesis that pro-inflammatory cytokines from deep SAT are driving 

the prothrombotic state in obese pregnancy. 

7.4 Implications on clinical practice and future research 

The clinical knowledge gaps which exist for obese pregnant women are: accurately 

identifying those who are at risk of VTE during pregnancy and the puerperium, 
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identifying at which point thromboprophylaxis should be started, and what the 

most effective dose of low molecular weight heparin should be used in this group. 

The current study has demonstrated that obese women have a more prolonged 

prothrombotic state, yet current risk stratification guidelines would only 

recommend prophylactic LMWH in the post-partum period if BMI ≥ 40 is a sole risk 

factor. It may be that measurement of leptin, IL-6, waist circumference and SAT 

in addition to thrombin generation could identify those women who may benefit 

from prophylactic LMWH from earlier in pregnancy. 

The findings of the current study should first be validated by repeating the work 

in a larger cohort. Sample size calculations for each BMI group should reflect that 

ETP starts higher in obese but does not increase more in this group with advancing 

gestation, and a larger cohort of obese class II and III would be required. Analyses 

should be focussed on thrombin generation, fibrinogen, TFPI and PAI-1, alongside 

leptin and IL-6. The contribution of deep SAT to the pathophysiology needs further 

exploration, and as such in a larger cohort, ultrasound should be used to quantify 

thickness of VAT, deep SAT and superficial SAT. The planned ex vivo adipocytes 

study would also help to contextualise the findings of this prospective cohort and 

further the understanding of the pathophysiology of the prothrombotic state in 

obese pregnant women.  

Should a follow-up study confirm the current findings, then leptin, IL-6, SAT (± 

deep SAT) and waist circumference could be incorporated into the pre-existing 

antenatal risk stratification system to identify those women at greatest risk of 

VTE. Future studies would also be required to determine the optimal gestation at 

which to start thromboprophylaxis and the correct dosing regimen. 

Consideration should also be taken to the role of glucagon-like peptie-1 receptor 

agonists (GLP1-Ras) in the weight reduction and subsequent thrombotic risk in 

pregnancy. GLP1-RA use for weight loss has grown exponentially, yet our current 

understanding on whether this is an effective strategy pre-pregnancy to reduce 

obstetric risks is lacking. Given what this thesis and the observational data has 

demonstrated on the additional risks of obesity during pregnancy on thrombotic 

risk, reducing weight pre-pregnancy by using GLP1-RAs may appear to be a viable 

solution to the maternal mortality related to VTE. However, a recent meta-
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analysis by Liu et al found a significant increase in the risk of DVT (25 more events 

per 10,000 person-years). This association was most marked in those using GLP1-

RAs for >78 weeks duration (OR 2.32), but no increased risk of PE was identified. 

The median age of study participants was older (60 years) and predominantly 

male, so the findings may not be truly extrapolated to the pregnant population, 

however further work is needed in this area given the increasing prevalence of 

GLP1-RA use in women of child-bearing age.(Liu et al., 2025) 

Further work is warranted to make the findings of this study clinically translatable, 

however it has identified several potential risk factors which may help to move 

forward the risk stratification of obese pregnant women to prevent future VTE-

related maternal deaths. 
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Appendix 1 Participant Information 
Leaflet  

 

  

 

1 
 

 
 
 

Department of Haematology 
Macewan Building 

Glasgow Royal Infirmary 
84 Castle Street 

G4 0SF 
Patient Information Sheet Version 2.0 
 

Title: A study to determine how body weight affects the risk of developing a 

blood clot in pregnancy 
 
We wish to invite you to participate in this clinical study. Before deciding if you wish to take 
part, please read the information below carefully to ensure you understand the purpose of 
the study and what it will involve for you if you choose to take part. If you have any 
questions relating to any part of the study, please don’t hesitate to ask your midwife to 
direct you to a member of the research team. 
 
Please read Part 1. If the information given there interests you and you are considering 
taking part in the study, please read the additional information in Part 2 before making any 
decision. Part 3 provides information on the General Data Protection Regulations (GDPR) 
 
Part 1 
 
Purpose of the study 
Blood clots in veins are the commonest cause of death in pregnant women. Pregnant 
women who are overweight have a greater chance of developing and dying from blood clots 
than normal weight pregnant women. This study will try to understand why overweight 
pregnant women have a higher risk of blood clots. It might be due to increased 
inflammation in the body caused by an increased quantity of fat both under the skin and 
deeper in the body. 
 
Why have I been invited to take part? 
You are eligible to take part because you are pregnant. You can be either of normal weight 
or overweight to take part in the study. 
 
Do I have to take part? 
You do not have to take part in the study. There will be no effect on your routine pregnancy 
care should you chose not to take part. If you do take part, you are free to decide to 
withdraw from the study at any time. 
 
What will happen if I decide to take part in the study? 
If you decide to take part in the study after reading this information sheet, you will meet 
with a member of the research team who will be able to answer any questions you may 
have. We will then ask you to sign a consent form to confirm you understand what the study 
involves for you and that you are happy to take part. The researcher will then ask you some 
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questions about your medical history, family history and obtain some basic body 
measurements (height, weight and waist circumference). 
 
You will then have a blood sample taken from one of the veins in your arm. We will ask you 
if you prefer to have the blood taken from a particular arm. If you have ever had a blood 
test taken previously at your GP or another clinic this will be very similar. We expect that 
the blood taken for the research will be taken as a single sample at the same time as the 
blood which is taken as part of your routine pregnancy care. It will either be the midwife 
allocated to you at your antenatal appointment who will take your blood, or one of the 
research team members who have all been trained and are experienced in taking blood. The 
additional quantity of blood taken for the research will be approximately 30ml, the 
equivalent of 2 tablespoons of blood. It is expected that the amount of time you spend with 
the research team will increase the length of your first routine antenatal appointment by 
about 30 minutes.  
 
The blood tests for the study will be repeated again when you have routine antenatal blood 
tests taken at around 28 weeks of pregnancy. It is expected that the amount of time you 
spend with the research team will increase the length of this antenatal appointment by 
about 15 minutes.  
 
On each occasion, your blood will be tested to determine how well it clots and also measure 
proteins that are associated with increased inflammation in the body. 
 
We will also arrange for you to attend for an additional ultrasound scan between 12-17 
weeks of pregnancy. This scan will measure the amount of fat tissue under your skin and in 
your abdomen. This test is safe for you and your baby. It will be very similar to the 
ultrasound scans you will also have as part of routine pregnancy care. This scan will not be 
assessing the development of your baby and it is possible, depending on your stage of 
pregnancy, that your baby may not be seen at all during this scan. There is a small possibility 
of identifying an unexpected abnormality when the ultrasound scan is being performed. If 
this were to occur then suitable further follow-up would be arranged as necessary. 
 
After 28 weeks there will be no further tests or additional clinic visits required for the study. 
The research team will review your case notes after you have had your baby to obtain 
information about how your health has been for the remainder of your pregnancy, the 
delivery of your baby and the health of your baby when it was first born. 
 
Expenses 
Travel expenses, up to a limit of £20, will be provided for the additional ultrasound scan 
between 12 and 17 weeks of pregnancy as this is an additional visit to your routine 
antenatal care. Travel expenses will not be provided for travel to routine antenatal 
appointments which may involve study blood tests being taken.  
 
What are the risks of taking part in the study? 
There may be discomfort or bruising after blood is taken, similar to any time you have a 
blood sample taken. 
There will be no effect on your routine care during pregnancy by taking part in this study. 
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What are the benefits of taking part in the study? 
The study will not be of direct benefit to you. 
 
What happens when the research stops? 
You will continue to receive normal pregnancy care before, during and following completion 
of the study. 
 
What if there is a problem? 
Any complaint about the way you are being dealt with during the study or any possible 
harm you might suffer will be dealt with. The detailed information on this is given in Part 2. 
 
Will my taking part in the study be kept confidential? 
Yes. We will follow standard ethical and legal practice and all information about you will be 
kept strictly confidential. The details are included in Part 2. 
 
Part 2 
 
What will happen if I do not want to continue with the study? 
We would like you to contact a member of the research team if you decide to withdraw 
from the study. You are free to do this at any time, without giving a reason, and this will not 
affect the standard of medical care you receive. Any stored blood that can still be identified 
as yours will be destroyed if you wish. We will use the data collected up to the time of your 
withdrawal from the study. 
 
If you lose the ability to give consent after entering the study, you will be withdrawn from 
the study at the time you lose this ability. We will use any blood or data collected up to the 
time of your withdrawal from the study. 
 
What if there is a problem? 
If you have worries about any aspect of the study, you should ask to speak to a member of 
the research team (contact names and telephone numbers at end of document). 
 
If you remain unhappy and wish to complain formally, you can do this through the NHS 
Complaints procedure. Details can be obtained from the hospital. 
 
In the event that something does go wrong and you are harmed during the research and 
this is due to someone’s negligence then you may have grounds for a legal action for 
compensation against Greater Glasgow and Clyde Health Board but you may have to pay 
your legal costs. The normal National Health Service complaints mechanisms will still be 
available to you. 
 
What will happen to any blood samples I give? 
All blood samples collected will be securely stored in a freezer in the Specialist Haemostasis 
laboratory at Glasgow Royal Infirmary. Members of the research team will have access to 
the samples. This freezer will also be accessible to other laboratory staff, but your research 
samples will be identified with a unique number that will only be traceable back to you by 
members of the research team. 
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Samples will not be transferred out of the UK. Some of your blood will be sent to the 
University of Leeds, to assess how your body forms and breaks down blood clots. These 
tests are unable to be performed in Glasgow but researchers at the University of Leeds are 
experts in performing these blood tests. The samples sent to the University of Leeds will not 
be able to be identified as being yours.  
 
Other samples will only be sent to a different laboratory in the UK if appropriate equipment 
in the laboratory at Glasgow Royal Infirmary is unavailable for an unpredicted reason e.g. 
equipment failure. 
 
Once the research outlined in this document is completed, the samples will be stored. These 
samples may be used again in future tests that are relevant to the investigation of the effect 
of pregnancy on the risk of developing blood clots.  
 
Will genetic tests be done? 
No 
 
What will happen to my data? 
All information that is collected about you during the course of the study will be kept strictly 
confidential. The data will not be recognized as being yours but will be identified with a 
unique number. Only members of the research team will have access to data that can be 
identified as yours. 
 
The data collected from you will be used only in the research outlined in this document. It 
will be stored securely on a computer in the Haematology laboratory at Glasgow Royal 
Infirmary. The data will be password protected and only members of the research team will 
have this password.  
 
Any data that can be recognised as yours will be destroyed two years after the study is 
completed. Any data that cannot be identified as yours will be retained for 15 years and 
then destroyed unless it is used in further studies. If this occurs, further ethical approval and 
consent from you will have to be obtained before it can be used. 
 
Involvement of the General Practitioner (GP) 
We would like to inform your GP that you are participating in this study. We will seek your 
consent before your GP is informed of your participation in the study. 
 
What will happen to the results of the study? 
When you first consent to join the study we will ask you if you wish to be informed of any 
results arising from the research. When results are obtained we will send a letter to you 
providing an outline of the broad scientific results of the trial, with references for any work 
that has been published in medical journals. 
 
Will my involvement in the study be confidential? 
Yes. As with all medical information, any details about you in the study will be confidential. 
You will be allocated a trial number and all data will be stored under the trial number rather 
than your name. 
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Who is organising and funding the research? 
The study is organised and sponsored by NHS Greater Glasgow and Clyde, with funding 
provided through a grant from the British Heart Foundation. 
 
Who has reviewed the study? 
All research in the NHS is looked at by an independent group of people, called a Research 
Ethics Committee to protect your safety, rights, wellbeing and dignity. This study has been 
reviewed by the West of Scotland Ethics Committee. In addition, this study has also been 
reviewed by the British Heart Foundation and the University of Glasgow Institute of 
Cardiovascular Medicine and Science (ICAMS)  
 
Further information and contact details: 
1) General information about research 
 
The following website addresses provide general information about research 
National Electronic Library for Health http://www.library.nhs.uk/trials 
The National Research Register (UK database of research projects) http://www.nrr.nhs.uk 
INVOLVE (Promoting public involvement in the NHS) http://www.invo.org.uk 
 
2) Specific information about this research project 
 
Dr. Susan McNeill 0141 211 5125 
Dr. Catherine Bagot 0141 211 4671 
Dr. Vicki Brace 0141 211 5286 
 
Part 3 General Data Protection Regulation (GDPR) Information 

NHS Greater Glasgow & Clyde is the sponsor for this study based in Scotland. We will be 
using information from your medical records in order to undertake this study and will act as 
the data controller for this study. This means that we are responsible for looking after your 
information and using it properly. NHS Greater Glasgow and Clyde will keep identifiable 
information about you for 10 years after the study has finished. 

Your rights to access, change or move your information are limited, as we need to manage 
your information in specific ways in order for the research to be reliable and accurate. If you 
withdraw from the study, we will keep the information about you that we have already 
obtained. To safeguard your rights, we will use the minimum personally-identifiable 
information possible. 

You can find out more about how we use your information by contacting Dr Catherine 
Bagot. 

NHS Greater Glasgow and Clyde will collect information about you for the study ‘An 
investigation of the pathophysiology underlying the increased risk of venous thrombosis in 
overweight and obese pregnant women’ from your maternity medical notes. This 
information will include your name, NHS number, postcode and date of birth and health 
information, which is regarded as a special category of information. We will use this 
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6 
 

information to relate our study findings to maternal characteristics (e.g. how does maternal 
weight affect the research findings?) and to delivery characteristics (e.g. how are the 
research finding’s related to baby birth weight?). 

When you agree to take part in a research study, the information about your health and 
care may be provided to researchers running other research studies in this organisation and 
in other organisations. These organisations may be universities, NHS organisations or 
companies involved in health and care research in this country or abroad. Your information 
will only be used by organisations and researchers to conduct research in accordance with 
the UK Policy Framework for Health and Social Care Research.  

This information will not identify you and will not be combined with other information in a 
way that could identify you. The information will only be used for the purpose of health and 
care research, and cannot be used to contact you or to affect your care. It will not be used 
to make decisions about future services available to you, such as insurance. 
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Appendix 2 Consent form 

 

11th February 2019  v2.0 

 
 

 
 
 
 
CONSENT FORM V2 
  

Title of Project: A study to determine how body weight affects the risk 
of developing a blood clot in pregnancy. 
 
Name of Researcher: Dr Susan McNeill  
       
Please initial each box                   Initials  
 
1. I confirm that I have read and understand the information sheet dated 
11/02/19 v2.0 for the above study. I have had the opportunity to 
consider the information and ask questions. 
     
2. I understand that my participation is voluntary and that I am free to 
withdraw at any time without giving any reason, without my medical 
care or legal rights being affected.  
 
3. I agree to stored samples being used for future testing where it relates 
to the investigation of blood clotting during pregnancy.  
  
4. I understand that relevant sections of my medical notes and data 
collected during the study may be looked at by individuals from the 
research team and also by regulatory research and ethical authorities in 
the NHS Trust, where it is relevant to my taking part in this research.  I 
give permission for these individuals to have access to my records.  
  
5. I agree to my GP being informed of my participation in the study     
 
6. I agree to take part in the above study 
 
 
______________          ________________              ________________ 
Name of Patient                        Date                                         Signature                                      
 
 

 
I confirm that I have explained the study to the participant and have 
answered their questions honestly and fully. 
  

_________________                ________________               _________________ 
Name of Person                        Date                                            Signature   
taking consent   
 
When completed, 1 for patient; 1 for researcher site file (original); 1 to be filed in patient’s notes. 

Department of Haematology 

3rd Floor, Macewen Building  

Glasgow Royal Infirmary 

84 Castle Street   Tel. No. 0141 211 5125 

Glasgow G4 0SF    Fax No. 0141 211 4931  

    

 

 

 

 

 

 

 

 



Appendix 3 

253 

Appendix 3 Demographics form 

 

  

11th December 2018  Version 1.0 18 

APPENDIX A – CASE REPORT FORM 

Subject Name:     Subject Study Number: 

Demographic data 

Age (years)  

Gravity (no. of previous pregnancies)  

Parity (no. of previous viable pregnancies)  

Pre-pregnancy comorbidities 

Yes/No 
If yes, please specify: 

 

Known minor thrombophilia (i.e FVLeiden or 
PT G20210A heterozygosity) 

Yes/No 
If yes, confirm type: 

Smoking status Never/Current/Previous 

Recent surgery (within 3 months) 

Yes/No 
If yes, specify type of surgery: 

Family history of VTE 

Yes/No 
If yes: state affected family members 

Current medications 

Yes/No 
If yes, please specify: 

 

 

 

Anthropomorphic data 

Height (cm)  

Weight (kg)  

BMI (kg/m2)  

Waist circumference (cm)  
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Appendix 4 USS data collection form 

 

  

The prothrombotic effect of obesity during pregnancy 
R&D number: GN18HA013 
 
 

11th December 2018  v1.0 

Imaging Proforma 
 
 
 
_____________________    _____________ 
Participant Name     Study Number 
 
 
_____________________    _____________ 
Sonographer Name     Date 
 
 

SAT depth (mm)  

VAT depth (mm)  

 
 
Measurement of SAT & VAT by transabdominal ultrasound 

 
 
Subcutaenous adipose tissue 
(SAT) to be measured from the 
outer border of the rectus 
abdominus muscle to the skin 
surface, at the intersection of 
the linea alba and umbilicus. 
 
Visceral adipose tissue (VAT) to 
be measured from the inner 
border of the rectus abdominus 
muscle to the anterior wall of 
the abdominal aorta, at the level 
of the linea alba. 
 
 
 
 

Modified from: Martin AM et al. Abdominal visceral adiposity in the first trimester predicts glucose intolerance in later pregnancy. 
Diabetes Care. 2009;32:1308-1310. 

 
Once completed, please scan form into CRIS and submit one copy to the research file. 
 
Dr Susan McNeill – Clinical Research Fellow in Haematology. 
Susanmcneill1@nhs.net 
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