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In this thesis, several studies are presented examining the association between recurrent 
miscarriage and cardiovascular disease. Main aim of this thesis was to assess whether 
miscarriages are independently associated with an increased risk of cardiovascular 
disease later in life. And, if this was true, to identify cardiovascular risk factors and predict 
long term cardiovascular disease risk in women with a history of recurrent miscarriage. 
We found an increased risk of ischemic heart disease in women with a history of two 
(multivariate analysis HR 1.82) and three or more miscarriages (HR 3.18), irrespective 
whether consecutive or not (chapter 2). Women with a history of recurrent miscarriage 
have significantly higher 10- and 30-year cardiovascular risk scores compared to women 
with a history of no miscarriage. These results indicate an opportunity for the early 
identification of women prone to cardiovascular disease later in life. Women with a history 
of two or more miscarriages must be made aware of their increased cardiovascular risk 
and appropriate risk factor modifications will have to be offered, for example life style 
advises; weight management and smoking control. 
In this chapter, I give an interpretation of the findings of the studies described in the 
previous chapters and propose remaining questions. Suggestions for clinical imple-
mentation and future research will be discussed.

(Recurrent) miscarriage; a new cardiovascular risk factor 
Studies regarding novel cardiovascular risk factors, including pregnancy complications 
such as (recurrent) miscarriage are hampered by the nature of the events in question. 
The events during pregnancy and the development of cardiovascular disease are often 
separated by decades and observational studies are the best used method to increase our 
understanding of these novel risk factors. We performed a large cohort study (including 
60105 women with a median follow-up of 17 years) and demonstrated an association 
between miscarriage and ischemic heart disease (chapter 2), independent of classical 
cardiovascular disease risk factors (maternal age, BMI, social class and smoking). The 
association between both events was already clinically relevant from 2 miscarriages 
onwards (multivariate analysis HR 1.82 (95%CI 1.30 to 2.54)). The risk for cardiovascular 
disease increases with increasing number of miscarriages and was, surprisingly, 
independent of the consecutive nature of the miscarriages. Our research is in line with a 
large Danish cohort study of 1 million women, which found a dose-dependent association 
between miscarriage and future risk of ischemic heart disease and other atherosclerotic 
endpoints [1]. Overall, at present, several studies have established that (recurrent) 
miscarriage is associated with ischemic heart disease in the future and possibly other 
cardiovascular outcomes ([1-4] chapter 2). 
There are two challenges, which I will discuss in the next paragraphs. Firstly, trying to 
understand the underlying mechanisms for the association between recurrent mis-
carriage and cardiovascular disease. This might also contribute to our knowledge of 
the aetiology of recurrent miscarriage, of which the cause often remains unknown. And 
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secondly, how to incorporate (recurrent) miscarriage as a new risk factor in the algorithm 
for future cardiovascular disease, especially since novel risk factors for cardiovascular 
disease are rising.

Mechanisms possible involved in the association between recurrent miscarriage and 
cardiovascular disease
Many underlying mechanisms for the association between recurrent miscarriage and 
cardiovascular disease are hypothesized. The following mechanisms will be discussed; 
endothelial dysfunction, shared classic cardiovascular risk factors, antiphospholipid 
syndrome and immunologic disbalance, genetics and novel cardiovascular biomarkers. 
Finally, the relation between recurrent miscarriage, other pregnancy complications and 
cardiovascular disease will be discussed. 

Endothelial dysfunction
A unifying mechanism between recurrent miscarriage and cardiovascular disease could 
be the presence of endothelial dysfunction. Endothelial cells form the inner surface of 
blood vessels and have many important regulatory functions in the cardiovascular system 
such as vasoconstriction and dilatation. Healthy endothelium also has anti-thrombotic 
(through prostacyclin’s), anti-inflammatory (through developmental endothelial locus-1) 
and anti-proliferative (through nitric oxide and prostaglandin I2) functions [5] [6]. 

Figure 1. Endothelial dysfunction and Cardiovascular disease. Based on [11]
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In normal pregnancies, maternal uterine arteries are remodelled to create a high-flow, 
low-resistance uteroplacental vascular system that provides adequate blood flow needed 
for fetal growth[7]. Placentation starts in the first trimester of pregnancy. The needed 
invasion of extra villous trophoblasts into the uterine spiral arteries could be impaired 
by endothelial dysfunction. Dysregulation of the placental vasculature is thought to be 
the pathophysiologic mechanism leading to multiple pregnancy complications such 
as miscarriage, preeclampsia, intrauterine growth restriction, and perinatal death[8]. 
Further, endothelial dysfunction is the initial step in the pathogenesis of atherosclerosis. 
[9, 10] leading to cardiovascular disease events (Figure 1). 
In conclusion endothelial dysfunction is a plausible explanation for the association 
between miscarriage and cardiovascular disease. It is likely that the endothelium is 
already damaged before the miscarriages, caused by diverse maternal predisposing 
factors. Possibly the pregnancy itself leads to endothelium damage (second hit), or it 
is a combination of both.  Underlying maternal factors associated with endothelial dys-
function will be discussed in more detail. 

Classic cardiovascular risk factors
Classic cardiovascular risk factors include age, obesity, hypertension, smoking, 
dyslipidaemia, and diabetes. Cardiovascular disease risk factors adversely affect a diverse 
range of endothelial homeostatic functions (under influence of environmental and genetic 
factors) resulting in endothelial dysfunction (Figure 1) which can lead to both recurrent 
miscarriage and cardiovascular disease. A remarkable higher prevalence of pre-existing 
hypertension and pre-existing diseases of circulatory system was found in women with 
miscarriages (dose-dependent) (chapter 2). All women with pre-existing morbidity related 
to cardiovascular disease (hypertension, type one diabetes mellitus, kidney disease and 
any disease of circulatory system) were excluded from main analysis. The association 
between miscarriages and future cardiovascular disease was independent of classical 
cardiovascular risk factors such as age, BMI, social class and smoking.
In chapter 3 we determined classical cardiovascular risk factors and calculated cardio-
vascular disease risk in women after recurrent miscarriage (mean follow-up 7.5 years) and 
found an increased (extrapolated) 10 and 30-year cardiovascular disease risk compared 
to women with no miscarriage, calculated by Framingham risk scores. We are not able to 
answer the question on causal effect as we were only able to look at cardiovascular risk 
factors in women after they experienced recurrent miscarriage. 
The high number of women who smoked in the recurrent miscarriage group was remark-
able. Women with recurrent miscarriage were more often smokers during at least one 
pregnancy (38.9%) compared to women with no miscarriage (13.9%), p=0.05. Active 
smoking is a known risk factor for recurrent miscarriage; a meta-analysis describes an 
increased risk of miscarriage (risk ratio 1.23, 95% CI 1.16-1.30) [12]. It is hypothesized that 
the vasoconstrictive and anti-metabolic properties of some components of cigarette 
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smoke (nicotine, carbon monoxide, cyanide) could lead to placental insufficiency and 
embryonic and fetal growth restriction and demise, other studies suggest that smoking 
results in an increase of mature oocytes leading to miscarriages [13]. Smoking was still 
more common in women with a history of recurrent miscarriage at time of follow-up 
(chapter 3) although not significant. Also, other values of classical cardiovascular risk 
factors were higher in women with recurrent miscarriage compared to no miscarriage, 
although only significant for systolic blood pressure. A lack of power is likely when 
investigating the individual risk factors as our preliminary sample size analysis was 
based on the Framingham risk score. It would be interesting to investigate the individual 
risk factors in a larger study group, and perform multivariate analyses as well, to answer 
the question which risk factors are contributing the most to the elevated cardiovascular 
risk score in women with a history of recurrent miscarriage. 
In conclusion, women with recurrent miscarriage seem to have a higher prevalence of 
classical cardiovascular risk factors before, and after their miscarriages. However, this 
is not the overall explanation for the association between miscarriages and future 
cardiovascular disease, as the association was found to be independent of classical 
cardiovascular risk factors such as age, BMI, social class and smoking (chapter 2).

Antiphospholipid syndrome and immunology
Acquired thrombophilia (antiphospholipid syndrome) is clearly related to recurrent 
miscarriage as well as cardiovascular disease. Antiphospholipid syndrome is an 
autoimmune disorder characterized by the occurrence of venous and arterial thrombosis 
and pregnancy complications (such as recurrent miscarriage and early preeclampsia), in 
the presence of antiphospholipid antibodies. Women with antiphospholipid syndrome 
are at increased risk for accelerated atherosclerosis and cardiovascular disease events 
[14]. The exact mechanisms by which the antibodies cause these morbidity is not fully 
understood. It is suggested that endothelial cells play a central role and represent 
the common pathway between autoimmunity and inflammation in the pathogenesis 
of antiphospholipid syndrome. Circulating antibodies and underlying endothelial 
dysfunction are a necessary ‘first hit’ for the development of thrombosis, pregnancy 
complications and cardiovascular disease, an inflammatory ‘second hit’ by up-regulation 
of β2-glycoprotein (an apolipoprotein, member of the complement control family, 
considered to be a natural inhibitor of coagulation) receptors is needed to precipitate the 
thrombotic event [14]. These inflammatory factors may include infection, immunological 
and other non-immunological procoagulant factors, such as oestrogen-containing 
contraceptive pills, surgery and immobility [15]. 

Acquired thrombophilia is included in the work-up of recurrent miscarriage to iden-
tify any causes. Together with: a standardized history of the couple, evaluation of 
hyperhomocysteinemia, heritable thrombophilia, karyotyping of the couple and 
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checking the presence of uterus anomalies by ultrasound or hysteroscopy. If no 
abnormalities are found; a woman is diagnosed with idiopathic recurrent miscarriage. 
In contrast to the large cohort study described in chapter 2, information about causes 
of recurrent miscarriage was available in our follow-up study in cardiovascular disease 
risk (chapter 3). We performed a subgroup analysis including women with idiopathic 
recurrent miscarriage which showed comparable results to the results of the total 
group. The calculated risk scores were even slightly higher in women with idiopathic 
recurrent miscarriage. Therefore, in our study, the increased cardiovascular disease 
risk scores in women with recurrent miscarriage cannot be explained by the presence 
of antiphospholipid syndrome. Recently, the first case control study regarding the 
association between pregnancy loss and premature arterial thrombosis, which adjusted 
for both classic cardiovascular risk factors and the presence of antiphospholipid 
antibodies, was published [16]. An increased risk of arterial thrombosis, independent of the 
presence of antiphospholipid syndrome, was found in women with ≥ 3 pregnancy losses 
(miscarriage and stillbirth together), OR 1.95, (95%CI 0.92–4.14). However, it cannot be 
excluded that other immunological factors will play a role. The maternal immune system 
plays an important role in the success of pregnancy, optimal regulation is essential to 
tolerate the allogeneic foetus. As in more than 50% of the cases the cause of recurrent 
miscarriage remains unknown, it is thought that maladaptation of the maternal immune 
system could explain part of its pathophysiology. Research shows that in specific cases 
immunotherapy might benefit pregnancy outcome, although there is no clear evidence 
yet [17]. On the other hand the activation of the immune system plays a significant role in 
the pathogenesis of atherosclerosis and other cardiovascular diseases[18]. This possible 
link between recurrent miscarriage and cardiovascular disease has not been further 
elaborated in this thesis, but it is an interesting starting point for future research. Vitamin 
D, that could act as an immune regulator during implantation will be discussed later in 
this chapter (subheading: novel cardiovascular biomarkers). 

Genetic link
A shared genetic background could be a link between recurrent miscarriage and 
cardiovascular disease. Both diseases have a familial aggregation[19, 20]. The degree of 
endothelial damage (leading to both conditions) may be in part, related to intrinsic and 
environmental factors such as genetic polymorphisms (Figure 1 [11]).  We were not able 
to confirm this hypothesis in our matched case-control study concerning family history 
of premature cardiovascular disease in chapter 5; no increased prevalence was found in 
women with recurrent miscarriage. In chapter 6 our findings do suggest shared genetic 
risk factors between recurrent miscarriage and cardiovascular disease. Several of the 16 
genetic variants which remained significantly associated with recurrent miscarriage after 
meta-analysis, are also identified as risk factors for cardiovascular disease.
A higher prevalence of family history of ischemic heart disease and other atherosclerotic 
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disease (not premature) in women with recurrent miscarriage was found in two other, 
large cohort, studies [21, 22]. Limitations of our study are the relatively small number of 
included women with recurrent miscarriage (N=103) and the lack of information about 
the age of their parents. Some parents will not have reached the age of 60 years at time 
of questionnaire and are still at risk to develop premature myocardial infarction and/or 
stroke. In the same study (chapter 5) we find that women with recurrent miscarriage had 
more often hypertension at time of questionnaire. It was interesting to see this reflected 
in family history of hypertension as well, which seems more often present in women with 
recurrent miscarriage: OR 1.71 (95%CI 0.94-3.11). Based on our results we cannot rule out 
a shared genetic background between both conditions, and we conclude that the design 
of our research probably is not the best to investigate our hypothesis.
In chapter 6 genetic variants associated with recurrent miscarriage are described of 
which several, are also identified as risk factors for cardiovascular disease. Most of them 
are involved in pathways concerning coagulation and fibrinolysis; factor II (prothrombin), 
factor V Leiden, FXIIIa Val34Leu, MTHFR A1298C, MTHFR C677T and PAI1 -675 4G/5G 
polymorphism [23-25], and NOS3 Glu298Asp polymorphism [26] is involved in oxidative 
stress and plays a crucial role in regulating endothelial function [27]. 
Heritable thrombophilia (defined by the presence of a factor II (prothrombin) gene 
mutation, factor V Leiden mutation, protein C or S deficiency or antithrombin deficiency) 
has been an important topic of research in women with recurrent miscarriage for years. 
It is included in the work-up to identify possible causes of recurrent miscarriage. A strong 
association exists between heritable thrombophilia and venous thrombosis[28]. Several 
meta-analyses have reported an increased risk of recurrent miscarriage in women with 
heritable thrombophilia; however, heterogeneity between studies is significant and the 
definition of recurrent miscarriage limits firm conclusions[29, 30]. Overall, heritable 
thrombophilia appears to be only a weak contributor to recurrent miscarriage (and 
therefore as well to the association between recurrent miscarriage and cardiovascular 
disease). In line with this is, at first; the lack of association between a family history of 
venous thrombosis and recurrent miscarriage (chapter 5) [21]. And second, the result of 
a meta-analysis of randomized controlled trials (including eight trials and 483 patients); 
no increased live birth rate was found with the use of low-molecular-weight heparin in 
women with recurrent miscarriage and heritable thrombophilia[31]. Suggesting no benefit 
of low-molecular-weight heparin in preventing recurrent miscarriage in women with 
inherited thrombophilia. Perhaps, the ongoing study; the Alife2 study, which is evaluating 
the efficacy of low-molecular-weight heparin on pregnancy outcome, in women (aged 18-
42) with heritable thrombophilia and a history of two or more miscarriage and/or intra-
uterine fetal death, adds information to this discussion in the future. 

MTHFR A1298C and MTHFR C677T polymorphisms reduce the activity of the MTHFR 
enzyme, causing elevated concentration of homocysteine. Hyperhomocysteinemia is 
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related to recurrent miscarriage [32] and increases risk of cardiovascular disease. Despite 
this, we found lower values of homocysteine in women with a history of recurrent 
miscarriage compared to women with no miscarriage, which could be a confounding 
effect of the folate and vitamin B supplementation in the recurrent miscarriage group as 
described in chapter 4. 
Meanwhile many new studies have been conducted regarding the association between 
genetic polymorphisms and recurrent miscarriage. Therefore, it could be helpful to 
repeat meta-analysis with newly added studies to find possible new involved pathways 
in the aetiology of recurrent miscarriage and their relationship with future cardiovascular 
disease. And moreover, genetic and more in depth genetic studies such as epigenetics in 
families with a heavy burden of both miscarriage and cardiovascular disease could help 
to identify a likely (possibly immunological) link between the two conditions, which could 
potentially lead to a better understanding of the underlying pathology and possibly new 
treatment options. 

Novel cardiovascular biomarkers
In chapter 4 we focused on non- classical cardiovascular risk factors, the so called novel 
cardiovascular biomarkers, in women with recurrent miscarriage as knowledge about 
these markers might contribute to a better understanding of the association between 
recurrent miscarriage and cardiovascular disease. We found that women with recurrent 
miscarriage had significantly higher values of HsCRP and lower values of albumin 
and vitamin D compared to women with no miscarriage at time of follow-up. These 
cardiovascular biomarkers are involved in mechanisms regarding inflammation; indicating 
a proinflammatory state in women with recurrent miscarriage and will adversely affect a 
diverse range of endothelial homeostatic functions (Figure 1). No differences were found 
in more specific cardiovascular biomarkers, for example regarding renal function and 
myocardial damage. 
Especially the decreased concentration of vitamin D is interesting. Vitamin D is inversely 
associated with cardiovascular disease risk [33] via several mechanisms; increased 
inflammation, endothelial dysfunction, elevated blood pressure, decreased insulin 
sensitivity and secretion, arterial stiffness and degradation of atherosclerotic plaque 
[34]. Over the last decade, the role of vitamin D in human reproduction has been increa-
singly considered as important. Adverse outcomes linked to vitamin D insufficiency 
in pregnancy includes pre-eclampsia, gestational diabetes, small-for-gestational 
age and preterm birth [35-37]. Many potential underlying mechanisms of vitamin D in 
regulating each of the outcomes are hypothesized, including that vitamin D could act 
as an immune regulator during implantation [38]. Research showed that trophoblasts 
produce and response to vitamin D in early pregnancy [39, 40]. Furthermore, it has been 
established that vitamin D influences local anti-inflammatory responses (via inhibition 
of TNF-alpha-induced inflammatory cytokines) and induces decidualization for success-

PSM 20180328 Proefschrift Wagner.indd   130 14-05-18   10:18



GENERAL DISCUSSION 

131131

8

ful pregnancy[41-43]. We assessed vitamin D levels only at follow-up. In addition, it is 
possible that women with recurrent miscarriage already have decreased values of 
vitamin D during and/or before pregnancy. Only one study assessed vitamin D levels and 
immunological implications, such as presence of several autoantibodies and cytokine 
production, in women with recurrent miscarriage and found that a high proportion of 
women had a vitamin D deficiency (<30 ng/ml) with immunological implications [44]. 
With this knowledge, supplementation of vitamin D might be a potential treatment in 
women with recurrent miscarriage. At first, there is need for more observational studies 
to investigate the association between vitamin D and recurrent miscarriage (adjusting 
for ethnicity and seasonal variations). And secondly, if an association is established, 
intervention studies (randomized controlled trials) are needed to evaluate the effect of 
vitamin D supplementation on pregnancy outcome in women with recurrent miscarriage. 
Next to a possible treatment option in women with recurrent miscarriage, vitamin D 
might be useful in cardiovascular risk estimation. Vitamin D deficiency is a strong risk 
marker for cardiovascular disease[45]. In the prevention of cardiovascular disease, no 
significant and consistent protective effect of vitamin D supplementation was found in 
randomized controlled trials.

Recurrent miscarriage, other pregnancy complications and cardiovascular disease
In chapter 7 we investigated whether women with secondary recurrent miscarriage had 
a more complicated first pregnancy compared to all Dutch nullipara. Approximately 
40% of the women with recurrent miscarriage have a previous ongoing pregnancy and 
are as a consequence diagnosed with secondary recurrent miscarriage [46]. We found 
that women with secondary recurrent miscarriage had higher rates of post-term birth 
and perinatal death in their first ongoing pregnancy preceding recurrent miscarriage. 
Causes of perinatal death varied from intrauterine fetal demise, intrauterine growth 
restriction, placental abruption, preterm birth to congenital abnormalities. The higher 
rate of perinatal death supports the hypothesis that placental vasculopathy is an 
underlying pathophysiologic mechanism linking an array of pregnancy complications 
[8, 47]. Preeclampsia is also mentioned in this hypothesis; however, we did not find an 
increased risk of preeclampsia in the first ongoing pregnancy for women with secondary 
recurrent miscarriage, in contrast to the (larger) studies of Weintraub and Nielsen[48, 
49]. Shared maternal risk factors for recurrent miscarriage and still birth, the single 
major determinant of perinatal death, are; maternal age ≥ 40 years, smoking, obesity and 
diabetes mellitus [50]. An association between increasing maternal BMI and post-term 
birth has also been described [51], although the mechanisms are not fully understood. 
These common risk factors are also (classical) risk factors for developing cardiovascular 
disease[52], contributing to endothelial dysfunction and linking recurrent miscarriage to 
cardiovascular disease.
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In sum, (recurrent) miscarriage and cardiovascular disease are both diseases with a 
multifactorial aetiology. Previous mentioned mechanisms are involved in the association 
between both diseases. Although none of them gives a clear explanation on its own, and 
the contribution of the described mechanisms seems present but not substantial. It is 
supposed that a unifying mechanism between recurrent miscarriage and cardiovascular 
disease is the presence of endothelial dysfunction. Described mechanisms of shared 
classic cardiovascular risk factors, antiphospholipid syndrome, genetic polymorphisms 
and novel cardiovascular biomarkers involved in inflammation all contribute to this 
phenomenon. Genetic and immunologic etiology need further elucidation. 
It remains unknown if women with recurrent miscarriage have an increased cardiovascular 
disease risk due to pre-existing common risk factors, due to the complicated preg-
nancies that leads to permanent (endothelial) damage, or, perhaps the most likely; 
a combination of these two (second hit) as illustrated in figure 2. For preeclampsia, in 
which the association with cardiovascular disease is well investigated, this discussion is 
still ongoing.  

Figure 2. Incorporate (recurrent) miscarriage as a new risk factor in the algorithm for future 

cardiovascular disease
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Definition of recurrent miscarriage
The variation in the definition of recurrent miscarriage, between two and three and 
consecutive versus non-consecutive miscarriages [53, 54] complicates the incorporation 
of recurrent miscarriage as a new risk factor for cardiovascular disease. Also, there 
is disagreement on gestational age at time of miscarriage; early or late, and whether 
detection of fetal heart activity by ultrasound is obliged or biochemical pregnancies 
are included as well. Generally, in the international literature, recurrent miscarriage is 
defined as three or more consecutive pregnancy losses before 22 weeks of gestation[55]. 
For this reason, we have chosen this definition setting up our research protocols. In the 
Netherlands, a woman is diagnosed with recurrent miscarriage after two pregnancy 
losses before 20 weeks of gestation, irrespective whether consecutive or not [53].  
As this lack of consensus makes it difficult to compare study results between different 
centres, the ESHRE special interest group early pregnancy, published a consensus 
statement in 2015, during the writing of this thesis[54]. They recommend the term 
recurrent pregnancy loss be used to describe repeated pregnancy demise, and the 
term recurrent miscarriage be used when all pregnancy losses have been confirmed as 
intrauterine miscarriages, by ultrasound or histology.  For this reason, we changed the 
term recurrent miscarriage into recurrent pregnancy loss in chapter 7, according to the 
comments of the reviewers, as we included also non-visualized miscarriages. In future 
research we recommend using this terminology as well [54]. In this thesis, we kept to our 
predefined definition and terminology of recurrent miscarriage. 
Probably we should make a distinction between the most useful definition of recurrent 
miscarriage regarding aetiology and subsequent pregnancy prognosis on the one hand, 
and the most useful definition to point out a woman at future risk for cardiovascular 
disease on the other hand. In this thesis, we focus on the last mentioned. The results 
in chapter 2 showed that women who have experienced two or more miscarriages, 
irrespective of whether consecutive or not, have an increased risk of ischemic heart 
disease. In subgroup analysis, the risk for ischemic heart disease was lower in women 
with consecutive miscarriages compared to women with two or more non-consecutive 
miscarriages. This suggests that the number of events (two or more) is more important 
than the consecutive nature of events. 

Current guidelines
Given the world-wide health problem of cardiovascular disease in women, and its 
economic implications there is a strong rationale for the prevention of cardiovascular 
disease in women. More gender specific analyses have been published making it possible 
to do more definitive recommendations [52], Wilson and Jonner set up ten criteria to 
determine the suitability for establishing screening programs including for example; the 
condition should be an important health problem, there should be an accepted treatment 
recognized for the disease and diagnosis and treatment should be cost-effective [56]. 
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In recent years, pregnancy complications are incorporated in guidelines as novel risk 
factors for cardiovascular disease in women. The 2011 guidelines for the prevention 
of cardiovascular disease of The American Heart Association indicate a history of 
gestational diabetes or hypertensive complications of pregnancy as a major risk factor 
for developing cardiovascular disease and advises monitoring and control of risk factors 
in these women postpartum [52]. In 2014, the first Dutch guideline on cardiovascular risk 
management after reproductive and pregnancy-related disorders was published [57]. 
This guideline states no increased risk for ischemic heart disease in women with recurrent 
miscarriage, RR1.99 (95%CI 0.94,4.19). However, only 3 cohort studies were included 
(up to 2012) and several studies were published afterwards, including a meta-analysis 
which found a significant increased risk (chapter 2) [1-4]. Optimization of modifiable 
cardiovascular risk factors, by giving lifestyle advices, is recommended to reduce the risk 
of future cardiovascular disease for all reproductive and pregnancy-related disorders 
mentioned in this guideline. Follow-up is only recommended for women with a history 
of preeclampsia, (relative risk CVD; 2.15 (95%CI 1.76–2.61). This includes that at the age 
of 50 years, women are offered a full cardiovascular risk profile performed according 
to the Dutch guideline for cardiovascular risk management. The most recent European 
Guidelines on cardiovascular disease prevention (2016) states that there is no data to 
suggest that recurrent pregnancy loss is associated with an increased cardiovascular 
disease risk [58]. They recommend that periodic screening (not further specified) for 
hypertension and diabetes mellitus should be considered in women with gestational 
diabetes and hypertensive complications of pregnancy.
Recently published data, including this thesis, suggest it is time to update these 
mentioned guidelines. As the hazard ratio for ischemic heart disease in women with two 
or more miscarriages is comparable with the hazard ratio for cardiovascular disease in 
women with hypertensive disorders of pregnancy [59] an equal approach for women 
with two or more miscarriages seems justified and I recommend to add a history of two 
or more miscarriage to the risk factors for cardiovascular disease.

Future perspectives 
The important and growing field of the utilization of big data analysis in healthcare is very 
interesting. In the future, the increased use of statistical machine learning techniques 
will probably help us to interpret all variables involved in the association between 
two heterogeneous conditions such as miscarriage and cardiovascular disease. It may 
be helpful in teasing out subtle information from observational datasets and provide 
reliable interpretations for individualizing care decisions and personalized medicine.

With current knowledge, women with two or more miscarriage should be made aware 
of an increased cardiovascular risk and advised lifestyle advises including discontinuing 
smoking, improving dietary habits, healthy weight and adequate physical exercise 
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(reducing endothelial damage) to prevent cardiovascular disease events. Appropriate 
risk factor modifications can lower their risk for future cardiovascular disease. In women 
with a history of preeclampsia estimates showed that lifestyle interventions after this 
pregnancy complication have the potential to decrease cardiovascular risk by 4-13%[60].
Individual cardiovascular risk estimation in women with a history of two or more 
miscarriages should be considered. Evidence on costs and cost-effectiveness of 
cardiovascular screening in women with miscarriages is lacking. To start, a comparable 
approach, such as advised in the Dutch guideline on cardiovascular risk management in 
women with a history of preeclampsia can be applied. At the age of 50 years, performance 
of a full cardiovascular risk profile according to the Dutch guideline for cardiovascular 
risk management could be offered. Although this age limit is up for discussion. Evidence 
is suggesting that screening and prevention should be offered earlier in life to women 
with a complicated pregnancy. For example, the mean age of stroke onset was about 10 
years earlier in women with a history of pregnancy complications (preeclampsia, HELLP 
syndrome and placental abruption), compared to women without such a history [61]. A 
suggested new approach is to start screening for cardiovascular risk factors postpartum 
and repeat it every 10 years. The ideal age of screening should be studied further.
Future research is needed to determine whether women with a history of two or more 
miscarriages will benefit from screening and preventive interventions. A cohort study 
with a long follow-up is suggested to evaluate the results of these life style advises and 
interventions. 

Conclusions
In conclusion, given the consistent reporting of an association between miscarriages 
and later ischemic heart disease (and possibly other cardiovascular disease), it is time 
to update current guidelines and add a history of two or more miscarriages to the risk 
factors for cardiovascular disease.
Future studies should aim to determine how the inclusion of information on miscarriages 
(and other adverse pregnancy events) could improve cardiovascular disease risk evalua-
tion in women. 
Women with recurrent miscarriage must be made aware of their increased risk for 
cardiovascular disease later in life and given lifestyle advises. Individual cardiovascular 
risk estimation in women with a history of recurrent miscarriage must be implemented.  

PSM 20180328 Proefschrift Wagner.indd   135 14-05-18   10:18



CHAPTER  8

136136

Reference List

1. Ranthe, M.F., et al., Pregnancy loss and later risk of atherosclerotic disease. Circulation, 2013. 
127(17): p. 1775-1782.

2. Oliver-Williams, C.T., et al., Miscarriage and future maternal cardiovascular disease: a 
systematic review and meta-analysis. Heart, 2013. 99(22): p. 1636-1644.

3. Kessous, R., et al., Recurrent pregnancy loss: a risk factor for long-term maternal 
atherosclerotic morbidity? Am J Obstet Gynecol, 2014. 211(4): p. 414.e1-11.

4. Parker, D.R., et al., Risk of cardiovascular disease among postmenopausal women with prior 
pregnancy loss: the women’s health initiative. Ann Fam Med, 2014. 12(4): p. 302-9.

5. Butt, M., et al., Endothelial dysfunction: methods of assessment & implications for 
cardiovascular diseases. Curr Pharm Des, 2010. 16(31): p. 3442-54.

6. Higashi, Y., Assessment of endothelial function. History, methodological aspects, and clinical 
perspectives. Int Heart J, 2015. 56(2): p. 125-34.

7. Pijnenborg, R., L. Vercruysse, and M. Hanssens, The uterine spiral arteries in human pregnancy: 
facts and controversies. Placenta, 2006. 27(9-10): p. 939-58.

8. Matthiesen, L., S. Kalkunte, and S. Sharma, Multiple pregnancy failures: an immunological 
paradigm. Am J Reprod Immunol, 2012. 67(4): p. 334-40.

9. Germain, A.M., et al., Endothelial dysfunction: a link among preeclampsia, recurrent preg-
nancy loss, and future cardiovascular events? Hypertension, 2007. 49(1): p. 90-95.

10. Ross, R., Atherosclerosis is an inflammatory disease. Am Heart J, 1999. 138(5 Pt 2): p. S419-20.
11. Widlansky, M.E., et al., The clinical implications of endothelial dysfunction. J Am Coll Cardiol, 

2003. 42(7): p. 1149-60.
12. Pineles, B.L., E. Park, and J.M. Samet, Systematic review and meta-analysis of miscarriage 

and maternal exposure to tobacco smoke during pregnancy. Am J Epidemiol, 2014. 179(7):  
p. 807-23.

13. Nielsen, A., et al., Maternal smoking predicts the risk of spontaneous abortion. Acta Obstet 
Gynecol Scand, 2006. 85(9): p. 1057-65.

14. Corban, M.T., et al., Antiphospholipid Syndrome: Role of Vascular Endothelial Cells and 
Implications for Risk Stratification and Targeted Therapeutics. J Am Coll Cardiol, 2017. 69(18): 
p. 2317-2330.

15. Arachchillage, D.R. and M. Laffan, Pathogenesis and management of antiphospholipid 
syndrome. Br J Haematol, 2017.

16. Maino, A., et al., Pregnancy loss and risk of ischaemic stroke and myocardial infarction. Br J 
Haematol, 2016. 174(2): p. 302-9.

17. Prins, J.R., T.E. Kieffer, and S.A. Scherjon, Immunomodulators to treat recurrent miscarriage. 
Eur J Obstet Gynecol Reprod Biol, 2014. 181: p. 334-7.

18. Virella, G., Immunology of cardiovascular disease. Clin Immunol, 2010. 134(1): p. 1-4.
19. Miskovic, S., et al., Positive reproductive family history for spontaneous abortion: predictor 

for recurrent miscarriage in young couples. Eur J Obstet Gynecol Reprod Biol, 2012. 161(2):  
p. 182-6.

20. Weijmans, M., et al., Paternal or maternal history of cardiovascular disease and the risk of 
cardiovascular disease in offspring. A systematic review and meta-analysis. Int J Cardiol, 
2015. 179: p. 409-16.

21. Smith, G.C., et al., Recurrent miscarriage is associated with a family history of ischaemic heart 
disease: a retrospective cohort study. BJOG., 2011. 118(5): p. 557-563.

22. Ranthe, M.F., et al., Association between pregnancy losses in women and risk of atherosclerotic 
disease in their relatives: a nationwide cohort studydagger. Eur Heart J, 2016. 37(11): p. 900-7.

23. Ye, Z., et al., Seven haemostatic gene polymorphisms in coronary disease: meta-analysis of 
66,155 cases and 91,307 controls. Lancet, 2006. 367(9511): p. 651-8.

PSM 20180328 Proefschrift Wagner.indd   136 14-05-18   10:18



GENERAL DISCUSSION 

137137

8

24. Casas, J.P., et al., Meta-analysis of genetic studies in ischemic stroke: thirty-two genes invol-
ving approximately 18,000 cases and 58,000 controls. Arch Neurol, 2004. 61(11): p. 1652-61.

25. Kang, S., et al., Association of the A1298C polymorphism in MTHFR gene with ischemic stroke. 
J Clin Neurosci, 2014. 21(2): p. 198-202.

26. Casas, J.P., et al., Endothelial nitric oxide synthase genotype and ischemic heart disease: 
meta-analysis of 26 studies involving 23028 subjects. Circulation, 2004. 109(11): p. 1359-65.

27. Savvidou, M.D., et al., Endothelial nitric oxide synthase gene polymorphism and maternal 
vascular adaptation to pregnancy. Hypertension, 2001. 38(6): p. 1289-93.

28. Middeldorp, S. and A. van Hylckama Vlieg, Does thrombophilia testing help in the clinical 
management of patients? Br J Haematol, 2008. 143(3): p. 321-35.

29. Rey, E., et al., Thrombophilic disorders and fetal loss: a meta-analysis. Lancet, 2003. 361(9361): 
p. 901-8.

30. Robertson, L., et al., Thrombophilia in pregnancy: a systematic review. Br J Haematol, 2006. 
132(2): p. 171-96.

31. Skeith, L., et al., A meta-analysis of low-molecular-weight heparin to prevent pregnancy loss 
in women with inherited thrombophilia. Blood, 2016. 127(13): p. 1650-5.

32. Steegers-Theunissen, R.P., et al., Hyperhomocysteinaemia and recurrent spontaneous 
abortion or abruptio placentae. Lancet, 1992. 339(8801): p. 1122-3.

33. Wang, L., et al., Circulating 25-hydroxy-vitamin D and risk of cardiovascular disease: a meta-
analysis of prospective studies. Circ Cardiovasc Qual Outcomes, 2012. 5(6): p. 819-29.

34. Fry, C.M. and T.A. Sanders, Vitamin D and risk of CVD: a review of the evidence. Proc Nutr Soc, 
2015. 74(3): p. 245-57.

35. Aghajafari, F., et al., Association between maternal serum 25-hydroxyvitamin D level and 
pregnancy and neonatal outcomes: systematic review and meta-analysis of observational 
studies. Bmj, 2013. 346: p. f1169.

36. Wei, S.Q., et al., Maternal vitamin D status and adverse pregnancy outcomes: a systematic 
review and meta-analysis. J Matern Fetal Neonatal Med, 2013. 26(9): p. 889-99.

37. Amegah, A.K., M.K. Klevor, and C.L. Wagner, Maternal vitamin D insufficiency and risk of 
adverse pregnancy and birth outcomes: A systematic review and meta-analysis of longitudinal 
studies. PLoS One, 2017. 12(3): p. e0173605.

38. Agarwal, S., O. Kovilam, and D.K. Agrawal, Vitamin D and its impact on maternal-fetal 
outcomes in pregnancy: A critical review. Crit Rev Food Sci Nutr, 2016: p. 0.

39. Halhali, A., G.M. Acker, and M. Garabedian, 1,25-Dihydroxyvitamin D3 induces in vivo the 
decidualization of rat endometrial cells. J Reprod Fertil, 1991. 91(1): p. 59-64.

40. Stephanou, A., R. Ross, and S. Handwerger, Regulation of human placental lactogen 
expression by 1,25-dihydroxyvitamin D3. Endocrinology, 1994. 135(6): p. 2651-6.

41. Diaz, L., et al., Calcitriol inhibits TNF-alpha-induced inflammatory cytokines in human 
trophoblasts. J Reprod Immunol, 2009. 81(1): p. 17-24.

42. Barrera, D., et al., Estradiol and progesterone synthesis in human placenta is stimulated by 
calcitriol. J Steroid Biochem Mol Biol, 2007. 103(3-5): p. 529-32.

43. Wang, L.Q., et al., Women with Recurrent Miscarriage Have Decreased Expression of 
25-Hydroxyvitamin D3-1alpha-Hydroxylase by the Fetal-Maternal Interface. PLoS One, 2016. 
11(12): p. e0165589.

44. Ota, K., et al., Vitamin D deficiency may be a risk factor for recurrent pregnancy losses by 
increasing cellular immunity and autoimmunity. Hum.Reprod., 2014. 29(2): p. 208-219.

45. Grubler, M.R., et al., Vitamin-D concentrations, cardiovascular risk and events - a review of 
epidemiological evidence. Rev Endocr Metab Disord, 2017.

46. Jivraj, S., et al., Obstetric and neonatal outcome in women with a history of recurrent 
miscarriage: a cohort study. Hum.Reprod., 2001. 16(1): p. 102-106.

PSM 20180328 Proefschrift Wagner.indd   137 14-05-18   10:18



CHAPTER  8

138138

47. Korteweg, F.J., et al., A placental cause of intra-uterine fetal death depends on the perinatal 
mortality classifi cation system used. Placenta, 2008. 29(1): p. 71-80.

48. Weintraub, A.Y., et al., Is there a higher prevalence of pregnancy complications in a live-
birth preceding the appearance of recurrent abortions? Arch. Gynecol. Obstet, 2005. 271(4): 
p. 350-354.

49. Nielsen, H.S., et al., Frequency and impact of obstetric complications prior and subsequent to 
unexplained secondary recurrent miscarriage. Hum. Reprod, 2010. 25(6): p. 1543-1552.

50. Smith, G.C., Screening and prevention of stillbirth. Best Pract Res Clin Obstet Gynaecol, 2017. 
38: p. 71-82.

51. Heslehurst, N., et al., Maternal body mass index and post-term birth: a systematic review and 
meta-analysis. Obes Rev, 2017. 18(3): p. 293-308.

52. Mosca, L., et al., Eff ectiveness-based guidelines for the prevention of cardiovascular disease 
in women--2011 update: a guideline from the American Heart Association. J.Am.Coll.Cardiol., 
2011. 57(12): p. 1404-1423.

53. Nederlandse Vereniging Obstetrie & Gynecologie. Richtlijn Herhaalde Miskraam (‘Guideline 
Recurrent Miscarriage’). 2007.

54. Kolte, A.M., et al., Terminology for pregnancy loss prior to viability: a consensus statement 
from the ESHRE early pregnancy special interest group. Hum Reprod, 2015. 30(3): p. 495-8.

55. Stirrat, G.M., Recurrent miscarriage. Lancet, 1990. 336(8716): p. 673-675.
56. Wilson, J.M. and Y.G. Jungner, [Principles and practice of mass screening for disease]. Bol 

Ofi cina Sanit Panam, 1968. 65(4): p. 281-393.
57. Heida, K.Y., et al., Cardiovascular risk management aft er reproductive and pregnancy-related 

disorders: A Dutch multidisciplinary evidence-based guideline. Eur J Prev Cardiol, 2016. 
23(17): p. 1863-1879.

58. Piepoli, M.F., et al., 2016 European Guidelines on cardiovascular disease prevention in clinical 
practice: The Sixth Joint Task Force of the European Society of Cardiology and Other Societies 
on Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of 
10 societies and by invited experts) Developed with the special contribution of the European 
Association for Cardiovascular Prevention & Rehabilitation (EACPR). Atherosclerosis, 2016. 
252: p. 207-74.

59. Ray, J.G., et al., Cardiovascular health aft er maternal placental syndromes (CHAMPS): 
population-based retrospective cohort study. Lancet, 2005. 366(9499): p. 1797-1803.

60. Berks, D., et al., Risk of cardiovascular disease aft er pre-eclampsia and the eff ect of lifestyle 
interventions: a literature-based study. Bjog, 2013. 120(8): p. 924-31.

61. Zoet, G.A., et al., Stroke aft er pregnancy disorders. Eur J Obstet Gynecol Reprod Biol, 2017. 
215: p. 264-266.

PSM 20180328 Proefschrift Wagner.indd   138 14-05-18   10:18


