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Preface 
It is August or September of 2015. A couple of days ago I got a call telling me that 
I was accepted to medical school, and now I am standing in a room with a handful 
of my new classmates. A teacher has just explained how medicine stands on two 
pillars – humanism and science – and now they want us to choose. Right side of the 
room if you consider yourself a humanist, left side for science. There is a nervous, 
first-day energy in the room. What if there is a wrong answer? Is this some kind of 
test? The teacher looks up, one, two, three – go. I am the only one who goes right.  

As a child being a doctor was a job to me, just as any other. When I was four or five 
years old, I asked my mum what a university was. She answered me: “That’s where 
you go to school as an adult, it’s where you become something”. I contemplated this 
for a moment and then said “Oh, so like a taxi driver or a doctor?” It is a cute story, 
but it is also very telling. I, together with my brothers, have grown up knowing that 
we are allowed the freedom to choose our future, and for me, this choice was easy. 
For as long as I can remember, my best friends have lived in other worlds. They 
have been able to ride dragons, have long philosophical monologues out of the blue, 
and fall in love overnight. Books, words, languages, stories – that was my future. 
So I chose the social disciplines, opting out of chemistry, physics, and biology in 
favour of history, philosophy, and psychology. I was a humanist, not a scientist.  

It is safe to say that medicine, becoming a doctor, did not fall into my lap. I was not 
born into a family of doctors. Medicine was a very active choice for me, something 
I worked, and still am working, hard for. The logic and robust rules of science have 
not always agreed with my daydreaming mind, and I have many times questioned 
my place in medicine. During medical school I found a safe space working at the 
women’s health clinic. I found a sense of purpose and genuine interest. I found that, 
for me, identifying as a humanist was beneficial in my understanding of the patient, 
and I found a new future, a new goal to work towards, and I did my best. I worked 
every other weekend for over a year, evenings after school and during the summer. 
I chose women’s medicine as the subject of both my bachelor and master thesis, and 
when I got the chance to become a PhD-student in gynaecology and reproductive 
medicine the choice was, once again, easy.   

My PhD-studies have continuously challenged and pushed me. Time and time again 
I have stepped out of my comfort zone. These last four years have, without a doubt, 
been the hardest and most insightful years of my education, and slowly but surely I 
have started to gain a new understanding of who I am. I still highly value the arts, 
and I am fascinated by the complexity of human nature. A lot of my best friends still 
live, and always will live, in books. I am still a humanist.  

But today, I also choose science.  
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Abstract 
Background 
A history of preterm delivery is an established risk factor for future maternal 
coronary heart disease and associated with 1.5–2 times higher risk of incident 
events. It is yet to be thoroughly studied how a history of preterm delivery is 
associated with the specific treatment and clinical presentation of coronary heart 
disease in women with at least one delivery. 

Objectives  
I aimed to meet the overall objective of gaining a better understanding of how a 
history of preterm delivery is linked with treatment and presentation of coronary 
heart disease by studying the association between a history of preterm delivery, 
long-term outcome after coronary stenting, coronary artery restenosis, and 
myocardial injury at myocardial infarction, respectively. 

Methods  
Nationwide samples of women aged ≤65 years included between 5766 and 8320 
individuals. The data mainly originated from three registers: the Swedish Medical 
Birth Register and the Swedish Web-system for Enhancement and Development of 
Evidence-based care in Heart disease Evaluated According to Recommended 
Therapies. Regression models were used to evaluate the association between 
preterm delivery and outcomes.  

Results  
A history of preterm delivery was associated with worse prognosis following 
coronary artery stenting through an increased risk of major adverse cardiovascular 
events (adjusted hazard ratio (HR): 1.19, 95% confidence interval (CI): 1.03–1.38) 
and a higher mortality rate (HR: 1.38, 95% CI: 1.02–1.85). No association between 
a history of preterm delivery and coronary artery restenosis, nor an association with 
indicators of a more severe myocardial injury at time of first myocardial infarction, 
was found. 

Conclusions 

The results indicate that a history of preterm delivery might be relevant in a 
secondary prevention setting of coronary heart disease, and not only in a primary 
prevention setting. In all, this project highlights that a woman’s pregnancy history 
is not only relevant to obstetrician-gynaecologists but might warrant wider attention 
among clinicians. 
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Populärvetenskaplig sammanfattning 
Hjärt- och kärlsjukdom är den vanligaste dödsorsaken både globalt och i Sverige, 
och idag lider över två miljoner svenskar av tillstånd som klassas under begreppet. 
Kranskärlssjukdom, hjärtsjukdom som utgår från de kärl som försörjer hjärtat med 
blod, är en av de vanligaste typerna av hjärt- och kärlsjukdom. Kranskärlssjukdom 
uppkommer oftast av en förträngning till följd av fettinlagringar i kranskärlen och 
kan antingen vara vilande eller symptomgivande. Inom begreppet ryms bland annat 
diagnoserna hjärtinfarkt och kärlkramp. Perkutan koronarintervention (PCI), även 
kallat ballongvidgning, är standardbehandling vid större, symptomgivande 
kranskärlsförträngningar. PCI är en behandling som oftast sker i lokalbedövning där 
läkaren för in en kateter i en artär via ljumsken eller handleden, som sedan guidas 
med hjälp av röntgen till kranskärlen. En ballong kan sedan öppna upp kranskärlet 
igen genom att vidgas vid platsen för förträngningen, och för att kärlet ska fortsätta 
hålla sig öppet så sätts idag nästan alltid en stent, ett cylinderformat metallnät, där 
ballongvidgningen skett.  

Historiskt sett har kvinnor försummats inom hjärt- och kärlforskning. År 1977 gick 
United States Food and Drug Aministration (FDA), USA:s livsmedels- och 
läkemedelsmyndighet, ut med riktlinjer som uteslöt alla kvinnor i barnafödande 
ålder ur läkemedelsprövningar. Detta som ett svar på den omskakande 
Neurosedynskandalen under 1960-talet där förskrivning av läkemedlet Neurosedyn 
till gravida kvinnor, för bland annat illamående, resulterade i allvarliga fosterskador. 
De här riktlinjerna var sedermera aktiva i över 15 år och kan antas ha satt sina spår 
i hur forskare utser studiedeltagare. Mellan år 2010 och 2017 var under 40% av alla 
deltagare i hjärt- och kärlrelaterade prövningar världen över kvinnor. Tidigare 
forskning har visat att kvinnligt kön är associerat med sämre utfall efter behandling 
av kranskärlssjukdom och att kvinnor, jämfört med män, i lägre utsträckning får 
behandling för kranskärlssjukdom enligt standardiserade riktlinjer. Kvinnors 
kranskärlssjukdom visar sig dock senare i livet jämfört med mäns och kvinnor har 
vid tidpunkten för insjuknande fler andra diagnoser.  

De senaste tjugo åren har forskning avseende könsspecifika riskfaktorer för hjärt- 
och kärlsjukdom ökat och i och med detta har graviditetskomplikationer 
framkommit som riskfaktorer för framtida hjärt- och kärlsjukdom hos kvinnor som 
fött barn. Prematur, eller för tidig, förlossning är en av graviditetskomplikationerna 
som är associerad med framtida hjärt- och kärlsjukdom hos kvinnor som fött barn. 
Prematur förlossning innebär förlossning innan graviditetsvecka 37 och är bland 
annat associerat med andra graviditetskomplikationer, exempelvis 
havandeskapsförgiftning, kroniska sjukdomar hos mamman, såsom diabetes, och 
infektion. Studier har visat att en historik av prematur förlossning är associerat med 
en upp till två gånger ökad risk för framtida hjärt- och kärlsjukdom och att den här 
ökade risken kan hålla i sig upp till 40 år efter förlossning för vissa typer av hjärt- 
och kärlsjukdom. Idag finns det ett kunskapsglapp i hur kvinnor med en historik av 
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prematur förlossning presenterar med, och svarar på behandling för, 
kranskärlssjukdom. Studier kring detta skulle kunna bidra till en ökad förståelse 
kring hur prematur förlossning och framtida kranskärlssjukdom är förknippade med 
varandra.  

Den här avhandlingen ämnar bidra till en bättre förståelse för hur en historik av 
prematur förlossning är sammankopplad med presentation och behandling av 
kranskärlssjukdom hos kvinnor som har fött barn. Med hjälp av information från 
huvudsakligen två svenska dataregister har fyra studier utförts: 

Artikel I har undersökt om en historik av prematur förlossning är associerat med 
ett nytt kardiovaskulärt insjuknande eller död efter kranskärlsstent hos 5766 
kvinnor.  

Artikel II och III har undersökt en potentiell association mellan flera olika aspekter 
av en kvinnas graviditetshistorik, inkluderat både prematur förlossning och 
havandeskapsförgiftning, och förekomst av restenos, en ny förträngning i 
kranskärlen på samma plats som den gamla PCI-behandlade förträngningen, efter 
PCI hos 6027, respektive 6065 kvinnor.  

Artikel IV har undersökt huruvida en historik av prematur förlossning, 
havandeskapsförgiftning och/eller att föda ett för graviditetslängden för litet barn är 
associerat med en allvarligare typ av hjärtinfarkt hos 8320 kvinnor som fött barn.  

Resultaten från dessa studier indikerar att en historik av prematur förlossning inte 
enbart är en riskfaktor för att insjukna i hjärt- och kärlsjukdom en första gång, utan 
också en riskfaktor för sekundära hjärt- och kärlhändelser efter behandling av 
kranskärlssjukdom. Detta, tillsammans med fynd av ett möjligt samband mellan 
graviditetskomplikationer och allvarlighetsgrad av hjärtinfarkt, belyser än en gång 
att en kvinnas graviditetshistorik inte enbart är av intresse för gynekologer/ 
förlossningsläkare, utan bör till högre grad uppmärksammas även av andra läkare.  

För att ytterligare fördjupa förståelsen kring kopplingen mellan graviditets-
komplikationer och framtida hjärt- och kärlsjukdom hos kvinnor som fött barn krävs 
vidare forskning. Nya studier gällande förebyggande behandling för hjärt- och 
kärlsjukdom kan, i teorin, hjälpa oss att förstå om vi kan minska risken för sämre 
utfall efter behandling av kranskärlssjukdom hos kvinnor med en historik av 
prematur förlossning, och om förebyggande behandling kan minska risken för en 
värre typ av hjärtinfarkt hos kvinnor med vissa graviditetskomplikationer. Vidare 
behövs studier kring uppkomst av kranskärlsjukdom hos kvinnor med en historik av 
graviditetskomplikationer för att fullständigt förstå sambandet. Ur ett bredare 
perspektiv ska också vikten av informationsspridning kring sambandet mellan 
graviditetskomplikationer och framtida hjärt- och kärlsjukdom belysas, då detta 
hade kunnat leda till mer forskning på kvinnors hjärt- och kärlhälsa, och i slutändan 
sannolikt resultera i bättre, mer evidensbaserad, hjärtsjukvård gällande kvinnor.  
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Introduction  

Cardiovascular disease (CVD) is the leading cause of death in women, with 
coronary heart disease (CHD) being one of the largest contributors.(1, 2) During the 
last two decades the age-standardized mortality for CHD has declined in general.(1) 
However, this decline has not been as apparent in young women.(3) Studies on 
modifiable CVD risk factors, such as diabetes and hypertension, in young 
individuals with myocardial infarction (MI) over the same time period show a 
prevalence increase.(4, 5) It has been suggested that the before-mentioned mortality 
trend is partly due to the risk factor burden in young women, and that more focus 
on primary prevention of both traditional and sex-specific risk factors in women is 
needed.(6) In a primary prevention setting, adverse pregnancy outcomes (APOs) are 
known risk factors of future CHD in women.(7) Preterm delivery (PTD), i.e. 
delivery before 37 weeks of gestation, is one of these APOs today known as a risk 
factor of future incident CHD in women who have given birth.(8) A history of PTD 
has been shown to be associated with an up to two times increased risk of CVD in 
women, with an increased risk of ischaemic heart disease (IHD) up to 40 years after 
delivery.(8, 9) 

Female sex is a known predictor of worse outcome following invasive treatment for 
CHD with percutaneous coronary intervention (PCI).(10) This begs the question if 
there could be sex-specific risk factors at play. Previous studies have shown a 
possible association between preeclampsia (PE), another APO associated with 
future maternal CHD, and worse outcome following PCI.(11, 12) Studies on CHD 
presentation in women by APO history have indicated an earlier presentation of MI 
after delivery in women with a history of APOs compared to women with no such 
history,(13) and that a history of PE is associated with a higher proportion of ST-
elevation MI (STEMI).(14, 15) Today, other CHD risk factors influence the course 
of treatment for CHD, such as diabetes mellitus,(16) and choice of secondary 
prevention, e.g. diabetes mellitus and chronic kidney disease,(17) but there is 
insufficient evidence to consider pregnancy history in this setting.  

As PTD is a common pregnancy complication with a global prevalence of 9.9%, 
with rates varying between approximately 4–16% in different countries,(18) 
understanding more about the link between PTD and future CHD could be beneficial 
for many women. But to assess a potential need for a different prevention strategy 
in this group of patients, more data on CHD presentation and treatment in women 
with a history of APOs is needed. 
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Background 

I read it [history] a little as a duty, but it tells me nothing that does not either vex or 
weary me. The quarrels of popes and kings, with wars or pestilences, in every page; 
the men all so good for nothing, and hardly any women at all – it is very tiresome[…]. 

Jane Austen, Northanger Abbey  

In ancient Greece, Aristotle proclaimed the female offspring a deviation.(19) In 
contrast to the male ideal, women were seen as faulty versions of men with one sole 
purpose – reproduction, and as women were all but equal to their reproductive 
organs, the womb was thought to be the source of all their illnesses.(20) This organ, 
the uterus, defined women’s place in Western medicine, and society, for centuries, 
and diagnoses like wandering womb and womb suffocation can be found in Western 
medical history. The Hippocratic Corpus indirectly described how the womb would 
cause problems if the need of carrying a child was not met. During the European 
Middle Ages, and through the upswing of Christianity, an empty uterus was thought 
to attract evil and as a result, women without children were at risk of being accused 
of, and executed for, witchcraft. In the 17th century the term ‘hysteric symptoms’ 
was frequently mentioned in relation to an unwell uterus. This directly translates to 
symptoms from the uterus and is later developed throughout the late 17th and 18th 
centuries to the diagnosis of hysteria. When medics treated women, hysteria was 
likely a very convenient diagnosis as it included every symptom or illness in a 
woman which could not be explained. In other words, hysteria could be whatever 
you wanted it to be as long as one diagnosis criterion was fulfilled – the patient 
being a woman. Through the 19th century women were often “treated” for hysteria 
by being sent away from society. During the 20th century, diagnoses such as 
wondering womb were discarded, but as women’s medicine instead shifted to a 
focus on hormones, the idea of a woman’s illness stemming first and foremost from 
her reproductive organs still lingered.  

As a result of women being considered as smaller, lesser versions of men, with the 
main purpose of reproduction, we lack data on the health and diseases of women 
throughout history.(19) The idea that women’s illnesses stem entirely from their 
reproductive organs has thankfully been questioned and dismissed over the 
years,(20) and today we know that men and women differ on several medical 
aspects, such as symptom presentation and response to treatment.(21, 22) 
Nevertheless, the idea of men and women being physiologically different, has not 
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been questioned on a broader scale until recently.(19) As such, men and women 
have been thought of as more or less physiologically the same during a time of great 
medical progress, and if men and women are the same, why go through the trouble 
of collecting any data on women when you could just use, the often more easily 
accessible, data on men? Sweden is a prime example of data on men being more 
readily available as it has been routinely collected on men entering military 
service.(23) To my knowledge, the same effort has not to any great extent been 
made to collect data on women, which consequently has led to many Swedish 
epidemiological studies being based on young, healthy men. The US Food and Drug 
Administration (FDA) did not have a requirement of reporting clinical data by sex 
until 1998, thus the data on sex before the 2000s is limited.(6) In regard to clinical 
trials, women have been, and still are, underrepresented. From 2010 to 2017, less 
than 40% of participants in cardiovascular clinical trials on a global level were 
women, with women being better represented in America compared to Europe.(24) 
Partly in response to the Thalidomide scandal in the 1960s, the FDA published 
guidelines in 1977 which excluded all women of “childbearing potential”, i.e. most 
women of reproductive age, from phase 1 and early phase 2 clinical drug trials.(25) 
These guidelines were active for over 15 years and were not retired until 1993. It 
should also be noted that, to this day, pregnancy typically results in exclusion from 
participation in drug trials, with the result of very little data on pregnant women.(26) 
The same pattern of excluding women as research subjects can be seen in pre-
clinical trials, where male animals are still used more often than female animals.(27)  

Over time, efforts have been made to include more women in medical research. In 
1999, the Swedish Medical Research Council established a policy document 
requiring researchers to argue for their choice of study population.(28) Similar 
requirements have also been applicable to applications submitted to the American 
National Institutes of Health (NIH) since the 1990s.(29) A study published in 2020 
which assessed articles published in the BMJ concluded that women, from 1948 to 
2018, had become more prominent in BMJ articles.(30) However, the rate of 
increase was higher in relation to the mention of the word ‘woman’ or ‘women’ in 
articles than that for articles on women-specific topics. 

It is undeniably so that women, as a whole, have not historically been treated well 
by medicine, and a review of women as patients and research subjects through the 
years, even a compressed one such as this, could very well leave a bitter aftertaste. 
But I would like to invite you to look at history and learn from it, as I believe, that 
with history as fuel we can do better. In order to make up for historical oversights 
of women in medical research, and to obtain a more comprehensive picture of 
women’s illnesses, not only research on women-specific topics is needed but 
research on women overall. CVD is the leading cause of death in women 
worldwide,(2) and studies on women-specific risk factors for CVD, like the ones 
studied in this work, could somewhat help reduce the current knowledge gap, and 
have the potential of being beneficial for many women.     
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Coronary heart disease  
In clinical practice, CHD is often referred to as synonymous with coronary artery 
disease (CAD), acute coronary syndrome (ACS), or even IHD, though it should be 
noted that this is not strictly true. CHD is a subgroup of CVD and should be seen as 
a consequence of CAD, with ACS being a subgroup of CAD.(31, 32) Whilst ACS 
is most often symptomatic, CAD can be subclinical and is sometimes used 
interchangeably to describe a pathological process in the coronary arteries called 
atherosclerosis.(32) IHD, on the other hand, is a collective name of conditions 
resulting in ischemia of the myocardium where atherosclerosis is the most common 
underlying pathology.(33) In this thesis, CHD will in summary henceforth be 
regarded as a concept including both CAD and ACS. 

According to the Swedish Heart Lung Foundation, over two million patients suffer 
from CVD in Sweden.(34) It is the leading cause of death both in Sweden and 
worldwide, with IHD, and thus CHD, being one of the largest contributors.(1, 35) 
According to the World Health Organization (WHO), an estimated 17.9 million 
individuals die from CVD globally each year.(36) A worldwide decline in age-
standardized CVD mortality can be seen over the last three decades.(1) This is 
reflected in the Swedish population where the National Board of Health and Welfare 
presented statistics in 2021 showing a >50% decline in CVD age-standardized 
mortality during the last two decades.(37) However, during the same time period 
there was an increase, with an almost doubled total number of CVD cases 
globally.(1) The Global Burden of Disease Study estimated the total cases of IHD 
in 2019 to be 197 million, with an increase in total IHD numbers in almost all 
countries. A growing, ageing, and changing population, together with more 
sensitive diagnostic methods and better treatments, could explain this somewhat 
contradictory pattern in CVD epidemiology.  

Pathophysiology 
CHD very much depends on CAD and therefore, in turn, on atherosclerosis.(32) 
Atherosclerosis is a disease of arteries which is likely driven by accumulation of 
lipids in the innermost part of the arterial wall, causing an inflammatory 
response.(38, 39) The relatively slow progressing nature of the disease results in 
older patients making up a major part of affected individuals.(38) In short, 
atherosclerosis can be seen as a fatty lesion in the intima part of the vessel wall 
under a layer of endothelial cells. However, to better understand the 
pathophysiology of CHD, a slightly more detailed view is needed. Today, there is 
strong evidence for a key role of a ‘dysfunctional’  endothelium in atherosclerotic 
disease, and atherosclerotic plaques are commonly found in arterial regions with 
turbulent flow.(40) The turbulent flow is thought to affect the composition of the 
endothelium, effectively making it easier for larger molecules, such as lipids, to 
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reach the intima.(38) The activation of the endothelial cells will also contribute to 
the attraction of immune cells which further contributes to plaque formation and 
progression.(40) 

If the atherosclerotic plaque continues to grow it will reach to a point where it 
hinders sufficient blood flow in the affected artery,(38) but the more well-known 
clinical presentation of atherosclerosis is due to an acute rupture of an unstable 
plaque. The stability of a plaque is mainly dependent on its composition, where a 
fibrous plaque is generally more stable than a plaque rich in lipids and inflammatory 
cells. When a plaque ruptures, a blood clot will be formed which will limit or cut 
off the blood flow. This will cause ischaemia in the downstream tissues and 
subsequent cell death. If this happens in the coronary arteries it will result in a MI – 
a major clinical presentation of CHD (Figure 1). 

 
Figure 1. Myocardial infarction. 
A ruptured coronary atherosclerotic plaque with a thrombus which occludes the arterial lumen resulting 
in myocardial ischaemia. Adapted from “Myocardial Infarction (Heart Attack)”, by BioRender.com 
(2023). Retrieved from https://app.biorender.com/biorender-templates. 

Clinical presentation 
The clinical presentations of CHD include stable angina, unstable angina, MI, and 
cardiac death.(31) Stable angina is part of a collective group of clinical presentations 
of CAD called chronic coronary syndromes (CCS).(41) It is a result of progressing 
CAD where a narrowing of the coronary artery vessel lumen results in temporary 
reduction of blood flow to the myocardium,(38) resulting in what is referred to as 
angina pectoris. According to the European Society of Cardiology (ESC) guidelines 
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on CCS the typical anginal symptoms are as follows: constricting discomfort in the 
front of the chest or in the neck, jaw, shoulder or arm; precipitated by physical 
exertion; relieved by rest or nitrates within 5 minutes.(41) What distinguishes stable 
and unstable angina from each other is the timing and progress of these 
symptoms.(41, 42) Unstable angina is defined as anginal symptoms presenting in a 
resting state, in a state of minimal physical activity, as a rapid aggravation of stable 
angina, or as new, sudden onset of symptoms in the absence of vigorous physical 
activity.(42)   

Unstable angina and MI are collectively known as ACS.(43) Though it should be 
noted that this is slightly simplified as MI, using this definition includes mainly MIs 
resulting from a thrombotic event – type 1 MIs.(42) There are other causes of 
myocardial ischaemia and MI (type 2–5), but these will not be further discussed 
here. Going forward, MI will be referring to type 1 MI. According to the Fourth 
Universal Definition of MI, MI is defined as a rise and/or fall of cardiac biomarkers 
(preferably troponin) together with clinical manifestations of ischaemia, where 
electrocardiogram (ECG) alterations, ischaemic symptoms, and imaging findings 
are all known clinical manifestations of cardiac ischaemia.(44) Unstable angina, on 
the other hand, presents with similar symptoms as an MI but without a clear dynamic 
change in cardiac biomarker levels.(43) Eighty percent of patients with ACS present 
with chest pain.(42) Based on the ECG, MIs are classified as STEMI or non-ST-
elevation MI (NSTEMI).(45) STEMI is associated with a more severe myocardial 
injury compared to NSTEMI,(46) and in an acute setting, this classification of MI 
helps clinicians to decide how to proceed with diagnostics and treatment.(42) The 
peak levels of circulating cardiac markers can be used to predict both infarct size 
and patient outcome.(47, 48)  

Even though a thrombotic event is still the underlying cause of an MI in a large 
proportion of cases, it has become clear in recent years that this is not always the 
case.(43) MI with non-obstructive coronary arteries (MINOCA) is a condition 
where a patient presents with elevated cardiac biomarkers and symptoms related to 
ACS but with no obstruction of the coronary arteries.(42) MINOCA is only seen in 
a minority of ACS cases, with prevalence varying between 1 to 14% across studies. 
Another cause of ACS not necessarily associated with a thrombotic event is 
spontaneous coronary artery dissection (SCAD).(43) SCAD is a condition where a 
spontaneous tear (thus not associated with e.g. trauma) in the intima part of the 
artery leads to the formation of a false lumen in the arterial wall. This can in turn 
reduce the lumen of the coronary artery and subsequently result in oxygen 
deprivation and MI. Under 5% of ACS cases are associated with SCAD.  

Sudden cardiac death (SCD) is undoubtedly the most severe clinical presentation of 
CHD. Even though not all who suffer SCD have CHD, CHD is the underlying 
condition in approximately 80% of the SCD cases.(49) SCD can be the initial 
presentation of CHD, and it is associated with the severity and anatomic distribution 
of atherosclerosis.(50)  
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Risk factors and prevention  
Risk factors for CVD, and in turn CHD, are traditionally grouped into modifiable, 
meaning that measures can be taken to change them, or non-modifiable, meaning 
risk factors that cannot be changed. The ESC uses the terminology risk factors, 
meaning causal risk factors, and risk modifiers, meaning additional factors also 
modifying CVD risk.(17) The global CVD burden due to modifiable risk factors has 
increased over the last two decades,(51) and preventive strategies for CVD risk 
factors are constantly relevant. In light of a growing and ageing population, this is 
not very surprising. However, studies show that an increased prevalence of CVD 
risk factors has been noted in young individuals presenting with CHD over 
approximately the same time period.(4, 5) 

 
Figure 2. Main modifiable risk factors for coronary heart disease.  
Modifiable risk factors for CHD. CHD: coronary heart disease. Adapted from “Stroke Circle Diagram 
(Layout)”, by BioRender.com (2023). Retrieved from https://app.biorender.com/biorender-templates.  

Abnormal lipids, high blood pressure, cigarette smoking, and diabetes mellitus are 
the major causal, modifiable risk factors for CVD,(17) of which high blood pressure 
has the largest impact on the global CVD burden.(52) These risk factors, together 
with the other modifiable risk factors for CVD (abdominal obesity, stress, low 
consumption of fruit and vegetables, alcohol consumption, and lack of regular 
physical activity), have been shown to account for over 90% of the risk of an initial 
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MI (Figure 2).(53) Traditionally, body mass index (BMI) has been used to determine 
excess body weight, and in turn, CVD risk. A high BMI, particularly obesity (BMI 
30,0–39,9), is associated with an increased CVD risk.(54) However, study results 
are conflicting on whether BMI or other body measures, such as hip-to-waist ratio, 
is the best way to determine excess body weight, with some studies showing a higher 
association with CVD risk when determined by hip-to-waist ratio, and some 
showing no difference between BMI and other measurements.(55) Non-modifiable 
risk factors for CVD include age, ethnicity, and genetics.(17) In recent years 
medicine has started to differentiate between sex, referring to biological sex, and 
gender, referring to socially and culturally constructed identities of men, women, 
and non-binary individuals.(56) Sex-related factors influencing CVD risk include 
genetics and sex hormones.(57) Gender-related CVD risk factors are not as well 
studied as sex-related factors but include mental wellbeing and communication with 
health care, and are primarily prominent in women. In addition to these risk factors, 
there are also other conditions associated with CVD, e.g. autoimmune conditions 
and chronic kidney disease.(58, 59) 

CVD prevention is based on CVD risk assessment, which means to identify patients 
who would benefit from preventive actions, i.e. patients with higher risk.(17) In 
general, a patient with high CVD risk will respond more effectively to preventive 
actions compared to a patient with low CVD risk. In apparently healthy individuals, 
i.e. in a primary prevention setting, the ESC guidelines first recommend smoking 
cessation, blood pressure control, and lifestyle changes. After this, the decision to 
initiate other primary preventive measures, such as statin treatment, and ultimately 
the prevention goal, is based on the estimated 10-year CVD risk using the 
Systematic Coronary Risk Estimation 2 (SCORE-2) risk charts.(60) The SCORE-2 
risk estimation is based on age, sex, blood pressure, smoking status, and lipid levels, 
hence including all major causal risk factors for CVD apart from diabetes. This is 
because a diagnosis of type 2 diabetes in itself, in absence of other CVD risk factors, 
is considered as a patient being at moderate risk for CVD, and a patient with diabetes 
and severe organ damage is considered to be at similar risk for CVD as patients with 
established CVD.(17) Therefore, there are separate recommendations for CVD 
prevention in patients with diabetes mellitus.(61) Patients with established CVD, 
i.e. in a secondary prevention setting, are considered to be at very high risk for 
another CVD event, and smoking cessation, lifestyle changes, antithrombotic 
treatment in the absence of high bleeding risk, and risk factor treatment (for 
hyperlipidaemia and hypertension) are recommended for all patients.(17) As for 
primary prevention, there are specific recommendations for secondary prevention 
in patient groups with high risk of another CVD event. For example, in patients with 
high ischaemic risk (e.g. patients with diabetes or chronic kidney disease), 
prescription of a second antithrombotic drug in addition to Aspirin may be 
considered in the absence of high risk of bleeding, and patients with diabetes and 
established CVD are also recommended to use an SGLT2 inhibitor to improve CVD 
outcomes.  
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Treatment with percutaneous coronary intervention 
PCI is a collective name for procedures that aim to reopen coronary artery 
obstructions and restore myocardial blood flow with a percutaneous approach, and 
is the preferred invasive treatment for symptomatic patients with CHD.(62) By X-
ray guidance, a wire is advanced towards the affected coronary artery, through 
peripheral access (usually the right radial or femoral artery). When in place, a 
balloon is threaded over the wire and inflated at the place of the occlusion, which 
opens up the artery. In most cases, a stent is inserted and dilated on the site of the 
occlusive lesion, which will help the artery to maintain the blood flow (Figure 3). 
Stents were first introduced in the 1990s, and before that PCIs were only performed 
using balloon-dilation. The first generation of stents were bare metal stents (BMS) 
and over time drug-eluting stents (DES) were developed. The effect that stent 
development has had on adverse outcomes of PCI will be further discussed in a later 
section.  

 
Figure 3. Percutaneous coronary intervention  
The main steps of a stent placement during a percutaneous coronary intervention. Adapted from 
“Percutaneous Coronary Intervention”, by BioRender.com (2023). Retrieved from 
https://app.biorender.com/biorender-templates. 

In patients with stable angina, any invasive treatment should be seen as a 
complement to medical therapy and should only be considered in relation to 
symptom relief or improvement of prognosis.(41) In ACS patients, invasive 
revascularization is the preferred treatment.(42) All patients with a working 

https://app.biorender.com/biorender-templates


28 

diagnosis of STEMI should, if available, undergo PCI within 120 minutes of 
diagnosis. This is often referred to as a primary PCI strategy. In contrast to the 
previous guidelines on NSTEMI and unstable angina, the new ESC guidelines on 
ACS (2023) recommend an in-patient invasive strategy in all ACS patients. 
Previous guidelines recommended an invasive strategy in high-risk patients with 
NSTEMI or unstable angina, and a more selective approach otherwise.(63) Today, 
NSTEMI and unstable angina patients are recommended an immediate invasive 
strategy, with angiography and PCI if needed, in the presence of any very high-risk 
criteria, such as acute heart failure or haemodynamic instability, and an early (within 
24 hours) approach in the presence of any high-risk criteria, such as a confirmed 
diagnosis of NSTEMI or dynamic ST-segment changes.(42) In diabetic patients 
presenting with multiple vessel disease, evidence supports the use of a coronary 
artery bypass graft (CABG) over PCI to minimize adverse outcomes.(16) 

Adverse outcomes following percutaneous coronary intervention 
In this section the focus will be on adverse outcomes following PCI included in this 
thesis, mainly major adverse cardiovascular events (MACE) and restenosis. As 
such, this excludes other complications such as bleeding,(62) and is in no way a 
complete review of adverse outcomes following PCI. 

Major adverse cardiovascular events  
MACE is often defined as stroke, MI, or CVD death.(64) However, this definition 
differs between studies and can, for example, also include repeated PCI or only 
include cardiac death.(65, 66) This makes it hard to review specific predictors of 
MACE. This introduction will therefore focus on predictors of adverse outcomes 
following PCI, both new cardiovascular events and/or mortality, which include both 
procedure and patient-related factors. There are many risk-scores for outcomes after 
PCI,(67) some just including clinical variables and others also including procedure-
related variables, but as none of them are really comprehensive enough to say 
something about adverse outcomes after PCI in general, a broader perspective than 
one single risk-score is needed. Procedure-related predictors of adverse outcomes 
following PCI include markers of worse baseline disease, such as multiple vessel 
disease and lesion localization, where proximal lesions are associated with worse 
outcomes.(68, 69) Type of stent(s) used and number of stents placed are also 
associated with PCI outcome.(70) Patient-related predictors of both short- and long-
term adverse outcomes following PCI include female sex, older age, and 
comorbidities such as renal insufficiency, traditional CVD risk factors, and heart 
failure, where low baseline left ventricular ejection fraction (LVEF) is a strong 
predictor.(66, 69, 71, 72) Indication for PCI is also associated with the outcome after 
PCI, where a clinical presentation with STEMI is associated with more adverse 
short-term outcomes.(72, 73) 
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Restenosis  
What a PCI ultimately does is that it causes a vessel injury by dilating an artery.(62) 
This, together with stent implantation, triggers an inflammatory response in order 
to heal the injury.(74) In some cases this healing process can result in restenosis of 
the coronary artery through a pathological process called neo-intimal hyperplasia. 
This process, which is primarily associated with early restenosis (<1 year), is caused 
by smooth muscle cells migrating towards the damaged arterial wall and may lead 
to narrowing of the arterial lumen, restenosis, and blood flow obstruction.(62, 75) 
The dilation of the arterial wall will also damage the endothelial barrier which can 
result in an impaired healing process.(76) A functioning endothelium is vital in the 
control of other vessel structures, and a dysfunctional endothelium can cause a pro-
inflammatory and pro-coagulant vessel environment associated with CVD 
development.(76, 77) Persistent endothelial dysfunction is associated with the 
development of stent thrombosis, but it is also associated with 
neoatherosclerosis.(76) Neoatherosclerosis develops within the neointima in much 
the same way as atherosclerosis develops in a previously healthy artery, though 
much faster, and is associated with late restenosis (>1 year).(74-76) 

Factors associated with restenosis can be divided into patient-related, anatomical as 
well as procedure and stent-related.(74) Older age, female sex, and comorbidities 
like diabetes and chronic kidney disease are all known clinical predictors of 
restenosis. Other traditional CHD risk factors such as hypertension and 
dyslipidaemia have also been shown to be associated with the development of 
restenosis.(78) Anatomical factors associated with restenosis are related mainly to 
vessel size and lesion composition.(74) Small vessels are at higher risk of 
developing restenosis, which might depend on a higher degree of vessel damage 
compared to larger vessels. More complex lesions are associated with restenosis, 
e.g. lesions with a high degree of calcification or lesions with high thrombus burden. 
Procedure-related factors include inadequate stent expansion and stent gap. In the 
case of a stent gap, the lack of stent coverage over the whole lesion results in a zone 
not influenced by the drugs eluted by DES, that does not have the mechanical 
support introduced by stents. The number of stents placed also influences the risk 
of restenosis, as does the total stent length.(70) The introduction of BMS in the 
1990s primarily reduced the risk of acute vessel occlusion by stent thrombosis or 
vessel recoil.(62) It also decreased the rate of restenosis from 20–50% to 10–30%. 
DES were later developed and further reduced the risk of restenosis. DES are drug-
coated stents that release drugs that reduce the neo-intimal proliferation after 
revascularization. The first-generation DES lowered the rate of restenosis to 
approximately 5% but had a higher risk of late stent thrombosis compared to BMS. 
Today, with the use of third-generation DES, late stent thrombosis rates are lower 
than those in BMS, and rates of treatment for restenosis are at approximately 1–
2%.(62, 74) The time frame of restenosis development differs between BMS and 
DES.(74) Neo-intimal accumulation peaks at 6-8 months for BMS and develops up 
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to 5 years after DES implantation, and neoatherosclerosis develops earlier after DES 
implantation compared to BMS.  

The treatment for restenosis is primarily repeat revascularization by PCI, referred to 
as target lesion revascularization (TLR).(74) Even though rates of TLR are down to 
1–2%, restenosis is still a current problem due to the sheer number of stents placed 
globally every year. Restenosis often presents as unstable symptoms with many 
patients presenting with ACS,(74) and during the last decade PCI for restenosis 
made up approximately 10% of all PCI procedures in the US.(79) It should also be 
mentioned that 10–20% of patients with restenosis will develop another 
restenosis.(74)   

Coronary heart disease in women 
CVD is the leading cause of death in women both in Sweden and worldwide.(2, 35) 
As mentioned before, women have historically been neglected in cardiovascular 
research.(19, 24) Since the 1990s there has been an ongoing campaign to raise 
awareness of CHD in women,(6, 80) and during the first decade of the 2000s the 
rate of awareness of CHD as the leading cause of death in women nearly 
doubled.(80) Women’s lack of awareness of their CHD risk probably largely stems 
from the fact that cardiovascular research in women has not been prioritized to any 
great extent, but could also be a result of media and cultural representations of 
women with CHD. A Canadian study from 2017 on how CVD was portrayed in 
North American popular media showed that the typical patient was portrayed as a 
man, where the CVD diagnosis was a result of hard work.(81) Women’s CVD, 
however, was presented as a result of ageing and ignorance, among other things.   

Clinical presentation and treatment 
Women presenting with CHD are generally older and have a higher comorbidity 
burden compared to men.(53, 82) Subgroups of CHD more prevalent in women than 
men include MINOCA and SCAD, where a large part of MIs associated with 
pregnancy is due to SCAD.(43) However, the most common clinical presentation 
of ACS in women is NSTEMI or angina.(83) A constant topic among clinicians is 
the debate on ‘typical’ vs ‘atypical’ symptoms in patients presenting with ACS. The 
traditional chest pain associated with MI is generally assigned to male patients, even 
though it is the most common symptom in both men and women.(22, 42) This 
phenomenon probably stems from the fact that other ACS symptoms, such as nausea 
and fatigue, are more common in women than in men. Studies regarding ACS 
symptoms in men and women have suggested that the labelling of symptoms as 
‘atypical’, or similar, could possibly result in a delayed diagnosis and a subsequently 
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worse outcome.(84) In a recent update of ACS guidelines, the ESC specifically 
states that the term ‘atypical’ in reference to ACS symptoms should be avoided.(42) 
In ACS patients, female sex is a known predictor of worse outcome following 
PCI.(10, 85) It has also been shown that women receive guideline recommended 
diagnostics and therapies to a lesser extent than men.(86) A possible explanation for 
this could be that women have been shown to seek medical care for ACS at a later 
stage than men.(87) This has been attributed to socioeconomic factors, lack of 
knowledge, and barriers to self-care, among other things.(88)  

Cardiovascular risk and prevention 
During the last two decades research on female-specific cardiovascular risk factors 
has greatly increased, highlighting both sex-specific and female-dominating factors 
associated with CVD. Examples of sex-specific factors for women associated with 
CVD are menopause and pregnancy history.(6) Women’s cardiovascular risk 
increases post menopause, and theories regarding changes in oestrogen 
concentrations have been presented as possible explanations.(89) The effect of 
hormone replacement therapy (HRT) to reduce risk of CVD has been shown to be 
dependent on the timing of HRT in relation to onset of menopause.(90) For CHD, 
HRT has been shown to reduce the risk if initiated in women <60 years or <10 years 
since menopause. Aspects of pregnancy history as sex-specific non-modifiable risk 
factors for CHD in women will be discussed in detail in a later section. Female-
dominating factors associated with CVD include autoimmune disease,(59) where 
up to 80% of all autoimmune cases present in women,(91) and mental health 
conditions,(6) such as depression and anxiety.(92) As mentioned before, primary 
CVD risk prevention is based on CVD risk calculated using causal CVD risk factors 
such as high blood pressure and abnormal lipids.(60) Even though the risk factors 
in these kinds of risk assessment scores are the major CVD risk factors in women,(6) 
they do not include sex-specific or female-dominating factors as the ones discussed 
in this section.  

Preterm delivery 
According to the WHO, PTD is defined as delivery before 37+0 weeks of gestation 
(Figure 4).(93) The lower limit, which differentiates PTD from spontaneous 
abortion, varies between different countries. PTD can further be divided into late 
PTD (34+0–36+6 weeks of gestation), moderate PTD (32+0–33+6 weeks of 
gestation), very PTD (28+0–31+6 weeks of gestation), and extremely PTD (<28 
weeks of gestation).(94, 95)  
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Figure 4. Classification of delivery. 
Preterm delivery defined as delivery before 37 weeks of gestation, and term delivery defined as 
delivery ≥37 weeks of gestation. Created with BioRender.com. 

In 2020, approximately 13.4 million babies were born preterm, with an estimated 
global PTD prevalence of 9.9%.(18) The rates between countries varied between 4 
and 16%, and these rates have been reasonably stable during the last decade. 
Between 1990 and 2010 an increase in PTD rate was noted in high-income 
countries, even though a decrease in the total number of deliveries was observed 
overall.(94) Part of this trend is possibly explained by improved pregnancy dating 
during this time.  

According to the Swedish National Board of Health and Welfare, between 110 000 
and 120 000 infants are born in Sweden each year, with approximately 5% of the 
deliveries being classified as preterm.(96) In 2020, the Swedish PTD rate was 
estimated to be 5.4%.(18)  

Aetiology and risk factors  
The aetiology of PTD is heterogeneous, with multiple risk factors and associated 
conditions.(95) On the base of aetiology, it is categorized into spontaneous PTD, 
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preterm premature rupture of membranes (PPROM), and medically indicated PTD, 
though PPROM is often considered as part of spontaneous PTD.(95, 97)  

Spontaneous preterm delivery 
Spontaneous preterm labour is thought of as a syndrome dependent on multiple 
underlying mechanisms, and in a large part of cases, the exact underlying 
mechanism is not known.(95) This is not surprising, as the underlying mechanism 
for the timing of human labour is not yet fully understood.(98) As the name 
suggests, it is defined as a spontaneous start of labour before 37 weeks of gestation 
and it represents approximately 50% of all PTDs.(97) PPROM, usually considered 
as part of spontaneous PTD when discussing aetiology, is defined as a rupture of the 
amniotic membranes more than one hour before the start of contractions before 37 
weeks of gestation, and stands for another 25% of all PTDs.(95, 97, 99) Factors 
associated with spontaneous PTD are infection and inflammation, socioeconomic 
factors, race, and genetics.(98)  

Infection is the underlying cause of a large part of spontaneous PTDs,(95) and it is 
closely associated with PPROM.(99) The infection can be symptomatic, but is more 
often subclinical up until labour. It is thought to trigger PTD through a maternal, 
and possibly foetal, inflammatory response where an increased concentration of 
prostaglandins triggers contractions and indirectly a rupture of the membranes.(100) 
Socioeconomic status is associated with spontaneous PTD,(101) with studies, for 
example, showing an association between low occupational level and PTD.(102) 
Maternal race is also associated with spontaneous PTD, with black women more 
likely to have a PTD compared to white women.(95) As socioeconomic status has 
not been shown to fully account for this racial difference in PTD rate, genetics and 
social stress have instead been proposed as potential contributors to the 
association.(98) A history of spontaneous PTD is a strong risk factor for a future 
PTD,(103) indicating a consistent underlying factor such as genetics. A Swedish 
sibling study from the early 2000s showed that correlations for gestational length 
were higher in monozygotic compared to dizygotic twins.(104) Today, genetics is 
well established as a factor associated with spontaneous PTD.(98)  

Medically indicated preterm delivery 
A medically indicated, iatrogenic PTD is associated with maternal and/or foetal 
conditions and stands for approximately 25% of all PTDs.(97) However, a recent 
study from the United Kingdom showed that over half of singleton PTDs in England 
during the period 2015–2017 were medically indicated.(105) Because of limited 
data on subtypes of PTD in many countries, it is hard to compare these kind of trends 
on a global level.(106) The labour foregoing a medically indicated PTD is induced, 
or the infant is delivered by caesarean section, for medical reasons. Causes of 
medically indicated PTD can be grouped into obstetric complications, foetal 
conditions, and maternal conditions.(107)  
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Obstetric complications resulting in PTD include vaginal bleeding and hypertensive 
disorders of pregnancy (HDP).(95) Medially indicated PTDs are associated with 
placental disorders such as PE, one of the conditions grouped under HDP.(108, 109) 
Foetal conditions associated with medically indicated PTDs are, for example, 
growth restrictions and foetal distress,(108) and maternal conditions associated with 
medically indicated PTDs can be both chronic, such as diabetes mellitus, and 
acute.(95) Acute maternal indications of PTD include sepsis, making infection not 
only associated with spontaneous PTD but also medically indicated PTD.(107) It 
should also be noted that medically indicated PTD is a risk factor for a future PTD, 
just as is spontaneous PTD.(103)  

Multiple gestations 
Multiple gestation pregnancies are associated with an increased risk of both 
spontaneous and medically indicated PTD.(95) The link between multiple gestation 
pregnancies and spontaneous PTD is thought to be mechanical, where an increase 
in intrauterine pressure results in PPROM and/or contractions and subsequently 
PTD.(109) Multiple gestation pregnancies are mainly associated with medically 
indicated PTD through foetal conditions, as multiple gestation is associated with 
both foetal distress and growth restrictions.(107, 110)  

Pregnancy history and future coronary heart disease 
Pregnancy complications, sometimes referred to as APOs, and other aspects of 
pregnancy history have emerged as sex-specific risk factors for future CHD in 
women during the last two decades.(7) A history of APOs has been shown to be 
associated with more progressed coronary artery atherosclerosis and a difference in 
overall distribution of coronary atherosclerosis in middle-aged women,(111) and 
women with a history of APOs have been shown to present with MI sooner after 
delivery compared to women with no APO history.(13) In this section the main 
focus will be on the aspects of pregnancy history included in this thesis, though it 
should be noted that other aspects of pregnancy history, such as gestational diabetes 
and placental abruption, are also associated with future maternal CHD.(112) 

Preterm delivery  
A history of PTD is associated with an up to two-fold increased risk of future 
maternal CHD, and the earlier the delivery, the higher the risk.(8) Women with a 
history of PTD are more likely to experience a future cardiovascular event or a 
CVD-related death compared to women who only delivered at term.(112) The risk 
increases with the recurrence of PTD,(8, 113) and is present in both women with a 
history of spontaneous and medically indicated PTDs.(114) A history of PTD has 
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been shown to be associated with IHD up to 40 years after delivery, with each 
additional week of pregnancy resulting in a 6% lower risk of IHD.(9) A history of 
PTD has also been shown to be associated with a higher coronary artery calcium 
score in middle-aged women,(111) indicating a higher risk of future coronary 
events.(115) Other APOs, such as HDP, are strongly associated with PTD,(108) but 
HDP, in particular PE, has only been shown to explain up to 25% of the association 
between PTD and future maternal CVD.(116) Another factor strongly associated 
with PTD, and other APOs, is multi-foetal pregnancies.(95) The association 
between multi-foetal pregnancies and future CVD will be discussed in more detail 
in a later section, but multi-foetal pregnancies in themselves are not thought to be 
associated with an increased risk of CVD.(117) In summary, a history of PTD is 
thought of as an independent risk factor for future CHD in women who have given 
birth.  

Studies on presentation of CHD by history of PTD are scarce, with prior studies 
primarily examining the association between a history of HDP and CHD 
presentation.(14, 15) However, a recent study looked at the presentation of MI by 
APO history, including PTD, showing an overall association between APO history 
and MI presentation at a younger age, but no association between MI presentation 
and PTD specifically.(13)  

Even though a history of PTD has also been shown to be associated with post-
partum development of hypertension, dyslipidaemia, and diabetes mellitus type 2, 
independent of other APOs,(118-121) the association between PTD and future CVD 
is thought to depend very little, or not at all, on post-partum development of 
traditional CVD risk factors.(122, 123) It has also been shown that the risk factor 
trajectories in women with a history of PTD are similar to those of women who have 
only delivered at term.(124) In other words, the underlying association between a 
history of PTD and future maternal CHD is not very clear cut and is not yet fully 
understood. Inflammation has been suggested as a possible pathway, as 
inflammation has been shown to be associated with both CVD in women and 
spontaneous PTD,(125, 126) but studies on long-term persistent inflammation post-
delivery have been inconclusive.(127) Vascular, and specifically endothelial, 
dysfunction has also been suggested to explain the association seen between PTD 
and future CVD. In general, studies on this topic have not shown any significant 
associations between a history of PTD and future endothelial dysfunction.(127, 128) 
Another way of approaching this problem is by suggesting that women who deliver 
preterm do so due to an underlying increased risk of CVD. As many APOs have 
been shown to be associated with pre-pregnancy subclinical vascular and/or 
metabolic dysfunction, pregnancy has been suggested to unmask patients at risk of 
future CVD.(129) 
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Other aspects of pregnancy history 

Hypertensive disorders of pregnancy  
HDP is an umbrella term for conditions with high blood pressure during 
pregnancy.(130) It is mainly used to refer to PE and gestational hypertension (GH), 
but sometimes also includes essential hypertension during pregnancy. PE is the most 
severe form of HDP defined as GH (hypertension onset after 19+6 weeks gestation) 
with proteinuria, signs of organ damage, and/or uteroplacental dysfunction and can 
develop into a seizure disorder called eclampsia.(131) It is estimated to effect 2–4% 
of all pregnancies globally,(131) and in 2022, 3.8% of pregnancies in Sweden were 
affected by PE.(132) 

Women with a history of PE have more than double the odds of future CVD, with a 
two-fold increased risk of CHD and an increased risk of developing hypertension 
compared to women without a history of PE.(133, 134) GH is also associated with 
an increased risk of CVD.(7) PE and GH are both associated with more progressed 
subclinical coronary artery atherosclerosis in middle-aged women,(111) and PE has 
also been shown to be associated with greater risk of obstructive coronary artery 
stenosis.(135) In women with ACS, a history of PE has been shown to be associated 
with STEMI,(14, 15) and a history of PE might also be associated with adverse 
outcomes after PCI, such as restenosis.(11, 12)   

There are two main theories regarding the pathogenesis of future maternal CVD in 
women with a history of HDP: (I) women who develop HDP do so because of an 
already existing subclinical risk of CVD or (II) HDP, mainly PE, permanently 
causes cardiovascular damage resulting in future CVD development. In pregnancy, 
the placental implantation leads to oxygen delivery to the placenta and reduced 
systemic vascular resistance, and an abnormal placentation consequently leads to 
reduced oxygen supply to the placenta and risk of placental ischaemia.(130) 
Abnormal placentation leads to placental expression of antiangiogenetic factors, 
mainly soluble fms-like tyrosine kinase (sFlt-1). sFlt-1 inhibits endothelial and 
placental growth factors and causes systemic endothelial dysfunction. Endothelial 
dysfunction has been shown to persist up to three years post-partum in women who 
were diagnosed with PE,(136) and, as endothelial dysfunction is known to be 
associated with the development of CVD,(77) this is thought to be one of the 
possible theories of how PE and future maternal CVD are connected. However, 
studies on twin pregnancies indicate that women who experienced PE during a 
multiple gestation pregnancy do not have an increased risk of future CVD, despite 
having elevated sFlt-1 levels.(117, 137) These results suggest that the elevated CVD 
risk seen in women with a history of PE might not fully depend on elevated sFlt-1 
levels, but rather on something else. Previous study results have implied that women 
who develop HDP might have an impaired vascular function pre-pregnancy.(129) 
This suggests that pregnancy could act like a stress-test, possibly unmasking 
subclinical risk of future CVD.(138) 
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Small for gestational age  
Small for gestational age (SGA) is defined by the Swedish Medical Birth Register 
(MBR) as >2 standard deviations (SD) below the normal weight by infant sex and 
length of pregnancy, or below the 2.3rd percentile.(139) The definition of an SGA 
infant varies globally, and is often defined as birth weight for gestational age and 
sex below the 10th percentile.(140) This variation in definition mostly influences 
studies on perinatal outcomes of the newborn, as the proportion of infants classified 
as SGA differs between studies and should in theory not influence the study results 
on the future maternal CVD risk very much. However, difference in SGA definitions 
can make it harder to pinpoint the association between a history of SGA and future 
maternal CHD throughout studies.  

Women with a history of delivering an SGA infant have an increased risk of future 
CVD, independent of other APOs.(7, 123) As SGA is associated with intrauterine 
growth restriction it is also, in turn, associated with placental dysfunction.(141) This 
means that SGA and PE share etiological pathways, and as for PE it has been 
suggested that a persistent endothelial dysfunction is also the pathway for 
development of future CVD in women with a history of SGA.(142) However, 
delivering an SGA infant and CVD development share common risk factors such as 
hypertension and smoking,(140) and smoking has been shown to explain nearly 
50% of the increased risk of future CVD seen in women with a history of delivering 
an SGA infant.(123) 

Parity  
The association between parity and future maternal CVD is not as straightforward 
as the association between other APOs and CVD and takes on slightly different 
expressions when looking at risk of CVD mortality or general risk of CVD. The 
association between parity and future CVD mortality has been shown to take on the 
form of a J-shaped curve, with the lowest risk of CVD mortality at parity equal to 
four.(143) But for non-fatal events, the risk of CVD increases for every live birth, 
and a potential non-linear J-shaped dose-response relationship has been 
suggested.(144) This relationship could potentially be explained by an association 
with subclinical atherosclerosis in women with 0–1 live births and in women with 
≥4 live births, and it has been suggested that a prolonged exposure to the 
cardiovascular changes associated with pregnancy is what drives the association 
between parity and future maternal CVD.(145) Alternatively, raising a larger family 
may increase CVD risk via adverse effects on modifiable CVD risk factors such as 
diet and physical activity.  

Age at first delivery 
Studies have shown a potential inverse association between age at first delivery and 
future CVD, and socioeconomic factors have been suggested as the most probable 
explanation for this.(146) However, it has also been suggested that the 
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cardiovascular changes associated with pregnancy might affect an adolescent body 
in a different way compared to an adult body. The association may also stem from 
the fact that other APOs, such as PTD and SGA, have been shown to be associated 
with low maternal age.(147, 148) 

Multiple gestations  
It has been previously shown that a twin pregnancy in itself is not associated with 
an increased risk of future CVD.(117) To my knowledge there are no studies 
principally studying the future risk of CVD in singleton vs multi-foetal pregnancies 
complicated by PTD. However, there are studies like this on women with a history 
of HDP. A recent Swedish study showed that women with a history of multi-foetal 
pregnancies did not have an increased risk of future CVD, even in the presence of 
PE.(117) In contrast, a recent Dutch study showed that the future risk of CVD 
mortality is similarly increased both after twin and singleton pregnancies 
complicated by HDP.(149) Looking at these studies, a history of a multi-foetal 
pregnancy in itself does not seem to be associated with an increased risk of future 
CHD. It has been suggested that because the causes of APOs differ between 
singleton and multi-foetal pregnancies, possibly depending more largely on a larger 
pregnancy burden in multi-foetal pregnancies,(109, 150) the association with future 
CVD may very well differ as well.(117) 

Pregnancy history and coronary heart disease in clinical practice 
The ESC guidelines on CVD prevention in clinical practice (2021) highlight the 
elevated risk of CVD in women with a history of PE and state that it is not wrong 
to screen these women for diabetes and hypertension,(17) and the American College 
of Cardiology (ACC) and American Heart Association (AHA) updated 
recommendations for primary prevention of CVD in women (2020) recommend that 
women with APOs undergo cardiovascular risk screening within three months post-
partum.(151) Some studies have aimed to investigate the extent to which 
information on APO history adds to the CVD prediction in women, showing only 
minor or no improvement.(152-154)  

To what extent the ESC and ACC/AHA guidelines are actually followed in regard 
to APO history is hard to say, as there is a very limited number of studies on this 
topic. Studies on the awareness of APOs and future maternal CVD/CHD among 
physicians have shown a possible knowledge gap that varies between 
specialities.(155, 156) A treating physician’s lack of knowledge will presumably 
result in women not being asked about APO history and lead to it not being 
documented, making it even harder to take APOs into account. A recent study on 
patients undergoing PCI showed that medical providers, in general, did not ask 
female patients about their obstetric history.(157)   
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Aim of thesis 

General aim 
To gain a better understanding of the link between a history of PTD and the 
presentation and outcome of CHD in women with at least one delivery.  

Specific aims  
I: To evaluate a history of PTD as a possible predictor of MACE and mortality 
following coronary artery stenting in women with at least one delivery. 

II: To evaluate pregnancy history variables (PTD, SGA, age at first delivery, and 
parity) as possible predictors of restenosis and TLR following PCI in women with 
at least one delivery. 

III: To evaluate a history of PE as a possible predictor of restenosis and TLR 
following PCI in women with at least one delivery. 

IV: To study the association between a history of APOs (PTD, HDP, and SGA) and 
clinical indicators of a more severe myocardial injury at the time of MI in women 
with at least one delivery. 
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Methods 

Data sources  
In this section the registers used in this work will be presented. The information 
from the different registers has been linked using the Swedish personal identity 
number.(158) The personal identity number has been in use since 1947 and is 
assigned to all Swedish citizens at birth or to residents intending to stay in Sweden 
for more than one year. For residents intending to stay in Sweden less than one year, 
a coordination number will be issued instead. In health care, the personal identity 
number is used mainly for tracking patients and medical records, but also has an 
important role in linking registers for medical research.  

SWEDEHEART 
Data on PCIs and MIs from 2009 and onwards originated from the Swedish Web-
system for Enhancement and Development of Evidence-based care in Heart disease 
Evaluated According to Recommended Therapies (SWEDEHEART). The 
SWEDEHEART registry is a Swedish national quality registry of all in-hospital 
patients with ACS and patients undergoing some sort of coronary intervention.(159) 
It was launched in 2009 by merging four already existing quality registries, and of 
these four registries two have been used for this work – the Register of Information 
and Knowledge about Swedish Heart Intensive Care Admissions (RIKS-HIA) and 
the Swedish Coronary Angiography and Angioplasty Registry (SCAAR). RIKS-
HIA has collected data on patients admitted to Swedish cardiac care units since 1995 
and SCAAR is a procedure-related registry which has collected information on 
angiographies and PCI procedures in Sweden since 1998. The data in SCAAR is 
presented both on a patient level and a coronary segment level. A segment is defined 
as a specific vessel or part of a specific vessel, and a patient can have multiple 
registrations from the same procedure if interventions were done to more than one 
segment. The SWEDEHEART registries have 100% coverage of all patients 
undergoing angiography, angioplasty, or heart surgery.(159) In regard to MIs, it 
only captures around 60% of all MIs, as all MI patients are not admitted to cardiac 
care units. However, younger patients with MIs are captured to a greater extent than 
older patients, and of patients admitted to cardiac care units, the SWEDEHEART 
registry captures almost 100% of all ACS patients.  
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The Swedish Medical Birth Register  
Data on pregnancy history originated from the Swedish MBR. The MBR is a 
Swedish national register that has collected data on most pregnancies and 
subsequent deliveries since 1973.(160) The goal of the register is to capture all live 
births and all stillbirths from 22 weeks of gestation, with the result of abortions and 
miscarriages before 22 weeks of gestation not being included. From 1973 until mid-
2008, stillbirths were only included from 28 weeks of gestation and onwards. From 
the year 2000, the register captures 97–99% of all deliveries in Sweden, and since 
2015 it includes information on over 99% of all deliveries.  

Additional registers  
In addition to SWEDEHEART and the MBR, additional data used in this work has 
been collected from three registries: Statistics Sweden, the Swedish Cause of Death 
Register, and the National Patient Register. Data on emigration originated from 
Statistics Sweden.(161) Established in 1858, Statistics Sweden is the governmental 
agency responsible for official statistics in Sweden.(162, 163) Data on cause of 
death originated from the Swedish Cause of Death register, a national, government-
funded register collecting data on all causes of death since 1911, with almost 
complete data since 1952.(164) It collects data on cause of death based on 
International Classification of Diseases (ICD) codes and is mandatory for all 
Swedish care givers. Part of the data on events during follow-up and data on MIs 
before 2007, not included in RIKS-HIA, originated from the National Patient 
Register.(165) It is a national, government-funded register including information on 
all in-patient care since 1987.  

Definitions  
In the following section, definitions of variables included as exposures or outcomes 
in papers I–IV will be presented. For definitions of patient and procedure-related 
variables not included as an exposure or outcome in any paper, please see the 
respective methods section of papers I–IV.  

Exposures  

Preterm delivery 
PTD was defined as delivery before 37+0 weeks of gestation, and further 
subcategorized into late PTD (34+0–36+6 weeks of gestation) and early PTD 
(22+0–33+6 weeks of gestation).(166) The decision to keep late PTD as its own 
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group and combining moderate, very, and extreme PTD into an early PTD group 
was partly based on few observations in the early PTD groups but also on the fact 
that the association between PTD and future CHD is stronger in women who have 
delivered in earlier weeks of gestation.(9, 122) PTD was further defined as a 
woman’s most PTD prior to the index event. Gestational age was determined using 
ultrasound for most deliveries. However, as ultrasound was not used nationally in 
Sweden until the 1980s, gestational age may be calculated from last menses or by 
clinical estimation for deliveries in the 1970s and early 1980s.  

Hypertensive disorders of pregnancy  
HDP was defined in accordance with the ICD 8, 9, and 10 (Table 1), and diagnoses 
were set according to clinical practice at the time of diagnosis. In Paper III, HDP 
was divided into three categories: normotensive, non-PE hypertension (GH or 
essential hypertension), and PE. PE was further subcategorized into preterm PE 
(delivery gestational week <37+0) and term PE (delivery gestational week 37+0 or 
later). In Paper IV, HDP was coded as a binary variable, but also further categorized 
as preterm PE, term PE, and non-PE hypertension (either GH or essential 
hypertension). GH and essential hypertension were combined into the category non-
PE hypertension because of the exposures being rare. In both papers, HDP was 
defined based on a woman’s most severe diagnosis prior to the index event in the 
following ascending order: normotensive, non-PE hypertension, term PE, and 
preterm PE.  

Table 1. Definition of hypertensive disorders of pregnancy  
List of diagnoses according to ICD 8–10 used to define hypertensive disorders of pregnancy in Paper III 
and Paper IV. ICD: International Classification of Diseases; PE: preeclampsia.  

 ICD (years used) Preeclampsia Non-PE hypertension 
ICD 8 (1973–1986) 637.03, 637.04, 637.09, 637.10 637.01 
ICD 9 (1987–1996) 642E, 642F, 642G 642D, 642X 
ICD 10 (1997 and onwards) O14, O15 O13.9 

 

Small for gestational age  
Ever SGA was defined as ever delivering an SGA infant prior to the index event. 
SGA is defined as >2 SD below the normal weight by infant sex and length of 
pregnancy.(139) 

Parity  
Parity was defined as the total number of deliveries registered in the MBR prior to 
the index event and categorized as 1, 2–3, and ≥4. Parity = 1 was set as the reference 
category. The categorization was based on prior studies showing an association 
between high (>4) parity and future maternal CVD mortality,(143) and an 
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association between 0–1 live births or ≥4 live births and future subclinical 
atherosclerosis.(145) 

Age at first delivery  
By assessing deliveries prior to the index event, age at first delivery was categorized 
into the categories <20 years, 20–34 years, and ≥35 years. Age at first delivery <20 
years was set as the reference category. The categorization was based on prior 
studies on age at first delivery and future maternal CHD and CVD.(146)  

Outcomes 

Paper I: Major adverse cardiovascular events  
MACE was defined as a cardiovascular event or a cardiovascular related death >30 
days from the index procedure. Only outcomes >30 days from the index procedure 
were included to minimize the risk of capturing the patient’s primary event. Patients 
with ≥1 diagnoses presented in Table 2 as one of their first three diagnoses during a 
hospital stay >30 days from coronary stent were considered to have an event. 

Table 2. Definition of major adverse cardiovascular events 
List of diagnoses according to ICD 10 used to define MACE in Paper I. ICD: International Classification 
of Diseases; MACE: major adverse cardiovascular events. 

Cardiovascular events  ICD 10 
Acute myocardial infarction I21 
Subsequent myocardial infarction I22 
Unstable or unspecified angina I20.0, I20.9 
Cerebral infarction I63 
Stroke, not specified as haemorrhage or infarction I64 
Cardiovascular deaths  ICD 10 
Acute myocardial infarction I21 
Subsequent myocardial infarction I22 
Unstable or unspecified angina I20.0, I20.9 
Chronic ischaemic heart disease  I25.0, I25.1, I25.2, I25.5, I25.6, I25.8, I25.9 
Cardiac arrest  I46 
Sudden death, cause unknown  R96, R98, R99 
Atrial fibrillation and flutter I48 
Ventricular fibrillation and flutter I49.0 
Heart failure  I50 
Cerebral infarction I63 
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Paper II and Paper III: Clinical restenosis and target lesion revascularization 
Restenosis is defined by SCAAR as a stenosis assessed via visual inspection on 
coronary angiography as >50%, or alternatively assessed via fractional flow reserve 
as ≤0.80, in a previously stented segment. Patients were only examined if 
experiencing symptoms, i.e. not all patients were re-examined. 

TLR was defined as a repeated PCI targeting any segment included in the index 
procedure or CABG after the index procedure, whichever came first.  

Paper IV: Indicators of myocardial injury  
STEMI (vs. NSTEMI), invasive revascularization, and peak troponin levels were 
used as indicators of a more severe myocardial injury at time of the MI diagnosis. 
Type of MI was defined by the treating physician in each individual case and then 
recorded as STEMI or NSTEMI in RIKS-HIA. Invasive revascularization was 
defined as a patient undergoing PCI or CABG during the hospital stay 
corresponding with the first MI diagnosis, and peak troponin value was defined as 
recorded by the treating physician in each individual case in RIKS-HIA.  

As previously described, STEMI is the most severe form of ACS presentation 
traditionally associated with transmural infarction and is associated with a more 
severe myocardial injury compared to NSTEMI.(45, 46) Invasive revascularization 
at time of MI is primarily preformed on patients with more severe CAD, i.e. patients 
at risk of a larger myocardial injury,(42, 167) and high a peak troponin value is a 
marker of infarct size and a predictor of worse outcome following MI.(47, 48) 
Previous studies on clinical characteristics of MI have used similar markers to 
identify more severe cases of MI.(13, 168) 

Data management and statistical analyses  
Two statistical programmes were used in this work. In Paper I and Paper IV 
statistical analyses were conducted using Stata 16.0 (StataCorp LLC). In Paper II 
and Paper III SAS version 9.4 was used. A significance level of p <0.05 was used 
for hypothesis testing in all papers.  

Prior to analysis, potential covariables were identified from previous studies, and 
processed in a standardized manner, e.g. checking for outliers, and checking for 
empty cells in cross tabulation, before potentially being included in the analysis 
(Table 3). The choice of covariables will be discussed for each paper in later 
sections, but in general, known predictors of the outcome in the respective papers 
were included as covariables.  
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Table 3. Data processing prior to analysis  
Covariable and sample check prior to analysis: used for papers I–IV.  

Standardized data check Description 
Visual inspection 1 • Browse data  

• Descriptive charts 
• Look at data distribution 

Visual inspection 2 Check for outliers and/or unreasonable values  
• Histograms for continuous variables  
• Frequency tables for categorical variables 

Cross tabulation  Cross tabulation of potential covariables with exposure  
• Check for empty cells and number of observations 
• >4 observations/cells are enough observations  
• Check frequency in all exposure groups  

Missing values Covariables with >10% missing are not to be included 
• Note missingness of each variable for Table 1 

Missingness in sample  Complete case analysis may be used as the primary analysis 
if the proportion of missing data in sample is below 5% 

• Exclude any individual with missing data for 
complete case analysis  

• Note proportion of missing data in sample 
Multiple imputation If needed: imputation of covariables with missing data 
Regression analysis  If multiple imputation was needed, this should be used as the 

main analysis 
 

Multiple imputation as a way of handling missing data  
In epidemiological studies, some proportion of missing data is more or less 
inevitable.(169) However, missing data can cause bias and information loss, and the 
use of complete case samples can result in loss of both information and statistical 
power. Multiple imputation is one way to deal with missing data. Simply put, 
multiple imputation means that missing values in a statistical analysis are replaced 
by new values so that an analysis can be conducted on the complete data set.(169, 
170) It creates multiple versions of a complete data set, with predictive values, 
stemming from a (modelled) predictive distribution based on existing data, taking 
the place of the missing observations. The analysis is then conducted on all datasets 
and a combination of all analyses gives the final estimate.  

Multiple imputation requires that data is missing at random.(169, 170) If not, there 
is a risk of introducing bias, and in retrospective observational studies the 
mechanism that gives rise to missing values is usually not known. So even though 
we assume missing at random, there is a risk of introducing bias with multiple 
imputation. This can, however, be avoided to some extent if variables predictive of 
the missing values are included in the imputation.(169) For example, patients with 
hyperlipidaemia are at greater risk of a coronary event compared to patients with 
normal lipid status, and if we do not include the outcome when imputing missing 
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values for hyperlipidaemia, the associations between hyperlipidaemia and coronary 
events are at risk of being underestimated. When data is missing not at random, the 
bias introduced by multiple imputation analyses can be bigger than that of the 
complete case analyses. Notably different results from complete case and imputed 
analyses should always lead to some suspicion and further investigations. As the 
impact of potential pitfalls increases with the proportion of missing data, multiple 
imputation should be carefully considered. However, to my understanding, 
universal consensus on the maximum proportion of missing data allowed for 
multiple imputation does not yet exist.  

In this work, multiple imputation was used to address missing covariable (i.e. not 
variables included as exposures or outcomes) data on a patient level. As mentioned 
before, variables with >10% missing have not been included in any of the analyses 
(Table 3). In papers I–IV twenty imputed datasets were created using multiple 
imputation by chained equations. All covariables, outcomes, and exposures in each 
respective paper were included in the imputation model. In Paper I and Paper IV 
data was analysed using mi estimate in Stata, and in Paper II and Paper III using 
PROC MIANALYZE in SAS. All analyses were also repeated on complete case 
samples for comparison. See Table 4 for information on proportion of missing data 
in papers I–IV.  

Table 4. Proportion of missing data 
Proportion of missing data in papers I–IV, i.e. proportion of data imputed for main analyses and proportion 
of data excluded for complete case analyses.  

Paper I (N = 5766) n = 293 (5.1%) 
Paper II (N = 6027) n = 329 (5.5%) 
Paper III (N = 6065) n = 333 (5.5%) 
Paper IV (N = 8320) n = 512 (6.2%) 

Introducing an age restriction  
For all papers an age restriction of ≤65 years was used. This restriction was 
primarily based on data limitation. As the MBR started registering data in 1973 and 
the outcome data is from 2006 (papers I–III) or 2007 (Paper IV), one can assume 
that there are missing data on a substantial proportion of older women: women with 
delivery before 1973, women who do not have their first delivery registered in the 
MBR (an inclusion criterion to ascertain pregnancy history), and/or women with an 
outcome before 2006 or 2007. So, to avoid differential inclusion of older women, 
an age restriction of ≤65 was set. Old age is also a known prognostic marker of 
worse outcome following PCI,(67, 74) and by including women ≤65 years a more 
homogenous study sample was obtained. This upper age limit also has the advantage 
of harmonizing with other studies on the topic, enabling comparability.(13, 111) It 
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should also be noted that the association between APOs and future CVD in women 
has been shown to attenuate with age.(171)  

Paper I  

Study sample 
First, I started by including women aged ≤65 years without prior revascularization 
procedures, who had their first coronary artery stent after their first delivery 
registered in the MBR. To ensure complete pregnancy history, all included women 
had to have their very first delivery registered in the MBR. I then excluded women 
with PCI before the year 2006, as SCAAR does not have complete coverage for all 
variables used before this. Lastly, women with missing data on PTD were excluded. 
This resulted in a study sample of 5766 women (Figure 5).  

 

Figure 5. Flowchart of study sample in Paper I  
The inclusion and exclusion criteria for the study sample in Paper I. © 2022 Pehrson, et al. Reprinted 
under the CC BY license (https://creativecommons.org/licenses/by/4.0/).  

https://creativecommons.org/licenses/by/4.0/


48 

Exposures and outcomes 
The exposure in Paper I was PTD, and the primary outcome was MACE >30 days 
from first coronary artery stent. Please see prior section for full definitions. As a 
secondary outcome, mortality >30 days from coronary stent was studied. As for 
MACE, only deaths >30 days from coronary stent were included to minimize the 
risk of capturing a patient’s primary event as the outcome.  

Statistical analysis  
Characteristics of the study sample were summarized as means or percentages. 
Event rates were assessed using the Kaplan-Meier method and comparisons made 
using the log-rank test. Proportional hazards regression was used to evaluate a 
history of PTD as a prognostic marker of MACE following a first coronary artery 
stenting. Right censoring during follow-up occurred at the end of follow-up in 2017, 
migration out of Sweden, or death not related to MACE, whichever came first. 
Adjustment for possible prognostic markers of adverse outcomes following 
coronary artery stenting occurred in three steps (Table 5). Model I included PTD 
history and age. Model II was additionally adjusted for procedure-related predictors 
of adverse outcomes following PCI. To account for general improvement of care 
during the study period, I also included year of procedure in model II. Model III was 
additionally adjusted for patient-related predictors of worse outcome following PCI.  

Table 5. Variables included in Paper I 
Variables included in Paper I. MI: myocardial infarction; NSTEMI: non-ST-segment elevation myocardial 
infarction; PCI: percutaneous coronary intervention; PTD: preterm delivery; STEMI: ST-segment 
elevation myocardial infarction.  

Model Variables included 

Model I PTD history; age at coronary artery stenting (continous). 

Model II Procedure type (PCI, PCI ad hoc); indication for coronary artery stenting (STEMI, 
NSTEMI, unstable coronary artery disease, stable coronary artery disease, other); 
year of procedure (2006–2009, 2010–2013, 2014–2017); number of vessels treated 
(1, ≥2); number of stents (1, 2, ≥3); multiple vessel disease (yes/no); drug-eluting 
stent (yes/no); left main stem or left anterior descending artery treated (yes/no); 
right coronary artery treated (yes/no); left circumflex coronary artery treated 
(yes/no); any other vessel treated (yes/no). 

Model III Diabetes (yes/no); smoking (never smoker, ex-smoker, current smoker); 
hypertension (yes/no); dyslipidemiea (yes/no); prior MI (yes/no).  

 

Cardiac function (LVEF), renal function (creatinine), and BMI were not included as 
covariables as they all had >10% missing values. To evaluate a history of PTD as a 
prognostic marker of mortality, I also used proportional hazards regression. Right 
censoring during follow-up occurred at the end of follow-up in 2017, or migration 
out of Sweden, whichever came first. The analysis was adjusted as described for the 
analysis on MACE. All analyses were repeated with subgroups of PTD (late PTD 
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and early PTD) as the exposure. The proportional hazards assumption was assessed 
graphically. To evaluate whether any association between a history of PTD and any 
of the outcomes might be driven by a history of HDP or diabetes mellitus at the time 
of PCI, secondary analyses restricted to women with no history of HDP and women 
with no diagnosis of diabetes were performed. I also repeated the main analysis, 
additionally adjusting for antithrombotic treatment before and during the procedure 
in model II.  

Paper II and Paper III 

Study sample 
In papers II and III we started by including women aged ≤65 years with first PCI in 
SCAAR during 2006–2017. Women with PCI before 2006 were not included as 
SCAAR does not have complete coverage for all variables used before 2006. To 
ensure pregnancy history, women also had to have their very first delivery registered 
in the MBR. After this, women with missing segment data were excluded. Women 
with planned CABG procedures at the time of index PCI were also excluded, to 
ensure that these procedures were not included as TLR, as were women with missing 
data on pregnancy history. Lastly, women with stenosis classified in SCAAR as 
“other” were excluded. This resulted in a study sample of 6027 patients with 
interventions on 9397 segments in Paper II (Figure 6) and 6065 patients with 
interventions on 9452 segments in Paper III (See Figure 1 in Paper III).  
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Figure 6. Flowchart of study sample in Paper II  
Inclusion and exclusion criteria for the study sample in Paper I. CABG: coronary artery bypass graft; 
MBR: Medical Birth Register; PCI: percutaneous coronary intervention. © 2023 Pehrson, et al. 
Reprinted under the CC BY license (https://creativecommons.org/licenses/by/4.0/).  

Exposures and outcomes 
The exposures were PTD, SGA, parity, and age at first delivery in Paper II, and 
HDP in Paper III. Please see prior section for definitions. Restenosis and TLR, as 
previously defined, were included as outcomes in both papers.  

Statistical analysis 
Characteristics of the study sample at time of PCI were summarized as means or 
percentages, and percentages of missing data were calculated for each variable. 
Event rates were assessed using the Kaplan-Meier method, and the log-rank test was 
used for comparison. To allow for a more comprehensive picture of the results, two 
complementary sets of analyses were conducted, both per-segment analyses to study 
clinical restenosis and per-patient analyses to study TLR.  

Proportional hazards regression was used to assess pregnancy history as a 
prognostic marker of clinical restenosis in the per-segment analyses. Right 

https://creativecommons.org/licenses/by/4.0/
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censoring during follow-up occurred at two years of follow-up, end of follow-up in 
2017, or migration out of Sweden or death, whichever came first. As the 
proportional hazards regression assumes independence of observations included in 
the analysis, a Jackknife estimator of variance, on a patient level, was used to 
account for possible dependence between coronary artery segments in the same 
patient. The per-segment analyses were adjusted for prognostic markers of 
restenosis in three steps (Table 6). Model I included pregnancy history and age. 
Model II additionally adjusted for procedure-related variables, and model III 
additionally adjusted for patient-related variables.  

Table 6. Variables included in Paper II and Paper III 
Variables included in Paper II and III, and how adjustment for possible prognostic markers of restenosis 
following percutaneous coronary intervention occurred in three steps. MI: myocardial infarction; NSTEMI: 
non-ST-segment elevation myocardial infarction; PCI: percutaneous coronary intervention; STEMI: ST-
segment elevation myocardial infarction.  

Model Variables included 

Model I Pregnancy history; age at index PCI (continous). 

Model II Indication for PCI (STEMI, NSTEMI, unstable coronary artery disease, stable 
coronary artery disease, other); year of procedure (2006–2009, 2010–2013, 2014–
2017); treated vessel (right coronary artery, left main, left anterior descending 
artery, left circumflex coronary artery, other); class of stenosis (A, B1, B2, C); type 
of device(s) (bare metal stent only [bare metal stent, predilation with balloon], drug-
eluting stent only [drug-eluting stent, predilation with balloon], [balloon only, drug 
coated], [balloon only, not drug coated]); length of stent (mm); stent diameter  
>3 mm (yes/no).  

Model III Diabetes (yes/no); smoking (never smoker, ex-smoker, current smoker); 
hypertension (yes/no); dyslipidemiea (yes/no); prior MI (yes/no).  

 

Proportional hazards regression was also used to assess pregnancy history as a 
prognostic marker of TLR in the per-patient analyses. As for the per-segment 
analyses, right censoring occurred at two years of follow-up, end of follow-up in 
2017, migration out of Sweden, or death, whichever came first. The per-patient 
analyses were adjusted for prognostic markers of TLR in three steps, as with the 
per-segment analyses, with some exceptions: segment-specific variables, such as 
class of stenosis and type of device used, were not included in model II, treated 
vessels were included as not mutually exclusive binary variables, and total number 
of treated vessels was also included. Lastly, in Paper III, proportional hazards 
regression was also used to assess PE as a prognostic marker of mortality following 
PCI. The analysis was adjusted for age and right censoring occurred at two years, 
end of follow-up in 2017, or migration out of Sweden, whichever came first. The 
proportional hazards assumption was assessed graphically in both papers. 
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Paper IV  

Study sample 
First, I started by including women aged ≤65 years with a first MI in RIKS-HIA in 
2007 and onwards after first delivery in MBR in 1973 and onwards, and to assure 
complete pregnancy history, a woman’s very first delivery had to be recorded in the 
MBR. After this, to only include first MIs, I excluded women with MI before 2007 
using the National Patient Registry, and as MIs during pregnancy are often 
aetiologically different to other MIs,(6, 43) women with MI during any pregnancy 
were also excluded. Next, to ensure a study sample of primarily coronary healthy 
women prior to MI, women with a history of revascularization (PCI or CABG) were 
excluded. Lastly, women with missing data on exposures or outcomes were 
excluded. This resulted in a study sample of 8320 women (Figure 7). 

 

Figure 7. Flowchart of study sample in Paper IV  
The inclusion and exclusion criteria for the study sample in Paper IV. MI: myocardial infarction. © 2024 
Handmark, et al. Reprinted under the CC BY license (https://creativecommons.org/licenses/by/4.0/).  

https://creativecommons.org/licenses/by/4.0/


53 

Exposures and outcomes 
Exposures used in Paper IV were PTD, HDP, and SGA. STEMI (vs NSTEMI), 
invasive revascularization, and high peak troponin value were identified as 
outcomes to assess a possible association between a more severe myocardial injury 
at first MI and the chosen exposures. Please see earlier sections for definitions.  

Statistical analysis 
Characteristics of the study sample were summarized as means or percentages, and 
percentages of missing data were calculated for each variable. Logistic (Bernoulli) 
regression was used to assess the association between APOs and STEMI, adjusting 
for covariables in two steps. Model I included APO history (HDP, PTD, or SGA) 
and age. Model II was additionally adjusted for known predictors of CHD at time 
of MI: BMI, diabetes, hypertension, smoking status, and treatment for 
dyslipidaemia. Logistic regression was also used to study the association between 
APOs and invasive revascularization at MI, and the analysis was adjusted as 
described for the STEMI analysis. To study the mean difference in peak troponin 
levels by APO history, a standard linear regression model was used, and to assess a 
possible association between particularly high peak troponin and APOs, logistic 
regression was used. Peak troponin ≥ the top quartile was used to indicate a 
particularly high peak troponin value. To analyse peak troponin, regardless of 
troponin type, each type of peak troponin (Troponin T, highly sensitive Troponin T, 
Troponin I and highly sensitive Troponin I) was first log transformed, as the data is 
highly skewed. After this, z-scores for each type of peak troponin were calculated, 
which harmonized troponin types and allowed for a pooled analysis. Troponin 
analyses were adjusted for covariables as described for the STEMI analysis, and 
also stratified by STEMI or NSTEMI in additional analyses, as infarct type is 
associated with severity of myocardial injury.(45, 46) 

Model assumption checks for the logistic regression showed that the residual 
deviance per degree of freedom was below 1, indicating a reasonable overall fit and 
no over-dispersion. Linear regression assumptions were checked by visual 
inspection of the QQ-plot of residuals and residuals vs predicted mean levels.   

As PTD is strongly associated with HDP,(95) additional analyses subgrouping PTD 
into normotensive PTD and hypertensive PTD were also performed, and as parity 
is associated with the probability of having an APO and risk of future maternal 
CVD,(144) an additional analysis was performed additionally adjusting for parity 
in model I. Lastly, to assess the impact of covariables on the model, analyses were 
conducted with adjustments made for each covariable individually, in addition to 
age at MI.  
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Ethical considerations 

The General Data Protection Regulation (GDPR) controls the protection of personal 
data.(172) The handling of previously collected sensitive personal data is generally 
not legally allowed without information being provided to the individual in 
question, but exceptions to this apply to historical or medical research.(173) Article 
14 of the GDPR states that the requirement for informed consent is disregarded in 
the event that “…the provision of such information proves impossible or would 
involve a disproportionate effort…”. Instead, so-called presumed consent comes 
into effect where the researchers inform the public about a planned study, often by 
publishing information in the daily media.  

The studies presented in this thesis all fall under the principle of presumed consent, 
as none of the research subjects have given their consent for these specific studies. 
However, all individuals included in SWEDEHEART have been informed that data 
regarding them is stored, and they have been given the chance to decline 
participation in the registry.(159) In regard to the MBR, any disclosure from the 
register must be preceded by a written request to the Swedish National Board of 
Health and Welfare, which then decides on the disclosure of data based on a 
confidentially test.(174, 175)  

The Declaration of Helsinki states that, “While the primary purpose of medical 
research is to generate new knowledge, this goal can never take precedence over the 
rights and interests of individual research subjects.”(176) Thus, medical research 
can be viewed as navigating between the advantages of the research and the privacy 
concerns of the individual. It is arguably easier for a medical researcher to argue 
that the public interest in improving healthcare, with the help of medical research, 
outweighs the individual’s personal integrity, than for an uninitiated individual to 
argue the opposite. Because of this imbalance, it is of the utmost importance to 
maintain a high level of data security and respect for the individual’s privacy.  

In order to achieve the necessary level of data security, all data was anonymized 
before analysis, and the results are exclusively presented at a group level. All data 
was processed in a secure server environment at Lund University (LUSEC). Ethical 
permission for the separate works presented in this thesis were obtained from the 
Ethical Review Board in Lund (2015/792, 2018/23) and the Swedish Ethical Review 
Authority (2021-04863).  
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Results  

Paper I 
In a national study sample of 5766 women with first time coronary artery stent, 963 
women (16.7%) had a history of a PTD. At the time of the index procedure, women 
with a history of PTD were younger and more often presented with the traditional 
CVD risk factors diabetes, dyslipidaemia, and hypertension, compared to women 
who had only a history of delivering at term (Table 7). STEMI was the most 
common indication for coronary artery stenting in both groups. Procedure-related 
characteristics were similar between groups, though women with a history of late 
PTD more often presented with multiple vessel disease. For more information on 
procedure-related variables by history of PTD, please see Table 2 in Paper I.  

Table 7. Characteristics of study sample in Paper I by history of PTD (N = 5766) 
Clinical characteristics of study sample at time of coronary artery stent. Values are presented as mean 
± SD or n (%). CAD: coronary artery disease; MI: myocardial infarction; NSTEMI: non-ST-segment 
elevation myocardial infarction; PTD: preterm delivery; STEMI: ST-segment elevation myocardial 
infarction. 

 Ever preterm delivery 
(n = 963) 

Never preterm delivery  
(n = 4803) 

Age, years  53.9 ± 6.9 55.3 ± 6.4 
Diabetes mellitus  225 (23.5) 673 (14.1) 
Hypertension 451 (47.4) 2094 (44.2) 
Dyslipidemiea  340 (35.8) 1412 (29.9) 
Current smoker  458 (49.3) 2145 (46.1) 
Prior MI 54 (5.7) 168 (3.5) 
Indication for coronary artery stenting   
   STEMI 341 (35.4) 1743 (36.3) 
   NSTEMI 126 (13.1) 657 (13.7) 
   Unstable CAD 311 (32.3) 1571 (32.7) 
   Stable CAD  148 (15.4) 697 (14.5) 
   Other  37 (3.8) 135 (2.8) 
Year of procedure   
   2006–2009 230 (23.9) 1288 (26.8) 
   2010–2013 336 (34.9) 1617 (33.7) 
   2014–2017 397 (41.2) 1898 (39.5) 



56 

Major adverse cardiovascular events following coronary artery stenting 
During follow-up, 236 women (24.5%) with a history of PTD experienced a MACE 
compared to 964 women (20.0%) who only delivered at term. The median follow-
up time from the index procedure was 3.69 years (inter quartile range (IQR): 1.43–
6.74 years), 3.35 years (IQR: 1.31–6.23 years) in women with a history of PTD and 
3.77 years (IQR: 1.46–6.86 years) in women with no history of delivering preterm. 
Women with a history of PTD had an increased unadjusted rate of MACE compared 
to women with no history of delivering preterm (Figure 8). 

 

Figure 8. Cumulative incidence of MACE by PTD history  
The unadjusted rate of MACE by history of preterm delivery. Event rates were estimated using the 
Kaplan-Meier method and comparisons made using the log-rank test. MACE: major adverse 
cardiovascular event; PTD: preterm delivery. Adapted from figure by Pehrson, et al. © 2022 Pehrson, 
et al. Reprinted under the CC BY license (https://creativecommons.org/licenses/by/4.0/).  

See Table 8 for the proportional hazards regression analysis on MACE by PTD 
history, where a history of PTD was associated with a higher risk of MACE 
following first coronary artery stenting (adjusted hazard ratio (HR): 1.19, 95% 
confidence interval (CI): 1.03–1.38). When analysing subgroups of PTD, this 
association was only present in the late PTD group (adjusted HR: 1.31, 95% CI: 
1.11–1.55), and not in the early PTD group (adjusted HR: 0.97, 95% CI: 0.75–1.24). 

https://creativecommons.org/licenses/by/4.0/
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For more information on subgroup analyses, please see Table 3 in Paper I. Results 
were similar in the complete case analysis (Supplemental Table 2 in online appendix 
of Paper I).  

Table 8. MACE by history of PTD (N = 5766) 
MACE following coronary artery stenting by history of PTD. Subgroups of PTD not shown. CI: confidence 
interval; HR: hazard ratio; MACE: major adverse cardiovascular event; PTD: preterm delivery. 

PTD history Model I  Model II  Model III  
(Events/ 
Person years) 

HR (95% CI) p HR (95% CI) p HR (95% CI) p 

Never PTD 
(964/21089) 

1 (reference)  1 (reference)  1 (reference)  

Ever PTD 
(236/3902) 

1.27 (1.10-1.46) 0.001 1.25 (1.08-1.45) 0.002 1.19 (1.03-1.38) 0.02 

 

Long-term mortality following coronary artery stenting 
During follow-up, 59 women (6.1%) with a history of PTD died compared to 204 
women (4.2%) who only delivered at term. The median follow-up time was 4.90 
years (IQR: 2.42–7.93 years), 4.70 years (IQR: 2.34–7.62 years) in women with a 
history of PTD and 4.95 years (IQR: 2.44–7.99 years) in women with no history of 
delivering preterm. Women with a history of PTD had an increased unadjusted 
mortality rate compared to women with no such history (Figure 9).  

See Table 9 for the proportional hazards regression analysis on mortality by PTD 
history, where a history of PTD was associated with a higher risk of mortality 
following first coronary artery stenting (adjusted HR: 1.38, 95% CI: 1.02–1.85). For 
subgroup analyses, please see Table 4 in Paper I, where both subgroups of PTD 
were associated with mortality in model I, but not in the fully adjusted model (model 
III). Results were similar in the complete case analysis (Supplemental Table 5 in 
online appendix of Paper I).  

Table 9. Mortality by history of PTD (N = 5766) 
Mortality following coronary artery stenting by history of PTD. Subgroups of PTD not shown. CI: 
confidence interval; HR: hazard ratio; PTD: preterm delivery. 

PTD history Model I  Model II  Model III  
(Events/ 
Person years) 

HR (95% CI) p HR (95% CI) p HR (95% CI) p 

Never PTD 
(204/25443) 

1 (reference)  1 (reference)  1 (reference)  

Ever PTD 
(59/4916) 

1.63 (1.22-2.18) 0.001 1.59 (1.19-2.14) 0.002 1.38 (1.02-1.85) 0.04 
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Figure 9. Cumulative mortality by PTD history  
The unadjusted mortality rate by history of PTD. Event rates were estimated using the Kaplan-Meier 
method and comparisons made using the log-rank test. PTD: preterm delivery. Adapted from figure by 
Pehrson, et al. © 2022 Pehrson, et al. Reprinted under the CC BY license 
(https://creativecommons.org/licenses/by/4.0/). 

Secondary analyses  
In secondary analyses restricted to women with no history of HDP, a history of PTD 
remained a prognostic marker of both MACE (adjusted HR: 1.21, 95% CI: 1.02–
1.43; see Supplemental Table 3 in online appendix of Paper I) and long-term 
mortality (adjusted HR: 1.58, 95% CI: 1.15–2.18; see Supplemental Table 6 in 
online appendix of Paper I). Similarly, secondary analyses on women without 
diabetes mellitus at time of coronary artery stenting also showed that a history of 
PTD remained a prognostic marker of both MACE (adjusted HR: 1.24, 95% CI: 
1.05–1.48; see Supplemental Table 4 in online appendix of Paper I) and long-term 
mortality (adjusted HR: 1.49, 95% CI: 1.04–2.16; see Supplemental Table 7 in 
online appendix of Paper I).  

Table 10 shows an additional analysis on subgroups of PTD where women with a 
history of early PTD had a lower risk of MACE after first coronary artery stenting 
compared to women with a history of late PTD, as did women with no history of 

https://creativecommons.org/licenses/by/4.0/
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PTD. However, women with a history of early PTD had the same risk of mortality 
following coronary artery stenting as women with a history of late PTD, as did 
women with no history of PTD (data not shown).  

Additional analyses on MACE after first coronary artery stenting by history of PTD, 
adjusting for antithrombotic treatment before and during coronary artery stent, 
showed similar results as presented in the main analysis (data not shown). 

Table 10. MACE by subgroups of PTD history, late PTD as reference (N = 5766) 
MACE following coronary artery stenting by history of PTD. Late PTD as reference group. CI: confidence 
interval; HR: hazard ratio; MACE: major adverse cardiovascular event; PTD: preterm delivery. 

PTD history Late PTD Early PTD  Never PTD  
(Events/ 
Person years) 

(169/2552) (67/1350)  (964/21089)  

 HR (95% CI) HR (95% CI) p HR (95% CI) p 
Model I 1 (reference) 0.76 (0.57-1.01) 0.06 0.73 (0.62-0.85) <0.001 
Model II 1 (reference) 0.77 (0.58-1.02) 0.07 0.74 (0.62-0.87) <0.001 
Model III 1 (reference) 0.74 (0.55-0.98) 0.04 0.76 (0.65-0.90) 0.001 

 

Paper II  
In 6027 women with first time PCI, with a corresponding 9397 segments, 1005 
women (16.7%) had a history of PTD. Median time from first delivery to index 
procedure was 31.0 years (IQR: 25.0–35.4 years). At time of first PCI, women with 
a history of PTD more often presented with traditional CHD risk factors (diabetes, 
hypertension, dyslipidaemia, and active smoking status) compared to women with 
no history of PTD (Table 11). Women with a history of PTD also more often had a 
history of a previous MI compared to women who only ever delivered at term. For 
complete patient characteristics at first PCI by SGA, parity, and age at first delivery, 
please see Table 1 in Paper II. In short, women with a history of SGA were more 
often active smokers compared to women with no such history. Unipara women at 
time of PCI more often presented with traditional CHD risk factors compared to 
multiparous women, except for smoking status, where women with parity ≥4 were 
more likely to be active smokers compared to women with a lower parity. Women 
who experienced their first delivery at age <20 years were more often active 
smokers at time of first PCI compared to women who experienced their first delivery 
at an older age. STEMI was the most common indication for PCI in all groups, 
closely followed by unstable CAD. Segment characteristics were similar for all 
exposures (Supplemental Table 1 in online appendix of Paper II).  
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Table 11. Characteristics of study sample in Paper II by history of PTD (N = 6027) 
Clinical patient characteristics of study sample in Paper II at time of index PCI. Information presented per 
patient as mean ± SD or n (%). CAD: coronary artery disease; MI: myocardial infarction; NSTEMI: non-
ST-segment elevation myocardial infarction; PCI: percutaneous coronary intervention; PTD: preterm 
delivery; STEMI: ST-segment elevation myocardial infarction.  

 Ever preterm delivery 
(n = 1005) 

Never preterm delivery  
(n = 5022) 

Age, years  54.0 ± 6.8 55.3 ± 6.4 
Diabetes mellitus  237 (23.6) 707 (14.1) 
Hypertension 479 (47.7) 2179 (43.4) 
Dyslipidemiea  356 (35.4) 1457 (29.0) 
Current smoker  469 (46.7) 2218 (44.2) 
Prior MI 55 (5.5) 177 (3.5) 
Indication for PCI   
   STEMI 359 (35.7) 1843 (36.7) 
   NSTEMI 131 (13.0) 696 (13.9) 
   Unstable CAD 326 (32.4) 1614 (32.1) 
   Stable CAD  150 (14.9) 715 (14.2) 
   Other  39 (3.9) 154 (3.1) 
Year of index PCI   
   2006–2009 239 (23.8) 1315 (26.2) 
   2010–2013 351 (34.9) 1685 (33.6) 
   2014–2017 415 (41.3) 2022 (40.3) 

 

Clinical restenosis following percutaneous coronary intervention  
In total, 343 (3.7%) cases of clinical restenosis occurred following first PCI during 
a follow-up time of 15 981 segment-years. A history of PTD was not associated 
with an increased unadjusted rate of clinical restenosis (Figure 10), nor were any of 
the other studied aspects of pregnancy history (see Figure 2 in Paper II). In the 
proportional hazards regression, no associations were seen between any of the 
studied aspects of pregnancy history and clinical restenosis, though it should be 
noted that HRs for late PTD, SGA, and higher parity were all greater than one (see 
Table 2 in Paper II). Results were similar in the complete case analysis (data not 
shown).  
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Figure 10. Cumulative incidence of restenosis by PTD history  
The unadjusted rate of restenosis by history of preterm delivery. Event rates were estimated using the 
Kaplan-Meier method and comparisons made using the log-rank test. PTD: preterm delivery. Adapted 
from figure by Pehrson, et al. © 2023 Pehrson, et al. Reprinted under the CC BY license 
(https://creativecommons.org/licenses/by/4.0/). 

Target lesion revascularization following percutaneous coronary intervention 
In total, 383 women (6.4%) underwent TLR during a follow-up time of 10 103 
person-years. Figure 11 shows the cumulative incidence of TLR following first PCI 
by PTD history. A history of PTD was not associated with an increased unadjusted 
rate of TLR, nor were any of the other studied aspects of pregnancy history (see 
Figure 3 in Paper II). As in the clinical restenosis analysis, no association was seen 
between any of the studied aspects of pregnancy history and TLR in the proportional 
hazards regression (Supplemental Table 2 in online appendix of Paper II). Results 
were similar in the complete case analysis (data not shown). 

https://creativecommons.org/licenses/by/4.0/
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Figure 11. Cumulative incidence of TLR by PTD history  
The unadjusted rate of TLR by history of preterm delivery. Event rates were estimated using the 
Kaplan-Meier method and comparisons made using the log-rank test. PTD: preterm delivery; TLR: 
target lesion revascularization. Adapted from figure by Pehrson, et al. © 2023 Pehrson, et al. Reprinted 
under the CC BY license (https://creativecommons.org/licenses/by/4.0/). 

Paper III 
In a sample of 6065 women with first PCI, corresponding to 9452 segments, 841 
women (13.9%) had a history of HDP. Median time from first delivery to index PCI 
was 30.9 years (IQR: 25.0–35.4 years). Table 12 shows the patient characteristics 
at time of first PCI by HDP history. Compared to women with normotensive 
pregnancies, women with a history of PE or non-PE hypertension were more likely 
to present with diabetes and hypertension at time of first PCI and were less likely to 
be active smokers. For patient characteristics of PE subgroups please see 
Supplemental Table 1 in online appendix of Paper III. Table 1 in Paper III shows 
the patient and procedural characteristics per segment. There were no major 
differences in procedural characteristics between exposure groups.  
  

https://creativecommons.org/licenses/by/4.0/
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Table 12. Characteristics of study sample in Paper III by history of HDP (N = 6065) 
Clinical patient characteristics of the study sample in Paper III at time of index PCI. Information presented 
per patient as mean ± SD or n (%). CAD: coronary artery disease; HDP: hypertensive disorder of 
pregnancy; MI: myocardial infarction; NSTEMI: non-ST-segment elevation myocardial infarction; PCI: 
percutaneous coronary intervention; STEMI: ST-segment elevation myocardial infarction.  

 Preeclampsia 
(n = 566) 

Non-PE hypertension 
(n =275) 

Normotensive 
(n = 5224) 

Age, years  53.0 ± 7.2 54.8 ± 6.5 55.3 ± 6.3 
Diabetes mellitus  144 (25.5) 67 (24.7) 743 (14.3) 
Hypertension 345 (61.4) 175 (64.8) 2154 (41.9) 
Dyslipidemiea  193 (34.6) 99 (37.2) 1538 (30.0) 
Current smoker  169 (30.8) 89 (34.4) 2446 (48.5) 
Prior MI 20 (3.6) 16 (6.0) 198 (6.3) 
Indication for PCI    
   STEMI 182 (32.2) 100 (36.4) 1935 (37.0) 
   NSTEMI 77 (13.6) 31 (11.3) 724 (13.9) 
   Unstable CAD 193 (34.1) 84 (30.6) 1672 (32.0) 
   Stable CAD  91 (16.1) 49 (17.8) 732 (14.0) 
   Other  23 (4.1) 11 (4.0) 161 (3.1) 
Year of index PCI    
   2006–2009 150 (26.5) 92 (33.5) 1319 (25.3) 
   2010–2013 190 (33.6) 98 (35.6) 1762 (33.7) 
   2014–2017 226 (39.9) 85 (30.9) 2143 (41.0) 

 

Clinical restenosis following percutaneous coronary intervention  
In total, 345 cases (3.7%) of restenosis occurred during 16 084 segment-years of 
follow-up. Figure 12 shows the cumulative incidence of restenosis, indicating a 
lower unadjusted rate of restenosis in women with a history of term PE. Table 13 
shows the HRs for restenosis by HDP history. A history of term PE was associated 
with a lower risk of restenosis following first PCI (adjusted HR 0.45, 95% CI: 0.21–
0.94). No association was seen between the other exposure categories and 
restenosis. Results were similar in the complete case analysis (Supplemental Table 
2 in online appendix of Paper III). 
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Figure 12. Cumulative incidence of restenosis by HDP history  
The unadjusted rate of restenosis by history of HDP. Event rates were estimated using the Kaplan-
Meier method and comparisons made using the log-rank test. HDP: hypertensive disorders of 
pregnancy. Adapted from figure by Lin, et al. © 2022 Lin, et al. Reprinted under the CC BY license 
(https://creativecommons.org/licenses/by/4.0/). 

Table 13. Restenosis by history of HDP (N = 9452) 
Restenosis following percutaneous coronary intervention by history of hypertensive disorders of 
pregnancy. Per-segment analysis. CI: confidence interval; HDP: hypertensive disorder of pregnancy; HR: 
hazard ratio; PE: preeclampsia. 

HDP history Model I  Model II  Model III  
(events/ 
segment-years) 

HR (95% CI) p HR (95% CI) p HR (95% CI) p 

Normotensive 
(297/13758) 

1 (reference)  1 (reference)  1 (reference)  

Non-PE 
hypertension 
(22/753) 

1.34 (0.75-2.40) 0.33 1.20 (0.67-2.16) 0.53 1.15 (0.64-2.07) 0.64 

Preeclampsia 
(26/1573) 

0.73 (0.42-1.25) 0.25 0.77 (0.45-1.32) 0.34 0.71 (0.41-1.23) 0.22 

 
 

Term PE 
(11/1104) 

0.45 (0.22-0.95) 
 

0.03 
 

0.47 (0.23-0.98) 
 

0.04 
 

0.45 (0.21-0.94) 
 

0.03 
 

 
 

Preterm PE 
(15/469) 

1.33 (0.62-2.86) 
 

0.47 
 

1.47 (0.68-3.15) 
 

0.33 
 

1.28 (0.59-2.80) 
 

0.53 
 

https://creativecommons.org/licenses/by/4.0/
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Target lesion revascularization following percutaneous coronary intervention 
In total, 383 women (6.3%) experienced a TLR during 10 174 patient-years of 
follow-up. Figure 13 shows the cumulative incidence of TLR by HDP history, 
indicating a potential higher unadjusted rate of TLR in women with a history of non-
PE hypertension. However, proportional hazards regression showed no association 
between any exposure category and TLR after first PCI (Table 3 in Paper III). 
Results were similar in the complete case analysis (Supplemental Table 3 in online 
appendix of Paper III). 

 

Figure 13. Cumulative incidence of TLR by HDP history  
The unadjusted rate of restenosis by history of HDP. Event rates were estimated using the Kaplan-Meier 
method and comparisons made using the log-rank test. HDP: hypertensive disorders of pregnancy; TLR: 
target lesion revascularization. Adapted from figure by Lin, et al. © 2022 Lin, et al. Reprinted under the 
CC BY license (https://creativecommons.org/licenses/by/4.0/). 

All-cause mortality following percutaneous coronary intervention  
In total, 166 (2.7%) deaths occurred during 10 684 patient-years of follow-up. 
Proportional hazards regression showed no association between mortality following 
first PCI and a history of PE (adjusted HR 1.06, 95% CI 0.62–1.80; data not shown) 
or a history of non-PE hypertension (adjusted HR 1.21, 95% CI 0.62–2.38; data not 
shown).  

https://creativecommons.org/licenses/by/4.0/
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Paper IV  
In a national study sample of 8320 women with first time MI, 1301 women (15.6%) 
had a history of PTD. Table 14 shows patient characteristics at first MI by PTD 
history. Women with a history of PTD were younger and more likely to present with 
diabetes, hypertension, and/or treatment for dyslipidaemia at time of first MI 
compared to women with no history of PTD. For patient characteristics by HDP and 
SGA history, please see Table 1 in Paper IV. In short, women with a history of HDP 
presented with MI at a younger age, and were more likely to present with diabetes, 
hypertension, treatment for dyslipidaemia, and a higher BMI at time of first MI 
compared to women with no such history. Women with a history of SGA were more 
likely to be active smokers at time of first MI compared to women with no history 
of SGA.  

Table 14. Characteristics of study sample in Paper IV by history of PTD (N = 8320) 
Clinical patient characteristics of study sample in Paper IV at time of first MI. Information presented as 
mean ± SD or n (%). BMI: body mass index; MI: myocardial infarction; PTD: preterm delivery. 

 Ever preterm delivery 
(n = 1301) 

Never preterm delivery  
(n = 7019) 

Age, years  55.0 ± 7.2 56.3 ± 6.8 
Diabetes mellitus  296 (22.8) 1047 (14.9) 
Hypertension 545 (41.9) 2683 (38.2) 
Dyslipidemiea  206 (15.8) 902 (12.8) 
Current smoker  582 (44.7) 2963 (42.2) 
BMI, kg/m2 28.0 ± 5.8 27.9 ± 5.6 

 

Clinical characteristics of first myocardial infarction  
Table 15 shows the association between APOs and STEMI at the time of first MI. 
A history of SGA was associated with STEMI at the time of first MI (adjusted odds 
ratio (OR) 1.30, 95% CI 1.13–1.50), as was preterm PE (adjusted OR 1.40, 95% CI 
1.05–1.87). No association was found between a history of PTD or HDP overall and 
STEMI. 

Table 16 shows the association between APOs and invasive revascularization at the 
time of first MI. Women with a history of SGA were more likely to undergo invasive 
revascularization at time of first MI (adjusted OR 1.20, 95% CI 1.04–1.39), as were 
women with a history of preterm PE (adjusted OR 1.43, 95% CI 1.07–1.92). A 
history of PTD was not associated with invasive revascularization at time of first 
MI, nor was a history of HDP overall.  
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Table 15. STEMI at first MI by APO history (N = 8320) 
Association between adverse pregnancy outcome history and STEMI among women presenting with first 
myocardial infarction. Data for subgroups of PTD not shown. APO: adverse pregnancy outcome; CI: 
confidence interval; HDP: hypertensive disorder of pregnancy; MI: myocardial infarction; OR: odds ratio; 
PE: preeclampsia; PTD: preterm delivery; SGA: small for gestational age; STEMI: ST-segment elevation 
myocardial infarction.  

 Model I  Model II  
 OR (95% CI) p OR (95% CI) p 
Preterm delivery     
Never PTD 1 (reference)  1 (reference)  
Ever PTD 0.99 (0.87-1.12) 0.84 0.98 (0.87-1.11) 0.76 
Small for gestational age 
infant 

    

Never SGA 1 (reference)  1 (reference)  
Ever SGA 1.40 (1.22-1.61) <0.001 1.30 (1.13-1.50) <0.001 
Hypertensive disorders of 
pregnancy  

    

Normotensive 1 (reference)  1 (reference)  
Ever HDP 0.95 (0.83-1.09) 0.48 1.07 (0.94-1.23) 0.31 
 Preterm PE 1.18 (0.89-1.57) 0.24 1.40 (1.05-1.87) 0.02 
 Term PE 0.88 (0.73-1.06) 0.17 0.98 (0.81-1.18) 0.81 
 Non-PE                          

hypertension 
0.95 (0.76-1.18) 0.63 1.06 (0.85-1.33) 0.61 

 

Table 16. Revascularization at first MI by APO history (N = 8320) 
Association between adverse pregnancy outcome history and invasive revascularization among women 
presenting with first myocardial infarction. Data for subgroups of PTD not shown. APO: adverse 
pregnancy outcome; CI: confidence interval; HDP: hypertensive disorder of pregnancy; MI: myocardial 
infarction; OR: odds ratio; PE: preeclampsia; PTD: preterm delivery; SGA: small for gestational age; 
STEMI: ST-segment elevation myocardial infarction.  

 Model I  Model II  
 OR (95% CI) p OR (95% CI) p 
Preterm delivery     
Never PTD 1 (reference)  1 (reference)  
Ever PTD 1.01 (0.89-1.15) 0.82 1.01 (0.89-1.15) 0.91 
Small for gestational age 
infant 

    

Never SGA 1 (reference)  1 (reference)  
Ever SGA 1.30 (1.12-1.50) <0.001 1.20 (1.04-1.39) 0.01 
Hypertensive disorders of 
pregnancy  

    

Normotensive 1 (reference)  1 (reference)  
Ever HDP 0.91 (0.79-1.05) 0.19 1.03 (0.89-1.19) 0.69 
 Preterm PE 1.21 (0.90-1.61) 0.20 1.43 (1.07-1.92) 0.02 
 Term PE 0.80 (0.66-0.98) 0.03 0.89 (0.73-1.09) 0.27 
 Non-PE                          

hypertension 
0.92 (0.73-1.16) 0.50 1.04 (0.82-1.31) 0.76 
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Even though no association was found between any of the exposures and log z-score 
troponin at time of first MI (See Table 4 in Paper IV), a history of SGA was 
associated with particularly high troponin value at time of first MI (adjusted OR 
1.18, 95% CI 1.01–1.38; see Table 5 in Paper IV). However, when stratifying by 
STEMI or NSTEMI, no association remained between any APO and high troponin 
levels (Table 17 and Table 18). Results were similar in the complete case analyses 
(data not shown). 

Table 17. High troponin at first MI by APO history, only STEMI cases (N = 3128) 
Association between APO history and high troponin in women with STEMI at first myocardial infarction. 
Data for subgroups of PTD and HDP not shown. APO: adverse pregnancy outcome; CI: confidence 
interval; HDP: hypertensive disorder of pregnancy; MI: myocardial infarction; OR: odds ratio; PTD: 
preterm delivery; SGA: small for gestational age; STEMI: ST-segment elevation myocardial infarction.  

 Model I  Model II  
 OR (95% CI) p OR (95% CI) p 
Preterm delivery     
Never PTD 1 (reference)  1 (reference)  
Ever PTD 0.98 (0.80-1.19) 0.80 0.98 (0.81-1.19) 0.84 
Small for gestational age 
infant 

    

Never SGA 1 (reference)  1 (reference)  
Ever SGA 1.05 (0.85-1.30) 0.66 1.05 (0.85-1.30) 0.64 
Hypertensive disorders of 
pregnancy  

    

Normotensive 1 (reference)  1 (reference)  
Ever HDP 1.02 (0.82-1.26) 0.87 1.03 (0.83-1.28) 0.80 

 

Table 18. High troponin at first MI by APO history, only NSTEMI cases (N = 5192) 
Association between APO history and high troponin in women with NSTEMI at first myocardial infarction. 
Data for subgroups of PTD and HDP not shown. APO: adverse pregnancy outcome; CI: confidence 
interval; HDP: hypertensive disorder of pregnancy; MI: myocardial infarction; NSTEMI: non-ST-segment 
elevation myocardial infarction; OR: odds ratio; PTD: preterm delivery; SGA: small for gestational age.  

 Model I  Model II  
 OR (95% CI) p OR (95% CI) p 
Preterm delivery     
Never PTD 1 (reference)  1 (reference)  
Ever PTD 0.99 (0.79-1.25) 0.96 0.99 (0.78-1.25) 0.93 
Small for gestational age 
infant 

    

Never SGA 1 (reference)  1 (reference)  
Ever SGA 1.06 (0.80-1.40) 0.70 1.06 (0.80-1.40) 0.70 
Hypertensive disorders of 
pregnancy  

    

Normotensive 1 (reference)  1 (reference)  
Ever HDP 1.15 (0.91-1.47) 0.24 1.19 (0.93-1.52) 0.16 
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Secondary analyses 
To assess if the association seen between a history of SGA and STEMI at time of 
first MI may be due to a history of HDP, a secondary analysis was performed with 
a sample restricted to women without HDP where a history of SGA remained 
associated with STEMI at time of first MI (Table 19).  

Table 19. STEMI at time of first MI by history of SGA, no history of HDP (N = 7242) 
Association between SGA history and STEMI among women presenting with first MI. No history of HDP. 
CI: confidence interval; HDP: hypertensive disorder of pregnancy; MI: myocardial infarction; OR: odds 
ratio; SGA: small for gestational age; STEMI: ST-segment elevation myocardial infarction.  

 Model I  Model II  
 OR (95% CI) p OR (95% CI) p 
Small for gestational age infant     
Never SGA 1 (reference)  1 (reference)  
Ever SGA 1.47 (1.25-1.72) <0.001 1.34 (1.13-1.57) 0.001 

 

When grouping PTD by HDP history, neither a history of normotensive PTD, nor a 
history of hypertensive PTD were significantly associated with any of the outcomes 
at time of first MI (Supplemental Table 6–9 in supplemental appendix of Paper IV). 
However, the estimates for hypertensive PTD appeared to be elevated, consistent 
with the observation in Table 12 that preterm PE was associated with STEMI 
(adjusted OR: 1.22, 95% CI 0.96-1.54). When additionally adjusting for parity in 
model I in all analyses, the results were similar to those of the main analyses (data 
not shown). In an additional analysis highlighting the effect of smoking status on 
the association between preterm PE and STEMI, preterm PE was associated with 
STEMI (OR 1.35, 95% CI 1.02-1.81) when adjusting for smoking status in addition 
to HDP history and age at MI in a separate model (Table 20). This is reflected in 
Paper IV where Table 1 shows that women with a history of preterm PE were less 
likely to be active smokers at time of first MI compared to normotensive women.  

Table 20. STEMI by history of HDP, smoking in separate model (N = 8320) 
Association between HDP history and STEMI among women presenting with first MI. Adjustment for 
smoking status in addition to HDP history and age at MI in model II. CI: confidence interval; HDP: 
hypertensive disorders of pregnancy; MI: myocardial infarction; OR: odds ratio; PE: preeclampsia; 
STEMI: ST-segment elevation myocardial infarction. 

 Model I  Model II  Model III  
 
HDP history 

OR (95% CI) p OR (95% CI) p OR (95% CI) p 

Normotensive 1 (reference)  1 (reference)  1 (reference)  
Ever HDP 0.95 (0.83-1.09) 0.48 1.05 (0.91-1.20) 0.52 1.07 (0.94-1.23) 0.31 
 Preterm PE 1.18 (0.89-1.57) 0.24 1.35 (1.02-1.81) 0.04 1.40 (1.05-1.88) 0.02 
 Term PE 0.88 (0.73-1.06) 0.17 0.95 (0.79-1.15) 0.60 0.98 (0.81-1.18) 0.81 
 Non-PE 

hypertension 
0.95 (0.76-1.18) 0.63 1.03 (0.82-1.29) 0.79 1.06 (0.85-1.33) 0.61 
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Discussion  

Composition and distribution of coronary artery disease 
Results from Paper I showed that women with a history of PTD had a higher risk of 
MACE and mortality following a first coronary artery stenting compared to women 
with no such history. As mentioned before, the underlying association between PTD 
and future maternal CHD is still not clear, and we can therefore only speculate on 
the pathophysiological basis of the results presented in Paper I. A recent study on 
APOs and CAD assessed by coronary computed tomography angiography showed 
an association between a history of PTD and a higher coronary artery calcium score 
in middle-aged women.(111) Coronary artery calcium score is primarily used to 
assess a patient’s risk of cardiovascular events in a primary preventive setting.(115) 
By quantifying the amount of calcium present in the coronary arteries, a coronary 
artery calcium score can be calculated, where a higher coronary artery calcium score 
is associated with an increased risk of future coronary events. However, a higher 
degree of calcification in coronary plaques has also been shown to be associated 
with an increased risk of adverse events following PCI.(177, 178) As such, the 
results presented in Paper I could, to some extent, be dependent on a higher coronary 
artery calcium score in women with a history of PTD compared to women with no 
history of a PTD.  

The results in Paper IV showed that both a history of preterm PE and a history of 
delivering an SGA infant were associated more severe disease manifestation, 
indicating a higher risk of a greater myocardial injury, in women with a first time 
MI.  As both PE and delivering an SGA infant are associated with persistent 
endothelial dysfunction post-partum,(136, 142) it is tempting to think of some sort 
of common pathophysiological pathway of PE and SGA in the development of 
future CHD in parous women as the reason for this. However, regardless of the 
underlying pathophysiological pathway of CHD in these women, the results could 
reflect a similar underlying CAD in women with a history of preterm PE or a history 
of SGA. The above-mentioned study on APOs and CAD assessed by coronary 
computed tomography angiography in middle-aged women showed an overall 
association between a history of APOs and future CAD in parous women.(111) 
More specifically, it showed that women with a history of HDP and women with a 
history of SGA, but not women with a history of PTD, had a different distribution 
of CAD, compared to women with no history of APOs. It also showed that women 
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with a history of APOs had a higher prevalence of proximal coronary atherosclerosis 
and atherosclerosis located to the left anterior descending artery (LAD), compared 
to women with no history of APOs. In patients with MI, lesion localization is 
associated with patient outcome, where specific locations of coronary lesions, such 
as the proximal lesions, are known to be associated with more adverse outcomes 
following MI.(68, 85, 179) For example, a major part of STEMIs stems from a 
thrombotic occlusion of the LAD,(179) and a proximal occlusion of the LAD is 
associated with a worse outcome after MI compared to distal LAD occlusions or 
other coronary artery occlusions.(180) Also, when comparing men and women with 
LAD MIs, women have been shown to have worse outcomes following PCI 
compared to men.(179) Taken together, this could possibly indicate that women 
with a history of HDP and/or SGA might present with a more severe disease at time 
of CHD presentation, compared to women with no such history, as seen in Paper 
IV.  

Vascular dysfunction as a possible pathway  
In Paper II and Paper III, the aim was to examine a possible association between 
APOs and clinical restenosis following PCI. The hypothesis that APOs might be 
associated with a higher risk of restenosis post-PCI was mainly based on previous 
studies regarding a history of PE. As already presented in the background section, 
restenosis is partly dependent on neoatherosclerosis, and in turn on endothelial 
dysfunction.(76) Apart from being associated with CHD events in general,(77) it 
has also been suggested that endothelial dysfunction plays a part  in the development 
of future CHD seen in women with APOs, particularly in women with a history of 
PE and in women with a history of SGA.(136, 142) In addition to this, animal 
models have shown that an over-exposure to the Sflt1 receptor, a PE-associated 
antagonist to vascular growth factors, possibly interferes with the vascular response 
following vascular injury.(12) However, none of the studied APOs in Paper II and 
Paper III were associated with a higher risk of restenosis. Instead, results showed 
that women with a history of term PE had a lower risk of restenosis compared to 
normotensive women. A possible explanation for this could be that something 
hindering normal placentation in women who suffer PE during pregnancy in turn 
protects them from future development of restenosis.  

Matrix metalloproteinases (MMPs) are involved in both normal and pathological 
processes, functioning as tissue modifying enzymes.(181) MMP-9 is one of the 
MMPs known to be associated with angiogenesis,(181) and previous studies have 
shown that elevated MMP-9 activity, both pre- and post-PCI, is associated with 
restenosis development.(182, 183) Interestingly, an opposite relationship between 
MMP-9 and PE could potentially exist.(184) Studies have shown PE to be 
associated with a dysregulation of MMP-9, some studies showing a possible 
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association between lower concentrations of MMP-9 and PE in pregnant women. 
During pregnancy, MMP-9 is known to have an important role in placental 
implantation through vascular remodelling. A dysregulation of MMP-9 could 
therefore be associated with placental dysfunction and consequently PE. 
Speculatively, genetics resulting in a decreased expression of MMP-9 could 
possibly explain the lower risk of restenosis in women with a history of term PE 
observed in Paper III. 

In Paper IV, a history of preterm PE and a history of delivering an SGA infant were 
both associated with STEMI and invasive revascularization at the time of MI. As 
previously described, PE and delivering an SGA infant are both associated with 
persistent endothelial dysfunction post-partum.(136, 142) Even though no 
pathophysiological conclusions are possible in these studies, the fact that both a 
history of PE and of delivering an SGA infant are associated with persistent 
endothelial dysfunction could potentially indicate a common pathophysiological 
pathway for how these women develop, and later present, with future CHD. The 
difference in results observed in Paper IV between term PE and preterm PE could 
potentially stem from a difference in PE pathophysiology,(150) and will be further 
discussed below.  

Timing of pregnancy complications 
Paper I showed an association between a history of PTD in women and MACE 
following first coronary artery stenting. However, in a subgroup analysis, this 
association was only present in women with a history of late PTD, though the 95% 
CI of early PTD included the estimate of the main result. To evaluate a true 
difference between subgroups of PTD in the analysis, a secondary analysis was 
conducted with late PTD as the reference group. This showed that women with a 
history of early PTD had a lower risk of MACE following a first coronary artery 
stenting compared to women with a history of late PTD. Previous studies have 
shown that women with a history of an earlier PTD have a higher risk of developing 
future CVD compared to women with a history of a later PTD.(9, 122) As such, the 
results presented in Paper I are contradicting this previously observed dose-effect 
association. When looking at the clinical characteristics of the study sample in Paper 
I, the prevalence of traditional CVD risk factors was fairly similar between 
subgroups of PTD, and when analysing mortality following coronary artery stenting 
by subgroups of PTD, the estimates were similar for both subgroups. Taken 
together, this suggests that there was not any major difference in comorbidity in the 
two groups at time of coronary artery stenting. As presented in the background, the 
underlying association between a history of PTD and future maternal CHD is not 
yet fully understood, and it is therefore hard to speculate what this observed 
difference in subgroups of PTD could be due to.  
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In Paper III, results showed that a history of term PE, but not preterm PE, was 
possibly associated with a lower risk of restenosis following PCI, and the results 
from Paper IV indicated that a history of preterm PE, but not term PE, was 
associated with a more severe myocardial injury at time of first MI. Taken together, 
these results suggest a possible heterogeneity by type of PE regarding the 
association between PE and presentation and outcome of future CHD in women. 
PE, regardless of delivery timing, is thought to be a result of placental 
dysfunction,(131, 150) and from what was presented in the background section, one 
could therefore possibly imagine similar paths to future CHD for both subgroups of 
PE. However, the causes of the placental dysfunction are thought to possibly differ 
in regard to the timing of PE.(150) Placental dysfunction in preterm PE is thought 
to depend mainly on abnormal placentation, whereas in term PE, it is thought to 
possibly depend on either pregnancy burden or premature placental ageing. As the 
results presented in this work are based on clinical registry data, it is hard to draw 
any conclusions regarding the pathophysiological pathway. Though one could 
speculate that the differences observed between preterm and term PE could be due 
to a difference in PE pathophysiology and potentially future CHD development.  

Clinical relevance 
Previous studies on PTD and future maternal CVD are sometimes based on 
singleton deliveries, normotensive PTDs, and/or spontaneous PTDs, hence 
excluding women with multiple gestation pregnancies, women with a history of 
HDP, and/or women with medically indicated PTDs.(129) In this work, all APOs 
have been defined based on a woman’s whole pregnancy history up until an index 
event, and PTD has been kept as a whole variable in the main analyses, not 
excluding women with multiple gestations, HDP, or women with medically 
indicated PTDs. This has been a conscious decision to maintain a higher level of 
clinical relevance. It is arguably more likely for a physician to ask about APOs, and 
for the patient to be able to answer it, if the question can be asked as simply as 
possible, e.g. have you ever delivered preterm? In 2015, Carter et al. presented a 
questionnaire for maternal recall of APOs associated with future CVD risk.(181) 
They showed that the maternal recall approximately four years post-partum was 
high in regard to infant birth weight and gestational age at delivery, though only 
modest in regard to HDP, and that the recall varied in regard to how the questions 
were asked.  

Despite the modest nature of the associations reported in this thesis, one could still 
argue for a clinical relevance. The results reported in Paper I indicate that a history 
of PTD might not only be relevant in a primary prevention setting, but also in a 
secondary prevention setting, and studies like Paper II and Paper III could be 
clinically relevant in the long run even though mostly no associations were reported 
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here. As patients who develop restenosis often present with ACS,(74) studies that 
in any way contribute to a better understanding of outcomes after PCI in patients 
with an increased CVD risk can in turn contribute to a better patient outcome. The 
same goes for the results presented in Paper IV.  

However, I would argue that the primary clinical significance of this thesis lies in 
emphasizing that a woman’s pregnancy history is not only relevant to obstetrician-
gynaecologists but also merits broader attention among clinicians.  

Methodological considerations 
This work does not aim to draw any conclusions about causal relationships between 
APOs and CHD, but instead aims to describe possible associations between APOs 
at time of pregnancy and future maternal CHD. In this work, we lack data on pre-
pregnancy confounding factors. Because of this, confounding adjustment in the 
traditional sense has not been possible. To be able to establish causality between an 
exposure and an outcome you need to control for background variables either by 
adjusting for them in your analysis or by controlling for them in your study 
design.(182) These background variables can be grouped into confounders, 
colliders, and mediators. Confounders are variables that predict both the exposure 
and the outcome, and by controlling for them, you are excluding other possible 
causes of the association between your outcome and your exposure. Colliders, on 
the other hand, are variables that are influenced by both the exposure and outcome 
and should not be controlled for, as controlling for them introduces bias. Mediators 
are variables part of the causal pathway from the exposure to the outcome, i.e. they 
are affected by the exposure and also affect the outcome. When interested in the 
total effect an exposure of interest has on an outcome, adjusting for mediators will 
underestimate the total effect, and this is referred to as over-adjustment bias. As 
APOs are associated with future development of CHD risk factors,(118, 133) the 
adjustment for CHD risk factors in the papers presented in this thesis could be 
considered over-adjustment for mediators. However, post-pregnancy CHD risk 
factors are also likely markers of risk factors at the time of pregnancy to some extent. 
The most apparent example of this would be in Paper IV where adjustment for 
smoking could be an example of controlling for smoking at the time of pregnancy, 
as smoking is known to both reduce the risk of PE and increase the risk of 
STEMI.(183, 184)  

In addition to traditional CHD risk factors, analyses in papers I–III have also been 
adjusted for predictors of the outcome. However, neither cardiac function (LVEF) 
nor renal function (creatinine) at time of coronary artery stent/PCI have been 
included as covariables in any of the analyses, even though they are both known 
predictors of worse outcome following PCI.(67) The decision not to include these 
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parameters stems from the prespecified variable check presented in the methods 
section (Table 3). As both measurements of cardiac and renal function had >10% 
missing in the datasets used for papers I–III, neither were included in the final 
analysis. A possible solution to this could have been to conduct secondary analyses 
on complete case samples to assess the effect of additionally adjusting for cardiac 
and renal function at the time of coronary artery stent or PCI. Another factor that 
could possibly be associated with the outcome after PCI is antithrombotic treatment 
before, during, and after the procedure. Antithrombotic treatment before and during 
the revascularization procedure was not included as a covariable in the main 
analyses of papers I–III. As APOs are not part of any PCI guidelines, we can assume 
that the APO history has not affected the treatment plan, and antithrombotic 
treatment after the revascularization procedure is hard to adjust for, as the data does 
not include information on compliance. In Paper I, an additional analysis was 
conducted, additionally adjusting for antithrombotic treatment before and during 
coronary artery stent, and the results from this analysis were very similar to those 
of the main analysis.  

In Paper IV, estimates for the association between APOs and clinical characteristics 
of a more severe myocardial injury are presented as ORs, though one could argue 
for the use of risk ratios (RRs) instead. In the presence of a rare outcome, ORs and 
RRs are somewhat interchangeable.(185) However, in the case of a common 
outcome, ORs and RRs start to diverge, and interpreting ORs as RRs will 
overestimate the effect in the presence of a common outcome. Even though the 
outcomes were common, as the aim of Paper IV was to investigate the association 
between APOs and certain clinical characteristics of MI, and not to investigate the 
risk of said characteristics, I have chosen to present the estimates for these 
associations as ORs. As prior studies on the same topic have also used ORs,(14, 15) 
it makes comparisons with previous results easier, although the associations can be 
more difficult to interpret than if they were to be presented as RRs. However, I have 
only aimed to study the association between APOs and clinical characteristics of 
MI, and from the results in Paper IV, I cannot draw any conclusions on what could 
potentially lower, or increase, the risk of these characteristics. So, by choosing to 
only report ORs, I also only report associations. 

Strengths and limitations 
The main strength of this thesis is the use of nationwide samples in all papers. 
Extensive information on women’s reproductive history collected over several 
decades, together with data on several covariables from well-known registers, 
resulted in comprehensive samples with very few exclusions. Another strength is 
the use of multiple imputation to account for missing data, with corresponding 
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complete case analyses with very similar results. In addition to this, the proportion 
of missing data was relatively small in all papers.  

However, this thesis also had some limitations. In all papers, only women under or 
equal to the age of 65 years were included due to reasons already explained in the 
methods section. As no data on CHD risk factor status at time of delivery was 
available, adjustment for possible confounders in the traditional sense has not been 
possible in any of the papers. In papers I to III, women with coronary artery stent 
(Paper I) or PCI (Paper II and Paper III) before 2006 were excluded due to 
uncomplete variable collection until then. The same goes for women in Paper IV 
with MIs before 2007. As pregnancy dating using ultrasound was not used clinically 
in Sweden until the 1970s, pregnancies from the early days of the MBR are at risk 
of being misclassified regarding pregnancy dating. As incident restenosis events are 
relatively rare, the results from Paper II and Paper III do not exclude small or 
moderate associations for all exposures. In Paper IV, patient transfers between 
hospitals and wards presents a risk of peak troponin values being inaccurately 
recorded. Also, the relative ethnic homogeneity of the samples in all papers could 
affect the generalization of the results. 
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Conclusions  

Paper I  
A history of PTD was associated with worse prognosis following coronary artery 
stenting in women ≤65 years of age. Following these results, a history of PTD 
warrants consideration as a risk factor also in a secondary prevention setting. 

Papers II and III 
None of the studied aspects of pregnancy history, including PTD, were associated 
with an increased risk of clinical restenosis or TLR following PCI in women ≤65 
years of age. Instead, the results pointed to a decreased risk of restenosis in women 
with a history of term PE. However, because of the small absolute numbers of 
restenosis events, even larger studies are needed to obtain more precise estimates. 

Paper IV 
Among women ≤65 years of age with first MI, a history of preterm PE and a history 
of delivering an SGA infant were associated with STEMI and revascularization. No 
associations were observed in women with a history of PTD. The extent to which 
these findings are explained by divergent CHD development among these 
subgroups of women warrants further study. 
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Future perspectives 

Previous studies have repeatedly described the association between APOs and 
future CHD.(7) This work adds to these previous results by showing a potential 
association with worse outcome after coronary artery stenting and a more adverse 
clinical presentation of MI in women with a history of APOs. However, we lack 
information on how these women would respond to already existing primary and 
secondary preventive measures. For example, how would the risk of MACE 
following coronary artery stenting in women with a history of PTD be affected by 
secondary preventive measures? Studies like these would expand even further on 
the knowledge of APOs and future CHD and could potentially influence primary 
and secondary CVD prevention in women.  

This work has observed a potential difference in adverse outcomes following PCI 
in women with a history of APOs by onset of the APO. Results from Paper I showed 
that women with a history of early PTD had a lower risk of MACE following 
coronary artery stenting compared to women with a history of late PTD. Paper III 
showed that a history of term PE was associated with a lower risk of restenosis 
following PCI, but not a history of preterm PE, and Paper IV showed that a history 
of preterm PE was associated with STEMI and invasive revascularization at time of 
MI, but not term PE. These results indicate that a difference in how women with a 
history of APOs develop, and eventually present with CHD could potentially exist 
in regard to the onset of the APO. As previously discussed, it is hard to say what 
this potential difference is due to, and further studies on the aetiology of CHD in 
regard to APO history are needed in general, but also to understand if these results 
represent an actual difference in risk between APO subgroups.  

In a broader perspective, one could also highlight the need to spread knowledge 
regarding APOs and future CHD. We do not yet fully know how APOs affect CHD 
development and presentation, but even so, being aware of the association between 
APOs and future CHD could still be important in clinical decision making, as it 
gives a more comprehensive picture of the patient. I would also like to stress that 
systematic documentation of APOs in cross-clinic records could potentially be 
helpful and improve the cardiac care of women. However, maybe most importantly, 
a higher knowledge level in regard to APOs and future CHD could potentially 
influence the cardiovascular research field. Overall, taking female-specific or 
female-dominating CVD risk factors into account more frequently in cardiovascular 
research would likely result in more evidence-based cardiac care in women.  
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