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Abstract 
Background: Women between 35-44 years with systemic lupus erythematosus (SLE) have a 50-fold 

increase risk of  cardiovascular events (CVE) despite a paucity of  traditional cardiovascular risk factors. 

Studies to determine the cause for the high prevalence of  CVE are flawed by the inclusion of  older male 

patients who have an abundance of  cardiovascular risk factors; therefore, these studies have produced 

conflicting results.  

 

In the general population, maternal-placental syndrome (MPS) is associated with a two-fold increase 

risk of myocardial infarction. A quarter of pregnancies in women with SLE are complicated by MPS 

and 31% will have a preterm delivery.   

 

Hypothesis: MPS and preterm deliveries are associated with accelerated CVE seen in women with 

SLE.  

 

Methods: Utilising linked Swedish population registries between 1973-2011, parous women with SLE 

were included in the analysis. Outcome of interest was CVE – defined as coronary artery disease, stroke 

and peripheral vascular disease or death from any those conditions. Exposures of  interest were: (i) MPS 

which comprised hypertensive disorders of  pregnancy, small-for-gestational age, placental abruption or 

stillbirth; (ii) preterm delivery. Hazard of developing CVE was estimated using Cox proportional 

hazards; survival expressed utilising Kaplan-Meier curves.  

 

Results: Over the 38-year interval 3,977 parous women with SLE were included. Those who had CVE 

and primary cardiovascular deaths had more SLE-related comorbidities and cardiovascular risk factors. 

Despite adjustment, those with MPS still had a 2-fold increase risk of  primary cardiovascular death. 

(adjusted odds ratio (adjOR) 2.2; 95% confidence interval (CI) 1.1-4.2). MPS was associated with a 1.6-

fold increase (adjusted hazards ratio (adjHR) 1.6; 95% CI 1.3-2.1) and, when MPS was combined with 

delivery pre-34 weeks’, the risk was two-fold increased (adjHR 2.0; 95% CI 1.4-2.8). Pre-34-week 

delivery was associated with a 1.8-fold increase in CVE (adjHR 1.8l; 95% CI 1.3-2.5).  

 

Median age of  parous women with SLE developing CVE was only 50 (IQR 41-57) years. Both MPS 

and delivery pre-34 weeks were associated with accelerated development of  CVE compared to the 

women who had uncomplicated term deliveries.  

 

Conclusion: MPS and delivery prior to 34 weeks’ were associated with an increased risk and 

accelerated development of  CVE in parous women with SLE.    
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Preface 
 

Data is the currency of  our age. We are at the dawn of  the ‘Big Data’ era, where an entire population 

forms the sample. There is no rigorous definition of  ‘big data’. However, at its very core, big data is all 

about predictions – and being able to see patterns and details that could never have been detected when 

smaller samples were used.  

 

Big data is often messy and variable in quality. Nevertheless, by shedding some of  our preoccupation 

with accuracy and causality, we may achieve better insight into emerging trends, correlations and 

associations.  

 

We may never fully understand the pathogenesis of  cardiovascular disease in women with SLE 

(causality), but the present work was designed to try and utilise the ‘big data’ available in Swedish 

population registries to determine if  associations might exist between adverse pregnancy outcomes and 

future cardiovascular disease. It is not a perfect study model. But ultimately the objective was to test the 

hypothesis that potential associations might exist, to assist in identifying the women at greatest risk of 

future cardiovascular events. A long-term cohort study over four decades would have been an outlandish 

endeavour for a PhD project and prohibitively expensive to fund! 

 

Before beginning, I would apologise to purists over the use of  data as both a singular and plural noun 

interchangeably throughout the text of  this thesis. Fortunately, the Oxford English language dictionary 

defines it as follows:  

 

In Latin, data is the plural of  datum and, historically and in specialized scientific fields, it is also treated as 

a plural in English, taking a plural verb, as in the data were collected and classified. In modern use, however, 

despite the complaints of  traditionalists, it is often not treated as a plural. Instead, it is treated as a mass noun, 

similar to a word like information, which cannot normally have a plural and which takes a singular verb. 

Sentences such as data was (as well as data were) collected over a number of  years are now widely accepted in 

standard English.  

“ 

” 
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Chapter 1. Introduction 

2 

 

1.1 Introduction to Systemic Lupus Erythematosus (SLE) 

Systemic lupus erythematosus (SLE) is a systemic autoimmune process that disproportionately 

affects women of  childbearing ages, with a sex ratio of  9:1. Fewer than 15% of patients 

diagnosed with SLE are over 50 years of  age. Different ethnicities vary in terms of  their genetic 

susceptibilities and clinical phenotype. (1) International cohort studies have demonstrated that 

people of  African descent, Chinese, Native Americans and Indigenous Australians have a 

higher prevalence of  SLE; people of  African, Chinese or Hispanic origin have higher rates of  

lupus nephritis. (2), (3), (4), (5), (6), (7), (8) 

 

The pathophysiology of  SLE remains unclear.  It likely involves a complex interplay between 

genetic predisposition, sex and hypothalamic-pituitary-adrenal axis. Environmental triggers 

lead to a cascade of  events compounded by defective immune regulatory mechanisms (e.g. 

impaired clearance of  apoptotic cells, formation of  immune complexes, etc.). A loss of  

immune tolerance and an increase in antigenic load, coupled with a shift of  T helper (Th) 1 to 

Th2 immune response leads to B cell hyperactivity and production of  pathogenic 

autoantibodies. Clinical expression of  SLE is probably determined by multiple genes and 

modified by their interaction with the hormonal milieu. (9) 

 

1.2 SLE in New Zealand 

Prevalence of  SLE in the overall New Zealand population is based on data from a cohort from 

1970s-1980s with an overall rate of 18 per 100,000. SLE is more common in Māori and Pacific 

people (50.6 per 100,000) compared to white / Pakeha people (14.6 per 100,000). (10) Rates 

of  complications are also much higher amongst the Māori and Pacific people;  the Māori have 

an 8-fold increased risk of  lupus nephritis, whereas Pacific people have a 3-fold increased risk 

of  lupus nephritis compared to their Pakeha counterparts. (11) More severe disease 

phenotypes, a greater morbidity and mortality along with adverse pregnancy outcomes are 

closely associated with economic deprivation and lower levels of  education. (12) 

 

1.3 Morbidity and mortality in SLE 

In 1976, Professor Murray Urowitz described the bimodal pattern of  death in SLE, where early 
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deaths were attributed to active, poorly controlled disease and infections due to 

immunosuppression.(13) The later deaths were predominantly from cardiovascular causes.  

(Figure 1.1).    

 

Figure 1.1: Bimodal pattern of death in SLE.  

 

Given the improvements made in the management of  disease and its comorbid conditions – 

i.e. the more consistent use of  hydroxychloroquine, reduction in steroid use, increased vigilance 

and early treatment of  infections – the cardiovascular deaths now predominate in patients with 

SLE. (14) 

 

1.4 Cardiovascular events in SLE 

1.4.1. Accelerated cardiovascular events  

The prevalence of  cardiovascular events (CVE) in long-term 

“1.1  SLE cohorts is approximately 10%. (15), (16)  There is a five-fold increase in the risk of premature 

cardiovascular disease as the major cause of  morbidity and mortality in patients with SLE. (15), (13), 

(17) As the survival of  patients with SLE improves with more effective treatment, cardiovascular causes 

are now the main cause of  death. (14), (18) In Europe cardiovascular-related deaths are the most 

common cause of  death in SLE.  (14) A meta-analysis of  12 studies (n=27,210 patients with 4,989 

observed deaths) showed that there was a 3-fold increased risk of  death from cardiovascular causes 

compared to the general population (meta-standardised mortality ratio 2.72, 95% CI 1.83–4.04) with a 
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2.3-fold increased risk of death from ischaemic heart disease and 1.7-fold increased risk of death from 

stroke in patients with SLE compared to the general population. (19) 

 

Large multinational cohort studies of patients with SLE have noted that older, Caucasian males who 

are obese, smoke and have hypertension are the most prone to developing cardiovascular disease. (16) 

Yet classically, it is younger females with SLE devoid of  traditional risk factors (i.e. older age, smoking, 

obesity, dyslipidaemia, diabetes and hypertension) who are at the greatest risk.(17) Hence, traditional 

cardiovascular risk factors do not fully account for the accelerated cardiovascular events in these 

women. (20), (21) Paradoxically, SLE patients with CVE have fewer risk factors and lower Framingham 

risk scores than patients with CVE without SLE. A Canadian cohort demonstrated that the overall 

relative risk of  CVE in patients with SLE was at least seven-fold greater (specifically, 7.9-fold increased 

risk of  stroke and 10.1-fold increased risk of  myocardial infarction) compared with predictions based 

on traditional Framingham risk factors. (20) More recently, the same researchers from Canada are 

proposing the use of a modified Framingham Risk Score – in which each item is multiplied by two – 

to accurately predict the cardiovascular risk in patients with SLE. (22)  

 

1.4.2 Conflicting information on risk factors 

SLE remains a relatively rare condition, and cardiovascular disease develops over several decades; 

therefore, large and very long-term cohorts are necessary to study the clinical outcomes of 

cardiovascular disease and death. The conflicting conclusions drawn from various studies are partly 

due to the heterogeneity in the literature with the use of  various surrogate laboratory or imaging 

markers (i.e. intimal carotid thickening, different lipid profiles, use of  a variety of  biomarkers.), different 

cardiovascular risk models or scores (e.g. the Framingham Risk Scores, Q-scores), and the study designs 

and cohorts included. (23), (24), (25), (26), (18), (27), (28), (29), (30) Moreover, few studies have clinical 

cardiovascular endpoints of  disease and death. Table 1.1 contains a summary of  the findings of  some 

of  the major studies of  SLE with clinical cardiovascular outcomes as endpoints since 1990. (31), (32), 

(33), (17), (25), (20), (34), (35), (36), (37), (38), (39), (40), (41), (42), (43), (44), (16), (45), (46). Many of 

these studies (arranged chronologically) include historical cohorts from the 1970s when medical 

management of  SLE and pregnancies would have differed from our clinical management today. 

However, we considered that it was important to include these cohorts as they provide useful 

information on the impact of  SLE and the development of  CVE over time.  
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Table 1.1: Summary of published studies on cardiovascular outcomes in SLE cohorts between 1990-2016.  
Author Kitagawa Petri McDonald Manzi Svenungsson Esdaile Toloza Freire Bessant Urowitz 

Year published 1990 1992 1992 1997 2001 2001 2004 2006 2006 2007 

Study design Retrospective 
Prospec-

tive 
Case control Retrospective Case control 

Retrospec-
tive 

Longitudinal Retrospective Case control Case control 

Location NA 
Baltimore, 

USA 
Toronto, 
Canada 

Pittsburgh, USA Sweden Canada USA 
(LUMINA cohort) 

Sao Paulo, 
Brazil 

Birmingham & 
London, UK 

Toronto, Canada 

Number of patients 234 229 
10 cases 

1:1 
498 

26 cases 
1:1:1 

263 546 71 
29 cases 

1:1:1 
118 
1:1 

Controls* 
SLE + no 

events 
SLE + no 

events 
SLE, age, 

sex-matched 

(1) SLE + no events 
(n=465); 

(2) Framingham Off-
spring (n=2,208) 

(1) SLE + no events; (2) 
age-matched population 

controls (no SLE) 

SLE + no 
events 

SLE + no 
events 

SLE + no 
events 

SLE+ matched 
for (1) age; (2) 

duration of SLE 

SLE + matched for: gender, 
era at first clinic, reviewed < 
12 months of diagnosis, age, 

duration of follow up 

Outcomes Stroke 
Angina, 

MI &CVD 
PVD Angina, MI AVE 

MI, CCF, 
TIA, stroke 

AVE, vascular 
procedures 

MI, angina, 
stroke 

AVE AVE, sudden death 

Number of out-
comes, n (%) 13 (5.6) 19 (8.3) 10/563 (1.8) 33 (6.63) 26 (100) 44 (16.7) 34 (6.2) 10 (14.1) 29 118/1087 (10.9) 

Females, % 94.4 91.3 90 100 100 89.0 89.7 94.4 NA 81.4 

 TRADITIONAL CARDIOVASCULAR RISK FACTORS 

Male gender O O O NA NA O O O O O 

Older age O ✓ O ✓ *age-matched ✓ ✓ ✓ *age-matched *age-matched 

Hypertension ✓ ✓ O O O ✓ O O ✓ ✓ 

Dyslipidaemia O ✓ O ✓ ✓ ✓ O O ✓ ✓ 
Diabetes O O O O O O O NA NA O 

Smoking  NA O O O O O ✓ O ✓ ✓ 

Obesity NA NA NA NA O NA O O NA NA 
 SLE-RELATED FACTORS 

Longer disease dura-
tion 

O ✓ ✓ ✓ O O ✓ ✓ O O 

Disease activity† NA NA O NA O NA O NA O ✓ 

Steroid-use ‡ O ✓ ✓ ✓ ✓ NA O O O ✓ 
Renal disease ✓ NA ✓ O NA NA NA O O ✓ 
aPL O O O NA ✓ (LA) NA ✓ NA ✓ (LA) ✓ (LA) 

HCQ use 
NA O NA NA O NA O O ✓(only duration 

controls) ✓ 

* if non-SLE controls were included, SLE-related outcomes were compared with patients with SLE only. †Various disease activity scores have been utilised in different studies. ‡ refers to either duration or current doses or cumulative doses 
of steroids.  
Abbreviations: AVE = atherosclerotic vascular events (incl. angina, MI, stroke, PVD), MI = myocardial infarction, PVD = peripheral vascular disease, CVD = cardiovascular death, CCF = congestive cardiac failure, TIA – transient ischaemic attack, 
NA = not available / applicable, aPL = anti-phospholipid antibodies, aCL – anticardiolipin antibodies, LA = lupus anti-coagulant. 



Chapter 1. Introduction 

6 

Table 1.1: Summary of published studies on cardiovascular outcomes in SLE cohorts between 1990-2016. 

Author Mikdashi Goldberg Gustaffson Burgos Bertoli Pons-Estel Haque Urowitz Gustaffson Fernandaz-Nebro 

Year published 2007 2009 2009 2009 2009 2009 2010 2010 2012 2015 

Study design Longitudinal Case control Longitudinal Longitudinal Longitudinal Longitudinal 
Retrospective 
case control 

Observational Prospective 
Nationwide hospital-

based registry 

Location Maryland, USA Toronto, Canada 
Karolinska, 

Sweden 
USA 

(LUMINA) 
USA 

(PROFILE) 
USA 

(LUMINA) 
UK (BILAG + 

BSR) 
International 

Karolinska Insti-
tute, Sweden 

Spain (RELESSER) 

Number of patients 232 241 SLE, 
237 non-SLE controls 182 637 1,333 637 53 cases. 1:2 1,249 208 3,649 

Controls* SLE + no stroke 
SLE + no events; 

non-SLE age-
matched 

SLE + no 
events SLE + no PVD SLE + no event SLE + no event 

SLE; matched for 
SLE duration 

SLE + no events 
follow up > 2 

years 

Non-CVD SLE 
patients SLE + no event 

Outcomes Ischaemic stroke Angina or MI AVE or death 
from AVE PVD 

AVE or inter-
vention 

Angina, MI, 
CCF, CABG 

MI, angina 
AVE, CCF, 

Pacemaker 
CVD AVE 

Number of out-
comes, n(%) 

44 (19) 17 (7.1) of SLE 24 (13) 34 (5.3) 117 (9.8) 43 (6.8) 53 (35.6) 22/615 
20/42* (48% of 
all deaths CVD) 269 (7.4) 

Females, % 90 100 90 90 90.4 89.8 90.6 89.4 89 92.3 

 TRADITIONAL CARDIOVASCULAR RISK FACTORS 

Male gender O NA O O O ü ✓ ✓ O ✓ 
Older age ✓ ü ü O ü ü ✓ ✓ ✓ ✓ 
Hypertension ✓ O O O ü ü ✓ ✓ O ✓ 
Dyslipidaemia ✓ ü ü O NA O ✓ O O ✓ 
Diabetes O O O O NA O NA O NA ✓ 
Smoking  O ü ü O ü ü ✓ ✓ ✓ ✓ 
Obesity O O NA O NA O ✓ ✓ NA NA 

 SLE-RELATED FACTORS 

Longer disease du-
ration 

NA O ü O ü NA NA NA ✓ ✓ 

Disease activity†  ✓ O O O NA O NA O ✓ O 

Steroid-use ‡ ✓ ü O O ü (IV steroids) O O O NA ✓ 

Renal disease O O O ü O ü O O ✓ ✓ 

aPL ✓(aCL) NA ü O O NA O NA ✓ ✓ 

HCQ use NA O O NA O O O O NA ✓ 

* if non-SLE controls were included, SLE-related outcomes were compared with patients with SLE only. †Various disease activity scores have been utilised in different studies. ‡ refers to either duration or current doses or cumulative doses 
of steroids.  
Abbreviations: AVE = atherosclerotic vascular events (incl. angina, MI, stroke, PVD), MI = myocardial infarction, PVD = peripheral vascular disease, CVD = cardiovascular death, CCF = congestive cardiac failure, CABG – coronary artery bypass 
grafting, NA = not available / applicable, aPL = anti-phospholipid antibodies, aCL – anticardiolipin antibodies, LA – lupus anti-coagulant, BILAG – British Isles Lupus Assessment Group; BSR – British Society of Rheumatology. 



Are adverse pregnancy outcomes associated with the accelerated CVE in parous women with SLE?   

7 

 

1.5 Traditional cardiovascular risk factors 

1.5.1 Age 

The prevalence of  cardiovascular disease is much higher in older patients, who are also more likely to 

have the traditional cardiovascular risk factors and cumulative SLE-related damage over time. (34), 

(42), (39), (16) However, the relative risk of  cardiovascular events is greatest in younger women. (17), 

(47) and markers of  atherosclerotic disease are already present and demonstrable on non-invasive 

vascular imaging in paediatric SLE populations. (48)  It is possible that the aetiology of  cardiovascular 

disease seen in younger patients differs from the atherosclerotic process seen in the older cohort who 

are more likely to have traditional vascular risk factors (e.g. hypertension, diabetes, dyslipidaemia, 

etc.) exacerbated by much higher doses of cumulative steroid use, compounded by possible chronic 

kidney disease (CKD) or nephrotic syndrome from SLE. Therefore, what remains unknown are the 

factors driving accelerated vascular damage with resultant clinical manifestations of atherosclerotic 

disease and CVE.  

 

 

1.5.2 Hypertension  

Hypertension is one of  the most consistently reproducible risk factors found in more recent studies of  

CVE in patients with SLE.(46), (45), (49), (16), (42), (37) The prevalence of  hypertension in patients 

with SLE depends on the cohorts studied and is likely to vary according to a number of  factors such 

as the duration of disease, ethnic groups studied, corticosteroid use, presence of renal disease. An 

ascertainment bias is likely as most studies looking at the prevalence of hypertension in SLE cohorts 

either aim to identify risk factors for cardiovascular events or are observational cohort studies of  

patients with lupus nephritis.  

 

In an inception, multinational cohort of  patients with SLE investigating atherosclerotic vascular 

events over an 8-year interval, approximately one third (33.1%) had documented hypertension. (16) 

Population-based studies have found that hypertension is far more prevalent in those with SLE than 

in their age-matched non-SLE controls (25.6% vs. 6.3%). (50) In these patients, hypertension is an 

independent predictor of cardiovascular morbidity and mortality (32), (24), (46) 
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1.5.3 Dyslipidaemia 

In a population-based study utilising general practice registers in the United Kingdom, dyslipidaemia 

has been associated with an 18-fold increased risk of  myocardial infarction in patients with SLE 

compared to the general population.  (51) The prevalence of dyslipidaemia ranges from 36 to 85% in 

various SLE cohorts studied worldwide. (52) About 36% of SLE patients had dyslipidaemia at 

inception (SLICC inception cohort). (53) Hypercholesterolaemia, particularly low high-density 

lipoprotein (HDL) is more common than hypertriglyceridaemia in most of  the SLE cohorts studied. 

(34), (54), (55), (56)  

 

The suppression of  HDL is a well-documented phenomenon in acute inflammatory states and results 

in a more atherogenic lipid profile.(57) The role of pro-inflammatory lipids in the pathogenesis of  

atherosclerosis in inflammatory rheumatic diseases (e.g. oxidised lipids such as oxidised low density 

lipoproteins and pro-inflammatory high density lipoproteins) has been extensively studied but has yet 

to find widespread clinical utility outside the research setting. (58) It is postulated that these pro-in-

flammatory lipid molecules also contribute to disease activity and damage in inflammatory rheumatic 

diseases.(59) Although statins also reduce levels of these pro-inflammatory lipids, unlike the more 

traditional lipid profiles, no specific therapeutic targets have demonstrated an absolute risk reduction 

in CVE in humans. (60) 

  

Hence, it is not surprising that the duration of SLE (particularly if  > 3 years), the use of  prednisolone 

and active disease all increase the incidence of  dyslipidaemia in SLE patients. (55) 

Hydroxychloroquine (HCQ) use is protective and was associated with a reduction in dyslipidaemia – 

total cholesterol (OR 0.22, 95% CI 0.08–0.61) and low density lipoprotein (LDL) levels (OR 0.27, 

95% CI 0.09–0.80). (56) In a population-based cohort study in patients with SLE, statins also reduced 

all-cause mortality (HR 0.67, 95% CI 0.54-0.83). High doses of statin also contributed to a significant 

reduction in coronary artery disease (HR 0.20, 95% CI 0.13-0.31), cerebrovascular disease (HR 0.14, 

95% CI 0.08 -0.25) and mortality from end-stage renal disease (HR 0.22, 95% CI 0.16-0.29). (61)   

  

1.5.4 Diabetes and the metabolic syndrome  

Various definitions of  metabolic syndrome have been described by the National Cholesterol Education 

Program Adult Treatment Panel III (NCEP) and the World Health Organization (WHO).  Most def-

initions include: central obesity, hypertriglyceridaemia, low HDL, high blood pressure: ≥130/85 mm 

Hg or use of medications for high blood pressure, and high fasting glucose ≥110 mg/dl  or 

6.1mmol/l(62) or the presence of insulin resistance or frank diabetes.(63) Metabolic syndrome is more 

prevalent in patients with SLE (~30%), suggesting that there might be a common pathogenic pathway 
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linking inflammation and atherosclerosis.(64), (65) SLE patients who were of  Black or Hispanic eth-

nicity, older, with longer disease duration, low complement C3, renal disease and corticosteroid use 

had a higher prevalence of metabolic syndrome. This has led researchers to conclude that a combina-

tion of disease activity, disease duration, and corticosteroid use predisposed patients with SLE to de-

veloping metabolic syndrome, and not obesity alone. (66), (67) Nevertheless, despite the increased 

cardiovascular risk attached to metabolic syndrome, these patients did not exhibit increased carotid 

plaque when screened for early atherosclerotic disease. (66) 

 

Similarly, the association between diabetes and CVE in patients with SLE is less well established than 

in the general population. Most studies using cardiovascular events as end points have recorded the 

prevalence of  diabetes in their populations as 2.9-16%, and most have failed to demonstrate an 

association between diabetes and an increased risk of  CVE in those with SLE, (31),(32) , (33), (17), 

(47), (20), (34), (37), (39), (16) although the converse appears to be true in more recent studies. (45), 

(46) 

 

Obesity has been noted as a modifiable risk factor in CVE in patients with SLE,(16) and has also been 

associated with increased coronary artery calcification.  (68) A small observational cohort study 

(n=49) showed that being overweight was a significant contributor to atherosclerosis as quantified by 

carotid intimal thickening. (69) 

 

1.5.5 Smoking and other lifestyle contributions to cardiovascular risk  

The contribution made by lifestyle and lifestyle modifications to cardiovascular risk in SLE remains a 

largely unexplored area with little data to form the basis of robust recommendations. The strongest 

evidence relates to smoking, which has been identified as an independent risk factor for cardiovascular 

morbidity and mortality in two prospectively followed up cohorts. (34), (45), (70) Smoking not only 

accelerates atherosclerotic disease but may also induce the production of  anti-phospholipid antibodies 

(aPL) and dsDNA in genetically predisposed individuals. (71), (72), (70), (73), (74), (75) However, one 

of  the studies showed that despite an increased autoantibody production in smokers, a lower disease 

activity level was conversely recorded in those who were currently smoking. (75) The SLICC cohort 

has shown that smoking also increases the risk of  CVE seven-fold in those with newly diagnosed SLE, 

and such CVE may even precede the diagnosis of  SLE.(76)  

 

Exercise is encouraged in patients with SLE not merely for its beneficial metabolic and cardiovascular 

effects but also as a means of reducing fatigue and physical disability whilst improving overall quality 

of  life. (77), (78), (74) However, there is very limited evidence for the use of  exercise as a means for 
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reducing CVE in patients with SLE though an observational study has estimated that close to 80% of 

patients with SLE could have benefitted from exercise – both from a risk reduction for cardiovascular 

disease and an improvement in functional outcomes in those with chronic pain and fatigue . (27) The 

same study also estimated that dietary changes could have led to an improvement in more than half  

of  the cohort (55.8%). (27) 

 

Several observational studies have looked at various vitamin supplements and macronutrients as a 

means of  improving outcomes in SLE. In the past, Vitamin D has been associated with a reduced risk 

of  flares of  SLE. (79), (80), (81) However, a recent observational study of 111 patients over a 2-year 

interval found that Vitamin D was associated with a 2-3-fold increased need for glucocorticoids, 

whereas dietary beta-carotene, Vitamin B6, certain fatty acids and a moderate alcohol intake were 

inversely associated with glucocorticoid use in patients with SLE. (82)  Dietary macronutrients such 

as riboflavin, phosphorus, selenium and thiamine have been inversely associated with increased left-

sided carotid intimal thickening in SLE patients but not in controls.  (83) 

 

 

1.6 SLE-specific risk factors 
Multinational studies have been inconsistent in their findings when attempting to identify SLE-related 

disease factors, traditional and non-traditional cardiovascular risk factors to account for the excess 

cardiovascular morbidity and mortality seen in women with SLE. (16), (45), (30) It is possible that  

SLE-specific risk factors (such as disease activity or chronic inflammation, end-organ damage from 

SLE, renal involvement from SLE, use of certain immunosuppressants, steroid use and concurrent 

antiphospholipid syndrome) may make a more significant contribution to the development of 

cardiovascular disease than traditional cardiovascular risk factors. (39), (84)  

 

1.6.1 SLE disease activity, disease duration and damage  

SLE disease activity was not assessed in many of  the studies looking at cardiovascular outcomes; the 

limited studies that factored in SLE disease activity as a potential confounder have been inconsistent 

in their findings. The majority of  the studies concluded that SLE activity had no effect on the 

development of CVE (33), (25), (34), (36), (39), (40), (41), (43), (16), (46) with the exception of three 

studies (37), (38), (45).  The reason for these conflicting results could be an evolution in the scoring 

systems used which have included Lupus Activity Criteria(33), Systemic Lupus Activity Measure  

(SLAM) (25), (34), (40), (45), (45), British Isles Lupus Assessment Group (BILAG) (36),  Systemic 

Lupus Erythematosus Disease Activity Index (SLEDAI) (39), (38),  SLEDAI-2K (16), (37) , Systemic 

Lupus Activity Measure – Revised (SLAM-R) (41), (43), Safety of  Estrogens in Lupus National 
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Assessment - Systemic Lupus Erythematosus Disease Activity Index (SELENA-SLEDAI) (46). 

Additionally, these scoring systems were applied at various intervals; many were implemented at 

baseline (either at diagnosis or on recruitment to the study), others were used at fixed time intervals 

during clinical assessments, and occasionally median scores over the entire study interval were 

calculated.  

 

Damage accrued from SLE was not consistently assessed in studies targeted at cardiovascular 

outcomes, though it tends to correlate with disease duration that is frequently well captured and 

reported in studies. Age remains very closely associated with CVE, therefore it would seem that 

disease duration is likely to play a role. In studies on cardiovascular end points, just over half  showed 

an association between longer disease duration and the development of  CVE. (32), (33), (17), (34), 

(35), (40), (42), (45), (46). These findings would be in keeping with Urowitz’s seminal paper on the 

bimodal distribution of  death in SLE patients where later deaths were predominantly from 

cardiovascular causes. (13) It is possible that some studies did not show an association between disease 

duration and the development of CVE because the study interval was insufficient to allow the 

development of  CVE, while other studies were of  age-matched case-control design. (31), (25), (20), 

(36), (37), (39), (41) The data on the contribution of  aPL to end-organ damage remains controversial; 

two observational studies demonstrated an association with chronic disease damage but another larger 

study did not confirm this association. (85), (86), (87) The researchers were not able to link aPL and 

increased end organ damage to premature cardiovascular death. (85) 

 

CT imaging looking at coronary calcification has shown that age, obesity and diabetes were more 

important predictors for coronary calcium compared to inflammatory markers and other markers of  

SLE activity. (68) 

 

1.6.2 Lupus nephritis 

The prevalence of  lupus nephritis is dependent on the ethnicity studied(88); prevalence is much higher 

in ethnic Chinese, Hispanics, Pacific people, Māori and African patients and lowest among Caucasian 

patients.(89) One of the strongest predictors of  renal involvement in SLE is hypertension, although 

other factors, including socioeconomic factors and lack of  social support, potentially play a role. (88) 

Women with lupus nephritis are more likely to develop pre-eclampsia and other features of maternal-

placental syndrome in pregnancy. (90) In the general population, there is a well-established association 

of  chronic kidney disease (CKD) and the presence of albuminuria with long-term cardiovascular 

morbidity and mortality that occurs independently of  each other and hypertension.(91) The data on 

renal disease and CVE are less clear. Studies prior to 2005 on cardiovascular outcomes did not 
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consistently account for renal dysfunction as a possible confounder for CVE, and later studies have 

produced conflicting results with a large number apparently showing no association of renal disease 

with CVE. (17), (35), (36), (39), (40), (42), (44), (16) However, more recent studies, including a large 

prospective study over a 12-year interval has shown a 3-fold increased risk of  cardiovascular mortality 

(Hazard ratio 3.0; 95% CI 1.2-7.9) in those with lupus nephritis. (45) A Spanish population-based 

registry of 3,658 patients has also shown that 45.2% of patients with renal involvement had CVE as 

opposed to 32.8% (p<0.001) without.(46)  Hence, it appears plausible that, as in the normal 

population, the presence of  renal disease and albuminuria plays a role in the development of  CVE in 

patients with SLE.  

  

1.6.3 Secondary antiphospholipid syndrome  

Up to 30% of  patients with SLE have anti-phospholipid antibodies (aPL) and many have 

antiphospholipid syndrome (APS) as well. Not all patients with aPL should be labelled as having 

secondary APS; aPL are common, and often transient – can be induced by a variety of  factors – and 

do not necessarily result in clinical disease.(92)  

 

Hence, attribution of  accelerated atherosclerotic events to aPL remains controversial.  Early studies 

appeared to indicate that patients were more likely to develop myocardial infarctions when aPL were 

present - and particularly if  lupus anticoagulant was also present - despite the absence of subclinical 

atherosclerosis (e.g. carotid intimal medial thickening, presence of  carotid plaque, high coronary 

calcium scores). (93), (34) However, much larger cohorts have subsequently not found any association 

between aPL and atherosclerosis. (94), (95), (96) Moreover, in vitro studies have failed to demonstrate 

endothelial perturbation where aPL was postulated as the causative mechanism for the vasculopathy 

seen in patients with APS. (97)  

 

APS is associated with adverse pregnancy outcomes, in particular, late-pregnancy complications from 

placental insufficiency or maternal-placental syndrome (MPS) – which are part of the classification 

criteria for APS. (98) Women with SLE who have prior thrombosis have a 32-50% rate of  pre-

eclampsia.(99) In fact, women who have early onset pre-eclampsia (usually defined as < 34 weeks’ 

gestation) or severe fetal growth restriction are recommended to be tested for anti-phospholipid 

antibodies.(100) Nevertheless, aPL in isolation have not been linked to adverse pregnancy outcomes. 

(101) This association between adverse pregnancy outcomes as a result of MPS and CVE will be 

explored later in this chapter.  
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1.6.4 Hydroxychloroquine, steroid and non-steroidal anti-inflammatory use 

Hydroxychloroquine (HCQ) confers survival benefit on patients with SLE and recent improvements 

in survival have largely been attributed to increased prescribing of  HCQ in these cohorts. (102) HCQ 

has manifold cardioprotective effects: amongst those currently known are its anti-thrombotic effects 

with reduction in platelet activation,(103) improvement in the lipoprotein profile (104), improvement 

of  glycaemic control via improved insulin secretion and sensitisation(105). Hence, HCQ is now being 

touted as a possible drug for coronary artery disease. (106) Despite its apparent in vivo and in vitro 

effects, the beneficial effect of  HCQ on cardiovascular endpoints in patients with SLE has been 

demonstrated in only three studies. (36), (37), (46) 

 

More recently, the effect of  HCQ on aPL has gained more attention. The effects of  aPL on 

trophoblasts and early pregnancy losses have been explored extensively. aPL target the placenta by 

binding to β2-glycoprotein I (β2 GPI) on the trophoblast. aPL decrease cellular fusion and β-hCG 

secretion in animal models; therefore, the blockade of  toll-like receptor 4 (TLR4) antibodies – one of  

the postulated therapeutic pathways of  HCQ – would likely have a beneficial effect. (107) In in vitro 

studies on human trophoblasts, β2 GPI aPL increase proinflammatory cytokines (IL8 and IL1β) 

through the activation of  TLR4. (108) Other effects include inhibition of  trophoblast migration, 

decrease of  IL-6 production and dysregulation of trophoblast angiogenic factors. (109)  Murine 

models of obstetric APS have demonstrated a protective effect of  HCQ on the placenta and fetal 

brain.(110) HCQ also reversed aPL-inhibition of IL-6 and partially limited aPL-inhibition of cell 

migration.(111)  Its effect on tumour necrosis factor-α (TNF-α) may improve endothelial function 

leading to a reduction in placental insufficiency. This effect has been demonstrated in vivo in a small 

study of  10 non-SLE patients where HCQ-treated patients had more branching and a greater mean 

tube length of neo-capillaries in the placenta.(112)  

 

However, in a clinically diverse cohort of aPL positive, APS and SLE patients, the small group treated 

with HCQ (n=31) did not show a reduction in spontaneous miscarriages < 10 weeks gestation or 

placentally-mediated complications such as pre-eclampsia, placental abruption and intrauterine 

growth restriction. (113) In another observational study of  women with obstetric APS (n=20) the 

addition of  HCQ was associated with a reduction in pregnancy losses to 19% (from 81% rate of  

pregnancy loss).(114) As in the previous study, HCQ did not have a beneficial effect on all other 

placentally-mediated adverse outcomes.   

 

Conversely, corticosteroids –  a mainstay in the treatment of  active SLE – are well-known to adversely 

affect the metabolic profile and increase cardiovascular risk.(115) The use of  corticosteroids to treat 

SLE, particularly at high doses for prolonged periods when there is major organ involvement (i.e. 
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lupus nephritis or neuropsychiatric lupus), could be one reason why some patients have early CVE. 

Most studies looking at CV outcomes quantified steroid use in different ways; some studies focused 

on cumulative doses, others on steroid-use at baseline, while others collected data on any steroid use 

ever. (Table 1) Hence it is not surprising that conflicting results have been obtained concerning the 

effect of  steroid use on CV outcomes. Nevertheless, the data linking corticosteroids with adverse 

cardiovascular outcomes are indisputable, and international guidelines have recommended limiting 

their use to clinically appropriate situations. (116) 

 

In the general population, non-steroidal anti-inflammatory drugs (NSAIDs) – both selective and non-

selective – have been linked to increased adverse major vascular events and cardiovascular mortality. 

(117) Inhibition of  cyclo-oxygenase (COX) pathways by NSAIDs and COX-2 inhibitors promotes 

platelet aggregation, proliferation of  vascular endothelial smooth muscle cells, vasoconstriction 

leading to increased blood pressure, accelerated atherosclerosis and thrombosis. (118) Most studies on 

the CV effects of  NSAIDs have been in patients with rheumatoid arthritis (RA) who tend to be older 

and have more cardiovascular risk factors. One study which attempted to assess whether age was a 

possible confounder for the effect of  NSAIDs on CV risk by comparing CVE in patients with RA and 

osteoarthritis did not confirm the study hypothesis. (119) At present, despite widespread use of  both 

selective and non-selective COX inhibitors in SLE patients, there are no published studies exploring 

links between the two.  

 

 

 

 

1.6.5 Newer therapeutic agents 

More recent studies looking at potent immunosuppression, particularly with anti-tumour necrosis 

factors (TNF) use, have shown a reduction in cardiovascular risk, particularly in early responders 

(within six months of  commencing therapy) in patients with RA.(120), (121) Unfortunately, anti-TNF 

agents are not used in the treatment of  SLE and currently there are no data on cardiovascular disease 

and the use of  B-cell inhibitors.  

 

Nevertheless, these studies raise an interesting point regarding the amelioration of  inflammation and 

accelerated vascular events. Vascular inflammation from active SLE might possibly act synergistically 

with traditional cardiovascular risk factors and other metabolic factors in accelerating the development 

of  CVE. Might early disease control with potent immunosuppression lead to a subsequent reduction 

in inflammation and thereby improve long term cardiovascular morbidity and mortality in patients 

with chronic inflammatory disease, including SLE?  
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1.7 The role of gender    
Although older males with SLE display a high prevalence of  cardiovascular disease and traditional 

cardiovascular risk factors, it is young females who are at greatest relative risk.(16) The striking gender-

bias for premature CVE was highlighted in Manzi’s 1997 paper demonstrating an astounding 52-fold 

increase in rate ratio (RR 52.4; 95% CI 21.6–98.5) of  CVE in females with SLE aged between 35-44 

years compared with an age-matched Framingham cohort. (17) Using data from the Nationwide 

Inpatient Sample (the largest all-payer inpatient care database in the US) matched for gender and 

ethnicity, researchers found the mean age of  CVE requiring hospitalisation in women with SLE was 

10.5 years younger compared to controls with CVE without SLE. (28) Various studies have reported 

that the risk of  acute coronary syndrome in patients with SLE is 2-10-fold higher than in the general 

population, with women < 45 at highest risk. (14), (18), (19), (122), (16), (20), (17)  The coronary 

artery calcium score is also higher in women with SLE between the ages of 45-54 years compared to 

controls, even after adjusting for traditional cardiovascular risk factors.(123)  

 

1.7.1 Why does gender bias exist? 

Contribution of  each risk factor is different in women 

Traditional cardiovascular risk factors (e.g. smoking) may contribute to the greater cardiovascular risk 

observed in women compared to men. One large meta-analysis showed that women smokers had a 

25% greater risk of  a coronary event compared to males.(124) Similarly, the association between 

metabolic syndrome and cardiovascular risk also appears to be more pronounced  in women. (125)  

 

Different investigative approaches 

The effect of gender could also impact investigations into vascular disease.  Young women with 

vascular disease often present atypically – a prime example is the absence of angina and false-negative 

exercise tolerance testing in younger women with coronary artery disease. (126)  

 

Drugs may be less effective in women 

There is a preponderance of  men enrolled in cardiovascular drug trials, so therapeutic interventions 

of  proven benefit in men may be less effective in women. Aspirin, classically effective in the primary 

prevention of  cardiovascular disease in males, had a non-significant relative risk reduction (relative 

risk 0.91; 955 CI 0.80-1.03; p=0.13) in preventing coronary artery disease in women.(127) Statins are 

also less effective in women.(128) Hence, aspirin and statins targeted at primary prevention should not 

be started in young women since they are not without side effects  (129), (130), (131)  
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1.7.2 Women with CVE suffer greater morbidity and mortality 

Data on 30-day survival in patients with acute coronary syndrome (ACS) showed a nearly two-fold 

increase in mortality in women (odds ratio 1.91; 95% CI 1.83-2.00) compared to men.(132) Women 

also had higher in-hospital mortality following percutaneous intervention for coronary artery disease 

(13.7% vs. 7.2%, p=0.001); this gender difference did not persist once adjusted for age, shock, diabetes 

and TIMI  (Thrombosis In Myocardial Infarction) Grade Flow using multivariate analysis (OR 1.25; 

95% CI 0.75 – 2.09; p=0.40). (133) Nevertheless, gender-based differences in early mortality post-

myocardial infarction rates vary according to age, the mortality rate in women < 50 years being twice 

that of  men of the same age. (134) Hence, the younger the women the higher the risk of early mortality 

following myocardial infarction compared to men of the same age. This trend of increased mortality 

in women < 60 years following myocardial infarction similarly persisted after the 2-year follow-up 

interval. The 2-year mortality hazard in women compared to men was 1.42 at < 40 years, 1.23 at 50 

years and 1.07 at 60 years of  age. These findings persisted even after adjustment for demographic 

characteristics and medical history. Hence, for every 10-year decrease in age the hazard of death for 

women rose by 15.4 % (CI 4.3% - 27.6%).  (135) 

 

Thus, given the relative paucity of identifiable cardiovascular risk factors, atypical presentation of  

acute coronary syndrome, poor predictive values of  common investigations, the ineffectiveness of the 

commonest drugs for primary prevention of cardiovascular disease to justify commencing these drugs 

as primary prevention in women, and evidence that the greatest risk of short-term mortality and at 2-

year follow up occurs in young women (compared to age-matched males), there is an increasing need 

to identify the underlying pathophysiological mechanisms in this cohort, particularly in the highest 

risk group of young women with SLE.(136), (21) If  high-risk sub-groups of women could be identified 

and the underlying pathophysiological mechanisms understood, then the utility of  intensive screening 

for vascular disease (e.g. with CT coronary calcium scoring, carotid Doppler examinations, etc.) and 

targeted primary prevention (e.g. use of  high dose statins to treat vascular inflammation, aggressive 

disease management, etc.)  could be investigated.   
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1.8 The association between maternal-placental syndrome and 
cardiovascular events in the general population 

1.8.1 The role of the placenta in future cardiovascular disease  

The placenta plays an important role in future health – both for mother and fetus.(137) An increasing 

number of  chronic illnesses – especially those associated with metabolic syndrome and cardiovascular 

disease - are linked to placental dysfunction.(138) Hence, pregnancy is often deemed ‘the stress test’ 

for women since it unmasks a variety of vascular and metabolic abnormalities - e.g. gestational 

diabetes and pregnancy-induced hypertension – that may re-emerge later in life as type 2 diabetes and 

hypertension. (139) Placental insufficiency with resultant ischaemia may manifest as pre-eclampsia, 

fetal growth restriction (FGR) with resultant small-for-gestational age (SGA) infants, placental 

abruption and stillbirth, collectively known as maternal placental syndrome (MPS). These features are 

not exclusive to MPS and can occur with other non-placental pathologies, but the end result is often a 

preterm delivery. The maternal and fetal manifestations of  placental insufficiency during pregnancy 

and the peripartum interval are summarised in Figure 1.2. 

 

 

A large meta-analysis between 1960-2006 of  over 3 million pregnancies has shown that pre-eclampsia 

is linked with a nearly 4-fold increased risk of  hypertension, and a 2-fold increased risk of  stroke and 

ischaemic heart disease occurring approximately a decade after the affected pregnancy.(140) SGA is 

associated with a 1.4-fold increased risk of  cardiovascular events, the risk increasing as the duration 

of  gestation decreases. (141) A Canadian population-based study – Cardiovascular Health After 

Maternal-Placental Syndrome (CHAMPS) study – demonstrated that the risk of cardiovascular 

disease was highest amongst those who had stillbirth (hazard ratio 4.4, 95% confidence interval 2.4-

7.9) which likely reflects the most severe placental disease. (142) 
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Figure 1.2: Clinical manifestations of placental dysfunction or maternal-placental syndrome (MPS) 
during pregnancy or the peripartum interval.  

1.8.2 Possible pathophysiology 

The placenta is a richly vascular organ; therefore, it is most likely to exhibit the very earliest signs of 

vascular compromise – most likely in the form of placental insufficiency. Two hypotheses link MPS 

with future CVE.  Firstly, pre-existing vascular dysfunction may predispose women to abnormal 

placentation during pregnancy and this represents a link between placental insufficiency and the 

development of vascular disease later in life. (143),(144) Norwegian studies looking at pre-existing 

cardiovascular risk factors in women who subsequently had pre-eclampsia in pregnancy have 

demonstrated that a greater proportion of these women had pre-existing dyslipidaemia and 

hypertension.(145) Such women also tend to have shorter gestations.(146)  

 

Secondly, endothelial damage resulting from circulating anti-angiogenic factors after a pregnancy 

complicated by pre-eclampsia may be a predisposing factor for future vascular disease. Anti-

angiogenic factors, such as soluble fms-like tyrosine kinase-1 (sFlt-1) and soluble endoglin (sEng), are 

released from an ischemic placenta and inhibit both vascular endothelial growth factor (VEGF) and 

placental growth factor (PlGF), interfere with nitric oxide–mediated vasodilatation, and give rise to 

Placental ischaemia with 
resultant insufficiency 

Maternal effects Fetal effects 

Hepatic dys-
function 

Renal dys-
function 

Hypertension Haematologic 
dysfunction 

Neurological 
dysfunction 

Fetal growth 
restriction* ‡ 

Fetal demise 
or stillbirth ‡ 

Placental  
abruption‡ 

Stroke, hyperreflexia 
and clonus, severe 

headache, persistent 
visual scotoma, transi-
ent blindness, altered 
mental state, eclamp-

tic seizures. 

Thrombocyto-
paenia, hae-
molysis, dis-

seminated in-
travascular co-

agulopathy. 
 

Raised creati-
nine 

≥90µmol/L, 
renal failure 
and pulmo-

nary oedema 
 

Hepatic 
rupture 

Not all clinical features listed have to occur concurrently to be deemed placental insufficiency; nor are all the 
features exclusively attributed to placental insufficiency.  
* The effects of fetal growth restriction are more prominent in those who develop pre-eclampsia earlier in 
pregnancy. In term pre-eclampsia, the fetus has achieved its growth potential, therefore the effects of placental 
insufficiency from pre-eclampsia in fetal growth are less prominent.  
‡ Can occur independently of placental insufficiency.  
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maternal endothelial dysfunction and the features of MPS. (147), (148), (149), (150) Placental 

microparticles or syncytiotrophoblast microparticles, pro-inflammatory molecules that are detectable 

in maternal circulation from the second trimester onwards, and increase towards term and peak at 

delivery, and are pathologically elevated in women with pre-eclampsia and placental 

insufficiency.(150), (151), (152), (153) The large volume of trophoblast debris that occurs in pre-

eclampsia is hypothesised to be generated by necrotic rather than apoptotic cell death, and its clearance 

could involve phagocytosing endothelial cells and result in the activation of the maternal endothelium. 

(154), (155) Furthermore, aPL increases the release of necrotic trophoblast debris from placental 

syncytiotrophoblasts further compounding the endothelial activation seen in women with SLE and 

secondary APS. (156) These placental syncytiotrophoblast microparticles also increase neutrophil 

extracellular traps (NET) which are more common in pregnancies of women with SLE and secondary 

APS that are complicated by pre-eclampsia. (157)  

 

During delivery, at the time of separation of the placenta, further shedding of cellular debris occurs – 

placental syncytiotrophoblast microparticles,  sFlt-1 and PlGF etc. are dumped into the maternal 

circulation.(158) The release of such cellular debris not only worsens pre-eclampsia in the post-partum 

interval, but might also result in further damage to the systemic maternal endothelium.  (158) (Figure 

1.3) 
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Figure 1.3: How placental insufficiency may lead to damage of the maternal endothelium and cause 
long term cardiovascular morbidity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.8.3 How common are MPS-type complications in SLE pregnancies?  

Women with SLE have an increased risk of  adverse pregnancy outcomes, and many of  these 

complications are features of MPS. (159) Up to a quarter of  women with SLE develop pre-eclampsia 

or eclampsia, and 20-31% have preterm delivery. (160), (161), (162) Fetal growth restriction rates range 

from 5-23% in women with SLE. (162), (163) (Table 1.2) Swedish SLE population registries also show 

a much higher rate of placental abruption and intrauterine death in women with SLE.(164) Flares of  

SLE are associated with worse obstetric outcomes. (165)  

 

Hypoxic environment leading to 
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Legend:  
sFlt-1 – soluble 
fms-like tyrosine 
kinase-1; sEng – 
soluble endoglin; 
TNF – tumour ne-
crosis factor; IL – 
interleukin; IFN – 
interferon. 
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Table 1.2: Adverse pregnancy outcomes in women with SLE compared to the general pop-
ulation.  

 SLE General population⁑ 

Pre-eclampsia (%) 22.5-25 ≤4.0 (166), (167) 

Fetal growth restriction or small-for-
gestational-age (SGA) infants† (%) 

5-23 5-10% (168) 

Placental abruption (%) 1.0* 0.003-0.01(169) 

Intrauterine death / stillbirth (%) 2.3* 0.4(170) 

Preterm delivery ‡ (%)  20-31 4.3-8.7 (171) 

* Data from Swedish population registry.  † The more widely adopted definition for SGA is 
an estimated weight below the 10th percentile for gestational age or weight that is less than 
two SD below the anticipated value for the gestational age. ‡ defined as deliveries < 37 
weeks’ gestation.  Numbers were specific for singleton pregnancies. ⁑Statistics in the gen-
eral population were derived predominantly from UK, Europe and USA.  

 

Early studies in pregnant women with SLE have demonstrated high circulating levels of sFlt-1. (172) 

As in the general population, higher circulating levels of  sFlt-1 and sEng, lower PlGF, and a high sFlt-

1/PlGF ratio assist in the prediction of  pre-eclampsia in SLE pregnancies. (173) In the multi-centre 

Predictors of Pregnancy Outcome: Biomarkers in APL Syndrome and SLE (PROMISSE) study, low 

sFlt-1 levels <1872 pg/mL and elevated PlGF levels >70.3 pg/mL had a high negative predictive value 

in women with SLE, <5% of  the cohort developing adverse pregnancy outcomes.(174)  

 

Since women with SLE often have pregnancies complicated by MPS and similar damaging circulating 

anti-angiogenic factors, it is possible that the high prevalence of premature cardiovascular morbidity 

and mortality seen in young women without traditional cardiovascular risk factors might be associated 

with MPS in pregnancy. 
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1.9 Possible hypothesis and future directions in research 
Conflicting results have emerged from various studies attempting to uncover risk factors for clinical 

cardiovascular outcomes and potential markers of  cardiovascular disease in SLE cohorts. These may 

not merely reflect diverse cohorts, different scoring systems, outcomes and variables studied, but may 

also be due to the pathophysiologically complex process. The CVE seen in SLE cohorts is likely 

multifactorial; it could be a result of underlying active disease or vasculitis, or the more insidious 

atherosclerotic process or, even more likely, a combination of  the two. Hence, to date, we do not have 

a single scoring system that accurately predicts which groups are at greatest risk and which patients 

would derive the most benefit from early screening and primary prevention. Based on the currently 

available published literature, even screening methods are controversial; modalities that may detect 

early atherosclerotic processes may be less effective in identifying vasculitis or vascular inflammation 

accelerating clinical cardiovascular events or atherosclerotic processes. Therefore, the pursuit of  the 

'holy grail' of a single screening test or specific imaging modality to predict vascular disease in all SLE 

patients does not seem to be on the immediate horizon.  

 

Nevertheless, what remains undeniable is that young women with SLE are at high risk of  developing 

premature cardiovascular events. And complications of pregnancy which are more common in 

women with SLE are very likely to closely associated in the pathogenesis of  cardiovascular disease.  

 

Hence, the hypothesis is that pregnancy complications related to MPS play a role in accelerating CVE 

in parous women with SLE. Moreover, preterm delivery that is closely associated with pregnancy 

complications might be a useful surrogate marker for the development of  CVE in this group.  

 

Accordingly, future research should focus on this at-risk cohort and various adverse pregnancy 

outcomes. The use of large population registries may help identify the group at greatest risk, and the 

cohort followed up longitudinally over decades may help determine when CVE develops. 

Collaboration with cardiologists, obstetricians, obstetric physicians and rheumatologists might help 

broaden our limited understanding of this complex process with ultimately lethal complication of  

SLE.   
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2. Methods 
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2.1 Study design 
This is a population-based prospective cohort study utilising Swedish population registries. 

 

2.2 Ethical approval  
Ethical approval and access to Swedish population-based registries was granted by the Regional Board 

of  Ethics in Stockholm PROTOKOLL 2012/3:2. Access was granted to five population-based 

registries between 01/10/1964 to 31/12/2010. (Figure 2.1) 

 

 

2.3 Study population 
Women with SLE were identified from the National Patient Register (NPR) and Hospital-based 

Outpatient Care Register and subsequently linked using a personal identity number (PIN) to the 

Swedish Medical Birth Register (MBR) and Cause of  Death Register to obtain information on 

pregnancies and cause of  death during the period of study. (175) All data had been anonymised and 

the final databases did not contain any patient-identifying data. 

 

Since the premise of  this study revolves around pregnancy and its outcomes, the study interval was 

restricted to years in which the MBR was in operation.  Data were also included for those women 

diagnosed with SLE prior to 1973 if  their delivery was recorded in the MBR.  

Death Register 2012, 
n=118 (0.9%) 

Medical Birth Register (MBR) 1973 – 2010, 7,410 deliveries in 
n= 3,977 women 

NPR: Outpatients 2001 – 2010, 85,790 
visits, n=6,887 women 

    National patient register (NPR): Inpatient registry 1964 - 
2010 with 112,474 admissions in n=10,050 women 

01/01/1973 
Start of the study 

01/01/2011 
End of study 

1964-1973 
n=178 

Figure 2.1: The five population-based registries from Sweden.  
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2.4 Swedish population registries 

2.4.1 National Patient Register 

Since the 1960’s the National Patient Register (NPR) has been collecting information on all inpatients 

at public hospitals in Sweden. Compulsory reporting of all inpatient admissions was established in 

1987 and more than 99% of  all hospital discharges are currently included in the NPR. (176) Main and 

secondary diagnoses made during each admission were coded using the Swedish international 

classification of  disease (ICD) system based on the World Health Organisation ICD classification. 

(177), (176) All surgical procedures were coded using the Swedish version of  the NOMESCO 

classification of surgical procedures.(176) The ICD codes used during the study period ranged from 

ICD 8 to ICD 10. 

 

Over the 38-year interval in which data were collected, there was a gradated change in ICD codes used 

in the population registries. (Table 2.1) There is a slight overlap in the years the ICD codes were 

initially introduced. The necessary ICD codes were identified in the linked registries for the time 

intervals specified.  

 

Table 2.1: ICD codes and the years they were used 

ICD Years (and overlap years) Appearance of codes 

10 1997 onwards Alphabet + 3 digits, no decimal spaces 

9 1987-1997 3 digits + alphabet(s) 

8 1967-1986 
3 digits + 2 decimal spaces 

or 5 digits (in MBR dataset only) 

7 Before 1967 3 digits + 1 decimal space 

 

The recordings of  diagnostic codes are well validated: specific examples include greater than >90% 

positive predictive value (PPV) for coronary artery disease and > 85% PPV for rheumatoid arthritis.  

(176) Cases with missing main diagnosis concern/relate to around 1% (highest for those in psychiatric 

care at 5%). Constant quality control checks are in place for validation of  the submitted data, 

particularly PIN, main diagnosis and hospital. If  the data are found to be incorrect, exceeding a certain 

threshold, then fresh data are requested.(178)  

 (http://www.socialstyrelsen.se/register/halsodataregister/patientregistret/inenglish) 
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Other data collected on the NPR include length of  admissions, planned / unplanned admission, 

personal data and geographical data. A full list of  variables from the NPR is in Appendix 2.1.  

 

From 2001 onwards, the NPR included data on outpatient visits, day surgery and psychiatric care 

from both public and private healthcare providers. These data remain incomplete; as of  2012, only 

80% of  all outpatient attendees were recorded. (176)  Primary care records are not included in the 

NPR. Healthcare in Sweden remains largely tax-payer funded and managed by local or county 

councils.(179)  

 

2.4.2 The Medical Birth Register  

The Medical Birth Register (MBR) was established in 1973 and is a compulsory reporting system for 

all deliveries in Sweden.(180) It includes data on 97.0-99.5% of  all deliveries beyond 22+0 weeks in 

Sweden. (181) Since its inception there has been a gradual increase in data variables collected. Between 

1973 - 2008, only livebirths after 22+0 weeks’ gestation and stillbirths after 28+0 weeks’ gestation at birth 

were recorded. However, after 2008, even stillbirths after 22+0 weeks’ gestation were also 

included.(182) Information available on MBR includes pre-existing maternal medical conditions, 

additional medical diagnoses made during pregnancy, information on delivery – mode, anaesthesia / 

analgesia used, fetal presentation, perinatal data including length of  gestation, Apgar scores, etc.  A 

full list of variables in MBR is given in Appendix 2.3. Summary statistics on some of the key variables 

in women with SLE are listed on Table 2.2.  Data on maternal height, weight, marital status and 

nicotine use were available from 1982 onwards. (141) The data quality and completeness are regularly 

evaluated by the Swedish National Board of  Health (http://www.sos.se).  

Table 2.2: Summary statistics on some key variables available in the MBR 

Number of pregnancies, n  7,410 

Number of women, n  3,977 

Median age, years (IQR) 27 (23-30) 

Maternal birth year range for 1st recorded pregnancy, n 
(%) 

<1950 

1950-1959 

1960-1969 

>1970 

 

   893 (22.5) 

1,205 (30.3) 

1,046 (26.3) 

   833 (21.0) 

Parity, n (IQR) 2 (1-2) 
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Maternal country of birth, n (%) * Sweden  3,495 (87.9) 

Maternal SLE recorded in MBR, n (%) 2,474 (33.4) 

Maternal smoking 

Not available  

Non-smoker in pregnancy 

Smoker in pregnancy 

 

2,739 (37.0) 

3,578 (48.3) 

1,093 (14.7) 

Data available on maternal height, n (%) 4,231  (57.1) 

Data available on maternal weight at booking, n (%) 3,776 (51.0) 

Data available on maternal weight at delivery, n (%) 2,426 (32.7) 

Marital status 

Not available 

Unmarried 

Married 

Divorced  

 

5,323 (71.8) 

750 (10.1) 

1,296 (17.5) 

41 (0.6) 

Artificial reproductive therapy use, n (%) 65 (0.9) 

Singleton pregnancy, n (%) 7,220 (97.4) 

History of MPS in any pregnancy, n (%) 1,774 (23.9) 

Hypertensive disorders in any pregnancy, n (%) 772 (10.4) 

Small-for-gestational-age in any pregnancy, n (%) 1,056 (14.3) 

Stillbirth in any pregnancy, n (%) 250 (3.4) 

Placental abruption in any pregnancy, n (%) 81 (1.1) 

Maternal gestational diabetes, n (%) 501 (6.8) 

Data available on length of gestation, n (%) 

Median gestation, days (IQR) 

7383 (99.6) 

277 (268-285) 

Data available on birth weight, n (%) 

Median birth weight, g (IQR) 

7,328 (99.6) 

3340 (2920-3720) 

Data available on weight of the placenta, n (%) 1,325 (17.9) 

Gender of neonate, female (%) : male (%) 3,887 (52.5):3523 
(47.5) 

Data available on Apgar at 1 minute, n (%) 

Median Apgar (IQR) 

7,248 (97.8) 

9 (9-10) 

Data available on Apgar at 5 minutes, n (%) 

Median Apgar (IQR) 

6,739 (90.4) 

10 (9-10) 
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Data available on Apgar at 10 minutes, n (%) 

Median Apgar (IQR) 

4,336 (58.5) 

10 (10-10) 

Small-for-gestational-age (SGA), n (%) 596 (8.0) 

Large-for-gestational-age, n (%) 182 (2.5) 

Non-survival at one month, n (%) 42 (0.6) 

* A full list of the country of origins can be obtained in Appendix 2.4 

 

2.4.3 The Cause of Death Register 

The Cause of  Death Register contains information on all deaths of Swedish nationals, irrespective of  

whether the death occurred in Sweden or elsewhere, from 1961 onwards. This register does not include 

data relating to visitors, asylum seekers, individuals who have yet to obtain residence permits or those 

who are no longer registered in Sweden (http://www.socialstyrelsen.se/statistics). It records 99.7% of  

all deaths in Sweden and has been linked to the NPR since 1995. Validation studies for the main cause 

of  death recorded have demonstrated good concordance with recent hospital admissions and records. 

However, the correlation of  data between the Cause of  Death Register and the NPR deteriorated when 

duration from discharge lengthened.(183), (184) 

 

The Cause of  Death Register was current till 31/12/2010 and the main cause of  death was listed for 

all 5,384 who had died, with the exception of  7 women. The full main cause of  death as listed in the 

linked database is included in the Appendix 2.5. The main cause of  death in all women with SLE has 

been summarised into the following large groups. (Figure 2.2)  
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Figure 2.2: Main cause of death in women with SLE between 1/1/1973 to 30/12/2010. 

The final register was the 2011-2012 Death Register which contained 118 entries of  women with SLE 

who died after 31/12/2010. The cause of  death was unavailable and such deaths were therefore 

excluded from the analysis in this thesis.  

 

Longitudinal studies of  SLE cohorts have demonstrated improved survival over the decades as the 

treatment of  SLE improves.(185)  Data from the Swedish  Cause of  Death Register mirror these 

international findings of improved survival over the different time intervals with the halving of the 

percentage of those <50 years of age dying. (Table 2.3) 

Table 2.3: Age distribution at death of the women with SLE who died.  

Specified time 
intervals  

Quintile at age of death (%) Total deaths for 
that time interval 

(%) ≤ 50 51 – 60 61 – 70 71 – 80 > 80 

Prior to 1981 101 (14.3) 92 (13.1) 190 (27.1) 217 (30.9) 102 (14.5) 702 (13.0) 

1981-1990 139 (10.6) 150 (11.4) 327 (24.9) 453 (34.4) 247 (18.8) 1,316 (24.4) 

1991-2000 151 (9.7) 135 (8.8) 293 (18.8) 535 (34.3) 445 (28.5) 1,559 (29.0) 

2000-2011 116 (6.4) 188 (10.4) 341 (18.9) 548 (30.3) 614 (34.0) 1,807 (33.6) 

Total deaths: 5,384 (100) 
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However, the prevalence cardiovascular deaths remain fairly consistent and were causative in 

approximately half  the women with SLE through the different time intervals, though the median 

survival time is increased, in keeping with the trend noted in Table 2.3. (Table 2.4) 

Table 2.4: Prevalence of cardiovascular deaths according to specific intervals of time and median 
age of cardiovascular deaths 

Epoch of time Cardiovascular deaths, n (%) Median age of death, years (IQR) 

Prior to 1981 347 (49.4) 73 (66-79) 

1981-1990 698 (53.0) 73 (65-80) 

1991-2000 657 (48.6) 77 (68-83) 

2000-2011 743 (41.1) 78 (69-84) 

 

Comparing women who had died to those who were still alive, the group who had died by 2011 were 

older, the majority (71.0%) having been born prior to 1930. (Table 2.5) They were documented to have 

SLE at a more advanced age (64 vs. 41 years in those still alive).  

 

It should be noted that although a pathological description of  SLE was first published in 1941 by 

pathologists in Mount Sinai, New York, the term ‘lupus erythematosus’ was coined by Dr. Malcom 

Hargraves who described the ‘LE cell’ as the cause of  the inflammation seen in SLE in 1946.(186) 

However, it was only in 1958 that George Friou demonstrated a substance in the serum of  SLE patients 

that reacted with the nuclei of cells; and these were the anti-nuclear antibodies or ANA – the basic test 

for the diagnosis of  SLE.(187) Nuclear immunofluorescent  staining patterns and the discovery of  

other autoantibodies e.g. RNP, Sm, Ro and La, etc. – useful  in describing other SLE subsets – resulted 

in the diagnosis of  SLE becoming more commonplace.(188) Hence, it is likely these women born in 

the earlier time intervals may have had SLE but its diagnosis was delayed. Another reason is that these 

women may not have required inpatient admission – for their disease to be captured in the NPR – 

until later in life; and two-thirds had died by 2000, so none of  their outpatient visits were captured in 

the NPR.  

 

The women who died were not only older but also had more cardiovascular risk factors – hypertension, 

diabetes, renal disease. Though more greatly affected by cardiovascular disease - coronary artery 

disease, stroke, peripheral vascular disease - fewer were documented to have undergone angiography 

or angioplasty. Similarly, many who died were not documented to have had dyslipdaemia – data which 

may not have been captured as the link between dyslipidaemia and cardiovascular disease was only 

established in 1970.(189) In addition, these women also showed more SLE-related morbidity in the 
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form of  cancers and infections which may have contributed to their demise.  

Table 2.5: Characteristics of the women with SLE who were still alive compared to those who had died.  

 Dead Alive  p-value 

Women, n (%) 5,384 (42.4) 7,318 (57.5)  

Utilising the National Patient Register (NPR) 

Epochs of birth year  

≤ 1910 

1911-1930 

1931-1950 

1951-1970 

≥ 1971 

 

1,116 (20.7) 

2,710 (50.3) 

1,219 (22.6) 

302 (5.6) 

37 (0.7) 

 

12 (0.2) 

392 (5.4) 

2,572 (35.2) 

2,785 (38.1) 

1,557 (21.3) 

 

Age SLE first documented, age (IQR) 64 (52-73) 41 (29-55) <0.001 

Total number of inpatient admissions, days (IQR) 4 (2-12) 2 (0-6) <0.001 

Total number of outpatient visits, visits (IQR) 0 4 (1-13) <0.001 

Diabetes  778 (14.5) 311 (4.3) <0.001 

Hypertension, n (%) 929 (17.1) 1,089 (14.9) 0.001 

Dyslipidaemia, n (%) 53 (0.9) 177 (2.4) <0.001 

Renal disease  

Glomerular disease* 

Obstructive lesions* 

Cysts or lesions* 

Chronic infections* 

Other* 

Renal failure* 

* may be in more than one category of renal disease  

1,032 (19.2) 

379 (7.0) 

32 (0.6) 

18 (0.3) 

592 (11.0) 

3 (0.05) 

302 (5.6) 

1,150 (15.7) 

877 (12.0) 

13 (0.2) 

12 (0.2) 

314 (4.3) 

3 (0.04) 

284 (3.9) 

< 0.001 

 

Coronary artery disease (CAD), n (%) 1,290 (24.0) 423 (5.8) < 0.001 

Cardiac interventions in those with CAD, n (%) 46 (4.6) 127 (29.8) <0.001 

Stroke, n (%) 605 (11.2) 296 (4.0) <0.001 

Peripheral vascular disease, n (%) 284 (5.3) 134 (1.8) <0.001 

Cancer, n (%) 691 (12.8) 567 (7.8) <0.001 

Infection, n (%) 2,012 (37.4) 1,736 (23.7) <0.001 

Utilising the MBR 

Pregnancy, n  488 6,922  

Time frame of deliveries 

≤ 1980 

1981-1990 

 

297 (60.9) 

155 (31.8) 

 

1,755 (25.3) 

2,047 (29.6) 
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1991-2000 

>2000 

32 (6.5) 

4 (0.8) 

1,799 (26.0) 

1,321(19.1 

Maternal SLE at the time of pregnancy, n (%) 108 (22.1) 1,821 (26.3) 0.042 

Maternal age at any pregnancy, years (IQR)  28 (22-32) 28 (24-32) 0.939 

Median parity, number (IQR) 2 (1-3) 2 (1-2) 0.032 

Artificial reproductive therapy use, n (%) 0 42 (0.61) 0.112 

Smoking in pregnancy, n (%) 

Data not available 

64 (13.1) 

349 (71.5) 

1,029(14.9) 

2,390 (34.5) 

<0.001 

 

Maternal obesity, n (%) 

 Data not available 

11 (2.3) 

383 (78.5) 

278 (4.0) 

3,303 (47.7) 

<0.001 

 

Diabetes in pregnancy, n (%) 17 (3.5) 253 (3.7) 0.845 

Any feature of MPS**, n (%)  89 (18.2) 962 (13.9) 0.008 

Hypertensive disorders of pregnancy 32 (6.6) 451 (6.5)  

SGA 60 (12.5) 536 (8.0)  

Placental abruption 4 (0.8) 37 (0.5)  

Stillbirth 10 (2.1) 89 (1.3)  

** More than one feature of MPS may have been present in more than one pregnancy   

Length of gestation, days (IQR) 277 (265-286) 277 (268-285) 0.376 

Gestation category 

Term ≥ 37 weeks 

34+0 – 36+6 weeks 

< 34+0 weeks 

 

388 (79.7) 

55 (11.3) 

44 (9.0) 

 

5,943 (86.2)  

613 (8.9) 

340 (4.9) 

<0.001 

 

Livebirth rate, n (%) 478 (97.9) 6,833 (98.7) 0.156 

Birth weight, g (IQR) 
3200 

(2710-3620) 

3350 

(2940-3720) 

<0.001 

 
 

Very few of  the pregnancies of  women who died were captured in the MBR (n=488). This is 

unsurprising since over 70% of  the women who died were born prior to 1930 and the MBR would not 

have captured their childbearing years since the MBR was only established in 1973. Hence, the 

majority (60.9%) of  deliveries in the MBR of  women who had died occurred prior to 1980. Despite 

the limited number of  pregnancies concerned, women who had died were more likely to have had 

MPS in pregnancy, particularly SGA and stillbirth. There were fewer term deliveries and nearly twice 

as many deliveries < 34 weeks gestation (9.0% vs. 4.9%).  (Table 2.5)    

 

A full list of variables in the Cause of  Death Register is shown in Appendix 2.6.  
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2.5 Plan of analysis 
Each of the study subjects was assigned a personal identification number (PIN) which was 

subsequently used across all population registries. It served as a common denominator linking all of  

the subject’s records. R programming was utilised to link these population-based registries. Multiple 

duplicate entries detected in inpatient and outpatient datasets were merged to form a single inpatient 

episode. This will be discussed in greater detail in section 2.7 Overview of  the linked population 

databases.  

 

2.5.1 Outcomes of interest  

(i)  Primary cardiovascular death 

The initial analysis was to investigate whether adverse pregnancy outcomes were associated with 

future CVE, so the robust primary endpoint of primary cardiovascular death was chosen.  

 

Primary cardiovascular death was defined as the main (or primary) cause of  death as listed in the 

Cause of  Death Register from cardiovascular causes, defined as coronary artery disease, stroke or 

peripheral vascular disease.  

(ii) Any cardiovascular event (CVE)  

This included coronary artery disease, stroke and peripheral vascular disease and death from any of 

these causes. These variables were identified using ICD codes. (Table 2.6)   

Table 2.6: ICD codes for cardiovascular disease 

Condition ICD Code 

 Coronary artery disease 

ICD   8 

ICD   9  

ICD 10  

410-414, 427, 429 

410-414, 427.5,429.1, 429.2, 429.9 

I120-125, I46, I50, I51.5 -, I52, Z955 

 Stroke  

ICD   8 

ICD   9  

ICD 10 

430-438 

430-438 

G45-46, I60-69 

 Peripheral vascular dis-
ease  

ICD   8 

ICD   9  

ICD 10 

440-443 

440-443 

I70-I73 
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2.5.2 Exposure(s) of interest 

(i) Maternal placental syndrome (MPS) 

Adverse pregnancy outcomes resulting from placental insufficiency or MPS were identified; these 

included hypertensive disorders of  pregnancy, placental abruption or infarction, intrauterine death or 

stillbirth. ICD codes to identify features of MPS are as listed in Table 2.7. 

 

 

 

 

 

 

 

 

 

 

 

Small-for-gestational-age (SGA) was coded independently in the MBR and is defined as a birth weight 

of  more than two standard deviations below the mean weight for gestational age, based on the Swedish 

sex-specific fetal growth curve.(190)   

 

Hypertensive disorders of  pregnancy, placental abruption, stillbirth and SGA in women with SLE 

may occur independently of  MPS. For example, hypertensive disorders of pregnancy may occur as a 

result of multiple gestation, and stillbirth may be a result of genetic anomalies rather than from MPS.  

For the purposes of this thesis, the definition of  MPS has been deliberately kept broad since the coding 

in the MBR was insufficiently detailed. The definition for MPS used in the present thesis follows that 

of  a Canadian population-based study – CHAMPS by Joel Ray published in the Lancet.(142)  

 

Of  the 7,490 pregnancies included in the study, there were only three recorded cases (0.04%) of  

structural abnormalities in the fetus – additional detail for the latter was not available in maternal 

MBR records. In retrospect, women who had multiple pregnancies (i.e. twins) (n=33) should have 

been excluded from the analysis.  

 

Table 2.7: ICD codes to identify features of maternal-placental syndrome (MPS)  

Condition ICD Code 

 Hypertensive disorders of pregnancy 

ICD   8 

ICD   9  

ICD 10 

637, 762 

642 

O10-O16 

 Placental abruption or infarction 

ICD   8 

ICD   9  

ICD 10 

632.1, 634.1, 770.1, 770.2 

762.1  

O45 

 Intrauterine death and stillbirth 

ICD   8 

ICD   9  

ICD 10 

634.2, 643, Y82-Y86, 779 

656.4, V27.1 - V27.4 

O03, Z371, Z373-377, P95 
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(ii) Length of  gestation 

Length of gestation is also a variable listed in the MBR. (Appendix 2.3) For the purposes of  this 

analysis, length of  gestation was stratified into three categories: (i) < 34+0 weeks (<239 days) gestation; 

(ii) 34+0 – 36+6 weeks (239 – 258 days) and (iii) Term ≥ 37+0 weeks (≥259 days).  

 

Preterm deliveries in women with SLE are also not solely associated with MPS. A recent Norwegian 

study has demonstrated that an 8-fold increased risk (OR 8.66; 95% CI 5.13 – 14.62) of  preterm 

deliveries amongst women who have had active SLE or a flare during pregnancy. (191) A systematic 

review and meta-analysis of  preterm births in SLE has confirmed that active SLE in pregnancy confers 

a 3-fold increase in risk compared to those with inactive / quiescent disease (OR 2.98; 95% CI 2.32 – 

3.83). (192) At least a third to 60% of women with SLE have active disease or flare during pregnancy.  

(193), (194)  As the MBR lacks data on disease activity during pregnancy, preterm delivery, esp. those 

deliveries prior to 34 weeks, could be a surrogate marker for disease activity in pregnancy.  

 

2.6 Statistical methods 
Summary statistics were performed on the linked databases as a whole, to determine the primary 

causes of death in the cohort, the baseline characteristics of  the parous and non-parous groups, and 

prevalence of  CVE and MPS.  

 

2.6.1. Sequence of analysis 

Given the objectives of  this thesis, further stepwise analysis of  the following focused on the parous 

group; we sought to determine:  

(i) Risk of  primary cardiovascular death in those who had a history of  MPS  

(ii) Risk of  CVE in those with MPS 

(iii) Time-to-CVE in those with MPS vs. those without 

(iv) If  preterm deliveries could be used as a surrogate marker for future CVE risk  

(v) If  gestational age at preterm delivery might serve as a useful screening question for CVE risk 
stratification  

 

2.6.2 Summary statistics 

Categorical and binary variables were summarised using counts and percentages. The distributions of  

continuous variables were assessed using coefficients of kurtosis and skewness. Continuous variables 

were then summarized by their mean, standard deviation (SD) or median and interquartile range as 

appropriate. (195) 
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2.6.3 Missing data 

There are three patterns of  missing data: (i) missing completely at random (MCAR) occurs when the 

missing observations are a random subset of all observations; the missing and observed values will 

have similar distributions; (ii) missing at random (MAR)  occurs when there might be systematic 

differences between the missing and observed values, but these can be entirely explained by other 

observed variables. (196)  (iii) missing not at random (MNAR) is when the missing data are specifically 

related to what is missing, e.g. there are less blood pressure readings (missing data) on the group with 

hypertension because they are less likely to attend clinics or obtain repeat prescriptions for their anti-

hypertensive drugs.(197), (198) 

 

Consensus is that missing values in population registries were likely missing completely at random. 

(199), (200). The analyses were performed on complete datasets.  

 

When analysing the association between gestational length and CVE, those without length of  

gestation in either days or weeks recorded were excluded from the eventual analysis. Despite doing 

only a complete case analysis, only 0.7% of  the subjects were excluded because of  the 

comprehensiveness of  the record keeping, thereby limiting the loss of  power and precision in the 

analysis.  

 

2.6.4 Univariate analyses 

Comparisons of binary or categorical data with outcomes of  interest or other covariates were 

performed using the chi-squared test. Ordered categorical data were compared using the chi-squared 

test for trend. Fisher’s exact test was used in analyses where the expected number of  observations was 

forty or less in a cell. A Mann Whitney U test or t-test was used for continuous variables whenever 

appropriate.  

 

The p-values for all the hypotheses were 2-sided and statistical significance was set at 0.05.  

 

2.6.5 Multivariate analyses 

Logistic regression was used to estimate crude and adjusted odds ratios for cardiovascular death 

(Objective 1). (201) The selection of  variables for the adjusted model was based on a clinically relevant 

a-priori hypothesis and is reported for each of  the analyses. Year of  birth was included to account for 

the cohort effect.  
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All continuous variables were categorised and tested for non-linearity using the likelihood ratio test. 

Non-linearity in the log odds scale was tested and modelled using fractional polynomials. This will be 

described in further detail in each of the published papers.  

 

2.6.6 Interaction  

Interaction or effect modification between two variables is present when the association between each 

of  the variables and the outcome of  interest varies according to the level of  the other variable.  

 

Clinically plausible interactions were explored using likelihood ratio tests. Where appropriate, nested 

models were compared using a likelihood ratio test with chi-squared distribution having ‘r’ degrees of  

freedom, where ‘r’ was the number of  additional parameters in the nested model.  This would allow 

the estimation of  the p-value which would then support or refute any difference between the models. 

(201) 

 

The Wald test is also a hypothesis test and was used as an alternative for clustered analysis or in the 

analysis of  imputed data.  

 

2.6.7 Survival analysis 

The Cox proportional-hazards model was used to determine the hazard of  CVE in women with MPS 

or preterm deliveries. This method was utilised since the rate of  progression to event is likely to vary 

over different time intervals, and it would also be more useful in estimating the effects of key variables 

other than that of  time. Pregnancy is a well-defined clinical event; therefore, Cox regression models 

estimate survival time after pregnancy with a predefined adverse outcome (i.e. MPS or preterm 

delivery) up until CVE (the key event / outcome). The advantage of  the Cox regression model over 

the Poisson model is that the use of  ‘clicks’ or infinitesimal time bands allows the relationship between 

rates and time to be modelled as finely as possible.  Moreover, Cox regression models negate the need 

for the computational expansion of  data that Poisson requires.(201), (202)  

 

A multivariable analysis was performed utilising a selection of variables based on a clinically relevant 

a-priori hypothesis. This is reported for each analysis, all analyses including an adjustment for the year 

of  birth (to account for a cohort effect), SLE-related morbidity (duration of  SLE, number of  inpatient 

admissions, cancer and infection) and cardiovascular risk factors (maternal age, renal disease, diabetes 

and hypertension). (Objective 2).  
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An interaction test (Wald’s test) was performed to determine the effect of  maternal SLE at the time of  

pregnancy on the association between MPS and future cardiovascular morbidity and mortality.  

 

The cumulative probabilities of  survival in parous women with adverse pregnancy outcomes were 

assessed using Kaplan-Meier survival curves and then compared using the log-rank test. (Objective 3) 

Kaplan-Meier curves reflect actual data or events, and do not require the rates to be proportional over 

time, whereas log-rank tests are best when the rates are proportional over time, although they can still 

be used to detect differences if  the rate in one group is consistently greater than in the other group, 

even when the two rates are not necessarily proportional. Weighted rank tests or the Wilcoxon test 

(used when the rate ratio favours one group but is not necessarily constant over time) were also used 

but the results were invariably the same as those from the log-rank test. 

 

The observation period employed in the time-to-event-analysis began with the index pregnancy 

associated with an adverse pregnancy outcome (i.e. MPS or preterm delivery) and terminated at the 

first CVE – the outcome of  interest. Women who developed CVE prior to the index pregnancy were 

excluded from this analysis. 

 

The effects of  preterm delivery on future CVEs were explored independently to determine its 

usefulness as a surrogate marker for CVE. (Objective 4) To explore the severity of  preterm delivery on 

the future maternal risk of CVE, delivery was stratified into three categories: (i) < 34+0 weeks (<239 

days) gestation; (ii) 34+0 – 36+6 weeks (239 – 258 days) and (iii) Term ≥ 37+0 weeks (≥259 days). Wald’s 

test was also used to determine if  there was any significant interaction between MPS and preterm 

delivery on future CVE.  

 

2.6.8 Statistical software 

Stata IC version 13.1. (StataCorp LP, College Station, TX, USA).  

 

2.6.9 Data storage 

Although anonymised prior to transfer, there was still a possibility of  identifying the study subjects 

due to the volume of information provided. So, the population registers in raw and linked forms were 

stored on an Iron Key – a secure and data encrypted storage drive. The volume of  data could only be 

processed by a Mac 2.2GHz Intel Core i7 solid state drive which was secured and encrypted to ensure 

ongoing data protection. 
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2.7 Brief overview of the linked population database 

2.7.1. Characteristics of the cohort 

Between 1973 – 2011 there were 12,702 women in the NPR of  Sweden with SLE. Multiple 

duplicate entries detected in the inpatient and outpatient datasets were merged to form a single 

inpatient episode and their main diagnoses were merged. There were16,145 entries; n=10 were 

removed as they were not diagnosed with SLE during their lifetime or at death. The 178 women 

who died before 1973 were also removed.  

Figure 2.3: How the study cohort was identified 

 

 

 

National patient register (NPR)  
1964 – 2010 

n=10,050 
Outpatient 

register 2001-
2010  

n = 6,887 Death Register 1964 

– 2012 n= 5,680 

Died prior to 
1973, n= 178 

Died 2011-
2012, n= 118 

Excluded 

Non-parous  
n = 8,725 

Final study cohort of 
parous women with 

SLE, n=3,977 

Study cohort  
1/1/1973 – 30/12/2010 

n = 12,702 

Excluded 

Excluded 
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There were 7,410 entries of  recorded deliveries in the MBR which related to 3,977 women. 3,413 

of  the women were multiparous, each pregnancy being counted as a separate entry in the MBR 

(thereby constituting ‘duplicate entries’ in the MBR). 

 

Pregnancy count (mfr) Frequency Percentage Cumulative percentage 

Never been pregnant 8,725 54.07 54.07 

1st pregnancy 3,977 24.65 78.72 

2nd pregnancy 2,366 14.66 93.39 

3rd pregnancy 785 4.87 98.25 

4th pregnancy 205 1.27 99.52 

5th pregnancy 61 0.38 99.90 

6th pregnancy 10 0.06 99.96 

7th pregnancy 3 0.02 99.98 

8th pregnancy 2 0.01 99.99 

9th pregnancy 1 0.01 100.00 

Total 16,135 100.00  

 
 
 

Total number of pregnancies Frequency Percentage Cumulative percentage 

Never been pregnant 8,725 54.07 54.07 

only 1 pregnancy (n=1,611) 1,611 9.98 64.06 

2 pregnancies (n=1,581) 3,162 19.60 83.66 

3 pregnancies (n=580) 1,740 10.78 94.44 

4 pregnancies (n=144) 576 3.57 98.01 

5 pregnancies (n=51) 255 1.58 99.59 

6 pregnancies (n=7) 42 0.26 99.85 

7 pregnancies (n=1) 7 0.04 99.89 

8 pregnancies (n=1) 8 0.05 99.94 

9 pregnancies (n=1) 9 0.06 100.00 

Total 16,135 100  
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To avoid duplicate entries resulting from several pregnancies (and consequently multiple entries 

in the MBR dataset), the variable ‘single’ was created – this included all women who had not 

delivered (MFR=0) or had a first delivery (MFR=1).   

Single Frequency Percentage Cumulative percentage 

Never been pregnant + 1st pregnancy only 12,702 78.72 78.72 
 

More than one pregnancy 3,433 21.28 100.00 

Total 16,135 100  

 

 

This ensured that subsequent pregnancies and entries into the MBR dataset would not be 

recounted. This system has the following drawback: should MPS complications occur in 

subsequent pregnancies, they would not necessarily be included in the analysis at a later date. We 

circumvented this problem by creating a separate variable: ‘hist_XX’ – in which any women with 

a history of  any MPS-related complication (or preterm delivery) would be tagged onto the first 

pregnancy even if  that complication occurred in her subsequent pregnancy; this method ensured 

that the occurrence of  MPS-related complications in subsequent pregnancies would not be lost.  

 

The age and date of  a condition is not necessarily the time it was first diagnosed, rather, it would 

have been the first time it was documented / coded in the registry. Therefore, it is very likely that 

data captured the more severe end of  the spectrum of  SLE patients who required inpatient 

admissions. 10,050 women had inpatient admissions ranging between 1- 331 days. 6,887 had 

made previous OP visits (given that the OP database runs from 2001 onwards) with a range of  

between 1-318 visits. The median number of  visits was 7 [95% CI 2-16]. 

 

In the parous cohort derived from the MBR, 7,410 pregnancies were recorded in 3,977 women, 

resulting in 7,311 livebirths and a livebirth rate of  98.7%). At the end of  the study, 5,384 (42.4%) 

of  the cohort had died. Median age at death was 73 years (IQR 63-81).  Median age of the group 

still alive was 54 years (IQR 42-66). An overview of  the characteristics in the cohort is summarised 

in Table 2.8.  
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Table 2.8: Swedish women with SLE between 1973 – 2011 (n=12,702) 

Duration of SLE, years (IQR) 9 (4-16) 

SLE-related morbidity 

Cancer, n (%)  1,258 (9.9) 

Infection, n (%)   3,748 (29.5) 

Number of inpatient admissions, n (IQR) 5.5 (3-12) 

Cardiovascular risk factors 

Hypertension, n (%) 2,008 (15.8) 

Diabetes, n (%) 1,082 (8.5) 

Renal disease, n (%) 2,182 (17.7) 

Outcomes of interest 

Cardiovascular events, n (%) 3,987 (31.4) 

Cardiovascular disease, n (%)   2,579 (20.3) 

(i) Coronary artery disease (CAD), n (%) 1,713 (13.5) 

Age at CAD, years (IQR) 68 (58-76) 

CAD contributing to death, n (%) 1,973 (36.7) 

(ii) Stroke, n (%) 901 (7.1) 

Age at first stroke, years (IQR) 64 (51-74) 

Stroke contributing to death, n (%)  703 (13.1) 

(iii) Peripheral vascular disease (PVD), n (%) 418 (3.3) 

Age at first PVD, years (IQR)  64 (50-74) 

PVD contributing to death, n (%) 424 (7.9) 

Death from cardiovascular causes, n (%)   2,692 (50.0) 
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2.7.2 Comparing the parous and non-parous groups 

Characteristics of the cohort based on pregnancy recorded in the MBR have been summarised. 

(Table 2.9). For convenience, the cohort has been divided into ‘parous’ and ‘non-parous’ groups, 

despite some obvious inaccuracies that will be discussed below.  

 

Women in the non-parous group were significantly older (median age 63 years vs. 50 years in the 

parous group). Approximately two-thirds of  the non-parous cohort were born prior to 1940, hence 

records of  any relevant pregnancy are unlikely to have been captured by the MBR since it was 

only set up in 1973. Only 2.3% in the parous group were born before 1940, and over 95% of  the 

cohort were born between 1941 – 1980. Hence, it is not strictly possible to define the group as 

being ‘non-parous’ due to the fact that records of  their pregnancy were not kept at the time.  

 

 Nevertheless, the ‘non-parous’ group had more inpatient admissions and cardiovascular risk 

factors (including diabetes, hypertension, renal disease). They also had more frequent CVE that 

occurred at an older age (72 years in the non-parous vs. 50 years in the parous group). As the year 

of  birth of  the non-parous cohort was earlier (nearly a third were pre-1920), it is possible that their 

initial CVE may not have been captured in the NPR that only started in 1964, while compulsory 

reporting was only initiated in 1987.  

 

The older non-parous cohort had greater SLE-related morbidity in the form of  cancer and 

infections. They were also more likely to have died; 58% of the cohort were deceased by 2011 vs. 

8.2% in the parous cohort. Cardiovascular causes of  death were also more frequent in the non-

parous group, and these occurred at an older age. However, these findings are not unexpected as 

a number of  those in the ‘non-parous’ group may have been healthy women with uneventful 

pregnancies that were simply unrecorded by the MBR, and who later developed atherosclerotic 

vascular disease due to advanced age. 

 

Prior to 2008, the MBR only recorded live births after 22+0 weeks’ gestation and stillbirths after 

28+0 weeks. Any miscarriage or stillbirth prior to 28+0 weeks would not have been registered in the 

MBR. Therefore, a woman would technically be classified as non-parous despite having an 

adverse pregnancy outcome as a result of  MPS. Hence, the non-parous group could simply be the 

group with more severe disease – resulting in failure to carry a pregnancy beyond 22+0 (or 28+0 

weeks if  pre-2008) or recurrent early miscarriages from anti-phospholipid syndrome or severe 

SLE. Moreover, the women might have remained childless through personal choice, and this 

could not be accounted for in the analysis.  
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Table 2.9: Comparisons between the parous and non-parous groups.  

  
Non-parous 

n=8,725 
Parous 

n=3,977 p-value 

Age, years (IQR)  63 (42-73) 50 (41-59) <0.001 

Age distribution by year of birth, n (%) 

≤ 1920 

1921 – 1940 

1941 – 1960 

1961 – 1980 

1981 - onwards 

 

2,590 (29.7) 

3,183 (36.5) 

1,689 (19.4) 

747 (8.6) 

516 (5.9) 

 

0 

90 (2.3) 

2,110 (53.1) 

1,687 (42.4) 

90 (2.3) 

<0.001 

Duration of SLE, years (IQR) 8 (3-16) 9 (5-16) <0.001 

Inpatient admissions, n (IQR) 4 (2-10) 2 (0-6) <0.001 

Hypertension, n (%) 1,518 (17.4) 490 (12.3) <0.001 

Diabetes, n (%) 914 (10.5) 175 (4.4) <0.001 

Renal disease, n (%) 1,597 (18.3) 585 (14.7) <0.001 

All cardiovascular events, n (%) 3,574 (41.0) 413 (10.4) <0.001 

Age CVE, years (IQR) 72 (63-80) 50 (41-57) <0.001 

All cardiovascular disease, n (%) 2,220 (25.4) 359 (9.0) <0.001 

Age at onset of cardiovascular disease, years (IQR) 68 (59-76) 50 (40-56) <0.001 

Coronary artery disease, n (%) 1,527 (17.5) 186 (4.7) <0.001 

Stroke, n (%) 745 (8.5) 156 (3.9) <0.001 

Peripheral vascular disease, n (%) 350 (4.0) 68 (1.7) <0.001 

Cancer, n (%)  901 (10.3) 357 (9.0) 0.018 

Infection, n (%)  2,805 (32.2) 943 (23.7) <0.001 

Death (by 2011), n (%) 5,059 (58.0) 325 (8.2) <0.001 

Age at death, years (IQR) 74 (66-81) 52 (44-59) <0.001 

All cardiovascular deaths, n (%) 2,587 (51.1) 105 (32.3) <0.001 

Age at cardiovascular death, years (IQR) 78 (70-84) 53 (46-58) <0.001 

Primary cause of death (COD) CV causes, n (%) 1,647 (32.6) 44 (13.5) <0.001 
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2.8 In conclusion  
These linked databases covered a wide observation interval in women whose disease and 

childbearing years may not have been recorded in the MBR – since the latter was only set up in 

1973. The outcomes of interest – all CVE – were prevalent in this cohort and likely well captured 

in the NPR. It was impossible to accurately determine if  the non-parous group had ever had a 

pregnancy, due to a variety of possibilities – pregnancy prior to the establishment of the MBR, 

stillbirth prior to 28 weeks, recurrent miscarriages, voluntary childlessness, infertility, severe 

disease activity preventing successful pregnancy. Hence, further analyses will only include the 

cohort with a prior pregnancy recorded in the MBR.  
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3.1 Background and aim 
Survival of patients with systemic lupus erythematosus (SLE) has improved with the advent of 

more effective treatment, and cardiovascular mortality is now the leading cause of  death in this 

group of  patients accounting for approximately 30 – 50% of  all deaths.(18), (122) A meta-analysis 

on cardiovascular death in patients with SLE shows that the risk of  cardiovascular death was 

increased three-fold compared to the general population (meta-standardized mortality ratio 2.72, 

95% CI 1.83-4.04).(19) Young women with SLE (age 35-44 years) are particularly vulnerable. 

 

Women with SLE are at increased risk of adverse pregnancy outcomes related to placental 

disease. They have a much higher risk of developing pre-eclampsia (14-23%), and fetal growth 

restriction (20-30%). These complications are also associated with the higher rate of pre-term (< 

37 weeks gestation) delivery (20-30%) observed in this group of women. (162), (161) These 

complications are related to placental disease and are collectively known as maternal-placental 

syndrome (MPS).(142)  

 

In unselected populations, the risk of cardiovascular death is increased by two-fold in women 

whose pregnancies have been complicated by pre-eclampsia a feature of  MPS.(140), (203)  What 

remains unclear is whether the higher prevalence of  cardiovascular death observed in women with 

SLE is associated with history of  MPS, or whether these cardiovascular deaths occur independent 

of  an adverse obstetric history. 

 

The aim of  this study was to explore the association between pregnancy complications related to 

MPS and the future risk of  cardiovascular death in parous women with SLE. 

 

3.2 Methods 

3.2.1 Study population  

This is a population-based retrospective study of  women with SLE in Sweden between 1973 and 

2011. Women with SLE were identified from the National Patient Register (NPR) and the 

Hospital-based Outpatient Care Register. These databases were then linked using the personal 

identity number (PIN) to the Swedish Medical Birth Registry (MBR) and Cause of  Death Registry 

to obtain information on pregnancies and cause of  death during the period of  study. 
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Compulsory reporting of all inpatient admissions was established from 1987, with more than 99% 

of  all hospital discharges now included in The National Patient Register (NPR). (176)Diagnoses 

made during each admission were coded using the Swedish international classification of  disease 

(ICD) system.(176) The ICD codes used during the study period ranged between ICD 8 to ICD 

10. The recording of  diagnostic codes is well validated, specific examples include a more than 

>90% positive predictive value (PPV) for coronary artery disease and > 85% PPV for rheumatoid 

arthritis. (176) In 2001, the Hospital-based Outpatient Care Register was established, but its 

coverage was only 80% of all outpatient attendees. (176) The Medical Birth Register (MBR) 

founded in 1973, includes data on 97.0-99.5% all pregnancies and deliveries beyond 22 weeks in 

Sweden. The Cause of Death Register contains information on all deaths of Swedish nationals 

irrespective of  whether the death occurred in Sweden or elsewhere. 

(http://www.socialstyrelsen.se/ statistics). 

 

3.2.2 Statistical analysis 

We used median and interquartile ranges to summarise continuous variables and the Mann-

Whitney U test for comparisons between groups. We used �2 test for univariate comparisons of 

dichotomous data. The risk of  an event was modelled using logistic regression. Univariate 

analysis was performed on each of  the outcomes of  interest. Multivariate analysis was performed 

adjusting for the year of  first delivery to account for changes in diagnostic thresholds, coding of  

disease and management of  co-morbidities leading to cardiovascular death (the cohort effect). We 

also adjusted for number of  inpatient admissions, and cardiovascular risk factors (renal disease, 

diabetes and hypertension). Interaction tests were performed using the Wald test to explore the 

effect of  SLE at the time of  pregnancy on the association between MPS and future cardiovascular 

death. All p-values were two sided and the significance was set at p<0.05. Analyses were 

performed with Stata IC version 13.1. (StataCorp LP, College Station, TX). 

 

 

3.3 Results 
Between 1973 and 2011 there were 12,702 women in Sweden with SLE identified from the NPR. 

In this cohort, there were 7,410 pregnancies in 3,977 women. All descriptive and analytical data 

relate to women with history of  pregnancy (n=3,977). In this group 325 (8.2%) women had died. 

The commonest primary cause of  death was malignancy (32.3%, n= 105), followed by SLE or 

connective tissue-related deaths 26.8% (n=87). Primary cardiovascular deaths from coronary 

artery disease (n=31), stroke (n=11) and peripheral vascular disease (n=2) was the third 
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commonest primary cause of  death and accounted for 13.5% (n=44) of all deaths. In addition, 

cardiovascular disease was recorded as a contributory cause in 32.3% (n=105) of  all deaths in 

parous women with SLE. 

 

The median age of  cardiovascular death was 54 years (IQR 48-58) and not significantly different 

from the age of the women who had died from other causes [53 years (IQR 45-60)] (p=0.52). The 

median age of  women alive in study cohort is 50 years (IQR 41-59). Compared to women who 

were alive, there was no difference in the duration of  SLE or their age of  diagnosis of  SLE 

amongst those who had died from cardiovascular causes. However, women who died from 

cardiovascular causes had been admitted more frequently to hospital. The cardiovascular risk 

factors such as renal disease, hypertension and infection were higher in those who died from 

cardiovascular death. (Table 3.1) 

Table 3.1: Characteristics of parous women with SLE who had primary cardiovascular deaths 
 Primary cardiovascular 

deaths 
n=44 

Alive 
n=3,634 p-value 

Duration of SLE, years (IQR) 

Age at diagnosis of SLE, years (IQR) 

Inpatient visits, visits (IQR) 

10 (5-22) 

41 (30-52) 

11 (3-51) 

9 (5-16) 

38 (29-48) 

2 (0-6) 

0.77 

0.29 

<0.05 

Medical comorbidities 

Renal disease, n (%) 15 (34.1) 492 (13.5) <0.05 

Diabetes, n (%) 4 (9.1) 133 (3.7) 0.06 

Hypertension, n (%) 14 (31.8) 420 (11.6) <0.05 

Composite CV morbidity, n (%) 23 (52.3) 270 (7.4) <0.05 

Coronary artery disease, n (%) 12 (27.3) 132 (3.6) <0.05 

Stroke, n (%) 44 (12.8) 112 (3.1) <0.05 

Peripheral vascular disease, n (%) 2 (4.6) 51 (1.4) 0.08 

Cancer, n (%)  5 (11.4) 273 (7.5) 0.34 

Infection, n (%)  26 (59.1) 776 (21.4) <0.05 

Pregnancy history 

Parity, number (IQR) 2 (1-3) 2 (1-2) 0.08 

Year of first delivery   
1973 - 1986 

 
42 (95.5) 

 
1,932 (53.2)  

    1987 - 1999 2 (4.6) 1,087 (29.9) <0.05 
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  2000 - 2011 0 615 (16.9)  

Maternal age at first delivery, years (IQR)  29 (23-31) 27 (23-30) 0.29 

Maternal SLE during pregnancy, n (%) 10 (22.7) 1,186 (32.6) 0.16 

Maternal obesity, n (%) † 
Not obese 

Obese 
Missing data 

 
6 (35.3) 
1 (5.9) 

10 (58.8) 

 
3,335 (67.3) 

278 (5.6) 
1,344 (21.1) 

<0.05 

Maternal smoking, n (%)† 

Non-smokers 
Smokers 

Missing data 

 
7 (41.2) 
8 (47.1) 
2 (11.8) 

 
3,497 (70.6) 
1,027 (20.7) 

433 (8.7) 

 
 

<0.05 

Diabetes in pregnancy, n (%) 1 (1.4) 253 (3.7) 0.32 

Gestation for live births, weeks (IQR) 39 (37-40) 39 (38-40) 0.09 

Livebirth, n (%) 67 (95.7) 6,808 (98.7) <0.05 

Birthweight, g (IQR) * 3180 (2680-3600) 3350 (2950-3730) <0.05 

Preterm deliveries < 34 weeks*, n (%) 9 (13.4) 296 (4.4) <0.05 

Spontaneous preterm delivery**, n (%) 5 (55.6) 150 (50.7) 0.77 

Features of MPS in any of the pregnancies 

Any MPS, n (%) 15 (34.1) 796 (21.9) 0.05 

Hypertensive disorders in pregnancy, n (%) 7 (15.9) 369 (10.2) 0.21 

Small for gestational age*, n (%) 14 (21.5) 912 (13.8) 0.07 

Intrauterine death, n (%) 3 (6.8) 84 (2.3) 0.05 

Placental abruption, n (%) 3 (6.8) 37 (1.0) <0.05 

† Data from 1982 onwards; * Only live births included;  ** Preterm delivery without features of MPS complicating preg-
nancy.  

 

When pregnant, maternal age, maternal SLE in pregnancy, parity and BMI were similar between 

those who were alive and those who had died from cardiovascular disease. However, compared 

to women who were alive, women who died from cardiovascular diseases were more likely to 

smoke in pregnancy, had lower livebirth rates, infants with lower birthweights and were also more 

likely to have had a preterm delivery before 34 weeks. 

 



Chapter 3. Association between pregnancy outcomes and cardiovascular deaths in women with systemic lupus 
erythematosus utilising Swedish population registries 

52 

The prevalence of  MPS in the study cohort was 22.1% (n=811). There were overlaps between the 

individual features of MPS i.e. there were 401 women with recorded history of hypertensive 

disorder of  pregnancy that was the sole feature of  MPS in 65%. Of  these women 29.4% had 

concurrent SGA, and 4.5% had also had stillbirth and 1.0% placental abruption. (Figure 3.1) The 

overall prevalence of  MPS was higher in women who died from CV death (34.1% vs. 21.9%, 

p=0.05). (Table 3.1) 
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Figure 3.1: Overlap between the features of MPS 
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A history of MPS in any pregnancy was associated with a two-fold increased risk of 

cardiovascular death (Adjusted (adj) OR 2.19: 95% CI 1.14 – 4.22) (Table 3.2). Placental 

abruption was the only feature of MPS specifically associated with risk of primary cardiovascular 

death (Adj OR 5.78; 95% CI 1.61 – 20.72). Preterm delivery < 34 weeks independently (Adj OR 

2.22; 95% CI 1.03 – 4.79) or in association with MPS (Adj OR 2.49; 95% CI 1.06 – 5.85) were 

also associated with an increase in risk of cardiovascular death. These associations described were 

independent of  whether maternal SLE was present at the time of  pregnancy or not (p>0.05 for 

all interaction tests performed). 

 

Table 3.2: Risk for primary cardiovascular death by features of MPS and preterm birth 

 Odds ratio (OR); 95% confidence intervals (CI) for primary cardiovascular death 

 Unadjusted OR Adjusted OR1 Adjusted OR2 

MPS in any pregnancy  1.84 (0.98 – 3.46) 2.25 (1.19 – 4.26) 2.19 (1.14 – 4.22) 

Hypertensive disorders in 
pregnancy  1.67 (0.74 – 3.78) 2.82 (1.22 – 6.50) 1.43 (0.62 – 3.28) 

SGA*  1.98 (0.97 – 4.02) 2.17 (1.06 – 4.47) 1.74 (0.85 – 3.60) 

IUD  3.09 (0.94 – 10.19) 3.19 (0.94 – 10.82) 2.50 (0.74 – 8.42) 

Placental abruption  7.11 (2.11 – 24.00) 6.02 (1.68 – 21.57) 5.78 (1.61 – 20.72) 

Preterm delivery * <34 
weeks  3.00 (1.43 – 6.30) 4.96 (2.29 – 10.74) 2.22 (1.03 – 4.79) 

MPS + Preterm delivery * < 
34 weeks 3.55 (1.56 – 8.06) 6.40 (2.70 – 15.15) 2.49 (1.06 – 5.85) 

Adjusted OR1 – Adjusted for year of first delivery 
Adjusted OR2 – Adjusted OR1 + number of inpatient admissions, cardiovascular risk factors – renal disease, hypertension 
and diabetes. 
*for livebirths only 
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3.4 Discussion and conclusion  
In our cohort of parous women with SLE, the risk of  subsequent cardiovascular death was 

increased in those who had had a pregnancy complicated by MPS. This association was 

independent of  any cohort effect, medical comorbidities, and cardiovascular risk factors. The risk 

of  cardiovascular death was highest in those who had a history of placental abruption 

complicating their pregnancy. 

 

The underlying pathophysiology for accelerated cardiovascular disease in young women with 

SLE is unclear. (19) While most patients with SLE do have traditional risk factors for vascular 

disease, this still fails to account for the atherosclerotic disease burden seen in this group. There 

are conflicting reports of the contribution of  lupus activity, anti-phospholipid syndrome, disease 

duration and corticosteroid as non-traditional risk factors for cardiovascular disease in patients 

with SLE.(94), (204), (48) Multiple large international studies have been unsuccessful in 

ascertaining the cause for excess cardiovascular disease even when taking into account SLE-

specific disease damage and drugs. (185)  

 

In unselected populations, the relationship of  adverse pregnancy outcomes – specifically, 

hypertensive disorders of pregnancy – and cardiovascular death causes is well established. More 

recent meta-analyses have confirmed this, though the nature of this association, and its exact 

pathophysiology remains obscure. (140), (203) Hypertensive disorders of  pregnancy are a result 

of  abnormal placental vasculature. This abnormal placentation manifests itself  clinically by pre-

eclampsia, fetal growth restriction or the delivery of a SGA infant, placental abruption or 

stillbirth. (142) These conditions are collectively known as MPS. It is postulated that there could 

be shared pathophysiological processes between MPS and future cardiovascular disease that are 

unmasked by the stress of  pregnancy, or pre-existing cardiovascular risk factors (i.e. 

hypertriglyceridaemia, hypertension, etc.) that are present in young women who then develop 

MPS during pregnancy.(145)  

 

Whilst our study did not demonstrate an effect of presence of  maternal SLE on the association 

between MPS and future cardiovascular death, it is well established there is often a latency 

between clinical features of  SLE and need for hospital admission. A similar diagnostic-lag has 

also been demonstrated in the parous SLE cohort. (205) Pre-eclampsia and placental abruption is 

associated with elevation of soluble months post-partum and, it has been hypothesized, may 

contribute to persistent endothelial dysfunction and thereby progressive atherosclerosis. The 
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placental synthesis of  these anti-angiogenic factors may also be higher in women with SLE who 

already have a predisposition to vascular disease. As in the general population, sFLT-1 may be a 

useful marker for pre-eclampsia in women with SLE and does persist in the circulation after 

delivery. (172)  

 

 

In women with early onset pre-eclampsia there is an excess shedding of  placental microparticles 

(that can cause apoptosis, angiogenesis, inflammation and vascular dysfunction), resulting in a 

proinflammatory response by activating mononuclear cells and neutrophils. (150) In our study, 

placental abruption has been identified as the strongest risk factor for future cardiovascular 

disease. In the setting of  SLE (where immune dysregulation including B-cell activation and 

defective T-cell responses drive the inflammatory response and perpetuate the continuous cycle 

of  immune complex deposition), the added challenge of  placental microparticles and other 

inflammatory molecules could stimulate the accelerated atherosclerosis in young women. In other 

words, inflammation as a result of  placental dysfunction could work synergistically with the 

inflammatory milieu of  SLE to accelerate the development of  future cardiovascular disease. 

 

The incidence of preterm deliveries has increased worldwide. This is in part because older women 

with multiple medical comorbidities are now attempting pregnancy, an increasing incidence of 

obesity and also increased iatrogenic preterm births secondary to changes in obstetric practices. 

In our study, length of  gestation was very well captured in the MBR. As a whole, preterm delivery 

< 34 weeks gestation was associated with an increased risk of  subsequent cardiovascular death. 

In this study, we chose 34 weeks as a cut-off  to define preterm delivery as the most related severe 

placental-related iatrogenic deliveries are performed before 34 weeks. We do not have information 

on the indication of  iatrogenic pre-term delivery, however as length of  gestation (and consequently 

preterm deliveries) is well captured in the MBR, it serves as a useful marker for identifying women 

at greater risk of future cardiovascular disease. 

 

The strengths of  our study were a large population-based cohort of  12,702 Swedish women with 

SLE over a 38-year period. However, as MBR data were only available from 1973 onwards, this 

was a relatively young parous group (median age of  50 years), and there were only 44 women 

who had a history of pregnancy and had died from cardiovascular causes. Despite the women 

being relatively young, there were still 325 (8.17%) deaths. In this analysis, we deliberately 

excluded non-parous women with SLE as they are a heterogeneous group. The non-parous 
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women may have made a personal choice not to become pregnant, or were unable to do so 

because of  more severe disease, or been rendered infertile as a result of cytotoxic drug use 

(especially cyclophosphamide), or suffered recurrent early miscarriages due to severe or active 

disease. All these factors could act as potential confounders. 

 

Other limitations included the lack of  information pharmacologic data about steroid and 

hydroxychloroquine use, disease activity and damage, socioeconomic status and concurrent 

antiphospholipid syndrome. Information on disease activity and damage is particularly difficult 

to collect from retrospective population databases. We could have used presence of renal disease 

and multiple admissions to hospital as surrogate markers for more severe SLE, however, further 

risk stratification of the group would make data interpretation difficult. Data on the NPR are 

limited for smoking, cardiovascular risk factors such as dyslipidaemia and family history of 

premature cardiovascular disease (<60 years). (206) Information on maternal smoking and 

obesity were available from 1982; given the significant amounts of  missing data, we did not adjust 

for it in the multivariate analysis.  

 

Our study demonstrates that in this high-risk population of young women with SLE, adverse 

obstetric outcomes related to MPS remains an independent predictor of  cardiovascular mortality. 

In an unselected population, a history of  pre-eclampsia, a feature of  MPS is now included in the 

risk assessment of  cardiovascular disease in women. (207) In women with SLE who have a higher 

background risk of  cardiovascular disease, clinicians may wish to consider targeted screening for 

cardiovascular disease in women with previous pregnancies complicated by MPS, particularly if  

they had placental abruption complicating their pregnancies. This should be considered regardless 

of  whether there was a history of maternal SLE at the time of the pregnancy. 
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4. Maternal-Placental Syndrome 
and Future Risk of Accelerated 

Cardiovascular Events in Parous 
Swedish Women with Systemic 

Lupus Erythematosus  

– a population-based cohort study with time-to-event analysis 
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4.1 Introduction  
Prevalence of  cardiovascular events (CVE) in North American and international SLE cohorts 

followed longitudinally is approximately 10%. (15) , (37) There is a five-fold increase in the risk 

of  premature cardiovascular disease  which is the major cause of  morbidity and mortality in 

patients with SLE. (15), (13), (17) This phenomenon is especially pronounced in younger 

women.(17) Using the Nationwide Inpatient Sample – the largest all-payer inpatient care database 

in the US - and matching for gender and ethnicity, researchers found the mean age of  CVE 

requiring hospitalisation in women with SLE was 10.5 years younger compared to women 

without SLE.(28)  

 

The finding that young women with SLE appear to be particularly vulnerable to accelerated 

vascular events, raises the possibility that pregnancy may play a role in the accelerated 

development of  cardiovascular disease in women with SLE. 

  

The relationship of pre-eclampsia to future cardiovascular disease has been well established.(140) 

Women who develop pre-eclampsia during pregnancy are four times more likely to develop 

hypertension later in life, and are twice as likely to develop heart disease, stroke, and thrombosis 

in the future. (140), (208) The development of  pre-eclampsia is one of the earliest clinically 

identifiable markers of  a woman’s heightened risk of  cardiovascular morbidity and mortality. 

(209). Cardiovascular risk is also increased significantly in women with a previous history of 

preterm delivery, stillbirth or fetal growth restriction, which are also related to placental disease. 

The Cardiovascular Health After Maternal Placental Syndrome (CHAMPS) study reported that 

the highest risk of future cardiovascular disease occurred in women with an intrauterine death. 

(142)  

 

Women with SLE have increased risk of  adverse pregnancy outcomes. (159) They have a much 

higher risk of  developing pre-eclampsia (14-23%), eclampsia and preterm delivery occurs in up to 

20-31% of women. (160), (161), (162) Fetal growth restriction rates range from 5-23% in women 

with SLE. (162), (163) These conditions are collectively referred to as ‘maternal-placental 

syndrome’ (MPS).  Flares of  SLE are associated with poorer obstetric outcomes. (165) As women 

with SLE often have pregnancies complicated by MPS, it is possible that the high prevalence of  

premature cardiovascular morbidity and mortality seen in this cohort without traditional 

cardiovascular risk factors could be associated with MPS in pregnancy.  
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Our previous work has demonstrated that women with SLE and a history of  MPS have a 2-fold 

greater risk of  death from primary cardiovascular causes; this risk was over 3-fold when combined 

with preterm delivery < 34 weeks gestation (odds ratio 3.6; 95% confidence interval 1.6-8.1).(210) 

 

What remained unknown was whether MPS and preterm delivery < 34 weeks gestation was 

associated with the accelerated development of  all CVE in parous women with SLE.  

 

4.2 Methods 
This was a population-based retrospective cohort study of  women with SLE in Sweden between 

1973 and 2011. Access to these population databases was granted after obtaining consent from 

the Regional Board of  Ethics in Stockholm. Women with SLE were identified from the National 

Patient Register (NPR) and the Hospital-based Outpatient Care Register. These databases were 

then linked using the personal identity number (PIN) to the Swedish Medical Birth Register 

(MBR) and Cause of  Death Register to obtain information on pregnancies and cause of  death 

during the period of  study. (175) The duration of SLE was calculated from the date of the first 

documented inpatient admission for SLE (or with SLE as one of the comorbid conditions listed).  

 

Since the 1960’s the National Patient Register (NPR) has been collecting information on all 

inpatients at public hospitals in Sweden. Compulsory reporting of all inpatient admissions was 

established from 1987, with more than 99% of all hospital discharges now included in the NPR. 

(176) Diagnoses made during each admission were coded using the Swedish international 

classification of  diseases (ICD) system based on the World Health Organisation ICD 

classification. (177), (176) All procedures were coded using the Swedish version of  the 

NOMESCO classification of  surgical procedures.(176) The ICD codes used during the study 

period ranged between ICD 8 to ICD 10. The recording of  diagnostic codes are well validated, 

specific examples include a more than >90% positive predictive value (PPV) for coronary artery 

disease and > 85% PPV for rheumatoid arthritis.  (176) In 2001, the Hospital-based Outpatient 

Care Register was established, but its coverage was only 80% of all outpatient attendees. (176) 

The Medical Birth Register (MBR) founded in 1973, includes data on 97.0-99.5% of  all births in 

Sweden (from 1973-2007 – births > 28 weeks, and after 2007 – all births from 22 weeks). (181) 

The Cause of  Death Register contains information on all deaths of  Swedish nationals irrespective 

of  whether the death occurred in Sweden or elsewhere. This register does not include data on 

visitors, asylum seekers or individuals who have yet to obtain residence permits or those who are 

no longer registered in Sweden  (http://www.socialstyrelsen.se/ statistics). 
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4.2.1 Study cohort 

The study cohort included women with SLE identified from the NPR between 1st January 1973 

and 31st December, 2010 with a previous pregnancy registered in the MBR. All co-morbidities 

listed in this cohort were based on information captured during inpatient admissions utilising ICD 

codes.  

 

The outcomes of  interest were cardiovascular events (CVE) defined as presence of  any 

cardiovascular disease (i.e. coronary artery disease, stroke and peripheral vascular disease) or 

death from cardiovascular causes. Data on cardiovascular disease were captured in NPR using 

ICD codes (Appendix 2.1). Death from cardiovascular causes was recorded in the Cause of  Death 

Register.  

 

The exposure of  interest was the history of  any features of  maternal-placental syndrome (MPS) 

in any pregnancy.  In this study MPS was defined as any hypertensive disorders in pregnancy, 

intrauterine death, stillbirth, placental abruption or the delivery of a small-for-gestational-age 

(SGA) infant. SGA was coded independently in the MBR and is defined as a birthweight of more 

than two standard deviations below the mean weight for gestational age, according to the Swedish 

sex-specific fetal growth curve.(190) The other features were identified through ICD codes. 

(Appendix 2.2) In addition, we also explored the effect of  preterm delivery < 34 weeks in isolation 

and in combination with features of MPS on the risk of  CVE.  

 

4.2.2 Statistical analysis  

Continuous variables were summarised using medians and interquartile ranges and the Mann-

Whitney U test for comparisons between groups. The χ2 test was used for univariate comparisons 

of  dichotomous data. Multivariable analysis of  survival was performed using Cox proportional-

hazards models adjusting for the year of  first delivery to account for cohort effect, year of 

maternal birth, number of  inpatient admissions, cancer and infection as a measure of  the severity 

of  SLE, and cardiovascular risk factors (inclusive of  renal disease, diabetes and hypertension). 

The effects of  preterm delivery < 34 weeks on future CVE were explored independently and in 

combination with MPS. Interaction (Wald) test was performed to determine the effect of maternal 

SLE at the time of  pregnancy on the association between MPS and future cardiovascular 
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morbidity and mortality. The cumulative probabilities of survival in parous women with and 

without MPS and those with a delivery < 34 weeks’ gestation were assessed using Kaplan-Meier 

survival curves and compared by the log-rank test. Women who developed CVE prior to 

pregnancy were excluded from the analysis.  

 

The data obtained from the Swedish registries were comprehensive, but a few variables that were 

not available throughout the study interval – for example maternal height, weight and nicotine 

use were recorded from 1982 - so these were excluded from the survival analysis. All p-values were 

two-sided and the significance was set at p<0.05. Analyses were performed with Stata IC version 

13.1. (StataCorp LP, College Station, TX).  

 

4.3 Results  
Between 1973 and 2011 there were 12,702 women in Sweden with SLE identified from the NPR. 

In this cohort, there were 3,977 women with 7,410 pregnancies. All descriptive and analytical 

data relate to women with history of pregnancy (n=3,977). Of  these, there were 413 (10.3%) 

women with subsequent CVE. At the conclusion of the period of observation, the median age of  

the women with any CVE was 50 years (IQR 41-57). A total of 105 women (25.4%) had died 

from cardiovascular causes with the median age of death at 54 years of  age. Coronary artery 

disease was the most common cause of death (69.6%). In those who did not die of  cardiovascular 

causes, 7.7% (n=308) women had some form of  cardiovascular morbidity at a median age of  50 

years.  Again, coronary artery disease was the most common cardiovascular morbidity (51.0%). 

(Table 4.1) 

Table 4.1: Cardiovascular morbidity and mortality in parous women with SLE in Sweden (n=413) 

 n (%) Median age, years (IQR) 

Cardiovascular disease (in those without cardiovascular deaths) 

Composite cardiovascular morbidity 308 (74.58) 50 (41-57) 

Coronary artery disease 157 (50.97) 52 (46-59) 

Stroke 126 (40.91) 47 (39-54) 

Peripheral vascular disease 60 (19.48) 44 (37-52) 

Death from cardiovascular causes 

Composite cardiovascular mortality 105 (25.42) 54 (47-60) 

Coronary artery disease 71 (69.62) 56 (48-62) 

Stroke 31 (29.52) 51 (42-56) 

Peripheral vascular disease 8 (7.62) 55 (45-61) 
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Those with CVE had a longer duration of SLE diagnosis, more inpatient admissions, medical 

comorbidities (i.e. renal disease, diabetes, hypertension, cancer and infections) and were also more 

likely to die, (both from cardiovascular and non-cardiovascular causes).  In pregnancy, these 

women were more likely to smoke, have higher stillbirth rates, a higher prevalence of  MPS (28.5% 

vs. 21.4%, p=0.001) and were more likely to have a SGA infant and stillbirth. (Table 4.2)  

 

 

 

Table 4.2: Characteristics of the parous women with SLE who have had cardiovascular events 
 

Cardiovascular events 
(n=413; 10.38%) 

No cardiovascular events 
(n=3,564; 89.62%) p-value 

Characteristics of these parous women at the end of the study (31/12/2010) 

Duration of SLE, years (IQR) 13 (7-23) 9 (5-15) <0.001 

Inpatient admissions, n (IQR) 11 (4-32) 2 (0-5) <0.001 

Current age in those alive, years (IQR) 57 (49-63) 50 (41-58) <0.001 

Dead, n (%) 135 (32.69) 190 (5.33) <0.001 

Age of death, years (IQR) 54 (47-60) 50 (43-58) 0.036 

Medical comorbidities accumulated by the end of the study interval 

Renal disease, n (%) 131 (31.72) 454 (12.74) <0.001 

Diabetes, n (%) 50 (12.11) 125 (3.51) <0.001 

Hypertension, n (%) 155 (37.53) 335 (9.40) <0.001 

Cancer, n (%)  86 (20.82) 271 (7.60) <0.001 

Infection, n (%)  225 (54.48) 718 (20.15) <0.001 
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Cardiovascular events 

(n=413; 10.38%) 
No cardiovascular events 

(n=3,564; 89.62%) p-value 

Pregnancy history – characteristics of the women during their pregnancy 

Number of pregnancies, n 679 6,731  

Year of first birth   <0.001 

1973 - 1986 340 (82.32) 1,901 (53.34)  

1987 - 1999 60 (14.53) 1,060 (29.74)  

2000 - 2011 13 (3.15) 603 (16.92)  

Parity, number (IQR) 2 (1-3) 2 (1-2) 0.009 

Maternal age at first birth, years (IQR)  27 (23-31) 27 (23-30) 0.30 

Maternal SLE during pregnancy, n (%) 108 (26.15) 1,161 (32.58) 0.008 

Maternal obesity, n (%) 
Not obese 

Obese 
Missing 

+ Data only available from 1982.  

193 (58.48) 
8 (2.42) 

129 (39.09) 
 

3,242 (64.48) 
281 (5.59) 

1,505 (29.93) 

<0.001 
0.002 
0.002 
0.039 

Maternal smoking in pregnancy, n (%)+ 

Non-smokers 
Smokers 
Missing 

+ Data only available from 1982. 

 
161 (59.41) 
110 (40.59) 
59 (17.88) 

 
3,417 (77.66) 
983 (22.34) 
628 (12.49) 

<0.001 
<0.001 
<0.001 

0.30 

Maternal diabetes in pregnancy, n (%) 17 (4.12) 115 (3.23) 0.34 

Livebirth, n (%) 661 (97.35) 6,650 (98.80) 0.002 

Gestation for live births, weeks (IQR) 39 (38-40) 39 (38-40) 0.019 

Birthweight, g (IQR) * 3230 (2720-3640) 3355 (2960-3730) 0.014 

Preterm deliveries < 34 weeks*, n (%) 49 (7.41) 284 (4.27) 0.019 

Neonatal survival at 1 month*, n (%) 657 (99.39) 6,612 (99.43) 0.96 

Features of MPS in any of the pregnancies 

History of any MPS, n (%) 
117 (28.33) 762 (21.38) 0.001 

Hypertensive disorders in pregnancy, n 
(%) 51 (12.35) 350 (9.82) 0.11 

Small for gestational age*, n (%) 64 (16.49) 429 (12.4) 0.022 

Stillbirth, n (%) 18 (4.36) 76 (2.13) 0.005 

Placental abruption, n (%) 5 (1.21) 36 (1.01) 0.61 

* Only for livebirths 
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The study duration was 38 years with total person-time for follow up of  147,246.9 years with a 

CVE incidence rate in those with a history of  MPS complicating their pregnancies of 3.5 per 

thousand (95% CI 2.9 – 4.3) compared to 2.5 per thousand (95% CI 2.3 – 2.8) (p<0.0001) for 

those without MPS.  

 

In the univariate analysis, history of  MPS was associated with 1.4-fold hazard of CVE, and this 

finding persisted after adjustment (Adj HR 1.6; 95% CI 1.3-2.1) (Table 4.3). Preterm delivery < 

34 weeks gestation was independently associated with a 1.8-fold increased risk of  CVE (Adj HR 

1.80; 95% CI 1.33 – 2.43). When MPS was combined with preterm delivery < 34 weeks gestation, 

the hazard was two-fold (Adj HR 2.0 95% CI 1.4-2.8). These associations were independent of  

the presence of  maternal SLE at the time of  pregnancy (p>0.05).  

 

Table 4.3: Adjusted and unadjusted hazard ratios for cardiovascular events (CVE) in parous 
women with SLE 

 Hazard ratios (HR); 95% confidence intervals (CI) for CVE 

History of MPS or its features in 
any pregnancy Unadjusted HR Adj HR for year 

delivered 

Adj HR for year delivered + age 
+ SLE-related comorbidities + 

cardiovascular risk factors 

MPS in any pregnancy  1.43 (1.15 – 1.78) 1.65 (1.33 – 2.06) 1.64 (1.31 – 2.05) 

Hypertensive disorders in 
pregnancy  1.31 (0.98 – 1.76) 1.82 (1.35 – 2.44) 1.68 (1.24 – 2.26) 

SGA 1.50 (1.17 – 1.94) 1.63 (1.27 – 2.11) 1.68 (1.30– 2.17) 

Stillbirth   2.12 (1.32 – 3.40) 2.24 (1.40 – 3.60) 2.02 (1.26 – 3.25) 

Placental abruption  1.26 (0.52 – 3.06) 1.17 (0.49 – 2.84) 1.16 (0.498– 2.81) 

Preterm delivery <34 weeks  1.72 (1.28 – 2.31) 2.18 (1.63 – 2.94) 1.80 (1.33 – 2.43) 

MPS + preterm delivery      
< 34 weeks  1.88 (1.33 – 2.66) 2.69 (1.89 – 3.81) 1.99 (1.39 – 2.84) 
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CVE-free survival was longest amongst the parous women with SLE who had uncomplicated 

pregnancies. (Figure 4.1). Log-rank tests for equality of  survival function confirmed that those 

with MPS or MPS and preterm delivery < 34 weeks had more CVE compared to those who had 

uncomplicated pregnancies (p<0.05). 

 

Figure 4.1: Survival estimates for cardiovascular events in parous women with SLE by history of 
MPS and preterm delivery < 34 weeks’ gestation 
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4.4 Discussion  
This study demonstrates that there was an increased risk and accelerated development of  CVE in 

parous women with SLE with a history of  MPS, particularly when combined with preterm 

delivery < 34 weeks, compared to those with uncomplicated pregnancies. The risk of  future CVE 

was increased by two-fold when MPS was combined with < 34-week delivery. This association 

occurred independent of any cohort effect, duration and severity of  SLE and cardiovascular risk 

factors (diabetes, hypertension and renal disease).  

 

The contribution of traditional cardiovascular risk factors (i.e. age, diabetes, hypertension, 

smoking, etc.) to the development of CVE in women with SLE has not been consistently 

demonstrated.(211) Large multi-national cohorts of  patients with SLE have failed to identify 

specific risk factors – either cardiovascular or disease-specific – that lead to the accelerated 

development of  CVE, particularly in women.(16) Unlike male SLE patients, CVD in women with 

SLE appears to occur independent of  traditional cardiovascular risk factors and disease-specific 

factors.  (21) (37) More recently, researchers have begun to explore the relationship between 

pregnancy and CVE in the SLE population. (212) Wu, et al performed a population-based 

retrospective study of  1,132,089 parturients from 1999 to 2003 to determine if  ‘successful delivery’ 

was associated with CVE in young women with or without SLE. The researchers found that the 

women with SLE had the highest risk of  major CVE including myocardial infarction. However, 

unlike our study which had 38 years of  follow up, the duration of  follow up by Wu, et al was only 

4.4 years, with only 12 major adverse CVE in the lupus cohort. They adjusted for maternal 

education, age, marital status, parity, multiple pregnancy, diabetes and hypertension, but did not 

adjust for any lupus-specific confounders.  

 

One of  the strengths of  our study includes the population-based retrospective design over 38 years. 

The data collected were complete (>99% of  all inpatients and deliveries) and well validated.(176) 

A long duration of  follow up is necessary for the development of  CVE in this relatively young 

cohort of  women. Nevertheless, our study clearly demonstrates that accelerated development of 

CVE occurs prematurely in the women who have had pregnancies complicated by MPS.  As the 

cohort is predominantly identified from the NPR, which required an inpatient diagnosis of  SLE, 

there may be a bias towards patients with more severe manifestations of  SLE.  From the data 

available, we were able to stratify the women with more severe SLE by using duration of  SLE and 

number of  inpatient admissions as a surrogate marker for disease severity. Even after adjusting 

for these disease-specific factors and for traditional cardiovascular risk factors, the association 

between MPS and an increased risk for future CVE persisted. Limitations of our study included 
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the lack of  information on pharmacologic intervention – particularly cumulative steroid and 

hydroxychloroquine use, presence of  anti-phospholipid antibodies and history of  smoking beyond 

pregnancy. The NPR has limited information on cardiovascular risk factors and past papers have 

highlighted the need for it to be combined with outpatient data.(206)   

 

The pathophysiological process by which MPS leads to future cardiovascular disease is unclear. 

Researchers have postulated that there are shared pathological pathways between pre-eclampsia 

and future CVE that are unmasked by the physiological stress of  pregnancy. (140) A population-

based study has found pre-existing cardiovascular risk factors e.g. hypertension and dyslipidaemia 

are more prevalent in women who then develop pre-eclampsia in pregnancy.(145) Pre-eclampsia 

is a disease of  the maternal endothelium; the placenta is one of the most vascular structures.(213) 

Hence, the earliest manifestation of  any predilection for vascular disease may present in the form 

of  placental insufficiency. This is manifested clinically as pre-eclampsia or hypertensive disease in 

pregnancy, poor fetal growth (defined as SGA when the baby is delivered), stillbirth and placental 

abruption – or features of  maternal-placental syndrome as defined in this study. Preterm delivery 

< 34 weeks is a useful surrogate marker for underlying maternal disease and likely MPS, but can 

also occur spontaneously; although the number of spontaneous preterm deliveries < 34 weeks are 

likely to be quite small (< 3%) in this study cohort.  

 

Placental abruption is rare and is a difficult clinical entity to define.  This may account for the 

small numbers reported in this study and hence the lower utility as marker for future CVE.  There 

also appears to be a close interaction between poor fetal growth and future maternal 

cardiovascular disease. Severe SGA (defined as an expected birthweight for gestational age below 

the 0.75 centile, or approximately two standard deviations below the mean) infants at term have 

been linked to 1.4-fold increase in cardiovascular disease in the mother (1.38 (95% CI 1.15-1.65)) 

with increasing risk as length of  gestation decreases.(141)  

 

A recently published population-based study covering a 25-year period has demonstrated that 

stillbirth is a risk factor for cardiovascular events and cardiovascular admissions.(214) The 

CHAMPS study has linked stillbirth with a 4-fold increased risk for cardiovascular disease – the 

highest risk amongst all other features of  MPS.(142) Stillbirth is a robust outcome that is well 

captured in the Swedish MBR. When used in combination with preterm deliveries < 34 weeks, 

we believe this provides a particularly robust marker for clinicians to identify women at risk for 

future CVE. The caveat is that not all stillbirths are related to MPS, as they can occur for a variety 

of  other reasons e.g. fetal anomalies, poorly controlled diabetes, etc.  
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Preterm delivery on the other hand is more common and well captured in the MBR. We selected 

< 34 weeks’ to define our preterm deliveries as the incidence of  iatrogenic preterm deliveries is 

increasing, but the decision to deliver < 34 weeks is usually driven by clinical concern regarding 

either poor maternal health (reasons for which may not be adequately captured in the MBR), or 

fetal wellbeing – which are usually a result of  placental insufficiency. Hence, deliveries <34 weeks’ 

are likely a surrogate marker for MPS or more severe maternal disease.  Preterm deliveries, per se, 

have also been linked to future maternal cardiovascular disease, particularly if  recurrent. (215), 

(216), (217)  A recent systematic review estimates the risk of ischaemic heart disease to be 1.3-

2.1-fold, stroke 1.7-fold increase in women who have had preterm deliveries.(218) The subclinical 

risk for vascular disease is measurable within 12 years of  a preterm delivery with more women 

with preterm births having elevated blood pressures, atherogenic lipid profiles and evidence of 

carotid intimal media thickening.(219) 

 

Most of  the features of MPS are linked to inflammatory processes resulting in maternal vascular 

endothelial dysfunction, particularly in the placenta.(220), (221) Inflammatory molecules within 

the maternal circulation during a pregnancy complicated by MPS can persist for many months 

after delivery with potential for permanent vascular damage thereby accelerating atherosclerosis. 

In particular, soluble fms-like tyrosine kinase -1 (sFlt-1) – a response to uterine hypoxia – is present 

five weeks prior to any clinical manifestation of  pre-eclampsia and can persist in the maternal 

circulation for 18 months afterwards.(220), (222), (148), (149)  It is also present in women with 

SLE who develop pre-eclampsia.(172), (223), (224)  

 

In the present study, only 32% of  women had SLE documented at the time of their pregnancy. 

Maternal SLE at the time of  pregnancy did not affect the association between MPS and future 

CVE. This could be, in part, because diagnosis was not captured via the NPR as they had 

predominantly outpatient treatment, or diagnosis was not recorded on the MBR when they were 

pregnant. On the other hand, a diagnostic lag-time for SLE is well documented; many women 

may exhibit lupus-related pregnancy complications prior to a formal diagnosis. (205) Anti-

phospholipid syndrome (APS) has been shown to contribute to CVE in some studies, and also 

plays a significant role in MPS-related adverse pregnancy outcomes seen in women with SLE. 

(225), (226) Hence, it is very likely that our data have included women with underlying APS. 

Specific data on socioeconomic status were only available from after 2001. However, Sweden is a 

relatively homogenous society with equitable access to healthcare.   
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While we cannot infer causality from these data, there appears to be a close association between 

MPS, particularly when combined with preterm delivery < 34 weeks gestation, and accelerated 

development of CVE in parous women with SLE. Preterm delivery < 34 weeks gestation is also 

a useful and independent marker of  CVE in this group. It is particularly useful as a screening tool 

as most women will be able to recollect the gestation their infant was delivered, but not necessarily 

details of  all the complications encountered in the pregnancy.  Hence, clinicians caring for these 

young women with SLE may wish to consider screening for cardiovascular disease earlier in 

women who have had a history of  MPS and / or a preterm delivery < 34 weeks gestation  

 

  4.5 Key Messages 
1. When compared to women with SLE with uncomplicated pregnancies, those who had 

MPS and delivery < 34 weeks:  

• Have a 2-fold hazard of developing CVE.  

• Are likely to develop CVE earlier.   

 

2. Adverse pregnancy outcomes could be included when screening for cardiovascular dis-

ease in women with SLE.  
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at preterm delivery assist in 
maternal cardiovascular risk 

stratification in parous women with 
SLE?  

- a population-based cohort study over 38 years 
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5.1 Background 
Cardiovascular events (CVE) are more common in young women with systemic lupus 

erythematosus (SLE), despite having fewer traditional cardiovascular risk factors. Since young 

women have 50x greater relative risk of CVE, pregnancy and its complications could play a role 

in accelerating cardiovascular disease in this cohort.(17)  

 

Women with SLE are at greater risk of pregnancy complications. Pregnancy complications in the 

form of maternal-placental syndrome (MPS) are associated with a two-fold increased risk of  

primary cardiovascular death and all CVE in parous women with SLE.(210),  (164)  MPS is 

defined as either hypertensive disorders of pregnancy, small-for-gestational age (SGA), placental 

abruption or stillbirth; these features of  MPS are also indications for iatrogenic preterm delivery 

with the aim of  reducing either maternal or fetal morbidity and mortality. Small studies have 

shown that women with SLE may also have higher rates of spontaneous preterm delivery  

especially if  steroids were used at conception. (227), (228), (229) We have previously 

demonstrated that adverse pregnancy outcomes from MPS are associated with an increased risk 

and accelerated development of CVE, especially when combined with preterm delivery < 34 

weeks.(164)  

 

Preterm delivery is broadly defined as delivery before 37 weeks gestation; many subcategories of 

preterm delivery related to different gestational ages exit in the literature. (230), (231) The 

implications of  preterm delivery are immense and are closely related to the gestational age at 

delivery; the earlier the gestation at delivery, the greater risk of  complications, particularly for the 

vulnerable premature neonate. Preterm deliveries can occur for a variety of reasons and are not 

limited to MPS alone. There are different classifications of  preterm delivery; in the general 

population, half  are spontaneous or idiopathic. Iatrogenic causes and preterm rupture of  

membranes (PROM) account equally for the remaining 50%.(232) In  women with SLE, delivery 

may be expedited for maternal and fetal well-being to avoid worsening fetal growth restriction 

(leading to SGA infants), other features of  MPS or active maternal disease.   

 

Our aim was to determine the association between different gestational ages of  preterm delivery 

and the risk of  CVE in parous women with SLE in order to facilitate future CVE risk stratification.  
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5.2 Methods 

5.2.1 Swedish population registries and study design 

This was a population-based retrospective cohort study of  women with SLE in Sweden between 

01/01/1973 and 31/12/2010. Women with SLE were identified utilising the Swedish National 

Patient Register (NPR). The personal identity number (PIN) linked NPR data to the Swedish 

Medical Birth Registry (MBR) and Cause of  Death Register. Information on hospital admissions 

and diagnoses, pregnancies and resulting complications, and cause of  death was obtained. (175)  

 

Diagnoses were coded using the Swedish international classification of  disease (ICD) system 

based on the World Health Organisation ICD classification. (177), (176) The recording of  

diagnostic codes was well validated. (176) The Medical Birth Register (MBR) founded in 1973 

includes data on 97.0-99.5% of  all pregnancies and deliveries beyond 22 weeks in Sweden. (181) 

The Cause of  Death Register contains information on all deaths of  Swedish nationals, irrespective 

of  whether the death occurred in Sweden or elsewhere. (http://www.socialstyrelsen.se/ 

statistics). 

 

5.2.2 Study cohort and outcomes of interest  

Women with SLE with a birth and length of gestation recorded in the MBR were included. For 

the survival analysis, women who had a CVE prior to pregnancy were excluded. The outcome of 

interest was any CVE, including acute coronary syndrome, stroke and peripheral vascular disease, 

or death from these causes. To explore the severity of preterm delivery on the future maternal risk 

of  CVE, delivery was stratified into three categories: (i) < 34+0 weeks (<239 days) gestation; (ii) 

34+0 – 36+6 weeks (239 – 258 days) and (iii) Term ≥ 37+0 weeks (≥259 days).  

MPS was defined as hypertensive disorders of pregnancy, small-for-gestational age (SGA), 

placental abruption or stillbirth. SGA coded independently in the MBR is defined as a birthweight 

of  more than two standard deviations below the mean weight for gestational age, according to the 

Swedish sex-specific fetal growth curve.(190) The other features of MPS were identified through 

ICD codes. 

 

5.2.3 Statistics 

Continuous variables were expressed in medians and interquartile ranges (IQR) and compared 

using Mann-Whitney U tests. The χ2 test was used for univariate comparisons of  dichotomous 
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data.  Risk of  CVE was calculated using Cox proportional-hazard models and expressed as a 

hazard ratio (HR). The multivariable analyses included adjustments for age, cardiovascular risk 

factors (hypertension, renal disease and diabetes) and SLE-related morbidity (number of inpatient 

admissions, duration of  SLE, cancer and infections). The cumulative probabilities of  survival and 

time from pregnancy to CVE were estimated using Kaplan-Meier curves and compared using a 

log-rank test. All p-values were two-sided and the threshold for statistical significance was set at 

p<0.05. Analyses were performed with Stata IC version 13.1. (StataCorp LP, College Station, 

TX). 

 

 

5.3 Results 
Over the 38-year study interval, there were 3,977 women with SLE who had 7,410 pregnancies 

recorded in the Medical Birth Register, and 3,963 (99.6%) of  these women had their length of  

gestation recorded. At the conclusion of  the period of  observation, the median age of  the cohort 

who were still alive was 50 (IQR 41-59) years; 324 (8.2%) had died with median age at death of 

52 (IQR 44-59) years. Cardiovascular deaths accounted for 32.4% of  all deaths and the median 

age of  CV-related deaths was 54 (IQR 47-60) years.  Prevalence of  CVE was 10.4% (n=411), with 

the median age of  first CVE 51 (IQR42-57) years. Most common CVE was coronary artery 

disease accounting for 45.0% of  events, with age at first event of  53 (IQR46-59) years. Stroke was 

the second commonest (38.0%) but occurred at a much younger age (47 (IQR 38-53) years).  

 

Three hundred and twenty-five women (8.2%) had a history of  any delivery < 34+0 weeks, 12.7% 

had one or more deliveries between 34+0 – 36+6 weeks, while approximately 80% had only term 

deliveries of  ≥ 37+0 weeks. Of  the women who delivered < 34+0 weeks, 63% had MPS complicating 

their pregnancies. Despite being younger than the other two groups, the women who delivered < 

34 weeks had a longer duration of  SLE, increased prevalence of all cardiovascular risk factors and 

SLE-related morbidity (with the exception of  inpatient admissions) compared to those who had 

term deliveries (p<0.05). There remained significant differences despite a younger age, more renal 

disease, inpatient admissions, diabetes and infection between those who delivered between 34+0 

weeks – 36+6 weeks and those who delivered at term. (Table 5.1)  
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Table 5.1: Characteristics of parous women with SLE according to their gestational age at delivery.  

Variables 
< 34+0 weeks 

(n=325) 
34+0 – 36+6 weeks 

(n=502) 
≥ 37+0 weeks 

(n=3,136) p-values 

Age*, y (IQR) 46 (39-54) 47 (40 – 55) 51 (42 – 60) <0.05 † , ‡, § 

Duration of SLE, years (IQR) 11 (6-20) 10 (5-19) 9 (5-15) <0.05 † , § 

‡ 0.14 

Inpatient admissions, n (IQR) 4 (1-15) 3 (0-10) 2 (0-6) <0.05, ‡, § 

†0.07 

Hypertension, n (%) 63 (19.4) 74 (14.7) 351 (11.2) <0.05 † ,  § 
‡ 0.08 

Renal disease, n (%) 84 (25.9) 99 (19.7) 401 (12.8) <0.05 † , ‡, § 

Diabetes, n (%) 25 (7.7) 36 (7.2) 114 (3.6) <0.05 ‡, § 

† 0.78 

Cancer, n (%) 45 (13.9) 50 (10.0) 262 (8.4) 
<0.05 § 

†0.09 
‡ 0.23 

Infection, n (%) 106 (32.6) 145 (28.9) 687 (22.0) <0.05 ‡, § 

† 0.25 

Death, n (%) 39 (12.0) 49 (9.8) 236 (7.5) 
<0.05 § 

† 0.31 
‡ 0.08 

*  still alive at conclusion of study 
† 34+0-36+6 vs. < 34 weeks 
‡ Term (≥ 37) vs. 34+0-36+6 weeks 
§ Term vs. < 34+0 weeks 
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Despite maternal ages being similar across all groups, MPS and all its components were more 

common in the groups that delivered prior to 37 weeks (p<0.05). However, maternal SLE was 

also recorded in nearly half  of the pregnancies of  the women who delivered preterm (Table 5.2)  

Table 5.2: Obstetric outcomes in women with SLE according to their gestational age delivered. 

Variables 
< 34+0 weeks 

(n=325) 

34+0 – 36+6 weeks 

(n=502) 

≥ 37+0 weeks 

(n=3,136) 

Pregnancies, n 670 1,089 5,624 

Time frame of deliveries 

1973-1980 

1981-1990 

1991-2000 

2001-2011 

 

117 (17.5) 

202 (30.2) 

206 (30.8) 

145 (21.6) 

 

218 (20.0) 

375 (34.4) 

284 (26.1) 

212 (19.5) 

 

1,707 (30.4) 

1,615 (28.7) 

1,335 (23.7) 

967 (17.2) 

Maternal age at 1st pregnancy, year (IQR) 26 (23-30) 26 (23-30) 27 (23-30) 

Maternal GDM, n (%) 18 (5.5) 29 (5.8) 85 (2.7) 

SLE diagnosed prior to pregnancy, n (%) 175 (53.9) 225 (45.0) 864 (27.6) 

Livebirth rate, n (%) 615 (91.8) 1,068 (98.1) 5,602 (99.6) 

Neonatal survival at 1 month, n (%) 582 (94.6) 1,066 (99.7) 5,596 (99.9) 

MPS during any pregnancy, n (%) 205 (63.1) 179 (35.7) 492 (15.7) 

Hypertensive disorders, n (%) 100 (30.8) 85 (16.9) 214 (6.8) 

Small-for-gestational-age (SGA), n (%) 124 (44.1) 95 (20.1) 274 (8.9) 

Stillbirth, n (%) 51 (15.7) 21 (4.2) 22 (0.7) 

Placental abruption, n (%) 16 (4.9) 7 (1.4) 18 (0.6) 

p<0.05 for all comparisons with the exception of maternal age, and placental abruption when comparing term ≥ 

37+0 weeks vs. 34+0 – 36+6 weeks.  
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The prevalence of  CVE was significantly higher in those who had a previous delivery < 34+0 

weeks’ gestation, even when compared to those who delivered between 34+0 – 36+6 weeks’ 

gestation (p<0.05). CVE occurred much earlier in any parous women who delivered prior to 37 

weeks’ gestation. More than half  the women who delivered < 34+0 weeks’ gestation died from 

cardiovascular causes.  (Table 5.3).  

 

 

Table 5.3: CVE in parous women with SLE stratified by gestational age at delivery.  

 
< 34+0 weeks 

(n=325) 

34+0 – 36+6 weeks 

(n=502) 

≥ 37+0 weeks 

(n=3,136) 

Prevalence of CVE, n (%) 53 (16.3) 56 (11.2) 302 (9.6) 

Age at first CVE, year (IQR) 40 (29-47) 47 (38-53) 52 (43-58) 

Cardiovascular death, n (%) 21 (53.9) 14 (28.6) 70 (29.7) 

Incidence of CVE, per 1,000 (95% CI) 4.4 (3.3 – 5.8) 3. 0 (2.3 – 3.9) 2.6 (2.3 – 2.7) 

Unadjusted HR for CVE (95% CI) 1.8 (1.3 – 2.4) 1.2 (0.9 – 1.6) 1.0 

Adjusted HR 1* for CVE (95% CI) 2.3 (1.7 – 3.2) 1.5 (1.1 – 2.0) 1.0 

Adjusted HR 2 ** for CVE (95% CI) 1.8 (1.3 – 2.5) 1.1 (0.8 – 1.6) 1.0 

*  Adjusted HR1 – age. 

**Adjusted HR2 – age, SLE-related morbidity and cardiovascular risk factors.  

 

The subjects contributed 146,754.3 years of  person-time to the study. The incidence of CVE in 

parous women in this cohort was 27.5 per 10,000 person-years (95% CI 25.0– 30.4). The incidence 

was higher at 43.7 per 10,0000 person-years (95% CI 33.92– 57.5) in those who had < 34+0 week 

deliveries; and the incidence was 30.2 per 10,000 person-years (95%CI 2.3-3.9) in those who 

delivered between 34 - 36 weeks. (Table 5.3) The risk of  developing CVE was 1.8 (95% CI 1.3 - 

2.4) in those who delivered < 34+0 weeks’ gestation. The risk of CVE remained elevated in those 

who had preterm deliveries < 34+0 weeks even after adjustment for known CVE risk factors and 

SLE-related morbidity. (Table 5.3). CVE developed earliest in those with < 34+0 week deliveries, 

compared to those who had term deliveries (p<0.001). (Figure 5.1).  
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Figure 5.1: Kaplan-Meier CVE-free survival stratified by different gestational ages delivered.  

 

 

5.4 Conclusions and discussion  
In this Swedish population of  parous women with SLE, 20.9% had one or more preterm delivery 

<37+0 weeks gestation. When stratified according to gestational age at delivery, women with any 

delivery < 34+0 week had the highest prevalence and incidence of  CVE. We have therefore 

identified a group of  women with SLE at greatest need for early screening; this could also serve 

to provide some reassurance to women who have had a preterm delivery at later gestational ages.  

 

Women are likely to recollect a preterm delivery because of its implications and the need for 

special care for the neonate and long-term morbidity. Therefore, it serves as an excellent screening 

question (and is arguably more reliable than a history of  pre-eclampsia / hypertensive disorders) 

for clinicians aiming to identify parous women with SLE who are at particular risk of  CVE.  
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Globally, preterm deliveries are increasing, due to a variety of  reasons. (233) Deliveries prior to 

37 weeks’ gestation in women with SLE may arise as a result of  maternal disease and 

comorbidities, especially MPS-related complications, active SLE during pregnancy, and high 

doses of  corticosteroids which are associated with preterm premature rupture of  

membranes.(234) It is likely that those with severe or active maternal disease in pregnancy 

experienced earlier preterm deliveries. Preterm delivery unrelated to SLE and its complications 

can occur spontaneously, but this remains rare, particularly in early preterm deliveries of  <34+0 

weeks. Only 3.5% of births occurred before 34 weeks in a low-risk American cohort, while the 

corresponding figure is only 1.8% for Sweden.(235)  Spontaneous preterm deliveries in women 

with SLE are usually the result of preterm rupture of  membranes which in turn are associated 

with steroid use. (228) Therefore, it is likely that these spontaneous preterm births are associated 

with SLE disease activity if  not MPS.(227) It is not unusual for active SLE in pregnancy to lead 

to MPS and other adverse obstetric and neonatal outcomes.(236) Since there are significant health 

implications for a neonate delivered prior to 34 weeks, any decision on medically-indicated 

preterm delivery would have been taken only after options to prolong the pregnancy had been 

exhausted.(233)   

 

In this study population considered at high-risk of  MPS (22.1% in the Swedish cohort), (210) two-

thirds of deliveries prior to 34+0 weeks’ gestation were associated with MPS-type complications, 

possibly related to active SLE in pregnancy. Although we were unable to discern the reasons for 

preterm delivery – as SLE activity was not recorded in the MBR – these findings indicate that, 

regardless of  the underlying cause for preterm delivery, any delivery prior to 34 weeks was 

associated with an increased risk of accelerated CVE.  

 

It is probable that those with active SLE in pregnancy were more likely to develop MPS and 

therefore to have been delivered earlier. This is reflected in the greater SLE-related morbidity seen 

in those who delivered <37+0 weeks’ gestation.  

 

Registry-based studies are limited to the variables recorded; the present study specifically lacks 

information about flare or active SLE during pregnancy, steroid and hydroxychloroquine use, and 

anti-phospholipid syndrome, all of  which can affect SLE disease activity in pregnancy. The extent 

of  disease damage due to SLE was not available, but we used surrogate markers such as hospital 

admissions, infections and development of malignancies and adjusted for these factors in our 
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multivariate analysis. Information on other traditional cardiovascular risk factors such as 

dyslipidaemia, family history of  premature coronary artery disease, smoking and obesity were 

not available, but previous publications on large international cohorts of  SLE patients have not 

consistently demonstrated that these are useful markers for predicting CVE in patients with SLE, 

particularly young women.(237)   

 

On the other hand, our data from Swedish population registries are drawn from one of  the most 

comprehensive long-term population-based studies, followed up longitudinally over a 38-year 

interval. Sweden’s population registries are a world-renowned example of  meticulous record 

keeping. These data are particularly robust as the length of each gestation is recorded in the MBR 

and is not subject to recall bias. In addition, Sweden has the highest recorded prevalence of SLE 

in Europe, though this may partly be due to ascertainment bias as a result of comprehensive 

national records.(238) 

 

In conclusion, pre-term delivery < 34 weeks gestation could be a useful screening question for 

clinicians identifying parous women with SLE at risk of  CVE, as they have a two-fold increased 

risk of  premature CVE.  
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6.1 Summary of the main findings  
The analysis of Swedish population registries confirmed the hypothesis that in parous women 

with SLE, adverse pregnancy outcomes are associated with: 

 

1. An increased risk of primary cardiovascular mortality (Chapter 3) (210) 

• Parous women with SLE who died primarily from cardiovascular causes had more 

inpatient stays in hospital, more hypertension, renal disease and infection.  

• MPS was associated with a two-fold increased risk in primary cardiovascular deaths (adj 

OR 2.2 (95% CI 1.1 – 4.2).  (Table 3.2)  

• There was a significant overlap in the features of MPS in these pregnancies, with affected 

pregnancies often exhibiting more than one feature of MPS. (Figure 3.1) 

 

2. An increased risk of all CVE (Chapter 4) (164) 

• Unlike the general population, parous women with SLE were more likely to suffer from 

coronary artery disease (instead of strokes) at a much younger age. (Table 4.1) (207) 

• A history of MPS was associated with a 1.6-fold increase (adj HR 1.6; 95% CI 1.3 – 2.1) 

and, when combined with preterm delivery < 34 weeks’, the risk was two-fold increased 

(adj HR 2.0; 95% CI 1.4 – 2.8). (Table 4.3) 

 

3. Accelerated development of premature CVE (Chapter 4) 

• Median age of parous women with SLE developing CVE was only 50 (IQR 41 – 57) 

years, compared to the usual age of onset after 60 years in the general population.  

• MPS + preterm delivery < 34 weeks’ was associated with an accelerated development 

of CVE compared to women with SLE who had uncomplicated pregnancies. (Figure 

4.1). 
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4. Preterm delivery was associated with a 1.8-fold increased risk of CVE (Chapter 5).  

• Women with SLE who had preterm deliveries < 34 weeks’ had SLE for a longer time, 

more SLE-related-morbidity and more cardiovascular risk factors compared to women 

with SLE who did not have preterm deliveries < 34 weeks. (Table 5.1)  

• Nearly two-thirds (63.1%) of the women with SLE who delivered prior to 34 weeks had 

MPS-related complications during their pregnancy, compared to only 6.8% in those who 

had term deliveries. (Table 5.2)  

• The incidence of CVE was 4.4 (95% CI 3.3 – 5.8) per 1,000-person years for the women 

with SLE who delivered prior to 34 weeks compared to 2.6 (95% CI 2.3-2.7) per 1,000 

person-years in women with SLE with term deliveries. (Table 5.3). There was a 1.8-fold 

increase in risk of future CVE in women with SLE who had pre-34-week deliveries (adjHR 

1.8l; 95% CI 1.3-2.5).  

• Reassuringly, the women with SLE who delivered between 34+0 – 36+6 weeks’ did not have 

an increased risk (adj HR 1.1; 95% CI 0.8-1.6). (Table 5.3)  

 

5. Delivery < 34 weeks was associated with accelerated CVE (Chapter 5) 

• For women with SLE who delivered prior to 34 weeks’, the median age at presentation 

with CVE was 40 (IQR 29.47) years of age compared to a later age in the women with 

SLE who delivered at term (median age 52 years IQR 43-58). (Table 5.3). 

• Women with SLE who delivered prior to 34 weeks’ had accelerated development of CVE 

compared to those who had deliveries at a later gestational age. (Figure 5.1)  
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6.2 How these study findings may influence clinical practice 

6.2.1 Cardiovascular risk assessment in parous women with SLE 

The decision to screen and initiate primary prevention in cardiovascular disease is very much 

dependent on the individual’s cardiovascular risk score. Multiple scoring systems – the most well-

known and best studied score is the Framingham Risk Score (FRS) – that factor in age, sex, 

smoking, total cholesterol, HDL, hypertension (or on treatment) and diabetes to generate an 

estimated a 10-year absolute risk of fatal and non-fatal coronary events. (239) 

(https://www.cvdriskchecksecure.com/framinghamriskscore.aspx) The subjects are then 

categorised as high-risk (≥20% risk), intermediate-risk (10%–20%), and low-risk (<10%) 

categories; and despite the lack of  evidence to show an improvement in outcomes, many 

guidelines suggest that primary prevention be considered in those in the high risk category. (240), 

(241) There are many other calculators developed for CVE risk score e.g. QRISK, (242) 

Systematic COronary Risk Evaluation  (SCORE),(243) ASSessing cardiovascular risk using 

SIGN (ASSIGN),(244) Adult Treatment Panel (ATP)-III Risk Estimator (FRS-based),(245), (246) 

Prospective Cardiovascular Munster Study (PROCAM), (247) Reynold’s Risk Score in 

women,(248) etc. and the calculator is specific to population used for its development. For 

example, the FRS over-estimates the risk in low-risk European populations.(249) However, on the 

other hand, FRS does not perform as well as a risk assessment tool in women; with >90% of  the 

women < 70 years of  age classified as low risk, (250), (251) whereas nearly 40% of asymptomatic 

women with a low FRS score but family history of coronary artery disease were found to have 

subclinical atherosclerosis seen on coronary calcium scoring.(252) The Reynolds Risk Score 

which incorporates high-sensitivity C-reactive protein (hsCRP) and family history for premature 

myocardial infarction seemed to perform better as a risk assessment tool in a multi-ethnic cohort 

of  women than FRS. (253), (248) 

 

Despite young women with SLE having a much higher risk of  CVE compared to the general 

population, a good evidence-based guideline for the screening and management of  cardiovascular 

risk factors has yet to be created. (237) FRS, Systematic Coronary Risk Evaluation (SCORE), and 

QRISK®2-2017 do not take into account a history of  SLE and the complex interplay between 

inflammation and accelerated development of  vascular disease. More recently, researchers in 

Toronto have attempted to develop a more SLE-specific scoring system, by suggesting that each 

item on the FRS could be multiplied by two to more accurately predict coronary artery disease in 

patients with SLE. (22) However, that scoring system does not take into account the greater 

relative risk that young women with SLE have for premature CVE, or that they are also more 

likely to die from CVE at a younger age.  
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The American Heart Association (AHA) acknowledges that vascular disease in women differs 

from men: 1. Women are more prone to strokes; 2. There is a higher percentage of  women > 65 

years who have hypertension compared to men; 3. There continues to be a significant under-

representation of  women in clinical trials for cardiovascular disease; 4. Ethnic, cultural, socio-

economic and many other factors play a significant role in a woman’s ability to engage with 

care.(207) In 2011, AHA published a specific guideline for the prevention of  cardiovascular 

disease in women that specifically includes pregnancy complications and autoimmune disease 

(SLE and rheumatoid arthritis) as risk factors for cardiovascular disease. (207) The AHA classify 

cardiovascular risk in women into three states – high risk, at risk and ideal cardiovascular health. 

Based on these guidelines, women at high risk (i.e. those with clinically manifest CVE, abdominal 

aortic aneurysm, end-stage or CKD, diabetes mellitus or a ≥ 10 % risk for CVE over 10-years) 

should be considered for statin (if  LDL cholesterol < 190mg/dL) and aspirin for primary 

prevention. (207) However, the AHA guidance on when to commence screening and how to 

screen women, and if  and when primary prevention should be commenced is less specific.  

 

Results from this thesis on women with SLE in Sweden suggest that those who have had a 

pregnancy complicated by MPS or preterm delivery < 34 weeks have double the risk of  CVE 

compared to women with SLE who have had term pregnancies uncomplicated by MPS. The 

median age at presentation with their first CVE was 40 years in women who had a preterm 

delivery < 34 weeks’ gestation, while the median age of  primary cardiovascular death was only 

54 years. (210) These results may help refine the target population of  parous women with SLE to 

be screened, since these women may potentially benefit from primary prevention. As CVE in this 

cohort occurred prior to age 60 years – which is the age when cardiovascular screening for primary 

prevention of  atherosclerotic vascular disease is usually recommended (254) – clinicians may 

choose to consider screening women with SLE who have had adverse pregnancy outcomes from 

MPS and preterm delivery < 34 weeks at a much earlier age, possibly as a continuum from the 

post-partum stages.  

 

Hypertension may persist or recur after a pregnancy affected by pre-eclampsia or MPS. The meta-

analysis of  13 studies shows that the relative risk of  hypertension being diagnosed following pre-

eclampsia was 3.7 (95% CI 2.7 – 5.1) over a weighted follow-up period of  14.1 years.(140) The 

Västerbotten Intervention Program – a Swedish population-based study - estimated the risk of 

hypertension at age 40 years as three-fold higher in women who had pre-eclampsia (adjusted OR 

3.1; 95% CI 2.6 – 3.7). (255)   
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Structural changes to the heart during pregnancy evident on echocardiography have been reported 

when a pregnancy is complicated by pre-eclampsia, and these changes are more marked in 

preterm pre-eclampsia. (256), (257) Small cohort studies have shown diastolic dysfunction and 

adaptive left ventricular changes; the latter changes are not dissimilar to the echocardiographic 

changes seen in early essential hypertension. (256), (258) Diastolic dysfunction was also detected 

in other women who have had other features of  MPS e.g. when the pregnancy was complicated 

by severe fetal growth restriction. (259)  Left ventricular systolic dysfunction was also evident in 

women with pre-term pre-eclampsia. (257) These findings are thought to represent the exhaustion 

of  cardiac reserve in severe preterm pre-eclampsia pregnancy. (257) 

 

Follow-up echocardiographic examinations of  the women with pre-eclampsia at 1-2 years showed 

evidence of  persistent global diastolic dysfunction that was present at the time of  diagnosis of 

preeclampsia, though hypertrophy of  the ventricles had regressed. There was evidence of  

persistent systolic dysfunction in a   select group of  post-partum women all of whom had diastolic 

dysfunction during their pre-eclamptic pregnancy. (260) Such systolic and diastolic changes were 

persistent even in asymptomatic women  (without current hypertension and not on anti-

hypertensive medications) when they had previously had pre-eclampsia and hypertension elevated 

liver enzymes, low platelets (HELLP) syndrome more than a decade earlier. (261) 

 

Diastolic dysfunction seen post-MPS also occurs in diabetes, hypertension and obesity – all 

conditions are pro-inflammatory. (262), (263), (264) The pathophysiology behind diastolic 

dysfunction is likely due to persistent systemic inflammation resulting in endothelial dysfunction, 

subsequently leading to microvascular dysfunction that impairs diastolic relaxation of  the heart, 

causing eventual fibrosis and concentric left ventricular remodelling. (263), (265) These changes 

are likely precursors to the clinical manifestations of atherosclerotic disease, e.g. acute coronary 

syndrome, heart failure, stroke and peripheral vascular disease.(266), (267), (268) (Figure 6.1) 

 

Since SLE is also a proinflammatory state, these cardiovascular changes following a pregnancy 

complicated by pre-eclampsia / MPS are likely to be amplified and perpetuated by a pro-

inflammatory milieu, thereby leading to the accelerated development of clinical atherosclerotic 

vascular events.(269) What remains unknown is how SLE and adverse pregnancy outcomes affect 

the woman’s chances of  developing CVE within 10 years, so that this can be factored into 

cardiovascular risk calculations that ultimately determine if  primary prevention should be 

initiated.  
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Figure 6.1: Possible pathophysiology of how endothelial and microvascular dysfunction leads to 
diastolic dysfunction and atherosclerotic disease.  
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Although, risk factor modification is likely to attenuate the effects of SLE and MPS on 

cardiovascular risk, there are no randomised controlled studies to determine the effect of  

treatment or modification of each of these risk factors. (Figure 6.2)  

 

There are still three unanswered questions that plague screening for early atherosclerotic disease 

in women with SLE. Firstly, what is the optimal screening (or cardiovascular imaging) modality 

to detect early atherosclerotic change? Secondly, will primary prevention improve long term 

outcomes? Thirdly, should women with SLE be screened and managed to the same standards as 

other women? Or should the thresholds to treat hypertension, dyslipidaemia etc. be lower in this 

group particularly in those with MPS or preterm delivery <34 weeks.  

 

Based on the limited evidence presented, I suggest that all women with SLE – particularly those 

who have had MPS and preterm delivery < 34 weeks complicating their pregnancies – should 

have their cardiovascular risk assessed at each visit with a health professional, and all 

cardiovascular (and SLE-specific) risk factors be optimally managed. (Figure 6.2) 

  

6.2.2 Primary prevention of CVE 

Most of the clinical trials for initiating primary prevention in women are in older women over 60 

years of  age. Considering that CVEs occur at a much younger age in women with SLE, these 

thresholds for initiating primary prevention may not necessarily apply.  

 

Moreover, primary prevention is only recommended when a certain threshold is achieved (i.e. a 

10% risk of  developing CVE in 10 years) on cardiovascular scoring systems, e.g. FRS, QRISK®2-

2017 etc., currently in use today. As previously discussed, none of  these scoring systems take into 

account SLE.  

 

Statins 

In a population-based study, statins utilised to treat hyperlipidaemia in SLE have been associated 

with a reduction in all-cause mortality (HR 0.44, 95% CI 0.32 to 0.60); coronary artery disease 

(HR 0.20, 95% CI 0.13 to 0.31); stroke (HR 0.14, 95% CI 0.08 to 0.25); and end-stage renal disease 

(HR 0.22, 95% CI, 0.16 to 0.29). (61) 
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The largest primary prevention trial of  statins, JUPITER, enrolled 6,801 women ≥60 years with 

highly sensitive C-reactive protein (hsCRP) ≥ 2mg/dL and low-density lipoprotein (LDL) < 

130mg/dL (or 3.4 mmol/L) and concluded that statins were effective for primary prevention for 

women (risk reduction 0.63; 95% CI 0.49 – 0.82). (270) A large meta-analysis that included 40,275 

women showed that statins significantly reduced atherosclerotic vascular events (OR 0.81; 95% 

CI 075 – 0.89) and all-cause mortality (OR 0.87; 95% 0.78 – 0.97). The number needed to treat 

(NNT) over a 4-year interval to prevent one atherosclerotic vascular event was 148 in women and 

only 43 in men. (271) 

 

However, these studies on statins for primary prevention only included women over the age of  60 

years – which is considerably older than the median age of  CVE in the present study cohort. So, 

should statin therapy be initiated earlier in women with SLE, particularly those who had adverse 

pregnancy outcomes? Should the cholesterol threshold for initiating statin therapy be lower in 

women with SLE? Since patients with inflammatory disease often have lower HDL levels (as 

discussed in Chapter 1 – 1.2.3 Dyslipidaemia), should the newer agents such as cholesteryl ester 

transfer protein (CETP) inhibitors be considered instead? (272) 

 

Anti-hypertensive therapy 

 National guidelines from the 8th Joint National Committee in the USA suggest that treatment of  

hypertension should only be started when blood pressure (BP) ≥150/90mmHg after 60 years of  

age in both men and women who do not have either diabetes or renal disease. (273) However, in 

those aged 30-59 years, treatment should only be initiated if  the diastolic BP exceeds 90mmHg, 

with a target BP of 140/90mmHg. There is no evidence for this recommendation, apart from the 

expert opinion of  those on the panel. (273) This panel also advocated the use of angiotensin-

converting enzyme (ACE) inhibitors as first line therapy, except in women of  childbearing age. 

This recommendation is also supported by National Institute for Health and Care Excellence 

(NICE) 2011 guidelines in the UK.  (www.nice.org.uk/guidance/cg127)  

 

Most women with pre-eclampsia or hypertensive disorders of pregnancy are discharged home 

with one or more anti-hypertensive agents to be tapered over a six-week interval by their family 

practitioner. However, tapering off  these medications cannot be carried out successfully in all 

women. The prevalence of hypertension following a pregnancy affected by pre-eclampsia ranges 

between 25-45% (prevalence is much higher at 45% in early onset pre-eclampsia) or a five to eight-

fold increase (HR 4.3; 95% CI 4.0 – 4.6 in term pre-eclampsia and HR 8.4 95% CI 7.7–9.1 in early 

pre-eclampsia) in the first five years following a pregnancy affected by pre-eclampsia. (274), (275) 
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It is often difficult to determine when the diagnosis of  hypertension can be established after an 

affected pregnancy. A nationwide cohort study in Denmark has determined that the rate of  post-

pregnancy hypertension in the first year was 12 to 25-fold higher in women who had been 

diagnosed with hypertensive disorder of  pregnancy compared to those who had a normotensive 

pregnancy. The rates of hypertension remained elevated for at least two decades after the event. 

(276) 

 

Hence, should all women with pre-eclampsia be started on long term anti-hypertensive therapy 

once their diastolic BP exceeds 90mmHg? How long post-partum should raised BP be attributed 

to pre-eclampsia before the diagnosis of  persistent hypertension is made? In women with SLE, 

with the much higher risk of  CVE, should the threshold to initiate anti-hypertensive therapy be 

lower, or should the aim be for a lower target BP instead of the conventional 140/90 mmHg? 

Would tight control of  BP improve future vascular outcomes? 

 

Aspirin 

The role of  low-dose aspirin (at doses between 75-150mg a day) for primary prevention of  CVE 

(and colorectal cancer) has always been contentious and marred by the high incidence of adverse 

events, especially bleeding, that accompanies its use. This recently received widespread attention 

when the Oxford Vascular Study found that aspirin and other anti-platelet agents used for 

secondary prevention were associated with a high risk of major bleeding.  The risk increased 

steeply with age – particularly in those aged ≥ 75 years in whom events were often fatal or resulted 

in disabilities. (277) 

The role of  aspirin for primary prevention in women is less clear. (278) This in part could be due 

to its different pharmacologic effects in women.  Women demonstrated greater platelet reactivity 

independent of the cyclooxygenase (COX)-1 pathways which even higher doses of aspirin did not 

negate.(279) Platelet aggregation at 325mg a day was more in women compared to only 81mg a 

day of aspirin in men. (280) 

 

The largest primary prevention study of  aspirin in women – the Women’s Health Study of  nearly 

40,000 women – found that while 100mg aspirin taken every other day significantly reduced the 

risk of  CVE (stroke and myocardial infarction) amongst women over 65 years, there was a 

significant increased risk of bleeding. Hence, aspirin as primary prevention only resulted in a very 

small benefit, that was outweighed by the potential risk of harm. (127) Risk of  bleeding also 

increased with age. However, age was also the most important determinant for benefit, and the 



Are adverse pregnancy outcomes associated with the accelerated CVE in parous women with SLE?  

93 

NNT to prevent one CVE in a woman over a 15-year interval was 29. (281) Therefore, aspirin is 

not recommended for women <65 years of age but may be considered in women ≥ 65 years who 

are at higher-risk of  CVE and cancers, particularly if  benefits outweigh the risk of  bleeding. (254)  

 

These findings highlight the importance of assessing the woman’s 10-year CVE risk. This may 

not yet be possible in women with SLE but further risk-stratification modalities that include 

hsCRP, coronary calcium scoring / CT coronary angiography etc. may assist in reaching a shared 

decision to initiate aspirin and / or statins as primary prophylaxis in parous women with SLE.  

 

The utility of aspirin in primary prophylaxis in women with APS (both primary and secondary) 

beyond the obstetric setting remains controversial. Aspirin was not useful for primary prophylaxis 

of  thrombosis in a small study of  n=98 asymptomatic but persistently aPL-positive patients. The 

authors concluded that this was due to the very low annual thrombosis rate. Therefore prophylaxis 

should only be initiated if  additional risk factors for thrombosis were present. (282) SLE is 

considered a risk factor for thrombosis in secondary APS. (283) The recent 15th International 

Congress on Antiphospholipid Antibodies Task Force on Antiphospholipid Syndrome Treatment 

Trends Report now recommends low-dose aspirin and hydroxychloroquine as primary 

prophylaxis in those who have SLE and persistently positive lupus anticoagulant (LA). (283), 

(284) 
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6.2.3 Further risk stratification  

In the general population, coronary artery calcium (CAC) scoring and carotid ultrasound are the 

two imaging modalities with the largest evidence base used for re-classifying asymptomatic 

women at ‘intermediate risk’ according to  the cardiovascular risk scores (such as the FRS);  

placing such asymptomatic women in a higher risk category would prompt a clinician to consider 

initiating primary prevention or further investigations for coronary artery disease.(285), (286), 

(287)   

 

Multiple imaging modalities for CVE risk assessment have been explored in an attempt to refine 

cardiovascular risk stratification with SLE.  (288), (289), (290), (291), (292) Apart from a few 

exceptions, most studies of  these imaging modalities are small, and are of  insufficient duration to 

demonstrate correlation with clinical outcomes.  (Table 6.1) 
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Table 6.1: Imaging modalities for cardiovascular risk stratification in SLE  

Imaging methods Advantages Disadvantages Evidence in SLE 

Carotid intima-me-
dia thickening 
(CIMT) +/- plaque 
characterisation) 

• Rapid 
• Relatively inexpensive 
• No radiation 
• Can be performed repeatedly 

• Operator-dependent for reproducibility 
• Extent of plaque burden may not correlate with CVE 

Some large studies > 
10 years follow-up 
(293), (294), (95), 
(295), (296), (204) 

Coronary artery cal-
cium scoring (CAC)* 

• Well validated in general population for CV risk 
prediction with excellent positive and negative 
predictive value  

• Strong correlation with traditional CV risk factors 
in patients with SLE 

• Procedure takes little time 

• Exposure to ionising radiation 
• Presence of calcified plaque may indicate advanced 

atherosclerotic disease which is less amenable to risk factor 
modification (i.e. disease control) and primary prevention 

• Does not provide a functional assessment  

Observational cohort 
studies (123), (297), 
(298), (299), (300), 
(204), (301), (302) 

CT angiography* 

• Multi-detector CT gives much better spatial 
resolution of coronary stenosis  

• Quantification of non-calcified plaque burden 
could further aid risk stratification  

• Emerging evidence of correlation with SLE-
disease control  
 

• Exposure to ionising radiation 
• Extent of stenosis may not correlate with clinical events 
• Presence of non-calcified plaque very common in young SLE 

patients – significance is unclear  
• Better delineation of macrovascular disease  
• Presence of coronary calcification also creates ‘calcium 

bloom’ artefact that limits the accuracy on quantifying the 
severity of luminal narrowing 

Limited to small ob-
servational studies 
(303), (304) 

Myocardial single 
photon emission 
computed tomogra-
phy (SPECT) 

• Functional test of myocardial ischaemia and 
able to provide viability assessment 

• Correlates with increased hazard of CVE in SLE  

• Poor agreement between SPECT and coronary angiography 
defects 

• More expensive than CAC 
• Higher irradiation than CAC 

 Limited to case series 
(305), (306), (307), 
(308) 
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Cardiac MRI 

• Detects microvascular disease 
• Superior in the delineation of myocardial 

abnormalities compared to conventional 
echocardiography 
 

• Expensive  
• Poor correlation with angiography –  since coronary artery 

wall enhancement in SLE is diffuse – a reflection of 
generalised vascular inflammation  

• Lengthy procedure  
• Renal dysfunction limits the use of gadolinium 

(309), (310), (311), 
(312), (313) 

Positron emission to-
mography (PET) 

• Reduced coronary flow reserve as an early 
predictor of premature coronary artery disease 

• Detects endothelial dysfunction 

• Application largely limited to research settings  
• Expensive  

(314), (315) 

Coronary angi-
ography 

• “Gold standard” for the diagnosis of flow 
restriction in coronary artery disease  

• Therapeutic procedures i.e. stenting of coronary 
artery can also be performed 

• Functional assessment with fractional flow 
reserve (FFR) can be assessed 

• Invasive (<1% risk of complications) 
• Risk of radiation 
• Contrast may worsen renal impairment 
• Despite having the highest resolution, microvascular disease 

cannot not be visualised.  
• Correlation between degree of stenosis and ischaemia is not 

always linear and further assessment is needed 

* Not really a screen-
ing test so none of the 
studies published in 
SLE are related to us-
ing angiography as a 
screening exam.  
(305) 

* CAC and coronary CT are often combined; CAC by itself involves less ionising radiation and remains a better validated means of risk stratifying cardiovascular disease 
in both the general population and SLE.  
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Carotid intima-media thickening (CIMT) 

CIMT testing is non-invasive ultrasound imaging of  the carotid artery wall to define the combined 

thickness of the intimal and medial arterial wall components. Plaque is defined as a focal projection 

within the intima-media layer that is more than 50% greater than adjacent IMT. (295) It has been well 

validated as a means for predicting CVE, especially stroke, in the general population. (316) Although it 

is operator dependent, with highly-trained technicians, it has been shown to be a sensitive test with 

consistently reproducible results. (317) It is an attractive imaging modality since it does not expose the 

subject to any ionising radiation, is relatively inexpensive and, given its excellent reproducibility, it can 

be performed sequentially as follow-up to determine if  any changes have occurred.  

 

In the general population, combining CIMT and the presence of quantifiable plaque with traditional 

cardiovascular risk factors led to an improvement in cardiovascular risk prediction for most scoring 

systems.  A large study over a 15-year interval demonstrated that the addition of CIMT and plaque 

burden resulted in the reclassification of 23% of  subjects (n=13,145); more subjects being reclassified 

in the lower risk group. The presence of plaque greatly improved risk prediction in women compared 

to men. (285) However, in a multi-ethnic general population, CIMT remains inferior to CAC for risk 

prediction of  CVE.  (318) 

 

In patients with SLE followed up over a decade, researchers found that they had a greater plaque burden 

and more rapid accumulation of  plaque when compared to normal controls.(95) However, this 

particular study failed to explore the links between clinical CVE and CIMT. Most studies of CIMT in 

SLE have shown a correlation with higher cumulative damage, duration and cumulative dose of  steroid 

use.  (94), (294) Conversely, better control of SLE with steroid-sparing immunosuppression had a 

beneficial effect on CIMT. (296) 

 

A single study of 392 women with mild SLE found a higher incidence of  CVE in those with a greater 

mean CIMT and the presence of  carotid plaque at baseline. (295) Unfortunately, this study did not 

include follow-up CIMT assessments (with plaque quantification) to determine if  increments in either 

CIMT or plaque correlated with CVE.  

 

 

Coronary artery calcium (CAC) and CT coronary angiography 

CAC has been extensively studied and is a well-validated method for cardiovascular risk prediction in 

the general population. There are several caveats: 1. Early atherosclerotic arteries do not show 

calcifications; calcifications are late-stage subclinical disease and correlate with plaque burden; 2. While 
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the extent of  CAC is more pronounced in those who have coronary artery disease, CAC is not an 

indicator for (in)stability in the atherosclerotic plaque detected. (240),  However, it is the absence of 

plaque (CAC Agatson score 0) that has a very high negative predictive value of close to 100% in ruling 

out significant coronary artery disease. (319), (320) 

 

The Cardiac Society of  Australia and New Zealand (CSANZ) supports the utility of  CAC in two 

patient groups: (321)  

1. Intermediate risk patients (absolute 10-year cardiovascular risk of 10-20%) who are 

asymptomatic, do not have known coronary artery disease and are aged 45 – 75 years. It is able 

to reclassify patients into lower or higher risk groups. (322) 

2. Lower risk patients (absolute 10-year cardiovascular risk 6-10%), especially in the context of 

family history of premature cardiovascular disease, and possibly in patients with diabetes aged 

40 to 60 years old. Traditionally, most risk scores under-estimate risk in these groups. (323), 

(324), (325) 

 

Compared to the age-matched general population, patients with SLE had a greater burden of  coronary 

calcium at a much younger age, despite adjusting for traditional cardiovascular risk factors.(298), (299), 

(123) Studies in patients with SLE have demonstrated a much closer correlation between increased 

CAC scores and traditional cardiovascular risk factors instead of  SLE-related  factors like steroid-use, 

SLE-related disease activity or damage. (297), (300), (204), (301)  

 

Acute coronary syndromes are due to acute thrombosis following rupture of  ‘vulnerable plaque’, which 

is predominantly non-calcified with a thin fibrous cap and very thrombogenic lipid-rich core. (326) 

These plaques may not necessarily result in flow-limiting coronary artery disease, and will not show up 

on CAC due to the lack of calcification within the lesion.(327), (328)  

 

Coronary CT angiography enables non-invasive visualisation of  the lumen of  the coronary artery and 

is able to detect non-calcified plaque within them. There is evidence that such non-obstructive, non-

calcified plaque is associated with unstable angina, acute myocardial infarction and cardiac death. (329) 

Coronary artery plaques develop predominantly in the proximal segments of  epicardial coronary 

arteries. These plaques are present in the left main stem and proximal left anterior descending artery – 

prognostically significant vascular territory – in up to 10% of  symptomatic patients who have a CAC 

score of  0. (328) 
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Non-calcified coronary artery plaques were found in 53% of  147 patients with SLE who did not have 

evidence any coronary artery calcification or known coronary artery disease. (303) This study found 

that the presence of  non-calcified plaque was associated with higher anti-double stranded DNA levels, 

older age and obesity in the multivariate analysis. (303) A longer term follow-up of  a small cohort of 

SLE patients found that non-calcified plaque did not progress if  the patients were on 

immunosuppressive drugs, whereas calcified plaque largely remained unchanged. (304) 

 

High sensitivity C-reactive protein (hsCRP) 

In the general population, high sensitivity C-reactive protein (hsCRP) is an independent predictor for 

CVE in women. (330) The addition of hsCRP to cardiovascular scoring systems (i.e. the Reynolds Risk 

Score) has improved discrimination compared to the FRS in terms of  cardiovascular risk prediction, 

especially in women. (253), (241) Nevertheless, the American Heart Association felt that the overall 

contribution of  hsCRP to cardiovascular screening remains modest.(241) 

 

Most studies in patients with SLE attempted to use hsCRP as a marker of  SLE-disease activity rather 

than cardiovascular risk profiling. (331) Unsurprisingly, hsCRP has not performed well in this setting. 

However, in one study researchers have found that hsCRP was associated with cardiovascular risk 

factors such as body weight, hypertension and apolipoprotein A-I, and correlated inversely with anti-

malarial (hydroxychloroquine) use thereby leading them to speculate that hsCRP may be useful for 

cardiovascular risk prediction in SLE. (332) Longitudinal studies in paediatric SLE are underway to 

determine if  hsCRP will prove a useful marker for future CVE in this cohort.(333) In the meantime, 

hsCRP is not recommended as a tool for further cardiovascular risk stratification in women with SLE.  

 

6.2.4 To screen or not to screen? 

Screening for cardiovascular disease remains controversial, even in the general population, as there is 

no evidence that primary prevention is of  benefit. However, in select high-risk cohorts i.e. those with 

diabetes, chronic kidney disease, etc. screening and primary prevention are recommended. (240), (241) 

As the risk of CVE is so high in patients with SLE, and the relative risk much higher in young women, 

particularly if  they have had adverse pregnancy outcomes, I therefore recommend that cardiovascular 

risk stratification be considered annually when the woman attends for her regular rheumatology follow-

up, in a similar fashion to those with CKD.  

 

The flowchart is my suggested approach to cardiovascular risk assessment that incorporates SLE-

specific and pregnancy-related risk factors for CVE in this cohort. (Figure 6.2) 
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Figure 6.2: Suggested cardiovascular risk assessment for parous women with SLE who are asympto-
matic for CVE.  
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6.3 What advice about risks for future cardiovascular health should be shared 
with a woman with SLE planning pregnancy? 
EULAR has recently published comprehensive guidelines on family planning in SLE and APS.(334) 

Ideally, all pregnancies in women with SLE should be carefully planned.  As discussed in Chapter 1, 

complications related to MPS are much more common in women with SLE compared to the general 

population. (Table 1.2) Flares of  SLE are associated with worse obstetric outcomes. (165) Conception 

during disease remission may reduce the risk of  adverse pregnancy outcomes from MPS or placental 

insufficiency. 

 

Counselling any woman about conception and pregnancy should also involve a frank discussion about 

life expectancy – which remains below that of  the general population in SLE cohorts so far studied. 

Furthermore, results from this thesis indicate MPS complications may further accelerate maternal 

morbidity and mortality.  

 

Women should be encouraged to take an active role in their personal cardiovascular risk reduction by 

adopting a healthy lifestyle and ensuring their cardiovascular and SLE-specific risk factors are optimally 

managed at each clinical review. Additionally, they should be asked about their pregnancy outcomes by 

clinicians responsible for their long-term care so that screening and primary prevention can be 

commenced as more evidence to support its use comes to light. Further screening tests for risk 

stratification may be indicated and women may wish to discuss these options with their clinicians.    

  

On a more positive note, the three-quarters of  women with SLE who have had uncomplicated 

pregnancies have the best CVE-free survival.(335) This is probably a reflection of  quiescent SLE with 

less major organ involvement. The old adage of ‘pregnancy is a stress test for life’ does ring true even 

in women with SLE. (139) 
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6.4 Utilising a population registry for this analysis 
The strengths and weaknesses of  this thesis have been detailed in each of  the chapters. This final chapter 

will focus on the potential pitfalls and strengths of  utilising population registries in clinical research.  

 

The United Nations Economic Commission for Europe and Wallgren define a register as a complete 

listing in which each individual is identifiable for updating. (336) (337) The Swedish National Patient 

Register has been in existence since 1960, but the introduction of  a unique personal identification 

number in the 1960s revolutionised Swedish (and Nordic) population registers, enabling the individual-

level linkage of  data across registers in a very reliable manner. (175), (338), (339) These registries 

provide a means of  carrying out highly cost-effective research using resources that are already available. 

Much of the social, demographic, environmental and health data have been collected at the population 

level for many decades in accordance with legal procedures that bypass the many restrictions imposed 

by modern data agencies. (340) 

 

Nevertheless, despite the increasing popularity of  utilising population registries for medical research, 

the exact statistical methodology to use and method of  evaluation of  population-based registers and 

administrative databases is still the subject of  ongoing debate. (341) 

 

A summary of  the pros and cons utilising population registries for research purposes in Table 6.2  with 

a full discussion of  each of the points to follow.  
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Table 6.2: Summarising the strengths and weaknesses of utilizing population registries in re-
search.  

Strengths Weaknesses 

More cost effective 
Variables collected may not be useful for the 

study question 

Faster to complete – as data already present Data may not be available or misclassified  

Time has passed – long term outcomes can be 

studied 
Coding is not sufficiently detailed.  

Independent data collection: 

a) Not subject to recall bias 

b) No differential misclassification 

Data quality is not known: 

a) Variations in the coding 

b) Difficult to ascertain how data were 

generated 

Data are prospective – collected before any 

study question was formulated 

Need for proxy data and risk of more residual 

confounding 

Large datasets that encompass the entire popu-

lation  

Missing data are difficult to handle. 

a) Difficult to classify ‘missingness’ 

b) Possible under coverage 

Uncommon diseases and rare outcomes can be 

studied 

Left truncation   
 

No selection or attrition bias 

Unimportant differences could become statisti-

cally significant due to the volume of data pre-

sent 

Adjustment for confounders are available for the 

whole population  

Misleading post hoc analyses 

 Lack of generalisability to other populations  
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6.5 The strengths of population registries 

6.5.1 Data have been in existence for several decades  

Sweden first established its population registers in the 1960s. Therefore, valuable time has passed, 

enabling investigators to conduct ‘long term follow-up’ studies. This time frame also enables 

investigators to study diseases over several generations.  

 

Study duration in this thesis was restricted by the availability of  data from the MBR, which nevertheless 

provided a 38-year follow-up interval for a cohort of  patients with SLE. Setting up such a long-term 

cohort study would not only require exorbitant funds to support the endeavour but also several 

generations of  investigators to continue gathering data for that duration.  

 

The passage of  time also allows health problems or other comorbidities to manifest. This is especially 

valuable when studying diseases with long latency periods. The almost forty-year interval was vital to 

the studies in this thesis since atherosclerotic cardiovascular disease usually takes decades to develop, 

and typically affects those over the age of  60 years.(342) The only similar register-based study looking 

at an association between pregnancy outcomes and cardiovascular events had a mere four-year study 

interval and only 12 cardiovascular events were recorded – thereby limiting the power of  the study to 

establish any connections between exposure and outcomes. (212) Moreover, this was an ethnic Chinese 

cohort amongst whom low rates of CVE have been recorded. (343)  

 

6.5.2 Data were independently collected 

The data were collected prior to the project, and would therefore constitute a prospective data 

collection. (341) Such independent data collection has several strengths.   

 

Not subject recall bias  

Most Nordic administrative registries also contain data on social demographics, including level of 

education. Data relating to housing, residential deciles, income (as stated on tax returns) and 

occupation are more reliable than self-reported data collected by other study methods. (338) Registries 

that record everything from administrative data, to drug prescriptions and hospital admissions eliminate 

the problem of  recall bias. (344) 

 

No differential misclassification  

Since registry data are collected independently of  the research question, it would be impossible for any 
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particular study question to influence the diagnostic process. Therefore, any misclassification would be 

non-differential for both exposures and outcomes. (345)  Bias, if  any, from non-differential 

misclassification underestimates the true association between exposure and outcome. (346)  

 

6.5.3 Data encompass the entire target population 

Uncommon diseases or rare outcomes can be studied 

When data encompass an entire population, the sample size exceeds that in any other study design, 

particularly any prospective study that requires recruitment. Therefore, rare diseases can be studied, 

and any geographic or familial clustering of  diseases can also be explored. The study is not constrained 

by a particular geographic / catchment area of  a hospital or enrolment into a particular study.   

 

SLE is not a common condition, but it is a multi-system disorder predominantly affecting women of 

childbearing age. Therefore, the patient’s records are likely to be distributed between several 

subspecialties, including obstetrics. Linkage of  these population registries – NPR, MBR and Cause of 

Death - ensures that health records for subjects are comprehensive and complete. Even though SLE is 

probably more common in other populations (or ethnic groups), meticulous record keeping has 

established Sweden as a European country where SLE is prevalent. (238), (347) 

 

No selection or attrition bias  

Selection bias can be a particular problem with case-control and retrospective cohort studies where 

exposure and outcome have already occurred at the time individuals are selected for study inclusion.  

Given that the entire population’s data have been collected, data on all subjects with that particular 

diagnosis will be available. This negates any selection bias seen in other study designs. Most prospective 

studies have well-defined eligibility criteria for selecting a homogenous study population and this 

unfortunately introduces a selection bias in the study.   

 

The Swedish NPR collects predominantly inpatient data from hospitals. Thus, the present analysis 

exhibits a selection bias inasmuch as the cohort of subjects included had more severe disease. However, 

this should become less of  a problem when outpatient data collection becomes more complete and 

consistent over time.  

 

The magnitude of  selection bias depends not only on the completeness of response but also on the 

distribution of  exposure among participants and non-participants.(348) Bias also occurs when 

obtaining informed consent for observational cohort studies. (349) Participation bias is seldom 
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reported, but as non-participation in a study increases, the vulnerability to selection bias also increases. 

This can be reduced by using population registries where all health records are legally and non-

differentially collected, thereby also ensuring that a real-world view of  a disease and its progression is 

obtained.  

 

Attrition bias can occur in prospective cohort studies as a result of  differences in retention during the 

follow-up period after enrolment.(350) As data for subjects continue to be collected whenever they seek 

hospital-based healthcare in Sweden, any attrition bias resulting from dropping out of  a long-term 

cohort study will not be an issue.  

 

6.5.4 Adjustment for confounders are available for the whole population  

Administrative registries often have very complete data on socio-economic status (SES) and level of 

education that are strong confounders for outcomes in SLE and obstetric outcomes. The data have 

higher validity than self-reported data.(351) Using linked population registries, it would be possible to 

adjust for such factors at the population level.(345)  

 

Unfortunately, data on education social economic factors, i.e. marital status, level of  education, family 

situation, were only collected after 1982 by the Swedish MBR; a large proportion of  the data remain 

only partially collected (Table 2.2); 37% of  information on smoking in pregnancy was unavailable and 

relationship status at time of  pregnancy was unrecorded for 71.8%. Therefore, given the degree of 

missing information, it was impossible to adjust for these factors even though they are known to impact 

SLE, cardiovascular disease and also pregnancy outcomes. (351), (352), (12)  

 

Health services in Sweden (and most Nordic countries except Greenland) are to a large extent financed 

through taxes or compulsory health insurance schemes. According to numbers from the Organisation 

for Economic Co-operation and Development (OECD) published in the Nordic Yearbook 2011, 9.2% 

of  Sweden’s gross domestic product (GDP) is invested in health and treatment expenditure; this is 

amongst the highest in Nordic countries. (353) Hence, healthcare is likely to be equitable for all who 

seek access and may be less of  a confounder in SLE-related or CVE outcomes in this cohort studied.  

 

Moreover, until very recently, the Swedish population remained fairly homogenous (88% of  the cohort 

were ethnic Swedes and 91.5% from Nordic countries - Appendix 2.4), so, socio-demographic factors 

would not have had a major effect on the outcomes studied.   (http://www.scb.se/en/finding-

statistics/statistics-by-subject-area/population/population-composition/population-statistics/pong/ 

tables-and-graphs/ yearly-statistics--the-whole-country/summary-of-population-statistics/) 
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6.6 Limitations of using population registries in this analysis 

6.6.1 Data were pre-collected predominantly for administrative purposes 

Variables collected might not be useful for the purpose of  the study  

Most Nordic population registries were initially set up for administrative and funding purposes, not 

specifically for healthcare research. This leads to an inherent disconnection from the variables required 

to answer a study question. Hence, proxy or surrogate data might need to be used for the exposure of 

interest. (340) An example is that the NPR is a meticulous recorder of length of  stay, hospital admitted, 

etc. but may not consistently record the subject’s smoking habits, weight (or body mass index), etc. 

Length of  stay has financial implications, therefore it is always recorded, whereas there is less financial 

incentive to record some of  the subject’s comorbidities.   

 

Data might be unavailable or misclassified 

When data are pre-collected, the necessary information might simply be unavailable,  un-acquired, 

inaccurate or misclassified. (340)  Registry-based data are derived from reports by clinicians and other 

health care professionals whose clinical notes are translated into the appropriate diagnostic codes  by 

administrators – thereby giving rise to potential misclassification. (354) Medicare data from the USA 

have shown that there is a greater likelihood of  recording a diagnosis associated with higher cost. (355) 

Physician misspecification of  diagnoses could result in under-reimbursement, whereas billing 

department resequencing led to over-reimbursement.(356)  

 

In the present study, data on SLE disease activity in pregnancy, SLE-related organ damage, presence 

(or absence) of  antiphospholipid syndrome (APS), and the use of drugs (especially hydroxychloroquine 

and steroids) were not available. The presence of  APS is closely associated with adverse pregnancy 

outcomes in women with SLE – presenting as features of MPS (i.e. SGA infant, hypertensive disorders 

of  pregnancy, stillbirth or placental abruption)  – and since active SLE often leads to MPS, MPS served 

both as an exposure and also surrogate marker. (357), (92)  

 

Preterm delivery is common in women with SLE, especially when maternal (and fetal) wellbeing is 

jeopardised. However, preterm delivery can occur for reasons other than active MPS and SLE-related 

disease activity, so it is a ‘crude’ surrogate marker for more severe SLE at baseline and in pregnancy. 

Proxy exposure measures will, in most cases, provide attenuated effect measures, all other sources of 

bias being equal. (340) 
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Another example of  misclassified or unavailable data in this study is that a woman might have SLE but 

might not have a diagnosis code recorded in the MBR because it is not one of  the usual obstetric 

diagnoses. Such data would be lost unless the woman had a prior admission where SLE was recorded. 

This could account for the low prevalence of  maternal SLE in this cohort, despite the fact that it is a 

disease of relatively youthful onset, typically affecting women of  child-bearing age.  

 

Coding used in registry might not be detailed sufficiently 

Swedish population registers used ICD codes for coding. However, as discussed in the methods section, 

there has been a transition in ICD codes 7 to 10 over the 38-year study interval (Table 2.1); this 

changeover across registries led to some initial confusion when codes for exposures and outcomes of 

interest could not be detected and the prevalence for those conditions appeared to decrease.  

 

The coding for procedures utilised the Nordic Medico-Statistical Committee (NOMESCO) 

classification of  surgical procedures and posed several problems. In 1997, Sweden introduced a national 

version of  NOMESCO, the Classification of  Surgical Procedures - Sweden (NCSP-S). (358) Nordic 

countries use national modifications of the International Classification of  Diseases (ICD) and national 

procedure classification schemes. However, there are several differences between the classifications used 

in Nordic Countries and the ICD codes. It is not always possible to define a direct conversion whereby 

the original meaning of  the diagnosis or procedure is preserved. For example, the International 

Classification of Diseases, Ninth Revision, Clinical Modifications (ICD-9-CM) includes a series of 

additions which are not present in the ICD and thus not found in Nordic national classifications. The 

procedure classifications differ even more radically. The differences were even more pronounced in the 

ICD-10 and NCSP-S systems. Therefore, the Nordic countries have concluded that it is impossible to 

design a system of  code conversions without ambiguities and potential sources of misclassification. 

(http://www.norddrg.net/norddrgmanual/NordDRG_2012_NC/ ICD10_and_NCSP.htm) (359) 

 

Consequently, it was difficult to capture the exact numbers undergoing coronary artery bypass grafting 

(CABG), percutaneous angiography, carotid endarterectomy and other vascular procedures in the 

present study. However, since women would be admitted for cardiovascular disease, such diagnoses 

were captured in the data used in this study. Moreover, the aim of this thesis was not to determine the 

numbers of  women undergoing procedures or surgery, but rather to determine the incidence and 

prevalence of  underlying disease itself  (captured in ICD codes).  

 



Are adverse pregnancy outcomes associated with the accelerated CVE in parous women with SLE?  

109 

6.6.2 Quality of data is unknown 

Variations in the coding  

Variations in coding exist not only at an international level, but are also likely to exist at institutional 

and even individual level. Much depends on an individual physician’s attention to clinical detail when 

recording each encounter.(360) Coders may code each diagnosis differently and data cannot be verified 

in the absence of  clinical notes. There are several potential pitfalls with the ICD coding process.(354), 

(361) One example in the present study was that the diagnosis of  hypertension in pregnancy could be 

coded as: pre-existing hypertension, pregnancy-induced hypertension or pre-eclampsia. Since data on 

pregnancies were only available from 22 weeks, it would be difficult to differentiate pre-eclampsia or 

pregnancy-induced hypertension from pre-existing hypertension unless the woman had had a prior 

admission in which hypertension was recorded in the NPR.  To avoid misclassification when attempting 

to differentiate different types of  hypertension, these were collectively classified as hypertensive 

disorders in pregnancy.  

 

Difficult to ascertain how data were generated 

Most registers contain information in relation to public administration and are distant from actual data 

collection surrounding the research question. Therefore, the way in which data were collected / 

generated remains obscure. (341) 

 

6.6.3 Lack of information on some confounders 

Much of the information on known cardiovascular risk factors, e.g. hypertension, dyslipidaemia, 

smoking and sedentary lifestyle, concerns risk factors managed by primary caregivers or general 

practitioners. These diagnoses would therefore not be available unless the woman were admitted to 

hospital, the diagnosis documented and coded for in the NPR.  

 

Sensitivity measures or external information can be used to evaluate the influence of unmeasured 

confounders. (362), (363) In the case of  this thesis, the lack of  disease damage and activity measures 

are residual confounders. Lack of  robust instrumental variables meant that a causal effect could not be 

established.(364)  Therefore, in the absence of  information on SLE disease activity, SLE-related damage 

and information on drugs and immunosuppression, the number of  hospital admissions, duration of 

SLE, infection and cancer were utilised in a sensitivity analysis to evaluate the effect of SLE-related 

morbidity on CVE. (Tables 3.2, 4.3 and 5.3) This is an imperfect system, but the presence of cancer 

and infections may be linked to the degree of  immunosuppression and drugs used – which is often a 

reflection of  disease duration and severity. Similarly, the number of  hospital admissions is often related 

to disease activity and damage from SLE.  
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When utilising data at a population level, it is a trade-off  between accuracy of  results (or causality) in 

exchange for simple correlations: not knowing ‘why’, but only ‘what’. However, in return for using 

comprehensive datasets or population registries, some rigid exactitude can be shed in the big data world. 

(365)  

 

Non-parous women with SLE were excluded from the final analysis since the large number of  potential 

confounders were not available, and proxy data could not provide adequate compensation for this. Non-

parous women could have been nulliparous by personal choice, or might have been infertile due to the 

severity of their disease or had multiple early miscarriages due to active disease. The MBR only records 

deliveries after 22 weeks gestation, so early miscarriages or any pregnancy losses prior to 22 weeks – 

which would not be uncommon amongst women with severe SLE or APS – would not be captured. 

Given the number of  missing confounders (i.e. lack of  data on disease activity and damage, early 

miscarriages, use of  contraception, etc.), the results generated from comparisons between the parous 

and non-parous groups were unlikely to produce sufficient statistical precision to contribute 

substantially to the literature. (Appendix 6.1) published abstracts from EULAR and SOMANZ oral 

abstract presentations.) 

 

6.6.4 Missing data were difficult to handle 

Most data variables in the Swedish population registries are well recorded, e.g. length of gestation, birth 

weight, Apgar scores at 1 min, (Table 2.2), with the exception of variables where collection was 

commenced at a later date (e.g. maternal weight, height, smoking and marital status), thereby leading 

to some loss of  data.  

 

However, if  hypertension in pregnancy was not recorded, it could mean one of two things: the woman 

did not have hypertensive disease during pregnancy, or it was present but not documented to have 

occurred. In the absence of  any correlation with clinical notes, it is impossible to determine exactly 

what happened. Data missing from population registries tend to be missing completely at random 

(MCAR).(199), (200) MCAR occurs when there are no differences between subjects with missing data 

and those with complete data, and the missing data only reduce study power without introducing bias. 

(196) 

 

This analysis focused on key variables with reliable data collection. Further adjustment for factors not 

included may have affected the effect size, though its effect is likely minimal with large numbers from a 

population registry.  
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Finally, when data are missing and not formally recorded as missing, then the default is usually set to 

the lowest value – which is a form of  missing data.(341), (366)  

 

6.6.5 Left truncation 

Data from registers are truncated by the start of registration for a prevalent condition, or ‘left 

truncation’.(341) SLE is a systemic disorder and has been established to cause multiple complications. 

It is possible that once a woman has been diagnosed with SLE, all subsequent contacts with the 

healthcare system will lead to SLE being recorded as the cause of admission or cause of  death. This 

can lead to an over-estimation of  the incidence of morbidity (and mortality) from SLE and explains 

why no attempt was made to consider the exact number of admissions due to SLE. It is possibly the 

reason for such an apparently high-prevalence of SLE and other connective tissue diseases listed as the 

main cause of  death in the cohort. (Figure 2.2) 

 

6.6.6 Unimportant differences could become statistically significant   

There is a temptation is to use large datasets from population registries to ‘mine’ the data for the 

outcomes of  interest then formulate the research question. (341), (367), (368), (369) This represents bad 

science. (369) There needs to be improved transparency in big data-mining exercises, given that the 

boundary between data exploration (a legitimate exercise) and p-hacking is often difficult to identify, 

thereby creating the potential for intentional or unintentional manipulation of results.(370)  

 

A large volume of data is available in population registers, and it is therefore easier to achieve statistical 

significance. Many researchers have raised the issue of  p-values in the context of ‘big data’ exploratory 

studies, where statistical associations rather than causal relationships are sought. (370) p-values should 

be interpreted with caution since they are used to decide whether to accept or reject a null hypothesis 

(which typically states that there is no underlying relationship between two variables).(371) However, a 

smaller p-value does not mean that the alternative hypothesis is correct either.(372)  

 

Hence, over-reliance on p-values – particularly in large datasets – can be fraught with problems.  Perhaps 

the p-value should not be merely viewed as a dichotomous value of ‘significant’ or ‘not significant’ 

based on a predetermined cut-off. Instead, it should be regarded as a continuous measure of 

compatibility between data and the entire model used to compute it, where 1= perfect compatibility 

and 0 = complete incompatibility. (373) 
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Alternatives to p-values in reporting are still subject to much debate. Some statisticians advocate a 

Bayesian approach, i.e. to think of  outcomes in terms of  their plausibility  rather than their potential 

frequency. (370) Nevertheless, Nuzzo argues that the Bayesian framework would mean that it is easier 

for observers to incorporate what they know about the world into their conclusions and to calculate 

how probabilities change as new evidence arises. (371) Other methods include reporting confidence 

intervals along with p-values and focusing more on effect sizes. (374), (370) 

 

Finally, post hoc analyses could lead to overestimation of  associations and type I errors (incorrect 

rejection of a null hypothesis or a false positive). (340) If  a sufficient number of variables are examined, 

effectively meaning that a large number of  null/alternative hypotheses are specified, then it is highly 

likely that at least some “statistically significant” results will be identified, irrespective of whether the 

underlying relationships are truly meaningful. (370) 

 

Hence, an a priori hypothesis was formulated with the objective of  including clinically relevant (not 

merely statistically significant) variables in the multivariate analysis. No statistical method is immune 

to misinterpretation and misuse; reporting p-values is unavoidable when presenting quantitative 

epidemiological data. However, whenever possible, this thesis included interval estimates, information 

on data collection, and explicit descriptions of  how the data was analysed. Conclusions were described 

in terms of  probability and associations, as this body of  work represents the initial steps in establishing 

links between MPS and the accelerated CVE seen in women with SLE.  

 

6.6.7 Lack of generalisability to other populations 

One of  the caveats of  using a population registry is that its findings may be very specific to the 

population concerned. (346) This is a particular problem since outcomes in SLE are influenced by 

ethnicity and also geographical location. (375), (376) 

 

Nevertheless, the findings presented provide clinicians with another possible hypothesis for accelerated 

CVE in young women with SLE and also a basis for detecting women at higher risk of  premature CVE. 

This work should form the basis for future studies to confirm if  the findings are applicable to other 

ethnic groups in other geographical regions where SLE is more prevalent.  
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6.7 Future directions  

6.7.1 Linkage of Nordic databases  

A similar study could be conducted across linked Nordic databases to determine if  the findings 

described in this thesis could be replicated across the Nordic countries. All Nordic countries assign a 

personal identification number (PIN) that is used across all registries. This enables accurate data-linkage 

across multiple registries and datasets.(338), (341), (340), (175) This process is further facilitated by the 

same DRG  and NOMESCO systems used by all Nordic countries. (377) The addition of  data from 

pharmacologic registries and administrative datasets that include level of  education, income and other 

socio-economic factors would mean that less proxy data are necessary to adjust for confounding. (378) 

 

 The eScience Work Group formed in 2006 by the Nordic Council Ministers aims to facilitate such 

collaborations. (379) While a different legal framework exists in each of  the individual Nordic countries, 

the ethical values and conditions for registry-based research are the same, therefore paving the way for 

mutual recognition of ethical applications. (380) Such research collaborations are already in effect. 

(381), (382), (383) 

 

The potential pitfall of  using Nordic registries for SLE research is the relatively low prevalence of  the 

disease in those countries. Moreover, SLE has a higher prevalence and a more severe phenotype i.e. 

higher disease activity and more damage accrual, in non-White populations (Hispanics, African 

descendants and Asians) and socially-disadvantaged groups. (384), (385), (386) Hence, further study 

and validation of  the present findings would need to be carried out locally to determine if  the findings 

are applicable.  

 

6.7.2 Validation of these results and the need for research into SLE in New Zealand 

SLE is not an uncommon disease amongst New Zealanders; it affects 40.6 per 100,000 in those aged 

24-35 years.(10) It is more prevalent in Māori and Pacific Islanders at 50.6 per 100,000, compared with 

14.6 per 100,000 in New Zealand Europeans. (10), (11) The latter figure is based on 1980s data and 

may underestimate the true prevalence of  SLE in New Zealand today. (387) The varied clinical 

presentation of  SLE can result in physical and functional disabilities that have a significant impact on 

the patients, their families and the wider community. As previously discussed, the disease outcome is 

closely associated with level of  education, smoking, socioeconomic status and social deprivation (387), 

(388). Māori and Pacific are more likely to live in areas of  high deprivation compared with New Zealand 

Europeans, and this also impacts on pregnancy outcomes. (12)  
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 Data on the effects of  SLE and its outcomes are lacking in New Zealand. International studies have 

shown that the economic burden of  SLE is not insignificant with direct costs amounting to USD 13,000 

– 55,400 a year, higher costs being required for patients with lupus nephritis (USD 71,334 a year), and 

indirect costs (e.g. loss of  productivity from disease-related causes) were up to USD 20,000 a year. (387) 

Hence, there is an urgent and unmet need for more research into SLE in New Zealand, and such 

research could preferentially impact on health of Māori and Pacific who are over represented in SLE 

cases.  

 

6.7.3 Setting up a Lupus Registry in New Zealand 

At present the care of  patients with SLE in New Zealand is somewhat fragmented with shared care 

between over-burdened rheumatology services in some DHBs and equally over-loaded general 

practitioners. Ideally, all patients with SLE should be reviewed at least once a year to monitor disease 

progression, quantify disease damage (esp. renal function), optimise therapy and to screen for 

associated conditions like the metabolic syndrome, osteoporosis, malignancy, and cardiovascular risk 

factors, etc. (389) Setting up a Lupus Registry in New Zealand could facilitate the delivery of  more 

standardised care and enable the tracking of  disease outcomes. It could also identify suitable patients 

to approach to participate in future prospective studies. 

 

My vision is to develop a Lupus Registry with recruitment from rheumatology clinics across Northland 

and Bay of  Plenty regions of  the North Island in the first instance. Care could be tracked using existing 

databases that are outlined below. (Section 6.7.3). Many lupus registries exist internationally to study 

SLE. Geographically, the closest is the Perth Lupus Registry. Establishing links with other registries 

would assist in the standardisation of  data points collected to facilitate future collaborations. 

 

6.7.3 Potential data sources in New Zealand 

All New Zealanders are assigned a National Health Index (NHI) number either at birth or when seeking 

healthcare in the public system. The NHI is used across all hospital admissions (and most general 

practice records) throughout New Zealand. This enables the linkage of  patient information across 

registries and datasets.   

 

Ministry of  Health  

New Zealand public hospitals use International Classification of Diseases-10-Australian Modification 

(ICD-10-AM) to code all inpatient diagnoses from clinical notes, including births. Since 1993, all coded 

summaries of all discharges have been forwarded to the Ministry of Health (MOH) in New Zealand. 
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These data from all inpatient admissions are then added to the National Minimum Data Set (NMDS) 

which can later be retrieved for research purposes. (http://www.health.govt.nz/nz-health-

statistics/classification-and-terminology/ introduction-classification-and-terminology). There is also a 

backload of additional data from 1988 relating to public hospital discharges that has been incorporated 

into the NMDS.   

 

New Zealand Health Information and Statistics (NZHIS) is located within the MOH; they store health 

datasets and also collect data relating to tobacco and alcohol use, obesity, cancer, maternity, etc. 

(http://www.health.govt.nz/nz-health-statistics) Pre-eclampsia and eclampsia, stillbirth, SGA, length 

of  gestation and preterm delivery, etc. are also collected in maternity datasets that form part of the 

National Maternity Collection within the MOH that was initiated in 2000.  

 

Discharges and procedures carried out in private hospitals are also stored in the MOH since 2005. 

(http://www.health.govt.nz/nz-health-statistics/health-statistics-and-data-sets/privately-funded-

hospital-discharges-series?page=1)  

 

However, there are no data from outpatient clinic visits, as they have yet to be included in the coding 

process.  

 

National Non-Admitted Patient Collection (NNAPC) 

NNAPC is predominantly an administrative dataset created by the MOH in 2006 to monitor outpatient 

activity and ensure that the DHBs are appropriately remunerated for the services they provide and 

inform decisions on funding allocations and policy.  

 

The amount of data collected remains fairly limited and not all specific diagnoses-related groups for all 

conditions may be capture.  

(http://www.health.govt.nz/nz-health-statistics/national-collections-and-

surveys/collections/national-non-admitted-patient-collection)  

 

The Mortality Collection 

Death and causes of  death can be obtained from The Mortality Collection (MORT) which classifies 

underlying cause of  death for all deaths (and stillbirths) registered in New Zealand since 1988 (older 

data dates back to 1970). (http://www.health.govt.nz/nz-health-statistics/national-collections-and-

surveys/collections/mortality-collection)  
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All New Zealand Acute Coronary Syndrome Quality Improvement (ANZACS QI) register 

Additional data on coronary events and interventions can be obtained from ANACS-QI. The ANZACS 

QI is a collaboration between the cardiology department at Middlemore Hospital at Counties Manukau 

District Health Board (DHB), Midland DHB, New Zealand (NZ) Cardiac Society, MOH, NZ Heart 

Foundation and Enigma Solutions that has developed a web-based electronic decision support 

programme for acute coronary syndrome (ACS) – Acute PREDICT. It was rolled out in 2011; as of 

November 2013, 20 DHBs (and 41 hospitals) have implemented this programme. (390)   

 

While providing guideline-based patient-specific decision support, ANZACS-QI also collects clinical 

data on patient management (including catheter laboratory percutaneous coronary interventions) and 

incorporates long-term tracking of individual patient outcomes and pharmaceutical dispensing.  

ANZACS QI also collects real-time whole group and sub-group Key Performance Indicators thereby 

enabling the early identification of  treatment gaps and of  persistent disparities in outcome in 

patients.(391) To give an example: delays in patient care for ACS are longer in areas of  greater 

deprivation; and Māori with a history of  ischaemic heart disease were only half  as likely as their non-

Māori counterparts to undergo revascularisation procedures, and were also more likely to have 

recurrent admissions following discharge from hospital. (392), (393) 

 

TestSafe 

The diagnosis and follow-up of  SLE requires regular blood tests e.g. ANA, dsDNA and complement 

levels. TestSafe is a comprehensive data repository containing all the community and hospital 

laboratory test results performed in the Northern Region DHBs since 2010. This would aid the 

identification of  patients with SLE who have not needed inpatient admissions – whose data might not 

be captured from inpatient datasets provided to the MOH.  

 

TestSafe might also function as a source for following up cholesterol levels, HbA1c, creatinine, etc. to 

determine if  a subject’s risk factors have been optimally managed. (394) Unfortunately, these data are 

only limited to the Northland regions and are not currently available nationwide.  

 

Pharmaceutical Collection 

All drug prescriptions since 1992 are stored at the Pharmaceutical Collection. This service not only 

enables tracking of prescriptions for any given subject, but also the regularity with which prescriptions 

are dispensed – this would be an indicator of  the subject’s adherence to their medications. (394), (391)  
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Stats NZ  

Stats NZ contains census data and information on dwellings and the deprivation index.  

(http://www.stats.govt.nz/browse_for_stats.aspx)  

  

6.7.4 Could a study similar to the one in this thesis be replicated in New Zealand? 

Based on the above mentioned local registries and databases, the following would be available for study: 

(i) Identification of patients with SLE – can be obtained from admission records, outpatient 

records and from laboratory testing of ANA 

(ii) Exposure data: data on MPS and length of gestation are part of the maternity data sent to the 

NMD at the MOH. In addition, conditions like preeclampsia are recorded using ICD coding at 

time of hospital discharge. Reliable national perinatal mortality data is collected.  

(iii)  Outcome data:  

• Detailed information on admissions for acute coronary syndrome, any cardiac 

interventions and ongoing follow-up (and optimisation of cardiovascular risk factors) 

will be available from ANZACS-QI 

• Hospital admissions – both public and private – for all other vascular disease will be 

available from the inpatient diagnoses which is coded and sent to the MOH 

• Death and cause of death is data that can be obtained from the MORT 

(iv)  Confounders:  

• Quantification of cardiovascular risk factors and SLE disease activity from the 

laboratory tests carried out 

• Further details of cardiovascular risk factors such as smoking, diabetes and obesity can 

be obtained from the MOH.  

• A surrogate marker for adherence to medications could be based on prescriptions filed 

in the Pharmaceutical Collection. 

• Dose and duration of steroid use can be determined. 

• Data on SES, especially deprivation indices, are also available based on the patient’s 

domicile codes, and also census data from StatsNZ.   

 

The limitations to a similar study being conducted in New Zealand are: 

1.  The National Maternity Collection with input from the NMD has only been in existence since 

July 2000 and insufficient time may have elapsed for CVE to develop. Variations in quality of 

data and coding are likely to exist; strengths and limitations as previously discussed in sections 
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6.5 and 6.6 will likely apply in these registries.  

2. Data linkage from multiple sources, e.g. TestSafe, MOH, ANZACS-QI may be problematic 

3. Availability of data in some regions may be better than in others, e.g. TestSafe is only available 

in Northland, this might lead to ascertainment bias due to the identification and follow-up of 

greater numbers of patients with SLE in Northland areas. 

4. Sample size in New Zealand is limited by its small population; furthermore, maternity data has 

only been available for less than two decades. Therefore, the study cohort will be small with 

limited power.  

 

Nevertheless, there is a need for further research into SLE and its complications. A locally developed 

Lupus Registry (which I hope to establish) would pave the way for future research and act as a base for 

recruitment.   

  

6.7.5 Potential prospective longitudinal cohort study 

The development of atherosclerotic disease in women with SLE warrants further investigation. 

Accordingly, I would like to set up a prospective cohort study to explore the associations between 

pregnancy, MPS and the evolution of  atherosclerotic disease in women with SLE. Subject to obtaining 

ethical approval and funding, the proposed study would be a multi-disciplinary collaborative effort 

between rheumatologists, obstetricians, cardiologists and radiologists.  

 

 Women with SLE could be identified from a future New Zealand Lupus Registry; they would be 

invited to participate in a study that followed their health longitudinally.  The women would be stratified 

according to their pregnancy outcomes (i.e. MPS, MPS + preterm delivery < 34 weeks, and normal 

term delivery) and prospectively monitored to see if  (and when) they developed CVE.   

 

In addition to the usual screening tests for SLE disease activity, damage and cardiovascular risk factors, 

these women would be offered the opportunity of  undergoing additional cardiac imaging for further 

risk stratification. Of  the cardiovascular imaging modalities which show the greatest potential in risk 

stratification, CT angiography is the most promising – particularly in quantifying soft plaque which is 

likely a marker of vascular disease and is amenable to pharmacologic intervention. (304) CAC scores 

could also be calculated concurrently. Breast tissue irradiation during the procedure might not always 

be acceptable, but as CT angiography technology improves, the investigations could be carried out at 

radiation doses <1mSv. (395), (396)   
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I would hope to validate the findings from this thesis by demonstrating that women with SLE who have 

had their pregnancy complicated by MPS or delivered prior to 34 weeks will develop CVE at a younger 

age compared to those with term and uncomplicated pregnancies. CT angiography might show a 

greater accumulation of  soft plaque, if  the not, the higher CAC scores in this high-risk group would 

hopefully correlate with a higher rate of  CVE.  

 

Even further in the future, studies will hopefully establish that risk factor modification plays a vital role 

in risk reduction, providing women with an incentive to plan pregnancy carefully so as to avoid the 

added complications of active SLE triggering MPS or preterm delivery, and motivating them to adopt 

a more active role in managing their cardiovascular risks.  
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Appendices 
Appendix 2.1: List of variables from the National Register (NPR) 

� Hospital  

� Medical department 

� PIN 

� Sex  

� Age 

� Date of admission 

� Date of discharge 

� Year discharged 

� Number of days admitted  

� E code 1-7 

� Type of admission 

� Planned admission 

� Type of discharge 

� Main diagnosis 

� Associated comorbidities 1-30 

� Procedural code 1-21 

� Name of Hospital  

� Clinic 

� County 
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Appendix 2.2: List of ICD codes 
Chapter 2 Table 1: ICD codes used to identify cardiovascular disease  

Condition ICD Code 

 Coronary artery disease 

ICD   8 

ICD   9  

ICD 10  

410-414, 427, 429 

410-414, 427.5,429.1, 429.2, 429.9 

I120-125, I46, I50, I51.5 -, I52, Z955 

 Stroke  

ICD   8 

ICD   9  

ICD 10 

430-438 

430-438 

G45-46, I60-69 

 Peripheral vascular disease  

ICD   8 

ICD   9  

ICD 10 

440-443 

440-443 

I70-I73 

 
 
 
Chapter 2 Table 2: ICD codes to identify features of  maternal-placental syndrome (MPS)  

Condition ICD Code 

 Hypertensive disorders of pregnancy 

ICD   8 

ICD   9  

ICD 10 

637, 762 

642 

O10-O16 

 Placental abruption or infarction 

ICD   8 

ICD   9  

ICD 10 

632.1, 634.1, 770.1, 770.2 

762.1  

O45 

 Intrauterine death and stillbirth 

ICD   8 

ICD   9  

ICD 10 

634.2, 643, Y82-Y86, 779 

656.4, V27.1 - V27.4 

O03, Z371, Z373-377, P95 
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Appendix 2.3: List of variables in Medical Birth Registry (MBR) 
� PIN 
� Maternal date of birth 
� Maternal age 
� Maternal country of origin 

� Marital status 
� Family situation 
� Maternal height 
� Maternal weight 
� Maternal weight at booking 
� Maternal weight at delivery  
� Maternal nicotine use at booking 
� Maternal nicotine use 3 months prior to pregnancy  
� Maternal nicotine use in pregnancy (32 weeks) 
� Maternal snuff use at booking 
� Maternal snuff use 3 months prior to pregnancy 
� Maternal snuff use in pregnancy (at 32 weeks) 

� Parity 
� Last menstrual period (LMP) 
� Expected date of delivery (EDD) based on LMP 
� EDD based on ultrasound 

� Assisted reproductive therapy 
� Assisted reproductive therapy - other 

 

� Singleton 
� Multiple pregnancy 
� Fetal presentation  

 

� Medical diagnosis 1-12 
� Maternal urinary tract infection 
� Maternal renal disease 
� Maternal diabetes mellitus 
� Maternal epilepsy 
� Maternal asthma 
� Maternal ulcerative colitis 
� Maternal hypertension 
� Procedures 1-12 
� Antenatal problems 1-4 

 

� Birth weight 
� Placental weight  
� Gestation in days 
� Gestation in weeks 
� Time of birth 
� Date delivered  
� Year delivered 
� Stillborn 
� Fetal sex 
� Apgar at 1 minute 
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� Apgar at 5 minutes 
� Apgar at 10 minutes 
� Small-for-gestational-age 
� Large-for-gestational-age 
� Head circumference (neonate) 
� Length (neonate) 

 

 

� Maternal sedation during delivery 
� Maternal pethidine 
� Maternal nitrious oxide 
� Maternal infiltration 
� Paracervical block 
� Pudendal block 
� Epidural  

� Spinal  
� Hypnosis 
� TENS machine 
� Water birth 
� Acupuncture 

� General anaesthesia 
� No anaesthesia 

 

� Caesarean section  
� Vaginal delivery 
� Forceps delivery 

� Spontaneous labour 
� Induction of labour 
� Elective Caesarean section 
� Emergency Caesarean section  
� Elective / emergency Caesarean section 

 

� Tear clitoris 
� Tear vagina 
� Tear perineal area 
� Tear rectum 
� Tear sphincter 
� Episiotomy  

 

� Maternal discharge date 
� Neonatal discharge date 

 

� Survival at one month (neonate) 
� Age at death 

 

* Text that is in light grey and indented are variables collected after 1982.  
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Appendix 2.4: Full list of the maternal country of origin from the Medical Birth 
Registry (MBR) 
tab mat_contrybirth if mfr==1 
 
              mat_contrybirth |      Freq.     Percent        Cum. 
------------------------------+----------------------------------- 
                      UNKNOWN |         23        0.58        0.58 
                  AFGHANISTAN |          1        0.03        0.60 
                   BANGLADESH |          3        0.08        0.68 
                      BOLIVIA |          2        0.05        0.73 
          BOSNIEN-HERCEGOVINA |         13        0.33        1.06 
                    BRASILIEN |          4        0.10        1.16 
                    BULGARIEN |          1        0.03        1.18 
                        CHILE |         21        0.53        1.71 
                     COLOMBIA |          2        0.05        1.76 
                      DANMARK |          7        0.18        1.94 
DEMOKRATISKA REPUBLIKEN KONGO |          1        0.03        1.96 
                      ECUADOR |          1        0.03        1.99 
              ELFENBENSKUSTEN |          1        0.03        2.01 
                      ERITREA |          4        0.10        2.11 
                     ETIOPIEN |          5        0.13        2.24 
                 FILIPPINERNA |          8        0.20        2.44 
                      FINLAND |        106        2.67        5.10 
                    FRANKRIKE |          1        0.03        5.13 
                       GAMBIA |          2        0.05        5.18 
                 GAZA-OMRÅDET |          1        0.03        5.20 
                     GREKLAND |          4        0.10        5.31 
                       GUINEA |          1        0.03        5.33 
                       INDIEN |         15        0.38        5.71 
                   INDONESIEN |          1        0.03        5.73 
                         IRAK |         17        0.43        6.16 
                         IRAN |         19        0.48        6.64 
                       ISLAND |          5        0.13        6.76 
                      ITALIEN |          2        0.05        6.81 
                        JAPAN |          1        0.03        6.84 
                    JORDANIEN |          1        0.03        6.86 
                  JUGOSLAVIEN |         30        0.75        7.62 
                    KAP VERDE |          2        0.05        7.67 
                         KINA |          6        0.15        7.82 
                  KOREA, SYD- |          6        0.15        7.97 
                     KROATIEN |          4        0.10        8.07 
                         KUBA |          1        0.03        8.10 
                      LIBANON |         12        0.30        8.40 
                       MALAWI |          1        0.03        8.42 
                     MALAYSIA |          1        0.03        8.45 
                      MAROCKO |          4        0.10        8.55 
                       MEXIKO |          1        0.03        8.57 
                NEDERLãNDERNA |          1        0.03        8.60 
                        NEPAL |          1        0.03        8.62 
                        NORGE |         16        0.40        9.03 
                     PAKISTAN |          2        0.05        9.08 
                    PALESTINA |          1        0.03        9.10 
                         PERU |          5        0.13        9.23 
                        POLEN |         16        0.40        9.63 
                     PORTUGAL |          2        0.05        9.68 
                     RUMãNIEN |          4        0.10        9.78 
                     RYSSLAND |          2        0.05        9.83 
                 SIERRA LEONE |          1        0.03        9.86 
                      SOMALIA |         11        0.28       10.13 
                    SRI LANKA |          2        0.05       10.18 
STORBRITANNIEN OCH NORDIRLAND |          6        0.15       10.33 
                        SUDAN |          2        0.05       10.38 
                      SVERIGE |      3,495       87.88       98.27 
                       SYRIEN |          5        0.13       98.39 
                     THAILAND |         13        0.33       98.72 
              TJECKOSLOVAKIEN |          4        0.10       98.82 
                     TUNISIEN |          1        0.03       98.84 



Are adverse pregnancy outcomes associated with the accelerated CVE in parous women with SLE?  

125 

                      TURKIET |         15        0.38       99.22 
                     TYSKLAND |          3        0.08       99.30 
                       UGANDA |          1        0.03       99.32 
                       UNGERN |          5        0.13       99.45 
                      URUGUAY |          1        0.03       99.47 
                          USA |          5        0.13       99.60 
                      VIETNAM |         11        0.28       99.87 
                  VITRYSSLAND |          1        0.03       99.90 
                       ZAMBIA |          1        0.03       99.92 
                    óSTERRIKE |          3        0.08      100.00 
------------------------------+----------------------------------- 
                        Total |      3,977      100.00 
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Appendix 2.5: Main cause of death as per linked database 
                          Main_COD_full |      Freq.     Percent        Cum. 
----------------------------------------+----------------------------------- 
           Abdominal aneurysm, ruptured |          8        0.15        0.15 
              Abdominal aortic aneurysm |          1        0.02        0.17 
    Abdominal aortic aneurysm, ruptured |          8        0.15        0.32 
             Abnormalities of breathing |          1        0.02        0.34 
                       Abscess of lung  |          2        0.04        0.37 
         Abscess of lung with pneumonia |          1        0.02        0.39 
Accidental poisoning by and exposure .. |          1        0.02        0.41 
Accidental poisoning by and exposure .. |          2        0.04        0.45 
Accidental poisoning by and exposure .. |          1        0.02        0.47 
 Acquired coagulation factor deficiency |          1        0.02        0.48 
         Acquired pure red cell aplasia |          1        0.02        0.50 
                        Acute Leukaemia |          4        0.07        0.58 
        Acute and subacute endocarditis |          2        0.04        0.61 
Acute and subacute infective endocard.. |          1        0.02        0.63 
   Acute and subacute necrosis of liver |          1        0.02        0.65 
                       Acute bronchitis |          3        0.06        0.71 
Acute but ill-defined cerebrovascular.. |         39        0.73        1.43 
                    Acute cholecystitis |          2        0.04        1.47 
                         Acute cystitis |          1        0.02        1.49 
  Acute gastric ulcer with performation |          5        0.09        1.58 
Acute leukaemia of unspecified cell t.. |          1        0.02        1.60 
                Acute myeloid leukaemia |         15        0.28        1.88 
            Acute myocardial infarction |        521        9.70       11.58 
                      Acute myocarditis |          1        0.02       11.60 
         Acute myocarditis, unspecified |          1        0.02       11.62 
      Acute nonsuppurative otitis media |          2        0.04       11.66 
                     Acute pancreatitis |          3        0.06       11.71 
              Acute peptic ulcer w h'ge |          1        0.02       11.73 
                     Acute pericarditis |          2        0.04       11.77 
 Acute proliferative glomerulonephritis |          1        0.02       11.79 
                    Acute renal failure |          6        0.11       11.90 
    Acute tubulo-interstitial nephritis |          2        0.04       11.94 
      Acute upper respiratory infection |          1        0.02       11.96 
     Acute upper respiratory infection  |          1        0.02       11.97 
  Acute vascular disorders of intestine |          8        0.15       12.12 
Acute vascular insufficiency of intes.. |          7        0.13       12.25 
    Adult hypertrophic pyloric stenosis |          1        0.02       12.27 
                        Agranulocytosis |          1        0.02       12.29 
            Alcohol dependence syndrome |          3        0.06       12.35 
           Alcoholic cirrhosis of liver |          5        0.09       12.44 
                  Alcoholic fatty liver |          3        0.06       12.50 
                Alcoholic liver disease |          1        0.02       12.51 
Alveolar and parietoalveolar conditions |          1        0.02       12.53 
                    Alzheimer's disease |         17        0.32       12.85 
                            Amyloidosis |          2        0.04       12.89 
                   Anaemia, unspecified |          2        0.04       12.92 
           Aneurysm of the renal artery |          2        0.04       12.96 
                        Angina pectoris |          8        0.15       13.11 
           Angina pectoris, unspecified |         10        0.19       13.30 
           Aortic (valve) insufficiency |          2        0.04       13.33 
                Aortic (valve) stenosis |         18        0.34       13.67 
Aortic (valve) stenosis with insuffic.. |          2        0.04       13.71 
                       Aortic aneurysm  |          3        0.06       13.76 
Aortic aneurysm of unspecified site, .. |          7        0.13       13.89 
     Aortic valve disorder, unspecified |          1        0.02       13.91 
                 Aortic valve disorders |         26        0.48       14.39 
                       Aplastic anaemia |          2        0.04       14.43 
          Aplastic anaemia, unspecified |          1        0.02       14.45 
       Arterial embolism and thrombosis |         13        0.24       14.69 
                 Arteritis, unspecified |          8        0.15       14.84 
                 Arthritis, unspecified |          1        0.02       14.86 
               Arthropathy, unspecified |          1        0.02       14.88 
                               Asphyxia |          1        0.02       14.90 
                   Aspiration pneumonia |          1        0.02       14.92 
                                 Asthma |         18        0.34       15.25 
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Atherosclerosis native arteries of th.. |          3        0.06       15.31 
Atherosclerosis of arteries of the ex.. |          6        0.11       15.42 
           Atherosclerosis of the aorta |          2        0.04       15.46 
               Atherosclerotic gangrene |          6        0.11       15.57 
          Atherosclerotic heart disease |         82        1.53       17.09 
        Atrial fibrillation and flutter |         44        0.82       17.91 
       Atrioventricular block, complete |          2        0.04       17.95 
         Autoimmune haemolytic anaemias |          1        0.02       17.97 
                   Autoimmune hepatitis |          1        0.02       17.99 
           B-cell lymphoma, unspecified |          5        0.09       18.08 
                  Backache, unspecified |          1        0.02       18.10 
       Bacterial infection, unspecified |          1        0.02       18.12 
                   Bacterial meningitis |          1        0.02       18.14 
       Benign intracranial hypertension |          1        0.02       18.16 
Benign neoplasm duodenum, jejunum and.. |          1        0.02       18.18 
              Benign neoplasm of brain  |          1        0.02       18.19 
          Benign neoplasm of the thymus |          1        0.02       18.21 
                      Biliary cirrhosis |          8        0.15       18.36 
                         Bronchiectasis |          1        0.02       18.38 
                             Bronchitis |          1        0.02       18.40 
                       Bronchopneumonia |          2        0.04       18.44 
 Bronchopneumonia, organism unspecified |         39        0.73       19.16 
                   COPD with acute LRTI |         12        0.22       19.39 
                      COPD, unspecified |         39        0.73       20.11 
Calculus of gallbladder with acute ch.. |          2        0.04       20.15 
                   Candidal septicaemia |          1        0.02       20.17 
               Candidiasis, unspecified |          1        0.02       20.19 
                         Cardiac arrest |          1        0.02       20.20 
            Cardiac arrest, unspecified |          3        0.06       20.26 
       Cardiac dysrhythmia, unspecified |          5        0.09       20.35 
            Cardiomyopathy, unspecified |          3        0.06       20.41 
                 Cardiovascular disease |          3        0.06       20.47 
    Cardiovascular disease, unspecified |          3        0.06       20.52 
               Cataplexy and narcolepsy |          2        0.04       20.56 
              Cerebral artery occlusion |         25        0.47       21.02 
               Cerebral atherosclerosis |         22        0.41       21.43 
                      Cerebral embolism |          2        0.04       21.47 
                    Cerebral infarction |          7        0.13       21.60 
       Cerebral infarction, unspecified |         42        0.78       22.38 
                        Cerebral oedema |          1        0.02       22.40 
                    Cerebral thrombosis |          6        0.11       22.51 
                Cerebrovascular disease |          9        0.17       22.68 
Certain sequelae of myocardial infarc.. |         15        0.28       22.96 
                          Cholecystitis |          4        0.07       23.04 
         Chondrocalcinosis, unspecified |         23        0.43       23.46 
            Chronic airways obstruction |         18        0.34       23.80 
                     Chronic bronchitis |         10        0.19       23.99 
            Chronic glomerulonephritis  |          3        0.06       24.04 
                      Chronic hepatitis |          8        0.15       24.19 
        Chronic ischaemic heart disease |         60        1.12       25.31 
    Chronic liver disease and cirrhosis |         22        0.41       25.72 
          Chronic lymphocytic leukaemia |          2        0.04       25.75 
            Chronic monocytic leukaemia |          1        0.02       25.77 
              Chronic myeloid leukaemia |          2        0.04       25.81 
             Chronic nephritic syndrome |          3        0.06       25.87 
Chronic obstructive pulmonary disease.. |          4        0.07       25.94 
                   Chronic pancreatitis |          1        0.02       25.96 
    Chronic passive congestion of liver |          3        0.06       26.01 
Chronic proliferative glomerulonephri.. |          6        0.11       26.13 
Chronic pulmonary heart disease, unsp.. |          2        0.04       26.16 
                 Chronic pyelonephritis |         16        0.30       26.46 
                  Chronic renal failure |         11        0.20       26.67 
       Chronic rheumatic heart diseases |          6        0.11       26.78 
                  Chronic ulcer of skin |          2        0.04       26.82 
Cirrhosis of liver without mention of.. |         10        0.19       27.00 
                    Coagulation defects |          1        0.02       27.02 
                   Compression of brain |          1        0.02       27.04 
                    Conductive deafness |          4        0.07       27.11 
               Congenital hydrocephalus |          1        0.02       27.13 
Congenital insufficiency of aortic va.. |          2        0.04       27.17 
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        Congenital mitral insufficiency |          1        0.02       27.19 
               Congestive heart failure |         28        0.52       27.71 
     Contusion of face, scalp and neck  |          1        0.02       27.73 
              Coxarthrosis, unspecified |          1        0.02       27.75 
              Creutzfeldt-Jakob disease |          1        0.02       27.77 
                       Crohn's disease  |          2        0.04       27.80 
          Crushing injury of lower limb |          1        0.02       27.82 
Crushing injury of multiple and unspe.. |          1        0.02       27.84 
                        Cystic fibrosis |          1        0.02       27.86 
                  Cystic kidney disease |          2        0.04       27.90 
 Degenerative disease of nervous system |          2        0.04       27.93 
                     Depressive episode |          1        0.02       27.95 
               Dermatitis herpetiformis |          1        0.02       27.97 
                        Dermatophytosis |          1        0.02       27.99 
                    Dermatophytosis (?) |          6        0.11       28.10 
                      Diabetes mellitus |         33        0.61       28.72 
                     Diabetes with coma |          4        0.07       28.79 
Diabetes with neurological manifestat.. |          5        0.09       28.88 
Diaphragmatic hernia without obstruct.. |        220        4.10       32.98 
        Diarrhoea and gastro-enteritis  |          5        0.09       33.07 
  Diffuse membranous glomerulonephritis |          1        0.02       33.09 
         Diffuse non-Hodgkin's lymphoma |          6        0.11       33.20 
Digestive-genital tract fistulae, fem.. |          2        0.04       33.24 
            Discoid lupus erythematosus |          1        0.02       33.26 
      Disease of intestine, unspecified |          1        0.02       33.28 
             Disease of the pericardium |          1        0.02       33.30 
                Diseases of capillaries |          1        0.02       33.31 
   Diseases of mitral and aortic valves |          3        0.06       33.37 
            Diseases of tricuspid valve |          1        0.02       33.39 
    Disorder of arteries and arterioles |          1        0.02       33.41 
Disorders involving the immune mechan.. |          2        0.04       33.45 
            Disorders of adrenal glands |          1        0.02       33.46 
Disorders of amino-acid transport and.. |          1        0.02       33.48 
Disorders of lipoprotein metabolism a.. |          1        0.02       33.50 
 Disorders of plasma-protein metabolism |          2        0.04       33.54 
             Dissecting aortic aneurysm |          9        0.17       33.71 
                    Dissection of aorta |          6        0.11       33.82 
                   Diverticula of colon |          5        0.09       33.91 
               Diverticula of the colon |          6        0.11       34.02 
      Diverticular disease of intestine |          1        0.02       34.04 
Diverticular disease of intestine, pa.. |          1        0.02       34.06 
Diverticular disease of large intesti.. |         17        0.32       34.38 
     Driver injured in traffic accident |          1        0.02       34.39 
        Drowning and submersion at home |          3        0.06       34.45 
Duodenal ulcer with haemorrage and pe.. |          1        0.02       34.47 
        Duodenal ulcer with haemorrhage |          1        0.02       34.49 
                       Eating disorders |          2        0.04       34.53 
Embolism and thrombosis of arteries o.. |          1        0.02       34.54 
Embolism and thrombosis of unspecifie.. |          1        0.02       34.56 
                              Emphysema |          5        0.09       34.66 
                 Emphysema, unspecified |          7        0.13       34.79 
                     Emphysematous bleb |         15        0.28       35.07 
            Endocardial cushion defects |          1        0.02       35.08 
        Endocarditis, valve unspecified |          9        0.17       35.25 
                Endomyocardial fibrosis |          4        0.07       35.33 
                               Epilepsy |          4        0.07       35.40 
                             Erysipelas |          9        0.17       35.57 
       Essential (primary) hypertension |          7        0.13       35.70 
                 Essential hypertension |          2        0.04       35.74 
Exposure to ignition or melting of ni.. |          1        0.02       35.75 
Exposure to uncontrolled fire in buil.. |          2        0.04       35.79 
 Exposure to unspecified factor at home |         15        0.28       36.07 
                Female genital prolapse |          1        0.02       36.09 
                 Fibroblastic disorders |          3        0.06       36.15 
        Fibrosis and cirrhosis of liver |          1        0.02       36.16 
      Follicular non-Hodgkin's lymphoma |          2        0.04       36.20 
                Fracture of carpal bone |          1        0.02       36.22 
                    Fracture of humerus |          1        0.02       36.24 
Fracture of one or more phalanges of .. |          1        0.02       36.26 
                               GI ulcer |         13        0.24       36.50 
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                                   GORD |          1        0.02       36.52 
     Gangrene, not elsewhere classified |          1        0.02       36.54 
         Gastric ulcer with perforation |          4        0.07       36.61 
           Gastro-enteritis and colitis |          1        0.02       36.63 
          Gastro-intestinal haemorrhage |         16        0.30       36.93 
   Gastrojejunal ulcer with haemorrhage |          1        0.02       36.95 
Generalised and unspecified atheroscl.. |         82        1.53       38.47 
                           Haematemesis |          1        0.02       38.49 
                       Haemopericardium |          4        0.07       38.57 
                        Haemoperitoneum |          1        0.02       38.58 
         Haemorrhage of anus and rectum |          1        0.02       38.60 
             Heart disease, unspecified |          8        0.15       38.75 
             Heart failure, unspecified |         64        1.19       39.94 
                             Hemiplegia |          1        0.02       39.96 
                   Hepatorenal syndrome |          1        0.02       39.98 
          Hereditary haemolytic anaemia |          1        0.02       40.00 
Hereditary haemolytic anaemia, unspec.. |          1        0.02       40.02 
                      Hodgkin's disease |          4        0.07       40.09 
         Hodgkin's disease, unspecified |          3        0.06       40.15 
                   Huntington's disease |          1        0.02       40.17 
  Hyperosmolality and/or hypernatraemia |          2        0.04       40.20 
              Hypersensitivity angiitis |          1        0.02       40.22 
   Hypertensive heart and renal disease |          2        0.04       40.26 
  Hypertensive heart and renal disease  |          1        0.02       40.28 
             Hypertensive heart disease |          7        0.13       40.41 
    Hypertensive heart disease without  |          3        0.06       40.47 
             Hypertensive renal disease |          8        0.15       40.61 
                   Hypostatic pneumonia |          1        0.02       40.63 
        Idiopathic fibrosing alveolitis |          2        0.04       40.67 
               Idiopathic proctocolitis |          1        0.02       40.69 
                     Ileus, unspecified |          1        0.02       40.71 
                 Impaction of intestine |          2        0.04       40.74 
                 Infective pericarditis |          1        0.02       40.76 
         Inflammatory disease of uterus |          1        0.02       40.78 
                              Influenza |          4        0.07       40.86 
Influenza with other respiratory mani.. |         10        0.19       41.04 
               Influenza with pneumonia |          1        0.02       41.06 
        Injury to cervical nerve roots  |          3        0.06       41.12 
     Injury to optic nerve and pathways |          7        0.13       41.25 
Injury to other nerve(s) of trunk exc.. |          2        0.04       41.28 
Injury to peripheral nerve(s) of pelv.. |          1        0.02       41.30 
Injury to superficial nerves of head .. |          1        0.02       41.32 
                Injury to visual cortex |          4        0.07       41.40 
                    Instantaneous death |          1        0.02       41.42 
Insulin-dependent diabetes mellitus w.. |          1        0.02       41.43 
Intentional self-harm by drowning and.. |          3        0.06       41.49 
Intentional self-harm by hanging, str.. |          5        0.09       41.58 
Intentional self-harm by other specif.. |          1        0.02       41.60 
  Intentional self-harm by sharp object |          3        0.06       41.66 
            Intentional self-poisoning  |          4        0.07       41.73 
Intentional self-poisoning by and exp.. |          3        0.06       41.79 
Interstitial pulmonary disease, unspe.. |          1        0.02       41.81 
Intestinal adhesions [bands] with obs.. |          1        0.02       41.82 
               Intestinovesical fistula |          1        0.02       41.84 
              Intracerebral haemorrhage |         39        0.73       42.57 
 Intracerebral haemorrhage, unspecified |         27        0.50       43.07 
              Intracranial haemorrhage  |          3        0.06       43.13 
       Intrahepatic bile duct carcinoma |          3        0.06       43.18 
                       Kaposi's sarcoma |          1        0.02       43.20 
                   Kaschin-Beck disease |          1        0.02       43.22 
Late effects of cerebrovascular disease |         34        0.63       43.85 
           Late effects of tuberculosis |          4        0.07       43.93 
               Left ventricular failure |         13        0.24       44.17 
     Leukaemia of unspecified cell type |          5        0.09       44.26 
                   Liver cell carcinoma |          6        0.11       44.38 
                        Lobar pneumonia |          2        0.04       44.41 
                     Lymphoid leukaemia |          3        0.06       44.47 
                 Malignant hypertension |          1        0.02       44.49 
Malignant hypertensive heart and rena.. |          3        0.06       44.54 
   Malignant hypertensive heart disease |          5        0.09       44.64 
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                    Malignant melanoma  |          1        0.02       44.66 
             Malignant melanoma of skin |         13        0.24       44.90 
Malignant neoplasm Upper lobe, bronch.. |          1        0.02       44.92 
        Malignant neoplasm biliary tree |          3        0.06       44.97 
       Malignant neoplasm of  bronchus  |         26        0.48       45.46 
Malignant neoplasm of  the lip, oral .. |          1        0.02       45.47 
              Malignant neoplasm of CNS |          1        0.02       45.49 
Malignant neoplasm of anus and anal c.. |          5        0.09       45.59 
          Malignant neoplasm of bladder |         27        0.50       46.09 
   Malignant neoplasm of body of uterus |          5        0.09       46.18 
Malignant neoplasm of bone and articu.. |          2        0.04       46.22 
            Malignant neoplasm of brain |         12        0.22       46.44 
           Malignant neoplasm of breast |         55        1.02       47.47 
Malignant neoplasm of bronchus and lung |        136        2.53       50.00 
          Malignant neoplasm of cervix  |          9        0.17       50.17 
            Malignant neoplasm of colon |         51        0.95       51.12 
Malignant neoplasm of connective and .. |          2        0.04       51.15 
     Malignant neoplasm of corpus uteri |          7        0.13       51.28 
              Malignant neoplasm of eye |         12        0.22       51.51 
  Malignant neoplasm of fallopian tubes |          5        0.09       51.60 
    Malignant neoplasm of female breast |         29        0.54       52.14 
 Malignant neoplasm of female genitalia |          1        0.02       52.16 
   Malignant neoplasm of floor of mouth |          2        0.04       52.20 
      Malignant neoplasm of gallbladder |          6        0.11       52.31 
     Malignant neoplasm of gallbladder  |         13        0.24       52.55 
      Malignant neoplasm of hypopharynx |          1        0.02       52.57 
Malignant neoplasm of intrahepatic bi.. |          3        0.06       52.63 
           Malignant neoplasm of kidney |          7        0.13       52.76 
          Malignant neoplasm of kidney  |         13        0.24       53.00 
           Malignant neoplasm of larynx |          2        0.04       53.04 
            Malignant neoplasm of liver |         14        0.26       53.30 
           Malignant neoplasm of liver  |         18        0.34       53.63 
      Malignant neoplasm of nasopharynx |          2        0.04       53.67 
       Malignant neoplasm of oesophagus |          8        0.15       53.82 
Malignant neoplasm of other and ill-d.. |          2        0.04       53.85 
Malignant neoplasm of other and ill-d.. |          2        0.04       53.89 
Malignant neoplasm of other and ill-d.. |          1        0.02       53.91 
Malignant neoplasm of other and ill-d.. |          4        0.07       53.99 
Malignant neoplasm of other and unspe.. |          3        0.06       54.04 
Malignant neoplasm of other and unspe.. |          4        0.07       54.12 
Malignant neoplasm of other and unspe.. |          1        0.02       54.13 
Malignant neoplasm of other connectiv.. |          3        0.06       54.19 
Malignant neoplasm of other endocrine.. |          1        0.02       54.21 
            Malignant neoplasm of ovary |         23        0.43       54.64 
           Malignant neoplasm of ovary  |         23        0.43       55.07 
         Malignant neoplasm of pancreas |         66        1.23       56.29 
    Malignant neoplasm of parotid gland |          1        0.02       56.31 
       Malignant neoplasm of peritoneum |          1        0.02       56.33 
           Malignant neoplasm of pleura |          3        0.06       56.39 
           Malignant neoplasm of rectum |         26        0.48       56.87 
Malignant neoplasm of rectum, rectosi.. |          1        0.02       56.89 
     Malignant neoplasm of renal pelvis |          2        0.04       56.93 
  Malignant neoplasm of small intestine |          4        0.07       57.00 
          Malignant neoplasm of stomach |         22        0.41       57.41 
     Malignant neoplasm of the GI tract |          2        0.04       57.45 
      Malignant neoplasm of the abdomen |          3        0.06       57.50 
Malignant neoplasm of the female breast |          2        0.04       57.54 
Malignant neoplasm of the intrahepati.. |          1        0.02       57.56 
  Malignant neoplasm of the mediastinum |          2        0.04       57.60 
        Malignant neoplasm of the mouth |          3        0.06       57.65 
       Malignant neoplasm of the pleura |          1        0.02       57.67 
Malignant neoplasm of the sigmoid colon |          6        0.11       57.78 
      Malignant neoplasm of the urethra |          1        0.02       57.80 
           Malignant neoplasm of thorax |          1        0.02       57.82 
           Malignant neoplasm of thymus |          1        0.02       57.84 
    Malignant neoplasm of thyroid gland |          1        0.02       57.86 
           Malignant neoplasm of tongue |          4        0.07       57.93 
           Malignant neoplasm of uterus |          2        0.04       57.97 
            Malignant neoplasm of vulva |          4        0.07       58.04 
Malignant neoplasm without specificat.. |         31        0.58       58.62 
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Malignant neoplasmlower lobe, bronchu.. |          1        0.02       58.64 
Malignant neoplasms of independent (p.. |          2        0.04       58.68 
Malignant overlapping lesion of lip, .. |          1        0.02       58.70 
                Meningitis, unspecified |          2        0.04       58.73 
Mental and behavioural disorders due .. |          1        0.02       58.75 
           Mitral (valve) insufficiency |          6        0.11       58.86 
                        Mitral stenosis |          5        0.09       58.96 
     Mitral stenosis with insufficiency |          1        0.02       58.98 
                 Mitral valve disorders |          9        0.17       59.14 
            Monoclonal paraproteinaemia |          1        0.02       59.16 
                   Motor neuron disease |          7        0.13       59.29 
        Mucopurulent chronic bronchitis |          2        0.04       59.33 
                 Multi-infarct dementia |          1        0.02       59.35 
                       Multiple myeloma |          8        0.15       59.50 
                     Multiple sclerosis |          5        0.09       59.59 
                      Myasthenia gravis |          2        0.04       59.63 
               Myelodysplastic syndrome |          5        0.09       59.72 
                      Myeloid leukaemia |          5        0.09       59.81 
                Myocardial degeneration |          1        0.02       59.83 
               Myocarditis, unspecified |          5        0.09       59.93 
               Necrotising vasculopathy |          1        0.02       59.94 
  Necrotising vasculopathy, unspecified |          1        0.02       59.96 
           Neoplasm of digestive tract  |          1        0.02       59.98 
      Neoplasm of female genital organs |          1        0.02       60.00 
         Neoplasm of respiratory system |          3        0.06       60.06 
                Neoplasm of the bladder |          1        0.02       60.07 
                 Neoplasm of the brain  |          1        0.02       60.09 
   Neoplasm of trachea, bronchus & lung |          2        0.04       60.13 
Neoplasm of uncertain or unknown beha.. |          7        0.13       60.26 
Nephritis and nephropathy proliferati.. |          1        0.02       60.28 
Nephritis and nephropathy, not specif.. |          2        0.04       60.32 
                    Neurotic depression |          1        0.02       60.34 
Non-Hodgkin's lymphoma, unspecified t.. |         22        0.41       60.74 
                   Obesity, unspecified |          1        0.02       60.76 
         Obstructive chronic bronchitis |          4        0.07       60.84 
Obstructive hypertrophic cardiomyopathy |          1        0.02       60.86 
Occlusion and stenosis of precerebral.. |         14        0.26       61.12 
         Occlusion of cerebral arteries |          2        0.04       61.15 
      Oesophageal varices with bleeding |          2        0.04       61.19 
                           Oesophagitis |          2        0.04       61.23 
              Old myocardial infarction |        151        2.81       64.04 
            Open wound of hip and thigh |          1        0.02       64.06 
                     Optic nerve injury |          3        0.06       64.12 
           Organic personality disorder |          1        0.02       64.13 
             Osteomyelitis, unspecified |          1        0.02       64.15 
                          Osteonecrosis |          1        0.02       64.17 
                           Osteoporosis |          4        0.07       64.25 
Ostium secundum type atrial septal de.. |          1        0.02       64.26 
                             Other COPD |          4        0.07       64.34 
 Other and unspecified T-cell lymphomas |          1        0.02       64.36 
Other and unspecified cirrhosis of li.. |         12        0.22       64.58 
Other and unspecified coagulation def.. |          1        0.02       64.60 
Other and unspecified infectious dise.. |          6        0.11       64.71 
Other and unspecified intracranial ha.. |          2        0.04       64.75 
Other and unspecified malignant neopl.. |          2        0.04       64.79 
Other and unspecified mitral valve di.. |          1        0.02       64.80 
Other and unspecified rheumatic heart.. |          1        0.02       64.82 
                        Other aneurysms |          1        0.02       64.84 
                     Other appendicitis |          1        0.02       64.86 
Other bacterial infections of unspeci.. |          1        0.02       64.88 
  Other bacterial intestinal infections |          4        0.07       64.95 
              Other bacterial pneumonia |          1        0.02       64.97 
              Other cardiac arrhythmias |          3        0.06       65.03 
Other congenital anomalies of the aorta |          1        0.02       65.05 
                  Other dermatomyositis |          1        0.02       65.07 
        Other diseases of biliary tract |          4        0.07       65.14 
          Other diseases of endocardium |          4        0.07       65.21 
Other diseases of upper respiratory t.. |          1        0.02       65.23 
       Other disorders of adrenal gland |          1        0.02       65.25 
Other disorders of arteries and arter.. |          3        0.06       65.31 
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             Other disorders of bladder |          1        0.02       65.33 
  Other disorders of intestine - polyps |          7        0.13       65.46 
   Other disorders of kidney and ureter |          5        0.09       65.55 
      Other disorders of urinary system |         11        0.20       65.75 
               Other fall on same level |          1        0.02       65.77 
Other forms of chronic ischaemic hear.. |         32        0.60       66.37 
      Other forms of systemic sclerosis |         10        0.19       66.55 
      Other hypertrophic cardiomyopathy |          6        0.11       66.67 
Other ill-defined and unknown causes .. |          1        0.02       66.69 
Other ill-defined and unspecified cau.. |         28        0.52       67.21 
               Other immunodeficiencies |          1        0.02       67.23 
      Other inflammatory liver diseases |          3        0.06       67.28 
Other interstitial pulmonary diseases.. |         11        0.20       67.49 
Other local infections of skin and su.. |          1        0.02       67.50 
               Other lymphoid leukaemia |          1        0.02       67.52 
                        Other lymphomas |         24        0.45       67.97 
Other malignant neoplasm of lymphoid .. |         14        0.26       68.23 
       Other malignant neoplasm of skin |          1        0.02       68.25 
      Other malignant neoplasms of skin |          2        0.04       68.29 
Other neoplasms of uncertain or unkno.. |          2        0.04       68.32 
Other non-infective gastro-enteritis .. |          9        0.17       68.49 
                     Other overlap CTDs |          8        0.15       68.64 
                Other paraproteinaemias |          1        0.02       68.66 
         Other primary cardiomyopathies |          6        0.11       68.77 
Other specified cerebrovascular disea.. |         12        0.22       68.99 
    Other specified coagulation defects |          1        0.02       69.01 
Other specified diseases of blood and.. |          1        0.02       69.03 
Other specified disorders of metabolism |          1        0.02       69.05 
Other specified disorders of peritoneum |          4        0.07       69.12 
   Other specified disorders of thyroid |          2        0.04       69.16 
     Other specified disorders of veins |          1        0.02       69.18 
Other specified inflammatory liver di.. |          1        0.02       69.20 
              Other specified leukaemia |          2        0.04       69.24 
   Other specified rheumatoid arthritis |          1        0.02       69.26 
                  Other spondylopathies |          2        0.04       69.29 
   Other tuberculosis of nervous system |          1        0.02       69.31 
   Other venous embolism and thrombosis |         10        0.19       69.50 
                        Paralytic ileus |          2        0.04       69.53 
Paralytic ileus and intestinal obstru.. |          6        0.11       69.65 
Paraneoplastic neuromyopathy and neur.. |          1        0.02       69.66 
                    Parkinson's disease |          2        0.04       69.70 
Paroxysmal supraventricular tachycardia |         14        0.26       69.96 
          Peptic ulcer with haemorrhage |          1        0.02       69.98 
         Peptic ulder with performation |          1        0.02       70.00 
Perforation of intestine (nontraumatic) |          3        0.06       70.06 
          Perforation of the oesophagus |          1        0.02       70.07 
Peripheral and cutaneous T-cell lymph.. |          1        0.02       70.09 
Peripheral vascular disease, unspecif.. |         10        0.19       70.28 
                            Peritonitis |          6        0.11       70.39 
    Peritonitis in infectious diseases  |          3        0.06       70.45 
Phlebitis and thrombophlebitis of oth.. |          4        0.07       70.52 
         Pleural condition, unspecified |          1        0.02       70.54 
                 Pneumococcal pneumonia |         13        0.24       70.78 
                              Pneumonia |         39        0.73       71.51 
Pneumonia due to Streptococcus pneumo.. |          2        0.04       71.55 
        Pneumonia, organism unspecified |         65        1.21       72.76 
      Pneumonitis due to food and vomit |          2        0.04       72.79 
     Poisoning by and exposure to drugs |          2        0.04       72.83 
Poisoning by and exposure to other an.. |          3        0.06       72.89 
                  Polyarteritis nodosa  |          3        0.06       72.94 
Polyarteritis nodosa and allied condi.. |          1        0.02       72.96 
Polyarteritis with lung involvement [.. |          1        0.02       72.98 
     Polyclonal hypergammaglobulinaemia |          1        0.02       73.00 
                           Polymyositis |          1        0.02       73.02 
    Postinflammatory pulmonary fibrosis |          6        0.11       73.13 
              Primary biliary cirrhosis |          2        0.04       73.17 
         Primary pulmonary hypertension |          5        0.09       73.26 
               Prolymphocytic leukaemia |          1        0.02       73.28 
                     Pulmonary collapse |          2        0.04       73.31 
    Pulmonary congestion and hypostasis |          1        0.02       73.33 
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                     Pulmonary embolism |          1        0.02       73.35 
      Pulmonary embolism and infarction |         31        0.58       73.93 
Pulmonary embolism without mention of.. |         14        0.26       74.19 
   Pulmonary heart disease, unspecified |          1        0.02       74.21 
        Pyogenic arthritis, unspecified |          3        0.06       74.26 
                              Pyothorax |          1        0.02       74.28 
           Qualitative platelet defects |          1        0.02       74.30 
             Renal failure, unspecified |          2        0.04       74.34 
 Retinal detachment with retinal defect |          1        0.02       74.36 
         Rheumatic aortic insufficiency |          6        0.11       74.47 
              Rheumatic aortic stenosis |          1        0.02       74.49 
                Rheumatism, unspecified |          2        0.04       74.53 
                   Rheumatoid arthritis |         20        0.37       74.90 
      Rheumatoid arthritis, unspecified |         20        0.37       75.27 
                        Rheumatoid lung |         15        0.28       75.55 
                Rheumatoid lung disease |          1        0.02       75.57 
                  Rheumatoid vasculitis |          2        0.04       75.61 
                      Rupture of artery |          3        0.06       75.66 
                                    SLE |        358        6.67       82.33 
   SLE with organ or system involvement |        203        3.78       86.11 
                       SLE, unspecified |         76        1.42       87.52 
                          Sacro-iliitis |          1        0.02       87.54 
                             Sarcodosis |          1        0.02       87.56 
                            Sarcoidosis |          3        0.06       87.62 
                          Schizophrenia |          1        0.02       87.64 
         Senile dementia, uncomplicated |         10        0.19       87.82 
                               Senility |         14        0.26       88.08 
  Senility without mention of psychosis |          6        0.11       88.19 
Septicaemia due to Haemophilus influe.. |         13        0.24       88.44 
Septicaemia due to Staphylococcus aur.. |          7        0.13       88.57 
Septicaemia due to Streptococcus pneu.. |          2        0.04       88.60 
Septicaemia due to other Gram-negativ.. |          1        0.02       88.62 
               Septicaemia, unspecified |         29        0.54       89.16 
    Sequelae of cerebrovascular disease |          1        0.02       89.18 
Sequelae of other specified infectiou.. |          1        0.02       89.20 
                     Sequelae of stroke |         14        0.26       89.46 
               Sequelae of tuberculosis |          2        0.04       89.50 
        Shock without mention of trauma |          1        0.02       89.52 
                     Shock, unspecified |          2        0.04       89.55 
               Sicca syndrome [Sjögren] |          2        0.04       89.59 
   Spinal stenosis, other than cervical |          1        0.02       89.61 
                     Status asthmaticus |          1        0.02       89.63 
Stroke, not specified as haemorrhage .. |         47        0.88       90.50 
               Subarachnoid haemorrhage |         19        0.35       90.86 
  Subarachnoid haemorrhage, unspecified |         12        0.22       91.08 
       Subsequent myocardial infarction |          8        0.15       91.23 
     Sudden cardiac death, so described |          3        0.06       91.28 
Superficial injury of shoulder and up.. |          1        0.02       91.30 
            Superficial injury of trunk |          1        0.02       91.32 
Surgical operation with implant of ar.. |          3        0.06       91.38 
        Surgical procedure, unspecified |          1        0.02       91.40 
           Systemic lupus erythematosus |        173        3.22       94.62 
                     Systemic sclerosis |         16        0.30       94.92 
        Systemic sclerosis, unspecified |          6        0.11       95.03 
                                   T1DM |          1        0.02       95.05 
                                   T2DM |          1        0.02       95.07 
            Thoracic aneurysm, ruptured |          2        0.04       95.10 
     Thoracic aortic aneurysm, ruptured |          5        0.09       95.20 
Thoracoabdominal aortic aneurysm, rup.. |          1        0.02       95.21 
Thromboplebitis of the lower extremitis |          3        0.06       95.27 
             Thrombotic microangiopathy |          1        0.02       95.29 
                         Thyrotoxicosis |          3        0.06       95.34 
                Toxic effect of alcohol |          8        0.15       95.49 
                  Toxic effect of lead  |          1        0.02       95.51 
Toxic effect of noxious substances ea.. |          1        0.02       95.53 
                                  Trama |          3        0.06       95.59 
  Traumatic amputation of arm and hand  |         22        0.41       96.00 
         Traumatic amputation of thumb  |          4        0.07       96.07 
                         Tropical sprue |          1        0.02       96.09 
                      Type II diabetes  |         11        0.20       96.29 
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                    Ulcer of lower limb |          3        0.06       96.35 
                   Ulcer of lower limbs |          3        0.06       96.41 
                     Ulcerative colitis |          2        0.04       96.44 
Unspecified bus occupant injured in t.. |          1        0.02       96.46 
      Unspecified cause of encephalitis |          1        0.02       96.48 
         Unspecified chronic bronchitis |          6        0.11       96.59 
         Unspecified condition of brain |          1        0.02       96.61 
                   Unspecified dementia |         26        0.48       97.09 
          Unspecified diabetes mellitus |         22        0.41       97.50 
Unspecified diffuse connective tissue.. |         22        0.41       97.91 
     Unspecified disorder of oesophagus |          3        0.06       97.97 
Unspecified disorders of arteries and.. |          1        0.02       97.99 
                       Unspecified fall |         10        0.19       98.18 
Unspecified haemorrhoids with other c.. |          1        0.02       98.19 
Unspecified haemorrhoids without comp.. |          1        0.02       98.21 
Unspecified internal derangement of k.. |          1        0.02       98.23 
     Unspecified intestinal obstruction |          2        0.04       98.27 
        Unspecified monocytic leukaemia |          1        0.02       98.29 
Unspecified musculoskeletal disorders.. |          1        0.02       98.31 
         Unspecified nephritic syndrome |          2        0.04       98.34 
Unspecified protein-energy malnutrition |          2        0.04       98.38 
                  Unspecified psychosis |          2        0.04       98.42 
              Unspecified renal failure |          7        0.13       98.55 
Unspecified severe protein-energy mal.. |          1        0.02       98.57 
Unspecified vascular insufficiency of.. |          2        0.04       98.60 
Urinary tract infection, site not spe.. |          2        0.04       98.64 
         Vascular dementia, unspecified |         11        0.20       98.85 
Vasculitis limited to skin, unspecified |          1        0.02       98.86 
        Ventral hernia with obstruction |          1        0.02       98.88 
               Vesicointestinal fistula |          1        0.02       98.90 
           Viral infection, unspecified |          1        0.02       98.92 
           Viral pneumonia, unspecified |          1        0.02       98.94 
                       Volume depletion |          3        0.06       98.99 
                               Volvulus |          1        0.02       99.01 
       Waldenstršm's macroglobulinaemia |          1        0.02       99.03 
               Wegener's granulomatosis |          5        0.09       99.12 
     cellulitis and abscess of the foot |          1        0.02       99.14 
        chronic ischaemic heart disease |         35        0.65       99.80 
diabetes mellitus with renal complica.. |         10        0.19       99.98 
                other diabetes mellitus |          1        0.02      100.00 
----------------------------------------+----------------------------------- 
                                  Total |      5,370      100.00 
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Appendix 2.6: List of variables in Cause of Death Register 

� PIN 
� County 
� Date of death 
� Year of death 
� Gender 
� Main cause of death  
� Contributing cause of death 1-6 
� Other related causes (ICD coded) 1-20 
� Age at death 
� Nationality  
� Examination prior to death in hospital  
� Examination prior to death out of hospital  
� Autopsy 
� External examination of the corpse 
� Other sources of data 
� Alcohol-related diagnosis 
� Drug-related diagnosis 
� Surgery 
� Date of operation  
� Suicide  
� Accidental death 
� Murder 
� Nature of injury  
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Appendix 6.1 

Oral abstract presented at EULAR 2015 

(http://www.congress.eular.org/congress_2015.cfm) 
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The contribution of the effects of pregnancy and its complications to the accelerated de-
velopment of cardiovascular events in Swedish women with systemic lupus erythematosus 

(SLE) – a population-based retrospective study. (#15) 
May Ching Soh 1 2 3 , Catherine Nelson-Piercy 1 2 , Lesley McCowan 4 , Magnus Westgren 5 , Dharmintra Pasupathy 1  

1. Women's Health Academic Centre, King's College London, United Kingdom 
2. de Swiet Obstetric Medicine Centre, Queen Charlotte's & Chelsea Hospital, Imperial College Healthcare Trust, London, United Kingdom 
3. Silver Star Unit, Women's Centre, John Radcliffe Hospital, Oxford University Hospitals NHS Trust, Oxford, United Kingdom 
4. National Women's Health, Auckland City Hospital, Auckland, New Zealand 
5. Department of Clinical Science, Intervention and Technology, Karolinska Institutet, Stockholm, Sweden 

Background: Women with SLE are at greater risk for cardiovascular events (CVE) even in the relative absence of cardiovascular risk factors. They also 
have more pregnancy complications. Pregnancy complications related to maternal-placental syndrome (MPS) are associated with an increased risk and 
accelerated development of CVE in parous women with SLE. 

However, the role and relative contribution of pregnancy or MPS to the accelerated development of CVE is currently unknown. 

Objectives: To determine if pregnancy and MPS were associated with accelerated development of CVE in women with SLE. 

Methods: Utilizing linked Swedish population registries, women with SLE born between 1951-71 were included. MPS was defined as hypertensive 
disorders of pregnancy, small-for-gestational-age, stillbirth and placental abruption. SLE-related morbidity was defined as inpatient admissions, renal 
disease, malignancies and infections. A woman was classified as if she had a delivery> 22 weeks gestation. Outcome was CVE defined as coronary 
artery disease, stroke, peripheral vascular disease and/or death from these causes. Hazard was determined using Cox proportional-hazards adjusting 
for cardiovascular risk factors and SLE-related morbidity. The referent group was parous women without MPS. 

Results: Among 3232 women with SLE, 2317 (72%) were parous. The non-parous women (n=915) had more SLE-related morbidity, cardiovascular risk 
factors and CVE compared to parous women (15.1 vs. 8.5 %). Amongst parous women 23.3% (n=539) had a history of MPS. 

The incidence of CVE was highest amongst the non-parous group at 3.4/1,000 person-years followed by those who had pregnancies complicated by 
MPS (2.8/1,000 person-years). After adjustment, hazard of  CVE was 1.6-fold higher in the non-parous group, compared to 1.5-fold increased in those 
with MPS. (Table 1) CVE-free survival was lowest in the non-parous group. (Figure 1) 

 

 

Conclusions: Parous women with SLE with MPS had similar risk of CVE 
to non-parous women with SLE; but it was the non-parous women developed CVE earlier in life. The longest CVE-free survival in women with 
SLE was in those who had uncomplicated pregnancies.  
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