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Abstract 
The decision to have children is often coupled with varying degrees of apprehension. 
Women with chronic disease often worry about how the disease itself or its treatment 
will affect pregnancy and the fetus. The aim of this thesis was to add to the current 
knowledge concerning pregnancy and birth outcomes in chronic inflammatory disease. 

First, we studied pregnancy and delivery complications in women with Crohn’s disease 
and ulcerative colitis, the main types of inflammatory bowel disease (IBD). By using 
register data, we constructed a proxy model for disease activity, categorizing women 
according to (i) no activity, (ii) stable disease and (iii) flaring disease. Compared to 
women without IBD, women with Crohn’s disease and ulcerative colitis more often 
delivered by emergency and elective cesarean sections. Women with ulcerative colitis 
had a higher risk of venous thromboembolism during pregnancy, which seemed to be the 
highest in women with flaring disease.   

In the second study, we assessed risks of adverse birth outcomes in women with Crohn’s 
disease and ulcerative colitis and their infants, by diagnosis and by the disease activity 
proxy model. Compared to women without IBD, women with Crohn’s disease and 
ulcerative colitis more often gave birth preterm, particularly those with flaring disease 
and with thiopurine treatment during pregnancy. Small for gestational age and stillbirth 
were more common for women with Crohn’s disease, and were also related to flaring 
disease. 

The third study focused on anti-tumor necrosis factor (anti-TNF) treatment and birth 
defects, a relationship which has not been well-studied. Anti-TNF is used to treat IBD and 
other chronic inflammatory disease such as rheumatoid arthritis, ankylosing spondylitis, 
psoriasis and psoriatic arthritis. We included all infants to women with these diseases in 
Sweden and Denmark and determined their anti-TNF treatment status in early 
pregnancy. Infants of the general population were included for a frame of reference for 
descriptive purposes, while formal comparisons were limited to the women with chronic 
inflammatory disease. The distribution of birth defects in all three groups was similar and 
ventricular septal defect, atrial septal defect, congenital hydronephrosis and hypospadias 
were the most common. Rates for corrective surgery were also similar. Comparing 
infants to women with chronic inflammatory disease, with and without anti-TNF 
treatment, the risk of any birth defect or defect of a particular organ-system was slightly 
but imprecisely increased, and an association could not be determined.  

In the fourth study, we identified all live-born singleton cases of preterm birth as cases, 
and births occurring at a later gestational age as their controls, among women with IBD. 
We found that significant disease activity and treatment with thiopurines or anti-TNF 
predicted preterm birth. The study illustrated the challenges of confounding by 
indication. Some misclassification of disease activity was likely not completely avoided, 
leading to residual confounding and making it impossible to assess the effects of disease 
activity and immunosuppressive treatment separately. However, weighing the risks of 
relapsing disease against those of drug treatment, disease activity seems more important 
to avoid.   
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1 Introduction 
One of life’s major decisions is the decision to try to conceive and have children, which is 
often coupled with varying degrees of apprehension. For women with chronic 
inflammatory disease, the consequences of the disease itself and the related drug 
treatment for the pregnancy, and the child in particular, add to the concerns. Some may 
abstain from treatment, even if it means risking their own health, and others may refrain 
from having children due to the fear of affecting their own or the offspring’s health 
negatively.  

Due to ethical considerations, studies of adverse effects of drugs generally do not include 
pregnant women. Instead, knowledge regarding intrauterine exposure relies on results 
from animal studies and observational studies in pregnant women. As a result, the 
knowledge of how drug exposure affects pregnancy and birth outcomes often remains 
limited in general, and takes a long time to acquire.1,2  

The studies in this thesis were conducted with the aim to contribute to the yet limited 
knowledge concerning the effects of chronic inflammatory disease and its treatment 
during pregnancy. Emerging data suggest that the course of pregnancy and parturition 
shares features with the pathological inflammation of chronic inflammatory disease, and 
how treatment directed towards the inflammation affects the interplay remains largely 
unknown.  

1.1 Chronic inflammatory disease 
Inflammation is an immune system response that involves immune cells and small 
signaling proteins called cytokines. One of the main purposes of inflammation is to 
eradicate foreign pathogens such as bacteria. Through well-coordinated signaling, 
inflammation is involved in eliminating the initial cause of cell injury, clearing out 
damaged tissues while stimulating tissue repair. In chronic inflammatory disease, such 
as Crohn’s disease and ulcerative colitis (collectively defined inflammatory bowel 
disease, IBD), rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis and 
psoriasis, the coordination is lost. The result is an unwarranted inflammatory response, 
often characterized by relapse-remission cycles with flares of increased activity. The 
causes of the abnormal activation of the immune system is not entirely clear, but genetic 
and environmental factors are most likely involved.  

Chronic inflammatory disease may affect women in their reproductive years. The highest 
incidence of IBD is between 20 and 40 years of age, with diagnoses peaking earlier in the 
interval for Crohn’s disease and later for ulcerative colitis, with no prominent sex 
variation.3-5 The peak onset of rheumatoid arthritis occurs at a later age, but 
predominantly affects women.6 In contrast, ankylosing spondylitis affects more men than 
women, but usually presents before the age of 45.7 The majority of psoriasis patients 
present before 40 years of age and if arthritic symptoms prompting a diagnosis of 
psoriatic arthritis appear, it occurs about 10 years after the first skin lesions.8 
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Inflammatory bowel disease  
Ulcerative colitis and Crohn’s disease share many characteristics, although there are also 
significant differences. Ulcerative colitis only affects the colon, causing continuous 
mucosal inflammation that starts in the rectum and extends proximally (Figure 1.1). 
Lesions of Crohn’s disease may present anywhere along the gastro-intestinal tract, in a 
discontinuous pattern of often deeper, granulomatous inflammation that may be 
transmural.9,10 Crohn’s disease is prone to cause intestinal strictures, and may penetrate 
tissues causing abscesses and fistulae, a problem often affecting the perianal area.11 
Patients with Crohn’s disease and ulcerative colitis may present with diarrhea, blood and 
mucus in stool, tenesmuses and urgency to empty bowels. Systemic inflammatory 
response with fever and weight loss is a sign of severe flaring disease.  Up to a third of 
patients are affected by extraintestinal manifestations, most frequently arthropathies 
and mucocutaneous lesions.12 Abdominal pain is a frequent symptom of both Crohn’s 
disease and ulcerative colitis, which along with pain from extraintestinal manifestations 
affect the quality of life for many patients.13 The diagnoses rest on criteria-based 
symptoms, biochemical markers, radiological findings and macro- and microscopic 
inspection of the intestinal mucosa by endoscopy.14,15 Because of similarities between 
Crohn’s disease and ulcerative colitis, about 10% of patients will typically be reclassified 
to the other.16,17 The relapse-remitting disease course may be monitored with clinical 
indexes such as the Harvey Bradshaw index and the Crohn’s Disease Activity Index for 
Crohn’s disease, and the Simple Clinical Colitis Activity index for ulcerative colitis.18-20 
These do, however, not necessarily correspond well to endoscopic disease activity.21 
There are no specific biochemical markers and general inflammatory markers such as C-
reactive protein and fecal calprotectin do not always mirror endoscopically assessed 
disease activity.21 

 
Figure 1.1 Schematic illustration of the localization of inflammation (dark color). Adapted 
from Remesz.22 

Crohn’s disease Ulcerative colitis 
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Current knowledge suggests that the intestinal inflammation develops because of 
unwarranted immune responses to the microbial flora in genetically susceptible 
individuals.23 Several genetic susceptibility loci have been identified in patients with IBD, 
many of them shared by Crohn’s disease and ulcerative colitis. Other loci are specific to 
either Crohn’s disease or ulcerative colitis, supporting that these two variants of IBD are 
separate entities.24 Many of the loci code for proteins included in the mucosal barrier 
function and proteins in the innate and adaptive immune systems. The mucosal barrier 
is the first line of defense against microbes and consists of epithelial cells that seal off the 
submucosal space by being connected to each other with tight junctions. In addition, 
specialized cells, such as Goblet cells and Paneth cells within the epithelial cell layer, 
excrete mucus that is anti-microbial. In ulcerative colitis and Crohn’s disease, changes in 
the barrier function and intestinal permeability have been observed, thereby likely 
allowing the translocation of luminal antigens such as those of the microbial flora to the 
submucosal space.25-27 In homeostatic conditions, microbe antigens are constantly being 
presented to T-cells, a group of cells that belong to the adaptive immune system, in the 
submucosal space. The result of the translocation of microbial antigens is a well-balanced 
response of, on the one hand effector T-cells that promote inflammatory activity, and on 
the other, regulatory T-cells that suppress inflammation.28 In IBD, the balance in the 
response is lost, resulting in excessive immune activation and chronic inflammation, 
mediated by cytokines, among them tumor necrosis factor (TNF).9,11,29 

In IBD mouse models, mice that are genetically susceptible do not develop intestinal 
inflammation when raised in a bacteria-free environment, pointing out the interplay of 
genetic and environmental factors in IBD pathogenesis.30 Also, although familial IBD is 
one of the most important risk factors for developing the disease, only 5-15% of patients 
report having an affected first-degree relative.31,32 The risk for children with one parent 
with IBD to develop the same is, however, increased by 2-13 times, and even more for 
those with two affected parents.33,34 

In a recent Swedish study, the national prevalence of IBD was reported at 0.65%.35 The 
epidemiology of IBD may mirror its multifactorial pathogenesis. The highest incidence is 
reported in Northern Europe and North America and IBD is more common in 
industrialized than in non-industrialized countries and more common in urban than in 
rural areas.4,36,37 There is an increasing global incidence today, partially pertaining to 
emerging IBD populations in Asia and in second-generation immigrants in Europe, which 
implies an association with changing lifestyles and behavior.4,38,39 Several studies have 
observed that smoking is an important factor for IBD, increasing the risk of Crohn’s 
disease, while being protective against active ulcerative colitis, making smoking cessation 
a deceitful trigger for the latter.40,41  

 

A report published in 1933 stated that 16 out of the 21 (76%) enrolled patients with acute presentation 
of ulcerative colitis died within one year, and one study reported a 15% and 5% mortality rate during 
the 1940s and the 1950s, respectively.42,43 From the 1950s, medical and surgical treatment has evolved, 
and specialist centers now report a mortality rate below 1%.44 
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Rheumatoid arthritis, ankylosing arthritis, psoriatic arthritis and psoriasis 
Rheumatoid arthritis is marked by symmetrical, peripheral polyarthritis, due to an 
inflammatory response that affects joints in the hands, feet, and wrists in particular. 
Similarly, ankylosing spondylitis involves inflammation of the spinal joints. Psoriasis is 
an inflammatory skin disease, most commonly featuring plaque-type lesions on elbows, 
knees and scalp. Out of patients with psoriasis, up to 30% will also develop psoriatic 
arthritis, in which, in addition to skin lesions, inflammation predominantly affects joints 
in the hands and in the spine.45,46 The pathogeneses of rheumatoid arthritis, ankylosing 
spondylitis, psoriasis and psoriatic arthritis seem to be as multifactorial as for ulcerative 
colitis and Crohn’s disease with genetic predisposition, reactivity to external pathogens 
and inappropriate activation of the immune system involved in the process.47-50 Of the 
inflammatory cytokines that mediate the inflammatory response, TNF is central to 
chronic inflammatory disease.51 

1.2 Treatment of chronic inflammatory disease 
The treatment of chronic inflammatory disease aims at subduing the inflammatory 
response. The various substances that can achieve the anti-inflammatory effect have in 
common that they inhibit the activity of the immune system, although for many of them, 
the exact mechanism remains elusive (Table 1.1). The main draw-back with 
immunosuppressive treatment is the increased risk of infection arising from the 
manipulation of the immune system. 

It is believed that corticosteroids act by entering into immune cells to inhibit genes that 
code for pro-inflammatory cytokines, among them TNF.53 Corticosteroids are very 
effective in subduing inflammation. However, long-term use should be avoided because 
of adverse effects such as metabolic disorders and osteoporosis.54 Instead, 
corticosteroids are typically used initially, or when the inflammatory activity increases in 
a flare. Patients are started on high-dose corticosteroids that are tapered continuously, 
and maintenance therapy with some other immunosuppressive treatment is started if 
considered necessary according to the risk of relapse.55-58  

Treatment used for maintenance of remission includes 5-aminosalicylates (5-ASA) and 
sulfasalazine, thiopurines (azathioprine and 6-mercaptopurine), methotrexate and 
cyclosporine. Sulfasalazine is composed of aminosalicylate and the antibiotic 
sulfapyridine, while 5-ASA consists of only aminosalicylate. The effect of thiopurines is 
exerted by disrupting the production of DNA in gene sequences, resulting in prevented 
clonal expansion of lymphocytes.59 Methotrexate also affects DNA by hindering purine 
production.60  

 

The history of chronic inflammatory disease treatment is filled with groundbreaking discoveries. In the 
1930s, Dr Philip S. Hench observed that pregnancy and jaundice had beneficial effects on rheumatoid 
arthritis and set out to identify the substance exerting the effect.61 Following years of determined basic 
science and clinical research, he was awarded the Nobel Prize in Medicine and Physiology in 1950 
together with Dr E C Kendall and Dr T Reichstein for the discovery of corticosteroids. 
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Table 1.1 Proposed pharmacodynamics of selected drugs used to treat chronic inflammatory disease 

Substance Introduced Characteristics and effects 

Systemic 
corticosteroids 1940s 

Act on the glucocorticoid receptor, a transcription factor that can 
change gene expression via nuclear factor NF-κB, promoting anti-
inflammatory cytokines and inhibiting pro-inflammatory cytokines, 
i.e. TNF, thus down-regulating immune response.53  

Sulfasalazine  
 5-ASA 

1930s 
 

Act on the PPARγ-receptor and nuclear factor NF-κB through which 
pro-inflammatory cytokines are stimulated, among them TNF.62 

Methotrexate 1940s 
Folic acid analog, inhibits the conversion of an essential co-factor 
in DNA synthesis, repair, RNA synthesis and cell division, which is 
rapid in immune system cells.63  

Thiopurines 1960s Azathioprine and 6-mercaptopurine are converted analogs of 
guanin, interfering with DNA, RNA and protein synthesis.59 

Cyclosporine 1970s Antibiotic. Disrupts T-cell activation by inhibiting genes that code 
for cytokines, among them TNF.64 

Anti-TNF drugs 1990s 
Specifically directed at cytokine TNF. Neutralize soluble TNF, point 
out membrane-bound TNF for cytotoxic cells and complement 
which in turn can induce cell death of inflammatory cells.65 

Characteristics of anti-TNF drugs  

Substance Introduced Characteristics Indications 

Infliximab 1999 Chimeric IgG antibody, part human, part mouse CD, UC, RA, PsA, 
PsO, AS 

Etanercept 2000 Fusion of TNF-receptor and Fc-part of IgG 
antibody RA, PsA, PsO, AS 

Adalimumab 2003 Human monoclonal IgG antibody CD, UC, RA, PsA, 
PsO, AS 

Certolizumab-
pegol 2009 Pegylated Fab-part of IgG antibody  RA 

Golimumab 2009 Human monoclonal IgG antibody UC, RA, PsA, AS 
Selection based on the most common drugs used for IBD, list not complete. Year of introduction and 
indications for anti-TNF substances defined by year of approval and therapeutic area by the European 
Medical Agency.66 
CD - Crohn’s disease, UC - ulcerative colitis, RA - Rheumatoid arthritis, PsA - psoriatic arthritis, PsO - 
psoriasis, AS - ankylosing spondylitis 

 

The introduction of anti-TNF treatment in the late 1990s has been a significant addition 
to the available treatment regimens of chronic inflammatory disease and has also added 
valuable insight in disease pathogenesis.67 Designed to specifically counteract TNF, which 
is central to chronic inflammation, anti-TNF treatment currently includes five substances: 
infliximab, adalimumab, etanercept, certolizumab-pegol and golimumab (Table 1.1 and 
Figure 1.2). Despite their common target, their effects also differ. Etanercept is effective 
for rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis and psoriasis, but not 
for Crohn’s disease or ulcerative colitis.67,68 Common for all anti-TNF substances is that 
their indication depends on disease severity, and they are generally indicated in 
moderate to severe disease.66 

 

One of the earliest treatment options for ulcerative colitis was sulfasalazine. Dr Nanna Svartz, a 
Karolinska institutet researcher and doctor, played a significant role in its development in the 1930s and 
1940s. Later, she went on to become the first female professor appointed in Sweden.   
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In the guidelines of the European Crohn’s and Colitis Organization, immunosuppressive 
treatment including anti-TNF is recommended for patients with Crohn’s disease with 
early debut, need of systemic corticosteroids at debut, steroid-refractory, perianal or 
extensive disease, after colonic surgery or in case of early or frequent relapse.56 Similarly, 
immunosuppressive treatment for ulcerative colitis is recommended for extensive 
disease, early or frequent relapse and steroid-dependent or steroid-refractory disease.57 
Another consideration before anti-TNF treatment is its cost-effectiveness since the 
substances are expensive. In 2014, the European patents for infliximab and etanercept 
ran out, paving the way for biosimilars, drugs that mimic structures and characteristics 
of the anti-TNF substances. This may in time lower the costs and may make anti-TNF 
available for a broader segment of patients.69  

 

 

 
 
Figure 1.2 Anti-TNF substances, van Schouwenburg al.70 Reprinted with permission from 
Nature Publishing group. © 
 

When medical treatment is not enough to avert the inflammatory activity, surgical 
treatment may be required. For ulcerative colitis, colectomy with ileo-rectal anastomosis, 
ileo-anal pouch anastomosis or ileostomy are the main options.9 With the target organ 
removed, the inflammatory process is eliminated. For Crohn’s disease, local debilitating 
complications may be removed in bowel resections.11 However, the disease may relapse 
in other sites.   

1.3 Pregnancy 
Pregnancy implicates a significant change in physiology for the woman. Homeostasis is 
shifted to make the body ready to nourish and protect the fetus throughout gestation. 
This includes changes in hemostasis to prevent hemorrhage and changes in the immune 
system to allow the semi-allogenic fetus to thrive within. Pregnancy may be considered 
an inflammatory state, and shares some immunological processes with chronic 
inflammatory disease.71-73 Both implantation and parturition involve localized 
physiological inflammation.73 Interestingly, the inflammatory component of 
implantation and parturition have also been considered possible targets for fertility 
treatment and for delaying parturition. The inhibitory effects of anti-TNF treatment has 
been reported to increase success of fertility treatment in humans and to prolong 
pregnancy in mice.74-76 
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The key to maternal tolerance of the semi-allogenic fetus has not been completely 
elucidated. Lately, more attention has been drawn toward regulatory T-cells that surveil 
the immune system for immune cells that might attack the fetus, suppressing their 
response and promoting a successful pregnancy.77 Reduced levels of regulatory T-cells 
have indeed been associated with spontaneous abortion and infertility.78 This is of 
particular interest in chronic inflammatory disease, where reduced levels of regulatory 
T-cells and the abundance of their counterpart effector T-cells may explain the 
unwarranted inflammatory response.79,80  

1.4 Pregnancy complications 
Several pro-coagulant factors are increased in pregnancy, while plasma fibrinolytic 
activity is reduced.81 During delivery, the increased coagulability is vital to prevent 
exsanguination after the placenta has separated from the uterus. A disadvantage of the 
physiological adjustments towards hypercoagulation is an increased risk of venous 
thromboembolism. Data from Sweden and Denmark present a rate of venous 
thromboembolism during pregnancy, including deep vein thrombosis and pulmonary 
embolism, ranging from 1.0-1.3 per 1000 births.82,83 The highest risk is seen in the post-
partum period, specifically the six weeks following delivery. Venous thromboembolism 
is a leading cause of maternal death in high-income countries, including Sweden, where 
it causes 1-2 deaths per 100,000 live-births.84-87 Fortunately, only a minimal fraction of 
venous thromboembolism cases are fatal.88 Inflammation has been associated with 
thromboembolism, and non-pregnant as well as pregnant patients with IBD have an 
increased risk of thrombotic events compared to healthy controls.89-94 Maternal age, 
smoking, obesity, hospitalization and cesarean section are risk factors for venous 
thromboembolism in connection with pregnancy.95 When appropriate according to the 
assessment of risk factors, prophylactic treatment may be started. Low molecular weight 
heparin is the first choice of prophylaxis. Although bleeding and heparin-induced 
thrombocytopenia are infrequent adverse reactions, the treatment is generally 
considered safe and efficient during pregnancy.96,97  

Preeclampsia is characterized by the onset of hypertension and albuminuria after the 
20th week of gestation and affects approximately 3% of women who give birth in 
Sweden.98 With acute maternal complications, such as eclampsia, stroke, liver 
hemorrhage and rupture, pulmonary edema, acute renal failure and death, and fetal 
complications such as preterm birth, intrauterine growth restriction and stillbirth, it is a 
leading cause of morbidity and mortality for mother and fetus.99  

Placental abruption means that the placenta completely or partially separates from the 
uterus wall prior to delivery. Signs may be vaginal antepartum hemorrhage and 
abdominal pain. Preeclampsia, placental abruption and intrauterine growth restriction 
may be grouped to the collective term ischemic placental disease.100 Although the 
etiology is incompletely understood, a common biological pathway involving poor 
placentation, with cell dysfunction, infection and inflammation, is suspected, and a 
dysfunctional immune response towards the fetus, or lack of maternal tolerance as 
described earlier, may be involved.101 The major symptoms in ischemic placental disease 
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may be mostly on the maternal side, as in preeclampsia, or the fetus may be more affected, 
resulting in intrauterine growth restriction.102  

A higher risk of preeclampsia has been linked to rheumatoid arthritis which could be 
explained by an exaggerated response to the inflammatory stress of pregnancy and that 
the inflammatory disease further amplifies the response.103 Again, TNF plays a pivotal 
role in the inflammatory balance, and increased levels of TNF have been associated with 
both preeclampsia and rheumatoid arthritis.103,104 However, ulcerative colitis and 
Crohn’s disease have not been associated with preeclampsia.93,105 

1.5 Mode of delivery 
Parturition through vaginal delivery happens following increased contractility of the 
uterus, dilatation of the cervix and rupture of the membranes, in all of which 
inflammatory signaling seems important, although the physiology is not fully 
understood.106 After being mostly inactive during pregnancy, the uterine myometrium 
starts to contract, coinciding with the release of pro-inflammatory cytokines. When 
collagen cross-linking in the extracellular matrix is lost, the cervix softens in order to be 
able to dilate. Increased expression of cytokines, among them TNF, results in dissolution 
of extracellular matrix components and membrane rupture.107  

When the progression of delivery fails, there are several examples of intervening 
procedures used in clinical practice today. Parturition may be promoted by medical 
induction, intensifying the contractility of the uterus with amniotomy or oxytocin 
administration, or may be mechanistically facilitated by use of forceps or vacuum 
extraction. Cesarean section may be performed if considered necessary according to 
maternal or fetal factors. Although in most cases not a complicated procedure, the risk of 
re-hospitalization is increased when delivery is by cesarean section.108 Cesarean section 
has been linked to increased risks of childhood inflammatory disease, including IBD, 
possibly explained by the fact that the infant is not as exposed to the maternal microbial 
flora in the birth canal when birth is by cesarean section compared to by vaginal 
delivery.109 

1.6 Birth outcomes 
Normal gestational age of human pregnancy has been estimated to 281-284 days, 
depending on if estimation is by ultrasound or counting days from last menstrual 
period.110 Preterm birth is defined by birth at a gestational age of less than 37 weeks (259 
days), as proposed by the World Health Organization in the 1970s.111 Being born before 
37 weeks is associated with significant morbidity, both in the short- and long-term 
perspective, with risks inversely related to gestational age.112,113 The prevalence of 
preterm birth in Sweden is around 5-6% and about 80% of those infants are born late 
preterm, i.e. in week 34-36.114 Risk factors for preterm birth include family history, 
previous preterm birth, maternal age, short inter-pregnancy interval, smoking and 
multiple gestation.115  

Because of different etiologies, spontaneous preterm birth and medically induced 
preterm birth are often considered separately. With spontaneous onset, the process 
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begins with premature labor or with preterm premature rupture of the membranes.116 
Medical induction resulting in preterm birth is often due to a combination of maternal 
and fetal indications, such as preeclampsia, intrauterine growth restriction and fetal 
distress.117   

Low birth weight is defined as a birth weight below 2500 g. This measure is a crude 
estimate of fetal growth with the limitation that it does not take gestational age into 
account. An infant born preterm is expected to have a lower birth weight than an infant 
born at term, without being growth restricted. Instead, small for gestational age (SGA), in 
which birth weight is adjusted for sex and gestational age, may be used as measure. SGA 
is usually defined relative to the general population, as adjusted weight in the lower 10th 
percentile or below 2 standard deviations of the mean. SGA may be a better indicator of 
intrauterine growth restriction than low birth weight, though still affected by other 
factors as well, such as short stature in parents and asymmetrical growth. SGA has been 
associated with adverse outcomes such as stillbirth, neonatal death, respiratory disease 
and neurodevelopmental disorders.118,119  

Stillbirth is defined as fetal death late in pregnancy, before or during labor. However, 
the gestational week from which fetal death is classified as stillbirth and not 
miscarriage varies between countries and over time.120 Risk factors for stillbirth 
include infection, smoking, poor nutritional status, birth defects and placental disorders 
such as preeclampsia and placental abruption.120 The majority of cases are classified as 
unexplained, and half of these are stillbirths with a fetus that is SGA, thus linking 
stillbirth to placental dysfunction and possibly to ischemic placental disease.120   

The Apgar score, developed by Virginia Apgar in 1953, is used to assess infant status just 
after birth.121 It includes five separate assessments each earning 0, 1 or 2 points, later 
described in the following mnemonic: A for appearance, P for pulse, G for grimace, A for 
activity and R for respiration. In Sweden, Apgar scores within the first minute after birth, 
at five minutes and at ten minutes are systematically recorded. Apgar scores may predict 
adverse outcome and Apgar score below 7 at five minutes denotes a frequently used cut-
off when studying risks of neonatal mortality and morbidity.122  

In neonatal hyperbilirubinemia, increased levels of bilirubin are seen in infant blood due 
to a greater production and slower metabolism early in life. Although hyperbilirubinemia 
in the majority of cases is a normal physiological reaction, excessive amounts of bilirubin 
can cause neurological disorders.123 Preterm infants have higher levels than term infants, 
and the level at which therapeutic phototherapy is indicated differs.124 Preterm infants 
are also at higher risk to present with hypoglycemia, because of a higher demand of 
glucose per time unit, smaller stores of glycogen and a less effective metabolism to 
convert other nutrients to glucose than infants born at term.125 SGA, preterm birth and 
maternal diabetes are risk factors for hypoglycemia.126 
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1.7 Birth defects 
Birth defects or congenital abnormalities, are defined as structural abnormalities that are 
present at birth.127 Birth defects are a heterogeneous group of conditions, affecting 
different organs and functions. The heterogeneity poses a challenge for research. First, 
the definition and classification of different entities is not clear-cut, and various have been 
used in studies, making comparisons of results difficult.128 The European Surveillance of 
Congenital Anomalies (EUROCAT), a European collaborative register, uses the 
classification of the International Classification of Diseases (ICD).129 Here, subgroups of 
defects are formed based on the organ system the defect has occurred in. Second, not all 
defects may be considered when reporting a prevalence. Birth defects are often divided 
into major and minor depending on their severity. Many studies exclude minor defects, 
because of their supposed lesser relevance, but also because of the lesser probability of 
these being reported. Studies may also exclude chromosomal defects, e.g. Down 
syndrome. Third, most birth defects are detected during the neonatal period, but some 
may be diagnosed later, adding significance to the follow-up time used. Consequently, the 
prevalence of birth defects in Sweden has been reported to be between 1.5% in the 
Swedish Malformation Register and 4.5% in register-based studies using data from the 
Medical Birth Register and the Patient Register, depending on the definition.130-132 
Another challenge in teratology is that some induced malformations will also cause 
spontaneous abortion, and prevalence estimates are principally limited to assessment of 
completed pregnancies that have resulted in live- or stillbirth.128 

For the majority of birth defects, 65-70%, the etiology remains unknown. Around 20% 
are genetic, 3-5% chromosomal or cytogenetic and 3-4% are attributed to maternal 
morbidity such as rubella, cytomegalovirus, HIV and diabetes.133-135 Merely 2-3% are 
suggested to be caused by environmental or medical teratogens.135 Each defect is in most 
cases extremely rare, and identifying associations between potential teratogens and 
specific birth defects in observational studies is difficult.136 Consequently, data 
confirming teratogenicity were considered sufficient for only a small minority of drugs 
whose use is not recommended in pregnancy by the US Food and Drug Administration.2  

It is important but challenging to consider the plausibility of a potential association 
between drug exposures and birth defects. During pregnancy, the embryo, which is to 
later become the fetus, is varyingly vulnerable. The first weeks of gestation (15-60 days 
after conception) are considered particularly susceptible to harmful effects, although 
there is some variability.137 The dose of the exposure, which may depend on potential of 
placental transfer, genetic or gestational factors of metabolism, are of importance when 
considering biological plausibility.135  

 

One of the incentives for the Nordic medical birth registers was the 1960s discovery that thalidomide, 
Neurosedyn, a sedative and hypnotic drug, could cause limb defects in the offspring if taken by pregnant 
women. It was reported that 50% of infants that were exposed during a certain critical period of 
embryogenesis were affected.138 Thalidomide is still used today to treat leprosy and multiple myeloma 
and, in exceptional cases, Crohn’s disease, probably exerting its effect through TNF-inhibition.139  
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1.8 Chronic inflammatory disease and its treatment during pregnancy 

Inflammatory bowel disease and pregnancy 
In a case series report published in the New England Journal of Medicine in 1952, 
Patterson et al. discussed the advisability of pregnancy in women with ulcerative colitis 
coming to the following conclusion: 140  

“Pregnancy that occurs during an inactive stage of ulcerative colitis is usually well 
tolerated. Pregnancy in a patient who is having mild and moderately active symptoms 
may produce variable effects. In some patients there is marked improvement; in others 
there is definite aggravation. If possible, pregnancy should be delayed until the colitis 
is quiescent, but in the majority of our patients, once it occurred, regardless of 
symptoms, the pregnancy was carried to term with viable children. Ulcerative colitis 
that develops during pregnancy is an extremely virulent disease and may be fatal.” 

It is remarkable that the rationality of the conclusion still holds today, after decades of 
research. However, the question of causality between adverse pregnancy outcome and 
IBD remains unanswered. Also, since the report, medical management has improved 
greatly, and fatality in active disease is no longer of great concern. Instead, knowledge 
about the effects of medical treatment is warranted.  

It seems women with IBD have fewer children than women in general, however, with a 
few exceptions, fertility does not seem to be decreased.141 One study published in 1986 
of fertility in Crohn’s disease, which included a questionnaire, reported significant 
infertility, but as the authors pointed out, curiously 23% of women with Crohn’s disease 
had been advised to avoid or terminate pregnancy, compared to 8% in the comparison 
group.142 Instead, several studies, also based on questionnaires, to women with IBD have 
reported that the childlessness is voluntary to the greater part.143,144 Women affirm 
concerns for heritability of the diagnosis, exacerbations of the disease and teratogenicity 
of treatment.145-147 All studies concluded that women’s views seemed exaggerated 
compared to the existing knowledge about pregnancy and IBD, and that women should 
be better informed by their treating doctor.143 Decreased fertility, i.e. failure to conceive 
within one year, has, however, been observed for women that have undergone ileo-anal 
pouch anastomosis.148,149 Recent data points to a reduced risk if the procedure is 
performed laparoscopically.150  

Once pregnant, women with Crohn’s disease have a similar risk of relapsing with flares 
during pregnancy as do non-pregnant women in the same time period.151-154 For women 
with ulcerative colitis, however, more frequent relapsing has been observed in the first 
and second trimesters and post-partum in a recent prospective study.155 Maternal 
pregnancy complications have not been extensively studied in IBD. An increased risk of 
venous thromboembolism has been reported among women hospitalized during 
pregnancy in one study.93 In two other studies, aggregates of different pregnancy 
complications were associated with IBD, but the studies lacked power to draw 
conclusions about separate complications.105,156 

Vaginal delivery is generally recommended for women with IBD. However, perianal tears 
acquired during delivery may affect fecal continence and bowel function. Current 
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knowledge is divergent regarding whether vaginal delivery is a risk factor for fecal 
incontinence in women with IBD.157,158 In women with already altered pelvic anatomy 
and bowel function, after ileo-anal pouch surgery in particular, cesarean section may be 
indicated.159,160 Active perianal disease in Crohn’s disease does motivate cesarean 
delivery, and may predict severe perianal laceration if delivery is vaginal.161,162 Several 
studies have reported an approximately doubled frequency of cesarean section in women 
with IBD.131,163,164  

The most consistently reported increased risks for adverse birth outcomes for women 
with IBD are for preterm birth (Table 1.2).131,141,163,165-171 Some studies have not reported 
this association, the majority of them were restricted by small numbers.105,156,172-174 One 
crossover study from Denmark that did not report an overall risk of preterm birth, 
included pregnancies of women that had not yet been diagnosed in the analysis.175 When 
only considering women after diagnosis, the risk was substantially increased, strongly 
supporting an association.  Two studies reported an increased risk of preterm birth for 
Crohn’s disease, but not for ulcerative colitis.141,176  That these studies included fewer 
cases of ulcerative colitis than Crohn’s disease, while the latter is actually less common of 
the two, suggests that apart from the limited size of the studies, women may have been 
misrepresented. Yet another study of limited size reported the opposite, with ulcerative 
colitis but not Crohn’s disease being associated with preterm birth.177  

It has long been suspected that disease activity affects the birth outcomes in women with 
IBD. Eight studies included assessment of disease activity based on clinical data from 
medical charts. Three of them indicated that disease activity strengthened the 
association,156,169,173 while three did not.105,166,172 The remaining two studies did not 
control for disease activity in the formal analyses.167,177 Two other large studies including 
data from Denmark and Sweden used register data to assess disease activity as defined 
by previous hospital admission, surgery and disease duration, and disease activity was 
indeed associated with preterm birth.131,163   

Drug treatment was controlled for in three of the listed studies in Table 1.2. One found 
that treatment with a combination of immunosuppressive drugs increased the risk of 
preterm birth in ulcerative colitis.172 The other two did not report significant effects of 
drug treatment.105,166 Two Danish studies focused on disease activity and drug treatment 
among women Crohn’s disease separately and found a non-statistically significant 
association between disease activity and preterm birth. The association between preterm 
birth and thiopurine treatment was, however, clear.178,179 

The risk of stillbirth for women with IBD has been studied previously with inconclusive 
results, mostly due to the rarity of the event. Two Danish population-based studies 
published in 2000 reported elevated, but imprecise risk estimates for ulcerative colitis 
and Crohn’s disease, respectively.170,175 In a meta-analysis published in 2007, no 
association was reported.164 Since then, two large studies including the Danish and 
Swedish populations have reported no increased risks of stillbirth for Crohn’s disease or 
ulcerative colitis.131,163 In four studies, cases were too few to analyze risk ratios, although 
in two of them, frequencies were doubled compared to the comparison group and in the 
other two, a single case of stillbirth occurred in women with Crohn’s disease, but there 



 
 

 

Table 1.2 Selected observational studies reporting risk of preterm birth in women with IBD compared to women without IBD 
Study Diagnosis Setting  IBD n/N Comparison n/N OR 95% CI Treatment Disease activity 

Baird et al. 1990141 
CD 

NC, USA  
21/84 27/273 3.2 1.6 - 6.1 

 Disease duration 
UC 6/41 27/273 2.4 0.8 - 6.9 

Bengtson et al. 2010166 IBD S East Norway  23/119 47,970/479,693 2.2 1.4 - 3.4 Included in analyses Activity in medical charts 

Bortoli et al. 2011172 
CD 

12 European countries  
13/145 11/145 0.9 0.4 - 2.1 

Included in analyses 
Activity indices and surgery in 
medical charts  UC 12/187 14/187 1.0 0.4 - 2.4 

Bush et al. 2004156 IBD NY, USA  13/116 5,640/56,398 NC,NS - 
Presented, not 
included in analyses 

Activity indices and surgery in 
medical charts 

Dominitz et al. 2002176 
CD 

WA, USA  
23/155 93/1308 2.3 1.4 - 3.8 

- - 
UC 11/107 93/1308 1.5 0.8 - 2.9 

Elbaz et al. 2005167 IBD Negev, Israel  25/127 47/508 2.0 1.2 - 3.5 - Activity in medical charts 
Fedorkow et al. 1989173 IBD Alberta, Canada  17/98 12/98 1.5 0.7 - 3.3 - Activity in medical charts 
Fonager et al. 1998170 CD Denmark  37/510 144/3018 1.6 1.1 - 2.3 - - 

Kornfeld et al. 1997168 IBD Sweden  
47/756* 10,270/239,017 1.5 1.1 - 2.0 

- - 
14/756† 2,471/239,017 1.8 1.1 - 3.1 

Lin et al. 2010165 UC Taiwan  23/196 98/1,568 1.9 1.2 - 3.1 - - 

Mahadevan et al. 2007105 IBD Northern CA, USA  28/308 36/274 NC,NS - Included in analyses 
Activity and surgery in medical 
charts 

Norgard et al. 2000175 UC Denmark  82/1523 415/9042 1.2 0.9 - 1.5 - Disease duration 

Oron et al. 2012169 IBD Tikva, Israel  10/75 12/225 NC, S - 
Presented, not 
included in analyses 

Activity and surgery in medical 
charts 

Porter et al. 1986177 
CD 

Oxford  
6/38 6/76 NC, NS - Presented, not 

included in analyses 
Activity in medical charts 

UC 7/44 6/88 NC, S - 

Raatikainen et al. 2011174 IBD Kuopio, Finland  12/135 2,352/38,285 1.2 0.6 - 2.5 
Presented, not 
included in analyses 

- 

Stephansson et al. 2010163 CD Sweden & Denmark  
209/2,377‡ 
40/2,377§ 

45,639/869,202 
8067/869,202 

1.8 
1.9 

1.5 - 2.1 
1.4 - 2.5 

- Previous surgery 

Stephansson et al. 2011131 UC Sweden & Denmark  
235/2,637‡ 
32/2,637§ 

45,613/868,942 
8,075/868,942 

1.8 
1.4 

1.5 - 2.1 
1.0 - 2.0 

- 
Hospitalization, surgery, disease 
duration 

IBD - inflammatory bowel disease. CD - Crohn’s disease. UC - ulcerative colitis. OR - odds ratio. CI - confidence interval. NC - not calculated. NS - p >0.05 in comparison. S - p ≤0.05 in comparison.  
*Week 33-36. †Week <33. ‡Week 32-36. §Week <32. Numbers have been rounded to a single decimal. 
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were no cases in the comparison group.105,167,172,180 

Fetal growth restriction as measured by low birth weight and SGA have been reported 
for women with Crohn’s disease and ulcerative colitis.131,141,163,165 In contrast, some 
studies have not been able to confirm this finding.164,172 The divergence may pertain to 
different selection of included women, were one study showing no association may have 
been influenced by the low prevalence of women with active IBD in the study.172 The 
magnitude of the association in general seems to be similar in Crohn’s disease and 
ulcerative colitis, at around 30% increase, but some studies have implied a stronger 
association between Crohn’s disease than ulcerative colitis and fetal growth 
restriction.131,156,163,176 It is possible that poor maternal nutritional status which is 
frequent in women with IBD and a determinant of SGA, contributes to the association 
between IBD and fetal growth restriction.181,182   

Chronic inflammatory disease and risk of birth defects 
Despite the difficulties in studying birth defects in observational studies because of their 
rarity, attempts have been made. For ulcerative colitis, at least two studies have reported 
increased risks of birth defects.176,183 The mechanism and biological plausibility of 
inflammatory disease having a teratogenic effect have not been well-described.  It has 
been hypothesized that the changes in the level of nuclear transcription factor NF-κB, 
which is both stimulated by and triggers the production of TNF, may alter cellular 
proliferation and apoptosis, leading to birth defects.184 However, recently, large 
population-based studies in Norway, Denmark and Sweden reported no association 
between birth defects and either ulcerative colitis, Crohn’s disease or rheumatoid 
arthritis.131,163,185 Drug treatment was not taken into account in these studies. A recent 
study of the risk of birth defects in IBD reported no increased risks whether treated with 
5-ASA, corticosteroids or thiopurines or not.186 

Early studies on corticosteroid exposure during pregnancy reported an increased risk of 
cleft-palate defects in mice.187 An association with cleft-palate defects and corticosteroids 
in humans has been observed in some studies188,189 but in two large studies, refuted, 
since.190,191 Sulfasalazine and 5-ASA are generally considered safe, as supported by a 
meta-analysis in 2008.192 Folic acid supplements are recommended for women treated 
with sulfasalazine since a decreased intestinal absorption of folic acid has been 
observed.193 A biologically plausible teratogenic effect of thiopurines has been presented, 
as they affect DNA synthesis and repair in dividing cells. However, results in 
observational studies have been contradictory. One study found risks of birth defects 
after thiopurine exposure to be similar to those reported in women with IBD but without 
thiopurine treatment.194 Two Nordic studies found imprecise increased risks.132,178 The 
conceived studies on thiopurine treatment during pregnancy were included in a meta-
analysis that could not determine any association between thiopurines and birth 
defects.195 Methotrexate is considered to have teratogenic effects based on case reports 
recently summarized in a review article and is contraindicated during pregnancy.196 
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Anti-TNF treatment and risk of birth defects 
As they were only recently introduced, there is a particular lack of data on anti-TNF 
substances and birth defects. In terms of biological plausibility of a teratogenic effect of 
anti-TNF treatment, placental transfer is important. It is known that IgG antibodies may 
cross the placenta by facilitated transport starting from the second trimester and the 
transport increases during the remainder of the pregnancy.197 Consequently, infliximab, 
etanercept and adalimumab have been detected in cord blood at delivery.198-200 
Certolizumab-pegol, lacking the required Fc component required for placental transport, 
is theoretically prevented from placental transport in late pregnancy However, reports 
of IgG transfer into embryonic tissue at 4 weeks and separate reports of low levels of 
certolizumab-pegol detected in cord blood suggest yet unidentified mechanisms for 
placental transport.198,201 Thus, placental transfer of anti-TNF substances in the first 
trimester, during organogenesis, cannot be completely ruled out. 

One study reported on an association between anti-TNF treatment and the co-occurring 
defects of the VACTER-L association (vertebral anomalies, anal atresia, cardiac effect, 
trachea-esophageal defects, renal defects and limb defects), but the study, based on the 
US Food and Drug Administration database of reported adverse events, was hampered 
by recall bias and lack of comparison group.202 Other studies have been more reassuring 
regarding birth defects, although small in size.203-205 Preliminary results from the TREAT 
(Crohn's Therapy, Resource, Evaluation, and Assessment Tool) registry for patients with 
Crohn’s disease, and the PIANO (Pregnancy in Inflammatory Bowel Disease and Neonatal 
Outcomes) register for women with IBD indicate no increased risks of birth defects.206,207 
A very recent study of 485 exposed pregnancies in a European multi-center study 
reported increased risks of major birth defects.208 Recruitment was made from 
spontaneous telephone inquiries made to teratology information services and interview 
follow-ups, which may result in selection bias.  
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2 Objectives 
 
The overall objective of this thesis was to add to the knowledge of the effects of chronic 
inflammatory disease and its treatment on pregnancy and birth outcomes. 

 

Specific objectives 

1. To assess the association between IBD and pregnancy complications. 

2. To assess the association between IBD and adverse birth outcomes. 

3. To assess the risk of birth defects in infants to women with chronic 
inflammatory disease treated with anti-TNF in early pregnancy. 

4. To assess the relationship between preterm birth, disease activity and drug 
treatment for IBD.  
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3 Material and methods 
An overview of the material and methods used in this thesis is presented in table 3.1.  

3.1 Setting 
The studies included in this thesis were all set in Sweden, with study III also comprising 
data from Denmark. Both countries have long-standing traditions of keeping records of 
their inhabitants and individual data has been collected for centuries. The second half of 
the 20th century saw the parallel development of the Swedish and Danish national health 
registers that have provided data for numerous epidemiological studies. The unique 
personal identification number can be used to merge data from various registers and 
from medical charts so that study subjects can be followed from the antenatal period, via 
birth and on to health care visits and drug prescriptions later in life, and finally to records 
of their causes of death. In Sweden and Denmark alike, healthcare is public and equally 
accessible to all residents. In addition, reporting to the registers is mandatory for 
healthcare providers, promoting high coverage. With almost complete coverage, study 
populations can be selected in an essentially non-biased manner.   

3.2 Data sources 

Birth registers 
The Swedish Medical Birth Register contains data on more than 99% of all births in 
Sweden from 1973 and onwards.209 Women and their infants are linked in the register. 
Data are prospectively collected and entered through structured forms filled out by 
midwives and physicians throughout pregnancy, delivery and the neonatal period. 
Information on reproductive history, smoking, maternal comorbidity according to ICD 
codes, drug treatment by Anatomical Therapeutic Chemical classification (ATC), height 
and weight are recorded at the first visit to antenatal care, typically at the end of the first 
trimester. From then on, information regarding changes in drug treatment, comorbidity 
and occurrence of pregnancy complications are continuously added to the forms. At birth, 
mode of delivery and measures of gestational age, birth weight and height, SGA and Apgar 
score at 1, 5 and 10 minutes are recorded. Estimation of gestational age and start of 
pregnancy are primarily based on ultrasound examination, which is offered to all women, 
and carried out in the majority of women, in early second trimester. When ultrasound 
measurements are missing, gestation is estimated based on first day of last menstrual 
period. 

Previously, pregnancies ending in the delivery of a stillborn infant before 28 weeks of 
gestation were not entered in the Swedish Medical Birth Register. In July 2008, this time 
limit was lowered to 22 weeks of gestation. Spontaneous and induced abortions before 
22 weeks are therefore not represented in the register.  

The Danish Medical Birth Register was established in 1968 and computerized in 1973. It 
has many features that are similar to its Swedish equivalent regarding recorded data on 
pregnancy, delivery and neonatal period. 210,211 Stillbirth is recorded from 22 weeks.  
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 Table 3.1 Overview of studies included in the thesis 

 Study I Study II Study III Study IV 

Design Cohort Cohort Cohort Case-control 

Population All births to  women 
with IBD and 5 
matched births to 
women without IBD 
in Sweden 

All births in Sweden All births in Denmark 
and Sweden 

All preterm births to 
women with IBD, and 
an equal number of 
control births in 
Sweden 

Number  12,956; 857 CD, 
1304 UC, 10,885 
non-IBD 

470,110; 1220 CD, 
1833 UC, 467,057 
non-IBD 

1,272,424; 683 
exposed to anti-TNF 

476; 237 cases, 239 
controls 

Comparison IBD versus non-IBD IBD versus non-IBD Anti-TNF treatment 
versus no anti-TNF 
treatment 

IBD; preterm versus 
later gestational age 

Data sources - Medical Birth           
Register 

- Patient Register 
- Prescribed Drug 

Register 

- Medical Birth 
Register 

- Patient Register 
- Prescribed Drug 

Register 
- Medical charts for 

validation 

- Danish and Swedish 
birth registers 

- Patient registers 
- Prescribed drug 

registers 
- ARTIS 
- PsoReg 

- Medical Birth 
Register 

- Patient Register 
- Prescribed Drug 

Register 
- Medical chart 

review 
Time of data 
collection 

October 2006 - 
December 2009 

July 2006 - December 
2010 

Denmark: 
January 2004 - 
December 2012 
Sweden: 
July 2006 –  
December 2012 

July 2006 - December 
2010 

Outcomes Risk estimates for: 
Hypertension 
Gestational 
diabetes 
Thrombosis 
Antepartum 
hemorrhage 
Induced delivery 
Instrumental 
delivery 
Planned cesarean 
delivery 
Emergency 
cesarean delivery 
Postpartum 
hemorrhage 

Risk estimates for: 
Preterm delivery 
Spontaneous preterm 
delivery 
Low birth weight 
SGA 
Low APGAR at 5 min 
Stillbirth 
Hypoglycemia 
Hyperbilirubinemia 
 

Risk estimates for: 
Birth defects; in 
general and by organ-
system subgroup 
 

Risk estimates for 
exposures: 
Reproductive history 
Comorbidity 
Disease history 
Disease activity 
Drug treatment 

     

IBD - inflammatory bowel disease. CD - Crohn’s disease. UC - ulcerative colitis. 

 

Patient registers 
The Swedish Patient Register contains records of in-patient care visits with almost 
complete coverage since 1987 and reporting of out-patient care visits has been 
mandatory since 2001.212 However, the coverage in the out-patient register is lower, in 
general around 80%, mostly due to failure to report visits in private health care.212 
Similarly, the Danish Patient Register was started in 1977 with in-patient health care and 
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public out-patient health care was added in the 90s.213 Although private health care 
givers are also obliged to report, coverage is lower for out-patient care.214 Each visit or a 
period of hospitalization is recorded in the patient registers with a list of the patient’s 
main diagnosis and any supplemental diagnoses according to ICD codes and surgical 
procedures according to the Nordic Classification of Surgical Procedures (NCSP) at 
discharge. As of 1994 in Denmark and as of 1998 in Sweden, the 10th version of ICD (ICD-
10) has been used. Visits to primary care centers are not entered into the national patient 
registers, limiting the validity for diagnoses that are typically managed out of hospital, 
such common infections.   

Prescribed drug registers 
The Swedish Prescribed Drug Register was established in July 2005, and holds records of 
all filled prescriptions, whether coming from primary or specialist care, by ATC codes and 
date of filling.215 Denmark has recorded prescription data in an equivalent register since 
1994.216 Medications for continuous treatment are typically prescribed to last for three 
months. Some patients will still fill their prescriptions irregularly. This creates a challenge 
in studying maintained drug treatment, as the next prescription may be filled earlier or 
later than anticipated. Another pitfall is the lack of data on the indication for which the 
drug has been prescribed.  

ARTIS and PsoReg 
In study III, we studied treatment with anti-TNF drugs. Some of these drugs, infliximab in 
particular, which requires intravenous administration, are given in-hospital. Therefore, 
only some of the treatment can be identified through prescriptions in the Swedish 
Prescribed Drug Register.215 To make data more complete, we added information from 
disease-specific quality registers ARTIS (Anti-Rheumatic Therapy in Sweden) and 
PsoReg (The Swedish Registry for Systemic Psoriasis Treatment). ARTIS was set up in 
1999 with the aim to monitor biologic therapy in rheumatoid arthritis patients.217 With 
time, and extended indications for the biologics, patients with ankylosing spondylitis and 
psoriatic arthritis have also been included. In 2015, the coverage of anti-TNF treatment 
as compared to the Prescribed Drug Register was estimated at 95% for rheumatoid 
arthritis and 86% for ankylosing spondylitis and psoriatic arthritis.218 Infliximab was not 
included in the comparison because of the expected incompleteness of its representation 
in the Prescribed Drug Register, but it is likely that the results can be extrapolated to 
infliximab also. PsoReg was set up in 2007 to monitor psoriasis and psoriatic arthritis 
patients, following the approval to treat psoriatic disease with biologics in 2004.219 The 
register is nationwide and reported a coverage of 65% in 2013.220  

Medical charts 
In study IV, medical charts were collected to obtain information on clinical features of IBD 
in a selection of pregnant women. Heads of department of obstetrics, gastroenterology 
and internal medicine nationwide were approached to get permission to extract 
information from the charts. The collection of data was successful, and covered 96.7% of 
the identified births.  
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3.3 Study population 
All women and singleton infants recorded in the Swedish Medical Birth Register 
constituted the study population for studies I, II and IV. For study III, singleton, as well as 
multiple gestation, births in the Swedish and Danish birth registers were included. Some 
women gave birth more than once, and each set of pregnancy, birth and infant was 
considered separately. The studies extended over different time periods. For Sweden, 
three studies started on July 2006 in order to get complete coverage of maternal drug 
treatment in the Prescribed Drug Register at least one year before delivery. Study I 
started in October 2006 to have data on maternal drug treatment 6 months before 
conception. In all studies, pregnancy was studied in sections of 90-day periods. We 
defined a “trimester 0” as the 90 days leading up to start of pregnancy as defined by 
ultrasound examination or last menstrual period. Trimester 1 and 2 were defined as the 
two following 90-day periods leading up to trimester 3. Trimester 3 could be either 
shorter or longer than 90 days, and always ended on the date of delivery. For the small 
minority of births occurring before 26 weeks, there was no third trimester to study.  

3.4 Study I and study II 
Study I and study II included all births to women with Crohn’s disease and ulcerative 
colitis from October 2006 to December 2009 and from July 2006 to December 2010, 
respectively. The other main difference in study design was the comparison group. In 
study I, the comparison group was composed by including five births to women without 
IBD and matched to the births by women with IBD. Matching factors were maternal age, 
parity and year and month of the delivery. In study II, all 467,057 births to women 
without IBD were included for comparison.  

Diagnoses and disease activity of Crohn’s disease and ulcerative colitis 
Diagnoses of Crohn’s disease and ulcerative colitis were defined as the corresponding 
ICD-10 codes recorded either in the Patient Register or in the Medical Birth Register. The 
ICD-10 codes are listed in Table 3.2. To be defined as diagnosed with IBD, we required 
either one in-patient discharge diagnosis, two out-patient diagnoses, or one out-patient 
diagnosis followed by a drug prescription of sulfasalazine, 5-ASA, thiopurine or anti-TNF. 
The majority of women were identified with the first two criteria. Some women had been 
diagnosed with both Crohn’s disease and ulcerative colitis, in which case, the latest 
recorded diagnosis was used.  

 

Table 3.2 ICD-10 codes used for diagnoses of chronic inflammatory disease 

 Diagnosis ICD-10 

 Crohn’s disease K50 (+M074, M091 in study III) 

 Ulcerative colitis K51 (+M075, M092 in study III) 

 Rheumatoid arthritis M05-06 

 Psoriatic arthritis L405, M070-M073, M090 

 Psoriasis L40 (not L405) 

 Ankylosing spondylitis M45 
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A proxy model for disease activity, presented in Box 3.1, was constructed with the 
available register data according to exposures in trimester 0-3. In the analyses, women 
in each disease activity category were compared to women without IBD. 

In study II, we presented a validation study of the disease activity proxy model. From 
obtained copies of medical charts, clinical data on disease activity for a subset of 88 
women who gave birth between July and December 2006 was compared to the proxy 
model. To be eligible, they had records of either at least one in-patient visit or two or 
more out-patient visits because of IBD during pregnancy, implying flaring disease.  

 

Box 3.1 Disease activity proxy model based on register data 
 
Flaring disease Prescription of systemic corticosteroids 

Prescription of rectal treatment following endoscopic examination 
In-patient main discharge diagnosis of IBD 
Surgical procedure related to IBD 
 

Maintenance treatment Treatment with sulfasalazine, 5-ASA, thiopurine or anti-TNF 
 
Inactive disease No treatment, in-patient discharge diagnosis, maintenance treatment or 

surgery 

 

Outcomes study I 
Hypertensive disorders included gestational hypertension, pre-eclampsia and eclampsia. 
Gestational diabetes was defined by the specific ICD-10 code, to avoid inclusion of women 
with pregestational diabetes. Venous thromboembolism included pulmonary embolism, 
deep vein thrombosis, portal vein thrombosis and cerebral venous sinus thrombosis. For 
this outcome, the risk in the post-partum period was also assessed. Antepartum 
hemorrhage included both unspecified bleeding and placental abruption. For delivery 
complications, we studied start of delivery by induction and ending of delivery by 
instrumental delivery, planned or emergency cesarean section. Postpartum hemorrhage 
was defined as hemorrhage >1000 ml or unspecified bleeding followed by blood 
transfusion. Perianal tear was defined by ICD-10 codes for 3rd and 4th degree tears.  

Outcomes study II 
Preterm birth was defined as delivery before 37 weeks of gestation. Spontaneous 
preterm birth meant those starting with either labor or rupture of the membranes as 
recorded in the Medical Birth Register. Premature rupture of the membranes was also 
assessed. Low birth weight was defined as a birth weight of less than 2500 g. Small for 
gestational age was assessed in relation to the entire birth cohort by the lower 90th 
percentile and below 2 standard deviations. Low Apgar score was defined by a score of 7 
or lower at 5 minutes. The prevalence of stillbirth was assessed, and stillbirth was defined 
as fetal death after 28 weeks of gestation between 2006 and June 2008. From July 2008 
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the gestational age limit was set to 22 weeks of gestation. Hypoglycemia and 
hyperbilirubinemia were also assessed.  

3.5 Study III 
In this study, we included all infants that were born between January 2004 and December 
2012 in Denmark and between July 2006 and December 2012 in Sweden. The study start 
for Denmark was set to January 2004 because we assumed that after a few years of 
availability, anti-TNF would be used in pregnancy not only in extraordinary cases. All data 
were managed at Karolinska institutet with the permission from the Danish Data 
Protection Agency and our Danish collaborators.  

Anti-TNF treatment and diagnoses of chronic inflammatory diagnoses 
We identified women that had been treated with anti-TNF from (i) the Swedish and 
Danish prescribed drug registers, (ii) the Swedish Medical Birth Register, (iii) the Danish 
Patient Register and (iv) the Swedish disease-specific registers ARTIS and PsoReg. The 
diagnoses according to ICD-10 codes as presented in Table 3.2 leading to anti-TNF 
treatment were extracted from the same sources and the Swedish Patient Register, with 
most women identified in the patient registers. Similarly, women diagnosed with chronic 
inflammatory disease and not exposed to anti-TNF were identified. For patients 
diagnosed with more than one chronic inflammatory disease, the latest diagnosis was 
used. For the few women where more than one disease was recorded at the last visit 
during pregnancy, we used the following hierarchy: Crohn’s disease, ulcerative colitis, 
rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis, and finally psoriasis. In 
addition to infants to women with chronic inflammatory disease, we included infants of 
the general population as a frame of reference for descriptive purposes. 

Outcomes 
Information on infants concerning diagnoses of major birth defects was obtained from 
the birth registers and the patient registers, following the infants up to one year of age. 
Birth defects were assessed as any major birth defect, and birth defects by 12 organ 
system subgroups according to EUROCAT classification (Table 3.3). The prevalence was 
reported for infants to women with anti-TNF treatment, infants to women with chronic 
inflammatory disease without anti-TNF treatment and for infants of the general 
population. Hospital visits and surgery procedures according to NCSP, specific to the 
observed cases of birth defects were reported.  Formal risk comparisons were limited to 
infants to women with chronic inflammatory disease. 

  

Table 3.3 Organ system subgroups for birth defects 

Nervous system Cleft, lip, palate Limbs 

Eye, ear, head and neck Digestive system Musculoskeletal system 

Cardiovascular system Genital organs Chromosomal 

Respiratory system Urinary organs Other 
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3.6 Study IV 
From study II, we selected the 246 live-born singleton preterm births among women with 
IBD between July 2006 and December 2010 to conduct a case-control study and assess 
risk factors for preterm birth. The cases were randomly matched by maternal age in 
years, parity (primiparous/multiparous) and IBD diagnosis (Crohn’s disease/ulcerative 
colitis) to controls who were women with IBD and who had not yet given birth at the 
gestational age that the case preterm birth occurred. Medical charts of 96.3% cases and 
97.2% controls were obtained and scrutinized. 

Exposures 
From the Medical Birth Register, we obtained information on maternal smoking in early 
pregnancy and body mass index (BMI) in kg/m2. We also determined previous preterm 
birth and short inter-pregnancy interval in multiparous women. Maternal comorbidity 
was defined by diagnoses recorded in the Patient Register and included hypertension, 
diabetes and other chronic inflammatory disease. We also identified women who had 
undergone surgery related to IBD at some time before pregnancy, perianal disease during 
pregnancy and in-patient visits for IBD during pregnancy. Infections during pregnancy 
were studied by recorded diagnoses in the Patient Register and in medical charts, and by 
antibiotic prescriptions. Prescriptions of any antibiotic, as well as by subclass, were 
assessed.  

Contrary to study I and II, we relied on medical chart data, and not register data, to assess 
disease activity in the three months before pregnancy (trimester 0) and the three 
trimesters of pregnancy. Disease activity was assessed in three levels; (i) inactive disease 
defined as two or fewer bowel movements daily, no blood/pus in stools, no abdominal 
pain or systemic symptoms, (ii) mild activity, between three or four bowel movements 
daily, and/or blood or pus in stools, and/or mild abdominal pain less than daily, no 
systemic symptoms such as fever or weight loss, or (iii) moderate to severe, or significant, 
activity, more than four bowel movements daily, and/or blood or pus daily, and/or 
abdominal pain either severe or daily, with or without systemic symptoms such as fever 
or weight loss. The rationale for this categorization of disease activity was adapted from 
previous Danish studies on IBD.179 In charts with no specific information on disease 
activity, women were considered as having no disease activity. For a random sample of 
21 charts, a double entry of records was performed by a trained research nurse who also 
graded the disease activity. The grading by the two independent assessors were 
compared and found to be in agreement. Combining data from registers and medical 
charts, we determined extension of inflammatory disease, for UC 
proctosigmoiditis/proctitis versus other, and for CD small bowel inflammation versus 
other, and treatment with systemic corticosteroids, local corticosteroids and 5-ASA, 
systemic 5-ASA, sulfasalazine, thiopurines and anti-TNF.  



28│Material and methods 

 

3.7 Statistical analyses 

Logistic regression 
In all the included studies, we used logistic regression to assess associations. Regression 
analysis can be used to study the association between variables. In binary logistic 
regression, the dependent variable is dichotomous in two mutually exclusive levels 
(case/non-case, or exposed/unexposed). We can predict the odds of being a case based 
on the values of the independent variables, which can be of any type; dichotomous, 
categorical and continuous. To model a linear relationship, the dependent variable is 
transformed by the logit function. The results of logistic regression are presented as odds 
ratios (OR) for which confidence intervals (CI) may be estimated. It is generally 
appreciated that when the outcome is rare (prevalence <10%), the OR approximates the 
risk ratio, which is a more intuitive measure to interpret the difference between 
populations. In case-control studies, the risk ratio cannot be estimated, as the prevalence 
in the population is not known. 

Logistic regression can be unconditional or conditional. The latter is used to maintain the 
inter-strata integrity in the analysis of data where groups or pairs have been matched, as 
in a case-control study. A potential draw-back in conditional regression is that data can 
be excluded from analysis if there are missing data regarding the included variable, 
making the strata uninformative.  

Study I and II 
In study I and II, the exposure of interest was IBD (1/0), with Crohn’s disease and 
ulcerative colitis considered separately. In study I, the unexposed had been matched by 
maternal age, parity and year and month of birth, while study II included all women 
without IBD, un-matched. Subanalyses by disease activity levels were also performed. 
Apart from crude analyses, adjustments were made for maternal age (13-24, 25-34 
(reference) and ≥35 years), parity (primiparous/multiparous), smoking (yes/no), BMI 
(≤19, 20-24 (reference), 25-29, ≥30) and maternal comorbidity (yes/no). Since some 
women gave birth more than once and these births were therefore correlated, analyses 
were additionally performed using the generalized estimation equation, though not 
altering the results. 

In sensitivity analyses in study II, we restricted the analysis to include only stillbirths 
after 28 weeks. Risk of hypoglycemia was adjusted for SGA and risk of 
hyperbilirubinemia adjusted for preterm birth. In subanalyses, timing of flare was 
defined as early, i.e. trimester 0 or first trimester, late, i.e. second or third trimester, or 
both and stratification by thiopurine exposure in stable and flaring disease was 
performed.  

Study III 
The exposure in study III was defined as anti-TNF treatment in trimester 0 or 1 (yes/no). 
The prevalence of any major birth defect and birth defects by organ system subgroup 
were presented for infants to women exposed to anti-TNF, infants to women with chronic 
inflammatory disease but no anti-TNF treatment and infants of the general population. 
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The prevalence of hospital visits and surgery specific to the birth defect were presented 
for the most common defects. In logistic regression analyses, the anti-TNF treated were 
compared to untreated women with chronic inflammatory disease. Apart from crude 
analyses, two additional models were constructed, the first adjusting for maternal 
disease (Crohn’s disease, ulcerative colitis, rheumatoid arthritis, ankylosing spondylitis, 
psoriatic arthritis and psoriasis) and country (Sweden, Denmark). In the second model, 
adjustments were also made for maternal age (13-24, 25-34 (reference) and ≥35 years), 
parity (primiparous/multiparous), BMI (≤19, 20-24 (reference), 25-29, and ≥30) and 
multiple gestation (singleton/multiple). In two separate sensitivity analyses, we 
excluded infants with preterm birth and included only infants to women who had records 
of being treated in the first trimester, respectively. 

Study IV 
Being a case, i.e. preterm birth, or control, i.e. birth at a later gestational age than the 
matched case, to a woman with IBD, formed the dependent variable in study IV. Since 
cases had been matched to controls, conditional logistic regression was used. Conditional 
strata were constructed by maternal age (13-24, 25-34 and ≥35 years), parity 
(primiparous/multiparous), IBD diagnosis (Crohn’s disease/ulcerative colitis) and case 
gestational week at birth. ORs for pregestational factors smoking (yes/no), BMI (13-19, 
20-24, 25-29 (reference), 30-34, 30+), previous preterm birth (yes/no), short inter-
pregnancy interval (yes/no) and any comorbidity (yes/no), were presented in crude and 
in mutually adjusted analyses. ORs for IBD-related factors, such as extension of ulcerative 
colitis, extension of Crohn’s disease, perianal disease, in-patient visit for IBD, highest 
disease activity (no activity, mild activity, significant activity) and timing of significant 
disease activity (no, early, late, early and late in pregnancy) were estimated. Adjusted ORs 
were then calculated through mutual adjustments for the disease-related factors and for 
previous preterm birth and comorbidity. Likewise, risks of preterm birth in association 
with treatment with systemic corticosteroids (yes/no), timing of treatment with systemic 
corticosteroids (early, late or early and late in pregnancy) and maintenance therapy (no, 
5-ASA, sulfasalazine or local corticosteroids, thiopurines or anti-TNF) were assessed, 
adjusted by previous preterm birth and comorbidity.  

Six groups of combinations of disease activity and treatment were identified and assessed 
according to their probability of being a case: (i) No or mild disease activity, 5-ASA, 
sulfasalazine, local corticosteroids or no treatment, (ii) No or mild disease activity, 
systemic corticosteroids, (iii) No or mild disease activity, thiopurine or anti-TNF 
treatment, (iv) Significant disease activity, 5-ASA, sulfasalazine, local corticosteroids or 
no treatment, (v) Significant disease activity, systemic corticosteroids and (vi) Significant 
disease activity, thiopurine or anti-TNF treatment. Subanalyses were performed for 
spontaneous preterm birth, medically indicated preterm birth, birth between gestational 
weeks 22-33 and birth between gestational weeks 34-36.  

3.8 Ethical considerations 
Studies on pregnancy and birth outcomes including birth defects are practically only 
possible to perform in an observational setting. An alternative to limit confounding could 
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be randomized studies, but they are in principal ethically questionable for studies of 
pregnant women.  

In Sweden and Denmark in general, patient consent should be obtained when using 
individual data in research. In disease-specific register such as ARTIS and PsoReg, the 
patients have consented to being included in the registers. However, inclusion of 
individual data in the national registers does not require consent. Instead, one could say 
that the government has approved consent on behalf of the population, based on the 
notion that the potential benefits for the population outweigh the risks for the individual. 
An approval from one of the six regional ethical review boards in Sweden can endorse 
that national register data be accessed for research, after an evaluation of the soundness 
and importance of the research. In Denmark, an ethical approval is not required for 
register studies. However, the handling of data must be approved by the Data Protection 
Agency in both Sweden and Denmark.  

Typically, register data are delivered to the research institution with unidentifiable 
sequence numbers. When medical chart data are needed, the personal identification 
number is also included, requiring more rigorous security since data can be identified. In 
this study, all data were handled by the unidentifiable sequence numbers and presented 
in aggregate analyses to minimize the violation of personal integrity. 

The studies in this thesis were approved by the ethical review board at Karolinska 
institutet, record numbers 2006/889-31, 2007/1391-32, 2008/631-32.  
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4 Results 

4.1 Study I  
During the study period, 787 women with Crohn’s disease gave birth to 847 singletons. 
The corresponding figures for ulcerative colitis were 1,209 women and 1,304 singletons 
and for women without IBD, 10,773 and 10,805. According to our disease activity proxy 
model, 26% of women with Crohn’s disease and 37% of women with ulcerative colitis 
had flaring disease during pregnancy. We found that 13 % of women with ulcerative 
colitis received their first recorded diagnosis during pregnancy. The majority of women 
with Crohn’s disease (56%) and ulcerative colitis (43%) were first diagnosed ≥5 years 
prior to the studied pregnancy.  

Women with ulcerative colitis had increased risks of venous thromboembolism, with a 
crude OR of 3.4 (95% CI: 1.4-8.2), and 3.8 (95% CI: 1.5-9.4), after adjusting for smoking, 
BMI and maternal comorbidity (Table 4.1). The risks were the highest for women with 
flaring disease, although small numbers rendered this analysis imprecise, crude OR 20.2 
(95% CI: 2.3-180), adjusted OR 25.0 (95% CI: 2.5-250). An increased risk of antepartum 
hemorrhage was observed for women with Crohn’s disease with adjusted OR of 1.7 (95% 
CI: 1.1-2.5), which was the strongest for women with no activity. 

 

Table 4.1 Pregnancy and delivery complications for women with Crohn’s disease and ulcerative colitis 

Crohn’s disease (CD) CD 
N (%) 

Non-CD 
N (%) 

Crude OR CD 
versus non-CD 

Adjusted OR CD 
versus non-CD 

 857 (100) 4,285 (100)   

Antepartum hemorrhage  36 (4.2) 107 (2.5) 1.7 (1.2 - 2.5) 1.7 (1.1 - 2.5) 

Venous thromboembolism 3 (0.4) 12 (0.3) 1.3 (0.4 - 4.4) 1.3 (0.4 - 4.5) 

Emergency cesarean delivery 93 (10.9) 324 (7.6) 1.5 (1.1 - 1.9) 1.5 (1.2 - 1.9) 

Elective cesarean delivery 169 (19.7) 402 (9.4) 2.4  (2.0 - 2.9) 2.3 (1.9 - 2.8) 

Ulcerative colitis (UC) UC 
N (%) 

Non-UC 
N (%) 

Crude OR UC 
versus non-UC 

Adjusted OR UC 
versus non-UC 

 1,304 (100) 6,520 (100)   

Antepartum hemorrhage 47 (3.6) 195 (3.0) 1.2 (0.9 - 1.7) 1.1 (0.9 - 1.6) 

Venous thromboembolism 8 (0.6) 12 (0.2) 3.4 (1.4-8.2) 3.8 (1.5 - 9.4) 

Emergency cesarean delivery 136 (10.4) 514 (7.9) 1.4 (1.1 - 1.7) 1.4 (1.1 - 1.7) 

Elective cesarean delivery 246 (18.9) 569 (8.7) 2.4 (2.1 - 2.9) 2.4 (2.1 - 2.9) 

 

Among women with Crohn’s disease and ulcerative colitis, around 30% had cesarean 
delivery (Table 4.1). Around 2/3 of those were elective. Crohn’s disease and ulcerative 
colitis precipitated very similar observed risks, the adjusted ORs for emergency cesarean 
delivery and elective cesarean section were 1.5 (95% CI: 1.2-1.9) and 2.3 (95% CI: 1.9-
2.8) for Crohn’s disease and 1.4 (95% CI: 1.1-1.7) and 2.4 (95% CI: 2.1-2.9) for ulcerative 
colitis. However, when considering disease activity, women with Crohn’s disease and 
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ulcerative colitis differed slightly. For women with Crohn’s disease, emergency cesarean 
section was  more common among those with flaring disease, OR 2.4 (95% CI: 1.5-3.8), 
whereas for ulcerative colitis, the highest risk of elective cesarean section was observed 
in women with no activity, OR 3.2 (95% CI: 2.4-4.3). When adjusting for previous surgery, 
the OR for elective cesarean section in women with ulcerative colitis and no activity was 
attenuated, OR 1.8 (95% CI: 1.3-2.5). We found no increased risks of hypertensive 
disorders, thyroid disease, gestational diabetes, postpartum hemorrhage, induced 
delivery, instrumental vaginal delivery or perianal tears grade 3 and 4 with any of the 
IBDs. 

4.2 Study II 
We included 1,220 singleton births to 1,026 women with Crohn’s disease and 1,833 
births to 1,492 women with ulcerative colitis (Table 4.2). All 467,057 births to women 
without ulcerative colitis or Crohn’s disease occurring during the study period 
constituted the comparison group. Women with Crohn’s disease and ulcerative colitis 
were less often under 25 years of age, and women with ulcerative colitis less often 
reported smoking, while 10 % of women with Crohn’s disease reported smoking. 

 

Table 4.2 Maternal characteristics of women with IBD compared with the general population 

 Ulcerative colitis 
N (%) 

Crohn's disease 
N (%) 

General population 
N (%) 

 1,833 (100) 1,220 (100) 467,057 (100) 

Maternal age at birth       

  ≤24years 143 (7.8) 131 (10.7) 68,592 (14.7) 

  25-34 years 1,256 (68.5) 813 (66.6) 296,334 (63.5) 

  ≥35 years 434 (23.7) 276 (22.6) 102,128 (21.9) 

  Missing  -  - 3  

Parity       

  Primiparous 827 (45.1) 545 (44.7) 210,404 (45.1) 

  Multiparous 1,006 (54.9) 675 (55.3) 256,653 (54.9) 

Smoking in 1st trimester       

  Non-smoker 1,703 (92.9) 1,058 (86.7) 416,556 (89.2) 

  Smoker 59 (3.2) 122 (10.0) 31,043 (6.7) 

  Missing 71 (3.9) 40 (3.3) 19,458 (4.2) 

 

Among women with Crohn’s disease, 45% had no activity, 28% had stable disease and 
26% had flaring disease, for ulcerative colitis the proportions were 30%, 34% and 36%, 
respectively. Of the 438 women who gave birth more than once, 66% had similar disease 
activity as in the previous pregnancy. For the validation of the disease proxy model, 109 
women were eligible for chart review, and we were able to collect medical charts of 88 
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women, corresponding to a response rate of 81%. When comparing the proxy model with 
medical charts, the sensitivity was 83% and the specificity was 81% (Table 4.3).  

 

Table 4.3 Validation of disease activity model  

 Medical charts  

Disease activity model No activity Flaring disease  

No or stable disease 29 9 Sensitivity: 43/52 = 83% 

Flaring disease 7 43 Specificity: 29/36 = 81% 

 

Risks of preterm birth were similar for women with Crohn’s disease and ulcerative colitis, 
and did not change after adjustments for maternal age, parity, smoking, BMI and maternal 
comorbidity, ORs 1.7 (95% CI: 1.3-2.1) for Crohn’s disease and 1.8 (95% CI: 1.5-2.1) for 
ulcerative colitis. Risks were slightly lower for spontaneous preterm birth, but still 
elevated. The highest risks for preterm birth and for spontaneous preterm birth were 
found among those with flaring disease. Analyses of low birth weight exhibited a similar 
pattern with risks for Crohn’s disease in general at adjusted OR 1.9 (95% CI: 1.5-2.4) and 
for ulcerative colitis, OR 1.6 (95% CI: 1.3-2.0). For flaring ulcerative colitis, the risk 
estimate for low birth weight in the adjusted analysis was doubled, and for CD, tripled. 
Women with Crohn’s disease had increased risks of having infants that were SGA at 2 SD, 
with the highest risks among those with flaring disease. 

Increased risks of low 5-minute Apgar score and hypoglycemia were observed for 
women with flaring Crohn’s disease, adjusted OR 2.2 (95% CI: 1.2-3.9) and 2.4 (95% CI: 
2.4-4.0). In subanalysis adjusting for SGA, the risk for hypoglycemia was only slightly 
lower, OR 2.0 (95% CI: 1.1-3.5). We found a slight increase for hyperbilirubinemia in 
women with ulcerative colitis, which did not persist when adjusting for preterm birth. 
Adjusting may not have been the best option here, since preterm birth and SGA may be 
considered mediators of the outcome. Stratification might have been more informative. 
The risk of stillbirth was increased for women with Crohn’s disease, with increasing risk 
estimates across disease activity groups to an adjusted OR in flaring disease of 4.5 (95% 
CI: 1.7-12), based on 11 cases among Crohn’s disease, of which 4 had flaring disease. 

For women with ulcerative colitis or with Crohn’s disease, the risks of adverse birth 
outcomes were, with some exceptions, higher when flares occurred in late pregnancy. 
The highest risks were in women with flares in both early and late pregnancy. In general, 
women with flares and also treated with thiopurines had the highest risks of preterm 
birth and SGA. The influence of thiopurines on risks of preterm birth seemed to be 
independent of disease activity as higher risks were found both among women with 
stable disease and those with flaring disease. The forest plots in Figures 4.1 and 4.2 
illustrate the estimated risks for preterm birth in different subgroups, by disease activity 
and thiopurine treatment. The overall estimates for Crohn’s disease and ulcerative colitis 
are were of high precision, while smaller subgroups yielded wide, imprecise confidence 
intervals. 
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Figure 4.1 Adjusted odds ratios of preterm birth by disease activity and thiopurine treatment in women with 
ulcerative colitis. 

 
Figure 4.2 Adjusted odds ratios of preterm birth by disease activity and thiopurine treatment in women with 
Crohn’s disease.  

Activity early - activity in the 90 days before pregnancy or the first trimester.  Activity late - activity in the second 
or third trimester. Thiopurine treatment - treatment at any time during pregnancy. 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

Adjusted odds ratios with 95% confidence intervals

Preterm birth ulcerative colitis

General population

Ulcerative colitis overall

Activity early

Activity late

Activity early and late

No thiopurines, stable disease

No thiopurines, active disease

Thiopurines, stable disease

Thiopurines active disease

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

Adjusted odds ratios with 95% confidence intervals

Preterm birth Crohn's disease

General population

Crohn's disease overall

Activity early

Activity late

Activity early and late

No thiopurines, stable disease

No thiopurines, active disease

Thiopurines, stable disease

Thiopurines active disease



Results│35 
 

 

Study III 
There were 1,272,424 eligible infants born during the study period in Sweden and 
Denmark. We identified 683 whose mothers had been treated with anti-TNF in trimester 
0 or in the first trimester. Maternal rheumatoid arthritis was the most common indication 
for anti-TNF treatment, 51% (Table 4.4). 

Among infants to women with anti-TNF treatment, 43 had at least one birth defect. 
Overall, the prevalence of birth defects was higher for infants born to women with anti-
TNF treatment (6.3%) and for infants born to women with chronic inflammatory disease 
but no anti-TNF treatment (4.7%), than in the general population (4.2%). Cardiovascular, 
genital, and urinary defects were the most commonly reported, with similar patterns in 
the three groups. The most common defects after anti-TNF treatment were ventricular 
septal defect, atrial septal defect, congenital hydronephrosis and hypospadias and 
distributions of defects were generally similar between anti-TNF treatment and chronic 
inflammatory disease without anti-TNF. Hospital visits and surgery recorded for a 
specific defect diagnosis and for any diagnosis were also comparable. None of the infants 
with atrial septal defect, congenital hydronephrosis or hypospadias born to women with 
anti-TNF treatment had organ-specific surgery during the first year of life. 

 

Table 4.4 Chronic inflammatory disease diagnoses, anti-TNF substances and birth defects 

  Anti-TNF 
N (%) 

Chronic 
inflammatory 
disease N (%) 

Any birth 
defect* 

OR 
 (95% CI)† 

Chronic 
inflammatory 
disease 
diagnosis 

Rheumatoid arthritis 349 (51.1) 3727 (17.3) 

31 (6.7) 1.4 (1.0-2.1) 
Psoriatic arthritis 38 (5.6) 911 (4.2) 

Ankylosing spondylitis 40 (5.9) 777 (3.6) 

Psoriasis 31 (4.5) 5529 (25.7) 

Ulcerative colitis 54 (7.9) 6352 (29.5) 
12 (5.3) 1.2 (0.6-2.1) 

Crohn’s disease 171 (25.0) 4253 (19.7) 

Anti-TNF 
substance 

Any  683 (100) 21,549 (100) 43 (6.3) 1.3 (0.9-1.8) 

Etanercept 344 (50.4) - 24 (7.0) 1.5 (0.9-2.3) 

Infliximab 156 (22.8) - 9 (5.8) 1.3 (0.6-2.5) 

Adalimumab 161 (23.6) - 9 (5.6) 1.2 (0.6-2.3) 

Certolizumab 2 (0.3) - 1 (50.0) - 

Golimumab 4 (0.6) - 0 (0.0) - 

Combinations 16 (2.3) - - - 

*Prevalence of any birth defect among infants to women treated with anti-TNF 
† Adjusted odds ratios compared to women with chronic inflammatory disease without anti-TNF treatment 
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The estimated OR for any birth defect was 1.3 (95% CI: 0.9-1.8) when comparing infants 
to women treated with anti-TNF and infants to the untreated women with chronic 
inflammatory disease, adjusting for country, chronic inflammatory diagnoses, maternal 
age, parity, smoking, BMI and multiple birth. The adjusted ORs for cardiovascular, genital 
and urinary organs were 1.6 (95% CI: 0.9-2.6), 1.8 (95% CI: 0.7-3.7) and 2.2 (95% CI: 0.9-
4.7), respectively. Restricting the analysis to IBD only, the OR for any birth defect was 1.2 
(95% CI: 0.6-2.1) and for other diseases 1.4 (95% CI: 1.0-2.1). Restricting the analyses to 
those with treatment according to the first trimester only, attenuated the risk estimates 
birth defects, while excluding preterm birth did not change results. Adjusting for 
treatment with systemic corticosteroids, methotrexate, other anti-inflammatory 
treatment, antidiabetics, and anticonvulsants had only minor effects. 

4.3 Study IV 
The distribution of available charts by department was similar for cases and controls: 
gastroenterology/internal medicine and obstetrics (43.5 versus 39.3%), obstetrics only 
(43.5 versus 49.4%) and gastroenterology/internal medicine only (13.0 versus 11.3%). 
The proportion of women that had been prescribed antibiotics during pregnancy were 
similar, even when considering different subclasses of antibiotics. Records of infection 
according to the Patient Register and medical charts were more common for cases.  

Comparing data on drug treatment from medical charts and the Prescribed Drug Register 
as a dichotomous variable, the agreement was high for maintenance treatment. Of the 90 
women that reported treatment with thiopurines in the medical charts, 92% had filled 
prescriptions of the same and 87% continued treatment in both early and late pregnancy. 
For systemic corticosteroids, 124 reported treatment at some time, while 81 % of them 
had filled prescriptions. Of those treated with systemic corticosteroids, 52% were treated 
in both early and late in pregnancy. Eight of the 15 women treated with anti-TNF were 
found only in the medical chart review, and not in the Prescribed Drug Register. All of 
these were infliximab treatment.  

Previous preterm birth was associated with preterm birth cases. Short inter-pregnancy 
interval and comorbidity were not predictors of preterm birth, though the risk estimate 
for diabetes was high, adjusted OR 3.4 (95% CI: 0.6-19.8). Previous surgery for IBD or 
extension of ulcerative colitis were not related to preterm birth, though extension into 
the sigmoideum/rectum only was nearly significantly protective. Small bowel Crohn’s 
disease was more common among preterm birth cases, OR 2.9 (95% CI: 1.1-7.3).  

Mild activity as the highest assessed disease activity was not associated with preterm 
birth, while significant disease activity was, OR 2.2 (95% CI: 1.4-3.5). Significant disease 
activity both in early and late pregnancy seemed particularly important, with an OR of 
4.8 (95% CI: 2.1-10.9). The OR for systemic corticosteroid treatment both early and late 
in pregnancy was 2.3 (95% CI: 1.2-4.2) and for thiopurine or anti-TNF treatment 
(immunosuppressive treatment), 2.9 (95% CI: 1.6-5.0), while treatment with 5-ASA, SSZ 
or local corticosteroids were not associated with preterm birth cases. For 5-ASA, SSZ and 
thiopurines, treatment was generally continued throughout pregnancy, and stopping or 
starting treatment was uncommon. For anti-TNF, however, nine out of 13 treated cases 
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and the two treated controls stopped treatment early in pregnancy. Two cases continued 
to the second trimester, and only one case was treated in the third trimester. Seven of the 
nine cases and one of the two controls who discontinued anti-TNF treatment had relapses 
after discontinuing the drug treatment. Three women were started on anti-TNF due to 
steroid-refractory disease activity in the second trimester. 

We analyzed the association between preterm birth and the six groups of combinations 
of disease activity and treatment, as described in section 3.6, The analyses pointed out an 
association between preterm birth and immunosuppressive treatment, especially with 
significant disease activity (OR 12.8 95% CI: 3.7-44.7), but also a weaker association with 
immunosuppressive treatment without significant disease activity (OR 95% CI: 1.9 95% 
CI: 1.0-3.4) (Figure 4.2). The highest risks were in association with spontaneous preterm 
birth and preterm birth in week 34-36.  

 

 
Figure 4.3 Adjusted odds ratios by disease activity/treatment group, comparing cases of preterm birth and their 
controls among women with IBD. SSZ – sulfasalazine. Significant activity - moderate to severe disease activity as 
assessed in medical charts, at any time during pregnancy. Immunosuppressive treatment – treatment with 
thiopurines or anti-TNF at any time during pregnancy. 
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5 Methodological considerations 

5.1 Study design 
It is nearly impossible to conduct a study with immaculate validity while still being 
efficient. The study design has to be contemplated so that it suits the particular research 
question in the best possible way. In a classical cohort study design, a study population is 
identified and followed over time. The included individuals are grouped by exposure 
status and rates of predefined outcomes are assessed. It is possible to study the effect of 
an exposure on multiple outcomes. This type of study is often time-consuming and costly, 
and if an outcome is rare, a very large sample size is needed. Also, if followed over time, 
subjects may be lost to follow up, creating a problem of validity. We used a cohort study 
design in study I, II and III. However, some features in the studies deviate from the 
classical definition of a cohort. In all studies, we included pregnancies that had resulted 
in either a live or stillborn infant. In a classical cohort study, all initiated pregnancies 
would be followed from start to finish. Most women only notice that they are pregnant a 
few weeks into pregnancy. In order to accomplish an inclusion of all pregnancies, women 
would have to be followed closely and repeatedly clinically, which was not possible in the 
register-based setting that we had chosen.  

In the first study, we selected five matches for each birth in women with IBD for 
comparison, while we in the second study included all births in the entire Swedish 
population comparison. Selecting five matches is a way to make the study design more 
effective while still maintaining precision. However, when the outcome is rare, as for 
venous thromboembolism in study I, few cases among IBD and in the comparison group 
contributed to the analyses, which affected the precision. Birth defects as studied in study 
III are not uncommon as a group, but each birth defect is very uncommon. We needed a 
large sample to study birth defects and therefore included both Swedish and Danish data. 
To be able to statistically ascertain an estimated OR of 1.3, we would need approximately 
twice as many treated to anti-TNF as we included in the study. Data may need to be 
collected for years longer, which would delay important information concerning the 
safety of anti-TNF when used during pregnancy.  

In case-control studies, a number of cases with the outcome are compared to a selected 
number of controls without the outcome. Compared to cohort studies, case-control 
studies are more efficient. Rare outcomes and a wide range of exposures can be studied. 
However, incidence or risk of outcome cannot be measured. We used a case-control 
design in study IV where the aim was to study risk factors for preterm birth among 
women with IBD. By choosing this design, we limited the time-consuming medical chart 
review to cases and an equal number of controls and at the same time made sure that we 
had sufficient statistical power to assess the most commonly occurring risk factors. 

5.2 Validity and precision 
External validity describes the generalizability of the study and if results can be applied 
to a setting other than the one used in the study. Since the studies in this thesis were 
population-based, including all births, there is no question of whether or not they are 
generalizable to the Swedish population, and in study III also the Danish population. 
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Indeed, the high coverage in the national registers leave only around 1-2% of the 
population out of the studies. However, in studies I, II and IV, only singletons were 
included, limiting the generalizability for multiple gestation births. Whether or not the 
results can be transferred to other populations depend upon, whether the exposures vary 
in different settings. For chronic inflammatory diagnoses, the treatment regimen is 
constantly evolving, and the indication for anti-TNF treatment, for example, may change 
over time. The reluctance to treat pregnant women is assumingly the greatest when a 
substance is new.  

Internal validity describes how reliable the results of the study are. With limited internal 
validity, external validity is also limited. An optimized study design aims at reducing the 
effect of selection bias, information bias and confounding, the main threats to validity.  

Selection bias 
Selection bias may occur if the probability of being included in the study is influenced by 
the exposure or outcome of interest. In studies I, II and III, the population-based design 
limits this issue, since practically everyone is included, regardless of association with the 
exposure or outcome.  

An issue in studying birth outcomes arises when trying to define the cohort. Births are 
only entered into the birth registers if they have completed a certain length of gestation. 
In this perspective, this is when inclusion in the cohort happens. For stillbirth, these cases 
were only recorded in the birth registers in Sweden after 28 weeks and 22 weeks before 
and after July 2008, respectively, and in Denmark after 22 weeks. However, exposures 
that have taken place before inclusion are still considered. This may result in a “healthy-
fetus” bias, where only the fetuses well enough to complete more than half of pregnancy 
are selected. For study III in particular, the potential teratogenic effects of anti-TNF that 
are studied may in the worst case have resulted in terminated pregnancies that were not 
possible to include in the study, underestimating adverse effects. However, placental 
transfer is limited before the second trimester, and interestingly, there have indeed been 
reports of anti-TNF even decreasing the risk of spontaneous abortion. If women with IBD 
are at higher risk of 1st trimester termination of pregnancy, which has been not well 
examined, it may be that the included offspring are healthier than would have been if all 
embryos had been included at an early stage in pregnancy. For example, if the effect of 
disease activity in early pregnancy contributes to pregnancy loss, the observed risk 
estimate for disease activity in early pregnancy on preterm birth would be lower than the 
true value. Aiming at studying all initiated pregnancies would, however, be a difficult 
undertaking. Some women may not even be aware of having been pregnant when 
termination occurs.  

Selection bias is often of concern in case-control studies, in which efforts should be made 
to select controls that are representative of the population under study. Sometimes, 
matching is done in order to select cases and controls that are similar regarding matching 
factors. However, the effects on the outcome of variables that have been matched for 
cannot be evaluated, and there is a risk of over-matching, where effects of one exposure 
of interest is consumed by a matching variable. Also matching may create a bias if 
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controls after matched selection are less similar to the population they are derived from. 
In study IV, comparisons were made with controls that were matched by maternal age, 
parity and IBD diagnosis, which could make the control group less similar to the entire 
group of women with IBD that had given birth if the distribution of the matching variables 
differ.  

Information bias 
Information bias occurs when assessment of exposure or outcome is incorrect. The main 
exposure, IBD and other chronic inflammatory diagnoses, was determined from 
diagnoses recorded in the national health registers. For studies I, II and IV, a strict 
definition was used for IBD, where we required a repeated diagnosis or one diagnosis 
followed by treatment. In the Swedish-Danish collaboration in study III, the definition 
was less strict, requiring only one diagnosis. Consequently, the group of women with IBD 
was 20% larger in study III than if the stricter criteria would have been used. For studies 
I, II, IV, the women classified as having IBD may represent a segment of the disease group 
with more active disease. However, it is also more likely that that the stricter criteria 
increased specificity, excluding those with a single and thus, more uncertain diagnosis.   

Information bias may be non-differential or differential, depending on if misclassification 
of exposure or outcomes occurs in both comparison groups or not. Missing data creates 
differential misclassification if data are missing to a higher degree in one group than the 
other. Missing data may also been result in assumed non-exposure or non-occurring 
outcome, when in fact, the occurrence was just not reported.  

Many of the outcomes used in this thesis are assessed by standard procedures in 
connection with birth, such as birth weight, gestational age and SGA, and are likely 
similarly classified for infants to women with and without IBD. For maternal 
complications, the detection rate may be influenced by the number of visits to antenatal 
care. A diagnosis of chronic inflammatory disease may also lead to a referral to specialist 
antenatal care. If women with disease are more regularly seen and more often examined 
by specialists, complications may be detected earlier or more frequently. However, all 
women are invited to regular check-ups in the final weeks of pregnancy, whether in 
specialist care or in regular antenatal care. 

For birth defects, it is possible that greater surveillance of pregnancies in women with 
anti-TNF treatment led to detection of less prominent or less severe defects, thus 
overestimating the risks. This is supported by the rate of corrective surgery in the first 
year of life, which was similar or even lower for cases that had been detected among 
infants to women treated with anti-TNF and cases among women with and without 
chronic inflammatory disease.  

Drug treatment was assessed mainly by filling of prescriptions. Some patients may fill 
prescriptions, but not adhere to the regimen. This would overestimate the use, possibly 
diluting the assessed risks of drug treatment. In study IV, we could compare the 
assessment of drug exposure as filled prescriptions and as reported by the women in 
medical charts. For thiopurine treatment, 92% of the women that had reported treatment 
in medical charts, also filled prescriptions, adding to the reliability of the data. That 87% 
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were treated through early and late pregnancy, indicating uninterrupted treatment, 
justifies the use of a dichotomous variable for thiopurines. Treatment with systemic 
corticosteroids was more complicated since they are typically prescribed to be tapered 
and prescriptions are filled irregularly. Women may already have pills from old 
prescriptions at home to start on, if disease activity relapses. Although timing of systemic 
corticosteroid treatment was complicated, 82% that reported treatment with systemic 
corticosteroids also filled prescriptions.  

In study III, data on treatment with intravenously administered infliximab were obtained 
from the prescribed drug registers when recorded, and from the disease-specific 
registers ARTIS and PsoReg in Sweden. In the absence of data from disease-specific 
registers for women with IBD, some of the infliximab-treated among them may have been 
misclassified as women without anti-TNF treatment. This was a lesser issue in Denmark, 
where administration of infliximab is recorded in the Patient Register. Accordingly, we 
found that half of the women treated with anti-TNF in study IV were not found in the 
Swedish Prescribed Drug Register. A national disease-specific register for IBD, Swibreg, 
is currently gaining in coverage, and is likely to fill the infliximab gap, as well as add data 
on clinical details, in future studies.221  

In studies I and II, disease activity may have been misclassified, since it was indirectly 
measured using a register data proxy model. In comparison with medical charts, the 
disease activity proxy model had high specificity and sensitivity. However, from the 
results in study IV, it was implied that the assessment model for disease activity may have 
been inadequate because clinical details were lacking in medical charts and the 
categorization of symptoms and activity not sufficiently agile to account for different 
disease phenotypes. In data analyses, the results were inconsistent for the effects of 
disease activity and drug treatment. Since medical charts were collected after the 
exposure and outcome, we could not influence whether all the information we needed 
was included in the medical charts or not. Some misclassification of disease activity could 
not be avoided, but is not expected to be differential, since clinical details were recorded 
when the outcome of preterm birth was not yet known. A typical issue in case-control 
studies is recall bias. If information is recorded after the outcome, subjects affected by the 
outcome are likely to distort exposure information. Recall bias was not an issue in study 
IV, since medical charts were authored prospectively. 

Confounding 
A confounder is a variable that is associated with both the exposure and the outcome, but 
is not an intermediate in the causal pathway. A confounder may distort the association 
between exposure and outcome, either decreasing or increasing its strength. For 
example, smoking is a confounder when studying the effect of ulcerative colitis activity 
on the risk of preterm birth. Smoking protects against disease activity in ulcerative colitis, 
but also contributes to preterm birth. We found that women with Crohn’s disease and 
ulcerative colitis were less often below 25 years of age. Since older maternal age is 
associated with several adverse pregnancy and birth outcomes, it is important to 
consider age when assessing the association between IBD and pregnancy and birth 
outcomes. 
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Confounders may be considered and addressed in study design in several different ways, 
and matching is an example of reducing confounding. In the analyses, the confounder can 
be handled with stratification, where smokers and non-smokers would be analyzed 
separately. It may also be addressed by including it in a regression model. Stratification 
may be more intuitive, but has limitations when there are many confounders, as this 
would yield an ungraspable amount of strata. Adjusted logistic regression is also limited 
by study power if there are many confounders. For example, when studying a rare event 
such as venous thromboembolism as in study I, having a larger comparison group would 
have added power to the adjusted analysis.  

A prerequisite for having the possibility to control for confounders is adequate data on 
them. For example, even though the national health registers include almost the entire 
population, there may be confounders that could have been considered, if the information 
were available. Also, many of the confounders for which we do have data, are assessed at 
a single point in time. For smoking, we used data as recorded at the first antenatal visit, 
usually taking place in the first trimester. Some women may have given up smoking later 
pregnancy, reducing the effect of smoking.   

We adjusted for a priori selected confounders associated with both chronic inflammatory 
disease and with the adverse pregnancy and birth outcomes. In addition to smoking, 
maternal age and parity were added to the model. BMI has been found to affect birth 
outcomes both when low and high, possibly pertaining to imbalanced metabolism and 
inflammation.222 In addition, other inflammatory diseases have also been associated with 
adverse birth outcomes, and may coincide with the diseases under study and we adjusted 
for other inflammatory comorbidity. 

Confounding by indication 
An issue that is often a limitation in pharmacoepidemiological studies is confounding by 
indication. An indication for treatment always precedes the actual treatment, possibly 
with the exceptions of primary preventive treatment, contraception and vaccinations. 
That disease activity and drug treatment are allocated to the same subjects, complicates 
the assessment of the effects of each separately. Confounding by indication was present 
in all of the included studies and was the focus of study IV. We were not able to completely 
disentangle the effects of disease activity and drug treatment, since the strongest effect 
on preterm birth was seen in women who had both significant disease activity and 
immunosuppressive treatment. In study III, the distribution of chronic inflammatory 
disease differed between the women with anti-TNF treatment from those without anti-
TNF. If the risk of birth defects differs for the diagnoses, this may distort the results. We 
adjusted for maternal diagnosis in the analyses and presented analyses stratified by 
IBD/non-IBD.  

Random error 
Systematic error such as bias and confounding would remain even if the study is 
increased in size or repeated in another setting. Random errors are instead chance 
findings that would not necessarily be repeated if the same study was performed several 
times. Random error can be limited by increasing the study size and thereby increasing 
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precision. Statistical analyses are used to evaluate the chance of random error. The 
confidence interval of 95% has been arbitrarily set and denotes that if the test were to be 
repeated 100 times, the confidence interval would include the correct value in 95 of those 
tests. Any result should always be contemplated in light of its strength and statistical 
significance, but also by its biological plausibility, its potential dose-response effect, its 
consistency in subanalyses and other studies, and the temporality of exposure and 
outcome. Also, the risk that a result is due to random error increases by the number of 
performed statistical tests.  
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6 Findings and implications 

6.1 Inflammatory bowel disease and pregnancy complications (Study I) 
Few studies on maternal pregnancy complications in women with IBD had been 
conducted when the study was performed. The previous studies mainly focused on 
outcomes related to the infant. We observed and almost 4-fold increased risk of venous 
thromboembolism in women with ulcerative colitis, which indicates that the already 
increased risk of thromboembolism from pregnancy is aggravated by inflammation, as 
supported by previous studies.93,94,223 The association between inflammation and 
thromboembolism also suggests that with higher inflammatory disease activity, the risk 
of venous thromboembolism also increases. Consequently, European and American 
guidelines alike recommend prophylactic treatment with low molecular weight heparins 
in non-pregnant patients with IBD that are hospitalized.224-226 We found that the risk 
estimate for venous thromboembolism was considerably higher for women with 
ulcerative colitis that had active disease during pregnancy. Accordingly, prophylactic 
treatment should be considered for these women, particularly if other risk factors are 
present.227  

The question of recommended mode of delivery for patients with IBD is not 
uncomplicated. The body of knowledge implies that vaginal delivery can be 
recommended in the absence of active disease, perianal disease and previous ileo-anal 
pouch surgery.227 Although we lacked data on the indication leading to cesarean section, 
some of the women in our study may have had cesarean sections without any of these 
complicating factors. Two thirds of the cesarean sections among women with IBD were 
elective, which implies a well-reflected decision, rather than emergency procedures. 

In our study, 13% of women with ulcerative colitis were first diagnosed during 
pregnancy. It may be that pregnancy triggered ulcerative colitis or worsened previous 
symptoms so that the diagnosis of ulcerative colitis was recorded in the charts.  A recent 
study reported that women with ulcerative colitis were more prone to relapse during 
pregnancy than non-pregnant women with ulcerative colitis when followed for an equal 
period of time, which may indicate that pregnancy promotes disease activity in ulcerative 
colitis.155 More frequent contacts with healthcare during pregnancy, leading to detection, 
is also possible. 

6.2 Inflammatory bowel disease and birth outcomes (Study II and IV) 
It has been acknowledged for decades that women with IBD have increased risks of 
adverse birth outcomes and preterm birth in particular.227 Disease activity during 
pregnancy and drugs used for the treatment of IBD may affect the observed association. 
However, the separate effects of each are not easily studied.  

Our results on the risk of preterm birth for women with Crohn’s disease and ulcerative 
colitis were consistent with previous studies and suggested an almost doubled 
risk.131,163,164 In the attempt to further characterize the disease-specific risk factors for 
preterm birth, we used two different approaches to assess the effects of disease activity 
and drug treatment. In study II, register data were used to construct a proxy model for 
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disease activity, partly based on drug treatment. In study IV, we instead collected data on 
disease activity and drug treatment from medical charts. It was clear that using either 
method, there were no increased risks of preterm birth in the absence of disease activity 
and immunosuppressive treatment during pregnancy. The majority of patients belonged 
to this category. 

Congruently in both study II and IV, disease activity in both early and late pregnancy was 
strongly associated with preterm birth. The combination of both immunosuppressive 
treatment and disease activity was a strong predictor of preterm birth. Some of the 
findings in study IV were contradictory, implying issues with the disease activity 
assessment. Significant disease activity with no treatment or treatment with 5-ASA, 
sulfasalazine or local corticosteroids only was not associated with preterm birth. 
Systemic corticosteroid treatment predicted preterm birth only when data suggested 
that significant disease activity was present, and immunosuppressive treatment yielded 
a doubled risk estimate even without significant activity. Together, this implies that the 
data on disease activity as recorded in the medical charts may have been inadequate. In 
accordance with study IV, thiopurine treatment in stable disease in study II yielded 
doubled risks of preterm birth, while thiopurine treatment with active disease during 
pregnancy as assessed by register data yielded even higher risks.  

Assessing maintenance treatment as dichotomous variables does not take into account if 
the treatment is discontinued during treatment. In the event that treatment was 
discontinued, increased disease activity may have been the result, and is one possible 
explanation to the association between thiopurines and preterm birth. The majority of 
women did, however, report continuous treatment with thiopurines in pregnancy. For 
anti-TNF treatment, discontinuation was more frequent, and some of the women were 
indeed started on treatment because of increased disease activity during pregnancy.  

Immunosuppressive treatment implies a more complicated disease course, assuming 
that the indication for treatment was in line with clinical recommendations from the 
European Crohn’s and Colitis Organization.56,57 With this in mind, the risks associated 
with thiopurines in study II and immunosuppressive treatment (thiopurines and anti-
TNF) in study IV, may be due to unmeasured disease severity and not the drug treatment. 

However, an effect of immunosuppressive treatment per se cannot be ruled out, 
particularly as the strongest association was observed for spontaneous preterm birth. 
Infection increases the risk of spontaneous preterm birth.228 Thiopurines and anti-TNF 
increase the susceptibility to infections with their effects on the immune system and it is 
possible that they interfere with the immunological process of spontaneous onset of 
labor.229,230 In study IV, the cases of preterm birth had more often than controls been 
diagnosed with infections. However, cases and controls had similar distributions of 
antibiotic prescriptions, even when considering different subgroups of antibiotics. 
Although we did not have data on in-hospital administration of antibiotics, the antibiotic 
prescriptions data may imply that infection was not a mediator between 
immunosuppressive treatment and preterm birth. However, even if the effects of 
immunosuppressive treatment would be independent of disease activity, it is important 
to note that ceasing treatment may lead to increased activity, which may result in a risk 
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higher than the doubled risk observed for immunosuppressive treatment in the absence 
of disease activity.   

The characteristics of preterm birth in women with IBD have not been well-described 
previously. In study I, we observed that cesarean sections, elective in particular, were 
more common in women with IBD. In study IV, medically indicated preterm birth was not 
associated with either immunosuppressive treatment or disease activity separately, but 
was associated when both were present. In addition, preterm birth between weeks 22-
33 was not associated with immunosuppressive treatment in case of no or mild disease 
activity, which is reassuring. Although preterm birth in week 34-36 has been associated 
with slightly increased risks of morbidity and mortality, there is a clear declining gradient 
with higher gestational age.113 

We found elevated risks of SGA and stillbirth for women with Crohn’s disease, in 
particular when the disease had been flaring during pregnancy. Fetal growth, which can 
be assessed as SGA is a major determinant of stillbirth risk.231 Infection is also an 
important risk factor for stillbirth and bowel inflammation and immunosuppressive 
treatment may increase the susceptibility to infection.120,229,230 Stillbirth is a rare event, 
but altogether this may warrant closer surveillance of women with Crohn’s disease 
during pregnancy and delivery, particularly in active disease or when a fetus has been 
estimated as SGA.  

6.3 Anti-TNF treatment and birth defects (Study III) 
We found a risk estimate of 1.3 for any major birth defect in infants to women who had 
been treated with anti-TNF in early pregnancy, which was not statistically significant. The 
lack of precision may be ascribed to relatively few exposed and too few cases with birth 
defects.   

We included the prevalence of major birth defects in the general population for a frame 
of reference for descriptive purposes. Comparisons were limited to the chronic 
inflammatory disease comparator in order to control for the impact of the underlying 
condition and the potential surveillance bias. However, we lacked data on disease 
severity, which may still lead to residual surveillance bias as anti-TNF treatment is 
indicated for women with a more complicated disease course.  

As for infants to women with chronic inflammatory disease without anti-TNF treatment 
and for infants in the general population, the most commonly observed birth defects for 
infants to women treated with anti-TNF were ventricular septal defect, atrial septal 
defect, hydronephrosis and hypospadia. Also, the number of hospital visits and corrective 
surgical procedures for these outcomes were similar between infants to women with 
chronic inflammatory disease whether treated with anti-TNF or not and with the general 
population. If anything, the infants to women with anti-TNF treatment with birth defects 
required surgery less often. 
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7 Conclusions 
 

x Women with IBD give birth by cesarean section more often than women 
without the disease, particularly by elective cesarean section. Active 
disease for women with Crohn’s disease and previous bowel surgery for 
women with ulcerative colitis increased the risks of cesarean section.  

x Women with ulcerative colitis had an almost quadrupled risk of venous 
thromboembolism compared to women without disease and active 
disease seemed to increase the risk substantially. The number of events 
was small in the disease activity subanalysis and the results should be 
cautiously interpreted. 

x Women with Crohn’s disease and ulcerative colitis had an almost doubled 
risk of preterm birth. Quiescent disease and treatment typically used for 
mild disease rendered risks equal to the general population and significant 
disease activity and immunosuppressive treatment during pregnancy 
denoted particularly increased risks.  

x Due to the close relationship between disease activity and drug treatment, 
disentangling the effects of disease activity and drug treatment on 
outcomes proved difficult and confounding by indication could not be 
completely avoided.  

x Infants to women with Crohn’s disease were more often affected by 
neonatal morbidity and stillbirth than women without the disease. The 
highest risks of stillbirth were observed in active disease.  

x Anti-TNF treatment was not found to be associated with birth defects. The 
most commonly occurring birth defects were ventricular septal defects, 
atrial septal defects, congenital hydronephrosis and hypospadia. The cases 
of birth defects among infants to women who had been exposed to anti-
TNF treatment necessitated surgery and hospital care no more often than 
infants to other women. 
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8 Future perspectives 
 

The results in the studies included in this thesis give rise to questions, among them: 

 

Could prospectively collected clinical data with continuously reported changes in disease 
activity and drug treatment during pregnancy, such data in the Swedish IBD-register, add 
clinical details that would help to assess the effect of disease activity and drug treatment 
separately? 

Given that IBD increases the risk of adverse birth outcomes, do adverse birth outcomes 
predict a future diagnosis of IBD? 

Does being born by cesarean section to a woman with IBD increase the already elevated 
risks pertaining to heritability? 

Does disease activity in other chronic inflammatory disease affect birth outcomes? 

Does anti-TNF treatment affect birth outcomes other than birth defects, such as preterm 
birth and SGA? 

Does the immunosuppression of anti-TNF treatment lead to increased risks of infections 
in neonates? 
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9 Sammanfattning på svenska 
Beslutet att skaffa barn innebär ofta ett visst mått av osäkerhet och oro inför eventuella 
svårigheter och komplikationer som kan uppstå. För kvinnor med kronisk 
inflammatorisk sjukdom kommer därtill särskilda överväganden för hur sjukdomen i sig 
och de läkemedel som används för att behandla sjukdomen påverkar graviditeten och det 
ofödda barnet. Denna avhandling består av fyra arbeten vars gemensamma syfte var att 
få mer kunskap att kunna använda i konsultationer med kvinnor i just denna situation. 

Kroniska inflammatoriska sjukdomar 
Kroniska inflammatoriska sjukdomar har gemensamt en oönskad inflammatorisk 
process i vissa organ, för de inflammatoriska tarmsjukdomarna Crohns sjukdom och 
ulcerös kolit – tarmarna, för reumatoid artrit – kroppens leder, för ankyloserande 
spondylit – ryggens leder, för psoriasisartrit – hud och leder, och slutligen psoriasis – 
huden. Inflammatorisk tarmsjukdom (IBD) drabbar ungefär 0.7% av Sveriges befolkning 
och en ungefär lika stor andel drabbas av reumatoid artrit. Några procent har psoriasis, 
medan ankyloserande spondylit och psoriasisartrit är mer ovanliga. Gemensamt är att de 
alla kan drabba kvinnor i barnafödande ålder, i IBD insjuknar de flesta mellan 20-40 års 
ålder. Orsaken till den oönskade inflammatoriska processen, som består i en aktivering 
av det immunologiska systemet, är ännu oklar, men man har visat att både genetik och 
miljö sannolikt spelar roll.   

Behandling av kroniska inflammatoriska sjukdomar 
Den inflammatoriska process som sjukdomarna har gemensamt gör att läkemedlen i 
respektive behandlingsarsenal överlappar. Under 1900-talets senare hälft gjordes flera 
framsteg som haft stor betydelse för prognos och välbefinnande hos dessa patienter. Ett 
av de första läkemedlen som kunde börja användas var kortison, som imiterar kroppens 
egna anti-inflammatoriska hormon. Alla svarar dock inte på kortison, och biverkningarna 
av långtidsbehandling är stora, med ökad risk för ämnesomsättningsrubbningar och 
benskörhet. Istället använder man ofta i långtidsbehandling immundämpande läkemedel 
som angriper de immunologiska celler som står för den inflammatoriska processen. Ett 
annat stort framsteg inom läkemedelsbehandling för kroniska inflammatoriska 
sjukdomar kom i slutet av 90-talet. Man lyckades ta fram substanser som verkade 
hämmande specifikt på de signalsubstanser som de immunologiska cellerna producerar. 
En central signalsubstans är tumor necrosis factor, TNF.  

Kroniska inflammatoriska sjukdomar och graviditet 
Tre av delstudierna inkluderade kvinnor med IBD och deras nyfödda. Man vet sedan 
tidigare att dessa kvinnor har en ökad risk för att föda för tidigt, och vissa studier har 
även visat en ökad risk för låg födelsevikt i förhållande till graviditetsvecka. Att födas för 
tidigt och att vara liten för tiden innebär båda en ökad risk för sjuklighet tidigt och sent i 
livet, med infektioner, lungsjukdom, cirkulationsstörningar och ögonskador i späd ålder 
och en ökad risk för utvecklingsstörningar och hjärt-kärlsjukdom senare i livet. För 
kvinnan själv vet man att förlossningen oftare blir med kejsarsnitt och att risken för att 
drabbas av blodpropp är högre än för andra gravida kvinnor. Mycket pekar på att hur 
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aktiv sjukdomen är under graviditeten spelar stor roll för hur det går under graviditet 
och förlossning, men man har inte kunnat skilja på hur sjukdom och läkemedel påverkar, 
då dessa i regel samvarierar. Det saknas särskilt tillförlitlig information om nyaste 
preparaten, som TNF-hämmarna. När ett nytt preparat introduceras är en vanlig oro att 
det skulle kunna orsaka missbildningar. Detta studeras i första hand i djurstudier, där 
någon sådan effekt inte kunnat ses för TNF-hämmarna. Att de sedan används under 
mänsklig graviditet utan dokumentation för deras säkerhet, grundar sig i att man vägt 
risken och nyttan mot varandra, och funnit ett oundgängligt behov av behandling hos 
modern.  

I Sverige har man en tradition av att föra hälsoregister för att kunna utforska 
befolkningens hälsa och sjuklighet. I Medicinska födelseregistret, Patientregistret, 
Läkemedelsregistret och i kvalitetsregister kan man följa den svenska befolkningens 
graviditeter, förlossningar, sjukvårdsbesök och uthämtade läkemedelsrecept på 
individuell nivå. Varje individs personnummer gör att data från de olika registren kan 
länkas. Viktigt att påpeka är att data från registren normalt lämnas ut avidentifierade för 
forskning, med ett löpnummer som ersatt personnumret. Detta för att värna om den 
personliga integriteten.  

Studie I 
Den första studien fokuserade på moderns komplikationer under graviditeten. Alla 
kvinnor som diagnosticerats med IBD och som fött barn under perioden oktober 2006 
till december 2010 inkluderades. Kvinnor utan IBD användes som jämförelse. Det saknas 
data om kliniska detaljer i registren. För att försöka bedöma sjukdomsaktiviteten under 
graviditeten tog vi istället fram en modell baserad på data i registren. 
Sjukdomsaktiviteten indelades i tre nivåer; inaktiv obehandlad sjukdom, inaktiv sjukdom 
med behandling och aktiv sjukdom. Resultaten visade att 30% av kvinnor med Crohns 
sjukdom och ulcerös kolit genomgick kejsarsnitt, jämfört med 17% i jämförelsegruppen. 
Vad gäller sjukdomsaktivitet skilde sig de båda sjukdomarna åt, då det var aktiv Crohns 
sjukdom, men inaktiv ulcerös kolit, som stod för den större delen av kejsarsnitten i 
respektive sjukdomskategori. Valet att göra ett kejsarsnitt kan bero på olika saker och 
oftast utförs kejsarsnitt för att inte riskera moderns eller barnets hälsa. Vi saknade 
information om vad besluten för kejsarsnitt grundade sig på och för kvinnor med IBD kan 
även andra faktorer relaterade till sjukdomen spela roll. Hänsyn tas ofta till att bevara 
avföringskontinensen och tidigare tarmoperationer kan också påverka beslutet. När vi i 
analyserna tog hänsyn till tidigare operationer hos kvinnor med ulcerös kolit minskade 
sambandet mellan tarmsjukdomen och kejsarsnitt. Vi såg också att kvinnor med ulcerös 
kolit hade en ökad risk för blodpropp. Blodpropp innebär ett stopp i blodflödet, och 
drabbar oftast blodkärlen i benen, men en propp kan också fastna i lungorna vilket kan 
vara ett livshotande tillstånd. Blodpropp är ovanligt och det var få kvinnor som 
drabbades i vår studie, majoriteten av dem hade dock aktiv sjukdom. Av denna anledning 
rekommenderas att man överväger blodförtunnande behandling under graviditeten hos 
dessa kvinnor, särskilt om även andra riskfaktorer för blodpropp finns. 
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Studie II 
I den andra studien utökade vi studiepopulation och inkluderade även födslar under 
2010. Vi använde samma modell för att fastställa sjukdomsaktivitet som i den första 
studien. Kvinnor med Crohns sjukdom och ulcerös kolit hade en nästan dubblerad risk 
för tidig förlossning, och risken ökade ytterligare med aktiv sjukdom, särskilt om 
sjukdomen hade varit aktiv i graviditetens senare del. Att stå på behandling med 
immundämpande läkemedel höjde också risken för tidig födsel. För barn till kvinnor med 
Crohns sjukdom såg vi ökade risker för sjuklighet under nyföddhetstiden, och en 4 gånger 
högre risk för dödfödsel om modern hade haft aktiv sjukdom under graviditeten. 
Dödfödsel är lyckligtvis mycket ovanligt, och drabbade 0.3% i jämförelsegruppen jämfört 
med 0.9% i gruppen med Crohns sjukdom. Sammanfattningsvis finns det anledning att 
noggrant övervaka graviditeter hos kvinnor med aktiv IBD.  

Studie III 
I Studie III undersökte vi riskerna för missbildningar hos barn till kvinnor som 
behandlats med TNF-hämmare precis före eller under graviditetens första tre månader. 
Under graviditetens första del anläggs alla organ och fostrets utveckling är som mest 
sårbar för yttre faktorer. För att få tillräckligt många behandlade kvinnor, inkluderade vi 
förutom kvinnor med IBD även annan kronisk inflammatorisk sjukdom som också 
behandlas med TNF-hämmare; reumatoid artrit, ankyloserande spondylit, psoriasisartrit 
och psoriasis. Dessutom inkluderades både svenska och danska kvinnor och deras 
nyfödda. Vi fann 683 barn vars mödrar hade behandlats med TNF-hämmare och 
jämförde dem med 21 549 barn till kvinnor med kronisk inflammatorisk sjukdom utan 
TNF-hämmarbehandling. Båda dessa grupper hade jämfört med övriga befolkningen en 
något högre andel av missbildningar. I jämförelsen mellan TNF-behandlade och 
obehandlade kvinnor med kronisk inflammatorisk sjukdom kunde vi inte påvisa någon 
ökad risk för missbildningar, även om resultaten pekade på att vi hade för få fall i studien 
för att tillförlitligt kunna bedöma risker. Biologiskt sett är det osannolikt att ett ämne 
skulle orsaka flera typer av skilda missbildningar. Vi undersökte därför missbildningar 
grupperade efter drabbat organsystem. Inte heller här kunde vi påvisa någon skillnad. 
Även om missbildningar förekommer hos ungefär 4-5% av de nyfödda barnen är 
specifika missbildningar mycket ovanliga. De vanligaste missbildningarna hos barn till 
kvinnor med TNF-hämmarbehandling var defekter i hjärtats skiljevägg, defekter i pojkar 
urinrörsmynning och avflödeshinder från njurar, vilket också speglar fördelningen av 
missbildningar bland nyfödda generellt. Genom att studera hur ofta de drabbade barnen 
hade besökt sjukhus och behövt genomgå operationer under det första levnadsåret, 
kunde vi se att fallen bland TNF-hämmarbehandlade sannolikt inte utgjordes av mer 
komplicerade fall än övriga. Med tanke på att kvinnor med kronisk inflammatorisk 
sjukdom hade ökad risk för missbildningar, vare sig de blivit behandlade med TNF-
hämmare eller inte, kan det vara så att dessa kvinnor och deras barn är mer övervakade, 
och missbildningar upptäcks oftare och tidigare i livet.  
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Studie IV 
För att studera riskfaktorer för tidig födsel hos kvinnor med IBD mer detaljerat 
inkluderade vi de fall av för tidig födsel som vi funnit i studie II i en fall-kontrollstudie, 
där vi också inhämtade information från journaler. Varje fall jämfördes med en kvinna 
med IBD som kontroll och som fött barn senare i graviditeten. Vi samlade in medicinska 
journaler som förts under varje graviditet och skattade sjukdomsaktivitet baserat på 
kliniska uppgifter. Syftet var att försöka skilja ut om sjukdomsaktivitet eller 
läkemedelsbehandling spelade större roll för den för tidiga födseln. Det var svårt, även 
med den mer detaljerade informationen från journaler, att gradera sjukdomsaktiviteten 
och resultaten var inte entydiga. Starkast kopplat till för tidig födsel var det att ha haft 
både en aktiv sjukdom och immundämpande läkemedel under graviditeten. Kvinnor som 
behandlas med immundämpande läkemedel är de som är mest sjuka och det behöver 
därför inte vara behandlingen i sig som är orsaken till att dessa kvinnor har ökad risk att 
föda för tidigt. Kopplingarna var starkare till spontan förlossningsstart. Kopplingarna var 
också starkare till födsel i vecka 34-36, vilket är bra i det hänseendet att så sen för tidig 
födsel i alla fall är bättre än att födas före vecka 34. Samlat pekar resultaten på att det är 
önskvärt att söka minimera sjukdomens aktivitet under graviditeten, även om det 
innebär att man måste fortsätta med behandling med immundämpande läkemedel.  
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