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Summary 

Background: Stillbirth or intrauterine fetal death (IUFD) is a severe and difficult event for the 

parents and occurs in approximately five of 1000 births in high-income countries. Understanding 

of causes and recognition of risk factors is essential for preventive measures, counseling of 

parents, surveillance of health care and comparison both nationally and internationally.

Objectives: To estimate the incidence of stillbirths in a Norwegian population, classify according 

to cause of death, investigate socio-demographic, clinical and thrombophilic risk factors and to 

evaluate variations in risk estimates by different control selection.

Methods: 377 women with IUFD after 22 gestational weeks at two university hospitals in the 

Oslo area, in the period 1990 to 2003, were classified according to the Cause Of Death and 

Associated Conditions (CODAC) classification of perinatal deaths. They were compared with 

two different control-groups for the identification of socio-demographic and clinical risk factors. 

A subsample of 105 cases and 262 controls comprised the study population for acquired and 

inherited thrombophilic risk factors. 

Results: The incidence of stillbirths was 4.1 per 1000 deliveries. The majority (68%) had 

placental pathology as a main cause of death or as an associated condition. Small for gestational 

age (SGA) and placental abruption were strongly associated with IUFD, but hypertensive 

disorders were moderate risk factors if not mediated through SGA. Other risk factors were of low 

prevalence and of limited importance in the prevention of IUFD. Risk factors differed according 

to cause, apart from smoking and SGA that were risk factors in all causal groups. Lupus 

anticoagulant was associated with a history of IUFD, although probably confined to women with

multiple positivity for antiphospholipid antibodies. The prothrombin gene G20210A 

polymorphism was also associated with IUFD, most prominent in the group of placental causes.
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1.     Introduction 

In high-income countries the population in general expects that every pregnancy will lead to the 

birth of a healthy baby. The perception is that stillbirths are something of the past. However, 

although the rates of stillbirths have fallen remarkably over the past 50-60 years, they are still not 

rare events and are devastating for the parents. Identification of causes and risk factors is 

necessary for stillbirth prevention. Scandinavian studies on stillbirth ((intrauterine fetal death 

(IUFD)), have most often focused on a single or limited number of risk factors and the studies 

addressing multiple risk factors have reported on either unexplained IUFD only [1], or on 

perinatal mortality [2,3] and not on stillbirths in general. This accounts also for available 

epidemiological data from Norway.

Classifying stillbirths according to cause is needed for the purpose of prevention, counseling 

and comparison. In addition risk factors may vary between different causal groups. However, 

assigning a single cause of death is challenging and the use of suboptimal classification systems 

may contribute to a higher proportion of unexplained deaths.

Previous to this study there were no data from Norway on the association of acquired or 

inherited thrombophilia and IUFD. Studies investigating the association between inherited 

thrombophilias or antiphospholipid antibodies (APAs) and IUFD have often been of small 

sample size [4-6], and they have differed in selection criteria for cases and controls [7,8]. In 

addition, investigators reporting on the association between APAs and IUFD have usually 

analyzed the prevalence of APAs in blood samples collected within months after suffering IUFD.

To our knowledge, the prevalence of APAs several years after the incident, among women with a 

history of IUFD, has not been reported.
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2.     Background

2.1   Stillbirth - intrauterine fetal death (IUFD)

2.1.1   Definition

Inconsistent use of definitions and terminology has contributed to confusion about stillbirths or 

IUFDs (I will use the fraises/terms interchangeably in the thesis). In addition to changes in 

definitions over time, there are great variations in the terminology between countries, with 

greater variability between high-income countries than between low-income countries [9,10]

(Figure 2.1). In USA alone nine different definitions have been reported [11]. The gestational 

age by which stillbirth is defined varies from 18 to 28 weeks [12]. The WHO definition of 

stillbirth refers to the birth of an infant weighing at least 500 g, or born at 22 or more completed 

weeks’ of gestation, or with a crown-to-heel length of 25 cm or more [13]. In this definition birth 

weight takes priority over gestational age since birth weight is thought to be more reliably 

reported, even though in low-income countries many stillborn infants are never weighed [14,15].

However, in many instances the use of the gestational age is preferred rather than birthweight, 

especially in high-income countries where ultrasound timing of pregnancy is standard practice. 

This leads to higher reported stillbirth rates; as an example, if gestational age (> 22 weeks) is 

used rather than birthweight (> 500 g) in Norway, the reported stillbirth rate is 15% higher [16].

For international comparison, WHO recommends reporting stillbirths in the third trimester, 

meaning stillbirths of infants weighing 1000 g or more, born at 28 or more completed weeks’ of 

gestation, or with a crown-to-heel length of 35 cm or more [13,17]. Perinatal mortality is a wider 

term and includes neonatal deaths in the first week of life in addition to stillbirths. Neonatal 

mortality refers to the death of a live born infant within the first 28 days of life (Figure 2.1).
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Figure 2.1. Terminology. modified from Lawn JE et al. 2011 [18] with permission.

2.1.2     Incidence                    

Counting the numbers and registering causes of stillbirths is essential in any approach to 

prevention. Stillbirth is not a rare incident and each day more than 7300 babies are stillborn on a 

worldwide basis (www.thelancet.com/series/stillbirth (from the executive summary for the 

series)). If stillbirths were aligned with the leading global causes of death in all categories, they 

would rank fifth among the global health burdens [19,20]. In 2009, the worldwide estimated

third trimester stillbirth rate was 18.9 stillbirths per 1000 births, declining from 22.1 per 1000 

births in 1995 [21]. The highest estimated rate of 47 per 1000 births was in Pakistan and the 

lowest in Finland (2.0 per 1000 births). In 2008 all the Nordic countries had third trimester 

stillbirth rates in the range 2.0-2.7 per 1000 births [21]. The incidence of IUFD in developed 

countries varies from approximately 2 – 7.5 per 1000 pregnancies [14,21-23]. Currently

stillbirths account for more than 50% of all perinatal deaths in developed countries [22,24]. For 

comparison, stillbirths are 10 times more common than the sudden infant death syndrome (SIDS)

[25].
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The estimated number of global third trimester stillbirths (> 28 weeks) was 2.64 million

(uncertainty range 2.14 - 3.82 million) in 2009, 76.2% occurring in South Asia and Sub-Saharan 

Africa [14,21]. These are the estimated numbers, but probably another 1 – 2 million stillbirths 

occur, that are not reported [26]. Stillbirths occurring before 28 gestational weeks are rarely 

reported in low-income countries [16], and many other countries do not estimate their numbers,

even though these can represent one third of all stillbirths in high-income countries [27]. Of all 

stillbirths, 98% occur in low- or middle-income countries, and low-income countries are now 

where high income countries were 50-100 years ago in terms of stillbirth rates [9,28]. In high-

income countries, some ethnic and lower income groups have higher stillbirth rates than the 

national average [18]. Such variations in stillbirth rates within the same country are reported to 

be closely associated with social deprivation, poor maternal health and availability and quality of 

health services [29] and are probably a sensitive marker of inequity [30]. The overwhelming 

preponderance of stillbirths in low- and middle-income countries can be explained by poor

obstetric care as well as higher prevalence of risk factors, especially nutritional factors and birth 

spacing [31]. Intrapartum stillbirths, viable with better obstetric/intrapartum care [32], account 

for almost half of all stillbirths [18] in low-income countries, but only rarely occur in developed 

countries (less than 0.5 per 1000 total births) [18]. Intrapartum stillbirth rates have been proposed 

as a measure of quality of intrapartum care [33].

In high-income countries approximately 5 per thousand pregnancies, that reach 22 

gestational weeks, result in stillbirth [34], or if using the international comparison limit of 28 

gestational weeks, almost four per 1000 of all births [21]. The rate of perinatal deaths has 

declined markedly over the past 50-60 years [35], to a large extent on account of changes in 

obstetrical practice and antenatal care. Several strategies have contributed to this. Firstly,

elimination of risk factors with better control of diabetes and hypertensive disorders and 
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reduction in maternal smoking. Secondly, prevention of stillbirth by antenatal monitoring with 

non-stress tests, biological profile or Doppler examinations and correct timing of induction of 

labor. Thirdly, intrapartum monitoring and finally, antepartum screening for fetal anomalies [36].

However, while neonatal deaths have been steadily decreasing the last 20-30 years, the stillbirth

rates have been relatively stable [9]. It seems that there has been some reduction in late (>28

weeks), but hardly in early stillbirths [27,37]. There are even reports of  increased incidence of 

stillbirths the last decade [25].

2.1.3     Causes

Targeting specific causes and specific clinical scenarios is crucial for further prevention of 

stillbirths in high-income countries. However, the determination of a cause can be challenging, 

since the circumstances of the death can be complex and thus the value of a thorough 

investigation must be emphasized. The most common causes of stillbirth worldwide are: 

complications of childbirth, maternal infections in pregnancy, maternal disorders, fetal growth 

restriction and congenital abnormalities [18]. Causes as well as risk factors differ between low-

and high-income countries [38] and these differences correlate with the stillbirth rates [18]. As 

an example the proportion of intrapartum stillbirths is higher in countries with higher stillbirth

rates. But the causes differ not only because of their true prevalence, but also because of different 

potentialities in identifying the causes [16].

Causes of stillbirths include congenital anomalies, infections, asphyxia, placental 

abruption and umbilical cord accidents. In developed countries 25% of stillbirths have an 

intrinsic fetal cause, 6-12% are caused by or associated with a major chromosomal abnormality 

and a number of autosomal recessive metabolic disorders are known to result in stillbirth [39].

Maternal and/or fetal infections probably cause 10-25% of stillbirths, most often in the early 
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preterm period (<28 weeks of pregnancy) [40,41]. The most important infectious agents reported 

in high-income settings are parvovirus B19, group B streptococci, toxoplasma gondii, Listeria 

species, E. coli, enteroviruses, cytomegalovirus (CMV), and influenza virus [42]. Some 

pathogens like parvovirus B19, CMV and toxoplasma have a clear causal relationship with 

IUFD, while others are associated with an increased risk of stillbirth, with strong evidence of a 

causal relationship absent (colonisation with ureaplasma urealyticum, mycoplasma and group B 

streptococci) [38,40,41].

Umbilical cord accidents may cause 15% of stillbirths [43], but cord incidents are also

common in live births, so this diagnosis should be made with caution. Placental abruption

accounts for 10 – 20% of all intrauterine fetal death, but occurs in only 1% of pregnancies [44].

Feto-maternal hemorrhage (other than placental abruption) is probably underestimated as a cause 

of stillbirth, but may contribute to 5% of stillbirths [45]. About 10% of fetal deaths can be related 

to maternal medical illnesses such as hypertension, diabetes mellitus, systemic lupus 

erythematosus, chronic renal disease, thyroid disorders and cholestasis in pregnancy [46], but 

stillbirths caused by these disorders have been greatly reduced in numbers the last decades 

thanks to better management and care.  

Causes of stillbirths vary according to gestational age. Fretts et al. reported that the most 

common causes in weeks 24-27 were infections (19%), placental abruption (14%) and fetal 

anomalies (14%), with 21% unexplained, while after 28 gestational weeks unexplained stillbirth 

was the largest group (26-40%), with fetal malnutrition (14-19%) and placental abruption (12-

18%) being frequent as well [23,47]. The prevention of early fetal losses has been the most 

difficult to achieve.

2.1.3.1   Unexplained stillbirth

Unexplained stillbirth is a death unexplained by fetal, placental, maternal or obstetric factors. 
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“Unexplained stillbirth” is not synonymous with “stillbirths of unknown cause”, since the cause 

can be unknown because of lack of information or suboptimal examination and/or classification. 

Approximately 25% of stillbirths are reported to be unexplained [1,48], with numbers ranging 

from 9 – 71% [49-51]. The proportion of unexplained stillbirths varies according to the 

classification system used. Classification according to the Wigglesworth and Aberdeen 

classifications result in a large proportion of unexplained stillbirths [52,53], and such 

classification systems do not seem to adequately fulfill their purpose. The proportion of unknown 

or unexplained stillbirths is also dependent on what information is available and is higher when 

information is scarce. The last decades, the overall rate of unexplained stillbirths has declined by 

approximately 65%, but the proportion of unexplained stillbirths among all stillbirths has 

remained relatively constant, or has even increased [54-56].

The proportion of unexplained stillbirths increases with advanced gestational age, with 

half of them occurring after 38 gestational weeks [1,47,55,57], more pronounced in women of 

advanced maternal age [54]. Huang et al. described risk factors in a large study of unexplained 

stillbirth. These included: advanced maternal age, low education, small-for-gestational-age 

(SGA), large infants, primiparity, parity > 3, and the presence of cord loops [55]. Frøen et al. 

reported similar findings in Norway for sudden intrauterine unexplained death (SIUD), and pre-

pregnancy obesity and body mass index (BMI) > 25 kg/m2 in addition [1]. Smoking is also a 

well-known risk factor for unexplained stillbirth of growth restricted infants [48,58].

2.1.4     Classification of IUFD

Classification of stillbirths is needed for the purpose of prevention, counseling, quality

improvement, comparison, surveillance of health care and research both nationally and 

internationally. It should help clinicians to understand what went wrong to derive learning points 
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for best clinical practice. However, assigning a single cause of death can be challenging due to 

the complexity of the clinical situation within which the fetus dies [59]. The purpose of 

classification systems is information management: capture, storage and retrieval [60]. Therefore, 

ideally classification systems for stillbirths should be able to capture clinical entities, besides the 

direct cause of death, since this can be important for a deeper insight into the case and for 

management and counselling. The use of suboptimal classification systems may lead to loss of 

important information and contribute to a higher proportion of unexplained deaths. 

Classification of IUFDs is complex as a result of the interaction between 

pathophysiological processes in the mother, fetus and placenta. Different definitions, different 

routines in investigating and different methods of classifying stillbirths impede comparison of

causes and risk factors. Stillbirths can be classified in many dimensions: 1) gestational age at 

birth; early stillbirths (20-28 weeks) and late stillbirths (after 28 weeks) [38], 2) according to the 

onset of labor; before (antepartum) or after (intrapartum) the onset of labor, and 3) cause, which 

can be identified from different points of view: pathophysiological pathways, maternal 

conditions, obstetrical complications, fetal conditions or mechanism of death.  

Categorizing stillbirths by cause is important for targeting preventive strategies. On a 

worldwide basis this is difficult, because of limited stillbirth data in low-income countries and 

the lack of classification systems compatible for use in these countries. A good classification 

system should be useful in all countries and for all populations. Good stillbirth data are available 

in some high-income countries through national perinatal surveillance systems, although even 

within Europe there can be paucity of comparable stillbirth data [61].

Since 1954 more than 30 different classification systems have been in use [62], but

multiple classification systems with poor comparability impede international comparison of the 

causes of IUFD. A single system universally accepted would make classification easier and 
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facilitate international comparison. However, such a system does not exist, apart from the 

International Classification of Diseases (ICD) 10, which is not adapted specifically to stillbirths 

and does not fully recognize the stillborn infant [16]. The extended Wigglesworth [52] and 

modified Aberdeen [63] have been the most widely used classification systems throughout the 

world [53]. Classification systems are made with different purposes and different perspectives/ 

emphasis, but each will provide the results it was designed for. Following are some examples of 

the various approaches and classification systems for stillbirth classification: 

1) An obstetric approach in clinico-pathological classifications (developed by 

obstetricians), tries to identify why the infant died, analyzing the obstetric factors that lie behind 

the death, in addition to congenital anomaly, isoimmunization, maternal disorders and special 

fetal conditions. Here under are; a) the first approach to classification of perinatal deaths by 

Baird et al, called the Aberdeen classification [64], b) the modified version of the Aberdeen 

classification by Cole et al. [63] and c) the Whitfield classification, which is based on the other 

two, including more detailed information [65].

2) Systems based on the pathophysiological entity initiating the chain of events that leads 

to death; a) the Tulip classification based on clinical and pathological findings for the purpose of 

counseling and prevention (includes also information on the mechanism of death) [62], b) 

Perinatal Society of Australia and New Zealand – Perinatal Death Classification (PSANZ-PDC) 

[66] and c) the Causes Of Death and Associated Conditions (CODAC) classification for perinatal 

deaths [60].

3) Systems concentrating on the mechanisms of death; the Tulip classification [62].

4) Systems concentrating on fetal factors or the clinico-pathological processes within the 

infant; a) a classification based on autopsy findings by Bound et al. [67], b) a simpler 

classification, based on externally observable features, ascertained by the history – the 
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Wigglesworth classification [59], and c) a more detailed classification by Hey et al. based on the

original one by Bound et al. [68].

5) Classification of stillbirth by relevant condition at death (ReCoDe) [50]. A system that 

seeks to identify the relevant condition at the time of death in utero, in the mother, fetus or 

placenta. It seeks to establish what went wrong, either the cause of death and/or other relevant 

conditions, not necessarily why. More than one category can be coded.

6) Systems capturing associated conditions and risk factors in addition to the cause of 

death; a) PSANZ-PDC [66] and b) CODAC [60].

Some classifications include clinical conditions like hypertensive disorders and 

intrauterine growth restriction (IUGR) as causal groups [50,63,65,66], in contrast to others that 

claim that these clinical factors are manifestations, symptoms, of a pathophysiological entity, and 

should rather be recorded as associated conditions, or as risk factors, as in CODAC. Many 

systems have a hierarchical structure, one cause “winning” over another in a systematic way 

[50,59,63].  This however forces one to choose or designate only one cause for each case, 

possibly loosing important information on contributing factors. 

Simple systems deficient in subgroups can be too crude and valuable information may be 

lost [69]. Early classification systems, like the Wigglesworth [59], and Aberdeen classifications 

[64] included only few basic groups, and although newer modified versions [52,63] include 

possibilities for a more detailed classification they are still quite simple. Some newer 

classifications have attempted to obtain more information but are often mainly designed for 

countries were thorough investigation including laboratory analyses, autopsy of the infant and 

pathological examination of the placenta is possible [62] and are impractical when data is scarce 

and the only information available often through verbal autopsy (interview with the mother or 

caregiver) occurring a year or later after the loss. 
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The explained proportion of stillbirths varies according to which classification system is 

used and with the level of investigation [51,70,71]. Information on maternal and fetal health, the 

placenta and autopsy are the most important sources of information [51]. Many maternal 

conditions and characteristics are potentially associated with stillbirths, indicating the importance 

of collecting data on maternal conditions as well. Several reports have indicated the importance 

of placental pathology as a source of information in investigating the causes of stillbirths 

[51,53,72], but only the Tulip [62] and CODAC [60] classification systems include detailed 

categories for this purpose. 

2.1.4.1   CODAC classification of perinatal deaths 

The CODAC classification system is designed to retain information on the main cause of death 

as well as up to two associated conditions [60]. It is a classification system for perinatal deaths, 

recently developed by an international group of investigators. It was developed with a basis in 

some fundamental elements classification systems should incorporate [60]:

1) Compatibility with the ICD.

2) Expandability of classifications. Expandable main categories, when detailed information 

is available, but possible to use the main groups when information is limited. 

3) Capture of intrapartum events.

4) Capture of placental conditions.

5) Ability to differentiate unknown and unexplained events. 

CODAC has been evaluated and compared with 5 other classification systems [51] and 

received the highest score regarding the ability to retain important information and the ease of 

use, lowest proportion of unexplained stillbirths and a fair inter-observer agreement.  

The main focus of CODAC is the “cause of death” (COD), with the possibility of coding 

for up to two additional “associated conditions” (ACs) to preserve more detailed information
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Table 2.1. The CODAC classification system. Cause of death (COD).
CODAC – COD
Main groups
Level I

CODAC – COD
Subgroups
Level II
0: always unspecified or other

CODAC - COD
Level III
Sub-sub groups
0: always unspecified
9: always other (free text)

0 Infection 1 HIV
2 Malaria
5 GBS
6 Common bacteria of  maternal flora – non-GBS
7 Bacteria – other
9 Viral - other

Example:
The 3-digit COD 71?

Level I: 7 - Maternal
Level II: 1 - Hypertensive
                     Disorders
Level III:
0 Unspecified
1 Eclampsia
2 HELLP syndrome with or 
without eclampsia
3 Hypertension / Hypertensive 
crisis - unspecified
4 Hypertension / hypertensive 
crisis in pregnancy-induced HT/ 
Preeclampsia
5 Hypertension / hypertensive 
crisis in pre-existing HT
6 Ehler-Danlos syndrome
7 Pulmonary hypertension - other
9 Other

1 Neonatal

2 Intrapartum 1 Uterine rupture
2 Cord and placenta complications
5 Prolonged/ obstructed and incomplete labor
6 Extreme prematurity
9 Unknown (fetal respiratory failure/ asphyxia)

3 Congenital 
anomaly

1 Central nervous system
2  Cardiovascular and lymphatic vessels
7 Trisomies

4 Fetal 2 Brain injury
2 Cardiac
3 Alloimmunization
7 Hydrops of unknown origin
9 Infection / inflammation of the fetus

5 Cord 1 Knots
2 Loops
3 Abnormal insertion 
4 Focal anomaly
5 Generalized anomaly
6 Other mechanical compromise
7 Thrombosis of the cord
9 Infection / Inflammation of the cord/ vessels

6 Placenta 1 Abnormal implantation, migration or shape
2 Villous / vascular maldevelopement
3 Abruption or retroplacental hematoma
4 Infarctions and thrombi
5 Circulatory disorder
7 Transfusion and feto-maternal hemorrhage
8 Small for gestation placenta
9 Infection / inflammation of the placenta/ membranes

7 Maternal 1 Hypertensive disorder
3 Diabetes
5 Hematology
8 Trauma
9 Infection

8 Unknown 1 Unknown with no placental PAD nor autopsy
2 Unknown with no placental PAD
3 Unknown with no autopsy
5 Unknown despite autopsy and placental PAD
6 Unexplained despite full evaluation

9 Termination

The table contains the groups possible for the main (single) or secondary COD: all Level I groups (10), the Level II groups of
relevance to our study (44 of 94) and column 4 comprises an example of a 3-digit COD with the possible Level III categories  (9 
of 577).
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about the case. By this it is possible to capture the narrative of the case within the system. For 

classification in the main groups, a skilled birth attendant can easily observe the information/ 

details needed, thus the system is applicable also in low-resource settings.

For each case, CODAC allows up to three codes with three digits each (123 123 123), 

although only one code (123) is necessary. The first (or single) code represents the main COD. 

The second code can represent a secondary COD (if the first is not thought to be sufficient to 

fulfill the criteria of a solitary COD) or an AC, and the third code represents an AC. The first 

digit in each code represents “Level I” or the main categories of the COD or the AC (Tables 2.1 

and 2.2).  The second and third digits, in each code, represent Levels II and III, each level

Table 2.2. The CODAC classification system. Associated conditions (AC). 
CODAC – AC
Main groups
Level I

CODAC – AC
Subgroups
Level II
Groups 0-7: same subgroups as for COD

CODAC – AC
Sub-subgroups
Level III
0: always unspecified
9: always other

0 Infection
1 Neonatal
2 Intrapartum
3 Congenital anomaly
4 Fetal
5 Cord
6 Placenta
7 Maternal
8 Associated perinatal 0 Other or unspecified

1 Small for gestational age
2 Macrosomia
3 Multiples
4 Amniotic fluid
5 Assisted reproductive technique
6 PPROM
7 Post-term pregnancy
8 Vaginal hemorrhage
9 Sub-optimal care

Example:
The 3-digit AC 87?

Level I:  8 -Associated Perinatal
Level:II:  7 - Post-term pregnancy

Level III:
0 Unspecified

1 > 41 completed weeks
2 > 42 completed weeks
3 > 43 completed weeks
9 Other

9 Associated maternal 0 Other or unspecified
1 Obstetric history
2 Smoking
3 Recreational and addictive drugs
4 Medication – adverse effects
5 Poverty
6 Maternal characteristics

The table contains the groups possible for an AC: all Level I groups (10), the Level II groups of main groups 8 and 9 
(17 of 94) and column 4 comprises an example of a 3-digit AC with possible level III categories (5 of 577).
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representing more detailed information. Each Level I category is comprised of several Level II 

categories which in turn are comprised of several Level III categories. Stillbirth caused by 

placental abruption could have a main (or single) COD 630 (Level I - placenta, Level II-

abruption or retroplacental hematoma, Level III – unspecified), but if the cause was placenta 

infarctions the COD would be 640 (Table 2.1). To be a COD the condition should be expected to 

be mortal in a significant proportion of cases (5%) and to be an AC the condition should 

contribute significantly in explaining the circumstances of death. An AC can never fulfill the 

criteria of a COD. The system includes ten main groups (Level I), 94 sub-groups (Level II) and 

577 sub-sub-groups (Level III). 

The order of codes, both COD and AC, should preserve the relative significance and 

sequence of events, the most relevant code first. Hierarchy is only used when information on 

sequence and significance is lacking. The decision of which COD or ACs are assigned in each 

case is a subjective expert opinion, after review of all available information. For support ten 

coding rules have been defined [60] and for consistency in coding these rules need to be 

followed.

Each case is thus necessarily represented by at least one 3-digit code, but can be 

represented by as much as a three 3-digit codes.  This enables reporting for each case by groups 

of disorders rather than attributing the death to a single event or disorder. In this way CODAC is  

well equipped to capture and retain information, as was demonstrated in an assessment by the 

International Stillbirth Alliance [51]. In order to classify the case in CODAC only minimum of 

information is mandatory, but a thorough investigation and more detailed information allows 

more accurate classification. This wide frame makes CODAC suitable in different settings.
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2.1.5     Risk factors 

Definition

A risk factor is a maternal characteristic associated with and increasing the likelihood of

stillbirth, but without a known causal pathway leading to death and can be present in many cases 

of live births as well [36].

Fortunately the majority of pregnant women are at low-risk and for them the risk of a late 

stillbirth is relatively low (1-2 per 1000 pregnancies) [73]. However, identification of risk factors 

is essential for the purpose of better care and preventive measures to decrease the likelihood of 

stillbirth. This is the purpose of good antenatal follow-up and obstetrical practice. Changes in 

obstetrical practice, like the improved management of diabetes, pre-eclampsia and Rhesus-

isoimmunisation, are probably responsible for the declining stillbirth rates the last decades [73].

2.1.5.1 Sociodemographic risk factors

Maternal age 

Large epidemiologic studies have reported advanced maternal age to be associated with 

increased risk of stillbirth, not explained by age-related risk for pregnancy related complications 

such as pre-eclampsia, gestational diabetes, multiple pregnancy or placental abruption [1,23,74-

77]. The reported ORs for the risk of IUFD associated with advanced maternal age are in the 

range 1.3-1.9 for age 35-39 years and 1.7-3.3 for age over 40 years. Frøen et al. reported an OR 

of 5.1 (95% CI 1.3-19.6) for the risk of unexplained intrauterine death among women 35 years 

and older [1]. This maternal age-related risk of stillbirth has been described to increase with 

advanced gestational age and is specially associated with unexplained stillbirth [54,75,76,78].

The maternal age-related risk of stillbirth is quite important since the obstetrical population is 

changing in developed countries and the number of births to women 35 years and older is 

increasing. Interestingly Fretts et al. found that the relative risk of stillbirth for women of 
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advanced maternal age (> 35 years) had increased since the 1960’s [75]. An association between 

young age and stillbirth has also been reported, although an inconsistent finding. Bateman et al. 

found women < 19 years being more likely to have a pregnancy outcome of stillbirth, compared 

to women 20-34 years old, with OR 1.11 (95% CI 1.08-1.14) [76]. Olausson et al. investigated 

the association of young maternal age and perinatal death. The rates of stillbirth > 28 weeks 

increased gradually with lower maternal age, although not statistically significant when 

comparing women at ages < 19 years to women 20-24 years of age [79], but low maternal age 

was significantly associated with neonatal death.

Maternal weight / BMI

Pre-pregnancy obesity or increased BMI is associated with an increased risk of stillbirth [80-83],

with ORs from individual studies in the range 1.9-2.7 for overweight (BMI 25-29.9 kg/m2), and 

2.1-2.8 for obese women (BMI >30) [23]. A recent meta-analysis found the odds of stillbirth to 

be increased 23% (OR 1.23; 95% CI 1.09-1.38) and 63% (OR 1.63, 95% CI 1.35-1.95) for 

overweight and obese women, respectively [34]. This poses a growing problem since the 

prevalence of overweight and obesity is increasing in most high-income countries. In USA 54%

of women aged 20-39 are either overweight or obese [84] and Europe seems to follow a similar 

pattern albeit with some delay [85]. In fact overweight and obesity are reported to be the most 

prevalent risk factors for stillbirth in high-income countries [34]. This association appears to be 

strongest among nulliparous women [82] and seems to increase with advanced gestational age 

[81].

The risk of stillbirth associated with overweight or obesity can be mediated through other 

factors as these women have increased risk for pregnancy complications such as gestational 

diabetes and pre-eclampsia and they are also more likely to smoke and to have a low socio-

economic status [86-88]. However, overweight/obesity remains as an independent risk factor 
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even after adjusting for other known risk factors [81]. It is possible that obese women without 

clinical disease may present with metabolic and vascular abnormalities similar to those seen in 

pre-eclamptic women with failure of normal placentation [87,88]. A large Danish cohort study 

reported increased risk for stillbirth among obese women, gradually increasing with advancing

gestational age with a 340% risk after 40 weeks. They showed a similar trend among overweight 

women with doubled risk after 40 weeks. The overweight or obese women had more often 

obesity associated diseases such as hypertensive disorders and diabetes mellitus, but excluding 

those women from analysis only moderately affected the risk of stillbirth. The stillbirths among 

the obese women (without obesity related diseases) were more likely to be caused by placental 

dysfunction or to be unexplained [89].

Parity

Both primiparity [77] and multiparity [75] have been found to be associated with stillbirth [55],

but these are not consistent findings [75,90,91]. The recently published meta-analysis of Flenady 

et al. found a 42% increase in the odds of stillbirth associated with primiparity (OR 1.42; 95% CI 

1.33-1.51) [34]. The number of primiparous women of advanced maternal age (>35 years) is 

rising in high-income countries because of delayed childbearing and studies have demonstrated 

that this sub-group of older primiparous women has a greater risk of stillbirth than young 

primiparous women [81].

Socio-economic factors

Low socio-economic status has been associated with increased risk of stillbirth [34,55,92].

Socioeconomic status can be measured by several factors like: education, employment, income 

and marital status. Several studies have found single civil status to be associated with stillbirth, 

probably as a factor of lower socio-economic status as a single mother [48,49,75,78,90]. In the 

Nordic countries an association between social differences and stillbirth is reported, with a 
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relative risk in the range 1.4-1.9 for the groups with greatest deprivation [93]. Reports from other 

western countries show similar figures [94]. Smoking is probably a great contributor to stillbirths 

in some disadvantaged populations [34], and these women also have increased prevalence of 

other risk factors for stillbirth, like overweight. However, the increased stillbirth risk cannot 

entirely be explained by that, as adjusting for overweight, smoking and several other risk factors 

only slightly changes the risk estimates [92]. It has been suggested that the elevated stillbirth risk

among these women might be caused by subtle differences in care [24].

Suboptimal care

In high-income countries suboptimal care can include: delayed diagnosis of relevant pregnancy 

complications or delayed or inadequate reactions of health care providers. The pregnant women 

contribute by factors like inadequate antenatal attendance and smoking. Suboptimal care is 

reported to affect the stillbirth risk, and is shown to be associated with 10-60% of stillbirths and 

neonatal deaths in high-income countries [27]. One study found that not attending antenatal care 

was associated with a three-fold increase in the odds of stillbirth [95]. The difference in stillbirth 

risk between indigenous and non-indigenous women in Australia might also partly be explained 

by a larger proportion of indigenous women living in rural areas of socioeconomic deprivation 

with limited access to antenatal care [96]. In the USA black women have been found to be four 

times more likely to have no prenatal care and this combination of no prenatal care and black 

race has been associated with a seven-fold risk of stillbirth [95,97].

Ethnic origin

Racial disparity of stillbirth risk has been reported in several studies [76,90,91,98]. The stillbirth 

rate among non-Hispanic black women is reported to be more than double the rate of non-

Hispanic white women in USA [98], and indigenous Australian women have almost twice the 

risk of non-indigenous women [96]. Sharma et al. also found greater risk of recurrence of 
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stillbirth among African American women compared to white women, OR 2,6 (95% CI 1.2 - 5.7)

[91]. Herschel et al. found that black women had a nine-fold increase in hypertensive associated 

fetal mortality, two-fold increase in abruption and a larger proportion of deaths associated with 

SGA [99].

The higher rate of stillbirth among non-majority women has been reported even in 

countries where there is generally good access to medical care [100]. In Norway one group found 

women of non-Western origin to have increased risk for stillbirth, compared to women of 

Western origin (Western Europe except Turkey, North-America, Australia and Oceania) with an 

OR 2.2 (95% CI 1.3-3.8) [101]. The non-Western women more often neglected antenatal care 

and disregarded the advice of health-care workers, and inadequate communication was reported 

in 47% of the cases. They were also at greater risk of suboptimal care during delivery. Another 

author reported similar findings in USA with reduced prenatal-care utilization among black 

women [95]. Late attendance for antenatal care has been reported to explain some of the 

disparity in stillbirth rates in high-income countries [102].

Smoking

There is a well documented association between smoking and fetal death, with increasing risk 

with increased amount of smoking and placental pathology as a proposed pathway 

[24,78,80,103]. The OR for the association of smoking and stillbirth is reported to be in the range 

1.7-3.0 [23]. Smoking is a well known risk factor for placental abruption [104,105] and the 

higher rates of stillbirths among smokers appear mainly to be due to placental abruption and 

placenta previa [106]. There has also been reported a dose-related association between smokeless 

tobacco use and stillbirth [107], and studies from India have found an association between the 

use of biomass fuels for cooking and stillbirth [108].

A biological hypothesis regarding a causal relationship between smoking and stillbirth
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has been proposed. Smoking increases the concentration of fetal carboxy-hemoglobin in addition 

to increasing the vascular resistance by the vasoconstrictive effect of nicotine and the reduced 

prostacyclin synthesis [109-111] probably contributing to placental pathology among smokers.

Alcohol and recreational drugs

Alcohol consumption has been associated with stillbirth [112], although this is not a consistent 

finding [80]. Cocaine use has been shown, in a meta-analysis, to increase the risk for stillbirth 

six-fold, probably due to an association with intrauterine growth restriction (IUGR) and placental 

abruption [113].

2.1.5.2   Clinical risk factors

Gestational age

Figure 2.2. Gestational age, terminology.

Live births peak at term whereas IUFDs occur with decreasing frequency from the 20th 

gestational week. The majority of stillbirths occur in the preterm period, that is, before 37 

gestational weeks. Copper et al. reported in their material (USA) 51% of stillbirths occurring 

before week 28, 18% at term (37-41), and only 1% at 42 weeks or later [90]. Yudkin et al. 
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studied unexplained stillbirths after 28 gestational weeks and reported  that over half of all 

stillbirths occurred before 37 weeks’ gestation [57]. They reported the highest stillbirth rates

(stillbirths per 1000 births) in the very preterm period (< 34 gestational weeks), the lowest at 39-

40 gestational weeks’ gestation, rising at 41 weeks and later. But paradoxically, although the

stillbirth rates were highest early, the risk of stillbirth increased with advanced gestational age, 

peaking at 41 to 42 weeks. They observed this using a more appropriate method of calculating 

stillbirth risk related to gestational age. Rates are generally accepted when measuring risks. 

Stillbirth rates represent the proportion of stillbirths of total births. However, the population at 

risk for IUFD is not the population of delivered infants, but the population of unborn infants. 

Stillbirth risk is therefore better measured by the number of stillbirths divided by the number of 

unborn fetuses [57]. This is calculated by dividing the number of stillbirths at a given gestational 

week with the number of ongoing pregnancies at the same week [114]. By this measure reports 

show that even though the minority of stillbirths occur post-term (>42 weeks) the risk is 

relatively high because few pregnancies are still ongoing at such late gestational age [57,114].

Yudkin et al. showed in this way that the risk of stillbirth increased with maturity and was, for 

unexplained stillbirth after 28 gestational weeks, three times greater at 40 weeks than at earlier 

gestational ages [57]. Another study found the relative risk for antepartum stillbirth at 41 weeks 

to be 1.7 (95% CI 1.4-2.1) compared with the risk at 39 weeks [114]. The stillbirth risk in week 

41 and 42 has been reported to be two- to ten-fold the risk in week 39 and 40 [57,114,115], but 

the results regarding the association of gestational age and stillbirth have not always been 

consistent. Huang et al. found, for unexplained stillbirth of fetuses weighing more than 500g, a 

gradually increasing risk of stillbirth from week 35 onward, but the risk at or after 41 weeks, was 

not significantly increased compared with the risk at 39-40 weeks [55]. Another study showed 



 33 

 

similar findings, with a trend of progressively rising stillbirth risk with advanced gestational age, 

but the significance was not calculated [78].

Multiple pregnancies

Multiple pregnancies pose an increased risk of all common pregnancy related complications, 

especially IUGR and preterm deliveries, in addition to complications specific to multiple 

pregnancies as twin to twin transfusion syndrome [116]. The risk of IUFD in twin pregnancies

has been found to be four-fold the risk in singleton pregnancies [117], with reported risk 

estimates in the range 3.2-6.2 [49,75,76]. Multiple pregnancies constitute about 3% of births, but 

about 10% of stillbirths [36]. Higher order multiples have an even greater risk of perinatal death 

[118]. Lately multiple pregnancies have become more prevalent because of assisted reproduction 

techniques and higher maternal age, and will possibly gain more importance as a risk factor for 

stillbirth [119].

Premature labor 

Risk factors associated with preterm delivery are strong predictors of stillbirth since most 

stillbirths occur in the preterm period [90]. The most common causes of stillbirths between 24 

and 27 weeks of gestation, reported from a Canadian material, were infection, placental 

abruption and lethal anomalies [47].

Placenta mediated pregnancy complications (PMPC)

Stillbirth, placental abruption, IUGR, and hypertensive disorders are denoted as the “placenta

mediated pregnancy complications”. They are thought to share the same pathogenesis of 

placental origin in many instances and tend to be associated with one another and share the same 

risk factors. The non-pregnant uterus has a high resistance circulation, but during the first half of 

a normal pregnancy, trophoblasts invade the spiral arteries changing the uterine circulation 
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dramatically, reducing the resistance [120]. Placental insufficiency probably originates/develops 

in very early pregnancy [121] and studies have suggested that complications in late pregnancy 

may be determined by impaired placental function already in the first 10 weeks after conception 

[122]. The flow in the uterine arteries can be assessed by Doppler flow velocimetry and a high 

resistance pattern of flow at the end of the second trimester is associated with an increased risk 

of IUGR and IUFD [123].

Placental abruption

Placental abruption is defined as a premature separation of a normally implanted placenta and 

complicates about 1% of all pregnancies, but accounts for 10 – 20% of all fetal deaths [34,44]. It 

has been strongly associated with stillbirth in several studies with ORs in the range 11.4-18.9 

[124,125].

The consequences of placental abruption vary from minor bleeding with little or no 

consequences, to a massive abruption leading to fetal death and severe maternal morbidity. 

Abruption involving more than 50% of the placenta is frequently associated with fetal death 

[126]. It appears that, in the vast majority of cases, abruption is the end result of a chronic 

process. Smoking, hypertension and SGA are strongly associated with placental abruption which 

indicates that problems with placentation are a common denominator for these conditions [126].

Intrauterine growth restriction (IUGR) / Small for gestational age (SGA)

IUGR is used to describe a pattern of intrauterine fetal growth that deviates from expected 

norms, whereas SGA is based on birth weight and is often defined as birth weight below the 10th

percentile for the gestational age [127]. To diagnose IUGR two ultrasound examinations, during 

the pregnancy, at least ten days apart are mandatory [127]. The two terms are not synonymous, 

as some SGA-fetuses may be constitutionally small while some normal-sized fetuses might be

originally large fetuses that are IUGR. The use of population based reference curves of 
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birthweights underestimates IUGR among preterm births, and fails to distinguish between 

constitutional and pathological smallness [128]. The accurate detection of IUGR is improved 

with customized growth charts, which take into account maternal height and weight, parity, 

ethnic origin and the baby’s gender [129].

IUGR is the condition most often associated with stillbirth (43%) and is found in the 

majority of stillbirths previously considered unexplained [46,50]. Poor fetal growth, without 

other environmental causes is assumed to indicate insufficient placental function. In a Canadian 

study the incidence of stillbirth among SGA fetuses was 46.8 per 1000, while the normal sized 

fetus had an incidence of 4.0 per 1000 (OR 11.8; 95% CI 8.1-17.1) [47]. Frøen et al. found that 

IUGR existed among 52% of all unexplained stillbirths compared to 13% of singleton liveborn 

controls  (OR 7.0; 95% CI 3.3-15.1) [48], and they also found the distribution of risk factors in 

the group with IUGR to be different from the group without IUGR. Among women with IUGR-

pregnancies smoking > 10 cigarettes, maternal overweight (BMI >25kg/m2) and low education 

were associated with unexplained stillbirth, while in pregnancies without IUGR, smoking was 

not a risk factor, but maternal age > 35 years, overweight and low education were. There appears

to be a dose-response effect, with a greater risk of stillbirth with more profound SGA [128].

Women with a previous SGA pregnancy are at increased risk of stillbirth in the 

succeeding pregnancy, particularly if the infant was delivered preterm. A Swedish study  found 

rates of stillbirths ranging from 2,4 per 1000 births among women whose first child was born at 

term and not SGA to 19 per 1000 births among women whose first child was born very preterm 

(before 32 weeks) and was SGA [130]. They found that the rate of stillbirth in the next 

pregnancy was lower for those with a previous stillbirth (7,6 per 1000 births) than for those with 

a previous SGA infant born moderately or very preterm (9,5 and 19 per 1000 births 

respectively).
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Hypertensive disorders

Hypertensive disorders (HD), comprising essential hypertension (HT), pregnancy related HT and 

preeclampsia complicate 5-10% of all pregnancies [131]. HT has been reported to have either no

[47,90] or a very modest association with stillbirth [75,76,90] and Warland et al. even reported a 

decreased risk of stillbirth among women with HT [132]. One author found chronic HT, but not 

gestational HT, to be associated with stillbirth (aOR 3.46; 95% CI 1.1-10.5) [133]. Historically 

HT has been responsible for a notable proportion of fetal deaths, but optimal management has 

considerably reduced the risk of perinatal death associated with HT [134].

Preeclampsia complicates approximately 3% of all pregnancies and can induce serious 

complications for both mother and fetus. The consequences for mother and child depend on 

gestational age at onset, severity, and timing of diagnosis. Early onset (before gestational week 

32) occurs among approximately 10% of the cases and is usually a sign of a more severe disease, 

with greater risk of complications [131]. Preeclampsia is associated with both IUGR and 

placental abruption.

Infertility

Women who choose to delay childbearing are also more likely to have a history of infertility and 

are therefore more likely to conceive with reproductive technologies. There has been 

demonstrated an association between advanced reproductive technologies and perinatal mortality 

[23,118]. The more frequent multiple gestations in these pregnancies account for a significant 

portion of the increased risk. However, an increased risk has also been demonstrated in singleton 

pregnancies after in vitro fertilization or ovarian stimulation, associated with prematurity and 

low birth weight [135,136].

A history of stillbirth

Women with a previous stillbirth have as much as 2-10 fold increased risk of a repeated stillbirth
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compared to women with no previous stillbirths [34,91,137-139]. Women with a history of 

stillbirth have an increased risk of gestational diabetes, preeclampsia and IUGR, but these factors

alone do not entirely explain the increased risk of a second stillbirth, although the risk depends 

on the etiology and gestational age of the prior stillbirth, presence of IUGR, and race [130,137].

Women with a history of other complications in previous pregnancies also have an increased risk 

of future stillbirth [130] and women with a previous stillbirth have been found to have an 

increased risk of other pregnancy complications in the subsequent pregnancy [140,141].

Heinonen et al. found that women with a history of stillbirth of other causes than maternal 

conditions or fetal abnormalities had more often placental abruption, preterm deliveries, and low-

birthweight in the subsequent pregnancy [140]. Women with a previous fetal loss in gestational 

weeks 13 – 24 have also been found to have an increased risk of stillbirth in the succeeding 

pregnancy [142].

Previous Caesarean delivery

A previous Caesarean section has been associated with an increased risk for stillbirth in a 

Scottish study (1992-1998) that demonstrated a 2-fold risk of antepartum stillbirth at 39 weeks’ 

gestation compared with a previous vaginal birth [143]. The difference was mostly due to an 

excess of unexplained stillbirths. The results were confirmed among women delivering in the 

years 1999-2001, utilizing data from the same source [144]. An analysis of birth certificate data 

from USA was not able to demonstrate a similar association, but found quite the opposite [145],

but the large study population was of an extremely heterogeneous nature. A meta-analysis of 6 

studies demonstrated a 20% increase in the odds of stillbirth associated with previous Caesarean 

section [34], although confounding due to the indications of the Caesarean sections could not be 

excluded.



 38 

 

Maternal medical diseases 

Maternal medical disease can induce an increased risk of stillbirth, although better treatment in 

the last decades has reduced the risk associated with several conditions. Estimates suggest that 

maternal disease can contribute in 10% of fetal deaths [146]. Hypertension and diabetes mellitus 

(DM) are the most common medical problems complicating pregnancy and have earlier been

associated with a great proportion of IUFD. However, good antenatal management reduces the 

risk of perinatal death associated with these conditions to a level only slightly above that of the 

general population [134]. Fretts et al. found that although the rates of stillbirth associated with 

insulin-dependent DM decreased from the 1960s to the 1980s, women with DM were still at a

significantly increased risk for stillbirth in the 1980s [47]. Maternal hypertension, on the other 

hand, resulted in an increased risk of stillbirth in the 1960s, but not the 1980s [47]. Fretts 

reported, in a review article in 2005, ORs for the association with stillbirth to be 1.5-2.7 for 

chronic hypertension, 1.2-2.2 for DM treated with diet and 1.7-7.0 for insulin-dependent DM 

[23].

Other maternal medical diseases reported to be associated with stillbirths are: systemic 

lupus erythematosus (OR 6-20), renal disease (OR 2.2-30), thyroid disorders (OR 2.2-3.0), 

thrombophilia (OR 2.8-5.0), asthma, cardiovascular disease, and cholestasis of pregnancy (OR 

1.8-4.4) [23,146]. Pregnancy loss associated with maternal medical disease typically occurs in 

women with severe disease.

Diabetes mellitus

The majority of stillbirths associated with diabetes are reported to occur in the third trimester in

patients with poor glycemic control and complications of macrosomia, polyhydramnion, IUGR 

and preeclampsia [147]. It appears that DM types 1 or 2 are more often associated with stillbirth 

than gestational diabetes [81,148]. In a review article from 2007, Silver summarized the risk of 
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stillbirth associated with diabetes and found OR 2.5 for DM type 1 and 2 but no association 

between gestational diabetes and fetal death [146]. However, some studies have not 

demonstrated an association between diabetes and stillbirth at all [75,76,90] and reports from 

referral centers suggest that with optimal management the risk of perinatal death associated with 

diabetes is only marginally above that of the general population [75]. Diabetic women have 

increased rates of fetal anomalies, hypertension and obesity, but the increased risk of fetal death 

persists after controlling for these factors [146]. One study demonstrated that women with a

previous stillbirth more often had abnormal glucose tolerance and gestational diabetes in a 

subsequent pregnancy and speculated that undiagnosed gestational diabetes could possibly 

contribute to some unexplained stillbirths [141].

Maternal hemoglobin concentration

Plasma volume expansion and reduced hemoglobin concentration in the course of the pregnancy 

are normal physiologic responses to pregnancy. Both high and low hemoglobin concentrations 

have been associated with increased risk of perinatal death [149] and stillbirth [150,151].

Stephansson et al. found both low (< 11.5 g/dL) and high (> 14.6 g/dL) hemoglobin 

concentrations in early pregnancy to be associated with an increased risk of stillbirth and  a 

relatively large decrease in hemoglobin concentration during pregnancy seemed to be protective 

[151]. Elevated hemoglobin in early pregnancy and failure of significant hemodilution resulted 

in a 2-fold increase in stillbirth risk. High hemoglobin level (> 14.6 g/dL) at first antenatal visit 

was specially associated with SGA stillbirths or preterm stillbirths [151]. Frøen et al. 

demonstrated that women with hemoconcentration, with the lowest hemoglobin measured  

during the pregnancy greater than 13.0 g/dL, had a 9-fold increase in the risk of unexplained fetal 

death [150].
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2.2     Thrombophilia

Definition

Thrombophilia is a hereditary or acquired abnormality of blood coagulation that predisposes an 

individual to developing thrombosis, either venous or arterial. The hemostatic abnormalities do 

not necessarily cause thrombosis, but may weaken the ability to cope with a hypercoaguable

insult. The risk of thrombotic complications is determined by many other factors in addition to 

thrombophilia, and the presence of several risk factors simultaneously is likely to augment the 

thrombotic risk [152,153].

2.2.1     Coagulation

The coagulation cascade describes a series of reactions that ultimately lead to the generation of 

thrombin, which in turn cleaves fibrinogen. The three phases of the coagulation (cell-based 

model) are: the initiation-, amplification- and propagation phases (Figure 2.3). Cell-based 

coagulation is initiated when flowing blood, with factor (F) VII, comes in contact with cells 

expressing tissue factor (TF). TF is expressed by fibroblasts and smooth muscle cells 

surrounding the endothelium and is normally not exposed to circulating blood [154]. An injury 

of a vessel leads to the formation of a platelet clot and the exposure of TF to circulating blood

leading to activation of the coagulation. Once bound to TF, FVII is activated (FVIIa). The

activated TF/FVIIa complex activates FX and FIX. The coagulation process eventually leads to

the conversion of prothrombin to thrombin [154]. FXa remaining on the cell surface, with FVa

as a cofactor, converts prothrombin to thrombin. At first small amounts of thrombin are 

produced, which plays a key role in the amplification phase when thrombin activates platelets in 

addition to  FV, FVIII, and FXI which in turn results in greater amounts of thrombin being 

produced [154,155]. This occurs on the surface of the activated platelets.
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Figure 2.3. Cell-based model of coagulation. With permission from Vine AK, 2009 [154].

                          

             

Of most importance in the propagation phase are the tenase- and prothrombinase-

complexes, which both are assembled on the surface of activated platelets and are dependent on 

negatively charged phospholipids and calcium [155]. Activated FVIII (FVIIIa) is the co-factor of 

FIXa and together they form the tenase-complex. The tenase-complex activates FX which then 

forms the prothrombinase-complex with FVa as a cofactor [154]. The prothrombinase-complex 

cleaves prothrombin, thus producing great amounts of thrombin, which in turn converts soluble 

fibrinogen into fibrin to form a hemostatic fibrin clot, stopping the bleeding.

Simultaneously with the activation of the coagulation, anticoagulation systems are
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activated to prevent uncontrolled coagulation and thrombosis. The three most important systems 

are the TF pathway inhibitor (TFPI) system, the antithrombin (AT) system, and the protein C

(PC)/ protein S (PS) system. The TFPI-system inhibits the TF/FVIIa-complex, inhibiting the 

initiation phase [156].  AT inhibits all activated coagulation enzymes including thrombin, FIXa,

FXa and FVIIa (when bound to TF). This inhibition is greatly accelerated by heparins. PC is 

activated by thrombin in combination with an endothelial cell receptor (EPCR, endothelial PC 

receptor) and thrombomodulin. As thrombin binds to thrombomodulin it loses the ability to 

convert fibrinogen to fibrin. Activated PC (APC) in combination with PS inactivates FVa and 

FVIIIa [154,155].

2.2.2     Inherited thrombophilia

Definition

Hereditary thrombophilia is an inherited abnormality, based on a genetic mutation in the genes 

coding for either coagulation factors such as FV and prothrombin, or anticoagulants such as AT,

PC or PS. The genetic abnormalities result either in “gain of function” (coagulation factors) or 

“loss of function” (coagulation inhibitors).  

Factor V Leiden (F5 rs6025)

The Leiden variant of coagulation FV (FVLeiden) is caused by a polymorphism in the gene coding 

for FV, a substitution of adenine for guanine at nucleotide 1691 in exon 10 of the F5 gene, which 

predicts an arginin by glutamine replacement at position 506 in the mature FV molecule. This 

polymorphism causes a change in the structure of FV that has important consequences for the 

function of FV both in the coagulation and anticoagulation pathways. The APC-mediated 

inactivation of FVa is impaired, in addition to impairment of the cofactor function of FV in the 

APC-mediated inactivation of FVIIIa [157,158]. This results in a slower degradation of FVa and 
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FVIIIa and an increased risk of thrombosis. This condition is defined as APC-resistance. 95% of 

cases of APC-resistance are caused by FVLeiden [159]. Heterozygosity for the polymorphism is 

the most common heritable thrombophilia in Caucasian populations and is found in 2-15% of the 

general population, more prevalent in northern than in southern Europe [160,161]. In Norway the 

prevalence of factor V Leiden has been reported to be 7-8% [162,163]. FVLeiden is associated 

with relatively mild thrombophilia and individuals heterozygous for the polymorphism have a 

five to ten-fold increased risk for thrombosis compared to non-carriers [164]. Homozygosity 

results in a more severe thrombophilia with 50 to 100-fold increased risk of thrombosis [164].

Prothrombin gene G20210A polymorphism (F2 rs179963)

Prothrombin is a vitamin-K dependent protein which is converted by the prothrombinase 

complex to thrombin in the propagation phase of the coagulation [154]. The prothrombin gene 

G20210A polymorphism (prothrombin polymorphism) causes increased serum concentrations of 

prothrombin which leads to increased risk of thrombosis [165]. Approximately 1% of blood 

donors in Oslo, Norway have this polymorphism [162], but prevalences in the range 2-6.5% are 

reported in Europe, higher in southern than northern Europe [165,166]. Asymptomatic carriers of 

the polymorphism have a similar incidence of venous thrombosis as carriers of FVLeiden.

Antithrombin deficiency

AT deficiency is the most severe thrombophilic condition and causes a profound increase in 

thrombosis risk [167]. Several point mutations in the gene coding for AT cause either reduced 

concentrations of the protein (type I antithrombin deficiency) or reduced activity (type II) [168].

Heterozygous type I deficiency is associated with an approximately 10-fold increased risk of 

thrombosis. No case of homozygous type I deficiency has been described suggesting that 

complete AT deficiency is incompatible with life [169]. Heparin accelerates the inhibition rate of 

AT 1000-fold. A study among Canadian blood donors estimated a prevalence of 0.2% [170], but 
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prevalence of 0.02% has also been demonstrated [171]. AT levels are unchanged in normal 

pregnancy [172].

Protein C deficiency

PC is an anticoagulant protein, produced in the liver, vitamin-K dependent, activated by 

thrombin. In its activated form it mediates the inactivation of FVa and FVIIIa. Many different 

mutations can cause deficiency of the protein by either reduced activity or quantity. Deficiency 

results in reduced inactivation of FVa and FVIIIa and therefore an increased risk of thrombosis 

[173]. The prevalence was found to be 0.2% in a study of Scottish blood donors [174].

Pregnancy does not modify PC levels [175].

Protein S deficiency

PS is an anticoagulant protein, mainly derived from liver synthesis. About 60% is bound to C4b 

binding protein, but only free PS has anticoagulant properties [176]. Deficiency can be caused by 

reduced total and free PS, reduced APC cofactor activity, or normal total PS but reduced free PS

[173]. PS acts as a cofactor for APC and together they inactivate FVa and FVIIIa [154]. The 

prevalence of PS deficiency is demonstrated to be 0.03-0.13% [177]. Levels of the C4b-binding 

protein are increased in pregnancy, with the combined oral contraceptive pills and inflammation, 

leading to a reduction in the concentration of free PS. Reduced concentrations of PS associated 

with these conditions [178,179] and variations in PS levels related to age and gender can cause

misdiagnosis [180,181]. However, recent reports have demonstrated that women using second 

generation oral contraceptives have almost normal PS levels and that lowering the reference 

values results in better specificity and minimizes misclassification [182].

Other inherited thrombophilias

A number of polymorphisms of other coagulation proteins have been associated with venous
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thromboembolic disease, but these will not be discussed here.

2.2.3     Acquired thrombophilia

Definition

Acquired thrombophilia refers to a group of conditions, not congenital, that may develop 

throughout life and augment the risk of thrombosis. These include, among other conditions: 

pregnancy, cancer, surgery, infection, hypovolemia, thrombocythemia, and antiphospholipid 

antibodies (APAs) [183].

Antiphospholipid antibodies

APAs, a heterogeneous group of acquired autoimmune antibodies, are associated with acquired 

thrombophilia, relevant in the case of pregnancy complications. Of particular interest are lupus 

anticoagulant (LA), anti-�2-glycoprotein 1 antibodies (anti-�2-GP1) and anti-cardiolipin 

antibodies (aCL). They recognize epitopes expressed by phospholipid-binding proteins or 

protein-phospholipid complexes. They can in vitro act as coagulation inhibitors in phospholipid 

dependent coagulation assays.  The binding of antibody-antigen complexes to negatively charged 

phospholipids on the cell membrane, in vivo, induces a procoagulant state due to inhibition of 

anticoagulant reaction and cell-mediated events. 

The APAs are relevant for the Antiphospholipid Syndrome (APS), the most common 

cause of acquired thrombophilia [167]; an antibody mediated thrombotic disorder, which is 

defined by venous or arterial thrombosis and/or specific pregnancy complications in patients 

with persistently positive tests for APAs [184]. The prevalence of APAs (LA or aCL) in the 

general population, is found to be in the range 1-5% among young healthy controls [185], but 

there are discrepancies between individual studies due to assay differences, definition of cut-off 

values and referral bias.  
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2.3     Thrombophilia and IUFD

Successful outcome of pregnancy is dependent on the development of adequate placental 

circulation. This includes adequate trophoblast invasion into the uterine vasculature and the 

development and maintenance of an adequate utero-placental circulation. Abnormalities in 

placental vasculature as inadequate invasion by the trophoblast or damage to the maternal vessels 

supplying the placenta lead to impaired flow and prothrombotic changes which may result in 

pregnancy complications, such as miscarriages, preeclampsia, IUGR, placental abruption or 

IUFD denoted as  the “placenta mediated pregnancy complications” (PMPC) [186,187].

Major physiological changes of hemostasis occur during normal pregnancy; increased 

concentrations of the procoagulant factors FVIII, FV and fibrinogen, reduced anticoagulant 

activity with reduced concentrations of PS and acquired APC-resistance in addition to reduced 

fibrinolytic activity [187,188]. These adaptations are necessary for the development of an 

adequate placental circulation and to secure adequate hemostasis during delivery and the post-

partum period. When pregnancy has been established, the normal placental circulation is 

maintained by a dynamic balance between the coagulation and fibrinolytic systems. The 

backside of these adaptations is that they also induce an increased risk of thrombosis, greater 

among women with thrombophilia. 

Fetal loss in women with thrombophilia could be explained by excessive thrombosis of 

the placental vessels, placental infarction and secondary uteroplacental insufficiency [189].

However, it is unlikely that hypercoagulability with thrombosis of placental vasculature is the 

main pathophysiological pathway. Other mechanisms are probably involved, since adverse 

pregnancy outcome can occur in thrombophilic women without placental thrombosis [190].

Prevention of implantation by inadequate trophoblast invasiveness or damage to decidual or 

chorionic vessels is described for the APS [191]. Suggested mechanisms are by alteration of cell 
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surface adhesion molecules of the maternal vessel wall or trophoblasts and damage to 

trophoblasts by activation of the compliment system or a pro-inflammatory response [192].    

Kupferminc et al. reported in 1999 that 65% of women with some form of PMPC had 

positive tests for heritable or acquired thrombophilia [193]. In pregnancies with signs of 

placental insufficiency, like IUGR or placental infarction, thrombophilia is more likely to 

contribute to a fetal death [194] and the co-existence of thrombophilias appears to increase the 

risk of obstetric complications [195].  However, thrombophilia is common in normal individuals. 

Therefore one should be cautious in attributing stillbirth to thrombophilia in women who test 

positive as most of them will never experience a stillbirth. 

2.3.1     Inherited thrombophilia and IUFD

Inherited thrombophilias have been associated with an increased risk of stillbirth in the third 

trimester, although causality has not yet been reasonably documented [196,197]. The proposed 

mechanisms are by 1) microthrombosis in the placental bed, causing placental infarctions and a 

subsequent compromise of the feto-maternal circulation or 2) impeding the initial placentation 

process by increased generation of thrombin and consequently excess generation of fibrin and 

fibrin degradation products that can induce apoptosis of trophoblasts resulting in early fetal loss

or later placental insufficiency and IUFD [189,198-200]. Case series and retrospective studies 

have reported increased risk of IUFD associated with the FVLeiden polymorphism [8,193],

G20210A polymorphism of the prothrombin gene [201,202] and deficiencies of the 

anticoagulant proteins; AT, PC and PS [8,203]. However, these findings are not consistent and 

no large population based studies have been performed to evaluate these associations. The 

inconsistencies between studies may reflect small sample size, inconsistent case definition and 

differences in the definition of IUFD/stillbirth. The results of individual studies have been 
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summarized in meta-analyses. Robertson et al. [6] demonstrated an association between fetal loss 

in the third trimester and heterozygous FVLeiden (OR 2.06; 95% CI 1.1-3.86, based on 6 studies), 

heterozygous prothrombin polymorphism (OR 2.66; 95% CI 1.28-5.53, based on 5 studies), and 

PS deficiency (OR 20.09; 95% CI 3.7-109.15, based on 2 studies) [6]. The risk associated with 

AT deficiency and PC deficiency was not found statistically significant, based on 1 and 2 studies 

respectively [6]. A meta-analysis of Rey et al. from 2003 showed similar results and included 

many of the same studies [5]. They found an association of FVLeiden (OR 3.26; 95% CI 1.82-

5.83) and non-recurrent fetal loss after 19 weeks of gestation, the prothrombin polymorphism 

(OR 2.3; 95% CI 1.09- 4.87) and PS deficiency (OR 7.39; 95% CI 1.28-42.83) and non-recurrent 

fetal loss after 20 and 22 weeks of gestation respectively. Two of six studies for FVLeiden, two of 

five for prothrombin polymorphism and two of three for PS deficiency showed significant 

associations with IUFD.   

Factor V Leiden

Of interest was that none of the individual studies included in the meta-analysis of Robertson et 

al. [6], addressing the association of FVLeiden and late fetal loss, found significant associations. 

Martinelli et al. studied 67 women with unexplained fetal death at or after 20 gestational weeks 

[201], Meinardi et al. registered fetal loss after 20 gestational weeks in a cohort of 228 carriers of 

FVLeiden [204] and Rothbart et al. studied 14 women with IUFD after 24 weeks without apparent 

explanation. The study of Bare et al. registered intrauterine death among 128 FVLeiden carriers 

[205], Agorastos et al. studied eight women with stillbirth after 24 gestational weeks [206], and 

Many et al. investigated 40 women with IUFD at or after 27 weeks [202]. A population based 

study in Germany also failed to demonstrate an association between FVLeiden and stillbirth in the 

third trimester [207], as did a prospective study of Clark et al. [208], but Clark’s study only 

included 22 stillbirths at or after 24 weeks of gestation. Two studies included in the meta-
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analysis of Rey et al. found a significant association of FVLeiden and IUFD [5]. The study of Gris 

et al. of 232 women with one or more unexplained fetal loss after 22 gestational weeks

demonstrated an OR 4.8 (95% CI 1.8-12.4) for the association and Kupferminc et al. who studied 

12 women with stillbirth after 23 gestational weeks found an OR 4.9 (95% CI 1.1-22.3) [8,193].

Prothrombin gene G20210A polymorphism

The association of the prothrombin polymorphism and stillbirth appears to be more consistent 

than the association with FVLeiden. Nevertheless, of five individual studies included in the meta-

analysis of Robertson et al. the three following studies did not show significant associations: Gris 

et al. studying 232 women with one or more unexplained fetal loss after 22 gestational weeks [8],

Kupferminc et al studying 16 women with stillbirth after 23 gestational weeks [209], and Alonso 

et al. investigating 8 women with IUFD at or after 23 gestational weeks [210]. The two studies 

that found significant associations were the study of Martinelli et al. who studied 67 women with 

fetal death at or after 20 weeks of gestation with OR 3.16 (95% CI 1.02-9.75) [201] for the 

association and the study of Many et al. who found an OR of 2.3 (95% CI 1.3-4.0) among 40 

women with unexplained IUFD at or after 27 weeks of gestation [202].    

Antithrombin, Protein C and protein S deficiencies

Few studies have been able to study the association of AT, PC or PS deficiencies and IUFD, 

since the prevalence of these deficiencies is low and the sample size of individual studies is 

usually small. Preston et al. (the EPCOT-study) found that six of 108 women with AT deficiency 

compared to six of 395 women with no known inherited thrombophilias had stillbirths in the 

third trimester (> 28 weeks), OR 5.2 (95% CI 1.5-18.1) [211], but they did not find stillbirth to 

be significantly more prevalent among women with PC deficiency. The meta-analysis of Rey et 

al. was not able to analyze the association of AT or PC deficiencies and fetal loss at different 

gestational ages, but no significant associations were found with fetal loss in general [5].
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Many et al. found an association with PS in a study of 40 women with unexplained IUFD 

at or after 27 gestational weeks. Three of 40 cases and none of the 80 controls had PS deficiency 

(OR 3.2; 95% CI 2.4-4.1) [202]. Gris et al. did also find a positive association among 232 

women with one or more unexplained stillbirths after 22 gestational weeks with an OR 23.05 

(95% CI 2.96-179.62) [8].

2.3.2   Antiphospholipid antibodies and IUFD

Specific pregnancy outcomes and complications are features of the antiphospholipid syndrome, 

namely: a) one or more unexplained deaths of a morphologically normal fetus at or beyond 10th

week of gestation, with normal fetal morphology documented by ultrasound or by direct 

examination of the fetus, or b) one or more premature birth of a morphologically normal neonate 

before the 34th week of gestation because of: (i) eclampsia or severe preeclampsia defined 

according to standard definitions, or (ii) recognized features of placental insufficiency, or c) 

three or more unexplained consecutive spontaneous abortions before the 10th week of gestation, 

with maternal anatomic or hormonal abnormalities and paternal and maternal chromosomal 

causes excluded [184].

Retrospective and prospective studies have found APAs to be associated with fetal loss

and it is documented that 15% of women with recurrent pregnancy loss have APAs [8,212,213].

An association between a circulating anticoagulant and pregnancy loss was first reported in the 

1950s [214]. In 1985 the presence of aCL was first associated with pregnancy loss and Lockshin 

suggested subsequently that aCL was a more sensitive test than LA to identify women at risk of 

pregnancy loss [215]. In 1989 a large study reported an association of LA with recurrent 

spontaneous abortion and fetal death after 10 gestational weeks [216]. The lack of concordance 

between assays for LA and aCL has indicated the importance of obtaining results from both 
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assays [217]. APAs have also been demonstrated, in prospective studies, to be associated with 

other pregnancy complications [218,219].

It appears that the association of APAs with early fetal loss is better documented than the 

association with stillbirth. Results of individual studies on the association of APAs and stillbirth 

have been inconsistent, but the sample size is often limited. One of the first reports focusing on 

late fetal loss (at or after 20 gestational weeks) was published in 1994. Bocciolone et al. studied 

99 women with unexplained fetal death at or after 20 gestational weeks and found a significant 

association between aCL (OR 21.0; 95% CI 1.21-364.5), but not LA (OR 8.06; 95% CI 0.43-

151.85) [6,7]. Comparison of individual studies has been difficult because of methodological 

differences between studies, like different selection of cases and controls, different assays, and 

different definitions of reference values. The results of studies have never the less been 

attempted summarized in meta-analyses. A meta-analysis of Robertson et al. from 2005 found an 

association between aCL, but not LA, and stillbirth in the third trimester, OR 3.3 (95% CI 1.62-

6.7), based on 6 studies and 2.38 (95% CI 0.81-6.98), based on 3 studies, respectively [6]. Three 

of the six individual studies, including the study of Bocciolone et al. (mentioned earlier), 

reporting on aCL found a significant association with late fetal loss [7,8,220]. De Carolis et al. 

studied 75 women with IUFD after 20 weeks and Gris et al. investigated 232 women with one or 

more unexplained IUFDs after 22 gestational weeks. Among the three studies that did not find a 

significant association Yasuda et al. analysed aCL in the first trimester among 860 pregnant 

women and prospectively registered fetal deaths after 24 weeks and other pregnancy 

complications. Two aCL positive and one aCL negative women experienced stillbirth [221]. In 

the study of Alfirevic et al. one of 18 women with unexplained stillbirth after 23 gestational 

weeks and three of 44 controls were aCL-positive and Infante-Rivard et al. investigated 23 
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women with fetal loss after 28 weeks, of which none were positive for aCL [221-223]. Only the 

study of Gris et al. showed a significant association between LA and stillbirth [8].

2.4     Prevention of stillbirths in high-income countries 

The interventions to prevent stillbirths fall in three main strategic areas: 1) improving the health 

and well-being of women, 2) detection and management of women at risk during pregnancy and 

3) improvement of information and standards of maternity care [27]. The cornerstone of 

prevention of intrapartum stillbirths is the management of labor and delivery. Intrapartum 

stillbirths have almost disappeared since intrapartum fetal monitoring was introduced. For the 

prevention of antepartum stillbirths optimal timing of delivery is crucial, but in order to 

accomplish that, pregnancies at risk/risk factors have to be detected. This may be achieved with 

high quality antenatal care, accessible to all women [27]. Either elimination of the risk factor, if 

possible, and/or surveillance in continued pregnancy with optimal timing of delivery will 

hopefully prevent an IUFD. However, the most common error in reducing potentially 

preventable stillbirths has been demonstrated to be failure to adequately diagnose and manage 

IUGR and to recognize maternal medical risk factors [224].

Tests of fetal well-being can potentially assist in decision making regarding timing of 

delivery. Various methods of fetal antepartum monitoring exist; fetal movement counting, non-

stress test (cardiotocogram (CTG)), stress test (contraction based CTG), biophysical profile, 

ultrasound and Doppler flow velocimetry (measures blood flow dynamics in uterine, umbilical 

and fetal arteries). In at-risk pregnancies assessment of fetal growth by ultrasound should be 

considered since antepartum surveillance with optimal timing of delivery has been demonstrated 

to improve outcomes in IUGR pregnancies [225]. The use of Doppler flow velocimetry of 

umbilical and fetal arteries in high risk pregnancies has also been demonstrated, in a meta-
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analysis, to be associated with a 29% overall reduction in perinatal mortality, although a specific 

effect on stillbirths was not significant [226]. However, no methods of fetal monitoring have 

been shown to reduce the risk of stillbirth when used for screening in unselected populations [38]

and data regarding the cost-effectiveness of stillbirth prevention are limited [23].

A screening test that detects women at increased risk for stillbirth also demands an 

effective intervention among those high-risk women. If the intervention is ineffective there is not 

much point in screening for the condition. Therefore, when results of tests of fetal well-being are 

assessed, possible interventions, often induction of labor or Caesarean section have to be 

included in the analysis. Neonatal mortality rates have to be included as well since they most 

probably will be affected by the interventions, especially scheduled deliveries in the premature 

period. A model showing that losses might be prevented by structured fetal assessment and 

routine induction of labor among women at increased risk for stillbirth has been described by 

Fretts et al. [73]. However, available tests of fetal well-being do not have the predicted values 

assumed in this model [38]. Controversial is that the last decades early stillbirths (<28 gestational 

weeks) have been the most difficult to prevent, but most forms of antenatal testing are 

recommended implemented from gestational weeks 32-34.  

The oldest method to assess fetal well-being, and the most commonly used, is maternal 

perception of fetal movements [227]. However, the efficacy of organized fetal movement 

counting, with pre-defined alarm limits, to prevent stillbirths in the general population is 

controversial. Moore et al. reported a considerate reduction in stillbirth rates during a 7 month 

study period of prospective evaluation of a fetal movement screening program and concluded 

that the count-to-ten fetal movement screening was simple and effective in reducing the stillbirth 

rate [228]. Results of randomized controlled trials in mixed-risk populations have been 

inconsistent, but the authors seem to agree that fetal movements probably reflect fetal well-being 
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and that awareness among pregnant women regarding fetal movements is wise [229,230].

Studies on the efficacy of fetal movement counting are difficult to conduct, since study 

participation automatically raises awareness regarding fetal movements as was demonstrated in 

one study that showed decreased total stillbirth rate in both study  groups in the study period 

[229].  However, Frøen et al. has demonstrated an increased risk of IUGR, fetal distress in labor, 

and stillbirth in low-risk pregnancies with decreased fetal movements [231]. Further research is 

needed regarding the role of maternal assessment of fetal movements, especially in high-risk 

pregnancies, but increased awareness by recommending women to count fetal movements on a 

daily basis has been associated with significant benefits [227].

Several medical treatments for certain causes of antepartum stillbirth have been assessed, 

of which none is in routine practice [38]. Low molecular weight heparin might be effective in the 

case of thrombophilia but no high quality data exist on the effects, although studies are being 

conducted. Low molecular weight heparin and low dose acetylsalicylic acid are currently only 

recommended for the prevention of recurrent pregnancy loss in women with APAs [195,232-

234].
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3.   Aims of the study 

The aims of the current thesis were:

� To estimate the incidence of IUFD in a Norwegian population.

� To assess socio-demographic and clinical risk factors for IUFD, by the use of two 

different control groups with different selection of variables.

� To evaluate changes in risk estimates by different control selection.

� To classify stillbirths in a Norwegian study-population according to the CODAC

classification of perinatal deaths, and to estimate risk factors according to cause of death.

� To investigate the association between APAs and a history of IUFD.

� To investigate the association of inherited thrombophilia and IUFD.
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4.   Material and methods  

This thesis is based on an epidemiologic study of women with IUFD. It was conducted in two 

parts. The first part (papers I and IV) was an epidemiologic retrospective case-control study 

focusing on incidence and classification of stillbirths and sociodemographic and clinical risk 

factors. Study subjects in this part of the study were women with IUFD and two different control 

groups comprising women with live births, one including all women with life births in the same 

area and time period as the cases and the other comprising conditionally selected controls from 

one hospital. The second part of the study (papers II, III and IV) was a case-control study 

investigating the association of acquired or inherited thrombophilia and IUFD. The study 

subjects were women with a history of IUFD and controls with live births only, who agreed to 

participate and donated blood samples and answered questionnaires.

The present study was a part of a larger hospital-based case-control study: the Venous 

Thromboembolism In Pregnancy (VIP) study and was registered as a clinical observational study 

at www.clinicaltrials.gov, registration number NCT00856076. The other part of the study 

investigated the epidemiology and risk factors for pregnancy associated venous thrombosis. Data 

on clinical and biochemical risk factors for venous thrombosis related to pregnancy have been 

published previously [163,235-238].

4.1   Identification of cases

4.1.1 First part of the study (papers I and IV)

All women with a diagnosis of IUFD, from January 1st 1990 through December 31st 2003, at the 

Departments of Obstetrics at the Oslo University Hospital Ullevål (OUH), Oslo, and Akershus 

University Hospital (AHUS), Nordbyhagen, Norway, were identified retrospectively by search

for selected codes of the WHO’s ICD versions 9 or 10, that were registered in the patient 
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administrative systems at the respective hospitals. The codes searched for were; ICD-9: 656.4 

IUFD and ICD-10: O36.4 IUFD. We identified 434 possible cases of IUFD defined as fetal death 

in singleton or duplex pregnancies at > 23 completed gestational weeks or birthweight > 500g 

irrespective of gestational age. The medical records were retrieved and reviewed for validation of 

the diagnosis of IUFD. The records were non-retrievable for eight cases and 49 were wrongly 

diagnosed, leaving us with 377 women with a verified diagnosis of IUFD (Figure 4.1). 

Figure 4.1. Flowchart of the selection of cases and controls in the first part of the study.

Registry-
based controls

Cases

1 229

Hospital-based 
controls

434 92 476

1 215 377 87 395

8 – non-retrievable records

49 – wrongly diagnosed

4 106 – gestational age 
unknown

235 – gestational age <23 w

161 – no data on parity

71 – maternal age < 16 or
>44 yrs

2 – maternal age unknown

9 – IUFD

5 – maternal age < 16 or
>44 yrs

506 – IUFD

4.1.2 Second part of the study (papers II, III and IV)

The 377 women with a verified diagnosis of IUFD in singleton or duplex pregnancies from the 

first part of the study were eligible for participation in the second part. Additionally two women

with IUFD at the study hospitals in the study period, but not identified earlier, who contacted the 

study after having heard of it through the Norwegian SIDS and Stillbirth Society were eligible 

for participation. The women’s unique personal identification numbers (given to each Norwegian 



 59 

 

citizen at birth or on immigration) were merged with census data (Statistics Norway, Oslo, 

Norway). Women who had emigrated, died, or had an invalid, unknown or foreign address, were 

excluded from the study, leaving us with 346 cases eligible for study participation (Figure 4.2).

Figure 4.2. Flowchart of the selection of cases and controls in the second part of the study.                

The eligible participants were approached during 2008 by a letter outlining the purpose of 

the study. Those interested contacted us by e-mail or telephone to schedule an appointment to 

donate a blood sample and to answer a questionnaire. One woman did not donate a blood sample 

and was therefore excluded from the study. After two reminders the final case population 

comprised 105 women (Figure 4.2).

4.2   Selection of controls

4.2.1 First part of the study (paper I and IV)

Two control groups with different selection criteria and with different sources of information on
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potential risk factors were chosen for comparison.

4.2.1.1 Facility-based controls

The Norwegian Medical Birth Register (MBR) comprises data from compulsory notification of 

all births after 16 weeks of gestation, registered at each hospital and forwarded to the MBR. 

Information from the MBR revealed 92 476 singleton or duplex deliveries in the study period at 

the two study-hospitals. Excluded from analysis were women with no data for maternal age 

(n=2), women younger than 16 years or older than 44 years since none of the cases were in those 

age groups (n=71), women who had missing data on gestational age (n=4 106), women at 

gestational age less than 23 weeks in combination with fetal weight < 500g (n=235), women 

with no data on parity (n=161), and women with IUFD in the index pregnancy (n=506). The 

remaining 87 395 women served as the facility-based controls (Figure 4.1).  

4.2.1.2 Selected controls

In all 1 229 women with live singleton or duplex births at OUH in the study period, were 

selected as controls for both arms of the VIP-study [235]. For each woman with venous 

thrombosis in the pregnancy or the post-partum period within the study period four women, 

giving birth at the same time, were selected from the MBR as possible controls. The two women 

first listed served as controls, but if one or both of their medical records were not retrievable, the 

third and/or fourth women were chosen as control(s). We excluded three women older than 44 

years, two younger than 16 years and nine women with IUFD in the index pregnancy, leaving us 

with 1 215 women as selected controls (Figure 4.1). 

4.2.2 Second part of the study (papers II, III and IV)

The 1 229 women selected as controls for the VIP-study were initially invited to participate in 

the venous thrombosis part of the study. The eligible participants were during 2006 approached 
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by a letter outlining the purpose of the study. Those interested contacted the study by e-mail or 

telephone to schedule an appointment to donate a blood sample and to answer a questionnaire. A

total of 353 (28.7%) women agreed to participate and donated blood samples and answered 

questionnaires. At the same time they agreed on receiving an invitation and a new questionnaire 

at a later time for participation in the IUFD-part of the study. Of the 353 women nine women had 

a history of IUFD and 18 had emigrated, died, or had an invalid, unknown or foreign address

and were excluded from the study, leaving 326 women eligible for participation. They received 

an invitation together with a new questionnaire by postal mail. After two reminders 262 women 

had returned the questionnaire and thus comprised the control population (Figure 4.2).

4.3 Collection of data

4.3.1   Sociodemographic and clinical variables 

The cases and the selected controls were identified at the participating hospitals. The medical 

records were retrieved and reviewed for validation of the diagnosis of IUFD and information on 

demographics, general health, obstetric history, index pregnancy, delivery, post-mortem 

examination of the fetus, histological examination of the placenta, and laboratory data. 

Individual data were transferred to a case-report-form (CRF). The CRFs were scanned, 

consistency analysis run and invalid data entries corrected after a review of relevant medical 

records. The data for the facility-based control group were provided by the MBR. 

Risk factors assessed were delivery hospital, period of delivery, maternal age, parity, 

marital status, assisted reproductive therapy, smoking habits, previous medical disorders (type 1 

diabetes mellitus, essential hypertension and thyroid disease), twin pregnancy, gestational 

diabetes, gestational hypertensive disorders, placental abruption, placenta previa, premature 

rupture of membranes, SGA and gestational age at delivery.
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The period of delivery was divided in two groups (1990-1999 and 2000-2003). Maternal

age was analyzed either in four (< 29, 30-34, 35-������� 	� 
������ ��� ��� ������ > 35) groups. 

Parity was also analyzed in either four (0, 1, 2, or > 2) or two (0 or > 1) categories. Marital status 

was analyzed in two categories (single or married and cohabiting) and smoking was defined 

according to smoking status at first antenatal visit (smoker or non-smoker). The assisted 

reproductive therapy variable included in vitro fertilization (IVF) and intracytoplasmic sperm 

injection (ICSI) (yes or no). The expected date of delivery was estimated by routine ultrasound 

examination at 16 to 18 gestational weeks for 73% of the women. In the absence of ultrasound 

data, gestational age was determined by the first day of the last menstrual period. The time of 

fetal death was determined by the gestational age at diagnosis. A diabetes variable was analyzed 

in three categories (pre-gestational diabetes (DM), gestational diabetes (GD) or no diabetes), but 

in Paper IV it was analysed in two categories (diabetes or no diabetes). The hypertensive 

disorder (HD) variable was also analysed in three categories (all hypertension (HT) (essential or 

gestational), preeclampsia (PE) (all forms) or no HD). Validated population-based growth charts 

were used to determine whether the fetus was SGA, which was defined as birthweight below the 

2.5th percentile for gestational age at birth. Other variables were dichotomized in categories with 

or without the relevant condition. Individuals with missing data were allocated to the reference 

group for the respective variables. Data on smoking, SGA and thyroid disease were not available 

for the facility-based controls. In model C (see chapter 4.4.1, page 67) of the multivariate 

analyses an interaction was revealed between SGA and HD and therefore a new variable 

combining the two conditions was created, comprising four categories: 1) no HT, no PE, no SGA 

(reference group), 2) HT or PE, no SGA, 3) HT or PE with SGA and 4) SGA, no HD.
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4.3.2   Classification of stillbirths

The primary cause of fetal death (COD), and associated conditions (AC) when appropriate were

assigned by the author according to the CODAC classification for perinatal deaths (described in 

more detail in chapter 2.1.4.1, page 22-25) [60] after reviewing all available data on each case.

Two of the main groups were not relevant for coding in this study (group 9=termination and 

group 1=neonatal death). 

4.3.3   Placenta histology

The results of the original placenta examinations, available in the medical journal for 93% 

(351/377) of the cases, were reviewed. This revealed that the placentas had originally been 

evaluated by general pathologists. No standardized protocols for macro- or microscopic 

evaluation or sampling of placental tissue were in use in the study period and the reports were 

inconsistent. In most cases sections had been sampled from the umbilical cord, the membranes 

and minimum two sections from placental tissue from areas with and without focal parenchymal 

pathology. The tissue sections had routinely been fixed in formalin, processed and embedded in 

paraffin blocks, and 3.5 μm sections stained with Hematoxylin-Eosin (HE).  For more uniform 

placenta investigations, to obtain a more accurate classification of causality, the original placenta 

specimens were retrieved and reassessed, if available. 268 specimens were retrievable and were

reassessed by two experienced pathologists (Borghild Roald and Gitta Turowski) with special 

interest in placental pathology at the Department of Pathology, OUH Ullevål. They were blinded 

regarding the identification and clinical details of the stillbirths. Specimens with microscopic 

signs of acute or chronic villitis and/or intervillositis were immunostained with a standard panel 

of antibodies to T-cell- and histiocytic markers. If the specimens were not available for 

reassessment the original placenta histological descriptions (n=99) were used. A histological 
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description of the placenta, either the reassessment or the original one, was available for 367/377 

(97.3%) of the cases. Placenta information was most often missing from the controls since

histological examination of the placenta is rarely carried out among normal birth giving women.

4.3.4   Blood sampling and analysis

The cases donated blood samples in 2008 and the controls in 2006. Blood was collected in 5 mL 

Vacutainer tubes (Becton-Dickinson, Meylan-Cedex, France) containing 0.5 mL buffered citrate 

(0.129 mol/L) and 5 mL Monovette tubes containing ethylenediaminetetraacetic acid (EDTA)

(Sarstedt, Nümbrecht, Germany). The Monovette EDTA tubes were frozen immediately and the 

tubes with buffered citrate were centrifuged at 2000g for 15 minutes within 1 hour, and plasma 

aliquots frozen and kept at -70 °C until assayed. 

The blood was analysed for LA, aCL, anti-�2GP1, FVLeiden, prothrombin polymorphism, 

AT, PC and PS. The assays were performed at the Hematologic Research Laboratory, 

Department of Hematology, OUH Ullevål. LA was identified using validated in-house lupus 

ratio (LR) tests, which are automated, quantitative, integrated tests for LA [239,240]. Two LR 

tests were performed, one based on the activated partial thromboplastin time (LR-APTT) and the 

other on the Russell’s viper venom time (LR-RVVT). The tests were performed in a 1:1 mixture 

of patient plasma and pooled normal plasma. For each test two coagulation times were measured, 

one with a reagent with low and the other with a reagent with high phospholipid concentrations.

The ratio between the two coagulation times (low phospholipid/high phospholipid concentration) 

was divided by the corresponding ratio obtained with pooled normal plasma. The final ratio is 

defined as the LR of that patient's plasma [240]. The reagents were made from different 

concentrations of natural phospholipids (crude cephalin, generously provided by Dr. Tore 

Janson, Axis-Shield PoC AS, Oslo, Norway). In the APTT-based assay, a constant concentration 
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of ellagic acid (Sigma-Aldrich, St. Louis, Missouri, USA) was used as an activator of 

coagulation. In the RVVT-based test, Russell’s viper venom (RVV) (Sigma-Aldrich, St. Louis, 

Missouri, USA) activates factor X directly. The 99th percentile of the LR of the control group 

was chosen as the upper reference limit, and was 1.22 for the APTT-based LR test and 1.19 for 

the RVVT-based test. Women with LR above the upper reference limit for one or both of the 

LR-tests were considered LA positive.

aCL IgG and IgM isotypes were analyzed with in-house enzyme-linked immunosorbent 

assays (ELISA), essentially as described by Gharavi et al. [241]. We used serial dilutions of an 

in-house control drawn from a strongly aCL positive patient, which were standardized against 

Harris’ commercial standards (American Diagnostica Inc., Stamford, CT, USA). Values for IgG 

and IgM isotypes of aCL were reported in GPL and MPL units, respectively. The cut-off values 

for a positive test were defined by the 99th percentile of the values of the control group, and were

10.7 for aCL IgG and 23.7 for aCL IgM. Women with values above the cut-off limits for aCL 

IgG and/or aCL IgM were considered as aCL positive. 

Anti-ß2GP1 IgG and IgM were assayed with commercial ELISA kits (QUANTA LiteTM

�2 GP1 IgG/IgM, INOVA Diagnostics Inc., San Diego, USA) for semi-quantitative 

determination. Results were expressed in standard IgG and IgM anti-ß2GP1 units, SGU and 

SMU, respectively. The 99th percentiles of the values of the control group were defined as upper 

reference limits, and were 6.5 for anti-ß2GP1 IgG and 30.3 for anti-ß2GP1 IgM. Women with 

values above the upper reference limits for IgG and/or IgM were considered anti-ß2GP1 positive.

 DNA was extracted using a DNA isolation kit I large volume (Roche Diagnostics, Basel, 

Switzerland) using Magna Pure (Roche Diagnostics). FVLeiden and the prothrombin

polymorphism were detected with FVLeiden Mutation Detection and Prothrombin Mutation

Detection kits (Roche Diagnostics), respectively, run on a real-time polymerase chain reaction
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(PCR) - analyser (LightCycler 2.0, Roche Diagnostics).

AT and PC activities and free PS quantities (antigen assay) were analyzed with 

commercial kits, Coamatic® Antithrombin, Coamatic® Protein C and HemosILTM Free Protein 

S (Chromogenix, Lexington, MA, USA). AT activity < 80% and PC activity < 70% were defined 

as deficient. PS values were expressed as percentage of normality. The reference limit for PS

was defined as two standard deviations below the mean of the control group or 53.7%. Women 

with values below the reference limit were defined as PS deficient. One woman with PS and one 

with both PC and PS below cut-off limits reported use of warfarin medication and were therefore 

excluded from all analyses including inherited thrombophilia (n = 103).

4.3.5 Questionnaire

In the second part of the study (papers II and III) the participants answered questionnaires 

regarding socio-demographic factors, obstetrical history, general and psychological health, and 

quality of life at the present time. The cases answered the questionnaire on site at the time of the 

blood sampling, but the controls recieved and returned the questionnaire by postal mail. The 

questionnaires were scanned, consistency analysis run and invalid data entries corrected after a 

review of the relevant questionnaires.

4.4   Statistical analysis

Incidence was estimated as the number of IUFDs per thousand deliveries with 95% confidence 

interval (CI). Prevalences were reported in percentages. Risk factors were analysed by 

comparing prevalences of potential risk factors between cases and controls with chi-squared

tests, Fisher’s exact tests and univariate and multiple logistic regression. Results of risk factor 

analyses were presented as crude odds ratios (OR) and adjusted OR (aOR) with 95% CIs. 
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Interactions between significant factors were tested at 95% significance level (p < 0.05).

Significance level was set at p < 0.05. All data was analyzed using the Statistical Package for 

Social Science version 16.0 or 18.0 (SPSS Inc, Chicago, Il, USA).

4.4.1   Paper I

We assessed risk factors for IUFD by comparing cases and controls in three multiple logistic 

regression models (table 5.1, page 70).  Model A compared the cases with facility-based 

controls. Variables included in the model were chosen based on the significance of each variable 

in the univariate analysis and variables moderately associated with the outcome (p-value < 0.15) 

were considered for inclusion into the model. The significance of each variable and effects on the 

stability of the model, were investigated by backward and forward stepwise logistic regression.

Model B explored the same variables as included in Model A, but using the selected controls in 

the comparison, whereas Model C compared the cases with selected controls including additional 

variables. The additional variables in Model C were variables, for which there were no data 

among the facility-based controls, only among the selected controls. The additional variables 

were added to model C based on the same principles as described for Model A.

Gestational age

The probability of IUFD according to gestational age was defined by the number of events          

(number of IUFDs) divided by the number of pregnancies at risk at a defined gestational age. 

The population at risk in a given gestational week consisted of all ongoing pregnancies. The 

estimates of probability for IUFD according to gestational age were derived from the following: 

the number of ongoing pregnancies at the beginning of gestational week n (Pn), the number of all 

births in gestational week n (Bn), and the number of IUFDs in gestational week n (Sn). The 

conditional probability of IUFD at gestational week n (PSn) was estimated by the number of 
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IUFDs in that week, divided by the number of ongoing pregnancies at the beginning of the week 

minus half the births in the given week as in this equation [114]:

     PSn = Sn/(Pn – (0,5 x Bn)).

Relative risk of IUFD in a given gestational week was derived from the conditional probability 

of IUFD in that week divided by the conditional probability of IUFD in gestational week 40. 

4.4.2   Paper IV

For detection of potential variations in risk factors according to cause, risk factors were analysed 

by comparing prevalences in different causal groups with prevalences in the control group. The 

eight actual COD groups were combined and analysed in three groups: placental causes (N=190), 

unknown causes (N=73), other causes (the remaining six causal groups combined in one) 

(N=114). ORs for each risk factor were adjusted by all the other relevant risk factors in a 

multiple logistic regression model. Variables included in the regression models were chosen 

based on the same principles as described in chapter 4.4.1. The Results were presented as 

percentages, ORs and aORs with 95% CIs.

4.5   Ethical aspects

The Regional Committee for Medical Research Ethics, Region East, Norway, approved the 

study. Authorization for the use of information from medical records for research purposes was 

obtained from the Norwegian Ministry of Health and Social Affairs. The Norwegian Data 

Inspectorate approved the use of data comprising sensitive personal health information, and the 

merging of clinical and register data by using the unique 11-digit personal identification number.

Women participating in the study by answering questionnaires and donating blood samples

signed a written informed consent.
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5.   Summary of results

5.1   Incidence and risk factors of fetal death in Norway: a case-control study, Paper I

In Paper I we studied the incidence of IUFD and socio-demographic and clinical risk factors, 

among the cases and two differently selected control groups. 

The incidence of IUFD after 22 gestational weeks was 4.1 per 1000 deliveries (95% CI 

3.7-4.5) and did not change significantly over the study period (Figure 5.1). For comparison, the 

incidence at or after 28 gestational weeks in our material was 3.3 per 1000 (95% CI 2.9-3.6).

Figure 5.1. Yearly incidence of IUFD at OUH Ullevål and AHUS 1990-2003. 

 
There was a significant difference in the incidence of IUFD between the two hospitals; 

4.7 (95% CI 4.1-5.3) per 1000 births at OUS and 3.4 per 1000 (95% CI 2.8-4.0) at AHUS. When 

comparing with facility-based controls in a multivariate analysis (Table 5.1, Model A) maternal 

age over 39, single civil status, twin pregnancy, hypertensive disorders, pre-pregnancy and 

gestational diabetes mellitus, placental abruption and placenta previa were significant risk factors
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Table .5.1 Risk factors for IUFD by different control groups and variable selection. Adjusted 
odds ratios (aOR) with 95% confidence intervals (CI).
 Model A Model B Model C

 aOR (95% CI) aOR (95% CI) aOR (95% CI)

Cases = N 377 377 377
Controls = N 87 395 1 215 1 215
Time period

1990 – 1999
2000 – 2003 n.s. n.s.

Age (years)
< 29
30-34
35-39
> 40

0.9 (0.7-1.1)
=Reference

1.3 (0.9-1.7)
2.5 (1.6-4.0)

1.0 (0.8-1.3)
=Reference

1.0 (0.7-1.4)
0.9 (0.6-1.7) 

0.9 (0.7-1.3)
=Reference

1.1 (0.7-1.6)
0.7 (0.3-1.4)

Parity
0
1
2
> 2

n.s. n.s.

Twin pregnancy 1.6 (1.0-2.4) 3.3 (1.8-6.0) 2.9 (1.4-6.0)
Civil status 

Not married/cohabiting 1.9 (1.4-2.6) 1.9 (1.3-2.8)    1.3 (0.8-2.1)
Hypertensive disorders (HD)
    Preeclampsia (PE)

Hypertension (HT)

2.9 (2.2-3.9)
1.9 (1.2-2.8)
5.6 (3.8-8.7)

1.7 (1.2-2.4)
1.3 (0.8-2.2) 
2.1 (1.3-3.3)

HD/ SGA
   No HD, no SGA
   HD, no SGA
   HD with SGA
   SGA, no HD

=Reference
1.6 (1.0-2.6)

11.5 (5.2-25.3)
51.5 (27.4-96.7)

Diabetes
Pre-pregnancy diabetes
Gestational diabetes

4.0 (1.9-8.8)
2.5 (1.1-5.7)

4.8 (1.5-15.4)
1.8      (0.7-4.9)

5.0 (1.4-17.5)
3.0 (1.1-8.4)

Placental abruption 22.0 (15.8-30.8) 16.0 (7.9-32.5) 15.4 (7.3-32.3)
Placenta previa 3.4 (1.3-8.8) 2.8      (0.9-8.7) 3.4 (1.0-11.9) 
Smoking 2.6 (1.9-3.7)
Thyroid disease 4.6 (2.0-10.6)
Model A: Cases compared with facility-based controls adjusted for hospital, age, multiple pregnancy, civil status, 
hypertensive disorders, diabetes, placental abruption, and placenta previa. Model B: Cases compared to selected 
controls, same variables as in model A. Model C: Cases compared to selected controls with additional variables, 
adjusted for age, multiple pregnancy, civil status, hypertensive disorders/SGA, diabetes mellitus, placental 
abruption, placenta previa, smoking, and thyroid disease. 
n.s.: not significant.
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for IUFD. When comparing with the selected controls, some additional variables were available 

for analyses (Table 5.1, Model C). The following factors were significant in the final model: twin 

pregnancy, hypertensive disorders, SGA, pre-pregnancy and gestational diabetes mellitus, 

placental abruption, placenta previa, smoking and thyroid disease. SGA and placental abruption 

were the strongest risk factors for IUFD. Hypertensive disorders were of low risk if not 

associated with SGA. Other risk factors were of low to moderate risk. Advanced maternal age 

was a significant risk factor when compared with facility-based controls, but not when 

comparing with the selected controls and the risk estimates for hypertension were higher when 

comparing with the facility based controls. Overall, the risk estimates pointed in the same 

direction independent of control-group. 

Gestational age

Figure 5.2. Relative risk of IUFD with the conditional risk at 40 gestational weeks as a 
reference.

The relative risk (RR) of IUFD in each gestational week, compared with the risk at 40 

gestational weeks, is displayed in Figure 5.2. The RR increased gradually from week 36-37, with 



 72 

 

RR 1.3 (95% CI 0.8-2.2), 1.4 (95% CI 0.6-3.2) and 2.9 (95% CI 0.7-12.1) in weeks 41, 42 and   

> 42 respectively. We did not find advanced gestational age (> 42 gestational weeks) to be a

significant risk factor for IUFD. 

5.2   The association of antiphospholipid antibodies with intrauterine fetal death: a
        case-control study, Paper II

In Paper II we studied the prevalences of APAs and their association with a history of IUFD. The 

APAs studied were: LA, aCL (IgG and IgM), and anti-ß2GP1 (IgG and IgM). The study 

population consisted of 105 women with a history of IUFD and 262 controls with life births 

only.

Table 5.2. Prevalence of APAs (%) and ORs with 95% CIs for the association of APAs with 
IUFD.

Variable Cases

N= 105

% (n)

Controls

N =262

% (n)

OR 95% CI

APA positive – 	������ 9.5 (10) 5.0 (13) 2.0 0.9-4.8

LA positive – 	����� 4.8 (5) 1.1 (3) 4.3 1.0-18.4

Anti- ß2GP1 positive 4.8 (5) 1.5 (4) 3.2 0.8-12.3

aCL positive 3.8 (4) 2.3 (6) 1.7 0.5-6.1

 

Among women with a history of IUFD 9.5% were positive for at least one APA test

compared to 5.0% of the controls (Table 5.2). Having a single positive APA test was not 

significantly associated with IUFD (OR 1.5; 95% CI 0.6-4.0), whereas positivity for a 

combination of more than one APA-tests produced higher odds (OR 7.9; 95% CI 0.8-76.5), but 

nevertheless not a significant association. Women with a history of IUFD were significantly 

more often positive for LA compared to controls with live births only (OR 4.3; 95% CI 1.0-
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18.4). Dividing the LA positive women into those positive for LA only and those positive for 

aCL and/or anti-ß2GP1 in addition to LA revealed that the risk related to LA seemed to be 

confined to women positive for LA in combination with other APA. Being positive for anti-��-

GP1 or aCL alone was not significantly associated with a history of IUFD after 22 weeks.

5.3   The association of inherited thrombophilia and intrauterine fetal death: a case-
         control study, Paper III

In Paper III we studied the association of inherited thrombophilia and IUFD. The following 

thrombophilias were investigated: FVLeiden, prothrombin polymorphism, AT-, PC- and PS-

deficiencies. The study population consisted of 103 women with a history of IUFD and 262 

Table 5.3. Prevalences of inherited thrombophilia (%) and ORs with 95% CIs for the association 
of thrombophilia with intrauterine fetal death, compared to controls. 

Variable Cases

     N= 103

% (n)

Controls

    N =262

% (n)  

OR 95% CI

Factor V Leiden 10.7 (11) 7.6 (20) 1.4 0.7-3.1

Prothrombin polymorphism 5.8 (6) 1.5 (4) 4.0 1.1-14.4

Antithrombin deficiency 1.0 (1) 0 (0) - -

Protein C deficiency 1.0 (1) 1.1 (3) 0.8 0.09-8.2

Protein S deficiency 1.9 (3) 2.3 (6) 0.8 0.17-4.3

Any inherited thrombophilia 18.4 (19) 11.8 (31) 1.7 0.9-3.1

��������	�
���
�	���������� 1.9 (2) 0.8 (2) 2.6 0.4-18.5

controls with live births only. 18.4% of the cases and 11.8% of the controls were positive for at 

least one inherited thrombophilia (Table 5.3). Women with a history of stillbirth after 22 

gestational weeks were more often carriers of the G20210A prothrombin polymorphism 
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compared to women with live births only (OR 4.0; 95% CI 1.1-14.4). FVLeiden, AT-, PC- or PS-

deficiencies were not significantly associated with IUFD after 22 weeks of gestation. Two cases 

(1.9%) and two controls (0.8%) had a combination of two inherited thrombophilias.  

5.4   Classification of stillbirths by cause of death and risk factor analysis - an observational 
         case-control study, Paper IV

In Paper IV we classified the stillbirths by cause according to the CODAC classification of 

perinatal deaths and studied socio-demographic, clinical and thrombophilic risk factors in 

different causal groups. The study populations comprised 377 cases and 1 215 controls or, in the 

case of thrombophilic risk factors, 105 cases and 262 controls.

A main COD (Level I) according to CODAC was assigned to all the cases (N=377) and 

was placental in 50.4% of the cases, unknown among 19.4% and infectious in 12.2%. Other 

causes were: intrapartum (0.5%), congenital anomalies (6.1%), fetal (2.1%), cord (8.9%) and 

maternal (1.3%). The largest subgroups (level II of the main COD) within placental causes were; 

abruption or retroplacental hematoma (32.1% of placental causes, 16.2% of all stillbirths) and 

infarctions and thrombi (35.3% of placental causes and 17.8% of all stillbirths). These two 

groups were responsible for 34% of all IUFD after 22 gestational weeks.

 An AC was assigned to 72.4% (273/377) of the cases. The most frequent ACs were;

placental in 92/377 (24.4%), cord in 51/377 (13.5%) and associated perinatal conditions in 

55/377 (14.6%). A placental AC was assigned to 68 (18% of all cases) with a non-placental 

COD. Thus 258/377 (68%) of all cases had either a placental COD or placental ACs. Among the

cases with an unknown cause of IUFD, 35.6% (26/73) had a placental associated condition.

To detect socio-demographic and clinical risk factors 377 cases classified in different 

causal groups were compared with 1 215 controls. Smoking and SGA were significant 
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Table 5.4. Risk factors analyses, cases according to main COD compared to controls. Adjusted 
odds ratios (aOR) with 95% confidence intervals (CI).
                               COD
Variable

Placenta 
         N=190

Unknown
N=73

Other
N=114

All cases
N=377

aOR 
(95% CI)

aOR 
(95% CI)

aOR
(95% CI)

aOR 
(95% CI)

Civil status
Not married/cohabiting 2.1 (1.1-3.9)

Twin pregnancy
3.6 (1.3-9.4) 5.0 (1.5-16.0) 2.2 (0.6-8.0) 3.0 (1.4-6.3)

Hypertensive disorders
Preeclampsia/eclampsia
Hypertension

0.5 (0.2-1-1)
2.2 (1.0-4.8)

0.2 (0.06-1.0)
3.5 (1.5-8.0)

0.2 (0.07-0.8)
1.0 (0.3-2.9)

0.6 (0.3-1.2)
1.9 (1.1-3.4)

Diabetes
3.5 (1.1-11.3) 8.7 (3.0-25.4) 2.9 (0.8-10.8) 3.8 (1.7-8.4)

Placental abruption
42.0 (19.4-91.0) - 1.4 (0.2-11.5) 16.1 (7.6-33.9)

Smoking (at first visit)
2.5 (1.6-3.9) 3.7 (2.1-6.6) 2.5 (1.5-4.1) 2.6 (1.9-3.8)

Small-for-gestational age 
47.9 (26.6-86.1) 28.6 (12.8-63.6) 38.6 (19.9-74.8) 32.9 (20-54.2)

Thyroid disease
5.5 (2.0-15.6) 3.8 (0.8-18.0) 5.5 (1.7-17.6) 4.8 (2.1-11.0)

Each variable adjusted for the all the other variables in each logistic regression model.

risk factors in all causal groups. Twin pregnancy, hypertension and diabetes were detected as

significant risk factors among women with IUFD of placental or unknown causes. Placental 

abruption, not surprisingly, was a significant a risk factor in the placental group only and single 

civil status only among women with IUFD of other causes. Thyroid disease was associated with 

an increased risk of stillbirths of placental and of other causes (Table 5.4).  

The 105 cases and 262 controls who donated blood samples for the biomarker study were 

equally distributed in the main COD groups as the whole study-population (47.6% with placental 

and 20% with unknown causes).

Inherited thrombophilia, a composite result, was significantly associated with IUFD of 

placental causes, OR 2.2 (95% CI 1.0-4.7) and the prothrombin polymorphism was more
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Table 5.5. Prevalences of acquired and inherited thrombophilia by different causes of stillbirth.
                                  COD

Variable

All
N=105

*N = 103

Placenta
N = 50
*N=49

Unknown 
N = 21
*N=21

Other
N = 34
*N=33

Controls 
N =262

% (n) % (n) % (n) % (n) % (n)
*Factor V Leiden 10.7 (11) 14.3 (7) 14.3 (3) 3.0 (1) 7.6 (20)

*Prothrombin polymorphism 5.8 (6) 8.2 (4) 0 6.1 (2) 1.5 (4)

*Antithrombin deficiency 1.0 (1) 0 0 3.0 (1) 0

*Protein C deficiency 1.0 (1) 0 0 3.0 (1) 1.1 (3)

*Protein S deficiency 1.9 (2) 2.0 (1) 0 3.0 (1) 2.3 (6)

*Any inherited thrombophilia 18.4 (19) 22.4 (11) 14.3 (3) 15.2 (5) 11.8 (31)

LA 4.8 (5) 4.0 (2) 4.8 (1) 5.9 (2) 1.1 (3)

aCL 3.8 (4) 2.0 (1) 4.8 (1) 5.9 (2) 2.3 (6)

Anti- ß2GP1 4.8 (5) 6.0 (3) 0 5.9 (2) 1.5 (4)

Any APA 9.5 (10) 6.0 (3) 9.5 (2) 14.7 (5) 5.0 (13)

*Any thrombophilia 27.2 (28) 28.6 (14) 23.8 (5) 27.3 (9) 16.4 (43)

*Two women reported use of Warfarin and were therefore excluded from all analyzes of inherited thrombophilias.

prevalent among women with placental COD and other causes (Table 5.5), but statistically 

significant only in the group of placental causes, OR 5.7 (95% CI 1.4-23.8). The prevalence of 

FVLeiden was double among women with placental or unknown COD compared to the controls, 

although this did not reach statistical significance. Being positive for APAs was significantly 

associated with a history of IUFD of other causes (OR 3.3; 95% CI 1.1-9.9). Similar proportions, 

4.0 – 5.9%, of women in all causal groups were LA-positive, compared to 1.1% of the controls, 

but the association did not reach significance in any separate causal group although the ORs in 

the different groups were in the range 3.6 – 5.4.
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6.   Methodological considerations

6.1   Paper I and IV

6.1.1   Identification of cases

The cases were identified by ICD codes in the patient administrative systems at the participating 

hospitals. It is possible that some cases were not detected by this method as inaccurate coding is 

probably unavoidable. However, diagnoses registered in the patient administrative systems are 

easily verified by accessing the medical records and falsely diagnosed IUFDs were thus 

excluded. Diagnoses of other conditions in the medical history or related to the pregnancy could 

be verified as well. Another possibility would have been identifying the cases in the MBR, but 

IUFD in the MBR is defined as fetal loss after 16 gestational weeks and underreporting of 

stillbirths is a known problem [personal communication: J.F.Frøen, M.D, Ph.D., Norwegian 

Institute of Public Health]. Information in large databases like the MBR is also reported to be 

less accurate than data from medical records [242,243].

We chose to define stillbirth in our study as 23 or more completed gestational weeks or a 

fetus of at least 500 g irrespective of the gestational age. The WHO definition of stillbirth is a 

fetus > 500 g, or 22 or more completed weeks of gestation [13]. Birth weight takes priority over 

gestational age since birth weight is thought to be more reliably reported. However, in many 

instances, especially in high-income countries, the use of the gestational age is preferred. This 

leads to higher reported stillbirth rates as many fetuses weigh less than 500 g at 22 weeks [16].

6.1.2   Selection of controls

Selected controls

The selected controls were selected for both arms of the VIP-study (thrombosis and IUFD). They
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were women, without a known venous thrombosis, delivering at the same time as each case of a

woman with a pregnancy related venous thrombosis. The only exclusion criterion at the time of 

selection was a history of venous thrombosis. We find it unlikely that this selection was a source 

of bias in the first part of our study, when investigating socio-demographic and clinical risk 

factors. However, it could have been a source of bias in the second part of the study, when 

examining the association of thrombophilia and IUFD.

This control group was for practical reasons selected from only one of the study 

hospitals. This might have caused a selection bias as the delivering populations at each of the 

hospitals were not necessarily alike. Our data on maternal age revealed in fact that there probably 

was a selection bias. When we compared the cases with the facility-based controls (all women 

delivering at the study hospitals in the study period), advanced maternal age was a significant 

risk factor for IUFD, not detected when comparing the cases with the selected controls. We 

looked further into this and compared the age distribution of the different control groups and 

found that the selected controls were on average older than the women in the facility-based 

control group. The selected controls did not accurately represent the age of the background 

population from which the cases were selected. However, this did probably not affect the risk 

estimates for the other variables as maternal age was adjusted for in the multivariable analyses. 

Facility-based controls

The facility-based controls were not a selection of women, but represented the entire birth-giving 

population of the study hospitals, from which our cases were extracted and thus comprised the 

“true” demographic distribution. Using them as controls thus minimized or eliminated the risk of 

selection bias making the results more generalizable. But there can be a disadvantage using this 

control group regarding the quality of data extracted from the MBR, as will be discussed later.  
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6.2   Paper II, III and IV

6.2.1   Selection of cases

Table 6.1. Prevalences of social and clinical factors at index pregnancy among cases 
participating and those not.

Variable Cases
participating

N= 105

Cases
Non-participating

N =274

p*

% %
Time period

1990-1999
2000-2003

62.9
37.1

57.7
42.3 n.s.

Age  
< 35
> 35

80.0
20.0

76.6
23.4 n.s.

Parity  
0
1
> 2

52.4
34.3
13.3

51.5
30.7
17.9 n.s.

Civil status (at registration)
Married or cohabiting
Not married/cohabiting

90.5
9.5

85.0
15.0

n.s.

Multiple pregnancy 3.8 6.6 n.s.
Hypertensive disorders

Preeclampsia/ eclampsia
Hypertension

5.7
   4.8

7.7
9.9 n.s.

Diabetes
Diabetes  type 1 or 2
Gestational diabetes

   All diabetes

   1.0
   0.0

1.0

2.2
2.2
4.4 n.s.

Placental abruption 8.6 12.8 n.s.
Placenta previa    1.9 1.1 n.s.
Smoking (at first visit)

Non-smoker
Smoker

71.4
28.6

61.7
38.3 n.s.

Small for gestational age 35.2 35.8 n.s.

Eligible for participation in the second part of the study were 346 women. Of the total 379 with 

IUFD in the study period 105 (28%) agreed to participate. This low response-rate increases the 

risk of selection-bias. We had the advantage of having information from medical records from all

the eligible participants and were thus able to compare the women participating with those not

participating. We found no significant differences in socio-demographic or clinical factors 

between the groups (Table 6.1). Therefore we do not believe that this low participation rate was a 
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basis for a serious selection bias, but it did affect the power of the study. Stillbirth is a 

traumatizing experience which women for various reasons may not wish to be reminded of many 

years after the incidence. Contributing to the low response-rate might also have been the 

inconvenience of having to present at the hospital in order to donate a blood sample and answer 

questionnaires. It is possible that women with negative long-term outcomes to a larger degree 

declined to participate in the study. On the other hand, women that had adequately coped with 

the loss and moved forward may also have found little interest in participating. 

6.2.2   Selection of controls

The 353 controls eligible for the second part of the study were already a selected group, as they 

had donated blood samples two years earlier and at the same time agreed to answer a new 

questionnaire related to this part of the study. The participation rate in this part of the study was 

therefore 74% (262/353), but if taken into account all the 1 215 women originally eligible as 

controls, the participation rate was 21.6%. As for the cases, we had information from medical 

records from all the 1 215 eligible participants. We compared the participating 262 controls with 

the 953 non-participating women.  The participating controls were older, of lower parity, more 

often married or cohabiting, smoked less often and had more often preeclampsia (Table 6.2). 

Other factors were evenly distributed between the groups. We find it unlikely that the prevalence 

of thrombophilia would be affected by these parameters, apart from preeclampsia.   

Thrombophilia is possibly associated with preeclampsia. If so, this would result in a higher 

prevalence of thrombophilia among the participating controls and thus a possible 

underestimation/attenuation of the association between thrombophilia and stillbirth.   

Women with venous thrombosis were excluded from the control group at the time of 

selection. Because of this, it is possible that thrombophilia was less prevalent in the control 
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group than expected in the general population. This could in return result in an overestimation of 

the association between thrombophilia and IUFD.

Table 6.2. Social and clinical factors at index pregnancy among controls participating and those 
not.

Variable Controls
participating

N=262

Controls
Non-participating

N=953

p¤

% %
Time period

1990-1999
2000-2003

60.3
39.7

59.5
40.5 n.s.

Age (at index pregnancy)
   < 35
   > 35

68.3
31.7

77.9
22.1 0.001

Parity
0
1
> 2

50.4
39.3
10.3

48.0
31.6
20.4

n.s.
Ref
< 

0.0001
Civil status (at registration)

Married or cohabiting
Not married/cohabiting

96.6
3.4

90.7
9.3 0.001

Multiple pregnancy 2.7 2.0 n.s.
Hypertensive disorders

Preeclampsia/ eclampsia
Hypertension

7.3
4.6

4.4
4.1

0.035
n.s.

Diabetes
Diabetes  type 1 or 2
Gestational diabetes

   All diabetes

0.0
0.4
0.4

0.5
1.3
1.8 n.s.

Placental abruption 0.8 0.9 n.s.
Placenta previa 0.8 0.6 n.s.
Smoking (at first visit)

Non-smoker
Smoker

91.6
8.4

85.1
14.9 0.007

Small-for-gestational-age 1.5 2.1 n.s.

6.3   The data 

6.3.1   Sociodemographic and clinical variables

An advantage of using data from medical records, rather than from a registry like the MBR, is 

that all information of interest can be extracted and the data are easily validated by reviewing the 
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records. This ensures the quality of the data. The data retained in the MBR is forwarded from 

delivery institutions. Data regarding each delivery is transferred to a standardized form, often by 

the midwife handling the delivery, and then subsequently forwarded to the MBR. Some variables 

of interest might be registered incorrectly or are not registered at all in the database. Normally 

there is not an opportunity for the researchers to validate the data. Thus the information extracted 

from the database is dependent on the information that was recorded at the time of registration.

This would in our study apply an information bias, differentiated between the cases and the 

facility-based controls, since the data are from different sources. Studies have demonstrated that 

data on pregnancy complications like hypertension and gestational diabetes are often 

underreported in databases like the MBR [242,243]. This would lead to an overestimation of the 

association between certain conditions and IUFD when comparing the cases with the facility 

based control group. We believe we have an example of this in our study, as when we compared 

the cases to the facility based controls, the OR’s for the associations of hypertension, 

preeclampsia or gestational diabetes and IUFD were greater than when comparing the cases with 

the selected controls (Table 5.1, page 72, Model A and Model B respectively).

Another advantage of using data from medical records was information on additional 

variables, not provided by the MBR. Information of additional variables is valuable in assessing 

confounding and in detecting co-linearity and interaction. We had an example of this relating to 

the association of single civil status and IUFD. When we compared the cases with the selected 

controls and added smoking to the multiple logistic regression model, single civil status was no 

longer significantly associated with IUFD (Table 5.1, page 72, Model C). We looked further into 

this and found that single women smoked more often than women married or co-habiting. There 

was another example of this with respect to the association of hypertensive disorders (HD) and 

IUFD. We had information on SGA among the selected controls. When we added SGA to the 
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statistical model we detected an interaction between HD and SGA (Table 5.1, page 72 Model C). 

The risk of IUFD related to hypertensive disorders was mediated through SGA, and was low or 

moderate if not accompanied by SGA.

Small-for-gestational-age (SGA)

SGA is not synonymous with intrauterine growth restriction (IUGR), as some SGA-fetuses may 

be constitutionally small while some normal-sized fetuses might be originally large-for-

gestational-age (LGA) that are growth restricted. The choice of what to use in studies often 

depends on what kind of data are available, but SGA is commonly used as an approximate for 

IUGR, as we have done in this study. For identification of SGA it would have been preferable 

with customized growth charts that take into account maternal height, weight, parity, ethnic 

origin and the baby’s gender [129,244]. We used population based growth charts to identify SGA 

since we did not have information on ethnicity and the information on maternal height and 

weight was often missing. The use of population based growth charts is reported to 

underestimate IUGR among preterm births [128]. If this were to be true in our material and the 

prevalence of SGA thus underestimated, the risk estimates for the association of SGA and IUFD 

would have been even higher.  

The time of fetal death in our material was set at the time of diagnosis of the IUFD. Other 

authors have used the time of delivery minus 2 days as the estimated gestational age of IUFD, 

since that length of time is considered the average delay from fetal death to spontaneous or 

induced delivery [48]. By our method it is possible that we have in some cases overestimated the 

gestational age for time of death, which could in turn result in an overestimation of SGA. But it 

is unlikely that the true time of death would have differed more than a few days on average 

which probably has not affected the diagnosis of SGA considerably.
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6.3.2   Placenta histology

We found placenta pathology coded as a COD or an AC among 68% of the stillbirths. This was

not unexpected since all these pregnancies had the very adverse outcome of stillbirth. However, 

there is a possibility that the focus on the placental investigation and placental pathology lead to 

over-diagnosis of placental pathologies. If fewer had been assigned a placental COD it is 

reasonable to believe that a greater proportion would have had an unknown cause. It is reported 

in the literature that a thorough examination of the placenta generally generates higher rates of 

stillbirths with placental causes and reduction in unexplained stillbirths [51,53].

Histological examination of the placentas from the controls would have been desirable.

But, this was a retrospective study, and in the study period placentas were sent to histological 

examination on indication only. The pregnancies of live-born infants were in fewer instances 

pathological and therefore few of these placentas were referred to histological examination. We 

did not evaluate the character of the placental findings among women with different causes or 

risk factors for IUFD since that was not the scope of this study. Reports from other authors 

suggest that placental pathological changes are often non-specific [190].

6.3.3   Classification

The assigned cause of death is a matter of expert opinion of the one who codes. In our study the

classification was carried out by one person only (the author), which might be considered a 

weakness. It is preferable that each case is classified by two individuals and agreement sought in 

cases of inconsistencies. The qualities of the CODAC classification system have been tested and 

reported recently. The inter-observer agreement was reported to be generally fair, with a mean 

kappa of 0.65 [51], but good, with a kappa of 0.82-0.94 when the coding rules were extensively 

followed [60].  The ease of use received the highest scores of the classification systems tested 
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[51]. L.B.H. is an experienced obstetrician and the placenta histological examinations were done

by experienced pathologists so we believe the coding is not a source of great bias. The

distribution in causal groups was in agreement with the distribution in six other high-income 

countries recently reported which supports our findings [27].

6.3.4   Blood sampling and analysis

About 5-7% of healthy pregnant women have been reported to have positive tests for APAs 

[245]. The prevalence of APAs depends on the definition of a positive test. It is recommended by 

international consensus to define the cut-off values by the 99th percentile of the control group

[246,247]. Since by definition 1% of the controls will have a positive result for each test, the 

prevalence of APAs in the healthy population will be influenced by the number of tests

performed. Thus, if six different tests are used, up to 6% of the control/normal population will be 

APA positive. 

The results of the Free PS assay in our study were expressed as percentages of normality, 

with reference values two standard deviations below the mean of the control group (53.7%). The

Haematological Research Laboratory at OUH Ullevål has defined the normal range of free PS to 

be 65-130%, and values under 65% are defined as deficient.  PS concentrations vary depending 

on several factors like age, gender, acquired conditions and the use of oral hormonal 

contraceptive or replacement therapy, which can lead to misdiagnosis of PS deficiency [178-

181]. A report from 2010 demonstrated that lowering the cut-off values for PS and using the 

mean value of the controls minus 2 SD increased the specificity of the assays [182], which is 

why we have chosen to do so in our study.

Collection of blood samples only at a single time point and a long time after the index 

pregnancy are limitations of our study. However, one of the rationales for repeated testing of 
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APAs is to avoid false positive tests due to transiently elevated APAs, which we believe is not a 

concern in the present study, when the samples were collected 3-18 years after the index 

pregnancy. Neither is there reason to believe that any transient APAs should be more prevalent

among the cases than the controls at this time.

6.3.5   Questionnaire

Information from the questionnaire has not been a source for main analyses in any of the four 

publications included in the present thesis. Information from the questionnaires has been used to 

investigate: 1) factors that might influence the results of blood samples as pregnancy, hormonal 

or anticoagulation therapy and 2) prevalence of other incidents that might have similar causes or 

risk factors as stillbirths, especially miscarriages/fetal deaths in the first or second trimester 

before 23 gestational weeks. Information reported in questionnaires is subjected to the memory 

of the participants and can be an origin for recall bias. Regarding information on obstetrical 

history it is possible that women who have experienced IUFD have had more focus on and recall 

better the details of their reproductive/obstetrical history. As an example they might have a better 

memory of early miscarriages. This could result in more pathology reported by the cases, a 

systematic bias, that would in return cause an overestimation of the risk for pathology among the 

cases compared to the controls. 
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7.   Discussion of main findings

7.1   Incidence of IUFD

The incidence of IUFD in our material was 4.1/1000 deliveries. For comparison, the incidence >

28 completed gestational weeks in our material was 3.3 per 1000 (95% CI 2.9-3.6). This is in 

range with the rates reported in other Nordic countries. The rates of stillbirth > 28 weeks in 

Sweden, Finland and Denmark, were in the period 1996-2000 reported to be 3.5 per 1000 births, 

2.5 per 1000, and 4.0 per 1000, respectively [248] and in 2008 the rates were 2.7 per 1000, 2.0 

per 1000 and 2.2 per 1000, respectively [21]. According to The Norwegian Medical Birth 

Registry the mean incidence of IUFD > 23 weeks in Norway in the period 1990-2003 was 5.6 

per 1000, but there was reported a decline in the rates from 6.8 per 1000 in 1990 to 4.2 per 1000 

in 2003 [249]. We could not demonstrate this decline in incidence in our material.  Neither could 

we confirm the finding of increasing incidence of IUFD as reported from England, Wales and 

Northern Ireland in the early 2000s [250], although we found a slight, but non-significant,

increase in the incidence of stillbirth in the period 2000-2003 compared to the period 1990-

1999. The difference in the stillbirth rates in our material and that reported in Norway in general 

could be explained by variations in stillbirth rates between different areas possibly caused by 

differences in the composition of the obstetric population or by different access to medical care. 

Norway is a large country with scattered inhabitation and long distances to medical facilities in 

some areas.

The literature is consistent about the declining incidence of stillbirths from the 1960’s to 

the 1980’s, after which the rates have been fairly constant. The decrease in incidence has been 

observed for stillbirth of almost all causes, although it has been more prominent in some groups 

like intrapartum deaths and deaths caused by iso-immunisation (Rhesus incompatibility), but
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minimal in other groups, like deaths of infectious causes. In the same period there was a decrease 

in the absolute rates of unexplained stillbirths but their proportion of all stillbirths was the same 

in the 1980’s as in the 1960’s [38,47].

The obstetrical population is changing and compared to women giving birth in the 

1960s, today the mothers are more likely to be older, nulliparous, unmarried, overweight, have 

hypertension or diabetes during pregnancy and to have had previous abortions [75]. In many 

Western countries the obstetric population is also changing due to immigration and now 

comprises a larger proportion of women with a minority background. Several studies have found 

the risk of stillbirth to vary considerably according to ethnicity [76,90,91,98,100,101]. All these 

factors can influence the stillbirth rates [25].

The stillbirth rate differed between the 2 hospitals. This may be related to the level of 

care of the hospitals. OUS is a regional and referral hospital for a large catchment area. AHUS is 

a county hospital and has a slightly lower level of service regarding neonatal intensive care and 

according to protocol the most premature pregnancies (< 26 weeks) are referred to OUS. There 

was no difference in the rates between the hospitals when stillbirths before 27 weeks were 

excluded. Our results are consistent with the findings of a Swedish study on a catchment area-

based analysis of stillbirths and neonatal deaths. They found increasing ORs for mortality with 

increasing level of care of the delivery hospital [251]. Differences in the obstetric population of

the two hospitals, according to ethnicity, could also have contributed to this difference. However, 

we did not have data on ethnicity since that information is not registered in the antenatal or 

hospital records and could thus not explore that further.

7.2   Risk factors 

A recently published meta-analysis found the following factors to be the most important risk
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factors in high-income countries: maternal weight, maternal smoking, maternal age, primiparity, 

SGA, placental abruption and pre-existing maternal diabetes or hypertension, some of them 

potentially modifiable [34]. The factors that contributed most to the stillbirth risk at a population 

level, the population attributable risk (PAR), were found to be SGA <10th centile (PAR 23.3%), 

placental abruption (PAR 15.2%) and primiparity (PAR 14.3-15.3%) [34].

Maternal age

In our material advanced maternal age was a significant risk factor for stillbirth in the 

multivariate analysis, when compared with facility-based controls. Most studies in the last two 

decades, both facility- and population-based, report advanced maternal age, in a variable 

magnitude, to be a risk factor for stillbirth [23,49,75-78,81,90]. A recent meta-analysis of 

Flenady et al. found maternal age of more than 35 years to be associated with a 65% increase in 

the odds of stillbirth (OR 1.65, 95% CI 1.61-1.71), but increasing with age over 40 (OR 2.29; 

95% CI 1.54-3.41) [34]. One proposed explanation is failure of the uterine vasculature in older 

women to adapt sufficiently to the increased hemodynamic demands of pregnancy [104].

Authors who have studied the association between fetal growth restriction, advanced maternal 

age and stillbirth do not agree with this theory, since stillborn fetuses of older women have not 

been found to be more growth restricted than fetuses of younger women [48,252]. The maternal 

age-related risk of stillbirth is important since the obstetrical population is changing in developed 

countries and the number of births to women 35 years and older is increasing.

Parity

We did not find the risk of stillbirth to differ by parity in the multivariate analysis. Some reports 

have shown increased risk among multiparous (> 3 births) and/ or nulliparous women [75,77,78].
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Smoking

Smoking was an independent, significant risk factor for IUFD. When smoking was added to the 

statistical model, being single (neither married nor cohabiting) was no longer a significant risk 

factor for IUFD. This was in concordance with single women more often being smokers. The 

association between smoking and fetal death has been documented in several studies and 

placental pathology is suggested as a proposed pathway [24,78]. A recent meta-analysis of 

studies in high-income countries found a 36% increased odds of stillbirth associated with 

smoking (OR 1.36; 95% CI 1.27-1.46) and PAR of 4-7%, but higher in groups where smoking 

was more prevalent [34]. Raymond et al. demonstrated that in pregnancies of smoking women,

with no known placental pathology/complications, there was not an increased risk of stillbirth 

[78]. They found this by excluding from analysis women with IUGR, placental abruption or 

placenta previa. Our results do not quite agree with this as we found smoking to be a risk factor 

of equal size in all causal groups as described in Paper IV. Other authors have documented an 

association between smoking and IUGR, where smoking more than 10 cigarettes per day was a 

strong risk factor for unexplained stillbirths among cases with IUGR [48]. We assessed the risk 

associated with smoking by smoking habits reported at first antenatal visit. Studies suggest that 

women who reduce or quit smoking in the first trimester have a comparable risk of stillbirth as 

non-smokers [253]. This emphasizes the importance of awareness of the risk associated with 

smoking and anti-smoking campaigns in early pregnancy.

Gestational age

The conditional probability for IUFD in our material was unchanged through weeks 24–35, 

thereafter increasing continuously with advancing gestational age. Similar results have been 

reported elsewhere, even though the rate of stillbirths per 1000 deliveries decreases with 

advanced gestational age [57,77,78,115]. The trend in our material is consistent with a Scottish 
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study which examined the estimated probabilities of stillbirth from 37 gestational weeks and 

onward [114]. But despite this trend of progressive stillbirth risk we did not find the risk in 

gestational weeks 41 or 42 weeks to be significantly greater than the risk in week 40. Other 

authors have described similar findings [55,78]. The gestational-age related risk of stillbirth has 

been found to increase with advanced maternal age [77,78] and Hilder et al. observed that the 

risk for IUFD in post-term pregnancies was more evident among nulliparous women, particularly 

after 42 weeks [254].

Twin pregnancies

Twin pregnancies, especially of monozygotic twins, are characterized by an increased incidence 

of fetal and maternal complications often related to placental pathologies, both common 

complications like hypertensive disorders, placental abruption and IUGR and complications 

unique to twin pregnancies as twin-twin transfusion syndrome [36,255].

Placental abruption

We found the OR of the association of placental abruption and IUFD to be 15.4-22.0. Placental 

abruption is a leading cause of stillbirth, and reported to cause 15% of stillbirths in a recent 

analysis of causes of stillbirth in high-income countries [27], which was in agreement with our 

results of 16%. However placental abruption does not always cause stillbirth, although abruption 

involving 50% or more of the placenta frequently does [126]. A recent analysis reported the PAR 

of stillbirth related to placental abruption to be 15%, despite the low prevalence of abruption 

[34]. It appears that, in the vast majority of cases, abruption is the end result of a chronic process,

a consequence of pathological placentation [126].

SGA

We identified a greatly increased risk of IUFD related to SGA, and the risk related to 
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hypertensive disorders was mediated through SGA. Fetal growth restriction is reported to be the 

single largest category of conditions associated with IUFD (43%) [50,53]. Rather than being a 

diagnosis unto itself, SGA is a sign of a variety of other conditions that may lead to fetal death. 

Our result of SGA being almost equally prevalent in all the causal groups is a confirmation of 

that. Poor fetal growth, without other environmental causes, is assumed to indicate poor function 

of the placenta, but whether IUGR is a marker of placental insufficiency or causally associated 

with the mechanism of death is unclear [38]. SGA is also associated with congenital 

malformations and multiple pregnancies. Frequently though, none of these conditions are present 

in SGA pregnancies, as can be reflected by the large proportion of SGA-fetuses reported among 

unexplained IUFDs [48]. In prevention of stillbirth the correct diagnosis of IUGR is of great 

importance. In Northern Ireland, in the Confidential Inquiry into Stillbirth and Infant Death, it 

was concluded with that the most common error in antenatal care was failure to adequately 

diagnose and manage fetal growth restriction [224]. Evidence is lacking for the benefit of 

antenatal testing, although theoretically some methods could be adequate, like fundal height 

measurements [256], customized growth charts [257] and counting of fetal movements [258].

Doppler ultrasonography of the umbilical arteries has been demonstrated beneficial in reducing 

stillbirths among women in high-risk pregnancies with preeclampsia and suspected IUGR [259]

and assessment of fetal growth by ultrasound has been demonstrated to improve outcomes in 

IUGR pregnancies [225].

Hypertensive disorders

In our material, women with isolated hypertension (HT) had a greater risk of stillbirth than 

women with established preeclampsia (PE) and in fact when the cases were compared with the 

selected controls PE was not associated with stillbirth, unless in combination with SGA. We 

found that the major risk of IUFD associated with hypertensive disorders (HD) was mediated
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through SGA. HD without SGA were only mildly associated with IUFD. This might be 

explained by HD and SGA being a symptom of the same condition, placenta insufficiency, with

SGA representing a more serious form [126].

The difference in the risk of stillbirth associated with HT and PE can possibly be 

explained by that women with PE get better surveillance and induction of labor, when indicated, 

even in the preterm period, thus avoiding stillbirth, while women with HT only do not get 

adequate attention. In one study where the authors found chronic hypertension, but not 

gestational hypertension, to be associated with stillbirth it was presumed that the women with 

gestational hypertension recieved better surveillance and earlier delivery when indicated [133].

The pathogenesis of pregnancy related HD is assumed to be through placental pathology 

[131], therefore it was not unexpected to find HT as a risk factor in the group of placental causes

of death. But HT was also found to be a risk factor in the group of unknown causes which could 

be explained by insufficient information to place them in the category of placental causes or that 

the placenta pathologies detected were subtle and not regarded as the major cause of death.

Other authors have reported either no [47,90] or a very modest association between 

hypertension and stillbirth [75,76,90], but comparison across studies is difficult because SGA is 

usually not adjusted for [76]. A recent report found pre-existing hypertension associated with a 

2.6 times increase in the odds of stillbirth with PAR of 7-14% [34]. Preeclampsia was found to 

be associated with a more moderate risk, but still a 60% increase in the risk of stillbirth, with 

PAR of 3% because of the low prevalence [34].

Diabetes mellitus

We found women with diabetes (pre-gestational and gestational) to have a three- to five-fold risk 

of stillbirth. This is in agreement with several other studies [81,146,148]. Stephansson et al. 

reported in a Swedish population a 14-fold increased risk of stillbirth associated with diabetes 
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mellitus but no association with gestational diabetes [81] and a British study found 5-fold 

increased rates of antepartum stillbirths among women with diabetes type 1 or 2 [148]. A recent 

meta-analysis also concluded with an association between pre-existing (OR 2.9; 95% CI 2.05-

4.09), but not gestational diabetes [34]. Pre-existing diabetes mellitus is still one of the maternal 

medical disorders most strongly associated with stillbirth, although it does not contribute much 

to stillbirth risk at a population level (PAR 3-5%) [34]. However, reports from referral centers 

suggest that with optimal management the risk of perinatal death associated with diabetes is only 

marginally above that of the general population [75].

Diabetes was a significant risk factor for stillbirths of placental and unknown COD, but 

the OR in the unknown group was double that of the placenta group. The exact mechanism of 

fetal death in diabetes mellitus is unknown, but alterations in fetal carbohydrate metabolism and 

uteroplacental insufficiency secondary to vascular disease are possible explanations [260].

In 1999 women of non-Western origin comprised approximately 25% of the pregnant 

population in Oslo, the largest group from Pakistan [261]. These women have higher rates of 

diabetes as well as stillbirth [101,148]. One can speculate that some of the risk attributed to 

diabetes in our material actually relates to ethnicity, but since we did not have information on 

ethnicity, we could not correct for that in the multivariate analysis. However, a Swedish study 

found diabetes a significant risk factor for perinatal mortality even when adjusting for maternal 

origin [262].

Thyroid disorders

We found thyroid disorders to be associated with stillbirth. Both hypo- and hyperthyroidism are 

reported to be associated with an increased risk of IUFD [46]. Fetal thyrotoxicosis may be the 

cause of death in some instances [263] and a two-fold increase in the risk of stillbirth is reported 

for women with hypothyroidism [264]. Hypothyroidism appears to be associated with increased 
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risk of hypertensive disorders [265]. Adequate thyroxin replacement improves the likelihood of a 

successful pregnancy.

There are few reports comparing risk factors according to cause. Frøen et al. evaluated 

risk factors among women with unexplained and explained stillbirths. The only significant 

difference he found was that women with explained stillbirth had more often glycosuria [1]. But 

he did also investigate variations in risk factors for unexplained fetal death in pregnancies with 

and without IUGR and found that among women with IUGR-pregnancies smoking, maternal 

overweight and low education were associated with unexplained stillbirth, while in pregnancies 

without IUGR, smoking was not a risk factor, but maternal age >35, overweight, and low level of 

education were [48].

7.3     Thrombophilic risk factors

Different pathways of the pathogenesis of thrombophilia associated pregnancy complications are 

constantly being investigated. Accumulating data are suggesting that an abnormal or exaggerated 

hemostatic response to pregnancy might be a potential cause. Several studies have demonstrated 

that some women with recurrent pregnancy loss are in a prothrombotic state when non-pregnant 

[266] suggesting that the further hypercoagulable state of pregnancy places them at risk of fetal 

loss and even a systematic thrombotic event. But other mechanisms of pathogenesis are being 

proposed and investigated. There are reports of that women with recurrent pregnancy loss are in 

a chronic state of endothelial stimulation associated with activation of the coagulation system 

[267]. Elevated levels of circulating procoagulant microparticles have also been described in the 

circulation of women with both early and late miscarriages, directly affecting the coagulation 

cascade in addition to possible pro-inflammatory and/or pro-apoptotic action disturbing

successful implantation and subsequent fetal growth [268].
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Few studies investigating the association of thrombophilia and stillbirth consider the 

influence of confounders. Kist et al. investigated the effect of confounders in a meta-analysis 

[269] and found the association of FVLeiden and several pregnancy complications to be 

confounded by ethnicity, genetic testing only and severity of disease. As an example, they found 

the association between FVLeiden and IUFD to be stronger in 2nd and 3rd trimester fetal losses 

rather than in 1st trimester recurrent fetal loss.

7.3.1   Inherited thrombophilia     

Factor V Leiden 

We did not find a significant association between FVLeiden and stillbirth in general, but the 

prevalence was double among women with placental or unknown COD compared to the controls, 

although this did not reach statistical significance, probably due to small sample size. This 

finding could support a placental nature of the association. Case-control studies have variably 

demonstrated this association. A meta-analysis of prospective cohort studies in 2010 reported on 

PMPC [270]. Seven studies investigating the association of FVLeiden and pregnancy loss in all 

trimesters were included. For the association of FVLeiden and pregnancy loss they found a pooled 

OR of 1.52 (95% CI 1.06-2.19), but there were important inconsistencies in the definition of the 

outcomes and statistical heterogeneity across studies. When two studies including either 

spontaneous abortions or stillbirths only were excluded the association between FVLeiden and 

pregnancy loss was not significant (OR 1.34; 95% CI 0.9-1.98).  Said et al. in his prospective 

study did find a positive association, but only six cases of stillbirth after 22 weeks were included 

in the study [271]. Meta-analyses including case-control studies have concluded with a mild to 

moderate association between FVLeiden and IUFD with ORs in the range 2.06-3.26 [5,6,272]. The 

included studies addressed IUFD after 20-27 weeks, but were of small sample size, comprising 
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3-67 cases, apart from one study that involved 232 cases [8]. Meta-analyses have concluded with 

that the association between FVLeiden and IUFD is stronger for women with more than one fetal 

loss [272] and when the fetal losses occur later in pregnancy [6,272]. More recently published

case-control studies, not included in the meta-analyses, have not found FVLeiden to be a risk 

factor for IUFD [4,273]. Gonen et al. studied 37 women with stillbirths in gestational weeks 27-

42 [4] and Pasquier et al. 58 women with unexplained pregnancy loss after 21 gestational weeks 

[4]. The divergent results across individual studies reporting on the association of FVLeiden and 

IUFD are probably caused by differences in study design, selection of cases and controls, 

definition of the gestational age at the time of IUFD, and sample size [274].

The prothrombin gene polymorphism

We found the prothrombin polymorphism to be significantly more prevalent among women with 

a history of IUFD compared to women with live births only. This association seems to be more 

consistently reported in the literature than the association of FVLeiden and stillbirth. A meta-

analysis of case-control studies and several review articles have reported an association between 

the prothrombin polymorphism and late fetal loss with ORs in the range of 2.3-3.3 [6,157,275].

There are few prospective studies, with small sample sizes, that report on the association. Said et 

al. reported on 6 cases of IUFD after 20 gestational weeks in a cohort of 1707 women and did 

not find a significant association (OR 8.31; 95% CI 0.9-73) [271]. A meta-analysis of 

prospective cohort studies did not find an association between prothrombin polymorphism and 

pregnancy loss, but the sample size was found to be insufficient to detect important risk 

associations [270].

The finding of the prothrombin polymorphism to be significantly associated with 

stillbirths of placental causes would be expected since the main pathogenesis of stillbirth related 

to thrombophilia is assumed to be mediated through abnormalities in placental vasculature [186].
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But even though a significant association was only found in the group of placental causes, the 

prevalence of the prothrombin polymorphism was similar in the group of other causes (8.2% and 

6.1% respectively compared to 1.5% in the control group). Korteweg et al. did not find 

significant differences in the prevalence of thrombophilic defects when comparing women with a 

placental cause with women with a non-placental cause of stillbirth, but they did not compare

women with different causes of stillbirth with live-birth controls [62].

Antithrombin, Protein C- and protein S deficiency

We did not find AT, PC- or PS deficiencies to be significantly associated with stillbirth. The 

reported associations of these deficiencies with IUFD are conflicting, which probably reflects the 

low prevalence of these conditions and thus the small numbers of deficient women investigated

[6], which applies to our study as well. Thus most studies, including our study have not had 

sufficient power to demonstrate these associations. PS deficiency is usually found to be 

associated with IUFD, with high ORs, but not always significant because of few cases studied. A

systematic review has demonstrated a significant OR of 20.1 (95% CI 3.7-109.2) based on 2 

studies [6]. Korteweg et al. demonstrated recently that women with IUFD more often had 

significantly decreased levels of AT and PC during pregnancy compared with healthy pregnant 

women, although the levels remained within the normal range for non-pregnant women [276].

There is still great uncertainty regarding the association of inherited thrombophilia and stillbirth.

But despite an increased relative risk of stillbirths and other adverse pregnancy outcomes (APO) 

associated with inherited thrombophilia, the absolute risk would remain modest because of the 

low prevalence of thrombophilias and the relatively low incidence of APO. The Risk and 

Economic Assessment of Thrombophilia Screening (TREATS) study [6] reviewed all

prospective and retrospective studies concerning the association between thrombophilia and 
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venous thrombotic events (VTE) or APO and concluded with that universal thrombophilia 

screening among pregnant women was not supported by evidence. The study found selective 

screening based on previous VTE history to be more cost-effective. As long as there is 

uncertainty about the association between thrombophilia and stillbirth and while no good 

placebo-controlled intervention studies are available, prophylactic measures are to be thought of 

as experimental. A large placebo-controlled trial is being conducted at the moment, comparing 

low molecular weight heparin and placebo (saline) among pregnant thrombophilic women with a 

history of PMPC (http://clinicaltrials.gov/ct2/show/NCT00967382). Randomized controlled 

trials have been conducted among women with recurrent miscarriage of unknown origin and the 

use of anticoagulant therapy has not been proved beneficial [277,278].

7.3.2   Antiphospholipid antibodies

In the present study, we found that women with a history of IUFD, as compared with women 

with live births only, were significantly more often positive for LA 3-18 years after the index 

pregnancy. The association was confined to women positive for LA in combination with other 

APAs. There is evidence that the presence of multiple APAs may increase the risk of thrombosis 

and severe pregnancy complications [279]. Therefore, patients with antiphospholipid antibody 

syndrome (APS) with multiple APA positivity are considered at higher risk for recurrence. Our

study implies that multiple positivity is important, although firm conclusions cannot be made,

due to the nature of the study and small sample size. Our results are in agreement with other 

recent studies that have demonstrated multiple positivity for APAs to be more frequently 

associated with pregnancy complications than single positivity [280,281].

We cannot exclude the possibility that some women have either turned negative or turned

positive for APAs after the index pregnancy, but there is no reason to believe this to differ
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between cases and controls. Remarkably little is known about the sustainability of APAs over 

time and we know of no studies that have investigated this among women with a history of 

IUFD. In one study, Erkan et al. found sustained positivity over time for approximately 75% of 

tests initially positive, but with a mean follow-up time of only 2.4, 3.5 and 1.0 years for LA, 

aCL, and anti-�2 GP1, respectively [282].

Although there is possibly some increased relative risk of IUFD associated with APAs, 

the absolute risk for APA positive women without previous clinical events is low, and the 

probability of a successful pregnancy outcome is high. Thus, the screening for APAs in an 

unselected population of pregnant women is not recommended. The 8th Guidelines on 

Antithrombotic Therapy of the American College of Chest Physicians (ACCP) from 2008 

recommend screening for APAs among women with a history of PMPC [195]. Low molecular 

weight heparin and low dose acetylsalicylic acid are currently only recommended for the 

prevention of recurrent pregnancy loss in women with APAs [195,232-234].

7.4     Thrombophilia and placenta pathology

Thrombotic lesions of the placenta are a common finding among women with stillbirth [283], as 

with other PMPC [186]. Of importance concerning the relationship between thrombophilia and 

placental pathology is whether coagulation abnormalities are underlying causes of abnormal 

placentation or adversely affect an already compromised placenta. No placental lesions have 

been demonstrated to be unique or specific for coagulopathy and the placental pathology for 

PMPC like IUGR, PE, placental abruption and stillbirth are very similar in patients with and 

without underlying maternal thrombophilia [190,284,285]. Abnormal uterine artery Doppler is in 

fact more predictive of villous infarcts and intervillous thrombosis than maternal thrombophilic 

disorders [286]. Studies have suggested that complications in late pregnancy may be determined 
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by impaired placental function already in the first 10 weeks after conception [122]. Presumably 

defective spiral artery transformation renders these vessels prone to thrombosis. Similar findings 

at delivery might simply represent a final common pathway for different underlying 

abnormalities. 

7.5     Classification

In the present study we found over half of all stillbirths to be caused by or associated with 

placental pathology (68.4%). A report from the Netherlands regarding classification of perinatal 

deaths by Korteweg et al. found 2/3 of the deaths to be caused by placental pathology, classified 

according to the Tulip classification [53,276]. They stated that classification systems without a

group of placental causes or with only a minimal subdivision of this group were not useful in 

modern perinatal audit as loss of information would occur. Another recent analysis of perinatal 

deaths in high-income countries demonstrated that placental pathologies were causal or 

contributory in more than half of stillbirths [27]. Other reports have also found placental causes 

in up to 60% of the cases [69,72,287]. Rayburn et al. reported already in 1985 that most 

intrauterine deaths in the 3rd trimester were due to placental dysfunction, chronic or acute [287].

The risk of death in pregnancies with dysmature placenta has been shown to be 70-fold 

that of pregnancies with a normal placenta [288]. Placental dysfunction can be divided into 

chronic or acute dysfunction [288]. Early diagnosis of placental dysfunction is a major clinical 

challenge. For chronic dysfunction it is possible to detect IUGR, as the fetus does not grow 

according to its growth potential. No such markers are available for acute placental dysfunction.

Placental histological examination has received increasing attention in determining the 

causes of stillbirths as the findings can support or contradict the suggested diagnosis, or provide 

new clues [287,289] as has been pointed out by others [51,53,72]. Other main sources of 
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information in stillbirth investigation are the maternal and fetal health and history and the 

autopsy [51]. Availability of placental histological examination is reported to generate higher 

rates of stillbirths with placental causes and reduction in unexplained stillbirths [51,53]. But 

causality related to placental pathology can be unclear and avoiding over-interpretation of 

placental findings is thus important [255,290].

However, although placental failure is becoming a more recognized cause of 

stillbirth many classification systems do not address placental cause of stillbirth. Such 

classifications generate an excessive number of unexplained deaths otherwise allocated a 

placental cause in other classifications [53]. Newer systems like CODAC or the Tulip 

classification do recognize this group [60,62,69].   

We reported 20% of IUFDs in our material with an unknown cause. A recent report of 

causes of stillbirth in 6 high-income countries, classified according to CODAC, reported 30% of 

the cases with an unknown cause and found the main reason for this a failure to perform

adequate investigations as only 5% of stillbirths that underwent full assessment were 

unexplained [27]. The reported numbers of unexplained stillbirth in the literature ranges from 9 

– 71% [49-51]. The proportion of unexplained stillbirths is dependent on both the sources of 

information available in addition to the classification system used. Classification systems capable 

of retaining important and detailed information have a lower proportion of unexplained deaths 

[62,69]. In a comparison with 5 other classification systems CODAC recieved the highest score 

regarding the ability to retain important information and for the ease of use. It had the lowest 

proportion of unexplained stillbirths and a fair inter-observer agreement [51].

The proportion of our cases distributed in the other causal groups was in agreement with 

recent reports by Flenady et al. [27] and Goldenberg et al. [42].  
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8.     Conclusions

The incidence of IUFD was 4.1/1000 deliveries. Classified by the CODAC-classification half of 

all stillbirths had placental causes and 20% had an unknown cause that had placental associated 

conditions in 35.6% of the cases. SGA and placental abruption were found to be the strongest 

risk factors for IUFD. The risk of HD was mediated through SGA, and no or moderate risk was 

associated with HD if not accompanied by SGA. Other risk factors detected were, pre-pregnancy 

and gestational DM, thyroid disease, placenta previa, twin pregnancy, smoking, and advanced 

maternal age. These were of low prevalence and associated with low or moderate ORs and 

therefore probably of limited importance in further reducing the rates of stillbirths, although 

important in the prevention of IUFD in general. Smoking and SGA were significant risk factors 

across all causal groups. Women with IUFD of placental or unknown causes had many risk 

factors in common; twin pregnancy, hypertension and diabetes, which were not risk factors for 

IUFD of other causes. The risk estimates pointed in the same direction regardless of the control 

group, even though the absolute risk estimates were slightly different using different control 

groups.

Women with a history of IUFD after 22 gestational weeks were more often LA positive, 

3-18 years after the incident, but the association seemed to be confined to women positive for 

other APAs in addition to LA. APAs as a composite variable were found to be associated with 

IUFD of other causes (than placental or unknown). There is however still great uncertainty 

related to the association of APAs and IUFD and the clinical importance is not easily predicated. 

The prothrombin polymorphism was significantly associated with IUFD compared to 

women with live births only, but not FVLeiden or AT-, PC-, or PS deficiencies. When analyzed in 

separate causal groups the prothrombin polymorphism was a significant risk factor only among 

women with stillbirth of placental causes. 
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Stillbirth is a multifactorial disease including genetic, acquired and environmental 

determinants, which may interact on various levels. Many stillbirths in high-income countries are 

potentially preventable and preventive strategies that target risk factors are important in rate 

reduction. Prevention of stillbirths caused by placental insufficiency is dependent on the 

detection of women at risk and appropriate timing of birth, although planned early delivery needs 

to be weighed against the risk associated with intervening at a given gestational age. IUGR can 

be a sign of placental insufficiency, especially chronic placental dysfunction, and is the risk 

factor most frequently associated with stillbirth, thus the correct diagnosis of IUGR is of great 

importance. However, early diagnosis of placental dysfunction and IUGR are a major clinical 

challenge and no markers are available for acute placental dysfunction [288]. Screening of low-

risk women has been demonstrated non-beneficial in detecting women at risk for complications 

like PE and/or IUGR [291,292]. A group of investigators has proposed the use of a “placental

profile” as screening for the likelihood of PE, IUGR, placental abruption or IUFD among high 

risk women with medical and/or previous obstetric complications. They conducted a study 

estimating placental profile by 3 separate tests; maternal serum screening, second trimester 

uterine artery Doppler imaging, and placental morphologic condition. Women with all tests 

normal had significantly decreased risk of adverse pregnancy outcomes. If this profiling would 

accurately identify the subset of women at greatest risk for complications, this could be of

advantage to both the patient and her physician, by providing reassurance to women with normal 

test results, and providing sufficient follow-up to the women at greatest risk for complications 

[293].

Recognition of the risks associated with medical disorders like diabetes and hypertension 

and implementation of guidelines that might improve management is of importance. Not all risk 

factors are avoidable, as for an example advanced maternal age. But awareness of the risks 
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attributed to such factors is important in choosing the appropriate follow-up regimen for these 

women. Theoretically awareness regarding the risk associated with advanced maternal age might 

also affect the women’s choice of delaying childbearing. 

Despite some increased relative risk of IUFD associated with thrombophilia, the absolute 

risk is low and thus the probability of a successful pregnancy outcome among women with 

thrombophilia high. There is no evidence to support universal screening of thrombophilia among 

pregnant women [294]. The 2008 guidelines from the American College of Chest Physicians

(ACCP) on antithrombotic therapy and pregnancy recommend women with PMPC to be 

screened only for antiphospholipid antibodies (APAs), with a further investigation only if APAs

are negative [195].
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9.     Future perspectives

Further research is needed regarding appropriate measures to detect women/ pregnancies at risk 

for stillbirth, especially those at risk for placental dysfunction, which is a major contributor to 

stillbirth in high-income countries. The benefit of the interventions and cost-effective analysis, as 

on serial ultrasound examination for the detection of IUGR, should be investigated.

Benefit of other preventive strategies needs to be confirmed in studies, like weight 

management, efficacy of smoking cessation programs, improvements in antenatal care, use of 

interpreter in case of language barrier and risk reduction associated with induction of labor at 

different gestational ages.

Better understanding of the pathogenesis of IUFD among women with inheritable or 

acquired thrombophilia is needed in order to develop treatment options. It is possible that some 

still unknown thrombophilias could be involved in the pathogenesis of stillbirth. Recently low 

levels of protein Z [295,296] and reduced expression of annexin A5 [297,298], natural 

anticoagulant proteins, has been suggested to be associated with adverse pregnancy outcomes. 

This needs further investigation. 

A large proportion of stillbirths are of placental causes. Further research regarding 

identification of clinical manifestations of placental pathology as well as focus on screening and 

interventions is important for the prevention of these deaths.

 

 



 108 

 



 109 

 

References

         1   Froen JF, Arnestad M, Frey K, Vege A, Saugstad OD, Stray-Pedersen B. Risk factors for sudden 
               intrauterine unexplained death: epidemiologic characteristics of singleton cases in Oslo, 

             Norway, 1986-1995. Am J Obstet Gynecol 2001; 184: 694-702.

2 Högberg U, Wall S, Wiklund DE. Perinatal mortality in a Swedish county 1980-1984. Mortality pattern 
and its amenability. Acta Obstet Gynecol Scand 1990; 69: 567-73.

3 Winbo I, Serenius F, Dahlquist G, Källen B. Maternal risk factors for cause-specific stillbirth and neonatal 
death. Acta Obstet Gynecol Scand 2001; 80: 235-44.

4 Gonen R, Lavi N, Attias D, Schliamser L, Borochowitz Z, Toubi E, Ohel G. Absence of association of 
inherited thrombophilia with unexplained third-trimester intrauterine fetal death. Am J Obstet Gynecol 
2005; 192: 742-6.

5 Rey E, Kahn SR, David M, Shrier I. Thrombophilic disorders and fetal loss: a meta-analysis. Lancet 2003; 
361: 901-8.

6 Robertson L, Wu O, Langhorne P, Twaddle S, Clark P, Lowe GD, Walker ID, Greaves M, Brenkel I, 
Regan L, Greer IA. Thrombophilia in pregnancy: a systematic review. Br J Haematol 2006; 132: 171-96.

7 Bocciolone L, Meroni P, Parazzini F, Tincani A, Radici E, Tarantini M, Rossi E, Bianchi C, Mezzanotte C,
D'Angelo A. Antiphospholipid antibodies and risk of intrauterine late fetal death. Acta Obstet Gynecol 
Scand 1994; 73: 389-92.

8 Gris JC, Quere I, Monpeyroux F, Mercier E, Ripart-Neveu S, Tailland ML, Hoffet M, Berlan J, Daures JP,
Mares P. Case-control study of the frequency of thrombophilic disorders in couples with late foetal loss and 
no thrombotic antecedent--the Nimes Obstetricians and Haematologists Study 5 (NOHA5). Thromb 
Haemost 1999; 81: 891-9.

9 Woods R. Long-term trends in fetal mortality: implications for developing countries. Bull World Health 
Organ 2008; 86: 460-6.

10 Macfarlane A, Gissler M, Bolumar F, Rasmussen S. The availability of perinatal health indicators in 
Europe. Eur J Obst Gynecol Reprod Biol 2003; 111 suppl: S15-32.

11 Martin JA, Hoyert DL. The national fetal death file. Semin Perinatol 2002; 26: 3-11.

12 Gissler M, Mohangoo AD, Blondel B, Chalmers J, Macfarlane A, Gaizauskiene A, Gatt M, Lack N, 
Sakkeus L, Zeitlin J, Euro-Peristat Group. Perinatal health monitoring in Europe: results from the EURO-
PERISTAT project. Informatics for health & social care 2010; 35: 64-79.

13 WHO. ICD-10: International statistical classification of diseases and related heath problems-instructional 
manual. Geneva, Switzerland. World Health Organsization, 2004.

14 Stanton C, Lawn JE, Rahman H, Wilczynska-Ketende K, Hill K. Stillbirth rates: delivering estimates in 
190 countries. Lancet 2006; 367: 1487-94.

15 McClure EM, Wright LL, Goldenberg RL, Goudar SS, Parida SN, Jehan I, Tshefu A, Chomba E, Althabe 
F, Garces A, Harris H, Derman RJ, Panigrahi P, Engmann C, Buekens P, Hambidge M, Carlo WA, NICHD 
FIRST BREATH Study Group. The global network: a prospective study of stillbirths in developing 
countries. Am J Obstet Gynecol 2007; 197: 247.e1-5.



 110 

 

 16 Froen JF, Gordijn SJ, Abdel-Aleem H, Bergsjo P, Betran A, Duke CW, Fauveau V, Flenady V, Hinderaker 
SG, Hofmeyr GJ, Jokhio AH, Lawn J, Lumbiganon P, Merialdi M, Pattinson R, Shankar A. Making 
stillbirths count, making numbers talk - issues in data collection for stillbirths. BMC Pregnancy Childbirth 
2009; 9: 58.

17 Lawn JE, Gravett M, Nunes T, Rubens C, Stanton C. Global report on preterm birth and stillbirth (1 of 7): 
definitions, description of the burden and opportunities to improve data. BMC Pregnancy Childbirth 2010; 
10  Suppl 1: S1.

18 Lawn JE, Blencowe H, Pattinson R, Cousens S, Kumar R, Ibiebele I, Gardosi J, Day LT, Stanton C,
Lancet's Stillbirths Series steering committee. Stillbirths: Where? When? Why? How to make the data 
count? Lancet 2011; 377: 1448-63.

19 Froen JF, Cacciatore J, McClure EM, Kuti O, Jokhio AH, Islam M, Shiffman J, Lancet's Stillbirths Series 
steering committee. Stillbirths: why they matter. Lancet 2011; 377: 1353-66.

20 Mathers CD, Boerma T, Fat DM. The global burden of disease: 2004 update. Geneva, Switzerland: WHO, 
2008.

21 Cousens S, Blencowe H, Stanton C, Chou D, Ahmed S, Steinhardt L, Creanga AA, Tuncalp O, Balsara ZP, 
Gupta S, Say L, Lawn JE. National, regional, and worldwide estimates of stillbirth rates in 2009 with trends 
since 1995: a systematic analysis. Lancet 2011; 377: 1319-30.

22 Ananth CV, Liu S, Joseph KS, Kramer MS, Fetal and Infant Health Study Group of the Canadian Perinatal 
Surveillance System. A comparison of foetal and infant mortality in the United States and Canada. Int J 
Epidemiol 2009; 38: 480-9.

23 Fretts RC. Etiology and prevention of stillbirth. Am J Obstet Gynecol 2005; 193: 1923-35.

24 Cnattingius S, Stephansson O. The epidemiology of stillbirth. Semin Perinatol 2002; 26: 25-30.

25 Smith GC. Predicting antepartum stillbirth. Curr Opin Obstet Gynecol 2006; 18: 625-30.

26 McClure EM, Nalubamba-Phiri M, Goldenberg RL. Stillbirth in developing countries. Int J Gynaecol 
Obstet 2006; 94: 82-90.

27 Flenady V, Middleton P, Smith GC, Duke W, Erwich JJ, Khong TY, Neilson J, Ezzati M, Koopmans L, 
Ellwood D, Fretts R, Froen JF, Lancet's Stillbirths Series steering committee. Stillbirths: the way forward 
in high-income countries. Lancet 2011; 377: 1703-17.

28 Fellman J, Eriksson AW. Stillbirth rates in singletons, twins and triplets in Sweden, 1869 to 2001. Twin 
Research & Human Genetics: the Official Journal of the International Society for Twin Studies 2006; 9: 
260-5.

29 Luo ZC, Wilkins R, Kramer MS, Fetal and Infant Health Study Group of the Canadian Perinatal 
Surveillance System. Effect of neighbourhood income and maternal education on birth outcomes: a 
population-based study. CMAJ 2006; 174: 1415-20.

30 Parsons L, Duley L, Alberman E. Socio-economic and ethnic factors in stillbirth and neonatal mortality in 
the NE Thames Regional Health Authority (NETRHA) 1983. Br J Obstet Gynaecol 1990; 97: 237-44.

31 Di Mario S, Say L, Lincetto O. Risk factors for stillbirth in developing countries: a systematic review of 
the literature. Sex Transm Dis 2007; 34 (7 Suppl): S11-21.

32 Lawn J, Shibuya K, Stein C. No cry at birth: global estimates of intrapartum stillbirths and intrapartum-
related neonatal deaths. Bull World Health Organ 2005; 83: 409-17.



 111 

 

33 Fauveau V. New indicator of quality of emergency obstetric and newborn care. Lancet 2007; 370: 1310.

34 Flenady V, Koopmans L, Middleton P, Froen JF, Smith GC, Gibbons K, Coory M, Gordon A, Ellwood D, 
McIntyre HD, Fretts R, Ezzati M. Major risk factors for stillbirth in high-income countries: a systematic 
review and meta-analysis. Lancet 2011; 377: 1331-40.

35 Kalter H. Five-decade international trends in the relation of perinatal mortality and congenital 
malformations: stillbirth and neonatal death compared. Int J Epidemiol 1991; 20: 173-9.

36 Goldenberg RL, Kirby R, Culhane JF. Stillbirth: a review. J Matern-Fetal Neo M 2004; 16: 79-94.

37 MacDorman MF, Kirmeyer S. The challenge of fetal mortality. NCHS Data Brief (16): 2009;  1-8.

38 Smith GC, Fretts RC. Stillbirth. Lancet 2007; 370: 1715-25.

39 Wapner RJ, Lewis D. Genetics and metabolic causes of stillbirth. Semin Perinatol 2002; 26: 70-4.

40 Gibbs RS. The origins of stillbirth: infectious diseases. Semin Perinatol 2002; 26: 75-8.

41 Goldenberg RL, Thompson C. The infectious origins of stillbirth. Am J Obstet Gynecol 2003; 189: 861-
73.

42 Goldenberg RL, McClure EM, Saleem S, Reddy UM. Infection-related stillbirths. Lancet 2010; 375: 1482-
90.

43 Collins JH. Umbilical cord accidents: human studies. Semin Perinatol 2002; 26: 79-82.

44 Ananth CV, Berkowitz GS, Savitz DA, Lapinski RH. Placental abruption and adverse perinatal outcomes. 
JAMA 1999; 282: 1646-51.

45 Owen J, Stedman CM, Tucker TL. Comparison of predelivery versus postdelivery Kleihauer-Betke stains 
in cases of fetal death. Am J Obstet Gynecol 1989; 161: 663-6.

46 Simpson LL. Maternal medical disease: risk of antepartum fetal death. Semin Perinatol 2002; 26: 42-50.

47 Fretts RC, Boyd ME, Usher RH, Usher HA. The changing pattern of fetal death, 1961-1988. Obstet 
Gynecol 1992; 79: 35-9.

48 Froen JF, Gardosi JO, Thurmann A, Francis A, Stray-Pedersen B. Restricted fetal growth in sudden 
intrauterine unexplained death. Acta Obstet Gynecol Scand 2004; 83: 801-7.

49 Petersson K, Bremme K, Bottinga R, Hofsjo A, Hulthen-Varli I, Kublickas M, Norman M, 
Papadogiannakis N, Wanggren K, Wolff K. Diagnostic evaluation of intrauterine fetal deaths in Stockholm 
1998-99. Acta Obstet Gynecol Scand 2002; 81: 284-92.

50 Gardosi J, Kady SM, McGeown P, Francis A, Tonks A. Classification of stillbirth by relevant condition at 
death (ReCoDe): population based cohort study. BMJ 2005; 331: 1113-7.

51 Flenady V, Froen JF, Pinar H, Torabi R, Saastad E, Guyon G, Russell L, Charles A, Harrison C, Chauke L, 
Pattinson R, Koshy R, Bahrin S, Gardener G, Day K, Petersson K, Gordon A, Gilshenan K. An evaluation 
of classification systems for stillbirth. BMC Pregnancy Childbirth 2009; 9: 24.

52 CESDI - Confidental enquiry into Stillbirths and Deaths in infancy. 8th Annual Report. London, England: 
Maternal and Child Health Research Consortium, 2001.

53 Korteweg FJ, Gordijn SJ, Timmer A, Holm JP, Ravise JM, Erwich JJ. A placental cause of intra-uterine 
fetal death depends on the perinatal mortality classification system used. Placenta 2008; 29: 71-80.



 112 

 

54 Fretts RC, Usher RH. Causes of fetal death in women of advanced maternal age. Obstet Gynecol 1997; 89: 
40-5.

55 Huang DY, Usher RH, Kramer MS, Yang H, Morin L, Fretts RC. Determinants of unexplained antepartum 
fetal deaths. Obstet Gynecol 2000; 95: 215-21.

56 Alessandri LM, Stanley FJ, Newnham J, Walters BN. The epidemiological characteristics of unexplained 
antepartum stillbirths. Early Hum Dev 1992; 30: 147-61.

57 Yudkin PL, Wood L, Redman CW. Risk of unexplained stillbirth at different gestational ages. Lancet 
1987; 1: 1192-4.

 58 Cnattingius S, Haglund B, Kramer MS. Differences in late fetal death rates in association with 
determinants of small for gestational age fetuses: population based cohort study. BMJ 1998; 316: 1483-7.

59 Wigglesworth JS. Monitoring perinatal mortality. A pathophysiological approach. Lancet 1980; 2: 684-6.

60 Froen JF, Pinar H, Flenady V, Bahrin S, Charles A, Chauke L, Day K, Duke CW, Facchinetti F, Fretts RC, 
Gardener G, Gilshenan K, Gordijn SJ, Gordon A, Guyon G, Harrison C, Koshy R, Pattinson RC, Petersson 
K, Russell L, Saastad E, Smith GC, Torabi R. Causes of death and associated conditions (Codac): a 
utilitarian approach to the classification of perinatal deaths. BMC Pregnancy Childbirth 2009; 9: 22.

61 The European Perinatal Health Report. http://www.europeristat.com/publications/european-perinatal-
health-report.shtml. 2011.

62 Korteweg FJ, Gordijn SJ, Timmer A, Erwich JJ, Bergman KA, Bouman K, Ravise JM, Heringa MP, Holm 
JP. The Tulip classification of perinatal mortality: introduction and multidisciplinary inter-rater agreement. 
BJOG 2006; 113: 393-401.

63 Cole SK, Hey EN, Thomson AM. Classifying perinatal death: an obstetric approach. Br J Obstet Gynaecol 
1986; 93: 1204-12.

64 Baird D, Walker J, Thomson AM. The causes and prevention of stillbirths and first week deaths. III. A 
classification of deaths by clinical cause; the effect of age, parity and length of gestation on death rates by 
cause. J Obstet Gynaecol Br Emp 1954; 61: 433-48.

65 Whitfield CR, Smith NC, Cockburn F, Gibson AA. Perinatally related wastage--a proposed classification 
of primary obstetric factors. Br J Obstet Gynaecol 1986; 93: 694-703.

66 Chan A, King JF, Flenady V, Haslam RH, Tudehope DI. Classification of perinatal deaths: development of 
the Australian and New Zealand classifications. J Paediatr Child Health 2004; 40: 340-7.

67 Bound JP, Butler NR, Spector WG. Classification and causes of perinatal mortality. II. Br Med J 1956; 2: 
1260-5.

68 Hey EN, Lloyd DJ, Wigglesworth JS. Classifying perinatal death: fetal and neonatal factors. Br J Obstet 
Gynaecol 1986; 93: 1213-23.

69 de Galan-Roosen AE, Kuijpers JC, van der Straaten PJ, Merkus JM. Evaluation of 239 cases of perinatal 
death using a fundamental classification system. Eur J Obst Gynecol Reprod Biol 2002; 103: 37-42.

70 Winbo IG, Serenius FH, Dahlquist GG, Kallen BA. A computer-based method for cause of death 
classification in stillbirths and neonatal deaths. Int J Epidemiol 1997; 26: 1298-306.

71 Winbo IG, Serenius FH, Dahlquist GG, Kallen BA. NICE, a new cause of death classification for 
stillbirths and neonatal deaths. Neonatal and Intrauterine Death Classification according to Etiology. Int J 
Epidemiol 1998; 27: 499-504.



 113 

 

72 Horn LC, Langner A, Stiehl P, Wittekind C, Faber R. Identification of the causes of intrauterine death 
during 310 consecutive autopsies. Eur J Obst Gynecol Reprod Biol 2004; 113: 134-8.

73 Fretts RC, Elkin EB, Myers ER, Heffner LJ. Should older women have antepartum testing to prevent 
unexplained stillbirth? Obstet Gynecol 2004; 104: 56-64.

74 Cnattingius S, Forman MR, Berendes HW, Isotalo L. Delayed childbearing and risk of adverse perinatal 
outcome. A population-based study. JAMA 1992; 268: 886-90.

75 Fretts RC, Schmittdiel J, Mclean FH, Usher RH, Goldman MB. Increased maternal age and the risk of fetal 
death. N Engl J Med 1995; 333: 953-7.

76 Bateman BT, Simpson LL. Higher rate of stillbirth at the extremes of reproductive age: a large nationwide 
sample of deliveries in the United States. Am J Obstet Gynecol 2006; 194: 840-5.

77 Reddy UM, Ko CW, Willinger M. Maternal age and the risk of stillbirth throughout pregnancy in the 
United States. Am J Obstet Gynecol 2006; 195: 764-70.

78 Raymond EG, Cnattingius S, Kiely JL. Effects of maternal age, parity, and smoking on the risk of 
stillbirth. BJOG 1994; 101: 301-6.

79 Olausson PO, Cnattingius S, Haglund B. Teenage pregnancies and risk of late fetal death and infant 
mortality. Br J Obstet Gynaecol 1999; 106: 116-21.

80 Little RE, Weinberg CR. Risk factors for antepartum and intrapartum stillbirth. Am J Epidemiol 1993; 
137: 1177-89.

81 Stephansson O, Dickman PW, Johansson A, Cnattingius S. Maternal weight, pregnancy weight gain, and 
the risk of antepartum stillbirth. Am J Obstet Gynecol 2001; 184: 463-9.

82 Cnattingius S, Bergstrom R, Lipworth L, Kramer MS. Prepregnancy weight and the risk of adverse 
pregnancy outcomes. N Engl J Med 1998; 338: 147-52.

83 Sebire NJ, Jolly M, Harris JP, Wadsworth J, Joffe M, Beard RW, Regan L, Robinson S. Maternal obesity 
and pregnancy outcome: a study of 287,213 pregnancies in London. Int J Obes 2001; 25: 1175-82.

84 Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence and trends in obesity among US adults, 
1999-2000. JAMA 2002; 288: 1723-7.

85 World Health Organization Technical services. Obesity: preventing and managing the global epidemic. 
Report of a WHO Consultation. Geneva, Switzerland: WHO, 2000.

86 Stone JL, Lockwood CJ, Berkowitz GS, Alvarez M, Lapinski R, Berkowitz RL. Risk factors for severe 
preeclampsia. Obstet Gynecol 1994; 83: 357-61.

87 Ramsay JE, Ferrell WR, Crawford L, Wallace AM, Greer IA, Sattar N. Maternal obesity is associated with 
dysregulation of metabolic, vascular, and inflammatory pathways. J Clin Endocrinol Metab 2002; 87: 
4231-7.

88 Retnakaran R, Hanley AJ, Raif N, Connelly PW, Sermer M, Zinman B. C-reactive protein and gestational 
diabetes: the central role of maternal obesity. J Clin Endocrinol Metab 2003; 88: 3507-12.

89 Nohr EA, Bech BH, Davies MJ, Frydenberg M, Henriksen TB, Olsen J. Prepregnancy obesity and fetal 
death: a study within the Danish National Birth Cohort. Obstet Gynecol 2005; 106: 250-9.

90 Copper RL, Goldenberg RL, DuBard MB, Davis RO. Risk factors for fetal death in white, black, and 
Hispanic women. Collaborative Group on Preterm Birth Prevention. Obstet Gynecol 1994; 84: 490-5.



 114 

 

91 Sharma PP, Salihu HM, Oyelese Y, Ananth CV ,Kirby RS. Is race a determinant of stillbirth recurrence? 
Obstet Gynecol 2006; 107: 391-7.

92 Stephansson O, Dickman PW, Johansson AL, Cnattingius S. The influence of socioeconomic status on 
stillbirth risk in Sweden. Int J Epidemiol 2001; 30: 1296-301.

93 Jorgensen T, Mortensen LH, Andersen AM. Social inequality in fetal and perinatal mortality in the Nordic 
countries. Scand J Publ Health 2008; 36: 635-49.

94 Centre for Maternal and Child Enquiries Perinatal Mortality. Report 2008. London, UK: CMACE, 2010.

95 Vintzileos AM, Ananth CV, Smulian JC, Scorza WE, Knuppel RA. Prenatal care and black-white fetal 
death disparity in the United States: heterogeneity by high-risk conditions. Obstet Gynecol 2002; 99: 483-9.

96 Lawn P and Sullivan EA. Australia's mothers and babies 2007. Perinatal statistics series. Sydney, Australia: 
AIHW National Perinatal Statistics Unit, 2009.

97 Healy AJ, Malone FD, Sullivan LM, Porter TF, Luthy DA, Comstock CH, Saade G, Berkowitz R, 
Klugman S, Dugoff L, Craigo SD, Timor-Tritsch I, Carr SR, Wolfe HM, Bianchi DW, D'Alton ME,
FASTER Trial Research Consortium. Early access to prenatal care: implications for racial disparity in 
perinatal mortality. Obstet Gynecol 2006; 107: 625-31.

98 MacDorman MF, Hoyert DL, Martin JA, Munson ML, Hamilton BE. Fetal and perinatal mortality, United 
States, 2003. Natl Vital Stat Rep 2007; 55: 1-17.

99 Herschel M, Hsieh HL, Mittendorf R, Khoshnood B, Covert RF, Lee KS. Fetal death in a population of 
black women. Am J Prev Med 1995; 11: 185-9.

100 Raleigh VS, Botting B, Balarajan R. Perinatal and postneonatal mortality in England and Wales among 
immigrants from the Indian subcontinent. Indian J Pediatr 1990; 57: 551-62.

101 Saastad E, Vangen S, Froen JF. Suboptimal care in stillbirths - a retrospective audit study. Acta Obstet 
Gynecol Scand 2007; 86: 444-50.

102 Ravelli AC, Tromp M, Eskes M, Droog JC, van der Post JA, Jager KJ, Mol BW, Reitsma JB. Ethnic 
differences in stillbirth and early neonatal mortality in The Netherlands. J Epidemiol Community Health 
2011; 65: 696-701.

103 Kleinman JC, Pierre MB, Jr., Madans JH, Land GH, Schramm WF. The effects of maternal smoking on 
fetal and infant mortality. Am J Epidemiol 1988; 127: 274-82.

104 Naeye RL. Maternal age, obstetric complications, and the outcome of pregnancy. Obstet Gynecol 1983; 
61: 210-6.

105 Kramer MS, Usher RH, Pollack R, Boyd M, Usher S. Etiologic determinants of abruptio placentae. Obstet 
Gynecol 1997; 89: 221-6.

106 Meyer MB, Tonascia JA. Maternal smoking, pregnancy complications, and perinatal mortality. Am J 
Obstet Gynecol 1977; 128: 494-502.

107 Gupta PC, Subramoney S. Smokeless tobacco use and risk of stillbirth: a cohort study in Mumbai, India. 
Epidemiology 2006; 17: 47-51.

108 Mishra V, Retherford RD, Smith KR. Cooking smoke and tobacco smoke as risk factors for stillbirth. Int J 
Environ Health Res 2005; 15: 397-410.



 115 

 

109 Ahlsten G, Ewald U, Tuvemo T. Maternal smoking reduces prostacyclin formation in human umbilical 
arteries. A study on strictly selected pregnancies. Acta Obstet Gynecol Scand 1986; 65: 645-9.

110 Longo LD. Carbon monoxide: effects on oxygenation of the fetus in utero. Science 1976; 194: 523-5.

111 Morrow RJ, Ritchie JW, Bull SB. Maternal cigarette smoking: the effects on umbilical and uterine blood 
flow velocity. Am J Obstet Gynecol 1988; 159: 1069-71.

112 Aliyu MH, Wilson RE, Zoorob R, Chakrabarty S, Alio AP, Kirby RS, Salihu HM. Alcohol consumption 
during pregnancy and the risk of early stillbirth among singletons. Alcohol 2008; 42: 369-74.

113 Lutiger B, Graham K, Einarson TR, Koren G. Relationship between gestational cocaine use and pregnancy 
outcome: a meta-analysis. Teratology 1991; 44: 405-14.

114 Smith GC. Life-table analysis of the risk of perinatal death at term and post term in singleton pregnancies. 
Am J Obstet Gynecol 2001; 184: 489-96.

115 Hilder L, Costeloe K, Thilaganathan B. Prolonged pregnancy: evaluating gestation-specific risks of fetal 
and infant mortality. Br J Obstet Gynaecol 1998; 105: 169-73.

116 West CR, Adi Y, Pharoah PO. Fetal and infant death in mono- and dizygotic twins in England and Wales 
1982-91. Arch Dis Child Fetal Neonatal Ed 1999; 80: F217-F220.

117 Gardner MO, Goldenberg RL, Cliver SP, Tucker JM, Nelson KG, Copper RL. The origin and outcome of 
preterm twin pregnancies. Obstet Gynecol 1995; 85: 553-7.

118 Salihu HM, Aliyu MH, Rouse DJ, Kirby RS, Alexander GR. Potentially preventable excess mortality 
among higher-order multiples. Obstet Gynecol 2003; 102: 679-84.

119 Ventura SJ, Martin JA, Curtin SC, Mathews TJ, Park MM. Births: final data for 1998. Natl Vital Stat Rep 
2000; 48: 1-100.

120 Lyall F. The human placental bed revisited. Placenta 2002; 23: 555-62.

121 Smith GC. First trimester origins of fetal growth impairment. Semin Perinatol 2004; 28: 41-50.

122 Smith GC, Crossley JA, Aitken DA, Pell JP, Cameron AD, Connor JM, Dobbie R. First-trimester 
placentation and the risk of antepartum stillbirth. JAMA 2004; 292: 2249-54.

123 Lees C, Parra M, Missfelder-Lobos H, Morgans A, Fletcher O, Nicolaides KH. Individualized risk 
assessment for adverse pregnancy outcome by uterine artery Doppler at 23 weeks. Obstet Gynecol 2001; 
98: 369-73.

124 McDonald SD, Vermeulen MJ, Ray JG. Risk of fetal death associated with maternal drug dependence and 
placental abruption: a population-based study. JOGC 2007; 29: 556-9.

125 Salihu HM, Bekan B, Aliyu MH, Rouse DJ, Kirby RS, Alexander GR. Perinatal mortality associated with 
abruptio placenta in singletons and multiples. Am J Obstet Gynecol 2005; 193: 198-203.

126 Oyelese Y, Ananth CV. Placental abruption. Obstet Gynecol 2006; 108: 1005-16.

127 Resnik R. Intrauterine growth restriction. Obstet Gynecol 2002; 99: 490-6.

128 Clausson B, Gardosi J, Francis A, Cnattingius S. Perinatal outcome in SGA births defined by customised 
versus population-based birthweight standards. BJOG 2001; 108: 830-4.



 116 

 

129 Gardosi J. New definition of small for gestational age based on fetal growth potential. Horm Res 2006; 65 
Suppl 3: 15-8.

130 Surkan PJ, Stephansson O, Dickman PW, Cnattingius S. Previous preterm and small-for-gestational-age 
births and the subsequent risk of stillbirth. N Engl J Med 2004; 350: 777-85.

131 Sibai B, Dekker G, Kupferminc M. Pre-eclampsia. Lancet 2005; 365: 785-99.

132 Warland J, McCutcheon H, Baghurst P. Maternal blood pressure in pregnancy and stillbirth: a case-control 
study of third-trimester stillbirth. Am J Perinatol 2008; 25: 311-7.

133 Aagaard-Tillery KM, Holmgren C, Lacoursiere DY, Houssain S, Bloebaum L, Satterfield R, Branch DW,
Varner MW. Factors associated with nonanomalous stillbirths: the Utah Stillbirth Database 1992-2002. Am 
J Obstet Gynecol 2006; 194: 849-54.

134 Smulian JC, Ananth CV, Vintzileos AM, Scorza WE, Knuppel RA. Fetal deaths in the United States. 
Influence of high-risk conditions and implications for management. Obstet Gynecol 2002; 100: 1183-9.

135 McGovern PG, Llorens AJ, Skurnick JH, Weiss G, Goldsmith LT. Increased risk of preterm birth in 
singleton pregnancies resulting from in vitro fertilization-embryo transfer or gamete intrafallopian transfer: 
a meta-analysis. Fertil Steril 2004; 82: 1514-20.

136 Olivennes F, Rufat P, Andre B, Pourade A, Quiros MC, Frydman R. The increased risk of complication 
observed in singleton pregnancies resulting from in-vitro fertilization (IVF) does not seem to be related to 
the IVF method itself. Hum Reprod 1993; 8: 1297-300.

137 Reddy UM. Prediction and prevention of recurrent stillbirth. Obstet Gynecol 2007; 110: 1151-64.

138 Cnattingius S, Berendes HW, Forman MR. Do delayed childbearers face increased risks of adverse 
pregnancy outcomes after the first birth? Obstet Gynecol 1993; 81: 512-6.

139 Samueloff A, Xenakis EM, Berkus MD, Huff RW, Langer O. Recurrent stillbirth. Significance and 
characteristics. J Reprod Med 1993; 38: 883-6.

140 Heinonen S, Kirkinen P. Pregnancy outcome after previous stillbirth resulting from causes other than 
maternal conditions and fetal abnormalities. Birth 2000; 27: 33-7.

141 Robson S, Chan A, Keane RJ, Luke CG. Subsequent birth outcomes after an unexplained stillbirth: 
preliminary population-based retrospective cohort study. Aust N Z J Obstet Gynaecol 2001; 41: 29-35.

142 Goldenberg RL, Mayberry SK, Copper RL, DuBard MB, Hauth JC. Pregnancy outcome following a 
second-trimester loss. Obstet Gynecol 1993; 81: 444-6.

143 Smith GC, Pell JP, Dobbie R. Caesarean section and risk of unexplained stillbirth in subsequent 
pregnancy. Lancet 2003; 362: 1779-84.

144 Smith GC, Shah I, White IR, Pell JP, Dobbie R. Previous preeclampsia, preterm delivery, and delivery of a 
small for gestational age infant and the risk of unexplained stillbirth in the second pregnancy: a 
retrospective cohort study, Scotland, 1992-2001. Am J Epidemiol 2007; 165: 194-202.

145 Bahtiyar MO, Julien S, Robinson JN, Lumey L, Zybert P, Copel JA, Lockwood CJ, Norwitz ER. Prior 
cesarean delivery is not associated with an increased risk of stillbirth in a subsequent pregnancy: analysis of 
U.S. perinatal mortality data, 1995-1997. Am J Obstet Gynecol 2006; 195: 1373-8.

146 Silver RM. Fetal death. Obstet Gynecol 2007; 109: 153-67.



 117 

 

147 American College of Obstetricians and Gynecologists. Diabetes in pregnancy. Technical Bulletin, Number 
200. Washington DC, USA: ACOG, 1994.

148 Macintosh MC, Fleming KM, Bailey JA, Doyle P, Modder J, Acolet D, Golightly S,Miller A. Perinatal 
mortality and congenital anomalies in babies of women with type 1 or type 2 diabetes in England, Wales, 
and Northern Ireland: population based study. BMJ 2006; 333: 177-80.

149 Murphy JF, O'Riordan J, Newcombe RG, Coles EC, Pearson JF. Relation of haemoglobin levels in first 
and second trimesters to outcome of pregnancy. Lancet 1986; 1: 992-5.

150 Froen JF, Moyland RA, Saugstad OD, Stray-Pedersen B. Maternal health in sudden intrauterine 
unexplained death: do urinary tract infections protect the fetus? Obstet Gynecol 2002; 100: 909-15.

151 Stephansson O, Dickman PW, Johansson A, Cnattingius S. Maternal hemoglobin concentration during 
pregnancy and risk of stillbirth. JAMA 2000; 284: 2611-7.

152 Wells PS, Ginsberg JS, Anderson DR, Kearon C, Gent M, Turpie AG, Bormanis J, Weitz J, Chamberlain 
M, Bowie D, Barnes D, Hirsh J. Use of a clinical model for safe management of patients with suspected 
pulmonary embolism. Ann Intern Med 1998; 129: 997-1005.

153 Perrier A, Desmarais S, Miron MJ, de Moerloose P, Lepage R, Slosman D, Didier D, Unger PF, Patenaude 
JV, Bounameaux H. Non-invasive diagnosis of venous thromboembolism in outpatients. Lancet 1999; 353: 
190-5.

154 Vine AK. Recent advances in haemostasis and thrombosis. Retina 2009; 29: 1-7.

155 Brosstad F. Hemostasemekanisme. Klinisk biokjemi og fysiologi. 3. ed. Oslo, Norway: Gyldendal 
akademisk. 2006.

156 Crawley JT, Lane DA. The haemostatic role of tissue factor pathway inhibitor. Arterioscler Thromb Vasc 
Biol 2008; 28: 233-42.

157 Kujovich JL. Thrombophilia and pregnancy complications. Am J Obstet Gynecol 2004; 191: 412-24.

158 Thorelli E, Kaufman RJ, Dahlback B. Cleavage of factor V at Arg 506 by activated protein C and the 
expression of anticoagulant activity of factor V. Blood 1999; 93: 2552-8.

159 Zoller B, Garcia de FP, Dahlback B. A common 4G allele in the promoter of the plasminogen activator 
inhibitor-1 (PAI-1) gene as a risk factor for pulmonary embolism and arterial thrombosis in hereditary 
protein S deficiency. Thromb Haemost 1998; 79: 802-7.

160 Rees DC, Cox M, Clegg JB. World distribution of factor V Leiden. Lancet 1995; 346: 1133-4.

161 Ridker PM, Miletich JP, Hennekens CH, Buring JE. Ethnic distribution of factor V Leiden in 4047 men 
and women. Implications for venous thromboembolism screening. JAMA 1997; 277: 1305-7.

162 Berge E, Haug KB, Sandset EC, Haugbro KK, Turkovic M, Sandset PM. The factor V Leiden, 
prothrombin gene 20210GA, methylenetetrahydrofolate reductase 677CT and platelet glycoprotein IIIa 
1565TC mutations in patients with acute ischemic stroke and atrial fibrillation. Stroke 2007; 38: 1069-71.

163 Jacobsen AF, Dahm A, Bergrem A, Jacobsen EM,S andset PM. Risk of venous thrombosis in pregnancy 
among carriers of the factor V Leiden and the prothrombin gene G20210A polymorphisms. J Thromb 
Haemost 2010; 8: 2443-9.

164 Rosendaal FR, Koster T, Vandenbroucke JP, Reitsma PH. High risk of thrombosis in patients homozygous 
for factor V Leiden (activated protein C resistance). Blood 1995; 85: 1504-8.



 118 

 

165 Poort SR, Rosendaal FR, Reitsma PH, Bertina RM. A common genetic variation in the 3'-untranslated 
region of the prothrombin gene is associated with elevated plasma prothrombin levels and an increase in 
venous thrombosis. Blood 1996; 88: 3698-703.

166 Souto JC, Coll I, Llobet D, del RE, Oliver A, Mateo J, Borrell M, Fontcuberta J. The prothrombin 20210A 
allele is the most prevalent genetic risk factor for venous thromboembolism in the Spanish population. 
Thromb Haemost 1998; 80: 366-9.

167 Girling J, de Swiet M. Inherited thrombophilia and pregnancy. Curr Opin Obstet Gynecol 1998; 10: 135-
44.

168 Rao AK, Sheth S, Kaplan R. Inherited hypercoagulable states. Vasc Med 1997; 2: 313-20.

169 Dahlback B. Advances in understanding pathogenic mechanisms of thrombophilic disorders. Blood 2008; 
112: 19-27.

170 Wells PS, Blajchman MA, Henderson P, Wells MJ, Demers C, Bourque R, McAvoy A. Prevalence of 
antithrombin deficiency in healthy blood donors: a cross-sectional study. Am J Hematol 1994; 45: 321-4.

171 Tait RC, Walker ID, Perry DJ, Islam SI, Daly ME, McCall F, Conkie JA, Carrell RW. Prevalence of 
antithrombin deficiency in the healthy population. Br J Haematol 1994; 87: 106-12.

172 Cerneca F, Ricci G, Simeone R, Malisano M, Alberico S, Guaschino S. Coagulation and fibrinolysis 
changes in normal pregnancy. Increased levels of procoagulants and reduced levels of inhibitors during 
pregnancy induce a hypercoagulable state, combined with a reactive fibrinolysis. Eur J Obst Gynecol 
Reprod Biol 1997; 73: 31-6.

173 Lockwood CJ. Heritable coagulopathies in pregnancy. Obstet Gynecol Surv 1999; 54: 754-65.

174 Tait RC, Walker ID, Reitsma PH, Islam SI, McCall F, Poort SR, Conkie JA, Bertina RM. Prevalence of 
protein C deficiency in the healthy population. Thromb Haemost 1995; 73: 87-93.

175 Faught W, Garner P, Jones G, Ivey B. Changes in protein C and protein S levels in normal pregnancy. Am 
J Obstet Gynecol 1995; 172: 147-50.

176 Lane DA, Mannucci PM, Bauer KA, Bertina RM, Bochkov NP, Boulyjenkov V, Chandy M, Dahlback B, 
Ginter EK, Miletich JP, Rosendaal FR, Seligsohn U. Inherited thrombophilia: Part 1. Thromb Haemost 
1996; 76: 651-62.

177 Dykes AC, Walker ID, McMahon AD, Islam SI, Tait RC. A study of Protein S antigen levels in 3788 
healthy volunteers: influence of age, sex and hormone use, and estimate for prevalence of deficiency state. 
Br J Haematol 2001; 113: 636-41.

178 Malm J, Laurell M, Dahlback B. Changes in the plasma levels of vitamin K-dependent proteins C and S 
and of C4b-binding protein during pregnancy and oral contraception. Br J Haematol 1988; 68: 437-43.

179 Comp PC, Thurnau GR, Welsh J, Esmon CT. Functional and immunologic protein S levels are decreased 
during pregnancy. Blood 1986; 68: 881-5.

180 Boerger LM, Morris PC, Thurnau GR, Esmon CT, Comp PC. Oral contraceptives and gender affect 
protein S status. Blood 1987; 69: 692-4.

181 Henkens CM, Bom VJ, Van der Schaaf W, Pelsma PM, Sibinga CT, de Kam PJ, van der Meer J. Plasma 
levels of protein S, protein C, and factor X: effects of sex, hormonal state and age. Thromb Haemost 1995; 
74: 1271-5.



 119 

 

182 Mulder R, Ten Kate MK, Kluin-Nelemans HC, Mulder AB. Low cut-off values increase diagnostic 
performance of protein S assays. Thromb Haemost 2010; 104: 618-25.

183 Greaves M. Acquired thrombophilia. Vasc Med 2004; 9: 215-8.

184 Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera R, Derksen RH, DE Groot PG, Koike 
T, Meroni PL, Reber G, Shoenfeld Y, Tincani A, Vlachoyiannopoulos PG, Krilis SA. International 
consensus statement on an update of the classification criteria for definite antiphospholipid syndrome 
(APS). J Thromb Haemost 2006; 4: 295-306.

185 Petri M. Epidemiology of the antiphospholipid antibody syndrome. J Autoimmun 2000; 15: 145-51.

186 Salafia CM, Minior VK, Pezzullo JC, Popek EJ, Rosenkrantz TS, Vintzileos AM. Intrauterine growth 
restriction in infants of less than thirty-two weeks' gestation: associated placental pathologic features. Am J 
Obstet Gynecol 1995; 173: 1049-57.

187 Greer IA. Thrombosis in pregnancy: maternal and fetal issues. Lancet 1999; 353: 1258-65.

188 Clark P, Brennand J, Conkie JA, McCall F, Greer IA, Walker ID. Activated protein C sensitivity, protein 
C, protein S and coagulation in normal pregnancy. Thromb Haemost 1998; 79: 1166-70.

189 Arias F, Romero R, Joist H, Kraus FT. Thrombophilia: a mechanism of disease in women with adverse 
pregnancy outcome and thrombotic lesions in the placenta. J Matern Fetal Med 1998; 7: 277-86.

190 Mousa HA, Alfirevic1 Z. Do placental lesions reflect thrombophilia state in women with adverse 
pregnancy outcome? Hum Reprod 2000; 15: 1830-3.

191 Rand JH, Wu XX, Guller S, Scher J, Andree HA, Lockwood CJ. Antiphospholipid immunoglobulin G 
antibodies reduce annexin-V levels on syncytiotrophoblast apical membranes and in culture media of 
placental villi. Am J Obstet Gynecol 1997; 177: 918-23.

192 Regan L, Rai R. Thrombophilia and pregnancy loss. J Reprod Immunol 2002; 55: 163-80.

193 Kupferminc MJ, Eldor A, Steinman N, Many A, Bar-Am A, Jaffa A, Fait G, Lessing JB. Increased 
frequency of genetic thrombophilia in women with complications of pregnancy. N Engl J Med 1999; 340: 
9-13.

194 Dizon-Townson D, Miller C, Sibai B, Spong CY, Thom E, Wendel G, Jr., Wenstrom K, Samuels P, 
Cotroneo MA, Moawad A, Sorokin Y, Meis P, Miodovnik M, O'Sullivan MJ, Conway D, Wapner RJ, 
Gabbe SG, National Institute of Child Health and Human Development Maternal-Fetal Medicine Units 
Network. The relationship of the factor V Leiden mutation and pregnancy outcomes for mother and fetus. 
Obstet Gynecol 2005; 106: 517-24.

195 Bates SM, Greer IA, Pabinger I, Sofaer S, Hirsh J, American College of Chest Physicians. Venous 
thromboembolism, thrombophilia, antithrombotic therapy, and pregnancy: American College of Chest 
Physicians Evidence-Based Clinical Practice Guidelines (8th Edition). Chest 2008; 133(6 Suppl): 844S-
86S.

196 Middeldorp S. Thrombophilia and pregnancy complications: cause or association?. J Thromb Haemost 
2007; 5 Suppl 1: 276-82.

197 Rodger MA, Paidas M, Claire M, Middeldorp S, Kahn S, Martinelli I, Hague W, Rosene M, Greer I. 
Inherited thrombophilia and pregnancy complications revisited. Obstet Gynecol 2008; 112: 320-4.

198 Rai R, Regan L, Hadley E, Dave M, Cohen H. Second-trimester pregnancy loss is associated with 
activated C resistance. Br J Haematol 1996; 92: 489-90.



 120 

 

199 Sood R, Zogg M, Westrick RJ, Guo YH, Kerschen EJ, Girardi G, Salmon JE, Coughlin SR, Weiler H. 
Fetal gene defects precipitate platelet-mediated pregnancy failure in factor V Leiden mothers. J Exp Med 
2007; 204: 1049-56.

200 Isermann B, Sood R, Pawlinski R, Zogg M, Kalloway S, Degen JL, Mackman N, Weiler H. The 
thrombomodulin-protein C system is essential for the maintenance of pregnancy. Nat Med 2003; 9: 331-7.

201 Martinelli I, Taioli E, Cetin I, Marinoni A, Gerosa S, Villa MV, Bozzo M, Mannucci PM. Mutations in 
coagulation factors in women with unexplained late fetal loss. N Engl J Med 2000; 343: 1015-8.

202 Many A, Elad R, Yaron Y, Eldor A, Lessing JB, Kupferminc MJ. Third-trimester unexplained intrauterine 
fetal death is associated with inherited thrombophilia. Obstet Gynecol 2002; 99: 684-7.

203 Barbour LA, ACOG Committee on Practice Bulletins. ACOG practice bulletin. Thrombembolism in 
pregnancy. Int J Gynaecol Obstet 2001; 75: 203-12.

204 Meinardi JR, Middeldorp S, de Kam PJ, Koopman MM, van Pampus EC, Hamulyak K, Prins MH, Buller 
HR, van der Meer J. Increased risk for fetal loss in carriers of the factor V Leiden mutation. Ann Intern 
Med 1999; 130: 736-9.

205 Bare SN, Poka R, Balogh I, Ajzner E. Factor V Leiden as a risk factor for miscarriage and reduced 
fertility. Aust N Z J Obstet Gynaecol 2000; 40: 186-90.

206 Agorastos T, Karavida A, Lambropoulos A, Constantinidis T, Tzitzimikas S, Chrisafi S, Saravelos H, 
Vavilis D, Kotsis A, Bontis J. Factor V Leiden and prothrombin G20210A mutations in pregnancies with 
adverse outcome. J Matern-Fetal Neo M 2002; 12: 267-73.

207 Volzke H, Grimm R, Robinson DM, Robinson C, Kohlmann T, Schuster G, Alte D, Herrmann FH, John 
U. Factor V Leiden and the risk of stillbirth in a German population. Thromb Haemost 2003; 90: 429-33.

208 Clark P, Walker ID, Govan L, Wu O, Greer IA. The GOAL study: a prospective examination of the impact 
of factor V Leiden and ABO(H) blood groups on haemorrhagic and thrombotic pregnancy outcomes. Br J 
Haematol 2008; 140: 236-40.

209 Kupferminc MJ, Peri H, Zwang E, Yaron Y, Wolman I, Eldor A. High prevalence of the prothrombin gene 
mutation in women with intrauterine growth retardation, abruptio placentae and second trimester loss. Acta 
Obstet Gynecol Scand 2000; 79: 963-7.

210 Alonso A, Soto I, Urgelles MF, Corte JR, Rodriguez MJ, Pinto CR. Acquired and inherited thrombophilia 
in women with unexplained fetal losses. Am J Obstet Gynecol 2002; 187: 1337-42.

211 Preston FE, Rosendaal FR, Walker ID, Briet E, Berntorp E, Conard J, Fontcuberta J, Makris M, Mariani G, 
Noteboom W, Pabinger I, Legnani C, Scharrer I, Schulman S, van der Meer FJ. Increased fetal loss in 
women with heritable thrombophilia. Lancet 1996; 348: 913-6.

212 Oshiro BT, Silver RM, Scott JR, Yu H, Branch DW. Antiphospholipid antibodies and fetal death. Obstet 
Gynecol 1996; 87: 489-93.

213 Lynch A, Marlar R, Murphy J, Davila G, Santos M, Rutledge J, Emlen W. Antiphospholipid antibodies in 
predicting adverse pregnancy outcome. A prospective study. Ann Intern Med 1994; 120: 470-5.

214 Laurell AB, Nillson IM. Hypergammaglobulinemia, circulating anticoagulant, and biologic false positive 
Wassermann reaction; a study in two cases. J Lab Clin Med 1957; 49: 694-707.

215 Lockshin MD, Druzin ML, Goei S, Qamar T, Magid MS, Jovanovic L, Ferenc M. Antibody to cardiolipin 
as a predictor of fetal distress or death in pregnant patients with systemic lupus erythematosus. N Engl J 
Med 1985; 313: 152-6.



 121 

 

216 Triplett DA. Antiphospholipid antibodies and recurrent pregnancy loss. Am J Reprod Immunol 1989; 20: 
52-67.

217 Triplett DA, Brandt JT, Musgrave KA, Orr CA. The relationship between lupus anticoagulants and 
antibodies to phospholipid. JAMA 1988; 259: 550-4.

218 Katano K, Aoki A, Sasa H, Ogasawara M, Matsuura E, Yagami Y. beta 2-Glycoprotein I-dependent 
anticardiolipin antibodies as a predictor of adverse pregnancy outcomes in healthy pregnant women. Hum 
Reprod 1996; 11: 509-12.

219 Pattison NS, Chamley LW, McKay EJ, Liggins GC, Butler WS. Antiphospholipid antibodies in pregnancy: 
prevalence and clinical associations. Br J Obstet Gynaecol 1993; 100: 909-13.

220 De Carolis S, Caruso A, Ferrazzani S, Carducci B, De SL, Mancuso S. Poor pregnancy outcome and 
anticardiolipin antibodies. Fet Diagn Ther 1994; 9: 296-9.

221 Yasuda M, Takakuwa K, Tokunaga A, Tanaka K. Prospective studies of the association between 
anticardiolipin antibody and outcome of pregnancy. Obstet Gynecol 1995; 86: 555-9.

222 Alfirevic Z, Mousa HA, Martlew V, Briscoe L, Perez-Casal M, Toh CH. Postnatal screening for 
thrombophilia in women with severe pregnancy complications. Obstet Gynecol 2001; 97: 753-9.

223 Infante-Rivard C, David M, Gauthier R, Rivard GE. Lupus anticoagulants, anticardiolipin antibodies, and 
fetal loss. A case-control study. N Engl J Med 1991; 325: 1063-6.

224 Kady SM, Gardosi J. Perinatal mortality and fetal growth restriction. Best Practice and Research in 
Clinical Obstetrics and Gynaecology 2004; 18: 397-410.

225 Malcus P. Antenatal fetal surveillance. Curr Opin Obstet Gynecol 2004; 16: 123-8.

226 Imdad A, Yakoob MY, Siddiqui S, Bhutta ZA. Screening and triage of intrauterine growth restriction 
(IUGR) in general population and high risk pregnancies: a systematic review with a focus on reduction of 
IUGR related stillbirths. BMC Public Health 2011; 11 Suppl 3: S1.

227 Froen JF, Heazell AE, Tveit JV, Saastad E, Fretts RC, Flenady V. Fetal movement assessment. Semin 
Perinatol 2008; 32: 243-6.

228 Moore TR, Piacquadio K. A prospective evaluation of fetal movement screening to reduce the incidence of 
antepartum fetal death. Am J Obstet Gynecol 1989; 160: 1075-80.

229 Grant A, Elbourne D, Valentin L, Alexander S. Routine formal fetal movement counting and risk of 
antepartum late death in normally formed singletons. Lancet 1989; 2: 345-9.

230 Neldam S. Fetal movements as an indicator of fetal well-being. Dan Med Bull 1983; 30: 274-8.

231 Froen JF. A kick from within--fetal movement counting and the cancelled progress in antenatal care. J 
Perinat Med 2004; 32: 13-24.

232 Rai R, Cohen H, Dave M, Regan L. Randomised controlled trial of aspirin and aspirin plus heparin in 
pregnant women with recurrent miscarriage associated with phospholipid antibodies (or antiphospholipid 
antibodies). BMJ 1997; 314: 253-7.

233 Brenner B, Bar J, Ellis M, Yarom I, Yohai D, Samueloff A, Live-Enox I. Effects of enoxaparin on late 
pregnancy complications and neonatal outcome in women with recurrent pregnancy loss and 
thrombophilia: results from the Live-Enox study. Fertil Steril 2005; 84: 770-3.



 122 

 

234 Greer IA, Nelson-Piercy C. Low-molecular-weight heparins for thromboprophylaxis and treatment of 
venous thromboembolism in pregnancy: a systematic review of safety and efficacy. Blood 2005; 106: 401-
7.

235 Jacobsen AF, Skjeldestad FE, Sandset PM. Ante- and postnatal risk factors of venous thrombosis: a 
hospital-based case-control study. J Thromb Haemost 2008; 6: 905-12.

236 Jacobsen AF, Skjeldestad FE, Sandset PM. Incidence and risk patterns of venous thromboembolism in 
pregnancy and puerperium--a register-based case-control study. Am J Obstet Gynecol 2008; 198: 233.e1-
e7.

237 Bergrem A, Jacobsen EM, Skjeldestad FE, Jacobsen AF, Skogstad M, Sandset PM. The association of 
antiphospholipid antibodies with pregnancy-related first time venous thrombosis - a population-based case-
control study. Thromb Res 2010; 125: e222-7.

238 Bergrem A, Dahm AE, Jacobsen AF, Mowinckel MC, Sandvik L, Sandset PM. Resistance to activated 
protein C is a risk factor for pregnancy-related venous thrombosis in the absence of the F5 rs6025 (factor V 
Leiden) polymorphism. Br J Haematol 2011; 154: 241-7.

239 Schjetlein R, Sletnes KE, Wisloff F. A quantitative, semi-automated and computer-assisted test for lupus 
anticoagulant. Thromb Res 1993; 69: 239-50.

240 Jacobsen EM, Barna-Cler L, Taylor JM, Triplett DA, Wisloff F. The Lupus Ratio test--an interlaboratory 
study on the detection of Lupus anticoagulants by an APTT-based, integrated, and semi-quantitative test. 
Fifth International Survey of Lupus Anticoagulants--ISLA 5. Thromb Haemost 2000; 83: 704-8.

241 Gharavi AE, Harris EN, Asherson RA, Hughes GR. Anticardiolipin antibodies: isotype distribution and 
phospholipid specificity. Ann Rheum Dis 1987; 46: 1-6.

242 Cnattingius S, Ericson A, Gunnarskog J, Kallen B. A quality study of a medical birth registry. Scand J Soc 
Med 1990; 18: 143-8.

243 Lydon-Rochelle MT, Holt VL, Cardenas V, Nelson JC, Easterling TR, Gardella C, Callaghan WM. The 
reporting of pre-existing maternal medical conditions and complications of pregnancy on birth certificates 
and in hospital discharge data. Am J Obstet Gynecol 2005; 193: 125-34.

244 Gardosi J, Chang A, Kalyan B, Sahota D, Symonds EM. Customised antenatal growth charts. Lancet 1992; 
339: 283-7.

245 Parke AL, Wilson D, Maier D. The prevalence of antiphospholipid antibodies in women with recurrent 
spontaneous abortion, women with successful pregnancies, and women who have never been pregnant. 
Arthritis Rheum 1991; 34: 1231-5.

246 Pengo V, Tripodi A, Reber G, Rand JH, Ortel TL, Galli M, DE Groot PG, Subcommittee on Lupus 
Anticoagulant/Antiphospholipid Antibody of the Scientific and Standardisation Committee of the 
International Society on Thrombosis and Haemostasis. Update of the guidelines for lupus anticoagulant 
detection. Subcommittee on Lupus Anticoagulant/Antiphospholipid Antibody of the Scientific and 
Standardisation Committee of the International Society on Thrombosis and Haemostasis. J Thromb 
Haemost 2009; 7: 1737-40.

247 Pierangeli SS, Harris EN. A protocol for determination of anticardiolipin antibodies by ELISA. Nature 
Protocols 2008; 3: 840-8.

248 Rom AL, Mortensen LH, Cnattingius S, Arntzen A, Gissler M, Nybo Andersen AM. A comparative study 
of educational inequality in the risk of stillbirth in Denmark, Finland, Norway and Sweden 1981-2000. J 
Epidemiol Community Health 2010;  doi:10.1136/jech.2009.101188.



 123 

 

249 www fhi no/mfr. 2011.

250 Confidential enquiry into maternal and child health.  Perinatal mortality surveillance, 2004: England, Wales 
and Northern Ireland. London, UK: CEMACH, 2006.

251 Serenius F, Winbo I, Dahlquist G, Kallen B. Regional differences in stillbirth and neonatal death rate in 
Sweden with a cause-of-death specific analysis. Acta Paediatr 2001; 90: 1062-7.

252 Miller DA. Is advanced maternal age an independent risk factor for uteroplacental insufficiency? Am J 
Obstet Gynecol 1980; 192: 1974-80.

253 Wisborg K, Kesmodel U, Henriksen TB, Olsen SF, Secher NJ. Exposure to tobacco smoke in utero and the 
risk of stillbirth and death in the first year of life. Am J Epidemiol 2001; 154: 322-7.

254 Hilder L, Sairam S, Thilaganathan B. Influence of parity on fetal mortality in prolonged pregnancy. Eur J 
Obstet Gyn R B 2007; 132: 167-70.

255 Pinar H, Carpenter M. Placenta and umbilical cord abnormalities seen with stillbirth. Clin Obstet Gynecol 
2010; 53: 656-72.

256 Neilson JP. Symphysis-fundal height measurement in pregnancy. Cochrane Database of Systematic 
Reviews John Wiley & Sons Ltd Chichester, UK  1998;  DOI.: 10.1002./14651858.CD000944.

257 Hutcheon JA, Zhang X, Platt RW, Cnattingius S, Kramer MS. The case against customised birthweight 
standards. Paediatr Perinat Epidemiol 2011; 25: 11-6.

258 Mangesi L, Hofmeyr GJ. Fetal movement counting for assessment of fetal wellbeing. Cochrane Database 
of Systematic Reviews John Wiley & Sons Ltd Chichester, UK 2007;  DOI.: 
10.1002./14651858.CD004909.pub2.

259 Alfirevic Z, Neilson JP. Doppler ultrasonography in high-risk pregnancies: systematic review with meta-
analysis. Am J Obstet Gynecol 1995; 172: 1379-87.

260 Beischer NA, Wein P, Sheedy MT, Steffen B. Identification and treatment of women with hyperglycaemia 
diagnosed during pregnancy can significantly reduce perinatal mortality rates. Aust N Z J Obstet Gynaecol 
1996; 36: 239-47.

261 Eskild A, Helgadottir LB, Jerve F, Qvigstad E, Stray-Pedersen S, Loset A. [Induced abortion among 
women with foreign cultural background in Oslo]. [Norwegian]. Tidsskr Nor Laegeforen 2002; 122: 1355-
7.

262 Essen B, Hanson BS, Ostergren PO, Lindquist PG, Gudmundsson S. Increased perinatal mortality among 
sub-Saharan immigrants in a city-population in Sweden. Acta Obstet Gynecol Scand 2000; 79: 737-43.

263 Becks GP, Burrow GN. Thyroid disease and pregnancy. Med Clin North Am 1991; 75: 121-50.

264 Davis LE, Leveno KJ, Cunningham FG. Hypothyroidism complicating pregnancy. Obstet Gynecol 1988; 
72: 108-12.

265 Leung AS, Millar LK, Koonings PP, Montoro M, Mestman JH. Perinatal outcome in hypothyroid 
pregnancies. Obstet Gynecol 1993; 81: 349-53.

266 Vincent T, Rai R, Regan L, Cohen H. Increased thrombin generation in women with recurrent miscarriage. 
Lancet 1998; 352: 116.

267 Gris JC, Ripart-Neveu S, Maugard C, Tailland ML, Brun S, Courtieu C, Biron C, Hoffet M, Hedon B,
Mares P. Respective evaluation of the prevalence of haemostasis abnormalities in unexplained primary 



 124 

 

early recurrent miscarriages. The Nimes Obstetricians and Haematologists (NOHA) Study. Thromb
Haemost 1997; 77: 1096-103.

268 Laude I, Rongieres-Bertrand C, Boyer-Neumann C, Wolf M, Mairovitz V, Hugel B, Freyssinet JM, 
Frydman R, Meyer D, Eschwege V. Circulating procoagulant microparticles in women with unexplained 
pregnancy loss: a new insight. Thromb Haemost 2001; 85: 18-21.

269 Kist WJ, Janssen NG, Kalk JJ, Hague WM, Dekker GA, de Vries JI. Thrombophilias and adverse 
pregnancy outcome - A confounded problem! Thromb Haemost 2008; 99: 77-85.

270 Rodger MA, Betancourt MT, Clark P, Lindqvist PG, Dizon-Townson D, Said J, Seligsohn U, Carrier M, 
Salomon O, Greer IA. The association of factor V leiden and prothrombin gene mutation and placenta-
mediated pregnancy complications: a systematic review and meta-analysis of prospective cohort studies. 
PLoS Med 2010; 7: e1000292.

271 Said JM, Higgins JR, Moses EK, Walker SP, Borg AJ, Monagle PT, Brennecke SP. Inherited 
thrombophilia polymorphisms and pregnancy outcomes in nulliparous women. Obstet Gynecol 2010; 115: 
5-13.

272 Dudding TE, Attia J. The association between adverse pregnancy outcomes and maternal factor V Leiden 
genotype: a meta-analysis. Thromb Haemost 2004; 91: 700-11.

273 Pasquier E, Bohec C, Mottier D, Jaffuel S, Mercier B, Ferec C, Collet M, De Saint ML. Inherited 
thrombophilias and unexplained pregnancy loss: an incident case-control study. J Thromb Haemost 2009; 
7: 306-11.

274 Gris JC. Thrombophilia and pregnancy loss: cause or association. Thromb Res 2009; 123 Suppl 2: S105-
10.

275 Brenner B. Thrombophilia and pregnancy loss. Thromb Res 2002; 108: 197-202.

276 Korteweg FJ, Erwich JJ, Folkeringa N, Timmer A, Veeger NJ, Ravise JM, Holm JP, van der Meer J. 
Prevalence of parental thrombophilic defects after fetal death and relation to cause. Obstet Gynecol 2010; 
116: 355-64.

277 Kaandorp SP, Goddijn M, van der Post JA, Hutten BA, Verhoeve HR, Hamulyak K, Mol BW, Folkeringa 
N, Nahuis M, Papatsonis DN, Buller HR, van d, V, Middeldorp S. Aspirin plus heparin or aspirin alone in 
women with recurrent miscarriage. N Engl J Med 2010; 362: 1586-96.

278 Clark P, Walker ID, Langhorne P, Crichton L, Thomson A, Greaves M, Whyte S, Greer IA, Scottish 
Pregnancy Intervention Study (SPIN) collaborators. SPIN (Scottish Pregnancy Intervention) study: a 
multicenter, randomized controlled trial of low-molecular-weight heparin and low-dose aspirin in women 
with recurrent miscarriage. Blood 2010; 115: 4162-7.

279 Pengo V, Ruffatti A, Legnani C, Gresele P, Barcellona D, Erba N, Testa S, Marongiu F, Bison E, Denas G, 
Banzato A, Padayattil JS, Iliceto S. Clinical course of high-risk patients diagnosed with antiphospholipid 
syndrome. J Thromb Haemost 2010; 8: 237-42.

280 Tripodi A, DE Groot PG, Pengo V. Antiphospholipid syndrome: laboratory detection, mechanisms of 
action and treatment. J Intern Med 2011; 270: 110-22.

281 Ruffatti A, Tonello M, Cavazzana A, Bagatella P, Pengo V. Laboratory classification categories and 
pregnancy outcome in patients with primary antiphospholipid syndrome prescribed antithrombotic therapy. 
Thromb Res 2009; 123: 482-7.



 125 

 

282 Erkan D, Derksen WJ, Kaplan V, Sammaritano L, Pierangeli SS, Roubey R, Lockshin MD. Real world
experience with antiphospholipid antibody tests: how stable are results over time? Ann Rheum Dis 2005; 
64: 1321-5.

283 Naeye RL. Placental infarction leading to fetal or neonatal death. A prospective study. Obstet Gynecol 
1977; 50: 583-8.

284 Redline RW. Thrombophilia and placental pathology. Clin Obstet Gynecol 2006; 49: 885-94.

285 Morssink LP, Santema JG, Willemse F. Thrombophilia is not associated with an increase in placental 
abnormalities in women with intra-uterine fetal death. Acta Obstet Gynecol Scand 2004; 83: 348-50.

286 Viero S, Chaddha V, Alkazaleh, F et al. Prenatal diagnosis of ischaemic thrombotic placental pathology in 
severely growth restricted fetuses. Mainz, Germany. European Placenta Group: 2003.

287 Rayburn W, Sander C, Barr M, Jr., Rygiel R. The stillborn fetus: placental histologic examination in 
determining a cause. Obstet Gynecol 1985; 65: 637-41.

288 Stallmach T, Hebisch G, Meier K, Dudenhausen JW, Vogel M. Rescue by birth: defective placental 
maturation and late fetal mortality. Obstet Gynecol 2001; 97: 505-9.

289 Agapitos E, Papadopoulou C, Kavantzas N, Papoulias J, Antonaki V, Davaris P. The contribution of 
pathological examination of the placenta in the investigation of the causes of foetal mortality. Arch Anat 
Cytol Pathol 1996; 44: 5-11.

290 Khong TY. The placenta in stillbirth. Curr Diagn Pathol 2006; 12: 161-72.

291 Hafner E, Metzenbauer M, Hofinger D, Stonek F, Schuchter K, Waldhor T, Philipp K. Comparison 
between three-dimensional placental volume at 12 weeks and uterine artery impedance/notching at 22 
weeks in screening for pregnancy-induced hypertension, pre-eclampsia and fetal growth restriction in a 
low-risk population. Ultrasound Obstet Gynecol 2006; 27: 652-7.

292 Audibert F, Benchimol Y, Benattar C, Champagne C, Frydman R. Prediction of preeclampsia or 
intrauterine growth restriction by second trimester serum screening and uterine Doppler velocimetry. Fet 
Diagn Ther 2005; 20: 48-53.

293 Toal M, Chan C, Fallah S, Alkazaleh F, Chaddha V, Windrim RC, Kingdom JC. Usefulness of a placental 
profile in high-risk pregnancies. Am J Obstet Gynecol 2007; 196: 363-7.

294 Greer IA. Thrombophilia: implications for pregnancy outcome. Thromb Res 2003; 109: 73-81.

295 Paidas MJ, Ku DH, Lee MJ, Manish S, Thurston A, Lockwood CJ, Arkel YS. Protein Z, protein S levels 
are lower in patients with thrombophilia and subsequent pregnancy complications. J Thromb Haemost 
2005; 3: 497-501.

296 Grandone E, Colaizzo D, Cappucci F, D'Ambrosio RL, Vecchione G, Margaglione M. An unreported 
mutation within protein Z gene is associated with very low protein levels in women with fetal loss. Fertil 
Steril 2008; 90: 864-5.

297 Bogdanova N, Horst J, Chlystun M, Croucher PJ, Nebel A, Bohring A, Todorova A, Schreiber S, Gerke V, 
Krawczak M, Markoff A. A common haplotype of the annexin A5 (ANXA5) gene promoter is associated 
with recurrent pregnancy loss. Hum Mol Genet 2007; 16: 573-8.

298 Tiscia G, Colaizzo D, Chinni E, Pisanelli D, Scianname N, Favuzzi G, Margaglione M, Grandone E. 
Haplotype M2 in the annexin A5 (ANXA5) gene and the occurrence of obstetric complications. Thromb 
Haemost 2009; 102: 309-13.



 126 

 

 



I





II





III





IV





 Helgadottir

1 

 

Classification of Stillbirths by Cause of Death and Risk Factor Analysis - an

Observational Case-control Study

Linda Björk Helgadottir M.D.1,2,4, Gitta Turowski M.D.3,4, Finn Egil Skjeldestad M.D., Ph.D.5,

Anne Flem Jacobsen M.D., Ph.D.2, Per Morten Sandset M.D., Ph.D.1,4, Borghild Roald M.D., 

Ph.D.3,4, Eva-Marie Jacobsen M.D., Ph.D.1,4

1Department of Haematology, 2Department of Obstetrics and Gynaecology, and 3Department of 

Pathology, Oslo University Hospital Ullevål, Oslo, Norway, 4Institute of Clinical Medicine, 

Faculty of Medicine, University of Oslo, Oslo, Norway and 5Department of Clinical Medicine, 

Faculty of Health Sciences, University of Tromsø, Tromsø, Norway.

Corresponding author: 

Linda Björk Helgadóttir

Department of Obstetrics and Gynaecology

Oslo University Hospital Ullevål,

P.O.B. 4956 Nydalen 

0424 Oslo, Norway

Telephone: +47 93429980, E-mail: linda_bjork_helgadottir@hotmail.com

Financial support was received from the South-Eastern Norway Regional Health Authority Trust, 

Hamar, Norway, the Oslo University Hospital Ulleval, Scientific Trust, Oslo, Norway, and the 

Research Council of Norway. We thank Dr. Jan Frederik Frøen for introducing us to the CODAC 

classification of perinatal deaths.

Short title: Classification of stillbirths and risk factors. 



 Helgadottir

2 

 

Précis

Classification of stillbirths by the Cause Of Death and Associated Conditions (CODAC) 

classification system and socio-demographic, clinical and thrombophilic risk factors by cause.
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Abstract

OBJECTIVES: To classify stillbirths applying the Causes of Death and Associated Conditions

(CODAC) - classification system and to investigate risk factors by cause.

METHODS: Observational case-control study of 377 women with stillbirths after 22 gestational 

weeks, and 1 215 controls with live births at two University hospitals in Oslo, Norway during 

1990-2003. The stillbirths were classified according to CODAC based on relevant information 

from medical records and validated placenta histology. Socio-demographic, clinical and 

thrombophilic risk factors were estimated by causal groups.

RESULTS: A total of 190 (50.4%) women had placental and 73 (19.4%) unknown causes of 

stillbirth. In addition 68 (18%) cases with a non-placental or an unknown cause had placental 

associated conditions. Smoking and small for gestational age (SGS) were significant risk factors 

in all causal groups, while twin pregnancy, hypertension and diabetes were risk factors only for 

placental and unknown causes of stillbirth. Inherited thrombophilia combined and the F2 

rs179963 polymorphism alone were significant risk factors for stillbirth of placental causes and 

antiphospholipid antibodies for stillbirth of other causes.

CONCLUSIONS: Over half of all stillbirths (68%) were caused by or associated with placental 

pathology. Risk factors differed somewhat according to cause, apart from smoking and SGA that 

were significant risk factors across all causal groups. Similar risk factors were detected among 

women with placental and unknown causes of stillbirth.
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INTRODUCTION

Classification of stillbirths is needed for the purpose of prevention, counselling and comparison 

of health care. Assigning a single cause of death can be challenging because of interaction 

between pathophysiological processes in the mother, placenta and fetus. Ideally classification 

systems for stillbirths should be able to capture both the direct cause of death and other clinical 

entities, as this can be important for deeper insight into the etiology. Suboptimal classification 

systems may lead to loss of information and a higher proportion of unexplained deaths. No single 

system is universally accepted, and this impedes comparison of stillbirth data. Data on risk 

factors by cause are limited.

The CODAC (Causes of Death and Associated Conditions) classification system for 

perinatal death is designed to retain information on the main cause of death as well as up to two 

associated conditions (1).  It was developed by an international  collaboration and has recently 

been evaluated and compared with 5 other classification systems (2). CODAC received the 

highest score regarding the ability to retain important information and for the ease of use. It had 

the lowest proportion of unexplained stillbirths and good inter-observer agreement (2).

Placental histology can support or contradict suggested diagnoses, or provide new clues 

and has received increasing attention in determining the cause of stillbirth. Many classification 

systems do not include placental causes of stillbirths, although most new classifications do 

(1,3,4). The aims of this study were to classify stillbirths according to CODAC and to study the 

association of risk factors by causal groups.
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MATERIAL AND METHODS

The present study was a part of a larger hospital-based case-control study; the Venous 

Thromboembolism In Pregnancy (VIP) study, and was registered as a clinical observational 

study at www.clinicaltrials.gov, with registration number NCT00856076 (5,6). Data on 

epidemiological, clinical (7) and biochemical risk factors for stillbirth (8,9) have been published. 

All women with a diagnosis of stillbirth, from January 1st 1990 through December 31st

2003, at Oslo University Hospital Ullevål (OUH), Oslo, and Akershus University Hospital 

(AHUS), Nordbyhagen, both Norway, were identified retrospectively by a search for selected 

codes of the WHO International Classification of Diseases (ICD) versions 9 or 10, using the 

patient administrative system of the respective hospital. We identified 434 possible cases of 

stillbirth, defined as intrauterine fetal death in singleton or duplex pregnancies after 22 

completed gestational weeks or birthweight > 500 g. After reviewing the medical records, we 

excluded 49 cases wrongly diagnosed and eight with non-retrievable records, leaving 377 

women with a verified diagnosis of stillbirth. The expected date of delivery was estimated by 

routine ultrasound examination at 16 to 18 gestational weeks for 73% of the women. In the 

absence of ultrasound data, gestational age was determined by the first day of the last menstrual 

period. The time of fetal death was determined by the gestational age at diagnosis. 1 229 women 

delivering at OUH in the study period were selected for the control group. After exclusion of 5 

women under the age of 16 or over 44 years (none of the cases were in these age groups) and 9 

women with  stillbirth, the control group comprised 1 215 women with live singleton or duplex 

births at OUH in the study period.   

The cases and controls were identified at the participating hospitals, medical records 

retrieved, and reviewed for validation of the diagnosis of stillbirth and other relevant 



 Helgadottir

6 

 

information. Individual data were transferred to a case-report-form which comprised data on 

demographics, general health, obstetrical history, details of the index pregnancy and delivery, 

post-mortem examination of the infant, and laboratory data including histological examination of 

the placenta. The case-report-forms were scanned, consistency analysis run and invalid data 

entries corrected after a review of relevant medical records. Risk factors assessed were maternal 

age, parity, marital status, assisted reproductive therapy, smoking habits, twin pregnancy, thyroid 

disease, pre-existing diabetes mellitus, gestational diabetes, hypertensive disorders, small-for-

gestational-age (SGA), placental abruption and placenta previa. Validated population-based 

growth charts were used to determine whether the fetus was SGA, which was defined as 

birthweight below the 2.5th percentile for gestational age.

In 2006-2008 the cases and controls were invited to participate in the study to answer a 

questionnaire and to donate a blood sample. Women, who had emigrated, were foreign citizens, 

dead or had an invalid or unknown address, were excluded, and two additional cases had been 

identified. A letter of invitation was received by 346 cases of which 105 agreed to participate. 

The controls received first an invitation to participate in the thrombosis part of the VIP study 

(10,11), in which 353 agreed to participate. After exclusions, including 9 women with a history 

of stillbirth, 326 controls with live births received an invitation for this part of the VIP-study, and 

262 agreed to participate (Figure 1).

Lupus anticoagulant (LA) was analysed with validated in-house lupus ratio tests (12),

based on both activated partial thromboplastin time and Russell’s viper venom time. 

Anticardiolipin (aCL) IgM and IgG antibodies were analysed with in-house ELISA tests and 

anti-�2 glycoprotein 1 (anti-�2GP1) IgG and IgM antibodies with commercial ELISA kits 

(QUANTALiteTM �2GP1, INOVA Diagnostics Inc., San Diego, USA). The cut-off values for a 
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positive test were defined by the 99th percentile of the values of the control group. Antithrombin 

and protein C activities and free protein S were determined using commercial kits from 

Instrumentation Laboratory Inc, Bedford, MA, USA (Coamatic® Antithrombin, Coamatic® 

Protein C and HemosILTM Free Protein S reagent kits, respectively). Women with Antithrombin

activity < 80%, Protein C activity < 70% and Protein S two standard deviations below the mean 

of the controls were defined as deficient. The F5 rs6025 (factor V Leiden) and the F2 rs179963

(prothrombin gene G20210A) polymorphisms were detected with commercial detection kits 

(Roche Diagnostics, Basel, Switzerland). Two women reported use of warfarin medication at 

time of blood sampling and were therefore excluded from analyses of inherited thrombophilia.

The results of the original histological examinations of the placentas were reviewed. The 

placentas had originally been evaluated by general pathologists, but no standardized protocols 

for macro- and microscopic evaluation or sampling of placental tissue were in use in the study 

period. In most cases sections had been sampled from the umbilical cord, the membranes and 

minimum two sections from placental tissue from areas with and without focal parenchymal 

pathology. The tissue sections had routinely been fixed in formalin, processed and embedded in 

paraffin blocks, and 3.5 μm sections stained with Hematoxylin-Eosin.  

For the purpose of a more accurate classification of causality, the original placenta 

specimens were retrieved and reassessed, when available. Placental tissue from 268 stillbirths

were reassessed by two experienced pathologists (G.T. and B.R.) with special interest in 

placental pathology, blinded to the clinical details of the stillbirth. Cases with microscopic signs 

of acute or chronic villitis and/or intervillositis were immunostained with a standard panel of 

antibodies to T-cell- and histiocytic markers. When the placenta specimens were not available 

for reassessment the original histological descriptions (n=99) were used. Histological 
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descriptions of the placenta were available for 367/377 (97.3%) of the cases. Placenta 

information from controls was very limited because histological examination of the placenta is 

rarely carried out among normal birth giving women.

CODAC is a classification system for perinatal deaths, recently developed by an 

international collaborative group of investigators (1). In order to classify the case in CODAC, 

only minimum of information is mandatory but more detailed information usually generates a 

more accurate classification. The main focus is the “cause of death” (COD), with the possibility 

of coding for two additional “associated conditions” (ACs) to obtain more detailed information. 

For each case, CODAC thus allows up to three codes with three digits each (123 123 123), 

although only one code (123) is necessary. The first (or single) code represents the main COD. 

The second code can represent a secondary COD (if the first is not thought to be sufficient to 

fulfill the criteria of a solitary COD) or an AC, and the third code represents an AC. The first 

digit in each code represents “Level I” or the main categories of the COD or the AC (Digital 

supplement tables 1 and 2).  The second and third digits, in each code, represent Levels II and 

III, each level representing more detailed information. Each Level I category are comprised of 

several Level II categories which in turn are comprised of several Level III categories. Ten 

coding rules have been defined for CODAC (1). To be a COD the condition should be expected 

to be mortal in a significant proportion of cases (5%) and to be an AC the condition should 

contribute significantly in explaining the circumstances of death. The system includes ten main 

groups (Level I), 94 sub-groups (Level II) and 577 sub-sub-groups (Level III). Two of the main 

groups were not relevant for coding in this study (group 9: termination and group 1: neonatal 

death). When all available information on each case had been reviewed it was assigned the most 
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appropriate code(s) according to the CODAC classification system by one of the authors 

(L.B.H.).

For detection of potential variations in risk factors according to cause, risk factors were 

analysed by comparing prevalences in different causal groups with prevalences in the control 

group. The eight actual main causal groups were analysed in three groups: placental causes 

(N=190), unknown causes (N=73) and other causes (the remaining six causal groups combined 

in one) (N=114). Risk factors were analysed by chi-squared tests or Fisher’s exact tests and 

multiple logistic regression analysis. Missing values for sociodemographic and clinical variables 

were denoted the reference group. Variables included in the multivariate models were chosen 

based on the significance of each variable in the univariate analyses (p-value <0.15). The results

are presented as percentages, odds’ ratios (OR) and adjusted ORs (aOR) with 95% confidence 

intervals (CI). Significance level was set at p<0.05. Interactions between significant factors were 

tested at a 95% significance level (p<0.05). All data was analyzed using the Statistical Package 

for Social Science version 16.0 (SPSS Inc, Chicago, Il, USA).

The Regional Committee for Medical Research Ethics, Region East, Norway, approved 

the study. Authorization for the use of information from medical records for research purposes 

was obtained from the Norwegian Ministry of Health and Social Affairs. The Norwegian Data 

Inspectorate approved the use of data comprising sensitive personal health information, and the 

merging of clinical and register-data by using the unique 11-digit personal identification number 

given to all Norwegian citizens at birth or immigration. All participants that donated a blood 

sample signed a written informed consent form. 
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RESULTS

Women with stillbirth were more often single, cigarette smokers and pregnant with twins than 

the controls. They also had higher frequencies of medical disorders, including thyroid disease, 

diabetes and hypertension, and more often pregnancy related complications, such as 

preeclampsia, placental abruption and infants small-for-gestational-age (SGA) (Table 1). 

The main COD (Level I) according to the CODAC classification system is displayed in 

table 2. Placental causes were the most frequent COD, accounting for 50.4% of all stillbirths, 

whereas unknown COD was second in line comprising 19.4% of the cases (Table 2). 

Subclassification (Level II) revealed that two-thirds (67.4%) of the placental causes were due to

placental abruption/retroplacental hematoma or infarctions/thrombi. These two entities were 

responsible for 34% of all stillbirths and placental abruption/retroplacental hematoma alone was

the cause of 16% of all stillbirths (Digital supplement table 3). 

An AC was coded for 273/377 (72%) of all cases. The most frequent ACs were; placental 

in 92/377 (24%), cord pathologies in 51/377 (14%) and perinatal conditions in 55/377 (15 %). 

Among the cases classified as having an unknown COD, 59/73 (81%) had ACs; 26 (36%) a 

placental condition, 10 (14%) a cord condition, 10 (14%) a perinatal condition, 5 (7%) a 

maternal condition and 5 (7%) an associated maternal condition. A placental AC was assigned to 

68 (18%) of the cases with a non-placental COD. Thus 258/377 (68%) of all cases had either a 

placental COD or placental ACs.

Prevalences of demographic and clinical risk factors among women with stillbirths and 

the controls are displayed in table 1 and the aORs of the risk factor analyses in table 3. Smoking 

and SGA were significant risk factors in all causal groups. The other significant risk factors 

differed by causal group. Twin pregnancy, hypertension and diabetes (pre-gestational and 
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gestational) were significant risk factors in both the placenta and unknown groups, but not 

among women with stillbirth of other causes. Placental abruption was a significant risk factor in 

the group of placental causes only, and single civil status only in the group of other causes. 

Thyroid diseases were associated with stillbirths of placental causes and of other causes.  

The 105 cases who donated blood-samples for the biomarker study were equally 

distributed into the main COD groups as the whole study-population, 48% in the group of 

placental causes and 20% with an unknown cause. The prevalences of thrombophilia by different 

groups of COD are displayed in table 4 and the ORs for the association of thrombophilia and 

stillbirth in table 5. The F2 rs179963 (prothrombin polymorphism) was more prevalent among 

women with placental COD and other causes, but statistically significant only in the group of 

placental causes (OR 5.7; 95% CI 1.4-23.8). The prevalence of F5 rs6025 (factor V Leiden) was 

double among women with placenta or unknown COD compared to the controls, although this 

did not reach statistical significance. Inherited thrombophilia, a composite result, was 

significantly more prevalent among women with placental causes of stillbirth (OR 2.2; 95% CI 

1.0-4.7). On the other hand being positive for any one of the antiphospholipid antibodies was 

associated with a history of stillbirth of other causes (OR 3.3; 95% CI 1.1-9.9). Similar 

proportions in all COD groups, 4.0-5.9%, of women were LA-positive as compared to 1.1% of 

the controls. However, the association did not reach significance in any separate causal group, 

although the ORs in the different groups were in the range 3.6 – 5.4 (Table 5).
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DISCUSSION

In an unselected population of women, we found that more than half of all stillbirths were caused 

by or associated with placental conditions (68.4%) similar to findings of two recently published 

studies (13,14). Korteweg et al. reported 64.9% of deaths to be caused by placental pathology

and stated that classifications without or with minimal subdivision of a placental group were not 

useful in modern perinatal audit (14). Placental insufficiency probably originates early in 

pregnancy (15) and complications in late pregnancy may be determined by impaired placental 

function established already in the first 10 weeks (16). The distribution of women in other causal 

groups was in agreement with other recent reports (13,17).

The cause was unknown in 20% of the cases. A recent study of stillbirths in 6 high-

income countries reported 30% with unknown causes and claimed the main reason to be 

inadequately investigated cases (13). The reported numbers of unexplained stillbirths ranges 

from 9-71% (2,18,19), dependent on the sources of information available and the classification 

system used (20,21). Systems capable of retaining detailed information have a lower proportion 

of unexplained deaths (3,4). A comparison of 6 classification systems found CODAC to have the 

highest score regarding the ability to retain important information (2). The importance of 

placental histology has been demonstrated (2,20,22) and may lead to lower proportions of 

unexplained stillbirths (20).

Smoking was equally frequent in all causal groups. Placenta pathology has been 

suggested as a pathway for the association of smoking and stillbirth (23,24), which is not 

compatible with our results. We registered smoking habits at first antenatal visit only, but 

smoking habits could have changed later in pregnancy which might have affected the results. 

Studies suggest that women who reduce or quit smoking in the first trimester have a comparable 
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risk of stillbirth as non-smokers (25). Stillborn infants were more often SGA compared to live-

born unrelated to the cause of death. Fetal growth restriction is reported to be the factor most 

often associated with stillbirths and is probably a sign of a variety of conditions that may lead to 

fetal death (18,20). Whether it is a marker of placental insufficiency or causally associated with 

the mechanism of death is unclear (26).

Twin pregnancy, hypertension and diabetes were risk factors for stillbirths of both 

placental and unknown causes. Finding these risk factors in both groups can, in the case of 

unknown causes, suggest that data was inadequate to place them in the placenta group or that 

subtle placental pathologies found were more severe than assumed. Placenta pathology is 

assumed to be the origin of pregnancy related hypertensive disorders (27) and fetal and maternal 

complications are more frequent in twin pregnancies, especially monozygotic twins, in addition 

to unique complications as twin-twin transfusion syndrome (28,29). There was a strong 

association between diabetes and stillbirth of unknown causes. The mechanism of fetal death in 

diabetes is unknown, but alterations in fetal carbohydrate metabolism and uteroplacental 

insufficiency secondary to vascular disease are possible explanations (30).

Inherited thrombophilia combined and F2 rs179963 alone were significantly associated 

with stillbirth of placental causes. This finding would be expected since the main pathogenesis of 

thrombophilia related stillbirth is assumed to be through abnormalities in placental vasculature 

(31). The prevalence of F5 rs6025 was double among women with placental or unknown COD 

compared to the controls, although this did not reach statistical significance, probably due to 

small sample size. Korteweg et al. did not find significant differences in the prevalence of

thrombophilic defects, but they compared women in different causal groups internally and not 

with live-birth controls (3). No specific placental lesions are found among women with 



 Helgadottir

14 

 

thrombophilia (32) and whether coagulation abnormalities are the causes of abnormal 

placentation or just exert an affect on a compromised placenta is not known. Similar findings at 

delivery might simply represent a final common pathway for different underlying abnormalities. 

Placental examinations from controls would have been desirable, but in the study period 

placentas were examined only on indication.  

In CODAC the assigned cause of death is a matter of expert opinion. The cases were all 

classified by one author (L.B.H.) and possibly another coder would not have agreed in all cases. 

A kappa of 0.82-0.94 has been reported for CODAC when the coding rules are extensively 

followed (1). L.B.H. is an experienced obstetrician and the placenta histological examinations 

were performed by experienced pathologists (G.T. and B.R.), so the coding is not suspected to be 

a source of large bias. The distribution in causal groups was in agreement with the distribution in 

six other high-income countries (13), which supports our findings.

Early diagnosis of placental dysfunction is a major clinical challenge. Screening tests in

low-risk groups have been demonstrated to be poor predictors of complications (33,34).

However, “placental profile” has been proposed among women in high-risk groups, with 

somewhat promising results (35).
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Figure 1. Selection of study population for the biomarker study.

 



 Helgadottir

19 

 

Table 1. Prevalence of demographic and clinical risk factors among women with IUFD, 

according to the main cause of death (COD) of the CODAC- classification. 

Variable All cases

N=377

COD

Placenta

N=190

COD

Unknown

N=73

COD 

Other

N=114

Controls

N=1 215

% % % % %

Age (years)

<29

30-39

	
��

44.6

49.9

5.6

42.6

52.1

5.3

49.3

45.2

5.5

44.7

49.1

6.1

43.6

50.5

5.8

Parity

0

1

>2

51.2

31.8

16.7

53.2

29.5

17.4

49.3

35.6

15.1

50.0

33.3

16.7

48.5

33.2

18.4

Civil status 

Married/Cohabitation

Not married/cohabiting

86.2

13.8

85.8

14.2

95.5

4.1

80.7

19.3

92.0

8.0

Assisted reproduction 1.9 2.6 2.7 0 1.7

Twin pregnancy 5.8 7.4 6.8 2.6 2.1

Hypertensive disorders

Preeclampsia/eclampsia

Hypertension

15.7

   7.2

   8.5

18.4

9.5

8.9

17.8

5.5

12.3

9.7

4.4

5.3

9.2

4.8

4.4

Diabetes

Diabetes  type 1 or 2

Gestational diabetes

   1.9

   1.6

1.1

1.1

4.1

4.1

1.8

0.9

0.4

1.0

Placental abruption 11.7 22.6 0 0.9 0.8

Placenta previa    1.3 2.1 0 0.9 0.7

Smoking (at first visit) 35.8 37.9 32.9 34.2 13.4

Small-for-gestational age 35.8 41.1 23.3 35.1 1.8

Thyroid disease 4.2 4.7 2.7 4.4 1.1



 Helgadottir

20 

 

Table 2. Cause of death (COD) – level I – according to the CODAC- classification. 

CODAC 

COD – level I

Cases

N=377

%        (n)

0-Infection 12.2 (46)

2-Intrapartum 0.5 (2)

3-Congenital anomaly 6.1 (23)

4-Fetal 2.1 (8)

5-Cord 8.0 (30)

6-Placenta 50.4 (190)

7-Maternal 1.3 (5)

8-Unknown 19.4 (73)
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 Table 3. Risk factors for cases in different causal groups according to CODAC compared to 

controls. Adjusted odds ratios (aOR) with 95% confidence intervals (CI). 

                               COD

Variable

Placenta 

         N=190

Unknown

N=73

Other

N=114

All cases

       N=377

aOR 

(95% CI)

aOR 

(95% CI)

aOR

(95% CI)

aOR 

(95% CI)

Civil status 

Not married/cohabiting
- -

2.1

(1.1-3.9)
-

Twin pregnancy 3.6

(1.3-9.4)

5.0

(1.5-16.0)

2.2

(0.6-8.0)

3.0

(1.4-6.3)

Hypertensive disorders

Preeclampsia/eclampsia

Hypertension

0.5

(0.2-1.1)

2.2

(1.0-4.8)

0.2

(0.06-1.0)

3.5

(1.5-8.0)

0.2

(0.07-0.8)

1.0

(0.3-2.9)

0.6

(0.3-1.2)

1.9

(1.1-3.4)

Diabetes 3.5

(1.1-11.3)

8.7

(3.0-25.4)

2.9

(0.8-10.8)

3.8

(1.7-8.4)

Placental abruption 42.0

(19.4-91.0)
-

1.4

(0.2-11.5)

16.1

(7.6-33.9)

Smoking (at first visit) 2.5

(1.6-3.9)

3.7

(2.1-6.6)

2.5

(1.5-4.1)

2.6

(1.9-3.8)

Small-for-gestational age 47.9

(26.6-86.1)

28.6

(12.8-63.6)

38.6

(19.9-74.8)

32.9

(20.0-54.2)

Thyroid disease 5.5

(2.0-15.6)

3.8

(0.8-18.0)

5.5

(1.7-17.6)

4.8

(2.1-11.0)

Each variable adjusted for the all the other variables in logistic regression analysis.
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Table 4. Prevalences of acquired and inherited thrombophilia by different main groups of COD.

                                  COD

Variable

All

N=105

*N = 103

% (n)

Placenta

N = 50

*N=49

% (n)

Unknown 

N = 21

*N=21

% (n)

Other

N = 34

*N=33

% (n)

Controls 

N =262

% (n)

*&F5 6025 10.7 (11) 14.3 (7) 14.3 (3) 3.0 (1) 7.6 (20)

*#F2 rs1799963 5.8 (6) 8.2 (4) 0 6.1 (2) 1.5 (4)

*Antithrombin deficiency 1.0 (1) 0 0 3.0 (1) 0

*Protein C deficiency 1.0 (1) 0 0 3.0 (1) 1.1 (3)

*Protein S deficiency 1.9 (2) 2.0 (1) 0 3.0 (1) 2.3 (6)

*Any inherited thrombophilia 18.4 (19) 22.4 (11) 14.3 (3) 15.2 (5) 11.8 (31)

Lupus anticoagulant 4.8 (5) 4.0 (2) 4.8 (1) 5.9 (2) 1.1 (3)

Anti-cardiolipin antibodies 3.8 (4) 2.0 (1) 4.8 (1) 5.9 (2) 2.3 (6)

Anti-ß2-glycoproteint 1 4.8 (5) 6.0 (3) 0 5.9 (2) 1.5 (4)

Antiphospholipid antibodies 9.5 (10) 6.0 (3) 9.5 (2) 14.7 (5) 5.0 (13)

*Any thrombophilia 27.2 (28) 28.6 (14) 23.8 (5) 27.3 (9) 16.4 (43)

*Two women reported use of warfarin and were therefore excluded from all analyzes of 

inherited thrombophilias. &Also known as factor V Leiden; #also known as the prothrombin 

gene 20210 allele variation.
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Table 5. Thrombophilic risk factors for IUFD according to COD compared to controls. 

Odds ratios (OR) and 95% confidence intervals (CI).

                                  COD

Variable

All

N = 105

*N=103

Placenta

N = 50

*N=49 

Unknown 

N = 21

*N=21 

Other

N = 34

*N=33 

OR

95% CI

OR

95% CI

OR

95% CI

OR

95% CI

*&F5 6025 1.4

(0.7-3.1)

2.0

(0.8-5.1)

2.0

(0.5-7.4)

0.4

(0.05-2.9)

*#F2 rs1799963 4.0

(1.1-14.4)

5.7

(1.4-23.8)

- 4.2

(0.7-23.7)

*Antithrombin deficiency - - - -

*Protein C deficiency 0.8

(0.09-8.2)

- - 2.7 

(0.3-26.7)

*Protein S deficiency 0.8

(0.17-4.3)

0.9

(0.1-7.6)

- 1.3

(0.2-11.4)

*Any inherited thrombophilia 1.7 

(0.9-3.1)

2.2

(1.0-4.7)

1.2

(0.3-4.5)

1.3

(0.5-3.7)

Lupus anticoagulant 4.3

(1.0-18.4)

3.6

(0.6-22.1)

4.3

(0.4-43.4)

5.4 

(0.9-33.5)

Anticardiolipin antibodies 1.7

(0.5-6.1)

0.9

(0.1-7.4)

2.1

(0.2-18.6)

2.7

(0.5-13.8)

Anti- ß2 glycoprotein 1 3.2

0.9-12.3)

4.1

(0.9-19.0)

- 4.0

(0.7-22.9)

Any antiphospholipid antibodies 2.0

(0.9-4.8)

1.2

(0.3-4.5)

2.0

(0.4-9.6)

3.3

(1.1-9.9)

Any thrombophilia 1.9

(1.1-3.3)

2.0

(1.0-4.1)

1.6

(0.6-4.6)

1.9

(0.8-4.4)

*Two women reported use of warfarin and were therefore excluded from all analyzes of 
inherited thrombophilias. &Also known as factor V Leiden; #also known as the prothrombin 

gene 20210 allele variation.
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