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Abstract 

Background: Obstetric care in midwife-led institutions may be more cost-effective 

and reduce the number of interventions during labour. On the other hand, large 

obstetric institutions may offer more technologically advanced and specialised care. 

Knowledge of how availability of and access to different types of obstetric 

institutions impact maternal and perinatal clinical outcomes in a high-income context 

is lacking.  

Aims: The aim of this thesis was to assess availability of and access to obstetric 

institutions in Norway during recent decades and to assess perinatal and maternal 

clinical outcomes by travel time to institution and place of birth.  

The first study assessed changes in travel time on a population level, the risk of 

unplanned birth outside institution over time, as well as the risk of maternal 

morbidity. The second study aimed to assess the association of mother’s travel time 

to an obstetric institution and place of birth with peripartum perinatal mortality. The 

aim of the third study was to assess risk of eclampsia and HELLP syndrome by the 

mother’s travel time to an obstetric institution and place of delivery.  

Material and methods: The studies were conducted using population-based data 

from Norway. The primary data source was the Medical Birth Registry of Norway 

(MBRN), and we included births from 1979 to 2009. The mother’s unique national 

identification number was used to link births in the MBRN to her registered address. 

Statistics Norway provided geographic coordinates linked to National Registry 

addresses for two ecological cross-sectional studies and two cohort analyses.  

We also used the mother’s unique identification number to link births to their mother 

in a sibling-structure to assess clinical outcomes in subsequent pregnancies. 

Obstetric institutions were categorised by function and annual number of births. 

Availability of and access to obstetric institutions was based on the woman’s travel 

time to the nearest obstetric institution. Travel time was estimated using geographic 
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information systems software combined with the Norwegian digital road database. 

Population proportions and risks were assessed using cross-tables. Logistic regression 

and generalized linear models were used to calculate odds ratios and relative risks 

with 95% confidence intervals and to adjust for confounders. Travel time ≤ 1 hour 

was used as reference for all travel time analyses. Multilevel regression models were 

used to account for clustering by several births to the same mother and by births in 

the same institution. Sibling structures with the mother as the observation unit were 

used to assess outcomes in successive pregnancies.  

Results: In the first study, we found a 10% increase in the proportion of women of 

reproductive age living outside the 1-hour travel zone to all obstetric institutions and 

to Emergency Obstetric and Newborn Care (EmONC) institutions from 2000 to 2010. 

On a national level, the risk of unplanned birth outside institution doubled from 1979-

83 to 2004-09 and the differences between counties increased. The risk of maternal 

morbidity increased by 40% from 2000 to 2009 on a national level, with increasing 

regional differences.  

The second study showed that unplanned birth outside institution was associated with 

higher risk of peripartum perinatal death (death during delivery or within the first 24 

hours). Women with travel time exceeding one hour to any obstetric institution had 

higher risk of unplanned birth outside institution compared to women with less than 1 

hour travel time. On a population level, 2 % of peripartum perinatal deaths could be 

attributed to unplanned birth outside institution.  

In the third study, we found that nulliparous women who had to travel more than one 

hour to any obstetric institutions had a 50 % higher risk of eclampsia or HELLP-

syndrome. These complications occurred in all categories of obstetric institutions. 

Women with risk factors such as preeclampsia or previous preeclampsia delivered in 

the larger EmONC institutions.  Deliveries prior to 35 gestational weeks were also 

referred to the largest EmONC institutions. Women with previous preeclampsia had a 

higher risk of recurrence, but the majority of parous women with eclampsia or 

HELLP did not have previous preeclampsia.  
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Conclusion: Access to obstetric institutions and skilled birth attendance play an 

important role to reduce the risk of adverse clinical maternal and fetal outcomes. In 

planning or evaluating changes in the obstetric healthcare structure, associated 

changes in the distribution of benefits and burdens should be considered. Further 

work must aim at assessing risk of a wider range of maternal complications as well as 

neonatal morbidity and mortality. 
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1 Introduction 

The aim of the present thesis was to examine health systems factors in obstetric care 

in relation to maternal and perinatal outcomes. We examined how availability of 

obstetric institutions, as well as institution type and volume, were associated with 

unplanned delivery outside institution, peripartum perinatal death and maternal 

complications due to pregnancy and childbirth.  

The thesis comprises three papers. Paper Ⅰ examined availability of institutions by 

estimating distribution of and changes in travel time to obstetric institutions on a 

population level for women of reproductive age in 2000 and 2010. The study further 

examined access to obstetric institutions from 1979 to 2009 by analysing the risk of 

unplanned delivery outside institution, and described the WHO Emergency Obstetric 

Care Indicators applied on Norwegian births in 2000 and 2009 using maternal 

morbidity as a main clinical maternal outcome.  

Paper Ⅱ examined the mothers travel time to institution using individual travel time 

data. We used travel time and place of birth as main exposures in the analyses of the 

risk of perinatal death during labour or within 24 hours.  

Paper Ⅲ examined the mother´s risk of severe hypertensive complications in 

pregnancy related to her travel time to an obstetric institution and also examined 

where mothers with severe hypertensive complications delivered taking into account 

whether she had known risk factors.  

The research was based on national registry data of good quality, combined with new 

technological approaches and demographic tools. By applying an international 

maternal health approach we were also able to evaluate Norwegian obstetric care 

from a global perspective.  

The registry linkages will be described in further detail in the thesis. The linkages 

provided a larger dataset than would have been achievable in a prospective study, but 

the linkage process as well as the travel zone estimations were complicated and time 
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consuming. Hence, the data collection had to be limited to 2009 and the data set was 

not completed before 2015.  

1.1 Background 

1.1.1 Health systems and the right to health  

Caught between high-technology services and the care for normal uncomplicated 

deliveries, obstetric care has been a core issue in the current health-system debate in 

several high-income countries.(1-10) The right to health was declared by the United 

Nations (UN) in 1948, and further elaborated in the International Covenant of 

Economic, Social and Cultural rights in 1966. The role of health systems in providing 

this right was emphasised in the World Health Report in 2000, and in a general 

comments issued by the UN Committee on Economic, Social and Cultural rights in 

2000 and 2016.(11-13) Both the UN and the World Health Organization (WHO) list 

available and accessible institutions, as well as acceptable health services of sufficient 

medical and scientific quality, as core elements in providing the right to health. 

1.1.2 Obstetric health services  

Birth-related complications may arise quickly and threaten life and future health of 

both mother and child. Prevention of death and adverse outcomes requires urgent and 

skilled interventions and thus access to institution based care.(13-15) The WHO has 

addressed maternal and newborn care specifically, and developed tools for 

monitoring emergency obstetric care including geographic distribution of institutions, 

access, utilization and the type of services provided.(15, 16) These guidelines list 

eight indicators for Emergency Obstetric and Newborn Care (EmONC) and nine 

signal functions describing treatment that should be available. Registration of severe 

maternal morbidity adds information about the health service performance in all types 

of resource settings.(17, 18)  

In studies of maternal mortality, the “Three Delays Model” has been used to 

conceptualize the process of seeking and receiving adequate treatment and how 
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barriers can increase the risk of maternal death: first, the decision to seek medical 

care, second, the process of getting there, and third, the diagnostic and therapeutic 

care provided by health personnel.(19, 20) Practical implications of addressing the 

core elements in a health system have also been elaborated and conceptualised for 

maternal and newborn health; in the table below, the concept of quality evaluation 

using system, process and outcome factors has been combined with the core elements 

of the health system as outlined by the UN and WHO. (21) 

Raven et al, Midwifery, 2012, reproduced with permission 

The focus of the national health policy in Norway has shifted from equality and 

geographic access in the 1970s to efficiency and patient empowerment in the 1990s 

and the first decade of the new millennium.(22) However, recent parliament decisions 

emphasized the need for decentralized care in order to provide safe services of high 

quality near a woman´s home.(23) Nevertheless, according to combined information 

from several public sources, the number of obstetric institutions in Norway declined 

from 95 to 51 between 1979 and 2009.(24) (http://statistikkbank.fhi.no/mfr/) 

1.1.3 Institution volume and function  

Within other fields in medicine, such as cancer treatment, surgery, and intervention 

cardiology, centralisation to larger units improve the patient outcome although the 

mechanisms are complex.(25-27) The need for sufficient skills and competence in 

technologically or scientifically demanding treatment has been emphasized. Volume 
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measured as procedures or treatments per year was frequently used as a proxy 

measure for potential quality, but methodological concerns and concern for 

accessibility were raised.(25, 27-31) Studies by initiatives benefiting from 

centralisation, such as the Leapfrog-initiative in the US, did show stronger volume-

outcome associations than studies in a different financing setting.(32, 33) Access and 

utilization of specialised procedures such as percutaneous coronary interventions 

have been shown to vary across countries and regions, (34, 35) and Norwegian 

studies have indicated similar regional underutilization.(36) 

1.1.4 Obstetric volume and perinatal outcomes  

In obstetrics, delivery in large institutions has been associated with an increased 

frequency of interventions for low-risk women and the benefit for neonatal outcome 

in low-risk infants remains unclear.(1, 9, 37, 38) Whether delivery care in smaller 

obstetric institutions and midwife-led institutions is safe and cost-effective compared 

to centralized care in larger obstetric institutions has been heavily debated.(1, 2, 9, 

39-42) With the exception of access to neonatal intensive care units and neonatal 

outcome, the availability of and access to obstetric institutions has received little 

attention in high-income countries. (43, 44) 

Typically, previous studies comparing planned place of delivery have excluded 

unplanned births outside institution.(39, 40, 45, 46) Additionally, key studies have 

included only neonatal deaths and thus failed to address how lack of adequate 

monitoring and interventions during labour may result in intrapartum death.(37, 40, 

41, 43, 45, 47) Several authors have raised concerns about adverse consequences of 

reduced accessibility to obstetric and neonatal care, as well as risk of unnecessary 

interventions in the larger institutions.(1, 8, 9, 48-51) However, conclusive studies 

linking structural factors and perinatal mortality are lacking.  

1.1.5 Obstetric volume and maternal outcomes 

Contrary to publications concerning volume and outcomes in surgical procedures, 

few studies on institution volume and obstetric outcomes have been published. In the 
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United States, peripartum hysterectomy following caesarean sections in large 

institutions was associated with lower maternal mortality rates.(52) However, this 

study did not discriminate between planned and emergency hysterectomies. A Dutch 

study on severe maternal morbidity linked cases of severe morbidity to inadequacies 

in provided care and identified socio-demographic risk factors, but this study did not 

assess the place of birth as a risk factor.(5) A previous study in Norway, as part of a 

European collaboration to assess severe maternal morbidity, only collected data from 

one county and institutional differences could not be assessed.(53) A Scandinavian 

study on eclampsia identified cases of substandard care, but did not categorise the 

institutions.(54) Higher rates of severe maternal morbidity and lower rates of 

antihypertensive medication were reported for women with severe hypertension 

admitted to low-volume hospitals in California and Arizona.(55) In France, lack of an 

anaesthetist and volume < 500 births annually was associated with higher risk of 

substandard care for post-partum haemorrhage.(56) 

1.1.6 Severe hypertensive complications in pregnancy 

Globally, severe hypertensive complications in pregnancy remain one of the unsolved 

challenges in obstetric care.(57-59) Hypertensive complications have been the most 

common cause of direct maternal deaths in Norway since 1980, causing 14/47 deaths 

in 1980-2000 and 6/14 deaths in 2005-09.(60, 61)  

Hypertensive complications in pregnancy include isolated hypertension, 

preeclampsia, eclampsia, and HELLP syndrome. Preeclampsia is usually defined as 

hypertension and proteinuria occurring after 20 gestational weeks.(62) Severe 

hypertensive complications have been defined either by preeclampsia and systolic 

blood pressure above 160 mmHg, by the occurrence of seizures (eclampsia) or by 

liver-, platelet- and coagulation disturbance in HELLP-syndrome. The term 

“imminent eclampsia” has been used to categorise symptoms associated with or 

prodromal to eclampsia; hyperreflexia in deep tendon reflexes, frontal headache, 

visual disturbance and epigastric pain. Eclampsia and HELLP syndrome are 

associated with increased risk of pregnancy-related death and morbidity in infant and 
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mother, and also with long-term risk of maternal cardiovascular mortality and death 

in epidemiological studies and familial studies (63-70) 

The aetiology and pathogenesis of preeclampsia is still not fully understood, but 

involve a complex interplay between genetic predisposition and protection,(71, 72) 

complex immunologic and vascular factors,(73) and socioeconomic and 

environmental risk factors.(59, 74) Proposed prevention strategies range from public 

health interventions to targeted individual interventions, for example pre-pregnancy 

counselling and reduction of cardiovascular and metabolic risk factors, prevention of 

teenage pregnancies, and approaches using information about individual or familial 

risk to guide targeted testing and examinations, medication, and dietary 

supplements.(59, 62, 74)  

Delays in diagnosis and management in obstetric institutions have been highlighted 

as risk factors for eclampsia.(54, 75) Despite the well-established recognition of the 

importance of prompt diagnosis and adequate treatment, recently proposed quality 

indicators for intrapartum obstetric care in hospitals do not include severe 

hypertensive complications, except if the mother is admitted to an intensive care 

unit.(76, 77)  

While preeclampsia can be identified at antenatal visits in primary care, some women 

experience a sudden and rapid progression of severe disease at the time of term 

delivery.(54, 73) In women with symptoms of imminent eclampsia or severe 

hypertension, magnesium sulphate reduces the risk of seizures and prevents recurrent 

seizures, and has reduced the incidence of eclampsia.(78-80) Definitive treatment is 

delivery when the woman has been stabilized, sometimes involving difficult 

considerations regarding maternal and fetal benefits and risks in preterm delivery.  

Previous research has aimed at identifying maternal characteristics that may be risk 

factors for progression of preeclampsia to more severe disease or death.(81) We lack 

knowledge about how health system factors are related to risk of severe hypertensive 

complications.  
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2 Hypothesis and aims 

The main hypothesis of the studies comprised in this thesis was that centralisation of 

obstetric care increases the travel time to institution but improves the clinical 

outcomes for mother and child.  

The overall aim was to assess the impact of institution availability, access and 

function on maternal and perinatal outcomes in Norway 

Paper Ⅰ had the following specific aims; to assess the travel time to the nearest 

obstetric institution for women of reproductive age, to assess the risk of unplanned 

birth outside institution nationally and by county, to assess maternal morbidity, and to 

assess the number and classification of obstetric institutions and the WHO EmONC 

indicators and change over time. 

Paper Ⅱ aimed to assess the risk of perinatal death during labour or within 24 hours 

by maternal travel time to the nearest obstetric institution and by place of birth for 

births from 1999 to 2009.  

The aim of paper Ⅲ was to assess the risk of eclampsia, HELLP-syndrome, and 

preterm delivery prior to 35 weeks in pregnancies with preeclampsia, by place of 

delivery and travel time to the nearest obstetric institution 
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3 Material and methods 

3.1 Data sources 

The thesis was based on population data from two main sources: the Medical Birth 

Registry of Norway (MBRN) and Statistics Norway. In addition we had data on 

maternal address from the National Registry at Skatteetaten (TaxNorway) and on 

level of education from the National Education Database. All citizens and non-citizen 

residents in Norway receive a unique national identification number. Foreigners who 

live in Norway less than 6 months are assigned a unique D-number.(82) We used 

these national identification numbers to link births in the MBRN to the address 

coordinates. D-numbers could not be used to link successive births to the mother.  

The MBRN has received mandatory standardized notifications of all live births and 

stillbirths (from 16 weeks gestation) since 1967. The registry is routinely linked with 

the National Registry through the mother’s national identification number, given to 

all individuals residing in the country. This linkage provides identification numbers to 

all live births, ensures complete notification to the MBRN and also provides data on 

all dates of death.  

The notification includes information about demographic characteristics, maternal 

health before and during pregnancy, pregnancy complications, the delivery (including 

induction, complications and interventions), complications after delivery until 

discharge from the institution, and information about the infant (vital status, time of 

death, anthropometric measurements, Apgar scores and neonatal diagnoses including 

congenital malformations). Notifications are mandatory, but the mother can opt-out 

from registration of tobacco use/smoking. Gestational age was based on last 

menstrual period until 1998, and on ultrasound estimates thereafter. Ultrasound 

estimates are usually from a routine scan in the second trimester. If ultrasound is 

missing, gestational age is based on the last menstrual period.  
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The MBRN notification form was revised and extended in 1999 to include more 

detailed information about the mother, the neonate, and the place of birth. Before 

1999, all outcomes were notified only as free text and coded at the MBRN using the 

International classifications of Diseases version 8 (ICD-8). From 1999, the form also 

included check boxes for the most common risk factors and clinical outcomes. Since 

1999, additional free text has been coded at the MBRN using the ICD-10, and place 

of delivery has also been notified by check boxes on the notification form. Planned 

home birth is a separate category, as is unplanned birth at home, during transport or 

with unknown location.  

The notification of stillbirths specifies time of death in relation to labour (antepartum, 

intrapartum or unknown) and to arrival at the institution (prior to arrival or after). 

Unexplained antepartum fetal death registration in the MBRN has been validated for 

the years 1985-2007 with acceptable results.(83) The MBRN receives the autopsy 

report or, if autopsy is not performed, a written conclusion on likely cause of death 

for all stillbirths from 22 weeks gestation. Neonatal deaths during the first 24 hours 

are identified by the date and hour of birth and the number of hours lived, as 

registered on the MBRN notification form.  

The main direct maternal complications are notified by check boxes as well as 

options for free text on the notification form. The check boxes includes intensive care 

treatment and the following severe maternal complications: puerperal sepsis or sepsis 

during delivery, thromboembolic disease, eclampsia, and haemorrhage >1500 ml or 

blood transfusion. 

Validation studies of preeclampsia registration in the MBRN have concluded that the 

information has acceptable accuracy.(84, 85) Mild preeclampsia at term has shown 

lower ascertainment than more severe preeclampsia with preterm delivery and 

intrauterine growth restriction.(85) A study on eclampsia in Scandinavia found over-

reporting of eclampsia to the MBRN after the revised notification form was 

introduced in 1999,(54) and this was confirmed in a validation study at the 
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MBRN.(86) Based on these observations all notifications of eclampsia and HELLP 

from 1999 onwards are routinely verified through patient records.  

The Central Bureau of Statistics was established in 1876. Presently known in English 

as Statistics Norway, this is the national statistical institute and the main producer of 

official statistics related to economy, population and society. Since 2000, Statistics 

Norway has assigned geographic coordinates to the National Registry addresses and 

updates addresses and coordinates on 1 January each year. The coverage of individual 

coordinates was 98% of all addresses in 2000, with a range between counties from 

95.5 to 99%. In 2010 the coverage of individual coordinates was 99%, with a county 

range from 98.2 to 100%. In Paper Ⅰ we used address coordinates for women of 

reproductive age, 15 to 49 years, in two ecological analyses on travel time to all 

obstetric institutions and to EmONC institutions on 1 January 2000 and 1 January 

2010.   

In paper Ⅱ and paper Ⅲ, linkage between the MBRN and the National Registry also 

provided data on each mother´s registered address, these addresses were then 

combined with address coordinates from Statistics Norway to estimate individual 

travel time to the nearest obstetric institution.  

Statistics Norway was also the source of demographic data about the mother’s 

country of birth for those born outside Norway, categorised by world region, and of 

data from the National education database on the mother’s highest attained level of 

education.  

3.2 Study populations 

Due to delays in the registry-linkage process this PhD work has been conducted on 

two datasets from the same birth population with all deliveries in Norway from 22 

weeks of gestation or with birth weight from 500g.  

Paper Ⅰ used MBRN data from the period of 1979 to 2009. All deliveries from 1979 

to 2009 (n=1 807 714) were categorized according to place of delivery (definitions on 
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page 23). All deliveries in the years 2000 (n= 58 632) and 2009 (n= 61 895) were 

used to analyse maternal morbidity and to perform the WHO EmONC indicator 

analysis. We also used population data from Statistics Norway for two ecological 

analyses, 1 January 2000 (n= 1 050 269) and 1 January 2010 (n=1 127 665), and 

estimated travel time to the nearest obstetric institution for women of reproductive 

age (15-45 years). At the county level, we compared the proportion of women living 

outside the 1-hour zone and the risk of unplanned birth outside institution.  

The source population for paper Ⅱ was all infants born during the period from 1999 

to 2009 (n= 648 555). We excluded 404 births (0.06%) due to lack of travel time 

estimates for the mother. Further, planned home births (n= 1 253, 0.2%) were 

described but excluded from the analyses. The final study population was 646 898 

births.  

In paper Ⅲ, the source population was all women who delivered from 1999 to 2009 

(n= 636 738). We excluded 398 (0.06%) women lacking travel time information. We 

described planned home deliveries (n= 1 252, 0.2%) and unplanned deliveries outside 

institution (n= 4 519, 0.7%), but they were excluded from the analyses. The final 

study population was 630 255 deliveries.  

3.3 Exposures, covariates and outcomes 

3.3.1 Main exposures 

Travel time A travel zone was defined as the geographic area in which all women 

were estimated to reach the nearest obstetric institution within the given time. 

Institutions were registered by geographic coordinates and surrounding travel zones 

were calculated based on the Norwegian electronic road database.(87) Estimates were 

based on registered speed limits and standard duration of ferry/boat journeys and 

represented the minimum time for non-emergency transport. A merged area 

(polygon) was created for the travel zones (<1 hour, 1-2 hours and ≥2 hours).  
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Emergency obstetric institutions and travel time in Møre and Romsdal county. 

EmONC institutions are marked by asterisks. Estimated travel time < 1 hour in red, 

municipalities with varying colours. 

Place of birth/delivery Place of birth was categorized as unplanned outside obstetric 

institution, in basic obstetric care institution (BOC), and in emergency obstetric and 

newborn care institution (EmONC). Unplanned birth outside institution was defined 

as birth at home, during transportation, or in a non-obstetric institution or unknown 

location (e.g. health centre) for a woman who planned an institutional birth. The 

WHO Handbook for Monitoring Emergency Obstetric and Newborn Care was used 

to categorize institutions by the available treatment options.(16) BOC institutions 

provided midwife-led care for normal deliveries, and intravenous administration of 

drugs and basic newborn resuscitation if needed before transfer. EmONC institutions 

provided intravenous administration of uterotonic drugs, antibiotics and magnesium 

sulphate, removal of placenta or retained products of conception, newborn 

resuscitation, assisted vaginal delivery, caesarean section, and blood transfusion. All 

EmONC institutions had a specialist in obstetrics and gynaecology on call. For papers 

Ⅱ and Ⅲ we further classified EmONC institutions according to annual number of 
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births (<500, 500-1499 and ≥1500). Institution closure or change in level of care was 

corrected at the start of each calendar year. We included all institutions reporting ≥10 

births annually. 

3.3.2 Main outcomes 

Paper Ⅰ had three main outcomes; 1) number and proportion of women of 

reproductive age living in the different travel zones, 2) place of birth categorised as 

unplanned outside institution or in an obstetric institution, and 3) maternal morbidity. 

Planned home births arranged with an attending midwife were excluded. Maternal 

morbidity was defined as maternal intensive care, puerperal sepsis or sepsis during 

delivery, thromboembolic disease (with the exception of peripheral venous 

thrombophlebitis), eclampsia, and haemorrhage >1500 ml or blood transfusion.  

In paper Ⅱ the main clinical outcomes were unplanned birth outside institution and 

peripartum perinatal death. The definition of unplanned birth outside institution was 

similar to paper Ⅰ. Peripartum perinatal death was defined as death during labour or 

within 24 hours after birth. Intrauterine fetal death prior to start of labour was 

described but excluded from main analyses.  

In paper Ⅲ the main clinical outcomes were eclampsia, HELLP syndrome, or 

preterm delivery in pregnancies with preeclampsia. Eclampsia was defined as 

seizures in a woman with preeclampsia/pregnancy hypertension after exclusion of 

other medical causes.  HELLP was defined as intravascular haemolysis, elevated liver 

enzymes, and thrombocytopenia (<100 x109/L). Since delivery can prevent 

progression to eclampsia and HELLP syndrome, preterm delivery in pregnancies with 

preeclampsia was a third clinical outcome. Defined as delivery prior to 35 gestational 

weeks in pregnancies with preeclampsia and no eclampsia or HELLP, this outcome 

included all modes of labour start and route of delivery; induced and spontaneous 

deliveries, vaginal or by caesarean section.  
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3.3.3 Secondary outcomes 

The WHO EmONC indicators were secondary outcomes in paper Ⅰ. These eights 

indicators benchmark institution availability and access, caesarean section rate, direct 

obstetric case fatality rate, intrapartum and very early neonatal mortality (perinatal 

deaths during labour or within 24 hours), and maternal mortality from direct causes. 

Maternal mortality was low in Norway during this period and we chose to use 

maternal morbidity as a maternal clinical outcome. The number of maternal deaths 

was obtained from the on-going maternal death audit addressing this time period (Siri 

Vangen, personal communication).(60)   

The WHO guideline advices three months data collection, we chose to use a full year 

for observation as some of the outcomes were rare and the data were readily 

available.  

Births at term to healthy women with a singleton pregnancy, no major congenital 

malformations, cephalic presentation, and normal vaginal delivery, have been used to 

define a low-risk category in the literature.(1, 88, 89) We used these births as a 

secondary outcome in paper Ⅱ to assess outcomes in low-risk births in the different 

EmONC institution categories.  

3.3.4 Potential confounders 

Paper Ⅰ took into account a limited range of potential confounders; maternal age (>20, 

20-24, 25-29 (reference), 30-34, 35+), parity (0, 1, 2+(reference)), education (<11, 

11-14, 14+ years (reference)), and partner status (living with partner (reference), 

single). Maternal morbidity was also adjusted for tobacco use (daily 

smoking/occasional smoking, or non-smoking (reference)).   

In paper Ⅱ we examined a range of known risk factors for perinatal death, both by 

stratification and by adjustment in the full regression model. The following variables 

were assessed: gestational age (<37 weeks, ≥37 weeks (reference)), maternal age 

(<20, 20-35 (reference), >35), parity (0, 1+ (reference)), education (<11, ≥11 

(reference)), partner status (partner (reference), single), ethnicity (Western 
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(reference), Non-Western), chronic disease (asthma, thyroid disease, epilepsy, 

rheumatoid arthritis, diabetes prior to or in pregnancy, chronic hypertension, chronic 

renal disease, cardiac disease), plurality (singleton (reference) or multiple birth), 

major congenital malformation as defined by the EUROCAT collaboration 

(http://www.eurocat-network.eu/content/EUROCAT-Guide-1. 4-Section-3.3.pdf ) (no 

severe malformation (reference), severe malformation), small for gestational age 

(<10th percentile, ≥10th percentile (reference)), severe maternal morbidity 

(haemorrhage <1,5 l or haemorrhage and blood transfusion, eclampsia, HELLP-

syndrome, sepsis, pulmonary embolism, organ failure, placental abruption with 

disseminated coagulation, hysterectomy or uterine rupture), and previous stillbirth at 

gestation age ≥24 weeks. We stratified by smoking habits; non-smoker (reference), 

no information, smoker. We used sex-specific birth weight by gestational age z-

scores to evaluate misclassification of gestational age, defined as z>4.(90) If 

gestational age was misclassified (n=330, 0,05%) or only birth weight was notified, 

births were categorised as prior to 37 weeks if birth weight was below 2 standard 

deviations from the national average at 37 weeks (2285 g for males and 2200 g for 

females, n=677, 0,1%).  

In paper Ⅲ we included covariates known to impact the maternal risk of severe 

hypertensive complications. Analyses were stratified on parity and preeclampsia, and 

adjusted for the following socio-demographic and maternal medical risk factors: 

maternal age (<20 years, 20-34 (reference), 35+), partner status (living with partner 

(reference), single), maternal education (11years or more (reference), <11 years), 

chronic hypertension (no (reference), yes), diabetes (no (reference), yes), smoking 

(no (reference), yes and no information), and time period (1999-2004 (reference), 

2005-2009). When analysing overall risk of severe hypertensive complications, parity 

was also included in the model (0/1+). As in paper Ⅱ, we used sex-specific birth 

weight by gestational age z-score (90) to identify misclassified gestational age as 

births with z>4. If gestational age was misclassified (n= 19, 0.1% of deliveries) or 

only birth weight was recorded, we categorized deliveries as occurring prior to week 

35 if birth weight was 2 standard deviations below average weight at 35 weeks 
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gestation (weight <2 020 g for males and < 1 950g for females, n= 203, 1.2 % of 

deliveries before 35 weeks).(90) 

3.4  Analyses 

3.4.1 Cross tables and regression 

Cross tables were used to calculate proportions and risk, both overall and stratified by 

potential confounders. Odds ratios (OR) with 95 % confidence intervals (CI) were 

estimated using logistic regression, crude and adjusted for potential confounders. 

Relative risks (RR) were estimated using generalised linear models with log-binomial 

regression, crude and adjusted for potential confounders. Travel time ≤ 1 hour was 

used as reference in all travel time analyses. For the other main exposures and 

potential confounders, the category with the lowest risk was generally used as the 

reference group. 

3.4.2 Attributable risk and population attributable risk  

The attributable risk or fraction among the exposed quantifies the fraction of disease 

that can be ascribed to one or more exposures of interest. This fraction depends on the 

relative risk associated with the exposure. The population attributable risk or fraction 

describes how much of the outcome in a population that can be ascibed to the 

exposure of interest. The population attributable risk depends both on the relative risk 

associated with the exposure and the risk of being exposed in the population.(91, 92) 

The adjusted relative risk models were used to estimate attributable risk and 

population attributable risk for peripartum perinatal mortality in unplanned birth 

outside institution.  

3.4.3 Multilevel analyses  

Regular statistical methods assume that observations are independent, however, births 

to the same mother or in the same institution may be more similar than births to 

another mother or at another institution. In paper Ⅱ we used multilevel generalized 
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linear models to assess odds ratios and intraclass correlation coefficients (ICC) using 

the mother, the institution and both as clusters.  

3.4.4 Sibling data  

By means of the mothers’ national identification numbers, deliveries in paper Ⅲ 

were also organized in a sibling structure, linking each infant to its mother with the 

mother as the observation unit (n= 410 841). A total of 2 459 women (0.6%) lacked 

identification numbers and were not included. The sibling structure enabled analyses 

of how previous preeclampsia influenced the risk of eclampsia, HELLP-syndrome, 

and preterm delivery in preeclamptic pregnancies, in the subsequent pregnancies.   

3.4.5 Unmeasured confounders  

A confounder in an epidemiological study is a factor associated with the exposure 

and an independent risk factor for the outcome, that may fully or partly explain the 

observed association between the exposure and the outcome.(93) If information is 

available, such factors are taken into the analyses in the adjustment phase, either by 

stratification or by inclusion as covariates in a multivariable model.  

In most observational studies, there will be lacking information for potential 

confounders, so called unmeasured confounding. Different sensitivity analyses can 

evaluate potential bias associated with unmeasured confounding, a recently proposed 

approach is to calculate the E-value.(94) The E-value describes the minimum strength 

of association that an unmeasured confounder would need to have with both the 

exposure and the outcome in order to explain away the observed exposure-outcome 

association, conditional on measured covariates.(94) The E-value for a RR estimate 

>1 is given by RR + sqrt(RR*(RR-1)). The lower (LL) and upper (UL) confidence 

interval values are given by the similar formula using LL or UL instead of RR if the 

lower confidence interval is above 1. We performed E-value calculations for the main 

clinical outcomes in paper Ⅲ.  
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3.4.6 Geographic analyses  

In paper Ⅰ, travel time for women of reproductive age to the nearest institution was 

assessed by two ecological studies at the start and end of the decade. Address 

coordinates were placed in the different travel zones and the number of women living 

in each travel zone was counted.  

In paper Ⅱ and paper Ⅲ all births from 1999 to 2009 were identified in the MBRN 

and the mothers’ addresses were retrieved from the National Registry. Address 

coordinates at Statistics Norway were then used to assign each birth/delivery to the 

travel zone of the mother at the time of birth. The mother´s national identification 

number, or the D-number, was used to link births/deliveries in the MBRN to her 

registered address in the National Registry and then to the address coordinates 

(98.4%). For each birth/delivery the registered address was placed in a travel zone. 

Births to women lacking address coordinates (1.5%) were assigned to the travel zone 

of the majority of mothers in their municipality in the corresponding year. Few births 

lacked both address coordinates and municipality (0.06%), and these were excluded 

from the travel zone analyses.  

 

3.4.6 Ethical approval 

The study was approved by the Regional Medical Ethical Committee for Western 

Norway (REK-VEST 2010/3243) and was exempted from the principle of individual 

consent. 



 30 

4 Results 

4.1 Paper Ⅰ 

Travel time to an obstetric institution The proportion of women of reproductive 

age who lived outside the 1-hour travel zone to any obstetric increased from 7.9% to 

8.8% from 2000 to 2010 (RR 1.11; 95% CI 1.10-1.12). The proportion of women 

living outside the 1-hour zone to EmONC institutions increased from 11.0% to 12.1% 

from 2000 to 2010 (RR 1.1; 1.09-1.11). Increases in proportions were observed in 

counties where obstetric institutions closed during this period, whereas decreases 

related to major infrastructure projects were observed in two counties. Although the 

numbers were low, the proportion of women living outside the 2-hour zone to 

EmONC institutions increased from 3.4 to 4.8% nationally (RR 1.4; 1.39-1.43) and 

also increased in three of the five health regions.  

 

All obstetric institutions and the proportion of women in fertile age living outside the 

1-hour travel zone by county. Norway 2000 and 2010.  
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EmONC institutions and the proportion of women living outside the 1-hour travel 

zone by county. Norway 2000 and 2010. 

Unplanned delivery outside an obstetric institution During 1979 to 2009, a total of 

11 537 deliveries outside an institution were registered among the 1 807 714 

deliveries in this period. On a national level, the risk of unplanned delivery outside an 

institution almost doubled from 0.4% in 1979-83 to 0.7% in 2004-09.1 The risk range 

among the counties increased from 0.1 to 0.7% in the first period to 0.3-1.8% in the 

last period, with the highest risks in counties where more women lived outside the 1-

hour zone. However, even in urban counties where less than 1% of the women lived 

outside the 1-hour zone, the risk more than doubled.  

Maternal morbidity Nationally, the maternal morbidity risk increased from 

1.7% to 2.2% from 2000 to 2009 (adjusted OR, 1.4; 1.2-1.5), regional 

comparisons yielded similar risks in 2000 and increasing regional differences in 

2009.  

                                            

1 In table 3 in the paper there is an error in number of deliveries for 2004-2009. These columns describe the number of 
deliveries from 2003 to 2009, both total and unplanned outside institution. The error in numbers had no consequences for 
the reported risks in the last time period. The odds ratios were calculated using the time period from 2004 to 2009 and are 
correct.  
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4.2 Paper Ⅱ 

Travel zone and place of birth Travel zone information was available for 646 898 

births (99.94%). Births were more likely to occur unplanned outside an obstetric 

institution, in BOC institutions or in the lowest volume EmONC institutions when 

mothers lived in rural areas with long travel time to institutions. A total of 9 490 

births occurred in BOC institutions. Few nulliparous women delivered in BOC 

institutions (n=1 680, 18%), among these 87% would need to travel more than one 

hour to reach an EmONC institution.  

4 538 infants with available travel zone information were born unplanned outside 

institution. Compared to births within the 1-hour zone, the risk of unplanned birth 

outside institution was five times higher in the 1-2 hour travel zone to all institutions 

(adjusted RR 5.3; 4.9-5.7) and seven times higher when travel time was two hours or 

more (adjusted RR 7.1; 6.3-8.1). The majority of unplanned births outside institutions 

occurred to low-risk women.  

Peripartum mortality in unplanned birth outside institution Among 645 063 

births we identified 1 586 peripartum perinatal deaths, of which 773 (48.7%) were 

stillborn. Unplanned birth outside institution was strongly associated with mortality 

risk (adjusted RR 3.9; 2.8-5.3). Although the absolute mortality risk was higher for 

preterm births than term births (25.4/1000 versus 0.7/1000), the relative mortality risk 

associated with unplanned birth outside institution was increased for both preterm 

and term births. The stratified analyses illustrated higher absolute mortality rates in 

high-risk groups, but similar RRs associated with unplanned birth outside institution 

except for single, young and nulliparous women. The relative mortality risk was 

particularly high for births to nulliparous women (adjusted RR 14.9; 8.8-25.1), but 

also births to parous women had a doubled risk of death if born unplanned outside 

institution (adjusted RR 2.2; 1.4-3.4). The risk of death ascribable to unplanned birth 

outside institutions was high with an attributable risk of 0.7 (95% CI; 0.6-0.8), and 

these births accounted for 2.1% (95% CI; 1.2-3.0%) of the peripartum mortality in the 

population.  
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Peripartum mortality in obstetric institutions Infants with severe congenital 

malformations were born in the larger EmONC institutions. When we excluded 

severe congenital malformations, the mortality rate in BOC institutions was lower for 

parous women (0.5/1000) than nulliparous women (3.6/1000). The peripartum 

mortality rate in EmONC institutions ranged from 1.3 % in the smallest institutions to 

2.6 % in the largest. After adjustment for socio-demographic factors and maternal and 

fetal risk factors and using the smallest EmONC institutions as reference, we did not 

find evidence of different mortality by annual number of births in EmONC 

institutions. Restricting the analyses to healthy women with vaginal delivery at term 

of a singleton infant with cephalic presentation and no severe congenital 

malformation, the peripartum mortality ranged from 0.5/1000 to 0.6/1000 in the 

EmONC institutions, and we found no difference in mortality by volume category. 

Regardless of place of birth and not restricted to unplanned birth outside institution, 

mortality increased during the winter season for births at term to parous women with 

travel time 2 hours or more to all institutions (2.5/1000) compared to births where the 

mother lived within the 1-hour zone (0.6/1000, RR 3.8; 1.4-10.5).  

 

Risk of peripartum perinatal mortality in obstetric institutions, stratified by parity 

and using the smallest EmONC institutions with <500 births/year as reference. Births 

with no severe congenital malformations, adjusted for sociodemographic factors and 

maternal and fetal medical risk factors. Norway 1999-2009.  
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4.3 Paper Ⅲ 

Hypertensive complications Among 630 255 deliveries, we identified 1 387 

(2.2/1000) women with eclampsia/HELLP and 3 004 (4.8/1000) deliveries prior to 35 

weeks to women with preeclampsia and no eclampsia or HELLP. The risk of 

eclampsia/HELLP was higher among women with preeclampsia, but women without 

preeclampsia accounted for a major proportion of cases among parous (56%) and 

nulliparous (45%) women.  

Travel time to any obstetric institution The overall risk of eclampsia/HELLP was 

30% higher outside compared to inside the 1-hour zone (adjusted RR 1.3; 1.05-1.7). 

The risk increase was particularly high among nulliparous women without 

preeclampsia (0.26 vs 0.16%, adjusted RR 1.7; 1.2 to 2.6). Among nulliparous 

women, only one case occurred in a BOC institution, and the risk increase associated 

with long travel time was similar in the different EmONC volume categories. Among 

parous women, longer travel time was not associated with increased risk of 

eclampsia/HELLP.  

Travel time to EmONC institutions As described for all obstetric institutions, the 

overall risk increased by 30% when the women had to travel 1 hour or more to an 

EmONC institution, and the risk increase was similar across the institution volume 

categories. In nulliparous women, travel time ≥1 hour was associated with a 40% 

increase in risk of eclampsia/HELLP, while there was no risk increase among parous 

women.  However, for parous women with preeclampsia and delivery after 35 weeks, 

the risk of eclampsia/HELLP was almost doubled outside the 1-hour zone (1.8% 

versus 1.0%, adjusted RR 1.8; 1.0 to 3.1) 

Delivery prior to 35 weeks in women with preeclampsia and no 

eclampsia/HELLP Delivery prior to 35 weeks in women with preeclampsia was 

highest among nulliparous women; 0.6% outside the 1-hour zone to any institution 

versus 0.7% within the 1-hour zone (adjusted RR 0.8; 0.6 to 1.1).  
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Hypertensive complications and place of delivery Women with preeclampsia who 

developed eclampsia/HELLP received care in EmONC institutions with >500 births 

annually. Women with preeclampsia and no eclampsia/HELLP who delivered before 

35 weeks constituted nearly 20% of all deliveries before 35 weeks. These women 

delivered in EmONC institutions with more than 500 births annually. 

All eclampsia/HELLP cases in BOC institutions occurred in women without 

preeclampsia. In EmONC institutions, 42 % of cases delivering after 35 weeks did 

not have a registered preeclampsia.  

Hypertensive complications in successive pregnancies Among 260 388 women 

who delivered a first infant in the study period, 138 111 (53%) had a second and 27 

714 (11%) a third delivery. We defined previous preeclampsia as preeclampsia, 

eclampsia or HELLP in a previous pregnancy. Among women with previous 

preeclampsia, 38 (0.5%) had eclampsia/HELLP in the second delivery. None of these 

women delivered in a BOC institution, and the majority delivered in the largest 

EmONC institutions.  Two women with eclampsia/HELLP at the third delivery had 

previous preeclampsia, and they delivered in the largest EmONC institutions.   

The risk of eclampsia/HELLP in the second and third delivery among women without 

previous preeclampsia was 0.1%. These 135 women accounted for all 

eclampsia/HELLP cases in BOC institutions, and 70% or more of the cases in 

EmONC institutions.  
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5 Discussion 

5.1 Principal findings 

Paper Ⅰ 

The risk of unplanned delivery outside an institution doubled in Norway over 30 

years and maternal morbidity increased from 2000 to 2009. These changes coincided 

with an increasing proportion of women of reproductive age living farther away from 

obstetric institutions, and with a reduction in the number of emergency obstetric care 

institutions to a level below the estimated need according to WHO guidelines.  

Paper Ⅱ 

Unplanned birth outside an institution was associated with the peripartum mortality 

risk both for births to women with risk factors and for births to women usually 

regarded as low-risk. Elimination of unplanned births outside institution was 

estimated to reduce the peripartum perinatal mortality in the population by 2.1%. The 

risk of unplanned birth outside institution was strongly associated with travel time to 

the nearest obstetric institution. Few high-risk births in the smallest institution 

categories and comparable mortality rates in EmONC institutions indicated well 

functioning routines for selective referral. 

Paper Ⅲ  

Nulliparous women living outside the 1-hour travel zone to all obstetric institutions 

had a 50% increased risk of eclampsia/ HELLP. This risk was also increased in 

parous women with preeclampsia and delivery after 35 weeks if travel time was 1 

hour or more to EmONC institutions.   

All eclampsia/HELLP cases occurring in BOC institutions were in women without 

preeclampsia registered in the present pregnancy. Although previous preeclampsia 

was a major risk factor for eclampsia/HELLP in later pregnancies, the majority of 
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eclampsia and HELLP cases occurred in women without previous preeclampsia. All 

women with previous preeclampsia delivered in EmONC institutions. Similarly, 

deliveries prior to 35 gestational weeks in women with preeclampsia received care in 

EmONC institutions, the majority in the largest volume categories.  

5.2 Strengths  

We used population-based registry and census data, and we combined various 

methods and data sources in order to provide a more comprehensive description of 

the health system during the study period. The registries are based on mandatory 

notification/registration and cover the entire country. The national identification 

numbers allowed linkage between registries, enabled individual travel time 

estimations and allowed linkage of all births to their mother in a sibling structure to 

analyse outcomes in successive pregnancies.  

The MBRN database permitted a long observation period and the large samples 

necessary to study rare events.  In papers Ⅱ and Ⅲ, the use of geographic technology 

combined with individual address coordinates allowed individual estimates of travel 

time.  

We had data for a range of potential confounders and risk factors and were able to 

take into account clustering of births to the same mother and in the same institution. 

In contrast to other studies using hospital discharge data, we had verified information 

about eclampsia and HELLP,(95, 96) and the registration of preeclampsia has been 

validated. When analysing successive deliveries, the long observation time allowed 

sufficient observation time for new pregnancies to occur.  

5.3 Methodological considerations and limitations 

5.3.1 Design 

With the register based retrospective cohort design, we could use data from registries 

covering the entire country over decades, and this approach allowed for a longer 
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observation time than would have been feasible in a prospective study. The data 

consists of recorded information for predefined variables in the registry, and the 

variables were not primarily designed for health systems research purposes. The 

registry has more extensive data on factors known to be relevant for perinatal 

outcomes than data from hospital admissions or other sources of routine data.(97) 

Notification of all births also collects information from the women without 

complications. However, the information available for women experiencing the main 

study outcomes may be restricted compared to a prospective cohort study where more 

extensive information about exposures and factors believed to influence the outcome 

can be collected. In such studies there may be less information available for selected 

controls. Quality control was implemented by the MBRN to exclude false-positive 

outcomes. Routines to assess false-negative registrations were not implemented at the 

MBRN, so we do not know the proportion of women with complications that were 

not registered. Previous studies have shown underreporting of diagnoses and 

procedures such as uterine rupture and hysterectomy in the MBRN.(98-100)  

 

5.3.2 Information bias  

Misclassification of exposures  

Very few women in our population lacked information about the main exposures 

(travel time and place of birth), and individual travel time data was available for the 

majority in papers Ⅱ and Ⅲ. The travel time estimates were based on standardized 

conditions and may underestimate actual travel time. The estimates did not take into 

account factors such as seasonal variations in driving conditions, but higher perinatal 

mortality during the winter season suggests potential consequences of reduced 

accessibility. The geographic travel zones were checked for topographic barriers such 

as rivers and islands. Women living on islands or more than 500 m from a road, 

might lack geographic coordinates. Assigning women who lacked geographic 

coordinates to the travel time of the majority of women in the municipality could lead 
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to underreporting of women with long travel time. Consequently, such information 

bias could lead to underestimation of the risk ratio.  

In paper Ⅰ, travel time estimates were based on population data on women in 

reproductive age and not on individual estimates for the women giving birth.  

Relocation and travel time estimates in paper Ⅱ and Ⅲ   

The annual relocation rate was 14% in 2000, 8.6% relocated within the municipality, 

and 4.8% to another municipality. Relocation from a rural to an urban area during the 

year of birth could lead to the lower risk of urban residence being assigned to rural 

residence and thus an underestimation of the rural risk. Similarly, relocation from an 

urban to a rural residence during the year of birth would lead to an increased rural 

risk being registered as urban in the analyses. Thus, relocation bias could lead to 

overestimation of the urban risk (the reference group) and a lower relative risk 

associated with rural residence.  

Classification of place of birth  

Planned home deliveries were not registered separately in the MBRN before 1999. 

Consequently, the increase in risk of unplanned delivery outside institutions over time 

may be underestimated in paper Ⅰ. However, planned home deliveries were rare in the 

reference period (1979-1983), in 1975-76 the prevalence was 0.037 % 

(20/54492).(101)  

While working on with paper Ⅱ, we identified that some births in former obstetric 

institutions were categorised by the MBRN as institutional births during the period 

from 1999 to 2009. The closed institution had lower volumes, and these errors could 

bias both the risk associated with unplanned birth outside institution and with births 

in the assigned birth volume category if not corrected.  The increase in risk of 

unplanned birth outside institution over time may be underestimated in paper Ⅰ as 

births in closed institutions would not be counted in the primary outcome during the 

last time period. However, the number was limited to 129 births from 1999 to 2009.  
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Misclassification of outcomes  

In paper Ⅰ, the definition of maternal morbidity included the main direct potentially 

life threatening complications.(17) The increase in maternal morbidity over time may 

have several explanations, and we could not discriminate improved diagnosis or 

improved reporting from other contributing factors. National guidelines for diagnosis, 

monitoring and treatment of maternal and fetal complications have been updated 

regularly since 1995, but lack of adherence has been reported.(54, 102-104)  

Perinatal peripartum mortality (paper Ⅱ) constitutes a hard endpoint insofar as 

mortality is a definitive state. The MBRN notification included time of death prior to, 

during or after delivery. Some stillbirths were classified as having unknown time of 

death, the proportion of unknown time of death was 0.07% of all institutional births 

and 0.35% of unplanned births outside institution. We used unplanned birth outside 

institution as a measure of inadequate access to obstetric institutions, and unknown 

time of death could be a consequence of lacking skilled attendance and monitoring at 

the start of labour. Thus, we included stillbirths with unknown time of death in our 

definition of peripartum perinatal mortality in paper Ⅱ, while antepartum deaths were 

excluded.  

In paper Ⅰ, delivery related perinatal death (death during labour or within the first 24 

hours) in institutional births was used to describe mortality in institutions, and here 

we excluded both antepartum stillbirths and stillbirth with unknown time of death.  

Although all eclampsia and HELLP cases (paper Ⅲ) notified to the MBRN were 

verified, we could not rule out false negative cases in. Previous studies from the 

MBRN have also shown that mild preeclampsia may be underreported. However, 

underreporting is not likely linked to women´s travel time and would thus represent a 

non-differential bias.  

5.3.3 Potential confounders 

Paper Ⅰ  
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In the analyses we adjusted for a limited number of potential confounders; maternal 

age, parity, and partner status, and there was little difference between crude and 

adjusted odds ratios. Mode of delivery, such as caesarean section, also increases the 

risk of maternal complications both in the actual and subsequent pregnancies.(105, 

106) Within-country variation of caesarean section rates may have an impact on 

maternal morbidity and these rates were reported at a regional level in the WHO 

indicator analysis. Women with long travel time may have increased risk of caesarean 

section if they arrive at the institution too late for other interventions or if they more 

frequently have a planned caesarean section, but in such cases the mode of delivery 

would be a mediator. Adjustment for maternal diabetes did not change the estimates 

and was not included in the final regression models. Adjustment for maternal 

smoking slightly increased the estimates, probably due to decreasing frequency of 

daily smoking over time. Daily smoking was reported by 24 % of the pregnant 

women in 2000, compared to 17 % in 2009 (the MBRN, http://mfr-

nesstar.uib.no/mfr/). We could not adjust for maternal obesity, and we commented 

that women with a Non-Western county of birth may have higher risk of adverse 

pregnancy outcomes and that ethnicity must be included among the risk factors in 

future studies. (5, 105, 107, 108) 

Paper Ⅱ 

In paper Ⅱ, we both stratified analyses and adjusted for a range of potential risk 

factors for peripartum mortality that theoretically could be associated with travel time 

or place of birth. The adjustment slightly strengthened the overall relative risk 

estimate. The MBRN lacked information on some potential confounders that could be 

of importance, such as obesity. Although obesity is a significant risk factor for 

perinatal mortality, it is less likely to be strongly associated with travel time or place 

of birth, except with referral of women with very high BMI. Maternal obesity is also 

associated with education level and maternal chronic disease and these risk factors 

were included in the analyses. Similarly, higher alcohol consumption during 

pregnancy has been shown to be associated with smoking and older age, we adjusted 

for both smoking and maternal age, so residual confounding by alcohol consumption 
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is not likely to explain the observed differences in peripartum mortality by place of 

birth and travel time.(109)  

When defining severe congenital malformations, we applied published definitions 

from the European network of congenital anomaly registers, EUROCAT 

(http://www.eurocat-network.eu/content/EUROCAT-Definition-New-Subgroups-

Feb-2007). Other risk factors for peripartum mortality, such as fetal sex or fetal 

presentation, are not associated with travel time and were therefore no confounders in 

our analyses. Differences in available intrapartum care probably explain most of the 

differences in mortality by place of birth and are a likely mediator in our data.  

Some births in the MBRN had missing information on gestational age, or gestational 

age was misclassified and not in accordance with birth weight. In paper Ⅱ and Ⅲ, 
the majority of births with misclassified gestational age or only recorded birth 

weight, had birth weights indicating that they were born either at 37 weeks or later, or 

at 35 weeks or later. By reclassifying these births manually using birth weight by 

gestational age standards(90) we retained these births in the adjusted analyses.  

Women can opt out from registration of smoking information. Because of this, the 

proportion of births/deliveries with missing information about smoking was quite 

high (17%). In paper Ⅰ, we adjusted for two categories of tobacco use; smoking or 

non-smoking, and the women with missing information were excluded from the 

adjusted analyses. As smoking is related to risk of peripartum perinatal death and to 

risk of preeclampsia, we included women with missing smoking information as an 

additional category in paper Ⅱ and Ⅲ. If all women with missing information were 

non-smokers, the relative risk of peripartum mortality rate in unplanned births outside 

institution versus institution births would be 3.96; 2.9-5.5 after adjustment for 

smoking. If all the women with missing information were indeed smokers, the 

adjusted relative risk of peripartum perinatal mortality in unplanned birth outside 

institution would be 3.94; 2.8-5.5 after adjustment for smoking.   
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Paper Ⅲ 

The absolute risk of hypertensive complications varied with gestational age, parity 

and whether the mother had preeclampsia.  Obesity increases the risk of preeclampsia 

and since we lacked data about maternal BMI we could not adjust for obesity. In the 

Norwegian Mother and Child cohort from 19998-2008, 10 % of women with a 

singleton pregnancy, no severe congenital malformations and no prepreganacy 

diabetes had a prepregnancy body mass index (BMI) of 30 or more (7% BMI 30-35, 

2.6% BMI >35).(110) However, the cohort contains a selected group of women with 

a higher level of education, a lower proportion of daily smoking women, and fewer 

women with low socioeconomic status than the general population.  

Obesity increases with parity and our results showed the highest risk of severe 

hypertensive complications related to travel time in nulliparous women. Findings 

from the UK suggest that obesity as a single risk factor play a modest role for adverse 

maternal and perinatal outcomes in parous women.(111) In a hospital case-control 

study in Norway, weight more than 70 kg was associated with increased risk of 

severe preeclampsia in parous women with a history of preeclampsia in previous 

pregnancy.(112) A recent study from the US did show increased risk of preeclampsia 

with severe features at or after 34 gestational weeks with increasing BMI.(113)  

While we could not adjust for obesity as a separate risk factor, adjustment for risk 

factors related to obesity, such as diabetes, chronic hypertension, partner status, 

education and smoking, did not change the relative risk associated with longer travel 

time. Low availability of institutions may be associated with a rural lifestyle 

associated with higher or lower risk of obesity, we thus believe the potential 

association between travel time and obesity to be modest. Women with chronic renal 

disease and systemic lupus erytematosus have increased risk of preeclampsia.(114) 

Chronic renal disease was rare and adjustment did not change the risk estimates. 

Accordingly, we removed chronic renal disease from the model. No cases of 

eclampsia/HELLP were described among the 340 women with systemic lupus 

erytematosus. (115)  
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Sensitivity analyses 

The potential consequences of unmeasured confounding need to be taken into 

account in observational studies. As mentioned earlier, the E-value measures the 

minimum strength of association that an unmeasured confounder must have with both 

the exposure and the outcome in order to explain away the exposure-outcome 

association.(94) In paper Ⅲ, we performed sensitivity analyses and computed E-

values for the main exposure-outcome associations. Unmeasured confounders can 

never be ruled out, but would have to be strongly associated with both travel time and 

hypertensive complications to explain the observed associations. In order to explain 

away the results in paper Ⅲ, an unmeasured confounder needs be associated with 

both travel time and eclampsia/HELLP with a relative risk of 2 or more, which we 

judge to be unlikely.  

5.3.4 Cluster analyses  

Births within the same institution may share socio-demographic and health 

characteristics, will be treated in the same clinical setting, and may thus have more 

similar health outcomes compared to births in another institution. Births to the same 

mother will also have more similar outcomes than births to different women.(116-

118) In studies on public health interventions in groups (clusters), the intraclass 

correlation coefficient (ICC) describes the degree to which individuals within a group 

share similarities; if it is close to 0 the individuals within a cluster are no more similar 

than individuals outside the cluster, if it is close to 1 the individuals in the cluster are 

similar.(119) If births within the same cluster are very similar (low within-cluster 

variation) this will artificially magnify differences in outcomes between clusters and 

reduce the power to detect true differences between exposure groups in observational 

studies.   

We applied a multilevel statistical model to the analysis of peripartum perinatal 

mortality using the institutions as a cluster variable. The multilevel statistical models 

yielded similar odds ratios as the relative risk of large groups, as expected. In the 

comparison between births in BOC and EmONC institutions at term, ICC for 
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institution was 0.012 (0.03 to 0.057). Among term EmONC births the ICC for 

institution was 0.011 (0.002 to 0.060). Adding the mother as a further cluster variable 

for term births, the ICC for the institution was 0.01 (0.003 to 0.029) and the ICC for 

mother was 0.31 (0.20 to 0.44). ICC for the mother in smaller, high-risk groups, such 

as preterm birth, was high.   

Although we had a relatively similar number of clusters, the ICC for the institution 

clusters in our study was lower than in a US study comparing maternal and neonatal 

outcomes by institution practices for induction and caesarean section rate in low-risk 

women.(120) Our results were slightly higher than modelled estimates for perinatal 

outcomes in trials assessing community interventions in maternal and newborn 

health.(119) Both the number of births per cluster and a limited number of clusters 

may contribute to this and need to be considered because the power to detect a true 

difference may be reduced.  

Multilevel analyses yielded comparative or slightly higher odds ratios to the relative 

risks, except for higher odds ratios than the relative risks in smaller, high-risk groups. 

Hence, we completed the analyses using the relative risk to aid comparison across 

strata and the communication of the findings.  

5.4 Comparison with other studies 

Paper Ⅰ  

Travel time When analysing availability of institutions, we considered hourly time 

categories to be a realistic approach to the Norwegian demography. The Netherlands 

has a higher proportion of planned home deliveries compared to Norway, there, 

estimated travel time exceeding 20 minutes was associated with increased risk of 

adverse neonatal outcome in home deliveries with subsequent hospital transfer.(51) 

Travel time exceeding 45 minutes was associated with higher risk of fetal mortality in 

France.(121) Few studies have assessed travel time to obstetric institutions with 

different levels of care. In the United States, the proportion of women who lived 

outside the one-hour travel zone was three times higher than in Norway when all 
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obstetric institutions were included, and almost twice as high when including only 

emergency obstetric care institutions.(50)  

Indigenous population It is worth noting that a higher proportion of Native 

American women (18.8%) lived outside the one-hour drive to the US equivalent of 

EmONC institutions.(50) Similarly, we found higher proportions of women (35 to 

72%) who lived outside the 1-hour zone to EmONC institutions in the Northern 

region of Norway. This region covers the main Sami cultural and economic areas in 

Norway.(122) Neither Statistics Norway, nor the MBRN, register the indigenous 

identity of Sami women. Consequently, it was not possible to assess availability for 

this group in particular.  

The risk of unplanned delivery outside institutions This risk increased in both 

urban and rural counties in our study. The risk in Norway during the period 2004-

2009 was higher than the previously reported 0.1% of births in national data from 

Finland.(123) In our study, the risk was 0.3 to 0.5% in the three most urban counties, 

this was lower than the 0.6% reported from an urban area in Scotland and relatively 

similar to studies from France.(48, 124) In urban areas other factors than the time of 

the journey may also increase the difference between actual and estimated travel 

time,(125) and the institution workload or policies may impact admission.(126) 

Maternal morbidity The 2.2 % risk of maternal morbidity in paper Ⅰ was higher than 

previous reports from Norway and Europe, but differences in risk may partly be due 

to different definitions of maternal morbidity. The Mothers Mortality and severe 

Morbidity Survey B (MOMS-B) reported a Norwegian incidence rate 0.86/1000 

deliveries based on data collected for 1 year in the capital county, Oslo, The study did 

not address differences between Norwegian hospitals and regions and did not include 

thromboembolism. European rates of maternal morbidity in the MOMS-B study 

ranged from 0.6 to 1.5 %.(53) The incidence of severe maternal morbidity was 0.71 

% in a prospective Dutch study that applied a more strict definition of severe 

maternal morbidity.(5, 17) The fact that our inclusion criteria were wider was also 

reflected by a morbidity/mortality ratio of 266:1, compared to other studies reporting 



 47 

ratios of 118:1 and 49:1.(127, 128) While the wider definition influenced the reported 

risk, the definitions and the MBRN notification form were similar throughout the 

period, thus allowing for evaluation of change over time as well as regional 

differences. However, we could not exclude the possibility of changes in the 

reporting to the MBRN over time and potential influences of notification practices on 

the time trends in maternal morbidity.  

Annual number of births in institutions We observed a reduction in the number of 

small institutions, and an increasing proportion of the deliveries took place in the 

largest institutions. In France, small institutions had higher frequency of 

inadequate/inappropriate management of severe post-partum haemorrhage.(56) A 

study from the United States reported increased risk of maternal complications in the 

institutions with the lowest volumes, which also included non-obstetric 

institutions.(129) Low volume of deliveries and rural location were also associated 

with increased risk of postpartum haemorrhage in a US study where maternal 

morbidity included severe perineal lacerations and wound infections, but excluded 

hypertensive complications and thromboembolism. Urban teaching hospitals also had 

higher morbidity risk among the high volume institutions.(130) 

Paper Ⅱ 

Theoretically, reduced access to specialist health care could influence antepartum 

stillbirths due to factors such as lower detection of risk pregnancies and less 

monitoring to assist timely delivery.(131, 132) However, we found no difference in 

antepartum stillbirth rates in the different travel zones, and these births were referred 

to EmONC institutions.  

Avoidance of institutions Lack of acceptability resulting in deliberate avoidance of 

institutions and planned home delivery with an unskilled attendant has been described 

in the US and Australia .(46, 133) Avoidance of institutions has not been a major risk 

factor for unplanned birth outside institution in Europe.(134, 135) In Canada, the 

Society for Obstetricians and Gynaecologists have stated that skilled birth attendance 

needs to be available in remote communities(136) Few women with risk factors gave 
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birth in BOC institutions and in the lowest volume category of EmONC institutions 

in our study, indicating that the national guidelines for referral were well 

implemented. In accordance with recent publications, the peripartum mortality was 

higher in births to nulliparous than to parous women in BOC institutions.(45, 137) 

However, the mortality risk was lower than for unplanned birth outside institution for 

this group.  

Previous studies have shown an association between reduced availability of 

institutions and higher neonatal morbidity, thus suggesting an increased risk of 

neonatal mortality.(123, 138) Potential increases in neonatal mortality have also been 

modelled (139) and reported as a co-finding.(45) We found a clear association 

between unplanned birth outside obstetric institution and peripartum mortality, and 

the increase in mortality was not confined to preterm birth or vulnerable groups, as 

shown in previous studies.(49, 51, 131)  

Paper Ⅲ 

Prediction models Models using symptoms and laboratory findings may be helpful 

in identifying short-term risk of rapid progression to severe hypertensive 

complications in women with preeclampsia.(140) Previous hospital based studies 

from the US reported few women with diagnosed preeclampsia among eclampsia 

cases and identified delay in recognition of prodromal symptoms, care seeking, as 

well as diagnosis and treatment by the physician.(75, 141)  

In our study, the proportion of women with eclampsia/HELLP and preeclampsia 

differed by gestational age, and more than 50% of cases occurring after 35 weeks did 

not have preeclampsia, although mild preeclampsia may be underreported.(85) 

Preeclampsia incidence in Norway has been comparable to other high-income 

settings,(142) and although there may be underreporting of mild preeclampsia at 

term, our results are comparable to previous European studies where 42% of the 

women had preeclampsia prior to eclampsia.(143)  
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It is also worth noting that a similar shift in the proportion of women with 

preeclampsia prior to eclampsia was observed in the UK following the introduction of 

magnesium-sulphate to treat and prevent seizures; improved management reduced the 

risk of eclampsia in women with preeclampsia, but not for women without 

established preeclampsia.(80) In Scandinavia, eclampsia in 1998-2000 was linked to 

suboptimal care and low use of magnesium-sulphate, and 84 % of the women had 

preeclampsia prior to seizures.(54) In our study, the proportion of eclampsia/HELLP 

cases with preeclampsia was almost 70 % in deliveries prior to 35 weeks and 42 % in 

deliveries at 35 weeks or later.  Similarly, previous preeclampsia was a risk factor for 

eclampsia/HELLP in the present pregnancy, but in the sibling analyses, 78 % of 

parous women with eclampsia/HELLP in the second or third delivery did not have 

previous preeclampsia. The proportion of parous women with previous preeclampsia 

was 34% in the study from 1998-2000.(54) While prevention and treatment of 

eclampsia with magnesium-sulphate was not addressed in our study, the reduction in 

the risk of preeclampsia among women with preeclampsia may indicate a transition 

comparable to the reduction of eclampsia among women with preeclampsia in the 

UK.  

Our findings illustrate potential shortcomings in the “linear” preeclampsia to 

eclampsia approach(141) and shows that it may not be possible to predict severe 

hypertensive complications based on preeclampsia alone. 

 

5.4.2 Distribution of health and social determinants  

National policy in Norway has emphasized the need for decentralized care in order to 

provide safe services of high quality near a woman´s home.(23) National policy also 

aims to reduce economic barriers to healthcare in pregnancy. Both primary and 

specialist healthcare related to pregnancy and childbirth is free for residents in 

Norway, and prenatal care is widely attended.(144)  
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Norwegian research, policy and plans regarding social, economic and cultural 

inequalities in health have focused on socioeconomic inequalities using income and 

education as determinants; the recent national knowledge summary did not address 

geographic inequalities but stated that there were small geographic differences in 

service utilization and outcomes for cancer and chronic disease.(145) Social 

inequality in fetal outcomes has been identified in most of the Nordic countries, 

where education level has been the most frequent measure of social status.(146) 

However, the above review article also concluded that studies using data from the 

1980-ies were not conclusive with regard to social differences in perinatal mortality 

in the Nordic countries. Differences in risk of antenatal fetal death by low maternal 

education declined in Norway during the period from 1967 to 1998.(147) Geographic 

differences in health have been addressed in studies of cancer survival.(148) 

The delivery rate before 35 weeks in women with preeclampsia was lower among 

nulliparous women who lived outside the 1-hour travel zone. While the difference 

was not statistically significant, the lower delivery rate and the higher risk of 

eclampsia/ HELLP may jointly indicate lower access to adequate and timely health 

services in rural areas.  

Parous women with preeclampsia who delivered after 35 weeks had a low absolute 

risk of eclampsia/HELLP, but the risk was higher outside the 1-hour travel zone to 

EmONC institutions. When counselling these women, clinicians need to discuss 

potential benefits and disadvantages of planned early delivery or closer 

monitoring.(149) A previous study on Scottish women’s preferences and 

considerations in choice of place of birth has shown how women take several factors 

into account.(134) The studies in this thesis were not designed to address the 

women’s concerns and considerations.  

A Dutch study on maternal mortality caused by hypertensive complications identified 

geographic as well as socioeconomic and ethnic disparities in mortality.(150) 

Increased risk of severe disease or death, and barriers to access care for immigrants 

have been documented in high-income countries (107, 108, 125, 151). In our study, 
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women born in non-Western countries had a higher risk of unplanned birth outside 

institution and peripartum perinatal mortality. The risk of eclampsia/HELLP was 

similar in parous non-Western women (0.12 versus 0.13%) and nulliparous non-

Western women (0.24 versus 0.36%) when compared to women born in Western 

countries. The approach to measurement of inequality also matters, in a US study on 

opportunities for improvement in care for women with severe maternal morbidity, 

social conditions and barriers to access care was labelled as a patient and not a system 

factor in a hospital-based study.(152) 

Our studies illustrate how institution availability in itself can be a barrier to access 

care. Increased travel time was not linked to different outcomes in the high-risk 

groups for perinatal death and severe hypertensive complications, such as nulliparous 

women with pre-eclampsia. However, we found increase in risk related to travel time 

among women usually not regarded as high-risk; unplanned birth outside institution 

to parous women and births at term, nulliparous women without preeclampsia, and 

parous women with preeclampsia who delivered after 35 weeks. The decision-making 

process and potential delays among women and health personnel has not been studied 

for such intermediate/low-risk groups. We may speculate that the emergency 

transport for small groups of high-risk patients work well, although it may not always 

be available.(153) 

5.4.3 Evaluating quality of care 

Maternal clinical outcomes  

Concluding on the findings in paper Ⅰ, we would expect the risk of morbidity to be 

unchanged or reduced following the centralisation. The maternal mortality was low 

and indicate good quality of clinical care in the institutions. Still, we found an 

increase in the risk of maternal morbidity and increasing regional differences in such 

risk. We do not believe that our findings could be fully explained by differences in 

diagnoses, reporting practices or increases in risk factors where information was 

lacking, although these factors may play a role. 
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The definition of maternal morbidity in paper Ⅰ comprised the main direct maternal 

morbidities as well as intensive care as a management indicator of severe disease, 

although thresholds for transfer to intensive care units may vary.(154) 

An initial aim of the research in this thesis was to assess severe maternal morbidity 

using both notifications to the MBRN and the ICD-10 and procedure codes reported 

to the Norwegian Patient registry (NPR) for the last 2 study years. We aimed to apply 

variable definitions in line with recent emphasis on organ failure and procedures.(5, 

17, 67, 155-157) Comparison of registrations in the MBRN and the NPR in 2008 and 

2009 did show discrepancies in frequencies of severe maternal morbidity in 

accordance with previous research and preliminary analyses of on-going Nordic 

research collaborations.(98-100) Thus, for the present paper Ⅲ we chose to use 

verified clinical outcomes. The findings concerning severe maternal morbidity have 

led to a project to compare and validate notification of severe maternal morbidity in 

the MBRN and the NPR. The findings from that project show under-reporting to the 

MBRN for a number of sever maternal complications, but over-reporting and false-

positive registrations in the NPR. Our conclusion was that neither the MBRN nor the 

NPR have data on severe maternal morbidity that is of adequate quality to make a 

sound basis for comparing different institutions or regions. A routine linkage of the 

registries followed by prospective validation of a prioritized number of defined 

complications could be one way of improving the quality of these data.  

Perinatal clinical outcomes  

Improvement in monitoring and interventions during delivery has been proposed as 

an explanation for reduced intrapartum and 7-day neonatal mortality in term births 

during recent decades.(88) However, as much as 30 % of the deaths in low-risk births 

at term occurred intrapartum in Scotland.(88) Our findings added to the evidence that 

including only neonatal deaths would lead to an underestimation of delivery related 

mortality.  

In the thesis, we assessed perinatal mortality during birth and within 24 hours. Infants 

surviving with severe morbidity or dying within 28 days would be expected to 
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depend on availability of pediatric care or neonatal intensive care. Given the 

decentralised structure of obstetric and pediatric care in Norway, this should be 

addressed in a separate study.  

Recent publications about risk factors for stillbirths in high-income countries have 

refrained from investigating health system factors, some have only targeted 

“modifiable maternal risk factors”,(158) other studies have also included indicators of 

socioeconomic and demographic factors.(132, 159-163) Lack of attention to 

modifiable health systems factors may lead to unidentified socio-demographic 

inequalities and lack of relevant information in the debate on existing and emerging 

inequities.  

Process measures of quality  

In the thesis we have used health system characteristics as exposures and clinical 

outcomes as main outcomes. We have not assessed the process of treatment 

provision, such as the proportion of women receiving care according to treatment 

guidelines. Such actions, often referred to as process indicators, may be more readily 

available for study than rare clinical outcomes. However, process indicators for best-

practice have not been shown to be associated with improved clinical maternal and 

neonatal outcomes in low-risk births.(120) 

5.5 Generalisability  

While travel distances in Norway may be longer than in many high-income countries, 

we complied with international standard definitions and indicator frameworks to aid 

comparison over time and across settings.(16) By classifying the obstetric institutions 

according to both function and annual number of deliveries we were able to 

discriminate the emergency services provided and exclude non-obstetric institutions. 

Emergency obstetric care in Norway has a tiered organisation with increasing 

subspecialisation following increasing annual volume comparable to other high-

income settings.(164, 165) 
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6  Conclusion and future research 

The present thesis found support for the importance of available and accessible 

obstetric institutions also in a high-income setting. We show that the addition of 

geographic tools to traditional epidemiology can be useful for service evaluation as 

well as for planning. We found that structural factors such as travel time have 

important impact on maternal and perinatal health, also for low-risk births. The 

results show the importance of skilled birth attendance and warrant attention to 

negative consequences of reduced access to institutions.  

The findings in paper Ⅰ indicated reduced quality from the health system perspective, 

as demonstrated by a reduced availability of emergency obstetric care institutions to a 

level below the estimated need according to the WHO guidelines, and an increased 

risk of unplanned delivery outside institutions over time.  

In paper Ⅱ, unplanned birth outside institution was associated with an increased risk 

of peripartum mortality, and the risk of unplanned birth outside institutions increased 

with long travel time to an obstetric institution. Skilled birth attendants with access to 

medical and technical equipment plays a key role to maintain low peripartum 

mortality.  

In paper Ⅲ, we concluded that reduced availability of obstetric institutions was 

associated with higher risk of eclampsia/HELLP in nulliparous women. A large 

proportion of cases occurred in women without present or previous preeclampsia. 

Emphasis on antenatal identification of maternal risk factors in research and clinical 

guidelines may mask the importance of awareness among women and clinicians 

concerning early recognition of prodromal symptoms. All obstetric institutions need 

to be prepared to provide emergency stabilization and treatment. 
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Future perspectives 

A more comprehensive evaluation of the health system structure should take severe 

maternal and neonatal morbidity into account.  

Further research should aim to inform the debate concerning distribution of benefits 

and burden in the centralisation of obstetric care. The studies in this thesis point to 

emerging inequalities in availability of and access to obstetric care, and potential 

consequences of this inequality. Our studies were not designed to answer whether 

these differences were acceptable or unacceptable from an ethical perspective; if they 

were inequitable or not. However, the studies were able to describe emerging 

inequalities and inform the public and political debate about these issues.  
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Objective To assess the availability of obstetric institutions, the
risk of unplanned delivery outside an institution and maternal
morbidity in a national setting in which the number of
institutions declined from 95 to 51 during 30 years.

Design Retrospective population-based, three cohorts and two
cross-sectional analyses.

Setting Census data, Statistics Norway. The Medical Birth Registry
of Norway from 1979 to 2009.

Population Women (15–49 years), 2000 (n = 1 050 269) and 2010
(n = 1 127 665). Women who delivered during the period
1979–2009 (n = 1 807 714).

Methods Geographic Information Systems software for travel zone
calculations. Cross-table and multiple logistic regression analysis
of change over time and regional differences. World Health
Organization Emergency Obstetric and Newborn Care (EmOC)
indicators.

Main outcome measures Proportion of women living outside the
1-hour travel zone to obstetric institutions. Risk of unplanned
delivery outside obstetric institutions. Maternal morbidity.

Results The proportion of women living outside the 1-hour zone
for all obstetric institutions increased from 7.9% to 8.8% from
2000 to 2010 (relative risk, 1.1; 95% confidence interval, 1.11–
1.12), and for emergency obstetric care from 11.0% to 12.1%
(relative risk, 1.1; 95% confidence interval, 1.09–1.11). The risk of
unplanned delivery outside institutions increased from 0.4% in
1979–83 to 0.7% in 2004–09 (adjusted odds ratio, 2.0; 95%
confidence interval, 1.9–2.2). Maternal morbidity increased from
1.7% in 2000 to 2.2% in 2009 (adjusted odds ratio, 1.4; 95%
confidence interval, 1.2–1.5) and the regional differences
increased.

Conclusions The availability of and access to obstetric institutions
was reduced and we did not observe the expected decrease in
maternal morbidity following the centralisation.

Keywords Access, availability, emergency obstetric care indicators,
Geographic Information Systems, healthcare quality.
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Introduction

Caught between high-technology services and the care for
normal uncomplicated deliveries, obstetric care has been a
core issue in the current health system debate in several
high-income countries.1–5 Within other fields in medicine,
such as cancer treatment, surgery and intervention cardiol-
ogy, centralisation to larger units improves patient out-
come, although the mechanisms are complex.6–8 In
obstetrics, however, delivery in large institutions has been
associated with an increased frequency of interventions for
low-risk women and the benefit for neonatal outcome in

low-risk infants remains a matter of debate.1,9,10 With the
exception of access to neonatal intensive care units and
neonatal outcome, the availability of and access to obstetric
institutions has received little attention in high-income
countries.11,12 Treatment of obstetric complications requires
skills and medical and technical resources, and thus access
to institution-based care.13 The World Health Organization
(WHO) has developed tools to monitor emergency obstet-
ric care, including the geographical distribution of institu-
tions, access, utilisation and the type of services provided.14

Registration of severe maternal morbidity adds information
about the health service performance in all types of
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resource settings.15 National policy in Norway has emphas-
ised the need for decentralised care in order to provide safe
services of high quality near a woman’s home.16 However,
the number of obstetric institutions in Norway declined
from 95 to 51 between 1979 and 2009.

Knowledge of how centralisation of obstetric services
affects availability and access to obstetric institutions is
lacking in high-income countries. In particular, the conse-
quences are unclear for maternal outcomes. Our objective
was to study the time trends and regional variations in tra-
vel distance to institutions, the risk of unplanned delivery
outside institutions and maternal morbidity using nation-
wide population-based registries to design three cohort and
two cross-sectional analyses. Our hypothesis was that the
centralisation has led to reduced availability of and access
to institutions, but a reduced risk of maternal morbidity.

Methods

Core definitions
Basic obstetric care was defined as care for a normal deliv-
ery and referral if complications occurred. Emergency
obstetric care institutions provided all the nine signal

functions outlined in Table 1. A travel zone was defined as
the geographical area in which all women were estimated
to reach the nearest institution within the given time limit.
An unplanned delivery outside an institution was defined
as delivery at home, during transportation or in a
non-obstetric institution (e.g. health centre) for a woman
who had planned an institutional delivery. Maternal mor-
bidity from causes related to pregnancy and childbirth was
assessed using the following diagnoses or treatment-based
categories: maternal intensive care, puerperal sepsis and
sepsis during delivery, thromboembolic disease with the
exception of peripheral venous thrombophlebitis, eclampsia
and haemorrhage >1500 ml or blood transfusion. We
defined delivery-related perinatal mortality as intrapartum
death or neonatal death within 24 hours at a gestational
age of ≥22 weeks or birth weight of ≥500 g.

Availability of institutions
Women of fertile age (15–49 years) who lived more than 1
or 2 hours away from the nearest obstetric institution were
counted. Institutions were included if they were registered
to provide obstetric care and reported more than 10 deliv-
eries in 2000 or 2009. Cross-sectional assessments were
performed for 1 January 2000 (n = 1 050 269 women, 59
institutions) and 1 January 2010 (n = 1 127 665 women,
51 institutions). Four basic obstetric care institutions in the
Northern region had fewer than 10 deliveries in 2000 and
were therefore excluded.
Since 2000, Statistics Norway has assigned geographical

coordinates to individual addresses as part of the census
update on 1 January each year. Individual coordinates had
been assigned to 98% of the census addresses in 2000
(county range, 95.5–99%), whereas the coverage was 99%
in 2010 (county range, 98.2–100%). We registered the
institutions with geographical coordinates, and the sur-
rounding travel zones were calculated based on the national
road database for the corresponding year. A merged area
(polygon) was created for the travel zones, and the number
of women registered to live fully within the area was
counted. The women were counted in the area of the near-
est institution, irrespective of county and health region
borders. Estimates were based on registered speed limits
and standard duration of ferry/boat journeys, but did not
take into account such factors as harbour waiting times,
difficult driving conditions or temporary route changes.
The estimates thus represented the minimum time for
non-emergency transport.

Access to obstetric institutions at the time of
delivery, the risk of unplanned delivery outside an
institution
We performed a retrospective cohort analysis of unplanned
deliveries outside institutions from 1979 to 2009 using data

Table 1. World Health Organization (WHO) Emergency Obstetric
Care (EmOC) indicators and signal functions

Indicators (8)

Institution availability and geographic distribution.

Recommendation: 5 institutions per 500 000

inhabitants including one institution

providing comprehensive emergency care

Proportion of all births in emergency obstetric care institutions.

Recommendation: to be determined locally

Met need of emergency obstetric care. The proportion of women

with major direct complications who are treated in EmOC facilities.

Recommendation: 100%

Caesarean section rate as a proportion of all births.

Recommendation: 5–15%

Direct obstetric case fatality rate. Recommendation: <1%
Intrapartum and very early neonatal mortality.

Recommendation not given

Maternal mortality from indirect causes.

Recommendation not given

Signal functions (9)

Basic emergency obstetric care

Perform parenteral administration of antibiotics (1), uterotonic

drugs (2) and anticonvulsants (3)

Perform manual removal of placenta (4) and removal

of retained products (5)

Perform assisted vaginal delivery (6)

Perform basic neonatal resuscitation (7)

Comprehensive emergency obstetric care include the above plus

Perform surgery, e.g. hysterectomy and caesarean section (8)

Perform blood transfusion (9)

WHO.14
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from the Medical Birth Registry of Norway (MBRN). The
registry has received mandatory notifications of all births
since 1967, both live births and stillbirths from 16 weeks of
gestation (12 weeks since 2002). The notification form is
standardised and was revised in 1999 to include more
information about the mother, the neonate and the birth-
place, including planned home deliveries. Notification is
given as free text and, after 1999, also as check boxes/
predefined variables. Free text is coded at the MBRN using
the International Classification of Diseases, 8th Revision for
births in 1967–1998 and 10th Revision for births from 1999
onwards. Birth notifications are sent from the institutions
to the MBRN at the time of discharge. Inclusion criteria
were the known place of birth and either gestational age
≥22 completed weeks or birth weight ≥500 g (n = 1
807 714). Planned home deliveries from 1999 to 2009 were
excluded (n = 1267); these constituted 0.2% of the study
population during these years. The year of delivery was cat-
egorised in 5-year groups; the last group covered 6 years.

Maternal morbidity and emergency obstetric care
indicators
Two national retrospective cohort analyses were performed
using all deliveries from 1 January to 31 December 2000
(n = 58 632) and 2009 (n = 61 895). The inclusion crite-
rion was gestational age ≥22 completed weeks or birth
weight ≥500 g. Deliveries categorised as unknown birth-
place (2000, n = 11; 2009, n = 22) or lacking registered
maternal address (2000, n = 103; 2009, n = 33) were
excluded from the regional analyses. Population data were
obtained from Statistics Norway. We applied the WHO
emergency obstetric care signal functions (Table 1) to clas-
sify institutions, and used the indicators to assess the geo-
graphical distribution of institutions, access, use and
maternal and neonatal outcomes in 2000 and 2009. The
WHO handbook was developed as a tool for low-income
countries, but the indicators have also been used to evalu-
ate services in high- and middle-income countries.13 We
used the 1-year cohorts rather than the proposed 3 months
registration, as some indicators represent rare events. Cae-
sarean section rates were assessed on a national and regio-
nal level. Data on maternal deaths were obtained from the
Norwegian Cause of Death Registry and from a Norwegian
maternal mortality audit study. The Norwegian Air Ambu-
lance records for 2009 documented the number of urgent
emergency transports as a result of suspected or diagnosed
complications during pregnancy or after delivery. The
records included information about indication and whether
the transport was from the woman’s home (primary) or
was a transfer between institutions (secondary).

Direct maternal deaths were rare, and maternal deaths
from indirect causes were not registered in Norway. We
used maternal morbidity from causes related to pregnancy

and childbirth (see Core definitions) as well as the deliv-
ery-related perinatal mortality to assess the quality of clini-
cal care according to the WHO guidelines.

Analyses
The cross-sectional travel zone analyses were performed
with the Geographic Information Systems (GIS) software
Arc Info with Network Analyst (Environmental Systems
Research Institute Inc. (Esri), Redlands, CA, USA). The
GIS tool integrates hardware, software and data, and is
used for the capture, analysis and display of geographi-
cally referenced information. Arc Info is the software cur-
rently used by Statistics Norway. Travel zones were
estimated by combining the institution coordinates with
the national road database.17 The number of women liv-
ing within or outside the zone was counted. The differ-
ences in the proportions of women who lived outside the
1-hour and 2-hour travel zones in 2000 and 2010 were
calculated by cross tables providing relative risk (RR)
with 95% confidence intervals (CIs), using 2000 as the
reference year.
Cross tables were used to calculate the risk of unplanned

delivery outside an institution in all 5-year groups from
1979–83 to 2004–09, and we evaluated time trends across
these groups using logistic regression analyses. Cross tables
were also used to calculate odds ratios (ORs) with 95% CIs
for maternal morbidity in 2009 relative to 2000. Finally, we
analysed regional differences in maternal morbidity and
delivery-related perinatal mortality using the region with
the lowest risk as reference. Logistic regression analyses
were used to adjust for confounding by maternal age (<20,
20–24, 25–29, 30–34, 35 + years), parity (0, 1, 2+), educa-
tion (<11, 11–14, 14 + years) and partner status (single or
married/cohabiting). Maternal morbidity was also adjusted
for tobacco use (daily smoking, occasional smoking, or
non-smoking). All outcomes were rare and ORs were con-
sidered to be close approximations to RRs in these analy-
ses. We used IBM SPSS Statistics version 19 (IBM SPSS
Inc., Chicago, IL, USA) for all calculations.

Results

Availability
The proportion of women who lived outside the 1-hour
zone of all institutions increased from 7.9% to 8.8% from
2000 to 2010 (RR, 1.11; 95% CI, 1.10–1.12; Table 2). The
number of counties in which more than 10% of women
lived outside the 1-hour zone increased from seven to nine
from 2000 to 2010 (Figure 1, Appendix S1, see Supporting
information). Increases in proportions were observed in
counties in which obstetric care institutions closed during
this period, whereas decreases related to major infrastruc-
ture projects were observed in two counties.
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The availability of emergency obstetric care institutions
was also reduced. The proportion of women living outside
the 1-hour zone for emergency obstetric care institutions
increased from 11.0% to 12.1% from 2000 to 2010 (RR,
1.1; 95% CI, 1.09–1.11; Table 2). The number of counties
in which more than 10% of women lived outside the
1-hour zone increased from nine to 11 (Figure 1, Appendix
S2, see Supporting information). Although the absolute
numbers were low, the proportion of women living outside
the 2-hour zone increased from 3.4% to 4.8% nationally
(RR, 1.4; 95% CI, 1.39–1.43), from 0.29% to 1.6% in the
Eastern region (RR, 5.6; 95% CI, 5.2–5.9), from 0.81% to
2.9% in the Southern region (RR, 3.6; 95% CI, 3.4–3.8)
and from 21% to 28% in the Northern region (RR, 1.3;
95% CI, 1.28–1.32).

Risk of unplanned delivery outside an institution
During 1979–2009, the number of institutions declined
from 95 to 51, and 11 537 deliveries outside an institution
were registered among the included deliveries
(n = 1 807 714). On a national level, the risk of unplanned
delivery outside an institution was doubled in 2004–09 rel-
ative to 1979–83 (Table 3). The risk increased successively
from 0.4% in 1979–83 to 0.8% in 1994–98 and to 0.7% in
1999–2003 and 2004–09 (test for trend [Wald]: P < 0.001).
During 1979 to 1998, we were unable to exclude planned
home deliveries from these figures (approximately 0.2% per
5-year period after 1999). The geographical variation
increased, and the risk in different counties ranged from
0.1% to 0.7% in the first period and from 0.3% to 1.8% in
the last period. Two counties experienced a fivefold

increase in risk. We observed that the risk of unplanned
delivery outside an institution was higher in counties with
a decentralised population pattern (Figure 2). However,
even in urban counties, where <1% of women lived outside
the 1-hour zone, the risk more than doubled (counties 2, 3
and 7; Table 3, Appendix S1).

Emergency obstetric care indicators and maternal
morbidity
From 2000 to 2009, the total population increased from
4 478 497 to 4 858 159, whereas the number of emergency
obstetric care institutions decreased from 47 to 41
(Table 4). Thus, the national number of institutions was
lower than the estimated need in 2009. At the regional
level, the number of emergency obstetric care institutions
was lower than the estimated need in the Southern and
Eastern regions in 2000. The coverage in these regions
declined further during the decade. The Western region
also had fewer institutions than the estimated need in 2009.
From 2000 to 2009, the proportion of deliveries in institu-
tions with more than 3000 births per year increased from
34% in four institutions to 46% in five institutions. A total
of 31 institutions with fewer than 500 births per year pro-
vided care for 10% of all deliveries in 2000, whereas the
corresponding numbers were 21 institutions and 9.0% of
all deliveries in 2009. The national average caesarean sec-
tion rate was 14% in 2000 and 17% in 2009, with a regio-
nal range of 11–15% in the first period and 13–19% in the
latter (Table 4). There were 12 institutions that provided
only basic obstetric care in 2000 and 10 in 2009. The
majority of basic obstetric care institutions were rural and

Table 2. National and regional numbers and proportions of women living outside the 1-hour zone of all institutions and emergency obstetric
care institutions in 2000 and 2010. Based on institution data from the Medical Birth Registry of Norway, population data from Statistics Norway
and the Norwegian road database

Total population of

women 15–49 years*

All institutions** Emergency obstetric care institutions***

2000 2010 2000 2010 Relative

risk (95% CI)

2000 2010 Relative risk

(95% CI)Outside 1

hour (%)

Outside

1 hour (%)

Outside

1 hour (%)

Outside

1 hour (%)

Norway 1050 269 1 127 665 82 671 (7.9) 98 720 (8.8) 1.1 (1.10–1.12) 115 701 (11.0) 136 208 (12.1) 1.1 (1.09–1.11)

Eastern region 386 227 426 030 7682 (2.0) 11 001 (2.6) 1.3 (1.26–1.34) 11 341 (2.9) 18 419 (4.3) 1.5 (1.44–1.51)

Southern region 200 868 211 541 5029 (2.5) 11 985 (5.7) 2.3 (2.19–2.34) 11 438 (5.7) 14 849 (7.0) 1.2 (1.20–1.26)

Western region 214 827 236 258 21 640 (10.1) 25 374 (10.7) 1.07 (1.05–1.09) 21 640 (10.1) 30 749 (13.0) 1.3 (1.27–1.31)

Central region 142 830 150 868 23 161 (16.2) 24 983 (16.6) 1.02 (1.01–1.04) 29 208 (20.5) 26 035 (17.3) 0.8 (0.83–0.86)

Northern region 105 517 102 968 25 159 (23.8) 25 377 (24.7) 1.03 (1.02–1.05) 42 074 (39.9) 46 156 (44.8) 1.1 (1.11–1.14)

*Women 15–49 years with registered address on 1 January 2000 and 1 January 2010.
**Institutions provided only basic obstetric care or all nine emergency obstetric care signal functions; 59 institutions in 2000 and 51 institutions in
2009.
***Institutions provided all the nine signal functions; intravenous administration of drugs, removal of placenta/retained products, assisted vaginal
delivery, basic neonatal resuscitation, surgery and blood transfusion; 47 institutions in 2000 and 41 institutions in 2009.
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had a helicopter response time exceeding 20 minutes and a
road ambulance transfer time of 1–3 hours to the nearest
emergency institution. The Norwegian Air Ambulance
recorded 444 transports related to pregnancy and childbirth
in 2009: 257 primary transports from home to institution
and 187 secondary transports between institutions (P. Mad-
sen, the Norwegian Air Ambulance, personal communica-
tion, 2011). The maternal death audit identified five direct
maternal deaths in 2009, and the direct maternal mortality
rate was 8.1 per 100 000 live births (5/61 674). Transport
delay was not a major factor in any of these deaths (S. Van-
gen, University of Oslo, personal communication, 2012). As
shown in Table 4, the delivery-related perinatal death rate
declined from 2.1 per 1000 in 2000 to 1.6 per 1000 in 2009
(adjusted OR, 0.6; 95% CI, 0.4–0.9). The regional differences
in 2000 and 2009 were not statistically significant (2000,
P = 0.35; 2009, P = 0.16; Wald test). Table 4 also shows the

numbers and risk of maternal morbidity on national and
regional levels. Nationally, the maternal morbidity risk
increased from 1.7% to 2.2% from 2000 to 2009 (adjusted
OR, 1.4; 95% CI, 1.2–1.5). The maternal morbidity risk also
increased in three health regions: Northern region (adjusted
OR, 1.5; 95% CI, 1.1–1.9), Southern region (adjusted OR,
1.5; 95% CI, 1.2–1.8) and Eastern region (adjusted OR, 1.3;
95% CI, 1.1–1.5). The Western region had the lowest risk of
maternal morbidity in both 2000 and 2009, and was used as
reference for regional comparisons. In 2000, there were no
significant regional differences when adjusting for confound-
ing variables (P = 0.3, Wald test), whereas, in 2009, the
maternal morbidity risk was significantly higher than the ref-
erence in three regions: Northern region (adjusted OR, 1.8;
95% CI, 1.4–2.2), Southern region (adjusted OR, 1.8; 95%
CI, 1.5–2.1) and Eastern region (adjusted OR, 1.3; 95% CI,
1.05–1.5).

Figure 1. Travel time to all institutions and emergency obstetric care institutions. The proportion of women living outside the 1-hour zone in the 19
counties on 1 January 2000 and 2010 (%) is shown in the background colour scale for all institutions (top) and emergency obstetric care institutions
(bottom). The institutions are marked according to the level of care. Based on census data from Statistics Norway and the Norwegian road database.

294 ª 2013 The Authors. BJOG An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd on behalf of
Royal College of Obstetricians and Gynaecologists.

Engjom et al.



Table 3. Risk of unplanned delivery outside an institution in 2004–09 versus 1979–83. Data from the Medical Birth Registry of Norway on
deliveries at gestational age ≥22 weeks or birth weight ≥500 g

Region and

country number

1979–83 2004–09 Odds ratio,

crude

95% CI Odds ratio,

adjusted***

95% CI

Total

deliveries*

Outside

institution** (%)

Total

deliveries*

Outside

institution** (%)

Norway 252 621 984 (0.39) 409 432 2832 (0.69) 1.8 1.6–1.9 2.0 1.9–2.2

Eastern region 1 12 768 18 (0.14) 20 447 131 (0.64) 4.5 2.8–7.4 5.7 3.1–10

2 21 629 51 (0.24) 42 682 232 (0.54) 2.3 1.6–3.1 2.3 1.7–3.2

3 25 910 35 (0.13) 66 818 229 (0.34) 2.5 1.7–3.7 2.6 1.7–3.8

4 9246 28 (0.30) 12 604 80 (0.63) 2.1 1.4–3.2 2.3 1.4–3.7

5 9329 56 (0.60) 12 641 101 (0.79) 1.3 0.96–1.8 1.7 1.2–2.5

Southern region 6 11 901 40 (0.33) 19 709 107 (0.54) 1.6 1.1–2.3 1.9 1.3–2.9

7 10 343 17 (0.16) 16 739 73 (0.43) 2.7 1.6–4.4 2.8 1.6–4.9

8 9087 42 (0.46) 11 694 110 (0.93) 2.0 1.4–2.9 2.3 1.6–3.4

9 5856 12 (0.20) 8462 45 (0.53) 2.6 1.4–4.9 2.8 1.4–5.4

10 9685 39 (0.40) 14 812 99 (0.66) 1.7 1.1–2.4 2.0 1.3–3.0

Western region 11 23 663 101 (0.43) 40 629 235 (0.58) 1.4 1.1–1.7 1.6 1.2–2.0

12 26 680 103 (0.38) 42 132 340 (0.80) 2.1 1.7–2.7 2.1 1.7–2.7

14 6945 45 (0.64) 8476 113 (1.32) 2.1 1.5–2.9 2.1 1.4–3.1

Central region 15 15 622 99 (0.63) 19 425 190 (0.97) 1.5 1.2–1.9 2.0 1.5–2.6

16 15 484 56 (0.36) 25 176 199 (0.78) 2.2 1.6–2.9 2.6 1.9–3.5

17 7771 53 (0.68) 10 073 141 (1.38) 2.1 1.5–2.8 2.5 1.8–3.5

Northern region 18 15 472 99 (0.64) 17 498 180 (1.02) 1.6 1.3–2.1 2.0 1.5–2.6

19 9873 68 (0.68) 13 125 118 (0.89) 1.3 0.97–1.8 1.4 1.0–1.9

20 5303 21 (0.39) 5897 105 (1.75) 4.5 2.8–7.2 5.4 3.2–8.8

*Deliveries with known place of birth; planned home deliveries were excluded in 2004–09.
**Delivery at home, during transportation or in a non-obstetric institution.
***Adjusted for maternal age, parity, education level and partner status.

Figure 2. Risk of unplanned delivery outside institutions and travel time to institutions. The counties were sorted into four levels of risk based on the
period 2004–09. The colour scale shows the proportion of women living outside the 1-hour zone in each county (%) on 1 January 2010. Based on
data from the Medical Birth Registry of Norway, and on census data from Statistics Norway combined with the Norwegian road database.

295ª 2013 The Authors. BJOG An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd on behalf of
Royal College of Obstetricians and Gynaecologists.

Availability and access in modern obstetric care



Discussion

Main findings
The risk of unplanned delivery outside an institution has
doubled in Norway over the last 30 years and the risk of
maternal morbidity increased from 2000 to 2009. These
changes coincided with an increasing proportion of women
of fertile age living further away from obstetric institutions,
and with a reduction in the number of emergency obstetric
care institutions to a level below the estimated need.

Strengths and weaknesses
We used population-based registry and census data, and
combined various methods and data sources in order to
provide a more comprehensive description of the health
system during the study period. The MBRN database per-
mitted a long observation period and the large samples
necessary to study rare events. We show that the addition
of geographical tools to traditional epidemiology can be
useful for service evaluation as well as planning.

However, our study had some limitations. Travel zone
calculations were based on standardised conditions and
may underestimate actual travel time. Further, planned
home deliveries were not registered separately in the MBRN

before 1999, and the risk increase for unplanned delivery
outside institutions may be underestimated. Planned home
deliveries were rare in the reference period (1979–83) and
constituted 0.037% (20/54492) of the deliveries in 1975–
6.18 Finally, our definition of maternal morbidity included
the main causes of potentially life-threatening complica-
tions.15 The increase in maternal morbidity over time may
have several explanations, and we could not separate
improved diagnosis and reporting from other contributing
factors. National guidelines for diagnosis, monitoring and
treatment of maternal and fetal complications have been
updated regularly since 1995, but lack of adherence has
been reported.19–22 Caesarean section also increases the risk
of maternal complications both in the actual and subse-
quent pregnancies.23,24 Within-country variation of caesar-
ean section rates may have an impact on maternal
morbidity. The increase in maternal morbidity may also be
related to changes in maternal risk factors, rather than
reduced timeliness and adequacy of the provided care.
Adjustment for maternal diabetes did not change the esti-
mates and was not included in the final regression models.
Adjustment for maternal smoking increased the estimates
slightly, probably as a result of decreasing frequency of
daily smoking. Daily smoking was reported by 24% of

Table 4. The World Health Organization (WHO) Emergency Obstetric Care (EmOC) indicators as applied to national and regional levels, Norway,
2000 and 2009. Data from the Medical Birth Registry of Norway on deliveries ≥22 weeks of gestation or birth weight ≥500 g. Population data
from Statistics Norway

Regions Population EmOC*

estimated

need**

EmOC

number

(coverage) (%)

Basic

OC***

Deliveries

(n)

Outside

EmOC****

n (%)

Caesarean

sections

n (%)

Maternal

morbidity*****

n (%)

Perinatal

mortality******

n (%)

2000

Norway 4 478 497 45 47 (100) 12 58 632 1068 (1.8) 7653 (13.1) 988 (1.7) 124 (2.1)

Eastern 1 592 540 16 11 (69) 1 20 786 229 (1.1) 3032 (14.6) 341 (1.6) 47 (2.2)

Southern 872 493 9 8 (89) 2 10 480 130 (1.2) 1354 (12.9) 189 (1.8) 22 (2.1)

Western 916 018 9 9 (100) 0 13 078 70 (0.5) 1381 (10.6) 194 (1.5) 29 (2.2)

Central 633 118 6 8 (100) 2 8172 144 (1.8) 1050 (12.8) 143 (1.8) 9 (1.1)

Northern 464 328 5 11 (100) 7 6013 495 (8.2) 825 (14.6) 119 (2.0) 16 (2.6)

2009

Norway 4 852 197 49 41 (83) 10 61 895 1289 (2.1) 10 154 (16.4) 1331 (2.2) 99 (1.6)

Eastern 1 770 946 18 9 (50) 2 23 642 299 (1.3) 4286 (18.1) 507 (2.1) 37 (1.5)

Southern 936 066 10 8 (80) 0 10 682 84 (0.8) 1863 (17.4) 299 (2.8) 21 (1.9)

Western 1 006 202 10 7 (70) 2 13 822 254 (1.8) 1760 (12.7) 225 (1.6) 20 (1.4)

Central 673 364 7 8 (100) 0 8272 78 (0.9) 1376 (16.6) 152 (1.8) 11 (1.3)

Northern 465 619 5 9 (100) 6 5443 574 (10.6) 862 (15.8) 147 (2.7) 7 (1.3)

*Emergency obstetric care defined by the provision of all nine WHO signal functions.
**Five institutions per 500 000.
***Basic obstetric care defined as care for normal, uncomplicated deliveries.
****Deliveries at basic obstetric care institutions, unplanned deliveries outside institution and planned home deliveries.
*****Maternal morbidity included the following: maternal intensive care, eclampsia, puerperal sepsis and sepsis during delivery,
thromboembolism and haemorrhage ≥1500 ml or blood transfusion.
******Intrapartum death and neonatal death before 24 hours per 1000 births (both live and stillborn).
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pregnant women in 2000, compared with 17% in 2009
(MBRN, http://mfr-nesstar.uib.no/mfr/). We could not
adjust for maternal obesity, and ethnicity must be included
among the risk factors in future studies.2,23,25,26

Interpretation
Although travel distances in Norway may be longer than in
many high-income countries, we complied with international
standard definitions and indicator frameworks to aid com-
parison over time and across settings.14 When analysing the
availability of institutions, we considered hourly time catego-
ries to be a realistic approach to the Norwegian demograph-
ics. In the Netherlands, an estimated travel time exceeding
20 minutes was associated with increased risk of adverse
neonatal outcome in home deliveries with subsequent hospi-
tal transfer.11 Compared with a recent study from the USA,
the proportion of women who lived outside the 1-hour tra-
vel zone was three times higher in Norway when including
all obstetric institutions, and almost twice as high when
including only emergency obstetric care institutions.27 A
higher proportion of Native American women (18.8%) lived
outside the 1-hour drive to a perinatal centre.27 Similarly,
we found higher proportions of women (35–72%) who lived
outside the 1-hour zone to emergency obstetric care institu-
tions in the Northern region. This region covers the main
Sami cultural and economic areas in Norway.28 Neither
Statistics Norway nor the MBRN register the indigenous
identity of Sami women. Consequently, it was not possible
to assess the availability for this group in particular.

The risk of unplanned delivery outside institutions
increased in both urban and rural counties in our study.
The risk in Norway during the period 2004–09 was higher
than the previously reported 0.1% of births in national
data from Finland.29 In our study, the risk was 0.3–0.5% in
the three most urban counties; this was lower than the
0.6% reported from an urban area in Scotland.30 However,
the risk more than doubled in all three counties from
1979–83 to 2004–09. Mechanisms may differ between loca-
tions and involve factors such as geographical distance and
traffic constraints, as well as admission criteria in large,
busy obstetric departments.

The 2.2% incidence of maternal morbidity in our study
was higher than previous reports from Norway and Eur-
ope. The Mothers Mortality and Severe Morbidity Survey
B (MOMS-B) reported a Norwegian incidence rate of
0.86% for severe maternal morbidity based on data col-
lected from the capital county, Oslo, during 1995. Euro-
pean rates ranged from 0.6 to 1.5%, and the MOMS-B
studies did not include thromboembolism.31 The inci-
dence of severe maternal morbidity was 0.71% in a
prospective Dutch study which applied a stricter defini-
tion of severe maternal morbidity.2,15 The wider case defi-
nition in our study was also reflected by a morbidity/

mortality ratio of 266 : 1; other studies have reported
ratios of 118 : 1 and 49 : 1.32,33 Although the wider
definition influenced the reported rates, the definitions
and report form were similar throughout the period, thus
allowing for the evaluation of change over time as well as
regional differences.
Our study focused on institution numbers and not on

institution size. However, we observed a reduction in the
number of small institutions and an increasing proportion
of the deliveries took place in the largest institutions. In
France, small institutions had a higher frequency of inade-
quate/inappropriate management of severe post-partum
haemorrhage.34 A recent study from the USA reported
increased risk of maternal complications in the institutions
with the lowest volumes, which apparently also included
non-obstetric institutions.35

Conclusions

The findings in the current study indicated reduced qual-
ity from the health system perspective, as demonstrated by
a reduced availability of institutions and an increased risk
of unplanned delivery outside institutions. The WHO
indicators were secondary outcomes in our study. How-
ever, they were useful in the Norwegian high-income con-
text and the indicator assessment pointed to the emerging
inequalities described in the cross-sectional and cohort
analyses. Availability and access must be considered to a
larger extent in service planning and evaluation, and
structural issues, such as the risk factors for unplanned
delivery outside institutions in urban and rural areas, need
to be addressed.
We would expect the risk of morbidity to be unchanged

or reduced following centralisation. The maternal mortality
and delivery-related perinatal mortality were low and indi-
cated good quality of clinical care in the institutions. Never-
theless, we reported an increase in the risk of maternal
morbidity and increasing regional differences in such risk.
We do not believe that our findings can be fully explained
by differences in diagnoses, reporting practices or increases
in risk factors where information was lacking. More knowl-
edge is needed to understand the interaction between struc-
tural factors and clinical outcomes. A comprehensive
analysis of neonatal mortality and morbidity was beyond the
scope of this study, but must be included when drawing the
final conclusions on quality in obstetric care. Further
research should aim to inform the debate concerning the
distribution of benefits and burden in the centralisation of
obstetric care. Whether mothers pay the price for efforts to
improve neonatal outcome remains to be answered.
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Paper	Ⅰ.	Erratum	and	supplementary	online	files.  
 
In table 3 in the paper there is an error in number of deliveries for 2004-2009. These 

columns describe the number of deliveries from 2003 to 2009, both total and 

unplanned outside institution. The error in numbers had no consequences for the 

reported risks in the last time period. The odds ratios were calculated using the time 

period from 2004 to 2009 and are correct. 



Appendix S1. Travel time to all obstetric institutions.  
Numbers and proportions of women living outside the one-hour and two-hour travel zone in 2000 
and 2010. Based on census data from Statistics Norway and the Norwegian road database 
 

 
a Data from Statistics Norway for all women in fertile age (15 -49 years) with registered address on 1 January 2000 and 1 January 

2010.  59 institutions in 2000 and 51 institutions in 2010. 
b Included institutions provided either basic obstetric care for normal deliveries or both basic obstetric care and emergency obstetric 

care. 

 

 

 
 
 

 
 Women 15- 49 yearsa 

Women living outside the 
1 hour zone for any institutionb 

Number  (%) 

Women living outside the 
2 hour zone for any institutionb 

Number (%) 
Region, county and county 
number 2000 2010 2000 2010 2000 2010 

 
 Norway 1 050 269 1 127 665 82 671 (7.9) 102 895 (8.8) 23 581 (2.3) 27 571 (2.4) 

Eastern 
Region 1 Østfold 57 260 60 489 829 (1.4) 2431 (4.0) 155 (0.3) 345 (0.6) 

2 Akershus 113 817 126 415 58 (0.1) 530 (0.4) 2  0 

3 Oslo 134 749 159 156 0 13 (0.01) 0 0 

4 Hedmark 40 321 40 350 1 305 (3.2) 2 088 (5.2) 35 (0.9) 30 (0.1) 

5 Oppland 40 080 39 620 5 490 (13.7) 5 939 (15.0) 344 (0.9) 453 (1.1) 

Southern 
Region 6 Buskerud 54 518 58 497 647 (1.2) 2 757 (4.7) 28 (0.05) 29 (0.05) 

7 Vestfold 49 819 52 352 115 (0.2) 125 (0.2) 74 (0.2) 162 (0.3) 

8 Telemark 37 277 37 018 2 633 (7.1) 5 906 (15.0) 223 (0.6) 277 (0.8) 

9 Aust-Agder 23 387 24 193 1 138 (4.9) 1 947 (8.0) 239 (1.0) 422 (1.7) 

10 Vest-Agder 35 867 39 481 496 (1.4) 1 250 (3.2) 178 (0.5) 459 (1.2) 

Western 
Region 11 Rogaland 90 446 102 028 5 905 (6.5) 8 710 (8.5) 896 (1.0) 1 271 (1.2) 

12 Hordaland 101 172 111 589 9 897 (9.8) 9 150 (8.2) 3 599 (3.6) 4 621 (4.1) 

14 Sogn og  
Fjordane 23 209 22 641 5 838 (25.2) 7 514 (33.2) 1 210 (5.2) 1 216 (5.4) 

Central 
Region 

15 Møre og 
Romsdal 53 795 53 948 14 047 (26.1) 8 956 (16.6) 1 486 (2.8) 1 558 (2.8) 

16 Sør-
Trøndelag 61 495 68 640 4 201 (6.8) 10 376 (15.1) 1 125 (1.8) 1 940 (2.8) 

17 Nord-
Trøndelag 27 540 28 280 4 913 (17.8) 5 651 (20.0) 1 759 (6.4) 1 796 (6.4) 

Northern 
Region 18 Nordland 52 493 50 926 12 748 (24.3) 13 471 (26.4) 5 236 (10.0) 6120 (12.0) 

19 Troms  35 422 35 620 4 190 (11.8) 4 474 (12.6) 1 276 (3.6) 1 505 (4.2) 

20 Finnmark 17 602 16 422 8 221 (46.7) 7 432 (45.2) 5 716 (32.5) 5 405 (32.9) 



Appendix S2. Travel time to emergency obstetric care institutions.  
Numbers and proportions of women who lived outside the one-hour and two-hour travel zone to 

emergency obstetric care (EmOC) institutions in 2000 and 2010. Based on census data from 

Statistics Norway and the Norwegian road database. 

 
a Data from Statistics Norway for all women 15 -49 years who had a registered address on January 1 2000 and January 1 2010. 47 institutions in 

2000 and 41 institutions in 2010. 
b Emergency obstetric care included the following nine signal functions; intravenous administration of drugs, removal of retained placenta/products, 

assisted vaginal delivery, basic neonatal resuscitation, surgery, and blood transfusion. 

 

 

 

 
Women 15- 49 yearsa 

Outside the 
1 hour zone for EmOCb 

Number (%) 

Outside the 
2 hour zone for EmOCb 

Number (%) 

2000 2010 2000 2010 2000 2010 

 
Norway 

 
1 050 269 1 127 665 115 701 (11.1) 136 208 (12.1) 36 074 (3.4) 54 567 (4.8) 

Eastern 
Region 1 Østfold 57 260 60 489 829 (1.4) 3 157 (5.2) 155 (0.3) 85 (0.1) 

2 Akershus 113 817 126 415 58 (0.05) 559 (0.4) 2 (<0.01) 14 (0.01) 

3 Oslo 134 749 159 156 0  28 (0.01) 0  0  

4 Hedmark 40 321 40 350 1 320 (3.3) 5 061 (12.5) 35 (0.1) 3 022 (7.5) 

5 Oppland 40 080 39 620 9 134 (22.8) 9 614 (24.3) 946 (2.4) 3 862 (9.8) 

Southern 
Region 6 Buskerud 54 518 58 497 5 023 (9.2) 5 390 (9.2) 739 (1.4) 3489 (6.0) 

7 Vestfold 49 819 52 352 115 (0.2) 126 (0.2) 74 (0.1) 119 (0.2) 

8 Telemark 37 277 37 018 4 666 (12.5) 6 043 (16.3) 237 (0.6) 1636 (4.4) 

9 Aust-Agder 23 387 24 193 1 138 (4.9) 2 030 (8.4) 405 (1.7) 745 (3.1) 

10 Vest-Agder 35 867 39 481 496 (1.4) 1 260 (3.2) 178 (0.5) 212 (0.5) 

Western 
Region 11 Rogaland 90 446 102 028 5 905 (6.5) 9 167 (9.0) 896 (1.0) 931 (0.9) 

12 Hordaland 101 172 111 589 9 897 (9.8) 11 653 (10.5) 3 599 (3.6) 1250 (1.1) 

14 Sogn og 
Fjordane 23 209 22 641 5 838 (25.2) 9 929 (43.9) 1 212 (5.2) 4618 (20.4) 

Central 
Region 

15 Møre og 
Romsdal 53 795 53 948 15 321 (28.5) 8 975 (16.6) 1 491 (2.7) 451 (0.8) 

16 Sør-Trøndelag 61 495 68 640 8 922 (14.5) 11 385 (16.6) 1 846 (3.0) 3096 (4.5) 

17 Nord-
Trøndelag 27 540 28 280 4 965 (18.0) 5 675 (20.0) 1 759 (6.4) 2446 (8.7) 

Northern 
Region 18 Nordland 52 493 50 926 16 424 (31.3) 21 933 (43.0) 8 130 (15.5) 10123 (19.9) 

19 Troms 35 422 35 620 12 591 (35.5) 12 389 (34.8) 6 633 (18.7) 7 106 (20.0) 

20 Finnmark  17 602 16 422 13 059 (74.2) 11 834 (72.1) 7 737 (44.0) 11 362 (69.2) 
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Increased risk of peripartum perinatal mortality in
unplanned births outside an institution: a retrospective
population-based study
Hilde M. Engjom, MD, DTM&H; Nils-Halvdan Morken, MD, Dr Med; Even Høydahl, Cand Polit; Ole F. Norheim, MD, Dr Med;
Kari Klungsøyr, MD, Dr Med

BACKGROUND: Births in midwife-led institutions may reduce the
frequency ofmedical interventions and provide cost-effective care, while larger
institutions offer medically and technically advanced obstetric care. Unplanned
births outside an institution and intrapartum stillbirths have frequently been
excluded in previous studies on adverse outcomes by place of birth.
OBJECTIVE: The objective of the study was to assess peripartum
mortality by place of birth and travel time to obstetric institutions, with the
hypothesis that centralization reduces institution availability but improves
mortality.
STUDY DESIGN: This was a national population-based retrospective
cohort study of all births in Norway from 1999 to 2009 (n ¼ 648,555)
using data from the Medical Birth Registry of Norway and Statistics Norway
and including births from 22 gestational weeks or birthweight "500 g.
Main exposures were travel time to the nearest obstetric institution and
place of birth. The main clinical outcome was peripartummortality, defined
as death during birth or within 24 hours. Intrauterine fetal deaths prior to
start of labor were excluded from the primary outcome.
RESULTS: A total of 1586 peripartum deaths were identified (2.5 per
1000 births). Unplanned birth outside an institution had a 3 times higher

mortality (8.4 per 1000) than institutional births (2.4 per 1000), relative
risk, 3.5 (95% confidence interval, 2.5e4.9) and contributed 2%
(95% confidence interval, 1.2e3.0%) of the peripartum mortality at the
population level. The risk of unplanned birth outside an institution
increased from 0.5% to 3.3% and 4.5% with travel time <1 hour, 1e2
hours, and >2 hours, respectively. In obstetric institutions the mortality
rate at term ranged from 0.7 per 1000 to 0.9 per 1000. Comparable
mortality rates in different obstetric institutions indicated well-functioning
routines for referral.
CONCLUSION: Unplanned birth outside an institution was associated
with increased peripartum mortality and with long travel time to obstetric
institutions. Structural determinants have an important impact on perinatal
health in high-income countries and also for low-risk births. The results
show the importance of skilled birth attendance and warrant attention from
clinicians and policy makers to negative consequences of reduced access
to institutions.

Keywords: access, availability, emergency obstetric and newborn care,
health systems, perinatal mortality

B irth-related complications may
arise quickly and threaten the

life and future health of both the
mother and child. Prevention of death
and adverse outcomes requires urgent,
skilled interventions. Whether delivery
care in smaller obstetric institutions
and midwife-led institutions is safe and
cost effective compared with centralized
care in larger obstetric institutions
has been heavily debated.1-6 Typically,
previous studies comparing the planned
place of birth have excluded unplanned
births outside an institution.3,4,7,8

Additionally, key studies have in-
cluded only neonatal deaths and thus
failed to address how a lack of adequate
monitoring and interventions during
labor may result in intrapartum
death.4,6,7,9,10

Several authors have raised concerns
about adverse consequences of reduced
accessibility to obstetric and neonatal
care as well as a risk of unnecessary
interventions in the larger in-
stitutions.1,5,11-15 However, conclusive
studies linking structural factors and
perinatal mortality are lacking. In Nor-
way, the number of obstetric institutions
was reduced from 95 to 51 during
1979e2009. The rate of unplanned
births outside an institution increased in
both rural and urban areas during this
period.16

The aim of the present study was to
assess peripartum mortality associated
with the place of birth and availability
of obstetric institutions, with the hy-
pothesis that centralization reduces

institution availability but improves the
peripartum mortality.

Material and Methods
Study design, setting, and data
sources
We designed a retrospective population-
based cohort study of all births in Nor-
way from Jan. 1, 1999, to Dec. 31, 2009
(n ¼ 648,555 births). Data sources were
the Medical Birth Registry of Norway
(MBRN) and Statistics Norway. Inclu-
sion criteria were births with a gesta-
tional age "22 completed weeks or
birthweight "500 g.

The MBRN has received mandatory
standardized notifications of all live
births and stillbirths ("16 weeks’ gesta-
tion) since 1967. The registry is routinely
linked with the National Registry
through the mother’s national identifi-
cation number, given to all individuals
residing in the country. This linkage
provides identification numbers to all
live births, ensures complete notification
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to the MBRN, and provides data on all
dates of death.

The MBRN notification form was
extended in 1999 to include more in-
formation about the mother, the
neonate, and the birthplace. The notifi-
cation of stillbirths specifies time of
death in relation to labor (antepartum,
intrapartum, or unknown) and to arrival
in the institution (prior to or after).
Stillbirth registration in the MBRN has
been validated,17 and theMBRN receives
the autopsy report or, if autopsy is not
performed, a written conclusion on
likely cause of death for all stillbirths
from 22 weeks’ gestation.

In the present study, linkage with the
National Registry provided data on
each mother’s registered address. Since
2000, Statistics Norway has assigned
geographic coordinates to the National
Registry addresses and updated ad-
dresses and coordinates on Jan. 1 each
year. Coverage of individual coordinates
was 98% of all addresses in 2000 and
99% in 2010.

Primary perinatal outcome
Peripartum mortality was defined as
intrapartum death or neonatal death
within 24 hours and will in the following
text be referred to as mortality. Fetal
death prior to labor (antepartum still-
births) were excluded from the primary
perinatal outcome.

Place of birth
Place of birth was categorized as un-
planned outside an obstetric institution,
in basic obstetric care institution (BOC),
and in emergency obstetric and newborn
care institution (EmONC). Unplanned
birth outside an institution was defined
as a birth at home, during trans-
portation, or in a nonobstetric institu-
tion (eg, health center) for a womanwho
planned an institutional birth.

The World Health Organization
Handbook for Monitoring Emergency
Obstetric and Newborn Care was used to
categorize institutions by the available
treatment options.18 BOC institutions
provided midwife-led care for normal
deliveries and intravenous administra-
tion of drugs and basic newborn resus-
citation if needed before transfer.

EmONC institutions provided intra-
venous administration of uterotonic
drugs, antibiotics, and magnesium sul-
phate, removal of the placenta or
retained products of conception,
newborn resuscitation, assisted vaginal
delivery, cesarean delivery, and blood
transfusion. All EmONC institutions
had a specialist in obstetrics and gyne-
cology on call.
We further classified EmONC in-

stitutions according to the annual
number of deliveries (<500, 500e1499,
and >1500). Institution closure or
change in the level of care was corrected
at the start of each calendar year,
included institutions reported !10
births annually. Planned home births
were rare (1253, 0.2%); 96% of these
mothers lived within the 1 hour travel
zone to all obstetric institutions. There
were no peripartum deaths. These births
have been described previously19 and
were excluded (Figure 1).

Travel zone
A travel zone was defined as the
geographic area inwhich all womenwere
estimated to reach the nearest obstetric
institution within the given time. In-
stitutions were registered by geographic
coordinates, and surrounding travel
zones were calculated based on the
Norwegian electronic road database.20

Estimates were based on registered
speed limits and the standard duration of
ferry/boat journeys and represented the
minimum time for nonemergency
transport. A merged area (polygon) was
created for the travel zones (<1 hour,
1e2 hours, and >2 hours).
The mother’s national identification

number, or a substitute identification
number for resident noncitizens, was
used to link births in the MBRN to her
registered address in the National Reg-
istry and then to the address coordinates
(n ¼ 638,155 births, 98.4%). For each
birth the registered address was placed
in a travel zone. Births to women lacking
address coordinates were assigned to the
travel zone of the majority of mothers in
their municipality in the corresponding
year (n¼ 9996 births, 1.5%). Few births
lacked both address coordinates and
municipality (n ¼ 404, 0.06%), and

these were excluded from the travel zone
analyses. The annual relocation rate was
14% in 2000, 8.6% within the munici-
pality, and 4.8% to another
municipality.

Analyses
The infant/birth was the observation
unit in all analyses. Cross-tables and
generalized linear models were used to
compute rates and relative risks (RRs)
with 95% confidence intervals (CIs),
while taking into account clustering by
births to the same mother or in the same
institution.

Multilevel models were used to assess
both cluster levels. Attributable risk was
calculated from the adjusted relative risk
model.21,22 Analyses were stratified on
socioeconomic risk factors and maternal
and fetal medical risk factors for peri-
natal mortality.

We also stratified analyses by season
(summer, April to September; and
winter, October to March) and by 5 year
period (1999e2004 and 2005e2009).
We used standardized sex-specific
birthweight by gestational age (z-
scores) to identify misclassified gesta-
tional age (z-score above 4, n ¼ 330
births, 0.05%).23 If gestational age was
misclassified or only birthweight was
recorded (n ¼ 4810, 0.7%), we catego-
rized births as preterm if birthweight was
more than 2 SD below the average weight
at 37 weeks (<2285 g for males and
<2200 g for females, n ¼ 677, 0.1%).

Statistical analyses were performed
with SPSS (IBM SPSS Statistics for Mac,
version 23.0; IBM Corp, Armonk, NY)
and STATA 14 IC (StataCorp LP, College
Station, TX). Travel zone analyses were
performed with the GIS software Arc
Info with Network Analyst (Environ-
mental Systems Research Institute Inc,
Redlands, CA).

Ethical approval
The Regional Medical Ethical Commit-
tee for Western Norway approved the
study (REK-VEST 2010/3243).

Results
Travel zone and place of birth
Travel zone information was available
for 646,898 births and the distribution
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of travel zones and place of birth in the
population is described in Table 1.
Births were more likely to occur un-
planned outside an institution, in BOC
institutions, or in the lowest-volume
EmONC institutions when mothers
lived in rural areas with long travel
time to institutions. A total of 9490
births occurred in BOC institutions.
Few nulliparous women delivered in
BOC institutions (n ¼ 1680); among
these, 87% would need to travel more

than 1 hour to reach an EmONC
institution.
A total of 4538 children with available

travel zone information were born un-
planned outside an institution: 1759 at
home, 2148 during transport, 121 in
former obstetric institutions, and 510 in
other locations. Risk of unplanned birth
outside an institution was 5 times higher
in the 1e2 hour travel zone to all in-
stitutions compared with the <1 hour
zone (adjusted RR, 5.3; 95% CI,

4.9e5.7) and 7 times higher when travel
time exceeded 2 hours (adjusted RR, 7.1;
I, 6.3e8.1).

The majority of unplanned births
outside institutions occurred to low-risk
women (online Appendix 1). There were
no differences in frequency from the first
to the last 5 year period (data not shown,
P ¼ .48). Stratified on the risk factors
outlined in Table 2, analyses yielded
similar relative risks as the crude relative
risk, but women with medical risk

FIGURE 1
Study population flow diagram
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factors were less likely to deliver un-
planned outside an institution (online
Appendix 1). Most resident noncitizen
women lived within the 1 hour travel
zone (n ¼ 2315, 94%). Their rate of
unplanned births outside an institution
was 1.2% (n ¼ 30), with no deaths.

Peripartum mortality in unplanned
birth outside an institution
Antepartum fetal deaths occurred at a
similar rate in the travel zones (overall
number, 2239, 3.4 per 1000). Nearly all
were delivered in EmONC institutions
(n ¼ 2208), 19 were born unplanned
outside an institution, and 12 in BOC
institutions. These births were excluded
from further analyses (Figure 1).

Among the remaining 645,063 births,
we identified 1586 deaths (Table 2), of
which 773 (48.7%) were stillborn. Un-
planned birth outside an institution was
strongly associated with mortality risk
(crude RR, 3.5; 95% CI, 2.5e4.9).
Although the absolute mortality rate was
higher for preterm births than term
births (25.4 per 1000 versus 0.7 per

1000), the relative mortality risk associ-
ated with unplanned birth outside an
institution was increased for both pre-
term and term births. There was no
difference between the first and last 5
year period (data not shown, P ¼ .3).
The stratified analyses shown in

Table 2 illustrate higher absolute mor-
tality rates in high-risk groups but
similar RRs associated with unplanned
birth outside an institution except for
single, young, and nulliparous women.
The relative mortality risk was

particularly high for births to nullipa-
rous women (RR, 14.9; 95% CI,
8.8e25.1), but also births to parous
women had a doubled risk of death if
born unplanned outside an institution
(RR, 2.2; 95% CI, 1.4e3.4). Few births
with severe congenital malformations
took place unplanned outside an insti-
tution (n ¼ 170, 0.5%), and there were
no peripartum deaths. We therefore
excluded severe congenital malforma-
tions before adjusting for all tabulated
risk factors (Table 2). The adjusted
relative risk for peripartum mortality in

an unplanned birth outside an institu-
tion was then 3.9 (95% CI, 2.8e5.3).

Attributable risk
Peripartum deaths were rare and
occurred most frequently in institutional
preterm births. However, among un-
planned births outside an institution, the
risk of death attributable to this exposure
was high (attributable fraction, 0.7; range,
0.6e0.8) and accounted for 2.1% (95%
confidence interval, 1.2e3.0%) of the
peripartum mortality in the population.

Mortality in obstetric institutions
Figure 2 shows the relative risk of peri-
partum death in the different institution
categories stratified on parity. After
adjustment for socioeconomic factors
and maternal and fetal risk factors and
using the smallest EmONC institutions
as reference, we did not find evidence of
different mortality by annual number of
births in EmONC institutions (Table 3).

In births with no major congenital
malformations, themortality rate in BOC
institutions was lower for parous women

TABLE 1
Place of birth and the mother’s travel zone to all obstetric institutions and to EmONC institutions

Institution Travel zone Total, n

Basic
obstetric
care, n

Emergency
obstetric care
<1500/y, n

Emergency
obstetric care
>1500/y, n

Unplanned birth outside institution

n
Relative risk
(95% CI)a

Adjusted
relative riskb

Total birthsc 647,302 9490 (1.5) 204,612 (31.6) 428,654 (66.2) 4546 (0.7)

Travel zone
available, n, %

646,898 9487 (1.5) 204,508 (31.6) 428,365 (66.2) 4538 (0.7)

All institutions Travel zone
1 h, n, %

615,896 8638 (1.4) 182,202 (29.6) 421,608 (68.5) 3488 (0.6) Reference Reference

Travel zone
1e2 h, n, %

25,494 787 (3.1) 17,600 (69.0) 6263 (24.6) 844 (3.3) 5.9 (5.5e6.4) 5.3 (5.0e5.8)

Travel zone
>2 h, n, %

5508 62 (1.2) 4706 (85.4) 494 (9.0) 246 (4.5) 8.0 (7.0e9.1) 7.2 (6.3e8.2)

EmONC
institutions

Travel zone
<1 h, n, %

591,836 1187 (0.2) 170,512 (28.8) 417,067 (70.5) 3070 (0.5)

Travel zone
1e2 h, n, %

40,189 5148 (12.8) 25,031 (62.3) 8947 (22.3) 1063 (2.7)

Travel zone
>2 h, n, %

14,873 3152 (21.2) 8965 (60.3) 2351 (15.8) 405 (2.7)

Data from Statistics Norway and the Medical Birth Registry of Norway, 1999e2009.

EmONC, Emergency Obstetric Care.
a Relative risks adjusted for births to the samemother; b Relative risk adjusted for all risk factors outlined in Table 2; c Births at gestational age"22 weeks or birthweight"500 g; planned home births
were excluded.
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TABLE 2
Peripartummortality comparing unplanned births outside an institution and births in obstetric institutions, overall and
stratified by maternal and fetal risk factors

Variables Category
Number of births,
n ¼ 645,063a

Unplanned outside
institution, n ¼ 4527,
deaths (per 1000)

In obstetric institutions,
n ¼ 640,536, deaths
(per 1000)

Relative risk
(95% CI)

Overall mortality, n (per 1000)b 38 (8.4) 1548 (2.4) 3.5 (2.5e4.9)c

3.9 (2.7e5.6)d

Gestational age, wks "37 600,129 7 (1.7) 429 (0.7) 2.3 (1.1e4.9)

<37 44,934 31 (100.3) 1119 (25.4) 3.9 (2.8e5.6)

Maternal age, y <20 15,251 6 (96.8) 56 (3.7) 19.3 (8.6e43.6)

20e35 520,589 28 (7.8) 1163 (2.2) 3.4 (2.3e4.9)

>35 109,183 4 (4.7) 329 (3.0) 1.5 (0.6e4.1)

Parity 1 or more 378,687 20 (4.9) 855 (2.3) 2.2 (1.4e3.4)

0 266,376 18 (39.5) 693 (2.6) 14.4 (9.0e23.2)

Education, y "11 497,697 24 (7.3) 1038 (2.1) 3.5 (2.3e5.2)

<11 148,431 14 (11.2) 510 (3.5) 3.1 (1.8e5.3)

Partner status Partner 592,153 27 (6.5) 1358 (2.3) 2.7 (1.9e4.0)

Single 43,598 11 (32.1) 158 (3.6) 8.8 (4.8e16.1)

Ethnicity Western 585,324 35 (8.6) 1136 (2.3) 3.6 (2.6e5.1)

Non-Western 59,739 3 (6.8) 212 (3.6) 1.9 (0.6e6.0)

Smoking Nonsmoker 435,910 15 (5.1) 944 (2.2) 2.4 (1.4e3.9)

No informatione 106,533 11 (15.6) 335 (3.2) 4.5 (2.4e8.5)

Any smoking 102,620 12 (13.4) 269 (2.6) 5.1 (2.9e9.0)

Chronic disease No 583,274 35 (8.4) 1390 (2.4) 3.4 (2.4e4.8)

Yesf 61,789 3 (7.9) 158 (2.6) 3.1 (0.99e9.7)

Plural Singleton 621,789 33 (7.4) 1256 (2.0) 3.5 (2.5e5.0)

Multiple 23,274 5 (87.7) 292 (12.6) 7.1 (3.0e16.5)

Major malformationg No 623,064 38 (8.6) 1313 (2.1) 4.0 (2.9e5.5)

Yes 21,999 0 235 (10.7) n.a.

SGAh "10th percentile 590,418 31 (7.5) 1157 (2.0) 3.8 (2.7e5.4)

<10th percentile 55,898 7 (19.0) 391 (7.0) 2.3 (1.0e5.2)

Severe maternal morbidity No 630,105 37 (8.2) 1443 (2.3) 3.5 (2.5e4.9)

Yesi 14,958 1 (20.4) 105 (7.0) 3.0 (0.4e20.7)

Previous CD No 589,679 37 (8.5) 1380 (2.4) 3.5 (2.5e4.9)

Yes 55,384 1 (5.9) 168 (3.0) 1.9 (0.3e13.8)

Previous stillbirthj No 552,968 28 (7.6) 1239 (2.3) 3.3 (2.2e4.8)

Yes 5437 1 (34.5) 41 (7.6) 4.8 (0.7e33.6)

Data are from the Medical Birth Registry of Norway and Statistics Norway, 1999e2009.

CD, cesarean delivery; CI, confidence interval; n.a., not applicable; SGA, small for gestational age.
a Births from 22 weeks’ gestational age or birthweight above 500 g. Antepartum fetal deaths and planned home births were excluded; b Intrapartum stillbirth and neonatal death, 0e24 hours; c Relative
risks using institutional births as reference. Estimates were adjusted for clustering by births to the same mother; d Adjusted for all the maternal and fetal risk factors listed in Table 2 for births with no
major malformations; e Women can decline to register information about smoking, and these births were analyzed separately; f Asthma, thyroid disease, epilepsy, rheumatoid arthritis, diabetes prior to
and in pregnancy, chronic hypertension, epilepsy, chronic renal disease, and cardiac disease; g Eurocat definitions of severe malformations (http://www.eurocat-network.eu/content/EUROCAT-Guide-1.
4-Section-3.3.pdf); h Small for gestational age, birthweight by gestational age classified according to Norwegian standards16; i Severe maternal morbidity: hemorrhage, >1.5 l, or hemorrhage and
blood transfusion, eclampsia, hemolysis, elevated liver enzymes, and low platelet count (HELLP), sepsis, pulmonary embolism, organ failure, placental abruption with disseminated coagulation disorder,
hysterectomy, or uterine rupture; j Previous stillbirth at gestation age "24 weeks; 86,658 births with missing information on this variable were excluded from the stratified analysis.
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(0.5 per 1000) than nulliparous women
(3.6 per 1000), as shown in Figure 2 and
Table 3. There was no difference between
the first and last 5 year period in births
with no major malformations (data not
shown, P>.6 for nulliparous women and
P > .3 for parous women).

In births with major malformations,
the mortality was lower in the last 5 year
period for both nulliparous and parous
women (RR, 0.6; 95%CI, 0.5e0.8), these
births took place in the EmONC in-
stitutions, and there were no difference
between the different EmONC categories
(P > .4). Results of stratified analyses are
reported in online Appendix 2. Resident
noncitizenwomen delivered in the largest

EmONC institutions (n ¼ 2021, 87%)
with a mortality rate of 1.4% (n ¼ 32).
Births at term to healthy women with a

singleton pregnancy, no major congenital
malformations, cephalic presentation, and
normal vaginal delivery has been used to
define a low-risk category in the litera-
ture.1,24,25 In our study the mortality for
this group ranged from 0.5 per 1000 to 0.6
per 1000 in the EmONC institutions
(P > .3, data not shown).

Seasonal variations
During the winter season, from October
toMarch, mortality was higher for births
at term to parous women living outside
the 2 hour zone to all institutions

(2.5 per 1000) compared with births in
which themother lived within the 1 hour
zone (0.6 per 1000, RR, 3.8; 95% CI,
1.4e10.5). For these births, residence
outside the 2 hour travel zone to
EmONC institutions was also associated
with a seasonal increase in mortality risk
(1.6 per 1000 vs 0.6 per 1000, RR, 2.5;
95% CI, 1.2e5.5).

Comment
Principal findings
Unplanned birth outside an institution
was associated with the highest peri-
partummortality rates both for births to
womenwith risk factors and for births to
women usually regarded as low risk.

FIGURE 2
Relative risk of peripartum mortality by institution category, stratified on parity

Relative risks were calculated for births with no major malformations and adjusted for socioeconomic factors and medical maternal and fetal risk factors.
CI, confidence interval; BOC, basic obstetric care institution; EmONC, emergency obstetric and newborn care institution.
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Elimination of unplanned births outside
an institution was estimated to reduce
the peripartum perinatal mortality in the
population by 2.1%. The risk of un-
planned birth outside an institution was
strongly associated with travel time to
the nearest obstetric institution. Few
high-risk births in the smallest institu-
tion categories and comparable mortal-
ity rates in obstetric institutions
indicated well-functioning routines for
selective referral.

Comparison with other studies
Previous studies have shown an associ-
ation between reduced availability of
institutions and higher neonatal
morbidity, thus suggesting an increased
risk of neonatal mortality.26,27 Potential
increases in neonatal mortality have also
been modeled28 and reported as a co-
finding.7 By combining traditional
epidemiology with new geographic
technologies, we were able to use
population-based databases over a
decade and obtain individual informa-
tion about travel time and clinical out-
comes, thus linking structural

determinants and perinatal mortality.
We found a clear association between
unplanned birth outside an institution
and mortality, and the increase in mor-
tality was not confined to preterm birth
or vulnerable groups as shown in pre-
vious studies.13,15,29

Improvement in monitoring and in-
terventions during delivery has been
proposed as an explanation for reduced
intrapartum and 7 day neonatal mor-
tality in term births during recent de-
cades.24 However, as much as 30% of the
deaths in low-risk births at term
occurred intrapartum in Scotland.24 Our
findings add to the evidence that
including only neonatal deaths would
lead to an underestimation of mortality.

Strengths and limitations
The cohort in this study covered the
entire population and was large enough
to study a rare outcome in relation to
individual travel time. We had data for a
range of potential covariates and risk
factors and were able to take into ac-
count clustering of births to the same
mother and in the same institution.

Multilevel analyses yielded comparative
odds ratios to the relative risks, except
for higher odds ratios than the relative
risks in smaller, high-risk groups. We
thus chose to complete the analyses us-
ing generalized linear models and report
the relative risks.

The MBRN lacked information on
some covariates/risk factors that could
be of importance, such as obesity.
Although obesity is a significant risk
factor for perinatal mortality, it is less
likely to be strongly associated with the
exposures under study. Similarly, alcohol
consumption during pregnancy has
been shown to be associated with
smoking and older age, not with educa-
tion or income, and it is not likely to
explain the observed differences.30

Norway has a clear policy aim to
reduce economic barriers to health care
in pregnancy. Both primary and
specialist health care related to preg-
nancy and childbirth is free for residents
in Norway, and prenatal care is widely
attended.31

The annual relocation outside the
municipality was approximately 5% but

TABLE 3
Peripartum mortality in obstetric institutions by institution function and volume category, total and stratified by parity

Category n
Basic obstetric care,
n (rate per 1000)

Emergency obstetric care, n (rate per 1000)

<500 500e1499 >1500
Total birthsa 640,532 9478 55,161 148,812 427,081

Peripartum deaths,
n (per 1000)

1548 (2.4) 10 (1.1) 79 (1.4) 301 (2.0) 1158 (2.6)

Nulliparous birthsb 256,228 1650 20,224 56,137 178,830

Deaths, n (per 1000) 609 (2.4) 6 (3.6) 27 (1.3) 117 (2.0) 543 (2.9)

Relative riskc 3.0 (1.1e7.9) Reference 1.5 (0.9e2.3) 2.2 (1.4e3.4)

Relative risk adjustedd 3.5 (1.4e8.9) Reference 0.9 (0.6e1.6) 1.3 (0.8e2.0)

Parous total birthsb 362,421 7662 33,998 87,917 232,844

Deaths, n (per 1000) 704 (1.9) 4 (0.5) 44 (1.3) 161 (1.8) 495 (2.1)

Relative riskc 0.4 (0.1e1.2) Reference 1.4 (1.0e1.9) 1.6 (1.2 e2.2)

Relative risk adjustedd 0.5 (0.2e1.6) Reference 0.9 (0.7e1.2) 0.9 (0.7e1.2)

Data are from the Medical Birth Registry of Norway and Statistics Norway.

EmONC, emergency obstetric and newborn care.
a Births from 22 weeks’ gestational age or birthweight >500 g. Planned home births, unplanned birth outside aninstitution, and antepartum fetal deaths were excluded. Institutions were classified
according to the provided care: basic obstetric care for normal deliveries or EmONC in which emergency interventions were available. Births in EmONC institutions with volume <500 births was
used as reference. Complete stratified analyses are presented in online Supplemental Table 2; b Births with no major congenital malformations (Eurocat definitions of major congenital malfor-
mations, http://www.eurocat-network.eu/content/EUROCAT-Guide-1.4-Section-3.3.pdf); c Relative risks in births with no major malformations; d Births with no major congenital malformations,
adjusted for all risk factors in Table 2 except previous stillbirth and previous caesarean delivery in births to nulliparous women. All models included clustering by births in the same institution.
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could lead to an underestimation of the
relative risk. The travel time analyses did
not take into account factors such as
seasonal variations in driving condi-
tions, but higher perinatal mortality
during the winter season suggests po-
tential consequences of reduced
accessibility.

The registry linkages provide a larger
data set than would have been achievable
in a prospective study, but linkages had
to be performed retrospectively, and the
linkage process as well as the travel zone
estimations were complicated and time
consuming. Hence, the data collection
had to be limited to births up to 2009,
and the data set was completed by 2015.
The individual travel zone calculations
provided individual information using
uniform methods. The institutional
structure reported in this study is
representative for the present annual
statistics (http://statistikk.fhi.no/mfr/).

Theoretically, reduced access to
specialist health care could influence
antepartum stillbirths because of factors
such as lower detection of risk preg-
nancies and less monitoring to assist
timely delivery. However, we found no
difference antepartum stillbirth rates in
the different travel zones, and these
births were referred to EmONC in-
stitutions. Other risk factors, such as
fetal sex, are not associated with travel
time and therefore no confounders in
our analyses. Differences in available
intrapartum care probably explain most
of the differences in mortality by place of
birth and are a likely mediator in our
data.

Lack of acceptability resulting in
deliberate avoidance of institutions has
not been described as a major risk factor
for unplanned birth outside an institu-
tion in Europe.32,33 Fewwomenwith risk
factors gave birth in BOC institutions
and in the lowest volume category of
EmONC institutions, indicating that the
national guidelines for referral were well
implemented. In accordance with recent
publications, the mortality was higher in
births to nulliparous than to parous
women in BOC institutions.1,7 However,
the mortality rate was lower than for
unplanned birth outside an institution
for this group.

Some of the BOC institutions were
based in rural hospitals. The lack of
formalized obstetrician-led services dis-
qualified them from classification as
EmONC institutions. However, notifi-
cations included preterm births, instru-
mental vaginal births, breech births, and
cesarean deliveries. These interventions
highlight the importance of training,
clinical guidelines, and preparedness to
tackle emergency situations also in this
setting.

Unanswered questions and future
research
We identified and stratified on severe
maternal morbidity that may increase
the risk of fetal or neonatal death. A
thorough assessment of maternal
morbidity was beyond the scope of this
study. A more comprehensive evaluation
of the health system structure should
take severe maternal and neonatal
morbidity into account.34 We found that
structural determinants have an impor-
tant impact on perinatal health in high-
income countries and also for low-risk
births. The results show the importance
of skilled birth attendance and warrant
attention to negative consequences of
reduced access to institutions. n

Acknowledgments
We thank Arild Osen at the Norwegian Institute
of Public Health for his assistance with the reg-
istry linkages and acknowledge the contribution
from Geir Egil Eide at the Center for Clinical
Research at Haukeland University Hospital to
the analyses of attributable risk. Bjørn Thorsda-
len at Statistics Norway and the Norwegian
Institute of Public Health provided valuable
assistance in the initial planning of the travel time
analyses. The study was approved by the
Regional Medical Ethical Committee for Western
Norway (REK-VEST 2010/3243) and was
exempted from the principle of individual
consent.

References
1. Perinatal and maternal outcomes by planned
place of birth for healthy women with low risk
pregnancies: the Birthplace in England national
prospective cohort study. BMJ 2011;343:
d7400.
2. Schroeder E, Petrou S, Patel N, et al. Cost
effectiveness of alternative planned places of
birth in woman at low risk of complications: ev-
idence from the Birthplace in England national
prospective cohort study. BMJ 2012;344:
e2292.

3. Heller G, Richardson DK, Schnell R,
Misselwitz B, Kunzel W, Schmidt S. Are we
regionalized enough? Early-neonatal deaths in
low-risk births by the size of delivery units in
Hesse, Germany 1990e1999. Int J Epidemiol
2002;31:1061-8.
4. Moster D, Lie RT, Markestad T. Relation be-
tween size of delivery unit and neonatal death in
low risk deliveries: population based study. Arch
Dis Child Fetal Neonatal Ed 1999;80:F221-5.
5. Tracy SK, Sullivan E, Dahlen H, Black D,
Wang YA, Tracy MB. Does size matter? A
population-based study of birth in lower volume
maternity hospitals for low risk women. BJOG
2006;113:86-96.
6. Snowden JM, Cheng YW, Kontgis CP,
Caughey AB. The association between hospital
obstetric volume and perinatal outcomes in
California. Am J Obstet Gynecol 2012;207:478.
e1-7.
7. Grunebaum A, McCullough LB, Sapra KJ,
et al. Early and total neonatal mortality in relation
to birth setting in the United States, 2006e2009.
Am J Obstet Gynecol 2014;211:390.e1-7.
8. Snowden JM, Tilden EL, Snyder J, Quigley B,
Caughey AB, Cheng YW. Planned out-of-
hospital birth and birth outcomes. N Engl J
Med 2015;373:2642-53.
9. Merlo J, Gerdtham UG, Eckerlund I, et al.
Hospital level of care and neonatal mortality in
low- and high-risk deliveries: reassessing the
question in Sweden by multilevel analysis. Med
Care 2005;43:1092-100.
10. Moster D, Lie RT, Markestad T. Neonatal
mortality rates in communities with small ma-
ternity units compared with those having larger
maternity units. BJOG 2001;108:904-9.
11. Blondel B, Drewniak N, Pilkington H,
Zeitlin J. Out-of-hospital births and the supply of
maternity units in France. Health Place 2011;17:
1170-3.
12. Hemminki E, Heino A, Gissler M. Should
births be centralised in higher level hospitals?
Experiences from regionalised health care in
Finland. BJOG 2011;118:1186-95.
13. Pilkington H, Blondel B, Papiernik E, et al.
Distribution of maternity units and spatial access
to specialised care for women delivering before
32 weeks of gestation in Europe. Health Place
2010;16:531-8.
14. Rayburn WF, Richards ME, Elwell EC.
Drive times to hospitals with perinatal care in
the United States. Obstet Gynecol 2012;119:
611-6.
15. Ravelli AC, Jager KJ, de Groot MH, et al.
Travel time from home to hospital and adverse
perinatal outcomes in women at term in the
Netherlands. BJOG 2011;118:457-65.
16. Engjom H, Morken NH, Norheim O,
Klungsoyr K. Availability and access in modern
obstetric care: a retrospective population-based
study. BJOG 2014;121:290-9.
17. Rasmussen S, Albrechtsen S, Irgens LM,
et al. Unexplained antepartum fetal death in
Norway, 1985e97: diagnostic validation and
some epidemiologic aspects. Acta Obstet
Gynecol Scand 2003;82:109-15.

ajog.org OBSTETRICS Original Research

AUGUST 2017 American Journal of Obstetrics & Gynecology 210.e8



18.World Health Organization, United Nations
Population Fund, UnitedNationsChildren’s Fund,
AvertingMaternal Death andDisability.Monitoring
emergency obstetric care—a handbook. Geneva
(Switzerland); 2009. ISBN: 978 92 4 154773 4.
19. Blix E, Huitfeldt AS, Oian P, Straume B,
KumleM.Outcomesof planned homebirths and
planned hospital births in low-risk women in
Norway between 1990 and 2007: a retrospec-
tive cohort study. Sex Reprod Healthc 2012;3:
147-53.
20. Elveg- the electronic road database. 2009.
Available at: http://www.kartverket.no/en/data/
Open-and-Free-geospatial-data-from-Norway/.
Accessed May 5, 2017.
21. Eide GE. Attributable fractions for partitioning
risk and evaluating disease prevention: a practical
guide. Clin Respir J 2008;2(Suppl 1):92-103.
22. Eide GE, Heuch I. Average attributable
fractions: a coherent theory for apportioning
excess risk to individual risk factors and sub-
populations. Biomed J 2006;48:820-37.
23. Skjaerven R, Gjessing HK, Bakketeig LS.
Birthweight by gestational age in Norway. Acta
Obstet Gynecol Scand 2000;79:440-9.
24. Pasupathy D,Wood AM, Pell JP, FlemingM,
Smith GC. Rates of and factors associated with
delivery-related perinatal death among term in-
fants in Scotland. JAMA 2009;302:660-8.
25. de Jonge A, Geerts CC, van der Goes BY,
Mol BW, Buitendijk SE, Nijhuis JG. Perinatal
mortality and morbidity up to 28 days after birth
among 743,070 low-risk planned home and
hospital births: a cohort study based on three
merged national perinatal databases. BJOG
2015;122:720-8.
26. Combier E, Charreire H, Le Vaillant M, et al.
Perinatal health inequalities and accessibility of
maternity services in a rural French region:

closing maternity units in Burgundy. Health
Place 2013;24:225-33.
27. Viisainen K, Gissler M, Hartikainen AL,
Hemminki E. Accidental out-of-hospital births in
Finland: incidence and geographical distribution
1963e1995. Acta Obstet Gynecol Scand
1999;78:372-8.
28. Poeran J, Borsboom GJ, de Graaf JP, et al.
Does centralisation of acute obstetric care
reduce intrapartum and first-week mortality? An
empirical study of over 1 million births in the
Netherlands. Health Policy 2014;117:28-38.
29. Luo ZC, Wilkins R. Degree of rural isolation
and birth outcomes. Paediatr Perinat Epidemiol
2008;22:341-9.
30. Alvik A, Heyerdahl S, Haldorsen T,
Lindemann R. Alcohol use before and during
pregnancy: a population-based study. Acta
Obstet Gynecol Scand 2006;85:1292-8.
31. Delvaux T, Buekens P. Disparity in prenatal
care in Europe. Study Group on Barriers and
Incentives to Prenatal Care in Europe. Eur J
Obstet Gynecol Reprod Biol 1999;83:185-90.
32. Pitchforth E, Watson V, Tucker J, et al.
Models of intrapartum care and women’s trade-
offs in remote and rural Scotland: a mixed-
methods study. BJOG 2008;115:560-9.
33. PilkingtonH,BlondelB,DrewniakN, Zeitlin J.
Choice in maternity care: associations with unit
supply, geographic accessibility and user char-
acteristics. Int J Health Geogr 2012;11:35.
34. Raven JH, Tolhurst RJ, Tang S, van den
BroekN.What is quality inmaternal and neonatal
health care? Midwifery 2012;28:e676-83.

Author and article information
From the Departments of Global Public Health and Pri-
mary Care (Drs Engjom, Morken, Norheim, and

Klungsøyr) and Clinical Medicine (Dr Morken), University
of Bergen, Bergen, Norway; Department of Population
Statistics, Statistics Norway (Mr Høydahl), Oslo, Norway;
Department for Research and Development, Haukeland
University Hospital, Bergen, Norway (Dr Norheim); and
The Medical Birth Registry of Norway, The Norwegian
Institute for Public Health (Dr Klungsøyr), Bergen, Norway.

Received Dec. 17, 2016; revised March 18, 2017;
accepted March 29, 2017.

The views expressed herein are those of the authors,
and the funders had no role in data collection, analysis,
and reporting.

This study was supported by several sources: the
Norwegian Western Regional Health Authority Research
Fund (to Ole Frithjof Norheim for the project, Priorities
Across Clinical Specialties) and from grants from the
Norwegian SIDS and Stillbirth Society (to Hilde Engjom),
the Norwegian Society for Gynecology and Obstetrics
(to Hilde Engjom), and the Department of Global Public
Health and Primary Care at the University of Bergen
(to Hilde Engjom).

The authors report no conflict of interest.
Present address for Dr Engjom: Department of Ob-

stetrics and Gynecology, Haukeland University Hospital,
Bergen, Norway.

Preliminary results have been described and pre-
sented in 3 scientific abstracts in 2015; the Nordic Epi
Conference by the Norwegian Epidemiology Association,
Oslo, Norway, Sept. 21e23, 2015, the FIGO World
Congress, Vancouver, BC, Canada, October 4e10,
2015, the annual meeting for the Norwegian Society for
Gynecologists and Obstetricians, Bergen, Norway,
October 22e23, 2015. The full study was presented in
an oral presentation at the World Congress of the Royal
College of Obstetricians and Gynaecologists, Birming-
ham, United Kingdom, June 20e23, 2016.

Corresponding author: Hilde Engjom, MD, DTM&H.
hilde.engjom@uib.no

Original Research OBSTETRICS ajog.org

210.e9 American Journal of Obstetrics & Gynecology AUGUST 2017



APPENDIX 1
Risk of unplanned delivery outside an institution and travel time to the nearest institution

Variables Category
Total
births

Unplanned
deliveries
outside
institution, n, %

Outside
institution
travel
zone >1 h, n, %

Outside
institution
travel
zone >2 h, n, %

Risk ratio (95% CI),
1e2 h vs <1 h

Risk ratio (95% CI),
>2 h vs <1 h

Overall 646,898 4546 (0.7) 844/25,494 (3.3) 246/5508 (4.5) 5.9 (5.4e6.4)a 8.0 (7.0e9.1)a

Gestational
age, wks

!37 600,582 4218 (0.7) 805/23 820 (3.4) 229/5107 (4.5) 6.1 (5.6e6.6) 8.1 (7.1e9.3)

<37 46,316 320 (0.7) 39/1717 (2.3) 17/407 (4.2) 3.8 (2.7e5.4) 7.0 (4.3e11.3)

Maternal
age, y

<20 15,295 86 (0.6) 22/933 (2.4) 12/263 (4.6) 6.6 (4.0e10.9) 12.7 (6.9e23.7)

20e35 521,941 3590 (0.7) 690/20,462 (3.4) 187/4318 (4.3) 6.2 (5.7e6.7) 8.0 (6.9e9.3)

>35 109,625 861 (0.8) 132/4099 (3.2) 47/927 (5.1) 4.9 (4.1e6.0) 7.6 (5.7e10.2)

Parity 1 or more 379,749 4076 (1.1) 771/16,780 (4.6) 219/3576 (6.1) 5.4 (4.9e5.8) 7.1 (6.2e8.2)

0 267,149 462 (0.2) 73/8714 (0.8) 27/1932 (1.4) 5.9 (4.6e7.6) 10.0 (6.8e14.8)

Education, y !11 498,143 3286 (0.7) 647/19,601 (3.3) 162/3875 (4.2) 6.3 (5.8e6.9) 8.0 (6.8e9.5)

<11 148,755 1252 (0.8) 197/5893 (3.3) 84/1633 (5.1) 4.9 (4.1e5.7) 7.5 (6.0e9.4)

Partner status Partner 593,783 4153 (0.7) 795/23,340 (3.4) 225/4941 (4.6) 6.2 (5.6e6.7) 9.0 (7.9e10.3)

Single 43,762 344 (0.8) 41/1848 (2.2) 21/487 (4.3) 3.3 (2.3e4.6) 6.6 (4.3e10.3)

Ethnicity Western 586,902 4099 (0.7) 801/24,372 (3.3) 223/5192 (4.3) 6.0 (5.5e6.5) 7.8 (6.8e9.0)

Non-Western 59,996 439 (0.7) 43/1122 (3.8) 23/316 (7.3) 6.0 (4.3e8.3) 11.4 (7.5e17.4)

Smoking Nonsmoker 436,983 2934 (0.7) 585/16,964 (3.5) 132/3246 (4.1) 6.5 (5.9e7.1) 7.6 (6.4e9.1)

No information 106,928 707 (0.7) 92 (3.0) 40 (4.6) 5.3 (4.2e6.6) 8.2 (6.0e11.2)

Any smoking 102,987 897 (0.9) 167/5411 (3.1) 74/1389 (5.3) 4.5 (3.8e5.4) 7.8 (6.2e9.9)

Chronic illness No 584,909 4156 (0.7) 778/22,928 (3.4) 231/4963 (4.7) 6.0 (5.6e6.5) 8.3 (7.2e9.5)

Yesb 61,987 382 (0.6) 66/2567 (2.6) 15/545 (2.8) 4.9 (3.8e6.5) 5.4 (3.1e9.3)

Plural Singleton 623,408 4479 (0.7) 836/24,651 (3.4) 246/5323 (4.6) 5.9 (5.5e6.4) 8.1 (7.1e9.3)

Multiple 23,490 59 (0.3) 8/843 (1.0) 0/185 4.2 (1.6e11.2) NA

Major
malformation

No 624,783 4421 (0.7) 822/24,611 (3.3) 243/5357 (4.9) 5.9 (5.5e6.4) 8.7 (7.7e9.9)

Eurocatc 22,115 117 (0.5) 22/885 (2.5) 3/151 (2.7) 5.7 (3.6e9.0) 6.1 (2.3e16.3)

SGA !10th percentile 591,419 4162 (0.7) 797/23,573 (3.4) 222/5048 (4.4) 6.1 (5.6e6.6) 8.7 (7.6e9.9)

<10th percentile 56,675 376 (0.7) 47/1961 (2.4) 24/465 (5.2) 4.1 (3.0e5.7) 9.2 (6.0e14.0)

Previous No 592,524 4368 (0.7) 819/23,072 (3.6) 241/4962 (4.9) 6.1 (5.6e6.5) 8.3 (7.3e9.5)

CD Yes 55,593 170 (0.3) 25/2422 (1.0) 5/546 (0.9) 3.9 (2.6e6.0) 3.4 (1.4e8.4)

Previous
stillbirth

No 554,536 3687 (0.7) 670/20,860 (3.2) 178/4343 (4.1) 6.0 (5.5e6.5) 7.7 (6.6e8.9)

Yesd 5488 29 (0.5) 5/241 (2.1) 2/21 (3.9) 4.9 (1.9e12.9) 9.2 (2.2e37.6)

Births were at gestational age!22 weeks or birthweight!500 g. Residence within the 1 hour travel zone to all institutions was used as reference. Data are from Statistics Norway and the Medical
Birth Registry of Norway, 1999e2009.

CD, cesarean delivery; CI, confidence interval.
a Relative risks are adjusted for clustering in the mother; b Athma, thyroid disease, rheumatoid artritis, epilepsy, chronic hypertension, chronic cardiac or renal disease, diabetes before or in
pregnancy; c Eurocat definitions of severe malformations (http://www.eurocat-network.eu/content/EUROCAT-Guide-1.4-Section-3.3.pdf); d Previous stillbirth at gestational age !24 weeks.
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Abstract  

Objective: To examine the association between availability of obstetric institutions 

and risk of eclampsia, HELLP-syndrome, or delivery before 35 gestational weeks in 

preeclamptic pregnancies 

 

Study design: National population-based retrospective cohort study of deliveries in 

Norway, 1999-2009 (n= 636738) using data from The Medical Birth Registry of 

Norway and Statistics Norway. Main exposures were institution availability, measured 

by travel time to the nearest obstetric institution, and place of delivery.  

We computed relative risks (RR) with 95 % confidence intervals (CI) using travel time 

≤1 hour as reference. We stratified analyses by parity and preeclampsia, and 

adjusted for socio-demographic and medical risk factors. Successive deliveries were 

linked using the national identification number.  

 

Results: We identified 1387 eclampsia/HELLP cases (0.2%) and 3004 (0.5%) 

deliveries before 35 weeks in preeclamptic pregnancies. Nulliparous women living  

>1 hour from any obstetric institution had 50% increased risk of eclampsia/HELLP 

(0.50 versus 0.35%, adjusted RR 1.5; 95 %CI 1.1-1.9). Parous women with 

preeclampsia and delivery after 35 gestational weeks living >1 hour from emergency 

institutions had a similar increased risk (1.8% versus 1.0%, adjusted RR 1.8; 1.0-

3.1). Women without present/previous preeclampsia constituted all eclampsia/HELLP 

cases in midwife-led institutions, 39%-50% of cases in emergency institutions, and 

78% of cases (135/173) in successive pregnancies. Women with risk factors 

delivered in the emergency institutions, indicating well-implemented selective referral.   
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Conclusion: the study shows the importance of available obstetric institutions. 

Policymakers and clinicians should consider the distribution of potential benefits and 

burdens when planning and evaluating the obstetric health service structure.  

 

Key words: Eclampsia, emergency obstetric care, health systems, HELLP-syndrome, 

preterm delivery 

 

Introduction  

Severe hypertensive complications in pregnancy remain one of the unsolved 

challenges in obstetric care globally.(1-3) Known risk factors and causes of 

preeclampsia include genetic factors, immunologic processes, socio-economic and 

environmental factors. Prevention strategies range from reduction of obesity and 

teenage pregnancies to individual approaches with targeted testing, medication and 

dietary supplements.(3-5) Severity has usually been defined by either systolic blood 

pressure above 160 mmHg, occurrence of seizures (eclampsia) or by liver-, platelet- 

and coagulation disturbance in HELLP-syndrome. Eclampsia and HELLP are 

associated with increased risk of pregnancy-related death and morbidity in infants 

and mothers, and long-term risk of maternal cardiovascular morbidity and death.(6-

12)  

 

While preeclampsia can be identified at antenatal visits, some women experience a 

sudden and rapid progression of severe disease at delivery.(13) Late care seeking 

and delays in diagnosis and management in obstetric institutions have been 

highlighted as risk factors for increased morbidity and mortality among women with 

preeclampsia.(13, 14) Treatment with magnesium-sulphate reduces the risk of 
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seizures, prevents recurrent seizures, and reduced the incidence of eclampsia.(15-

17) Definitive treatment is delivery when the woman has been stabilized, sometimes 

involving difficult considerations regarding maternal and fetal benefits and risks 

associated with preterm delivery.  

 

Previous research has aimed at identifying maternal factors predicting risk for 

progression of preeclampsia to severe morbidity or death.(18) Severe hypertensive 

complications were the major direct cause of maternal deaths in Norway with 6/14 

fatalities in 2005 to 2009 (19). Although the relation between health system factors 

and progression to severe morbidity has been acknowledged, it has been less 

studied than health interventions among women at risk.(20) The aim of the present 

study was to assess the risk of eclampsia, HELLP and delivery before 35 weeks in 

preeclamptic pregnancies by travel time to obstetric institutions and place of delivery.  

 

Material and methods 

Study design, setting and data sources 

We designed a retrospective population-based cohort study of all deliveries in 

Norway from 1999 to 2009 (n= 636 738). Data sources were the Medical Birth 

Registry of Norway (MBRN) and Statistics Norway (SN). Inclusion criteria were 

deliveries with gestational age ≥22 completed weeks or birth weight ≥500 grams. 

 

The MBRN has received mandatory standardized notifications of all live births and 

stillbirths (>16 weeks gestation) since 1967. The registry is routinely linked with the 

National Registry through the mother’s unique national identification number. This 

linkage provides identification numbers to all live births, ensures complete notification 
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to the MBRN and provides data on all dates of death. Registration of preeclampsia in 

the MBRN has been validated.(21, 22) Mild preeclampsia at term had lower 

ascertainment than more severe preeclampsia with preterm delivery and intrauterine 

growth restriction.(22) Over-reporting of eclampsia to the MBRN was identified 

following the introduction of a revised notification form in 1999,(13) and confirmed by 

the MBRN.(23) Consequently, all notifications of eclampsia and HELLP from 1999 

onwards were routinely verified through patient records.  

In the present study, linkage with the National Registry also provided data on each 

mother´s registered address. Since 2000, SN has assigned geographic coordinates 

to addresses, and updates addresses and coordinates yearly. The coverage of 

individual coordinates was 98% of all addresses in 2000, and 99% in 2010. 

 

Primary clinical outcomes 

The primary clinical outcomes were eclampsia, HELLP-syndrome, or delivery before 

35 gestational weeks in women with preeclampsia but no eclampsia or HELLP. 

Preeclampsia was defined as hypertension (≥140/90 mmHg) from 20 gestational 

weeks and either proteinuria ≥0.3 g/24 hours or urine dipstick protein ≥1+. Eclampsia 

was defined as generalized seizures in women with preeclampsia or pregnancy 

hypertension after exclusion of other causes of seizures. HELLP-syndrome was 

defined by intravascular hemolysis, elevated liver enzymes, and thrombocytopenia 

(<100 x109/L). National guidelines advises referral of deliveries prior to 35 gestational 

weeks to obstetric institutions with a paediatric ward.(24, 25) National clinical 

guidelines on management of hypertensive pregnancy complications was first 

published in 1995 and updated regularly.(26) In cases of severe early preeclampsia, 

preterm delivery may prevent clinical deterioration and development of eclampsia or 
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HELLP-syndrome. Accordingly, delivery before 35 weeks in preeclamptic women 

without eclampsia or HELLP was defined as a clinical outcome.  

 

Place of delivery 

Place of delivery was categorized according to institution function and volume. The 

WHO Handbook for Monitoring Emergency Obstetric and Newborn Care was used to 

categorize institutions by available treatment options.(27) Basic obstetric care (BOC) 

institutions provided midwife-led care for normal deliveries and intravenous 

administration of drugs and basic newborn resuscitation before transfer. Emergency 

obstetric and newborn care (EmONC) institutions provided intravenous 

administration of uterotonic drugs, antibiotics and magnesium sulphate, removal of 

placenta or retained products of conception, newborn resuscitation, assisted vaginal 

delivery, caesarean section, and blood transfusion. All EmONC institutions had an 

on-call obstetrician. EmONC institutions were further classified by annual volume of 

births (<500, 500-1499 and ≥1500). Institution closure or change in level of care was 

corrected at the start of each calendar year. Included institutions reported ≥10 births 

annually.  

 

Planned home deliveries and deliveries outside obstetric institutions 

Planned home deliveries (0.2%) and unplanned deliveries outside institution (0.7%) 

were rare, with no primary clinical outcomes, and all were excluded from further 

analyses (Figure 1).  

 

Travel time 
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Estimated travel time to the nearest obstetric institution was used to describe 

institution availability. A travel zone was defined as the geographic area in which all 

women were estimated to reach the nearest obstetric institution within the given time. 

Institutions were registered by geographic coordinates, and surrounding travel zones 

were calculated based on the Norwegian electronic road database.(28) Estimates 

were based on registered speed limits and standard duration of ferry/boat journeys 

and represented the minimum time for non-emergency transport. A merged area 

(polygon) was created for the travel zones (≤1 hour, >1 hour).  

The mother´s national identification number was used to link births in the MBRN to 

her registered address and coordinates (n= 617 654 births, 98.4%). For each 

delivery, the address was placed in a travel zone. Deliveries to women lacking 

coordinates were assigned to the travel zone of the majority of mothers in their 

municipality in the corresponding year (n= 9 601 deliveries, 1.5%). Few deliveries 

lacked both address coordinates and municipality (n= 389, 0.06%), and these were 

excluded (Figure 1).  

 

Sibling data 

By means of the national identification numbers, we also linked deliveries to the 

same mother (n= 410 841). 2 459 women (0.6%) lacked identification numbers and 

were not included. These analyses enabled assessment of how preeclampsia, 

eclampsia or HELLP in previous pregnancies influenced the primary outcome.  

 

Analyses  

The mother/delivery was the observation unit in all analyses. Cross-tables and 

generalized linear models were used to compute rates and relative risks (RR) with 



	 8	

95% confidence intervals (CI) using travel time ≤1 hour as reference. We stratified by 

parity and preeclampsia, and adjusted for the socio-demographic and maternal 

medical risk factors listed in footnotes to Tables 1 and 2 and described in 

supplementary table 1. When analysing overall risk of severe hypertensive 

complications, parity was included in the model (0/1+). We used sex-specific birth 

weight by gestational age z-scores (29) to identify misclassified gestational age  

(deliveries with z>4). If gestational age was misclassified (n= 19, 0.1%) or only birth 

weight was recorded, we categorized deliveries as occurring before 35 weeks if birth 

weight was two standard deviations or more below mean weight at 35 weeks  (males 

<2 020g, females <1 950g, n= 203, 1.2% of deliveries before 35 weeks).(29) We did 

sensitivity analyses by computing E-values to assess the robustness of the 

associations to unmeasured or uncontrolled confounders.(30) 

Travel zone analyses were performed with the GIS software Arc Info with 

Network Analyst (Environmental Systems Research Institute Inc. (Esri), California, 

USA). Statistical analyses were performed with SPSS (IBM SPSS Statistics for Mac, 

Version 22.0. IBM Corp., New York, USA) and STATA 14 IC (StataCorp LLC, Texas, 

USA.)  

 

Results 

Among 630 255 deliveries, we identified 1 387 (0.22%) women with 

eclampsia/HELLP and 3 004 (0.48%) deliveries before 35 weeks to women with 

preeclampsia and no eclampsia/ HELLP. The risk of preeclampsia was 5.6% among 

nulliparous women (n=14684) and 2.6% among parous women (n=9854). The risk of 

eclampsia/HELLP in nulliparous women was 0.35%, 0.17 % in women without 

preeclampsia and 3.5% in women with preeclampsia. In parous women the 
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corresponding risks were lower, 0.13 %, 0.07% and 2.1%, respectively. However, 

women without preeclampsia accounted for a major proportion of cases among 

parous (56%) and nulliparous (45%) women.  

 

Travel time to any obstetric institution 

Table 1 shows risk of hypertensive complications by travel time to all institutions, 

overall and stratified by parity and preeclampsia. The risk of eclampsia/HELLP was 

30% higher outside the 1-hour zone (adjusted RR 1.3; 1.05-1.7). Socio-demographic 

and medical risk factors had a similar distribution across travel zones (supplementary 

table 1). Women with longer travel time were more likely to deliver in the smallest 

institutions (supplementary table 2). 

Among nulliparous women, the risk of eclampsia/HELLP was 0.35%, and 

travel time >1 hour was associated with a 50% increased risk (adjusted RR 1.5; 1.1-

2.0). The risk increase was particularly high in women without preeclampsia 

(adjusted RR 1.7; 1.2-2.6). Only one case occurred in a BOC institution, and the risk 

increase associated with long travel time was similar across the different EmONC 

volume categories (supplementary table 3). Among parous women, travel time was 

not associated with increased risk of eclampsia/HELLP.  

 

Travel time to EmONC institutions 

Table 2 shows severe hypertensive complications by travel time to EmONC 

institutions. The overall risk increased by 30% outside the 1-hour zone, and the risk 

increase was similar across the institution volume categories (supplementary table 

3). In nulliparous women, travel time >1 hour was associated with a 40% increase in 

risk of eclampsia/HELLP, while there was no risk increase among parous women.  
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However, for parous women with preeclampsia and delivery after 35 weeks, the risk 

of eclampsia/HELLP was almost doubled outside the 1-hour zone (1.8 versus 1.0%, 

adjusted RR 1.8; 1.01-3.1, data not tabulated).  

 

Delivery prior to 35 weeks in women with preeclampsia and no 

eclampsia/HELLP 

Delivery prior to 35 weeks in women with preeclampsia occurred in 0.6% of 

nulliparous women outside the 1-hour zone to any institution versus 0.7% within the 

1-hour zone (adjusted RR 0.8; 0.6-1.1, Table 1). The corresponding risks in parous 

women were 0.32% versus 0.34% (adjusted RR 0.9; 0.7-1.2). Similar risks and RR 

estimates were found for EmONC institutions (Table 2).  

 

Hypertensive complications and place of delivery 

Women with preeclampsia who developed eclampsia/HELLP received care in 

EmONC institutions with >500 births annually (Table 3). All eclampsia/HELLP cases 

in BOC institutions occurred in women without preeclampsia. In EmONC institutions, 

42% of cases delivering after 35 weeks did not have preeclampsia.  

Women with preeclampsia who delivered before 35 weeks constituted nearly 

20% of all deliveries before 35 weeks. These women delivered in EmONC institutions 

with more than 500 births annually. 

 

Hypertensive complications in successive pregnancies 

Among 260388 women who delivered a first infant in the study period, 138111 had a 

second and 27787 a third delivery (Figure 2). We defined previous preeclampsia as 

preeclampsia, eclampsia or HELLP in a previous pregnancy. Among women with 
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previous preeclampsia, there were 38 eclampsia/HELLP cases; 36 (0.5%) at second 

and 2 (0.4%) at third delivery. 37 deliveries took place in the largest EmONC 

institution categories.  

 

Among women without previous preeclampsia the risk of eclampsia/HELLP in the 

second or third pregnancy was 0.1%. These 135 women accounted for all 

eclampsia/HELLP cases in BOC institutions, 92% (11/12) of cases in EmONC 

institutions <500/year and a majority of cases in the remaining EmONC categories 

(89% (40/45) and 74% (83/112) respectively, not tabulated).  

 

Discussion 

Principal findings 

Nulliparous women living outside the 1-hour travel zone to all obstetric institutions 

had a 50% increased risk of eclampsia/ HELLP. This risk was also increased in 

parous women with preeclampsia and travel time >1 hour to EmONC institutions, if 

delivery occurred after 35 weeks.   

All eclampsia/HELLP cases occurring in BOC institutions were women without 

preeclampsia in the present or previous pregnancies. Although previous 

preeclampsia was a risk factor for eclampsia/HELLP in later pregnancies, the 

majority of cases occurred in women without previous preeclampsia. 

  Deliveries prior to 35 gestational weeks in women with preeclampsia, 

eclampsia or HELLP took place in EmONC institutions with paediatric services, and 

all women with previous preeclampsia delivered in EmONC institutions. This 

indicates adherence to national guidelines for referral. 
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A strength of this population-based cohort study was estimation of individual travel 

time to the nearest obstetric institution by using updated address coordinates. 

Because of the large study population we could study rare clinical outcomes, perform 

stratified analyses and adjust for a range of potential confounders. In contrast to 

other studies using hospital discharge data we had verified information about 

eclampsia and HELLP,(31, 32) and the registration of preeclampsia had been 

validated. The long observation time enabled analysis of outcomes in successive 

pregnancies for all women, and was not restricted to women with preeclampsia in the 

first pregnancy.  

The possibility of registry linkage and unique individual travel distance data 

constituted the major scientific achievement of this study. These linkages and 

estimations required considerable time before the final dataset was available in 2015. 

The study was, however, based on extensive national population data and the 

complete birth population was described, thus avoiding the selection bias often found 

in previous hospital-based studies. Although 2009 was our most recent year of 

deliveries, the dataset is representative for the present institutional structure in 

Norway (http://statistikkbank.fhi.no/mfr/).  

 

Limitations 

The study lacked information about some risk factors, such as obesity. However, 

obesity increases with parity and our results showed the highest increase in risk of 

eclampsia/HELLP related to travel time in nulliparous women. The socio-

demographic and medical risk factors were distributed similarly (supplementary table 

1), and adjustment did not change the relative risk associated with longer travel time. 

Chronic renal disease was rare, did not change the estimates, and was removed 
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from the model. No eclampsia/HELLP cases occurred in the 340 women with 

systemic lupus erytematosus.(33)  

We used sensitivity analyses and calculated E-values to assess the 

robustness of the observed associations.(30) The E-value for eclampsia/HELLP in 

nulliparous women with travel time >1 hour was 2.4 (95%CI 1.3-3.4). Similarly the E-

value for eclampsia/HELLP in parous women with preeclampsia and delivery after 35 

weeks was 3.0 (95% CI 1.1-3.8). Thus, to explain the associations found in the 

present study, an unmeasured confounder would need to be associated with the both 

the exposure and the clinical outcome by a risk ratio of at least 2.4 and 3. 

Although all eclampsia and HELLP cases notified to the MBRN were verified, 

we cannot rule out false negative cases. However, underreporting is not likely to be 

linked to women´s travel time.  The model for travel time estimates did not take into 

account seasonal variations in driving conditions, temporary route changes or 

harbour waiting times and may have underestimated actual travel time. Travel time 

categories were used to describe availability of obstetric institutions and were 

adapted to the Norwegian setting where alternative obstetric institutions rarely would 

be available within the 1-hour travel zone.  

 

The absolute risk of hypertensive complications varied with gestational age, parity 

and whether the mother had preeclampsia. Women with medical risk factors 

delivered in the larger EmONC institutions, and selective referral appeared to be well 

implemented. A previous US study has reported an association between low hospital 

obstetric volume and increased risk of postpartum complications, but included non-

obstetric institutions and did not address hypertensive complications.(34) By 

classifying the obstetric institutions according to both function and volume, we were 
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able to discriminate between the emergency services provided and exclude non-

obstetric institutions. Emergency obstetric care in Norway has a tiered organisation 

with increasing subspecialisation following increasing annual volume comparable to 

other high-income settings.(35, 36) Prenatal care is provided in the community health 

services and is very well attended.(37) All health care during pregnancy is free of 

charge, including emergency transport with car- or air-ambulance.(38) Low 

differences in risk related to travel time among high-risk women may indicate that 

available and responsive emergency services mitigate differences in outcome for 

these women. Longer travel time was associated with increased risk in groups with 

low absolute risk. Our study cannot identify the causal chain of events in these 

deliveries. However, available obstetric institutions appear to play an important role 

to reduce the risk.  

 

Prediction models using symptoms and laboratory findings may be helpful in 

identifying short-term risk of rapid progression to severe morbidity in women with 

preeclampsia.(39) However, our study calls for caution if prediction of risk is based 

on preeclampsia alone. Previous studies from the US reported few women with 

diagnosed preeclampsia among eclampsia cases, and identified delays in recognition 

of symptoms, care seeking, and diagnosis and treatment.(40, 41) In our study, the 

proportion of women with eclampsia/HELLP and preeclampsia differed by gestational 

age, and more than 50% of cases occurring after 35 weeks did not have 

preeclampsia. Preeclampsia incidence in Norway has been comparable to other 

high-income settings.(42) Despite potential underreporting of mild preeclampsia at 

term, our results are comparable to previous reports where 42% of the women had 
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preeclampsia prior to eclampsia.(43) This illustrates potential shortcomings in the 

“linear” preeclampsia to eclampsia approach.(41)  

 

Similarly, previous preeclampsia was a risk factor for eclampsia/HELLP in the 

present pregnancy, but the majority of parous women with eclampsia/HELLP did not 

have previous preeclampsia. Improved monitoring of women with preeclampsia and 

timely delivery may reduce the risk of complications in pregnancies with 

preeclampsia.(17) The delivery rate before 35 weeks in nulliparous women with 

preeclampsia was slightly lower outside the 1-hour travel zone, concomitant higher 

risk of eclampsia/ HELLP may indicate barriers to adequate and timely health 

services in rural areas. Similarly, parous women with preeclampsia who delivered 

after 35 weeks had a low absolute risk of eclampsia/HELLP, but the risk was higher 

outside the 1-hour travel zone to EmONC institutions. When counselling these 

women, clinicians need to discuss potential benefits and disadvantages of planned 

early delivery or closer monitoring.(44) 

 

In conclusion, the study shows the importance of available obstetric institutions also 

in a high-income country. Policymakers need to consider the distribution of potential 

benefits and burdens when planning and evaluating the obstetric health service 

structure.  
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Figure legends 

Figure 1. Study population flow chart. 

Figure 2. Successive deliveries for women who had a first delivery in the study 
period. Eclampsia or HELLP-syndrome, and delivery before 35 weeks in pregnancies 
with preeclampsia but no eclampsia or HELLP, by preeclampsia in first pregnancy or 
previous delivery with preeclampsia, eclampsia, or HELLP. Norway 1999-2009.  
Data from the Medical Birth Registry of Norway.  
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Table	1.	Travel	time	to	any	obstetric	institution	and	severe	hypertensive	complications,	overall	

and	stratified	by	parity	and	preeclampsia.	Norway,	1999-2009. 

 Total	
N	(%) 

<1	hour	
N	(%) 

≥	1hour	
N	(%) 

RR	≥1	hour	
(95%	CI)a 

RR	adjusted	
(95%	CI)b 

All	deliveries 630	255 600	872 29	364   

Eclampsia/HELLP	
(E/H)	total	

1	387	(0.22) 1	309	(0.22) 78	(0.27) 1.2	(0.97-1.5) 1.3	(1.05-1.7) 

Delivery	<35	weeks	
and	preeclampsia	
(PE)	

3004	(0.48) 2	887	(0.48) 117	(0.40) 0.9	(0.7	-1.0) 0.9	(0.7	-1.05) 

  Nulliparous    

Deliveries 261	310 250	932 10	378   

Eclampsia/HELLP	
total 

918	(0.35) 866	(0.35) 52	(0.50) 1.5	(1.1-1.9) 1.5	(1.1-2.0) 

E/H	and	PE 510	(3.5) 484	(3.45) 26	(3.93) 1.1	(0.8-1.7) 1.2	(0.8-1.7) 

E/H	and	no	PE 408	(0.17) 382	(0.16) 26	(0.26) 1.7	(1.2-2.5) 1.7	(1.1-2.6) 

Delivery	<35	weeks	
and	PE 

1	763	(0.68) 1	706	(0.68) 57	(0.55) 0.8	(0.6-1.05) 0.8	(0.6-1.07) 

  Parous    

Deliveries 368	945 349	940 19	005   

Eclampsia/HELLP	
total 

469	(0.13) 443	(0.13) 26	(0.14) 1.1	(0.7	-1.6) 1.1	(0.7	-1.6) 

E/H	and	PE 207	(2.1) 191	(2.06) 16	(2.8) 1.4	(0.8-2.3) 1.4	(0.8-2.3) 

E/H	and	no	PE 262	(0.07) 252	(0.07) 10	(0.05) 0.7	(0.4-1.3) 0.7	(0.4-1.4) 

Delivery	<35	weeks	
and	PE 

1	241	(0.34) 1	181	(0.34) 60	(0.32) 0.9	(0.7	-1.2) 0.9	(0.7	-1.2) 

a	Relative	risks	using	travel	time	<1	hour	as	reference.	
b	Relative	risk	adjusted	for		maternal	age	(<20	years,	20-34	(reference),	35+),	partner	status	(living	with	
partner/single),	maternal	education	(<11	years/	11years	or	more),	chronic	hypertension	(yes/no),	
diabetes	(yes/no),	smoking	(yes/no	info/no),	and	time	period	(1999-2004/2005-2009).	
	
Data	from	the	Medical	Birth	Registry	of	Norway	and	Statistics	Norway	
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Table	2.	Travel	time	to	the	nearest	EmONC	institution	and	severe	hypertensive	complications,	

overall	and	stratified	by	parity	and	preeclampsia.	Norway,	1999-2009.	

 
Total	
(%) 

<1	hour	
N	(%) 

≥1hour	
N	(%) 

RR		(95%	CI)	
≥1	hour	
crudea 

RR	(95%	CI)	
≥	1	hour	
adjustedb 

All	deliveries 630	255 577	608 52	647   

Eclampsia/HELLP	
(E/H) 

1	387	(0.22) 1	250	(0.22) 137	(0.26) 1.2	(1.01-1.4) 1.3	(1.1-1.6) 

Delivery	<35	weeks	
and	preeclampsia	
(PE) 

3	004	(17.8) 2	789	(0.48) 215	(0.41) 0.9	(0.8-1.0) 0.9	(0.8-1.0) 

  Nulliparous    

Deliveries 261	310 242	515 18	795   

Eclampsia/HELLP 918	(0.35) 833	(0.35) 85	(0.45) 1.3	(1.05-1.6) 1.4	(1.1-1.7) 
E/H	and	PE	 510	(3.47)	 467	(3.4)	 43	(3.8)	 1.1	(0.8-1.5)	 1.1	(0.8-1.5)	
E/H	and	no	PE	 408	(0.17)	 366	(0.16)	 42	(0.24)	 1.5	(1.1-2.1)	 1.6	(1.1-2.2)	
Delivery		<35	weeks	
and	PE	

1	763	(0.68)	 1	656	(0.68)	 107	(0.57)	 0.8	(0.7-1.0)	 0.85	(0.7-1.04)	

	 	 Parous	
	
	

	 	

Deliveries	 368	945	 335	093	 33	852	 	 	
Eclampsia/HELLP	 469	(0.13)	 417	(0.12)	 52	(0.15)	 1.23	(0.9-1.6)	 1.26	(0.9-1.7)	
EH	and	PE	 207	(2.1)	 181	(2.03)	 26	(2.7)	 1.32	(0.9-2.0)	 1.37	(0.9-2.1)	
EH	and	no	PE	 262	(0.07)	 236	(0.07)	 26	(0.08)	 1.06	(0.7-1.6)	 1.1	(0.7-1.7)	
Delivery	<	35	weeks	
and	PE	

1	241	(0.3)	 1	133	(0.34)	 108	(0.32)	 0.94	(0.8-1.1)	 0.95	(0.8-1.2)	

a	Relative	risks	using	travel	time	<1	hour	as	reference.		
b	Relative	risk	adjusted	for	maternal	age	(<20	years,	20-34	(reference),	35+),	partner	status	(living	with	
partner/single),	maternal	education	(<11	years/	11years	or	more),	chronic	hypertension	(yes/no),	diabetes	
(yes/no),	smoking	(yes/no	info/no),	and	time	period	(1999-2004/2005-2009).	
	
Data	from	the	Medical	Birth	Registry	of	Norway	and	Statistics	Norway	
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Table	3.	Hypertensive	complications	by	place	of	delivery	and	preeclampsia,	total	and	stratified	by	

35	weeks	gestational	age.	Norway,	1999-2009.	

	

Pre-	
eclampsia	
No/Yes	

Total	
N	(%)	

BOC	
N	(%)	

EmONC	
<500	
N	(%)	

EmONC	
500-1499	
N	(%)	

EmONC	
≥	1500	
N	(%)	

Deliveries	 	 630	255	 9	474	 54	844	 146	528	 419	409	
Eclampsia	
/HELLP	

	 1	387	(0.22)	 7	(0.07)	 68	(0.12)	 381	(0.26)	 931	(0.22)	

Delivery	<35	
weeks	and	
PE	

	 3004	(0.48)	 0	 20	(0.04)	 578	(0.39)	 2	406	(0.6)	

≥	35	weeks	 	 612	986	 9	438	 54	479	 142	929	 406	140	
≥35	and	PE	
	

	 20	793	(3.4)	 50	(0.5)	 1	708	(3.1)	 4	958	(3.5)	 14	077	(3.5)	

Eclampsia/	
HELLP	

	 886		(0.14)	 7	(0.07)	 67	(0.12)	 252	(0.18)	 560	(0.14)	
No	(%)a	 517	(58.4)	a	 7	 26	(38.8)	a	 165	(65.5)	a	 319	(57.0)	a	
Yes	(%)a	 369	(41.6)	a	 0	 41	(61.2)	a	 87	(34.5)	a	 241	(43.0)	a	

<35	weeks	
	

	
17	269	 36	 365	 3	599	 13	269	

<35	weeks	
and	PE	

	 3	004	(17.6)	 0	 20	(5.5)	 578	(16.4)	 2	406	(18.5)	

Eclampsia	
or	HELLP	

	 501	(2.9)	 0	 1	(0.3)	 129	(3.6)	 371	(2.8)	
No	(%)a	 153	(30.5)	a	 0	 1	(0.3)	a	 50	(38.8)	a	 102	(27.5)	a	
Yes	(%)a	 348	(69.4)	a	 0	 0	 79	(61.2)	a	 269	(72.5)	a	

a	percentage	of	eclampsia	and	HELLP	cases	with	or	without	preeclampsia	
Data	from	the	Medical	Birth	Registry	of	Norway	
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Online	supplementary	1.	Socio-demographic	variables,	maternal	medical	risk	factors	and	
travel	time	to	the	nearest	obstetric	institution.		
Deliveries	in	obstetric	institutions,	Norway	1999	to	2009.		

	 	
	 All	institutions	 EmONC	institutions	

Covariates	 category	
Travel	time		
<1	hour	
n	(%)	

Travel	time		
≥1	hour	
n	(%)	

Travel	time		
<	1	hour	
n	(%)	

Travel	time		
≥1	hour	
n	(%)	

Maternal	age		 mean	+/-
sd	 29.5	+/-5.1	 28.9	+/-5.4	 29.5	+/-5.1	 29.0	+/-	5.4	

	 <20	 13	942	(2.3)	 1	154	(3.9)	 13	023	(2.3)	 2	073	(3.9)	

	 20-34	 485	692	(80.8)	 23	492	(80.0)	 467	224	(80.9)	 41	960	(79.7)	

	 ≥35	 101	204	(16.8)	 4	737	(16.1)	 97	328	(16.9)	 8	613	(16.4)	

Education		 ≥11	 462	926	(77.0)	 22	249	(75.7)	 445	183	(77.1)	 39	992	(76.0)	

years	 <11	 132	946	(23.0)	 7	134	(24.3)	 132	475	(22.9)	 12	655	(24.0)	
Smoking	

	 no	 406	602	(67.7)	 19	128	(65.1)	 391	244	(67.7)	 34	486	(65.5)	

	 no	infoa	 100	381	(16.7)	 3	796	(12.9)	 97	183	(16.8)	 6	994	(13.3)	

	 yes	 93	889	(15.6)	 6	459	(22.0)	 89	181	(15.4)	 11	167	(21.2)	
Partner	status	

	 partner	 551	517	(93.1)	 26	766	(92.3)	 530	100	(93.2)	 48	183	(92.6)	

	 single	 40	594	(6.9)	 2	246	(7.7)	 39	009	(6.9)	 3	831	(7.4)	

Diabetesb	 no	 590	447	(98.3)	 28	882	(98.3)	 567	562	(98.3)	 51	767	(98.3)	

	 yes	 10	425	(1.7)	 501	(1.7)	 10	046	(1.7)	 880	(1.7)	
Chronic	

hypertension	 no	 597	582	(99.5)	 29	152	(99.2)	 574	491	(99.5)	 52	243	(99.2)	

	 yes	 3	290	(0.6)	 231	(0.8)	 3	117	(0.5)	 404	(0.8)	

Gestational	age	
at	delivery	

≥35	
weeks	 584	366	(97.3)	 28	620	(97.4)	 561	714	(97.3)	 51	272	(97.4)	
<35	
weeks	 16	506	(2.8)	 763		(2.6)	 15	894	(2.8)	 1	375	(2.6)	

Etnicity	 Western	 	543	495	(90.5)	 28	019	(95.4)	 521	351	(90.3)	 50	163	(95.3)	

	 Non-
Western	 57	377	(9.6)	 1	364	(4.6)	 56	257	(9.7)	 2	484	(4.7)	

a	Women	can	opt-out	from	registration	of	information	about	smoking.		
b	Insulin	dependent	diabetes	or	non-insulin	dependent	diabetes	prior	 to	pregnancy,	and	gestational	
diabetes.		
	
Data	from	the	Medical	Birth	Registry	of	Norway	and	Statistics	Norway.		
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Online	supplementary	2.	Travel	time	to	all	obstetric	institutions	and	the	nearest	emergency	obstetric	

and	newborn	care	(EmONC)	institution	by	place	of	delivery.	Norway	1999-2009.	

	

Travel	
time	
(hour)	

Total	
	

N	(%)	

BOC	
	

N	(%)	

EmONC	
<500	
N	(%)	

EmONC	
500-1499	
N	(%)	

EmONC	
≥	1500	
N	(%)	

Total	
Deliveriesa	

	
	

630	255	 9474	 54	884	 146	528	 419	409	

Allb	 ≤1	 600	872(95.3)	 8	627	(91.1)	 45	834	(83.6)	 130	546	(91.2)	
412	865	
(98.4)	

institutions	 1-2	 24	217	(3.8)	 785	(8.3)	 6	185	(11.3)	 11	169	(7.6)	 6	078	(1.5)	

	 >2	 5	166	(0.8)	 62	(0.7)	 2	825	(5.2)	 1	813	(1.2)	 466	(0.1)	

EmONCc	 ≤1	 577	608	(91.7)	 1	184	(12.5)	 42	973	(78.4)	 124	982	(85.3)	
408	

469(97.4)	

institutions	 1-2	 38	438	(6.1)	 5	142	(54.3)	 8	026	(14.6)	 16600	(11.3)	 8	670	(2.1)	

	 >2	 14	209	(2.3)	 3	148	(33.2)	 3	845	(7.0)	 4	946	(3.4)	 2	270	(0.5)	

aAll	deliveries	at	gestational	week	22	to	45.	Planned	home	deliveries,	unplanned	deliveries	outside	institution,	
and	deliveries	lacking	travel	zone	information	were	excluded	(n=6	160)		
b	Travel	time	to	the	nearest	obstetric	institution	of	any	category	
c	Travel	time	to	the	nearest	EmONC	institution.	
Data	from	the	Medical	Birth	Registry	of	Norway	and	Statistics	Norway	
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Online	supplementary	3.		Risk	of	eclampsia	or	HELLP	by	travel	time	to	obstetric	institutions,	stratified	by	parity	
and	EmONC	volume	category.	
Norway	1999-2009 
Institution	
Volume	
category	

Deliveries	 Eclampsia	
HELLP	
	
	
	
N	total		
(risk	%)	

Eclampsia	
HELLP		
travel	time	
	≥	1	hour		
to	all	
institution
s	N	(risk	
%)	

Relative	
risk	
crude	

Relative	
risk	
adjusteda	

Eclampsia	
HELLP		
travel	time	
≥1	hour		
to	EmONC	
institutions	
N	(risk	%)	

Relative	
risk	crude	

Relative	
risk	
adjusteda	

Nulliparous	
	
EmONC	<500	

20	126	 43	(0.21)	 9	(0.29)	 1.4	(0.7-
3.0)	

1.3	(0.6-
2.8)	 12	(0.27)	 1.4	(0.7-

3.0)	
1.3	(0.4-
2.5)	

EmONC		
500-1499	 57	285	 245	(0.43)	 29	(0.63)	 1.	5	(1.1-

2.3)	
1.6	(1.04-
2.3)	 50	(0.59)	 1.5	(1.1-

2.0)	
1.5	(1.1-
2.0)	

EmONC	≥1500	
182	217	 629	(0.35)	 14	(0.56)	 1.6	(0.97-

2.8)	
1.7	(0.98-
2.8)	 22	(0.50)	 1.5	(0.95-

2.2)	
1.5	(0.97-
2.3)	

Parous	
	 	 	
EmONC	<500	

34	718	 25	(0.07)	 7	(0.12)	 1.9	(0.8-
4.6)	

1.6	(0.6-
4.1)	 9	(0.12)	 2.1	(0.9-

4.7)	
1.8	(0.8-
4.2)	

EmONC		
500-1499	 89	243	 136	(0.15)	 10	(0.12)	 0.8	(0.4-

1.5)	
0.8	(0.4-
1.5)	 24	(0.18)	 1.2	(0.8-

1.9)	
1.2	(0.8-
1.9)	

EmONC	≥1500	
237	192	 302	(0.13)	 9	(0.22)	 1.8	(0.9-

3.4)	
1.6	(0.9-
2.8)	 13	(0.20)	 1.6	(0.9-

2.8)	
1.6	(0.9-
2.8)	

	a	Relative	risk	adjusted	for	maternal	age,	eduation	level,	partner	status,	chronic	hypertension,	diabetes,	smoking,	time	
period	
Data	from	the	Medical	Birth	Registry	of	Norway	and	Statistics	Norway.		

 

 

 

 

 

 

	
 

 

 



 

Study population Flow Diagram 

Notified deliveries 1999 to 2009 
(n=636 738) 

Planned home deliveries  
(n= 1 252) 
Unplanned deliveries outside 
institution (n= 4 519) 
 
 

Hypertensive 
complications and place of 
birth in deliveries ≥ 35 
weeks (n= 612 986) 
 

 

Hypertensive complications and 
travel zone 

 (n= 630 255) 

 

Selection	

Analysis	

Source	population	

Adapted from http://www.consort-statement.org/consort-statement/flow-diagram 

Lacking address coordinates and 
municipality (n= 389)  

Hypertensive 
complications and place of 
birth in deliveries < 35 
weeks (n=17 269)  

Hypertensive complications and 
place of birth   
(n=630 255) 
 

	

 Gestation age >= 45 weeks or <22 
weeks, or uncertain sex (n= 323) 

Hypertensive complications and 
travel zone   
Deliveries with geographic coordinates 
(n=617 654) 
Deliveries with municipality   
(n= 9 601) 

Travel zone and birthplace       
(n= 630 255) 



	First	delivery	
N=	260	388	
	

Second	delivery	
N=	138	111	

Third	delivery	
N=	27	787	

Eclampsia/HELLP	
508	(3.5%)	

	
Delivery	<35	weeks	
1	766	(12.5%)	

Eclampsia/HELLP	
407	(0.2%)	

	
	
	

Eclampsia/HELLP	
36	(0.5%)	

	
Delivery	<35	weeks	

	187	(2.4%)		

Eclampsia/HELLP	
112	(0.1%)	

	
Delivery	<35	weeks	

194	(0.1%)	
	

Eclampsia/HELLP	
2	(0.4%)	

	
Delivery	<35	weeks	

25	(4.5%)	
	

Eclampsia/HELLP	
23	(0.1%)	

	
Delivery	<35	weeks	

44	(0.2%)	
	

Figure	2.	Successive	deliveries	for	women	who	had	a	first	delivery	in	the	study	period.		
Eclampsia	or	HELLP-syndrome,	and	delivery	before	35	weeks	in	pregnancies	with	
preeclampsia	but	no	eclampsia	or	HELLP,	by	preeclampsia	in	first	pregnancy	or	previous	
delivery	with	preeclampsia,	eclampsia	or	HELLP.	Norway	1999-2009.		
Data	from	the	Medical	Birth	Registry	of	Norway.		

Preeclampsia	in		
first	delivery	
N=		14	656	

	

No	preeclampsia	in	
first	delivery		
N=	245	732		

	

No	previous	
preeclampsia	
N=	130	386	

No	previous	
preeclampsia	
N=27	234	

	

Previous		
preeclampsia	
N=	553	

	

Previous		
preeclampsia	
N=	7	225	
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