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Ágrip 

Bakgrunnur 

Tíðni fyrirburafæðinga í heiminum hefur farið hækkandi, aðallega vegna fjölgunar síðfyrirburafæðinga 

vegna inngrips (iatrogenic). Ekki er ljóst hvort tíðni fyrirburafæðinga á Íslandi hafi fylgt sama mynstri. 

Markmið þessarar rannsóknar var að meta tíðni fyrirburafæðinga á Íslandi frá 1997 til 2016 eftir 

tegundum fyrirburafæðinga.  

Aðferð 

Þessi rannsókn náði yfir öll lifandi fædd börn 1997-2016 úr gögnum Fæðingaskrár Embættis 

landlæknis. Tíðni fyrirburafæðinga var reiknuð fyrir hvert ár og lagskipt eftir meðgöngulengd og tegund 

fyrirburafæðingar. Hætta á fyrirburafæðingu eftir tímabilum var fengin með Poisson aðhvarfsgreiningu 

og leiðrétt fyrir lýðfræðilegum breytum. ICD-10 kóðar í Fæðingarskrá voru notaðir til að meta 

læknisfræðilegar ábendingar fyrirburafæðinga .  

Niðurstöður 

Heildarþýðið voru 87.076 nýburar, þar af 4.986 (5,7%) fyrirburar. Tíðni fyrirburafæðinga jókst örlítið 

milli 1997 og 2016, úr 5,3% í 6,1%. Tíðni síðfyrirbura (34v0d-36v6d) jókst marktækt, frá 3,7% til 4,5% 

af öllum fæðingum (LÁH=1,26, ÖB=1,15-1,40). Tíðni fæðinga fyrir tímann vegna inngrips  (af öllum 

fyrirburafæðingum) tvöfaldaðist frá 20% á árunum 1997-2001 í 43% árin 2012-2016, jafnvel eftir 

leiðréttingu fyrir læknisfræðilegum ábendingum, (LÁH=2,40, ÖB=2,06-2,80). Tíðni fyrirburafæðinga 

þar sem hríðir hefjast sjálfkrafa (spontaneous) lækkaði á rannsóknartímabilinu (LRR=0,63, ÖB=0,56-

0,72) og tíðni fyrirburafæðinga þar sem legvatn fer fyrir tímann áður en hríðir hefjast (PPROM) jókst 

smávegis (LRR=1,31, ÖB=1,11-1,54). Merki um vanda fósturs var sú ábending sem oftast fannst fyrir 

fyrirburafæðingum vegna inngrips  (26,2%), sem minnkaði þó á rannsóknartímabilinu (32,6%-25,3%).  

Ályktanir 

Tíðni fyrirburafæðinga er lág á Íslandi en jókst smávegis milli 1997 og 2016, líklega vegna aukningar í 

síðfyrirburafæðingum af læknisfræðilegum ástæðum. Aukningin í fyrirburafæðingum vegna inngripa 

var marktæk þrátt fyrir að leiðrétt væri fyrir ábendingum fyrirburafæðinganna. Þetta bendir til þess að 

aðrir þættir en læknisfræðilegar ábendingar hafi haft áhrif á aukningu fyrirburafæðinga vegna inngripa 

á Íslandi.  
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Abstract 

Introduction 

The frequency of preterm births has been increasing globally, mainly due to a rise in iatrogenic late 

preterm births. It is not well known if the prevalence of preterm births in Iceland has been following a 

similar trend. The aim of this study was to assess the prevalence of preterm births in Iceland during 

1997-2016 by type of preterm birth. 

Methods 

This study included all live-births in Iceland during 1997-2016 identified from the Icelandic Medical 

Birth Registry. Rates of preterm births were calculated each year and stratified by gestational age 

groups and type of preterm birth. Risk of preterm birth by time period was assessed with Poisson 

regression models adjusted for demographic variables. Indications for iatrogenic births were identified 

using ICD-10 codes. 

Results 

The study population included 87,076 infants, of which 4,986 (5.7%) were preterm. The preterm birth 

rate increased from 5.3 to 6.1% (ARR=1.16, CI=1.07-1.26) between 1997-2001 to 2012-2016. The 

rate of late preterm births (of all births, 34w0d-36w6d), increased significantly: 3.7% to 4.5% 

(ARR=1.26, CI=1.15-1.40). The rate of iatrogenic preterm births (of all preterm births) doubled, from 

20% in 1997-2001 to 43% in 2012-2016, even after adjustment for medical indications (ARR=2.40, 

CI=2.06-2.80). Spontaneous preterm births decreased during the study period (ARR=0.63, CI=0.56-

0.72) and PPROMs increased slightly (ARR=1.31, CI=1.11-1.54). The largest contributing indication 

for iatrogenic births were fetal indications (26.2%), which decreased during the study period (32.6%-

25.3%). 

Conclusions 

Preterm birth rates are low in Iceland, however increased slightly between 1997 and 2016. This may 

have been due to an increase in late and iatrogenic preterm births. The increase in iatrogenic preterm 

births remained significant after adjusting for medical indications for iatrogenic preterm births. This 

suggests that other factors than medical indications are affecting the rise in iatrogenic preterm births in 

Iceland. 
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1 Introduction 

Preterm births have been increasing globally in the last decades even though we know more 

regarding risk factors and contributing mechanisms causing preterm birth (1). Preterm births are the 

leading cause of neonatal and childhood mortality and morbidity in developed countries even though 

modern medicine offers new treatment and technology to increase survival and decrease morbidity 

(1). The frequency of preterm births spans from 5% to 18% varying by location (1). Globally, over one 

in ten births are preterm and it is estimated that there are 15 million preterm births every year world-

wide (2). The etiology of preterm births is complex and there is not a single cause for the increase in 

preterm births nor a simple solution to this problem (2). Preterm birth rates are rising globally (1, 3) 

and in the western world this rise is mainly caused by an increase in late preterm births caused by 

maternal or fetal indications (iatrogenic preterm births) (1, 4, 5). However, this increase is not solely 

connected to an increase in maternal and fetal indications as some iatrogenic preterm births have 

been found to be avoidable (6) and even not medically indicated (7). This study will explore the 

preterm birth rate in Iceland during 1997 to 2016 by types of preterm births and gestational age 

groups. The rate of iatrogenic preterm births will be investigated to see if it has been increasing, and if 

so, whether it can be explained by rate changes in medical indications. 

 

1.1 Preterm Births 

Preterm birth is defined by The World Health Organization (WHO) as delivery before 37 week 

gestation (2). Preterm births are categorized by gestational age into four groups; extreme, severe, 

moderate and late preterm births. Preterm births are also categorized into three subtype groups based 

on the obstetric precursor leading to the preterm birth; spontaneous, preterm premature rupture of the 

membranes (PPROM) and iatrogenic (1). Multiple risk factors are connected to preterm births, and 

they vary between the different types of preterm births. Preterm infants have a high risk of long-term 

complications such as respiratory and gastrointestinal problems and neurodevelopmental impairments 

with increasing risk as the gestational age is lower (3).  

1.1.2 Preterm Birth Categorization 

1.1.2.1 Preterm births by gestational age 

Preterm births are categorized by gestational age. Gestational age is usually defined in weeks (w) and 

days (d) measured by early ultrasound by the size of the fetus. In low resource settings the gestational 

age can be measured by last menstrual period of the mother, fundal height or estimated by birth 

weight which is not as accurate (3). Extreme preterm births are births before completed gestational 

week 28 (<28w0d), severe preterm births occur in weeks 28-31 (28w0d-31w6d), moderate preterm 

births refer to births in weeks 32-33 (32w0d-33w6d) while late preterm births are births at 34-36 weeks 

(34w0d-36w6d) (1). When 37 weeks gestational age has been reached, the infant is considered term, 

even though the definition early term is often used for 37w0d-38w6d gestational age as recent studies 

have shown that morbidity of early term infants is higher than for term infants (39w0d-41w6d weeks) 
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(8, 9). There is no official cutoff age for lowest viable gestational age but most developed countries 

use 22 weeks (22w0d) as cutoff age between spontaneous abortion and preterm birth (1). The age 

limit for viability has been lowered in recent decades with increased specialization, new treatments 

and equipment to save extreme premature infant’s lives. In the 1970’s 28 weeks was the lowest age 

that was considered viable (10).  

Extreme preterm births are around 5% of all preterm births, severe preterm births are about 15% of 

preterm births while moderate preterm births include around 20% and late preterm births 

approximately 60% (1). The difference between these groups between countries is large since not all 

nations have the resources to save extreme premature infants lives and the definition of stillbirth is up 

to 28 weeks or less than 1000g in some less developed areas (11). Also, due to the difference in the 

measurement of gestational age there can be a misclassification, for example in low resource settings 

where intra uterine growth restriction (IUGR) is more common and gestational age is based on birth 

weight or fundal height, preterm infants can be misclassified into the wrong gestational age category 

(12). Even up to 32 weeks infants are perceived non-viable in some low-resource settings which adds 

to the reporting bias (11). Therefore, there are variations in the extreme and very preterm birth groups 

between low-, middle- and high-income countries (1, 11-13), for example, three high preterm birth rate 

cohorts (14-20%) from South-Asia had low proportion of extreme preterm birth rate, or 2%, while 

developed countries had 5.3% (12).  Despite the variations in gestational age proportions between 

low-, middle- and high-income settings, globally the moderate and late preterm groups together are 

approximately 80-84% of all preterm births (11, 13). 

1.1.2.2 Preterm Births by Obstetric Precursor 

Preterm births are also categorized into three types based on the obstetric precursor leading to the 

delivery. Spontaneous preterm labor occurs when preterm deliveries start with uterine contractions 

with intact membranes. Preterm premature rupture of the membranes (PPROM) are preterm births 

when the membranes rupture at less than 37w0d gestational age at least one hour before contractions 

start. Iatrogenic preterm births are  preterm deliveries that are induced or occur by pre-labor 

caesarean section due to maternal or fetal medical reasons (1).  

Spontaneous and PPROM preterm births are often referred to together as spontaneous preterm 

births since they have many risk factors in common and the delivery starts spontaneously via 

mechanisms in the body (1). Iatrogenic preterm births are also sometimes called provider initiated 

preterm births or medically indicated, and they include preterm births of maternal and fetal indications 

(3). 

Spontaneous preterm births are 45% of all preterm births, PPROM include around 25% while 

iatrogenic preterm births are approximately 30% of all preterm births (1). These percentages vary very 

much globally. In low income regions, where caesarean section and labor induction rates are very low, 

spontaneous and PPROM preterm births together are 80% of all preterm births and iatrogenic around 

20%  (14). In middle- and high-income countries iatrogenic preterm births have been the main cause 

of the increase in preterm in the last decades (1, 13). Iatrogenic preterm birth rates vary between 
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different parts of the world, from 19% in low-income countries (14) up to 40-50% in high-income 

countries (4, 15, 16).  

1.2 Risk Factors for Preterm Births 

Even though preterm birth is a single outcome, it is initiated by multiple mechanisms. There are 

various risk profiles by gestational age and for the different types of preterm births as the etiology 

behind them is different (1). The importance of defining risk factors is critical in the prevention of 

preterm births. It allows women at risk being identified and a timely intervention implemented if there is 

a threat of preterm delivery. Also, the risk factors can give an insight into the mechanisms leading to 

preterm birth and thus facilitating research in this area (1, 12). 

Spontaneous and PPROM preterm births are often referred to together as spontaneous as the 

preterm birth starts with clinical mechanisms in the mother’s body leading to rupture of the membranes 

or contractions of the uterus. Spontaneous and PPROM preterm births also have many risk factors in 

common such as infections, cervical and ischemic problems, a history of preterm birth, tobacco use 

and black race (17). The risk factors and precursors to spontaneous preterm birth vary by gestational 

age (17) and socio-economic factors (18). Even though so much is known regarding risk factors the 

cause of premature onset of labor is unknown in up to 50% of spontaneous preterm births (18).  

Iatrogenic preterm births are often called indicated preterm births as preterm labor is induced or 

caesarean section is performed prematurely due to maternal or fetal indications (3). The maternal 

medical diseases that increase the risk for iatrogenic preterm birth are, for example, preeclampsia, 

hypertension and diabetes (1), whereas fetal reasons for iatrogenic preterm birth can be intrauterine 

growth restriction (IUGR), fetal distress, oligohydramnios and polyhydramnios (3). These maternal and 

fetal indications are however not solely risk factors for iatrogenic preterm births. They can also be risk 

factors for spontaneous preterm births as the different types also have many risk factors in common. 

For example, iatrogenic preterm births induced due to maternal preeclampsia or fetal intra-uterine 

growth retardation could have the same ischemic complications causing or proceeding a spontaneous 

preterm birth (19). Dividing the risk factors in two groups based on the type of preterm birth could 

therefore, according to Frey et al (2016), hinder the identification of relevant scientific findings in 

connection with these different conditions (19). The risk factors are therefore introduced here  

collectively for all preterm subtypes as they are risk factors for both spontaneous and iatrogenic 

preterm births, although at different intensity (1). 

1.2.1 Previous Preterm Birth  

A history of previous preterm birth increases the risk for preterm birth in later pregnancies, both 

spontaneous and iatrogenic (20, 21), although the mechanism behind the recurrence is different (21). 

The risk increases with shorter gestational age in the previous preterm birth (21). A large population 

study on preterm births in California USA found that the highest level of risk was connected to 

previous preterm birth, preexisting and gestational hypertension with preeclampsia in all types of 

preterm births, both with short and long gestational age (21). Previous preterm births increased the 
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risk for spontaneous preterm birth fivefold, whilst the risk for iatrogenic preterm birth risk was between 

two- and three-fold (21).  

1.2.2 Short Interpregnancy Interval 

A short interpregnancy interval increases the risk for preterm birth (1, 21, 22), especially early term 

spontaneous and PPROM (21) The mechanism for this are not fully understood, however could be 

connected to the fact that the maternal body wasn’t ready for the next pregnancy, the uterus and 

cervix had not returned to normal state or are still in an inflammatory status from previous pregnancy. 

Nutritional depletion could also be another explanation, that pregnancy depletes maternal supplies of 

vitamins, minerals and amino-acids and that these nutrients aren’t replenished because of the short 

period between pregnancies (1).  

1.2.3 Socio-Economic Status and Maternal Education 

Low socio-economic and educational status is also connected with increased risk of preterm birth (12, 

20) as well as maternal factors that are often connected to low socio-economic status (23), such as 

stress, race, alcohol and tobacco use during pregnancy (19). Education is also connected with 

preterm birth, less than high school education has shown a 20-50% increased risk of preterm birth 

with the risk decreasing with higher education in a cross-country review of data from 5 countries (20). 

It is not fully understood how socio-economic status influences the risk for preterm birth, whether it is 

due to lack of health-care, absence of economic and social safety or other risk factors that could be 

increased in disadvantaged socio-economic surroundings (24). 

1.2.4 Race 

Black race is connected to higher risk of preterm birth (11, 19, 25). In USA in 2008, for example, the 

late preterm birth rate was 11.3% for black mothers while it was 8.2% for white mothers (25). The risk 

is also higher for shorter gestational age compared to other ethnicities (21).The risk for black race is 

double for PPROM and spontaneous preterm birth whilst black women have up to 60% increased risk 

of iatrogenic preterm births compared to other ethnicities (21). Globally, black women’s preterm birth 

rate is 16-18% compared with 5-9% for white women (1). The etiology causing this difference between 

races, which persists even after known confounders have been accounted for, have not been fully 

explained. However, interaction between maternal, paternal and fetal genetics, epigenetics, 

microbiome and sociodemographic risk factors such as differences in health care quality and access, 

effects of psychosocial stress, poverty and prevalence of co-morbidities are likely underlying factors 

(24, 25). 

1.2.5 Maternal lifestyle 

Maternal lifestyle can be a risk factor, such as smoking, heavy alcohol consumption and illicit drug use 

during pregnancy (12). A large cross-country systematic review found that smoking increases the risk 

of preterm birth by 30-60% compared to non-smokers (20). Tobacco causes placental and ischemic 

problems as well as intra uterine growth retardation which can both lead to spontaneous and 
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iatrogenic preterm birth (26). Excess alcohol consumption as well as illicit drug use is also connected 

to an increased risk of preterm birth and other health consequences for the infant (12, 20, 27). 

1.2.6 Maternal age 

The age of the mother has an influence on preterm birth, both very young mothers and mothers of 

higher age have an increased risk of preterm birth (27). The cause for this is not fully explained, 

however is likely to have different explanations, connected to other risk factors linked to age, for 

example anemia and stress in young mothers and hypertension and ischemic problems connected to 

advanced age (12). A large cohort study recently found that mothers 40 year old and older had an 

increased risk of preterm birth, even after adjusting for confounders (27). 

1.2.7 Maternal weight 

Maternal weight and nutritional status is also connected to preterm birth, both underweight and 

overweight (12). Low body mass index is connected to an increased risk of spontaneous preterm birth 

(1) while high body mass index and obesity are connected to increased risk of  spontaneous and 

iatrogenic preterm birth, but not PPROM (28). 

1.2.8 Multiple gestation  

Multiple gestation heightens the risk for preterm delivery with the risk increasing with each additional 

infant (12). More than half of all twins are born prematurely and almost all triplets and higher multiple 

gestations result in preterm birth (29). Multiple preterm births are more often spontaneous or PPROM, 

for example due to uterine overdistention causing contractions or rupture of the membranes (29). 

Iatrogenic preterm multiple births are connected to maternal or fetal problems, for instance 

preeclampsia, fetal distress or growth retardation (29). Assisted Reproductive Technologies (ART) 

have increased with heightened maternal age and better technologies (4, 30).  ART increases the risk 

for all types of preterm birth but especially iatrogenic preterm birth (4). This was often due to multiple 

gestation especially in the first years of this new technology (30). Recent policy changes have advised 

against multiple embryo implantation which will hopefully turn this trend around (12). 

1.2.9 Maternal Medical Conditions 

Maternal underlying chronic medical conditions can be risk factors for preterm births. Diabetes more 

than doubles the risk for preterm delivery (20), especially spontaneous but iatrogenic as well. Reasons 

for this can be that diabetes increases the risk for other complications which lead to induction of labor 

or caesarean section, such as hypertension, preeclampsia, macrosomia and polyhydramnios (12). 

Hypertension has an increased risk for iatrogenic preterm birth (31) and is also connected to 

increased risk for preeclampsia and placental abruption which are also strongly connected to preterm 

birth (12). Other underlying conditions connected to preterm birth risk are thyroid disease, anemia, 

renal problems and preexisting infectious diseases (12). Auger et al (2011) conducted a large cohort 

study in Canada on the association between maternal comorbidity and preterm birth by severity and 

clinical subtype (31). They found several maternal comorbidities, connected to all types of preterm 

birth, especially at less than 32 weeks gestational age. These conditions were placental abruption, 
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chorioamnionitis, oligohydramnios, structural abnormality and cervical incompetence. Auger et al also 

found that preeclampsia and anemia increased the risk for PPROM and iatrogenic preterm birth (31). 

1.2.10 Maternal Mental Conditions 

Maternal psychological problems increase risk of preterm birth (1). Depression, anxiety and stress 

have been found to double the risk of preterm birth even after adjusting for confounders such as age, 

tobacco and alcohol use, and socio-economic status (32). A large systematic review on the evidence 

on the risk of preterm birth associated with antenatal depression, anxiety, and stress found strong 

evidence for increased risk for preterm birth (33). The effects of depression, anxiety and stress during 

pregnancy were associated with spontaneous but not with iatrogenic preterm birth (33). Violence 

against women is also reported to increase the risk for preterm birth as well as other physical, mental 

and reproductive complications (34, 35). Intimate partner violence has been found to be a significant 

independent risk factor for premature labor and PPROM (OR 1.30-1.62) compared to women who do 

not report partner violence (35).  

1.2.11 Pregnancy and Reproductive Anomalies 

Anomalies with the amniotic fluid, either too much (polyhydramnios) or too little (oligohydramnios) are 

strong risk factors for preterm birth and are often connected to maternal or fetal problems (12). 

Maternal problems such as a short cervix and cervical insufficiency which can be caused by surgical 

procedures, trauma or congenital weakness increase risk for spontaneous and PPROM preterm birth 

and are strongly connected to women’s recurring preterm births (36) while vaginal bleeding caused by 

placenta previa or placental abruption increases the risk for iatrogenic preterm birth (37).  

1.2.12 Infections 

Infections are a strong risk factor for spontaneous and PPROM preterm births, whether they are 

preexisting infectious diseases such as HIV and syphilis, or not preexisting infections such as 

intrauterine infection, bacterial vaginosis, genital infections or even periodontal disease, 

pyelonephritis, appendicitis and pneumonia (38).  The reasons leading to this are not fully explained, 

however are considered to be connected to microorganisms which initiate the inflammatory pathways 

stimulating prostaglandin release. This can initiate labor and other inflammatory mediators which 

influence changes in the membranes increasing the risk for PPROM (38). 

1.2.13 Environmental, Biological and Genetic Factors 

A family history of preterm birth is a risk factor for preterm birth (21). Studies on genetic associations 

have found connections between single-nucleotide polymorphisms in several genes and increased 

risk for spontaneous and PPROM preterm births (39, 40). Studies of biomarkers, for instance 

cytokines, chemokines and fetal fibronectin, in biological fluids (amniotic fluid, urine, vaginal secretions 

or blood) have improved the understanding of the mechanisms leading to preterm birth. The 

biomarkers have a strong relation to inflammation and an increased risk for spontaneous preterm birth 

(40). The mechanism behind this are not clear, but studies of a polymorphism in tumor necrosis factor-

alpha, a proinflammatory cytokine, showed the most consistent increase in the risk of preterm birth 
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(40). Environmental factors, which activate inflammatory pathways, such as infections and stress, 

have been connected to preterm birth, suggesting that genetic and environmental risk factors could 

operate and interact through related pathways (40). There are common maternal, obstetric and serum 

marker risk factors between all types of preterm birth which suggest shared underlying pathways 

across subtypes of preterm birth (21). The serum markers have been found to be low first trimester 

pregnancy-associated plasma protein A, high second trimester alpha-fetoprotein and high second 

trimester dimeric inhibin A (21). One or more of these serum markers occurred in 52-86% of all studied 

pregnancies resulting in preterm birth compared to 41% resulting in term birth (21) which suggests 

that studying these biomarkers and genetic factors further would be important. 

1.3 Prevention of Preterm Birth  

Preventing preterm birth starts with a healthy mother and a healthy pregnancy (2, 41). The World 

Health Organization (WHO) recommends the following primary interventions to prevent preterm birth: 

1) Counselling about healthy diet and nutrition and against tobacco, alcohol and drug use; 2) use of 

ultrasound for fetal measurements to detect number of fetuses, gestational age and anomalies; 3) 

regular contact with health professionals, a minimum of 8 visits during the pregnancy; 4) and finally 

preventing and diagnosing risk factors (2, 41). Secondary interventions include circumferential stitches 

for a short or structurally weak cervix, called cervical cerclage, especially if women have a previous 

history of preterm birth or second trimester spontaneous abortion and a diagnosis of cervical 

insufficiency (42). Treatment of risk factors have been found to be important secondary interventions, 

for instance antibiotic treatment for infections. Also, progesterone or tocolytic drugs for women with 

threatening preterm birth, although evidence on the effect of these treatments is not conclusive (41). 

Auger et al (2011) conducted a cohort study on the association between maternal comorbidity and 

preterm birth. They concluded that preventive strategies in reducing preterm birth should aim for the 

comorbidities that affect a large proportion of preterm births, especially hypertension, anemia and 

problems in the reproductive system (31). Jelliffe-Pawlovski et al (2016) found in their large 

epidemiological study that there were common risk factors, including maternal, obstetric and serum 

markers, that all had a role in spontaneous, PPROM and iatrogenic preterm births. This finding 

supports the theory that there is a shared underlying mechanism for preterm births and that 

preventing, monitoring and treating preterm birth risk factors is vital in the prevention of preterm birth 

(21). 

1.4 Consequences of Preterm Birth 

Preterm births are the worldwide leading cause of neonatal and childhood mortality (3) and preterm 

infants have a high risk of long term complications (1). Preterm infants’ morbidity and mortality varies 

depending on gestational age, facilities and location (community prosperity) (10). In order to reduce 

morbidity and mortality it is beneficial to regionalize intensive care to treat premature infants in 

specialized tertiary care centers. That includes transporting high-risk mothers to tertiary care hospitals 

before delivery and also preterm infants if they are born in community hospitals/secondary care. Better 

outcomes are reached with maternal transport than transporting the premature neonate after birth 

(10). 
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1.4.1 Morbidity 

Neonatal outcomes depend on both gestational age of the premature infant and extrinsic factors, 

mainly the quality of the care available. Since 1980’s the morbidity in high-income countries has been 

decreasing and complications diminishing although prematurity to this day is the largest burden to 

children’s health (43). 

1.4.1.1 Short Term Complications 

The risk for complications increases with lower gestational age as the extreme and very premature 

infants’ skin, lungs, vascular system, brain and neurological system is more immature and less 

prepared for birth (3, 10). Short term complications for preterm infants are increased risk of 

temperature instability, respiratory difficulty such as respiratory distress syndrome and apnea, blood 

sugar instability, jaundice, feeding problems and brain injury (1, 10). In order to reduce complications, 

antenatal treatment with corticosteroid injections when preterm birth is imminent to prepare the infants’ 

lungs for birth is recommended (44). After birth, neonatal care includes surfactant medication and 

ventilators to support breathing as well as kangaroo care of the preterm infant to decrease stress and 

prevent neurological long-term complications (10). Also, antibiotics to treat infections, incubators to 

prevent heat loss via the skin and feeding via tube for those who cannot feed without assistance are 

important (3, 10). 

1.4.1.2 Long Term Complications 

Long term complications for preterm infants are more common with shorter gestational age however 

there is no gestational age, including full term, that is fully free from long term complications (10). The 

prevalence of complications is inversely related to gestational age (10) and also the quality of the 

health care system where the premature infant is born (45).  

1.4.1.2.1 Retinopathy of Prematurity 

Retinopathy of prematurity is globally the main cause of a potentially avoidable childhood blindness 

and is defined as a visual impairment due to retinal vascular underdevelopment. This is highly 

connected to poorly monitored oxygen delivery to the premature infant, both hypoxia and hyperoxia 

(46). The risk is highest for the shortest gestational age survivors (46). Retinopathy affects nearly 16% 

of all preterm infants and causes long term visual impairment in 3% of all extreme and very preterm 

infants (46). Most cases are mild and resolve without treatment, however more severe retinopathy can 

progress and if untreated can result in retinal detachment and scarring of the retina, which most often 

leads to permanent loss of vision (46). 

1.4.1.2.2 Respiratory Problems 

Preterm birth is the most common cause of abnormal lung development and can lead to lifelong 

complications (47). Bronchopulmonary dysplasia is the most common complication of extreme 

prematurity (47). It is a chronic pulmonary disorder occurring in preterm infants exposed to mechanical 

ventilation and high oxygen concentrations following respiratory distress syndrome (47). Extreme 

premature infants have an increased risk of readmission to hospital up until they are 6 years old, 
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mainly due to respiratory infections or bronchopulmonary dysplasia which has been described in up to 

40% of all very premature survivors (10). Studies on long term respiratory complications of premature 

bronchopulmonary dysplasia in adulthood found increased reports of emphysema, double likelihood of 

wheezing and triple likelihood of asthma medication compared to full-term controls (47). 

1.4.1.2.3 Neurodevelopmental Impairments 

Neurodevelopmental impairments include cerebral palsy, mental disorders and sensory problems, 

(45). Around 3% of preterm infants who survive beyond the first month develop moderate or severe 

neurodevelopmental impairment and additional 4.4% have mild neurodevelopmental impairment 

however the frequency is inversely connected with gestational age (45). The consequences of 

cerebral palsy vary very much, from light spasticity to quadriplegia (10). Preterm infants also have an 

increased risk of neuromotor dysfunction and lack of coordination (10). About 6% of extremely preterm 

infants develop hearing impairment and the use for hearing aid at the age of 6 years (48). 

Many preterm children have long term specific learning or behavioral impairments or dysfunction in 

the cognitive area such as attention deficit with or without hyperactivity, anxiety, dyslexia or other 

specific learning impairment (45). These sequalae are not limited to short gestational age as late 

preterm birth has been associated with lower IQ and behavioral problems at the age of 6, independent 

of maternal IQ, residency, and socio-demographic factors (49). 

1.4.2 Mortality 

There are large variations in mortality rates following preterm birth between countries, within countries, 

between hospitals, secondary and tertiary care, gestational age and even social groups (10, 50). The 

difference in preterm birth survival between high and low income regions is dramatic (12), there is a 

so-called 10:90 survival gap, due to the fact that over 90% of extreme preterm births in low-income 

settings end in death during the first few days of life while less than 10% of extreme preterm births 

result in neonatal death in high-income regions (12). A prospective cohort study in Europe on the 

survival of extreme premature infants in 12 regions in 5 countries (Belgium, France, Italy, Portugal and 

the UK) in 2010-2012 showed a great variability in outcome (50). Survival at 23 weeks was 0-25% 

whilst survival at 24 weeks was 21-50% reflecting on the treatments provided (50). All centers had 0% 

of infants born at 22 weeks survive to discharge though (50). In high-income settings the survival of 

preterm infants in weeks 28-32 is at 95%, whereas it is 30% in low-income settings (11). Neonatal 

deaths because of prematurity in Afghanistan and Somalia are 16 per 1000 whilst in Japan, Sweden 

and Norway they are less than 0.5 per 1000 (11).  

1.5 Epidemiology of Preterm Birth 

The frequency of preterm birth varies, but the global burden of prematurity is increasing as the 

frequency of preterm births is rising in most countries (1). 
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1.5.1 Global variations 

According to WHO, the global estimation on the preterm birth rate for 2014 is 10.6%, which is the 

same as in 2010 but higher than in 2000 when it was 9.8% (51). The preterm birth rate is higher in low 

and middle income countries than in the more developed countries, ranging from 5% in some Northern 

European countries up to 19.1% in Bangladesh (51) and 18% in sub-Saharan African Countries (3), 

for example 16.6% in Tanzania, 12.0% in Ethiopia, 11.4% in Nigeria (51) and 18.1% in Malawi (11). 

The preterm birth rate in USA is 12%, it is nearly 15% in Cyprus and around 11% in Austria and 

Singapore (52). In the Nordic countries it is 5-7%; 5.5% in Finland, 5.9% in Sweden, 6.7% in Norway 

(5) and 5% in Denmark (53). A systematic analysis on preterm birth rates from 1990 to 2010 in 65 

countries (developed, Latin America and Caribbean region) showed a rise in 48 countries, 14 were 

stable while only three countries (Croatia, Ecuador and Estonia) had reduced preterm birth rates 

during the study period (13). In the developed regions the study found a 19.4% increase in the preterm 

birth rate over the 20 years period, while the increase in Latin-America was 9.1% and in the Caribbean 

25.8% (13). 

The majority of preterm births occur in low- and middle-income countries (51). Over 60% of preterm 

births occur in South-Asia and in sub-Saharan Africa (13). In the lower-income countries, on average, 

12% of births are preterm compared with 9% in higher-income countries (3). Additionally, within 

countries, poorer families are at higher risk than families that are more privileged (3).  

1.5.2 Increase in Late Iatrogenic Preterm Births in High- and Middle-income 
Countries 

Globally, the proportions between the types of preterm birth vary (4). The proportion of spontaneous 

and PPROM preterm births is higher in low income countries than in high- and middle-income 

countries where iatrogenic preterm birth have been increasing in the last decades, especially late 

preterm births (4, 15, 16). In USA, for example, iatrogenic preterm births increased from around 30% 

in 1989 to 40-50% of all preterm births in 2000 (54). This increase has also been seen in middle-

income countries like Brazil where iatrogenic preterm birth rate has increased to over 35% in a 

multicenter study in Brazil in 2011-2012 (55), and has been seen up to 61% in private hospitals in 

Brazil (56). In Europe, many countries also have had an increase in the iatrogenic preterm birth rate 

(5). In a study on the preterm birth trends in European countries from 1996 to 2008 iatrogenic 

singleton preterm births increased in 5 of 19, Belgium (1.5-2.0% of all life births), Czech Republic (1.1-

1.9%), France (1.5-2.6%), Norway (1.6-2.1%) and Slovenia (0.7-1.3%) (5). This increase in iatrogenic 

preterm births is however not as evident in Europe as in USA and Brazil, possibly due to lower preterm 

birth and caesarian section rates. For example the overall preterm birth rate was 5.1-5.2% from 1987 

to 2005 in Finland and even though iatrogenic preterm births increased during the study period, the 

relative risk remained unchanged probably as the caesarean section rates declined even though labor 

induction increased (57).  

The gestational age group that has been increasing the most in the last decades is the late preterm 

group (1, 4, 5). In USA it has increased by 33% from the 1990’s  and until 2008 (25). The late preterm 

birth rate in high-income countries is now well over 70% as shown in a recent study conducted by 
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Richards et al (2016) of temporal trends in late preterm birth rates in Norway, Denmark, Sweden, 

USA, Canada and Finland 2006-2014 (8). The increase in iatrogenic late preterm birth seems to have 

plateaued in the last few years, as the late preterm birth rate decreased during the study period in two 

countries, USA (annual decrease of 1.6%) and Norway (annual decrease of 2.9%) (8). This plateau 

may be due to an increased focus on late preterm births in the preterm academic community (25, 58). 

Priorities in research and guidelines in optimizing care were published in 2007 and 2011 from the 

National Center for Health Statistics, Eunice Kennedy Schriver National Institute and Child Health and 

Human development and Society for Maternal and Fetal Medicine (59). The term late preterm was 

introduced instead of the previously used near term which was a misnomer. Using near term for 

preterm birth in weeks 34 to 36 implied that it was safe (58), but the fact is that the mortality and 

morbidity of late preterm infants is higher than in term infants (9, 58, 60). The redefinition of the term 

emphasized that preterm births are a global burden and that late and iatrogenic preterm births should 

be avoided if possible as well as early term births (before 39 weeks of gestation) (58). Studies agree 

on that not one recorded indication is the single cause of this increase in iatrogenic preterm births 

(15), they are heterogenous (61) and there is a complex process behind each iatrogenic preterm birth 

which should be analyzed in detail to improve preventive strategies based on the latest evidence (55). 

Iatrogenic preterm births are also called medically indicated preterm births and have been thought 

to be rising due to a rise in the medical indications that precede them (3, 62). The leading indications 

for iatrogenic preterm births are preeclampsia, IUGR, multiple pregnancies, placental insufficiency 

(63), hypertensive disorders and diabetes (55). There has been an increase in obesity and maternal 

age which has increased risk for diabetes, hypertension and preeclampsia which are all risk factors for 

preterm birth and known indications for iatrogenic preterm birth (12). Also, caesarean sections, 

induced deliveries (62) and assisted fertility treatments have increased (1, 11, 52). These indications 

do however not sufficiently explain the increase in iatrogenic preterm births as some iatrogenic late 

preterm births have been found to be avoidable (6) and even non evidence based and that evidence 

based guidelines were needed (7, 64). Morais et al (2013) conducted a retrospective cohort study at 

two tertiary referral centers in a nationalized healthcare system in Canada 2010-2011 to determine the 

proportion, characteristics, and predictors of late preterm birth in relation to evidence‐based and 

non‐evidence based indications (64). They followed Holland et al (2009) who reported that 17% of late 

preterm births could have been avoided (6) and Gyamfi-Bannerman et al (2011) who reported that 

18% of all late preterm births and over half on iatrogenic late preterm births were non-evidence based 

(7). Morais et al found that 25.2% of all late preterm births did not have guidelines or randomized 

control trial evidence as a basis for the delivery (64). Logistic regression included gestation at birth, 

delivery provider, previous stillbirth, previous caesarean section, corticosteroid administration, and 

previous preterm birth as predictors for non-evidence based late preterm birth (64). These findings 

emphasize the need to evaluate the indications for late preterm induction or caesarean section 

especially considering the increased morbidity of late preterm birth compared to term (9, 58, 60). 

Some studies on the trends on preterm birth have focused on possible opportunities in the 

reduction of the preterm birth rate in the world (52). Chang et al (2013) examined trends in preterm 

births in 39 developed countries with very high human development index in order to find a rate 
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reduction target (52). They analyzed drivers for preterm birth rate increase in USA from 1989 to 2004 

and trend analysis, target population and intervention efficacy analysis for each country (52). They 

concluded that there was a way to decrease the preterm birth rate in these countries by 5% in total by 

working on smoking cessation, not inserting multiple embryos in fertility treatments, using cervical 

cerclage and progesterone supplementation and most importantly reducing iatrogenic labor induction 

or caesarean delivery without medical indication (52). In USA there was an estimated potential for 8% 

decrease (52). However, there was less room for improvement in Sweden, only 2% as there were 

fewer iatrogenic preterm births (52). Chang et al emphasized that although the focus should be on 

stopping non-indicated preterm births there will continue to be incidences where preterm births are 

indicated, and total prevention of preterm births could not be achieved without preventive therapies 

which eradicate all fetal, obstetric and maternal complications (52). 

1.6 Preterm births in Iceland 

The preterm birth rate in Iceland was 4.8% in 1972-1981 (65) and 5.4% in 2011 (66). In Iceland 

reports from the Icelandic Medical Birth Registry have been published since 1972 for all birthing 

centers in Iceland including Landspítali, Iceland´s only tertiary birthing hospital, where approximately 

75% of all births in Iceland occur and over 90% of all preterm births (67). In Landspitali, the preterm 

birth rate has been stable at around 6-7% in the last few years (67) which is an increase from around 

2000 when it was stable around 5% (68).  

The labor induction rate in Iceland has been increasing over the last decades, from around 14% in 

2000 (68), 18.4% in 2011 (69) and up to 28% in 2016 (67). The caesarean section rate has been 

slowly declining during the last decade after a steady increase up to 18% in the beginning of this 

century (68). The caesarean rate is currently around 17% (67). Elective caesarean rate is 6.5% in 

Iceland (67) while it was 5.6% in 2011 (69). Although preterm birth rate, induction of labor and elective 

caesarean rate are rising in Iceland, these obstetric parameters are among the few lowest in Europe 

(70). Births after assisted reproductive techniques have remained stable. However, maternal age has 

been increasing in Iceland as well as obesity, diabetes and other risk factors that can influence 

maternal and fetal complications (67, 71).  

Little data is available on the proportions between the three types of preterm births, spontaneous, 

PPROM and iatrogenic in Iceland. It is also not well known how the rates of the preterm birth subtypes 

and gestational age groups have changed in the past decades.  
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2 Specific aims 

In this study, we will explore the preterm birth rate in Iceland during 1997 to 2016 for the whole country 

overall and for all three types of preterm births as well for gestational age groups. We will investigate if 

the rate of iatrogenic births has been increasing, and if so, whether it is explained by rate changes in 

medical indications. There is limited information published on the obstetric precursor leading to 

preterm births in Iceland, therefore little is known whether iatrogenic preterm births are increasing in 

Iceland as in other countries. Therefore, in this study, we aim to assess the epidemiology of preterm 

births in Iceland during 1997-2016. More specifically we aim to assess the trend in the rate of preterm 

birth in Iceland from 1997-2016, overall and separately for the three types of preterm birth (PPROM, 

spontaneous, iatrogenic), estimate the trend in the rate of preterm birth according to gestational age, 

overall and for the three types of preterm birth and assess the relative contribution of each indication 

to the rate of iatrogenic preterm birth. 
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Abstract 

Introduction 

The frequency of preterm births has been increasing globally, mainly due to a rise in iatrogenic late 

preterm births. It is not well known if the prevalence of preterm births in Iceland has been following a 

similar trend. The aim of this study was to assess the prevalence of preterm births in Iceland during 

1997-2016 by type of preterm birth. 

Methods 

This study included all live-births in Iceland during 1997-2016 identified from the Icelandic Medical 

Birth Registry. Rates of preterm births were calculated each year and stratified by gestational age 

groups and type of preterm birth. Risk of preterm birth by time period was assessed with Poisson 

regression models adjusted for demographic variables. Indications for iatrogenic births were identified 

using ICD-10 codes. 

Results 

The study population included 87,076 infants, of which 4,986 (5.7%) were preterm. The preterm birth 

rate increased from 5.3 to 6.1% (ARR=1.16, CI=1.07-1.26) between 1997-2001 to 2012-2016. The 

rate of late preterm births (of all births, 34w0d-36w6d), increased significantly: 3.7% to 4.5% 

(ARR=1.26, CI=1.15-1.40). The rate of iatrogenic preterm births (of all preterm births) doubled, from 

20% in 1997-2001 to 43% in 2012-2016, even after adjustment for medical indications (ARR=2.40, 

CI=2.06-2.80). Spontaneous preterm births decreased during the study period (ARR=0.63, CI=0.56-

0.72) and PPROMs increased slightly (ARR=1.31, CI=1.11-1.54). The largest contributing indication 

for iatrogenic births were fetal indications (26.2%), which decreased during the study period (32.6%-

25.3%). 

Conclusions 

Preterm birth rates are low in Iceland, however increased slightly between 1997 and 2016. This may 

have been due to an increase in late and iatrogenic preterm births. The increase in iatrogenic preterm 

births remained significant after adjusting for medical indications for iatrogenic preterm births. This 

suggests that other factors than medical indications are affecting the rise in iatrogenic preterm births in 

Iceland. 
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Introduction 

Preterm births are the worldwide leading cause of neonatal and childhood mortality and morbidity (1, 

2). Preterm infants have a high risk of long-term complications such as respiratory and gastrointestinal 

problems (3) with increasing risk for complications with lower gestational age (1). Preterm births have 

various etiologies, different risk factors and maternal characteristics (3, 4) and are categorized 

according to the obstetric precursor leading to the delivery. Spontaneous preterm births (deliveries 

that start with uterine contractions with intact membranes before completed 37 gestational weeks) are 

approximately 40-45% of preterm births (3). Preterm premature rupture of the membranes or PPROM 

(ruptured membranes at less than 37 weeks of gestational age at least one hour before contractions 

start), are about 25-30% of all preterm births and iatrogenic births (induced delivery or pre-labor 

caesarean section due to maternal or fetal medical reasons) are around 30-35%% of all preterm births 

(3). 

The total preterm birth rate in the world is 11% (5). The rate varies however between different parts 

of the world, being around 5% in several Northern European countries (5) (such as 5,5% in Finland 

and 5,9% in Sweden, Ireland and Lithuania (6)) while in the USA it has been around 12% (5). The 

highest rates are seen in sub-Saharan African countries or up to 18% (1, 5). The global burden of 

prematurity has been increasing as studies have shown that the preterm birth rates are rising globally 

(1, 3). For example, a systematic analysis on preterm birth rates 1990-2010 in 65 countries showed a 

rise in all but 17 countries, 14 countries had a stable preterm birth rate while only three countries 

(Croatia, Ecuador and Estonia) had reduced preterm birth rates during the study period (5). In the 

western world, this rise in preterm birth rate is mainly due to an increase in iatrogenic preterm births at 

late preterm gestational age (3, 4, 6). Iatrogenic preterm births are also sometimes called provider 

initiated or medically indicated preterm births as they require an early delivery due to  maternal or fetal 

indications, (1, 7, 8). However, these indications may not explain the increase in iatrogenic preterm 

births as some of them have been found to be avoidable (9) and even not medically indicated (10, 11).  

The preterm birth rate in Iceland was 4.8% in 1972-1981 (12) and 5.4% in 2010 (13). In Landspitali 

University Hospital, (Iceland´s only tertiary hospital with 75% of all births and over 90% of all preterm 

births) the preterm birth rate had been stable around 6,7% in the previous years, however it increased 

to 7,9% in 2016 (14). In this study, we will explore the preterm birth rate in Iceland during 1997 to 2016 

for the whole country overall and for all three types of preterm births as well for gestational age 

groups. We will investigate if the rate of iatrogenic births has been increasing, and if so, whether it is 

explained by rate changes in medical indications.  

 

Methods 

Data sources and study population 

This retrospective descriptive population-based cohort study is based on individual data on all births in 

Iceland from January 1st1997 to December 31st 2016 identified from the Icelandic Medical Birth 

Registry.  
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The Icelandic Medical Birth Registry includes information on all births in Iceland after 22 gestational 

weeks, both live-births and stillbirths. This registration began in 1972 and has been electronic since 

1981. The Medical Birth Registry is held by the Directorate of Health and processed by Landspitali 

University Hospital which has published an annual report from the registry since 1995. Data for both 

home and hospital births in Iceland is sent to the database from all birthing centers in Iceland. 

Information regarding pregnancy, delivery, delivery complications, interventions, and the infant is 

registered. Among other things measured is information regarding place of birth, time of birth, 

gestational age, previous births, delivery type, treatment during delivery, as well as weight and length 

of the baby and maternal characteristics (15).   

In this study, all live births were included. Initial data included all births, live and dead (n=87,386), 

310 were excluded because of stillbirth, 97 of which were term and 213 were preterm. The majority of 

these stillbirths (306) occurred in utero, while 6 died during the delivery. Births at term and post-term 

(37w0d-45w0d) and preterm births (22w0d-36w6d) were identified using the variable gestational age 

in weeks measured with early ultrasound. Preterm births were categorized into four groups, extreme 

preterm birth (<28w0d), severe preterm birth (28w0d-31w6d weeks), moderate preterm birth (32w0d-

33w6d weeks) and late preterm (34w0d-36w6d weeks). Preterm births were also categorized as 

spontaneous, preterm premature rupture of the membranes (PPROM) or iatrogenic using the variable 

onset of labor as well as the registered International Classification of Diseases and Health Related 

Problems, 10th revision (ICD-10) codes for the preterm births that were missing an onset of labor 

registration. PPROM births were identified by the ICD-10 codes for premature rupture of the 

membranes (ICD-10 codes O42.0, O42.1, O42.2 and O42.9) for preterm births only. Iatrogenic 

preterm births were identified when the onset of labor was induced (O83.8), when there was an 

elective caesarean section (O82.0), for preterm birth without spontaneous labor (O60.3) or for 

induction of labor identified with NOMESCO Classification of Surgical Procedures (NCSP) for 

prostaglandin induction of labor (MAXC02). Preterm births were identified as spontaneous when the 

onset of labor was registered spontaneous or if they had the ICD-10 code for spontaneous preterm 

birth (O60.1). 

In order to adjust for iatrogenic preterm birth indication in the preterm subgroup analysis, all births 

were categorized into groups based on their ICD-10 diagnosis codes (Table 1). The groups identified 

were considered particularly important as indications for iatrogenic preterm births. They were: 

placental abruption (placenta praevia with haemorrhage, placental abruption, other premature 

separation of placenta), severe preeclampsia (severe preeclampsia, HELLP syndrome, eclampsia), 

chorioamnionitis, fetal indication (suspected placental insufficiency: IUGR, oligohydramnios, abnormal 

Doppler), red cell immunization (maternal care for rhesus and other isoimmunization), obstetric 

cholestasis, hypertensive disorders (essential hypertension, preeclampsia superimposed and 

pregnancy induced preeclampsia), diabetes mellitus (type 1 and 2 and pre-existing type 1 and 2 

diabetes mellitus), maternal illness, multiple gestation and unclear.  The group maternal illness was 

chosen if no other group applied but there was a disease or disorder diagnosis that could affect the 

pregnancy. These diagnoses were for instance gall and kidney stones, thrombosis, idiopathic 

thrombocytopenic purpura, heart failure, hydronephrosis, subluxation of symphysis pubis in 
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pregnancy, exhaustion and supraventricular tachycardia. Many preterm births had more than one 

diagnosis. We designated an order of importance to the diagnosis groups, with the first group being 

the most likely to cause iatrogenic preterm birth and thus overriding all others (Table 1). 

For example, if the mother had diabetes, twins and severe preeclampsia the iatrogenic cause was 

registered as severe preeclampsia. When none of the previously mentioned diagnoses were 

registered, nor any ICD-10 code that could explain preterm induction of labor or elective caesarean 

section the preterm birth was categorized as unclear which became the 11th indication group.  

This study was approved by the National Bioethics Committee in Iceland (VSNb2017050009/03.03) 

and performed in accordance with the Declaration of Helsinki. 

Statistical analysis 

Rates of preterm births were calculated for each birth year from 1997 to 2016 as well as for four 

periods, 1997-2001, 2002-2006, 2007-2011 and 2012-2016.  

Preterm birth was modelled as the dependent variable in a Poisson regression model, using birth 

year period (four five-year periods) as the independent variable to estimate the rate ratio and 95% 

confidence interval for the risk of preterm birth for each time period relative to the first period. This was 

done overall and for each gestational week group and subtype group. All Poisson regression models 

were adjusted for demographic variables (maternal age (continuous), marital status 

(married/cohabiting, single/divorced/widowed), residential area (Metropolitan area, other), country of 

origin (Iceland, other), parity (primipara, multipara), multiple gestation (yes, no) and employment status 

(employed, student, unemployed, homemaker, pension/disability/other)). The Poisson regression 

model for iatrogenic preterm births was also adjusted for the iatrogenic indication groups (placental 

abruption, severe preeclampsia, chorioamnionitis, fetal indication, red cell immunization, obstetric 

cholestasis, hypertensive disorders, diabetes mellitus, maternal illness, multiple gestation and 

unclear). Test for linear and non-linear trend over time periods was performed using orthogonal 

polynomial contrasts. Relative contributing indications for iatrogenic preterm births in Iceland 1997-

2016 based on ICD-10 codes were calculated as the number of iatrogenic preterm births for each 

indication divided by all iatrogenic preterm births. 

 

Results 

Total number of live infants born during the study period from 1997-2016 was 87,076. Total preterm 

births (22w0d-36w6d) during the study period were 4,986 (5.7%). The demographic characteristics of 

all preterm births in Iceland during the study period are shown in Table 2. Extreme (<28w0d) and 

severe preterm births (28w0d-31w6d) decreased during the study period while moderate (32w0d-

33w6d) and late preterm births (34w0d-36w6d) increased (p<0.001). Spontaneous preterm births 

decreased during the study period from 56% of all preterm births to 29%, while PPROM increased 

slightly from 24% to 28% and iatrogenic preterm births doubled from 20% to 43% of all preterm births 

(p<0.001). The proportion of young mothers under 20 years decreased during the study period and the 

proportion of mothers over 41 years increased (p<0.001). Similarly, the proportion of primiparas 
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increased, while the proportion of multiparas decreased (p<0.001). Multiple pregnancies, twins and 

triplets, increased slightly during the study period while the proportion of singletons decreased 

(p<0.001). The proportion of single, divorced or widowed mothers and student or unemployed mothers 

increased during the study period while the proportion of homemakers or mothers on pension 

decreased (p<0.001). Mothers of foreign origin increased in proportion during the study period and the 

proportion of mothers living outside the capital area decreased (p<0.001).                                                                                                                                   

Preterm birth rates overall and according to gestational age and subgroup are shown in Figure 1 

with associated unadjusted and adjusted relative risks for five-year birth year periods shown in Table 

3. The preterm birth rate increased from 1997-2001 to 2012-2016: 5.3–6.1% (RR 1.15, 95% 1.06-1.25; 

ARR 1.16, 95% CI 1.07-1.26), however the increase was not consistent (p<0.01 for non-linearity). The 

rates by gestational age changed moderately during the study period. Extreme preterm births 

decreased significantly from 1997-2001 to 2007-2011 (ARR 0.65, 95% CI 0.45-0.94) as well as severe 

preterm births from 1997-2001 to 2012-2016 (ARR 0.70, 95% CI 0.54-0.91). There was a significant 

increase in moderate preterm births compared to 1997-2001 (2012-2016: ARR 1.29, 95% CI 1.02-

1.69) and the rate of late preterm births increased significantly in all 5-year periods compared to 1997-

2001: 3.7%-4.5% (2012-2016: ARR 1.26, 95% CI 1.15-1.40).  

Figure 1 and Table 3 show that spontaneous preterm births decreased during the study period from 

3.0%-1.8% which was significant for the two latter time periods compared to 1997-2001 (2012-2016: 

ARR 0.63, 95% CI 0.56-0.72). PPROMs increased moderately from 1.3% to 1.7% with a significant 

increase in all study periods compared to 1997-2001 (2012-2016: ARR 1.31, 95% CI 1.11-1.54). The 

rate of iatrogenic preterm births doubled, from 1.1% to 2.6%, a significant increase for the latter two 

time periods compared to 1997-2001 (2012-2016: ARR 2.37, 95% CI 2.02-2.78). When we additionally 

adjusted the iatrogenic births for the iatrogenic indication groups (placental abruption, severe 

preeclampsia, chorioamnionitis, fetal indication, red cell immunization, obstetric cholestasis, 

hypertensive disorders, diabetes mellitus, maternal illness and multiple gestation) the relative risks did 

not change considerably (2012-2016: ARR 2.40, 95% CI 2.06-2.80). 

When we looked at the proportions of preterm births by gestational age and type simultaneously, 

spontaneous preterm births were decreasing in all gestational age subgroups with the largest 

decrease for moderate and late preterm births, from 56-57% to 28% (Figure 2). Similarly, iatrogenic 

preterm births increased in all gestational age groups, but mostly in moderate and late preterm births 

from 22-23% to 43-44% (Figure 2). 

We also examined the relative contributing indications for iatrogenic preterm births in Iceland 

during the study period based on ICD-10 codes (Figure 3). The largest contributing indication for 

iatrogenic births was fetal indication (26.2%), which decreased during the study period (32.6%-25.3%). 

Hypertensive disorders were the second largest contributing indication (18.2%) and severe 

preeclampsia came third (16.9%). Both remained relatively stable during the study period. The 

indications that increased in contribution were obstetric cholestasis, placental abruption and diabetes 

mellitus (Figure 3). 
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Discussion 

Main findings 

This study of all live births in Iceland shows the rate of preterm births from January 1st 1997 to 

December 31st 2016. Our results showed that preterm births in Iceland increased slightly between 

1997 and 2016. This may have been due to an increase in moderate, late and iatrogenic preterm 

births while extreme, severe and spontaneous preterm births decreased. The increase in iatrogenic 

preterm births remained significant after adjusting for medical indications for iatrogenic preterm births. 

This suggests that other factors than medical indications are affecting the rise in iatrogenic preterm 

births in Iceland. 

Strengths and limitations 

The main strength of this study is the population-based design. We used individual data from the 

Icelandic Medical Birth Registry which is a standardized database that includes high quality data on all 

births in Iceland (16). In addition to all information regarding each birth, gestational age, parity, ICD-10 

codes etc. we obtained additional information regarding maternal characteristics. Some information 

that could be connected to preterm births was missing however. For instance, maternal ethnicity, 

smoking and substance abuse was not listed in the data and mother’s body mass index (BMI) was 

only available for a short period of time. These factors are strongly related to socio-economic status 

(17). Therefore, we were able to work around this limitation by adjusting our regression models for 

maternal characteristics that are also strong predictors of socio-economic status, namely marital 

status, occupation, residency and nationality which were available in our data (18). Also, the variable 

onset of labor was missing for many preterm births which led us to use ICD-10 codes to distinguish 

between iatrogenic, PPROM and spontaneous preterm births. Using these codes was found to be a 

reliable identification of elective caesarean section, induction of labor and preterm rupture of 

membranes and gave us a more precise description on the onset of labor. Another limitation is the fact 

that the ICD-10 diagnoses used to identify medical indications for the preterm births may not have 

been the direct indications for the births. Even though the ICD-10 diagnoses were registered, it was 

not clear whether they were the cause of the preterm birth. However, after an analysis of the ICD-10 

diagnoses the most likely indication for the preterm birth was chosen by consulting obstetricians and 

we therefore feel confident with our analysis. 

Interpretation 

The changes in the preterm birth rates in high income countries have been similar to what we found in 

our study in Iceland: An increase in the preterm birth rate, mainly due to late and iatrogenic preterm 

births (3, 8, 19). Even though the preterm birth rate in Iceland was increasing during the study period, 

from 5.3% to 6.1%, it was relatively low compared to the global preterm birth rate of 11% (5). Iceland’s 

rate was similar to the rate in the northern European countries around Iceland (Finland, Sweden and 

Ireland with rates of 5.5%-5.9%) (6). However, it was much lower than for instance the rates in Brazil 

and USA (12%) (7, 19). Many high income countries such as Denmark, France and Poland have 

slightly higher preterm birth rates than Iceland (6.7%), while Switzerland, Spain, Australia, Canada, 
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UK and The Netherlands have even higher rates (7.4-8.0%) (19). This could partly be due to the 

different population structures in these countries as rates have been found to differ between ethnic 

groups as black mothers have higher rates of preterm birth (20), from 16.2% in 2003 to 12.8% in 2013 

compared to 12.3% to 11.2% among white women in the same time period. The difference between 

races diminished over time, perhaps with increased awareness (21). 

The gestational age group that increased the most in size in our study was the late preterm group, 

from 69% of all preterm births in years 1997-2001 to 74% in 2012-2016. This is a similar trend to what 

other studies have found (3, 4, 6). The late preterm group has been increasing more than the other 

gestational age groups globally and is over 70% of all preterm births in Norway, Denmark, Sweden, 

USA, Canada and Finland (71-76%) (22). This increase in preterm births at 34w0d-36w6d seems to 

have plateaued in the last few years after an increased focus on late preterm births in the preterm 

academic community (20, 23). Priorities in research and guidelines in optimizing care were published 

in 2007 and 2011 from the National Centre for Health Statistics, Eunice Kennedy Shriver National 

Institute and Child Health and Human Development and Society for Maternal and Fetal Medicine (24). 

The term late preterm was introduced instead of the previously used near term which was a misnomer. 

Using near term for premature infants born after 34w0d-36w6d implied that it was safe (23), but the 

fact is that the mortality and morbidity of late preterm is much higher than in term infants (2, 23, 25). 

The redefinition of the term emphasized that preterm births is a global burden and that late preterm 

(and iatrogenic preterm) births should be avoided if possible as well as early term births (before 39 

weeks of gestation) (23). Recent studies show that after this guideline change the late preterm birth 

rate dropped in USA (22, 23) and Norway (22).   

The largest increase in the preterm birth rate in our study was for iatrogenic preterm births, which 

more than doubled (up to 43% of all preterm births). A similar trend was evident in previous studies 

from many different parts of the world. The rate of iatrogenic preterm births has been increasing 

significantly over the last decades in Europe (3, 6, 19, 26) as well as in USA (3, 19, 26), where it was 

48.3% in 2003 (21). In Brazil the rate of iatrogenic preterm births was 32-61% overall during 2011-

2012 based on whether it was a public or private health care facility  (7, 27) and in Shanghai, China it 

was 47.2% in 2004 and 51.1% in  2007 (28). A study from Australia found an increase in iatrogenic 

preterm births from 39.5% in 2004 to 44% in 2008 (4). Despite the worldwide increase in iatrogenic 

preterm births a recent study from USA found a decrease in the overall preterm birth rate due to a 

decrease in the iatrogenic preterm births following the guideline changes in 2007 and 2011 (21). The 

rate of preterm births in USA decreased from 12.3% to 11.2% from 2003 to 2013 and the proportion of 

iatrogenic preterm births decreased from 48.3% to 41.8% (21). 

The increase of iatrogenic preterm births in our study was significant even after adjusting our 

regression models for the identified medical indications (placental abruption, severe preeclampsia, 

chorioamnionitis, fetal indication, red cell immunization, obstetric cholestasis, hypertensive disorders, 

diabetes mellitus, maternal illness and multiple gestation) (1, 3). This suggests that there are other 

factors than these indications that are the cause of this increase in iatrogenic preterm births in Iceland. 

Zhang et al published in 2012 that in USA there was a strong connection between the increase in the 

preterm birth rate and labor induction (29). In Iceland, the labor induction rate has been increasing 
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over the last decades (14, 34) which could be a contributing factor. Previous research is however in 

agreement that not one recorded indication is the single cause for this increase in iatrogenic preterm 

births (28), they are heterogenous (30) and that there is a complex process behind each iatrogenic 

preterm birth which should be analyzed in detail to improve preventive strategies based on the latest 

evidence (7).  

A known risk factor for preterm birth include: age (teen pregnancy or maternal advanced age), 

short interpregnancy interval, multiple pregnancy, assisted reproductive treatment, previous preterm 

birth, substance abuse and tobacco use during pregnancy. Also, low socio-economic status, black 

race and clinical factors such as infections, periodontal disease or vaginal bacteriosis, malnutrition and 

poor weight gain during pregnancy (1). These risk factors vary between the types of preterm birth. 

Infection or cervical malfunction are risk factors for spontaneous preterm births (3). The fact that 

spontaneous preterm births were decreasing in our study could be because obstetric practices have 

become better equipped to deal with these risk factors. Advanced mother’s age however, influences 

the risk for both spontaneous and iatrogenic preterm births (17, 31). In our study, maternal age was 

increasing during the study period. We adjusted our regression models for maternal age and despite 

that, the increase in the preterm birth rate and iatrogenic preterm birth rate was significant as well as 

the decrease in the spontaneous preterm birth rate. 

The largest contributing medical indication in our study was fetal indication (suspected placental 

insufficiency) as it was the contributing indication in about a third of the iatrogenic preterm births. The 

contribution was however decreasing during the study period at the same time as iatrogenic preterm 

births were increasing which is an interesting find. The contributing indications that were rising in the 

study were placental abruption, diabetes mellitus, obstetric cholestasis, and maternal illnesses. 

Diabetes mellitus has been connected with increased risk of iatrogenic preterm births (7, 32) as well 

as placental abruption (3, 20) and obstetric cholestasis (28) even though they are not the most 

discussed in the related studies. Together they contributed to about a fifth of iatrogenic preterm births 

and not enough to be the cause of this extreme rise in iatrogenic preterm births in Iceland. Swift et al 

(34) found an increase in labor induction in Iceland from 1995-2014. This increase was however more 

evident for women without a diabetes mellitus or hypertensive disorders diagnoses, and the increase 

could not be explained by advanced maternal age (34) which is an interesting find. 

The fact that the increase in late preterm births has been turned in USA and Norway as mentioned 

earlier shows that it is possible to change the trend following a change in clinical guidelines. Chang et 

al (19) suggested that there was a way to decrease the preterm birth rate in 39 countries with very 

high human development index by 5% in total by working on smoking cessation, not inserting multiple 

embryos in artificial insemination, using cervical cerclage and progesterone supplementation with the 

most important being reducing iatrogenic labor induction or caesarean delivery without medical 

indication. In USA they estimated a potential for an 8% decrease but they found less room for 

improvement, only 2%, in Sweden as there were fewer medically indicated iatrogenic preterm births 

(19). Sweden and Iceland have a similar preterm birth rate (6) and good health care systems (33) 

which leads us to assume that there might be a potential for a similar reduction in the preterm birth 

rate in Iceland as in Sweden. Chang et al emphasize that although the focus should be on stopping 
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non-indicated preterm births there will continue to be incidences where preterm births are indicated, 

and total prevention of preterm births will not be achieved without preventive treatments which 

eliminate all fetal, obstetric and maternal complications (19).  

In conclusion, our study shows that despite a low preterm birth rate compared to the global preterm 

birth rate, it may be increasing in Iceland and the epidemiology of preterm births is changing.  

Iatrogenic, PPROM, moderate and late preterm births are increasing, while spontaneous, extremely 

and very preterm births are decreasing. The increase of the iatrogenic preterm births was not 

explained by the known maternal and medically contributing factors we were able to include in our 

study. These findings emphasize the need for further studies on the causes of preterm births, 

especially iatrogenic preterm births. 
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Tables and Figures 

 

Table 1. Iatrogenic preterm births’ indications according to registered ICD-10 diagnoses. 

no Indication group ICD-10 codes 

1 Abruptio placentae O44.1, O45.0, O45.8 

2 Severe preeclampsia O14.1, O14,9, O15.0, O15.1 

3 Chorioamnionitis O41.1 

4 Fetal indication O36.3, O36.5, O41.0, O68.0 

5 Red cell immunization O36.0, O36,1 

6 Cholestasis O26.6 

7 Hypertensive disorders O10.0, O11, O13, O14.0 

8 Diabetes Mellitus O24.0, O24.1, O24.4, O24.9 

9 Maternal illness K80.2, I82, D69.3, I50.9, N13, O26.7, D69.6, O26.8, Z94.0 

10 Multiple gestation O30.0, O30.1, O43.0 
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Table 2. Characteristics of all preterm births in Iceland from January 1st 1997 to December 31st 

2016 according to birth year period. 

Birth year period 1997-2001 2002-2006 2007-2011 2012-2016 
 

All Preterm Births 1111 1265 1307 1303 p-value* 

Gestational age n (%) 
        

0.001 

<28w0d 74 (6.7) 55 (4.3) 54 (4.1) 56 (4.3) 
 28w0d-31w6d 142 (12.8) 130 (10.3) 129 (9.9) 105 (8.1) 
 32w0d-33w6d 130 (11.7) 163 (12.9) 185 (14.2) 179 (13.7) 
 34w0d-36w6d 765 (68.9) 917 (72.5) 939 (71.8) 963 (73.9) 
 Type of preterm birth n (%) 

        

<0.001 

Spontaneous 621 (55.9) 682 (53.9) 517 (39.6) 380 (29.2) 
 PPROM 263 (23.7) 323 (25.5) 390 (29.8) 369 (28.3) 
 Iatrogenic 227 (20.4) 260 (20.6) 400 (30.6) 554 (42.5) 
 Maternal age n (%) 

        

<0.001 

≤20years 70 (6.3) 54 (4.3) 64 (4.9) 28 (2.1) 
 21-25years 196 (17.6) 226 (17.9) 225 (17.2) 217 (16.7) 
 26-30years 342 (30.8) 407 (32.2) 419 (32.1) 369 (28.3) 
 31-35years 286 (25.7) 343 (27.1) 356 (27.2) 374 (28.7) 
 36-40years 189 (17.0) 197 (15.6) 186 (14.2) 237 (18.2) 
 41years+  28 (2.5) 38 (3.0) 57 (4.4) 78 (6.0) 
 Parity n (%) 

        

<0.001 

Primipara 446 (40.1) 502 (39.7) 645 (49.3) 654 (50.4) 
 Multipara 665 (59.9) 765 (60.3) 662 (50.7) 649 (49.8) 
 Multiple gestation n (%) 

        

<0.001 

Singletons 780 (70.2) 855 (67.6) 998 (76.4) 894 (68.6) 
 Multiples 331 (29.8) 410 (32.4) 309 (23.6) 409 (31.4) 
 Marital status n (%) 

        

<0.001 

Married/Cohabiting 964 (86.8) 1052 (83.2) 1305 (79.2) 1027 (78.8) 
 Single/Divorced/Widowed 144 (13.0) 209 (16.5) 256 (19.6) 225 (17.3) 
 Missing 3 (0.3) 4 (0.3) 16 (1.2) 51 (3.9) 
 Employment status n (%) 

        

<0.001 

Employed 774 (69.7) 926 (73.2) 932 (71.3) 966 (74.1) 
 Student 141 (12.7) 154 (12.2) 185 (14.2) 181 (13.9) 
 Unemployed 0 (0.0) 4 (0.3) 47 (3.6) 53 (4.1) 
 Homemaker 147 (13.2) 98 (7.7) 79 (6.0) 42 (3.2) 
 Pension/Disability/Other 49 (4.4) 80 (6.3) 33 (2.5) 29 (2.2) 
 Missing 0 (0.0) 3 (0.2) 31 (2.4) 32 (2.5) 
 Country of origin n (%) 

        

<0.001 

Icelandic 1068 (96.1) 1176 (93.0) 1147 (87.8) 1136 (87.2) 
 Not Icelandic 43 (3.9) 89 (7.0) 160 (12.2) 167 (12.8) 
 Residential area n (%) 

        

<0.001 

Capital area 627 (56.4) 808 (63.9) 849 (65.0) 857 (65.8) 
 Rural area 484 (43.6) 457 (36.1) 458 (35.0) 446 (34.2) 
   

*Chi-square test 
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Figure 1. Preterm Birth Rates (%) in Iceland 1997-2016.  

Figure 1a. Rate of preterm birth by gestational age of all births: all preterm births, and subgroups 

by gestational age (<28w0d, 28w0d-31w6d, 32w0d-33w6d and 34w0d-36w6d). 

Figure 1b. Rate of preterm birth subgroup of all births: spontaneous, PPROM and iatrogenic. 

PPROM=Preterm premature rupture of the membranes 
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Table 3. Rate ratios and 95% confidence intervals for the risk of preterm birth according to 
birth year period for all births (n=87,076) in Iceland during 1997-2016, overall and by 
gestational week group and preterm birth subgroup. 

Birth year period 1997-2001 2002-2006 2007-2011 2012-2016 

All preterm births n (%) 1111 (5.3%) 1265 (6.0%) 1307 (5.5%) 1303 (6.1%) 

RR (95%CI) Ref 1.12 (1.04-1.22) 1.03 (0.95-1.12) 1.15 (1.06-1.25) 

ARR (95%CI) * Ref 1.12 (1.03-1.21) 1.07 (0.99-1.16) 1.16 (1.07-1.26) 

Gestational week group     

34w0d-36w6dn (%) 765 (3.7%) 917 (4.3%) 939 (4.0%) 963 (4.5%) 

RR (95%CI) Ref 1.18 (1.08-1.30) 1.08 (0.98-1.19) 1.24 (1.12-1.36) 

ARR (95% CI) * Ref 1.19 (1.08-1.31) 1.13 (1.02-1.24) 1.26 (1.15-1.40) 

32w0d-33w6dn (%) 130 (0.6%) 163 (0.8%) 185 (0.8%) 179 (0.8%) 

RR (95%CI) ref 1.24 (0.98-1.56) 1.25 (1.00-1.57) 1.35 (1.08-1.70) 

ARR (95% CI) * ref 1.20 (0.95-1.51) 1.27 (1.01-1.59) 1.29 (1.02-1.63) 

28w0d-31w6d n (%) 142 (0.7%) 130 (0.6%) 129 (0.5%) 105 (0.5%) 

RR (95%CI) ref 0.90 (0.71-1.15) 0.80 (0.63-1.01) 0.73 (0.56-0.94) 

ARR (95% CI) * ref 0.87 (0.68-1.10) 0.79 (0.62-1.02) 0.70 (0.54-0.91) 

<28w0d n (%) 74 (0.4%) 55 (0.3%) 54 (0.2%) 56 (0.3%) 

RR (95%CI) ref 0.73 (0.52-1.04) 0.64 (0.45-0.91) 0.74 (0.53-1.05) 

ARR (95% CI) * ref 0.72 (0.51-1.03) 0.65 (0.45-0.94) 0.73 (0.50-1.05) 

Type of preterm birth    

Spontaneous n (%) 621 (3.0%) 682 (3.2%) 517 (2.2%) 380 (1.8%) 

RR (95%CI) ref 1.08 (0.97-1.21) 0.73 (0.65-0.82) 0.60 (0.53-0.68) 

ARR (95% CI) * ref 1.09 (0.98-1.22) 0.78 (0.69-0.88) 0.63 (0.56-0.72) 

PPROM n (%) 263 (1.3%) 323 (1.5%) 390 (1.6%) 369 (1.7%) 

RR (95%CI) ref 1.21 (1.03-1.43) 1.30 (1.12-1.52) 1.38 (1.18-1.61) 

ARR (95% CI) * ref 1.19 (1.01-1.40) 1.29 (1.10-1.51) 1.31 (1.11-1.54) 

Iatrogenic n (%) 227 (1.1%) 260 (1.2%) 400 (1.7%) 554 (2.6%) 

RR (95%CI) ref 1.13 (0.95-1.35) 1.55 (1.32-1.82) 2,40 (2.05-2.80) 

ARR (95% CI) * ref 1.11 (0.93-1.33) 1.61 (1.36-1.90) 2.37 (2.02-2.78) 

ARR (95% CI) ** ref 1.13 (0.95-1.35) 1.55 (1.32-1.82) 2.40 (2.06-2.80) 

  

*Adjusted for maternal age, marital status, residential area, country of origin, parity, multiple gestation 

and employment status. 

**Adjusted for iatrogenic indication groups: placental abruption, severe preeclampsia, 

chorioamnionitis, fetal indication, red cell immunization, cholestasis, hypertensive disorders, diabetes 

mellitus, maternal illness and multiple gestation. 

RR=rate ratio 

ARR=adjusted rate ratio 

PPROM=Preterm premature rupture of the membranes 
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Figure 2. Proportion of preterm birth subgroup (spontaneous, PPROM and iatrogenic) for all 
preterm births in Iceland from 1997 to 2016 according to gestational age group in 
weeks (<28w0d, 28w0d-31w6d, 32w0d-33w6d and 34w0d-36w6d). 

       PPROM=Preterm premature rupture of the membranes 
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Figure 3. Relative contributing indications for iatrogenic preterm births in Iceland 1997-2016 
based on ICD-10 codes (calculated as n iatrogenic preterm births for each indication / 
all iatrogenic preterm births). 

 

 

 

 

 

 

 


