Svigerdatteren hans, hun som var gift med Pinha, var med barn og skulle snart fode. Da hun horte
meldingen om at Guds paktkiste var tatt, og at hennes svigerfar og hennes mann var dode, sank hun i

kne og fodte, for da kom riene over henne
1. Samuelsbok 4:19
His daughter-in-law, the wife of Phinehas, was pregnant and near the time of delivery. When she
heard the news that the ark of God had been captured and that her father-in-law and her husband

were dead, she went into labor and gave birth, but was overcome by her labor pains.

1. Samuel 4:19






PUBLIC HEALTH ASPECTS OF PRETERM BIRTH
Studies using Scandinavian population-based data

Nils-Halvdan Morken

Institute of Clinical Sciences
Department of Obstetrics and Gynecology
at Sahlgrenska Academy
University of Gothenburg



ABSTRACT

Morken Nils-Halvdan. 2008. PUBLIC HEALTH ASPECTS OF PRETERM BIRTH Studies using Scandinavian
population-based data. Institute of Clinical Sciences, Department of Obstetrics and Gynecology at Sahlgrenska Academy,
University of Gothenburg, Gothenburg, Sweden.

Background: Preterm birth is an unresolved serious global health problem, research on which must be multi-disciplinary,
with assessment of risk factors and causative agents at many levels of observation, such as the public health level. The
general aim of this thesis was to describe, assess and explore public health aspects of preterm birth.

Material and Methods: Scandinavian population-based data from the three Medical Birth Registers in Sweden, Denmark
and Norway and the Swedish Hospital Discharge Register were used. Preterm birth in Sweden during the Birth Register era
from 1973 to 2001 was studied and subgroups of preterm birth during 1991-2001 were assessed. The association between
spontaneous preterm birth and fetal birth weight deviating from the population mean was explored. We propose the use of
reference populations as a supplement in international comparison of baseline differences in preterm birth proportions and for
time trend surveillance. The respective outcomes in spontaneous and iatrogenic preterm-born infants were examined and
compared. Models for prediction of spontaneous preterm birth at <34 and <37 weeks were developed and validated in a test
population by combining logistic regression and Bayesian methods.

Results: (I) The proportion of preterm birth (<37 weeks) in Sweden decreased from 6.3% in 1984 to 5.6% in 2001
(p<0.0001), a decrease evident among singleton births at 34-36 gestational weeks. The composition of preterm subgroups
was similar to that found in populations with higher preterm birth proportions. (II) Associations between smaller than the
population mean and spontaneous preterm birth were evident in all gestational age groups. The largest risk was found at 28-
31 gestational weeks and birth weight <-3SD (OR: 13.3; 95% CI: 10.3-17.2). Spontaneous preterm infants born at 34-36
gestational weeks more often weighed 1-1.9 SD (OR: 1.1; 95% CI: 1.1-1.2) or 2-2.9 SD (OR: 1.6; 95% CI: 1.5-1.7) above the
expected mean. (III) The national preterm delivery proportion (<37 weeks) increased from 5.3% to 6.1% (p<0.001) in
Denmark and from 6.0% to 6.4% (p=0.006) in Norway, but remained unchanged in Sweden, during 1995-2004. In Denmark,
the preterm delivery proportion in the reference population increased significantly (5.3% to 6.3%, p<0.001), as did the
spontaneous preterm delivery proportion in the reference population (4.4% to 6.8%, p<0.001). No similar increase was
evident in Norway. In Sweden, proportions in the reference population remained stable. (IV) Spontaneous preterm infants
were at increased risk of cerebral palsy at gestational age 28-31 weeks (HR: 1.86; 95% CI: 1.12-3.10) and of sepsis at
gestational age 32-33 weeks (HR: 1.58; 95% CI: 1.28-1.96). Other outcome variables were associated with iatrogenic preterm
birth, particularly respiratory and gastrointestinal diagnoses. (V) Six prediction models were developed. The area under the
receiver operator curve in the test population ranged from 0.77 (95% CI: 0.76-0.77) to 0.59 (95% CI: 0.57-0.61) for
spontaneous preterm birth at <37 weeks and from 0.80 (95% CI: 0.79-0.81) to 0.64 (95% CI: 0.62-0.67) for spontaneous
preterm birth at <34 weeks. For each delivery in the test population, the model that utilized the available information to the
greatest extent was used, and total areas under the receiver operator curve for spontaneous preterm birth at <34 weeks (0.74,
95% CI: 0.73-0.75) and <37 weeks (0.71, 95% CI: 0.7-0.71) were calculated.

Conclusions: The proportion of preterm birth in Sweden has decreased since the mid-eighties. Deviation of fetal birth weight
from the expected mean is associated with spontaneous preterm delivery. Reference populations may prove to be a valuable
supplement in assessments of national preterm delivery proportions in connection with public health surveillance.
Spontaneous preterm birth and iatrogenic preterm birth are associated with different pediatric outcomes. Spontaneous preterm

birth can be predicted by using the proposed models, which might be applicable in clinical assessment of risk.

Key words: preterm birth; preterm delivery; subgroups; spontaneous preterm birth; iatrogenic preterm birth; birth weight; fetal growth;

reference population; outcome; cerebral palsy; prediction
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INTRODUCTION

Preterm birth is a major health problem and the most important clinical problem in obstetrics.
Recent developments in this field have evoked major interest and preoccupation in many
researchers in maternal-fetal medicine and obstetrics. Nonetheless, preterm birth remains an
unresolved entity; its causes are complex and our current knowledge is fragmented. The use
of tocolytics and antibiotics has proved to be rather disappointing and the major causes of
iatrogenic preterm birth in the developed world, preeclampsia and severe intrauterine growth
restriction, are both unpreventable. A core question is: why have advances not led to reduced

incidence? (1).

Progress has been made in elucidating the cascade of events constituting the biological
pathways leading to spontaneous preterm delivery, especially in animal models. The
relevance of these animal models related to preterm birth and delivery in humans remains an
open question and we are still far from understanding the causes of preterm delivery. It is
incontrovertible that research on this issue must be multi-disciplinary, with assessment of risk
factors and causative agents at many levels of observation, one of which is the public health
level. Public health interventions are reported to be the most promising beneficial initiative at
present (1), and the best approach to preventing preterm birth is likely to be through socio-
economic interventions such as infection control, i.e. improved nutrition; avoiding smoking,
alcohol and substance abuse and improving hygiene (2). A comprehensive understanding of
the epidemiology of preterm birth is fundamental, since it represents a public health problem
for a number of reasons: 1) preterm infants generate substantial emotional and economic costs
for their families and communities, 2) preterm infants have a disproportionate impact on
health services utilization, 3) disparities in preterm birth exist across populations, 4)
disparities in preterm birth exist across ethnic groups (2) and 5) the proportion of preterm

birth is increasing in several populations (3, 4).

Increased knowledge of the public health aspects of preterm birth may be helpful in the work
towards improving pregnant women’s chances of giving birth to full-term babies (5). This
thesis investigates public health aspects of preterm birth and presents new nationwide,

register-based data from Scandinavia.



Public health and clinical implications of preterm birth

In 2001, the World Health Organization (WHO) established a reference group to work with
improving the accuracy of information about the causes of child death. During the period
from 2000 to 2003, six causes accounted for 73% of the 10.6 million annual deaths in children
under 5 (6). Preterm delivery accounted for 10% and was a greater contributor than asphyxia
at birth. In all regions of the world, preterm delivery is the leading cause of death in the
neonatal period (6). Other researchers have shown that preterm birth is the most important
cause of perinatal mortality and morbidity in the industrialized countries, accounting for 70%
of perinatal mortality and nearly half of neurological morbidity (7, 8). There is no doubt that

preterm birth is a serious global health problem with great impact on public health worldwide.

One British (9) and one Norwegian (10) study are two examples of recent population-based
clinical studies evaluating both short- and long-term outcomes in extremely preterm infants.
They showed that recent developments in simple prenatal care have, to some extent, improved
short-term outcome, but the longer-term effects are still unsatisfactory. The results of these
studies also remind us what this really is about, i.e. a disorder that can affect everyday life for
those suffering from severe complications of a very preterm birth. The destiny of the
individual infant and family is easy to forget when public health aspects and large datasets are

under consideration.

The EPICure study included children born at 25 or fewer completed weeks of gestation in
the United Kingdom and Ireland in 1995 (11). These children were studied at early school age
and 41% of the extremely preterm children had cognitive impairment (defined as test results
more than 2 SD below the mean), compared to their classmates. Behavioral problems also
seem to occur with high prevalence among these children (9). The rates of severe, moderate,
and mild disability were 22%, 24%, and 34%, respectively. Disabling cerebral palsy (CP) was
present in 12%. The authors concluded that cognitive and neurological impairment was
common at school age among extremely preterm children (11). A recent publication from the
EPICure study also concluded that impairment of motor; visuospatial; and sensorimotor
function, including planning, self-regulation, inhibition and motor persistence, contributes
excess morbidity in addition to cognitive impairment in extremely preterm children and
contributes independently to poor classroom performance at age 6 (12). The same dataset was
also used to determine survival (314, or 39%, of 811 infants admitted to neonatal units

survived until discharge) and complications at discharge from hospital and at 30 months of
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age (13, 14). It is, however, noteworthy that between 54% and 75% (depending on the
standard used for assessing cognitive function) of the population assessed at the age of 6 were

doing well and functioning within normal ranges (9).

In the Norwegian prospective observational study, by Markestad and colleagues, of all
infants with a gestational age of 22-27 completed weeks or a birth weight of 500 to 999 g who
were born in Norway in 1999 and 2000 (10) outcomes were determined in terms of perinatal
and early death, need for treatment and morbidity at the time of discharge to home. These
researchers concluded that the survival rate was high and that the morbidity rate at discharge
to home was low, compared with previous population-based studies, including the EPICure
study. There are some major differences between the British and the Norwegian studies. First,
the EPICure study included infants at a lower gestational age (<26 weeks versus <28 weeks).
Second, the Norwegian infants were born 4-5 years later and a greater proportion had been
given prenatal steroids and were born via cesarean section. The improved prognosis found in
Norway may partly be due to changes in management and organization of care. Data from a
similar Swedish national cohort born in 1990-1992 also indicates lower survival rates than
that found by Markestad and colleagues (15). Prenatal steroids were not in extensive use and
only a few units provided surfactant therapy in Sweden during that period; differences may

thus be attributable to improvements in management.

Approximately three-fourths (75-80%) of perinatal deaths occur in babies delivered at < 37
weeks (16-18), and 40% of these deaths occur in those delivered at <32 weeks (19). Preterm
infants are also at increased risk of developing cognitive and behavioral abnormalities (20)
and of achieving poorly in educational situations (21), problems which persist until adulthood
(20, 22). Furthermore, they are at increased risk of chronic lung disease (23-25) and visual
abnormalities (26, 27) and they represent approximately half of all pediatric neuro-
developmental disabilities (28-30), including CP (31-34) and other severe brain damage (35),
as well as long-term morbidity (19, 28, 36). A very recent Norwegian register-based study
even showed increased risk of mortality throughout childhood and subsequent reduced

reproductive ability, compared to term-born indiviuals (37).

Moderately preterm infants, born at gestational age 32-36 weeks, account for the vast

majority of preterm infants (38, 39), while individuals born at <28 weeks of gestation,
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contribute 60% of the total infant mortality (38). It has thus been, and remains, a general
belief that challenges related to the most extremely preterm-born infants are the most major in
perinatal medicine. A modest but steadily increasing body of evidence has recently emerged,
indicating that infants born close to term (34-36 gestational weeks) also have an increased
morbidity and mortality risk, compared with term infants (16, 40-50). Experts have even
contended that there is no such thing as a healthy preterm infant (51); this implies that the
preterm problem most certainly extends beyond the most extremely preterm births. In
addition, efforts to reduce complications among preterm infants at 34-36 gestational weeks
will have a major impact on public health as a consequence of the size of this group. The
questions of whether benefit is derived from prolonging pregnancy beyond 34 gestational
weeks has been raised (46). Investigation into the optimal obstetric and neonatal management

of these late preterm infants is thus warranted (52).

Society’s economic burden from preterm birth is of less importance than the human suffering
described above, but it is still far from insignificant. As technology drives medicine’s
direction and progress, possibilities for new and expensive treatments evolve rapidly. Preterm
birth not only results in economic burdens due to initial neonatal treatment, but also in
substantial health service costs following discharge from the neonatal unit (53). It imposes an
immense burden on health, education and social services and on affected families (53). In the
United States, the Institute of Medicine has estimated that preterm birth costs the country at
least 26.2 billion US dollars a year or 51 600 US dollars per preterm infant (54). This group of
infants accounts for 12% of live US births per year, but its care consumes close to 60%, or 6
billion US dollars, of total spending on initial neonatal care (46, 55). The expenses are clearly
related to gestational age (43); an infant born at 38 weeks incurs one tenth the expense of one
born at 35 weeks (441 versus 4733 dollars) (55). This means that even a modest reduction in
preterm birth will lead to substantially reduced costs (51). The corresponding costs in

Scandinavia are most likely similar to those in the US.

An interesting observation is that large registry-based, observational studies have found that
women who had delivered a preterm infant had a 2- to 3-fold higher risk of cardiovascular
death, compared with those who delivered at term (56, 57). A recent cross-sectional study
suggests that vascular and metabolic factors account for a least some of the increased

prevalence of cardiovascular disease among women many years after a preterm birth (58).
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The authors suggested that a previous preterm delivery may help in identifying women who
might benefit from cardiovascular risk screening and intervention (58), indicating that preterm

birth may have implications for patients beyond obstetrics and maternal-fetal medicine.

Clearly, the preterm problem has several implications and serious complications and there are
medical, societal and financial incentives to further explore both consequences of the problem

and the causes resulting in a preterm delivery.

The definition of preterm birth and controversies in defining subgroups

The first serious attempt to come up with an international definition of a “premature” or
“immature” infant was proposed by the World Health Assembly in 1948 (59, 60). Since then,
definitions have been further developed and refined and preterm birth has finally been defined
by the WHO as a birth occurring before 37 completed weeks or 259 days of gestation (61).
This definition has been endorsed by the American Academy of Pediatrics and the American
College of Obstetricians and Gynecologists (62), and is currently the one in common use,
although the terms preterm and premature are still used interchangeably. There is thus some
confusion, the resolution of which requires international discussion and agreement, but there

is as yet no international consensus on any other definition.

The term preterm is preferable as the WHO definition is based solely on gestational age and
not on degree of infant maturity. Similarly, the terms low birth weight (LBW, <2500g), very
low birth weight (VLBW, <1500g) and extremely low birth weight (ELBW, < 1000g) have
been used extensively (63-65) but should be avoided in relation to preterm birth, as the latter
does not incorporate birth weight. Gestational age may be an imperfect measure, but weight
incorporates both the duration of gestation and the adequacy of fetal growth. There is
reasonable agreement that the WHO definition should be used despite the confusion in the

literature regarding the terms preterm and premature.

When it comes to the subgroups of preterm birth, far more ambiguity exists. Categorizing
preterm infants into precisely defined subgroups is valuable in a number of contexts, i.e. risk
assessment, reporting for surveillance/research purposes, generating health policy guidelines,

research, patient care and counselling. It is possible that preterm birth is not a single entity,
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but rather a cluster of conditions with different etiologies ultimately resulting in the delivery
of an infant before 37 gestational weeks (66). It is also important to be aware that obstetric
intervention and practice will influence the relationship between spontaneous and iatrogenic
preterm births. One possible scenario is that increased fetal surveillance with ultrasound might
detect growth restrictions that, if undetected, would have ended in spontaneous onset of
preterm delivery. Despite the convenience of categorizing and sub-grouping, there is no
consensus in the literature that the subcategories of preterm birth represent etiologically
different entities and this assumption has indeed been contradicted (67). Whether the
distinction between spontaneous and iatrogenic preterm births should be used when studying
etiology has been questioned in a recent report (68), but the authors concluded that the
complexity of the etiological pathways in preterm birth justifies both aggregation and
disaggregation. An alternative classification, based upon understanding of the causal

mechanisms, rather than on clinical presentation, has also been suggested (69).

The most important sub-grouping is based on gestational age (Table 1), as prognosis depends
on gestational age at birth (7). Preterm infants born at gestational age 32-36 weeks are
classified as moderately preterm, while infants born at gestational age 28-31 weeks and <28
weeks are designated very and extremely preterm, respectively. About 10% of preterm births
are extremely preterm, another 10% are very preterm and 80% are moderately preterm (38).
The designation “near-term” has been used for those infants born closest to term at 34-36
gestational weeks and 34 gestational weeks is an obstetrical milestone in many respects.
Prenatal corticosteroids and tocolytic treatment are no longer administered in cases exceeding
34 weeks. “Near-term” implies that these infants are not preterm, but close to term, despite
their being at much higher risk of both mortality and morbidity than term infants. It has
therefore recently been recommended that “near-term” should be replaced by “late preterm”

(59, 70).
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Gestational age and birth weight categories | Definition
weeks+days
Late preterm birth 34 to 36+6
Moderately preterm birth 32 to 36+6
Very preterm birth 28 to 31+6
Extremely preterm birth <28
grams
Low birth weight <2500
Very low birth weight <1500
Extremely low birth weight <1000

Table 1 Gestational age categories and birth weight categories

Preterm birth is further categorized according to three different modes of clinical
presentation or to the nature of the preterm delivery: preterm labor (PTL), preterm prelabor
rupture of membranes (pPROM) and medically indicated (iatrogenic) preterm birth. PTL and
pPROM are often combined and called spontaneous preterm birth. The distinction between
PTL and pPROM became more interesting during the early 1990s, as it appeared that these
subgroups had different antecedents (71-74). Furthermore, multiple births, fetal
malformations and intrauterine fetal deaths (IUFD) contribute (Figure 1) to preterm birth and
can be regarded as distinct subgroups (75). The contribution of each of the subgroups-
iatrogenic, PTL and pPROM-to the total preterm birth proportion in Scandinavia is not
known. It has been assumed, based on studies from other parts of the world, that each
subgroup contributes 1/3 in a Scandinavian population as well (75). Previous studies on
preterm subgroups are either hospital- or regional-based and are thus not performed on

population-based data (76-81).
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Figure 1 Subgroups of preterm birth

Due to the heterogeneity of preterm birth and as a result of rather disappointing findings in
fields such as genetics (82, 83), further sub-grouping of preterm birth and introduction of
the endophenotype concept into preterm birth research may prove useful in the future. The
term endophenotype, as created by Gottesman, Shield, John and Lewis(84), can be defined as
a heritable characteristic normally associated with a condition but not a direct symptom of
that condition. The idea that some phenotypes bear a closer relationship to the biological
processes giving rise to illness than do diagnostic categories has attracted considerable
interest, especially in the field of psychiatry (85). It is believed that the exact nature of
endophenotypes will be easier to analyze than that of the genetic basis of psychiatric disease
(85). Measuring cytokine levels is one possible way of determining endophenotypes in

preterm birth.
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Preterm birth is a heterogeneous group in terms of different gestational ages, different
subgroups and possible ways of sub-grouping (38). So far, no uniform international set of

definitions conserning all aspects of the phenomenon has been agreed upon.

Determination of gestational age

The definition of preterm birth is based on gestational age assessment which is thus the key
feature of this entity. It is not possible to establish the “real” normal length of gestation, but
280 days seems to be a realistic working figure and is that most widely used, at least in
Caucasian populations (86). The implications of gestational age depend on the method chosen
to determine it. One such definition has been proposed by the American Academy of
Pediatrics (Figure 2), i.e.time elapsed between the first day of the last menstrual period
(LMP) and the day of delivery (87).

v

POSTMENSTRUAL AGE

1
1
1
1
GESTATIONAL AGE H
| ]
1
First Day of Last ! v
Menstrual Pericd '
| ~,  Dateof
T I I = Assessment
Conception Bith  Expected Date A
{implantation/Fertiization) of Delivery .
1
1

CORRECTED AGE

Figure 2 Age terminology during the perinatal period, according to the American Academy of Pediatrics
(Reproduced with permission from The American Academy of Pediatrics. Engle WA. Age terminology during
the perinatal period. Pediatrics 2004;114(5):1362-4)

What the obstetrician really wants to know is the time elapsed from conception but this is
rarely feasible except in the case of births after assisted reproductive treatment (ART); thus,
several methods determining a substitute for this interval are used. An accurate assessment of
gestational age is fundamental in a number of situations, such as categorization into risk

groups (7), timing and planning of elective delivery in case of complications, estimation of
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likelihood of survival if delivery occurs preterm and assessment of fetal growth, as well as for

research purposes (86).

Gestational age has traditionally been determined by calculating the interval from the first day
of the LMP to the date of delivery. This variable is the cornerstone of gestational age
determination in US vital statistics. LMP was the only gestational age variable in the
Norwegian Medical Birth Register (NMBR) until as late as 1998. It has been shown in
numerous studies during the last 40 years that this method has its limitations in establishing
the duration of pregnancy (88-98). Uncertain LMP is more common among women with low
socioeconomic status and is associated with higher proportions of preterm birth and other
adverse pregnancy outcomes. The method is more uncertain in the extremes, i.e. preterm and,
especially post-term gestations (97). Furthermore, irregular menstrual cycles, forgotten dates,
early bleeding in pregnancy and conception before menstruation returns after an abortion or
birth complicates its use. As a result, other methods, such as ultrasound gestational age
determination and antenatal and postnatal estimations of gestational age, have been developed

(99-106).

Ultrasound measurement of the fetus as a method of determining gestational age started in
the 1970s and is currently offered as a routine examination in many countries, including in
Scandinavia. The examination is performed between the 17th and 20th gestational week and
estimates or corrects the date of delivery, diagnoses plurality and identifies placenta location.
The main differences between LMP and ultrasound gestational age determination are found in
preterm and postterm gestations, while differences are smaller for infants born at term (97,
107). Ultrasound gestational age assessment lowers gestational age across the entire
gestational age range resulting in a left-hand skewness that leads to reduced proportion of
postterm births, with a concomitant increase in the proportion of preterm births (108). The
fact that late ovulation is more common than early ovulation is one explanation for this (108).
It has been shown in several (104, 109-112) studies that ultrasound gestational age
determination predicts the day of delivery more accurately than LMP. Despite quite
widespread agreement on the superiority of ultrasound compared to LMP, there are
limitations to this method. The basic assumption underlying ultrasound gestational age
determination in the second trimester is that all fetal crania are equal in size at any given
gestational age; variations in fetal size at a given stage in pregnancy are thus converted into

differences in gestational age (113). However, other factors influencing fetal size, such as
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gender and maternal smoking (early growth restriction), may introduce systematic bias into
gestational age determination (114). In a Danish study comparing female and male infants, a
13% excess of preterm birth in female infants was found based on ultrasound assessment, but
not based on LMP (113). A similar bias was found for smokers versus non-smokers. The
authors concluded that factors reducing fetal size in early pregnancy inflate the risk of
preterm, and deflate the risk of postterm delivery when gestational age determination is based

on ultrasound and that this bias can distort the relative risk of preterm or postterm delivery by

10-20% (113).

The determination of gestational age is at best an imperfect science (97, 108, 115, 116).
Factors such as heterogeneity in menstrual cycle duration, implantation bleeding
misinterpreted as menstruation, recall error, preconception amenorrhea due to oral
contraceptive use, examiner’s skill and the choice of technology can introduce additional
errors into the assessment (59, 97, 110, 111). Therefore, no golden standard for gestational
age determination is agreed upon and different methods are used in different studies. In
Scandinavia, gestational age determination by LMP and ultrasound are the main methods; the

latter is the most common and has been considered the most reliable since the mid-1990s.

The proportion of preterm delivery will change depending on the method of gestational age
determination but the time trends will not be affected as long as the criteria for the different
methods of gestational age determination are kept constant. The importance of national trend
monitoring is probably the reason LMP still continues to be the basis for national surveillance
of preterm birth in the United States (117). It is important to be aware of which method is
used for gestational age determination when comparing different preterm birth frequencies, as
studies indicate that substituting or combining different methods has consequences, especially

concerning preterm gestations (118, 119).

Proportions of preterm delivery and difficulties in international comparison

Since the 1980s several industrialized countries, such as the United States (51), Canada (120)
and Australia (121), have reported increasing proportions of preterm delivery. There has been
a 31% increase in the United States, from 9.4% of total births in 1981 to 12.3% in 2003.
During this period, late preterm births (34-36 gestational weeks) increased by 40% while very

preterm births rose by only 11% (51). In light of the increasing evidence of adverse effects of
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these late preterm births, this current tendency is troublesome, despite the increase having
occurred in the gestational subgroup traditionally considered to be of the least importance.
The steady increase in preterm births in the United States has continued into 2004 (12.5%)
(122) and further into 2005 (12.7%) (3).

A Swedish study showed an increasing proportion of preterm deliveries, from 5.7% to 6.8%
during the 1980s in hospitals practicing early age determination by ultrasound (123). Postterm
births were simultaneously reduced; these findings were in accordance with findings from
other parts of the world (124-129). A Danish study reported a 22% increase in the crude
national proportion of preterm delivery during the period 1995-2004 (4). The spontaneous
preterm birth proportion increased by 51% in a group of low-risk women during the same
period (4). In Norway, there was a steady decline in the preterm birth proportion from the late
1960s until 1980 (124), after which the proportion surged from 5.5% to 7%, representing a
27% rise (124). Earlier intervention and induced delivery in high-risk pregnancies (124) and
more frequent use of ultrasound to determine gestational age (128) have been put forward as
explanations for this increase. The perhaps most striking example of the impact of changing
intervention practice on the preterm birth proportion comes from Brazil, where an eight-fold
rise in cesarean sections over the past 20 years was associated with a three-fold rise in the

preterm delivery proportion (130).

With the exception of the Norwegian decline during the 1960s, there have been few
documented reductions in preterm birth proportions and these were reported more than 20
years ago. The oldest described reduction was in Aberdeen, Scotland, where the proportion
fell from 9.3% of all births in 1951-1955 to 6.8% in 1976-1980 (131). Other improvements
have been interpreted as positive results of intervention and prevention programs either at the
national (132) or institutional level (133). The most quoted reduction was reported from
France, where the preterm birth proportion declined from 8.2% in 1972 to 5.4% in 1981
(134). This reduction reflected the results of a national preterm birth reduction program that
was started in 1971 and implemented in most institutions (135). As part of this effort, a 12-
year intervention study including a program for prevention of preterm deliveries was
conducted in a district hospital in Haguenau in northeastern France, to evaluate and measure
the effects of the national program (136, 137). Between 1971 and 1982, a reduction from
5.4% to 3.7% (134) occurred in Haguenau. What was so striking about these French results

was that the total reduction was related to a reduction in births at <34 weeks of gestation.
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There was a reduction by one-third at gestational age 33-34 weeks, and a more than 50%
decrease at gestational age 28-32 weeks (134). The national French preterm birth proportion
seems to have continued to decline during the 1980s but this was not attributed to the
improved accuracy of gestational age determination by ultrasound (138). A more recent report
comparing two samples, both including all stillbirths and live births during one week in
France in 1995 and 1998, found that the proportion of live births before 37 gestational weeks
had increased from 5.4% to 6.2% (139). This indicates that two decades of continuous

reduction in the French preterm birth proportion may have come to an end.

A Finnish study also reported a historic reduction in preterm birth (140). Two population-
based birth cohorts from northern Finland in 1966 and 1985-1986 were compared. The overall
preterm birth proportion fell from 9.1% to 4.8%, including a reduction from 8.8% to 3.4% in
spontaneous preterm births. latrogenic preterm births increased from 0.3% to 1.4%. Several
maternal determinants were evaluated, most of which undervent favorable changes during the
20 years. The authors concluded that only a small part of the decrease in the total preterm
birth proportion could be attributed to these changes. However, it was speculated, since the
overall standard of living had increased tremendously in all social classes during the period
that better living conditions and increased social well-being had significantly contributed to
the reduced spontaneous preterm birth proportion. A very recent report from Finland claims
that the positive tendency seems to have continued, at least in extremely preterm deliveries
(<28 gestational weeks), with a 12% reduction from the period 1987-90 (0.39%) to 2001-05
(0.34%) (141). Decreasing iatrogenic preterm deliveries among early gestations, increasing
smoking cessation during pregnancy and prevention of multiple pregnancies after in vitro

fertilization (IVF) were suggested as contributors to this favorable trend in Finland (141).

The official crude national preterm birth proportion varies considerably between different
nations and rather wide variation is evident among industrialized countries (Table 2). This
variation may reflect differences in the examined populations, national differences in the
definition and reporting of stillbirths and neonatal mortality (142) as well as different

practices in terms of intervention.
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Reference Regions Country Year Proportion of
preterm birth
<37 weeks

Nordic countries

Gissler etal "/ Sweden 2004 5.4%

Langhoff-Roos et al * Denmark 2004 6.3%

Gissler et al "/ Norway 2006 6.0%

Gissler et al "’ Island 2004 52%

Gissler et al '’ Finland 2006 5.0%

United Kingdom

Buitendijk et al "* Scotland 2000 7.3%

Buitendijk et al "* Wales 2000 7.9%

Buitendijk et al "* Northern Ireland 2000 7.1%

Central Europe

Buitendijk et al '*° Germany 2000 7.6%

Buitendijk et al '*° Netherlands 1999 7.4%

Buitendijk et al '*° Belgium Flanders | 2000 7.8%

Buitendijk et al "* Belgium French 2000 8.5%

Buitendijk et al " Luxembourg 2000 5.0%

Buitendijk et al '*° France 1999 6.2%

South Europe

Buitendijk et al '*° Italy 1998 6.2%

Buitendijk et al '*’ Spain 1999 7.1%

Buitendijk et al '* Greece 1998 5.8%

Buitendijk et al '*° Portugal 1999 5.9%

North-America
Hamilton et al USA 2005 12.7%
Health Canada '* Canada 2000 7.6%
Australia
Laws et al '* Australia 2003 7.9%
Craig et al '* New Zealand 2001 6-7%

Table 2 Reported proportion of preterm birth from different countries during the last decade

The preterm birth proportion in the United States was reported to be 12.7% in 2005 (3),

exceeding that in other western countries such as Canada (143), Australia (144), France (145),
the Netherlands (145), New Zealand (146) and Scotland (145). The recent national crude
preterm birth proportions reported from Sweden, Denmark, Norway, Finland and Iceland are
also less than that in the United States (147). The reason that preterm birth is apparently a
more common problem in the United States is not known, but a recent study has pointed out
that LMP in the US data misclassifies gestational duration and overestimates both preterm and

postterm birth proportions (143). The authors concluded that gestational age in the United
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States should be based on the clinical estimate for international comparisons, as in the
Scandinavian countries and Canada. LMP probably continues to be the basis for national
surveillance of preterm birth in the United States because monitoring national trends has been
given higher priority than making international comparisons (117). The latter will most
certainly become a much more important aspect in the future, as international collaboration
and comparison will be fundamental for successful elucidation of the mechanisms behind this
complex problem. International collaboration and pooling of samples have proven successful
in other fields of medical research (148, 149) and would be timely in preterm birth research at

this time.

International comparisons of preterm delivery proportions are complex for a number of
reasons. Core questions, such as “Does the baseline preterm birth proportion differ across
populations?” and “Does the preterm birth proportion increase over time?”, are difficult to
answer due to the number of influential factors. Different methods of registering and
calculating gestational age, the use of either pregnancies or children as the observational unit
(38) and diverse obstetric practices concerning induction of labor, influence numbers and
make comparisons challenging (73). Ethnic diversity and socio-demographic factors are also
important and influence the proportion of preterm birth. The frequency of several of these
risk factors, well known for their association with preterm delivery, also changes over time
and differs between countries. ART, high maternal age, primiparity and elective delivery
before term have changed in recent years, changes that have been offered as explanations for
the increase in preterm delivery proportions seen in several countries (125, 126, 150). Better
living conditions, reduced smoking and specific prevention programs may have contributed
to the decreased preterm delivery proportion seen in a few other countries (134, 140).

Methods that facilitate and simplify comparison of preterm birth proportions are needed.

Risk factors, clinical diagnoses and complications associated with preterm birth
Numerous risk factors, clinical diagnoses and pregnancy complications have been found to be
associated with an increased risk of preterm birth. Most of these factors can be divided into
three main groups: 1) maternal and constitutional risk factors, 2) pregnancy history and 3)
index pregnancy risk factors. Some more curious associations have also been found, e.g. a

possible seasonal pattern in preterm birth (151-157), although there is conflicting evidence, as
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one study of spontaneous preterm birth did not find any seasonal variation in this preterm

subgroup (158).
Maternal and constitutional risk Pregnancy history Index pregnancy risk factors
factors
o  Ethnicity o  History of prior preterm o  Polyhydramnios/oligohydramnios

birth

and placental disorders

o  Socioeconomic status

o  History of prior abortion

o  Elective and complicated
preterm birth (maternal and/or
fetal complications that indicate

preterm delivery)

o Marital status

o  History of prior cervical

incompetence

o  Antepartum hemorrhage

o  Maternal age

> pPROM

o  Parity

o  Fetal malformations

o  Maternal size (weight and
height)

o  Fetal male gender

o Maternal diet

o Lack of antenatal care

o Smoking

o  Abdominal surgery

o  Drug and alcohol abuse

o Multiple pregnancy

o  Coffee

o ART

o  Physically demanding work
and other occupational

exposures

o Maternal infection: systemic,

genital, asymptomatic bacteriuria

o  Maternal genital

abnormality

o  Fetal growth disturbances

o Periodontal disease

o  Preeclampsia

o Maternal stress

o  Maternal medical disorders:
thyroid disease, asthma,

diabetes, hypertension, etc.

o  Short interpregnancy

interval

o  Cervical procedures

Table 3 Risk factors, clinical diagnoses and pregnancy complications divided into three main groups: maternal

and constitutional risk factors, pregnancy history and index pregnancy risk factors.

Maternal and constitutional risk factors

Disparity in preterm birth between ethnie groups persists after stratification for educational

level and social class (159, 160), and indicates a genetic predisposition. In a recent report, the

proportion of births <28 weeks was found to be 0.35%, 0.45%, and 1.39% for Caucasians,

Hispanics, and African-Americans (AA), respectively (50). AA undergo preterm birth at <37

gestational weeks twice as often as women of other races, and three times as often at <32

weeks as Caucasian women (161). At the same time, AA infants are at lower risk of neonatal
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mortality (number of deaths in infants 0-27 days of age per 1000 live births) related to

preterm birth (50), which could indicate an ethnic disparity in the normal length of pregnancy.

Mothers with low socioeconomic status have an increased risk of preterm birth (162-168)
and factors such as single marital status have also been found to be associated with an

increased risk of preterm birth, although this is considered to reflect other social factors (38).

Delayed childbearing has an impact on several adverse obstetric outcomes, of which preterm
birth is one (169). The mother’s age at childbirth contributes increased risk among younger
and older women (51). Women younger than 16 and older than 35 years of age have been
found to have a 2-4% higher rate of preterm birth, compared to women aged 21-24 (54).
There are indications of an interaction between maternal age and ethnicity, with the risk of
preterm birth starting to rise at a younger age (27-29) among AA than among Caucasians (33-
35) (54). First teenage birth is not associated with an increased risk of preterm birth, whereas
second teenage birth is associated with a highly increased risk,compared to women aged 20-
29 (170). In all other age groups, primiparity is associated with a higher rate of preterm birth
than second or third births, with a slightly increased risk for fourth births (38).

Maternal size seems to influence the risk of preterm birth, but conflicting data exist for both
maternal weight (171-175) and height (176-178), probably because these factors interact with
other risk factors such as smoking, parity and stress (179). There is reasonable agreement that
low pre-pregnancy body mass index (BMI)(177, 179, 180), as well as a slow weight gain rate,
especially in the latter part of pregnancy (181), increase the risk of preterm birth. Both
maternal dietary habits and supplement intake have been found to be associated with the
occurrence of preterm birth (182) and a recent interesting finding requiring further attention is
that a cholesterol-lowering diet reduced the occurrence of preterm birth significantly (relative
risk (RR): 0.10; 95% confidence interval (CI): 0.01-0.77) in a Norwegian randomized clinical
trial (183). Two very recent studies on the Norwegian and Danish pregnancy cohorts resulted
in conflicting findings concerning the effects of cholesterol-lowering and Mediterranean diet

on preterm birth risk (184, 185).

Intervention aimed at prevention of maternal smoking in pregnancy may be the most obvious
public health challenge, as smoking is definitely a modifiable risk factor for preterm birth. It

has been shown that women who quit smoking during the first trimester have a reduced rate
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of preterm deliveries (6.7% vs 9.1%), compared to women who smoked beyond the first
trimester (186). The association between smoking and preterm birth has been recognized
since the 1950s (187) and later confirmed in several other studies (188-193). A Swedish study
examining 300 000 live singleton births found a dose-related impact of smoking on preterm
delivery; furthermore, the smoking-related risk of spontaneous preterm birth was more
pronounced than that of iatrogenic preterm birth (194). The adjusted odds ratio (OR) for
spontaneous preterm birth at <32 gestational weeks was 1.4 (95% CI: 1.2-1.6) among women
smoking 1-9 cigarettes daily and 1.7 (95% CI: 1.4-2.0) among women smoking > 10
cigarettes daily (194). There has been a reduction in the proportion of women who smoke in
many industrialized countries, including Scandinavia (4, 195). This has resulted in social
inequality related to smoking, which now is strongly associated with lower socioeconomic
status (196). The most recent Cochrane review assessing the effects of smoking cessation
programs implemented during pregnancy found a significant reduction in smoking in the
intervention groups of 48 included trials (RR: 0.94, 95% CI: 0.93-0.95) and that smoking
cessation interventions reduced preterm birth with a RR of 0.84 (95% CI: 0.72-0.98) (197).

There is conflicting evidence regarding the abuse of other substances such as cocaine,
marijuana, caffeine and alcohol related to the risk of preterm birth, and there are no clear
conclusions regarding whether a possible increased risk is due to the actual substance or

related to adverse socioeconomic factors (19).

The association between physically demanding work and preterm birth was presented by
Mamelle et al in 1984. They found a significant relationship between the preterm birth
proportion and the number of high fatigue scores observed on the job (198). This has later
been confirmed by others (199-201) and a recent meta-analysis of 29 included studies found
a significant association between preterm birth and physically demanding work (OR: 1.22,
95% CI: 1.16-1.29) (202).Other occupational exposures, such as prolonged standing (>6
hours/day), shift and night work, high cumulative work fatigue and long working hours (>42

hours/weeks), were also significantly associated with preterm birth (202, 203).

Preterm deliveries were found to be rather common among women with Mullerian duct
anomalies in a Spanish study (204). The preterm prediction study found Mullerian duct
abnormalities to be one of the most important risk factors for an iatrogenic preterm delivery,

with an OR of 7.02 (205). T-shaped uterus, another uterine abnormality, that may be found
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in women exposed in utero to diethylstilbestrol, has also been associated with an increased

risk of preterm birth (206).

Several recent studies suggest that periodontal disease, a source of sub-clinical and persistent
infection, may induce a systemic inflammatory response that increases the risk of adverse
pregnancy outcomes such as preterm birth (207-212), but conflicting evidence exists (213,
214). A recent systematic review on the issue concluded that periodontal disease may be
associated with an increased risk of several adverse pregnancy outcomes, but more

methodologically rigorous studies are needed for confirmation (215).

Preterm birth is more common among women reporting increased stress and anxiety during
pregnancy (216) and, as mentioned above, several socio-demographic factors associated with
maternal stress are also linked to preterm birth. Corticotrophin-releasing hormone (CRH)
plays an important role in the etiology of preterm birth associated with maternal and fetal
stress and is the biological link for this risk factor (217, 218). It has also been shown that high
maternal stress during gestational weeks 25-29 was significantly associated with spontaneous

preterm birth, the largest preterm subgroup (OR:1.16, 95% CI: 1.05-1.29) (219).

Short interpregnancy interval is a risk factor for preterm birth (220-222). The mechanism is
unknown, but could be related to maternal depletion of nutritional agents or the time required
for resolution of the inflammatory status associated with the previous pregnancy (223). An

interval of at least 12 months between pregnancies has been recommended (221).

Pregnancy history

One of the leading risk factors for preterm birth is a previous preterm birth (224-226); the
relative risk increases with the number of previous preterm births: 2.2 for one, 3.7 for two and
4.9 for three or more. In addition, the earlier the previous preterm birth, the earlier the
subsequent birth. This effect is most pronounced if the previous birth was an extremely
preterm birth (227). There is also evidence of an association between previous spontaneous
and induced abortion and preterm birth (38). The threshold between spontaneous preterm
birth and late spontaneous abortions in the second trimester is a grey zone, indicating that

these two entities might be part of the same causal axis.
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True cervical incompetence is most certainly a risk factor for preterm birth and a shortened
cervix on transvaginal ultrasound is often considered to be diagnostic (209). Cervical cerclage
is the treatment option for an incompetent cervix. A recent meta-analysis revealed that
cervical cerclage did not prevent preterm birth in the total population of women studied (RR:
0.84; 95% CI: 0.67-1.06). However, there was a significant reduction of preterm birth at <35
gestational weeks in women with singleton pregnancies (RR: 0.74; 95% CI: 0.57-0.96), a
singleton pregnancy and previous preterm delivery (RR: 0.61; 95% CI: 0.40-0.92) and a
singleton pregnancy and a previous mid-trimester loss (RR: 0.57 95% CI: 0.33-0.99). On the
other hand, a significant increase in preterm birth at <35 gestational weeks was found in twin
gestations (RR: 2.15; 95% CI: 1.15-4.01) (228). We may not be good enough at
differentiating between true cervical incompetence and other causes of preterm birth (209)

and further studies are required in order to elucidate its role.

Index pregnancy risk factors

Several pregnancy complications, such as polyhydramnios, oligohydramnios, abruption of
the placenta, placenta previa, preeclampsia and eclampsia in the index pregnancy, may result
in an increased risk of either iatrogenic or spontaneous preterm labor and delivery (38).
Antepartum hemorrhage (17%), hypertension (19%) and pPROM (30%) were the principal
complications leading to spontaneous preterm delivery, according to an Australian study
(229). The same study also showed that fetal anomaly is a risk factor for spontaneous

preterm birth (229); this has later been confirmed by several other authors (230-232).

Gender aspects of preterm birth seem to be of importance, as an excess of male fetuses is
constant across the whole gestational age spectrum from 20 to 37 gestational weeks (233).
Swedish Medical Birth Register (SMBR) data from 1999-2000 have also shown that boys are
more likely to be born preterm, accounting for 55-60% of all newborns between 23 and 32
gestational weeks (234). It has been proposed that male fetuses may promote the onset of
preterm birth either through androgen precursors or interleukin (IL)-1 effects (234). In a study
of low risk singleton pregnancies, male gender was found to be one of two major
determinants of PTL, together with nulliparity, the former with a population-attributable risk

of 13.6% (235). Furthermore, outcome in the perinatal period is better in female infants (234).

Lack of or late presentation for antenatal care is related to low socioeconomic status and has

been consistently associated with preterm delivery in older studies (38). These aspects are
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most certainly not a very big problem in the Scandinavian countries as poverty is rare and our

health services are very well developed and well attended.

Abdominal surgery is an uncommon event during pregnancy; only 0.5-2.2% of the obstetric
population will undergo surgical procedures unrelated to an obstetric indication (236-239).
The preterm birth proportion after abdominal surgery varies between 8.8% and 16% in
different studies (239, 240). A Swedish study reported an increased proportion of VLBW and
LBW infants due to prematurity and intrauterine growth restriction after abdominal surgery
(241). However, a more recent American study concluded that non-obstetric surgery appears
to be relatively safe during pregnancy, despite a preterm birth proportion of 21% (242).
General anesthesia, longer surgery duration and intra-abdominal procedures were associated

with lower birth weights (242).

Multiple pregnancies comprise just 1-3% of all births (38, 243-245), but account for 12-
25% of all preterm births (243, 245). Slightly below half of all multiple pregnancies will end
in delivery prior to gestational week 37 (38). During the last 25 years there has been a great
increase in the incidence of multiple births in the developed world, mainly as a result of
increased use of ART (246-248). In Scandinavia, the twin live birth rate increased from 10 per
1000 in the early 1980s to 15.7, 22.2 and 19.6 per 1000 in 2002 in Sweden, Denmark and
Norway, respectively (147). The preterm birth proportion among multiple pregnancies has
also increased substantially and contributed to an increased preterm delivery proportion in
developed countries (125, 126), but a contemporary increase in labor induction in twin
pregnancies may also have played a central role (249). Multiple births definitely have major
public health impact and influence on trends in central perinatal health indicators such as the

preterm birth proportion (250).

As noted above, ART has had a major impact on preterm birth proportions during the last 20-
25 years through the increased occurrence of multiple births. However, Perri et al. determined
that the occurrence of singleton preterm birth was significantly increased after IVF but not
among intra-cytoplasmatic sperm injection (ICSI) patients (251). This indicates that infertility
per se can predispose to preterm birth. After ART, singleton pregnancies are also believed to
be at a higher risk of preterm birth and other obstetric complications. These risks may be
related to pre-existing medical conditions such as uterine anomalies and pelvic infection, or to

infertility management-associated diagnostic and operative procedures. This latter possibility
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is hinted at by the finding that ICSI patients-who usually undergo the ART procedure due to
male-related infertility rather than abnormalities of the female reproductive tract—were not
found to be at increased risk of preterm birth, compared with controls (251). However, these
findings were recently contradicted in a Swedish register-based study (252). The proportion of
preterm births among singleton infants born after IVF was nearly twice that among all
singleton infants, but this increase was, to a large extent, due to characteristics of the women
undergoing IVF: mainly maternal age and parity distribution but also duration of involuntary
childlessness. On the other hand, preterm birth seemed to occur less often after frozen than

after fresh standard IVF. Thus, current evidence in the literature is conflicting.

The risk of obstetric complications is not the same in all ART patients and may vary
depending on the technique. Wang et al. determined that the occurrence of preterm birth (<37
weeks) was progressively increased when controls were compared with women who had
undergone low-tech procedures (intrauterine insemination and ovulation induction) and high-
tech techniques such as IVF, ICSI or gamete intrafallopian transfer (253). No difference in
deliveries at <32 weeks of gestation was found between controls and the low-tech procedure
group, while the occurrence of this complication was significantly increased in women who

had undergone high-tech procedures.

Infection and/or inflammation is the only pathological process for which both a firm causal
link with preterm birth has been established and a molecular pathophysiology defined (254).
The observations associating systemic maternal infections such as pyelonephritis (255-259),
pneumonia (260-262) and malaria (263-266) with preterm birth are one important component
in this line of reasoning. The association between genital tract infection, intrauterine
infection, inflammation and spontaneous preterm birth has been widely examined. Increased
risk of preterm birth in women with intra-amniotic infection (267-269) or inflammation (270,
271) in mid-trimester has been taken as important evidence of causality for infection (272).
The frequency of preterm birth accounted for by infection varies from 25-40% (273, 274) and
the specific organisms involved are not well known (19). Other important proof of evidence is
that antibiotic treatment of ascending intrauterine infections can prevent preterm birth in
experimental models of chorioamnionitis (275) and that treatment of asymptomatic

bacteriuria prevents preterm birth (276, 277).
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According to previous studies, infants born preterm (<37 weeks of gestation) are small for
gestational age (SGA) or growth-restricted to a greater extent than infants born at term (278,
279). This is not sensational if all preterm infants are taken into consideration since a
considerable proportion of preterm births are iatrogenic and indicated by maternal or fetal
problems. The preterm population has been considered to be homogeneous, in several
previous studies, when the association between SGA and preterm birth was evaluated (278,
279). In order to be able to study whether deviations in fetal growth are related to spontaneous
preterm birth, it is necessary to study spontaneous and iatrogenic preterm birth separately. The
issue of whether deviations from a normal fetal growth pattern are associated with
spontaneous onset of preterm birth is not clear (280-282). When it comes to fetal growth in
preterm infants, several studies during the last decade have resulted in convincing data
indicating that intrauterine-derived growth standards should be used, since birth weight-
derived growth standards are not representative of normal-weight infants born preterm (281-

283).

In addition to intrauterine growth restriction, serious hypertensive disorders in pregnancy such
as preeclampsia are the most common indications for iatrogenic preterm birth. Preeclampsia
can be classified according to the gestational age at onset (284). Term preeclampsia is
considered to be a mixture of conditions, whereas preterm preeclampsia is characterized by
abnormal implantation and reduced utero-placental blood flow, causing fetal hypoxia and
suboptimal nutrition, linking this condition to intrauterine growth restriction (284-287).
Maternal and perinatal outcome are favorable in women developing mild preeclampsia after
36 gestational weeks, but less favorable in women developing the disorder before 33

gestational weeks (288).

Various maternal medical disorders, such as thyroid disease, asthma, diabetes,
cardiac/cardiovascular disease, nephritis and chronic hypertension, are associated with
increased risk of preterm birth, many resulting in iatrogenic delivery due to maternal
complications during pregnancy (38, 223). An association with clinical depression has also

been found, although results are inconsistent (223).

Cervical procedures such as cone biopsy or loop electrocautery excision, secondary to

premalignant cervical disorders, have been associated with preterm delivery, an important
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association to bear in mind when treating young women for cervical intraepithelial neoplasia

(289, 290).

The problem of predicting preterm birth

Identification and management of high-risk patients and avoiding overtreatment of low-risk
patients is an ultimate goal for all doctors working in clinical medicine. A high-quality risk
predicting system can help in providing optimal management, in putting the right amount of
effort and resources into treatment of the right patients and in facilitating counselling of
patients and relatives. What is most needed in the field of preterm birth is a tool that makes it
possible to detect a preterm delivery process in progress or assess a woman’s risk given
certain historical risk factors early in pregnancy (from gestational week 23-24, as this is the
threshold of fetal viability). The early detection of preterm birth is difficult for a number of
reasons. Most women who deliver preterm have no obvious risk factors and more than half of
preterm births occur in low-risk pregnancies (291, 292). Only half of the women exhibiting
signs of preterm birth actually deliver early. In other cases, the initial contractions stop
without any intervention from the obstetrician, i.e. they are “false” contractions that do not
affect the cervix. Furthermore, the initial symptoms and signs of preterm birth are often mild
and are easily mistaken for signs and symptoms also occurring in uncomplicated, normal
pregnancies. The clinical diagnosis is difficult and both risk assessment systems and

diagnostic tests are needed to aid in the daily clinical care of these patients.

Huge efforts have been put into the development of both diagnostic tests and risk-scoring
systems, but the results have been rather disappointing, so far. In general, predictive tests can
be divided into two groups applicable in different clinical situations. Screening tests can be
used to detect asymptomatic disease and diagnostic tests can be used in patients with
symptoms. The former require high sensitivity and high negative predictive value and
sufficiently low cost to be an option. Furthermore, an established intervention or treatment
should be developed and available to patients that test positive. No such appropriate screening

tool has been developed for the detection of preterm birth.

Risk-scoring systems
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The numerous developed risk-scoring systems are the closest thing to a screening tool (293-
301). According to a recent systematic review, a total of twelve risk-scoring systems for
preterm birth have been created (302).These systems aim at identifying women at risk of
preterm birth, based on obstetric history factors known to be associated with preterm birth.
They are not as useful for nulliparas as for multiparas and substantial numbers of women
considered to be at low risk actually give birth to preterm infants. No scoring system has been
shown to be superior to clinical assessment (292). In otherwise asymptomatic women, the
risk- scoring systems currently used in early pregnancy have a wide range of accuracy for
predicting spontaneous preterm birth, lack evidence of good quality and cannot be

recommended in clinical practice (302).

Home uterine activity monitoring
Home monitoring of uterine activity does not improve pregnancy outcome and does not

reduce preterm birth proportions in high- or in low-risk women (303, 304).

Maternal salivary estriol

The serum level of estriol (E3) increases gradually during the second and third trimesters,
with a typical surge preceding the onset of labor by 3 to 4 weeks in term, preterm and
postterm pregnancies (305-307). These findings have been shown by both direct serum
measurement of E3 and by measuring the salivary E3/progesterone ratio (308). The maternal
salivary E3 level seems to correlate well with the serum level and it has been shown that
elevated maternal serum E3 levels are associated with increased risk of preterm birth in
asymptomatic and symptomatic women presenting for symptoms of preterm labor (308).
E3’s role in parturition is further strengthened by the findings that women with pregnancies
prolonged beyond 42 gestational weeks, who had an increase in salivary E3, went into
spontaneous labor to a greater extent than those who did not (309). It has been hoped that
salivary E3 would prove to be a useful marker for preterm birth and delivery (304) and a
diagnostic test has been developed and approved for clinical use (310); a positive test is
associated with late preterm birth, which limits its clinical use (310). It also has low
sensitivity and is currently mainly used in clinical settings due to its negative predictive value
(i.e. women who test negative are at very low risk of preterm birth and no interventions are
necessary) (310). This test is thus currently more useful for research than for clinical practice

(310).
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Fetal fibronectin and cervical assessment with sonography

These two tests are currently the most commonly used in clinical situations to determine the
risk of preterm birth and they are, together with IL-6 testing in amniotic fluid, those with the
best scientific evidence (311). Fetal fibronectin and vaginal sonography of the cervix have
proven effective, by their high negative predictive values, in predicting which symptomatic
women are actually at low risk of preterm birth (312-314). A negative test in a high-risk
woman can prevent overtreatment and be reassuring, thus helping the clinician counsel the
patient, but neither fetal fibronectin nor cervical sonography play a role in routine screening

of women for preterm birth risk (315).

Fetal fibronectin is a glycoprotein produced by many cell types; it forms a part of and
functions in maintaining the extracellular matrix by binding cells together (304). In the feto-
maternal unit, it is produced by the trophoblasts (316) and is a normal finding in the placenta,
fetal membranes and cervico-vaginal secretion during the first 20 weeks of gestation (317). It
disappears and then reappears days before labor (304) and its presence in the cervico-vaginal
secretion after 20 weeks of gestation has been identified as a predictor of spontaneous preterm
birth (318). The mechanism linking fetal fibronectin to spontaneous preterm birth is unknown
(304), but strong evidence has been found for a close link between upper genital tract
infection and cervical and/or vaginal fetal fibronectin (319). This may imply that fetal
fibronectin is secreted in states of disruption of gestational tissues. It has been shown that the
test significantly reduces the preterm labor admissions, length of stay in hospital and
prescriptions for tocolytic agents (320). A recent update of an older meta-analysis concluded
that fetal fibronectin is an effective short-term marker of preterm delivery, especially in

women with symptoms of preterm labor (321).

The old understanding of the cervical condition as a dichotomous variable-competence or
incompetence-has changed as endovaginal sonography has advanced our understanding of the
preterm birth syndrome (322). Funneling comprising 40-50% of the total cervical length or a
persistently shortened cervix (<25-30 mm) have, in several studies, been associated with an
increased risk of preterm birth (304, 312, 323-326). At present, there is growing consensus
that the cervix functions along a continuum of competence (304), and that the safety,
availability, patient acceptance and reproducibility of endovaginal sonography has made it an
important investigational tool (322). A systematic review and meta-analysis concluded that

endovaginal cervical ultrasonography appears to be an effective predictor of preterm birth in
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patients with symptoms of preterm labor (327). There is agreement that the best time to
examine patients with this method to estimate their preterm birth risk is between 18 and 28
gestational weeks (304). Before 18 weeks the cervix is difficult to differentiate from the rest
of the uterus, and in the third trimester some degree of funneling at the internal cervical os is

probably normal (326).

None of the above-mentioned risk classification systems or diagnostic tests can presently be
used to screen for preterm birth early in pregnancy in asymptomatic women. Although this is
rather disappointing, there are some hopes for the future. Promising risk-scoring systems for
other adverse obstetric outcomes have been developed (328, 329) and there is also interest in
developing multiple-marker tests for preterm birth by combining historic risk-scoring data
with both old and new biological markers, thus increasing our ability to predict spontaneous

preterm birth (330-332).

Models for understanding the mechanisms of spontaneous preterm birth

Our present understanding of etiological factors, pathogenetic mechanisms and their
relationships to clinical signs and symptoms in spontaneous preterm birth can be summarized
as in the figure presented by Buhimschi et al (Figure 3). The etiological factors (white) are
incomplete and we have an idea about the different pathogenetic mechanisms (grey), but it is

the signs and symptoms (black) that we see in the clinical setting.

Spontaneous preterm birth, inflammation and infection

It has been suggested that microbial invasion of the amniotic cavity is one of the most
important factors associated with preterm birth (333-335). Cytokine concentrations in the
amniotic fluid are significantly higher in preterm delivery than in term labor. IL-1, IL-6, and
tumor necrosis factor (TNF)- ¢, are capable of inducing COX-2 gene expression, leading to
elevated prostaglandin concentrations and uterine contractions (336, 337). The importance of
TNF-a is enhanced by its dual role in pPROM, a condition predisposing to preterm delivery
and associated with 30-40% of all preterm deliveries. AA have a more than two-fold higher
risk of preterm birth than Caucasians, and pPROM is more likely to precede spontaneous
preterm birth in AA (159, 160). These observations suggest that, in addition to known
environmental and medical risk factors, as yet unidentified biological factors may contribute

to the risk of preterm birth.
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Figure 3 Schematic model of the etiological factors (white) that, through activation of pathogenetic mechanisms
(gray), induce signs and symptoms (black) that together characterize the clinical entity known as preterm birth.
(Reproduced with permission from Lippincott Williams & Wilkins. Buhimschi et al, Obstet Gynecol Surv 2006,
61: 543-553)

Other pathophysiological pathways

The most investigated of the suggested pathways to spontaneous preterm birth is the
inflammatory axis, very briefly described above: the hypothalamic pituitary adrenal (HPA)
pathway, the pathological uterine distension pathway and the decidual bleeding pathway are

others.

It is hypothesized that parturition starts from activation of the maternal or fetal HPA axis.
CRH is the principal regulator of the HPA axis. CRH is synthesized by the adrenal medulla,
testes, ovaries, gastrointestinal tract and pancreas. It has been suggested that this pathway is
activated by maternal stress, intrauterine growth restriction and elevated maternal cortisol
levels. During human pregnancy, the CRH gene is also expressed in the placenta and
membranes, and results in exponentially increased production and release of placental CRH
into both maternal and fetal compartments during the course of gestation (338). There is no
information regarding polymorphisms in the estrogen, progesterone or CRH genes in relation
to spontaneous preterm birth. However, there are changes in the mRNA and protein levels

related to the parturition process.
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Pathological uterine distension is associated with PTL and pPROM. It is the result of either
an abnormal increase in intrauterine volume, as in multifetal gestations and polyhydramnios,
or of limited uterine expansible capacity, as seen in women with T-shaped uteri. One
suggested mechanism is that acute stretching of myometrial cells is associated with increased
expression of myometrial gap junctions (mediated by connexin 43) and cellular contact zones
that are required for propagation and synchronization of uterine contractions (339, 340).
Polymorphism in this region may affect its affinity to bind to regulatory proteins and, hence,
expression of connexin 43, which may in turn affect an individual’s susceptibility to develop

PTL in the presence of pathological uterine distension.

Disruption of placental vascular flow and decidual hemorrhage have been proposed as a
possible pathophysiological pathway leading to the activation of uterine contractility before

term and, possibly, preterm birth (341).

The link between intrauterine infection, neonatal brain damage and cerebral palsy

It has previously been hypothesized that proinflammatory cytokines, such as IL-1, IL-6 and
TNF—a, might be the biological substances linking prenatal intrauterine infection and neonatal
brain damage through a fetal inflammatory response (342). The infectious and inflammatory
axis of the preterm birth mechanisms is the most explored and the only mechanism for which
a causal role has been established (254). The two subgroups of spontaneous preterm birth,
PTL and pPROM, are both associated with a higher risk of intra-ventricular hemorrhage, peri-
ventricular leukomalacia (343) and CP (344). It has also been suggested, based on previous
smaller studies, that infants born after spontaneous preterm delivery are at increased risk of
developing CP or neurological impairment, compared to infants born after iatrogenic preterm
delivery (35, 345-348). There is, however, no documentation for such an association in a
population-based setting. Authorities in the field are reluctant to unequivocally state that
inflammation causes brain damage, despite rather consistent epidemiological observations
that support the contention that infection, inflammation and neonatal brain damage are
associated (349). The main reason for this reluctance is the lack of convincing evidence that
inflammation actually precedes the brain damage (349). Clarification of these essential
connections in the causal axis might open up the possibility for the creation of drugs that

modify the inflammatory response as a strategy to reduce brain damage and disabilities (350).
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Treatment and prevention strategies

The precise mechanisms underlying normal human labor are unclear, as is the
pathophysiology of preterm labor and delivery (19). Current management of this problem is
symptomatic rather than causal and the previously described limited prediction possibilities
complicate further the generation of prevention and treatment strategies. Treatment and
prevention strategies are possible at three levels: 1) primary prevention/public health
prevention, directed at all women of reproductive age, 2) secondary prevention, aimed at
reducing existing risk and 3) tertiary prevention, aimed at treating women at immediate risk
(351). The ultimate goal for all these treatment strategies is to reduce both morbidity and

mortality in preterm-born infants.

1) Primary prevention/public health prevention directed at all women of reproductive age
Primary prevention can be implemented both before and during pregnancy and may include
public education programs; public and professional policies, such as reducing the number of
high-order multiple pregnancies; smoking cessation programs; reducing pregnant women’s
workloads and increasing services to improve access to prenatal care (351). Many of these
issues have already been addressed in the Scandinavian countries. The most successful
example of this type of effort is the French national policy from the 1970s that resulted in a
significant reduction of preterm birth, including those at <32 weeks, during 1971-1981 (135).
As previously mentioned, authorities in the field have stated that public health interventions
have so far proven to be the most beneficial initiative in the prevention and treatment of

preterm birth (1).

2) Secondary prevention aimed at reducing existing risk

Methods of prevention and treatment include antibiotics, progesterone and cervical cerclage.
Conflicting evidence exists for preventing preterm birth by treating abnormal vaginal flora
with antibiotics, despite the infectious and inflammatory mechanism for spontaneous preterm
birth being the only pathophysiological pathway for which proof of evidence exists (272).
Bacterial vaginosis has attracted the most interest among infectious conditions contributing to
preterm delivery. A recent Cochrane review (352) found that treatment of bacterial vaginosis
in women with a previous preterm birth may reduce the risk of pPPROM and LBW while

another contemporary systematic review (353) failed to show any benefit. There seems to be
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no evidence that treating all pregnant women with asymptomatic bacterial vaginosis will
prevent preterm birth and its consequences (352). It is uncertain whether treatment of other
vaginal infections yields any benefit; antibiotics do not seem to have the desired effect (354).
However, the ORACLE I study indicated favorable outcomes, including a significant
prolongation of pregnancy and improved neonatal outcome, in women treated with
erythromycin after pPPROM (355). In contrast, the ORACLE II found no benefit to
administering antibiotics to women in spontaneous PTL without evidence of clinical infection

(356).

Progesterone’s role in the treatment and prevention of preterm birth is still uncertain. It has
been advocated for the last 50 years for the prevention of preterm birth because of its role in
maintaining pregnancy (357), but interest vanished as evidence accumulated for the infectious
and inflammatory mechanisms, according to which preterm labor is more likely to be caused
by infection than by hormone deficiency, at least in singleton pregnancies (254). A Cochrane
meta-analysis from 2005 showed that intramuscular progesterone is associated with a
reduction in risk of preterm birth before 37 gestational weeks (358). This meta-analysis is,
however, based on few studies with very few patients. The focus of current research on
progesterone has been its efficiency in high-risk, asymptomatic patients. Two recent studies
yielded conflicting results, i.e. no effect on preterm birth in twin gestations (359) but a
reduced rate of spontaneous early preterm delivery in women with short cervices (360).
Further research is necessary and several randomized trials are underway to clarify the

efficacy and fetal safety of progesterone treatment (361).

Cervical cerclage is an old, easily performed procedure for treatment of true cervical
incompetence. Diagnosis of cervical incompetence is difficult and may be one reason that this
procedure remains one of the more controversial surgical interventions in obstetrics (362).
Despite its long history, sparse evidence for its efficiency has been produced (362). There is,
however, apparently agreement that high-risk patients with previous risk factors or short
cervices might benefit from the procedure (19, 362, 363). Cerclage is not indicated in low-risk
patients (363). It is, however, promising that some small recent studies suggest that
emergency cerclage in combination with antibiotics, tocolysis and bed rest may be more
effective than was previously thought; neonatal survival of up to 96% with cerclage,

compared to 57% without, was reported (364, 365).

39



3) Tertiary prevention aimed at treating women at immediate risk

Acute prevention includes administration of tocolytic agents and corticosteroids to patients
presenting at delivery units for symptoms of preterm labor. The tocolytic agents are
administered in order to delay labor, thus granting the physician time to determine if preterm
labor is related to a specific medical condition or if it is idiopathic. Additional benefits of
delaying delivery may be derived from administration of corticosteroids that may enhance
fetal lung maturity and/or from transfer to a tertiary center better equipped to care for a
preterm infant. Delaying delivery also allows time for initiation of, and benefit from, other
necessary treatments, such as antibiotics, and for additional examinations, such as
amniocentesis. However, the strategy of delaying delivery has never been shown to improve

outcome more than that of exclusively administering steroids (357).

Historically, B2-adrenerigic agonists, such as terbutaline and ritodrine, have been the most
widely used tocolytic agents in clinical practice (366). They are effective in delaying delivery
for 48 hours, but this short period of time has no proven effect on perinatal mortality or
morbidity (367). Long-term tocolysis with oral terbutaline for maintenance therapy after
intravenous treatment for threatening preterm labor has not proven effective either (368). The
major drawback of f2-adrenerigic agonists in the clinical setting is their unpleasant and
potentially serious cardiovascular, metabolic and neuromuscular side effects (19). Recently,
atosiban became the first oxytocin antagonist approved for treatment of threatening preterm
labor. It has been shown to be at least as effective as the betamimetics, with a much lower
frequency of side effects (369, 370). Several other substances, such as nifedipine,
indomethacin and magnesium sulphate have been used (19), but less frequently than those

described above.

Routine administration of corticosteroids (betamethasone or dexamethasone) to women
presenting with threatening preterm labor at gestational age <34 weeks has reduced mortality,
respiratory distress syndrome and intra-ventricular hemorrhage in preterm infants (371) and
may be one of the most important factors contributing to the improved results in preterm birth

management reported from Scandinavia (10).

Corticosteroids and public health efforts are definitely the most beneficial interventions thus

far. However, options are limited and increased interest in understanding the mechanisms of
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preterm labor will hopefully elucidate new strategies for treatment and prevention, helping to

direct the right treatment to the patients at the highest risk.
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AIMS OF THE STUDY

The general aim of these studies was to describe, assess and explore public health aspects of

preterm birth by using Scandinavian population-based data from the Swedish, Danish and

Norwegian Medical Birth Registers and the Swedish Hospital Discharge Register.

The specific aims were:

to report the proportion of preterm birth in Sweden between 1973 and 2001, to
estimate the contribution of each subgroup of preterm birth to the total preterm birth
proportion between 1991 and 2001 and to assess possible risk factors related to each

subgroup.

to evaluate the association between spontaneous preterm birth and deviations from
expected fetal weight by using an intrauterine-derived growth standard, to describe the
incidence of small for gestational age among all preterm infants in Sweden and to
present differences in the occurrence of this diagnosis between the spontaneous and

iatrogenic preterm birth groups.

to test the concept of a defined reference population and to evaluate if this simple

model could be used for international comparison of preterm delivery proportions.

to assess whether an association between spontaneous preterm birth and cerebral palsy
could be demonstrated in a population-based setting by testing the hypothesis that
infants born after spontaneous and iatrogenic onset of preterm birth differ in terms of

perinatal, neonatal and long-term neurological outcome.

to identify the most important clinically available predictive variables for spontaneous
preterm delivery from high-quality, register-based data, to apply a previously tested
model developed for other obstetric outcomes, to assess whether spontaneous preterm

delivery can be predicted and to validate the final models in a test sample.
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MATERIAL AND METHODS

Data sources

The Swedish Medical Birth Register

The SMBR was the main data source for all five papers in this thesis. The SMBR was
established after an act of the Swedish parliament and has been maintained by the National
Board of Health and Welfare since 1973. The basic structure of the register has remained
unchanged since 1973, but content and methods of data collection have undergone some
modifications. From 1973 until 1982, the register was based on Medical Birth Reports
(MFM=Medicinskt Fodelsemeddelande in Swedish), written by secretaries at the departments
of obstetrics, summarizing information from medical records on a standardized form. After an
evaluation of the SMBR in 1976, major changes in data collection were proposed and
implemented, beginning in 1982. Medical records were abandoned as a basis for register data.
Instead, three standardized record forms used at all antenatal clinics (MHV1), all delivery
units (FV1) and at all pediatric examinations of the newborn infant (FV2) were and are still
used. Data collection is undertaken prospectively by the staff responsible for patient care; it is
started at the first antenatal appointment, forwarded to the National Board of Health and
Welfare and computerized. Furthermore, the use of these documents eliminates uncertainty in
data transfer to the SMBR. Some minor changes in register content were made in 1990, 1994

and 1998. A flowchart for the SMBR is outlined in Figure 4.

The SMBR is validated annually against the National Population Register, using the mother’s
and infant’s unique personal identification numbers, and contains data on more than 99% of
all births. Several quality analyses of the register have been performed (372, 373).

The SMBR contains information on birth weight, gestational age, smoking habits, socio-
demographic factors and complications during pregnancy, delivery and the neonatal period.

Information on maternal smoking in early pregnancy is available from 1983 and onwards.
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Figure 4 Flowchart for the SMBR (Reproduced with permission from Informa Healthcare, Taylor and Francis.
Chnattingius et al, Scand J Soc Med 1990, 2: 143-148)

The Swedish Hospital Discharge Register

Data from The Swedish Hospital Discharge Register (SHDR) was used in Paper IV. The
personal identification number given to every Swedish resident at birth made it possible to
link the SHDR to the SMBR. The SHDR is maintained by the National Board of Health and
Welfare and contains information concerning all in-patients treated in public health care
institutions in all of Sweden, since 1987. Public health care comprises the vast majority of all
health care in Sweden. The SHDR database contains detailed information about the patient
(personal identification number, sex, age and county of residence), institution (hospital,
department), administrative data (date of admission, date of discharge, treatment duration)
and medical data (main diagnosis, other diagnoses, operation codes and accidents or
intoxications) registered as ICD, Procedure or E-codes. The SHDR has been validated and

found to be reliable (374).

The Danish Medical Birth Register
Data from the Danish Medical Birth Register (DMBR) was used in Paper III. The DMBR was
established in 1968 and is maintained by the Danish Board of Health. Today, data on

pregnancy, delivery and complications during pregnancy and delivery are available from
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1973. From 1973 to 1995 the collection of data was based on submission of written forms to
the Board of Health. Since 1995, all births in hospitals are electronically reported to the
DMBR through the National Patient Register. Stillbirths and home deliveries are still reported
on written forms. The DMBR is created by linkage of four national registers (the National
Patient Register, the Civil Registration System Register, the [IVF Register and the Cause of
Death Register), using the mother’s personal identification number. A quality analysis of all

births registered during one day has been conducted (375).

The Norwegian Medical Birth Register

Data from the NMBR was used in Paper III. The register was established in 1967 by the
Directorate of Health and was the first national medical birth register. The NMBR is based on
compulsory notification of all live births and stillbirths from 16 weeks of gestation. A
standardized notification form is used to collect data on demographic variables, maternal
health before and during pregnancy, previous reproductive history, complications during
pregnancy and delivery and pregnancy outcomes. This form was almost unchanged from 1967
until 1999, with the exception of addition of the Apgar score in 1978. Beginning in 1999, a
completely new and more detailed form was introduced in which smoking and ultrasound
gestational age determination were included. All records in the NMBR are matched with the
files of the Central Person Register, ensuring medical notification of every newborn in

Norway (376). The NMBR contains information on almost all births in Norway.

Material
The study populations in the individual studies in this thesis differ.

In the first part of Paper I, focusing on the proportion of preterm births in Sweden, all births
occurring in Sweden from 1973 to 2001 and registered in the SMBR were included. The total
population was 2 902 738 deliveries. Cases of unknown gestational age were excluded,
leaving 2 891 811 (99.6%) and 2 620 242 (90.3%) deliveries for analysis, according to the
two methods of gestational age determination, best estimate and LMP, respectively.

In the second part of Paper L, in which subgroups of preterm birth, including multiple births,
unknown type of onset, [IUFD and congenital malformations, were assessed, inclusion was

restricted to 1991-2001 as type of onset of delivery-spontaneous or indicated- has been
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registered in the SMBR since late 1990. The population consisted of 1 076 851 singleton
births and 16 355 multiple births.

In Paper 11, the included population consisted of all singleton births in Sweden occurring
during the period 1991-2001 and registered in the SMBR. Cases of IUFD and congenital
malformations were excluded as well as those with unknown type of birth onset and unknown
gestational age. The total population consisted of 1 076 851 singleton births and 1 007 648
singleton births remained in the population for analysis after the exclusions. During the study
period, 46 726 preterm infants were born and 501 infants were excluded due to missing

information on birth weight, leaving 46 225 preterm infants for the final analysis.

In Paper I11, all live births and stillbirths (> 28 weeks) registered in the Medical Birth
Registers of Sweden, Denmark, and Norway from 1995 to 2004 were included. The total
population undergoing analysis constituted 2 111 014 deliveries, of which 912 227 (43.2%)
were Swedish, 648 388 (30.7%) were Danish and 550 399 (26.1%) were Norwegian. Less
than 1.5% of the total registered deliveries from 1995 to 2004 in the three Scandinavian

countries were excluded due to missing gestational age or obvious misclassification.

In Paper IV, singleton births occurring in Sweden in 1991-2001 and registered in the SMBR
were included. [IUFD, congenital malformations and unknown type of delivery onset were
excluded. The total population consisted of 1 076 851 singleton births. After exclusions,

1 010 487 singleton births, of which 46 726 were preterm, remained in the population for
analysis. The preterm population consisted of 34 215 (73.2%) spontaneous preterm infants

and 12 511 (26.8%) iatrogenic preterm infants.

In Paper V, and during the study period from 1992 to 2005, a total of 1 294 014 deliveries
were registered in the SMBR after the initial exclusion of 15 121 iatrogenic preterm deliveries
(<37 gestational weeks) and 1 861 deliveries at unknown gestational age. There were 17 130
twin deliveries and 53 531 spontaneous preterm deliveries at <37 gestational weeks, yielding
a total spontaneous preterm delivery proportion of 4.1%. The corresponding proportion for
spontaneous preterm delivery at <34 gestational weeks was 1.0%. The development

(n=663 538) and test (=630 476) samples had the same proportion of spontaneous preterm
delivery at <34 and <37 gestational weeks, i. e. 1.0% and 4.1%, respectively. Information on

some of the various explanatory variables were missing, which left us with a final
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development sample of 429 733 singleton deliveries and a final test sample of 408 182
deliveries. The corresponding numbers for twin deliveries were 5 378 and 5 157, respectively.
The proportions of spontaneous preterm delivery at <34 and <37 weeks were similar in the

two samples: 0.9% and 3.8%, respectively.

Variables and methods

Definitions and general variables used in this thesis

Preterm birth

The definition of preterm birth used in this thesis is related to gestational age and defined by
WHO as birth before 37 completed weeks or 259 days of gestation (377). In Paper III, this
definition was further specified for standardization purposes as delivery occurring between 22
weeks + 0 days and 36 weeks + 6 days of gestation, as the three Scandinavian databases

register the lower gestational ages to different extents.

Gestational age categories

The preterm population was divided into several gestational age strata. In Papers I, II and
IV, data were categorized according to gestational age: <28, 28-31, 32-33 and 34-36 weeks.
In Paper I, data concerning preterm deliveries at <34 and <37 weeks were presented as well,
which was similar to the prediction of spontaneous preterm delivery in Paper V. In Paper

II1, data were presented according to gestational age: 22-27, 28-31, 32-36 and <37 weeks.

Gestational age determination

In the SMBR, the following sources are available for estimation of gestational age: (1) LMP,
(2) corrected expected date of parturition according to LMP (the estimate made by the
midwife at the antenatal care center, essentially based on LMP and menstrual cycle length),
(3) expected date of parturition according to ultrasound and (4) estimated gestational age at
birth reported by the delivery unit. By using these sources in hierarchical order, the best
available estimate of gestational age for each infant is determined and designated best
estimate. The available sources for estimating gestational age are presented in hierarchical

order in Table 4.
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Gestational age determination methods in hierarchical order

Description

Code

1 Expected date of parturition according to ultrasound supported by estimated gestational age at birth
reported by the delivery unit. Expected date of parturition according to ultrasound is used.

2 Corrected expected date of parturition: the estimate made by the the antenatal care center midwife,
essentially based on LMP and menstrual cycle length and supported by estimated gestational age at birth
reported by the delivery unit. Gestational age determined by corrected expected date of parturition is
used.

3 Gestational age determined by LMP and supported by estimated gestational age at birth reported by the
delivery unit. Gestational age determined by LMP is used.

4 Only the estimated gestational age at birth reported by the delivery unit is registered. Gestational age
estimated by the delivery unit is used.

5 Expected date of parturition according to ultrasound is in accordance with corrected expected date of
parturition. Expected date of parturition according to ultrasound is used.

6 Expected date of parturition according to ultrasound is in accordance with gestational age determined by
LMP. Expected date of parturition according to ultrasound is used.

7 Only expected date of parturition according to ultrasound is registered. Expected date of parturition
according to ultrasound is used.

8 Only corrected expected date of parturition is registered. Corrected expected date of parturition is used.

9 Only gestational age determined by LMP is registered. Gestational age determined by LMP is used.

10 Only corrected expected date of parturition and gestational age determined by LMP are registered. If
these two variables differ by no more than 7 days, then corrected expected date of parturition is used.

Several variables for gestational age determination are registered, but do not agree:

11

If information on gender or birth weight are missing or multiple gestation or cleaned malformation is
registered, then gestational age is determined in the following hierarchical order:

a) Expected date of parturition according to ultrasound

b) Corrected expected date of parturition

¢) Gestational age determined by LMP

d) Estimated gestational age at birth reported by the delivery unit

12

Least number of standard deviations between birth weight and expected birth weight, according to
respective method of gestational age determination.

Table 4 Gestational age determination based on registered information in the SMBR. Only gestational age

determinations of more than 139 days and less than 316 days are accepted as reasonable. Gestational age

determinations based on code 12 require registered gestational ages of more than 181 days and less than 301

days. Estimated gestational age at birth reported by the delivery unit is to be regarded as supporting the other

gestational age determinations if the respective ages differ by no more than 14 days. The other registered

variables are to be regarded as supporting each other if the respective ages differ by no more than 7 days.

(Reproduced with permission from Elsevier Limited. Morken et al, Am J Obstet Gynecol 2006; 195: 154-61)

In Paper I, LMP alone was also used to determine gestational age. In Papers II-V, when data

from the SMBR was used and according to this method, the gestational age determined by

ultrasound was preferred when available and not too incongruous with the other sources. The

limits of incongruity are presented in Table 4. Cases with unknown gestational age were
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excluded. To avoid erroneous estimates of gestational age, infants were excluded if their
weight and length were > 4 SD above the expected at the reported gestational age.

The method described above was used also in Paper III, for the Swedish data. In Denmark,
the designated best clinical estimate of gestational age is based on information from obstetric
records (including LMP and ultrasound data) and is reported to the National Patient Register
immediately after delivery. In Norway, gestational age determination was based on LMP
through 1998. Beginning in 1999, ultrasound-based estimation of gestational age has also
been registered. In the case of Norway, we decided to use LMP only in the absence of
gestational age determination by ultrasound. We decided to let best estimates for each
individual country determine gestational age in this study and cases with unknown gestational
age were excluded. In order to avoid obvious misclassifications of gestational age, deliveries
were excluded in Paper III if the infants’ birth weight and length exceeded 4 SD, according
to national growth curves (283, 378).

Type of delivery onset and subgroups of preterm birth

Type of delivery onset has been registered in the SMBR since 1990, as spontaneous or
induced labor or as cesarean section prior to contractions. The two latter groups were regarded
as iatrogenic preterm births. In the presence of pPROM (ICD 9: 6581; ICD 10: 0O42), births
were regarded as spontaneous preterm, regardless of the reported onset of labor. Mistakes in
the distinction between PTL and pPROM are possible in a register-based setting and this
distinction was therefore avoided in all these studies. The same variable was also registered in
the Danish and Norwegian dataset during the study period from 1995 to 2004, and the above

definitions were used in Paper III as well.

The onset of labor variable in the SMBR was validated using parts of a previously published
dataset (379) in a small pilot study. We identified 52 patients from this dataset, of which six
lacked the variable in the CP study. That left 46 patients for the pilot, 35 were identified as
spontaneous onset and 11 patients had an iatrogenic onset, according to the SMBR. One of the
35 spontaneous onset deliveries, according to the register, was classified as iatrogenic onset in
the CP study. Four of the 11 iatrogenic onset deliveries, according to the register, were
classified as spontaneous in the CP study. Despite the fact that a small dataset was used to
validate this variable, and that cases in the CP study were recruited from only one region of
Sweden, we consider the onset of labor variable to be fairly reliable and feasible for use in

these studies. Furthermore, it makes relying exclusively on ICD-codes avoidable. The fact
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that onset of labor is registered by check box makes it more reliable than if only diagnoses

had been used.

The onset of labor variable was used to distinguish between the two main subgroups of
preterm birth, i. e. the spontaneous and iatrogenic subgroups. The other subgroups of preterm

birth considered were multiple gestations, [IUFD and congenital malformations.

Intrauterine fetal deaths
The SMBR does not register [IUFD at < 28 weeks, so we had to use this threshold, as data in
this thesis is primarily based on the register. Registered cases in which IUFD occurred at <28

weeks are clearly misregistrations.

Congenital malformations
In this study, congenital malformations were defined as cleaned malformations, i.e. excluding
unimportant and banal diagnoses. The ICD 9 and 10 codes included in this definition are

listed in Table 5.

Cleaned malformations
Codes Codes
ICD-9 ICD-10
740A - 743D; Q000 - Q129;
743F - T44A,; Q140 - Q169;
744C - 744D; Q171 - Q179;
744F - T47E; Q183 - Q269;
747G - 752E; Q271 - Q529;
752G - 754C; Q540 - Q649;
754E - 754W; Q657 - Q689;
755B - 759X, Q691;

Q700 - Q999;

Table 5 ICD-9, ICD-10 codes and diagnoses included in the definition of cleaned malformations.
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Methods and variables used in each paper

Paper I

This paper describes the proportion of preterm birth in Sweden from the establishment of the
SMBR in 1973 until 2001. In this study we used both best estimate and LMP as methods for
gestational age determination. The proportion of multiple births occurring preterm during the
same period of time is reported. We compared the risk of preterm birth during certain four-
year periods with all other periods during 1983-2001 and reported the respective risks for
gestational age <37 and <34 weeks. It was possible to stratify for parity, maternal age and
smoking during these years, as smoking during pregnancy has been registered in the SMBR

since 1983.

As a complement to the stratified analyses described above, logistic regression analyses were
performed to evaluate a possible time trend as well as other risk factors for spontaneous
preterm and medically indicated preterm birth, respectively. Cases with unknown smoking

status were excluded.

Paper I1

This paper assesses the association between spontaneous preterm birth and deviant fetal
weight, by comparing spontaneous preterm infants to infants born after spontaneous labor at
term. The gestational age used to define term for spontaneous-born infants was 37-42 weeks.
Fetal weight was estimated using an intrauterine-derived growth standard with sex-
specific growth curves, developed by Marsal and co-workers, based on ultrasonically
estimated fetal weight (283). This growth standard is better suited for studying preterm infants
than growth standards based on birth weight data. Birth weight-derived growth standards
underestimate normal fetal weight during the preterm period, since preterm-born infants are
SGA more often than term-born infants. Marsal and colleagues stated that the intrauterine-
derived growth standard is better at revealing the true distribution of SGA fetuses and
neonates, and they suggested its use in perinatological practice. This concept has been
supported by a recent Canadian hospital-based cohort study of spontaneous preterm deliveries
(281). Lackman and colleagues concluded that fetal growth curves are more appropriate for
predicting the impact of birth weight category on the risk of spontaneous preterm delivery

than neonatal growth standards.
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Fetal weight was divided into six classes according to SD from expected birth weight (SD
classes: 1) <-3SD 2) -3t0-2.1 SD 3) -2to-1.1 SD 4) -1t0 0.9 SD, 5) 1 to 1.9 SD and 6) 2 to
2.9 SD). Infants with birth weight in SD class 4 were considered to be appropriate for
gestational age and to have reached a birth weight corresponding to the expected population
mean. Birth weight in one of the five other SD classes was considered to be deviant from
expected fetal weight. Only SD classes 1, 2 and 6 have clinical implications in this
Scandinavian population. We wanted to describe the whole distribution of deviant growth
among spontaneous preterm infants and therefore considered SD classes 3 and 5 to be deviant
growth as well. ORs with 95% CI for deviant fetal growth versus appropriate for gestational
age in infants born after spontaneous preterm labor, compared to term infants, were obtained

using multiple logistic regression analysis.

The following efforts were made in order to investigate possible erroneous estimates of
gestational age in the subgroup of women giving birth to a large for gestational age child at
34-36 weeks. Infants were excluded if the expected date of birth according to ultrasound was
more than one week later than the expected date of birth according to LMP. This exclusion
was undertaken to clean the group when the two methods of gestational age determination
diverged, and has no clinical implications. Infants were also excluded if information on LMP
was lacking or if they were born before 37 weeks according to ultrasound but at term
according to LMP. Furthermore, all cases with a maternal diagnosis of diabetes or gestational
diabetes (ICD9: 6480, 6488; ICD10: 024) were excluded.

SGA was defined as birth weight below 2SD from the mean, in accordance with Marsal’s
curve (283). The occurrence of SGA in the two main subgroups of preterm birth, spontaneous
and iatrogenic was compared with the occurrence of SGA in term infants born after
spontaneous labor onset. Large for gestational age was defined as birth weight above 2SD

from the mean, in accordance with Marsal’s curve (283).

Paper 11

This paper presents a new and very simple model for international comparison of preterm
delivery proportions, i.e. defining a reference population. This model cleans the population of
the most substantial risk factors and makes it possible to compare reference populations

directly.
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The proportion of preterm deliveries for each year in the three Scandinavian countries is
presented according to above-mentioned gestational age groups and selected risk factors. The
latter included the proportion of women not born in the respective country, IVF or ICSI,
multiple gestations, primiparity, iatrogenic delivery and maternal age <20 and >35. Time

trends were tested.

A reference population of pregnant women for each of the three countries was designed
using the following criteria: 1) maternal age 20-35 at delivery; 2) primiparity; 3)
spontaneously conceived pregnancy, i. e. excluding ART; 4) singleton pregnancy and 5)
woman born in the respective country (citizenship at childbirth was used when country of
birth was not available). The latter criterion was included to account for differences over time
caused by immigration. The proportion of preterm deliveries according to gestational age in
the reference population and the proportion of spontaneous preterm deliveries of the total
number of deliveries in the reference population were presented for each country. Time trends
for each of the different gestational age strata were tested for each country. Homogeneity of
trends in the reference population’s preterm delivery rate across the three countries was also

tested.

Paper IV

In this study, spontaneous preterm births were compared to iatrogenic preterm births in terms
of perinatal, neonatal and long-term neurological outcome. The personal identification
numbers made it possible to link the SMBR to the SHDR. The linkage of these two registers
was carried out for better assessment of long-term neurological outcome, as CP is often

diagnosed after several years of life. The diagnoses were identified in the register using ICD 9

and ICD 10 codes.

The investigated outcome variables were: early neonatal death (0-6 days), neonatal death (0-
27 days), infant death (0-364 days), sepsis, CNS disorders (including intra-ventricular
hemorrhage, peri-ventricular leukomalacia and seizures or convulsions), infant respiratory
distress syndrome, necrotizing enterocolitis, broncopulmonary dysplasia, retinopathy of the

premature and CP.
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ORs for early neonatal death, neonatal death and infant death, when spontaneous preterm
birth was compared to iatrogenic preterm birth, were obtained by stratified analyses. ORs
were controlled for gestational age at birth, maternal age, parity and smoking. For the
remaining outcome variables, the possibility of confounding due to different survival rates in
the study groups was suspected. Therefore, Hazard Ratios (HR) with 95% CI were computed
using Cox analyses and adjustments were made for the same possible confounders as above.
If data from the SMBR were used, date of discharge from hospital is registered and was used
as date of diagnosis. When diagnoses stored in the SHDR were used, date of admission to the
hospital the first time a particular diagnosis occurs was available and was used as date of

diagnosis.

Paper V

In this paper, we use a statistical technique previously published by Smith and colleagues and
developed for prediction of cesarean risk. It is applied to prediction of spontaneous preterm
delivery at <34 and <37 gestational weeks. The singleton and twin pregnancies were
randomly assigned to the development sample (mother’s birth day odd) or the test sample

(mother’s birth day even).

Numerous combinations of predicting variables were tested. Each model was designed in the
development sample and the predictive ability was validated by testing the model in the test
sample. For obvious reasons, information utilizing details from previous pregnancies could
not be evaluated in a model including primiparas. Also, information on infant gender could
not be used in a model including twin pregnancies, in which case information on the gender
distribution in the twin pair could be used instead (male-male, female-female, or male-
female). Thus, in order to optimize prediction of spontaneous preterm delivery, we developed
6 different models: Model 1 utilizes information available for all women, regardless of parity
and plurality; Model 2 utilizes information available for all multiparas, regardless of plurality;
Model 3 utilizes information available for all singleton pregnancies, regardless of parity;
Model 4 utilizes information available for all singleton pregnancies in multiparas; Model 5
utilizes information available for all twin pregnancies, regardless of parity and Model 6
utilizes information available for twin pregnancies in multiparas. Spontaneous preterm
delivery at <34 and <37 gestational weeks constituted the dependent variables when fitting

the multiple logistic regression models using data from the development samples. Twenty-
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nine variables were considered and evaluated for inclusion as independent variables; twenty

qualified in any of the final models and are listed in Table 6.

Variable

Maternal age at delivery
Maternal smoking
Maternal BMI
Maternal height

Discrepancy between expected date of

parturition according to LMP and
ultrasound (days)
Duration of infertility (years)
Fetal Downs syndrome
Fetal major heart anomalies
Fetal neural tube defects
Fetal major kidney anomalies
Vaginal bleeding
in early pregnancy
Maternal diabetes
Fetal gender
Gender distribution in twin pair
Previous spontaneous abortion
Maternal chronic hypertension

Interval since last delivery (years)
Parity one
Gestational age at last delivery
Twin pregnancy

exclusion of these variables as well.

Table 6 Variables that qualified in any of the six developed

prediction models.

Maternal urinary tract infection and type of delivery onset were
not associated with spontaneous preterm delivery and were not
included. Similarly, 5-minute Apgar score at last delivery and
plurality (singleton or twins) were either not used or not
significantly associated with the outcomes. ART was significant
in the univariate analyses but not in the multivariate settings. In
univariate analyses, women from the Middle East or Far East
Asia, respectively, appeared to be at increased risk of
spontaneous preterm birth. This risk increase disappeared when
maternal height was added to the model and ethnicity was not
included. Mother not living with father seemed to be negatively
associated with spontaneous preterm delivery. As this
relationship was unlikely to be causal, the variable was not
included in the final models. Maternal gestational age and
maternal birth weight were also considered, but data was only

available for a minor subset of the population, resulting in the

The included continuous variables in the multivariate logistic regression models were

assessed for linearity in the log odds scale and higher order terms were added when

appropriate (maternal age, BMI and interval since last delivery). Each model was tested for

goodness-of-fit with the Hosmer-Lemeshow test.

The output of the final fitted multiple logistic regression models was used as previously

described in detail by Smith and colleagues in their prediction model for cesarean section risk

(328). Using this statistical technique, the output of the multiple logistic regression models

was converted into likelihood ratios (LR), briefly summarized as follows: 1) an optimal

replacement constant was estimated for the included independent variables in the logistic
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regression model, to be used when information on the variable was lacking (x1, x2 etc is
lacking); 2) The LRs were adjusted by assessing the difference between the replacement
constant and the actual “overall log odds” for the outcome in the development sample; 3) the
above steps were repeated for each included independent variable and the output was used to
calculate adjusted LRs for the outcomes (spontaneous preterm delivery at <34 and <37
gestational weeks) for every woman in the development sample. The final models were then
validated by calculating the area under the receiver operator characteristic (AU-ROC) curve

with 95% CI for assessment of predictive ability in the test sample.

Finally, for every delivery in the test population, the model that utilized the available
information from each individual to the greatest extent was used to calculate a total AU-ROC

curve for spontaneous preterm delivery at <34 and <37 gestational weeks.

Study design
In general terms, the studies in this thesis could be described as historical cohorts, as the
cohorts were identified from recorded information stored in national registers and the time

during which they were at risk occurred before the beginning of the studies.

Nevertheless, the designs of the respective studies can also be described as follows:

Paper I: Nationwide population-based register study.
Paper II: Nationwide population-based register study.
Paper I1I: Multinational population-based register study.
Paper IV: Nationwide population-based register study.
Paper V: Nationwide population-based register study.

The national birth registers in Sweden, Denmark and Norway are population-based, as all

births from a given time period are intended to be included. It is intention rather than

performance that defines the term population-based (380).
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Ethical considerations and approvals
All the studies in this thesis were considered for ethical approval by the requisite ethics
committees prior to start. The data were registered in national databases and raw data files

were used so that no single person was identified.

The local ethics committee at Sahlgrenska University Hospital/Ostra, Goteborg, Sweden,
approved the studies presented in Papers I, IT and IV (Reference number @ 562-02 and @
632-02). The study presented in Paper III was approved by the ethics committee in Goteborg
(Reference number: Goteborg 091-06). In Denmark and Norway, this study was exempt from
such approval. The ethics committee in G&teborg also approved the study presented in Paper
V (Reference number: Goteborg 258-07). The Swedish National Board of Health and Welfare
approved the use of data from the SMBR and the SHDR.

Statistics
The statistical methods used in this thesis were either based on frequentistic (stratified,

regression and survival analyses) or Bayesian theory.

Stratified analyses

The stratified analyses were performed and ORs calculated using Mantel-Haenszel’s
technique (381). Ninety-five percent Cls were estimated with Miettinen’s method (382). In
Paper I, ORs were stratified for maternal age, parity, and smoking. In Paper IV, ORs were

stratified for gestational age at birth, maternal age, parity, and smoking.

Regression analyses

Multiple logistic regression analysis was performed in Paper I as a complement to the
stratified analyses. Several multiple logistic regression models were tested to determine the
simplest model with the best available fit. In the final models, year of birth (1-year classes
were entered: the results are shown as 18-year increase or 5-year increase, respectively),
maternal age (5-year increase) and maternal smoking (1=nonsmoking, 2=1-10 cigarettes/day
and 3=more than 10 cigarettes/day) were entered as continuous variables, whereas parity

(parity 2 or 3, and parity 4+) were entered as class variables and compared to parity 1.
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In Paper II, multiple logistic regression analysis was performed. One SD class was used as
the dependent variable, with gestational age as the independent variable, in each analysis.
Adjustments were made for year of birth (continuous independent variable), maternal age and
maternal age” (continuous 5-year classes), parity (class variables 1, 2, 3, 4+) and maternal

smoking (0, 1-10, or = 10 — as a continuous independent variable).

In Paper I11, the reported p-values for trend were obtained from simple logistic regression
analysis with the dichotomized variables specified as outcome variables and year of birth as
the only independent variable. P-values <0.05 were considered to be statistically significant.
To test for homogeneity of the ORs across the three local estimates (OR;), the log (OR;):s
were weighted according to precision to compute a pooled estimate (OR,): OR,, = exp(X (wj
(log(ORi*)) / Xwi), wi= 1/V( log(ORi*)), and the test statistics used were Xj = (X (w;
(log(ORi*) - log(ORm*))z, which was compared to the x2(2) — distribution.

In Paper V, we fitted six final multiple logistic regression models. P-value for significance
after univariate assessment and for inclusion of variables into the multivariate model was set
at <0.20. Significance level for acceptance of variables in the multivariate setting was 0.10,

unless clinical arguments for acceptance were obvious.

Survival analyses

For the remaining outcome variables in Paper 1V, the possibility of confounding due to
different survival rates between the study groups was suspected. Therefore, HRs with 95% CI
were computed using Cox analyses and adjustments were made for gestational age at birth,

maternal age, parity and smoking.

Bayesian methods

The output of the logistic regression models in Paper V were converted into adjusted LRs,
using a novel method of Bayesian modeling, previously described by Smith and colleagues
(328), and applied on a different obstetric outcomes. The adjusted LRs were then used to

estimate the risk of spontaneous preterm delivery in the test sample.
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REVIEW OF PAPERS

Paper I
Preterm birth in Sweden 1973-2001: rate, subgroups and effect of changing patterns in
multiple births, maternal age and smoking

Morken NH, Kéillén K, Hagberg H and Jacobsson B. Acta Obstet Gynecol Scand 2005; 84: 558-65.

Background: The objectives of this report are to evaluate changes in the preterm birth
proportion in Sweden in1973-2001 and to report on the proportion of spontaneous and
indicated preterm births and assess risk factors for these preterm birth subgroups during the
period from 1991 to 2001.

Methods: A population-based register study of all births occurring in Sweden from 1973 to
2001 registered in the Swedish Medical Birth Register was designed. The analysis of
subgroups was restricted to the period 1991-2001. Gestational age was calculated using last
menstrual period and best estimate. The odds ratio for preterm birth related to risk factors was
calculated for the subgroups spontaneous and indicated preterm birth.

Results: After an increase in the beginning of the eighties, the preterm birth proportion
decreased from 6.3% in 1984 to 5.6% in 2001 (p<0.0001). The proportion of preterm multiple
births of the total birth proportion increased from 0.34% in 1973 to 0.71% in 2001
(p<0.0001). Spontaneous preterm births account for 55.2% and iatrogenic preterm births for
20.2% of all preterm births. The strongest association with maternal smoking in early
pregnancy was found for gestational age <28 weeks and spontaneous preterm birth (OR
smoking versus no smoking: 1.55, 95% CI: 1.42-1.69). The strongest association with
maternal age was found between gestational age <28 weeks and indicated preterm birth (OR
five-year-increase: 1.34, 95% CI: 1.21-1.47).

Conclusions: The preterm birth proportion in Sweden has decreased since the mid-eighties.
The proportions of different subtypes of preterm birth in a Scandinavian low-risk population
seem to be similar to those in populations with higher incidences of preterm birth and

perinatal infections.
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Paper 11
Fetal growth and onset of delivery: a nationwide population-based study of preterm
infants

Morken NH, Kéllén K and Jacobsson B. Am J Obstet Gynecol 2006; 195: 154-61.

Background: The objective was to assess whether deviations from normal fetal growth are
associated with spontaneous preterm delivery.

Methods: A population-based study was performed, using Swedish Medical Birth Register
data from 1991-2001. The total population comprised 1 007 648 singleton births.
Intrauterine-derived growth standards were used to identify individual standard deviations
from expected birth weight. Spontaneous preterm infants were compared to infants born after
spontaneous labor at term. Results were obtained using multiple logistic regression analysis.
Results: Associations between smaller than population mean and spontaneous preterm birth
were evident for all gestational age groups. The largest risk was found at 28-31 gestational
weeks and birth weight <-3SD (OR: 13.3; 95% CI: 10.3-17.2). Spontaneous preterm infants
born at 34-36 gestational weeks weighed 1-1.9 SD (OR: 1.1; 95% CI: 1.1-1.2) or 2-2.9 SD
(OR: 1.6; 95% CI: 1.5-1.7) above the expected mean more often.

Conclusion: Deviation of fetal growth from the expected mean is associated with

spontaneous preterm delivery.
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Paper 111
Reference population for international comparisons and time trend surveillance of
preterm delivery proportions in three countries

Morken NH, Vogel I, Killén K, Skjerven R, Langhoff —Roos J, Kesmodel U, Jacobsson B. In

manuscript.

Background: International comparison and time trend surveillance of preterm delivery
proportions is complex. New techniques that might facilitate interpretation of these
proportions are needed.

Methods: We studied all live births and stillbirths (> 28 weeks gestation) registered in the
medical birth registers in Sweden, Denmark and Norway from 1995 through 2004.
Gestational age was determined by best estimate. A reference population of pregnant women
was designed using the following criteria: 1) maternal age 20-35, 2) primiparity, 3)
spontaneously conceived pregnancy, 4) singleton pregnancy and 5) mother born in the
respective country. National preterm delivery proportion, preterm delivery proportion in the
reference population and spontaneous preterm delivery proportion in the reference population
were calculated for each country.

Results: The total national preterm delivery proportion (<37 completed gestational weeks),
increased in both Denmark (5.3% to 6.1%, p<0.001) and Norway (6.0% to 6.4%, p=0.006),
but remained unchanged in Sweden, during 1995-2004. In Denmark, the preterm delivery
proportion increased significantly in the reference population (5.3% to 6.3%, p<0.001) and
the spontaneous preterm delivery proportion in the reference population (4.4% to 6.8%,
p<0.001). No similar increase was evident in Norway. In Sweden, proportions in the reference
population remained stable.

Conclusions: Reference populations can increase perspectives and thus contribute to
explanations for changing preterm delivery proportions. The model also permits comparisons
over time. This model may prove, in its simplicity, to be a valuable supplement to

assessments of national preterm delivery proportions for public health surveillance purposes.
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Paper 1V

Outcomes of preterm children according to type of delivery onset: a nationwide
population-based study.

Morken NH, Kéllén K and Jacobsson B.Paediatric and Perinatal Epidemiology 2007; 21: 458-64.

Background: The objective of the study was to investigate whether spontaneous and
iatrogenic preterm births are associated with different pediatric outcome.

Methods: A nationwide population-based study comprising 1 010 487 singletons was
designed. Swedish Medical Birth Register and Swedish Hospital Discharge Register data
from 1991-2001 were used. Intrauterine fetal deaths, unknown type of delivery onset and
congenital malformations were excluded. Neonatal, perinatal and long-term neurological
outcome were studied. Spontaneous preterm births were compared to iatrogenic preterm
births. Odds ratios and hazard ratios for outcome variables were obtained using the Mantel-
Haenszels technique and Cox-analyses, respectively. Adjustments were made for gestational
age at birth, maternal age, parity and smoking.

Results: Spontaneous preterm infants and iatrogenic preterm infants constituted 73.2 % (34
215) and 26.8 % (12 511) of the preterm population, respectively. Spontaneous preterm
infants were at increased risk of cerebral palsy at gestational age 28-31 weeks (HR: 1.86; 95%
CI: 1.12-3.10) and of sepsis at gestational age 32-33 weeks (HR: 1.58; 95% CI: 1.28-1.96).
Other outcome variables were associated with iatrogenic preterm birth, particularly
respiratory and gastrointestinal diagnoses.

Conclusion: Spontaneous preterm birth and iatrogenic preterm birth are associated with

different pediatric outcomes.
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Paper V
Prediction of spontaneous preterm delivery by combining logistic and Bayesian methods

Morken NH, Kéillén K and Jacobsson B. In manuscript.

Background: The objectives were to develop prediction models for spontaneous preterm
delivery, to assess if spontaneous preterm delivery can be predicted by combining logistic
regression and Bayesian methods and to validate the models in a test sample.

Methods: Singleton and twin pregnancies with spontaneous onset of delivery during 1992-
2005 in Sweden, registered in the Swedish Medical Birth Register, were included and
randomly assigned to a development or a test sample. Predictive variables were identified by
using multiple logistic regression analysis and outputs were used to calculate adjusted
likelihood ratios. The predictive ability was validated in the test population.

Results: The development and test samples were similar in terms of the outcome and the
independent variables. Six final models were developed and the area under the receiver
operator curve in the test population ranged from 0.77 (95% CI: 0.76-0.77) to 0.59 (95% CI:
0.57-0.61) for spontaneous preterm delivery at <37 gestational weeks and from 0.80 (95% CI:
0.79-0.81) to 0.64 (95% CI: 0.62-0.67) for spontaneous preterm delivery at <34 weeks. For
each delivery in the test population, the model that utilized the available information to the
greatest extent was used, and total area under the receiver operator curve for spontaneous
preterm delivery at <34 weeks (0.74, 95% CI: 0.73-0.75) and <37 weeks (0.71, 95% CI: 0.7-
0.71) was calculated.

Conclusion: Spontaneous preterm delivery can be predicted by using the proposed models,

which might be applicable in clinical assessment of risk.
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DISCUSSION

The aim of this section is to summarize the methodological limitations and advantages of
these studies, and to discuss to what extent the limitations may have influenced the findings in
this thesis. The results will also be discussed in relation to and compared with previous and

similar findings in the literature.

Methodological considerations

Assessing methodological quality is important when considering any kind of research and
methods have been developed for judging scientific quality in general (383). Precision and
validity are central terms in this evaluation. Precision means the abscence of random errors.
Validity means the abscence of systematic errors. Validity can be further divided into internal
and external validity. Different combinations of precision and validity are visualized as in
Figure 5, below. Both high precision and high validity are necessary if the results of a study
are to be regarded as trustworthy findings and generalized to the population that the study
sample is meant to reflect. Precision and validity issues affect any kind of study design, both
case-control and cohort studies, be they retrospective or prospective. There is no reason to
disregard any study simply on the basis of design (384). Both precision and validity aspects
are discussed separately below by evaluating the random and systematic errors influencing the

quality of the current study. Initially, aspects related to study design are discussed.

Validity

Low

Figure 5 Possible combinations of

precision and validity. (Reproduced High
with permission from Ahlbom and Norell,

Grunderna i epidemiologi, Precision
Studentlitteratur AB, 1987)

Low
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Study design

The first studies assessing the association between pregnancy and the perinatal period and the
subsequent outcome in child were performed in the British birth cohorts from 1946 (385),
1958 (386) and 1970 (386). Such large-scale cohort studies have been tremendously important
and of high quality, but they are time-consuming to recruit and follow up and tend to be very
expensive to perform. The main advantage of register data is that they already exist (380). The
use of the existing nationwide medical birth registers cuts research costs and enables studies
and analyses of time trends in much less time than is usually possible in cohort studies (387).
The lack of biological material is a disadvantage in ordinary register-based research but new
ongoing national birth cohorts studies do collect biological material and will permit linkage of
register-based data, questionnaire data and biological data (388-390). These studies will add
new dimensions to the nationwide population-based medical birth registers. Another
limitation in using register-based data is that analyses are restricted to the already collected

variables and that researchers cannot influence data collection, at least not in the short term.

The enormous amount of study objects available from large registers is an unequivocal
strength of such secondary data, enabling the detection of moderate risk factors (391).
Power simulations have shown that even with the assumption of no misclassification in
studies using small study populations, only detection of exposures causing extremely
increased risks can be expected (Figure 6). Use of nationwide medical birth register data also
provides a unique opportunity to elucidate possible weak associations between preterm birth
and risk factors for this condition, for which very few new risk factors have been described in

recent years.
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Figure 6 The association between study population size and detectable risk. The solid line shows, by
hypothetical study population size, the magnitude, detectable with a probability of 80%, of an association
between a certain event (with an incidence of 0.0013) and an exposure present in 25% of the population. The
broken and dotted lines show the corresponding magnitude after adjustment for a putative low sensitivity and
specificity (non-differential) among larger register. The following denotations were used in the figure box: se(e)
= sensitivity of exposure, se(d) = sensitivity of the diagnosis, sp(e) = specificity of exposure, p (d | dl)=
percentage of truly diseased among all classified as diseased. (From: Maternal smoking and congenital

malformations, thesis, Lund University 1999, Karin Kéllen. Used with author’s permission).

Evaluation of random errors

Consideration of possible random errors is important in all kinds of studies, including in large
settings as in the studies presented here, as these errors may reduce the accuracy of reported
measurements. The typical epidemiological method of increasing precision is to enlarge
sample size. The birth register data that were the basis for this thesis included almost all
pregnancies in Sweden, Denmark and Norway. Therefore, enlarging sample size was
impossible; furthermore, the number of study objects was more than enough to generate
accurate data for the vast majority of analyses. However, in some subgroups (Paper [V), the
number of infants was small and we were forced to merge some diagnoses to obtain a number
of cases that was meaningful for analysis. Increasing sample size was impossible as these data
were obtained from a nationwide register. Nevertheless, one of the main advantages of these
large historic population-based datasets is the fact that random errors can be considered to be

minor due to the large number of included study objects.

Evaluation of systematic errors
Consideration of possible systematic errors may be of greater importance than random errors
in this population-based setting. Two concepts are important related to systematic errors, i.e.

internal and external validity. They are described and considered separately below.

Internal validity

Internal validity of a study implies validity of inference for the study subjects within the
study. This type of validity may be reduced by systematic errors, commonly divided into three

major classes of bias: selection bias, information bias and confounding (384, 392). This is the
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most common classification of systematic errors in study design, but there are other published

ways of describing bias (393, 394).

Selection bias

Selection bias comes from the procedures used to select subjects and from factors that
influence participation in a study. If the association between exposure and disease differs
between those who participate and those who do not, resulting in a different estimate of the
effect measure compared to the case if the entire population had been studied, then selection
bias has been introduced into a study.

Selection bias is most certainly not a major problem in the studies in this thesis, as data are
collected from Scandinavian nationwide registers that are based on mandatory notification of
births and that have low drop-out rates. The entire parturient population was in fact the
population of interest and nearly all births in each Scandinavian country were registered in the
respective birth registers. An important advantage of these studies is the low probability of
selection bias which thus does not seem to threaten the internal validity of the results and

conclusions.

Information bias

Information bias arises in a study if the collected information about or from the study subjects
is erroneous. Systematic errors in classification of subjects create information bias.
Misclassification is either differential (misclassification in exposure or outcome is dependent
on a subject’s category for the other variable) or non-differential (misclassification in
exposure or outcome is not dependent on a subject’s category for the other variable) and
criticism of the reliability of population-based register data most often pertains to the
possibility of misclassification. In general, skepticism towards all findings and questions
about valid conclusions are legitimate, but as long as the collected data is gathered
prospectively, as in the case of the Scandinavian register data used in this thesis, any putative
misclassification can be expected to be non-differential (391). This means that the possible
misclassification is independent of whether or not an outcome indeed occurs in an individual.
Furthermore, non-differential misclassification bias will always bias the estimated risk
measurements towards unity (395), whereas the bias can be in either direction if the
misclassification is differential. Non-differential misclassification will therefore always mask
an existing association towards the “null effect”. Huge differences in power are seen between

studies using large and small study populations (Figure 4, above), but the decreased power
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due to misclassification bias seems to be of less importance if non-differential
misclassification is assumed (391). The reduced likelihood of differential misclassification
and the comprehensive population coverage, resulting in minor selection bias problems, might
in fact be considered to be the main advantages of using secondary data such as those from

the Scandinavian birth registers (396).

In this thesis, there may be sources of information bias associated with the quality of the
registered data. These register-based data come from large computerized systems in three
different nations, so registration errors are probably inevitable despite regular quality controls
and validations. Errors are inevitable, possibly affecting both outcome and exposure variables.
Nonetheless, as long as misclassifications are non-differential, which is the most likely

situation, the results and conclusions in this thesis are not seriously biased.

Gestational age is the key variable in all preterm birth research, including in this thesis. The
validity of gestational age registered in the three birth registers in Sweden, Denmark and
Norway has been assessed and considered to be 90 to 98 % satisfactory in all three countries
(387). It is therefore appropriate for studies such as those presented here. However, it is
important to bear in mind the limitations of the two most important methods of gestational age
dating (ultrasound and LMP) and that changing from one method to another has major

implications, especially when time trends are studied (108).

Type of delivery onset is another key variable in this thesis; it was registered in all three birth
registers during the study periods. Some aspects are important when the quality of this
variable is under consideration. First, it is registered in check boxes, which is generally
considered to be superior to other methods of register data registration (372). Second, the
division of the preterm population into subgroups is similar to that found in later
Scandinavian data, both hospital based (397) and from a recent large cohort (398). Third, we
have performed a minor pilot assessment of this variable as described above, and found it
reliable. These arguments strengthen the reliability of this variable, but do not change the fact

that a major validation assessment would have been beneficial.

Birth weight has been registered since the foundation of the SMBR and it is considered one

of the most reliable variables in the database (372, 399).

68



The most serious data loss in the SMBR is that related to infant diagnoses (373), which is the
reason we included data from the SHDR, also enabling us to study long-term neurological
outcome. A recent validation of the diagnoses in this register revealed that gynecology and
pediatrics actually had the lowest misclassification rates of all examined specialties (400).
Furthermore, the proportion of misclassification was low among younger patients (400). This

confirms that the SHDR is useful for research (374, 401).

Confounding

Confounding is defined by Rothman as confusion or mixing of effects, implying that the
effect of the exposure variable is mixed with the effect of another variable, leading to bias
(384). An alternative definition is that a confounder is a variable that affects results by being
associated to both the exposure and outcome variables. The variables consistently considered

as possible confounders in most of these studies were parity, maternal age and smoking.

The validity of the parity variable has been assessed on several occasions and found to be of
acceptable quality (372). In a later validation, it is pointed out that there is a difference in
validity depending on the plurality of the reported pregnancy, with poor quality for multiple
births (373). Thus, great care must be taken when parity information from multiple births is

used (373).

Calculation of maternal age is based on the mother’s personal identification number, which
contains the date of birth. This variable is regularly validated and of high quality. The
personal identification number is missing in as few as 0.03 percent, according to the latest

validation study (373).

Information on maternal smoking, reported at the first antenatal appointment, is available
since 1983 and information on maternal smoking during week 30-32 was introduced as a
variable in 1990. The latter is incompletely registered and not useful (373). We therefore used
the former, for which only a small proportion is missing (4-9%) (373). The variable has
recently been validated in a medical record sample, and it was found that the available
smoking data had not been computer-recorded in about 2%, and that the information had been
misrepresented in about 1% (373). These figures are acceptable in large datasets such as those

in this thesis.
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Residual confounding is of course possible as long as the entire body of preterm birth, a
coplex entity with syndromic characteristics, is far from well understood. The use of register
data limits the possibility to select variables for this research and might have influenced
findings. We obviously gained huge data sets, but may have lost some variables that could
easily have been collected in a well-controlled clinical setting. Nevertheless, it is most likely
that we have taken the major confounding factors, with the greatest impact on our

assessments, into consideration.

External validity

External validity refers to whether the results and conclusions of a study can be generalized to
other populations than the study population. Internal validity, discussed above, is of course a
premise and prerequisite for external validity.

The data that make up the basis for this thesis all come from nationwide, compulsory,
population-based reporting systems. The registers are considered to be of high quality and
very close to 100 % of all births are registered. The results in this thesis are doubtless
applicable to the Scandinavian population. This population is described as low-risk in terms
of the reported proportion of preterm birth. The Scandinavian countries have a rather low
proportion of preterm birth compared to several other countries, the most striking difference
being with the US, in which the preterm birth proportion is twice that in Scandinavia.
Whether our results are applicable to populations with a high risk of preterm birth is a
relevant question when assessing this thesis. In Paper I, we showed that the composition of
the preterm population in Scandinavia is similar to that reported in high-risk populations,
indicating similarity between countries and populations despite different risks. Also
interesting is the finding in Paper II that SGA, in this Scandinavian population with its well-
developed antenatal care system, is also associated with spontaneous preterm birth, possibly
indicating a biological or mechanistic relation to preterm birth. These findings strengthen our
belief that our results are applicable to preterm populations from different parts of the world,

despite the fact that all data in this thesis were collected from low-risk populations.
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Discussion of results in Papers I-V in relation to other studies in the literature

Paper 1

Declining proportion of preterm birth in Sweden

The decline in the proportion of preterm birth found in this study has few parallels in the
international literature. A striking decline in the incidence of preterm birth was reported from
France after implementation of a regional prevention program (134) in the eighties and a
reduction was later reported from Finland (140). The French study reported a reduced
proportion among preterm births at <34 weeks of gestation as well, which contrasts with our
data. This decrease in France has later been followed by an increase from 1989 to 1995 (138).
No specific gestational age is prominent in the Finnish study. It was speculated whether
changes in living conditions and increased social well-being could have been the main
contributors to the reduced incidence seen in the spontaneous group. We find a striking
decrease in the total proportion of preterm birth (<37 gestational weeks), despite an increasing

contribution from multiple births and increasing maternal age.

The significant reduction in OR for preterm birth is evident for singletons at <37 weeks
during 1983-2001. This reduction is not evident in infants at <34 weeks, indicating that the
reduction in the total preterm birth proportion can be explained by reduced occurrence of late
preterm birth (34-36 gestational weeks) among singleton preterm infants. The reduction in the
total singleton preterm birth proportion (<37 weeks) is not altered after stratification for
maternal age, parity or smoking. On the other hand, smoking among pregnant women in
Sweden has decreased from 31.4 % in 1983 to 11.3 % in 2001, according to the SMBR, and it

is likely that this reduction has had an impact which is, however, not visible in our data.

We identified smoking as a risk factor for singleton preterm birth in Sweden during the study
period 1991-2001, and smoking is more strongly associated with spontaneous than with
iatrogenic preterm birth at all preterm gestational ages. The strongest association between
maternal smoking in early pregnancy and preterm birth was found for gestational age <28
weeks and spontaneous preterm birth (OR: 1.55). The significance of smoking as a modifiable
risk factor (127, 402) for preterm birth has been a subject of research and debate for several
decades. A recently published study, based on the same data sources as the current study but

conducted during a limited time period (1991-93), did point out the contribution of smoking
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to preterm birth in Sweden (194); smoking was associated with increased risk of both
spontaneous and indicated preterm birth at both <32 weeks and 33-36 weeks, which is in
accordance with our findings. The strongest association in this study was found between
smoking and spontaneous preterm birth as well as very preterm birth (<32 weeks of

gestation).

Our data do not confirm any significant reduction in the proportion of preterm birth at
gestational ages below 34 weeks. This contrasts with a recently published report from Finland
(141), in which researchers claim to have found a significant reduction (12%) in extremely
preterm deliveries (<28 weeks). When looking more closely at these Finnish data, it seems
more like an increase in the denominator than a reduction in the numerator. Nonetheless, the
significance of this finding is incontrovertible, but the researchers’ unequivocal interpretation
is difficult to understand. When our figures are scrutinized, there was an apparent increase in
preterm births at below 28 weeks from 1984 to 2001 (0.19% to 0.26%) in Sweden. These

figures are very small and difficult to interpret.

We are not able to come up with any single explanation for the decreasing proportion of
preterm births in Sweden from 1983 to 2001. It is, however, tempting to suggest that the
decline in smoking among pregnant women in Sweden from 1983 to 2001 has had a major
impact on the reduction of the preterm birth proportion seen in Sweden since the mid-eighties,
although our figures show that smoking alone can not explain the reduction. The difficulty in
explaining this decline may be related to the fact that preterm delivery is a complex entity
with syndromic characteristics and associated with a number of known, and probably also
unknown, risk factors. Changes in preterm birth proportions would be influenced by
simultaneous changes in several risk factors, changes influencing the proportion in different
directions. Another fascinating aspect, in the light of our findings and in relation to the public
health issue, is the recent recognition that infants born late preterm at 34-36 gestational weeks
are at increased risk of morbidity and mortality, compared to term infants (51, 403). Perhaps
the reduced proportion of preterm birth at gestational age 34-36 weeks had a greater impact

on outcome in the Swedish population than was previously believed.

Subgroups of preterm birth
According to previous studies, the size of each preterm subgroup varies and is influenced by

population characteristics and inconsistency in terminology (73, 78, 80, 229, 404-406). These
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studies are either hospital- or region-based. However, having excluded IUFD, congenital
malformations and unknown type of onset and looking exclusively at the relative relationship
between spontaneous and indicated preterm birth, we find that nearly 75% are spontaneous
and 25% are iatrogenic. Spontaneous preterm birth is the largest preterm subgroup in this
Scandinavian population. This finding is interesting as it indicates no difference in the
subgroup composition of the preterm population when a country with low risk of preterm
birth such as Sweden, is compared with a country with high risk such as the US (73). It has
been suggested that the lower prevalence of maternal and perinatal infections in the
Scandinavian countries might result in a lower proportion of spontaneous preterm births. Our

findings do not support this hypothesis.

Paper 11

Deviant fetal weight is associated with spontaneous preterm delivery

The preterm delivery proportion in Scandinavia is low, compared to other countries, as we
have shown in Paper I. This may raise questions about whether our findings concerning fetal
weight deviation can be generalized to diverse obstetric populations. We have also shown in
Paper I that the composition of the preterm population in Sweden is similar to that in
populations with higher genital and perinatal infection rates and higher preterm birth
proportions. It is our opinion that preterm populations may be more similar than is believed,
despite differences in preterm birth proportions. The findings in this study reveal that there is
a strong association between spontaneous preterm delivery and lower birth weight than the
population mean in Sweden, where pregnant women receive extensive and qualified care. Our
findings are in accordance with both previous (407, 408) and more recent studies (280, 282,
409) from other countries. The novelty is that these findings are based on data from a
nationwide register and that a population with low rates of preterm birth and perinatal
infections has been investigated for the first time.

The causal mechanisms underlying the association between spontaneous preterm birth and
SGA are not well understood. Several possible pathways have been discussed. Speculations
concerning changes in cortisol production and levels of CRH in cases of fetal sub-nutrition
have been presented as possible explanations for the link between SGA and spontaneous
preterm birth (338). Fetal sub-nutrition results in decreased levels of growth-promoting

hormones and increased levels of cortisol. The cortisol/CRH axis has been theoretically linked
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to both term and preterm labor (217, 218, 410, 411). It has previously been shown that this
neuroendocrine axis is functional and capable of exerting biological action in growth-retarded
fetuses (412). Another theory involves intrauterine infections. There are some infections
related to both SGA and preterm labor (413). Fetal immunodeficiency as a result of placental
insufficiency may also increase vulnerability to infections (414). Furthermore,
undernourishment may affect the tensile strength of the amnion and chorion as it affects the

fetus, resulting in fragile membranes and increased incidence of pPROM (63).

The question of whether spontaneous and iatrogenic preterm births should be separated to
enable studies of the respective etiology has been addressed in a recent report (68). We have
found a large discrepancy in the occurrence of SGA between the two preterm birth subgroups
indicating that it is indeed necessary to distinguish these two etiologies when studying the
association between SGA and preterm birth.

The finding of an increased risk of spontaneous preterm birth at gestational age 34-36 weeks
in infants weighing more than one SD above expected birth weight is very interesting. The
association remains after sub-analysis, indicating that it is true and not caused by erroneous
estimates of gestational age. The fact that the risk increased with increasing deviation from
expected birth weight may indicate that the bigger the infant, the greater the risk of
spontaneous preterm birth. This connection has recently been described in a smaller data set
(281). Pathological uterine distension is associated with both PTL and pPROM. It is the result
of an abnormal increase in intrauterine volume, as in the case of multiple gestations and
polyhydramnios or of limited uterine expandability, as seen in women with T-shaped uteri
due to intrauterine diethylstilbestrol exposure or Miillerian duct anomalies. Therefore, our
findings concerning increased fetal growth and spontaneous preterm delivery may suggest
that overstretching of the myometrium is a mechanism of labor in general, not only at term,

but also among preterm singletons.

Small for gestational age among preterm singleton infants

The majority of preterm SGA singletons were born preterm due to medical interventions, but
infants born after spontaneous preterm labor were SGA to a greater extent than infants born
after spontaneous onset of delivery at term. Antenatal care is highly developed and has a
longstanding tradition in Sweden. This implies that deviation in fetal growth from population

standards is probably more easily diagnosed in Sweden than in populations with less
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developed antenatal care. This is reflected in our data by the fact that 72% of all SGA infants
in the preterm population are found in the iatrogenic subgroup. It is likely that this proportion
would have been smaller and that the corresponding proportion found in the spontaneous

preterm group would have been higher in a different antenatal care setting.

Paper 11

Reference population

The design and use of reference populations when analyzing Scandinavian birth register data
show that changes in maternal age, parity, ART, multiple births and immigration can explain
the increase in preterm birth in countries such as Norway. However, these factors cannot
explain the increase in Denmark and no trend was found in the Swedish data.

The increased use of rigorous population-sampling methods and the analysis of these samples
in diverse study designs have highlighted the need to create links between populations and
samples in epidemiology (415). Kalsbeek and colleagues propose the definition and design of
a reference population as a solution to all problems related to sampling, and suggest that
sample results and design features be understood in relation to that reference population

(415).

The model using a reference population was applied to control for detectable confounding
from major risk factors that vary over time and between countries. The factors used to identify
the reference population were selected from a combination of clinical experience, availability
and literature reviews of risk factors for preterm delivery. It might, for instance, be argued
that smokers should be eliminated from the reference population as smoking is relatively
common and increases the risk of preterm delivery. However, reports of smoking are often
not valid or even omitted. Inclusion of such factors would decrease the validity of data and the
number of countries from which data could be obtained and was thus rejected. Calculation of
the national proportions as well as the proportion in the reference population can provide
answers to several questions that would otherwise require complex statistics, i.e. “Is there a
basic proportion of preterm delivery?” “Has it changed over time?” “Can the factors
eliminated in the reference population explain changes across populations or over time?” The
suggested model can thus facilitate meaningful international comparison of baseline

differences between countries. The omission of smoking clearly illustrates that this model

75



cannot replace more complex analyses such as logistic regression analysis which it is clearly

meant to supplement.

Increasing ethnic diversity, increasing contribution from ART, increasing number of multiple
births, increasing maternal age and increasing relative number of iatrogenic preterm deliveries
have all previously served as explanations for increasing preterm delivery proportions (125,
126, 150, 416). Primiparity was reduced in Denmark which should have contributed to a
decreasing preterm delivery proportion. Multiple pregnancies increased in both Denmark and
Norway, while remaining unaltered in Sweden. Despite rather consistent changes in risk
factors among the Scandinavian countries, clear differences were evident in terms of time
trends for the proportion of spontaneous preterm deliveries in the reference population. In our
opinion, this indicates that current understanding of different risk factors and their respective

contributions to the changing preterm delivery proportion is incomplete.

The recent temporal increase in the overall preterm delivery proportion in both the United
States and France is said to be driven by an impressive concomitant increase in medically
indicated preterm deliveries (18, 150). Our data show an increasing number of iatrogenic
preterm deliveries in all three Scandinavian countries which should contribute to an increased
total preterm delivery proportion. Furthermore, according to the literature, the increasing
incidence of multiple pregnancies associated with ART is another main cause of increased
preterm delivery proportions (1, 150, 249, 417). The availability and use of these techniques
have increased in all three countries. However, neither medically indicated nor multiple
preterm deliveries can be the only explanation for the increased proportion of spontaneous
preterm delivery found in the Danish reference population, as was argued in previous reports,

which illustrates the benefit of using this method.

It is well known that gestational age determination by ultrasound increases the incidence of
preterm delivery (125). Might not the increase in preterm delivery proportions in Denmark
and Norway just be the result of an increased use of ultrasound? Gestational age has,
however, been extensively determined by ultrasound during the whole study period and there
has been no recent change in clinical guidelines in any of the three countries. A Danish study
of a cohort from 1990-1999 reported that the reduction in gestational age during the study
period occurred regardless of whether the calculation was based on LMP or ultrasound (418).

It thus seems that there has been a true decrease in gestational age over the study period.
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A factor not accounted for in the current study is smoking. Smoking during pregnancy is a
well known, and reducible, risk factor for preterm delivery. Smoking was not registered in the
NMBR until 1999. There has been a substantial decrease in smoking during pregnancy in all
three countries during the study period (4, 195). These figures are similar in the three
Scandinavian countries and should most likely have contributed to a decreased preterm

delivery proportion; they can therefore not explain the diversities found.

Another aspect of this study that may invite criticism is the fact that we did not include
stillbirths at gestations below 28 weeks. Inclusion of stillbirths at lower gestational ages
would have been advantageous but the SMBR did not, and still does not register them; we
were thus obliged to limit our samples from the other two countries as well. This old
convention is a major disadvantage in our research. Initially, we did include stillbirths at <28

weeks in the Danish data, but they did not affect conclusions.

The increased spontaneous preterm delivery proportion found in the Danish reference
population is a cause for concern and most likely a true and reliable finding. Several possible
explanations exist: increased/altered genital infections, increased maternal stress during
pregnancy, changes in dietary intake, increased occurrence of chronic maternal disease during
pregnancy, altered clinical management and changes and deterioration in antenatal care. The

current study cannot explain this finding; future studies are thus required.

Total preterm delivery proportions, based on crude national figures, do not necessarily
provide an overview of development over time. This is illustrated by the Norwegian national
crude data indicating an increased preterm delivery problem, while findings in the reference
population gave no reason for concern. In Denmark, the increasing preterm delivery
proportion was also seen in the reference population, including in spontaneous preterm
deliveries. Using reference populations in the assessment and comparison of preterm delivery
proportions is simple and may prove useful at the local, national and international level in the
future as it facilitates interpretation without the use of complex statistics. This method may

thus yield more adequate time trend analyses, facilitating international comparison.
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Paper IV

This study reveals that the two main subgroups of preterm birth are related to different
pediatric outcomes. For the first time, an association between CP and spontaneous preterm

birth is supported by a large nationwide study.

There was no increased risk of early neonatal death, neonatal death or infant death in infants
born after spontaneous preterm onset. The only significant findings were in the gestational
age group near term (34-36 weeks), indicating that infants born after iatrogenic preterm onset
were at increased risk of death, compared to the infants born after spontaneous onset. These
findings reflect the fact that the deliveries of the former are induced due to severe pregnancy
complications which increase their risk of death, compared to infants born after spontaneous
preterm onset. No differences in mortality were evident between spontaneous and iatrogenic
preterm births in the lower gestational ages. Gestational age is certainly the most important

risk factor; type of delivery onset seems to make no difference.

Seizures/convulsions, intra-ventricular hemorrhage and peri-ventricular leukomalacia were
merged into one outcome variable, CNS disorders, as the rarity of each outcome made
interpretation of results difficult. Intra-ventricular hemorrhage and peri-ventricular
leukomalacia have been shown to be more common in spontaneous preterm infants weighing
500-1750 g in a previous hospital-based study (35). An association was found between
spontaneous preterm birth and CNS disorders at gestational ages <28 weeks and 32-33 weeks,
but it was not statistically significant. There was a statistically significant negative association
at gestational age 34-36 weeks, indicating that CNS disorders occurring near term are more
common among infants born after iatrogenic delivery onset. Pulmonary problems,
gastrointestinal complications and retinopathy of the premature are related to iatrogenic rather

than spontaneous onset of preterm labor.

The hypothesis of inflammation and a presumed linkage between infection, inflammation,
spontaneous preterm birth and CP is well known (419). The finding in this study of an
increased risk of CP among infants born after a spontaneous preterm delivery onset at
gestational age 28-31 weeks is interesting as this association has thus been confirmed for the
first time in a large nationwide study. CP is often diagnosed between the ages of one and a

half and four years, leaving a rather long latency phase before it is verified that a child suffers
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from the disorder. The association between spontaneous preterm birth and CP was evident in
our study, despite these data being obtained from a population with a low frequency of

perinatal infections (420) and a low proportion of preterm birth.

A previous study from Sweden found that antenatal infections only provoked a marginal
increase in the CP risk (379). Infection is considered to be a more common cause of very and
extremely preterm birth (<28-31 weeks) than of moderately and late preterm births (32-36
weeks) (421). In this study, no association between sepsis after birth at the lower gestational
ages (<28 weeks and 28-31 weeks) and spontaneous onset of preterm birth was found. There
was a statistically significant association between sepsis and spontaneous preterm birth at
gestational age 32-33 weeks. This outcome variable does not reflect exposure to intrauterine
infection; these infants are likely to be vulnerable to infection after birth as well. These
findings do not rule out an infectious relationship between spontaneous preterm birth and CP,
but neither do they confirm it. Discrepancy between culture-positive (infection) and IL-6-
positive (inflammation) cases has been found in women presenting with preterm labor and
intact membranes (422). Inflammation-positive pregnancies may not result in clinically

evident infection in the infants, which are therefore not diagnosed as sepsis cases.

Different subgroups of preterm birth are associated with different pediatric outcomes in this
study. The associations between spontaneous preterm delivery onset and the investigated
outcome variables were, however, fewer than expected. latrogenic preterm birth is associated
with both respiratory and gastrointestinal diagnoses. Our findings do support the previously
reported link between spontaneous preterm birth and CP, but they are not consistent across the
gestational range and should therefore be interpreted with caution. There are few previous
studies investigating the association between different subgroups of preterm birth and
morbidity and mortality (404, 406, 423-425). The classification of preterm birth in subgroups
is not consistent in different studies. Differences in terms of outcome have been found, but the
findings are also inconsistent. The previous studies on this issue are rather small and the final

conclusions are difficult to interpret at present. Further studies are needed.

The question of whether spontaneous and iatrogenic preterm births should be separated or
combined when studying etiology has been raised in a recent report (68). The authors
concluded that the complexity of the etiological pathways in preterm birth justifies both

combination and separation. It could also be argued that different ways of categorizing
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preterm birth might be useful (69). The intention of our study was to assess whether
differences in outcome between iatrogenic and spontaneous preterm-born children were
evident. This categorization of preterm births is, after all, the one most extensively used. In

our opinion, the results of this study support the arguments for separating the subgroups.

Paper V

The results of the development of risk-scoring systems and diagnostic tests have so far been
rather disappointing and no appropriate screening tool is available for early detection of
preterm delivery. The numerous previously developed risk-scoring systems (293-301) aim at
predicting the risk of preterm delivery based on past obstetric history. These scoring systems
are not as useful to nulliparas as to multiparas and substantial numbers of women considered
to be at low risk actually give birth to preterm infants. No scoring system has been shown to
be superior to clinical judgment (292). The risk-scoring systems currently used in early
pregnancy have a wide range of accuracy in predicting preterm delivery in otherwise

asymptomatic women and they can not be recommended in clinical practice (302).

Smith and colleagues’ development of a statistical method combining logistic and Bayesian
methods has been successfully applied in the prediction of cesarean section risk (328). It was
suggested by the authors that this method may be generally applicable for clinical estimation
of risk, which evoked our curiosity regarding its actual usefulness in risk prediction of
spontaneous preterm delivery. The most important benefit from the applied statistical
technique is that calculation of optimal replacement coefficients makes missing data easy to
handle and the model more robust. The issue of whether calculation of LRs is required is
debatable, when multiple logistic regression models with acceptable fit are developed.
Logistic regression modeling helps identify the important available independent variables in
the register, which can help predict spontaneous preterm delivery. We have for instance,
identified vaginal bleeding in early pregnancy as a strong predictor of spontaneous preterm
delivery, at least in singleton pregnancies. The subsequent calculation of adjusted LRs, based
on the output of the final logistic regression models, has an advantage in that it makes it easy
to handle missing data. In addition, the final output provides an estimate of the individual risk.

However, the latter is of minor importance at present, as we intend to develop these models
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further. It seems likely that we have identified the explanatory register variables of major

importance in the prediction of the outcome of interest.

The presented models in this study, at least those developed for singleton pregnancies, can be
applied in clinical situations. We will most certainly be more cautious in using the twin
models; they are more uncertain since they were developed from small datasets. The main
argument for a clinically useful application of these models is that missing data is easily
handled through the use of replacement coefficients. It is our belief that the discriminative and
predictive ability will further improve in the future by the addition of biological data
concerning genes, proteins and metabolites, hopefully making these models into an even more
useful bedside tool. We are in the process of developing simple software providing an

individual estimated risk in percent as its output.

Compared to the most recently presented predictive model for preterm birth (292) using
artificial neural networks, published by Catley et al, we studied a more specific subgroup of
preterm delivery, i.e. spontaneous preterm deliveries, and did not analyze the spontaneous and
iatrogenic subgroups together. We have included more independent variables in our models
than Catley et al, and we achieved even better predictive ability. None of the other described
prediction tools and risk-scoring systems is used in daily clinical practice and our study
clearly shows that high-quality epidemiological and clinical data can provide at least the same

or even better predictive ability than more sophisticated methods.

The predictive ability of the six models varies with the type of pregnancy-singleton or twin,
primiparous or multiparous-for which they are meant to predict. Prediction of risk in
multiparas alone is more reliable than when they are combined with primiparas. These
findings are true for both singleton and twin pregnancies. Multiparity clearly adds useful
information about the previous delivery, and it is tempting to speculate on the importance of
genes and their contribution to the tendency to repeat gestational age at delivery in subsequent

pregnancies (226, 426).

These prediction models have been developed and validated in a large sample from a
Scandinavian population at low risk of spontaneous preterm delivery and in epidemiological
and clinical data of high quality from a compulsory national birth register, considered to be

one of the most complete registers in the world. One crucial question is: “Can the models be
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generalized to different populations with a different subgroup composition and a different
proportion of spontaneous preterm delivery?” The models are applicable to populations with
similar preterm birth proportions, but their usefulness in more heterogeneous populations,
especially those with greater ethnic diversity is an open question. On the other hand, we did
consider ethnicity as an independent variable, as ethnicity is regarded as a risk factor for
spontaneous preterm delivery (160, 161). Ethnicity was, however, not included as there was
conflicting relationships to spontaneous preterm delivery, depending on which other factors
were part of the model, for some ethnic groups, € g. Arabic. When Arabic ethnicity was an
independent variable in the multiple logistic regression models together with maternal height,
it was a protective factor for spontaneous preterm delivery. On the other hand, when Arabic
ethnicity was an independent variable and maternal height was not, it emerged as a risk factor
for the outcome. In our final models we therefore decided to include maternal height and
exclude ethnicity, based on these results and because maternal height was found to be a

stronger and more consistent predictor of spontaneous preterm delivery.
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CONCLUSIONS

Paper I

The proportion of preterm birth in Sweden has decreased significantly, beginning in
the mid-1980s.

This decrease is evident among singleton births at gestational age 34-36 weeks.

The decrease is evident despite an increasing contribution of multiple births and
increasing maternal age.

According to this study, spontaneous preterm births constitute the largest subgroup in
a proportion similar to that seen in populations with higher incidence of perinatal
infections and preterm birth.

This indicates that the composition of the preterm population seems to be identical,

regardless of different rates of both preterm birth and perinatal infections.

Paper 11

Deviation of fetal weight from the expected mean, both larger than the population
mean at gestational age near term (34-36 weeks) and smaller than the population mean
in all preterm gestational age groups, is associated with spontaneous preterm delivery.
Among all preterm infants, 11% were SGA and 72% of preterm SGA infants were
born after medical interventions.

The SGA proportion among spontaneous preterm births was 4.3%, whereas the
corresponding percentage among iatrogenic preterm births was 30%.

The peak proportion of SGA among spontaneous preterm births was at 28-31
gestational weeks (9.7%), whereas the corresponding peak proportion among the

iatrogenic preterm births was at gestational age <28 weeks (64%).
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Paper 111

Total preterm delivery proportion, based on crude national figures, do not necessarily
provide an overview of development over time, as illustrated by the Norwegian
national crude data indicating an increased preterm delivery problem, while findings
in the reference population gave no reason for concern.

In Denmark, the increasing national crude preterm delivery proportion was also seen
in the reference population, including among spontaneous preterm deliveries,
indicating a disquieting development.

The use of reference populations in the assessment and comparison of preterm
delivery proportions is simple and may prove useful at the local, national and
international levels in the future, as it facilitates interpretation without the use of

complex statistics and yields more adequate time trend analyses.

Paper 1V

Our findings support the previously reported link between spontaneous preterm birth
and CP.

Iatrogenic preterm birth is associated with both respiratory and gastrointestinal
diagnoses.

Different subgroups of preterm birth are associated with different pediatric outcomes.

Paper V

Prediction of spontaneous preterm delivery is possible and good predictive ability was
achieved with the proposed models, combining logistic regression and Bayesian
methods.

It is our true belief that a more complete prediction model, which will be developed in
the future, will make it possible to predict spontaneous preterm delivery to an even

greater extent.
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Finally, it is my sincere hope that these findings may serve as a very small contribution to increased
understanding of the science and art of preventing disease, prolonging life and promoting health through the
organized efforts and informed choices of society, public and private organizations, communities and

individuals, in accordance with Charles Edward Amory Winslow’s definition of public health.
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