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ABSTRACT

Maternal age of 35 years and over has increased in Western countries as well as in Finland
during the last decades. The purpose of this retrospective register-based study was to
explore the risks and complications related to pregnancy and birth of women aged 35 years
or older, when comparing them to younger women aged less than 35 years old. Pregnancy
outcomes and complications were observed in four different groups of older women:
women diagnosed with preeclampsia, women who were smoking, who were overweight or
obese and who were diagnosed with gestational diabetes mellitus (GDM). The aim was at
first to compare them to younger women with low-risk pregnancies and further evaluate
the risk caused independently by advanced maternal age (AMA) and the existing risk
factor (smoking, overweight and obesity and GDM) in the group of AMA women to
estimate whether the risk was increased in AMA women.

The data consisted information of 690 555 women and their newborns and the data were
analysed by statistical methods. The present study was conducted by merging three
different Finnish health registries (Medical Birth Register, Hospital Discharge Register and
Register of Congenital Malformations) into one data covering the years 1997-2008. The
permission to use the data was gained from the National Institute for Health and Welfare
(THL), who is controlling the registries. The information of the Register of Congenital
Malformations was used only as exlusion criteria, when cases in which the baby had a
major congenital anomaly were exluded from the data.

The findings showed that AMA women had increased risks related to pregnancy and
birth compared to younger women aged less than 35 years old. AMA independently was
not as large a risk as the existing risk factor (smoking, overweight and obesity and GDM) in
the group of AMA women, when the risks were significantly increased.

AMA women with preeclampsia had increased risk especially for preterm deliveries and
small-for-gestational-age-infants (SGA). AMA women who were smoking had increased
risk especially for low birth weight (LBW), preterm deliveries, foetal death and SGA-
infants. AMA women who were overweight or obese had increased risk especially for
preterm deliveries, foetal death, large-for-gestational-age—infants (LGA), Caesarean and
preeclampsia. AMA women diagnosed with GDM had increased risk especially for preterm
deliveries, foetal death, LGA-infants and preeclampsia.

The present study demonstrated that these four groups of AMA women are distinct high-
riks groups, who should be identified early in maternity care clinics as being “at risk” when
the potential complications could be detected early and the harm for both the mother and
the foetus could be prevented and reduced.

National Library of Medicine Classification: WQ240
Medical Subject Headings: Pregnancy outcome; Maternal age; Pregnancy; High-risk, Risk factors, Pregnancy
Complications; Maternal Health Services; Registries; Retrospective studies
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THIVISTELMA

35 vuotta tayttaneiden synnyttdjien osuus on lisédntynyt lansimaissa, kuten myds
Suomessa viimeisten vuosikymmenien aikana selvasti. Taman retrospektiivisen
rekisteritutkimuksen tarkoituksena oli selvittaa millaisia riskeja ja komplikaatioita idkkaan
35-vuotta tayttdneen synnyttdjan raskauteen ja synnytykseen liittyy, kun vertaillaan heita
nuorempiin alle 35-vuotiaisiin  synnyttdjiin. Synnytystuloksia ja komplikaatioita
tarkasteltiin neljassa eri riskiryhmassa: synnyttdjat, joilla oli pre-eklampsia, jotka
tupakoivat, jotka olivat ylipainoisia (BMI 25-29) tai lihavia (BMI >30) ja joilla oli
gestaatiodiabetes. Tavoitteena oli ensin vertailla synnytystuloksia ja komplikaatioita ns.
normaaliraskauden omaaviin nuorempiin alle 35-vuotiaisiin synnyttdjiin ja lisaksi arvioida

yli 35-vuoden 1an vaikutusta itsendisend riskitekijana suhteessa
synnytystuloksiin/komplikaatioihin sekd& tupakoinnin, ylipainon ja lihavuuden seka
gestaatiodiabeteksen vaikutusta iakkailla synnyttdgjilla suhteessa

synnytystuloksiin/komplikaatioihin ja néin selvittda ovatko riskit iakkailla lisaantyneet.

Aineisto koostui yhteensd 690 555 synnyttdjan ja heidan vastasyntyneidensa tiedoista.
Aineisto analysoitiin tilastollisin menetelmin. Tutkimus toteutettiin yhdistamalla kolmen
eri kansallisen terveysrekisterin (Valtakunnallinen Syntymarekisteri, Hoitoilmoitusrekisteri
HILMO ja Epamuodostumarekisteri) tiedot yhdeksi aineistoksi vuosilta 1997-2008.
Epamuodostumarekisterin  tietoja kaytettiin ainoastaan poissulkukriteerind, jolloin
tapaukset, joissa syntyvalla lapsella oli synnynndinen epadmuodostuma, poistetiin
aineistosta. Lupa aineiston k&yttoéon saatiin Terveyden ja hyvinvoinnin laitokselta (THL),
joka yllapitaa rekistereita.

Tutkimustulosten mukaan idkkaiden synnyttéjien riskit raskauteen ja synnytykseen
liittyen olivat lisdédntyneet nuorempiin alle 35-vuotiaisiin synnyttgjiin verrattuna. Yli 35-
vuoden ika itsendisena riskitekijana ei ollut niin merkittavéa, kuin olemassa oleva riskitekija
(tupakointi, ylipaino ja lihavuus ja gestaatiodiabetes) yli 35-vuotiailla synnyttgjilla, jolloin
riskit olivat selkeasti suurentuneet nuorempiin synnyttgjiin verrattuna. lakkailla
synnyttdjilla, joilla oli pre-eklampsia, oli lisaantynyt riski erityisesti ennenaikaiseen
synnytykseen ja SGA-lapsiin. lakkailla tupakoivilla oli lisdantynyt riski erityisesti alhaisen
syntyméapainon omaaviin lapsiin, ennenaikaiseen synnytykseen, sikiokuolemiin ja SGA-
lapsiin. lakkailla ylipainoisilla ja lihavilla oli lisdantynyt riski erityisesti ennenaikaiseen
synnytykseen, sikiokuolemiin, LGA-lapsiin, sektioihin ja pre-eklampsiaan. lakkailla
gestaatiodiabetesta sairastavilla oli lisdantynyt riski erityisesti ennenaikaiseen
synnytykseen, sikiokuolemiin, LGA-lapsiin ja pre-eklampsiaan.

Tutkimus osoitti, ettd edella mainitut nelja idkkdiden synnyttdjien ryhmaa kuuluvat
selkeasti riskiryhmaan, johon tulisi aitiyshuollossa kohdentaa neuvontaa entista paremmin.
Talloin mahdolliset riskit ja komplikaatiot tunnistettaisiin varhain, jolloin niita
pystyttéisiin ennaltaehkdisemaan ja puuttumaan niihin ajoissa.

Luokitus: WQ240
Yleinen Suomalainen asiasanasto: Raskaus; Riskit; 1k; Aitiyshuolto; Rekisterit
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1 Introduction

Maternal age has increased in many Western countries. In 2013, the number of all women
aged 35 years or older giving birth in Finland was 20% for the first time, suggesting that the
trend towards later childbearing is continuing (THL 2014a). Older mothers have been
associated with adverse pregnancy outcomes and complications, and these risks increase
with increasing age (Kenny et al. 2013).

Between the late 1800s and 1920, in the guidebooks on motherhood and pregnancy,
pregnancy at an “older age” was not considered to be more risky than at a younger age.
However, the possibility of pregnancy was seen to deteriorate with increasing age, and the
association between older pregnant women and miscarriage was recognized. Overall, older
maternal age was not highlighted as a specific area of danger or risk. Later, maternal age
became a part of the diagnostics used by birth practitioners (Hallgrimsdottir & Benner
2013).

The risks related to pregnancy in those over 35 years old, especially primiparity, can be
understood from two perspectives: first, the actual medical risks, and second, the
acceptability of the risks as defined through social discourse among different groups within
society. Medical risks are related to an ageing reproductive system and an ageing body,
whereas social discourse prescribes the way in which older pregnant women are regarded
as mothers, and when it is “considered” that women “should have” children. (Carolan &
Nelson 2007).

The basis for antenatal care dates back to the UK in 1929, when the Ministry of Health
issued a memorandum on antenatal clinics that recommended when pregnant women
should take part in antenatal care. According to these recommendations, women should
first be seen at 16 weeks, then at 24 and 28 weeks, then fortnightly until 36 weeks of
gestation and, finally, weekly until delivery. These guidelines created the basic pattern of
antenatal care, which is followed throughout the world today, although the
recommendations offered neither explicit reasoning for the timing of visits nor their clinical
content (Nicolaides 2011).

With the passage of time, some changes in the childbearing population have taken place,
which raises the question of the potential challenges brought about by these changes. As
AMA (advanced maternal age) has been associated with numerous risks and complications
in pregnancy, more evidence is required for the further development of maternity care to
upgrade its practices (Montan 2007).

Many studies have been conducted on AMA and its potential risks and complications
(e.g., Cnattingius et al. 1992, Wang et al. 2011, Delbaere et al. 2007, Khalil et al. 2013,
Ludford et al. 2012). It has been shown that risks are evident in this group of childbearing
women. However, fewer studies have examined a combination of AMA and other risk
factors, which would allow further conclusions regarding the extent to which AMA is
associated with risks and adverse outcomes, as well as the role of other potential
background characteristics, such as chronic medical conditions. For example, in a study by
Yuan et al. (2000), it was stated that the increased risk of perinatal and neonatal mortality
disappeared when chronic conditions, such as hypertension, diabetes and obesity, were



excluded from the analysis. This supports the idea that taking the impact of these factors
into account is important when evaluating the actual risks (Yuan et al. 2000).

Most of the studies related to this topic have been conducted internationally, but the
number of studies conducted in Finland is low. Hemminki and Gissler (1996) compared
older pregnant women to younger ones, and they concluded that older mothers had more
problems related to pregnancy and birth, and infant outcomes were poorer. Klemetti et al.
(2013) compared birth outcomes and maternity care use of primiparous women aged 20-34
years, 35-39 and 40 years and older in 1991 and 2008. Their findings suggested that older
women had more interventions, used more maternity care services and had worse
pregnancy outcomes than younger women.

In this register-based, retrospective study, the aim was to explore pregnancy outcomes in
AMA women compared to women aged less than 35 years in four risk groups: women
diagnosed with preeclampsia, smoking women, overweight/obese women and women
diagnosed with gestational diabetes mellitus (GDM). Furthermore, the aim was to evaluate
the risks associated with AMA independently, and existing risk factors in the group of
AMA women. The aim was to provide information on AMA-related pregnancy risks and
complications, which can help to identify specific high-risk groups of pregnant women to
improve the surveillance and care of the women and their babies.



2 Background of the study

2.1 DESCRIPTION OF FINNISH CHILDBEARING WOMEN AND
MATERNITY CARE SERVICES

In 2013, based on the Medical Birth Register (MBR), there were a total of 58 525 children
born in Finland, of which live births totalled 58 134 (THL 2014a). In the 21st century,
childbearing later in life is a phenomenon that has become increasingly evident in the last
three decades (Carolan 2004). Some changes have taken place in Finnish childbearing
women during the last decades as wvell.

The average age of childbearing women has increased steadily. In Finland, since the
beginning of 1990s until 2004, the number of women aged 35 years or older that gave birth
increased from approximately 14% to 19%. In 2013, every fifth woman giving birth was
over 35 years old. Regarding primigravidas, in 2004, the proportion of women aged over 35
years was 11.5%, which is almost double that of the 6.1% observed in 1993 (THL 2014a). At
the same time, the amount of women with high-risk pregnancies increased from 21% to
30% from 1991-2001 (Gissler & Vuori 2003).

30
25 /Av/
20 ——
15 =====Primiparous women 235
==NMultiparous women 235
5 -
0

Figure 1. The rates (%) of primiparous and multiparous women aged 35 years or older giving
birth in Finland 1987-2013. (THL 2014, information of the rates of primiparous and multiparous
women in Finland.)



Pregnant woman can be categorized as having a high-risk pregnancy when there are
factors present from the outset of pregnancy, such as chronic medical conditions or a
history of prematurity, which place them at risk. For some women, pregnancy starts
normally, but they subsequently develop risk factors, such as preeclampsia or premature
rupture of membranes, which can develop quickly and place them at increased risk
(Queenan et al. 2010).

Postponing pregnancy has been generally related to educational issues. It was stated in a
study by Virtala (2007) that University students are planning to postpone pregnancy until
after completing the studies. Thus, it is important for health care providers to bring out
issues related to age and fertility in order to prevent unintended infertility. (Virtala 2007.)

The number of childbearing women with chronic medical conditions in Finland has
increased as well. Problems related to being overweight and obese, smoking, gestational
diabetes and mental problems are evident among childbearing women, thereby causing
challenges for maternity care services (Klemetti & Hakulinen-Viitanen 2013.)

During the development of maternity care services in Finland, there have also been some
trends towards specialized care, an incoherence of services and, simultaneously, the
centralization of care. Moreover, maternity care has been medicalised, but there is also a
strong trend of naturalness related to pregnancy and birth. Maternity care is facing
challenges in offering individualized care, which is not the same for everybody, but which
appropriately takes the needs of clients into account, as women have growing demands
and expectations (Ryttylainen 2006, Hartikainen 2003).

Maternity care services during pregnancy and birth

While the first antenatal clinics in Finland were established in the 1930s, the legislation
considering maternity and child health clinics enabled the establishment of antenatal care
throughout the whole country in 1944 (Saarikoski 1994). Maternity care services constitute
antenatal clinics, which offer screening and care during pregnancy, and hospitals, in which
possible complications are treated and children are born (Hiilesmaa 2004). The aim of
maternity care services is to secure the health of pregnant women and their babies, as well
as to promote the health of the whole family. Maternity care aims to prevent complications
during pregnancy and to identify possible complications early so that pregnant women will
receive specialized care and treatment (Klemetti & Hakulinen-Viitanen 2013).

Nearly all Finnish women (99.7-99.8%) attend maternity care services during pregnancy.
In Finland, municipalities are responsible for organizing public healthcare, including
maternity care services. Primary health care is offered at communal health centres, and
specialized medical care is offered at district hospitals in maternity outpatient clinics. In
Finland, the number of antenatal visits was among the highest in the world, but lately, the
number of visits has been reduced based on the new maternity care guidelines that were
published in 2013. In the new guidelines, it is recommended that pregnant women meet
public health nurses/midwives at the maternity care clinics 8-9 times and doctors twice
during pregnancy. These include home visits by public health nurses, once during
pregnancy and once after birth for first-time mothers and, for the others, once after birth.
Additional visits are possible when needed (Klemetti & Hakulinen-Viitanen 2013). In 2013,
the average number of visits to maternity care clinics and maternity outpatient clinics were
15.6 and 3.3, respectively (THL 2014a). Older primiparous women use more maternity care
services compared with younger women. For example, in 2008, 50% of primiparous women



aged 35-39 years had 16 or more prenatal visits compared with 46% for women aged 20-34
years. The number was 60% in women aged 40 years or older (Klemetti et al. 2013).

In the 1990s, a WHO (World Health Organization) led study showed a reduction in the
number of antenatal visits, from 13 to 4-9 visits, during pregnancy had no effect on the
prevalence of preeclampsia, urinary infections, low birth weight or perinatal death. The
conclusion was that medically effective interventions are possible to put in practice with
fewer antenatal visits without taking risks (Hartikainen 2003, Carroli et al. 2001). However,
in a Finnish study that explored the number of antenatal visits, it was stated that women
who had an intermediate number of antenatal visits had the healthiest babies, whereas the
wellbeing of the baby was worse for women who had fewer visits, but not as poor as for
those babies whose mothers had many visits. This indicates that mothers that made a high
number of visits likely included those in the high-risk group, as intended (Hartikainen
2003, Hemminki & Gissler 1996).

Maternity care clinics perform screenings of the pregnant women, which aim to identify
possible complications in a timely manner. It is recommended all pregnant women undergo
screenings for blood pressure, urinary inspections, haemoglobin, definition of blood type
and immunization, weight and possible infections (syphilis, HIV  (human
immunodeficiency virus), hepatitis B and C and streptococcus B). The opportunity to screen
for foetal chromosomal abnormalities (primarily Down’s syndrome) is offered to all
families, and the screening is performed by the early pregnancy combination of an
ultrasound scan and blood serum test during the first trimester of pregnancy, or only via a
blood serum test in the second trimester. For difficult abnormalities, a structural ultrasound
scan is performed between 19 to 21 weeks of gestation at the maternity outpatient clinic
(Klemetti & Hakulinen-Viitanen 2013).

In Finland, 99% of women give birth at hospitals. In 2013, there were 30 hospitals that
took care of labouring women, but at the moment, in October 2014, the number is 28. The
trend has been towards centralizing births in larger units (Klemetti & Raussi-Lehto 2014).
Women can choose the hospital, but, for example, very preterm births (gestational weeks
30-32) are centralized in five university hospitals, while foetuses who are known to have a
congenital heart defect, which demands an immediate operation after birth, are born in
Helsinki University Central Hospital (Klemetti & Hakulinen-Viitanen 2013.) In Finland,
midwives are mainly responsible for caring for labouring women, in good collaboration
with obstetricians.

Although Finnish maternity care services are generally good, there has been some
discussion related to the organization and content of the services. A study by Raussi-Lehto
et al. (2013) investigated Finnish antenatal maternity clinics, their employees and job
descriptions, and connections to municipal level decision-making functions, management
and cost-consciousness. The study was conducted in 2009, and it showed that maternity
clinics’ organisation and function varied in different municipalities. There was poor
coordination between a large number of dual-qualified personnel (both public health nurse
and midwife), the number of job vacancies for midwives was low, and public health nurses
had only a few pregnant women to treat per year. The main concern was the lack of
professional development and skills, especially when areas of responsibilities are large,
and, therefore, special know-how may not be at a sufficient level, which will further
increase visits to maternity outpatient clinics (Raussi-Lehto et al. 2013, Hartikainen 2003).



Requirements for personnel working in maternity care and birth clinics have increased
because their clients are more problematic in terms of their inherent challenges, for
example, by older maternal age and the use of intoxicants. Additionally, tasks for the
personnel are more demanding, including, for example, issues with foetal chromosomal
abnormality screenings and social problems of the clients (Hemminki & Gissler 2007).
When it comes to older pregnant women, individual counselling is challenging for the
personnel as well (Karkkainen & Pakarinen 1991).

Despite the demands and perceptions of increased risks related to older maternal age, it
has been suggested that the risks are manageable, and positive outcomes can be expected
(Carolan 2003). However, it has been shown that older primiparous women and their
infants have poorer health compared with their younger counterparts (Klemetti et al. 2013).
The ageing of pregnant women increases the need for health-care services during
pregnancy (Gissler & Vuori 2003). Because of the state of, and changes in, Finnish
childbearing families, the new guidelines for maternity care in Finland have emphasized
health promotion as a central element of the care offered. Antenatal care is seen as an
essential part of preventive health care, which will be increased in the future for economic
reasons (Hartikainen 2003).

2.2 ADVANCED MATERNAL AGE AND RISK

AMA is seen by patients and healthcare professionals to be correlated with poorer
outcomes to pregnancies. This is largely because of the higher incidence of chronic medical
conditions among older women (Braveman 2006).

Compared with younger women, women of AMA, over 35 years, have been shown to
have an increased risk of humerous pregnancy- and birth-related complications, such as
gestational diabetes, placenta praevia (Cleary-Goldman 2005, Jacobsson 2004, Jolly et al.
2000), pre-eclampsia (Jacobsson 2004, Ozalp et al. 2003), miscarriage (Cleary-Goldman 2005)
pregnancy-induced hypertension (Jacobsson 2004) and Caesarean sections (Cleary-
Goldman 2005, Jacobsson 2004, Joseph et al. 2005, Hsieh et al. 2010). Induction of labour
(Bell 2001, Jacobsson 2004, Joseph et al. 2005), augmentation with primiparae and assisted
deliveries are also associated with women of AMA (Bell 2001). Perinatal mortality, perinatal
and neonatal death, and intra-uterine foetal death also increase with increasing age
(Jacobsson 2004). Older women are also more likely to have been diagnosed with
hypertensive disorders, diabetes mellitus and other chronic conditions (Bell 2001, Cleary-
Goldman 2005, Jacobsson 2004, Joseph et al. 2005). Chronic medical conditions may further
complicate their pregnancies (Ozalp et al. 2003).

The combination of AMA and adverse pregnancy outcomes is not fully understood, but
the increasing Ors (odds ratios), including very preterm birth, SGA (small for gestational
age) and foetal death may indicate that the reason lies in the uterine environment, such as
ageing processes in the uterus and placenta (Waldenstréom et al. 2014). The inconsistencies
in the results of studies considering the importance of AMA on maternal-foetal outcomes
may also be influenced by environmental variability, together with different methods of
analysis. For example, in AMA women, infection, malnutrition, lack of antenatal care, and
poverty, can affect stillbirth rates (Ciancimino et al. 2014).

The obstetric literature shows that pregnant women over 35 years old are high-risk
pregnancy patients (Saarikoski 1994). Usually, AMA is defined as pregnancy at the age of
35 years and over (Mills & Lavender 2010). However, the definition of AMA varies. Most



commonly, women 35 years or older have been defined as “old” or “older”, but sometimes
the age limit varies from 32 to 40 years. The definition of “very advanced maternal age”
usually concerns those who are 45 years and older, but it varies from 38 to 50 years (Table
2&3, Callaway et al. 2005, Shrim et al. 2010). Although the most common age limit for AMA
seems to be 35 years, it has been discussed whether the risks of some of the most serious
outcomes occur earlier or later. It has been shown that risks may increase before the age of
35. However, the risk increase is small for an individual woman 30-34-years-old, but for
society, it may become significant, as a large number of women give birth after the age of 30
(Waldenstrom et al. 2014). At the same time, it has been stated that although the risks are
visible from 35 years of age, they clearly increase only after the age of 40 (Carolan &
Frankowska 2011).

In this study, AMA is defined as a maternal age of 35 years or older, based on the same
definition in the majority of the previous literature. In Figure 2, the proportion of women
aged 35 years and older giving birth in the Nordic countries is shown, which is quite
similar in each country (EuroPeristat 2013).
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Figure 2. The rates (%) of women aged 35 years and over in the Nordic countries delivering live
and stillbirths in 2010 (PERISTAT 2013)

Risk

Risk has been identified as a key concept in relation to maternity care and childbirth by
policy makers, practitioners and researchers (Chadwick & Foster 2014). Risk perceptions,
which mean beliefs about potential harm, are part of most health behaviour theories, but
the relationship between these perceptions and behaviour is unclear (Brewer et al. 2007).

There are various risks related to pregnancy for both the mother and infant, including
prenatal and intra-partum complications and adverse outcomes. The perception of risk may
have an effect on women'’s health behaviours during pregnancy (Heaman & Gupton 2009).



During the 20™ century, there has been a movement from a social to a medical model of
maternity care due to an awareness of risk. Perceptions of risk in the maternity care context
can be interpreted as theoretical/societal, institutional and professional — the way health
board/management groups construct risk policy affects how risk is handled in that
organization, and this can have an effect on professional and individual practices (Bryers &
van Tejlingen 2010).

Pregnancy is no longer seen as a natural state. Instead, it is defined in terms of risk, and
there is an increasing practice of identifying and managing risky pregnancies via the use of
technology (Lupton 2012.) Understanding women’s perceptions of pregnancy risk for
health care providers and policy makers is important in order to provide high-quality
prenatal care and developing better guidelines and more effective programs, which involve
communication of risk and risk management (Bayrampour et al. 2013). The practice of
identifying women who are at high or low risk during pregnancy is justified, as it aims to
reduce maternal and neonatal mortality (Stahl & Hundley 2003), which can be seen as
indicators of the quality of maternity care (Viisainen 1999).

Despite the fact that increased risk with increasing age has been clearly demonstrated,
studies suggest that, overall, pregnancy outcomes are favourable because perinatal death is
such a rare event, even with AMA mothers (Cleary-Goldman 2005, Jacobsson 2004, Joseph
et al. 2005). In Finland, perinatal death is extremely low, only 3.5 per thousand live- and
stillbirths in 2013, and 4.8 in women aged 35 years or older (THL 2014a). Although the
perception of risk may vary, it has been stated that older women are aware of the risks and
complications related to delayed childbearing, but they believe that infertility treatments,
such as in vitro fertilization (IVF), can reverse the effects of advanced age (Maheshswari et
al. 2008). Women with complicated pregnancies understand the risks and perceive them as
higher than women with normal, low risk pregnancies. It has been stated that there should
be more than just a mere medical assessment of pregnant women’s risk status. The risk and
being “at risk” in pregnancy, as well as risk perceptions, are complicated issues that are
influenced by many social, cultural, biomedical and psychosocial factors (Stahl & Hundley
2003, Gupton et al. 2001).

2.3 LITERATURE REVIEW ON ADVANCED MATERNAL AGE

The literature review on AMA and pregnancy- and birth-related risks was conducted in
the fall of 2014 by searching the PubMed, Cinahl and Psycinfo electronic databases
covering the years 2004 to 2014. The aim was to explore issues related to AMA and
experiences and perceptions of risk as well as AMA and birth outcomes. The search was
based on the keywords “advanced maternal age” AND “pregnancy”, “older maternal age”
AND “pregnancy” and “advanced maternal age” AND “pregnancy outcomes” (Table 1).
The inclusion criteria for the papers were that they must have been published, in English, in
scientific journals, and that the free full-text was available. There were both qualitative and
guantitative researxh papers included as well as reviews. Papers that were focused on a
specific medical problem related to AMA were excluded, as were papers on multiple

pregnancies and very AMA (>45 years).



Table 1. The results of the literature search of AMA and pregnancy outcomes from three
electronic databases between the years 2004-2014

Number of

Electronic database Keywords references
"advanced maternal age”

PubMed AND “pregnancy 566
“older maternal age” AND

PubMed "pregnancy” 100
"advanced maternal age”

PubMed and “pregnancy outcomes” 41
"advanced maternal age”

Cinahl AND “pregnancy” 13
"older maternal age” AND

Cinahl “pregnancy” 0
“advanced maternal age”

Cinahl AND “pregnancy outcomes” 0
“advanced maternal age”

PsycInfo AND “pregnancy” 15
“older maternal age” AND

PsyclInfo “pregnancy” 9
“advanced maternal age”

PsycInfo AND “pregnancy outcomes” 0

Total number of included 23
studies in literature
review

2.3.1 Women of AMA - profile, experiences and perceptions of risks

The literature review concerning AMA women’s experiences and perceptions are fully
shown in Table 2. Based on previous literature, the stereotypical woman of AMA seems to
be highly educated and has a high socioeconomic status (Guedes et al. 2014, Tough et al.
2007, Klemetti et al. 2013, Xiaoli & Weiyuan 2014, Ludford et al. 2012). They are usually
seen as consciously choosing “delayed childbearing” because of their education and career.
The study by Cooke et al. (2012) shows the opposite, suggesting that the timing of
childbearing is also influenced by other factors, such as relationships, financial stability and
health and fertility — factors that are “out of their control”. However, to achieve stability
and independence, women want to pursue their education and career (Cooke et al. 2010).

In contrast to the stereotypical woman of AMA, one study stated that women of AMA are
a heterogeneous group, with both high income and education levels, but also low levels of
education, unemployment, single status, unplanned pregnancies and unsatisfactory
relationships. Women of AMA were also characterized as having more age-related
reproductive and physical health problems and pre-existing medical conditions (Nilsen et
al. 2012, Ludford et al. 2012).

It has been shown in previous studies that older women do perceive risks related to later
childbearing, but more so for the risks for the foetus, rather than for the mother
(Bayrampour et al. 2012a, Tough et al. 2007). Risks related to genetic abnormalities, such as
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Down’s syndrome, were the best known (Bayrampour et al. 2012b, Tough et al. 2007).
Although older women are aware of the risks, most of them do not consider themselves to
be at risk. Pregnancy at advanced age within a healthy context in the absence of other risk
factors was seen as a low risk pregnancy by the majority of women. When there were risks
factors present, such as pregnancy complications, poor reproductive history, anxiety and
limited physical activity, the risks related to advanced age were highlighted (Bayrampour
et al. 2012b).

Interestingly, in a Norwegian study, it was suggested that because older women may be
more aware of age-related risks, they are mentally more prepared for operative delivery
and, therefore, they reported more positive birth experiences than younger women.
Experiences of spontaneous vaginal birth in older women were, on the contrary, worse than
those of younger women (Aasheim et al. 2013).

It has been shown in previous studies that there are women who lack awareness of
pregnancy and birth-related risks at advanced age (Cooke et al. 2010, Tough et al. 2007).
Delayed childbearing is an important public health concern, and interventions that reduce
the adverse pregnancy outcomes related to AMA could be conducted through patient
education of younger women to increase the awareness of the risks (Delbaere 2007).
Education and counselling, also pre-conceptionally, would enable women to make
informed decisions about delayed childbearing (Bayrampour et al. 2012, Cooke et al. 2010,
Tough et al. 2007, Klemetti et a. 2013, Xiaoli & Weiyuan 2014, Ludford et al. 2012).



Table 2. Literature review on profile, experiences and perceptions of risks of AMA women

(covering the years 2004-2014, sources: PubMed, Cinahl and PsyclInfo)

Study and country

Data and aim

Definition of AMA

Main results

Aasheim et al. 2013,
Norway

N= 30 065. To
investigate the
associations between
AMA in primiparous
women and the postnatal
assessment of childbirth

32 years or older

Women of AMA
experienced more worry
about the upcoming

birth. Older women
seemed to better manage
an operative delivery.

Bayrampour et al. 2012,
Canada

N= 15. To study the risk
perception of pregnant
women of AMA

35 years or older

Four main themes
emerged: definition of
pregnancy risk, factors
influencing risk
perception, risk
alleviation strategies and
risk communication with
health professionals.

Bayrampour et al. 2012,
Canada

N= 159. To compare risk
perception in pregnant
women of AMA with that
of younger women, and
to explore the
relationship between
perception of pregnancy
risk and selected
variables.

35 years or older

Women of AMA rated
their risks of Caesarean
birth, dying during
pregnancy, preterm birth,
and having a baby with a
birth defect or one
needing admission to a
neonatal intensive care
unit higher than those of
younger women.

Carolan & Frankowska
2011, Australia

To review the evidence in
relation to AMA,
physiological risk and
adverse perinatal
outcome

35 to 39 years

Adverse perinatal
outcomes are linked to
AMA, but the increase is
modest until 40 years of
age or more.

Carolan et al. 2011,
Australia

N= 57 426. To
investigate the effect of
maternal age on
interventions in labour
and birth for primiparous
women

35 to 44 years old

Interventions in labour
and birth increased with
maternal age

Cooke et al. 2012, UK

N= 18. To gain an
understanding of factors
influencing women'’s
decisions to delay
childbearing, and to
explore their experiences
and perceptions of
associated risks

35 years and older

There are many factors
influencing women'’s
decisions to delay
childbearing, and not all
of them are in their
control.

To be continued...
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Study and country

Data and aim

Definition of AMA

Main results

Cooke et al. 2010, UK

Review to identify which
factors affect women'’s
decisions to delay
childbearing, and to
explore women’s
experiences and their
perceptions of associated
risks

Women delay
childbearing for various
reasons. Obstetricians
and midwives should be
sensitive to the fact that
women may not be aware
of all the risks associated
with delayed
childbearing.

Guedes & Canavarro
2014, Portugal

N= 250. To describe and
compare the
characteristics of
primiparous older women
to younger ones

35 years and older

Couples who experience
later childbearing are a
heterogeneous group.

Nilsen et al. 2012,
Sweden

N= 41 236. To describe
the background
characteristics of women
who gave birth to their
first child at advanced
and very advanced
maternal age

33 to 37 years (very
advanced 38 years or
older)

Women of AMA were
characterized by either
socioeconomic prosperity
or vulnerability. They had
more age-related
reproductive and physical
health problems.

Tough et al. 2007,
Canada

N= 1006 women and 500
men. To determine
factors influencing the
timing of childbirth,
knowledge about age-
related risks and
consequences and
characteristics associated
with limited knowledge of
these risks.

Over 35 years

Poor understanding of the
links between pregnancy
after age 35, pregnancy
complications and
increased risk of adverse
infant outcomes limits an
adult’s ability to make
informed decisions about
the timing of pregnancy.

Suplee et al. 2007, USA

Review on the research
evidence of risks faced
by older childbearing
women

Over 35 years

Nurses caring for the
older childbearing woman
and her family must
embrace a holistic
approach that meets
individual physical,
emotional and social
needs during the
childbirth experience
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2.3.2 AMA and birth outcomes
Many studies have been conducted on birth outcomes of advanced aged women. As it can

based on the literature search (Table 3), most of the studies selected compared the
pregnancy outcomes of AMA women to those of younger ones, and they concluded that
AMA women have higher risks for several adverse pregnancy outcomes than younger
women. However, the groups were not divided into subgroups, such as smoking women or
women with hypertension, but the majority of the studies divided women of AMA into
nulliparous and multiparous women. It was shown, that women of AMA experienced
complications in pregnancy and adverse pregnhancy outcomes. The complications in
pregnancy included placenta previa and placental abruption, whereas adverse pregnancy
outcomes included macrosomia, low birth weight (LBW) infants, perinatal mortality and an
increased risk of Caesarean delivery (Xiaoli & Weiyuan 2014, Ludford et al. 2012, Carolan et
al. 2011, Biro et al. 2012).

The impact of AMA has been linked to increased risks for both the mother and the baby.
Maternal death and stillbirth are the most severe, as the other risks include miscarriage,
preeclampsia, gestational diabetes and preterm birth, birth asphyxia, a growing number of
neonatal intensive care (NICU) admissions, small-for-gestational-age (SGA) infants as well
as large-for-gestational-age (LGA) infants (Balasch & Gratacds 2012, Yaniv et al. 2010,
Laopaiboon et al. 2014, Khalil et al. 2013, Kenny et al. 2013, Carolan & Frankowska 2011).

Although it has been clearly demonstrated that AMA is an independent risk factor and
that it is associated with complications in pregnancy and poorer pregnancy outcomes, it
still remains unclear how these results are related to healthy, contemporary women
(Montan 2007, Carolan & Frankowska 2011, Delbaere et al. 2007). It has been stated that
perinatal and neonatal outcomes are generally good in women aged 35-39-years-old, and
most pregnancies among older women proceed well, but compared with their younger
counterparts, their birth outcomes were poorer (Carolan & Frankowska 2011, Klemetti et al.
2013). Despite the previous literature reporting an association between AMA and adverse
pregnancy outcomes, there still does not seem to be a full consensus regarding whether age
is an independent risk factor. Some researchers conclude that maternal age alone is not a
risk factor that explains adverse outcomes, but is associated with other risk factors, such as
hypertension and diabetes, which may account for the results (Wang et al. 2010).

It has been suggested that research that considers the extent to which the observed risks
are associated with maternal age and the extent to which they are associated with a higher
prevalence of, for example, hypertension, diabetes and preeclampsia, is needed (Klemetti et
al. 2013).
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Table 3. Literature review on AMA and pregnancy outcomes (covering the years 2004-2014,
sources: PubMed, Cinahl and Psyclnfo)

Study and country

Data and Aim

Definition of AMA

Main results

Balasch & Gratacos
2012, Spain

Review on the effects of
delayed childbearing on
fertility and obstetric

and perinatal outcomes

Over 35 years

AMA has an independent
association with foetal and
obstetric complications.

Biro et al. 2012,
Australia

N= 133 359. To
establish the prevalence
of selected maternal
morbidities and examine
whether AMA is
associated with a higher
risk of morbidity for
women.

35 years and older

Women of AMA are at an
increased risk of a range of
obstetric morbidities.
Nulliparous AMA women:
GDM AOR 1.83, placenta
previa AOR 2.02, multiple
birth AOR 1.80, Cesarean
AOR 1.93. Multiparous AMA
women: GDM AOR 2.01,
placenta previa AOR 2.11.

Delbaere et al. 2007,
Belgium

N= 2970 and 23 921. To
investigate the impact of
maternal age on
singleton pregnancy
outcome

35 years or older

AMA correlated with very
preterm birth (AOR 1.51),
low birth weight (AOR 1.69)
and perinatal death (AOR
1.68).

Kenny et al. 2013, UK

N= 215 344. To
compare pregnancy
outcomes of AMA
women to younger
women

35 to 39 years and 40
years or older

AMA is associated with a
range of adverse pregnancy
outcomes. Stillbirth RR
1.83, preterm RR 1.25,
very preterm RR 1.29,
macrosomia RR 1.31,
extremely LGA RR 1.40,
Caesarean RR 1.83.

Khalil et al. 2013, UK

N= 76 161. To examine
the association between
maternal age and a wide
range of adverse
pregnancy outcomes.

40 years or older

AMA is a risk factor for
miscarriage (OR 2.32),
preeclampsia (OR 1.49),
SGA (OR 1.46), GDM (OR
1.88) and Caesarean (OR
1.95).

Klemetti et al. 2013,
Finland

N= 24 765 and 23 511.
To compare birth
outcomes and maternity
care use in 1991 and
2008 by age among
primiparous Finnish
women

35 to 39 and 40 years
or older

Older primiparous women
used more maternity care,
had more interventions and
poorer birth outcomes than
younger women

To be continued...
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Study and country

Data and Aim

Definition of AMA

Main results

Ludford et al. 2012,
Australia

N= 34 695. To examine
pregnancy outcomes for
nulliparous women of
AMA with singleton
pregnancies

35 to 39 years and 40
years or older

The likelihood of pre-
existing medical conditions,
obstetric complications,
adverse labour and birth
outcomes and
complications increased
with AMA. SGA AOR 1.26
and 1.50, preterm birth
AOR 1.26 and 1.43, elective
Caesarean RR 2.55 and
4.52, perinatal death RR
1.94 and 2.18.

Laopaiboon et al. 2014,
Thailand

N= 308 149. To assess
the association between
advanced maternal age
and adverse pregnancy
outcomes

35-39, 40-44 (and 45
and over)

AMA predisposes women to
adverse preghancy
outcomes. Results for
women aged 25-29 and
40-44: Preterm birth AOR
1.2 and 1.4, Stillbirth AOR
1.5 and 1.8, Early neonatal
mortality AOR 1.2 and 1.4,
Perinatal mortality AOR 1.4
and 1.7, NICU AOR 1.2 and
1,6.

Montan 2007, Sweden

Review on the effects of
maternal age on
obstetric and perinatal
outcome

Increasing maternal age is
independently associated
with specific adverse
outcomes.

Xiaoli & Weiyuan 2014,
China

N= 110 450. To
determine the present
trends and pregnancy
outcomes related to
maternal age in China

35 years or older

Maternal and neonatal risks
are higher at an advanced
maternal age. Chronic
hypertension OR 4.6, GDM
OR 2.6, preeclampsia OR
2.5, preterm delivery OR
1.8, placenta previa OR
2.7, multiple pregnancy OR
1.9.

Yaniv et al. 2011, Israel

N= 45 033. To
investigate perinatal
outcome of elderly
nulliparous patients

35 to 40 and over 40.

Association between AMA
and adverse maternal and
perinatal outcomes was
found.

Wang et al. 2011,
Norway

N= 6619. To investigate
the effect of AMA on
obstetric and perinatal
outcomes in singleton
pregnancies separately
in nulliparous and
multiparous women

35 years and older

Operative delivery including
Caesarean section before
labour (OR 2.26) and in
labour (OR 1.44) is
increased in AMA women as
well as instrumental vaginal
deliveries (OR 1.49) in
nulliparous women. In
multiparas only the rate of
Caesarean before labour
was increased (OR 1.42).
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2.4 GENERAL RISKS COMPLICATING PREGNANCIES

2.4.1 Smoking

Smoking in pregnancy is one of the major issues impairing the prognosis of pregnancy
(Tikkanen 2008). The proportion of Finnish women who smoke during pregnancy (16%)
has not changed since the late 1980s. Smoking during pregnancy is more common among
younger women and, in 2010, nearly half of pregnant women aged less than 20-years-old
smoked during pregnancy; the number was 9% among women aged over 35-years-old. In
2013, 44% of all parturients reported quitting smoking during the first trimester of
pregnancy, while the number was 19% in 2003 (THL 2014a).

Smoking during pregnancy has been related to an increase in numerous risks. The risk of
SGA was shown to be more than double in smoking women compared with non-smokers
(Raatikainen et al. 2006, Bickerstaff et al. 2012). Smokers also have an approximately 40-
60% increased risk of preterm birth compared with non-smokers (Bickerstaff et al. 2012,
Wen et al. 1990, Cnattingius et al. 1993). Smoking during pregnancy is also related to the
following complications: miscarriage, ectopic pregnancy, placenta previa, and LBW. The
risk of LBW is approximately doubled (Wen et al. 1990, Cnattingius et al. 1993, Cnattingius
et al. 1985, Fox et al. 1994, Tolosa & Saade 2010, Cnattingius et al. 1997).

Studies have shown that a combination of AMA and smoking increases the risks for foetal
growth restriction/SGA. The risk increase ranged from approximately 50% to over 100% in
AMA women compared with younger ones, and it increased by four- to nine-fold when
parity and smoking habits (smoking daily) were taken into account (Wen et al. 1990,
Cnattingius 1997, Cnattingius et al. 1993). The risk of preterm birth also increased
significantly with advancing age, as it doubled for women aged 35 years or older (Fox et al.
1994, Cnattingius et al. 1993).

Cessation of smoking prior to pregnancy or in early pregnancy results in similar rates of
adverse pregnancy outcomes compared to non-smoking women. Pregnant women should
be encouraged to stop smoking prior to conception, but doing so during the first trimester
is also desirable, as it has been shown that most women who continued smoking during
their first pregnancy continued to smoke in subsequent pregnancies (Bickerstaff et al. 2012).
Cessation of smoking decreases the risk of LBW, foetal growth restriction, and preterm
birth, and, thus, contributes to a decreased risk of perinatal death and improved neonatal
outcomes (Tolosa & Saade 2010). Smoking in pregnancy can also have far-reaching health
consequences into a child’s adult life (Bickerstaff et al. 2012).

In the Nordic countries, teenagers, single women and women who have a low
socioeconomic status had the highest smoking rates during pregnancy. In Sweden and
Denmark, there has been a rapid decline of smoking in early pregnancy, but in Finland, the
prevalence of smoking has been stable (Ekblad et al. 2013). It has been stated that a
background of heavy smoking and a low level of education are typical characteristics for
women who do not stop smoking in early pregnancy (Erlingsdottir et al. 2014). Other
characteristics for women who continue to smoke during pregnancy are, e.g., living alone,
having previous children, unplanned pregnancy and a low health literacy (Smedberg et al.
2014). Generally poor heath consciousness and smoking are associated with being less well-
educated and more often unemployed, with more alcohol use, untreated infections and
pregnancy terminations (Raatikainen et al. 2005, Raatikainen et al. 2007).
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2.4.2 Increased body weight and obesity

Obesity is a chronic condition related to metabolic disease, nutritional deficiencies,
musculoskeletal complications and cancer. These issues extend to pregnancy when they are
responsible for producing a variety of medical and obstetric complications, which result in
an increased occurrence of adverse maternal and foetal outcomes (Dennedy et al. 2010).
Being overweight is defined as having a BMI (body mass index) of >25, and obesity is
defined as having a BMI of 230 (WHO 2013).

In Finland, in 2013, the average pre-pregnancy BMI of parturients was 24.6.
Approximately 35% of women giving birth had a BMI of 25 or more, i.e. they were
overweight, and around 13% were obese, with a BMI of 30 or more. The prevalence of
obesity increases by age, and 41% of pregnant women aged 35 years or older were
overweight, and 15% were obese. (THL 2014a).

The percentage of obese pregnant women differs in European countries, ranging from 7%
in Poland to 21% in Scotland. Norway, Sweden, Finland, Malta and Denmark had quite
similar percentages (12%) of obese pregnant women in 2010 (PERISTAT 2013).

Maternal complications associated with increased body weight and obesity include
hypertensive disorders, diabetes and venous thromboembolism, which are associated with
foetal and neonatal complications. The risk of LGA was more than doubled in obese
pregnant women, and congenital abnormalities increased by approximately 30-80%
depending on the type of anomaly (Surkan et al. 2004, Dennedy et al. 2010). Overweight
and obese pregnant women have a 20-70% increased risk of Caesarean delivery (Dennedy
et al. 2010, Raatikainen et al. 2006), as well as a 50% to more than 100% increased risk of
foetal and perinatal death (Raatikainen et al. 2006) and an approximately 20-40% increase
risk of admission to neonatal intensive care (Dennedy 2010, Raatikainen et al. 2006). Other
risks include miscarriage, preterm birth (20% to more than a 100% increase in risk
depending on the BMI category), preeclampsia, prolonged pregnancy, postpartum
haemorrhage and complications in anaesthesia (Cnattingius et al. 2013, Mission et al. 2013,
Vehkaoja et al. 2006, Marsh et al. 2014, Overcash & Lacoursiere 2014, Kabiru & Raynor 2004,
Ehrenberg et al. 2002). Increased body fat percentage predicts an increased risk of
preeclampsia in obese women (Sween et al. 2014).

No studies exploring the effect of the combination of AMA and obesity on pregnancy
outcomes that gave estimates of increased risks for certain outcomes in these women were
found.

There are also long-term risks for mothers, including the risk of type 2 diabetes,
hypertension and atherosclerotic vascular disease. For the foetus, the risks are similar as for
mothers, for example, childhood obesity, insulin resistance, and hyperlipidaemia (Catalano
et al. 2006).

In a Finnish study, it was shown that early gestation is a sensitive period for foetal
development and later body size. Increased paternal weight and obesity were nearly as
important as increased maternal weight and obesity (BMI >25) before pregnancy as risk
factors for increased weight in adolescents of both sexes. Thus, it is extremely important to
take the parents' pre-pregnancy weight and lifestyle into account in the prevention of
childhood obesity (Jaaskelainen 2013).
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Obesity in pregnancy should be treated as any other chronic medical condition, even
though insulin resistance is not decreased (Raatikainen et al. 2010). Obese pregnant women
use health care services more than normal-weight women, and obesity is associated with
greater use of inpatient and outpatient health care services (Chu et al. 2008).

It has been stated that the most effective treatment of increased body weigh and obesity in
pregnancy is to prevent further obesity, which can be achieved by avoiding excessive
weight gain during pregnancy (Catalano 2010). Obese women should be educated and
supported regarding a healthy diet, exercise and weight management, even at
preconception and throughout pregnancy (Einerson et al. 2011). In a Finnish study, it was
suggested that obese women with a BMI >30 should be sent to maternity clinics for
screening due to their increased risks related to pregnancy, and they should be carefully
monitored during pregnancy to lower the high risk of adverse pregnancy outcomes
(Raatikainen et al. 2006).

2.4.3 Diabetes and gestational diabetes

Approximately 3-5% of all pregnancies are complicated by diabetes mellitus. Gestational
diabetes mellitus (GDM) occurring for the first time during pregnancy represents about
90% of all cases. Pre-gestational diabetes, including both type 1 and 2 diabetes, accounts for
the remaining 10% (Landon & Gabbe 2010). Gestational diabetes has been recognized as a
clinical condition for over 40 years (Jensen et al. 2000).

Gestational diabetes is defined as abnormal glucose tolerance that develops or is
recognized in pregnancy. The definition includes those women with previously
undiagnosed diabetes, as well as those with pregnancy-induced high glucose levels. The
diagnosis is based on glucose levels on a 75 g oral glucose tolerance test (OGTT). In
Finland, the diagnostic criteria are defined as > 5.3 mmol/l for fasting plasma glucose, > 10.0
mmol/l after 1 h and > 8.6 mmol/l after 2 h. The screening for GDM is performed for nearly
all pregnant women with OGTT during gestational weeks 24-28 (Finnish Current Care
Guidelines 2013).

In Finland, the proportion of women with GDM has increased in recent years, and it was
15% in 2013 and 22% in women aged 35 years or older (THL 2014a). The number of
pregnancies complicated by diabetes is growing worldwide, which constitutes a large problem in
healthcare generally. Although the care of diabetes has progressed substantially, it still remains a
challenge to reduce the prevalence of maternal and foetal complications (Skupien’et al. 2014).

Risks factors associated with developing GDM are high maternal BMI, advanced maternal
age (Solomon et al. 1997), polycystic ovarian syndrome, increasing maternal parity,
previous GDM, family history of diabetes and twin pregnancy (Fraser & Heller 2007).
Women with GDM are associated with an increased risk of Caesarean delivery, foetal
macrosomia, foetal congenital malformations, preterm delivery, shoulder dystocia,
preeclampsia, LGA, asphyxia and the need for neonatal intensive care (Weeraswamy et al.
2012, Schneider et al. 2012, Crowther 2005, Ostlund et al. 2003, Rosenberg et al. 2005, Bener
et al. 2011, Fan et al. 2006, Niu et al. 2014). The risk of macrosomia is increased, being
approximately 5% in women with diet-treated GDM and 18% in women with insulin-
treated GDM compared with women with normal glucose tolerance (Teramo et al. 2007).
The risk increase for foetal congenital malformation is approximately 30% in women with
GDM (Schneider et al. 2010).
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No studies exploring the effect of the combination of AMA and GDM on pregnancy
outcomes that gave estimates of the increased risks for certain outcomes in these women
were found.

GDM also increases the likelihood of developing type 2 diabetes and cardiovascular
disease; therefore, screening for GDM enables the identification of women at increased risk
of diabetes before disease onset and permits practitioners to begin preventive measures
(Fraser & Heller 2007, Lind et al. 2014).

However, screening for GDM is controversial, because in some countries, screening is not
performed and it is not generally agreed whether it meets the criteria for a beneficial
screening activity. GDM screening should identify women at risk of undesirable outcomes
so that intervention can take place early enough to prevent foetal complications (Sereday et
al. 2003).

2.4.4 Chronic hypertension and preeclampsia
In pregnancy, chronic hypertension is defined as elevated blood pressure that is present

and documented before pregnancy. The prevalence of chronic hypertension increases by
maternal age, and it is expected that, due to the trend of childbearing at an older age, the
incidence of chronic hypertension will continue to increase (Sibai 2010a).

Chronic hypertension in pregnancy can be categorized as mild or severe, depending on
the systolic and diastolic blood pressure. The diagnosis is based on hypertension before 20
weeks of gestation, as evidenced by systolic blood pressure 2140 mm Hg or diastolic blood
pressure >90 mm Hg at least twice, with 4 hours between the measures. Women who are
diagnosed with chronic hypertension are at increased risk of superimposed preeclampsia. It
has been stated that the risk of preeclampsia ranges from 10 to 25% of those who have mild
hypertension, and up to 50% in those with severe hypertension (Sibai 2010a).

Preeclampsia is a frequent and potentially severe disease that affects about 3-8% of all
pregnancies, and it increases the mothers’, foetuses’” and neonates’ risk of morbidity and
mortality (Meiri et al. 2014, Hutcheon et al. 2011, Turner et al. 2010, Villar et al. 2006). Over
one half of all cases of preeclampsia occur in healthy, first-time mothers (Kenny et al. 2014).
Preeclampsia is defined by the new onset of hypertension (=140 mm Hg/>90 mm Hg) and
proteinuria (=0.3g per day). Identification of preeclampsia early in pregnancy remains one
of the major focuses of antenatal care in high-resource countries (Kenny et al. 2014).

Risks that are associated with preeclampsia include nulliparity, pre-existing medical
conditions (e.g., hypertension, diabetes mellitus and anti-phospholipid syndrome),
plurality, older maternal age and obesity (Hutcheon et al. 2011, Turner 2010). Older
maternal age is also associated with chronic hypertension (Savitz et al. 2014). Women who
have developed preeclampsia in the first pregnancy are at increased risk of the disease to
recur in subsequent pregnancies (Sibai 2010b).

The risk of adverse pregnancy outcomes in women diagnosed with preeclampsia depends
on the onset of disease. Early onset of preeclampsia has been associated with a more than
five-fold increased risk of foetal death, as well as a two-fold increased risk of perinatal
death/severe neonatal morbidity in late onset preeclampsia (Lisonkova & Joseph 2013).
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No studies exploring the effect of the combination of AMA and preeclampsia on
pregnancy outcomes that gave estimates of the increased risks for certain outcomes in these
women were found.

Delivery is the only cure for preeclampsia, but the decision between immediate delivery
and expectant management will depend on maternal and foetal conditions, foetal
gestational age, the presence of labour and the severity of the disease process (Sibai 2010b).

2.5 REGISTER-BASED STUDY

Register-based studies are routinely used to collect data on individual level. The data can
consist solely of registers, or register data can be supplementary to other datasets, such as
clinical data or data from questionnaires. Register data are not originally gathered for
research use, thus there are some specific features related to register-based studies
compared with other quantitative research (Finnish Information Centre for Register
Research 2014). In Finland, there is a Finnish Information Centre for Register Research
(ReTki), which offers information on all areas of register-based studies and aims to promote
the use of national registers for research purposes. Register-based data is called a secondary
data source, which imposes some limitations on the definition of a problem, research
guestions and concepts, as the measurements of interest must be based on existing data.
Thus, as the data are not originally produced for research use, it is possible that available
data and conceptual definitions used in data production are not compatible with the
research problem defined (Sund 2003). It is important to remember that the register design
cannot guarantee good quality because no data-collection form design provides reliable
data on a phenomenon if it is not explicitly and clearly defined (Gissler & Shelley 2002).

2.5.1 Possibilities of using register-based data

Despite the challenges related to register-based studies, register-based data provide many
benefits and possibilities. Register-based data enable one to gain information from a whole
population, and data from different registers can be merged (Réaiséanen et al. 2012).

One advantage of administrative data is that it can be used to examine events, service
system interactions, and outcomes as they unfold and influence one another in the long
run. Additionally, advancements in technology and statistics have reduced technical
difficulties related to sharing and manipulating large, and often messy, administrative
datasets. Therefore, the use of administrative data for research purposes has become more
widespread (Evans et al. 2010).

Usually, acquiring register-based data is comparatively easy and economical. Register-
based data make it possible to conduct both retrospective and prospective studies, as well
as cross-sectional and longitudinal studies (Raisanen et al. 2012). The validity and coverage
of Finnish health registers is good, and they offer complete and high-quality information
that can be utilized, for example, in scientific research (Gissler & Haukka 2004, Gissler &
Surcel 2012).
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2.5.2 Challenges of using register-based data

There are a number of challenges related to the utilization of register-based data. Some
challenges related to register-based data include the fact that the data are pre-collected by
others, rather than researchers, and, therefore, some necessary information may be missing.
There may also be variations in coding between persons and institutions, as well as a lack
of confounder information. Missing data is one major issue that is sometimes difficult to
handle. Additionally, in big datasets, unimportant differences may become statistically
significant (Thygesen & Ersbgll 2014).

When applying for the permission to use data, both acquiring the permission and
acquiring the actual data may take a relatively long time, which has to be addressed when
planning the study. After acquiring the data, it must be reviewed and edited before it is
ready for use. It is possible that the data include errors and missing data, which have to be
evaluated. As register data is not originally gathered for research use, some variables may
be missing that are not possible to insert afterwards; thus, the data include only the
information that has been recorded in the registers. This may place some limitations on the
research questions and aims (Raisanen et al. 2013).
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3 Aims of the Study

The aim of this retrospective register-based study was to explore the pregnancy outcomes
of women of AMA >35-years-old compared to younger women aged less than 35-years-old
by observing register-based data between 1997 and 2008. The research objectives were:

1. To compare pregnancy outcomes in women with preeclampsia aged 35 years or
older to women less than 35-years-old with preeclampsia.

2. To compare pregnancy outcomes in smoking and non-smoking pregnant women
aged 35 years or older to women aged less than 35-years-old.

3. To compare pregnancy outcomes in normal weight (BMI<25) overweight (BMI 25-
29) and obese (BMI>30) pregnant women aged 35 years or older to women less than
35-years-old.

4. To compare pregnancy outcomes between women aged 35 years or older and
women less than 35-years-old, with and without gestational diabetes mellitus
(GDM).

In addition, a further aim of the study was to evaluate the risks associated with AMA
independently, as well as in combination with the existing risk factors in the group of AMA
women.
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4 Material and Methods

4.1 DATA AND STUDY POPULATION

The original data for this study contained information on 690 555 women and their
newborns, covering all births between the years 1997 and 2008. The data consist of three
Finnish health registries: The Medical Birth Register (MBR), The Hospital Discharge
Register (HDR) and The Register of Congenital Malformations.

The first study covered the years 1997-2008 (N=668 212), including primiparous women
with singleton pregnancies diagnosed with preeclampsia with major congenital
malformations excluded.

In the second study, the data consisted of smoking and non-smoking women from 1997 to
2008 (data N= 668 212), with major congenital malformations excluded.

The third study was limited, covering the data from 2004 to 2008, because the maternal
height and weight, from which the BMI was calculated, have been recorded in the MBR
since 2004. After excluding major congenital malformations, there were 257 173 women
with existing pre-pregnancy BMIs.

The fourth study covered the years 2004 to 2008 because the information considering
gestational diabetes has been available since 2004. The original data consisted of 283 324
women and their newborns, with major congenital malformations excluded.

Pregnancy outcomes that were studied in each study are shown in table 4.

Table 4. Pregnancy outcomes studied in studies I-1V

SGA

LGA

LBW

Low Apgar Scores
NICU

Preterm delivery
Foetal death
Preeclampsia
Asphyxia
Caesarean
Induction

Blood transfusion
Shoulder dystocia

study I: Preeclampsia X X X P

X
X
X
X
X
X

study II: Smoking X X

study III: X X X X X X X X X X X X
Overweight/obesity

study IV: Gestational X X X X X X X X X
diabetes
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4.1.1 Medical Birth Register

The MBR is a population-based registry established in 1987, and is currently maintained
by the National Institute for Health and Welfare (THL). The MBR includes information on
maternal and neonatal birth characteristics and perinatal outcomes of all women who have
given birth in Finland and all newborns up to seven days of age. The form is filled out at
hospitals and sent, mostly electronically, to the THL. The MBR was renewed three times, in
1990, 1996 and 2004, to improve the reliability of the content. Maternal height and weight
have been recorded in the register since 2004, as was information regarding gestational
diabetes (THL 2014b). Therefore, the latter two studies (1l & V) covered the years 2004 to
2008.

4.1.2 Hospital Discharge Register

The HDR was established in 1967 and contains information on all aspects of inpatient care
in public and private hospitals, as well as outpatient visits to public hospitals (since 1998).
The data are sent electronically to the THL by the hospitals. The information from the
register used in this study concerned pre- and postnatal care with diagnoses related to
pregnancy (THL 2014c). The information regarding care received was available during
pregnancy and up to 42 days after birth.

4.1.3 Register of Congenital Malformations

The Register of Congenital Malformations is controlled by the THL, and it contains
information on congenital chromosomal and structural anomalies detected in stillborn and
liveborn infants and terminated foetuses from the whole of Finland. On a yearly basis, new
cases of anomalies approximately 5 000, of which over 2 000 contain a major anomaly. The
Register was established in 1962 and the registration of anomaly data began in 1963 (THL
2014d). The content of the register was used only as exclusion criteria in this study.

4.2 DATA ANALYSIS

For the statistical analysis, all the variables were changed into categorical variables.
Maternal age was classified into two categories: less than 35 years and 35 years or older.
Preeclampsia and gestational diabetes were taken from ICD-10 codes (preeclampsia: O11
and O14, preeclampsia with seizures: O15, and GDM: 024.4 and 024.9).

Statistical differences in frequencies were evaluated by Chi-square tests. Possible
confounding factors were taken from maternal background characteristics (p <0.001). Some
other clinically important variables as possible confounding factors were also taken into
account in the logistic regression analysis model (Nummenmaa 2009).

All variables used in the binary logistic regression analysis were dichotomous, and
missing data for any variable were categorized as “no” (=0) (in publications I & II), or
observations that had missing data values were excluded (in studies Il & V).

Binary logistic regression analysis was performed first by comparing all the other groups
to healthy young (<35-years-old) women, and subsequently in the subgroup analysis, the
groups were compared based on the risk factor of interest (smoking, overweight/obese and
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gestational diabetes) and maternal age (in studies II, 11l & IV). P-values for interactions
between the grouping variables were calculated (in publications 11l and 1V). To compare the
pregnancy outcomes in women of AMA >35 and women aged <35, odds ratios with 95%
confidence intervals were estimated.

The data were analysed using SPSS software for Windows, version 17.0 (studies | & I1)
and the R program, version 2.15.2 (studies Il & V).

4.3 DEFINITIONS

Preeclampsia was defined as repeated periods of blood pressure >140/90 mm Hg
accompanied by proteinuria (>0.3 g/day).

Gestational diabetes mellitus (GDM) was defined as > 5.3 mmol/l for fasting plasma

glucose, > 10.0 mmol/l after 1 h and > 8.6 mmol/l after 2 h (oral glucose tolerance test
OGTT).

Maternal diabetes was defined as a diagnosis of diabetes mellitus (variable “diabetes” in
the data) or gestational diabetes mellitus (ICD-10 codes O24.4 and 024.9).

Body mass index (BMI) was calculated by dividing body weight by the square of the height
in meters (kg/m?). Being overweight was defined as a BMI from 25-29, and obesity was
defined as having a BMI of 30 and over.

Preterm delivery was defined as delivery before 37 weeks of gestation. More specifically,
preterm delivery was categorized into extremely preterm delivery (<28 weeks of gestation),
very preterm delivery (28-31 weeks of gestation) and moderate-to-late preterm delivery
(32-36 weeks of gestation).

Small-for-gestational-age (SGA) infants were defined as infants with sex- and age-adjusted
birth weight below the 5" percentile, according to the standard tables for the Finnish
population data for all births (Heinonen et al. 2001)

Large-for-gestational age (LGA) infants were defined as infants whose sex-and age adjusted
birth weight was above the 95" percentile, according to the standard tables for the Finnish
population data for all births (Heinonen et al. 2001).

Low Apagar scores at 5 minutes were defined as Apgar scores from 0 to 6.
Low birth weight (LBW) was defined as birth weight less than 2 500 g.

Foetal death was defined as death before birth, during birth or born dead without knowing
when the death took place.

Induction in the first study mistakenly included all the cases in which oxytocin was used,
which increased the total number of inductions. In the third study, induction included only
those who had an induction recorded as “yes” in the data, thereby resulting in an accurate
number of induction rates.



27

Smoking was self-reported in the data and categorized as “yes” when smoking had
continued since 12 weeks of gestation, and “no” if there were no smoking or smoking
cessation before 12 weeks of gestation.

4.4 ETHICAL CONSIDERATIONS

Permission to use the data in this study was granted by the National Institute for Health
and Welfare on 22.9.2009 (THL/906/5.05.00/2009), as required by the national data
protection legislation (Finlex 1999). Ethical considerations were performed by the register
authorities. An ethical review board statement is not required for register-based studies in
Finland.
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5 Results

5.1 BACKGROUND CHARACTERISTICS OF AMA WOMEN AND WOMEN
AGED <35 YEARS

In terms of the background characteristics of AMA women and women aged less than 35
years old in studies I-1V, the differences between the groups were most clearly seen in
higher rates of maternal- and gestational diabetes, pregravid BMI >25 and IVF treatments in
AMA women. The main differences in the background characteristics between AMA
women and women aged less than 35 years are shown as percentages in Table 5.
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5.2 PREECLAMPSIA IN OLDER CHILDBEARING WOMEN

In the first study (I: Preeclampsia complicated by advanced maternal age: a register-based
study on primiparous women in Finland 1997-2008), there were 2 387 (9,4%) women aged
35 years or older and 15 437 (6,4%) women aged less than 35 years old with preeclampsia.
Women aged 35 years or older were 1.5 times more likely to have been diagnosed with
preeclampsia compared with their younger counterparts.

A binary logistic regression analysis, after adjusting for possible confounders, showed
that older women aged >35 years had a higher prevalence and increased risk of nearly all of
the outcomes measured (preterm delivery <34 weeks of gestation and <37 weeks of
gestation, low Apgar scores at 5 min., SGA, asphyxia, Caesarean and admission to NICU),
except for induction, eclampsia and blood transfusion (Figure 3). The increased risk was the
most evident in Caesarean (OR 2.02, Cl 1.84-2.20) and in preterm delivery <34 weeks of
gestation (OR 1.68, ClI 1.43-2.00). The results of the logistic regression analysis are fully
shown in Table 1 in study |I.

Cesarean

Asphyxia . ‘

NICU
Women 235y

SGA * m Women <35y

Preterm delivery <37 wks

Preterm delivery<35 wks

0 10 20 30 40 50 60

Figure 3. Rates (%) of the higher outcomes in women aged =35 years (N=2 387) compared
with women <35 years (N=15 437) with preeclampsia
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5.3 SMOKING AMONG OLDER CHILDBEARING WOMEN

In the second study (1I: Smoking among older childbearing women — a marker of a risky
health behaviour: a registry-based study in Finland), as expected, smoking was more
common in younger women aged less than 35 years (N= 68 983, 13%) than in older ones (N=
11 277, 9%).

Comparing the risk increase of smoking women in both age groups, the increase was
nearly invariably higher in the older age group of smokers aged 35 years or older for
preterm delivery (<28 weeks of gestation), SGA, LBW, foetal death and low Apgar scores at
5 min. (<7).

The effect of AMA independently in smoking women is shown in Figure 4. AMA
increased the risk of all of the outcomes measured, mostly preterm delivery, foetal death,
preeclampsia and LBW.

@ fetal death; 1.87

1.8

1.6
¢ LBW; 1.51

1.4 7Y de|p|t:i_E1 T .—pmcl'ampSia;

ivery; 1.35 1.37

1.2
¥ SGA; 1.12 scores; 1.17

# Adjusted OR

0.8

0.6

0.4

0.2

Outcomes

Figure 4. Adjusted odds ratios (OR) for smokers aged =35 years (N=11 277) compared with
smokers aged <35 years (N=68 983) *95% CI

* preterm delivery 1.25-1.45, SGA 1.071.19, LBW 1.41-1.62, foetal death 1.46-2.40, low Apgar scores 1.08-1.27,
preeclampsia 1.24-1.50

The effect of smoking in the older age group is shown in Figure 5, in which there was
over a two-fold increased risk of SGA and LBW, indicating that smoking in the older age
group is a significant risk factor for the outcomes mentioned. Regarding preeclampsia,
smoking was a protective factor.

The results of the binary logistic regression analysis are fully shown in Tables 2, 3 and 4 in
study II.
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Figure 5. Adjusted odds ratios (OR) for smoking women aged =235 (N=11 277) compared with
non-smoking women aged =235 (N=109 214) *95% CI

* preterm delivery 1.34-1.55, SGA 2.51-2.80, LBW 1.41-2.06-2.37, foetal death 1.46-2.34, low Apgar scores 1.14-
1.34, preeclampsia 0.66-0.93

5.4 OVERWEIGHT AND OBESITY IN OLDER CHILDBEARING WOMEN

In the third study (lll: Pregnancy outcomes of overweight and obese women aged 35
years or older — A registry-based study in Finland), there were more overweight women
(28.6%), as well as obese women (14.3%) in the older age group compared with the younger
age group (23.6% and 11.5%, respectively).

Comparing overweight and obese AMA women to normal weight women <35 years old,
the rates were higher for preterm delivery (<28 weeks of gestation) and LGA, especially in
obese older women, with over a three-fold risk increase in these outcomes. The risk
increases in overweight and obese AMA women were higher in almost all of the outcomes
measured compared with women aged less than 35 years old in the same BMI categories.
AMA independently increased preterm deliveries (<28, 28-31 and 32-36 weeks of
gestation), foetal death, NICU, LGA and Caesarean.

The effect of being overweight and obese in older women was seen as a doubled risk
increase for preeclampsia, LGA and preterm delivery (<28 weeks of gestation) (Figure 6).
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Figure 6. Adjusted odds ratios (OR) for the effect of overweight (N=13 562) and obesity
(N=6789) in women aged =35 years.*95% CI

*BMI25-29: preterm <28 1.07-2.02, preterm 28-31 1.07-1.76, preterm 32-36 0.81-0.93, low Apgar 0.98-1.31, SGA
0.77-0.94, foetal death 1.25-2.35, asphyxia 0.83-1.03, preeclampsia 1.15-1.61, NICU 1.00-1.13, shoulder dystocia
0.70-1.51, LGA 1.42-1.71, Cesarean 1.13-1.26, induction 1.20-1.34, blood transfusion 0.82-1.13.

*BMI>30: preterm<28 1.91-3.83, preterm 28-31 0.89-1.73, preterm 32-36 0.87-1.03, low Apgar 1.18-1.65, SGA
0.52-0.71, foetal death 1.20-2.70, asphyxia 0.88-1.16, preeclampsia 1.82-2.63, NICU 1.32-1.53, shoulder dystocia
0.75-1.88, LGA 2.08-2.55, Cesarean 1.36-1.55, induction 1.47-1.68, blood transfusion 0.81-1.21.

The results of the binary logistic regression analysis are fully shown in Tables 2, 3, 4,5, 6
and 7 in study II1.

5.5 GESTATIONAL DIABETES MELLITUS IN OLDER CHILDBEARING
WOMEN

In the fourth study (IV: Pregnancy outcomes in women aged 35 years or older with
gestational diabetes — A registry-based study in Finland), women of AMA had more
insulin-treated GDM (18,9%) compared with younger women (14,6%). Compared with
younger <35 years-old-women with normal glucose tolerance, women of AMA with
insulin-treated GDM had higher rates of preeclampsia (OR 1.57, Cl 1.30-1.88), admission to
NICU (OR 3.30, Cl 2.94-3.69) and shoulder dystocia (OR 2.12, Cl 1.05-4.30). The rates of
LGA infants were increased in both age groups, which had similar results. (Figure 7).
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Figure 7. Rates (%) of pregnancy outcomes in women aged <35 years (N= diet 16 577, N=
insulin 2845) and =35 years (N= diet 6272, N=insulin 1460) with diet- and insulin-treated GDM

The impact of AMA independently on pregnancy outcomes was seen as increased rates of
preterm delivery <28 weeks, foetal death, preeclampsia and NICU, of which preeclampsia
remained statistically significant.

GDM was seen as an increasing factor in women of AMA with preeclampsia (diet: OR
1.41, Cl 1.28-1.57 insulin: OR 1.42, Cl 1.17-1.71), NICU (diet: OR 1.17, CI 1.08-1.26 insulin:
OR 3.07, Cl 2.73-3.45), shoulder dystocia (diet: OR 1.39, CI 0.90-2.14 insulin: OR 1.78, CI
0.86-3.66) and LGA (diet: OR 1.45, Cl 1.32-1.66 insulin: OR 1.91, CI 1.62-2.25).

The results of the binary regression analysis are fully shown in Tables 2, 3 and 4 in study

V.
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6 Discussion

6.1 DISCUSSION OF THE RESULTS

6.1.1 Characteristics of AMA women in this study

Pregnancy outcomes were explored in four different risk groups of AMA women, and,
some similar background characteristics were identified that seem to be typical for older
pregnant women in general, and which were reported in previous studies and statistics.

Women of AMA had a history of more IVF and other fertility treatments than younger
women (Hoffman et al. 2007, Nybo Andersen et al. 2000, Segev et al. 2011). They also had
more previous Caesarean sections and chronic medical conditions, such as chronic
hypertension and GDM (Luke & Brown 2007, Miranda et al. 2010). The prevalence of being
overweight and obese seemed to increase with advanced age, but older women smoked
less than younger ones, as we know based on the current statistics concerning the
prevalence of smoking during pregnancy (THL 2014a).

In terms of marital status, interestingly, in all the other groups of AMA women (smoking,
preeclampsia, GDM), there were less unmarried or single women than in the younger age
group, but the marital status of overweight and obese AMA women was more often
“single” compared with their younger counterparts. The socio-economic status of the
women in this study was not observed, which could have brought some further
information related to the background characteristics of older pregnant women, as they
have been generally labelled as educated and career-oriented, but in terms of being
overweight and obese, a low level of education and unemployment have been associated
with these conditions, not only in AMA women, but in women in general.

6.1.2 Adverse pregnancy outcomes of AMA women

Overall, the findings of this study show that AMA was associated with adverse
pregnancy outcomes in groups of smoking women, overweight/obese women and women
diagnosed with preeclampsia or with GDM compared with women aged less than 35 years
old. It can also be concluded that AMA women had a higher prevalence of general risk
factors that complicate pregnancies than younger women, except for smoking.

In this study, the pregnancy outcomes of AMA women were compared to those of
younger women, and, furthermore, the associated risks were evaluated separately from the
risk associated with AMA independently (studies I, 11, 11l and IV) and the risks caused by
one of the following general risk factors: smoking, overweight/obesity and GDM in women
of AMA (studies II, Il and 1V). Altogether, the findings indicate that AMA, independently
of preeclampsia, smoking, overweight/obesity and GDM, was not as large a risk factor as
the foregoing factors (except for preeclampsia) in the group of AMA women, suggesting
that in pregnant women aged 35 years or older, the existence of other risk factors, such as
smoking or obesity, are even more significant than in younger pregnant women.

There is much evidence on AMA and adverse pregnancy outcomes, as well as the
abovementioned general risk factors, associated with adverse pregnancy outcomes, but
fewer studies combined AMA and another risk factor (preeclampsia, smoking,
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overweight/obesity or GDM) and compared these groups to younger ones with the same
condition, and further analysed the risk associated with AMA alone versus those associated
with another risk factor of interest. However, the findings of the present study are in line
with previous studies, but add information by dividing these risk groups based on
maternal age. As a result, it was shown that adverse pregnancy outcomes are even more
evident in AMA women than in younger pregnant women.

In the first analysis using women aged less than 35-years-old as a reference group for all
the other groups (except in study | on preeclampsia, in which this analysis was not
conducted), it was seen that AMA women had an increased risk of almost all of the
outcomes measured, mostly with significantly increased OR'’s, suggesting that AMA
women in these three risk groups (smoking, overweight/obese and GDM) are at increased
risk of adverse pregnancy outcomes compared with younger women with “normal
pregnancy”.

Smoking AMA women had a two-fold increased risk of SGA, LBW and foetal death, and
an approximately 70% increased risk of preterm delivery before 28 weeks compared with
non-smokers less than 35-years-old. Obese women of AMA had over a three-fold increased
risk of preterm delivery (<28 weeks) and LGA compared with normal-weight women aged
less than 35 years. AMA women with insulin-treated GDM had over a three-fold increased
risk of admission to NICU and over a two-fold increased risk of shoulder dystocia
compared with women aged less than 35 with normal glucose tolerance.

When comparing the OR’s between AMA women of smoking, overweight/obese and with
GDM and women aged less than 35 years with the same conditions and categories, the risk
increases were still higher in almost all of the outcomes measured in regard to AMA
women.

The second and third analyses observed AMA, as well as smoking, overweight/obesity
and GDM as independent risk factors separately. AMA was an independent risk factor in
women with preeclampsia for preterm deliveries (<34 and <37 weeks) and SGA. There were
also differences in the mode of delivery, with over a two-fold increased risk of Caesarean
delivery, and, therefore, increased risk of neonatal asphyxia and the need for neonatal
intensive care (NICU). The impact of AMA in Smoking AMA women was seen as an
increased risk of LBW, foetal death and preterm delivery (<37 weeks). In overweight/obese
women, the effect of AMA was shown in preterm deliveries, foetal death, NICU, LGA and
Caesarean. In women with GDM the impact of AMA was shown as an increased risk of
preterm delivery (<28wks), foetal death, preeclampsia and NICU.

Overall the impact of AMA independently did not increase the risks as significantly as
smoking, overweight/obesity and GDM did independently. Of those, smoking in the
group of AMA women increased the risks of SGA and LBW by over two-fold, and by
approximately 80% for foetal death. Overweight and obesity in the group of AMA women
increased the risks for preeclampsia, LGA and preterm delivery (<28 weeks), with over a
two-fold increase in obese AMA women. The impact of diet- and insulin-treated GDM in
AMA women was seen in preeclampsia, shoulder dystocia, LGA and NICU, with
approximately 40-90% increase risks.

When summarizing the findings, it can be concluded that the findings concerning AMA
women with preeclampsia with an increased risk of preterm deliveries and SGA is not
surprising, as SGA and preterm deliveries are generally associated with preeclampsia
(Stubert et al. 2014). However, the findings suggest that AMA women have approximately
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a 70% increased risk of preterm delivery (<34 weeks) and approximately a 40% increased
risk of SGA compared with younger women with the same condition, which is noteworthy
because of the severe consequences of prematurity and impaired foetal growth for the
newborn.

Apparently, the combination of smoking and AMA was more severe than the impact of
AMA independently of smoking. The association between SGA and smoking AMA women
has been reported previously, showing that AMA women who smoke during pregnancy
are at higher risk of foetal growth impairment than younger smokers (Cnattingius et al.
1985, Cnattingius 1997, Wen et al. 1990). It has also been shown in previous studies that
LBW and preterm delivery were associated with smokers of AMA, and increased steadily
with advancing age, when compared with younger smokers (Fox et al. 1994, Cnattingius et
al. 1993, Wen et al. 1990). It was suggested that smoking might be acting as a marker for
other unmeasured factors associated with adverse pregnancy outcomes in AMA women,
which cannot be controlled using the information in birth records. Smoking might be a
marker of risky health behaviour among these women, and cessation of smoking would be
extremely desirable, as it could make the greatest difference in the group of AMA women.
(Fox et al. 1994, Cnattingius et al. 1993.) They should also be closely monitored during
pregnancy because of the increased risk of complications regarding foetal growth
(Cnattingius et al. 1985, Cnattingius 1997).

Based on the findings concerning overweight and obese women, overweight and, especially,
obese AMA women are at increased risk of preterm delivery (<28 weeks) and LGA, which
have been recognized in previous studies that reported similar associations (Cnattingius et
al. 2013, Kosa et al. 2100, Surkan et al. 2004).

In women with GDM, preeclampsia remained statistically significant in both the
aforementioned analyses, suggesting that AMA women with GDM are at an especially
increased risk of preeclampsia. This highlights the importance of identifying them as a
high-risk group for this condition, as prompt diagnosis and appropriate management will
improve the quality of care (Snydal 2014). It has also been reported previously that by
treating GDM, preeclampsia may be prevented, which emphasizes creating effective
counselling methods before or in early pregnancy (Korpi-Hyo6valti 2012).

The present study provides new information on the risks of specific pregnancy outcomes
in AMA women in four different risk groups, which were explored. The number of
advanced aged pregnant women has been steadily rising in Finland, and it seems that the
trend towards women of advanced age giving birth is likely to continue. Therefore, issues
related to pregnancy risks and complications in these women should be highlighted to
enable the identification of possible risk groups and to detect occurring complications in
time, as well as to further develop care strategies (Cooke et al. 2010).

6.1.3 Reflection of the findings on maternity care services

The findings of the present study are of importance to maternity care services due to
increased risks in pregnancy and birth for AMA women. The findings of the present study
demonstrate that four risk groups of AMA women have increased risks of specific adverse
pregnancy outcomes and complications. By identifying these risk groups and outcomes, the
harm to the foetus can be perhaps reduced, while it is not possible to improve the pre-
pregnancy health of the mother concerning, for instance, chronic medical conditions or
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smoking (Hartikainen 2003). It has been suggested that perhaps counselling and increasing
the awareness of age-related pregnancy risks should begin pre-conceptionally, although
this kind of practice does not systematically exist (Ludford et al. 2012, Cooke et al. 2010).
However, the issues related to later childbearing and risks should be brought out in
women’s routine visits to public health nurses or general practitioners (GPs) before
pregnancy, not only in women aged over 35 years, but earlier, as it has been stated that
increased knowledge and awareness of the risks and complications would diminish false
assumptions and beliefs (Klemetti et al. 2013).

It can be argued whether there is a room for improvement in the care of women with
high-risk pregnancies, since The National Authority for Mediolegal Affairs (TEO, currently
Valvira) received the most complaints among birth-related issues concerning the care of
high-risk pregnancy patients. The characteristics that came up were maternal age over 35,
chronic medical condition, preterm birth and Caesarean section (Pennanen et al. 2008). As it
has been reported previously, there is a concern for the development and sustenance of the
expertise of public health nurses and midwives working at maternity care clinics due to
their large areas of responsibilities, which can have an effect on the increasing number of
visits to maternity outpatient clinics (Raussi-Lehto et al. 2013, Hartikainen 2003).

The number of routine visits to maternity care clinics during pregnancy has been reduced
according to the new guidelines for maternity care in Finland (2013), and it has also been
shown in previous research that fewer visits do not have effect on the prevalence of
complications and that effective interventions can still be implemented (Hartikainen 2003,
Carroli et al. 2001). As the basis for prenatal care was established 80 years ago and is
followed even today, it has been suggested that the most importance visits could be during
the first trimester, instead of the third trimester of pregnancy, as many of the pregnancy
complications could be predicted at 11-13 weeks of gestation based on maternal
characteristics and a history of biophysical and biochemical tests. By identifying high-risk
groups early, the best practice for the follow-up of these risk-groups and how the disorders
and adverse consequences could be prevented can be later defined by further research
(Nicolaides 2011, Kenny et al. 2014, Montan 2007).

The four groups of AMA women observed in this study comprise distinct high-risk
groups and, therefore, should be identified in the beginning of pregnancy. In early
identification between 11-13 weeks of gestation, the majority of all pregnant women would
be classified into the low-risk category, and a small portion would be categorized as being
at high-risk, including some of the AMA women. These high-risk groups could have close
surveillance, in which their risk of a variety of pregnancy complications would be
reassessed and established on an individual basis, and they would either remain in the
high-risk group or move into the low-risk group, for which the intensity of care would be
reduced (Nicolaides 2011, Cooke et al. 2010, Khalil et al. 2013, Yaniv et al. 2011). Clinical
surveillance of the complications, as well as the management of complications, in AMA
women has been recommended previously (Ludford et al. 2012). It has been suggested that
maternity care should be arranged to pregnant women aged 35 years and older with high-
and low-risk pregnancies, with the consideration of the specific biological and psychosocial
needs of these women (Suplee et al. 2007).

The medicalization of maternity care has been discussed lately, as has the underlining of
pregnancy-related risks (Lupton 2012). Targeting maternity care services for risk groups
and identifying the women at risk may feed the idea of medicalised and risk-oriented
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maternity care, which does not emphasize and support pregnancy as a normal process in a
woman’s life.

The notion that “older” mothers have higher risks during pregnancy and childbirth has
proliferated since the mid-twentieth century. In many ways, present day practices of
prenatal and perinatal monitoring — especially in pregnancies for women at AMA -
illustrate the intersection of risk and surveillance in the practice of modern medicine. It has
been critically stated that the idea of the risky pregnancy reveals how medical, as well as
lay, concerns with “older mothers” are certainly more reflective of other social anxieties
surrounding reproduction, rather than of advancements in biomedical knowledge
(Hallgrimsdottir et al. 2013).

Risk and being at risk are sensitive and complicated issues, but as we have seen in
previous research, as well as the findings of the present study, they are very accurate ones
concerning advanced aged pregnant women. Thus to meet the needs of one of the target
groups, older pregnant women at risk, some developments could be considered in
maternity care, as the appropriate intervention during pregnancy can keep problems from
becoming serious (Carolan 2003).

The concept of “risk” is arguably open to critique, and the approach for pregnant women
at risk in maternity care must be considered, as it has been shown in previous research that
midwives who provide care for women with high-risk pregnancies or who have obstetric
complications have a special responsibility as promoters of women’s natural life processes
during pregnancy and birth (Berg & Dahlberg 2001). As has been stated previously, women
at an advanced age face increased risks, but these risks are largely manageable with
modern obstetric care. However, these women require nursing care enhanced that is by
current medical practices, as well as empathetic and supportive health care providers
(Hemminki & Gissler 1996, Carolan 2003).

In a study by Bayrampour et al. (2013) it was shown that pregnancy related anxiety,
medical risk, maternal age and gestational age were significant prefictors of perception of
pregnancy risk (Bayrampour et al. 2013). It has been indicated that women with a high-risk
pregnancy status do not perceive their risks to be extreme, and that there is poor agreement
between women’s and healthcare providers’ perceptions of risk (Lee et al. 2012). It is
important that health care providers consider women’s risk perception and clarify potential
misconceptions, which can help women to understand the individual risk, based on
personal health factors (Bayrampour et al. 2012).

It has been stated that women'’s risk assessment are not only based on information and
cognitive processes. They are also affected by psychosocial factors. Anxiety in AMA women
has been shown to have stonger effect in relation to risk perception than in younger women
suggesting that AMA women may have higher perception of risk than younger women.
These women should be targeted for interventions to foster accurate risk perceptions and
decrease anxiety levels.(Bayrampour et al. 2013.)

When talking about the risks related to the pregnancies of and births by AMA women, it
is important to note the difference between healthy women and women with another
existing risk factor in addition to advanced age, such as overweight/obesity, smoking or a
chronic medical condition. In the present study, risks to healthy AMA women were not
observed, as the findings applied to those with another existing risk factor.

Based on the findings of the present study, it can be noted that in the group of AMA
women, the importance of a healthy lifestyle and habits play an essential part of the whole
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picture, as we can see in the studies considering smoking and being overweight or obese.
Interventions aimed at reducing the impact of AMA on pregnancy outcomes could be
implemented more systematically for both the pregnant women of AMA, as well as
younger women, who might postpone pregnancy, by spreading the awareness of the special
pregnancy-related risks at an older age (Laopaiboon et al. 2014, Delabere et al. 2007). Some
lifestyle interventions related to, for example, obesity and the prevention of GDM and
hypertension during pregnancy have been implemented with variable results (Kinnunen et
al. 2007, Kinnunen et al. 2012, Korpi-Hyovalti 2012, McGiveron et al. 2014). Similar lifestyle
interventions might be helpful for pregnant AMA women as well, but they should be
further developed and tailored to these specific groups of women. Health care professionals
also need to take extra caution in risk communication with AMA women (Bayrampour et
al. 2013).

6.2 STRENGHTS AND WEAKNESSES OF THE STUDY

The strengths of the present study include the large sample size of the register-based data
covering the whole population between the years from 1997 to 2008, which ensured great
statistical power. The data comprised comprehensive and rich information related to
essential exposures and outcomes explored in this study, which enabled the study of
pregnancy outcomes of advanced aged women in different risk groups. The data already
existed, which made the collection of the data less expensive (Thygesen & Ersbgll 2014). It
has been shown in previous studies, which compared internal validity, that in Finnish
health registries, validity and coverage are good, as all events are included in the data and
the registries comply with reality (Gissler & Haukka 2004). The information in health
registries provides a highly complete and high-quality source of information (Gissler &
Surcel 2012).

In nursing research the use of ”Big Data” is not yet widespread. However, nursing science
IS vast and extensive and new ways to think and discover are recommended, while Big
Data is creating realistic opportunities to explore the holism of human health. (Henly 2014.)
Recognizing, understanding, and using Big Data in terms of scientific research and
healthcare are necessary today in order to gain the best evidence in a world of ever
increasing data (Hansen 2014).

The current study has some limitations and weaknesses as well. Although the quality of
Finnish health registries has been said to be good, there are still some possible weaknesses
related to the quality of the data. Some errors related to data collection, such as errors with
coding, are possible, which can be seen as a limitation of the study. Additionally, in studies
I-1V, issues related to specific variables may have had an impact on the reliability of the
study, as described below.

In the first study, the women diagnosed with preeclampsia were identified based on ICD-
10 coding and from the variable “hospitalized because of hypertension”, because ICD-10
coding for diagnosis during pregnancy has been recorded in the MBR since 2004. The latter
“hospitalized because of hypertension” generally indicates those with preeclampsia and
was therefore used. However, this may have slightly increased the sample of women with
preeclampsia.
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In the statistical analyses, for a couple of variables studied (preterm delivery <28 weeks
and 28-31 weeks, foetal death and shoulder dystocia in insulin-treated women in study V),
there were too few observations to allow valid conclusions. Additionally, the variables
“maternal smoking”, “height” and “pre-pregnancy weight” were self-reported, which can
be slightly misrepresented, as it has been stated that women who smoke during pregnancy
are likely to under-report their smoking (Goldenberg et al. 2000). Underestimating smoking
and overestimating non-smoking and the cessation of smoking can have implications for
the validity of studies on this topic (Salihu et al. 2003). Older pregnant women may also
report their smoking status more accurately than do the younger women (Fox et al. 1994).
BMI is also sensitive to the height and weight reported, which has impact on the results, as
the BMI was calculated by dividing body weight by the square of height in meters (kg/m?).
It is also possible that picking out specific confounders in the logistic regression analysis
may create a potential bias, as there is no consensus on what confounders should be used.
Additionally, the variables available in the dataset limit what confounders can be used. The
confounding factors were chosen based on the significance level (p <0.001) in the
background characteristics, as well as the clinical importance of some variables. However,
this can be seen as a limitation of the study. Furthermore, some potentially interesting
confounders, such as medication, were not available in the data. We did not use parity as a
confounder in studies -1V, which can be seen as a limitation of the study.
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7 Conclusions

The findings of the present study are in line with previous research, as far as it was
available on this topic, but produced new information on specific risks in four different risk

groups of AMA women. Based on the findings of this study, the following conclusions can
be stated:

1.

AMA women had a higher prevalence of general risk factors explored in this study
(preeclampsia, overweight and obesity and GDM), except for smoking, than younger
women aged less than 35 years old.

Overall, pregnancy outcomes were worse in these four groups of AMA women
compared with women aged less than 35-years-old with low-risk pregnancies.

AMA independently increased the risk of several outcomes compared with women
aged less than 35-years-old with low-risk pregnancies, as well as when compared
with women aged less than 35-years-old with the same conditions and categories.

The impact of existing risk factor (smoking, overweight and obesity and GDM) in
AMA women increased the risks even more significantly than AMA independently,
suggesting that the combination of AMA and another existing risk factor are
associated with an increase in adverse pregnancy outcomes.

AMA women with preeclampsia were at an especially increased risk of preterm
deliveries (<34 and 37 weeks of gestation) and SGA.

Smoking AMA women were at an especially increased risk of LBW, foetal death,
preterm delivery (<37 weeks gestation) and SGA.

Overweight and obese AMA women were at increased risk of preterm deliveries,
foetal death, NICU, LGA, Caesarean delivery and preeclampsia.

AMA women with GDM were at increased risk of preterm delivery (<28 weeks
gestation), foetal death, shoulder dystocia, LGA, preeclampsia and NICU.

Pregnant women aged 35 years old or older with the following risk factors:
preeclampsia, GDM, overweight or obesity and smoking, were distinct high-risk
groups and should be identified early in pregnancy to ensure close surveillance
during pregnancy for the potential complications for which they have an increased
risk.
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8 Recommendations

8.1 RECOMMENDATIONS FOR FURTHER RESEARCH

1.

In this study, the pregnancy outcomes of AMA women were not explored by
dividing the AMA women into smaller age categories or by parity. In future
research, this kind of classification into older age categories of 35-37 years and 38-40
years, as well as into primiparous and multiparous women, could bring more
specific information related to the occurrence and prevalence of the adverse
pregnancy outcomes and the increase of risks.

An interventional study design aiming to experiment and develop some practices for
one of the risk groups of AMA women explored in this study could outline new
models for the maternity care of these AMA women to detect the possible
complications early and prevent further harm. This kind of intervention could be
applied to, for example, obese pregnant AMA women.

A qualitative study on Finnish AMA women’s perceptions of age-related pregnancy
risks and complications, as well as decisions regarding postponing pregnancy, could
uncover and clarify issues of later childbearing, which could help health
professionals to better understand the factors related to this phenomenon.

8.2 RECOMMENDATIONS FOR MATERNITY CARE SERVICES

In maternity care, the issues related to later childbearing should be included in the
content of women’s routine visits to public health nurses, general practitioners (GP)
and gynaecologists more systematically, for example, via a pap-screening
programme, for which women from 30 years of age upwards are invited.

Developing maternity care services further should include developing the care
during pregnancy by targeting the visits more towards risk-groups, and by assessing
the potential risks systematically in the beginning of pregnancy, which would later
determine the need for care.

More education on age-related pregnancy risks and complications should be
organized, especially for those public health nurses and GPs who work at smaller
maternity care clinics with fewer pregnant (AMA) women under their care to ensure
that their professional development and skills stay at a sufficient level.
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