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Agrip

Inngangur: Synt hefur verid fram a ad sveiflur & efnahagséastandi pj6éda geta
haft ahrif a lydheilsu. Hinsvegar er ekki mikid vitad um ahrif slikra sveiflna &
heilsu maedra og faedingaratkomur. Nidurstédur peirra rannsékna sem gerdar
hafa verid hafa verid misvisandi. Meginmarkmid pessa doktorsverkefnis var
ad rannsaka moguleg ahrif islenska efnahagshrunsins, haustid 2008, a heilsu
barnshafandi kvenna og faedingaritkomur. Ennfremur ad kanna ad hversu
miklu leyti efnahagsastandid & islandi skyrdi mégulegar heilsufarsbreytingar
hja ofangreindum konum og afkveemum peirra.

Efni og adferdir: | rannsékn | var notad slembitrtak Gr Feedingaskra islands
sem samanst6d af 1329 konum sem eignudust bérn a timabilinu 2001 til
2010. Upplysingum um reykingavenjur & medgongu, likamspyngdarstudul og
lydfreedilegar upplysingar um modur voru fengnar Ur Faedingaskrd og ur
maedraskram. Notud var logistisk og linuleg adhvarfsgreining til ad reikna
breytingar & reykingum a medgongu, likamspyngdarstudli og offitu eftir arum
og eftir lydfraedilegum bakgrunnspattum maodur.

I rannséknum 1I-IV var Feedingaskrain notud til ad bera kennsl & allar
konur sem feeddu lifandi einbura & arunum 2002 til 2012 (2006-2009 fyrir
rannsékn 1ll). Upplysingum um medgéngutengda haprystingssjukdéma
(medgobnguhaprystingur, medgdngueitrun) og éhagsteedar feedingaritkomur
(Iéttburafeedingar, fyrirburafaedingar, vaxtarskerding i maddourkvidi), auk
lydfraedilegra upplysinga um médur og fédur voru fengnar ar Faedingaskra en
upplysingar  um notkun haprystingsleekkandi lyfla  (B-blokkar,
kalsiumgangalokar) fengust Gr Lyfjagagnagrunni. Efnahagsvisar islands voru
fengnir fra Hagstofu islands. Ldgistisk adhvarfsgreining var notud til ad meta
breytingar a4 medgoéngutengdum haprystingssjakdomum og notkun a
haprystingslaekkandi lyfjum, auk breytinga & 6hagsteedum faedingaratkomum
a arunum eftir efnahagshrunid, samanborid vid arin fyrir hrun.

Nidurstodur: Nidurstodurnar gefa til kynna ad arlega hafi dregid ur
reykingum (gagnlikindahlutfall (GLH) 0.94, 95% 6ryggismork (OM) 0.88-1.00)
& medal Ofriskra kvenna & islandi & fyrsta aratug aldarinnar. A sama tima
virdist ekki hafa ordid markteek breyting & tidni offitu hja 6friskum konum
(GLH 1.02, 95% OM 0.96-1.07). Haesta tidni reykinga & medgongu og offitu
virdist hafa verid i addraganda efnahagshrunsins, eda a arunum 2005 til
2006.

Nidurstodur er varda heilsu barnhafandi kvenna gefa til kynna ad konur
sem voru ofriskar & fyrsta arinu eftir hrun voru i aukinni ahaettu fyrir



medgonguhaprystingi (GLH 1.47, 95% OM 1.13-1.91) samanbori® vid konur
sem voru ofriskar fyrir hrun, med samsvarandi aukningu i notkun B-blokka a
pessu sama timabili (GLH 1.43, 95% OM 1.07-1.90). bessi aukning virdist
hafa verid bundin vid fyrsta arid eftir hrun og sast ekki pegar lengra dro fra
hruni. Ennfremur, pegar leidrétt var fyrir atvinnuleysisstigi pa hvarf pessi
aukning sem gefur til kynna ad dypt kreppunnar, maeld med atvinnuleysisstigi
i landinu, sé skyringin & peim tengslum sem fundust. Engin breyting vard a
tidni medgongueitrunar eftir efnahagshrunio, samanborid vid arin fyrir hrun.

Nidurstédur er varda feedingaltkomur gefa til kynna aukna aheettu a
faedingum léttbura & fyrsta arinu eftir efnahagshrunid (GLH 1.35, 95% OM
1.12-1.63), samanborid vid arin fyrir hrun. bessi aukning virtist vera bundin
vio fyrsta arid eftir hrun og sast ekki pegar lengra dr6 fra hruni. S aukning
sem vard a léttburum eftir hrun virdist ad einhverju leyti vera tilkomin vegna
vaxtarskerdingar i moédurkvidi. A fyrsta ari eftir hrun vard aukning a
vaxtarskertum nyburum (GLH 1.11, 95% OM 1.00-1.23) sem virtist vera
vidvarandi Gt rannséknartimabilid (GLH 1.08, 95% OM 1.01-1.16). begar
leidrétt var fyrir efnahagsvisum pé hvarf pessi aukning & faedingum léttbura
0g vaxtarskertra barna, sem gefur til kynna midlunarahrif af efnahagsastandi i
landinu. Ennfremur gefa nidurstédurnar til kynna ad bdérn ungra kvenna,
peirra sem ekki voru i sambid og foreldra par sem badir voru an launadrar
atvinnu, voru i aukinni ahzettu 4 ad faedast of Iétt eda vaxtarskert i kjolfar
efnahagshrunsins samanborid vid somu hoépa fyrir hrun. Engar marktaekar
breytingar urdu a tioni fyrirburafeedinga eftir hrun, samanborid vio fyrir hrun.

Alyktun: Nidurstddurnar gefa til kynna ad efnahagshrunid & islandi hausti®
2008 hafi haft neikvaed ahrif & heilsu barnshafandi kvenna og &
faedingaltkomur peirra. Nanar tiltekid pa virdist efnahagshrunid hafa valdio
aukningu a medgonguhaprystingi og notkun héaprystingsleekkandi lyfja a
fyrsta og alvarlegasta ari efnahagsprenginganna, auk pess ad hafa haft
neikveed ahrif & voxt barna i modurkvidi. Neikveed ahrif efnahagshrunsins a
fésturvoxt virdist hafa verid mest hja vidkveemustu hépum pjédfélagsins sem
ytir undir 6j6fnud i feedingalutkomum eftir pjodfélagshopum & timum
efnahagsprenginga. Oliklegt verdur ad teliast ad neikvaed ahrif
efnahagshrunsins & heilsu barnshafandi kvenna og faedingadtkomur hafi
verid midlad i gegnum verri heilsuhegdun hja barnshafandi konum.

Lykiloro:

Efnahagskreppur, heilsuhegdun, haprystingssjukdomar & medgongu,
Ohagsteedar faedingaltkomur, pjodhagfraedileg stada



Abstract

Background and aims: Macroeconomic fluctuations have shown various
effects on population health, but the evidence base for their influence on
maternal health and birth outcomes is scarce and inconclusive. The overall
aim of this thesis was to examine the potential effect of the 2008 economic
collapse in Iceland on maternal diseases and health behaviors during
pregnancy as well as on adverse birth outcomes. Furthermore, we aimed to
explore the effect of the surrounding economic climate in Iceland on potential
changes in the health of the pregnant women and birth outcomes.

Material and methods: In study | we used a random sample of 1329 births
occurring between 2001, and 2010. Information on maternal smoking status,
body mass index and demographic characteristics were retrieved from the
Icelandic Medical Birth Registry and maternity records. Trends in continued
smoking into the second trimester of pregnancy, obesity, and body mass
index were assessed using logistic and linear regression analyses. Logistic
regression analysis was used to calculate the annual odds of smoking and
obesity, both overall and by maternal demographic characteristics. In studies
II-1V, the Icelandic Medical Birth Registry was used to identify all women
giving birth to live-born singletons between the years 2002 and 2012 (2006-
2009 for study I11). Information on pregnancy-induced hypertensive disorders,
birth outcomes, and parental demographic characteristics were retrieved from
the Birth Registry and use of antihypertensive drugs during pregnancy,
including B-blockers and calcium channel blockers, from the Icelandic
Medicines Registry. Information on the aggregate economic climate was
retrieved from Statistics Iceland. With the pre-recession period as a
reference, we used logistic regression analyses to assess changes in
pregnancy-induced hypertensive  disorders, prescription fills  for
antihypertensive drugs and adverse birth outcomes during the recession
years.

Results: There was an annual decrease in continued smoking (odds ratio
(OR) 0.94, 95% confidence interval (Cl) 0.88-1.00) among pregnant women
in Iceland giving birth during the first decade of the 21st century, whereas no
significant changes in obesity were observed (OR 1.02, 95% CI 0.96-1.07).
The highest prevalence of maternal smoking and obesity was observed in the
years leading up to the economic collapse or in 2005 to 2006.



With regard to maternal diseases and using the pre-recession period as a
reference, we observed an increase in gestational hypertension during the
first recession year (OR 1.47, 95% CI 1.13-1.91) with a concurring increase
in prescription fills for B-blockers during the same year (OR 1.43, 95% CI
1.07-1.90). The increase was confined to the first recession year and was not
observed in the subsequent recession years. Furthermore, the increase
disappeared when adjusting for aggregate unemployment rate, indicating that
the economic conditions, as proxied by aggregate unemplyment, is the
reason for the observed effects. No changes were observed for preeclampsia
or in prescription fills for calcium channel blockers between the pre-recession
and recession periods.

With regard to adverse birth outcomes and using the pre-recession period
as a reference, we observed an increase in low birth weight during the first
recession year (OR 1.35, 95% CI 1.12-1.63) but not during the subsequent
recession years. Furthermore, we noted an increase in small for gestational
age births, both during the first recession year (OR 1.11, 95% CI 1.00-1.23)
and the subsequent three recession years (OR 1.08, 95% CI 1.01-1.16). The
observed increase of low birth weight and small for gestational age births
were attenuated when adjusting for aggregate economic indicators.
Moreover, the findings indicated infants born to young women, those not
cohabitating and parents not working paid labor-market jobs, were at higher
risk for these adverse birth outcomes during the recession years compared
with their peers during the pre-recession years. No significant change was
observed for preterm births between pre-recession and recession periods.

Conclusions: The findings of this thesis lend support to the notion that the
2008 economic collapse in Iceland had adverse effects on the health of
pregnant women and their offspring in Iceland during the first four years of
the economic recession. More specifically, the findings indicate a transient
increase in gestational hypertension and in the use of B-blockers during the
first and most severe year of the economic recession, as well as a negative
influence on fetal growth, which was particularly observed among the most
vulnerable groups of the society, resulting in widening disparities in birth
outcomes in Iceland during the recession.

Keywords:

Economic recession, health behaviors, pregnancy-induced hypertensive
disorders, adverse birth outcomes, macroeconomic conditions
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1 Introduction

The 2008 global financial crisis (hereafter referred to as the Great Recession)
has resulted in the most widespread economic downturn since the Great
Depression of the 1930s. It adversely affected the world economy, even in
countries with stable macroeconomic fundamentals. The Great Recession
was characterized by synchronous crises in the global financial system,
employment and in housing markets. In the United States (US), the
unemployment rate rose from 4.6% in 2007 to a peak of 10.1% in October
2009, resulting in an additional 7.9 million unemployed individuals. In Europe,
the unemployment rate rose from 7.3% in December 2009 to 10.1% in April
2009, with significantly larger rises in Spain and Ireland (1).

Those rapid changes caused concern regarding consequences for
population health - concerns that are supported by a long line of research
indicating a detrimental effect of low income and unemployment on health at
the individual level (2, 3). In a recent meta-analysis including 42 studies,
Roelfs and colleagues (3) reported a 63% higher risk of all-cause mortality
among individuals who had experienced unemployment compared with those
who had not experienced unemployment. This increase persisted even after
adjusting for potential confounders, affecting the association between
unemployment and mortality (i.e. health status prior to unemployment and
health behaviors following an employment change). With respect to
psychological health, a recent meta-analysis found unemployed individuals to
be considerably more likely to suffer from a wide range of psychological
morbidity, including distress, depression, anxiety, psychosomatic symptoms,
as well as decreased well-being and self-esteem, compared with employed
people (2).

While the link between socioeconomic status (SES) and health is quite
well established at the individual level, the link between economic changes at
the aggregate level and health is less clear cut. Early studies in this field
suggested an increased mortality and morbidity during times of economic
downturns (4-6), which harmonized well with findings from individual level
studies linking financial stress to ill health (2, 3). However, in 2000, Ruhm (7)
published an influential study, contradicting the previous findings by
demonstrating strong evidence for decreased mortality during short-term
macroeconomic recessions in 50 US states between 1972 and 1991. Several
subsequent studies using data from other countries have substantiated



Ruhm’s findings (8-12), although some variation in findings exists across
settings (i.e. in terms of time, countries, welfare systems etc.). However, not
all later studies have observed improved population health during
macroeconomic downturns. Some report null findings (13, 14), while other
report declining indicators of health (15, 16). Indeed, using techniques similar
to Ruhm’s, although with additional adjustments for demographic and lifestyle
factors, Economou and colleagues (16) analyzed data from 13 European
Union countries during a twenty-year time period, 1977-1996, and found that
when unemployment rate increased by one percentage point, the mortality
rate increased by 1.54 per 100,000 inhabitants.

While mortality is the most commonly used health indicator in studies
examining the association between macroeconomic conditions and health,
other indicators of health have also been investigated, such as psychological
health. Indeed, findings of studies examining the effect of macroeconomic
conditions on psychological health have very much been in concordance,
indicating worsened psychological health (17, 18) and increased suicides
rates (7, 13, 19-21) during times of economic recessions. A recent systematic
literature review indicates that economic recessions are significantly
associated with increased rates of common psychological morbidity,
substance related disorders and suicidal behaviors. The authors conclude
that the increase in these disorders is most likely mediated by increases in
unemployment, income decline, and unmanageable debts among affected
individuals (17).

Thus, it is clear that there is a discrepancy between findings from
individual vs. aggregate-level studies that is hard to reconcile. However, most
of the aggregate-level research conducted prior to the year 2008 is based on
normal oscillations in the macroeconomy. The Great Recession represented
considerably more severe economic conditions, potentially affecting
individuals differently than normal economic fluctuations. This hypothesis is
supported by a recent review of 85 studies which found that the literature
from aggregate and individual level studies on the Great Recession is in
more correspondence compared to the pre-Recession literature. The main
conclusion of this review is that the Great Recession had an overall
detrimental impact on health. Job loss and financial strain led to increased
risk of psychological distress as well as adverse physical symptoms and
suicides, where both vulnerable (i.e. those who suffered from job-, income-,
or housing loss) as well as less vulnerable groups seemed to have been
negatively affected by the Great Recession (22). Furthermore, there is
evidence for a greater health impact of economic recessions in sensitive



populations, e.g. with lower societal protection while countries investing in
active labor market programs and general societal protection seem to be less
affected (13, 22).

1.1 The effect of the Icelandic economic collapse on
inhabitants’ health

Iceland was one of the countries particularly hard hit by the Great Recession,
starting with a collapse of the country‘s banking system in the beginning of
October 2008, subsequent emergency laws and currency restrictions in order
to hinder the flow of capital out of the country (23). The economic collapse in
Iceland did not only affect the financial market but also the political landscape
of the country. As a response to what Icelanders experienced as negligence
and corruption, mass protests took place outside the Parliament with
demands for a resignation of the sitting government, resulting in a cabinet
change in April 2009. The economic collapse in Iceland had a considerable
effect on the country’'s macroeconomic environment. During the four years
preceding the collapse, Iceland had been experiencing an economic boom
with a 6% average annual growth in gross domestic product (GDP) (Figure 1)
and an extremely low unemployment rate, i.e. an annual rate around or below
3% (Figure 2). During the first year following the economic collapse in Iceland
the GDP declined by 6.5 percentage points and the unemployment rate more
than doubled.

The decline in GDP in Iceland was larger than declines experienced by
other hard-hit countries, such as Spain and Ireland (24). With a sharp
devaluation of the Icelandic krona and 80 percent of the household debt
indexed to inflation (23), up to 50% of Icelandic households had difficulties
covering expenses through the pay period in 2010 and 2011 (25). However,
despite the sharp bust, the recovery of the Icelandic economy was unusually
quick (24), with economic growth realized already in 2011 (Figure 1).
Furthermore, the unemployment rate has dropped since its peak in 2010 and
was 4% by the end of 2015.
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The largely unforeseen collapse of the nation’s economy came as a shock for
the majority of Icelanders and undoubtedly represented a great stressor that
affected the majority of the nation‘s inhabitants in some way or another.
Studies examining the health consequences of the Icelandic economic
collapse have indicated an increase in sickness and sickness absence
among employed individuals (26), as well as an immediate increase in self-
reported stress (27) and depression symptoms (28), where the increase in
stress was found to be mostly confined to unemployed women and women
holding non-skilled positions (27), while no gender differences were observed
with respect to depressive symptoms (28). However, no overall increase in
attendance rates due to suicide attempts or self-harm was observed following
the economic collapse (29). Furthermore, a short term increase in attendance
to the cardiac emergency department was observed, where women seemed
to have been particularly affected (30). On the contrary, Asgeirsdottir and
colleagues (31) did find evidence of increased risk of hypertension, although
only among men, following the collapse. Moreover, the adverse effects of the
economic collapse on health were more apparent among individuals with low
income, with increased male health-income inequalities after the collapse
while health disparities remained stable among women (32). Asgeirsdottir
and colleagues (24) used individual-level data to examine the effect of the
Icelandic economic collapse on health behaviors from a pre-crisis boom
2007, to a deep crisis in 2009, to recovery in 2012. They reported a decline in
health-compromising behaviors (e.g. smoking, heavy drinking, intake of
sugar-sweetened drinks, sweets and fast food) immediately following the
economic collapse in 2009 as compared to the pre-collapse rates; all of
which continued to decline throughout 2012 (except sweets). Furthermore, an
improvement in some health-promoting behaviors following the economic
collapse was observed across the three waves of assessment, although the
pattern varied by behavior. Fruit consumption declined first after the
economic collapse but had reached its pre-collapse level in 2012. Fish oil
consumption increased during the crisis and continued to increase in the
recovery, while vitamin supplementation remained unchanged during the
crisis but increased in the recovery. Similar findings of reduction in smoking
(383, 34) and improved nutrition (35) following the economic collapse have
been reported in other studies. Lastly, McClure and colleagues (36) did not
find indications of worse dental health behaviors during the crisis, despite the
fact that dental cost is not reimbursed by the Icelandic health insurance
system.



1.2 Financial strain, maternal health and health behaviors

Considering the plausible link between economic recessions and declining
health in the general population, the potential effect of the Great Recession
on women of reproductive age and pregnant women has been a matter of
concern. Unemployment and decreased income as a result of the recession
could potentially push a larger proportion of women into economically
disadvantaged groups of the society, which again could affect their health
status, the course of their pregnhancies, and birth outcomes. Ensor and
colleagues (37) recently reported a modest increase in maternal mortality
during times of economic recessions in 14 high and middle income countries
during the 20™ century. This increase was observed early during the last
century among the high income countries and later in middle income
countries, suggesting that countries at early stage of development are more
vulnerable to macroeconomic fluctuations than the more developed
countries.

Below, the literature on economic conditions and maternal health and
health behavior during pregnancy as well as birth outcomes will be
summarized. First, general background information on these topics is
provided, followed by a discussion on how individual financial status, on one
hand, and macroeconomic conditions, on the other, can affect the process of
pregnancy and birth outcomes. Findings from individual-level and aggregate-
level studies will be discussed separately throughout this chapter. This is
followed by a discussion on the potential mechanisms linking economic
contractions to changes in maternal health and birth outcomes.

1.2.1 Individual financial status, maternal health and health
behaviors

It is well established that SES is a strong indicator for general health,
including maternal health, with worse health conditions being more prevalent
among people in the lowest SES groups of the society (38). The suggested
contributing factors to this socioeconomic gradient in health are numerous,
including destructive coping behavior, suboptimal health behavior or even
risk taking behavior, as well as psychological stress due to financial strain
associated with unemployment or low-wage employment (38). Studies
exploring the socioeconomic health disparities among the pregnant
population have shown that compared with women with high SES, those with
the lowest SES are more likely to suffer from various medical conditions,
such as pre-pregnancy (39) and gestational diabetes (40), pre-existing (39)
and pregnancy-induced hypertension (41, 42), as well as obesity (39).



Furthermore, maternal smoking is more common among women with low
SES. In a US study, the prevalence of smoking during pregnancy was 18%
among women with low SES compared to 1% among women with high SES
(39). A similar socioeconomic gradient in smoking was found among
pregnant women in the Nordic countries where women with low SES were 6-
7 times more likely to smoke compared to women with high SES (43). Other
suggested explanations for this socioeconomic gradient in maternal health
are increased susceptibility among women with low SES to contagious
infections such as influenza (44) and bacterial vaginosis (45), increased risk
of being nutritionally deprived (46), and higher exposure to psychosocial
stress and general hardship (47) compared with women with high SES.

1.2.2 Macroeconomic conditions and maternal health behaviors

Prior studies on the association between macroeconomic contractions and
health behaviors have yielded mixed results. Some studies report improved
health behaviors in the general population (7, 48, 49), while other report more
suboptimal health behavior during times of recessions (50). Two studies have
explored this association among the pregnant population (51, 52). Firstly, in a
study of US births between 1979 and 1999, Dehejia and Lleras-Muney (51)
found that increases in unemployment rates in the year of conception was
associated with an overall decrease in maternal smoking and alcohol intake
during pregnancy. Contrary to these results, the second study did not find
economic contractions (as proxied with unemployment rate higher than
expected) to be associated with maternal smoking or (inadequate/excessive)
gestational weight gain. Furthermore, the authors found economic
contractions to be associated with a 15% increase in the risk of alcohol intake
during pregnancy (52). Thus, the findings on the effects of macroeconomic
contractions on maternal health behaviors are mixed and more studies are
needed in order to draw sound conclusions on this matter.

1.3 Financial strain and pregnancy-induced hypertensive
disorders

Pregnancy-induced hypertensive disorders are among the most common
health complications during pregnancy, with a prevalence ranging from 4% to
10% (53, 54). These disorders carry substantial risks for both pregnant
women and their fetuses/babies and are the leading cause of maternal and
perinatal mortality throughout the world (54). The disorder is defined as
hypertension with new-onset after 20" completed week of gestation and
ranges from hypertension alone (gestational hypertension) through



proteinurea, multiorgan dysfunction (preeclampsia), seizures, and coma
(eclampsia) (53). The pathophysiology of pregnancy-induced hypertensive
disorders is still relatively unknown. Gestational hypertension and
preeclampsia share several known risk factors, including high maternal age,
twin pregnancies, preexisting medical conditions such as renal or cardiac
disease, diabetes, and obesity (55). Furthermore, nulliparity, family history of
preeclampsia or preeclampsia in previous pregnancies are associated with
increased risks of preeclampsia while smoking during pregnancy is
associated with reduced rate of preeclampsia (56) and, to somewhat lesser
degree, reduced rate of gestational hypertension (57).

1.3.1 Individual economic conditions and pregnancy-induced
hypertensive disorders

Low SES is a known risk factor for hypertension (58), cardiovascular disease
(59), and metabolic syndrome (60). Furthermore, psychological distress,
employment insecurity and unemployment have been found to increase the
likelihood of developing hypertension (61, 62). Thus, these factors have also
been suggested to increase the risk of pregnancy-induced hypertension as
these disease entities (i.e. cardiovascular diseases and pregnancy-induced
hypertension) share some common antecedents (63). However, there are
relatively few studies that have examined the effect of SES or employment
status on pregnancy-induced hypertensive disorders. Earlier studies have
focused primarily on preeclampsia and most, but not all (64, 65), report an
increased risk of preeclampsia among unemployed (66) and more
socioeconomically deprived women (41, 67, 68). Studies focusing on
gestational hypertension show more mixed findings. Of the three identified
studies that evaluated SES in relation to gestational hypertension, two
reported null findings (64, 68), while one found a modest increased risk of
gestational hypertension among women with low SES (42). To conclude,
findings of existing studies suggest low SES to be a risk factor for
preeclampsia while the evidence for an association between SES and
gestational hypertension is inconclusive. Whether this association is
mediated by psychosocial stress or other maternal characteristics (e.g.
obesity), which are generally higher among low SES women (39), remains to
be studied.

1.3.2 Macroeconomic conditions and pregnancy-induced
hypertensive disorders

The literature on the effect of macroeconomic conditions on maternal health
during pregnancy is very scarce with no study, to the best of my knowledge,



examining the effect on pregnancy-induced hypertensive disorders. However,
as pregnancy-induced hypertensive disorders and cardiovascular diseases
share many common risk factors (63), an overview of studies examining the
association between macroeconomic conditions and cardiovascular diseases
will be provided. Most aggregate level studies in this field have focused on
mortality due to cardiovascular diseases while very few studies have focused
on cardiovascular morbidity or its main risk factor, hypertension. Findings on
the effect of macroeconomic conditions on cardiovascular mortality are
mixed. Some studies have reported a decrease in cardiovascular mortality
during economic recessions (7, 8, 10, 69, 70), while others have found an
increase in mortality (14-16, 71). Stuckler and colleagues (71) reported a
6.4% increase in male cardiovascular mortality rates during the first year
following banking crises in 19 high income countries. Furthermore,
Asgeirsdottir and colleagues (31) found an increase in hypertension among
males following the economic collapse in Iceland, as compared to the year
before the collapse.

1.4 Financial strain and birth outcomes

Infants born preterm, or before completed gestational week 37 are often born
with low birth weight (LBW), which is defined as birth weight below 2,500
grams. However, birth weight is also determined by the fetal growth rate. In
cases where a fetus is growth restricted in utero, it can be born with LBW
despite being carried full-term. It is then considered to be small for
gestational age (SGA), i.e. to have a low birth weight for gestational age.
Although SGA is a statistical definition and intrauterine growth restriction is a
dynamic condition, SGA is a common proxy for intrauterine growth restriction
(IUGR). The most commonly used definition of SGA is birth weight in the
lowest 10t percentile of a fetal (or neonatal) growth curve, which is usually
sex-specific and customized depending on the population being examined.
However, as constitutionally small infants can inappropriately be categorized
as SGA, a stricter approach is to use two standard deviations below the
mean weight as a cut-off for SGA infants, who are then typically more growth
restricted. Birth weight and gestational length both serve as markers of the
intrauterine environment, with LBW and short gestational length indicating
adverse conditions in utero. Infants born small for their gestational age or
preterm are at increased risk of infant mortality (72) and short- and long-term
morbidity, including respiratory health, cerebral palsy, as well as range of
neurobehavioral abnormalities that are strongly correlated with immaturity at
birth (73). As birth outcomes are highly associated with subsequent health,



they are commonly used as proxies for the health status of a nation. National
numbers on LBW and preterm birth (PB) are objectively measured and
routinely published both nationally and internationally. The worldwide
prevalence of PB and LBW is estimated to be 11.1% and 15.0%,
respectively, with the highest rates in some African and Asian countries while
European countries generally have low rates (74, 75).

There are many factors that influence fetal growth and gestational length,
both at the individual level and community level (76). Further, it is known that
the factors influencing gestational length may differ from the factors
influencing fetal growth, indicating the importance of separating these two
birth outcomes when reviewing the literature (77). Table 1 gives an overview
of well-established direct risk factors for IUGR and PB (77, 78). Smoking
during pregnancy has consistently been found to be a robust predictor of PB
and LBW (79). Infants, whose mothers smoke during pregnhancy, are 2.5
times more likely to be born with LBW and 1.3 times more likely to be born
preterm, compared to infants of non-smoking mothers (77). Low pre-
pregnancy body mass index has also been linked with PB and LBW. In
addition, low energy intake during pregnancy has been shown to predict
slower fetal growth (79).
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Table 1. Risk factors of in utero growth restriction (IUGR) and preterm birth (PB)

Risk factors IUGR PB
Cigarette smoking X X
Low weight gain during pregnancy X
Low body mass index X X
Primiparity X
Short stature X
Pregnancy-induced hypertensive disorders X X
Non-white race X
Congenital malformation X
Alcohol and drugs X
Multiple birth X
Incompetent cervix X
Prior preterm birth X
Abruptio placentae X
Heavy work X
Genitourinary tract infection and inflammation X
Adverse psychological factors X X
Air pollution X
Stress X X

1.4.1 Individual financial conditions and birth outcomes

A socioeconomic gradient in birth outcomes has been repeatedly established
in previous studies, with higher rates of intrauterine growth restriction and
preterm births associated with increasing socioeconomic disadvantages (39,
77, 78, 80-87). In 2011 in the US, the prevalence of LBW was approximately
13% among the most disadvantaged group while it was just below 4% among
the most advantaged mothers (39). Such disparities in birth outcomes,
although to a lesser degree, have also been documented in countries with a
smaller gap between the rich and poor (77). For example, in the Nordic
countries, with their universal health care systems and general equity,
women with less than 10 years of education had between 1.4 to 2 fold
increased risk of PB compared with women with >12 years of education (88).
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Similar socioeconomic gradient in fetal growth by education is also apparent
in the Nordic countries (89). However, SES per se is most likely not a direct
risk factor for adverse birth outcomes, but rather works through multiple and
interrelated behavioral and psychological risk factors as well as medical
conditions, which are accumulated among women with low SES. In Western
societies, smoking during pregnancy is the most important mediator between
socioeconomic status and adverse birth outcomes (39, 77, 90). Other
mechanisms include unhealthy behavior, such as inactivity and poor diet
(46), psychological- and financial stress and chronic health conditions, such
as hypertensive disorders (39, 41, 42), diabetes (39, 40) or obesity (39),
which are more prevalent among women in the lower socioeconomic groups
of the society as discussed above.

Although an abundance of studies exists focusing on the socioeconomic
gradient in birth outcomes, only three individual level studies were identified
examining the isolated effect of economic changes, as proxied by change in
parental employment status, on birth outcomes. Job loss shortly before or
during pregnancy could represent a stressor potentially contributing to LBW
and PB. This hypothesis was tested by Dooley and Prause (91) where they
examined the association between maternal shift from adequate employment
to involuntary part-time employment, unemployment, or poverty wage
employment during pregnancy and subsequent birth outcomes. The results
indicate that infants born to women, who shifted from adequate employment
to involuntary part-time employment or unemployment during pregnancy,
were significantly lighter compared with infants of women who remained
adequately employed during pregnancy. Interestingly the effect size was
larger among involuntary part-time employed women [ standard error (SE) =
-418.0 (165.2)] than among the unemployed women [ (SE) = -185.4 (77.2)],
suggesting that this type of unemployment is particularly detrimental for birth
outcomes (91). Similarly, using individual level data Lindo (92) explored the
extent to which health effects of displaced male workers extend to the
birthweight of their subsequent children. The findings indicate that a
husbands’ job displacement decreased the birth weight of subsequent
children by 4.7% (approximately 140 g) compared with siblings born before
the displacement; a decrease which was not ameliorated by re-employment
of the father. The last study identified is a Danish study, examining the effect
of work per se on birth weight. The authors report no significant association
between any of the work categories, including a category of women working
during the first trimester while unemployed during late pregnancy, and birth
weight. However, it is not clearly explained whether the unemployment during
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late pregnancy was due to involuntary job loss or due to other causes (i.e.
inability to work or choosing not to work during pregnancy) which is likely to
affect women’s perception of the unemployment status (93). To conclude, the
existing individual level studies seem to indicate an adverse effect of
involuntary parental employment change on their subsequent children’s birth
weight, although more studies are needed to support that claim.

1.4.2 Macroeconomic conditions and birth outcomes

The findings of aggregate level studies that have examined the association
between economic contractions and birth outcomes differ by population and
methodology. Of studies reporting higher prevalence of adverse birth
outcomes during times of economic contraction (94-102), a few are especially
noteworthy. Firstly, Bozzoli and Quintana-Domeque (101) investigated the
effect of the Argentina macroeconomic recession in 2001-2002 on birth
weight and found that the average birth weight decreased by approximately
35 grams during the recession and there was also an increase in the
incidence of low birth weight. Moreover, the recession affected birth weight
differently by the pregnant women's SES, with larger effects in the lower
socioeconomic strata. Secondly, two studies have examined the effects of
anticipating an adverse change in economic conditions on birth weight.
Carlson (98) found that birth weight deteriorated by 15-20 grams in
anticipation of job loss events that were announced with substantial
forewarning in four states in the US. By separating the anticipatory effects
from the actual job loss, it was demonstrated that direct consequences of job
loss on birth weight were ruled out. The findings from this study suggest that
the arrival of bad news about the local economy can indeed generate a wave
of stress or unhealthy coping mechanism that lead to a decrease in birth
weight. Similar anticipatory effects were observed by Catalano and Serxner
(94), who report an increase in low birth weight following an ambient threat to
employment security in Sacramento, California 1979. Lastly, Catalano and
colleagues (95) and Margerison-Zilko and colleagues (97) reported an
increased risk of very LBW and SGA, respectively, among infants born to
mothers who had been exposed to high unemployment rate during
pregnancy. On the contrary, unemployment rate was not found to be
associated with LBW in New York between 1970 and 1986 (103), and
Tennessee between 1970 and 1989 (104). Also, no changes in LBW were
observed during the recession in Sweden during the 1990’s (105). In
contrast, one study reported birth weight to be higher during times of
economic contraction (51). In a comprehensive analysis, Dehejia and Lleras-
Muney (51) matched the yearly average unemployment rate in the US with
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birth certificates from 1975-1999. The authors reported that babies that were
conceived during times when the unemployment rate was high had a reduced
incidence of low and very low birth weight. The authors suggest that selection
of pregnancies (reduced fertility among poorer families) and improved health
behavior (less smoking and drinking) of the pregnant women may be likely
explanations for the observed improvement in infant health (51). To
summarize, the findings from the aggregate level studies are somewhat
inconclusive, although the majority of the identified studies seem to be in line
with the findings of individual level studies, i.e. indicating shorter gestations
and lighter newborns during economic downturns.

1.5 Biopsychosocial model associating recessions to
hypertensive disorders and adverse birth outcomes

There are a number of routes through which recession may impact the
process of pregnancy and birth outcomes. A hypothetical model of possible
pathways linking economic recessions to the process of gestation and birth
outcomes is presented in figure 3.

On a macro-level, recessions typically lead to a general contraction of
economic activity in communities (d) and elevated in unemployment rates (b).
A subsequent decrease in governmental resources typically results in cuts in
public services such as health care and educational and social systems (d)
(106, 107). At the individual level, economic contractions can have
heterogeneous effects. Lay-offs at work places (a) are one appearance that
leads to loss of income for those affected (e), both at the individual (e) and
family level (c) (108). Those who remain employed may accept cuts in wages
(e) or an increase in work load in order to maintain their jobs (b). Job
insecurity and unemployment are associated with worse psychosocial health,
including stress (f) (109-111). Psychosocial stress and/or loss of resources,
at the individual level, may lead to changed nutritional habits (better or worse)
(i) (24, 112), changed sleep pattern (both in terms of increased and
decreased sleep) (112, 113, 114), changes in personal care (i) or to negative
coping behavior, i.e. smoking (j) (115, 116). Evidence links these multiple
pathways with physiological changes to the endocrine-, immune- and
cardiovascular systems (I) of pregnant women (117-119), which in turn may
affect the length of gestation and/or fetal growth (120-122).
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Figure 3. Plausible mechanisms connecting economic contraction to gestational
outcomes - a hypothetical model. Adapted from Economic contraction and birth
outcomes: an integrative review with the curtesy of Margerison-Zilko (123).

1.5.1 The biological channel linking stress to maternal health and
adverse birth outcomes

The study of the influence of stress on the process of pregnancy and birth
outcomes became of interest in the early 1990‘s due to the fact that even a
complete analysis of known risk factors did not adequately account for the
variation in the rates of adverse birth outcomes (76, 124). The biological
channel linking stress to adverse birth outcomes involves the hypothalamic-
pituitary adrenal (HPA) axis. When individuals are faced with stressful stimuli,
either due to psychosocial or acute stress, the HPA axis is activated to
prepare for the appropriate responses (fight or flight response). Upon
activation, the HPA axis secretes corticotrophin-releasing hormone (CRH)
which acts upon the adrenal glands to produce the stress hormone cortisol
(125). In general, the stress response is designed to be of limited time and
the resulting changes in hormonal- and neurotransmitter activity are restored
to equilibrium within minutes or hours. However, when stress is chronic or
excessive, these adaptive mechanisms may fail, resulting in a prolonged
activation of the HPA axis which can ultimately cause disease (121, 126).
CRH plays an important role in fetal maturation and in the process of
parturition. Studies have found a strong correlation between maternal
psychological stress, high levels of circulating CRH in early to middle
pregnancy and preterm birth as well as pregnancy-induced hypertension
(127-130). Increased levels of stress hormones (i.e. cortisol and
catecholamines) may also impair fetal growth by restricting the uteroplacental
perfusion, leading to a decrease in the availability of oxygen and nutrition to
the fetus (125, 126, 131). Further, abnormal activity of the HPA-axis during
pregnancy (e.g. due to maternal stress) may have a lasting ‘programming’
effects on the physiological and behavioral development of the offspring,
resulting in increased risk of cardiovascular disease, metabolic syndrome and
psychopathology later in life (125, 132).

15



There are several epidemiological findings indicating that psychosocial
stress is involved in the etiology of pregnancy-induced hypertensive
disorders. Studies have found an increased risk of both gestational
hypertension and preeclampsia among women who report high work-related
stress (133-136), although this effect seems to be more potent for the
development of preeclampsia than for gestational hypertension. Furthermore,
general and acute stressful life-events, depression, and anxiety have also
been linked with pregnancy-induced hypertensive disorders (137-141).

To date, an abundance of studies examining the association between
stress and adverse birth outcomes has been published. In a recent review,
Dunkel Schetter and Glynn (142) summarized the findings of recent studies
on the association between stress and gestational length or PB. In this
review, the types of stressors were organized by stress concepts, assessing
separately studies focusing on episodic stressors, catastrophic/traumatic
events, chronic stress, emotional states or pregnancy-related anxiety. Based
on this review, the authors conclude that there is quite clear evidence that
stress contributes to the etiology of PB. Notably, they found that some types
of stress seem to be more important for the etiology of PB than others. The
most consistent findings were observed for pregnancy-related anxiety and
major life events. Further, catastrophes, community stressors and chronic
stress were found to be of importance although the findings were somewhat
more mixed for these types of stressors (142). A similar review was
conducted by Dunkel Schetter and Lobel (76) where the focus was on the
association between stress and birth weight (and IUGR and LBW); an
association that has received much less attention than PB. Also in this
review, the types of stressors were organized by stress concepts which
included measures of life events, anxiety, depression, perceived stress, daily
hassles and general distress, as well as community stressors. The vast
majority of studies reviewed, indicate a positive association between stress
measures and birth weight, i.e. increased level of stress predicted lower birth
weight. Interestingly, the authors found that chronic stress and depressed
mood seemed to be stronger risk factor for LBW compared to other stress
measures while studies on life events are more inconclusive.

To conclude, stress, in various forms, seems to predict both PB and LBW
although the most potent form of stress differs for these two birth outcomes.
Depression and chronic stress appears to be strongest related to LBW
whereas anxiety and life events are more linked to PB. It is plausible that the
inevitable financial and psychological strain experienced by most people
during times of economic contractions, could affect the homeostasis of the
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bodily stress system among the general as well as the pregnant population.
This disrupted equilibrium may lead to over-activity of the HPA-axis, resulting
in increased level of circulating stress hormones which can have detrimental
effects on maternal health and birth outcomes.

1.5.2 Behavioral changes as a response to financial strain and
recessions

Within the socioeconomic literature, there is a line of research focusing on
the isolated effect of job loss or employment insecurity on health. There are
numerous reasons to anticipate that job loss or employment insecurity is
hazardous to health, with several postulated mechanisms through which the
job loss may affect health. These include, for example, increased stress,
destructive coping behavior such as smoking (143-145) and alcohol intake
(146), decreased control over owns life, and potential social stigma (147).
Furthermore, job loss is usually followed with an extended period of
unemployment leading to income loss and increased financial strain (148,
149). Some studies indicate that the consequences of job loss can have
lasting effects on long-term earning potential and therefore reduce the ability
of individuals to purchase health promoting goods.

Unfortunately, no individual level studies were identified, examining the
direct effect of job loss on maternal health behavior during pregnancy.
However, there are several individual level studies linking increased stress to
worse maternal health behavior (150-153). Pregnant women with high
perceived stress have been found to be more likely to smoke during
pregnancy (151-153), to drink coffee, and eat unhealthy food (151).
Moreover, reporting high stress during pregnancy has been linked with less
exercise (151, 152), and less vitamin use (151). With only two identified
studies (51, 52) at the aggregate level, no firm assumptions can be drawn on
whether economic recessions lead to changes in health behaviors during
pregnancy.

1.5.3 Demographic changes as a response to financial strain and
recessions

It has been speculated that the consequents of an economic downturn, e.g.
unemployment, employment instability and uncertainty about the future, may
indeed change the demography of the pregnant population as many people
may revise their fertility plans during economic difficulties. Studies exploring
the association between economic recessions and fertility were recently
reviewed by Sobotka and colleagues (154). Most of the studies included in
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the review found a decreased fertility during times of economic contractions.
This decrease was particularly observed among the higher educated women
and among younger parents, suggesting a postponement of fertility rather
than an overall reduction. Thus, economic contractions could lead to
increases in maternal age as well as an increased proportion of lower
educated women becoming pregnant. These demographic changes could
lead to increases in various medical conditions during pregnancy, such as
pregnancy-induced hypertensive disorders and diabetes, congenital
malformations, and labor complications; all of which are associated with PB
and/or LBW. On the contrary, Dehejia and Lleras-Muney (51) observed a
race specific selection into pregnancies during times of economic downturns,
i.e. low educated black women chose against becoming pregnant while low
educated white women chose to become pregnant when the economic was
bad, resulting in an overall improvement in infant health. To sum, the
potential effect of economic recessions on the demography of the pregnant
population is likely to differ between countries and to be dependent upon
many factors, such as race, age, education, work status as well as the
welfare state context.
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2 Aims

With this background, the overarching aim of this PhD project was to explore
potential change in the prevalence of maternal diseases, health indicators
during pregnancy as well as adverse birth outcomes following the economic
collapse in Iceland, and whether or not these changes were long lasting.
Moreover, by including information on aggregate economic indicators in our
analyses, we aimed to explore whether the surrounding economic climate in
Iceland affected the health of pregnant women and birth outcomes. The
research was divided into four parts, each resulting in one scientific paper.
Specific aims for each paper were as follows:

To examine the secular trend and patterns of smoking prevalence
and body weight among pregnant women in Iceland between 2001
and 2010.

To examine whether the prevalence of pregnancy-induced
hypertensive disorders and use of antihypertensive drugs during
pregnancy changed following the 2008 economic collapse in Iceland.
Further, to examine whether the potential changes in hypertensive
disorders and drug use during pregnancy were due to the
surrounding economic climate.

To examine the short-term effect of the Icelandic economic collapse
on infant health, as measured by low birth weight, preterm birth and
small-for-gestational age during the first 15 months following the
economic collapse.

To examine whether the incidence of adverse birth outcomes
increased during the first four years following the economic collapse
compared to the previous years and if so, whether such changes
were mediated by the maternal individual level factors and/or by the
surrounding economic climate.
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3 Materials and methods

3.1 Data sources

All the studies in this project are register based cohort studies, based on
individual-level data from maternity records (paper 1), the Icelandic Medical
Birth Registry (papers I-1V) and the Icelandic Medicines Registry (paper II).
The Icelandic Medical Birth Registry and maternity records used in paper |
were linked by a unique personal identification number, held by all Icelandic
citizens. Similar linkage of Icelandic Medical Birth Registry and Icelandic
Medicines Registry was performed for paper Il. Further, we used aggregate-
level data on Iceland’s economic indicators from Statistics Iceland (papers I,
V).

3.1.1 The Medical Birth Registry

All the papers in this thesis were based on data from the Icelandic Medical
Birth Registry, which is a population based register with a compulsory
notification of all live births as well as stillbirths, from completed gestational
week 28, in Iceland since 1972. In 1994, the World Health Organization
changed the definition of birth to include also those infants born after
completed gestational week 22. Prior to that, infants born between weeks
22w0d and 27w6d were considered miscarriages. The Icelandic Medical Birth
Registry has been in electronic form since 1981. The register is a rich source
for information on all parental-, pregnancy- and delivery characteristics, as
well as on birth- and neonatal outcomes, at the individual level. The parental
information included in the Icelandic Medical Birth Registry is registered in a
uniform way with the exception of the parents’ employment status, which is
written out in free text. All diagnoses regarding maternal and infant health are
registered according to the International Classification of Diseases codes
updated to the 10" version (ICD-10), allowing for cross-country research and
comparison. The Directorate of Health is responsible for the Icelandic
Medical Birth Registry but has assigned the operational responsibility to the
Department of Obstetrics and Gynecology at Landspitali - The National
University Hospital. The Icelandic Medical Birth Registry publishes an annual
report including a number of quality indicators on pregnancy-, delivery, and
birth outcomes. The quality of the Icelandic Medical Birth Registry in has not
been systematically validated.
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3.1.2 Maternity records

All pregnant women (99.5%) in Iceland attend to publicly funded antenatal
care at local clinics every two to four weeks of pregnancy (155, 156).
Maternal and obstetric information are recorded by midwives and physicians
providing antenatal care over the course of pregnancy. These maternity
records are in paper form while the Icelandic Medical Birth Registry is in
electronic form, thus limiting the use of the maternity records for research.
Despite the richness of data in the Icelandic Medical Birth Registry,
information regarding the pregnant women’s smoking habits and maternal
weight is not registered. This information is, however, registered in their
maternity records. We, therefore, used data from maternity records in paper |
where the aim was to examine the changes in maternal behavioral factors,
i.e. maternal smoking during pregnancy and maternal weight over time.

3.1.3 The Icelandic Medicines Registry

The Icelandic Medicines Registry is a centralized database containing
individual level information on nearly all dispensed drugs to the outpatient
population in Iceland since January 1st, 2003. However, it does not include
information regarding over the counter drugs or drugs dispensed in hospitals.
All reimbursed and non-reimbursed prescription drugs in the Icelandic
Medicines Registry are registered according to the Anatomical Therapeutic
Chemical (ATC) classification system with data on dispensed drug
substance, brand name, and quantity as Defined Daily Doses (DDD‘s)
together with the date of dispensation (157). The Directorate of Health is
responsible for and operates the Icelandic Medicines Registry, which main
purpose is to monitor prescription practices as well as to ensure the safety of
users and quality in health services. Icelandic law and regulations require
pharmacies to collect and send data of individual's pharmacy records
electronically to the Social Insurance Administration for reimbursement and to
the Icelandic Medicines Registry. A comparison of dispensed drugs sold in
pharmacies (as registered in the Icelandic Medicines Registry) with sales
figures from the Medicine Agency (responsible for the supervision of imported
drugs as well as domestic production) reveal a 97-98% consistency between
these two registers for the years 2013-2014 while this number was 91-97%
for the years 2007-2008 (158). Thus, the internal validity of the Icelandic
Medicines Registry is high. Data from the Icelandic Medicines Registry was
used in paper Ill.
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3.1.4 Statistics Iceland

Statistics Iceland is the center for official statistics in Iceland and collects,
processes and publishes data on the country’s economy and population. It
was founded in 1914 as the National Statistical Institute of Iceland and has
been a professionally-independent institution under the auspices of the
Minister of Finance and Economic Affairs, since 2008 (159). Data from
Statistics Iceland was used in papers Il and IV.

3.2 Setting and population

Iceland is an island in the Atlantic Ocean with a population of approximately
332 thousand at the end of 2015. The country is considered to be a high-
income country, following the Nordic Model of economic and social structure.
The Icelandic welfare system is of universal nature and is funded through
taxation (159). All individuals who have been legally resident in Iceland for
over 6 months automatically become members of the Icelandic social
insurance system, providing health insurance when medical assistance is
needed (160). During the study period there were on average 4,400 births
annually. The majority of the births (73% in 2012) occur at Landspitali — The
National University Hospital of Iceland in the capital Reykjavik, which is the
only tertiary referral hospital in the country (161).

3.2.1 Maternal health behavior (paper I)

Maternal smoking and body weight is only recorded in maternity records at
the first antenatal visit around completed week 12 of pregnancy.
Unfortunately, these records are not available in electronic form and any data
used for research has to be retrieved manually. Therefore, in paper | we used
data from an ongoing study where the information on smoking and body
weight during pregnancy had already been collected and digitized. The aim
of this ongoing study is to examine the risk of adverse maternal- and obstetric
health and adverse birth outcomes among women who, at some previous
time-point, had sought help in the Rape-Trauma Service following an
exposure to sexual violence. The study population consists of 915 exposed
women and 1,641 unexposed women, matched on month of delivery, who
gave birth to live-born infants between 1993 and 2011. As the findings of this
study indicate that sexually assaulted women are almost 3 times as likely to
smoke (162), we only included the group of pregnant women who
represented the unexposed population in our study population. Our study
population consisted of 1,312 women with a total of 1,329 pregnancies
occurring in Iceland between January 1%t, 2001, and December 31st, 2010.
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3.2.2 Pregnancy-induced hypertensive disorder and
antihypertensive drugs (paper II)

Eligible in study Il were all expecting women in Iceland who were at least 20
weeks 0 days pregnant on September 27t 2004, and all pregnancies from
that time-point, subsequently giving birth to live-born singletons throughout
December 31st, 2012 (N=35,231). Information on gestational length was
missing for 20 pregnancies which were excluded from the study, leaving a
total of 35,211 women in the study.

3.2.3 Birth outcomes - one-year follow-up (paper Ill)

All Icelandic women, registered in the Icelandic Medical Birth Registry
between January 1%, 2006, and December 31%t, 2009, were considered for
the study described in paper Ill. We excluded women with multiple gestation
(n=298) and perinatal death (n=47). The study population, therefore,
consisted of 16,271 women.

3.2.4 Birth outcomes — four-year follow-up (paper V)

The study population consisted of all singleton pregnancies resulting in live
births after completed gestational week 22 in Iceland between September
30t, 2002, and September 30, 2012 (N=43,693).

3.3 Outcome measures

3.3.1 Maternal health behavior (paper I)

The main outcomes in paper | were self-reported smoking and maternal
weight at first antenatal visit. Of the 1,329 pregnancies, information about
smoking and maternal weight was available for 1,325 (99.7%) and 1,281
(96.4%) pregnancies, respectively. With regard to smoking status, the women
were either categorized as non-smokers, discontinued smokers including
women who quit smoking (i.e. before the end of first trimester) early in
pregnancy, or continued smokers including women who smoked at the time
of the first antenatal visit. Maternal physique was assessed using body mass
index (BMI), calculated according to measured height and weight (kg/m?) at
the first antenatal visit, occurring on average at completed gestational week
13, both on a continuous scale as well as categorical. Women were
considered overweight if they had a BMI value =225 and <30, and obese if
their BMI was =30, according to the international BMI classification for adults
(163).
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3.3.2 Pregnancy-induced hypertensive disorders and
antihypertensive drugs (paper Il)

The main outcome measures for study 1l were pregnancy-induced
hypertensive disorders. Pregnancy-induced hypertensive disorders are
registered in the Icelandic Medical Birth Registry according to ICD-10 codes
and include gestational hypertension, preeclampsia, and eclampsia.
Gestational hypertension (ICD-10 code O13) is defined as diagnosed
hypertension after completed gestational week 20 (systolic blood pressure
2140 and diastolic blood pressure 290). Preeclampsia was a combination of
three ICD-10 diagnoses consisting of preeclampsia superimposed on chronic
hypertension (ICD-10 code O11), preeclampsia (ICD-10 code 0O14), and
eclampsia (ICD-10 code 0O15). To meet the diagnostic criteria for
preeclampsia, a significant proteinuria (>300 mg protein in 24 hour sample)
has to be present concurring with pre-existing or gestational hypertension.
Hypertensive women could only be assigned as either preeclamptic or with
gestational hypertension. In the cases were women were registered with both
diagnoses, preeclampsia overruled gestational hypertension as it is the more
severe form of the pregnancy-induced hypertensive disorders.

A secondary outcome in study Il was prescription fills for antihypertensive
drugs. For the women in the study population, we extracted all prescriptions
for B-blockers (ATC code CO07) and calcium channel blockers (ATC code
C08) filled after gestational length 20 weeks 0 days onward. The reason for
the choice of these therapeutic agents is that the B-blocking agent labetalol is
the first line of treatment of pregnancy-induced hypertensive disorders in
Iceland. If treatment with labetalol proves insufficient the calcium channel
blocker, nifedipine, is prescribed (Bjarnadottir, R., oral communication).

3.3.3 Birth outcomes (papers lll and V)

The main birth outcomes examined in papers Ill and IV were LBW, PB and
SGA. LBW was defined as birth weight less than 2,500 g and PB as delivery
before completed gestational week 37. Gestational length was missing for 8
and 33 of the pregnancies in paper Ill and IV, respectively, which were
excluded in analyses involving PB as an outcome variable. We utilized two
different definitions of SGA which is a proxy for intrauterine growth restriction.
In paper Ill, SGA was defined as infants with birth weight more than 2
standard deviations (SD) below the mean for gestational length, according to
the sex-specific Swedish growth curve (164) (hereafter referred to as SGA
2SD). As the mean birth weight of Icelandic infants is higher than that of
Swedish infants (165, 166), the number of infants classified as SGA in our
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study population was low and infants fulfilling criteria were severely growth
restricted. Thus in study IV, we decided to use a more appropriate definition
of SGA, including infants with fetal growth rate index in the lowest 10"
percentile according to sex-specific z-scores (164) (hereafter referred to as
SGA 10t pct.). In study IV, information on gestational length and infant sex
was missing for 44 births, which were excluded from analyses of SGA.

3.4 Explanatory measures

In papers II-IV, we used calendar time as the main exposure variable to
model the Icelandic economic collapse and the subsequent economic
recession. As the nature of the economic collapse allowed us to pin down the
beginning of the crisis to a distinct time point, we categorized the time into a
pre-recession period (unexposed to the economic recession) and a recession
period (exposed to the economic recession to a varying degree). An overview
of the timeline of each study in the thesis can be seen in Figure 4.
Furthermore, we used aggregate economic indicators obtained from
Statistics Iceland to explore the association between the macroeconomic
conditions and the outcomes of interest in papers Il and IV. The economic
indicators tested were unemployment rate and GDP (paper IlI, IV), as
traditional measures of economic conditions. As the Icelandic collapse mainly
resulted in debt crisis at the individual and national levels, we also tested the
balance of accounts and rates of homes that had defaults on loans or rent or
had difficulties in covering the expenses through the pay period (paper II).
The unemployment rate and GDP were on a quarterly basis while the other
economic indicators were on a yearly basis.

In subsections 3.4.1-3.4.4 below, the definition of each main exposure
variable (i.e. pre-recession vs. recession periods) in each paper will be
described separately in more detail, as it differed slightly between papers II,
Il and IV due to two reasons. Firstly, the aim of paper Ill was based on
different dataset than used in papers Il and IV, and contained more detailed
information regarding the timing of births, down to actual date of birth, while
the dataset used in papers Il and IV had this information on weekly basis.
Secondly, in papers Il and IV we used time of birth as the main indicator of
how to locate each mother-infant dyad with respect to the economic collapse
although in paper Ill, we further explored the association between the
economic collapse and birth outcomes by using date of conception as this
indicator instead of date of birth. In paper II, gestational length =220 week 0
day served as an indicator of where to locate each pregnancy with respect to
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the collapse, as pregnancy-induced hypertensive disorders do not occur
before completed 20 weeks of gestation.

Birth outcomes - 4 year follow up

Birth outcomes - 1 yr follow up

Pregnancy-induced hypertensiile disorders and antihypertensives

Smoking and obesity among pregnant women

Figure 4. The time-line of each study in the thesis. The grey vertical dotted
line represents the timing of the October 6, 2008.

3.4.1Maternal health behavior (paper I)

Paper | was a descriptive paper where the aim was to explore the trend in
maternal health behavior over a 10-year period. The unit of analysis was
calendar time, although we did not model time to explore the effect of the
economic collapse as in the subsequent papers.

3.4.2 Pregnancy-induced hypertensive disorders and
antihypertensive drugs (paper Il)

During the first week of October 2008, three of the largest banks in Iceland
collapsed and data on the economic climate showed dramatic changes
between the third and fourth quarter of 2008. As mentioned above, the
dataset used for this study only had information on the timing of birth on a
weekly basis. Thus, we used the first week of October 2008 as a marker for
the beginning of the economic collapse in study Il which coincided with the
beginning of the fourth quarter of 2008. Calendar time was categorized into a
pre-collapse period and four separate post-collapse years. The pre-collapse
category included women who were 20 weeks 0 day pregnant or more
between September 27!, 2004, and September 28", 2008, and subsequently
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gave birth to live-born singletons. Each of the four post-collapse categories
included women who were 20 weeks 0 day pregnant or more between i)
September 29, 2009, and September 27%, 2009, (post-collapse year 1), ii)
September 28t 2009 and October 3 2010 (post-collapse year 2), iii)
October 4, 2010, and October 2™, 2011, (post-collapse year 3), and iv)
October 31, 2011, and September 30™, 2012, (post-collapse year 4) and
subsequently gave birth to live singletons.

In order to further explore the short time effect of the timing of the
economic collapse on the main outcomes of interest, we divided the first
post-collapse year into two 6-month periods, each including pregnancies with
gestational length of 20 weeks 0 day or more during I) September 29t, 2008,
— March 291, 2009, and Il) March 30, 2009 — September 28t, 2009.

3.4.3 Birth outcomes (paper Ill)

In this paper, we used October 6%, 2008, as a marker of the beginning of the
Icelandic economic recession (the day of the collapse). On this day, the
Icelandic Prime Minister, Mr. Geir Haarde, appeared on a national television
broadcast, interrupting the scheduled program, where he informed the
Icelandic nation of an unusually swift and severe economic downturn facing
the country as a whole. Thus, the study period was dichotomized into an
unexposed pre-collapse period, spanning from January 15t, 2006, to October
5th, 2008, and an exposed post-collapse period, spanning from October 6% to
December 31%t, 2009.

3.4.4 Birth outcomes (paper V)

The aim of paper IV was to explore whether the economic recession in
Iceland affected birth outcomes beyond the first post-collapse year. As in
paper 1l, the timing of birth was recorded on a weekly basis and with the
same arguments regarding dramatic changes in the economic climate
between the third and fourth quarter 2008, we categorized time into a pre-
recession period, including all live singleton births occurring between
September 30" 2002 and September 28t 2008 and a recession period which
was further divided into two separate groups. The two separate recession
groups included all live singleton births occurring between i) September 29t
2008 and September 27t 2009 (recession year 1), and ii) September 28th
2009 and September 30t 2012 (recession years 2-4).
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3.5 Covariates

Individual-level information on the study participants’ characteristics was
obtained from the Icelandic Medical Birth Registry. Parental characteristics
included maternal age, parity, gravidity, relationship status, place of
residence, citizenship and maternal and paternal employment status. Place
of residence was dichotomized into rural and capital area based on postal
codes. The capital area included postal codes from 101-172, 200-225, and
270-276. All other postal codes were classified as rural area. Parental
employment status was written out in text in the Icelandic Medical Birth
Registry. Based on this text, an employment variable was created containing
five categories (paid labor-work, unemployed, on disability, homeworkers,
and student).

Pregnancy-related diseases, known to influence fetal growth and
gestational length, included diabetes mellitus and hypertensive disorders of
pregnancy. Obstetric characteristics included time of birth, gestational length,
infant sex, mode of delivery, five minute Apgar scores, and congenital
malformation. Information regarding the gestational date of first maternal
weight measurement was retrieved from maternity records. The variables
were not categorized uniformly across the four separate studies nor were
they all included in each study. More detailed information regarding the
categorization and use of each parental, pregnancy-related and obstetric
characteristic can be found in Table 2.

In paper Il and IV we further explored the mediational effect of the
aggregate economic indicators on the association between the main
exposure variables (pre-recession vs. recession periods) and the outcomes
of interests in order to capture whether the potential influence of time on the
main outcomes was due to changes in the surrounding economic climate.

In paper Il the exposure categories were not equally balanced with
respect to time. In order to account for potential seasonal variation in this
paper, we divided each calendar year into four 3-month time-intervals
(December-February; March-May; June-August, September-November),
which we grouped together. In papers Il and IV the exposure categories are
equally balanced with respect to time and thus, we did not adjust for
seasonality in the main analyses. We did, however, test whether seasonality
affected the observed associations in paper Il in supplementary analyses, by
grouping together each quarter of a calendar year.
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Table 2. The categorization of the parental characteristics used in papers I-1V

Parental characteristics

Maternal age (continuous; <25, 25-34, 235)

Parity (nulliparous, multipara)

Parity (nulliparous, primiparous, multipara)
Gravidity (primigravida, multigravida)

Relationship status (cohabitating, not cohabitating)
Place of residence (capital area, rural area)
Citizenship (Icelandic, foreign)

Maternal employment status (working, not working)
Maternal employment status

(employed, students,unemployed/on disability/homemakers)
Parental employment status

(both in payed work, one in payed work, neither in payed

work)

Gestational date of first weight measurement
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Table 3. The categorization of the pregnancy related characteristics in papers I-IV

Pregnancy related diseases

Pre-existing diabetes (ICD-10 codes 024.0-24.3)
Gestational diabetes (ICD-10 codes 024.4-24.9)
Pre-existing hypertension (ICD-10 codes 010)
Pregnancy induced hypertension (ICD-10 codes 011-15)
Gestational hypertension (ICD-10 codes 013, O16)
Preeclampsia (ICD-10 codes O11, 014-15)

Pregnancy induced hypertension (ICD-10 codes O11, O13-
15)

Papers
I 1
X X
X X
X X
X
X
X

Table 4. The categorization of the obstetric characteristics in papers I-IV

Obstetric characteristics

Time of birth (days)

Time of birth (weeks)

Gestational length (days)

Infant sex

Apgar score at 5 minutes (<7, 27)

Congenital malformation (ICD-10 codes Q00-99)

Mode of delivery (vaginal, elective cesarean (ICD-10 codes
082.0), emergency cesarean (ICD-10 codes 082.1,82.2))

Papers
I I
X

X
X X
X X
X
X
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3.6 Data analysis

Data analyses in paper I-1V were performed using IBM SPSS Statistic version
20/22 (167, 168). The trend analyses in paper IV were performed using R
statistical package, version 3.2.2 (169).

3.6.1 Maternal health behavior (paper I)

Data are presented as proportion of continued and discontinued smoking as
well as of overweight and obesity, among the pregnant women over the 10-
year study period, in 2-year intervals. Differences in the proportions between
the time-intervals of these categorical variables were assessed with Pearson
¥? test with Bonferroni correction. Linear regression analysis was used to
assess the annual change in women’s BMI. In order to explore the secular
trend of the main outcomes, we used logistic regression analysis to assess
the annual change of continued smoking and obesity, overall and stratified by
maternal characteristics. All analyses, involving maternal physique (BMI,
overweight, obesity) as an outcome variable, are adjusted for gestational
date of first weight measurements.

Supplementary analysis

A supplementary analysis (unpublished data) was conducted in order to
examine the pattern of continued smoking and obesity among subgroups of
women. We used multivariate logistic regression analysis to calculate the
mutually adjusted odds ratios (OR’s) and their 95% confidence intervals (95%
Cl) of continued smoking and obesity by bi-annual time intervals and
stratified by maternal socio-demographic characteristics.

3.6.2 Pregnancy-induced hypertensive disorders and
antihypertensive drugs (paper Il)

Data are presented as frequencies of maternal and obstetric characteristics
across exposure categories and differences assessed with Pearson x? tests
(categorical variables) and one-way ANOVA (continuous variables). Logistic
regression analyses were used to calculate the crude and adjusted OR’s and
their 95% CI of pregnancy-induced hypertensive disorders as well as of
prescription fills for antihypertensive drugs, contrasting each post-collapse
year with the pre-collapse period. The total number of calendar weeks in the
study was used, starting from September 27t 2004, as a continuous variable,
to address potential changes in the diagnoses of hypertensive disorders and
prescription habits over time (time-trend). In addition to crude regression
models, we created three separate models, adjusting for maternal and infant
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characteristics. Model | was adjusted for maternal age, gravidity, time-trend.
Model 1l for maternal age, gravidity, time-trend, infant sex, diabetes, pre-
existing hypertension, relationship status, place of residence, employment
status and citizenship. In order to assess whether possible influence of time
on the main outcomes was mediated by changes in the aggregate economic
environment in Iceland, we adjusted for those aggregate economic indicators
associated with the outcomes of interest in the primary supplementary
analysis. Thus, in model Ill we adjusted for maternal age, gravidity, time-
trend, and unemployment rate. We used a similar approach when calculating
the adjusted odds ratios in months 1-6 and months 7-12 following the
economic collapse, in order to examine the short-term effect of the economic
collapse.

In the primary supplementary analysis, the association between each
aggregate economic indicator and the outcomes of interest was assessed
with logistic regression analysis, with the economic indicators modelled as
continuous variables. The unemployment rate and GDP were on a quarterly
basis and balance of accounts and rates of homes that find it difficult to make
ends meet (cover expenses through the pay period) or had defaults on loans
and rent were on a yearly basis. We constructed three different regression
models in the supplementary analysis, adjusting for i) time-trend, ii) time-
trend, maternal age, and gravidity and, iii) time-trend, maternal age, gravidity,
relationship status, place of residence, employment status, citizenship,
diabetes, pre-existing gestational hypertension (ICD-code O10), and infant
sex. We tested the effect of seasonality on the observed association between
the economic collapse and the outcomes of interest in a secondary
supplementary analysis by adjusting for quarters of the calendar year.

3.6.3 Birth outcomes (paper lll)

Descriptive statistics were calculated for all maternal and obstetric
characteristics as well as for outcome variables, contrasting frequencies
before and after the economic collapse. Frequencies’ differences between
the exposure categories (i.e. pre- and post-collapse periods) were assessed
with Pearson’s x? tests for categorical variables and independent sample t-
tests for maternal age. Linear regression analysis was used to assess the
change in gestational length, where we adjusted for maternal age, parity and
seasonality. One-way ANOVA with Tukey’s honestly significant difference
(HSD) post hoc tests were used to assess the homogeneity of birth weight
and gestational length between seasons.
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Logistic regression analyses were used to calculate the OR’s and their
95% CI for LBW, PB, and SGA 2SD in the post-collapse period using the pre-
collapse period as a reference. We adjusted for each covariate separately
and combined, creating three separate regression models. Model | was
adjusted for maternal age, parity and seasonality. Model Il was further
adjusted for hypertension and diabetes. Model Il was the fully adjusted
model, where we adjusted for relationship status, residence and employment
status, in addition to the variables in model | and Il. Analyses involving LBW
and PB were also adjusted for infant sex.

In paper Il we also explored whether the risk of LBW, PB, and SGA 2SD
differed by subgroups of women. We performed a logistic regression analysis
to calculate the OR (95% CI) of the outcomes of interest in the post-collapse
period compared to the pre-collapse period, stratified by maternal age, parity,
relationship status, place of residence and employment status. The stratified
analysis was adjusted for maternal age (continuous), parity (except where we
stratified by parity), and seasonality.

To further explore whether the effects of the economic collapse on the
outcomes of interest differed depending on when during gestation the
collapse hit, we divided the study period into intervals of three months and
used logistic regression analysis to calculate the odds ratios of LBW, PB and
SGA 2SD in each interval in 2008 and 2009, using the corresponding
combined intervals in 2006 and 2007 as a reference.

Sensitivity analysis

In order to test whether the observed findings were robust to changes in the
definition of the exposure category, we repeated the main logistic regression
analyses where we used date of conception instead of date of birth as an
indicator of where to place each birth with respect to the economic collapse.
We further explored the shock effects of the collapse on LBW, PB and SGA
2SD by including the women who were pregnant on October 6 2008 in the
exposed group with the reference group consisting of all women who were
pregnant on October 6™ in the years 2006 and 2007 (combined). Lastly, we
explored the selection effects of the collapse by contrasting women who
became pregnant after the October 61" 2008 and gave birth in the latter half of
20009.

34



3.6.4 Birth outcomes (paper IV)

Descriptive statistics were calculated for all parental- and pregnancy related
characteristics, contrasting frequencies across the pre-recession and
recession categories. Differences between the exposure categories were
assessed with X2 tests for the categorical variables and one-way ANOVA for
mean maternal age. Time-trend was visually inspected by plotting the
quarterly average prevalence of LBW, PB, and SGA 10t pct. and fit a loess
curve, with a 95% CI, through the data points. Further, the potential time-
trend in LBW, PB, and SGA 10t pct. was assessed in a supplementary
analysis by using a Poisson regression analyses to calculate the change per
year (relative risks, 95% CI's), separately for the pre-recession and recession
periods. Further, likelihood ratio tests were used to assess differences in
average prevalence before and after the economic collapse.

Logistic regression analyses were used to calculate the adjusted odds
ratio (aOR) and the 95% Cls for LBW, PB, and SGA in each of the two
recession periods with the pre-recession period as a reference. In model 1,
adjustments were made for maternal age (continuous) and gravidity. In model
2, we adjusted for relationship status, maternal residence, maternal
citizenship, parental employment status, hypertensive disorders of
pregnancy, congenital malformation and gestational and pre-existing
diabetes, in addition to maternal age and gravidity. A supplementary logistic
regression analysis was performed to examine the association between the
aggregate economic indicators (GDP and unemployment rate) and birth
outcomes. Aggregate indicators, which were significantly associated with the
index outcome at a significance level of 0.10 in this supplementary analysis,
were introduced separately into model 1 (model 3: GDP; model 4:
unemployment rate). This was done to assess the role of these surrounding
economic indicators on the observed associations between the timing of the
economic collapse and birth outcomes. Finally, we conducted stratified
logistic regression analyses by parental demographic characteristics and
maternal medical conditions during pregnancy.

Supplementary analysis

A supplementary analysis (unpublished data) was conducted in order to
examine the fertility rate (TFR = number of births / total female population, in
particular 5 year age groups) of the study population. The fertility rate was
calculated for all live-singleton births among women who were 15-49 years
old and plotted against time (in years).

35



3.7 Data protection and ethical approvals

The registers used in studies I-IV have various purposes stated in the law
(170), including surveillance and research, provided the necessary ethical
and data protection requirements are met. During the study process, all
appropriate ethical requirements were fulfilled. All the studies were register
based and did not involve direct contact with study participants. Informed
consent from study participants was therefore not obtained as all personal
information was anonymized and de-identified before we obtained the data
for analyses.

Study | was approved by the Icelandic National Bioethic committee
(VSNb2010050014/03.7), the Data Protection Authority (2010050499LSL/--)
and the Directorate of Health (2010050296/5.6.1/HBS/hbs).

Study I was approved by the National Bioethic committee
(VSNb2010050009/03.7) and the Data Protection Authority (2010060504AT/-
-), with additional acceptance from the Landspitali-University Hospital
authority and the Directorate of Health.

Studies Il and VI were approved by the Icelandic National Bioethic
committee (VSNb2013010002/03.07), the Data Protection Authority
(2012121499HGJ/--) and the Directorate of Health (1301064/5.6.1/gkg).
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4 Results

4.1 Maternal health behavior (paper 1)
4.1.1 Smoking

In 21.1% of the pregnancies included in the study, women reported smoking
at some point during early pregnancy, while 10.9% continued smoking into
the second trimester of pregnancy, during the 10-year study period (2001-
2010). The prevalence of continued smoking was highest in 2005-2006
(16.1%), which was significantly higher than in the years 2007-08 (8.5%) and
2009-10 (8.7%). Although the trend in smoking was not entirely linear (Figure
la, paper 1), we found a statistically significant annual decrease in continued
smoking over the study period (OR 0.94, 95% CI 0.88-1.00), i.e. a decrease
by 0.06 for each year of the study. The decrease was confined to women with
Icelandic citizenship (OR 0.92, 95% CI 0.86-0.98), and was most apparent
among women not cohabitating (0.88, 95%CI 0.77-0.99) and women older
than 35 years (OR 0.87, 95% CI 0.74-1.02) (Table 2, paper ).

4.1.2 Maternal body mass index (BMI)

Of the 1,281 pregnancies included in the study with available data on weight
and height, 45.5% had BMI = 25 and the mean BMI was 25.7 as measured at
women's first antenatal visit. The prevalence of overweight was 27.5%
whereas the prevalence of obesity was 18.1%. Although visual inspection of
the prevalence of maternal BMI implies an upward trend, no statistically
significant changes were observed in the mean BMI over the study period
(p=0.09). During the study period, the prevalence of overweight and obesity,
respectively, increased from 25.9% and 13.0% in 2001-2002 to 27.7% and
16.2% in 2009-2010. The highest prevalence of overweight and obesity was
observed in 2005-2006 where 27.9% were overweight and 20.7% were
obese although this was not significantly different from other time periods
(Figure 1b, paper I). No significant changes were observed for secular trends
of overweight and obesity, over the study period (aOR 1.02, 95% CI 0.97-
1.06; 1.02, 95% CI 0.97-1.02, respectively).

Supplementary results

Age, relationship status, occupational status, residence, and citizenship were
associated with continued smoking during pregnancy among pregnant
women in Iceland during the study period. Women were more likely to
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continue smoking during pregnancy if they were younger than 25 years (aOR
2.34, 95% CI 1.17-4.66), if they had one or more child (aOR 1.82, 95% ClI
1.13-2.93), if they were of non-Icelandic citizenship (aOR 2.29, 95% CI 1.19-
4.42), if they were not cohabitating with the other parent (aOR 3.58, 95% ClI
2.28-5.62), and if they were unemployed/on disability/homemakers (aOR
3.48, 95% Cl 2.16-5.61), compared with each relevant category of
comparison (Table 5).

Obesity was not as strongly associated with women’s socio-demographic
characteristics as continued smoking during pregnancy. Still, women of non-
Icelandic citizenship and women who were younger than 25 years were less
likely to be obese compared with Icelandic women and women older than 35
years (aOR 0.18, 95% CI 0.07-0.51; aOR 0.35, 95% CI 0.19-0.63,
respectively), while women living in rural areas of Iceland were more likely to
be obese compared with those living in the capital area (aOR 1.81, 95% CI
1.30-2.52) (Table 5).

Table 5. Multivariate logistic regression analysis of continued smoking and obesity
(BMI=30 kg/m?) at first antenatal visit in Iceland in 2001-2010, by biannual time-
intervals and socio-demographic characteristics.

Socio-demographic characteristics Model 19 Smoking Model 2F: Obesity

OR 95% ClI OR 95% ClI

Year of delivery

2001-2002 1.00 ref. 1.00 ref.
2003-2004 0.66 0.32-1.35 1.48 0.80-2.73
2005-2006 1.13 0.60-2.11 1.76 0.98-3.14
2007-2008 0.53 0.27-1.04 1.64 0.92-2.94
2009-2010 0.54 0.28-1.04 1.64 0.92-2.92
Age

<25 2.32 1.16 — 4.62 0.35 0.19-0.63
25-34 1.39 0.80—2.44 0.90 0.62-1.30
235 1.00 ref. 1.00 ref.

Parity
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Nulliparous

Multipara

Citizenship

Icelandic

Foreign

Relationship status

Cohabitating

Not cohabitating

Employment status

Employed

Student

Unemployed/on disability

Homemakers

Place of residence

Urban

Rural

Body mass index

Not obese (BMI <30)

Obese (BMI 230)

Smoking

No

Yes

1.00

1.83

1.00

2.29

1.00

3.55

1.00

0.68

3.78

3.33

1.00

1.37

1.00

1.45

ref.
1.13-2.94
ref.
1.19-4.42
ref.
2.25-5.59
ref.
0.38-1.24
1.80-7.90
1.88-5.89
ref.

0.90 — 2.07
ref.
0.91-2.33

1.00

1.00

0.18

1.00

1.00

0.70

1.16

1.00

1.00

181

1.00

1.39

ref.
0.85-1.77
ref.
0.07-0.51
ref.

0.76 —1.87
ref.
0.43-1.14
0.51-2.64
0.57-1.77
ref.

1.30 - 2.52
ref.
0.87-2.23

“Mutually adjusted for age (continuous), parity, citizenship, relationship status, employment status, place of
residence and year of delivery (continuous) and obesity. Age and year of delivery are used as categorical
variables when calculating OR within each particular strata.
8 Mutually adjusted for age (continuous), parity, citizenship, relationship status, employment status, place of
residence and year of delivery (continuous), smoking and gestational date of first weight measurement. Age
and year of delivery are used as categorical variables when calculating OR within each particular strata.
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4.2 Pregnancy-induced hypertensive disorders and
antihypertensive drugs (paper II)

In paper Il, we explored the changes in the prevalence of pregnancy-induced
hypertensive disorders (gestational hypertension and preeclampsia) and
prescription fills for antihypertensive drugs (B-blockers and calcium channel
blockers) among pregnant women in Iceland during the first four years
following the economic collapse, compared with the pre-collapse years.

4.2.1 Pregnancy-induced hypertensive disorders

The prevalence of gestational hypertension increased from 2.4% in the pre-
collapse period to 3.1% in post-collapse year 4, peaking in 3.9% during the
first post-collapse year (Table 1, paper Il). Adjusting for time-trend, maternal
age and gravidity, we observed a statistically significant increase in
gestational hypertension during the first year following the economic collapse
(@aOR 1.47, 95% CI 1.13-1.91), as compared to the pre-collapse period.
Further adjustments for other maternal- and pregnancy related covariates did
not affect the observed association. However, when adding unemployment
rate to the model, the association between time and gestational hypertension
disappeared (aOR 1.04, 95% CI 0.74-1.47). There was no association
between the economic collapse and gestational hypertension in the
subsequent three post-collapse years (Table 2, paper II).

On the contrary, there was a decrease in preeclampsia over the study
period, from 3.6% in the pre-collapse period to 3.3% in post-collapse year 4
(Table 1, paper II). No statistically significant changes were observed for
preeclampsia between the pre- and post-collapse years (Table 2, paper II).
When further exploring the short-term effect of the economic collapse, we did
not observe any indications of larger effect sizes in the first half year of the
economic recession than in the second half year (Supplementary table 4,

paper II).
4.2.2 Antihypertensive drugs

The pattern of prescription fills of B-blockers across exposure categories was
similar to what was observed for gestational hypertension. The prevalence
increased from 1.9% in the pre-collapse period to 2.8% in post-collapse year
4, peaking in 3.1% during the first post-collapse year (Table 1, paper II).
Compared to the pre-collapse period, there was a statistically significant
increase in the prescription fills of 3-blockers (aOR 1.43, 95% CI 1.07-1.90)
during the first post-collapse year; an increase which disappeared when
adding the unemployment rate to the regression model (aOR 1.05, 95% CI
0.72-1.54) (Table 3, paper ).
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There was a linear increase in the prescription fills of calcium channel
blockers across the exposure categories, from 0.4% in the pre-collapse
period to 1.6% in post-collapse year 4 (Table 1, paper Il). After adjusting for
time-trend, the observed increase in the prescription fills of calcium channel
blockers disappeared (Table 3, paper II).

4.3 Birth outcomes (paper Ill)

In paper Ill, we explored the immediate effect of the economic collapse on
birth outcomes and found that Icelandic women who gave birth to live-born
singletons in the first 15 months following the economic collapse had lower
mean birth weight (~30 g) and increased odds of LBW compared with women
giving birth before the collapse (aORwsw 1.25, 95% CI 1.02-1.53) (Table 3,
paper lll). The increase in LBW was most distinct 6-9 months after the
collapse (aOR 1.70, 95% CI 1.11-2.59) (Figure 1, paper lll), indicating that
women who were in their first trimester of their pregnancies when the
collapse hit, were particularly affected. A similar tendency of increased odds
in SGA (2SD) following the economic collapse was observed, although the
increase was not statistically significant. No statistically significant changes
were observed for PB between the pre- and post-collapse periods (Table 3,
paper Il1).

Furthermore, certain subgroups of women giving birth during the post-
collapse period were disproportionally affected by the economic collapse. In
particular, young women (<25 years) and women not in a paid labor-job had
increased odds of LBW (aOR 1.85, 95% CI 1.25-2.72; aOR 1.61 95% ClI
1.10-2.35, respectively) and SGA (2SD) (aOR 1.87, 95% CI 1.09-3.23; aOR
1.86 95% CI 1.09-3.17), compared to the the same subgroups of women
giving birth in the pre-collapse period (Table 4, paper ).

4.4 Birth outcomes - 4 year follow-up (paper V)

In paper IV, we assessed the long term effects of the economic recession on
infant health, measured as LBW, PB and SGA 10" pct.,, and whether
potential changes in these birth outcomes were due to changes in the
surrounding economic climate in Iceland.

Adjusting for maternal- and pregnancy related covariates, we observed a
statistically significant increase in LBW during the first recession year
(@aORyear1 1.35, 95% CI 1.12-1.63), compared with the pre-recession period,
but not in the three subsequent recession years. Adjusting for the same
covariates, a significant increase was observed for SGA 10" pct. in the first
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year of the recession (aORyear1 1.11, 95% CI 1.00-1.23) as well as in the
second to fourth recession years (aORyears2-4 1.08, 95% CI 1.01-1.16). Albeit
not statistically significant, a tendency towards increase in PB was observed
only for the first recession year (model 2: aOR 1.12, 95% CI 0.97-1.31).
When assessing the mediating effects of the aggregate economic indicators
on the index outcomes, we found that the observed increase in LBW and
SGA 10" pct. diminished and became insignificant after adjustment for GDP
or unemployment rate (Table 2, paper V).

When examining the association between the pre-recession and
recession periods, and birth outcomes stratified by subgroups, we found
employment status of the parents to be considerably related to LBW and
SGA births. Compared with the pre-recession period, infants of parents,
where only one parent was working a labor-market job, had increased odds
of LBW during the first year of the recession (aORyear1 1.66, 95% CI 1.19-
2.31). This increase was even greater when neither parent was working and
lasted beyond the first recession year (aORpost-year1 2.36, 95% CI 1.00-5.55;
aO0Rpost-year2-4 2.88, 95% CI 1.61-5.14). A similar pattern was observed for the
odds of SGA by employment status of the parents although the point
estimates were lower (Table 3, paper IV).

Supplementary results

During the recession years, pregnant women were older, more likely to be of
foreign citizenship, and less likely to be in paid labor work. Furthermore, they
were more likely to suffer from gestational diabetes (Table 1, paper IV). The
fertility rate among 15-49 year old women giving birth to live singletons in
Iceland increased steadily during study period, reaching 2.17 during the
second recession year. During the last two years of the study period, a steep
decline was observed in the fertility rate, resulting in a rate of 1.92 which is
similar to what was observed in the beginning of the study period (Figure 5).
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Figure 5. The number of live singleton births (right vertical axis) and the fertility rate
among 15-49 year old women (left vertical axis) in Iceland during pre-recession and
recession years, October 2002 to September 2012. Pre-year stands for pre-recession
year (ranging from Oct-Sep). Post-year stands for recession year (ranging from Oct-
Sep).
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5 Discussion

5.1 Main findings

The main findings from our research on maternal diseases and health
indicators during pregnancy and at birth during times of great macroeconomic
instability in Iceland indicate an increase in gestational hypertension and a
corresponding increase in prescription fills for B-blockers during the first year
of the economic recession, which seemingly was mediated by the
macroeconomic conditions in Iceland during that time. Furthermore, parallel
with the declining economic conditions in Iceland in the years leading up to
the crisis, there was an upward trend in LBW and SGA births. These rates
peaked during the first and most severe year of the recession, with lingering
increase in SGA births throughout the study period. Women who were in their
first trimester when the economic collapse hit were particularly at increased
risk of LBW. Further, infants of parents not working a paid labor-market job,
young women and women living outside the capital area were particularly at
increased risk of LBW and SGA during the economic recession, compared to
their peers during the pre-recession years. The findings suggest that the
economic collapse had a negative impact on fetal growth, which was, at least
to some degree, explained by the macroeconomic environment. Our findings
indicate a decrease in maternal smoking during pregnancy and stability in the
prevalence of obesity during this time period. Thus, deterioration in maternal
health behaviors must be considered an unlikely explanation for the observed
increase in gestational hypertension and slower fetal growth following the
economic collapse in Iceland.

5.2 General discussion

5.2.1 Maternal health behavior during the Icelandic recession

Our findings in paper | suggest an overall decrease in the prevalence of
continued smoking into the second trimester of pregnancy among Icelandic
women during the first decade of this century, a time period characterized by
dramatic changes in Iceland‘s economy. This decrease is in line with findings
from the other Nordic countries (43). Moreover, our findings reflect the
smoking trend among the general population in Iceland, which is reported to
have decreased from 26.8% to 18.5% during the study period (171).
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Contrary to findings of previous studies reporting substantial increases in
the body mass index of the general population in Iceland between 1990-2010
(35, 172-174), we did not observe any significant overall changes in maternal
mean body mass index, overweight, or obesity (a proxy for general health
behavior) during the study period, i.e. 2001-2010. The initial increase in
obesity observed until the years 2005-2006, seemed to level off in the latter
half of the study period. A similar pattern of a stagnation in the growing
prevalence of obesity has been observed in non-pregnant populations in
other countries (175-177) as well as in some (178), but not all (179, 180),
pregnant populations.

It has been hypothesized that economic recessions, with the associated
rises in unemployment, job insecurity, and financial stress, may lead to an
increase in risky health behaviors, such as smoking and intake of less
nutritious food (i.e. fruits and vegetables), for example due to crisis-induced
changes in prices of healthy goods (114). This hypothesis is supported by
studies, indicating that women who have high levels of stress are more likely
to continue smoking while pregnant (151-153) as well as by studies indicating
less intake of fruits and vegetables during economic downturns (24, 50).
However, our findings of decreased maternal smoking in Iceland during the
whole study period (also during the two years following the economic
collapse) do not lend support to this hypothesis. Instead, our findings bear
some similarities to the findings of Dehejia and Lleras-Muney (51), who
reported a reduced maternal smoking during times of economic downturns. In
fact, we observed the highest prevalence of continued smoking and obesity
among pregnant women in Iceland in the years 2005-2006, which coincided
with the most prosperous years of the nation‘s economy. Indeed, our findings
concur with findings of studies that indicate better health behaviors during
times of economic contractions. Both Ruhm (48) and Xu (181) found
smoking prevalence to be highest during economic booms when the
unemployment rate was low. Furthermore, our findings concur with findings
of recent studies indicating improved health behaviors of the Icelandic
population during the recession (24, 33-35). In a recent study, Asgeirsdottir
and colleagues (24) used longitudinal data (the Health and Wellbeing Study
in Iceland) to examine changes in health behaviors of Icelanders between the
years 2007, 2009 and 2012. They report a continual decrease in all health-
compromising behaviors (except for daily intake of sweets), including
smoking and intake of sugared soft drinks and fast food between the three
waves of assessments. Similar findings were obtained in a survey of the
dietary habits of Icelanders in 2010-2011 where 33.6% of women reported a

46



change in their dietary habits following the economic collapse in 2008. More
specifically, there was a 51.3%, 46.9% and 63.2% decrease in the
consumption of sweets, beverages and fast food, respectively (35).
Furthermore, a slowed down weight gain following a job loss after the
economic collapse has been reported, particularly for females. This finding
lends further support to a levelling off in maternal weight of pregnant women
in Iceland (182). The observed improvement in the smoking habits of
Icelanders following the economic collapse was found to be explained by
crisis-induced price increases of imported goods following the economic
collapse in Iceland due to devaluation of the Icelandic currency (34). It is
likely that these price increases also caused a reduction in other health-
deteriorating behaviors, such as intake of fast food and soft drinks.

The socio-demographic gradient in the prevalence of smoking (183, 184),
as well as overweight and obesity (39, 185) among the pregnant population is
well acknowledged in the literature, with higher prevalence of these
behavioral risk factors further down the social hierarchy. Our findings from
the supplementary analysis concur with these previous studies and indicate
that, among pregnant women in Iceland, young women, multiparas, women
not cohabitating, women of foreign citizenship and women inactive on the
labor market (unemployed/on disability/homemakers) were two to four times
as likely to continue to smoke into the second trimester of pregnancy
compared with their counterparties. Furthermore, in our data, obesity among
pregnant women was positively associated with rural area of residence and
foreign citizenship.

5.2.2 Maternal health and birth outcomes during the Icelandic
recession

5.2.2.1 Pregnancy-induced hypertensive disorders

Our findings in paper Il indicate a rapid and transient increased risk of
gestational hypertension during the first and most severe year of the
economic recession in Iceland, which levelled off parallel to the recovery of
the macroeconomic conditions. Furthermore, we observed a corresponding
increase in prescription fills for B-blockers, which are the first line of treatment
of pregnancy-induced hypertensive disorders in Iceland (Ragnheidur
Bjarnaddttir, personal communication). There were, however, no changes in
the risk of preeclampsia or calcium channel blocker use between the pre-
recession and recession periods.
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Our findings suggest that the observed increase in gestational
hypertension and the corresponding increase in prescription fills for (-
blockers during the first recession year may be explained by the
macroeconomic conditions in the country at that time. This is reflected in our
findings indicating a strong mediating effect of the national unemployment
rate on the association between the economic collapse and gestational
hypertension and prescription fills for B-blockers. It is likely that the sharp rise
of unemployment following the economic collapse caused an increase in
socioeconomic difficulties, with up to 50% of the Icelandic population
reporting difficulties covering expenses through the pay period during that
time (186). Indeed, there are several studies linking socioeconomic status
with pregnancy-induced hypertensive disorders (41, 42, 66-68) with
increased risk of these disorders among the more disadvantaged groups of
women.

To my knowledge, this is the first study to explore the effect of an
economic recession on pregnancy-induced hypertensive disorders. There
are, however, several studies (14-16, 71) that have found increased
cardiovascular morbidity and mortality during economic downturns.
Asgeirsdottir and colleagues (24) examined the association between the
Icelandic economic collapse and cardiovascular morbidity and hypertension
using data from the Icelandic Health and Well-being study from 2007 and
2009. They found an increase in hypertension for males following the
economic collapse, but not for females, which was mediated through
changes in working hours and stress level, rather than income changes.
Furthermore, Gudjonsdottir and collegues (30) reported a short term increase
in female attendance rate to the cardiac emergency department in the first
weeks after the economic collapse in Iceland; an increase which could reflect
the cardiovascular health of the Icelandic population during that time.
However, it could be that the pregnant population represents a group of
women who are particularly vulnerable to socioeconomic difficulties brought
about by national recessions.

5.2.2.2 Birth outcomes

The findings of studies Ill and IV examining birth outcomes following the
economic collapse in 2008 indicate an upward trend in LBW and SGA births,
starting in the year before the collapse, in parallel with the declining economic
conditions in Iceland during that time. This rise resulted in a statistically
significant increase in LBW and SGA during the first and most severe year of
the economic recession, with seemingly lasting increase in SGA births
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throughout the four studied years of the recession. The findings indicate that
economic recession in Iceland negatively affected fetal growth, and that the
macroeconomic conditions in Iceland during the recession, i.e. the increase
in unemployment rate, may largely serve as an explanation for the observed
findings. The findings are in correspondence with some of the previous
studies indicating a reduced birth weight during times of economic
uncertainties (91, 92, 94-102). The increase in LBW was most distinct among
women who were in their first trimester of pregnancy during the beginning of
the recession, i.e. on October 6, 2008, which is in accordance with previous
studies (97, 187-189).

Previous studies have found widening health inequalities by SES status
during recessions, which size seem to be dependent on countries’ welfare
systems, with narrower gaps in societies with strong welfare systems, e.g. in
the Nordic countries (190, 191). Despite a publicly funded antenatal care
program in Iceland and a strong welfare system, the increase in LBW and
SGA during the first recession year was mostly confined to socially and
economically vulnerable groups of women (i.e. young women and women
who were not in a paid labor-work), suggesting widening inequalities in birth
outcomes following the economic collapse in Iceland. Similar findings have
been reported in Spain following the 2008 economic recession, where a
maternal educational gradient in perinatal outcomes was observed, with the
highest risk of PB and LBW among women with primary education (192).
Furthermore, a dose-response association was observed between the
parental employment status and LBW throughout the studied four years of
the economic recession, where the risk increment was largest when neither
of the parent were in paid work. Thus, although there was not an overall
increase in LBW beyond the first recession year, the effect of the recession
was lasting among parents in the lowest SES groups (as proxied by
employment status)

5.2.2.3 Potential pathways

As previously discussed, there are number of pathways by which recessions
can affect the process of pregnancy and birth outcomes. Below, the findings
of studies II-IV will be discussed in the context of the stress-, behavioral-, and
demographic mechanisms, respectively.

The stress mechanism

In studies II-IV we were unable to disentangle potential underlying
mechanisms for the observed increase in gestational hypertension, LBW and
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SGA. As previously discussed, extreme or chronic stress can result in an
over-activation of the HPA-axis (121, 125, 126) resulting in increased level of
circulating stress hormones which may cause pathophysiological changes,
including pregnancy-induced hypertensive disorders or restricted fetal growth
(127-130). A wide array of research based on different methodological
approaches has shown that women experiencing high stress levels, anxiety
or depression before or during pregnancy are at increased risk of developing
pregnancy-induced hypertensive disorders (133-141), as well as giving birth
to smaller infants (76) or preterm (142). Indeed, recent studies of the health
consequences of the Icelandic economic collapse indicate an increase in
high stress levels (27) and depressive symptoms (28) among Icelandic
women during the first year of the recession, where socially and economically
vulnerable groups of women were particularly found to be at increased risk
(27). Thus, it is possible that the increase in psychological morbidity among
Icelandic women following the economic collapse may serve as an
explanation for the increase in gestational hypertension, LBW and SGA
observed in our studies. Furthermore, there is a line of studies indicating
differences in stress responses, where individuals who have been exposed to
chronic stress or traumatic life events are found to be more susceptible to
stress compared to those who have not experienced such an exposure (76,
142). These differences suggest that stress exposure during pregnancy is
more likely to have adverse effects on birth outcomes in women who are
more vulnerable before pregnancy. Indeed, this literature harmonizes well
with our findings of higher risks of adverse birth outcomes among the more
disadvantaged groups of women in our study population (i.e. young women,
women/parents not in paid work).

The numerous studies examining the role of various forms of stress in the
process of pregnancy and birth outcomes indicate that chronic stress seems
to be a stronger risk factor for LBW while acute stress and anxiety is more
strongly related to PB (76, 142). This different effect by types of stress may
explain the non-significant indication of increase of PB observed only during
the first recession year in paper IV (acute stress effect) while the increased
risk of SGA lasted throughout the four studied year of the recession (chronic
stress).

The lack of association between the economic collapse and preeclampsia
came somewhat as a surprise, when keeping in mind that several previous
studies have linked both psychological morbidity, including stress (134-137,
139-141), and low SES (41, 67) to preeclampsia. We hypothesize two
plausible explanations for the observed increase in gestational hypertension
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but not preeclampsia. Firstly, if gestational hypertension is viewed as a
precursor or a milder form of preeclampsia it could be that the national
economic collapse was not a stressor of sufficient magnitude to cause the
disease with refer to as preeclampsia. Secondly, if these two disorders are
viewed as separate diseases with different etiologies, it could be that the
mechanisms underlying gestational hypertension are more sensitive to stress
than those of preeclampsia.

Behavioral changes

Other possible mechanism by which the economic recession could affect
maternal health and birth outcomes is through behavioral changes (52, 193)
as a response to reduced income, limiting the ability to purchase healthy
goods or as a response to stress. Women experiencing stress or depression
during pregnancy have been found to be more likely to exhibit poor health
behaviors (150-153), for example smoking, less exercise and unhealthy
eating. Many of these risk factors are associated with pregnancy-induced
hypertensive disorders and adverse birth outcomes, with the
counterintuitively exception of reduced risk of pregnancy-induced
hypertensive disorders among women who smoke during pregnancy. As the
data used in papers lI-1V did not include information regarding these health
behaviors among the study population, we were unable to adjust for them in
the data analyses. The findings of paper | show evidence of reduced
prevalence of smoking and a levelling off in maternal overweight and obesity
between the years 2001-2010; findings which have since been corroborated
by previously mentioned studies indicating an overall improvement in the
health behaviors of the Icelandic population after the economic collapse in
2008 (24, 34, 35). It is theoretically possible that the decrease in maternal
smoking contributed to the observed increase in gestational hypertension
while it may have had positive effect on birth outcomes. It should, however,
be noted that the alleged protective effect of smoking on pregnancy-induced
hypertensive disorders reported by several studies (56) is most likely caused
by selection bias, as reported by Luque-Fernandez and collegues (194). The
levelling off in maternal body weight is likely to reduce both the risk of
pregnancy-induced hypertensive disorders as well as birth outcomes.
However, we cannot rule out that the observed increases in gestational
hypertension, LBW and SGA are caused by an alteration in the health
behaviors of pregnant women in Iceland after the economic collapse.

Demographic changes

Previous studies have indicated that economic recessions can affect the
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demography of the pregnant population where young people and higher
educated women have been found to postpone or revise their fertility
decisions during times of economic hardship (154). In Iceland, we did find
some changes in the demography of the pregnant women as well as in the
medical risk factor profiles during the recession years (i.e. age, citizenship
and employment status). However, adjusting for these changes did not seem
to have a great impact on the overall increased risk of gestational
hypertension, LBW and SGA after the economic collapse. The sharp drop in
the fertility rate observed in the last two years of the study period is in
accordance with previous studies (154) although this drop, per se, cannot
explain the observed findings.

5.3 Strengths and limitations

5.3.1 Maternal health behavior

The main strength of this study is the prospective and objective
measurements of maternal physique (i.e. height and weight), performed by
midwives at the first antenatal visits. Indeed, studies have indicated that self-
reports tend to overestimate height and underestimate weight (195) while
objective measurements undertaken by health care professionals are found
to be more dependable than self-reported data (196).

As previously mentioned, information regarding maternal smoking, body
weight and height are not recorded in the Icelandic Medical Birth Registry,
limiting the study to a rather small sample, resulting in relatively low statistical
power. The study population consists of women representing the unexposed
group of pregnant women in a study on maternal health and birth outcomes
of all women previously exposed to sexual violence and subsequently
seeking help in the Rape and Trauma Service in Iceland (162). Hence, none
of the women in our study population had attended the Rape and Trauma
Service which might have resulted in an underestimation of the prevalence of
smoking in our study, as the exposed women were more likely to smoke
during pregnancy compared to the unexposed women (162). This
underestimation is, however, unlikely to have great influence as the women in
the exposed group of the abovementioned study gave birth to 1.7% of all
births occurring between 2001 and 2010 in Iceland. Another source for
potential misclassification in the prevalence of smoking during pregnancy
could arise from the reluctance to reveal smoking status while pregnant.
Indeed, studies have shown that pregnant women find it hard to disclose their
smoking habits to a health care professional due to fear of stigma or societal
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pressure (195) which leads to an underestimation of the true smoking
prevalence and a potentially false decreasing trend in smoking during
pregnancy. It is, however, unlikely that this misclassification should be
differential between the recession- and non-recession time intervals.

5.3.2 Maternal health and birth outcomes

The main strength of studies Il-IV is the completeness of the Icelandic
Medical Birth Registry, allowing a prospective collection of detailed
pregnancy-related and demographic information of all pregnant women in
Iceland and their newborns during the study periods, independent of the
economic collapse. The study population was further limited to singleton live
births in order to enhance the internal validity. This was done as multiple
gestations have been associated with increased risk of both pregnancy-
induced hypertensive disorders and adverse birth outcomes.

There are two main limitations which only apply to paper II. The first involves
a potential misclassification of pregnancy-induced hypertensive disorders.
We cannot rule out that diagnoses of preeclampsia were temporarily
misclassified as gestational hypertension, resulting in an increased risk of
gestational hypertension during the first year of the recession. However, it is
unlikely that such a misclassification would be restricted only to the first
recession year. Also, the corresponding increase in the prescription fills for -
blockers further underpins the validity of the diagnoses of pregnancy-induced
hypertensive disorders. Secondly, as our study population was restricted to
pregnancies resulting in live births, it is possible that the increase in
gestational hypertension during the first recession year led to an increase in
stillbirths, resulting in an underestimation of the observed effect. However,
the stillbirth rate during the first recession year was not found to deviate from
the observed average stillbirth rate of 3.5 per 1000 births during the study
period. Furthermore, a stillbirth rate of this magnitude is unlikely to
significantly affect the observed findings.

The main limitation of papers Il-IV is the ecological nature of our exposure
measure. In general, ecological studies rely on rough exposure information
for large groups or populations rather than individual-level exposure, thus
making them subject to an ecological fallacy. The term ‘ecological fallacy’
refers to an error in the interpretation of data, i.e. an inference of an
association at the individual level from findings observed at the group level
(197). We use calendar time to approximate the economic recession,
assuming that the pregnant population was affected equally. Indeed, it would
have been ideal to obtain more accurate information on the financial status,
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e.g. income tax, for each woman in the study population, in order to explore
in more detail whether the observed findings were due to loss of income
following the economic collapse. We did perform stratified analyses on
maternal age and parental occupational status (obtained from the Birth
Registry) generally revealing, as hypothesized, the strongest associations in
economically vulnerable groups. Nevertheless, it is possible that some other
unknown factors (i.e. increased pollution, natural disasters) occurred parallel
to the course of the economic recession which might have affected the
outcomes of interest. However, the economic collapse was by far the most
extraordinary event at that time and other parallel factors were most likely a
consequence of the collapse. Thus, we find that the risk of residual
confounding due to unknown environmental changes to be minimal. A
second limitation is the previously mentioned lack of information on maternal
pre-pregnancy body weight and health behaviors of the pregnant women,
restricting our possibility in determining the underlying mechanisms for the
observed increases in gestational hypertension, LBW and SGA during the
recession. Third, as the Icelandic population is small (each birth cohort
around 4000 births), we were limited by small numbers to detect modest or
weak associations. Lastly, it should be noted that all economic recessions
have their own distinguished features and therefore the findings of studies II-
IV may not be generalized to other populations of pregnant women
undergoing economic recessions.
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6 Conclusions

This work adds an important knowledge on how maternal and infant health
may be affected by a severe economic recession occurring in a high income
country. Our data suggest that the Icelandic economic collapse in 2008 was
an important stressor resulting in an increased risk of gestational
hypertension and a corresponding increase in prescription fills of B-blockers
among pregnant women during the first and most severe year of the 2008
economic recession in Iceland. Furthermore, we found an increase in the
prevalence of LBW and SGA deliveries during the first recession year with
seemingly lingering increase in the rate of SGA deliveries throughout the first
four years of the recession.

Although it cannot be ruled out, our findings of reduced prevalence of
maternal smoking together with a levelling off in the prevalence of overweight
and obesity during the first decade of the 21st century, indicate that the
observed increases in gestational hypertension, LBW and SGA during the
recession years cannot be explained by alterations in health behaviors of the
pregnant population. On the other hand, it seems plausible that the transient
rise in gestational hypertension and the compromised fetal growth may have
been driven by the negative changes in the macroeconomic conditions in
Iceland during the recession. The findings further indicate that the economic
collapse predominantly seemed to affect the most vulnerable groups of
pregnant women, such as young women and those who are not in paid labor-
work, resulting in widening disparities in birth outcomes in Iceland during the
recession.

Despite our reservations regarding the generalizability of the findings to
other populations undergoing recessions, they still demonstrate the
importance of surveillance of the pregnant population during times of severe
economic downturns. In particular, special focus should be on vulnerable
groups of the society in order to reduce the impact of economic recessions
on widening inequalities in birth outcomes.
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7 Future studies

The findings of studies II-IV need to be substantiated by obtaining more
detailed information regarding the pregnant women’s financial status over
time. Future studies should involve gathering this financial information,
available from Statistics Iceland, and merge it with the information obtained
from Icelandic Medical Birth Registry and Icelandic Medicines Registry. In a
perfect world, this study should be replicated with a larger study population in
order to increase its power, including measurements of maternal health
behaviours and potentially other measurements of chronic stress
exposures.Furthermore, in light of studies indicating worsening of mental
health following the economic collapse, a logical next step would be to
explore the use of psychotropic drugs during pregnancy in relation to the
economic collapse. Lastly, implementing data on maternal smoking as well
as maternal height and pre-pregnancy weight into the Icelandic Medical Birth
Registry cannot be stressed enough.
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Background: The prevalence of smoking during pregnancy in Western societies has decreased in the last decades,
whereas prevalence of overweight and obesity has increased. Our objective was to study secular trends and
patterns of smoking and body weight among pregnant women in Iceland, during a period of dramatic changes
in the nation’s economy. Methods: On the basis of the Medical Birth Registry, we used a random sample of 1329
births between 1 January 2001 and 31 December 2010. Information on smoking, body mass index and background
factors during pregnancy was retrieved from the Medical Birth Register and maternity records. Trends in smoking,
overweight, obesity and body mass index were assessed using logistic and linear regression analyses. Logistic
regression analysis was used to examine the annual odds of smoking and obesity and by socio-demographic
characteristics. Results: We found a decrease in the prevalence of continued smoking during pregnancy from
12.4% in 2001 to 7.9% in 2010 [odds ratio (OR) =0.94, 95% confidence interval (Cl) (0.88-1.00)], particularly among
women with Icelandic citizenship [OR=0.92, 95% CI (0.86-0.98)], whereas no changes in obesity [OR=1.02, 95% CI
(0.96-1.07)] were observed. The highest prevalence of maternal smoking and obesity was observed in 2005-06.
Conclusion: Our results indicate that smoking during pregnancy decreased among Icelandic women in 2001-10,
whereas an initial increase in obesity prevalence seemed to level off towards the end of the observation period.
Interestingly, we found that both of these maternal risk factors reached their highest prevalence in 2005-06,
which coincides with a flourishing period in the nation’s economy.

general population indicate a substantial increase in BMI over the
14-16

he harmful effects of smoking and obesity on pregnancy and

birth outcomes are well documented.'™ Smoking during
pregnancy has been shown to increase the risk of stillbirths,
preterm birth"® and low birth weight,” with potential long-term
health consequences for the unborn child.®” Similarly, studies
have shown that high maternal body mass index (BMI) and, in
particular, obesity are associated with a range of pregnancy and
delivery complications, such as gestational diabetes,"” gestational-
induced hypertension and preeclampsia,’ foetal macrosomia, as well
as with adverse birth outcomes such as dystocia, induction of
labour,? preterm birth, caesarean section>* and stillbirths."*

Because of their high prevalence, overweight and obesity are now
considered to have replaced smoking as the most preventable factors
for pregnancy complications and adverse birth outcomes.” Smoking
during pregnancy—as in general—has declined over the past 20
years in most Nordic countries; from 20.6 to 16.5% in Norway,
30.6 to 12.5% in Denmark and 31.4 to 6.9% in Sweden, whereas
being stable around 15% in Finland.® The prevalence of overweight
and obesity has increased worldwide in the last decade.” This also
applies for pregnant women in the Nordic countries. In 2012, 38%
of Swedish women were overweight or obese at the time of registra-
tion in antenatal care, which corresponds to a 51% increase over 20
years.'” In Denmark, the prevalence of overweight and obesity
among pregnant women rose from 31.9% in 2004 to 36.0% in
2010.""'? Until now, published data regarding maternal smoking
and BMI from Iceland have been largely lacking, partly due to the
fact that the Icelandic Medical Birth Register (MBR) does not
include information on these behavioural risk factors. However,
5% of the 1111 pregnant women participating in the Icelandic
Childbirth and Health Study in 2009-10 reported smoking during
early pregnancy.'” Furthermore, recent studies on body weight in the

last two decades.

During 2000-10, the Icelandic population experienced profound
economic changes. In this decade, Iceland was considered to be one
of the richest nations in the world, but in the autumn of 2008, the
country suffered a major economic breakdown when three of the
largest banks were nationalized resulting in increased unemploy-
ment, bankruptcy of hundreds of firms and an increase in private
and public debt."” A growing body of literature indicates that macro-
economic conditions influence population health and health
behaviours,'®'” and recent studies on the health effect of the
Icelandic economic crisis indicate an overall reduction in health
compromising behaviour,'” whereas early signs of mental- and car-
diovascular health seemed negative, particularly among women.***'
Furthermore, in our recent study, we observed an increase in low-
birth-weight deliveries in the year following the economic collapse.*
Yet, data are scarce on the influence of such massive societal changes
on health behaviours among pregnant women.

Using data from an existing cohort study, the aim of this study
was therefore to examine the secular trend and patterns of smoking
prevalence and body weight among pregnant women in Iceland
between 2001 and 2010, a period during which dramatic changes
in the nation’s economy occurred.

Methods
Study design

We used data from an ongoing study on the risk of adverse maternal
health, obstetric and birth outcomes among women previously
exposed to sexual violence.”> Our study population consisted of
the unexposed group from that study, which was extracted from
the MBR. It is thus a random sample of pregnancies among
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Table 1 Maternal socio-demographic characteristics among 1329 pregnancies in Iceland in 2001-10

Socio-demographic characteristics 2001-02 (N =162) 2003-04 (N =224)

2005-06 (N =280) 2007-08 (N=306) 2009-10 (N=357) P*

n % n % n % n % n %
Age (years)
<25 45 27.8 48 214 50 17.9 60 19.6 75 21.0 0.364
25-34 83 51.2 133 59.4 180 64.3 187 61.1 215 60.2
>35 34 21.0 43 19.2 50 17.9 59 19.3 67 18.8
Parity
Nulliparous 67 41.4 93 415 103 36.8 129 422 149 41.7 0.681
Multipara 95 58.6 131 58.5 177 63.2 177 57.8 208 58.3
Citizenship
Icelandic 156 96.3 218 97.3 265 94.6 279 91.2 304 85.2 <0.001
Foreign 6 3.7 6 2.7 15 5.4 27 8.8 53 14.8
Relationship status
Cohabitating 144 88.9 193 86.2 242 86.4 256 83.7 302 84.6 0.662
Not cohabitating 18 1.1 31 13.8 37 13.2 49 16.0 47 13.2
Missing 1 0.4 1 0.3 8 2.2
Occupational status
Employed 13 69.8 160 71.4 202 721 223 72.9 260 72.8 0.655
Student 22 13.6 a1 18.3 43 15.4 55 18.0 56 15.7
Unemployed/on 19 1.7 18 8.0 31 1.1 23 7.5 39 10.9
disability/homemaker
Missing 8 49 5 22 4 14 5 1.6 2 0.6
Place of residence
Urban 102 63.0 152 67.9 206 73.6 231 75.5 285 79.8 0.039
Rural 48 29.6 60 26.8 62 22.1 75 24.5 72 20.2
Missing 12 7.4 12 5.4 12 43 0 0
Gestational date of first weight ~ 99.0 (27.4) 99.1 (25.9) 98.0 (28.4) 97.6 (31.0) 93.2 (31.2) 0.10

measurement, mean (SD)

SD, standard deviation.

*P value is based on Pearson x? test for differences of characteristics between bi-annual time intervals except for gestational date of first

weight measurement where one-way analysis of variance was used.

women who gave birth in the same month as exposed women, i.e.
who had previously attended emergency services due to sexual
assault and subsequently given birth any time during a 10-year
period. This resulted in a population of 1312 women with a total
of 1329 pregnancies from 1 January 2001 through 31 December
2010.

The MBR is a population-based register containing information
on all pregnancies and deliveries in Iceland since 1982. Registered
data include parental-, pregnancy-, labour- and delivery character-
istics as well as birth and neonatal outcomes. Despite the richness of
the data, information on maternal weight and smoking is not
registered in the MBR. This information is, however, registered in
maternity records at women’s first antenatal visit. All pregnant
women attend publicly funded antenatal care in a uniform
manner at local clinics every 2-4 weeks of pregnancy. The
attendance rate is high (99.5%), with the first antenatal visit
occurring between gestational weeks 10 and 12 for the majority of

women.”*%

Study variables
Smoking and BMI

Information on self-reported smoking behaviour and maternal
weight was manually retrieved from maternity records. Women
were categorized according to smoking status as non-smokers and
ever-smokers; the latter were then further divided into (i)
discontinued smokers, including women who discontinued
smoking during early pregnancy before their first antenatal visit
and (ii) continued smokers, including women who still smoked at
the time of the first antenatal visit but may have quit thereafter or
smoked throughout pregnancy. We did not have the exact date of
when women reported discontinued smoking, although this is

generally registered at the first antenatal visit at around gestational
week 12.

Women’s BMI was calculated according to measured height and
weight at the first antenatal weight measurement, which on average
occurred on the 97th day of gestation [standard deviation 29.3 days,
median =90 days]. Women were considered overweight if they had
BMI > 25.0kg/m® and <30.0kg/m” and obese if their BMI was
>30kg/m’, according to the international BMI classification for
adults.”® Information about smoking and BMI was available for
1325 (99.7%) and 1281 (96.4%), respectively, of the 1329
pregnancies.

Other measures

Information on maternal socio-demographic characteristics
retrieved from the MBR included age at delivery (<25, 25-34, >35
years), maternal citizenship (Icelandic, foreign), parity (nulliparous,
multipara), relationship status (cohabitating, not cohabitating with
other parent), occupational status (employed, student, unemployed/
on disability/homemaker) and place of residence (urban, rural). To
describe the macroeconomic conditions in Iceland during the study
period, information on the national unemployment rate and the real
wage index was obtained from Statistic Iceland.*”

Data analysis

We used year of delivery as an explanatory variable, both on yearly
basis and in 2-year intervals (hereafter referred to as bi-annual time
intervals).

First, we calculated the proportion of smokers during pregnancy
(ever-smokers, discontinued or continued smokers) as well as the
mean BMI and proportion of overweight and obesity at first
antenatal weight measurement among the study population. The
bi-annual proportion of continued smoking and obesity was



stratified by maternal socio-demographic characteristics. We used
Pearson x° test to assess the differences in the distribution of
women’s socio-demographic characteristics between bi-annual
time intervals.

Linear regression analysis was conducted to assess the time trend
in mean BMI among pregnant women at first antenatal weight
measurement. This model was adjusted for the gestational date of
first weight measurement.

To examine secular time trends of smoking, overweight and
obesity among pregnant women during the study period, logistic
regression analysis was used to calculate the odds ratios (ORs) and
their 95% confidence interval (CI) for each outcome with calendar
time in years (continuous) as the independent variable. When
examining the time trend of overweight and obesity, the models
were adjusted for the gestational date of first weight measurement.
Similar analyses were performed to explore the trends of smoking
and obesity among subgroups, where we stratified for age, parity,
citizenship, relationship status, occupational status and place of
residence. Differences in the proportions of smoking, overweight
and obesity between bi-annual time intervals were assessed by
Pearson x* test with a Bonferroni correction to further locate the
potential differences between the bi-annual time intervals. Statistical
analysis was performed using IBM SPSS Statistics 20.

The study was approved by the Icelandic National Bioethics
Committee (VSNb2010050009/03.7) and the Data Protection
Authority (2010060504AT/-).

Results

Socio-demographic characteristics of pregnant women in the study
were somewhat equally distributed across bi-annual time intervals,
with the exception of citizenship and place of residence (table 1).
The proportion of pregnancies with foreign citizenship increased
considerably during the study period, as did the proportion of
pregnancies occurring in the capital area.

In 21.1% (279/1325) of pregnancies, women reported smoking at
some point during early pregnancy and 10.9% (145/1325) continued
smoking into the second trimester during the 10-year observation
period.

Figure la shows the prevalence of continued and discontinued
smoking into second trimester by bi-annual time intervals. The
prevalence of continued smoking was highest in 2005-06 (16.1%),
which was higher than the prevalence of continued smoking in
2007-08 (8.5%; P=0.005) and 2009-10 (8.7%; P=0.004)
(figure 1a). We found an annual decrease in maternal continued
smoking over the entire study period [OR=0.94, 95% CI (0.88—
1.00)], a decrease evident among women with Icelandic citizenship
but not among women of foreign citizenship. Further, the decrease
was most apparent among women older than 35 years nulliparous
women and those not cohabitating with partner (table 2).

In 27.5% (352/1281) of pregnancies, women were categorized as
overweight and 18.1% (232/1281) as obese during the observation
period. The mean maternal BMI was 25.7. There was no increase in
mean maternal BMI during the study period (P=0.09). We observed
the highest prevalence in mean maternal BMI in 2005-06, which
then declined towards the end of the study period (figure 1b).
However, there was no difference in the prevalence of mean BMI
between bi-annual time intervals. During the study period, the
prevalence of overweight and obesity, respectively, increased
from 25.9% and 13.0% (2001-02) to 27.7% and 16.2% (2009-10)
(figure 1b). The highest prevalence of obesity occurred in 2005-06,
but this was not significantly different from other time intervals. No
change was observed for secular trends of overweight and obesity
over the entire study period [ORyyerweighe: 1.02, 95% CI (0.97-1.06);
ORgpesity: 1.02, 95% CI (0.97-1.07)]. However, when analysing the
time trend by socio-demographic subgroups, we observed a
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Figure 1 (a) Proportion of continued smoking and discontinued
smoking at the beginning of second trimester among 1325
pregnancies in Iceland in 2001-10. (b) Overweight (BMI: 25.0-
29.9 kg/m?), obesity (BMI > 30kg/m?) (left vertical axis) and mean
BMI (right vertical axis) among 1281 pregnancies in Iceland in 2001-
10. (c) The real wage index (left vertical axis) and unemployment
rate (right vertical axis) in Iceland in 2001-10

marginal increase in obesity only among women who were either
nulliparous or students (table 3).

Figure lc, demonstrating the contextual economic conditions in
Iceland over the study period, shows how the real wage index peaked
in 2007 and the unemployment rate remained low until 2007, when
it took a drastic turn for the worse.

Discussion

This is the first study that systematically examines the secular trends
of behavioural risk factors, namely maternal weight and smoking
during pregnancy in Iceland. We found an overall significant
decrease in the prevalence of continued smoking into the second
trimester of pregnancy among women with Icelandic citizenship
during 2001-10, whereas an initial increase in obesity prevalence
seemed to level off towards the end of the observation period.
Interestingly, we found that prevalence of both maternal risk
factors reached their highest prevalence in 2005-06 which
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Table 2 Continued smoking at the beginning of second trimester among 1329 pregnancies in Iceland, 2001-10, stratified by maternal socio-
demographic characteristics

Socio-demographic
characteristics

2001-02 (N=162)

2003-04 (N=224)*

2005-06 (N =280)"

2007-08 (N=306)"

2009-10 (N=357)*

OR (95% CI)°

Nsmokers ~ %osmokers  Nsmokers n, 7 Nsmokers  %smokers  Msmokers  %0smokers
Age (years)
<25 9 20.0 8 16.7 9 18.0 9 15.0 12 16.0 0.98 (0.88-1.09)
25-34 9 10.8 7 5.3 32 17.8 16 8.6 14 6.5 0.95 (0.87-1.03)
>35 4 11.8 6 14.0 4 8.0 1 1.7 5 7.5 0.87 (0.74-1.02)
Parity
Nulliparous 9 13.4 13 14.0 13 12.6 11 8.5 11 7.4 0.91 (0.82-1.00)
Multipara 13 13.7 8 6.1 32 18.1 15 8.5 20 9.6 0.96 (0.89-1.05)
Citizenship
Icelandic 22 14.1 20 9.2 42 15.8 23 8.2 22 7.2 0.92 (0.86-0.98)
Foreign 0 0.0 1 16.7 3 20.0 3 1.1 9 17.0 1.09 (0.85-1.39)
Relationship status®
Cohabitating 16 1.1 13 6.7 28 11.6 15 5.9 23 7.6 0.96 (0.89-1.04)
Not cohabitating 6 333 8 25.8 17 45.9 1" 224 8 17.0 0.88 (0.77-0.99)
Occupational status®
Employed 15 13.3 11 6.9 25 12.4 17 7.6 17 6.5 0.93 (0.86-1.01)
Student 0 0.0 3 7.3 6 14.0 3 5.5 5 8.9 1.02 (0.85-1.23)
Unemployed/on 7 36.8 5 27.8 12 38.7 4 17.4 9 23.1 0.91 (0.80-1.04)
disability/homemaker
Place of residence®
Urban 12 11.8 14 9.2 25 121 16 6.9 22 7.7 0.94 (0.87-1.01)
Rural 9 18.8 7 11.7 19 30.6 10 13.3 9 12.5 0.95 (0.86-1.06)

a: Smoking status missing for one woman.

b: OR presents the crude annual trend of continued smoking in 2001-10 where the independent variable is year (continuous variable).
c: Relationship status missing for 10.
d: Occupational status missing for 24.
e: Residence missing for 36.

Table 3 Trends in obesity (BMI > 30 kg/m?) at first antenatal weight measurement among 1329 pregnancies in Iceland 2001-10, stratified by

maternal socio-demographic characteristics

Socio-demographic
characteristics

2001-02 (N =162)°

2003-04 (N=224)°

2005-06 (N=280)°

2007-08 (N =306)"

2009-10 (N=357)°

OR (95% CI)f

Nobese % obese Nobese % obese Nobese % obese Nobese % obese Nobese % obese
Age (years)
<25 3 6.7 3 6.3 5 10.0 8 13.3 6 8.0 1.02 (0.88-1.18)
25-34 14 16.9 23 17.3 42 233 38 20.3 36 16.7 1.00 (0.93-1.07)
>35 4 11.8 11 25.6 11 22.0 12 20.3 16 239 1.06 (0.95-1.18)
Parity
Nulliparous 4 6.0 8 8.6 16 15.5 18 14.0 23 15.4 1.10 (1.00-1.21)
Multipara 17 17.9 29 221 42 23.7 40 22,6 35 16.8 0.99 (0.92-1.05)
Citizenship
Icelandic 20 12.8 37 17.0 58 219 56 20.1 56 18.4 1.04 (0.98-1.10)
Foreign 1 16.7 0 0 0 0 2 7.4 2 3.8 0.91 (0.64-1.28)
Relationship status?
Cohabitating 20 13.9 33 171 45 18.6 50 19.5 46 15.2 1.00 (0.95-1.06)
Not cohabitating 1 5.6 4 12.9 13 35.1 7 14.3 10 213 1.09 (0.94-1.26)
Occupational status”
Employed 16 14.2 29 18.1 43 213 42 18.8 43 16.5 1.01 (0.95-1.07)
Student 0 0 2 49 6 14.0 9 16.4 8 14.3 1.20 (1.01-1.43)
Unemployed/on 3 15.8 6 333 7 22.6 5 21.7 7 17.9 0.96 (0.83-1.11)
disability/homemaker
Place of residence’
Urban 12 11.8 20 13.2 41 19.9 34 14.7 41 14.4 1.01 (0.95-1.08)
Rural 9 18.8 17 283 15 24.2 24 32.0 17 23.6 1.02 (0.93-1.12)

a: BMI status missing for five women.
b: BMI status missing for six women.

c: BMI status missing for five women.
d: BMI status missing for 12 women.

e: BMI status missing for 20 women.

f: OR presents the annual trend of obesity at first antenatal weight measurement in 2001-10 where the independent variable is year
(continuous variable). All OR are adjusted for gestational date of first weight measurement.
g: Relationship status missing for 10.

h: Occupational status missing for 24.
i: Residence missing for 36.



coincides with a flourishing period in the nation’s economy.
Following the economic collapse, there was a significant increase
in the number of children born, resulting in 2009 being the largest
birth cohort ever in Iceland,® which might have affected the demo-
graphic composition of pregnant women.

Our findings on decreased prevalence of smoking among
pregnant women are in line with findings from other Nordic
countries, specifically from Denmark, Norway and Sweden.® A
recent survey among 1111 pregnant Icelandic women shows a 5%
prevalence of smoking during pregnancy in 2009-10," which is a
slightly lower prevalence than found at the end of our study period
(8.7%). However, the aforementioned study is based on question-
naire data where women with higher level of education were
overrepresented. The decrease in smoking during pregnancy was
confined to women with Icelandic citizenship, whereas no decrease
was observed among women of non-Icelandic citizenship. Different
cultural background, including language, might potentially act as a
barrier in providing antenatal information about the adversities of
smoking to women speaking foreign languages. The number of
women of childbearing age of non-Icelandic citizenship, mainly
Polish, in Iceland doubled in 2001-10.* Our findings might
therefore motivate a tailored smoking cessation intervention specif-
ically targeted at this group.

We did not observe an overall significant time trend in overweight
or obesity in 2001-10, although the increase was significant in two
subgroups, namely among nulliparous women and students. Trends
in the prevalence of obesity among the general population of
Icelandic women indicate a 2-fold increase over the past two
decades, from approximately 10% in 1990 to 20% in 2010.">°
However, during the most recent years, reports from other
countries have indicated that rate of growing prevalence of obesity
might be slowing down.’’ Our results are in concordance with
results from a population-based study in Sweden where no
changes were observed in the rates of overweight or obesity
between 2004 and 2008.** Similarly, results from a Danish study
did not reveal any changes in the rates of overweight or obesity
between 1997/1998 and 2004/2005.”

Of particular interest is the peak in prevalence of smoking and
obesity among women who gave birth in 2005 and 2006. The
prevalence of smoking in these 2 years was considerably higher
than among women giving birth in the last two time intervals
(2007/2008 and 2009/2010). This peak coincides with a boom in
Iceland’s economy, resulting from a rapid expansion of the
country’s financial sector.'” During this expansion, the unemploy-
ment rate was at a minimum and the real wage index was constantly
rising, a condition which drastically changed in the years following
2007 (figure Ic). Our results correspond with other studies that
indicate Dbetter health behaviours during times of economic
downturn. In a recent study of health behaviours of Icelanders,
Asgeirsdottir et al.'® found that the economic crisis in Iceland in
2008 led to a reduction in health-compromising behaviours, among
them smoking and consumption of fast food, sweets and sugar-
sweetened beverages. Similar results were obtained from the survey
of dietary habits of Icelanders in 2010-11 where 33.6% of women
reported a change in their dietary habits following the economic
collapse. These changes were especially in relation to consumption
of sweets, beverages and fast food where 51.3%, 46.9% and 63.2%,
respectively, reported a decreased intake of these food items
following the economic collapse.” Yet, another study indicated a
slowed down weight gain following a job loss during the economic
collapse in Iceland, particularly for females,”* which further lends
support to a levelling off in the prevalence of overweight and obesity
among pregnant women in Iceland.

Strength of this study is the objective and prospective measure-
ment found in maternity records of height and weight performed by
midwives, which are more reliable than self-reported data. Self-
reports have been shown to underestimate weight and overestimate

height, resulting in an underestimation of BMI values,” whereas
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height and weight measurements conducted by trained health care
practitioners have high reliability.’® The unavailability of electronic
register data on the risk factors under observation limits our study to
a relatively small sample that represented an unexposed population
in a study on health and birth outcomes of all women previously
exposed to sexual violence and subsequently seeking help in the
Rape and Trauma Service (RTS) in Iceland. Thus, none of the
women in our study population had attended the RTS during the
study period possibly yielding somewhat conservative smoking
estimates as our previous study indicates that women attending
the RTS following sexual violence have been shown to be more
likely to be smokers during pregnancy. Of all births in Iceland
2001-10, 1.7% were given by the abovementioned women exposed
to sexual violence™; a figure unlikely to have a great effect on the
smoking estimates observed in this study. A second limitation
pertains to the notion that women may be reluctant to disclose
their smoking habits during pregnancy due to societal pressures or
fear of stigmatization leading to underestimation of the prevalence
of smoking. Indeed, studies have shown a discrepancy between self-
reported smoking during pregnancy and smoking confirmed by
cotinine measurements where the prevalence of smoking is
typically underreported in self-reports.”” It is well possible that
increasing negative attitude towards smoking during pregnancy in
the past years may have led to biased underestimation of the
prevalence of smoking, thus resulting in a false decreasing trend of
smoking during pregnancy. However, the trend of smoking among
pregnant women in Iceland in 2001-10 is in line with the trend
among women of childbearing age in the general population,
where the rate decreased by approximately 50% during the same
period.”®

In conclusion, our results indicate that, during a period
characterized by dramatic changes in the national economy, the
prevalence of continued smoking decreased and the rising
prevalence of obesity levelled off among pregnant women in
Iceland.
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Key points

e Between 2001 and 2010, the annual prevalence of smoking
during pregnancy decreased among Icelandic women but
not among women of foreign citizenship.

e Maternal smoking and obesity peaked in 2005-06, which
coincides with a flourishing period in the nation’s economy.
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Abstract

Background

Data on the potential influence of macroeconomic recessions on maternal diseases during
pregnancy are scarce. We aimed to assess potential change in prevalence of pregnancy-
induced hypertensive disorders (preeclampsia and gestational hypertension) during the
first years of the major national economic recession in Iceland, which started abruptly in
October 2008.

Methods and Findings

Women whose pregnancies resulted in live singleton births in Iceland in 20052012 consti-
tuted the study population (N = 35,211). Data on pregnancy-induced hypertensive disorders
were obtained from the Icelandic Medical Birth Register and use of antihypertensive drugs
during pregnancy, including B-blockers and calcium channel blockers, from the Icelandic
Medicines Register. With the pre-collapse period as reference, we used logistic regression
analysis to assess change in pregnancy-induced hypertensive disorders and use of antihy-
pertensives during the first four years after the economic collapse, adjusting for demographic
and pregnancy characteristics, taking aggregate economic indicators into account. Com-
pared with the pre-collapse period, we observed an increased prevalence of gestational
hypertension in the first year following the economic collapse (2.4% vs. 3.9%; adjusted odds
ratio [aOR] 1.47; 95 percent confidence interval [95%CI] 1.13—1.91) but not in the subse-
quent years. The association disappeared completely when we adjusted for aggregate
unemployment rate (aOR 1.04; 95% CI 0.74—-1.47). Similarly, there was an increase in pre-
scription fills of B-blockers in the first year following the collapse (1.9% vs.3.1%; aOR 1.43;
95% CI 1.07-1.90), which disappeared after adjusting for aggregate unemployment rate
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(aOR 1.05; 95% CIl 0.72—1.54). No changes were observed for preeclampsia or use of cal-
cium channel blockers between the pre- and post-collapse periods.

Conclusions

Our data suggest a transient increased risk of gestational hypertension and use of 3-block-
ers among pregnant women in Iceland in the first and most severe year of the national eco-
nomic recession.

Introduction

Pregnancy-induced hypertensive disorders, including preeclampsia and gestational hyperten-
sion, are significant sources of maternal, foetal and neonatal morbidity [1, 2]. Antenatal psy-
chosocial stress, such as work stress, anxiety and depression, has been found to play a role in
the etiology of these hypertensive disorders [3-9]. Another potential source of psychosocial
morbidity for pregnant women is a suboptimal socioeconomic situation [10-12], including
macroeconomic recessions. A growing body of literature indicates that macroeconomic condi-
tions influence population health [13, 14], including the health of pregnant women [15].

In the autumn 2008, Icelanders experienced a sudden national economic collapse. From
being one of the richest nations in the world, the country suffered a major economic break-
down, affecting all inhabitants of Iceland in some way [16]. Recent studies on the health conse-
quences of the Icelandic economic collapse suggest an increase in depressive symptoms [17,
18] and perceived psychological stress [19], as well as an immediate short-term increase in
attendance to a cardiac emergency department [20], among women in particular. Furthermore,
results from a recent study suggest an increase in low birth weight deliveries during the first
year following the Icelandic economic collapse [21]. Low birth weight is more common in
pregnancies complicated by hypertensive disorders [22].

We hypothesized that the 2008 economic collapse in Iceland represented a stressor that
might have led to a rise in the incidence of pregnancy-induced hypertensive disorders and
corresponding drug use among women. Leveraging the nationwide complete registries of all
births and drug utilization, we therefore set out to study whether the prevalence of pregnancy-
induced hypertensive disorders and use of antihypertensive drugs during pregnancy changed
following the major 2008 economic collapse in Iceland. Further, we aimed to assess whether
the potential changes in hypertensive disorders and drug use during pregnancy were due to the
aggregate economic conditions.

Methods
Data sources and study population

The study was based on individual level data from the National Medical Birth Register and
Medicines Register in Iceland, linked by personal identification numbers, as well as aggregate
data on economic indicators from Statistics Iceland [23]. The Medical Birth Register is a
population-based register that covers all births in Iceland since 1972. Registered information
includes parental-, pregnancy-, and delivery characteristics as well as birth- and neonatal out-
comes [24]. Similarly, the Medicines Register is a nationwide prescription register including
information on all prescription drugs dispensed from pharmacies in Iceland since 2003 [25].
Included in the study population were women whose pregnancies had reached at least 20
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weeks of gestation on September 27" 2004 and all pregnancies from that time-point, subse-
quently resulting in live singleton births in Iceland between November 29 2004 throughout
December 31* 2012 (N = 35,211). Pregnancy-induced hypertensive disorders are not diag-
nosed until after 20 gestational weeks and we therefore limited the cohort entry to this time-
point in gestation. Information regarding gestational length were lacking from 20 pregnancies
which were excluded from the study population.

Outcome variables

1. Pregnancy-induced hypertensive disorders. Medical conditions during pregnancy are reg-
istered in the Medical Birth Register according to the International Classification of Disease,
10" revision [ICD-10][26]. The primary outcomes of the present study were pregnancy-
induced hypertensive disorders, including gestational hypertension and preeclampsia. Ges-
tational hypertension [ICD-10 code O13] is defined as newly diagnosed hypertension (sys-
tolic blood pressure [SBP] >140 mmHg; diastolic blood pressure [DBP] >90 mmHg) after
20 weeks of gestation. Preeclampsia is defined as pre-existing or gestational hypertension
concurring with significant proteinuria (>300 mg protein in 24 hour urine sample). In the
present study, women were classified as having preeclampsia if they had been diagnosed
with pre-existing hypertensive disorder with superimposed preeclampsia [ICD-10 code
0O11], preeclampsia [ICD-10 code O14], or eclampsia [ICD-10 code O15].

2. Prescription fills of antihypertensive drugs. As a secondary study outcome we used
prescriptions fills for antihypertensive drugs. For the women included in the study, we
extracted all prescriptions of B-blockers (Anatomical Therapeutic Chemical (ATC) code
C07) and calcium channel blockers (ATC code C08), filled after 20 gestational weeks
onwards. Substances belonging to abovementioned ATC drug codes are Labetalol and
Nifedipine, which are two of the most commonly used drugs for treating hypertensive dis-
orders during pregnancy [27].

Explanatory variable

The Icelandic economic collapse was a swift and sudden event, allowing us to pin down the
beginning of the crisis to a distinct time point, i.e. the first week of October 2008. In our main
analyses, we used calendar time to approximate the economic collapse, categorizing time into a
pre-collapse period (unexposed to the economic collapse) and four separate post-collapse years
(exposed, to a varying extent, to the economic recession). As pregnancy-induced hypertensive
diseases do not occur before 20 weeks of gestation we used >20 gestational weeks as an indica-
tor of where to locate each pregnancy with respect to exposure to the economic crisis. The
aggregate economic indicators were on quarterly or yearly basis, while the timing of births was
on weekly basis (not the actual date of birth). Thus, the beginning of the 4™ quarter 2008 (28"
of September) was used as a marker of the economic collapse as data on the economic climate
showed dramatic changes between the third and fourth quarters of 2008 [23]. The pre-collapse
group consisted of pregnancies with a gestational length of 20 weeks or more between Septem-
ber 27" 2004 and September 28" 2008. The four separate post-collapse groups were defined
similarly, including all pregnancies having reached at least 20 gestational weeks during i) Sep-
tember 29" 2008-September 27 2009 (post-collapse year 1), i) September 28" 2009 —Octo-
ber 3 2010 (post-collapse year 2), iii) October 4™ 2010 ~October 2" 2011 (post-collapse year
3) and iv) October 3°4 2011 —October 1% 2012 (post-collapse year 4). To further explore the
associations between the outcomes of interest (gestational hypertension and B-blockers) and
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the timing of the economic collapse, we divided the first post-collapse year in two 6 months
periods, each including pregnancies with a gestational length of 20 weeks or more during I)
September 29™ 2008 ~March 29™ 2009 and IT) March 30™ 2009 -September 28" 2009.

Covariates

Information on covariates were retrieved from the Medical Birth Register, including calendar
week of birth, gestational length, maternal age at delivery (continuous and grouped by <25;
25-34; >35 years), gravidity (primigravida; multigravida), relationship status (cohabitating
with other parent; not cohabitating with other parent), maternal place of residence (urban;
rural), employment status (employed; student; not working [homemaker/unemployed/on dis-
ability]), citizenship (Icelandic; foreign), diabetes mellitus (pre-existing diabetes [ICD-10 code
024.0-24.3]; gestational diabetes [ICD-10 code 024.4-24.9]), pre-existing hypertension [ICD-
10 code O10] and infant’s sex [28]. Gestational length was determined by ultrasound measure-
ment before the 21°* week of gestation for 99.9% of the study population. For 37 pregnancies,
gestational length was based on women’s self-reported last menstrual period. In order to con-
trol for seasonality, we used quarters of the calendar year.

In order to further capture if the potential influence of time on the outcomes was due to
macroeconomic changes, we used aggregate economic indicators as the unit of analysis. The
economic indicators tested were national unemployment rate and gross domestic product
(GDP), as traditional measures of economic conditions. However, as the Icelandic collapse
resulted in a debt crisis at the national and individual levels [16], we also tested the balance of
accounts and rates of homes that finds it very difficult to make ends meet (i.e. to cover expenses
through the pay period) or have defaults on loans or rent. The unemployment rate and GDP
were on a quarterly basis while the other indicators were on a yearly basis.

Data analysis

We calculated descriptive statistics for all maternal and pregnancy-related characteristics, con-
trasting frequencies across exposure groups. Chi-square and one-way ANOVA were used
to assess differences in the distribution of maternal and pregnancy-related characteristics.

In order to examine the impact of the economic collapse on the outcome variables, we used
logistic regression analyses to calculate the crude and adjusted odds ratios (ORs) and corre-
sponding 95% confidence intervals [CIs] for each outcome contrasting the four separate post-
collapse years with the pre-collapse period. The total number of calendar weeks during the
study period, beginning on September 27 2004, was used to address potential time-trends in
the aggregate explanatory variables as well as in the prevalence of the outcome variables. The
final regression models were adjusted for I) maternal age, gravidity and time-trend, II) mater-
nal age, gravidity, time-trend, diabetes, pre-existing hypertension, relationship status, place of
residence, employment status, citizenship and infant sex, IIT) maternal age, gravidity, time-
trend and aggregate economic indicators, if associated with index outcome in a supplementary
analysis. We did not adjust for seasonality in our main regression models as the exposure cate-
gories were equally balanced with respect to calendar time. However, the effect of seasonality
on the outcomes of interest was explored in a supplementary analysis. Similarly, adjusting for
seasonality, logistic regression models were created in order to further explore the odds ratio of
gestational hypertension and prescription fills for B-blockers in months 1-6 and months 7-12
following the economic collapse, compared with the pre-collapse period.

Further, in a supplementary analysis we used logistic regression analyses to estimate the
crude and adjusted ORs and corresponding 95% Cls to assess the association between each
aggregate economic indicator, i.e. unemployment rate, GDP, balance of accounts, rates of
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either finding it very difficult making ends meet or having defaults on loans or rent, and the
study outcomes irrespective of the defined exposure categories. We adjusted for all maternal
and pregnancy-related covariates separately to determine which of the covariates affected the
measured association. We then constructed three different regression models adjusting for i)
time-trend, ii) time-trend, maternal age and gravidity and iii) time-trend, maternal age, gravid-
ity, diabetes, pre-existing hypertension [ICD-10 code O10], relationship status, place of resi-
dence, employment status, citizenship and infant sex.

All the data analyses were performed using IBM SPSS Statistic 20.

The study was approved by the Icelandic National Bioethics committee (VSNb2013010002/
03.07), the Data Protection Authority (2012121499HGK/—) and the Directorate of Health
(1301064/5.6.1/gkg). An informed consent from women in the study population was not
obtained as all personal information was anonymized and de-identified prior to analysis.

Results

Table 1 shows the demographic and pregnancy-related characteristics of women across expo-
sure categories. After the economic collapse, pregnant women in Iceland were slightly older,
less likely to be employed, less likely to be of Icelandic citizenship and less likely to cohabit with
the other parent, as compared with pregnant women before the collapse (Table 1).

The overall prevalence of pregnancy-induced hypertensive disorders remained stable during
the study period. However, when gestational hypertension and preeclampsia were examined
separately, an increase was observed for gestational hypertension from 2.1% (74 of 4,166) to
2.6% (114 of 4,383), while the prevalence of preeclampsia decreased from 3.8% (159 of 4,166)
to 3.2% (139 of 4,383) (Fig 1). During the whole study period, 0.3% (104/35,211) of women
were diagnosed with both gestational hypertension and preeclampsia, a proportion which was
equal across exposure categories (Table 1). Fig 2 shows an increase over time in the prevalence
of filled prescriptions for antihypertensive drugs among the study population.

After adjusting for time-trend and other available covariates, we observed increased odds of
pregnancy-induced hypertensive disorders (aOR = 1.03 [1.00-1.06]), gestational hypertension
(aOR = 1.09, 95% CI [1.05-1.13]) and prescription fills for B-blockers (aOR = 1.08, 95% CI
[1.04-1.13]) with each percentage point increase in unemployment (S1 Appendix). Unemploy-
ment rate was not associated with preeclampsia or prescription fills for calcium channel blockers.
No associations were observed between the other aggregate economic indicators and outcomes
of interest (S1 Appendix).

Adjusting for maternal age, gravidity and time-trend, we observed a statistically significant
increase in gestational hypertension during post-collapse year 1 (aORyeq,, 1 = 1.47, 95% CI
[1.13-1.91]), as compared with the pre-collapse period (Table 2). Adding other maternal- and
pregnancy related covariates did not affect this association, while it disappeared (aORyeqr1 =
1.04, 95% CI [0.74-1.47]) when adding aggregate unemployment rate to the model. We found
no association between the economic collapse and gestational hypertension during the subse-
quent post-collapse years or with overall pregnancy-induced hypertensive disorders or pre-
eclampsia during any of the post-collapse years (Table 2).

The pattern of prescription fills of B-blockers across exposure categories was similar to what
was observed for gestational hypertension (Table 3). The odds of filling a prescription for -
blockers were increased by 43% only during post-collapse year 1 (aORyeq, 1 = 1.43, 95% CI
[1.07-1.90]); an increase which disappeared when adjusting for aggregate unemployment rate
(Table 3).

Furthermore, the economic collapse did not seem to impact on the prevalence of prescription
fills for calcium channel blockers beyond the observed time trend of increase; after adjustment
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Table 1. Maternal background characteristics of live singleton births in the study population in Iceland between November 29'" 2004 and Decem-

ber 315'2012.
Maternal & obstetric Pre-collapse Post-collapse Post-collapse Post-collapse Post-collapse p-value
years? year 1° year 2° year 3¢ year 4°
characteristics N =17,447 N = 4,990 N = 4,664 N = 4,295 N =3,815
Mean maternal age [SD] 28.92 [5.50] 29.12 [5.45] 29.40 [5.47] 29.27 [5.45] 29.45 [5.43] <0.001*
Births, Births, Births, Births, Births, Births, Births, Births, Births, Births,
n % n % n % n % n %
Maternal age (years)
<25 3,915 22.4 1,021 20.5 904 19.4 855 19.9 733 19.2 <0.001**
25-34 10,600 60.8 3,111 62.3 2,861 61.3 2,664 62.0 2,364 62.0
>35 2,932 16.8 858 17.2 899 19.3 776 18.1 718 18.8
Gravidity
Primigravida 7,075 40.6 2,021 40.5 1,840 39.5 1,662 38.7 1,523 39.9 0.184
Multigravida 10,372 59.4 2,969 59.5 2,824 60.5 2,633 61.3 2,292 60.1
Relationship status
Cohabitating with other 14,872 85.2 4,192 84.0 3,893 83.5 3,478 81.0 3,080 80.7 0.006
parent
Not cohabitating with other 2,442 14.0 744 14.9 721 15.5 645 15.0 575 15.1
parent
Missing 133 0.8 54 1.1 50 1.1 172 4.0 160 42
Maternal place of residence
Capital area 11,244 64.4 3,328 66.7 3,054 65.5 2,810 65.4 2,489 65.2 0.510
Rural area 5,936 34.0 1,653 33.1 1,594 34.2 1,464 34.1 1,311 34.4
Missing 267 1.5 9 0.2 16 0.3 21 0.5 15 0.4
Maternal employment status
Employed 13,123 75.2 3,665 73.4 3,312 71.0 3,027 70.5 2,689 70.5 <0.001
Student 2,841 16.3 836 16.8 834 17.9 758 17.6 717 18.8
Homemaker/on disability/ 1,438 8.2 489 9.8 518 1.1 509 11.9 406 10.6
unemployed
Missing 45 0.3 0 0 0 0 1 <0.001 3 0.1
Maternal citizenship
Icelandic 15,886 91.1 4,332 86.8 4,105 88.0 3,769 87.8 3,336 87.4 <0.001
Foreign 1,561 8.9 658 13.2 559 12.0 526 12.2 479 12.6
Infant’s sex
Boy 8,975 51.4 2,531 50.7 2,423 52.0 2,258 52.6 1,954 51.2 0.447
Girl 8,467 48.5 2,459 49.3 2,240 48.0 2,037 47.4 1,861 48.8
Missing 5 <0.001 0 1 <0.001 0 0
Diabetes
Pre-existing diabetes 63 0.4 22 0.4 19 0.4 17 0.4 21 0.6 0.593
Gestational diabetes 485 2.8 196 3.9 188 4.0 195 4.5 161 4.2 <0.001
Hypertensive disorders of
pregnancy
Pre-existing hypertension 212 1.2 69 1.4 56 1.2 47 1.1 46 1.2 <0.489
Pregnancy-induced 1,003 5.7 318 6.4 270 5.8 261 6.1 228 6.0 0.540
hypertension***
Gestational hypertension 422 24 193 3.9 144 3.1 133 3.1 117 3.1 <0.001
Preeclampsia 629 3.6 141 2.8 141 3.0 138 3.2 126 3.3 0.048
Cardiovascular drugs
B-blockers (C07) 336 1.9 156 3.1 115 25 92 2.1 106 2.8 <0.001
(Continued)
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Table 1. (Continued)

Maternal & obstetric Pre-collapse Post-collapse Post-collapse Post-collapse Post-collapse p-value
years® year 1° year 2° year 3¢ year 4°
characteristics N = 17,447 N = 4,990 N = 4,664 N = 4,295 N = 3,815
Calcium channel blockers 71 0.4 34 0.7 28 0.6 40 0.9 60 1.6 <0.001

(C08)

*Based on one-way ANOVA.
**Based on chi-square test.

*** Of those diagnosed with pregnancy-induced hypertensive disorder 48; 16; 15; 10; 15 were both diagnosed with gestational hypertension and

preeclampsia

Included in the collapse groups are women with singleton pregnancies with gestational length of 20 weeks or more during 2September 27" 2004—
September 28" 2008, *September 29" 2008 —September 27" 2009, °September 28" 2009 —October 3 2010, %October 4" 2010 —~October 2™ 2011,

®QOctober 3" 2011 —October 15t 2012.

doi:10.1371/journal.pone.0138534.t001

for maternal age, gravidity and time-trend, the positive crude increase in calcium channel block-
ers disappeared and even reversed in post-collapse year 2 (Table 2). Further adjustment for sea-
sonality did not significantly change the association between the economic collapse and the
outcomes of interest (S2 Appendix and S3 Appendix). When exploring the odds ratios of gesta-
tional hypertension and prescription fills for B-blockers in finer time-period during the first year
following the economic collapse, we observed similar point estimates for months 1-6 and months
7-12 (gestational hypertension: aORmonths1 - = 1.36, 95% CI [1.00-1.85]; aORmonths7-12 = 1.44,
95% CI [1.05-1.97] and B-blockers: 2OR ponths1_s = 1.37, 95% CI [0.98-1.92]; aOR monther_12 =
1.31,95% CI[0.92-1.85]) (S4 Appendix).

7.0%

6.0%

Pregnancy-induced hypertensive disorders

2005 2006 2007 2008

= Gestational hypertension = Preeclampsia

5.0% -
4.0%
3.0% -
2.0% -
1.0% -
0.0% - T T T T T T T

2009 2010 2011 2012

= Both preeclampsia and gest. hypertension

Fig 1. Prevalence of overall pregnancy-induced hypertensive disorders, gestational hypertension and preeclampsia in Iceland, 2005-2012.

doi:10.1371/journal.pone.0138534.9001
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Fig 2. Prevalence of prescription fills for B-blockers and calcium channel blockers among pregnant women in Iceland 2005-2012, after gestational

week 20.

doi:10.1371/journal.pone.0138534.9002

Discussion

In this nationwide study of women with live singleton births in Iceland during a time of severe
economic fluctuation, we observed a transient increase in the risk of gestational hypertension
and prescription fills for B-blockers during the first year following the economic collapse, but
no such increase was detected for preeclampsia. In parallel with the development of the macro-
economic conditions, this initial increase in gestational hypertension seemed to level off with
years passing from the severe economic collapse. Indeed, our findings suggest that the increase
risk of gestational hypertension at the first year of the crisis may be explained by changing
aggregate unemployment rates, reflecting the severity of the economic crisis at this time point.

The dramatic economic collapse in Iceland in 2008 affected the whole Icelandic population
in one way or another and recent studies suggest considerable influence on mental health [17-
19] and reproductive outcomes [21]. Our findings on increased risk of gestational hypertension
and corresponding drug use after the economic collapse add to this litterature and are in line
with the findings of previous studies indicating an association between psychosocial stress and
pregnancy-induced hypertensive disorders [3-9]. Most [3-9], but not all studies [29], have
found high levels of perceived stress, work-related stress, depression and anxiety to be associ-
ated with pregnancy-induced hypertensive disorders. A large population based study by Laszlo
et al. found severe psychosocial stress to be associated with a modest increase in preeclampsia
[7], while other hypertensive diseases of pregnancy were not reported. We did not observe any
association between the economic collapse and risk of preeclampsia.

The pathways through which stress could affect pregnancy-induced hypertensive disorders
are not fully understood. Stress can influence health behaviours of affected individuals to the
worse, resulting in higher levels of smoking, less exercise and poorer diet [30]. In addition,
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Table 2. The odds ratios [OR] and 95% confidence intervals [CI] of (A) overall pregnancy-induced hypertensive disorders, (B) gestational hyper-
tension and (C) preeclampsia in each of the four post-collapse years following the economic collapse in Iceland compared with pre-collapse
period.

Regression models Pre-collapse Post-collapse Post-collapse Post-collapse Post-collapse
period?® year 1° year 2° year 3¢ year 4°

OR [95% CI] OR [95% CI] OR [95% CI] OR [95% ClI] OR [95% CI]
(A) Pregnancy-induced hypertensive
disorders
Crude 1.00 [ref.] 1.12[0.98-1.27] 1.01[0.88-1.16] 1.06 [0.92—-1.22] 1.04 [0.90-1.21]
Model I* 1.00 [ref.] 1.13[0.94-1.37] 1.03 [0.82-1.30] 1.11 [0.84-1.47] 1.08 [0.78-1.50]
Model II** 1.00 [ref.] 1.13[0.93-1.36] 1.02 [0.81-1.29] 1.10 [0.83-1.46] 1.06 [0.76—1.48]
Model I11*** 1.00 [ref.] 0.96 [0.74—1.23] 0.86 [0.65—1.15] 0.96 [0.70-1.31] 0.99 [0.70-1.38]
(B) Gestational hypertension
Crude 1.00 [ref.] 1.62 [1.37-1.93] 1.29 [1.06-1.56] 1.29 [1.06-1.57] 1.28 [1.04-1.57]
Model I* 1.00 [ref.] 1.47 [1.13-1.91] 1.11[0.79-1.55] 1.09 [0.72-1.63] 1.02 [0.63-1.64]
Model I1** 1.00 [ref.] 1.44[1.11-1.87] 1.08 [0.77-1.52] 1.05[0.69-1.58] 0.99 [0.61-1.61]
Model Il1*** 1.00 [ref.] 1.04 [0.74-1.47] 0.78 [0.52-1.17] 0.81[0.52—-1.26] 0.85[0.52—-1.38]
(C) Preeclampsia
Crude 1.00 [ref.] 0.78 [0.65—0.94] 0.83[0.69-1.00] 0.89[0.74-1.07] 0.91[0.75-1.11]
Model I* 1.00 [ref.] 0.86 [0.67—1.11] 0.97 [0.72—1.31] 1.09 [0.76—-1.56] 1.15[0.76-1.74]
Model [1** 1.00 [ref.] 0.86 [0.66-1.10] 0.97 [0.71-1.31] 1.11[0.77-1.59] 1.12[0.73-1.72]
Model Il1*** 1.00 [ref.] 0.88 [0.62—1.23] 0.99 [0.67—1.45] 1.11[0.73-1.67] 1.16 [0.75-1.79]

* Adjusted for maternal age, gravidity and time in weeks [time-trend].

** Simultaneously adjusted for maternal age, gravidity, time in weeks, sex, diabetes, pre-existing hypertension, relationship status, place of residence,
employment status and citizenship.

***Adjusted for maternal age, gravidity, time in weeks and aggregate unemployment rate.

Included in the collapse groups are women with singleton pregnancies with gestational length of 20 weeks or more during September 27" 2004—
September 28™ 2008, *September 29" 2008 —September 27" 2009, “September 281" 2009 —~October 3 2010, “October 4™ 2010 —October 2" 2011,
October 3" 2011 —October 15 2012.

doi:10.1371/journal.pone.0138534.t002

physiology of individuals experiencing stress may also be affected [12]. Over-activation of the
hypothalamic-pituitary-adrenal axis and the autonomous nervous system at times of stress
leads to a corresponding rise in the concentrations of cortisol and nor-epinephrine, which act
upon different organ systems and may cause pathophysiological changes, including hyperten-
sion and cardiovascular disease in non-pregnant populations [12]. Such pathophysiologic reac-
tions, in combination with altered behaviours of pregnant women, may offer explanation to
our findings.

It is unclear why we observed an association between the economic collapse and gestational
hypertension but not to preeclampsia, yet two explanations seem most plausible. Firstly, if
viewed as separate diseases with different aetiologies, it is possible that mechanisms underlying
gestational hypertension are more sensitive to stress compared with mechanisms underlying
preeclampsia. Secondly, from the perspective that the gestational hypertension is merely a
milder form of preeclampsia, it is possible that the economic collapse was not a stressor of suf-
ficient magnitude to cause the more severe form of the disorder.

The B-blocking agent Labetalol is the first line of treatment of pregnancy-induced hyperten-
sive disorders in Iceland. In most cases the calcium channel blocker, Nifedipine, is prescribed if
treatment with Labetalol has proven insufficient or is not tolerated by the pregnant woman.
However, during the last 10 years, Nifedipine has increasingly been used for treatment of

PLOS ONE | DOI:10.1371/journal.pone.0138534 September 17,2015 9/15



o
@ ‘ PLOS | ONE Hypertension in Pregnancy following an Economic Collapse

Table 3. The odds ratios [OR] and 95% confidence intervals [CI] of (A) prescription fills for B-blockers and (B) prescription fills for calcium channel
blockers in pregnancies during each of the four post-collapse years following the economic collapse in Iceland compared with pre-collapse
period.

Regression models Pre-collapse Post-collapse Post-collapse Post-collapse Post-collapse
period?® year 1° year 2° year 3¢ year 4°
OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI]

(A) B-blockers (CO7)

Crude 1.00 [ref.] 1.64 [1.36-1.99] 1.29 [1.04-1.60] 1.12 [0.88-1.41] 1.46 [1.17-1.82]
Model I* 1.00 [ref] 1.43 [1.07-1.90] 1.05 [0.72-1.52] 0.87 [0.55-1.37] 1.06 [0.62—1.80]
Model I1¥* 1.00 [ref.] 1.49 [1.11-2.00] 1.12 [0.76-1.64] 0.91 [0.56-1.46] 1.10 [0.64-1.89)]
Model Il1%** 1.00 [ref] 1.05 [0.72—1.54] 0.77 [0.49-1.20] 0.67 [0.41-1.10] 0.91 [0.53-1.55]
(B) Calcium channel

blockers

Crude 1.00 [ref] 1.68 [1.11-2.53] 1.48 [0.95-2.29] 2.30 [1.56-3.39] 3.91 [2.77-5.52]
Model I* 1.00 [ref.] 0.67 [0.38-1.18] 0.38 [0.18-0.81] 0.40 [0.16-0.97] 0.45 [0.16-1.31]
Model I1%* 1.00 [ref.] 0.62 [0.35-1.11] 0.36 [0.17-0.76] 0.32 [0.13-0.79] 0.39[0.13-1.14]
Model Il1*** 1.00 [ref.] 1.07 [0.49-2.31] 0.63 [0.25-1.62] 0.60[0.21-1.67] 0.59[0.19-1.81]

* Adjusted for maternal age, gravidity and time in weeks [time-trend].

** Simultaneously adjusted for maternal age, gravidity, time in weeks, sex, diabetes, pre-existing hypertension, relationship status, place of residence,
employment status and citizenship.

***Adjusted for maternal age, gravidity, time in weeks and aggregate unemployment rate.

Included in the collapse groups are women with singleton pregnancies with gestational length of 20 weeks or more during September 27" 2004—
September 28™ 2008, *September 29™ 2008 —September 27" 2009, °September 28! 2009 —~October 3 2010, “October 4™ 2010 —October 2™ 2011,
®October 3" 2011 —October 15! 2012

doi:10.1371/journal.pone.0138534.t003

contractions during pregnancy, which might explain the time-trend observed for calcium
channel blockers in our study.

The available data in our study are not informative on potential underlying mechanisms
although they suggest that the influence of this societal stressor on pregnancy-induced hyper-
tensive disorders was rapid and transient, although further exploitation of the time during the
first year following the collapse did not reveal much difference of the effect between women
who were pregnant in the first and second half-year after the collapse. The observed increase in
gestational hypertension and in prescription fills for B-blockers in the first year following the
economic collapse disappeared entirely when we adjusted for the aggregate unemployment
level. This finding is supported by a line of studies linking pregnancy-induced hypertensive dis-
orders, particularly preeclampsia, to socioeconomic difficulties [31-35]. To our knowledge, our
study is the first to examine the effect of a major macroeconomic downturn on pregnancy-
induced hypertensive disorders. Yet, there are some studies [14, 36-38], although not all [39-
41], that have provided evidence of increased cardiovascular morbidity and mortality in the
general population during times when the economy is bad. Based on self-reports from a
nationally representative cohort of approximately 4000 Icelanders from the Health and Well-
being study, Asgeirsdottir et al. reported a modest increase in self-reported hypertension in the
first year following the economic collapse in 2008 among men, but not among women [42].
However, it is indeed possible that pregnant women are particularly vulnerable to the socioeco-
nomic adversities brought about by a national economic crisis.

Study strengths and limitations

This study leverages the National Medical Birth Register and Medicines Register in Iceland to
accomplish a population based cohort study of all pregnancies resulting in live singleton births
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in Iceland during eight years of follow-up. These registries are a rich source of information
regarding health and drug use of pregnant women and their offspring, enabling collection of
data independent of the exposure categories, i.e. timing of the economic collapse. The detailed
information in the Medical Birth Register allowed us to account for potential confounding fac-
tors. In order to enhance internal validity of the study, we restricted the study population to
singleton pregnancies as previous studies indicate higher risk of hypertensive disorders in mul-
tiple pregnancies. Furthermore, we adjusted for potential time-trend in the study outcomes in
the statistical analyses. Thus, the observed increase in gestational hypertension and prescrip-
tion fills for B-blockers is unlikely to be explained by secular trends in the detection rate of the
diseases or prescribing practices among health care professionals in Iceland.

A limitation of this study is the lack of accessible data on smoking, body mass index and
other behavioral factors that might possibly influence the observed increase in gestational
hypertension. Many of these behavioral risk factors are strongly associated with pregnancy-
induced hypertensive disorders, although some in opposite direction [43]. A sudden decrease
in maternal smoking or increase in overweight or obesity among women of childbearing age,
could theoretically have contributed to the increase in the prevalence of gestational hyperten-
sion among women who were pregnant in the first year following the economic collapse. How-
ever, in a recent study on the prevalence of smoking, overweight and obesity among pregnant
women in Iceland between 2001 and 2010, a reduction in maternal smoking was observed
whereas the mean body mass index of pregnant women remained relatively stable [44]. The
same decreasing trend in smoking has been reported among the general population following
the economic collapse in Iceland [45, 46]. Loss of resources may lead to worsened nutrition or
decreased attention to personal health [47]. In recent studies of health behaviors of Icelanders
following the economic collapse, a decrease in health-compromising behaviors, such as smok-
ing, consumption of fast food, sugar-sweetened beverages, sweets or alcohol, was reported.
Some health-promoting factors were found to increase after the collapse, such as consumption
of fish oil and getting enough sleep, while the intake of fruits and vegetables decreased [45, 48].
Thus, we cannot rule out that a sudden nutritional deterioration or an altered risk behavior
may have contributed to the observed increase in gestational hypertension. A second limitation
pertains to the fact that only pregnancies resulting in live births were included in the study.
Women with hypertensive disorders of pregnancy have higher rates of stillbirths than women
with normal blood pressure [49]. Therefore, the observed increase in gestational hypertension
in the first year following the economic collapse might have led to an increase in stillbirths,
which potentially could have resulted in an underestimation of the observed effect. However,
the stillbirth rate in Iceland is very low, on average 3.5 per 1000 births during the study period
[24]. A rate of this magnitude is unlikely to significantly impact the observed effect estimates.
Thirdly, we cannot rule out potential misclassification of the hypertensive outcomes. It is possi-
ble that women with preeclampsia were temporarily misclassified as having gestational hyper-
tension, explaining the observed increase in the first year following the economic collapse.
However, such misclassification is unlikely as preeclampsia is a severe condition that poses
both mother and fetus at high risk, requiring high intensity maternal care. Moreover, it is
unlikely that such misclassification would be limited only to the first year following the col-
lapse. Fourthly, as this is a quasi-experimental design we are unable to control for other poten-
tial factors that might have been occurring at the same time as the economic collapse, affecting
the outcomes of interest. However, the collapse of the financial system in Iceland was by far the
most notable event occurring at that time and other important changes that may have occurred
in Iceland around that time are likely to be consequences of the collapse. Lastly, our study is
based on an entire nation exposed to a specific economic collapse. All economic fluctuations
have their own characteristics, the distinct features of the collapse in Iceland included
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currency- and household debt crisis. Thus, these findings cannot be readily generalized to
other populations of pregnant women undergoing economic recessions.

Conclusions

In summary, the results suggest a transient increase in gestational hypertension and use of -
blockers among pregnant women in Iceland in the first year following the national economic
collapse. The severity of the aggregate economic climate at that time with a gradual yet slow
recovery during the following years is a likely explanation for the observed pattern.
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S4 Appendix. The odds ratios [OR] and 95% confidence intervals [Cl] of (A) gestational hypertension
and (B) B-blockers in the first and second half year following the economic collapse in Iceland
compared with pre-collapse period.

Pre-collapse period® 4™ quarter 2008 & 2" quarter 2009 &

Regression models 1% quarter 2009° 3" quarter 2009°

OR [95% Cl] OR [95% CI] OR [95% Cl]

(A) Gestational hypertension

Crude 1.00 [ref.] 1.52[1.21-1.92] 1.70 [1.36-2.12]
Model I* 1.00 [ref.] 1.36 [1.00-1.85] 1.44 [1.05-1.97]
Model I1** 1.00 [ref.] 1.34[0.99-1.83] 1.40 [1.02-1.93]
Model [11*** 1.00 [ref.] 1.04 [0.66-1.67] 1.16 [0.76-1.77]
(B) B8-blockers

Crude 1.00 [ref.] 1.63 [1.26-2.10] 1.66 [1.30-2.12]
Model I* 1.00 [ref.] 1.37 [0.98-1.92] 1.31[0.92-1.85]
Model I1** 1.00 [ref.] 1.46 [1.03-2.06] 1.37 [0.96-1.96]
Model [11*** 1.00 [ref.] 1.13[0.67-1.91] 1.12 [0.70-1.80]

* Adjusted for maternal age, gravidity, time in weeks [time-trend] and seasonality.

** Simultaneously adjusted for maternal age, gravidity, time in weeks, seasonality, sex, diabetes, pre-existing hypertension,
relationship status, place of residence, employment status and citizenship.

***Adjusted for maternal age, gravidity, time in weeks, seasonality and aggregate unemployment rate.

Included in the collapse groups are women with singleton pregnancies with gestational length of 20 weeks or more during
2September 27" 2004 - September 28™ 2008, "September 29" 2008 — March 29" 2009, “March 30" 2009 — September 29"

2009
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Low Birth Weight, Small for Gestational Age and Preterm
Births before and after the Economic Collapse in Iceland:
A Population Based Cohort Study

Védis Helga Eiriksdéttir'*, Tinna Laufey Asgeirsdéttir’, Ragnheidur Ingibjérg Bjarnadoéttir®,

Robert Kaestner®, Sven Cnattingius®, Unnur Anna Valdimarsdéttir®’

1Centre of Public Health Sciences, University of Iceland, Reykjavik, Iceland, 2 Department of Economics, University of Iceland, Reykjavik, Iceland, 3 Department of
Obstetrics and Gynecology, Landspitali University Hospital, Reykjavik, Iceland, 4 Department of Economics and the Institute of Government and Public Affairs, University

of lllinois, Chicago, lllinois, United States of America, 5 Unit of Clinical Epidemiology, Department of Medicine, Karolinska Institutet, Solna, Stockholm, Sweden, 6 Centre of
Public Health Sciences, University of Iceland, Reykjavik, Iceland, 7 Department of Epidemiology, Harvard School of Public Health, Boston, Massachusetts, United States

Abstract

Objective: Infants born small for gestational age (SGA) or preterm have increased rates of perinatal morbidity and mortality.
Stressful events have been suggested as potential contributors to preterm birth (PB) and low birth weight (LBW). We
studied the effect of the 2008 economic collapse in Iceland on the risks of adverse birth outcomes.

Study design: The study population constituted all Icelandic women giving birth to live-born singletons from January 1°
2006 to December 31°* 2009. LBW infants were defined as those weighing <2500 grams at birth, PB infants as those born
before 37 weeks of gestation and SGA as those with a birth weight for gestational age more than 2 standard deviations
(SD’s) below the mean according to the Swedish fetal growth curve. We used logistic regression analysis to estimate odds
ratios [OR] and corresponding 95 percent confidence intervals [95% Cl] of adverse birth outcomes by exposure to calendar
time of the economic collapse, i.e. after October 6" 2008.

Results: Compared to the preceding period, we observed an increased adjusted odds in LBW-deliveries following the
collapse (@OR=1.24, 95% Cl [1.02, 1.52]), particularly among infants born to mothers younger than 25 years (aOR=1.85,
95% ClI [1.25, 2.72]) and not working mothers (aOR=1.61, 95% Cl [1.10, 2.35]). Similarly, we found a tendency towards higher
incidence of SGA-births (aOR=1.14, 95% Cl [0.86, 1.51]) particularly among children born to mothers younger than 25 years
(@OR=1.87, 95% CI [1.09, 3.23]) and not working mothers (aOR=1.86, 95% Cl [1.09, 3.17]). No change in risk of PB was
observed. The increase of LBW was most distinct 6-9 months after the collapse.

Conclusion: The results suggest an increase in risk of LBW shortly after the collapse of the Icelandic national economy. The
increase in LBW seems to be driven by reduced fetal growth rate rather than shorter gestation.
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Introduction Whether economic conditions during the prenatal period have
adverse effects on infant health has been less investigated. Deheeja
and Llers-Muney reported a reduced incidence of adverse birth
outcomes during periods of high unemployment [18]. Margerison-
Zilko et al. recently reported that unexpected economic contrac-

Infants born small for gestational age or preterm have
increased risks of perinatal morbidity and mortality [1] and of
somatic diseases that can last throughout childhood and into
adulthood [2,3].

It is widely believed that a woman’s emotional and psycho-
logical environment during the prenatal period can affect fetal
development. Numerous studies have examined this hypothesis
by obtaining associations between emotional and stressful life
events during the prenatal period and adverse birth outcomes.
However, results of these studies are inconsistent, with some

tion (measured as unexpectedly high monthly unemployment rate)
early in pregnancy was associated with a decrease in birth weight
[19]. Other studies have found either null associations [20,21] or
higher risks of low birth weight and neonatal mortality following
recessions or involuntary unemployment [22-24].

On October 6™ 2008 the Icelandic prime minister informed the

. . X X . nation of an unusually swift and severe economic collapse in a
studies reporting that adverse life events increase risks of poor

pregnancy outcomes [4—14] and others reporting no association
[15,16] or the opposite [17].

dramatic manner and the government took over its three largest
banks. The largely unforeseen collapse of the Icelandic economy
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with its associated rapid rise in unemployment and increase in
household debt represents a potentially powerful stressor that may
have adversely affected birth outcomes. Using the nationwide
Medical Birth Registry, we examined the effect of the 2008
economic collapse in Iceland on infant health, as measured by low
birth weight, preterm birth and small-for-gestational age birth.

Materials and Methods

Population

All Icelandic women registered in the National Icelandic Birth
Registry from January 1% 2006 to December 31* 2009
(N=16,616) were considered. We excluded women with multiple
pregnancies (n=298) and stillbirths (n=47), leaving a total of
16,271 eligible women in the study.

Outcome assessment

Information on birth weight in grams and gestational length in
days was obtained from the Birth Registry. Low birth weight
(LBW) was defined as less than 2,500 grams at birth and preterm
birth (PB) as a delivery before 37 completed gestational weeks
(259 days of gestation). For 16,228 births (>99.9%), length of
gestation was based on ultrasound measurement before the
21°" week of gestation. In 7 pregnancies, gestational age could be
estimated on the basis of last menstrual period. It could not be
determined for 8 cases. Small-for-gestational age (SGA), a proxy
for intrauterine growth restriction, was defined as infants with
birth weight more than 2 standard deviations (SD) below the mean

PLOS ONE | www.plosone.org 2

Table 1. Maternal characteristics during the study period, before and after Oct 6™ 2008.

Maternal characteristics Category of characteristics Precrisis (N=11,111) Postcrisis (N=5,160) p-value*

Mean age (SD) 29.01 (5.55) 29.24 (5.54) 0.016%*

Births, n Births, % Births, n Births, %

Age (year) <25 2,454 22.09 1,055 20.45 0.036**
25-34 6,734 60.61 3,160 61.24
=35 1,923 17.31 945 18.31

Parity Nulliparous 4,324 38.92 1,966 38.10 0.072
Primiparous 3,929 35.36 1,779 34.48
Multiparous 2,858 25.72 1,415 27.41

Relationship status® Cohabitating with father 9,422 86.38 4,182 84.18 <0.001%**
Single 1,485 13.62 786 15.82

Place of residence® Rural 3,799 34.53 1,715 33.27 0.119
Urban 7,203 65.47 3,438 66.73

Employment status” Working 8,247 75.23 3,783 74.48 0312
Not working 2,716 24.77 1,296 25.52

Diabetes No 10,783 97.05 4,953 95.99 0.007***
Pre-existing 47 043 21 0.42
Gestational diabetes 281 253 186 3.60

Hypertension No 10,290 9261 4,721 91.49 0.045**
Pre-existing 151 1.36 82 1.59
Pregnancy-induced-hypertension 670 6.03 357 6.92

£Missing values n=396 were excluded from analysis.

*Missing values n=116 were excluded from analysis.

PMissing values n=229 were excluded from analysis.

*p-values are based on Chi-square test, except for maternal age where independent sample t-test was used.

**Difference is statistically significant within p=0.05.

***Difference is statistically significant equal to or within p=0.001.

doi:10.1371/journal.pone.0080499.t001

for gestational age according to the sex-specific Swedish fetal
growth curve [25], which has been shown to be applicable for
Icelandic fetuses [26]. Fetal growth rate index (Z scores) was also
assessed by using methods previously described [25].

Explanatory variables

The study period was dichotomized with pre-crisis period
(“unexposed”), spanning from January 1* 2006 to October 5t
2008, and post-crisis period (“exposed”), spanning from October
6" 2008 to December 31% 2009. The pre- and post-crisis groups
will hereafter be referred to as the unexposed (reference group)
and the exposed group, respectively.

Potential covariates

Information on covariates was obtained from the National
Medical Birth Registry. Maternal characteristics obtained from the
registry were: place of delivery; maternal age at delivery; parity
(nulli-, primi- and multiparous); relationship status (mother
cohabitating with father or not); employment status (employed
or not employed (student/housewife/unemployed/on disablement
benefit)); residence (living in the capital area or not). Maternal and
infants’ diseases were classified according to the International
Classification of Diseases, tenth revision (ICD-10). Pregnancy-
related diseases known to influence fetal growth included essential
hypertension (ICD-10 code O10-O11), gestational hypertension
and preeclampsia (ICD-10 codes O12-O15) and pre-gestational
and gestational diabetes mellitus (ICD-10 codes 024.0-O24.2 and
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Table 2. Obstetric characteristics during the study period, before and after Oct 6™ 2008.

Obstetric characteristics Category of characteristics Precrisis (N=11,111) Postcrisis (N=5,160) p-~value*

Mean birth weight (g) (SD) 3,693.7 (569.38) 3,665.7 (570.31) 0.003

Mean gestational length® (days) (SD) 279.54 (12.10) 279.02 (11.91) 0.023

Births, n Births, % Births, n Births, %

Mode of delivery Vaginal 9,279 83.51 4,344 84.18 0.278
Caecerian section 1,832 16.49 816 15.82

Infant's gender® Male 5,763 51.88 2,630 50.97 0.281
Female 5,346 48.12 2,530 49.03

Apgar 5min 7-10 10,868 97.82 5,050 97.87 0.850
<7 242 218 110 213

Congenital malformation No 10,716 96.44 4,964 96.22 0.440
Yes 395 3.56 196 3.78

Early neonatal death (<7 days) No 11,102 99.92 5,157 99.94 0.617
Yes 9 0.08 3 0.06

Low birth weight (<2500 g) No 10,873 97.53 5,005 97.0 0.046
Yes 274 247 155 3.0

Small-for-gestational age No 10,950 98.64 5,083 98.51 0.505
Yes 151 136 77 1.49

Preterm birth (<37 weeks) No 10,619 95.64 4918 95.31 0.342
Yes 484 436 242 4.69

PMissing values n=8.
€Missing values n=2.

was used. Significance level is 0.05.
doi:10.1371/journal.pone.0080499.t002

024.4). Obstetric information obtained was: mode of delivery
(vaginal or cesarean delivery), infants’ sex, Apgar score at
5 minutes, vaginal induction of delivery (ICD-10 code 083.8),
congenital malformations and chromosomal abnormalities (ICD-
codes Q00-99) and early neonatal death (defined as death of a live-
born infant within 7 days from birth). In order to account for
seasonal variation of birth weight, the years were divided into four
seasons and births occurring in the same season were grouped
together.

Statistical analysis

We calculated descriptive statistics for all maternal and obstetric
characteristics as well as for the outcome variables, contrasting
frequencies before and after the economic collapse. Differences in
characteristics by exposure groups were explored using the Chi-
square test for categorical variables and independent sample t-test
was used for maternal age. Linear regression analysis was used for
the continuous outcome variables gestational length and birth
weight, adjusting for maternal age, parity and seasonality. One-
way ANOVA tests with post-hoc Tukey’s test were conducted to
assess the homogeneity of birth weight and gestational length
between seasons.

Logistic regression analyses were used to calculate adjusted odds
ratios (@OR) and their 95% confidence intervals [CI’s] for LBW,
PB and SGA in the exposed period. In model I, adjustments were
made for variables assessed as possible confounders: maternal age,
parity and seasonality. In models II and III, we explored whether
possible increased risks of adverse birth outcomes were mediated
by other maternal factors or diseases during pregnancy all which,
in fact, may have been influenced by the crisis. In model II, we

PLOS ONE | www.plosone.org

*p-values are based on Chi-square test, except for birth weight and gestational length where linear regression analysis, adjusted for maternal age, parity and seasonality

therefore also adjusted for: hypertension and diabetes, and in
model III we added relationship status, residence, employment
status into the model. Analysis involving LBW and PB were also
adjusted for infant’s sex in models II and III. We used linear
regression models to estimate changes in the fetal growth rate
index across exposure categories. In order to explore further the
risk of adverse birth outcomes among certain subgroups, we
performed logistic regression analyses where we stratified for each
of the following maternal characteristics: age, parity, relationship
status, place of residence and employment status. The model used
in the analyses was also adjusted for age (continuous), parity and
seasonal variations (model I).

To further explore whether associations between PB, SGA and
LBW differed depending on, when in gestation the collapse hit, we
divided the study period into intervals of three months and
compared those giving birth in a particular intervals in 2008 and
2009 with those giving birth in the same time intervals in 2006 and
2007. Each time interval in 2008 and 2009 averaged 1,050 births.
In the comparison groups, the corresponding time intervals in
2006 and 2007 averaged 1,974 births.

In order to refine our exploration of potential crisis effects, we
also used date of conception (instead of date of birth) to sort
pregnancies according to exposure to the economic crisis. For
example, women who conceived in the time period January —
March 2008 (exposed to the crisis in the 3rd trimester) were
grouped together and compared to women who became pregnant
January — March 2005, 2006 and 2007 (unexposed) etc.

Further, in an attempt to detect a possible time-trend in LBW,
SGA and PB that might falsely lead to measured exposure effects,
we used linear regression analysis to calculate the monthly trend of
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Table 3. The separate and combined effect of covariates on the odds ratio of low birth weight, small for gestational age and
preterm birth during the two study periods, before and after October 6" 2008.

Low birth weight (<2500 g)

Small for gestational age (SGA) Preterm birth (<37 weeks)

Seasonal variation 1.24 (1.01-1.52)

Maternal age 1.23 (1.01-1.50)

Parity 1.23 (1.01-1.50)
Sex 1.22 (1.00-1.50)
Diabetes 1.22 (1.00-1.49)
Hypertension 1.20 (0.98-1.46)

1.19 (0.97-1.46)
1.21 (0.99-1.48)
1.22 (0.99-1.49)

Relationship status
Place of residency

Employment status

Covariates

OR (95% CI) OR (95% CI) OR (95% CI)
Model I* 1.25 (1.02-1.53) 1.14 (0.86-1.51) 1.08 (0.92-1.26)
Model 11** 1.22 (0.99-1.50) 1.11 (0.83-1.47) 1.06 (0.90-1.24)
Model I11*#* 1.17 (0.95-1.45) 1.09 (0.82-1.46) 1.03 (0.87-1.22)
Crude 1.23 (1.00-1.50) 1.10 (0.83-1.45) 1.08 (0.92-1.26)

1.13 (0.86-1.50)
1.10 (0.83-1.45) 1.08 (0.92-1.27)
1.10 (0.84-1.46) 1.08 (0.92-1.27)
* 1.08 (0.93-1.27)
1.10 (0.83-1.45) 1.07 (0.92-1.26)
1.06 (0.81-1.40) 1.07 (0.91-1.25)
1.10 (0.83-1.45) 1.08 (0.92-1.26)
1.10 (0.84-1.46) 1.06 (0.91-1.25)
1.09 (0.83-1.45) 1.07 (0.91-1.26)

1.08 (0.92-1.26)

“SGA is inherently adjusted for infant’s sex.
*Odds ratio adjusted for seasonal variation, maternal age and parity.

doi:10.1371/journal.pone.0080499.t003

each birth outcome in the pre-crisis period. This model was
adjusted for maternal age and parity.

Additional analysis was conducted to examine the effect of the
shock on fetuses that were in utero on the day of the collapse. The
exposed group consisted only of those women who were pregnant
on October 6™ 2008. Women, pregnant on October 6™ 2006 and
2007, were considered unexposed. Similar analysis was carried out
to examine the effect of the crisis on women who became pregnant
during the post-crisis period and gave birth in the last 7 months of
2009. The reference group consisted of women who became
pregnant after October 6™ 2006 and gave birth the following year.

Ethical considerations

The study was approved by the Icelandic National Bioethics
Committee (VSNb2010050014/03.7), the Data Protection Au-
thority (2010050499LSL/~) and the Directorate of Health
(2010050296/5.6.1/HBS/hbs).

Results

Among all 16,271 infants; 11,111 (68%) were in the unexposed
group and 5,160 (32%) were in the exposed group. Table 1 and 2
present the maternal and obstetric characteristics by exposure
status. Following the economic collapse, we observed a statistically
significant increase in maternal age as well as a tendency towards
higher parity. Compared to the pre-crisis period, mothers giving
birth following the economic collapse were more likely to be single,
and to have pregnancy-induced hypertension and gestational
diabetes (table 1).

The infants born in the period of the economic crisis weighed,
on average, 28 grams less than infants in the reference group
(table 2). There was also a small but statistically significant
difference in mean gestational length between births in the
exposed and unexposed periods. No differences were observed
with respect to maternal residence, mode of delivery, sex of
infants, Apgar score at 5 minutes, congenital malformation or
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**QOdds ratio adjusted for seasonal variation, maternal age, parity, sex, diabetes and hypertension.
***0dds ratio adjusted for seasonal variation, maternal age, parity, sex, diabetes, hypertension, relationship status, place of residency and employment status.

early neonatal death. Post-hoc Tukey’s test showed a statistically
significant seasonal variation of both birth weight and gestational
length in the pre-crisis period but not in post-crisis period (p<<0.05
and p>0.05, respectively).

The rates of infants born with low birth weight (<2,500 grams)
before and after the collapse were 2.5% and 3.0%), respectively.
Table 3 shows the results for multivariate logistic regression
analysis. When adjusting for maternal age, parity and seasonality
(model I) we observed a statistically significant increase in the odds
of LBW during the post-crisis period (aOR =1.25 95% CI [1.02,
1.53]). When we further adjusted for other, possibly mediating
variables (models II and III), the difference loses significance but
remains elevated (aOR 1.17 95% CI [0.95, 1.45). Rates of preterm
born infants were 4.3% before and 4.6% after the economic
collapse. This difference was not statistically significant (table 3).
Rates of SGA before and after the crisis were 1.4% and 1.5%,
respectively. When applying logistic regression analysis, we found
no significant association between time of crisis and risk of SGA
(table 3) and aOR indicated relatively small differences (e.g., aOR
1.10).

Additional analysis was conducted to estimate the change in
fetal growth rate index between pre- and post-crisis groups.
Compared to the reference group, infants born in time of crisis,
had a decreased fetal growth rate (= —0.004; p=0.032). This
decrease was particularly distinct for women giving birth in the
time period April — June 2009 (8= —0.015; p=0.001).

Figure 1 presents results from logistic regressions of LBW, SGA
and PB around the economic collapse in three-month intervals, 3
intervals before the economic collapse (January 1¥— October 5™
2008) and 5 intervals after the collapse (October 6™ 2008
December 31* 2009), using identical calendar times from 2006
and 2007 (combined) as reference periods. The first three
comparisons are thus between before collapse time periods and
can be viewed partly as falsification tests, for which we do not
expect to see statistically significant results. After the economic
collapse, we observed a statistically significant increased odds of
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Figure 1. Odds ratio and 95% ClI for (a) low birth weight, (b) small-for-gestational age and (c) preterm birth infants in Iceland for 8
three months intervals, prior to and after the economic collapse compared with the same intervals from each of two years before.
doi:10.1371/journal.pone.0080499.g001

LBW (aOR =1.70, 95% CI [1.11, 2.59]) among women who were odds of SGA was observed among women in their 2" and 1

in their 1** trimester when the crisis began, giving birth in the time trimester during the onset of the crisis, giving birth in the time
interval April — June 2009, which is 6-9 months after the intervals January — March 2009 and April — June 2009,
beginning of the crisis (figure la). A tendency towards increased respectively (figure 1b). There were no associations observed
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between PB and stressors of the collapse in any of the three months
intervals (figure lc).

When classifying births according to date of conception rather
than date of birth we obtained similar results. Women who
conceived in the time period July — September 2008 and gave
birth in April — June 2009 had increased risk of LBW and SGA but
not of PB (appendix S1).

This pattern is also consistent with the results obtained from the
analysis of fetuses on the day of the collapse, where a tendency
towards increased risk of LBW and SGA deliveries was observed
but not PB. Infants, conceived during the crisis, were not at
increased risk of LBW, SGA or PB (appendix S2).

Table 4 presents multivariate adjusted odds ratios of LBW, SGA
and PB during the crisis period stratified by age, parity,
relationship status, place of residence and employment. Among
mothers younger than 25 years, we observed a statistically
significantly increased odds of giving birth to LBW and SGA
infants during the crisis period as compared to before the crisis
(aOR =1.85, 95% CI [1.25, 2.72]; aOR=1.87, 95% CI [1.09,
3.23], respectively). Similarly, if mothers were not working,
corresponding post-collapse risks were increased (aOR=1.61,
95% CI [1.10, 2.35]; aOR=1.86, 95% CI [1.09, 3.17],
respectively) compared to mothers not working prior to the
collapse. Exposed mothers living outside the capital area also had
increased odds of having a LBW compared to unexposed mothers
(@OR =1.53, 95% CI [1.07, 2.20]). There was no statistically
significant difference in the odds of PB in any subgroups during vs.
before the economic collapse and adjusted odds ratios were
relatively small (close to 1).

PLOS ONE | www.plosone.org

Table 4. Adjusted odds ratio of low birth weight, small-for-gestational age and preterm birth during the study period, before and
after Oct 6™ 2008, stratified by maternal characteristics.
aORpg* (95%
Characteristics Category of characteristics aOR gw* (95% CI) aORsga* (95% ClI) cn
Age (year) <25 1.85 (1.25-2.72)** 1.87 (1.09-3.23)** 1.13 (0.81-
1.58)
25-34 1.05 (0.79-1.39) 0.81 (0.54-1.23) 1.06 (0.86-
1.31)
=35 1.20 (0.78-1.87) 1.34 (0.76-2.37) 1.08 (0.75-
1.55)
Parity nulliparous 1.26 (0.95-1.68) 1.06 (0.73-1.55) 1.15 (0.91-
1.45)
primiparous 1.10 (0.74-1.64) 1.14 (0.63-2.06) 1.02 (0.74-
1.39)
multiparous 1.45 (0.95-2.23) 1.36 (0.74-2.50) 1.04 (0.75-
1.43)
Relationship status Cohabiting with father 1.15 (0.91-1.47) 1.18 (0.85-1.64) 1.02 (0.85-
1.23)
Single 1.36 (0.90-2.06) 1.01 (0.57-1.79) 1.20 (0.85-
1.71)
Place of resident rural 1.53 (1.07-2.20)** 1.33 (0.81-2.18) 0.94 (0.70-
1.26)
urban 1.11 (0.87-1.43) 1.06 (0.75-1.50) 1.12 (0.92-
1.35)
Employment status In work 1.13 (0.88-1.45) 0.94 (0.66-1.32) 1.06 (0.88-
1.29)
Not working 1.61 (1.10-2.35)** 1.86 (1.09-3.17)** 1.11 (0.81-
1.51)
*OR adjusted for maternal age; parity and seasonal variation.
**Statistically significant difference between the time periods.
doi:10.1371/journal.pone.0080499.t004

Finally, our linear regression analysis indicated no time-trends
in LBW (F=0.137; p=0.714), SGA (F=0.001; »=0.972) and PB
(F=1.11; p=0.301) in the pre-crisis period.

Discussion

The results from this nationwide study indicate a decrease in
mean birth weight as well as an increased rate of LBW deliveries in
Iceland in the months following the economic collapse. This effect
was mainly observed among relatively young mothers and mothers
without a job. Women, in their 1* trimester of pregnancy, at the
time of the swift and dramatic collapse seemed most affected. This
is in accordance with findings of Glynn et al., Lederman et al.,
Margerison-Zilko et al. and Mansour and Reed in their studies of
major adverse life events effects on birth outcomes [6,12,19,27].
Although, limited by small numbers, our findings suggest that the
increase in LBW is driven by intrauterine growth restriction rather
than shorter gestation. In an analysis of the unemployment crisis in
Sweden in the 1990s, Bergmark and Palme identified subgroups
that experienced greater welfare loss during the crisis. They found
that young adults and single mothers (and immigrants), subgroups
that already were socially and economically vulnerable, were
particularly disadvantaged in terms of welfare resources [28].
These findings are in line with our findings which indicate that the
increase in LBW and SGA births during the crisis period was
considerable among young mothers (<25 years) and those without
employment, compared with the same subgroups from before the
collapse. Indeed, unemployment rates have been highest in this
age group in Iceland during the crisis and rose up to 21% in the
9™ quarter of 2009 and in 2010 [29]. Though, it should be
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acknowledged that due to the drastic rise in unemployment rates,
the individuals constituting the group “not working” in the pre-
crisis period might be different from those in the post-crisis period.
Therefore, the positive association between the group not working
and LBW should be interpreted with caution.

Dooley and Prause reported a decrease in birth weight of infants
born to women who shifted from adequate employment to
underemployment during pregnancy [24]. Furthermore, Catalano
et al. found increased risk of very LBW infants among parents
where the father was unemployed [30] and lastly, Jansen et al.
found a decrease in mean birth weight among offspring of students
and women receiving disability benefits [31].

It should be noted that the “not working” group in our study is
heterogeneous, consisting of unemployed, disabled, housewives
and students. This grouping may therefore not be comparable to
other studies examining the effect of unemployment on birth
outcomes. However, the largest group was students and it can be
argued that being a student in Iceland at this time might have been
a proxy for unemployment, as many of those who lost their jobs
during the crisis subsequently went to school.

During the crisis, women living in rural areas were at higher risk
of having a LBW than women living in urban areas. Since the
impact of the crisis was in the beginning most severe for
inhabitants living in the capital area and nearby areas, the
opposite was expected. A possible explanation may be that the
rural area category included a relatively densely populated area in
the south-west part of Iceland, Sudurnes, which was hit especially
hard by the economic crisis. Unemployment rate in Sudurnes was
13-14% in 2009, the highest in Iceland.

Hypertension has been identified as a risk factor for LBW, SGA
and PB [32,33]. The incidence of hypertension diagnosed during
pregnancy did increase following the collapse but when hyper-
tension was added to the models, the results did not indicate that
the observed increases in LBW and SGA were altogether mediated
via hypertension. Several other mechanisms may explain the
observed association between the economic recession and increase
in LBW/SGA. The economic collapse may have increased the
stress levels among pregnant women causing direct physiological
changes to the endocrine, immune and cardiovascular systems;
changes that may affect the process of gestation to the worse
[34,35]. Furthermore, it is well recognized that stressful conditions,
such as income shocks, may promote adverse health behaviors,
e.g. smoking, drinking etc. [36,37], thus acting as mediators
between the stress caused by the economic collapse and the
observed increase in LBW and SGA.

Validity

This study leverages the National Medical Birth Registry to
accomplish a population-based cohort study of all pregnant
Icelandic women giving birth in Iceland in a four year time
period. A multitude of information on the mother and child has
been systematically collected to the registry since 1973, and this
data collection is independent of exposure level, ie. time of
economic recession. Several measures were taken in order to
further enhance the internal validity of this study. In order to make
the cohort homogenous with regard to birth weight and length of
gestation, we excluded all stillbirths and multiple gestations.
Furthermore, our sample included only Icelandic women, as the
literature indicates that risks of IUGR and PB may differ by
cthnicity. Practically all pregnant women undertook ultrasound
scanning around the 20™ week of pregnancy, and possible
measurement errors of gestational length should be non-differen-
tial between the exposed and unexposed groups. Almost all (99%)
births occur in hospitals or at local health clinics, resulting in
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accurate measurement of birth weight. The richness of informa-
tion in the Medical Birth Registry allows us to control for most
major confounding factors and our time trend analysis also
indicates a somewhat stable rate of LBW before the economic
collapse. Thus, we finally decided that changes occurring in most
covariates (cohabitation, working—status, diabetes and hyperten-
sion) may actually be a consequence of the economic collapse and
therefore in the causal chain between stress and LBW/SGA.

A limitation of this study is the lack of information on maternal
smoking, alcohol, and nutritional habits during pregnancy.
Smoking during pregnancy is causally associated with risk of
LBW and IUGR [33,38,39]. Furthermore, some researchers have
suggested that stressful circumstances are often alleviated by
adverse health behavior, such as smoking [36,37]. However,
McClure et al. and Asgeirsdottir et al. report a significant
reduction in the prevalence of smoking in Iceland between 2007
and 2009 among a representative cohort of 3755 Icelanders
[40,41]. Further, we did not have information on pre-pregnancy
maternal weight. Low pre-pregnancy weight is associated with
both SGA and LBW and high pre-pregnancy weight is associated
with gestational diabetes and pregnancy-induced hypertensive
discases like preeclampsia, which often leads to SGA and PB [42
44]. Studies have indicated an increase in the prevalence of
overweight and obesity among the Icelandic population over the
last decades [45]. However, there are indications of a healthier
lifestyle among Icelanders following the economic collapse in
2008, i.e. less consumption of fast food and sugar sweetened drinks
[41]. Thus, it could be postulated that the short-term increase in
LBW might be mediated by changes in body weight or smoking in
the general population after the economic collapse. On the other
hand, our previous study clearly indicates an increase in high stress
levels among Icelandic women after the collapse [46] which
strengthens our interpretation that the shock of the dramatic
economic collapse may have contributed to the observed short-
term increase in LBW. Nevertheless, further studies are needed to
address if the effect of the economic crisis on LBW is mediated
through altered behavior, exposure to heightened levels of stress
hormones or both.

Conclusion/Implication

The results of this study add important knowledge on how birth
outcomes are affected when mothers are exposed to significant
economic shocks such as the economic collapse that occurred
practically overnight in Iceland. Our results suggest that the
economic meltdown was an important stressor that increased the
risk of LBW deliveries, es]
pregnancy. The increase in LBW seemed to be driven by fetal
growth restriction rather than by shortened gestation. The crisis
appeared to have the largest effect on younger women (<25 years)
and women who were not employed.

These findings suggest that the effect of the crisis on LBW was
short lived, as women who were exposed during later periods of
their pregnancy or who completed the pregnancy in the post-crisis
period were relatively unaffected. However, further studies with
longer follow-up are needed for definite conclusion, particularly to
observe whether the effect for young and vulnerable women is
persistent. The findings have implications for public health
practice and clinical management of pregnant women, particularly

cially for women in the 1 trimester of

young women and women in a vulnerable situation on the labor
market.
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Supporting Information

Appendix S1 Odds ratios and 95% CI for (a) low birth
weight, (b) small-for-gestational age and (c) preterm
birth infants, born to Icelandic women in time of
economic collapse. Women are grouped together by their
date of conception into 5 three-months intervals; each period is
contrasted with the combined time-intervals from the previous
years.

(TTE)

Appendix S2. a) Table - The effect of covariates on the odds
ratio of low birth weight, small for gestational age and preterm
birth among women who were pregnant on October 6 2008
(n=3130) compared with women who were pregnant on October
6" in the two previous years (n =6083). b) Table 2— The effect of
covariates on the odds ratio of low birth weight, small for
gestational age and preterm birth among women who became
pregnant after October 6™ 2008 and gave birth in the last
6 months of 2009 (n =2030) compared with women who became
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Supplementary appendix 1 - Odds ratios and 95% CI for (a) low birth weight, (b) small-for-
gestational age and (c) preterm birth infants, born to Icelandic women in time of economic
collapse. Women are grouped together by their date of conception into 5 three-months
intervals; each period is contrasted with the combined time-intervals from the previous years.
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ABSTRACT

Objective: Macroeconomic fluctuations have shown various effects on population health, but
the evidence base for their influence on birth outcomes is scarce and inconclusive. The aim of
this nationwide cohort study was to explore potential long-term changes in birth outcomes
during the economic recession in Iceland, which started abruptly in 2008 with gradual

alleviation over the following years.

Design: A population-based cohort study from October 2002 to September 2012.


mailto:vhe2@hi.is

Population: All singleton live birth infants in Iceland as identified by the Icelandic Medical

Register (N=43 693).

Methods: With the pre-recession period as a reference, we used logistic regression analysis to
calculate the adjusted odds ratios (aOR) and 95% confidence intervals (CI) of adverse birth

outcomes separately for the 1% year and years 2-4 of the recession.

Main outcome measures: Low birth weight (LBW), preterm birth (PB) and small for

gestational age (SGA)

Results: The prevalence of LBW increased from 2.4% in the pre-recession period to 3.1% in
the first recession year (aORyear1 1.35, 95% CI 1.12-1.63), while the prevalence of LBW in the
2" to 4™ recession years was 2.5% (aORyearsz-4 1.07, 95% C1 0.93-1.24). We noted a sustained
rise in SGA births (10.0% pre-recession vs. 11.2% in 1%t and 10.9% in 2" to 4™" recessions
years) yielding an aORyear1 1.11 (95% C1 1.00-1.23) and aORyears2-4 1.08 (95% CI 1.01-1.16),
respectively. These point estimates were attenuated when adding aggregate economic
indicators to the regression models. No change was observed with respect to the prevalence of

PB.

Conclusions: These findings lend support to the notion that major macroeconomic downturns

may negatively influence fetal growth.

Keywords: Macroeconomic recessions; low birth weight; small for gestational age; preterm

birth; unemployment rate
INTRODUCTION

Fetal growth and birth outcomes are to a considerable extent influenced by maternal
environmental conditions. Socioeconomically disadvantaged women are more likely to give

birth to low birth weight [1] and preterm infants [2], compared with their more advantaged



counterparts. Furthermore, parents who go from adequate employment to underemployment

shortly before or during pregnancy are more likely to have lighter infants. [3, 4]

Studies examining the association between macroeconomic conditions and birth outcomes
have yielded inconclusive results. Some studies have reported a reduction in birth weight
following decreased employment security during pregnancy [5, 6] and during economic
downturns, measured as aggregate unemployment rate [7, 8] and gross domestic product
(GDP). [9] Other have not found an association between the aggregate unemployment rate
and infant birth weight [10, 11] or even observed better health among infants conceived in
times of high unemployment rate. [12] These inconsistent findings may be due to differences
in methodology and completeness of outcome ascertainment, as well as differences in study

populations or the nature of the economic conditions that pregnant women are exposed to.

Iceland was hit hard by the 2008 global economic recession with an even larger rate of
economic decline than in Spain and Ireland. [13] In early October 2008 the nation
experienced a swift financial collapse, resulting in the country’s three largest banks defaulting
within the same week. [14] The collapse had considerable effects on the macroeconomic
environment in Iceland; a threefold increase in the unemployment rate immediately following
the collapse and a 6.5% decrease in GDP in 2009, the first year of the recession. [13, 15]
Previous studies on infants born during the first year following the 2008 economic collapse in
Iceland indicated an increase in low birth weight (LBW) infants, particularly among women
who were in the first trimester of pregnancy when the collapse hit [16, 17], among young
women and women not working a labour-market job. [16] Building on these previous studies,
we sought to examine whether the 2008 Icelandic economic collapse and the associated
aggregate economic environment affected new-born health beyond the first year of the

recession. More specifically, we aimed to assess potential changes in LBW, preterm birth



(PB), and small for gestational age (SGA) during the first four years of the economic
recession.
METHODS

Data sources and study population

The study leveraged individual-level data from the Icelandic Medical Birth Registry [18]
as well as aggregate data on economic indicators from Statistics Iceland. [19] All singleton
pregnancies, resulting in live births after gestational week 22 in Iceland between September

30", 2002, and September 30", 2012, were included in the study population (N=43 693).
Outcome variables

The main outcome variables were LBW, PB and SGA. LBW was defined as birth weight
below 2500 g and PB as delivery before gestational week 37. Gestational length was
determined with an ultrasound for >99.9% of all pregnancies. Information on gestational
length was missing for 33 live births, which were excluded from analyses of PB. SGA, a
proxy for intrauterine growth restriction, was defined as fetal growth rate index in the lowest
10™ percentile according to sex-specific fetal growth curves. [20] A cut-off value for the
lowest 10™" percentile of the fetal growth rate index among live born singletons in the pre-
recession group was calculated and used as a reference in order to identify infants categorised
as SGA. Information regarding gestational age or sex of infant was missing for 44 live births,

which were excluded from analyses of SGA.
Explanatory variables

The start of the economic recession in Iceland was a swift and distinct event, allowing us
to pin down the beginning of the recession to an exact time point, i.e. the first week of
October 2008. The aggregate economic indicators used in this study were available on a

quarterly basis, while the timing of births was on a weekly basis (not the actual date of birth).
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Thus, the first week of October 2008, with a start date on the 29" of September (and
coinciding with the beginning of the 4" quarter of the year 2008), was used as a marker of the
economic collapse, as data on the economic climate showed dramatic changes between the
third and fourth quarters of 2008 (21). In our main analyses, we categorised time into a pre-
recession period (unexposed to the economic recession) and a recession period (exposed to
the economic recession). In order to meet the main objectives of the study (i.e. to assess the
immediate and longer-term association between the recession and birth outcomes), the
recession period was further divided into two separate periods, recession year 1 and recession
years 2-4. The pre-recession period consisted of singleton births occurring between
September 30", 2002, and September 28", 2008. The two separate recession periods included
all live births occurring between i) September 29", 2008, and September 27", 2009 (recession

year 1), i) September 28", 2009, and September 30", 2012 (recession years 2-4).
Covariates

Information on covariates was obtained from the Medical Birth Registry. Demographic
background characteristics included were gravidity (primigravida, multigravida), maternal age
(both continuous and grouped by <25; 25-34; >35 years), relationship status (cohabitating
with other parent; not cohabitating), maternal citizenship (Icelandic; foreign), parental
employment status (both employed; one employed/one not working a labour-market job
[student/nomeworker/on disability/unemployed]; neither working a labour-market job), and
maternal place of residence (capital; rural). Information on parental socioeconomic variables
(relationship status, citizenship, employment status, and residence) was collected on average
at gestational week 13. Maternal conditions during pregnancy were classified according to the
International Classification of Disease, tenth revision [ICD-10]. Included in the study were
pregnancy related diseases known to influence fetal growth or gestational length, including
pre-existing hypertension [ICD-10 code 010], gestational (non-proteinuric) hypertension
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[ICD-10 codes 013, 016], preeclampsia [ICD-10 codes O11, 014, O15], pre-existing and
gestational diabetes mellitus [ICD-10 codes 024.0-024.3 and 024.4-024.9, respectively].
The categorization of hypertensive disorders of pregnancy was mutually exclusive; if women
had more than one diagnosis, preeclampsia overruled both gestational hypertension and pre-
existing hypertension, and gestational hypertension overruled pre-existing hypertension.
Obstetric information obtained were calendar week of birth, mode of delivery (vaginal;
elective caesarean [ICD-10 code 082.0]; emergency caesarean [ICD-10 codes 082.1,
082.2]), infants sex, 5 minutes Apgar score (<7; >7), and congenital malformation (ICD-10

codes Q00-Q99).

In order to capture whether the potential influence of time on birth outcomes was due to
changes in the surrounding macroeconomic climate, we explored aggregate economic
indicators as mediators. The economic indicators used were national unemployment rate and

GDP on a quarterly basis, as traditional measures of economic conditions.
Data analysis

Descriptive statistics were calculated for all parental- and pregnancy related characteristics,
contrasting frequencies across exposure categories. Differences between pre-recession and
recession periods were assessed with y?-test for the categorical variables and one-way
ANOVA for mean maternal age. Time trend was visually inspected by plotting the quarterly
average prevalence of LBW, PB and SGA and fitting a loess curve, with a 95% confidence
interval (Cl), through the data points. Further, the potential time trend in LBW, PB, and SGA
was assessed in a supplementary analysis using a Poisson regression analyses to calculate the
change per year (relative risks, 95% CIs), separately for the pre-recession and recession
periods. Likelihood ratio tests were used to assess differences in average prevalence before

and after the economic collapse.



Logistic regression analyses were used to calculate the adjusted odds ratio (aOR) and 95%
Cls for LBW, PB, and SGA in each of the two recession periods with the pre-recession period
as a reference. In model 1, adjustments were made for maternal age (continuous) and
gravidity. In model 2, we also adjusted for relationship status, maternal residence, maternal
citizenship, parental employment status, hypertensive disorders of pregnancy, congenital
malformation, gestational- and pre-existing diabetes, in addition to maternal age and
gravidity. In models 3 and 4, we assessed the role of surrounding economic conditions on the
observed associations between the timing of the economic collapse and birth outcomes.
Supplementary logistic regression analysis was performed to examine the association between
the aggregate economic indicators (GDP and unemployment rate) and birth outcomes. In this
supplementary analysis, aggregate indicators associated with the index outcome at
significance level 0.10 were introduced separately into model 1 (model 3: GDP; model 4:
unemployment rate), with focus on potential changes in the explanatory coefficients. Finally,
as a previous study (16) indicated that the association between the economic collapse and
birth outcomes differed by subgroups of women in the first recession year (i.e. young women
and women not working a labour-market job were more affected), we conducted stratified
logistic regression analyses by parental demographic characteristics and maternal medical
conditions during pregnancy. Data analyses were performed using SPSS Statistic for
Windows version 20 and 22 and R version 3.2.2. The study was approved by the Icelandic

National Bioethics committee, the Data Protection Authority and the Directorate of Health.

RESULTS

Compared with the pre-recession period, women giving birth during the recession (year 1
and years 2-4) were more likely to be older and of foreign citizenship. During the recession
years, there was a distinct increase of births among parents not working a labor-market job.

We observed an increase in pregnancies with gestational diabetes and gestational



hypertension as well as infants with congenital malformation during the recession period. In
contrast, there was a decrease in preeclampsia during the recession period compared with pre-
precession period. Further, fewer women underwent emergency or elective cesarean sections

during the recession years compared with the years before (Table 1).

Figure 1 shows the prevalence of the three main birth outcomes under study (LBW, PB,
SGA) fitted by quarters of each calendar year throughout the whole study period. All
outcomes followed a similar pattern during the pre-recession years: an upward trend, which
for LBW peaked in the latter half of 2008, but remained elevated for SGA throughout the
recession (Figure 1). No time trend was observed for the birth outcomes when examined
separately by pre-recession and recession periods. When testing whether there was a
difference between the average prevalence of the birth outcomes in the pre-recession and
recession periods, SGA was found to be higher after the economic collapse (likelihood ratio
test=10.65; p=0.001). No such difference in the average prevalence for LBW and PB was

observed (Table S1).

Adjusting for maternal age, gravidity, socioeconomic factors and medical conditions, an
increase in LBW was observed during the first recession year (model 2: aOR 1.35, 95% ClI
1.12-1.63) but not in the three subsequent recession years (model 2: aOR 1.07, 95% CI 0.93-
1.24) (Table 2). Adjusting for the same covariates, an increase was found for SGA in the first
year of the recession (model 2: aOR 1.11, 95% CI 1.00-1.23), which lasted throughout
recession years 2-4 (model 2: aOR 1.08, 95% CI 1.01-1.16). A tendency towards increase in
PB was observed in the first recession year (model 2: aOR 1.12, 95% CI 0.97-1.31) (Table 2),

but not in subsequent years.

The association between the aggregate economic indicators and birth outcomes, assessed in

the supplementary analysis, showed an association between unemployment rate and SGA and



a weak association of GDP with LBW and SGA (Table S2). When GDP was added as a
covariate to the analysis of LBW, the ORs decreased and became insignificant (Table 2,
model 3). The observed increase in SGA risk remained unchanged when GDP was added to
the model (Table 2, model 3) but when we added unemployment rate as a covariate, the risk
increase was essentially eliminated (aORyear1 1.04, 95% CI 0.89-1.21; aORyear2-4 1.00 95% ClI

0.86-1.16) (Table 2, model 4).

When examining the association between the economic collapse and birth outcomes
stratified by subgroups, the point estimates varied considerably by parental employment
status. Compared with the pre-recession period, infants of parents, where only one parent was
working a labor-market job, had increased odds of LBW during the first year of the recession
(aORyear1 1.66, 95% CI 1.19-2.31). This increase was even greater when neither parent was
working and lasted through recession years 2-4 (aORyear1 2.36, 95% CI 1.00-5.55; aORyears2-4
2.88, 95% CI 1.61-5.14). A similar pattern was observed for odds of SGA by employment

status of the parents although the point estimates were lower (Table 3).

DISCUSSION

Main findings

The results of this nationwide study on birth outcomes in Iceland following the economic
collapse in 2008 indicate an upward trend in LBW and SGA births, which started in parallel
with the declining economic conditions the year before the collapse. The rise in LBW and
SGA births peaked during the first, and most severe, year of the economic recession with a
lasting increase in SGA births throughout the four recession years under study. These findings
suggest that the economic collapse had a negative effect on fetal growth, which may to a large

extent be explained by adverse macroeconomic conditions.

Strengths and limitations



The major strength of this study is that it leverages on the Medical Birth Registry of
Iceland, allowing a prospective collection of information on the health of all women giving
birth in Iceland and their offspring during ten years of follow up, independent of the economic
collapse. The Medical Birth Registry has collected comprehensive information on pregnancy-
and delivery characteristics as well as birth outcomes since 1973 (18). The study population
was limited to singleton pregnancies, as adverse birth outcomes are more likely to arise in

multiple gestations.

A limitation of the study is the lack of information regarding the maternal behaviour and
pre-pregnancy weight during pregnancy. Studies of the health consequences of the Icelandic
economic collapse indicate that the health behaviour in general did not change for the worse
[13, 21], and our previous findings of reduced smoking and maternal weight among pregnant
women in Iceland do not indicate that the behavioural pattern changed differently for the
pregnant population [22]. Another limitation of the study is the ecological nature of the
exposure. We used calendar time to approximate the economic recession as well as economic
indicators, assuming that they affect all women in the study population equally. Obtaining
more accurate measurement of the financial situation for each woman in the study would have
been the ideal approach. Furthermore, we are unable to control for other factors that might
have occurred in Iceland during the same time as the economic collapse, potentially also
affecting the outcomes of interest. However, the collapse of the Icelandic financial system
was by far the most distinguished event at that time; other changes in environment were likely
consequences of the collapse, thus factors in the causal chain rather than independent
exposures. Lastly, our study is based on one nation exposed to a specific economic recession.
All economic fluctuations have their own features, and the findings of this study may
therefore not be readily generalised to other populations of pregnant women undergoing

economic recessions.
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Interpretation

Our findings on increased prevalence of LBW and SGA are in line with some [3-9], but not
all [10-12], previous studies, which indicated an association between unemployment rate and
decreased birth weight. Also in line with our findings are results from two individual level
studies demonstrating that a parental shift from adequate employment to underemployment
before or during pregnancy, can negatively affect birth weight. [3, 4] Lindo [4] hypothesised
that the adverse effect of fathers’ job displacement on their offspring’s birth weight may
suggest a contagion effect on their pregnant partners. Indeed, studies support the hypothesis
that partners of dismissed workers may experience stress to a similar degree as the affected
worker. [23, 24] This is reflected in our findings which suggest a dose-response association
between employment status of both parents and LBW; the observed association was greatest
when neither parent was working a labour-market job. Furthermore, our findings of increased
risk of LBW and SGA among infants of parents with low socioeconomic status are in line
with evidence from Spain, suggesting widening inequalities in birth outcomes following the

2008 economic recession. [25]

The direct person-to-person transmission of stress in response to job displacement is
important to keep in mind when discussing potential mechanisms for the observed findings.
There were signs of economic difficulties during the year leading up to the economic collapse
[26], which resulted in a dramatic increase in national unemployment rates during the first
months following the collapse [15] and employment insecurity for many more. Although it is
challenging to disentangle potential mechanisms leading to the observed increase in LBW and
SGA in the present study, it is possible that the increased level of stress, in response to
threatened or actual job loss, decreased income and general worry regarding one’s economic
situation, serves as an explanation for the findings. A wide array of research based on

different methodological approaches has linked maternal exposure to chronic stress during

11



pregnancy with adverse pregnancy outcomes [27, 28], in particular with growth restriction,
while acute stress has been found to be more strongly associated with PB [27]. A possible
difference in effects of acute vs. chronic stress on birth outcomes might explain the observed
indication of increased risk of PB only during the first year of the recession (acute stress)
while the increased risk of SGA was lingering throughout the study period (chronic stress).
There are, indeed, indications of worsened psychological health following the Icelandic
economic collapse as manifested by an increased level of stress [29] and depressive symptoms

[30], particularly among unemployed women.

Other potential mechanisms by which economic contraction can affect infant health
outcomes at birth include changes in women’s health behaviour [31, 32] and medical risk
factors [33], as well as a change in the composition of the pregnant population [12], and in
utilization of healthcare. [34] In this study, we did not have information on maternal health
behaviours, such as smoking, diet, or maternal body weight. However, in a recent study on the
prevalence of smoking and maternal weight among pregnant women in Iceland between 2001
and 2010, we noted a reduction in smoking during pregnancy while the prevalence of
overweight and obesity remained relatively stable [22]. Furthermore, recent studies indicate,
if anything, a positive change in health behaviour of Icelanders following the 2008 economic
collapse, i.e. less smoking and alcohol intake, and consumption of more nutritious food. [13,
21] In the current study, we observed some difference in the demographic composition of the
pregnant population (e.g. age, citizenship, employment status) as well as in the medical risk
factor profile between the pre-recession and recession periods. Further, the findings indicate
that infants born to the most vulnerable groups of women (i.e. young women, not employed,
not cohabitating, and those with medical conditions prior to or during pregnancy) may have
been disproportionally affected by the economic recession. However, adjusting for these

factors in the main analyses did not have considerable impact on the point estimates.
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Inadequate health care is a predictor of worse birth outcomes, in general. [35] In Iceland,
antenatal care is a publicly funded service where women attend in a uniform manner every 2™
to 4" weeks of pregnancy. This service did not change despite cuts in public spending
following the economic collapse, making a decrease in maternal care attendance rates of the

pregnant women an unlikely explanation for the observed increase in LBW and SGA.
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CONCLUSION

In summary, our findings suggest that the economic recession in Iceland, starting in 2008,
was associated with a seemingly persistent increase in rates of SGA births. The compromised
fetal growth in babies born during this period of major national crisis seems to have been
driven by changed macroeconomic conditions. The findings have implications for public
health practice and clinical management of pregnant women, suggesting a need for increased
support to the pregnant population during stressful situations and, in particular, to young

women and women in a vulnerable situation on the labour market.
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Figure 1 Each point represents the quarterly average prevalence and the 95% confidence
intervals (shadowed area) of a) low birth weight (LBW, <2500 g), b) small for gestational
age® (SGA, <10"™ pct) and c) preterm birth? (PB, <37 weeks) of 43 693 live singleton births in
Iceland fitted with a loess curve against time, 2002-2012. The vertical dashed line represents

the economic collapse
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Table 1 Demographic and Obstetric Characteristics of All Singleton Live Births (N=43 693)

in Iceland between September 30", 2002, and September 30", 2012.

Recession Recession
Pre-recession period
Characteristics year 1 years 2-4 P-value?
N=25 265
N=4 763 N=13 665
Mean maternal age [SD] 28.9 [5.5] 29.2 [5.5] 29.3[5.4] <0.001
n % n % n %
Maternal age (years)
<25 5821 23.0 995 20.9 2688 19.7 <0.001
25-34 15 267 60.4 2920 61.3 8456  61.9
>35 4177 16.6 848 17.8 2521 184
Gravidity
Primigravida 10 161 40.2 1922 404 5404 395 0.385
Multigravida 15104 59.8 2841 59.6 8261 605
Maternal relationship status
Cohabitating 21397 84.7 4004 84.1 11237 822 0.310
Not cohabitating 3751 14.8 704 148 2060 151
Missing 117 0.5 55 1.2 368 2.7
Maternal place of residence
Capital area 15 813 62.6 3154 66.2 8952 65.5 0.005
Rural area 8719 345 1600 33.6 4657 34.1
Missing 733 29 9 0.2 56 0.4
Maternal citizenship
Icelandic 23453 92.8 4169 875 11974 87.6 <0.001
Foreign 1812 7.2 594 125 1691 124
Parental employment status
Both parents working 17 515 69.3 3354 704 8830 64,6 <0.001
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One parent working
Neither parent working
Missing
Diabetes
Pre-existing diabetes
Gestational diabetes
Hypertensive disorders®
Pre-existing hypertension
Gestational hypertension
Preeclampsia
Infant‘s sex
Male
Female
Missing
Apgar score 5-min ( <7)
Congenital malformation
Mode of delivery
Vaginal

Elective caesarian section

Emergency caesarian section

6156

1031

563

93

680

292

502

942

12 966

12 288

11

592°

952

21119
1587

2559

24.4

4.1

2.2

0.4

2.7

1.2

2.0

3.7

51.3

48.6

<0.01

2.3

3.8

83.6

6.3

10.1

1196

211

2

18

173

67

150

157

2414

2349

94

175

3988

295

480

25.1

4.4

<0.01

0.4

3.6

14

3.1

3.3

50.7

49.3

2.0

3.7

83.7

6.2

10.1

3971

853

11

60

572

158

409

402

7070

6594

1

266

582

11681

739

1245

29.1

6.2

0.1

0.4

4.2

1.2

3.0

2.9

51.7

48.3

<0.01

1.9

43

85.5

5.4

9.1

0.786

<0.001

0.223

<0.001

<0.001

0.437

0.022

<0.039

<0.001

aDifference between exposure categories (P-value) is based on one-way ANOVA for maternal age (continuous)

and chi-square test for the categorical variables.

bGestational hypertension (ICD 13 & 16); preeclampsia (ICD code 11, 14, 15). Hypertensive diagnoses are

mutually exclusive — women who are both with the diagnoses 010 and O13, O16 are categorized as having

gestational hypertension. Similarly, preeclampsia overrides both gestational hypertension and preexisting

hypertension.

1 missing
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Table 2 The number and adjusted odds ratios [OR] and 95% confidence intervals [CI] of a)

low birth weight, b) preterm birth and c) small for gestational age among 43 693 live born

singletons during the economic recession in Iceland compared with pre-recession period

Pre-recession period

Recession period

Year 1 Years 2-4
N=25 265 N=4763 N=13 665
OR 95% ClI OR 95% ClI OR 95% ClI
a) Low birth weight, n (%) 605 (2.4) 148 (3.1) 346 (2.5)
Model 12 1.00 ref. 1.30 1.08, 1.56 1.05 0.92,1.21
Model 11° 1.00 ref. 1.35 1.12,1.63 1.07 0.93,1.24
Model I1I° 1.00 ref. 1.19 0.94, 1.50 0.94 0.76,1.18
b) Preterm birth, n (%) 1080 (4.3) (226) 4.7) 557 (4.1)
Model 12 1.00 ref. 111 0.96, 1.29 0.95 0.86, 1.05
Model 11° 1.00 ref. 1.12 0.97,1.31 0.94 0.85, 1.05
c¢) Small for gestational age, n (%) 2532 (10.0) 535 (11.2) 1492 (10.9)
Model I? 1.00 ref. 1.13 1.02,1.25 1.10 1.03,1.18
Model 11° 1.00 ref. 111 1.00,1.23 1.08 1.01,1.16
Model I1I° 1.00 ref. 1.13 1.00, 1.28 1.10 0.98, 1.23
Model IV¢ 1.00 ref. 1.04 0.89,1.21 1.00 0.86, 1.16

2Adjusted for maternal age (continuous) and gravidity.

bAdjusted for maternal age (continuous), gravidity, relationship status, maternal residence, maternal citizenship,

parental employment status, hypertensive disorders (4 cat.), diabetes (3 cat.), congenital malformation.

cAdjusted for maternal age (continuous), gravidity and gross domestic product (associated with low birth weight

and small for gestational age in supplementary analyses).

dAdjusted for maternal age (continuous), gravidity and unemployment rate (associated with SGA in

supplementary analysis).
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Unnur Anna Valdimarsdottir
Grenimel 2
107 Reykjavik

VIiSINDASIDANEFND

HafnarhUsid, Tryggvagata 17
101 Reykjavik,

Simi: 551 7100, Bréfsimi: 551 1444
netfang:visindasidanefnd@vsn.stjr.is

Reykjavik 29. jantar 2013
Tilv.: VSNb2010050009/03.7

Texti:

A fundi sinum 29.01.2013 fjalladi Visindasidanefnd um umsokn pina dags. 14.01.2013, vegna vidbotar vid
ofangreinda rannsoknaraatlun. I erindinu pinu kemur fram ad 6skad er eftir leyfi nefndarinnar fyrir frekari
Urvinnslu gagna sem notud hafa verid i doktorsverkefni Agnesar Gisladottur;Fadingarttkomur kvenna sem hafa
ordid fyrir kynferdisofbeldi. Um er ad reeda tvo vidbotarmarkmid sem mida ad pvi ad fa svor vid eftirfarandi
spurningum:

1. Hefur ordid breyting a likamspyngdarstudli 6friskra kvenna i kjolfar islenska efnahagshrunsins?

2. Hafa ordid breytingar & tioni reykinga, afengis-eda vimuefnaneyslu medal 6friskra kvenna i kjolfar
efnahagskreppunnar?

Fram kemur ad vinnslugrunnurinn er & 6personugreinanlegu formi og inniheldur gégn sem svarad geetu
ofangreindum spurningum. Upplysinga um likamspyngdarstudul, reykingar, afengis- og vimuefnaneyslu var
aflad med pvi ad lesa madraskrar, en pessar upplysingar eru ekki til i rafreenni skraningu. Um er ad ra@da gogn
um medgongu og feedingu um 900 kvenna med sdgu um kynferdisofbeldi sem og 1700 kvenna an slikrar sogu
sem valdar voru af handahdfi til samanburdar.

Visindasidanefnd hefur farid yfir bréf pitt og gerir ekki athugasemdir vid tilgreindar breytingar. Vidbot nr. 1
asamt fylgigégnum vid ofangreinda rannsékn, er endanlega sampykkt af Visindasidanefnd.

Aréttad er ad dbyrgdarmanni ber ad lata stofnanir, sem &dur hafa veitt leyfi vegna framkveemdar
rannsoknarinnar, vita af ofangreindri breytingu & ranns6knaraatluninni.

Med kvedju,
f.h. Visindasidanefndar,

Gisli Ragnarsson, varaformadur


mailto:visindasidanefnd@vsn.stjr.is




Midstdd Hasleola Tslands i Lydheilsuvisindam
Unnaur Anna Valdimarsdéttir, professor

Stapa v. Hringbraut f
101 Revlkjavik ggr
g

Embztti landleknis
Gudran Gudfinnsdottir
heilbrigdisupplysingasvid
Baronsstig 47

101 Reylgavik

Personuvernd

Raudardrstig 10105 Reyljavik
simi: 109600 bréfasémi: 510 9606
netfang: postur@personuvernd.is

veffang: pessonuvernd.is

Reykjavik, 17. febriar 2014
Tilvisun: 2012121499HGK/ -

Heimild
til handa embzttd andizeknis
- vinnsla upplysinga Gr fedingaskra og lyfjagagnagrunni landleknis,
samkeyrsla vidkvaemra persénuupplysinga
og midlun vidkveemra persdnuupplysinga

il handa ranasakanda
~ vinnsla vidkveemra personuupplysinga

I
Upphafles umsdkn og frekart brifaskipti
1.

Mottekin umsokn

Persénuavernd hefur borist umsdkn, dags. 21. desember 2012, fr4 Unni Onou Valdimarsddttur,
préfessor og forstbdumanni I\/hé%toéval { lydheilsuvisindum v1& Haskola Islands, og Védisi
Helgu Firksdottar, doktossnema { ljdheilsuvisindum, wm leyfi til adgangs ad fmﬁ)mgqqkm
landleknis, yfagagnagronni landlaknis, upplysingum dr skattgrunnskea frd Hagstofu Tslands,
sem og samkeyrslu  framangreindra gagna, vegna rannsdknarinnar  ,,Ahrif  {slenska
efnahagshrunsins 4 heilsu bamnshafandi lkvenna og fedingarithomur™.

1 umsokninni er digangd fyrirthugadrar vinasle Ifst 4 eftirfarandi haet

JRannséknin er verkefni Védisar Helgu TEicfksddtur ol doktorsgradu i lyoheilsuvisindum.
Efnahagshrunid 1 oktdber 2008 var einstalst { umfangi og hrada og leida ma ad bvi likur 28 pad hafi
haft aheif 4 if flestra landsmanna 4 cinhvern hatt. Rannsdknir hafa leitt 1 ljos ad streiuvaldandi



atbutdir og 4f8ll 4 medgongu geta haft neikvad dhul 4 medgdngulengd og fedingapyngd. Faar
rannséknir hafa hins vegar verid gerdar a tengslum efnabagsifalla og pessara sému Ohagstedu
fadingaritkomna, Nidurstdour fyrri rannsdknat 4 vegum umswkjenda benda il pess ad tiond
léttburafedinga hall aukist { kjlfar efnahagsifalisins 2008. Tilgangut bessarar rannséknar er ad varpa
frekara [josi 4 mogulegar afleidingar efnahagshrunsing 4 heilsu barnshafandi kvenna (t.d. hiprsting)
og nybuta (td. fedingarpyngd) til langs dma, auk beitra pitta sem gretn midlad slilum Abrifum.
Sérstok dhersla verdur 16gd 4 dbattu medal vidkvemea hépa, ss. ungra, atvinnulausta og einhleypra
madra. Bonftemur verdur kannad hvort konut sem upplifa tekjomissi 4 medgdngn séu { aukinmi
hxttu 4 ad eignast 1éttbura eda fyricbura.”

Sambkva:mt umsokninni er fyrithugad ad rannsdkaardrtak verdi valid med eftirfarandi hatti:

,»Um ef 20 rada lydgrundada ferilrannsokn par sem unnid verdur med dulk6dud gign. Bldd verdur 4
neinu stigi rannséknar haft samband vi8 pétttakendur hennar beint, enda dmégulegt 20 rekja
upplysingar rannsdknar #l einstaklinga. Par af leidandi verBur ekki aflad upplfsts sampykkis
patttakenda.

Hvad pitttakendur vardar muno upplysingar um allar barnshafandi {slenskar konur Gr fadingaskra,
sem eignudust einbura i tmabilion 1. jaodar 2002 6l 31. desember 2012 verda notadar til
rannsdknarinnar. Sé gert rdd fyrir 28 medaltali 4300 einburafedingum  Arlega er foldi
rannsdknarpydis w.p.b. 47 pusund barnshafandi konur auk afkvaema peirra. Upplysingar um konue
med erlent rikisfang sem fada barn hér 4 landi verda ekki notzdar til rannsoknatinnar par sem peirra
fyrti lifsreynsla og upplifun get haft dbef 4 framvindo medgongu og fedingardtkomur og hal
valdid bjdgun. Al sému dstedu eru islenskar konut sem bisettar eru erlendis vid feedingn barna
peirra ekki hafdar med) { drtaki.

Lyfjagagnagrunnur embettis landleknis verdur notadut il ad safna upplysingum um notkun 4
blodbristngslekkandl Iyfjum 4 meBgongu hji ollurn konum  sem  eignudust einbura 2
rannsdknartmabiliou. Auk pess mun verda 6skad eftir upplysingum 1r skattgrunnskrd Hagstofu
Islands um tekjur/tekjumissi hji rannsékoarhép med pad ad marki ad kanna méguleg tengsl
tekjumnissis og dOhagstads heilsufars barnshafandi kvenna og fadingadtkoma.®

Samlsvaemt umsdkninni er fyrithugad ad gagnagrunnsstjéri embeattis landleknis afli upplysinga Gr
fdingaskri embamttisios og lyfjagagnagrunni embzetdsins, wm allar konur sem freddu einbura 4
timabilinu 1. jandar 2002 til 31. desember 2012, { peim tilgangi a0 samkeyra bzr vid upplysingar
sem gagnagrunnsstjori landleknis méttekur frd Hagstofu Islands dr skattgrunnskra um sama hép
einstaklinga. Mun embztd landleknis 1 kjolfarid athenda rannsakendum rannséknargégnin ad
lokinni samkeyrslu peitra, 4n kennitalna. Fru ranascknarlok 4mthud { lok drs 2015,

Samkvemt umsékninni munu rannsakendur vardveita méttekin gdgn fri landiekni 4 tolvuteku
formi 4 lestri skrifstofu Midstodvar Haskéla [slands i lydheilsuvisindum 4 medan rannsokn
stendur og ad rannsdkn  lokinni  Forstbdumadur Midstodvar i lydheilsuvisindum og
abyrgdarmadur pessarar umsdknar mun hafa umrddarétt 4 rannsdknargbgnum og einungis
vinnsluadiar munu hafa adgang 20 peim gégnum sem hér um raedir.

2.
Bréfaskipti vid Unni Onnu Valdimarsdéteur,
embeetd landlxknis og Hagstofu Islands

Med bréfi, dags. 18. aprll 2013, 6skadi Perséouvernd ndnari upplysinga um framlvamd
rannséknarinnar. Barst stofnuninni svarbréf Unnar Onnu, dags. 29. aprdl 2013, pann 2. maif 2013.

Med bréfi, dags. 17. mai s, 6skadi Persénuvernd eftir afstéda Unnar Onnu til pess ad afrina
par breytur sem gretu ordid til bess ad upplysingat yrdu persdnugreinanlegar, sér { lagi begar litid
er tl allra breyta { heild sinn, t.d. um fedmgardag barns, pdstndmer modur, aldur moédur og
rikisfang beggja foreldra. I svarbréfi rannsakanda, dags. 4. jini sl, segir:



S Tl pess 29 koma [ veg fyriv ad rannsakendue preto méguiega, med mikilli fyrichdfn, avdkennt pa
cinstaklinga sem hér um redit, pa leggium vid 6l ad rinna af tver af foram voueddum breytum 4n
hess ad visindalegt gildi (og par med sidferdilegt) rannsdknarinnar skerdist. Aanars vegar vieri um ad
reda postndmer  modur;  og  legejum  vid  par tl  gedfari  flokkun,  ss
stér-Reylkjavikursveedi/ Akureyei/Reykjanes / dreifbfll. Hins vegar veetl um ad reeda rikisfang m&dur
og fodur; par sem vid) leggiom til tvikosta skiptingu { {slenskt rikisfang/etleat rikisfang,

Gréfatd Aokkun 4 6drum breytum sem um var reett { bréfi Persnuverndar {td. aldei médur), myndi
bumffjanlega leida il aukinnar dhmttn 4 Sndkvemum nidurstodum eda | versta falli réngom
nidurstodum. Bad er med pvi engu mot dswttanlegt visindalega - og 4 sér engin fordami 1 oldsar fyzri
rannséknum (med leyfi Persénuverndat) -~ 20 framkvama umraedda raonsékn én umrwddra

upplysinga.*

I kjolfar fundar sem haldinn var med rannsakendum pann 12. jali 2013 6skadi Persdnuvernd
eftir ndnar rokstudningd fytir peirri upplysingadflon sem hér um raedir Ur skrim landleknis og
Hagstofu Islands. I svatbeéfi Unnar Onnu, dags. 14. 4gtst 2013, segir m.a.:

slEru rannsakendur reidubinir a8 koma tl méts vid sjonammid Personuverndar 4 eftirfarandi hatt:
Vid munum o&ska eftie upplysingam tr Iyfjagagnagrunni um Gtreke 4 lyfjaflokkunam hjarta- og
edaspikdémalyf (ATC Hokkur C) og gedlyf (ATC fokkur NO5 og NOG). [ stad ndkveemeat
Iyfjategundar faliast rannsakendur 4 a8 f4 atheatar upplfsingar wm lyfjafloldk serm afmarkast af 4 stigs
ATC flokkun f{s.s. SRI punglyndislyf, ATC flokkur NOGAB) medal Oftiskra kvenna 4
rannsénartimanom, 4 vikubasis frd premur minudum fyrir getnad og at medgongu. Nikvem
dagsetning Iyfjaivisunar og lyfadttektar verdur pvi algjdrlega afmad en vegna bess ad lyfjanotlkun
getur verld mis-dheettusém eftir pvi hvener 4 medgongu Iyl eru tekin, oskum vid eftir pvi 20 geta
adgreint Iyfanotkun eftir pvi hvenzr 4 medgongu lyfid er notad. [..]

Vid héfum pegar sampykkt ad afrina breytur um posttmer moédur, sdsfang modur og f&our,
asamt lyfjaupplysinguml..]. Vi$) leggium 6l vid embztti landlwknis a8 rinna af fedingardag barns {
rannsGknargrunninum vid tveggja daga bil og vikubil. Nilem dagseming frdingar verdut pvi
algjordega afmdd en pessi nilgun gerir okkut Kleift a8 vidhalda eins mikills nikvaemni og hagt er
ghrifum tima 4 fedingardtkomur. [..]

Efir ftarlega skodun & breytulista rannsoknatdnnar fllumst vid cinnig i ad fara ekki fram 4
upplfsingar um Adur umbedna breyta vardandi hjtskaparstétt foreldra. Afranun annarra breyta
teljum vid eldd mégulega 4n pess ad raska verulega visindalegu gildi rannsdkparinnar.*

1 ljési framangreinds svarbréfs rannsakenda dskadi Personuvernd eftiv upplysingum fri embzatti
landlelnis med bréfi, dags. 24. september 2013, um afstddu embumttisins til pess ad rdnna af
breytur Gr lyfjagagnagrunni og fadingaskrd med peim hettl sem Unnur Anna Iysti { bréfi, dags.
14. 4gtist sl, 4dur en gognin yrdu afhent rannsakanda.

{ svarbréfi tandlaeknis, dags. 18. oktober 2013, kemur fram 2d embzettid hafi sampylkkt med bréfi,
dags. 14. jandar 2013 ad heimila rannsakendum adgang ad upplfsingam Gr faedingaskid og
lyfjagagnagrunni landlzeknis sem voru nanar tilgreindar i breytulista er fylgdi med ddurnefnda
bréfi embettisins til Persénuverndar. P4 segir 20 embrettid segi avallt pau skilyrdi ad framsetning
og birting upplysinga sem byggja 4 gégoum ar gagnagrunnum landleknis séu med beim heetti ad
elki sé haegt ad rekja dl einstaklinga. Hr pad skylda rannsakenda ad uppfylla pessi skilyrdi
landlzknis. | umreddri rannsokn hafi landleknir aftur 4 méti sett pad vidbotarskilyrdi ad
abyrgdarmadur rannsdknarinnar setji inn reiknada breytu { stad raunverulegs fmdingardags barns
og afmii { kjolfarid skridan fwdingardag. Adferdafradi vid pessa adgerd skuli botin undir
cmbzettid og parf embzttid ad sampykkja hana 40ur en gogn verda afhent rannsakendum. Ad
ooru leyti telji landlacknir eldd pérf 4 ad afrina eda medhondla 4 annan hatr adrar breytur Gr
fredingasked eda lyfjagagnagrunni 4dur en gdgn verda athent.



Var rannsakanda, Unni Onnu, tilkynnt um framangreinda afstédu Iandleknis med hréfi
Persénuverndar, dags. 12. ndvember 2013, og henni bent 4 ad embeatt landlaeknis bai abyregd 4
afhendingu vidkvemta personuupplysinga (v umrzddum skrim og myndi pvi Persénuvernd
halda aftam med efnislega afpreidslu vmsdkoatinnar, m.tt. athugasemda landlzknis um
trevinnstu peirta gagna sem yrdu afhent rannsakendum, par 4 medal um skriningu upplysinga wm
fedingardag barns.

Med  eolvupost, motteknum  pann 15, ndvember 2013, stadfestt embattt landlcknis ad
samkeyrslan  hjd  embazttinu yrdi  framkvemd 1 samremi vid verklag embmrttisins  og
rannséknargrunaur afhentur 4n kennitalna en med einkviemum nimerum { stad peirra 4l
rannsakanda.

Med télvupéstum, motteknum dagana 7. og 11. febriar 2014, sampykktu embeetti landleknis og
Hagstofa Islands 28 athending og samkeyrsla upplysinga frd embattunum yidi breytt med
eftitfarandi heetti:

1)  Gogn Gr frdingaskrd cru samkeyrd vid Iyfjagagnagrunn 4 kennitSlum hja embatt
landizknis.

2y i gagnasettinu sem til verSur vid pessa samkeyrslu er hverri kenaitdlu dthlutad einkvenmu
rannsOknarnimeri.  Sér gagnagrannsstiéd Jandleknis um  ad  dthluta  umreddum
rannisoknatnumerum.

3)  Hagstofu fslands er sent skjal fra embatt landlaeknis med kennitélum  og
rannsGknarnimerum, p.e. hvada rannséknatniumer samsvarar hvada kennitdlu. Pegar
méttaka  skjalsing  er  stadfest af Hapstofonni eydir gagnagrunnsstjori  landleknis
upprunalega skjalinu.

4y Kennitdham er pvi nzst eytt 0r gagnasettinu hjz embatt landlaknis en efungis verda eftir

%Eannséimm:}lﬁmerin.

5)  Hagstofa Islands finour bau gogn sem padan er &Gskad, ntt Gr skattgrunnsked
Hagstofunnat, med pvi ad nota kennitolulistann Ur skjalinu frd landleekni med kennitélum
og rannsoknarnimeram.

6)  Hagstofan eydir loks kennitélum Ut gagnasettinu sem til verdut par en sendir gognin til
embattis landlekais enungis med rannséknarnimerunum.

7y Gagnasett Hagstofu og gagnasett embetts landleknis eru samkeyrd 4 rannsoknarnimerum
hja embewtti landleknis (hvorug skrdin vari med kennitélum). Sér gagnagrunnsstjort um ad
framlkvema umredda samkeyrshu.

8  Rannsakandi, Unnur Anna Valdimarsddttis, ft athent gagnasett med rannséknarnimerum
eingongu fri gagnagrunnsstjora landlakais, n.t.t. An kennitalna.

1L
Leyfisskeyld vinnsta
Af framangreindu er ljést ad i rannsdkninni felst oflun upplysinga um einstaklinga 0x
lyfjagagnagrunni landleknis. Samkvemt 9. mgr. 27. gr. Iyfjalaga nr. 93/1994, sbr. 3. mgr. 15. gr.
laga nr. 74/1997 um réttindi sjtllinga, parf leyfi Personuverndar til adgangs ad lyfjagagnagranai
landlzzknis £ pagu visindarannsolna.

bi verfur einnig aflad upplysinga dr fwdingaskrd landlcknis. Fedingaskid er vardveitt a
Landspitala en embeett landleknis skipuleggur skrina og er dbyrgdarmadur hennar, sbr. 1. tolul.
2. mgt. og 4. mgr. 8. gr. laga nr. 41/2007 um landlekni. Samkvaemt 8. mgr. sému greinar, sbr. 3.
mgr. 15. gr. laga nr. 74/1997 um réetindi sjiklinga, parf leyfi Personuverndar il adgangs ad peirri
slera.



fyrithugad ad embwetti landlelnis athend: Hagstofu Islands skjal med kennitélum og
einkvaemum rannsdéknarnimerum, svo ad Hagstofa get sott upplysingar Or skattgranmsked um
umrredda  einstaklinga.  Teyfli  Persénuverndar  pacf  fyrdr  slked  midlun  vidkvaemea
personuupplysinga, sem vardveittar eru hjd stjérnvalds, til Hagstofu Islands i pagua rannsékna sk,
8. wlul 1. mer. 4. gr. reglna nr. 712/2008 um tilkynningarskylda og leyfisskylda vinnslu
persénuuupplysinga, sbr. 33. gr. laga nr. 77/2000.

Auk bess er fyrithugad ad lata gagnagrunnsstjora embetts landleknis framkvema samkeyrslu 4
upplysingum 6t lyfjagagnagrunai og fedingaskid vid motteknar upplfsingar dr skattgruanskea fra
Hagstofu Islands. Samkvemt dkvaedi 1. tolul. 1. mgr. 4. gr. regloa nr. 712/2008 um
tilkynningarskylda og leyfisskylda vinnslu petsénunpplysinga, sbr. 33. gr. laga nr. 77/2000, er
smmkeyrqla skrda, sem hefur ad geyma vidkvemar persénuupplysingat vid adta skra, hvort sem
st hefur a0 geyma almennar eda vidkvamar persénuupplysingar, hid leyfi Persénuverndar. Slik
sanikeyrsla er o ekki leylisskyld ef samkeyrdar ern skrar sama dbyrgdaradila, pé ad
undanskildum  midlegum skrim  sem  innihalda vidkvemar perséouupplysingar, eda  ef
einvirdungu era samkeyrdar upplysingar tr bj6dskrd um nafn, kennit6lu, fyrirtakjantmer,
beimilisfang, adsetur og pésmﬁmci I liosi pess ad squeylam verda upplysingar Gr tveimar
skram landleknis vidd upplysingar 0x slmttgrunnsluq Hagstofu Tslands er umredd samkeyrsla hid
leyfi Persénuverndar. Hefur Hagstofa Islands sambykkt ad afhenda upplysmgn med
einkvemum rannséknarnimerum il gagnagrunnsstiéra landlaknis, sem mun 1 kjclfand aonast
samkeyrstu vid énnur géen rannséknarionar,

Pi er jafnframt fyrdrhugad ad lata gagnagrunnsstjora embeettis landleknis afhenda Unni Onnu
Valdimarsdéttur rannsakanda rannséknargeinn an kennitalna a8 lokinni samkeyrslu upplysinga
ar fredingaskra, lyfjagagnagrunni og skattgrunnskra Fagstofu fslands; Telur Persénuvernd ad per
upplysingar sem embatti landleknis hyggst athenda rannsakanda an kennitalna séu engu ad sidur
personurekjanlegar, 1 skilningi laga nr. 77/2000, par sem eftir standi { rannsdknargrunninum
Gafrinadar breytur a0 mestu leyti sem saman veit persdnugreiningu hinna.skradt. Samloveemt
dkvaedi 8. tdlul. 1. mgr. 4. gt. reglna nr. 712/2008 um tilkynningarskylda og leyfisskylda vinnshs
petsonuupplysinga  er midlun vidkvemra personuupplysinga, sem vardveittar era  hja
stjérnvoldum, 1 pigu rannsokna had skriflegtl heimild Persénuverndar. A framangremnt vid um
afhendingu rannsoknargrunns med pcxsonugremanlegum vidkvamum persénuupplysingum fra
embeatti landleknis til rannsakanda. P4 parf einnig leyfi Persénuverndar, samlvemt 9. t6ul. 1.
mer. 9. gr. laga nr. 77/2000, fyrir vinnshu vidkvamia petsénuupplfsinga sé hin naudsynieg
vegna tolfradi- eda visindarannsokna, enda s¢ persénuvernd tryggd med tilteknum radstofunum
eftir pvi sem vid a. A framangreint vid um vinnslu rannsakanda, Unnar Onnu, 4 peim
upplysingum sem hin moéttelur i mnﬂsols_nalgﬂmj:u fra landlekni.

Stofnunin bindur leyfi tif handa landlekni og Unni Onnu Valdimarsdétur rannsakanda peim
skilyrdum semm i telur naudsynleg hverju siunt

I
Leyfi ag leyfessteslpmelar
er varda embetti fandieknis

-y vinmshit wpplisinga dir fadingasked og hfjagagnagranm landlwkis,
wmidlun vidkoamra persinupplisinga vil Hagstofu Istands,
samkeyrsi vidkvamra persdnunpplisinga
og midlun wdRuenra persdnnupplisinga il rannsakanda

[ samuzemi vid 8. mgt. 8. gr., shr. 1. tolul. 2. mgr. sému greinar Jaga nr. 41/2007 um landlekni, 9.
mgr. 27. gr. lyfjalaga or. 93/1994, sbr. 3. mgr. 15. gr. laga nr. 74/1997 um réttindi sjaldinga, og 1.



og 8. tolul. 1. mgr. 4. gr. reglna nr. 712/2008, sbt. 33. gr. laga nr. 77/2000, er embzetii landleknis,
£h, Unnar Onnw Valdimarsdottur rannsakanda, veitt heimild i tiltekinnar  vinnsla
persénuupplysings 1 fedingaskrd  landlekais  og  Iyfjagagnagrunni  landieknis { pagw
rannsoknarinnar  ,Ahtif  islenska efnahagshrunsins 4 hedlsu barnshafandi kvenna  og
fredingardtkomur. Ninar tileeki® er embzttinu heimilad a8 afla tiltekinna upplfsinga tir
skrinum, midla kennitolulista til Hagstofu Islands og loks samkeyra mottcknar upplysingar ar
skattgronnskrd  fréa Hagstofu Islands vid adurncfndar upplysingar ar lyfjgagagnagronni og
fadingaskra { pagu sému rannsdknar.

[ gagnagrunnsstjéra embattis landleknis heimilt 28 finna kennitélur kvenna sem feddu einbuza
4 tmabilinu 1. jandar 2002 &l 31. desember 2012 r fadingaskrd landleknis til pess ad afla

eftirfarandi upplysinga Gr fwdingaskra:

“Ur feedingaskrd landiaefnis

Medganga
Lengd medgongu skv. sidustu Hdum
Lengd medgdngu skv. émun

Feiling

Dagsetning fadingar
Nuamer fxedingar
Faedingarstadur

- heiti stofnunat

- utan fedingastofu
Lengd fxdingar (min)
ABur fett lifandi
Adur fett andvana
Tala fyrri [ostarlata
Upphaf fedingar
Afbrigdt fedingar - moOLr
Thiutun/medferd/ adgerdir { fredingu

Modir
Aldur
Stada/Atvinna
Islenskt/ erlent ikis fang
Sambyli médur og fodur="
Buseta (stor-Reylgavikursvaedl/ Aluteyri/Reyljanes/ dreifbyli)
Sjikdomsgreiningar modur
Fadir
Stada/atvinna
fslenskt/erleat rikis fang

Barn
Kyn barns
Barn faddist ifandi/andvana
Fjoldi barna { fedingu
Pyngd vi0 fedingu
Lengd vid fadingu
Ummail hofuds
Barn d6 - danardagsetning
Apgar 1 min
Apgar 5 min
Heilbrigt bara



Sjikdomspreiningar baens (ICD kdoi)

Ad pvi loknu er embeatti landleknis heimilt 28 nota kennitdlur sému kvenna til ad afla
eftirfarandt upplysinga Gt lyfagagnagrunni landlackois:

U byfiagasnasrunni bandlghois
Upplysingar um attektiz 4 lyfiaflokkunum hjarta- og adasjikdomalyf (ATC ﬂokkm C) og ,
gedlyf (ATC flokkur NO5 og N06) medal ofriskra kvenna 4 rannséknartimabilinu, ubili,
frd 90 dogum fyrir dagsetningu sidustu bledinga IMP) til loka medgongu/fredingu barns.
Ekki verda sottar upplysmgar 0t Iyfjagagnagrunni um lyfjategund, dagsetningu lyfjadvisunar
eda dagsctaingu lyfjauttektar.

Er lindlaekni 1 kjolfarid heimilt ad afhenda Hagstofu Islands kennitélur petrra kvenna sem eru {
framangreindu Grtaki rannsdknatinnar med eftirfarandt hetd:

1)  Hagstofu Islands er sent skjal frd embeetti landleknis med kennittlum  og
rannsoknarnimerum, p.e. hvada rannséknarnimer samsvarar hvada kennitolu. begat
mottaka  skialsins er stadfest af Hagstofunni eydir gagnagrunnastjéri  landleknis
upprunalega skjalinu.

2)  Kemnitdlum er pvi nwst eytt Or gagnasetting hja embaetts landlacknis en einungis verda eftir
rannsSknarnarmerit.

Degar Hagstofa Islands hefur aflad upplysinga r skattgrunnskra um konur [ drtalkd
rannsoknatinnar er landlekal heimilad ad framlkvema samkeyrslu 4 eftirfarandl upplysingum Gt
skattgrunnskri sem hann motekur frda Flagstofu Islands med rannséknarndmerum en dn
keanitalna, vid upplysingar r lyfjagagnagrunni og fedingasked sem vardveittar eru undir
ragnsoknamumerum hjd gagnagrunnsstjéra landleknis:

Ur skattorunnskrs H, qgstofy [slands

Lpplysmg:u sem berast gagnagrunnsstiora embrettls Jandlxlmis fra Hagstofu Istands um
tekjur 4 11sg1 undvelli hjd peim konum, og mékum peirra (par sem vid 4), sem eignudust
einbuga 4 mmmoknmmnquhnu, n.tt persénunimer, fiolskyldundmer, kyn, fjoldi barna,
launatekjur, tekjur af atvinourekstrl, laun, tekjuar, retknad endurgjald, hjuskapur, skattur og
azettun.

Leyfi petta gildir dl 31 dé"s'emb:er2015'?'6;g er bundid eftirfatandi skilyrdum:

1. Abyrgdaraili ad vinnshu personnnpplysinga

Embett landleknis (sem hér eftir kallast leyfishafi) telst vera abyrgdaradili pessa hluta
vinnslunnar { slilningi 4. tolal. 2. gr. laga nr. 77/2000. Fer landleknir med allt fyritsvar gagnvare
Persénuvernd um alla patt er varda petta leyfi, p.4 m. alitaefni, er upp kunna ad tisa, um pad
hvort vinnsia persénuupplysinga hafl verid { samrami vid 16g, reglur og dkvadi pessa leyfis.

ho

Laghundnir leyfisskilmdlar
Abyrgdarmadur fadingaskiir og lyfjagagnagrunns skal vardveita yfidit yfir par upplysingar
sem veittur et adgangur ad { pigu rannscknar pessarar til bess ad geta sidar uppfylle
upplysingaskyldu gagnvart hinum skiidu { samremi vid 18. gr. laga ne. 77/2000.
b. Leyﬁ petta et bundi® pvi skilyrdi ad sidanefnd, eda eftit atvikum visindasidanefnd, hafi lagt
mat 4 rannsokoina og 1atd i té skriflegt alit sitt pess efnis ad hvork: visindaleg né sidfredileg
sjénarmi® meel gegn framkvemd hennar, sbr. 3. mgr. 15. gr. laga nr. 74/1997, sbr. 4. mgr. 2.
gr. somu laga.

@

3. Logmet vinnsla persénuupplisinga og pagnarskylda



S

[

d.

Leyfishafi ber abyrgd 4 pvi ad vinnsla persénuupplysinga vegna rannsoknarinnar fullnwgi
avallt kedsfum 1. mer. 7. gt. laga nr. 77/2000.

Farid skal med upplysingar 0r fedingsked, sem skrddar era vegna rannsélknarinnat, { samtemi
vid lég nc. 77/2000, log nr. 74/1997 um réttindi sjiklinga, 16g or 34/2012 um
heilbrigdisstarfsmenn og 16g nr. 55 /2009 um sjilraskeir og reglna settra med stod i peim.
iogum. Hvilir pagnarskylda 4 leyfishafa og 6dram peim sem koma a8 rannsdkainn: um
heilsufarsupplysingar sem unnid er med, sbr. 15. gr. laga nr. 53 /1988. Dagnarskylda helst pott
Atid) sé af storfum vid rannsoknina.

Afbending kennitolnlivta 1if Hagstofn Tslands og sambkeyrsla vidkvanra persinmupplisinga bjd landieekni
Bftir 20 landleknir hefur fundid) Grtale rannséknarinnar r fxdingaskra landleknis, eins og
Iyst er i upphafi IIL kafla i leyfi pessu, er honum heimilt ad skrd umraeddar breytur Tur
fadingaskrd i rannsoknargrann undir kennitGlum.

Vid rannséknargrunninn baetir gagnagrunnsstjési landleknis nast tilgreindar breytur Or
Iyfjagagnagrunni landleknis um sama hép einstaklinga, eins og einnig ex lyst upphafi 111
kafla ileyfi pessu.

Embaetti landleknis er nwst heimilt a0 midla lista med kennitolum og einkvemum
rannsékaarnimerum tl Hagstofu Tslands med Suggum hatti med hlidsjon af edh gagnanna.
Upplfsingar tir skattgrunnskra fra Flagstofu Islands, sem sendar eru til gagnagrunnsstjora
embezttis landleknis, skulu sendar honum med Sruggum hztt og an kennitalna. Sér
gagnagrunnsstjér Hagstofunnar um afhendingu upplisinganna til embzettis landleknis. Mun
Hagstofan eyda motteknum upplysingum fra landlekn um kennitolur einstaklinga § trtak:
rannséknarinnar, 4duar en upplysingar Gr skattgrunnskrd verda afhentar embatti landieknis 4
einlvemum rannsoknatnimerum.

Pegar gagnagrunnsstjor, Lh. embetds landlxlknis, hefur moéttekid umtaedd gden fra
Hagstofunni er honum heimilt 20 bmta peim upplysingum  Gr skattgrunnsked  vid
rannsdkaargrunn landleknis, undir einkvamum rannséknarmnimerum, p.e. an keanitalna.

Skal gagnagrunnsstjori landleknis geta ad pvi 20 kennitolum einstaklinga 1 drtald
rannséknarinnar, sé eytt um leid og Hagstofa Islands hefur stadfest mottdku 4 kennitohulista
fra embetti landlekni, eins og lyst er { upphafi III. kafla { leyfi pessu. A3 fenginni slikri
stadfestingu er landlekni einungis heimile ad vardveita upplfsingat i rannséknargranni an
kennitalna.

Ber gagnagrunpsstjéra landleknis ad eyda Ollum métieknum upplfsingum frd Hagstofa
Istands i pagu rannséknarinnar ad samkeyrslu lokinni skv. c-1id pessarat greinar.

. Afbending rannséknargagna til rannsakenda

Embett landlaknis er heimilt 20 afhenda tannsakanda framangreindar upplysingar ur
fedingasked, lyfjagagnagrunni og skattgrunnskra Hagstofu fstands ad lokinni samkeyrslu
beitta, shr. 4 gr, med ranpsoknarnimerym _eingbéngu  en  4n kennitalna,
personunimera eda fidlskyldumamera eda annarra personuaudkenna.

Ef upplysingarnar eru afhentar rannsakendum Gt Gr hasi landlelknis ber ad gera pad med
Sruggum hatt med hlidsion af edls gagnanna.

Eali malsins samkveemt tekur pessi hlud leyfisins eingdngu il vinnslu titekinona upplysinga tr
skrim landielknis og skattgrannskrd Hagstofu Islands, samkeyrsla petrra og loks afthendingu
upplysinga med einkvemum rannsOknamtmerum 6] rannsakanda en ekld il efticfarandi
vinnslu rannsakanda 4 upplysingunum i pagu visindarannsoknat sinnar. Br nanar fjallad um
skilmala il handa rannsalkanda, vatdandi Grvinnslu gagna fra landlekny, € kafla IV,

Dratt fyrir olid bessarar . greinar. ber. landlekni a0, veita. rannsakanda;. Unni:: Onnu
Valdimarsdéetur, fyrirmelium ad skra reiknada breytu. { rannséknargdgn:{istad raunverulegs
Frdingirdags: batns  og afma £:kjBlEarid: fxdingardag- Ot rannsoknargrunninuny semr-hune fer.
afhentan: fra Jandlakni 20 lokinni samkeyrsha, sbr. bréf landlxkais, dags. 18. oktober 2013.0g



6. Awilken

sk,ill11ftlai c-10: 2. prol IV, kafla 1 l_eyﬁ pessu.

1ing, vartveisla og eyding rannsoRnargagna

Er gagnagrunnsstjora embattis landleknis heimilt vid framkvaemd rannsoknar pessarar ad
skrd og vardveita dmabundid sérstaka sked, greiningarlykil, sem tengir saman upplysingar um
kennitdlur einstaklings og rannsdknarnimer 4 medan verid er ad vithia rannsdknargrunn.
Slikan greiningarlykil skal avallt vardveita adskilda fra 60rum rannsdknargdgnum og ma elki
afhenda neinum 6drum, svo sem tannszkendum.

begar Hapstofa Islands hefur stadfest méttoku 4 kennitolulista fra embastti landlzeknis, en cigi
sidar en vid lok gildistima leyfis pessa, ber gagnagrunnsstjora landlzknis ad eyi‘h kennitdlum
Or peim rannsdknargégnum sem hann hefur undir héndum, pa m. gmmné’ atlykh. Ad
fenginnt framangreindri stadfestingu Hagstofu fslands fer vinnsla landleknis 4 wpplysingum {
Lannsol\lnxgumm badi fyrir og eftir motdku upplysinga 4 einkvaemum rannséknarnimerum
fri Hagstofu slands, einungis fram 4 einkveemum rannséknarnimerum, cins og Ifst er i
upphaft 1T kafla { leyfi pessu.

Persdnuvernd getur gert vittekt 4 pvi hvort farid sé ad fyrirmalum b-lidar bessarar grelnar um
eydingu kennitalna. Tit pess getur stofnunin notid adstodar sérfredings 1 upplysingacryggi,
sbr. og g-1id 8. gr. hér 4 eftir.

7. O-gggz’ vid pinnsin personunpplisinga

Leyfishafa bet ad gera videigandt teknilegar og skipulagslegar SryggistiOstafanit til a8 vernda
personuupplysingar gegn Sleyfileguim adgangi { samraemi vid 11. og 12. gr. laga nr. 77 /2000. Par
er medal annars askilid ad:

a.

beita sluli radstSfonum sem tryggjs negilegt Sryggl midad vid ahattu af vinnslunmd og edl
peirra gagna sem verja 4, med hlidsjon af nyjustu takni og kostnadi vid framkvaemd peirra,
og

tryggja skuli 2d Ahmttumat og Oryggisradstafanir vid vinnshu persénuupplysinga séu i
samremi vid 16g, reglur og fyrirmeli Persénuverndar um hvernig tryggja skal Sryggt
upplysinga, p.an.t. pd stadla sem hin dkvedur ad skuli fylgt

Leyfishafi ber abyrgd 4 pvi ad hver si er starfar { umbodi hans og hefur adgang ad
persénuupplysingam vinni adeins med per { samremi vid skyr fyrirmeli sem hann gefur og ad
pvi marki ad falli innan skilyrda leyfis bessa, nema log mali fyrir 4 annan veg, sbr. 3. mgt. 13 gt
laga nt. 77,/2000.

8. Almennir skilmdiar

@.

b.

Avallt skal tryggt ad rannsGknargéen séu vardveitt 4 tryggum stad og adeins par sem logum
sarmkvaemt et heitmilt ad vardveita pau.

Leyfishafi ber abyrgd 4 ad farid sé med &Il persdnuaudkennd gégn sem sjilragdgn { samranmi
vi0 10g, teglur og akvedl pessa leyfis.

Tevfishafi skal abyrejast ad engir adrir en hann fii I hendur personugteinanleg gogn sem
sérstaklega verdur aflad { pagu bessarar ranmsélknar.

Leyfishafa ber ad tillkynna Persénuvernd tafadaust ef upp kemur Styggisbrestur vardandi
bt personuupplysingar sem leyfi betta tekur til.

Oski leyfishafi pess ad hatta rannsékn ber honum ad tilkynna pad til Persdnuverndar 4
skeiflegan og sannanlegan hatt. Skal pa tilgreina hvort beim persénuupplysingum, sem unnar
voru 4 grundvelli pessa leyfis, hafi verid eytt. Ad 6drum kosti trskurdar Persénuvernd um
hvort persénuupplysingunum skuli eytt eda par vardveittar med dkvednum skilyrdum.
Leyfishafa ber ad veita Persépuvernd, starfsmonnum og tlsidnarmonnum hennar allar
umbednar upplysingar um vinnslu persénuupplysinga sé eftir pvi leitad, svo sem { pagu
eftirlits eda vegna medferdar mala sem tengjast vinnslunni.

Persénuvernd getur latid gera tttekt 4 pvi hvort leyfishafi fullnegl skilyroum laga nr. 77 /2000



og reglna sem settar eru samkvamt peim eda einstékum fyrirmachum. Getur Personuvernd
dkvedd ad hann skuli greida pann kostnad sem af pvi hljst. Persénuyvernd getur einnig
akvedid a3 leylishafi greidi kostnad vid udttekt 4 starfsemi, vid undithiniog dtgifu
vinnsluleyfis og annatrat afpreidsiu. Persénuvernd skal pa garta pess ad sa séefredingur, sem
framlkvemir umraedda vtrekt, unditriti yiitlysingn um ad hann lofi ad greta pagmaclska um
pad sem hann fet vitneskju um { starfsemi sinni og leynt ber ad fara eftir 16gum eda 8l
mals. Brot 4 slikti pagnarskyldu vardar refsingn sambkvemt 136. gr. almennra hegninparlaga.
Dagnarskyldan helst pott latid sé af starfr

h. Leyfi petta er hid bvi skilyrdi ad cinungis verdi safnad peim upplysingum sem sawdsynleear
eru vegna rannséknarinnar.

i.  Brot 4 dkvedum leyfis pessa getur m.a. vardad pvi ad leyfid verdi fellt nidur.

.
Leyfi og leyfisskilmtar

sem varda rannsakanda (Unni Onna VValdimarsddttur)
- upr vinnsti upplisinga fri embertti landlefnis

T samremi vid 9. tdlul. 1. mgt. 9. gr. laga nr. 77 /2000 er Unni Onnu Valdimarsdéttut heimilud
vinnsla upplysinga er hennt berast frd embatti landlaknis ad lokinmi samkeyrslu upplysinga tr
fedingaskra landlzknis, lyfjagagnagrunm landleknis og skattgrunnskra Hagstofu Islands vegna
rannsoknarinnar  ,Ahtif {slenska efnahagshrunsins 4  heilsu barnshafandi kvenna og
fedingarttkomur™, sbr. IIL kafla {leyft pessu.

Vill Persénuvernd arétta ad med leyfi pessu er rannsakanda hvorki veitt heimild til adgangs ad
fxOingaskra, lyfjagagnagrunni landlaeknis né skattgrunnskra Hagstofu Islands.

Leyfi petta gildir til 31. desember 2015 og er bundid eftirfarandi skilyroum:

1. Abyrgdaradilar ad vinnshe persénunpplisinga

Ungur Anna Valdimarsddoir (hér eftit nefnd leyfishafi), telst vera abyrgdaradili pessa hluta
vinnslunnar 1 skilmingi 4. tolal. 2. gr. laga nr. 77/2000. Ter hiun med allt fyrissvar gagnvart
Persénuvernd um alla patt er varda petta leyfi, p.A m. dlicaefni, er upp kunna ad tsa, um pad
hvozt vinnsla persénuupplysinga hafi verid 1 samrzemd vid 16g, reglur og dkvedi pessa leyfis.

2. Ligmet vinnsla persorupplisinea og pagnarskylda

a. Leyfishafi ber dbyrgd 4 pvi ad vinnsla persénuupplysinga vegna rannsoknarinnar fullnzgi
dvallt kedfum 1. mgr. 7. gr. laga nr. 77/2000.

b. Farid skal med motteknar upplysingar fra landlekni ad lokinni samkeyrslu, sbr. Iysingu 1 111
kafla { leyfi bessu, sem skridar eru vegna tannsoknatinnar, { samrzmi vid 16g nr. 77/2000.
Hvilir pagnarskylda 4 leyfishafa og 88rum peim sem koma ad rannsokninni um upplysingar
sem unnid er med. Pagnarskylda helst pott 1460 sé af storfum vid rannsoknina.

c. Taki hiskdlanemar eda adrir, sem ek teljast 6l 1oggiltra heilbrigdisstétta, patt 1 framlvaemd
rannséknarinnar skulu peir undirrita sérstaka pagnarslkylduyfirlysingn, par sem peir m.a.
abyrgjast ad tilkynna leyfishafa ef 1 rannsdknargdgnum eru-vidkvaemat, persénuupplysingar
um pi sem eru.eda.hafa veridmaki vidkomandt skyldir-eda-megdir henhi { beinan’ legg edia
a0 60rum lid til hlidar eda tengdir henmt med sama.haettt vegna ettleidingar. Fr vidkomandi
pa Sheimilt 40 kyniia sér gdgrium pa einstaklinga. Leyfishafa eda fulltria hennar ber ad votta
tétta undivskrift hlutadeigandi og dagsetningy slikear yimlysingar og vardveita hana.
Leyfishafa ber a8 afhenda Persénuvernd aftit af slikei yfidysingu pegar og ef stofnunin kallar
eftir henni. Pagnarskyldan er byged a 3. mgr 35. gr. laga nr. 77 /2000. A heimasidu
Personuverndar  er ad  finna  stadlad  eydublad fyrr  pagnarskylduyfulysingu. Ef
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bagaarskylduyfidysingum er ekl skilad mnan tlskilins frests getur Persénuvernd afturkallad
leyfi petta.

3. Audkenning rannsoknargagna

a. Degar leyfishafi tekur vid upplysingum frd embeetd landlwknis a8 lokinai samkeyrslu, sbr.
Iysingu { 111 kafla { levfi pessu (einkwm a-lid 5. gt), ber henni ad ganga dGr skugga um a0 1
beim séu ekld skridar kennitdlut, persénunimer eda fj6lskylduniamer.

b. Degar per heilbrigdisupplysingar, sem leyfi petta tekur l, hafa verid skradar i
rannséknargien leyfishafa skal leyfishafi tryggja a8 bar liggi ekki fyrir audkenning 4 pvi fra
hvada einstaklingi upplysingarnar stafa, t.d. med samansafni upplybmgq setn geta kleift ad

_afhjipa hver hinn skrddi er. Fr framangteint einnig { samreemi vid afstoou landieknis um
framsetningu og birtingn upplysinga sem byggja 4 gdgnum dr gagnagrunnum landleknis.

¢. Ber leyfishafa jafnframt 20 gweta ad skilyrdi embettis landleknis, shr. bréf, dags. 18. oktdber
2013, um ad skra reiknada blcytu { rannséknargoen 1 stad raunverulegs fadingardags barns
og afma i kjlfarid fadingardag r rannsoknargranainum sem hin feer afhentan fra landlekni
ad lokinm samkeyrsly, sbr. einnig d-1id 5. gr. { 1L kafla { leyfi pessu.

=

Varveisla og eyding persdnunpyplisinga

a. Ad rannsokn lokinni, pé eigl sidar en vid lok gildistima leyfis pessa hinn 31. desember 2015,
skal 6lhum upplfsingum sem leyfishafi feer fri embett landleknis vegna rannséknar pessarar
eytt.

b. Persdénuvernd getur gert tttekt 4 pvi hvort farid sé ad fyrirmealum a-lidar pessarar greinar um

eydingu upplysinga. Til bess getur stofnunin notid adstodat sérfredings 1 upplysingadryggi,

sbr. og g-1id 6. gr. hér 4 eftir.

5. Orygi 068 vinnslu personumpplinga

Leyfishafa ber a0 gera videigandi txknilegar 0g sklpuhgskg'u Oryggisradstafanir til a8 vernda

perséruupplysingar gegn Sleyfilegum adgangi { samrzemi vid 11. og 12. gr. laga nr. 77/2000. Par

er medal annars askilid ad:

a. beita skuli radstéfunum sem trygeja naegilegt ryggi midad vid dhettu af vianslunnt og edh
beitra gagna sem verja 4, med hlidsjén af nyjustu tekni og kostnadi vid framlvemd peirra,
og

b. tryggja skuli ad Ahzttumat og Oryggistidstafanir vid vinnslu persénuupplysinga séu i
samraemi vid 16g, reglur og fyrirmeli Persénuverndar um hvernig tryggja skal oryggi
upplysinga, bt pa stadla sem hin dkvedur ad skuli fylgt.

Leyfishafi ber abyrgd 4 bvi ad hver sd er starfar { umbodi heomar og hefur adgang ad

persénuupplfsinguam vinni adeins med paer i samremi vid skyr fyriemzh sem hin gefur og ad pvi

marki 2d falli innan skityrda leyfis pessa, nema 16g meli fyrir 4 annan veg, shr. 3. mgr. 13. gr. laga

ar. 77/2000.

=

Almennir skilmdlar

a. Avallt skal tryggt 29 rannséknargbgn séu vardveitt 4 tryggum stad og adeins par sem 16gum
samlsvamt et heinult ad vardveita bau.

b. Leyfishafi ber ibyrgd 4 ad farid sé med oll persénuandkennd gogn sem sjikraskrirgdgn i
samremi vid 16g, reglur og dlsvaedi pessa leyfis.

c¢. Leyfishafi skal dbyrgjast ad engir adrir en hin, ¢da 2dili sem starfar 4 hennar vegum, fii i
hendur persénugteinanleg gogn sem annid verdur med i tengslum vid pessa rannsokn

d. Leyfishafa ber ad tilkynna Persénuvernd tafarlaust ef upp kemur rygeisbrestur vardandi par
petsonuupplysingat sem leyfi petta tekur til

e. Oski leyfishafi eftir pvi ad hetta rannsékn ber henni 28 tlkynna pad tl Personuverndar 4

skriflegan og sannanlegan hétt. Skal pa tilgreina hvort ollum peim persénuupplysingum, sem
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unnar voru upp ur peun gdgnum sem veittur var adgangur a0 4 grundvelli bessa leyfis, hafi
verid eytt. Ad 68rum kost rskurdar Personuvernd um hvort persénaupplysingunum skali
eytt eda prer vardveittar med dkvednum skilyrdum.

f. Leyfishafa ber ad veita Persénuvernd, starfsménnum og tilsjénarménnum hennar allar
umbednar upplysingar um vinnslu persénuupplysinga sé eftit pvi leitad, svo sem { piga
eftirlits eda vegna medferdar mdla sem tengjast vinnslunni,

g Persénuvernd getur Jd gera Gttekt 4 pvi hvort leyfishall fullnmgi skilytdum laga ne. 77/2000
og reglna sem settar etu samkvamt peim eda einstokum fyritmelum. Getur Persénuvernd
akvedid ad hon skuli greida pann kostnad sem af pvi hifst. Personuvernd getur emnig
dkvedid ad leyfishafi greidi kostmad vid dttekt 4 starfsemi, vi0 undirbéning utgafu

~ vinnshuleyfis og annarrar afgreidslu. Petsonuvernd skal pa geta pess ad si sérfredingur, sem
framkvaemir umredda attekt, undieriti yfilysingu um 20 hann lofi ad gaeta pagmeelsku um
pad sem hann faer vitneskju um { starfsemi sinni og leynt ber ad fara cftir 16gum cda edli
mals. Brot 4 slikti pagnatskyldu vardar refsingu samkvaemt 136, gr. almennra hegningarlaga.
Pagnarskyldan helst pott 1atid sé af starfi

h. Leyfi petta er had pvi skilyrdi ad einungis verdi unnid med bar upplysingum sem naudsynlegar
eru vegna ranasdknarinnar.

L Brota ikvaedum leyfis bessa getur moa. vardad pvi ad leyfid verdi fellt nidut.

Virdingarfyllst
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Afrit:

Hagstofa Islands

Hrafohildur Arnkelsdéttir, skrifstofustjori
félagsmalasvid

Borgartani 21a

150 Reykjavik
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ViSINDASIDANEFND

Hafoarh(sid, Tryggvagata 17

Unnur Anna Valdimarsddttic 101 Reykjavik,

Grenimel 2
107 Reykjavik Simi: 551 7100, Beéfsimi: 551 1444

netfang: visindasidanefnd@vsn.stir.is

Reykjavik 12. febriar 2013
Tilv.: VENb2013010002/03.07

Efni: 13-002-51 Ahrif islenska efnahagshrunsins 4 heilsu barnshafandi kvenna og
fedingatitkomur.

Visindasidanefnd bakkar svarbréf bitt, dags. 28.01.2013 vegna 48ussendra athugasemda vid
ofangreinda rannséknardmtiun sbr. bréf nefndarinnar dags. 15.91.2013. 1 bréfinu koma fram svér og
skyringar til samreemis vid athugasemdir Visindasidanefndar og pvi fylgdu endurbztt gbgn.,

Fiallad var um svarbréf pitt og dnnur innsend gogn 4 fundi Visindasidanefndar 29.01.2013.

Rannséknarazthunin er endanlega sampykkt af Visindasidanefnd.

Visindasianefnd bendir rannsakendum vinsamlegast 4 ad birta VSN tilvisunarnimer
rannsdknarinnar par sem vitna® er i leyfi nefndarinnar i birtum greinum wm rannsoknina.

Jafnframt fer Visindasidanefnd fram 4 a® fa send afrit af, eda tilvisun i, birtar greinar um
rannsoknina, Rannsakendur eru minntir 4 a8 tilkynna rannsoknarlok til nefndarinnar,

Aréttad er ad allar fyrithugadar breytingar 4 pegar sampykktri rannséknardztiun purfa a8 koma inn til
nefndarinnar tit umfjéllunar.

Jafiframt ber dbyrgdarmanni ad 14ta stofhanir, sem veitt hafa leyfi vegna framkvemdar
rannsoknarinnar eda &flunar gagna vita af fyrirhugdum breytingum. :

Med kvedju,
f.h. Visindasidanefndar,

A oL
el iaadilass
Gisli Ragnarsson, varaformabur |



Embestti
- landiseknis

Directerate of Health

s i Lp
ity

Unnur Al,ma Valdimarsdottir
Haskola Islands, Stapa v/ Hringbraut
101 Reykjavik

Reykjavik, 14. jantar 2013
1301064/5.6.|/gkg

Efni: Adgangur ad gdgnum r feedingaskra og lyfjagagnagrunni vegna visindarannséknar

Embeetti landleknis visar til umséknar pinnar sem barst embattinu 4. jantar 2013, par sem farid
er fram 4 a® 14 abgang ad gégnum ur fedingaskrd og lyljagagnagrunni vegna rannséknarinnar
,Ahf if islenska efhahagshrunsins d heilsu barnshafondi kvenna og feedingaiitkomur.™

Ur faedingaskra var oskad eftir gégnum um allar fedingar 4 arunum 2002-2012. Ur
Iyfjagagnagrunni var oskad eftir gégnum um Utleystar lyfjadvisanir 4 haprystingslyf og gedlyf
fyrir paer konur sem i rannséknarhdpnum verda, & pvi timabili sem afmarkast af 90 dégum fyrir
sidustu blaedingar til loka medgéngu/fedingar barns. I fylgiskjali er ad finna lista yfir peer
breytur sem 6skad var eftir r ofangreindum skram.

Landlzknir sér bvi ekkert til fyrirstddu ad umsmkjandi 4 adgang ad umreddum
Opersonugreinanlegum gbgnum, med visan { 1. mgr. § gr. laga um landlekni og lyBheilsu nr.
4172007 og 9. t61ulid 9. gr. laga um persénuvernd og meBiferd persénuupplysinga nr. 77/2000.

Jafnframt var 6skad eftiv pvi ad samkeyrsla gagna r ofangreindum skrém vid gdgn tfir
skattgrunnskra Hagstofu {slands yidi framkveemd hja Embeetti landleknis. Fallist er 4 P4 beidni,
ad fengnu leyfi Hagstofu fslands fyrir afhendingu gagna (r skattgrunnskra.

Verkferli vi afmérkun rannséknarhops og vid samkeyrsiur verdur { samreemi vid lysingar
rannsakanda 1 umsoknum til Personuverndar og Visindasidanefndar og { samreemi vid reglur
Embettis landlaeknis.

Leyfi petta er had pvi skilyrdi ad rannscknin fai leyfi Persénuverndar og Visindasidanefndar.
Afrit af badum leyfum burfa ad berast Embaetti landlzknis 48ur en adgangur er veittur ad
umbednum gdgoum. Vinnsluadili Fedingarskrar er Landspitali og ad uppfylitum ofangreindum
skilyrdum skal trtaki® Gtbd par.

Virdingarfyllst,

7

o

/i%l/vﬁ N //M
Lilja Sigran Jonsdottir  /

stadgengill svidsstjora
heilbrigdisupplysingasvidi

Afirit: Persénuvernd
Visindasidanefnd

Barénsstig 47 = IS 107 Reykjavik = lceland = Simi/Tel (+354) 5101800 = Bréfasimi/Fax (+354) 5181918 « mottaka@landlaeknitis » waww.landlaekniris



LANDLAKNISEMBATTID

Directorate of Health

Unnur Anna Valdimarsdéttir
Stapi v/Hringbraut
101 Reykjavik

Seltjarnamesi, 29. jini 2010
2010050296/5.6.1/HBS hbs

i gangur a0 goenum Gr Faoedingaskra veena rannsoknarinnar: ri
Efni: Adga 0 gig Faedingas) g kn ar:  “Ahrif
efnahagshrunsing 2 Islandi 2008 4 tioni fyrirbura og létthurafeedinga”.

Landizknisembzettid visar til umsoknar pinnar sem barst pann 26. maf sl { umsokninni er
6skad eftir adgangi ad gégnum r Fedingaskrd vegna rannsdknar & dhrifum efhahagshrunsins 4
fslandi 2008 4 ti®ni fyritbura og léttburafedingar, begar leyfi Visindasidanefndar og
Personuverndar liggja fyrir, bar upplysingar sem Oskad er efiir varda allar bamshafandi
islenskar konur Ur Fedingaskra, sem eignast hafa lifandi feedd b & timabilinu 1. oktdber 2006
til 31. desember 2009.

Landleknisenibeettid 5ér-bvi ekdert tit-fyrirstadu ad.-umsekjandi fal adgang a0 wnreddum
gdognum med visan { 9. t6lulid 9. gr. laga um persénuvernd og melferd personuupplysinga nr.
77/2000, ad pvi tilskyldu ad rannsdknin fai leyfi Persémuverndar og Visindasidanefndar. Afit af
badum leyfum purfa ad berast Landleeknisembeattinu a8ur en adgangur er veittur ad umbednum
ghgmumn.

Virdingarfylist,

7 &7
./’/»;75///7 /{mz:///[/
“Sigridur Haraldsdéttir ‘
SVléSS’L}OU hcﬂb11061sto frazdisvids

Afrit: Védis Helga Eiriksddttir
Visindasidanefnd
Personuvernd

Austurstrand 5 = 5 170 Seltjarnarnes + Jeeland » Simi/Tel, (+354) 5101900 « Bréfastmi/Fax (+354) 5101919 + postur dlaclkniris » www.la feniz.is



VISINDASEDANEFND
Unnur Anna Valdimarsdottir, dosent og Vegmila 3, 108 Reyijavik,
forstodumadur Semi: 551 7100, Bréfsimi: $51 1444
Grenimel 2
107 Reykjavik

netfang: visindasidanefnd@vsn.str.is

Reykjavik 22. jini 2010
Tilv.: VENBb2(10050014/03.7

Efni: Vardar: 10-081-afg Ahrif efnahagshrunsins 4 Islandi 2008 4 tidni fyrirbura-
léttburafedinga.

A fundi sinum 22.06.2010 fjalladi Visindasidanefnd um umsckn pina dags. 27.05.2010, vegna
ofangreindrar rannséknaraztlunar. Medrannsakendur pinir eru Dr. Tinna Laufey Asgeirsdaottir,
Ragnheidur Bjarnadéttir og Védis Helga Eiriksdottir, meistaranemi.

Visindasidanefnd gerir eftirfarandi athugasemdir vid rannsoknaraztlunina:
1. Leyfi Landlseknis hefur ekki borist nefndinni.

Rannséknin verdur tekin til frekari afgreidslu hja Visindasidanefnd pegar henni hefur borist
undirritad svarbréf vid ofangreindum athugasemdum, 4samt endurbeetium fyigigbgnum sem
nefndin 6skar eftir hverju sinni, lita skal leidréttingar med litapenna i peim gégnunum sem
send eru inn. Pessi gbgn eiga ad berast nefndinni i 3 eintékum.

Upplysingar um skilafresti ma nalgast 4 heimasidu nefndarinnar, www.visindasidanefnd.is.
Vinsamlegast athugid ad Sheimilt er ad hefja framkvaernd rannsoknar fyrr en endanlegt sambykki
Visindasidanefndar fyrir henni hefur verid veitt.

Med kvediu,
fh Visingasiéauefndgr,

%,

dr. E



Hasksli Tslands - Midstdd © Iyohedsuvisindum
Dr. Unnur Anna Valdimarsdottir

Stapa v/Hringbraut

101 Reykjavik

Persdnuvernd

Raudaudestig 10 105 Reylgjavik
stot: 510 9600 bréfasimi: 510 9606
netfang: postur@personuvernd.is

veffang: personuvernd.is

Reylkjavik, 1.jdli 2010
Tilvisun: 2010050499181/

Heimild skv. 3. mgr. 15, gr. laga nt. 74/1997,
sbr. 8. mgr. 8. gr. laga nr. 41/2007.

I

Usnsolen

Petsénuvernd barst wmsédkn dr. Unnar Onnu Valdimarsdéttur, désents og forstddumanns, fh.
Midstéovar i lydheidsuvisindum, Ragnheidar Bjarnadotrur, fadingaleknis 4 Landspitala, og dr.
Tinnu Laufeyjat Asgeitsddttur, lektors og wnsjdnarmanns MS nams { heilsufredum vid Haskdla
islancls, dags. 27; mai 2010, um heimild tll adgangs ad fadingaskrd landleknis { bagu rannsdknar
undir heitina: ,, Ahrif efnabagshtonsing 4 Islandi 2008 4 dont fyrirbura og lettburafaedinga™.

Tigangur vinnslunnar er skoda njgengt fyrrbura- og léttburafwedinga 1  kjolfar
cfnahagskreppunnar 1 oktéber 2008 og bera saman vid nygengl undanfarinna ara. Pyoi
rapnsoknarinnar verda allar barnshafandi islenskar konur sem cignudust lifandi faedd bom 4
timabilinu fi4 1. oktdber 2006 til 31. desember 2009 samkvamt fadingskrd landlalknis. Axtlad er
ad um fimmtan pusund fredingar s¢ ad reda. Eingdngu er um aftursyna rannsdkn ad rada.

Prt upplysingar sem fyrirhugad er ad afla ir fedingaskra eru fadingardagur, aldur médur vid
fedingu, fj6ldi pungana fyrir fadingu, hjuskaparstada og starf moédur, kroniskir sjikddmar
médur, sjakdoémar 4 medgdngu, f6ldi barna { fadingu, kyn barns, lengd og pyngd batns, upphaf
fedingar, gangur fedingar, erfidleikar { fedingu og sjGkdomar greindir 4 medgdgnu og { 4r eftix
fedingu.

Vardandi skrininge personuaudkenna og vardvetslu rannséknargagna segic 1 umsdkn ad



dbyrgdarmadur fadingaskedr moni dulkdda upplysingacnar dr skeanni og athenda rannsakendum.
Verdur greiningatlykli eytt ad dulkédun gagnanna lokinai.

baon 1. jali 2010 basst Persdnuvernd ylitlysing landleknis pess efnnis ad hann sé hlynntur pvi fyrir
site leyti 20 ofangreindir rannsakendur fii adgang ad gognum fedingaskrar 1 pagu rannsoknar
pessarart.,

i1

Ligneeeti vinnstusnar

Fedingaskrd er vardveitt 4 Landspitala en landlekmisembetnd skipuleggur skrina og er
dbyrgdarmadur hennar, sbe. 4. télul 2. mgt. og 4. mpr. 8. gt. Jaga nr. 41/2007 um landlekni.
Samkvamt 8. mgr. sému greinar fer um adgang ad skranmi 1 pdgu visindarannsékaa eftir dkvaedi
3. mgt. 15. gr. laga nr. 74/1997 um réttindi sjuklinga og pvi patf leyfi Persénuverndar il adgangs
ad pelrti skra.

L
Leyf7 op leyfisskitmdlar
Personuvernd hefur ni dkvedid, m.a. ad virtum dkvaedum 29., 33. og 34. gr. 1 formélsordum
petsénuverndartilskipunatinnar nr. 95/46/EB, 9. tlul. 1. mer. 9. gr. laga nr. 77/2000 um
personuvernd og medferd personuupplysinga, ad veita dr. Unni Onnu  Valdimarsdotiue,
Ragnheidi Bjamnadotur og dr. Tinnu Laufeyju Asgeirsddttur umbedna heimild tif adgangs ad
faedingaskra 1 pigu rannséknarinnar: ,,Ahrif efnahagshrunsins 4 Islandi 2008 4 tidni fyritbura og
létthurafedinga® skv. 3. mgr. 15. gr. laga nr. 74/1997, sbr. 8. mgr. 8. gt laga nr. 41/2007.

Leyfi betta gildir til 1. mars 2011 og ex bundid eftirfarandi skilyrdum:

1. Abyredaradilar ad vinnsiu perssnnupplisinga

Dr. Unnur Anna Valdimarsdottir, £h. Midstovar { lydheilsuvisindum, Ragnheidur Bjarnadottic
og dr. Tinna Laufey Asgeirsdéttir (sem hér eftir kallast leyfishafar), teljast vera abyrgdaradilar
vinnslunnar { skilningi 4. télal. 2. gr. laga nr. 77/2000. Fer dr. Unnur Anna Valdimarsddttir med
alle fyrirsvar gagnvart Persénuvernd um alla bzt er varda petta leyfi, p.a m. alitaeini, er upp
lunna ad risa, um pad hvort vinasla persénuupplysinga hafl verid 1 samreemi vid 16g, reghuir og
akvae0l pessa leyfis.

2. Ligbundnir leyfisskilndiar

Pegar leyfishafar fara bess 4 leit vid dbyrgdarmann fwdingaskrir ad fi adgang 20 vidkomandi

sjukraskram ber peim ad framvisa leyfl bessu.

a. Abyrgdarmadur fedingaskrar skal vardveita yfithit yfir brer upplysingar sem veittur er
adganguar a0 1 pdgu rannsoknar pessarar dl pess ad geta sidar uppfyllt upplysingaskyldu
gagnvart hinum skrddu i samraemi vid) 18. gr. laga nr. 77/2000.

b. Leyfi petta ex bundid pvi skilyrdi ad abyrgdarmadur fedingaskrar hafi Iyst pvi yfir ad hann sé
pvi sampyldsur fyrir sitt leyti ad leyfishafar £ii adgang ad henni,

c. Leyfi petta er bundid pvi skilyrdr ad sidanefod, eda eftir atvikum visindasidanefnd, hafi lagt
sjdnarmid mali gegn framkvemd hennat, sbr. 3. mgr. 15. gr. laga or. 74/1997, sbr. 4. mer. 2.

gr. somu laga.

3. Ligmert vinnsita persinwapppbisinga og pagnarskylda
a. Leyfishafar bera abyrgd 4 pvi ad vinnsla personuupplysiaga vegna rannsoknarionar tullnagi
vallt kedfum 1. mgr. 7. gt laga or. 77/2000.



b. TFarid skal med upplysingar Ur fadinpgskra, sem skradar eru vegna mannséknarinnar, { samrami
vid l6g nr. 77/2000, log ar. 74/1997 um rétdndi spoklinga, leknaldg or. 53/1988 og 16g nt.
41/2007 og reglan settra med stod 1 peim 16gum. Hviliv pagnarskylda 4 leyfishéfum og
Sdrum peim sem kotna ad rannsékoings um hellsufassupplysingar sem unnid er med, shr. 15.
gr. laga nr. 53/1988. Dagnarskylda helst p6tt 14nid sé af stirfum vid) rannsoknina,

¢. Tald hiskélanesmar eda aduir, sem ckki teljast til 16ggiltra heilbrigdisstétta, patt  framkvemd
rannsoknarinnar skolu peir undireita sérstaka pagnarskylduyfirlysingu, bar sem peir m.a.
abyrgjast ad tilkynna leyfishéfum ef { rannsoknargtgnum eru vidkvemar persénuupplysingar
um bi sem etu eda hafa verid maki vidkomandi, skyldir eda magdir honum 1 beinan legg eda
a0 6drum 1id til hlidar eda tengdir honum med sama heetti vegna attleidmgar. Er vidkomand:
bd Sheimilt 20 kynna sér gogn um pd cinstakdinga. Leyfishofum eda fulltria peirra ber ad
votta rétta undirskeift hlutadeigandi og dagsetningu shikrar yfulysingar og koma henni tid
Persénuverndar mnan tveggia vikna frd Gtgifu leyfis pessa eda fra pvi vidkomandi hefur storf
vid tannséknina. Pagnarskyldan er byggd 4 3. mgr. 35. gr. laga nt. 77/2000. A heimasidu
Personuverndar  er ad  finna  stadlad  eydublad fyrir  pagnarskylduyfirlysingu.  Ef
bagnatskylduyfilysingum er ekki skilad innan ulskilins frests getur Persénuvernd aftutkallad
leyfi betta.

4. Audkenning rannséknargagna

a I rannsdknargben méi skrd upplysingar wm fedmgarminud, fedingarir og kyn hvers
sjiklings.

b. Oheimilt er ad skri { rannsdknargbgn upplysingar um ndfn  sjuklinga, nafnndmer,
heimilisfong, simanimer, fax-ndmer, télvupdstféng eda annad sambrerilegt.

c. begar bwmr heillbrigdisupplysingar, sem leyfi betta tekur tl, hafa vend skridar i
rannsOknargben, og eftir atvikum verid stadreynt 20 beer séu rétrat, og ghgnin ad 6dtu leyti
vend fullgerd, skal tryggja ad bar ligel ekki fyrir audkenning 4 pvi fra hvada einstaklingi
upplysingarnar stafa, s.5. med eydingu kennitalna.

5. ijggi vid vinnstu persdnuupplisinga

Leyfishofum bexr ad gera videigandi teknilegar og skipulagslegar 6ryggisradstafanit til ad vernda

persénuupplysingar gegn oOleyfilegum adgangi { samrami vid 11, og 12. gr. laga nr. 77/2000. Par

et medal annars askilio ad:

a. beita skuli radstéfunum sem trypgia negilegt drygel midad vid dheettu af vinnslunni og edi
peirra gagna sem verja 4, med hlidsjén af nyjustu tekmi og kostnadi vid framkvemd peirra,
og

b. tryggia skuli ad dhwmttumat og Oryppisrddstafanir vid vinnslu persénuupplfsinga séu i
samremi vid 10g, reglut og fyritmeli Persénuverndar um hvernlg tryggja skal oryggi
upplysinga, p.m.t. p4 stadla sem hin dkvedur ad skuli fylgt.

Leyfishafar bera abyrgd 4 pvi ad hver sa er starfar { umbodi peirra og hefur adgang ad

personuupplysingum vinni adeins med par { sameemi vid skyr fyrirmall sem peit gefa og ad pvi

marki ad falli innan. skilyrda leyfis pessa, nema log meli fyrir 4 annan veg, sbr. 3. mer. 13, gr. laga

ar. 77/2000.

6. Almennir skeibmdlar

a. Avallt skal tryget ad rannséknatgdgn séu vardveitt 4 tryggum stad og adeins par sem logum
samkvaemt er heimilt ad vardveita pau.

b. Leyfishafar bera abyrgd 4 ad farid sé med 6ll persénuaudkennd gogn sem sjitkragogn 1
sanuremi vid) 16g, reglur og akvadi bessa levfis.

c. Leyfishafar skulu dbyrgjast ad engir adrir en peir fa1 { hendur persénugreinanleg gbgn sem
sérstaklega verdur aflad { pagu pessarar rannséknar.

d. Osl leyfishafar pess ad hatta rannsdkn ber peim ad leggja petta leyfi inn il Persdnuverndar



g

a skriflegan og sannanlegan hatt. Skal pa tilgreina hvort peim persénuupplysingum, sem
unnar voru 4 grundvelll pessa leyfis, hafi verid eytt. Ad 6drum kosti drskurdar Persénuvernd
um hvort persénuupplysingusum skult eytt eda par vardveittar med akvednum skilyrdum.
Leytishéfum ber 2d veita Persénuvernd, starfsménnum og tilsjénarménnum hennar allar
umbednar upplysingar wn vinnsly pessénuupplysinga sé eftic pvi leitad 1 pagu eftitlits. Brot 4
akvaedi pessu getur vardad afturksllun 4 leyfinu.

Persénuvernd getur 1440 gera uttekt 4 pvi hvort leyfishafar fullnaegl skilyrdum laga nr.
77/2000 og reglna sem settar eru samlvemt peim eda einstokum fyrirmaetom. Getur
Personuvernd dkvedid ad peir skuli greida pann kostnad sem af pvi hlyst. Personuvernd
getur einnig akvedid ad leyfshafar greidi kostnad vid uttekt 4 starfsemi, vid undirbining
Gtgafu vinnsluleyfis og annarrar afgreidslu. Petsénuvernd skal pid gmta pess ad sd
sérfredingur, sem framkvemir umraedda uttekt, uadieriti yfirlysingu um ad hann lofi ad gaeta
bagmeelslny um pad sem hann feer vitneskju um { statfsemi sinni og leynt ber ad fara efiit
légum eda eol mals. Brot 4 slikei pagnarskyldu vardar refsingu samkvemt 136. gr. almennta
hegoningarlaga. Pagnarskyldan helst pott 1atid sé af starfi.

Leyft petta er had pvi skilyedi ad eloungis verdl safnad beim upplysingum sem mandsynlogar
eru vegna rannsoknatinnar.
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