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Agrip

Inngangur: Tilgangur pessarar rannséknar var ad kanna heilsufar og
notkun heilbrigdispjénustu eftir busetusvaedum 4 Islandi med pad ad
markmidi ad stydja vid gagnreynda landfraedilega dreifingu a heilbrigdis-
pjonustu. Meginmarkmidid var ad kanna hvort munur vaeri a sjalfmetinni
heilsu, tilteknum feedingaritkomum og hjarta- og eedasjukdémum eftir
busetu innan og utan hoéfudborgarsvaedisins par sem frambod 4 heil-
brigdispjonustu er mismunandi.

Efnividur og adferdir: [ rannsékn I voru notud gogn um sjalfmetna
heilsu Gr landskénnuninni “Heilsa og lidan Islendinga” fra 2007.
Kénnunin nadi til 5909 einstaklinga 4 aldrinum 18-79 ara. [ rannsékn II
voru notud gogn ur faeedingaskrd um faedingarutkomur og heilsu maedra
ur 40982 faedingum fra arunum 2000-2009. Adhvarfsgreining var notud
til pess ad kanna svaedisbundinn mun 4 utkomum i rannséknum I og II.
Reiknud voru leidrétt gagnlikindahlutfoll (LGH) og 95 % oryggisbil (OB). {
rannsokn III voru notud gogn dr danarmeinaskra um 7113 daudsfoll
vegna hjarta- og adasjikdéma a drunum 2000-2009, gégn Ur vistunar-
skrd heilbrigdisstofnana um legur 14039 einstaklinga med hjarta- og
&0asjukdoma sem utskriftarsjikdémsgreiningu & arunum 2008-2013 og
gogn ar samskiptaskra heilsugaeslunnar um komur 58246 einstaklinga
med hjarta- og @0dasjukdéma a heilsugaeslustodvar 4 arunum 2008-2012.
Reiknud var aldursst6dlud, arleg tidni utskrifta af sjikrahasi, tioni
samskipta vio heilsugeeslu og danartidni vegna hjarta- og dasjukdéma a
hverja 100000 ibtia og 95 % oryggisbil (OB).

Nidurstédur: [ rannsékn I kom { ljés ad ibtar utan héfudborgarsvaedisins
meta baedi likamlega (LGH 1.35; 95% OB 1.23-1.50) og andlega (LGH 1.17;
95% OB 1.06-1.30) heilsu sina verr en {bdar 4 hofudborgarsveedinu. Aftur 4
moti gafu svor til kynna laegri tidni tiltekinna langvinnra sjukdéma utan
héfudborgarsveaedisins, t.d. krabbameins (LGH 0.78; 95% OB 0.60-0.99) og
hjarta- og &dasjukdéma (LGH 0.77; 95% OB 0.62-0.95). Rannsékn II leiddi
i lj6s leegri tidni medgongusykursyki (LGH 0.68; 95% OB 0.59-0.78) og
medgonguhaprystings (LBH 0.82; 95% OB 0.71-0.94) medal kvenna sem
busettar voru utan hofudborgarsveaedisins. Ekki reyndist svaedisbundinn
munur 3 faedingarpyngd, medgongulengd eda tidni fyrirbura eda léttbura.
Hins vegar reyndust meiri likur 4 burdarmalsdauda (LGH 1.87; 95% OB
1.18-2.95) utan hofudborgarsvaedisins 4 sidari hluta rannséknar-
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timabilsins. { rannsékn III kom { ljés litilshattar heerri danartidni vegna
hjarta- og sedasjukdéma medal kvenna utan héfudborgarsvaedisins (269.7
4100000 ibta), samanborid vio konur innan h6fudborgarsvaedisins (253.5
4 100000 ibta) (stadlad tidnihlutfall [SRR] 1.06; 95% OB 1.05-1.07).
Danartioni vegna hjartabilunar, gattatifs og bl6dpurrdarhjartasjukdéma
var einnig haerri medal kvenna utan héfudborgarsvaedisins. Tioni utskrifta
af sjukrahusi og samskipta vid heilsugeaeslu vegna blédpurrdarhjarta-
sjukddma, gattatifs, hjartabilunar og heilazedasjukdéma var einnig heerri
medal baedi karla og kvenna utan hoéfudborgarsvaedisins. Tioni nokkurra
breytanlegra dheaettupatta var heerri utan hoéfudborgarsvadisins, einkum
medal kvenna.

Alyktun: bessar nidurstodur leida i ljos svaedisbundinn mismun 4 heilsu
4 Islandi. A busetusveedum utan hofudborgarsveedisins, par sem litid
frambod er af heilbrigdispjénustu i heimabyggd, eru ymsar visbendingar
um O6hagstedara heilsufar en a4 hofudborgarsvaedinu. Til pess ad vinna
gegn pessum mismun purfa framtidar rannséknir og stefnumoérkun ad
finna leidir til a0 styrkja heilsugzeslu utan hofudborgarsvaedisins. Tryggja
parf virka voktun heilsu pannig ad borin séu kennsl 4 og brugdist sé vio
sjukdémum, forstigum peirra og dhaettupattum, { medgongu og 4 6llum
aeviskeidum.

Lykilora:
Heilsa, buseta, notkun heilbrigdispjonustu, mismunur, péttbyli - dreifbyli



Abstract

Background and aims: With the motivation to support evidence-based
spatial organisation of health care the overall aim of this thesis was to
explore health and health service utilisation by geographic regions in
Iceland. With focus on self-rated health, pregnancy outcomes and
cardiovascular disease, the main objective of this work was to explore
potential differences in these parameters across urban vs. rural areas, inside
vs. outside the Capital Area (CA) with varying extent of health care supply.

Material and Methods: In study I, we used data on self-rated health from a
national health survey, “Health and Well-being of Icelanders”, including 5909
Individuals (18-79 years) conducted in 2007. In study II, we used data on
maternal health and birth outcomes from 40982 pregnancies from 2000-
2009 in the nationwide Medical Birth Register. Regression models were
used to explore regional differences in outcomes in studies [ and II. Adjusted
odds ratios (aOR) and 95 percent confidence intervals (95% CI) were
calculated. In study III, we used data on 7113 deaths from cardiovascular
disease (CVD) 2000-2009 in the nationwide Causes of Death Register and
data on 14039 individuals with CVD discharge diagnoses 2008-2013 in the
Hospital Discharge Register and data on 58246 individuals with CVD contact
diagnoses 2008-2012 in the Register of Primary Health Care Contacts. Age-
standardised annual hospital discharge rates, primary health care contact
rates and mortality rates for CVD with 95% CI were calculated per 100000
population in given areas.

Results: In study I, we found that residents outside the CA rate both
their physical (aOR 1.35; 95% CI 1.23-1.50) and mental (aOR 1.17; 95%
CI 1.06-1.30) health worse than residents in the CA. In contrast, we
observed a lower prevalence of self-reported chronic diseases, including
cancers (aOR 0.78; 95% CI 0.60-0.99) and cardiovascular disease (aOR
0.77; 95% CI 0.62-0.95) outside the CA. In study II we found a lower
prevalence of gestational diabetes (aOR 0.68; 95% CI 0.59-0.78) and
hypertension (aOR 0.82; 95% CI 0.71-0.94) among pregnant women
residing outside the CA. We observed neither regional differences in
mean birth weight, gestation length nor rate of preterm birth or low birth
weight, yet higher odds of perinatal deaths (aOR 1.87; 95% CI 1.18-2.95)
outside the CA in the second half of the study period. In study III, we
observed slightly higher total CVD mortality rates among women outside



(269.7 per 100000 pop.) compared to inside (253.5 per 100000 pop.) the
CA (standardised rate ratio [SRR] 1.06; 95% CI 1.05-1.07). Also higher
heart failure, atrial fibrillation and ischemic heart disease mortality rates
among women outside the CA. The rates of hospital discharges and
primary care contacts for ischemic heart disease, atrial fibrillation, heart
failure, and cerebrovascular disease were increased among both men and
women living outside the CA. The prevalence of several modifiable risk
factors was higher outside the CA, particularly among women.

Conclusion: These findings reveal regional health disparities in Iceland
were rural areas - with low level of local healthcare provision - have less
favourable health outcomes on a number of indicators. In order to
counteract these disparities future research and policy needs to identify
ways to strengthen primary health care outside the CA to ensure active
monitoring, early identification and treatment of risk factors, pre-morbid
symptoms and diseases in rural areas in pregnancy and across the lifespan.

Keywords:

Health outcomes, residence, health service utilisation, inequality, urban - rural
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1 Introduction

Health inequalities have been defined as the difference in health status or
the distribution of health determinants between different population
groups. Some regional differences in health are unavoidable since they
are influenced by fixed factors such as age, gender and heredity. Some
are, however, avoidable since they are affected by modifiable factors.
Health inequities are avoidable inequalities (EuroHealthNet, 2015).

Health inequalities or disparities across geographic regions, in terms of
self-rated health, disease prevalence and mortality have been confirmed
worldwide (Fogelholm et al., 2006; Hoffmann et al., 2014; Kroneman et
al, 2010; Mari-Dell'Olmo et al, 2015; Yusuf et al, 2014). These
inequalities are e.g. manifested in poorer self-rated health in rural than in
urban areas (Monnat & Beeler Pickett, 2011), increased risk of adverse
birth outcomes among infants born to women residing in rural areas
(Bailey & Cole, 2009; Graham et al., 2007), different levels of avoidable
mortality between neighbourhoods of European cities (Hoffmann et al,,
2014) and in increasing geographical inequalities in mortality (Thomas et
al, 2010). Despite improvements in health and living conditions in
Europe health inequalities, both between and within countries, persist
(Marmot et al., 2012).

Regional inequalites in health that can be explained by avoidable factors
should be narrowed down as much as possible. These inequities may be
attributed to regional differences in socioeconomic and behavioural risk
factors, prevalence of disease and underlying risk factors and/or regional
differences in quality, accessibility, utilisation and effectiveness of health
services (Stang & Stang, 2014; Yusufet al.,, 2014).

Reducing health disparities across geographic regions is an important aim
and in accordance with WHO European policy for health, Health 2020 (Jakab
& Marmot, 2012). This aim demands monitoring of disease incidence,
modifiable risk factors, quality of health care services and of social
determinants of health in general, on a regional level (Jakab & Marmot,
2012). Therefore the overall aim of the present work was to explore
potential inequalities in health and health service utilisation by geographic
regions in Iceland in relation to availability of local health services.


http://www.sciencedirect.com/science?_ob=RedirectURL&_method=externObjLink&_locator=url&_issn=01406736&_origin=article&_zone=art_page&_plusSign=%2B&_targetURL=http%253A%252F%252Fwww.euro.who.int%252Fen%252Fwhat-we-do%252Fevent%252Ffirst-meeting-of-the-european-health-policy-forum%252Fhealth-2020

PhD thesis Sigridur Haraldsdoéttir

1.1 Geographical variations in health outcomes

The role of a place or residency in individual health has been debated and
many studies have focused on establishing whether health variations
from place to place exist because different sorts of people seek to live in
different places (referred to as compositional effects) or because places
themselves differ in terms of environmental quality or other attributes
(contextual effects) (Davidson et al., 2008; Gatrell & Elliott, 2009). The
question is whether regional differences in health can be fully explained
by different characteristics of individuals that make up the populations
involved, i.e. by age, gender, educational attainment, occupational groups
and behavioural factors such as smoking, diet, obesity etc. In general,
wide range of research has come to the conclusion that lifestyle factors
only partially explain inequalities in health and structural factors and
material conditions have direct impact on health (Gatrell & Elliott, 2009).
There is strong and growing evidence that material circumstances are
important determinants of health also in countries with socialised health
care (Gatrell et al., 2002; Gatrell & Elliott, 2009). The social class gradient
has been confirmed for mortality, morbidity and self-rated health and
also a widening gap between the poorest and the most affluent regions
(Gatrell & Elliott, 2009). The effect of risk factors such as low levels of
education have also seemed stronger in poorer neighbourhoods,
implying that health policies need to target areas as well as individuals. In
the more recent years factors such as one’s social position throughout the
life course has been emerging as a potential explanation for health
inequalities (Gatrell & Elliott, 2009).

1.2 Health indicators

Various health indicators can and have been used to describe regional
differences in health. They include self-rated health, various indicators on
morbidity, quality of life, such as disability adjusted life years and
mortality, both overall and disease specific.

1.2.1 General health status

In order to get a general overview of regional disparities in health a
generic health status measure is appropriate. According to Idler and
Benyamini (1997) self-rated health is a measure of global health that is
predictive of morbitity and mortality. Being a common measure in
population health surveys it is ideal for exploring potential health
differences between population groups.
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While effect sizes vary across studies and populations, studies on self-
rated health have consistently found individual-level factors such as age,
gender, race, nativity, education, income and employment (Lindstrom,
2009; Prus, 2011; Zhang et al, 2010) along with various health
behaviours (Giatti et al.,, 2010; Molarius et al., 2007; Rohrer & Stroebel,
2009) to be important determinants of self-rated health. Furthermore,
features of social capital, e.g. interpersonal trust and social participation
appear consistently as independent predictors of self-rated health, even
after adjusting for other well-known health determinants (Giordano &
Lindstrom, 2010; Jen et al., 2010; Lee et al., 2008; Nummela et al., 2008;
Verhaeghe & Tampubolon, 2012).

Evidence from studies of the relative contribution of contextual vs.
compositional effects on self-rated health are mixed (Omariba, 2010). A
study among older Canadians suggested that neighbourhood effects on
self-rated health are modest and that individual-level factors are
relatively more important determinants of health (Omariba, 2010). In
England and Scotland, however, fair to very bad self-rated health was
significantly associated with several neighbourhood attributes, e.g. poor
physical quality of residential environment and high unemployment.
Associations were independent of gender, age, social class, and economic
activity (Cummins et al., 2005). Stafford et al. (2004) found that
neighbourhood socioeconomic characteristics such as neighbourhood
unemployment, proportion of residents in manual occupations, and
proportion of single households were associated with poorer self-rated
health, independent of individual socioeconomic characteristics in both
London and Helsinki.

Six of thirteen reviewed articles focusing on urban-rural difference in
self-rated health indicated urban-rural difference (Carlson, 2005;
Eberhardt & Pamuk, 2004; Levin, 2003; Monnat & Beeler Pickett, 2011;
Riva et al., 2009; Valle, 2009). Many indicators of population health were
worse among rural residents in the US than among urban residents while
self-rated health was more favourable in rural settings in England (Riva
et al.,, 2009) and Scotland (Levin, 2003). Riva et al. (2009) found health
differences between large cities and more rural areas to be largely
accounted for by differences in socioeconomic conditions between poor
urban localities and more affluent rural places. A recent study in the US
(Monnat & Beeler Pickett, 2011) found that residents of remote rural
counties had the greatest odds of reporting bad health. The study further
investigated the roles of rurality, as measured by county population size
and metropolitan adjacency, on self-rated health and the results indicated



PhD thesis Sigridur Haraldsdoéttir

worse health with increasing degree of rurality (Monnat & Beeler Pickett,
2011). Seven of the reviewed studies from the US, Canada, China,
Australia and Finland, found no general urban-rural differences in health
(Brown et al., 1999; Kelleher et al.,, 2003; Nummella et al.,, 2009; Rohrer &
Borders, 2004; Rohrer et al,, 2005; Shi et al., 2008; St. John, 2006).

The results of a systematic review by Riva et al. (2009) also confirm these
contrasts in health across urban and rural areas. Generally the reviewed
studies from Canada, Australia and US revealed rural disadvantage with
respect to some indicators of morbidity and mortality; rural residents in
Canada and the US were also more likely to report fair or poor health
than their urban counterparts. In contrast, several studies showed
mortality and illness to be less prevalent in rural areas than in urban
areas in the UK.

Some of the reviewed studies point out that the urban-rural classification
is too broad and attention also needs to be paid to the way in which
rurality is measured. Rive et al. (2009) found e.g. significant variations in
health across semi-rural areas, villages and urban areas. Levin (2003)
defined rurality by clusters made up of two components, settlement size
and remoteness.

1.2.2 Equal opportunities from the start

One of the most important objective in reducing health inequalities is to
provide equal opportunities for every child to have the best start in life
(Jakab & Marmot, 2012; Marmot et al, 2010). The Review of Social
Determinants of Health and the Health Divide, that was comissioned to
support the development of Health 2020, points out that children’s early
and later development is influenced by the socioeconomic background of
their families and their health-related lifestyle in general (Jakab &
Marmot, 2012). This emphasis on start of life draws attention to potential
regional variations in pregnancy and birth outcomes.

Adverse birth outcomes include low birthweight and preterm birth as
both of these conditions have been reported to increase the risk of
perinatal mortality and morbidity affecting health risks into adulthood
(Beck et al, 2010). A number of studies have explored differences in
adverse birth outcomes, e.g. low birthweight and preterm birth between
urban and rural areas and with some exceptions (Hillemeier et al., 2007)
found that infants born to women residing in rural and economically
depressed or remote areas are at increased risk for these adverse birth
outcomes (Bailey & Cole, 2009; Graham et al.,, 2007). Studies in Canada
found increased risks of adverse birth outcomes, including perinatal
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death, with increased distance to specialised hospital services (Grzy-
bowski et al., 2011; Lisonkova et al.,, 2011) and in areas with weak or no
metropolitan influence (Luo & Wilkins, 2008). Socioeconomic factors and
smoking did not seem to fully explain the disadvantage of rural residence
in these studies and access to high quality care was proposed as a
potential contributing factor to adverse outcomes. Whether region-
specific screening accessibility and uptake for maternal health problems
contribute to variation in adverse birth outcomes across geographic
regions needs further investigation (Cullinan et al., 2012).

1.2.3 Mortality

A reliable way to gain insight into health variations across regions is to
look at mortality. Death is a final and well defined outcome that in many
countries has a long tradition of accurate and standardised national
registration. Within the health inequalites literature much attention has
been paid to mortality due to diseases of the circulatory system.
International comparison has revealed huge differences in mortality
between countries that are difficult to explain (Gatrell & Elliott, 2009;
Yusuf et al., 2014). These inequalities are e.g. manifested in lower rates of
major cardiovascular diseases and deaths in high income countries
despite a generally higher burden of cardiovascular risk factors in these
countries (Yusuf et al, 2014). Variations in CVD mortality within
countries have also frequently been reported, such as in England where
age-standardised mortality has not decreased equally in all regions in
recent years and has indeed increased in certain areas and for certain
groups (Asaria et al,, 2012).

Regional inequalities in mortality may be attributed to regional
differences in prevalence of disease and underlying risk factors and/or to
regional differences in quality, accessibility, utilisation and effectiveness
of health services (Stang & Stang, 2014; Yusuf et al.,, 2014).

1.3 Geographical variations in access to health services

When looking at regional variations in health it is also important to look
at regional variations in access to health services. Access to health
services is a multidimensional concept that describes individuals’ ability
to use the services where it is needed and when it is needed (Aday &
Anderson, 1981). Penchansky and Thomas (1981) define 5 important
dimensions of access, namely: 1) Availability, defined by the supply of
services in relation to need; 2) Accessibility, geographical barriers, e.g.
distance, transportation, travel time and cost; 3) Accommodation,
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identifying the degree to which services are organised to meet the needs
of the consumers, e.g. hours of operation and waiting time; 4)
Affordability, refers to the price of services in relation to individuals’
ability to pay; 5) Acceptability, describes consumers” views of health
services and how service providers interact with clients.

A common goal of many health care systems is equity of services,
implying that all citizens shall have equal access to or enjoy comparable
services. When it comes to health care we know that our needs for
services differ according to factors such as age, gender, behavioural
factors and morbidity. Health service provision therefore needs to take
into account population characteristics and distribution, disease
prevalence and distribution of important risk factors. Poor health
outcomes are tasks for health services and needs are greatest where the
burden of disease and illness is high. A common definition by Aday and
Andersen (1981) states that health services are just if individual access to
services is in accordance with need.

When discussing delivery of health services it is useful to distinguish
between different levels of service. Primary health care provides preventive
care, general outpatient medical and nursing services. Secondary care
includes more specialised health services provided by hospitals or private
practice specialists. In many countries secondary services are accessed
through primary health care when GPs refer patients to hospitals or private
practice specialists for futher investigation or treatment. Patients requiring
highly specialised care may need referral to tertiary care provided by the
most specialised hospitals. As services of primary health care are generally
accessed more frequently they need to be offered locally. In general we need
services of secondary and particularly tertiary care less frequently, e.g. in
relation to specialised treatment and we are therefore not as dependent
upon close geographic proximity.

Access to health services can be viewed as an important marker of
neighbourhood quality. Delivering adequate, efficient, effective and equal
health services is challenging and undoubtedly more so in thinly
populated rural areas than in densely populated urban areas. The role
differential access across geographical areas plays in health is, however,
not fully understood. As reviewed by Monnat & Beeler Pickett (2011)
factors such as limited service provision, lack of physicians, remoteness
from and difficulty in travelling to urban health services and inadequate
health promoting infrastructure have been suggested to contribute to
urban-rural health differences. An underlying assumption in these
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studies is that health care access is positively associated with health
outcomes. There is some evidence to support that. A literature review of
10 studies by Macinko et al. (2007), a study by Piérard (2009) and a
study by Continelli (2010) suggest that primary care physician supply is
associated with improved health outcomes, including self-rated health.
Studies in Canada and the US as well as Sweden have found insufficient
medical care to be related to worse health outcomes (Mohseni &
Lindstrom, 2007; Prus, 2011).

Supply of health services on a regional level provides important
information on potential access to these services but real access to
services should be explored by looking at utilisation of health services in
relation to information on service need (Aday & Anderson, 1981).
Records of individual contacts with the health care system can give
valuable insight into prevalence of illness and disease, use of services and
access to services in general when they include information about
diagnoses and treatment. Such data is sometimes available on a national
level or for some administrative regions within countries.

1.4 Areal units

A wide range of spatial scales have been used in studying health and disease.
Studies of geographic health disparities have typically concentrated on
either disparities between neighbourhoods, e.g. as defined by census tract
areas, administrative boundaries, postal zones or between urban and rural
areas and sometimes between different rural settings.

Administrative boundaries, such as municipalities, are often used for
routine data collection. Their disadvantage is, however, that that they do
not necessarily match residents' perceptions of their community and
lived experience of their neighbourhood boundaries. Postal zones are
also commonly used due to their availability but since they are created
for the organisation of mail delivery they also do not necessarily
represent communities as they are experienced by their residents.

1.5 Health care systems in the Nordic countries

In a broad international perspective the Nordic countries have obvious
similarities in their approach to social welfare. The dominant role of the
state in forming policies and a large public sector to implement these
policies are common characteristics (Magnussen et al, 2009). The
principles of universalism and equity are central features of the Nordic
welfare model, including the health care system. The Nordic countries
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thus have a long tradition for a public health care system striving for
equal access for all citizens (Magnussen et al., 2009).

There are important differences between the Nordic countries in terms of
health care services and health care systems that have been gradually
developing during the past two decades. The roles of patients are slowly
changing, from being primarily passive recepients of health care to
assuming more active roles as informed consumers, with some choice of
services (Magnussen et al., 2009). These changes, along with an ageing
population and changes in disease and risk factor prevalence, affect the
demand for health care services and types of services needed.
Technological advances and increased focus on efficiency, quality and
patient safety have resulted in fewer and larger hospitals, making it more
difficult to maintain geographical equity (Magnussen et al.,, 2009). The
Nordic countries have also been under the pressure of cutting down
expenses or at least containing growing expenses due to more expensive
interventions and more demands of the population. As a consequence
user charges, with exemptions to preserve equity, have e.g. been
introduced to varying degree in each country.

1.6 The Icelandic health care system

One of the main objectives of Icelandic health legislation is to ensure
equal access to optimum health services for all people of Iceland (Alpingi
(Parliament of Iceland), 2007a). The Icelandic health care system is based
on the same main principles as health care systems in the other Nordic
countries. This is evident from the existence, scope, structure and finance
of the Icelandic system. The main characteristics of the Icelandic health
system are summarised in table 1.

The Icelandic health care system is a comprehensive system, mostly
financed by general taxation, with 82.5 per cent of the total expenditure
publicly financed. The remaining 17.5 per cent are financed by out-of-
pocket payments. Patients pay relatively small fees at the time of service
but disabled and retired people pay a lower fee for health care services
(Asgeirsdoéttir, 2009). Most institutions, hospitals and health care centres,
receive a fixed budget from the state but medical specialists in private
practice are financed on a fee-for-services basis by the government.
Inpatient hospital care is financed without co-payments from patients but
outpatient care is financed with the additional out-of-pocket co-payments
by patients. That applies to primary health care centres, outpatient
hospital services and outpatient services of physicians in private practice.
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Table 1 Main characteristics of the Icelandic health care system

Governance
Financing

Regional planning

Delivery of service

Funding

Co-payments by patients

Referral

Geographical distribution

Minister of health

Tax-funded national health system

Seven health regions since 2007 — widespread merging of health institutions within regions

in recent years

Primary health care

In public health centres by a
team of health professionals

Fixed yearly budget
allocated by the ministry

Small out-of-pocket co-
payments per visit

Distributed throughout the
country

TYPES OF SERVICES

Outpatient
specialist care

In private group practice
(60%) and in outpatient
departm. of public hospitals

Fee for service. Fees
negotiated at central level

Out-of-pocket co-payments
per visit and cost sharing
according to rules

GPs referral to access
secondary care not
required

Private practice specialists
mainly in Capital Area

Inpatient hospital care

In public hospitals

Fixed yearly budget
allocated by the ministry.
Not DRG based financing

Free at the point of care

Admissions determined by
physicians

Specialised hospitals in the
Capital Area and at Akureyri.

Small general hospitals in
other health regions

The socialised health systems of the Nordic countries are widely supported
by their residents. In a recent national survey in Iceland 94% of the
respondents agreed that the state should spend more on health care and
81% stated that health services should first and foremost be run by the state
(Vilhjalmsson, 2015). There are some important differences between the
Icelandic system and those of the other Nordic countries. The Icelandic
system is more centralised with the Minster of Health administering almost
all health affairs, i.e. decision-making, enforcement and management. The
role of local authorities in health care have therefore been very limited
(Asgeirsdéttir, 2009). Less emphasis on public health policy in Iceland as
opposed to curative measures has also been pointed out (Asgeirsdoéttir,
2009). Finally, Iceland does not use “gatekeeping” by GPs, like some of the
other Nordic countries and patients can choose to seek specialised services
in privately run outpatient practices without having a referral from a GP
(Asgeirsdoéttir, 2009). According to a survey by the Directorate of Health
many private practice specialists choose, however, to see only patients
referred by GPs (Gudlaugsson et al.,, 2014).

The Icelandic Health Service Act emphasises that general health services
shall be locally provided and that primary health care centres should
generally be the first point of contact (Alpingi (Parliament of Iceland),
2007a). Health care centres throughout the country, sometimes run
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jointly with small hospitals, provide primary health care, including
general medical services, infant and maternity care, school nursing,
immunisations, emergency treatment, health protection and nursing care.
Specialist outpatient care is provided by hospitals and private practice
specialists, many of whom are also employed by state hospitals. Hospitals
fall into two major categories according to Icelandic law. The first
includes hospitals providing general services, including general internal
medicine, nursing, casualty care and rehabilitation. These range from
being primarily nursing homes to hospitals with limited specialisation.
The second category includes hospitals with diverse specialised services,
i.e. Landspitali University Hospital in the Capital Area (CA) and Akureyri
hospital in North Iceland (Alpingi (Parliament of Iceland), 2007a). The
distribution of health care centres and hospitals is, to a large extent,
based on a geographical foundation and in accordance with patterns of
settlement and population distribution, at least as it was when the
services were first established. The geographic distribution of private
practice specialists is, however, not strategically planned according to
population need but rather determined by their own choice of location.
The vast majority of private practice specialists are located in the CA.

It can be stated that two main groups define tasks for the health services
in Iceland. The users themseleves decide whether to have contact with
primary health care, private practice specialists, emergency rooms or
those who offer alternative treatment. Physicians, on the other hand, are
the only ones who can admit patients to hospitals and place individuals
on hospital waiting lists for specific examinations, treatments or
procedures. The role of health professionals, mainly physicians, in
decisions regarding service use is consequently central and important.
They make decisions, advise patients and many are familar with their
patients’ circumstances and advise accordingly. In Iceland a large
proportion of medical specialists are both employed by state hospitals
and participate in privately run health services. This situation probably
influences the flow of patients between service levels.

1.6.1 The seven health regions

Iceland as a whole is sparsely populated with a total population of
approximately 325000 1 January 2014 (Hagstofa Islands [Statistics
Iceland], 2014). The population distribution is limited to a narrow coastal
belt and along valleys but it is also uneven, with 2/3 of the population
residing in and around the capital of Reykjavik in the South West of
Iceland. Akureyri is the largest town outside the CA with a population of
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approximately 18000. Iceland was in 2007 divided into seven health
regions which are supposed to serve as a foundation for the organisation
of general health services (Reglugerd um heilbrigdisumdeemi 785/2007
[Regulation on health regions 785/2007],). Figure 1 displays the division
of Iceland into the seven health regions and the location of healthcare
centres and hospitals in 2008.
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.
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Source: National Land Survey of Icetand, Directorate of Health. ® Healthcare centre (branch)

Figure 1. Health regions, location of primary health care centres and hospital beds

The purpose of the re-structuring was to induce and facilitate institutional
mergers and increase cooperation within these areas. Mergers of institutions
have systematically been taking place for the past two decades, resulting in
larger and more competent institutions (Asgeirsdéttir, 2009). Despite the
division of the country into health regions, patients normally have the right
to attend the healthcare centre or healthcare facility most accessible to them
at any time. The seven health regions differ greatly in size and population.
The Capital Region covers the smallest area in square kilometres but
contains 2/3 of the total population. In contrast the vast Eastern Region only
contains 3.4% of the total population (table 2) (Haraldsdottir, 2014). There
are notable demographic differences between health regions that are
important for health and health services. The gender ratio shows some
gender imbalances between regions; the male to female ratio is generally
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higher outside the Capital Region, highest in the Eastern Region. The
Southern Peninsula has the highest child dependency ratio and the lowest
aged dependency ratio. The highest aged dependency ratio is however in the
Northern Region. The age-standardised mortality rate (2008-2012 average)
is slightly but significantly higher outside the Capital Region than inside and
the rate varies between regions (Haraldsdottir, 2014).

Table 2 Characteristics of the seven health regions.

% of Age

Area Child Aged Hospital Nursing Nurses&
total  Gender standard. Doctors
square " io? depend. depend. mortality beds®/ beds®/ /1000° midw./
- km?  POPET IO koY ratio® s 1000 1000 1000°
District lation rate®
Capital Region 1706 67.4 0.99 3047 1819 745(741-749) 3.5 6.8 2.9 6.3
Outside Capital Region 101221 32.6 1.05 32.29 20.28 766 (762-771) 2.9 9.0 1.6 4.1
...Western Region 16686 5.8 1.05 32.95 21.03 798(787-810) 3.6 10.8 1.4 3.8
...Westfjords 4783 2.0 1.04 28.66 20.67 775(755-794) 3.0 8.0 1.1 3.6
...Northern Region 32198 11.6 1.01 32.50 22.52  751(744-759) 4.0 10.2 2.5 6.2
...Eastern Region 16403 34 1.12 30.16 20.71 738(724-752) 2.6 8.8 15 4.5
...Southern Region 30322 8.6 1.06 31.29 21.25 696 (688-705) 19 9.6 1.1 2.7
...Southern Peninsula 829 7.0 1.05 34.68 14.66 902 (890-915) 1.6 5.4 1.0 2.4
Total 102927 100.0 1.00 31.02 18.81 753 (750-755) 3.3 7.6 24 5.5

1) Total area, including highlands

2) Gender ratio: Ratio of males to females

3) Child dependency ratio. Number of people aged 0-14 divided by the number of people aged 15-64 and multiplied by 100

4) Aged dependency ratio. Number of people aged 65 and over divided by the number of people aged 15-64 and multiplied by 100
5) Annual average number of deaths 2008-2012 per 100.000. Age standardisation according to Nordic standard with 95% CI

6) Figures on beds and health workers for 2011 from the Ministry of Health 2014. Doctors, nurses and midwives only in the public
health sector. Calculated as man-years.

The Capital Region and the Northern Region have the highest number of
hospital beds, physicians and nurses and midwives per 1000 population
(table 2). The two most specialised hospitals are situated in these regions.
They serve both as general regional hospitals and specialised tertiary
hospitals with service areas reaching far beyond regional boundaries. The
service area of Landspitali University Hospital, which is located in the Capital
Region, in fact covers the whole country. Therefore it is not entirely just to
divide the number of beds and physicians there with only the residents of
the Capital Region. The number of nursing beds per 1000 population (table
2) seems to fit the differential aged dependency ratio reasonably well and is
highest in the Western Region but lowest in the Southern Peninsula.

The observed differences in health service provision in health regions, as
measured by number of hospital beds and physicians require further
examination. Regional variations in health status need to be matched
with appropriate and geographically accessible health services. Yet,
knowledge on spatial variations in health in Iceland is lacking and it is
uncertain whether geographic provision of health services is in
accordance with local health status. As stated earlier primary healthcare
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needs to be delivered locally since many people use these services
frequently. It is however difficult to maintain an even distribution of
primary healthcare to promote equality of access, in such a sparsely
populated country.

1.7 Health inequalities in the Nordic countries

The socialised health systems in the Nordic countries have been
successful and this type of system is considered to generate the best
results in terms of public health (Elola et al., 1995). Despite their quality,
success and emphasis on equality there is evidence of differences in
standard of health care, health outcomes and health-related behaviour
between socio-economic groups and across geographic regions. An
analysis of the European Social Survey indicated that the Nordic
countries do not have the smallest health inequalities as measured by
self-rated health and social class (Shaw et al., 2014).

1.7.1 Risk factors

There has been a persistent socioeconomic gradient in obesity in the Nordic
countries. An urban-rural gradient has also been observed in Sweden,
Finland, Iceland and Norway, to some extent explained by lower educational
attainment in rural areas (Magnusson et al., 2014). Residence outside the CA,
along with daily smoking and non-university education, was found to be
associated with increased risk of obesity among young women of
childbearing ages in Iceland (Steingrimsdottir et al.,, 2010). A recent study of
urban-rural differences of BMI and diet in Iceland indicated that women's
(18-80 y.0.) BMI is now less associated with residence than in former
Icelandic studies and that men's BMI is not associated with residence. The
total prevalence of overweight and obesity among Icelandic adolescents
increased between 2000 and 2009. Geographic variation existed with higher
rates in rural areas (Périsdéttir et al,, 2012).

1.7.2 Birth outcomes

Research into birth outcomes in the Nordic countries has occasionally
focused on regional differences. A recent Finnish study revealed that among
children weighing more than 2500 g at birth, perinatal mortality was similar
for all hospital levels and that birth outcomes were not systematically better
or worse for women living in municipalities served by higher level hospitals
than for women living in areas served by small local hospitals (Hemminki et
al, 2011). In contrast, a Swedish study indicated that the number of
deliveries and availability of neonatal care might have some importance for a
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newborn’s survival (Finnstrom et al, 2006). The differences were
nevertheless small, indicating a relatively homogenous quality of care and an
efficient system of referral (Finnstrom et al, 2006). A review of the
epidemiological literature found evidence of social inequalities in stillbirths
and perinatal mortality in Denmark, Finland and Norway (Jérgensen et al.,
2008). The conclusions regarding Sweden were more uncertain and no
studies were identified from Iceland.

Birth outcomes in Iceland are among the most favourable worldwide,
reflected for example in one of the lowest infant mortality rates, even in
comparison with the other Nordic countries (NOMESCO (Nordic Medico-
Statistical Committee), 2011). However, studies on pregnancy
characteristics and birth outcomes in Iceland by the mothers’ geographic
residence and health care service level are lacking.

High-risk pregnant women are referred to higher level hospitals in Iceland
and therefore residency-based analysis of birth outcomes is needed in order
to explore potential differences across geographic regions. The question is
whether availability of health services in mothers” local neighbourhood or
distance from the most specialised health services is related to diagnoses of
pegnancy complications or birth outcomes. Better understanding of regional
variations in birth outcomes is essential for evidence-based organisation of
maternity and obstetric health services.

1.7.3 Access to health care

There is evidence that socioeconomic differences in access to health
services exist in the Nordic countries. A study in Sweden found that those
in most need often refrain from seeking health care which contradicts the
national goal of their health care system (Molarius et al., 2014).

A number of indications of inequality in access to health services have
also emerged in Iceland, suggesting that the Icelandic health system is not
equally accessible for all groups. Significant differences between groups
in the use of medical services during illness have been observed, whereby
e.g. younger age groups and those economically troubled were more
likely to postpone or cancel a visit to the doctor they thought they needed
(Vilhjalmsson, 2005). The results further indicated some regional
differences and underutilisation of medical services among certain
groups. Regional differences in the use of medications have been found
among the older generation, showing an equal or a higher number of
medications among urban residents as compared to rural residents,
despite better socioeconomic status and fewer diagnosed diseases
(Sigurdardottir et al., 2013).
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A research into spatial inequities in access to specialised cardiac procedures
in Iceland 1999-2003 demonstrated geographical variations in the use of
these operations. Road distance from residence to service location did not
seem to be a determining factor in the utilisation but there were indications
that ubanisation was a stronger predictor of utilisation than both income
and distance. The author concluded that the most promising corrective
measures would be to promote better knowledge of these specialised
operations in rural areas and to improve access to primary and specialist
care in these areas (Porsteinsdottir, 2005).

1.8 Monitoring health inequalities

Despite the fact that equity is a fundamental issue in Icelandic law regular
monitoring is lacking. It is important to develop methods to measure and
monitor variations in health and access to health services since reforms
aimed at equity are not likely unless basic information is accessible (Nolen et
al, 2005). Routine monitoring of health inequalities is, however, often
hampered by lack of appropriate data. Useful sources of data include
national registration and regular updates such as vital regstration systems,
health and social surveys and administrative health databases (Nolen et al,
2005). Some of the problems with national monitoring of inequites include
lack of timely data pertaining to local neighbourhoods (Marmot et al., 2010).
Although health surveys generally include socioeconomic data they cannot
always provide routine data on the local level required by local health
authorities, especially on small population subgroups. Additional data-
sources are therefore needed for health monitoring.

1.9 National health registers in Iceland

Iceland has a strong basis for registration for administrative purposes as
all other Nordic countries. Statistics Iceland, the national statistical
institute dating back to 1914 is the centre for official statistics in Iceland
(Statistics Iceland, 2015a). The Directorate of Health in Iceland dates
back to 1760 and has, from its inception, been responsible for the
collection, processing and dissemination of data on health and health care
services (Directorate of Health, 2015).

Iceland has many population-based and continuously maintained health
registers, some of which date back several decades. These include the
National Cancer Register (1955), the National Death Register (1911) and
the National Medical Birth Register (1972). Other registers are more
recent, such as the National Hospital Discharge Register (1999) and the
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Register of Contacts with Primary Health Care (2005). These two
administrative databases are important sources of information on health
and disease as they appear in hospitals and in primary health care. They
constitute an important source of information on prevalence and
incidence of major illnesses in the population and information on how
these illnesses are treated by these types of health services. A legal basis
for the national registers is provided by the Director of Health and Public
Health Act (Alpingi (Parliament of Iceland), 2007b) and health
professionals and health institutions are required by law to provide data
for these registers. Provision of data is in accordance with national
standards issued by the Directorate of Health (see also chapter 3.1).
Private practicing medical specialists working outside hospitals are also
required by law to register minimum standardised data and submit to the
relevant national database operated by the Directorate of Health. Due to
less coverage of electronic information systems and incomplete
registration by private practice specialists, the national register on
contacts with private practice specialists is at present incomplete and not
suitable for research. Since a considerable proportion of outpatient
contacts in Iceland are with private practice specialists it is essential to
improve the coverage and quality of this register along with other health
care contact registers.

The national health registers are extremely valuable resources that must
be utilised as much as possible for the benefit of public health. The
presence of personal id-numbers in Iceland and the other Nordic
countries is also a major strength, enabling register-based linkage
between registers and complete follow-up of an entire nation.
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2 Aims

With the motivation to support evidence-based spatial organisation of
health care services the overarching aim of this thesis is to explore
potential differences in health and health service utilisation by
geographic regions in Iceland. Taking into consideration settlement
pattern, socioeconomic characteristics and availability of health services
the objectives were to: (i) compare health indicators and health service
utilisation inside and outside the Capital Area; (ii) compare health
indicators and health service utilisation in communities in various
distance zones from the Capital Area; and (iii) compare health indicators
and health service utilisation in communities with varying availability of
local health services.

The research was divided into three parts, or studies, each resulting in
one paper. Specific aims for each paper were as follows:

[.  To explore regional differences in self-rated health and self-
reported disease by residence and local health service level.

Il. ~ To describe pregnancy complications (gestational diabetes and
hypertension), intrapartum care (obstetrical interventions) and
adverse birth outcomes (low birthweight, preterm birth, perinatal
death) by maternal residence and local health service levels.

III.  To i) explore differences in CVD mortality, ii) examine whether
differences in CVD mortality are reflected in hospital discharges
and primary healthcare utilisation and iii) to determine
whether distribution of CVD risk factors are reflected in health
service utilisation and mortality by geographic regions.
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3 Materials and methods

The studies in the thesis utilise data from a national health survey of 2007
(I, III) and data from four national health registers, i.e. the Medical Birth
Register (II), the Causes of Death Register (III), the Hospital Discharge
Register (III) and the Register of Primary Health Care Contacts (III).

The following section lists and describes each data source.

3.1 Data sources

3.1.1 The Health and Well-being of Icelanders

In studies I and Il we used data from a cross-sectional survey of the
Icelandic population that was carried out in late 2007 by the Public
Health Institute in Iceland. The survey collected various data on health,
health-related behaviours, socioeconomic characteristics and area of
residence. Participants were randomly selected from the National
Population Register. The random sample was stratified, so that it
consisted of a relatively higher number of residents outside the CA than
the National Population Register indicates. The older age groups were
also over-represented in the sample. The main reason for this
stratification of the sample was to enable research into geographic and
age variations in health and health behaviours (Jénsson et al., 2011).

Study I used items from the health survey measuring self-rated physical
and mental health. A question on physician-diagnosed diseases was also
utilised. In study III we used items from the health survey related to
behavioural risk factors of cardiovascular disease, including questions on
smoking, weight, height, alcohol use, sleeping and difficulties in making
ends meet. As the questionnaire lacked applicable questions on physical
activity, a question on sedentary lifestyle was utilised.

3.1.2 The Medical Birth Register (II)

Data from the Icelandic Medical Birth Register, that comprises all births
in the country, was used for study II. The register dates back to 1972 and
has been in electronic form since 1981. It contains individual-level data
on pregnancy complications, obstetrical interventions and important
adverse birth outcomes such as low birth weight, preterm birth and
perinatal deaths. For our study we retrieved the following information
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for every birth: birth year, maternal age, occupation, relationship status,
parity, residence (postal code), place of delivery and maternal diseases
according to ICD-10, mode of delivery, the newborn’s gender, the infant’s
diseases, Apgar score at 5 minutes, and perinatal death.

The Medical Birth Register relies on assessment and registration of
numerous health professionals across the nation. The Directorate of
Health is responsible for the register but has, from the outset, assigned
operational responsibilities to the largest and most specialised obstetric
unit in Iceland, the Department of Obstetrics and Gynaecology at
Landspitali University Hospital. The register publishes an annual report,
including detailed birth statistics, prepared and audited by an
obstetrician, a paediatrician and other staff. Thus major systematic errors
are unlikely, though the quality and standardisation for the register have
not formally been assessed.

3.1.3 The Causes of Death Register (III)

Data from the Causes of Death Register was used for study III. This
register comprises all deaths since 1911 and contains data in electronic
form back to 1971. The register contains individual-level information
from all death certificates and from autopsy reports if an autopsy was
performed. Causes of death have been coded according to ICD-10 since
1996. Every death is coded manually by one specially trained coder and
reviewed by one specially trained physician. If registration on death
certificates is incomplete additional information is sought from the
relevant physicians. The same coder and the same physician were
responsible for coding in Iceland during the study period. In order to
support the choice of underlying cause of death the ACME programme
(Automatic Classification of Medical Entities) has been used in Iceland for
several years to check manual coding (NOMESCO (Nordic Medico-
Statistical Committee), 2014). For our study we retrieved the following
information on every death; age, gender, residence (postal code), civil
status, date of death and underlying cause of death (ICD-10 code).

3.1.4 The Hospital Discharge Register (1II)

This national administrative register contains minimum data on all
hospital discharges in Iceland, from 1999 and onwards. Since 2007 it also
includes data on ambulatory and day care at hospitals. Registration of
outpatient services of hospitals has been considered less accurate and
less complete than inpatient registration but the situation is improving.
As an example, Landspitali, University Hospital of Iceland, reported that
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the proportion of ambulatory contacts registered without ICD-10
diagnostic codes declined from 49% to 11% between 2007 and 2013
(Landspitali University Hospital, 2014). All hospitals in Iceland are
required to register minimum standardised data on admissions,
discharges and ambulatory contacts, in accordance with instructions and
definitions first published by the Directorate of Health in 2001
(Landleeknisembeettid [Directorate of Health], 2011). The minimum
standard registration includes ID number, institution number, service
category, age, gender, residence (postal code), civil status, reasons for
contact (International Classification of Primary Care, ICPC), type of
service (inpatient, outpatient), date of admission and discharge, or date of
contact, diagnoses (ICD-10) and procedures (including NCSP, NOMESCO
Classification of Surgical Procedures).

All hospitals have used the same electronic patient record system for
registration since 2007. The Directorate of Health collects the required
minimum data, originating in the patient record system, from all
hospitals in real time and compiles the data into a national register or
database. During that process an effort is made to complement individual
data by retrieving information on residence and civil status from the
National Population Register if this information is missing or incomplete.
Although the quality and standardisation of the Hospital Discharge
Register has not been formally assessed its coverage is undoubtedly high,
due to the full coverage of the electronic patient record system. For the
past few years, especially since 2009 and with an increasing emphasis
since 2012, the Directorate of Health has made an effort to scrutinise
inpatient registration and guide and support hospitals in their
registration. According to the Directorate of Health, ICD-10 codes were
provided for 97.5-98.8 % of all hospital discharges in 2011-2013. The
minimum registration requirements state that if more than one diagnosis
is registered physicians are required to identify one of them as a main
diagnosis, that reflects the main reason for examinations and treatment
(Landleeknisembeettid [Directorate of Health], 2011).

For our study we retrieved the following information on every discharge:
ID-number, institution number, service category, age, gender, residence
(postal code), civil status, date of admission, date of discharge, type of
contact and main discharge diagnosis (ICD-10).

3.1.5 The Primary Health Care Contacts Register (III)

This is a national, administrative register that contains minimum data on
all contacts with primary health care centres in Iceland from 2005 and
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onwards. Primary health care centres are required to register minimum
standardised data on all contacts, telephone, visits and house calls, in
accordance with instructions and definitions by the Directorate of Health,
first published 2003 (Landleknisembeettid [Directorate of Health],
2008a). The minimum standard registration includes ID number,
institution number, age, gender, residence (postal code), civil status,
reasons for contact (International Classification of Primary Care, ICPC),
type of contact, date of contact, diagnoses (ICD-10) and procedures
(including NCSP, NOMESCO Classification of Surgical Procedures).

All primary health care centres use the same electronic patient record
system for registration and have done so since 1998. The Directorate of
Health collects data from all primary health care centres once a year and
compiles the data into the national database. During that process an
effort is made to complement individual data by retrieving information
on residence and civil status from the National Population Register if this
information is missing or incomplete. Although the quality and
standardisation of the primary health care contact have not been formally
assessed its coverage is probably high due to the full coverage of the
electronic patient record system. According to the Directorate of Health,
ICD-10 codes were provided in 79.4-82.8% of contacts 2008-2012. The
minimum registration requirements state that if more than one diagnosis
is registered, physicians are required to identify one of them as a main
diagnosis, that reflects the main reason for examinations and treatment
(Landleeknisembezettio [Directorate of Health], 2008a).

For our study we retrieved the following information on every contact; ID-
number, institution number, age, gender, residence (postal code), civil status,
date of contact, type of contact and main contact diagnosis (ICD-10).

3.1.6 National Population Register (III)

From the National Population Register we obtained demographic
information on the study population for study IIl. We used information
on the total population, employment status, working hours and education
category, stratified by gender and age groups, living inside and outside
the Capital Area. This information was retrieved from the website of
Statistics Iceland. We also used information on the population by gender,
age-categories and residence categories, for age standardisation.

3.1.7 Approvals

The first study was based on data from a national health survey carried
out by the Public Health Institute in 2007 that was responsible for
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obtaining approvals for its administration from the National Bioethics
Committee (Visindasidanefnd) and the Data Protection Authority in
Iceland (Persénuvernd). We obtained permissions from the same
authorities to use data from the national health survey for our research.

Studies II and Il were mainly register-based and observational. Neither
of them involved direct contact with patients, as data for all of the
national registers is compiled centrally by the Directorate of Health. The
national registers have various purposes stated in the law, including
quality surveillance and research, provided that all ethical and data
protection requirements are met (Alpingi (Parliament of Iceland),
2007b). We received authorization for studies I, Il and III, both from the
National Bioethics Committee (VSNb2008090001/03-7) and the Data
Protection Authority in Iceland (reference no. 2008090601).

This research did not involve any data linkages between the national
databases. Individual data sets were obtained from each database and ID
numbers replaced with a unique number for each individual within each
dataset. This process was carried out at the Directorate of Health prior to
delivery of data to the researchers. Therefore, the researchers did not at
any stage of the research process have access to personal ID numbers or
any other information with direct reference to the individual’s identity.

3.2 Design and methods

The design and methods of our research follow here, described
separately for each of the three studies.

3.2.1 Study I - Setting and population

Study I is a cross-sectional survey among the adult population of Iceland
in 2007. Participants were randomly selected from the National Register.
Residents outside the CA and the older age groups are overrepresented in
the sample enabling research into geographic and age variations. A total
of 9807 individuals received a questionnaire. The response rate was
60.3%, 57.6% in the CA and 61.9% outside the CA. A total of 5909
individuals between the ages of 18 and 79 participated in the survey and
completed a self-administered questionnaire (Jénsson et al, 2011).
Respondents were excluded if data on residence was missing (N=105).

3.2.2 Study I - Measures and statistical analysis

The main outcome measures for study I were self-rated physical health, self-
rated mental health and self-reported, physician-diagnosed disease. Two
questions on self-rated health were used; In general, how would you rate your
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physical health? and In general, how would you rate your mental health?
There were four response categories, i.e. very good, good, fair and poor.

As regards diseases, the respondents were provided with a list of 30
diseases (table 3) and asked; Have you ever had any of the following
diseases or symptoms? (yes, have now; have had before but not now; no,
have never had). They were further instructed to indicate whether or not
a diagnosis of the condition had been made by a physician (yes; no).

Table 3 Diseases or conditions and their grouping

Disease category N
Asthma and allgergy 1591
Asthma 741
Allergy, e.g. rhinitis, opthalmia and dermatitis 850
Chronic bronchitis or emphysema 297
Heart & circulatory diseases 442
Myocardial infarction 300
Cerebral haemorrhage or infarction 142
Hypertension 1611
Rheumatism 1614
Arthritis 466
Osteoarthritis 813
Fibromyalgia 335
Chronic fatigue syndrome 260
Chronic disorders of the back 1162
Cancer 259
Hyperthyroidism 360
Diseases of the eye 432
Common cold 1422
Alcoholism or drug abuse 217
Chronic anxiety/tension 655
Chronic depression 496
Other mental health problems 218
Angina and coronary heart disease 388
Chronic diseases of throat 225
Benign neoplasms 369
Severe headache, incl. migraine 591
Urinary incontinence 495
Spastic colon 528
Gastric ulcer 515
Diabetes 247
Excluded from further analysis
Cirrhosis 42
Paralysis of upper limbs 179
Paralysis of lower limbs 101

Those who reported that they had (now or before) been diagnosed with a
specific disease by a physician were assigned to one group while those never
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diagnosed by a physician with that particular disease were assigned to
another. If respondents neither checked off "yes nor "no“ their responses
were treated as a "no“. To preserve numbers for meaningful analyses,
several related diseases were grouped into larger categories. If respondents
had more than one disease or condition within the disease category they
were only counted once. Three diseases (cirrhosis, paralysis of upper limbs
and paralysis of lower limbs) were excluded from further analysis due to
small numbers (less than 200). With these adjustments the analysis included
nineteen diseases or disease categories.

Data are presented as proportion of participants in a given area reporting
respective health outcome. Ordinal regression was used to explore
differences in self-rated health by area of residence. Ordinal regression
was chosen in order to preserve the observed variation in the dependent
variable. Logistic regression was used to explore differences in physician-
diagnosed diseases. Odds Ratios (OR) and 95 percent confidence
intervals (95% CI) were calculated both crude and adjusted for age,
gender, education, civil status and income.

Lifestyle factors are strong determinants of self-rated health (Molarius et
al, 2007) and in order to examine to what extent lifestyle factors
explained differences in health outcomes between residential areas we
ran additional models adjusting for smoking, BMI and perceived stress
(PSS4) (Cohen, 1983). Weights were not employed in logistic models
since categories of geographical residence were presented and
adjustments were made for age in accordance with the sampling
procedure (18-29, 30-39, 40-49, 50-59, 60-69 and 70-79 years). With this
approach the point estimates (odds ratios) corresponded to weighted
estimates but the prevalence was slightly higher for outcomes that were
more prevalent in the older age groups (that were overrepresented in the
sample). Data were analysed using SPSS (version 17.0).

3.2.3 Study II - Setting and population

Study II was a register-based cohort study, using the Medical Birth
Register. Data on births from 1 January 2000 to 31 December 2009
(N=44370) were scrutinised for this study. Women were excluded if they
had a multiple pregnancy (N=1635), if they had legal residence abroad
(N=186) or if data on residence were missing (N=1439). One stillborn
infant and one infant that died in the first week of life with ICD-10 code
P01.5 indicating that they had been a part of a twin pregnancy were
excluded. Data on 40982 live births were thus used and additional 145
stillbirths were included only for calculations on perinatal death.
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3.2.4 Study II - Measures and statistical analysis

The main outcomes measures were preterm birth (PTB), low birth weight
(LBW), perinatal death, mode of delivery, gestational diabetes and
hypertension.

PTB was defined as delivery prior to 37 completed gestational weeks (0-258
days of gestation). According to data from the Medical Birth Register length
of gestation is based on ultrasound measurements before 21st week of
gestation for 99.8% of births. LBW infants were considered as those
weighing less than 2500 grams at birth. Perinatal death was defined
according to the World Health Organization’s definition, that is, stillbirth
after 22 completed weeks of gestation or death in the first week of life.

Hypertensive disorders in pregnancy were identified by ICD-10 codes 010-
014 and diabetes by 024.0-024.9. The following obstetric information was
used: mode of delivery (vaginal, caesarean and emergency caesarean (ICD-
10: 082.1)), newborn’s gender, Apgar score at 5 minutes, instrumental
delivery (ICD-10:081), congenital malformations, deformations and
chromosomal abnormalities (ICD-10: Q00-Q99) and perinatal death.

Maternal occupation is not coded but written out in free text in the Medical
Birth register, e.g. teacher, clerk, hairdresser, actress, social worker, etc. For
this study the text was coded, classified and aggregated according to the
International Standard Classification of Occupations (ILO-ISCO 08) into the
following categories: managers, professionals, technicians, clerical workers,
service and sales workers, skilled agricultural, forestry and fishery workers,
craft workers, plant and machine operators and elementary occupations.
Students, homemakers, disabled persons and unemployed persons were
further added to the classification.

Data are presented as proportion of births or mothers in a given area
reporting respective pregnancy complications or birth-related outcome. Chi-
square was used for comparing proportions and t-test when comparing
means. Logistic regression was used to explore differences in outcomes by
area of residence while controlling for potential confounding variables. Odds
Ratios (OR) and 95 percent confidence intervals (95% CI) were calculated,
adjusting for maternal age (continuous), parity, infant’s gender, maternal
occupation and cohabitation with the child’s father. In separate models we
adjusted also for hypertension and diabetes. Additional analyses were carried
out, categorizing mothers according to whether they lived inside or outside
the CA and whether they gave birth in hospitals with the highest level of
obstetric and neonatal services (two hospitals) or in other hospitals with less
services. The study period was divided into two 5-year periods, 2000-2004
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and 2005-2009, for further analysis of main outcomes. Data were analysed
using SPSS (version 17.0).

3.2.5 Study III - Setting and population

Study III was an observational register-based study, using data from
three nationwide databases, i.e. the Causes of Death Register, the Hospital
Discharge Register and the Register of Primary Health Care Contacts.
Data from a national health survey of 2007 was used to explore regional
distribution of cardiovascular disease risk factors.

Data from the Causes of Death Register were aggregated over a period of
ten years with 2009 being the latest available year at the time of analysis
(2000-2009, N=18673). The main focus was on analysing deaths from
cardiovascular disease (CVD) (ICD-10: 100-199) from 1 January 2000 to
31 December 2009 (N=7094) but deaths from all causes were included to
calculate total death rates. Deaths were excluded if data on residence was
missing (N=183 for all deaths and N=19 for CVD deaths).

Data from the Primary Health Care Contact Register were aggregated over a
period of five years with 2012 being the latest available year. All contacts,
except telephone contacts, with primary health care centres were considered
for analysis (2008-2012, N=7773114). The main focus was on analysing
contacts having CVD as the primary contact diagnosis from 1 January 2008 to
31 December 2012 (N=223603) but all contacts were includeed to calculate
total contact rates. Contacts were excluded if data on residence were missing
(N=35328 for all contacts and N=3417 for CVD contacts).

The same time period was chosen for hospital discharge data as for data
on primary health care contacts but as data for 2013 became available
prior to data analysis 2013 was added to the data set (2008-2013,
N=277326). As before, the main focus was on CVD discharges according
to primary discharge diagnosis, from 1 January 2008 to 31 December
2013 (N=26087) but all discharges were included for total discharge
rates. Discharges were excluded if data on residence were missing
(N=8801 for all admissions and N=1195 for CVD admissions).

Data on CVD risk factors were from the 2007 national health survey
(N=5909; response rate 60.3%). Respondents were excluded if data on
residence was missing (N=105).

3.2.6 Study III - Measures and statistical analysis

The main outcome measures were age-standardised total and CVD
mortality rates per 100.000 population and hospital discharge and
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primary health care contact rates per 100.000 population.

Age-standardised annual hospital discharge rates, primary health care
contact rates and mortality rates for CVD with 95% CI were calculated per
100.000 population in given areas. Standardised rate ratio was computed.
Age-standardised annual rates were also calculated for five categories of
CVD, taking into consideration ICD-10 subgroups and conditions commonly
defined as ambulatory care sensitive conditions or potentially avoidable
hospitalizations (Agency for Healthcare Research and Quality, 2013). The
five categories were: hypertension (ICD-10: [10-113), ischemic heart disease
(I20-125), atrial fibrillation (148), heart failure (I50) and cerebrovascular
disease (160-169). The Agency for Healthcare Research and Quality (AHRQ)
definition of prevention quality indicators (Agency for Healthcare Research
and Quality, 2013) was used only as a general reference to identify diseases
and to group ICD-10 codes. All discharges were used for calculations instead
of implementing AHRQ's defined exclusions, the rationale being that the
specific exclusions were not suitable for data on contacts with primary
health care and data on deaths. All rates were age-standardised for men and
women separately. Numbers on population size at approximately mid-term
of study were used: 2005 when calculating annual mortalilty rates and 2010
when calculating annual discharge and contact rates. The Nordic standard
population of 2000 was chosen for standardisation. Annual discharge rates
and contact rates were based on the total number of individuals, where each
unique person was counted only once within the observation time period
and within the relevant disease category independent of which institution
was providing the health services. If an individual was, e.g., discharged twice
from hospital during 2008-2013, independent of which hospital in Iceland,
with a primary diagnosis of hypertension he/she was counted only once in
that disease category. If the same individual was also admitted twice during
the same period with a primary diagnosis of atrial fibrillation he/she was
also counted once within that disease category.

Logistic regression was used to explore differences in behavioural risk
factors by area of residence while controlling for potential confounding
variables. Odds ratios and 95% CI were calculated, adjusting for age,
gender, education, civil status and income. SPSS (version 17.0) was used
for logistic regression.

3.2.7 Residence grouping (I, 11, III)

All data sources contained data on residence by postal codes. The 128
postal zones in Iceland are frequently used for data collection. Their
disadvantage is, however, that that they do not necessarily match
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residents’ perceptions of their neighbourhood or community.

In order to assign the study populations to communities or localities
rather than postal zones the postal codes were combined into urban
nuclei (N=115) as defined by Statistics Iceland. A decision was made to
use urban nuclei as the basic spatial units for this research. Statistics
Iceland defines an urban nucleus as a town, village or other area where
inhabitants live in houses standing in the vicinity of one another. The
boundary between urban localities and rural areas is set at localities with
200 inhabitants or more. Localities with population below 200 are
defined as rural, independent of the density of houses. The population of
the urban nuclei in Iceland usually range from 200 to a few thousand,
with the exception of the CA with close to 200.000 inhabitants.

For this research the communities, or the urban nuclei and rural farm
areas, were further grouped according to population distribution,
distance from CA and availability of health services. In that way the focus
was on the first two dimensions in Penchansky’s and Thomas” (1981)
definition of the concept access, i.e. availability and accessibility,
including geographical barriers such as distance, transportation, travel
time and cost.

In our analyses we firstly contrasted the CA (the reference category) with
all other areas. The CA consists of Reykjavik, the capital of Iceland and 7
urban nuclei around it, i.e. Kopavogur, Hafnarfjordur, Gardabaer,
Alftanes, Mosfellsbaer, Seltjarnarnes and Grundarhverfi. A distinction
between those living inside or outside the Capital Area, albeit broad, is
justifiable in this research. The population distribution in Iceland, with its
concentration of 2/3 of the population in the CA and the remaining 1/3
scattered around the country in small villages and rural areas, offers an
opportunity for such a bisection. A further rationale is provided by the
fact that supply of specialised health services is mainly limited to the CA.
Two approaches were then used in categorising areas outside the CA.
Firstly we focused on availability and geographic accessibility of the most
diverse and specialised health services in the CA. We therefore classified
settlement according to distance from the CA (table 4 and figure 2). The
three distance zones were identified from a survey of domestic travel
patterns (Reynarsson, 2006).

Study populations were assigned to distance zones based on road distance
from the CA to their respective urban nuclei. Official road distance was
retrieved from the Icelandic Road Administration website (Vegagerdin,
2009). If more than one route was available the shortest (excluding highland
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roads closed during winter) was selected. For those who resided in rural
farm areas road distance was measured from the CA to an approximate
centroid of population distribution in the relevant health region.

Table 4 Distance categories

Distance from Capital Area Frequency of contact with Capital Area”  Travel time to Capital Area Populationz’
<69 km X 2 per week <1 hours 38000
70-249 km x 1 per week or every 2nd week 1-3 hours 23000
2250 km x 4-6 per year > 3 hours 56000

B Average frequency of contact with Capital Areas according to a survey of domestic travel patterns (Reynarsson, 2006)

2 Approximated total population in each distance zone by the end of 2008. The total population of the Capital Areas was approximately 203000
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Figure 2 Approximate boundaries between distance zones from the Capital Area
and categories of local health service levels in all communities.

Secondly we classified residency according to availability of local health
services, assessed for each urban nucleus using information from an
official register (Landleeknisembeaettid [Directorate of Health], 2009)
(table 5 and figure 2). The following health services were considered:
Primary health care centres, hospitals, nursing homes and physicians in
private practice. For the purpose of this study four categories of local
health service supply were identified. 1) Areas with diverse specialised
services, including a specialised hospital, primary health care centres,
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physicians in private practice, nursing homes, etc. (the reference
category). The CA and Akureyri belong to this group. 2) Areas with only
limited specialised services, including a small general hospital with
limited specialities or access to limited specialities by means of service
contracts with larger hospitals, primary health care centres and nursing
homes. Some of the larger urban nuclei in Iceland, with a population of a
few thousand, are in this group. 3) Areas with a local primary health care
centre, with at least one permanent GP as well as other staff, and usually
also a nursing home. Small urban nuclei, with a population of a few
hundred up to 3000 fall into this category. 4) Areas where there are no
health services in the local community, except perhaps primary health
care branches with no permanent staff and limited opening hours. Rural
farm areas and the smallest urban nuclei, where the population does not
exceed 600 individuals, belong to this group.

Table 5 Categories of local health services

Categories of local health services” Communities in category Populationl’
Diverse specialised services Capital Area and Akureyri 215000
Limited specialised services Some of the larger urban nuclei 36000
Primary health care only Small urban nuclei 28000
No local health services Rural areas and the smallest urban nuclei 37000

v Availability of local health services was assessed for each urban nucleus using information from an official register (Directorate of Health, 2009)

2 Aggregated population in areas belonging to each category. Approximate population by the end of 2008
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4 Results
4.1 Study!lI - results

4.1.1 Self-rated health

In paper I we explored regional differences in self-rated health and found
that residents outside the CA rate their own mental, and especially
physical, health worse than those living in the CA (aOR 1.35; 95% CI 1.23-
1.50 and aOR 1.17: 95% CI 1.06-1.30 respectively) (table II, paper I).

4.1.2 Diagnosed diseases

In paper I we also explored regional differences in self-reported physician-
diagnosed disease. Of the 22 studied disease categories four were statistically
significantly less reported outside the CA, i.e. heart and circulatory disease
(aOR 0.77; 95% CI 0.62-0.95), cancer (aOR 0.78; 95% CI 0.60-0.99), diseases of
the eye (aOR 0.73; 95% CI 0.59-0.90) and alcoholism and drug abuse (aOR
0.72; 95% CI 0.55-0.96) (table 1V, paper I). Only one disease category,
hyperthyroidism, was more reported outside the CA than within (aOR 1.25;
95% CI 1.00-1.57). No large differences were observed in self-reported disease
prevalence between residents in different distance zones (table 1V, paper I).
Residents in areas with abundant supply of specialised health services were
more likely than residents with limited health services to report that they had
been diagnosed with: heart and circulatory diseases, cancer, benign neoplasm,
other mental health problems, diseases of the eye and urinary incontinence
(supplementary table A, paper I).

4.2 Study II - results

In paper Il we explored pregnancy, intrapartum and adverse birth outcomes
by maternal residence and found no association between mother’s area of
residence and the risk of LBW and PTB (tables 2, 4 and S1 in paper II). Infants
outside the CA were more likely to have been delivered with a cesarean
section than infants in the CA (table 2, paper II). Compared to the CA,
diagnoses of maternal gestational diabetes and pregnancy-induced
hypertension were significantly less common outside the CA (aOR 0.68; 95%
CI0.59-0.78 and aOR 0.82: 95% CI 0.71-0.94 respectively) (table 2, paper II).

During 2000-2009 187 infants were stillborn or died during the first 7 days
after birth (N=145 and N=42, respectively) (table 3, paper II). The adjusted
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odds of perinatal deaths were not significantly higher outside the CA for the
whole 10-year period but significantly higher in the second half of the
observed period (aOR 1.87; 95% CI 1.18-2.95). These increased odds of
perinatal death in the second part of the study period were mainly restricted
to mothers residing outside the CA but giving birth at hospitals with the
highest level of obstetric and neonatal services (two hospitals) (aOR 2.65;
95% CI 1.64-4.30), as compared to the reference group of mothers residing
in the CA and giving birth at the same two specialised hospitals (table 6).

Table 6 Perinatal deaths by mother’s residence inside versus outside CA and by
category of birth hospital, ie. general hospitals versus hospitals with specialised
obstetric care

Res: Inside CA Res: Inside CA Res: Outside CA Res: Outside CA
Birth: Spec. Hosp. Birth: Gen. Hosp. Birth: Gen. Hosp.  Birth: Spec.Hosp.

Perinatal deaths (<7 days)

N (104) (1) (18) (64)

aOR 1.0 0.21 (0.03-1.56)  0.66 (0.38-1.13) 1.94 (1.35-2.80)*
N® & N2 (55)&(49) (0)&(1) (6)&(12) (26)&(38)

aOR%™ 1.0 0.38 (0.15-0.94)' 1.26 (0.74-2.15)
aOR>® 1.0 0.55 (0.07-4.17)  1.02 (0.51-2.03) 2.90 (1.77-4.75)*

aORadjusted for age, parity, infant’s gender, occupation group and partnership

N® & N2 number of cases 2000-2004 and 2005-2009

*aOR significantly different from 1,0, 95% Cl

Res: Residence

Birth: Spec.Hosp. Birth at a hospital with specialised obstetric care (Landspitali or Akureyri)
Birth: Gen.Hosp. Birth at a general hospital outside the CA

We found no association between distance of maternal residence from CA
and risk of LBW and PTB. The risk of perinatal deaths was only
significantly higher in areas most adjacent to the CA and in areas furthest
away from the CA in the latter time period (table 7).

Table 7 Perinatal deaths (<7 days) by distance from CA (mother’s residence)

Capital Area <69 km 70-249 km 2250 km

Perinatal deaths (<7 days)

N (105) (31) (10) (41)

aOR 1.0 1.71(1.09-2.67)* 0.90 (0.44-1.84)  1.43(0.95-2.17)
Nt & N2 (55) & (50)  (9) & (22) (6) & (4) (17) & (24)
aORo%-04 1.0 0.98 (0.46-2.08)  0.76(0.29-1.98)  0.98 (0.53-1.81)
aOR%> 1.0 2.49 (1.40-4.43)* 1.03(0.35-3.06)  2.08 (1.19-3.64)*

aOR adjusted for age, parity, infant’s gender, occupation group and partnership
N* & N2number of cases 2000-2004 and 2005-2009

*OR significantly different from 1,0, 95% Cl

1) Road distance according to the Icelandic Road Administration

34



Results

4.3 Study III

In paper III we i) explored differences in CVD mortality, ii) examined
whether differences in CVD mortality were reflected in hospital
discharges and primary health care utilisation, and iii) determined
whether distribution of CVD risk factors were reflected in health service
utilisation and mortality by geographic regions.

4.3.1 Age-standardised annual mortality rates

A total of 3733 men and 3361 women died from CVD in Iceland during
2000-2009. The annual age-standardised total CVD mortality rate was
slightly, but significantly, higher for women outside compared to inside
the CA. The greatest differences in rates were for atrial fibrillation and
heart failure, with higher rates outside the CA (table 2, paper III). The
mortality rate for men only differed significantly for atrial fibrillation,
with a higher rate outside the CA and for hypertension, with higher rates
inside the CA. The total number of deaths was low for both diseases.

4.3.2 Age-standardised annual contact rates with primary
healthcare

A total of 28002 men and 30244 women with CVD contact diagnoses
visited primary health care between 2008 and 2012.

The overall CVD contact rate was significantly higher outside the CA with
a standardised rate ratio (SRR) of 1.27 (1.27-1.28) for males and 1.36
(1.35-1.36) for females and for all of the observed CVD subgroups for
both gender. The greatest regional difference was for atrial fibrillation
(SRR 1.70 (1.69-1.70) for males and 1.85 (1.85-1.85) for females) and for
heart failure (SRR 1.73 (1.73-1.73) for males and 1.82 (1.82-1.82) for
females) (table 3, paper III).

4.3.3 Age-standardised annual hospital discharge rates

A total of 8384 men and 5655 women were discharged from hospitals in
Iceland during 2008-2013 with CVD as a primary diagnosis.

The total annual CVD discharge rate was higher among residents outside
compared to inside the CA for both genders, with SRR 1.06 (1.06-1.07) for
males and 1.25 (1.25-1.26) for females. The greatest difference in
discharge rates for both genders inside versus outside the CA was for
hypertension (SRR 2.67 (2.61-2.75) for males and 2.98 (2.93-3.04) for
females) and atrial fibrillation (SRR 1.43 (1.43-1.45) for males and 1.64
(1.63-1.64) for females) (table 3, paper III).
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4.3.4 Risk factors of cardiovascular disease

There were no differences in smoking prevalence inside compared to
outside the CA but obesity was more prevalent outside the CA (table 4,
paper III), particularly among young women. Short sleep duration was
more common among residents outside the CA and a larger proportion of
residents, especially the younger age groups outside the CA, found it
difficult to make ends meet. Sedentary lifestyle and alcohol abuse was,
however, less prevalent outside the CA.

There were also notable demographic differences between residents
inside and outside the CA (table 1, paper III). The proportion of the
population with a university degree was, e.g., twice as high inside
compared to outside the CA and rose between 2005 and 2010.

4.3.5 Additional regional analyses

Comparing rates by distance from the CA revealed a significantly higher
total mortality rate and CVD mortality rate for women residing in areas
most adjacent to the CA (table 8). The total mortality rate for men was,
however, slightly but significantly lower in areas furthest away.

Table 8 Age-standardised mortality rates (SR) per 100,000 inhabitants by
distance zones from the Capital Area (CA), 2000-2009 annual average

CA <69 km 70-249 km 2250 km
Cause of death NY SR? NY SR? NY SR? NY SR?

All causes, male 5749 966.3 (952.3-980.3) 1044 1000.2 (967.9-1036.1) 832 955.7 (958.7-1032.7) 1909 927.2 (904.3-950.1)
All causes, female 5859 696.6 (686.5-706.7) 954 834.5 (805.5-863.5) 650 675.2(646.0-704.4) 1676 700.3 (681.7-718.9)
CVD, male 2240 399.9 (391.1-408.7) 390 405.7 (384.3-427.1) 331 407.2(383.9-430.5) 772 384.9(370.4-399.4)
CVD, female 2153 253.5(247.9-259.1) 366 339.9 (321.1-357.3) 215 218.3(203.4.8-233.2) 627 259.6 (249.2-269.8)

U N=total mortality 2000-2009
2 SR=standardised mortality rate, annual average 2000-2009

The adjusted odds of obesity, smoking, short sleep duration and of
difficulties in making ends meet were significantly higher in areas closest to
the CA (table 9).

Areas with low levels of local health services, i.e. only primary health care,
had significantly higher CVD mortality rates and total mortality for both
genders compared to areas with abundant health care supply (table 10).

We further observed 50% higher CVD contact rates and one third higher
CVD discharge rates in areas with only local primary health care or with
local primary health care and a limited supply of specialised services
(small and large towns outside the CA) as compared to the reference
group (table 11). CVD contact rates were, however, approximately 25%
lower and discharge rates 45% lower in areas with no local health
services (rural farm areas) for both genders.
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Table 9 Differences in behavioural risk factors of CVD by distance from Capital
Areain 2007

Capital Area <69 km 70-249 km 2250 km

Regular smoking (daily or less)

(N) % (566)21.4  (227)25.9 (113) 19.5 (284) 20.7

aOR 1.0 1.22 (1.02-1.47)* 0.88(0.70-1.10) 0.90 (0.77-1.07)
Obesity (BMI > 30)

(N) % (509) 18.2  (258)27.7 (143) 23.4 (338) 23.1

aOR 1.0 1.71(1.43-2.03)* 1.31(1.06-1.63)*1.35(1.16-1.57)*
Sedentariness (sitting 28 hrs/day)

(N) % (949)34.0  (226)24.2 (104) 17.0 (264) 18.1

aOR 1.0 0.66 (0.55-0.78)* 0.43 (0.34-0.54)* 0.46 (0.39-0.54)*
Alcohol abuse (5 drinks or more at a time once a week or more)

(N) % (193) 6.9 (65) 7.0 (22) 3.6 (80) 5.5

aOR 1.0 0.95 (0.70-1.28)  0.46 (0.29-0.73)*0.70 (0.53-0.92)*
Short sleep duration (sleeping <6 hrs)

(N) % (664) 23.8  (266) 28.5 (141) 23.0 (391) 26.8

aOR 1.0 1.24 (1.05-1.47)* 0.94(0.76-1.16) 1.13 (0.97-1.31)
Difficult to make ends meet

(N) % (355)12.7  (158) 16.9 (80) 13.1 (233) 15.9

aOR 1.0 1.37 (1.11-1.69)* 1.01(0.77-1.32) 1.26 (1.05-1.52)*

aOR adjusted for age, gender, education, civil status and income
* aOR significantly different from 1.0, 95% CI

Table 10 Age-standardised mortality rate (SR) per 100,000 inhabitants by local
health service supply, 2000-2009 annual average

Diverse specialised Limited specialised Primary health No local
services services care only health services
Cause of death NY SR? NY SR? NY SR? NY SR?

All causes, male 6225 960.3 (946.9-973.7) 1118 954.5(923.1-985.9) 1101 1070.2 (1035.7-1104.7) 1090 910.8 (881.1-940.5)
All causes, female 6354 692.5 (682.8-702.2) 1029 726.6 (702.1-751.1) 946 799.4 (771.1-827.6) 810 714.6(687.7-741.5)
CVD, male 2174 349.9 (341.9-357.8) 418 369.5(350.2-388.8) 463 457.9 (435.5-480.3) 420 358.3(339.8-376.7)
CVD, female 2080 225.2(220.0-230.3) 369 265.3 (251.8-278.8) 332 280.5 (264.5-295.4) 282 253.0(237.7-268.3)

1 N=total mortality 2000-2009
2 SR=standardised mortality rate, annual average 2000-2009

Table 11 Age-standardised primary healthcare CVD contact rates and CVD hospital
discharge rates (SR) per 100,000 inhabitants, annual average 2008-2012/2013 by
local health service supply and residence

Indication Diverse specialised Limited specialised Primary health No local
for service services services care only health services
VD NY sR? NY sR? NY sR? NY sR?

PHC CR, male 17232 3793.5 (3765.5-3821.5) 4658 5755.6 (5674.1-5837.1) 3290 5782.3 (5692.5-5872.1) 2192 2759.9 (2702.7-2816.0)
PHC CR, fem. 19272 3820.0 (3792.7-3847.2) 4909 5893.4 (5810.3-5976.5) 3899 5980.4 (5884.5-6076.2) 2164 3021.1(2957.2-3085.0)
HDR, male 5371 1092.2 (1080.8-1109.5) 1141 1270.6 (1234.7-1306.5) 1128 1449.6 (1408.0-1491.1) 516 579.9 (555.3-604.5)
HDR, fem. 3658 610.5(600.8-620.2) 897 925.9 (896.6-964.1) 707 894.2 (862.4-926.1) 278 355.6 (355.6-375.6)

PHC CR Primary health care contact rate

HDR Hospital discharge rate

" Total number of individuals 2008-2012 for primary care contacts and 2008-2013 for hospital discharges
2 Age standardised primary healthcare contact or hospital dishcarge rate
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5 Discussion
5.1 Main findings

Our data reveal regional inequalities in health and health care utilisation
in Iceland that can be summarised as follows:

e Self-rated health was generally reported poorer outside the CA.

e Less self-reported major chronic diseases outside the CA.

e Pregnant women living outside the CA were at reduced odds of
being diagnosed with gestational diabetes and hypertension.

e Increased risk of perinatal death among mothers outside the CA
during the latter period of the study.

e Prevalence of PTB and LBW was not related to mothers’ area of
residence.

e Data from three national health registers suggested higher CVD
prevalence outside the CA, i.e.:
o  Higher primary healthcare CVD contact rate outside the CA
o Higher CVD hospital discharge rate outside the CA
o Higher CVD mortality among women outside the CA

e Burden of modifiable risk factors was higher outside the CA,
especially among younger women.

5.2 General discussion

5.2.1 Regional health inequalities

Many studies suggest health disadvantages in rural and remote areas, e.g.
as measured by self-rated health (Fogelholm et al, 2006; Monnat &
Beeler Pickett, 2011), adverse birth outcomes (Bailey & Cole, 2009;
Graham et al., 2007; Grzybowski et al. 2009; Lisonkova et al., 2011; Luo &
Wilkins, 2008) and increased CVD mortality (Stang & Stang, 2014).

Our study I, of regional differences in health in Iceland, found evidence of
poorer self-rated health outside the CA, indicating higher morbidity and
mortality. That was, however, not the case, judging by a national health
survey, as residents outside the CA were less likely to self-report some major
chronic diseases, i.e. heart and circulatory disease, cancer, diseases of the eye
and alcoholism and drug abuse. Initially we suggested that a potential
explanation for these contradicting findings were that specialised health
services were less accessible to residents outside the CA, resulting in less
diagnostic activity. We further suggested that regional differences in health
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care seeking behaviour, e.g. lower health care use might also contribute to
lower rates of diagnosed diseases outside the CA (Gudmundsdottir &
Vilhjalmsson, 2010). Alternatively, an explanation for why some self-
reported chronic diseases were less prevalent outside the CA could be that
those who suffered from those diseases had moved to the CA in order to gain
better access to specialised services. Selective migration might therefore
have contributed to lower rates of certain diseases outside the CA. The
general trend in internal migration in Iceland for the past decades has been
that people tend to move to the CA away from rural regions (Statistics
Iceland, 2015b). Two-thirds of those who moved to the CA were under the
age of 30 and 96% under the age of 60. Consequently, it could be argued that
internal migration should have contributed to higher disease prevalence
outside the CA.

Study I, using register data, also found evidence of less diagnosed diseases
outside the CA, as there were less diagnoses of pregnancy-induced
hypertension and gestational diabetes among pregnant women outside the
CA. Again we suggested potentially lower diagnostic activity in more rural
areas with less local health services, as discussed further in chapter 5.2.2.

In study III our analyses of data from three national health registers did,
however, point in the opposite direction, i.e. indicating higher CVD
prevalence outside the CA, which is in accordance with the poorer self-
rated health shown in study I. A Dutch study, comparing urban - rural
differences in disease prevalence using data from general practice, also
found differences in prevalence that were always disadvantageous for
rural areas (Kroneman et al, 2010). Likewise, the same study found
discrepancy between self-reported illness and data from general practice
where rural residents rated their own health better and reported less
diseases than data from general practice suggested. By analysing register
data on the total population we found a slightly higher total CVD
mortality rate for women and also higher contact rate with primary
health care and higher hospital discharge rate due to CVD for both
genders outside the CA. The indication of lower self-reported CVD
prevalence than portrayed by utilisation rates deserves further scrutiny
as this could point to less disease awareness among residents outside the
CA. Disease awareness is known to affect risk-related behaviour and
health care utilisation (Mosca et al., 2006; Naweed Alzaman et al., 2013).

5.2.2 Regional inequalities in birth outcomes

Studies have typically found poorer birth outcomes, such as LBW, PTB and
perinatal death, among infants born to mothers in rural areas (Bailey & Cole,
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2009; Graham et al,, 2007; Grzybowski et al., 2011; Lisonkova et al., 2011;
Luo & Wilkins, 2008). Our study II found no indication of urban - rural
differences in LBW and PTB but found increased risk of perinatal death
among children born to mothers residing in more rural areas outside the CA.
The overall rate of perinatal death was, however, very low (3.2/1000 in
2009) (NOMESCO (Nordic Medico-Statistical Committee), 2011).

According to regulation, maternity care and postnatal care is provided by
midwives, nurses and GPs at primary health care centres, most often in
women’s local neighbourhoods. Pregnant women receive an average of 9
antenatal examinations (Embeetti landlaeknis [Directorate of Health],
2013), including an ultrasound screening at 19 to 20 weeks of pregnancy
(Landleeknisembeettid [Directorate of Health], 2008b). High-risk
pregnancies are systematically referred to hospitals with the highest
level of obstetric and neonatal services. This referral system became
formal in 2007, with the publication of clinical guidelines
(Landleeknisembezettid [Directorate of Health], 2007). Informal guidelines,
facilitating identification of high risk pregnancies were, however,
available as early as 1983 (Landlaeknisembeettid [Directorate of Health],
2008b). The current guidelines identify four levels of delivery services
within Iceland. The highest level of service is recommended for all
premature infants of less than 34 weeks of gestation (Landleeknisem-
battid [Directorate of Health], 2007). The increased risk of perinatal
death was largely confined to women outside the CA giving birth at
specialised obstetric units. This finding may indicate an effective referral
system, where high-risk pregnancies outside the CA are properly
identified and referred to the most specialised delivery services. Despite
the seemingly effective referral system, the risk of perinatal death was
nevertheless greater among women outside the CA, which could indicate
that undetected high-risk pregnancies were more prevalent outside than
inside the CA. In agreement with this, diagnoses of gestational hyper-
tension and diabetes seemed less common among mothers outside the CA
in the second half of the study period. This may reflect reduced diagnostic
activity or incomplete registration of these diseases outside the CA.

The current clinical guidelines in Iceland, based on the National Institute
for Health and Care Excellence (NICE) guidelines, recommend screening
for gestational diabetes if certain risk factors are present (National
Institute for Health and Care Excellence (NICE), 2008). Whether regional
differences in screening practices and detection of maternal health
problems contribute to variation in adverse birth outcomes across
geographic regions remains to be further elucidated. With considerably
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higher BMI and higher prevalence of smoking among rural women of
fertile age (Steingrimsdottir et al,, 2010), a likely explanation is that
health professionals within the CA have, in recent years, become more
conscious at assigning and recording antenatal diagnoses than their
colleagues outside the CA. Thus, it is possible that undetected gestational
hypertension and diabetes during pregnancy may have contributed to
more high-risk deliveries of mothers outside the CA. The reasons for, and
the consequences of, lower rates of infant and maternal diagnoses in
rural areas therefore warrant further study.

Infants of mothers residing outside the CA were furthermore less likely to
have been diagnosed with congenital malformations or 5 minute Apgar
scores below 7. It is unclear why this is the case but similarly it is possible
that less diagnostic activity or differences in registration may contribute
to these differences.

A Finnish study found similar differences in Apgar scores between the
smallest and the largest delivery units (Finnstrom et al, 2006). The
authors concluded that the observed differences possibly reflected use of
different diagnostic criteria.

5.2.3 Regional inequalities in health service utilisation

The observed regional differences in CVD mortality, hospital discharges
and primary health care contacts are, as previously stated, indicative of
variations in CVD prevalence and underlying risk factors. Findings of
regional differences in CVD mortality, that coincide with regional
variations in relevant risk factors, is consistent with previous studies
(Stang & Stang, 2014). The regional differences in mortality and health
care utilisation rates can, however, also indicate differences in availa-
bility, usage or effectiveness of health care services.

As stated in chapter 1.6.1 there are pronounced regional variations in
local health service supply, not the least when it comes to the most
specialised health care services. Specialised hospital and outpatient
services are mostly concentrated in the CA, making specialised health
services geographically less accessible to residents outside the CA. Due to
these geographic variations in supply of specialised health services it is
possible that some health problems are dealt with by means of hospital
admissions outside the CA while taken care of with other resources, such
as by specialists in private practice, in the CA. Alternatively, geographical
circumstances might encourage inpatient services for patients from
sparsely populated areas, where they can be more easily observed.
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It cannot be ascertained whether higher CVD contact rates outside the CA
are indicative of higher prevalence of CVD, since equivalent data on contacts
with private practice specialists were not available for this study. Although
their services are used by patients from all areas of the country they are
probably used more by residents of the CA than by residents outside the CA.
There were approximately 35000 contacts with cardiologists in private
practice in 2012 (Sjukratryggingar Islands (Icelandic Health Insurance),
2013) as compared to approximately 45000 annual contacts with primary
health care due to CVD. Thus, outpatient visits to cardiologists in private
practice, that were of similar magnitude as all CVD contacts with primary
health care, could partly explain higher CVD primary health care contact and
hospital discharge rates outside the CA. An analysis of data from Icelandic
Health Insurance revealed that residents of the CA and the West health
region visited private practice cardiologists more than inhabitants of other
regions, i.e. 128 visits per 1000 inhabitants in both regions. Inhabitants of
the three regions farthest away from the CA, i.e. the North, East and
Westfjords regions had the fewest visits, ranging from 9 to 38 per 1000
inhabitants (The Boston Consulting Group, 2011). In addition, Landspitali,
the University Hospital of Iceland, located in the CA, operates the only
specialised outpatient heart clinic in the country that manages cardiac
emergencies. In 2013 this clinic served a total of 5130 emergency contacts
(Landspitali University Hospital, 2014). The clinic receives referrals from
primary health care in the CA, possibly reducing the need for hospital
admissions among residents of the CA. This could be one of the reasons why
the standardised hospital discharge rate for cardiovascular diseases was
higher outside the CA.

In sum, it is difficult to determine from these administrative data whether
there exist actual differences in CVD prevalence between geographic regions.
The slightly higher age-standardised CVD mortality among women is
nevertheless a clear indication of inequities that must be explored further. It
is also clear that residents outside the CA use more primary healthcare
services and hospital inpatient services due to CVD than residents of the CA
when differences in age and gender have been accounted for. On the other
hand, data from Icelandic Health Insurance, albeit not age-standardised,
suggest that residents of the CA use services of private practising
cardiologist more than residents outside the CA (The Boston Consulting
Group, 2011). As GPs in Iceland do not have a gatekeeping role for secondary
care it is impossible to investigate health differences by using only data from
health care centres and inpatient data from hospitals.
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5.2.4 Regional inequalities in modifiable risk factors

The higher burden of CVD risk factors outside the CA is in accordance
with evidence from other studies (Gudjonsdottir, 2015; Steingrimsdéttir
et al, 2010) and supports the notion of higher CVD prevalence outside
the CA. The especially high burden of risk factors among younger women
outside the CA and the slightly raised CVD mortality outside the CA is
alarming and requires further attention. Studies have revealed that level
of education is a strong, independent predictor of coronary heart disease
mortality and higher education has also been associated with lowered
mortality due to all causes (Gardarsdottir et al, 1998; Winkleby et al.,
1992). Education is furthermore an important determinant of self-rated
health (Prus, 2011) and is related to birth outcomes (Hemminki, 2009)
and utilisation of health services (Kristenson et al., 2011). Therefore, the
inequalities in education, with twice as high a proportion of the
population having earned a university degree inside the CA compared to
outside, are especially important from a public health point of view. The
fact that the proportion of individuals with the highest level of education
has in recent years increased more in the CA than outside deserves
particular consideration. Other modifiable risk factors were also
pronounced especially among women outside the CA, including risk of
obesity, excessive work load and difficulty in making ends meet. These
findings of poorer health among women outside the CA add to previous
findings of higher prevalence of disability among women outside the CA
(Thorlacius & Stefansson, 2007).

5.2.5 Availability of local health services outside the CA

The overall aim of the present work was to explore potential differences
in health and health service utilisation by geographic regions in Iceland,
in relation to availability of local health services. Such research is
necessary to support evidence-based spatial organisation of health care
aiming at reducing avoidable regional health disparities. Since specialised
health care, is mainly concentrated in the CA, the main focus of our
analyses was on differences in outcomes inside and outside the CA.

Our studies found several indications of generally poorer health outcomes
outside the CA, in areas with limited supply of specialised local healthcare
services. These indications were found using both self-reported health data
and data generated by the healthcare services on the occasion of health
services delivery. These poorer health outcomes coincided with a higher
burden of risk factors outside the CA. The largest differences were typically
when comparing small towns with only local primary healthcare with the
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reference area with abundant and diverse health service supply. The highest
CVD mortality, hospital discharge and primary healthcare contact rates
were, e.g. found in small towns outside the CA.

In spite of clear indications of higher disease prevalence and a higher
burden of important risk factors outside the CA we observed potentially
lower diagnostic activities in maternal healthcare outside the CA. We also
found evidence of less self-reported major chronic disease outside the CA,
perhaps indicating lack of successful communication between physicians
and patients. These poorer health outcomes outside the CA, indications of
undetected maternal diseases and potential unawareness of major
chronic disease diagnoses suggest regional inequties in content and
quality of healthcare services that need to be addressed.

The fact that the CVD hospital discharge rate was halved in agricultural
farm areas and that the primary healthcare contact rate was one third
lower than in the reference group is notable. Particularly so since CVD
mortality was not raised for men in agricultural areas and only slightly
for women. Residents of farm areas are, therefore, an exception to the
general finding of raised CVD service utilisation outside the CA. This
finding, together with lower CVD mortality among male residents of farm
areas, is consistent with previous reports of lower CVD mortality and
morbidity among farmers (Thelin et al., 2009). The odds of reporting
fair/poor self-rated physical health was, however, highest in agricultural
farm areas, were physically demanding jobs can be expected.

Potentially avoidable hospitalizations have been used to give an
indication of how well primary healthcare is performing, thus identifying
regions of possible improvements (Gibson et al., 2013; Manzoli et al,,
2013). Adequate primary health care has been associated with reduced
potentially avoidable hospitalization. Deprivation, rurality, distance to
hospital, propensity for hospitalization, unemployment, educational level
and lifestyle are also important factors (Berlin et al.,, 2014; Burgdorf &
Sundmacher, 2014; Gibson et al,, 2013; Lofqvist et al., 2014; Purdy, 2013;
Thygesen et al,, 2015; van Loenen, 2014). Nearly threefold discharge
rates for hypertension outside the CA could be indicative of insufficient
primary healthcare, since hypertension can, in most cases, be adequately
managed by primary healthcare. However, unfavourable risk factors and
higher disease rates could also explain these differences. The definition of
avoidable hospitalization, although beneficial, isn't necessarily
appropriate for all situations (Purdy, 2013). Regional characteristics,
such as rurality, isolation and lack of secondary health care, might create
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circumstances where hospital admissions are appropriate in some
regions but inappropriate in others.

Access to health care has been the focus of a few Icelandic studies as
discussed in chapter 1.7.3 and evidence of regional inequalities have been
demonstrated. In 2011 the Boston Consulting Group rated the overall access
to healthcare in Iceland as good, especially in specialised care although some
concerns were raised about primary care access (The Boston Consulting
Group, 2011). The Icelandic Health Service Act stipulates that general health
services should be locally provided and that primary healthcare centres are
generally supposed to be the first point of contact. Insufficient access to
primary healthcare, especially in the CA has, however, lead to more visits to
specialists in private practice and emergency units (The Boston Consulting
Group, 2011). Private practice specialists and emergency units therefore
provide a substantial amount of health service that can be classified as
primary healthcare. Hence the declared aim of primary healthcare being the
patient’s first point of contact with the health services has evidently not been
reached in Iceland (Asgeirsdéttir, 2009). Difficulties in recruiting GPs in the
CA, predicted shortage of GPs in the future and insufficient productivity have
encouraged reforms of primary health care in the CA. More rural areas
outside the CA have also had difficulties in recruiting GPs and geographic
imbalances in physician supply are in fact a challenge in most OECD
countries (Ono et al,, 2014). In 2012 approximately 75% of GPs positions
outside the CA in Iceland were permanently staffed and 60% were staffed
with specialists in primary care (Sigurjonsson, 2012). The conditions for GPs
in rural areas are generally more difficult than those of their colleagues in
the CA. They attend to more diverse health problems, work longer hours,
have less access to consultations from other health specialists and service
larger geographic areas. Their position is therefore very central in health
service delivery in the more rural areas outside the CA. Thus difficulties in
recruiting and retaining GPs outside the CA has major impact. Our studies
show that although primary healthcare is more accessible outside the CA as
measured by waiting time, (Landlaeknisembeettid (Directorate of Health),
2005) there are indications of inefficiency. We found evidence of potential
under-diagnosing of important diseases and possibly inadequate
management of hypertension outside the CA. Therefore it is important not to
reduce primary healthcare services outside the CA and simultaneously
scrutinise the content and quality of these services.

The geographic distribution of specialised health care is uneven.
Specialised inpatient hospital care is provided in the CA, at Akureyri and
to a limited extent in small regional hospitals. No clear standards have
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been set as to what services should be provided by which hospital type
and type of geographic area. The service that is currently offered in
hospitals outside the CA is often based on historic service offering and on
resources available at that particular time and in that particular location,
e.g. sub specialties of doctors working in the relevant hospitals (The
Boston Consulting Group, 2011). Nonetheless, the service area of
Landspitali University Hospital covers the whole country and Akureyri
hospital provides services for both the northern and the eastern regions
to some extent. Specialised outpatient care, provided by these two
hospitals and by private practice specialists is also very unevenly
distributed with the majority located in the CA. Some areas of Iceland are
undoubtedly over-serviced by specialist outpatient care while others are
probably lacking in these services (Asgeirsdéttir, 2009; The Boston
Consulting Group, 2011). In comparison to the other Nordic countries
there is an evident overweight of specialists to GPs in Iceland, especially
specialists in internal medicine, surgeons and paediatricians (The Boston
Consulting Group, 2011).

Our results support increased access to specialised outpatient services
outside the CA, in order to support local primary healthcare in properly
identifying and managing diseases.

5.3 Strengths and limitations

The overall strength of these three studies is that they leverage various
sources of data to explore potential differences in health-related outcomes
across geographic regions. The self-reported survey data provide
information on self-perceived health and disease prevalence as well as
health behaviours, while the national health registers, including registered
obstetric outcomes and diagnoses made by physicians at the time of health
service contact, provide a closer look at actual disease prevalence. Yet, an
important difference between the survey data and the national health
registers is the richer supply of potential covariates in the health survey that
were used to control for confounding in the statistical models. These two
different methodologies yield different results and should therefore be
interpreted with caution; together these data sources provide a more
comprehensive picture of specific parameters of health and disease.

The overall aim of this thesis was to explore potential differences in
health and health service utilisation by geographic regions in Iceland. As
discussed in chapter 3.2.7 residence was grouped into large groups for
statistical analyses, based on either distance from CA or availability of
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local health services. Another approach to residence grouping might yield
different results. The entire CA is classified as one area and is the
reference group in most analyses. There are, however, undoubtedly
variations in health and health service utilisation within the CA, although
they were not the focus of this thesis. The broad distinction between
areas inside and outside the CA, where areas outside the CA are generally
referred to as rural, is also an obvious simplification. Areas outside the CA
include settlements ranging from farming areas to small villages and
towns. Yet, the difference in local supply of specialised health services
inside and outside the CA is profound and supports such bisection.

5.3.1 Study I (and III)

One of the strengths of study I is that it uses data from a large, nationwide
survey allowing a meaningful inquiry into geographic variations in health
(Jénsson et al,, 2011). The response rate is also adequate and residence
data is based on relatively small spatial units allowing various
categorization of residence. The cross-sectional design of the survey,
however, prevents analysis of processes behind spatial variations in
health/health-behaviours.

The risk of selection bias is always present in studies based on survey
data. In this case it is possible that those who participated in the survey
were generally more health-conscious than those who chose not to
participate. The response rate was 57.6% in the CA and 61.9% outside
the CA. Therefore, the slightly lower response rate within the CA cannot
explain indications of higher prevalence of chronic disease in the CA.

This study relies solely on one source of information on health, i.e. self-
rated health and self-reported diseases, albeit diseases that were
supposedly diagnosed by physicians. This is obviously a source of
information-bias as respondents may not recall all diseases they have
been diagnosed with or have not quite understood that they have been
diagnosed with a disease. In order to obscure these findings this source of
misclassification needs to be differential across areas. However, we have
no way of determining whether that is the case. Another potential source
of bias relates to questions on diagnosed diseases. The questionnaire
included a long list of diseases and respondents were instructed to check
either “yes” or “no”, depending on whether they had been diagnosed with
the relevant disease or not. In the survey, unchecked items in this grid
ranged from 1.8-4.5% of responses of diseases. These were interpreted
as a “no“ if the response style of the respondents indicated that they
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normally only checked “yes” but left other diseases unchecked. Again, it is
not likely that this source of error is systematic across health regions.

In study III we used data on BMI scores, calculated from self-reported
data on height and weight. This is a source of bias, as respondents may
overestimate (or underestimate) their height or weight. A study
comparing self-reported and measured values of weight and height in
three countries found that weight is generally under-reported, especially
among women, and height is generally over-reported, especially among
men. Differences were also found between age groups and countries.
[talian men, e.g., overestimated their height more than men from the
Netherlands and North America, while Dutch women underestimated
their weight more than women from Italy and North America Heavier
people are also more likely to underestimate weight and smaller people
are more likely to overestimate their height (Krul et al., 2011). Again, for
this misclassification to distort our findings it needs to be differential
across geographic regions of Iceland.

5.3.2 StudyII

The major strength of this study is the completeness of the nationwide
Icelandic Medical Birth Register and the 10-year time period of the study,
allowing analysis of spatial variations in different time periods. A few
limitations should however be mentioned. First, the study relies on
assessment and registration of numerous health professionals across the
country. The quality and standardisation of the Icelandic Medical Birth
Register has not been formally assessed but data is scrutinised on a
regular basis in relation to annual statistical reports. The observed
regional differences in rates of maternal and infant diseases may either
be related to varying diagnostic practices or differential completeness of
registration across regions; the latter being a potential source of bias in
this study. If true, we have no way to disentangle the magnitude of this
bias. In any case, the regional variations in diagnostic activity or
registration of pregnancy complications merit further study. Secondly, we
had access to several sources of potential confounders and adjusted our
point estimates for maternal age, occupation group, employment status,
cohabitation, parity and infant’s gender. When calculating perinatal death
we also adjusted for maternal hypertension and diabetes in separate
models. Data on other important confounders, e.g. maternal education,
smoking during pregnancy and BMI were, however, not available as they
are not recorded in the Icelandic Medical Birth Register. This is an
important limitation as all of these factors may vary across regions
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(Steingrimsdéttir et al.,, 2010) and are as well strongly associated with
adverse pregnancy outcomes (Hemminki, 2009). Higher smoking
prevalence among women in rural areas (Steingrimsdéttir et al., 2010)
may for example be one explanation for lower prevalence of gestational
hypertension (England & Zhang, 2007; England et al., 2002; Leeners et al.
2006). Yet, it is unclear whether the distinct change in prevalence of
gestational hypertension during the latter half of the study period reflects
similar change in smoking across areas. We attempted to compensate for
the absence of data on maternal education by categorising occupation by
the International Standard Classification of Occupations (ILO-ISCO 08).
The ILO-ISCO 08 divides jobs into 10 major groups based on skill level
and specialisation, closely related to education levels (International
Labour Organization, 2012).

5.3.3 Study III

A major strength of study IIl is that it leverages rich, diverse and
nationwide-complete data sources on causes of death, contacts with
primary healthcare and hospital discharges, allowing analyses of spatial
variations of deaths and health service utilisation by disease categories.
These data were also used to give an indication of regional differences in
disease prevalence. Recall bias is not an issue in these data and selection
bias is not of major concern. Yet, selection bias in health service data
cannot be ruled out, as regional differences in health seeking behaviour
and availability of health services can influence outcomes.

Some limitations should be mentioned. First, although we set out only to
explore contacts with primary health care and hospital discharges for
CVD it would have been optimal to include also contacts with
cardiologists in private practice. Data on contacts with private practice
specialists were not available for this study, making it difficult to estimate
the total volume of outpatient CVD contacts. Another important source of
information on outpatient CVD contacts is data from hospital ambulatory
care. In addition to discharge data the National Hospital Discharge
Register has received data on ambulatory contacts during the more
recent years. Ambulatory hospital data is, however, still considered less
reliable, although improving, and therefore not included in this study.
Considering all of the above, it is likely that prevalence rates in study III
are underestimated in the CA; yet this is difficult to determine since
residents outside the CA also use services of private practice specialists
and hospitals in the CA.
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Second, while the Icelandic Causes of Death Register undergoes
strenuous quality assurance, with every death certificate thoroughly
scrutinised, the same does not apply to the other two main data sources
in this study. The data in the National Hospital Discharge Register and the
Primary Health Care Contact Register are extensive (~45000 admissions
per year and ~1680000 contacts per year) and cannot be scrutinised in
the same manner as causes of death. National standards defining minimal
mandatory registration are however, in effect for both hospitals and
primary healthcare and most institutions monitor the quality of their
data to some extent. ICD-10 codes were available for close to 99% of all
discharges in our hospital discharge data set and for close to 83% of all
contacts in our primary health care data sets. Yet, it is should be kept in
mind that hospital discharge data and primary health care data include
ICD-10 codes, determined by physicians that presumably differ in their
knowledge and understanding of ICD-10 and also in accuracy when
employing this disease classification system.

Third, we utilised data from three data sources, spanning a total of 14
years, with an overlap of two years between mortality data and data from
hospitals and primary healthcare centres, assuming that changes in the
exposed population were insubstantial and do not bias the results
considerably. In 2008, however, Iceland experienced an economic and
political crisis resulting, e.g., in increased unemployment and above average
outmigration, mainly in the younger age groups (Adalsteinsdottir, 2012).
Fourth, the observed regional difference in contact and discharge rates for
CVD may be related to either varying diagnostic practices or differential
completeness of registration across regions. This is a potential source of bias
in this study but according to the Directorate of Health the coverage of ICD-
10 codes was similar inside and outside the CA in both databases
(Kjartansdottir, oral communication). Regardless of the potential reasons for
the observed regional differences they warrant further study.

Finally, we did not have the rich supply of potential covariates in the health
care utilisation data as we did in the survey data. This may indeed obscure
our comparisons between geographic regions, as potential covariates may
vary between regions. Yet, by calculating age-standardised rates for men and
women separately we controlled for two important covariates. The regional
distribution of other known risk factors of CVD, which may be seen as
mediators rather than confounders, were displayed and discussed in relation
to the main outcomes.
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6 Conclusions

Our data lend suggestive evidence for regional inequalities in health and
health care utilisation in Iceland. Residents outside the CA, with limited
local supply of specialised health care, generally reported poorer self-
rated health and data from three national registers, i.e. causes of death,
hospital discharges and primary health care contacts, suggested higher
CVD prevalence outside the CA. We furthermore found lower prevalence
of diagnosed gestational diabetes and hypertension, as well as congenital
malformations, outside the CA, while at the same time increased odds of
perinatal death among infants born to mothers residing outside the CA.
Our data also reveal notable regional differences in important risk
factors, including health-related behaviours. The burden of modifiable
risk factors seems higher outside the CA, especially among younger
women. Based on these findings there is evidently room for improvement
in order to reduce regional health disparities in Iceland.

Icelandic health authorities have been reconsidering provision of health
services in different regions, as a factor in reducing health care spending,
especially after the economic collapse in 2008. All health institutions
have experienced considerable financial cuts. Further relocation of both
general and specialised services away from sparsely populated areas is
likely due to continued need to reduce health care spending. This study
clearly indicates that residents in rural areas, outside the CA, constitute a
vulnerable population. Our findings motivate interventions, including
enhanced health care services in high risk areas to mitigate risk factors
and to properly identify and manage chronic diseases and high-risk
pregnancies. Preventive measures must take into account local settings
and characteristics of the local population.

The implication of these finding is that to ensure regional equity the more
rural population outside the CA needs maintained access to primary
healthcare and increased access to specialised healthcare. Due to the
small size of the Icelandic population, the uneven population distribution
and the size of Iceland’s geographic region it is unlikely that we can
locate much specialised healthcare services outside the CA. Locally
provided primary health care of high quality with sufficient access to and
support from specialised health services in the CA, is thus essential to
reduce regional differences in health.
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Last but not least, measures to increase education levels and applying
health promotive interventions in disadvantaged areas could possibly
improve health outcomes.
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7 Future studies

The observed geographic differences in health in relation to local health
service supply require further research, e.g. by using alternate indicators
of health as well as other study designs. Only a longitudinal study design
can explore the directionality of this association, as well as the
contribution of potential confounders and effect-modifiers to this
association.

With regard to pregnancy and birth outcomes it is particularly important
to explore whether differences in screening practices and detection of
maternal health problems across areas contribute to variation in adverse
birth outcomes across geographic regions. Studies that look at
inequalities and potential inequities that emerge later in live and are
related to conditions in the perinatal period are also warranted.

The discrepancy between self-reported diseases and disease prevalence
indicated by national registers also need scrutiny. A potential data source
for such a study is the national prescription drugs register containing
data on prescribed and dispensed drugs that can be used to explore
active treatment of CVD.

Regional differences in utilisation of different types of health services
need further exploration. The current study lacks information on contacts
with private practice specialists and can therefore not give a complete
picture of regional inequalities in the use of different types of services. A
study, linking data from the hospital discharges register, the primary
health care contact register and the private practice register would, in
this respect, be ideal.

Our results indicating regional inequalities in health along with the
uneven distribution of specialised health care in Iceland motivate
research focusing on the ways in which rural primary health care can be
supported by specialised health services in the CA to improve public
health in these areas.
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Abstract

Aims: The aim of this study was to explore differences in self-rated health and physician-diagnosed disease across geographical
regions in Iceland to better understand regional requirements for health services. Merhods: Data on self-rated health and
diagnosed disease from a 2007 national health survey (#=5909; response rate 60.3%) across geographic regions were
analysed. Area of residence was classified according to distance from the Capital Area (CA) and availability of local health
services. We used regression models to calculate crude and multivariable adjusted odds ratios (aOR) and corresponding
95% confidence intervals (95% CI) of self-rated health and diagnosed diseases by area of residence. Models were adjusted
for age, gender, education, civil status, and income. Resulzs: Residents in rural areas with no local health service supply rated
their physical health worse than residents of areas with diverse supply of specialised services (aOR 1.40,95% CI 1.21-1.61).
Residents outside the CA rate both their physical (aOR 1.35,95% CI 1.23-1.50) and mental (aOR 1.17,95% CI 1.06-1.30)
health worse than residents in the CA. In contrast, we observed a lower prevalence of several diagnosed chronic diseases,
including cancers (aOR 0.78, 95% CI 0.60-0.99) and cardiovascular disease (aOR 0.77, 95% CI 0.62-0.95) outside the
CA. Conclusions: These findings from a national survey of almost 6000 Icelanders indicate that self-rated health
is related to regional healthcare supply. The findings have implications for national planning of health services
aiming at equality both in health and access to health services.

Key Words: Access, geography, health services, Iceland, inequality, place, residence, rural, self-rated health, urban

Introduction

Health inequalities across geographic regions, both
within and between countries, have frequently been
reported [1,2] and reducing health inequalities across
geographic regions is in accordance with the new
World Health Organization European policy for
health, Health 2020 [3]. Better understanding of
regional variations in health is essential for evidence-
based organisation of health services and health-pro-
moting infrastructure on a national level.

Studies of geographic variations in health have
typically concentrated on either disparities between
neighbourhoods (e.g. as defined by census tract areas
or between urban and rural areas and sometimes
between different rural settings). Evidence from
studies of the relative contribution of contextual vs.

compositional neighbourhood effects on health is
mixed [4-6]. Studies in both England and Finland
have found significant association between poor self-
rated health and several neighbourhood socioeco-
nomic attributes, while a study in Canada found
individual-level factors to be more important [4—6].
Access to health services can be viewed as an
important marker of neighbourhood quality.
Delivering adequate health services is more challeng-
ing in rural than urban areas and the influence of
differential geographical access on health is not fully
understood. Factors such as limited service provi-
sion, lack of physicians, remoteness from and diffi-
culty in travelling to urban health services, and
inadequate health-promoting infrastructure have

Correspondence: Sigridur Haraldsdottir, Directorate of Health, Baronstigur 47, Reykjavik 107, Iceland. E-mail: shara@landlaeknir.is

(Accepted 7 January 2014)

© 2014 the Nordic Societies of Public Health
DOI: 10.1177/1403494814522147

77



PhD thesis Sigriour Haraldsdoéttir

Poorer self-rated health in residential areas with limited healthcare supply 311

been suggested to contribute to urban-rural health
differences [7]. An underlying assumption is that
healthcare access is positively associated with health
outcomes. A literature review of 10 studies indicates
that primary care physician supply is associated with
improved health outcomes, including self-rated
health [8].

Studies on urban-rural differences in self-rated
health show mixed results. A recent study in the USA
[7] found, for example, that residents of remote rural
counties had the greatest odds of reporting bad health
and indications of worse health with increasing degree
of rurality. A study among the elderly in Finland also
found poorer health in rural communities [9]. Self-
rated health was, however, more favourable in rural
settings in England [10] and Scotland [11]. Health
differences between large cities and more rural areas
in England were found to be largely accounted for by
differences in socioeconomic conditions between
poor urban localities and more affluent rural places
[10]. Some studies have found no general urban—
rural differences in health [e.g. 12-14].

One of the main objectives of Icelandic health leg-
islation is to ensure equal access to services. Iceland
was recently divided into seven health regions which
will serve as a foundation for the organisation of gen-
eral health services [15]. Yet, knowledge on spatial
variations in health in Iceland is lacking and it is
uncertain whether geographic provision of health
services is in accordance with local health status.
With the motivation to support evidence-based spa-
tial organisation of health care, the aim of this study
is to explore potential differences in self-rated health
and diagnosed chronic disease by geographic regions
in Iceland. Taking into consideration settlement pat-
tern and socioeconomic characteristics the objectives
are to: (1) compare health indicators inside and out-
side the Capital Area; (2) compare health indicators
in communities in various distance zones from the
Capital Area; and (3) compare health indicators in
communities with varying availability of local health
service supply.

Materials and methods

The study protocol was approved by the National
Bioethics Committee (VSNb2008090001/03-7) and
the Data Protection Authority (2008090601).

Setting

The population of Iceland was approximately
320,000 by the end of 2008 [16], with two-thirds of
the population residing in and around the Capital
Area (CA). The Icelandic healthcare system is
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comprehensive and mostly financed through general
taxes [17].

Healthcare centres throughout the country pro-
vide primary healthcare. Specialist outpatient care is
provided by hospitals and self-employed healthcare
practitioners who are unevenly distributed in Iceland
(i.e. primarily concentrated in the CA).

Data from a national survey

The data for this study are from a cross-sectional
health survey of the Icelandic population, carried out
in late 2007. Data was collected with a self-adminis-
tered questionnaire. Participants were randomly
selected from the Population Register. In order to
enable research into geographic and age variations in
health, residents outside the CA and the older age
groups are overrepresented in the sample [18]. A
total of 9807 individuals received a questionnaire.
The total response rate was 60.3%: 57.6% in the CA
and 61.9% outside the CA; in total 5906 individuals
aged between 18 and 79 years [18].

Measures of health

The following items were used to measure self-rated
health. For the question ‘In general, how would you
rate your physical health? In general, how would you
rate your mental health?’, there were four response
categories (very good, good, fair, and poor). The
questionnaire also included questions on diagnoses
of diseases. From a list of 30 diseases, the respond-
ents were instructed to respond only “yes” to diagno-
ses made by their physicians. If respondents neither
checked off “yes” nor “no” at a given disease cate-
gory, their responses were treated as a “no”. To pre-
serve numbers for meaningful analyses, several
related diseases were grouped into larger categories.
Three diseases (cirrhosis, paralysis of upper limbs,
and paralysis of lower limbs) were excluded from fur-
ther analysis due to small numbers (<200).

Residence (area data)

The survey contained data on residence by postal
codes and level of urbanisation. Data on location
were missing for 105 individuals and they were con-
sequently excluded from the analysis. Respondents
were assigned to communities or localities by com-
bining postal codes into urban nuclei (#=115) as
defined by Statistics Iceland. An urban nucleus is a
town, village, or other area where inhabitants live in
houses standing in the vicinity of one another.
Localities with population below 200 are defined as
rural independent of density of houses.
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Figure 1. Map of Iceland displaying approximate boundaries between distance zones from the Capital Area and categories of local health

service levels in all communities.

Communities were further classified according to
population distribution and availability of health ser-
vices. Firstly, by contrasting the CA (the reference
category) with all other areas. Then two approaches
were used in categorising areas outside the CA. First,
we classified settlement according to distance from
the CA; within 70 km from the CA (<1 hour driving
time; ~38,000 inhabitants in total), 70-249 km (1-3
hours driving time; ~23,000 inhabitants in total), and
more than 250 km (>3 hours driving time; ~56,000
inhabitants in total). The three distance zones were
identified from a survey of domestic travel pattern
[19]. Secondly, residency was classified according to
availability of local health services assessed for each
urban nucleus using information from an official reg-
ister [20]. For the purpose of this study, four catego-
ries of local health service supply were identified: (1)
areas with diverse specialised services (the reference
category); the CA and Akureyri belong to this group
(~215,000 inhabitants in total); (2) areas with only
limited specialised services; some of the larger urban
nuclei in Iceland with a population of few thousands
are in this group (~36,000 inhabitants in total); (3)

areas where there is only a local healthcare centre and
perhaps also a nursing home; small urban nuclei with
a population of few hundred up to 3000 fall into this
category (~28,000 inhabitants in total); and (4) areas
where there are no health services in the local neigh-
bourhood; rural areas and the smallest urban nuclei
where population does not exceed 600 individuals
belong to this group (~37,000 inhabitants in total).
Figure 1 contains a map displaying distance zones
and availability of health services in each community.

Statistical analyses

Data are presented as proportion of participants in a
given area reporting respective health outcome.
Ordinal regression was used to explore differences in
self-rated health by area of residence and logistic
regression was used to explore differences in physi-
cian-diagnosed diseases while controlling for socio-
economic characteristics. Odds ratios (OR) and 95%
confidence intervals (95% CI) were calculated both
crude and adjusted for age, gender, education, civil
status, and income. Lifestyle factors are strong
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Table I. Characteristics of participants (#=5906).

Capital Area Outside Capital Area Total

Age (years)

18-29 15.3 (425) 12.5 (371) 13.8 (796)

30-39 14.7 (407) 15.6 (463) 15.1 (870)

40-49 16.3 (452) 17.5 (522) 16.9 (974)

50-59 17.5 (487) 18.3 (546) 18.0 (1033)

60-69 18.6 (517) 18.0 (536) 18.3 (1053)

70-79 17.5 (487) 18.1 (539) 17.8 (1026)
Gender

Male 43.5 (1206) 49.6 (1478) 46.7 (2684)

Female 56.5 (1565) 50.4 (1501) 53.3 (3066)
Education

Primary 29.3 (820) 45.8 (1376) 37.9 (2196)

Secondary 38.2 (1068) 35.3 (1062) 36.7 (2130)

University 26.7 (747) 12.9 (388) 19.6 (1135)
Civil status

Single/divorced 23.6 (660) 17.7 (532) 20.5 (1192)

Married/cohabiting 69.9 (1954) 76.1 (2287) 73.1 (4241)

Widowed 5.1 (143) 4.5 (135) 4.8 (278)
Income (ISK/month)

<75,000 6.9 (192) 5.4 (162) 6.1 (354)

75,000-279,000 44.5 (1245) 56.5 (1698) 50.7 (2943)

280,000-529,000 32.3 (903) 25.3 (760) 28.7 (1663)

>530,000 10.9 (306) 6.7 (201) 8.7 (507)
Smoking

Daily or less 21.4 (566) 22.1 (624) 21.7 (1190)

Never smoked or quit 78.6 (2079) 77.9 (2203) 78.3 (4282)
Body mass index (kg/m?)

<18.5 0.9 (25) 0.8 (24) 0.9 (49)

18.5-24.9 39.6 (1074) 31.0 (901) 35.2 (1975)

25.0-29.9 40.7 (1102) 42.7 (1239) 41.7 (2341)

>30 18.8 (509) 25.2 (739) 22.2 (1248)
Perceived stress score 4.13 4.34 4.24

Values are % (n) or mean.

determinants of self-rated health [21]; in order to
examine to what extent lifestyle factors explain differ-
ences in health outcomes between residential areas,
we ran additional models adjusting for smoking, body
mass index (BMI), and perceived stress (PSS4) [22].
Weights were not employed in logistic models since
categories of geographical residence are presented
and adjustments are made for age in accordance with
the sampling procedure (18-29, 30-39, 40-49, 50—
59, 60-69, and 70-79 years). With this approach, the
point estimates (odds ratios) correspond to weighted
estimates but the prevalences are slightly higher for
outcomes that are more prevalent in the older age
groups (that are overrepresented in the sample). Data
were analysed using SPSS version 17.0.

Results

Descriptive characteristics

Of the 5801 respondents, 3006 lived outside the CA
(51.8 %) and 2795 in the CA (48.2 %). Age distribu-
tion was similar inside and outside the CA but there
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were slight but significant differences in terms of gen-
der, civil status, and income. Considerable differ-
ences were, however observed with respect to level of
education (Table I). While 26.7% of the residents of
the CA had a university degree, 12.9% of residents
outside the CA reported having an equivalent degree.
The proportion of smokers was similar inside and
outside the CA but there was a small but significant
difference in the mean perceived stress score (4.13
inside the CA and 4.34 outside; p=0.008). There
were substantial differences in BMI scores: 25.2% of
participants outside the CA were obese (BMI >30.0
kg/m?) as compared to 18.8% of residents inside the
CA (p<0.001).

Self-rated health by distance from the Capital
Area

Residents outside the CA rated their own health worse
than those living in the CA (Table II). When potential
socioeconomic confounders were accounted for, we
observed increased odds of reporting poorer self-rated
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Table II. Differences in self-rated health by distance from the Capital Area.

Capital Area Outside Capital Area
Total <69 km 70-249 km >250 km
How is your physical health in general?
Fair/poor 22.3 (622) 29.3 (880) 28.8 (269) 27.3 (167) 30.4 (444)
OR 1.0 1.46 (1.32-1.61)* 1.41 (1.23-1.62)* 1.38 (1.17-1.63)* 1.52 (1.35-1.71)*
aOR 1.0 1.35 (1.23-1.50)* 1.35 (1.17-1.55)* 1.24 (1.05-1.47)* 1.41 (1.25-1.60)*
How is your mental health in general?
Fair/poor 17.0 (474) 20.2 (606) 21.1 (197) 20.8 (127) 19.3 (282)
OR 1.0 1.23 (1.12-1.36)* 1.26 (1.10-1.45)* 1.18 (1.00-1.40)* 1.23 (1.09-1.38)*
aOR 1.0 1.17 (1.06-1.30)* 1.22 (1.06-1.41)* 1.12 (0.94-1.32) 1.17 (1.04-1.32)*

Values are % () or OR (95% CI). Road distance according to the Icelandic Road Administration.

*OR significantly different from 1.0.

aOR, odds ratio adjusted for age, gender, education, civil status, and income.

Table III. Difference in self-rated health by local health service.

Diverse specialised

services

Limited specialised
services

General health
centres only

No local health
service supply

How is your physical health in general?

1.18 (1.03-1.35)%
1.11 (0.96-1.27)

1.21 (1.05-1.39)*

Fair/poor 23.4 (774) 26.3 (258)
OR 1.0
aOR 1.0

How is your mental health in general?

Fair/poor 17.1 (563) 19.7 (193)
OR 1.0
aOR 1.0

1.14 (0.98-1.31)

29.3 (195)
1.41 (1.21-1.65)*
1.27 (1.08-1.49)*

21.2 (141)
1.34 (1.15-1.57)*
1.27 (1.08-1.49)*

32.2 (275)
1.54 (1.34-1.77)%
1.40 (1.21-1.61)*

21.4 (183)
1.13 (0.98-1.29)
1.10 (0.96-1.27)

Values are % (n) or OR (95% CI). Categorization of local health service is based on data from the Directorate of Health and the Ministry

of Health.
*OR significantly different from 1.0.

aOR, odds ratio adjusted for age, gender, education, civil status, and income.

physical health outside the CA (adjusted OR, aOR
1.35, 95% CI 1.23-1.50). Residents furthest away
from the CA were most likely to rate their physical
health as poor compared with residents of the CA
(aOR 1.41, 95% CI 1.25-1.60). On the other hand,
residents in areas adjacent to the CA were most likely
to report poor mental health (aOR 1.22,95% CI 1.06—
1.41) compared with residents of the CA. Adding life-
style factors to the model slightly reduced the odds of
reporting worse self-rated health outside the CA. The
difference between the CA and residential areas out-
side the CA became insignificant in self-rated mental
health in this second model but remained statistically
significant in terms of self-rated physical health.

Self-rated health by local health service supply

Residents in areas with no local health service supply
reported poorer physical health than residents of
areas with the most diverse supply of specialised ser-
vices (aOR 1.40, 95% CI 1.21-1.61; Table III).
Individuals living in areas with only general health
centres reported poorer mental health than those liv-
ing in areas with at least some supply of specialised

services (aOR 1.27, 95% CI 1.08-1.49). This differ-
ence was attenuated when adding lifestyle factors to
the model but remained statistically significant
except when comparing self-rated physical health in
areas with only general health centres and areas with
the most diverse supply of services.

Diagnosed diseases by distance from the Capital
Area and by local health service supply

Of the 22 observed disease categories, four were sig-
nificantly less prevalent outside the CA than within
(heart and circulatory disease, cancer, diseases of
the eye, and alcoholism and drug abuse; Table IV).
When socioeconomic factors had been accounted
for, the odds of reporting heart and circulatory dis-
eases outside the CA were e.g. 0.77 (95% CI 0.62—
0.95). The odds of reporting asthma and allergy,
common cold, chronic anxiety/tension, other mental
health problems, and benign neoplasm were also
lower outside the CA but marginally or not statisti-
cally significant. Only one disease category, hyper-
thyroidism, was more prevalent outside the CA than
within (aOR 1.25, 95% CI 1.00-1.57). No large

81



PhD thesis Sigriour Haraldsdoéttir

Poorer self-rated health in residential areas with limited healthcare supply 315

Table IV. Self-reported physician-diagnosed diseases and disorders according to distance from the Capital Area.

Capital Area  Outside Capital Area

Total <69 km 70-249 km >250 km

Asthma and allergy 23.7 (663) 21.6 (649) 22.3 (208) 20.9 (128) 21.4 (313)

OR 1.0 0.88 (0.78-1.00) 0.92 (0.77-1.10) 0.85 (0.69-1.05) 0.88 (0.75-1.02)

aOR 1.0 0.92 (0.81-1.04) 0.95 (0.80-1.14) 0.91 (0.74-1.14) 0.91 (0.77-1.06)
Chronic bronchitis or 5.0 (140) 5.1 (152) 5.0 (47) 5.4 (33) 4.9 (72)
emphysema

OR 1.0 1.01 (0.80-1.23) 1.00 (0.72-1.41) 1.10 (0.73-1.60) 0.98 (0.73-1.32)

aOR 1.0 0.96 (0.75-1.23) 1.00 (0.70-1.41) 1.04 (0.70-1.54) 0.91 (0.67-1.23)
Heart and circulatory disease® 7.2 (200) 6.8 (203) 6.6 (62) 6.2 (38) 7.0 (103)

OR 1.0 0.94 (0.77-1.15) 0.92 (0.69-1.24) 0.86 (0.60-1.23) 0.98 (0.77-1.26)

aOR 1.0 0.77 (0.62-0.95)*  0.82 (0.60-1.11)  0.66 (0.45-0.96)*  0.78 (0.60-1.01)
Elevated blood pressure 26.7 (747) 28.0 (842) 28.7 (268) 29.2 (179) 27.0 (395)
(hypertension)

OR 1.0 1.07 (0.95-1.20) 1.10 (0.94-1.30) 1.13 (0.93-1.37) 1.02 (0.88-1.17)

aOR 1.0 1.02 (0.90-1.16) 1.09 (0.91-1.31) 1.06 (0.86-1.31) 0.96 (0.83-1.13)
Rheumatism® 21.3 (596) 21.9 (658) 21.7 (202) 21.6 (132) 22.2 (324)

OR 1.0 1.03 (0.91-1.17) 1.02 (0.85-1.22) 1.01 (0.82-1.25) 1.05 (0.90-1.22)

aOR 1.0 1.04 (0.90-1.19) 1.03 (0.85-1.24) 1.01 (0.81-1.27) 1.05 (0.89-1.24)
Chronic disorders of the back 19.2 (536) 20.4 (614) 20.7 (193) 20.3 (124) 20.3 (297)

OR 1.0 1.08 (0.95-1.23) 1.10 (0.91-1.32) 1.07 (0.86-1.33) 1.07 (0.92-1.26)

aOR 1.0 1.06 (0.93-1.15) 1.09 (0.90-1.31) 1.05 (0.84-1.31) 1.05 (0.89-1.23)
Cancer 4.8 (134) 3.9 (118) 5.0 (47) 3.6 (22) 3.4 (49)

OR 1.0 0.81 (0.63-1.04) 1.05 (0.75-1.48) 0.74 (0.47-1.17) 0.69 (0.50-0.96)*

aOR 1.0 0.78 (0.60-0.99)*  1.05 (0.73-1.49) 0.70 (0.43-1.11) 0.66 (0.47-0.94)*
Hyperthyroidism 5.5 (153) 6.6 (198) 7.1 (66) 5.4 (33) 6.8 (99)

OR 1.0 1.22 (0.98-1.51) 1.31 (0.97-1.77) 0.98 (0.67-1.45) 1.25 (0.97-1.63)

aOR 1.0 1.25 (1.00-1.57)* 1.35 (0.99-1.84) 1.01 (0.68-1.50) 1.29 (0.98-1.69)
Diseases of the eye 8.2 (229) 6.6 (198) 7.3 (68) 5.1 31) 6.8 (99)

OR 1.0 0.79 (0.65-0.97)*  0.88 (0.66-1.17)  0.60 (0.41-0.88)*  0.81 (0.64-1.04)

aOR 1.0 0.73 (0.59-0.90)* 0.84 (0.62-1.12) 0.53 (0.36-0.79)* 0.74 (0.58-0.96)*
Common cold 25.4 (710) 23.1 (695) 24.4 (228) 23.4 (143) 22.2 (324)

OR 1.0 0.88 (0.78-0.99)* 0.95 (0.80-1.13) 0.89 (0.73-1.10) 0.84 (0.72-0.97)*

aOR 1.0 0.89 (0.79-1.01) 0.96 (0.80-1.14) 0.92 (0.74-1.13) 0.84 (0.72-0.98)*
Alcoholism and drug abuse 4.1 (115) 3.3 (98) 3.2 (30) 2.8 (17) 3.5 (51)

OR 1.0 0.78 (0.60-1.03) 0.77 (0.51-1.16) 0.67 (0.40-1.12) 0.84 (0.60-1.18)

aOR 1.0 0.72 (0.55-0.96)* 0.74 (0.49-1.12) 0.62 (0.37-1.05) 0.77 (0.54-1.08)
Chronic anxiety/tension 11.9 (333) 10.5 (316) 12.2 (114) 9.2 (56) 10.0 (146)

OR 1.0 0.87 (0.74-1.02) 1.02 (0.82-1.29) 0.74 (0.55-1.00) 0.82 (0.67-1.01)

aOR 1.0 0.88 (0.74-1.04) 1.04 (0.82-1.31) 0.77 (0.57-1.05) 0.82 (0.67-1.02)
Chronic depression 8.1 (227) 8.8 (264) 8.9 (83) 7.8 (48) 9.1 (133)

OR 1.0 1.09 (0.90-1.31) 1.10 (0.85-1.44) 0.96 (0.70-1.33) 1.13 (0.91-1.42)

aOR 1.0 1.11 (0.92-1.34) 1.11 (0.85-1.45) 1.02 (0.73-1.41) 1.14 (0.91-1.44)
Other mental health problems 4.1 (114) 3.4 (103) 4.0 (37) 2.3 (14) 3.6 (52)

OR 1.0 0.83 (0.64-1.09) 0.97 (0.66-1.42) 0.55 (0.31-0.97)* 0.87 (0.62-1.21)

aOR 1.0 0.84 (0.63-1.11) 0.98 (0.67-1.44) 0.58 (0.33-1.01) 0.86 (0.61-1.21)
Angina/coronary heart disease 6.9 (194) 6.2 (186) 6.7 (63) 5.5 (34) 6.1 (89)

OR 1.0 0.83 (0.63-1.11) 1.00 (0.67-1.53) 0.82 (0.50-1.37) 0.75 (0.53-1.06)

aOR 1.0 0.87 (0.63-1.19) 1.17 (0.74-1.85) 0.85 (0.49-1.48) 0.73 (0.50-1.07)
Chronic diseases of throat 3.8 (106) 3.8 (114) 4.1 (38) 4.4 (27) 3.3 (49)

OR 1.0 0.94 (0.68-1.31) 0.96 (0.60-1.52) 1.22 (0.70-2.11) 0.82 (0.54-1.25)

aOR 1.0 0.99 (0.70-1.39) 0.95 (0.59-1.53) 1.33 (0.75-2.34) 0.91 (0.59-1.40)
Diabetes 4.0 (111) 4.5 (134) 4.0 (37) 5.6 (34) 4.3 (63)

OR 1.0 1.13 (0.87-1.46) 1.0 (0.68-1.46) 1.42 (0.96-2.11) 1.09 (0.79-1.49)

aOR 1.0 1.05 (0.81-1.34) 0.95 (0.65-1.40) 1.30 (0.87-1.95) 1.01 (0.73-1.40)
Benign neoplasm 7.1 (199) 5.5 (167) 7.0 (65) 4.6 (28) 5.1 (74)

OR 1.0 0.67 (0.50-0.90)* 0.95 (0.63-1.45) 0.56 (0.33-0.95)* 0.57 (0.40-0.82)*

aOR 1.0 0.74 (0.55-1.00) 1.01 (0.65-1.56) 0.61 (0.35-1.06) 0.65 (0.44-0.95)*
Severe headache, including 9.9 (278) 10.2 (306) 11.0 (103) 10.1 (62) 9.6 (141)
migraine

OR 1.0 0.98 (0.77-1.24) 1.12 (0.80-1.58) 0.94 (0.63-1.41) 0.91 (0.68-1.22)

aOR 1.0 1.02 (0.79-1.31) 1.21 (0.85-1.73) 1.00 (0.66-1.53) 0.91 (0.67-1.24)
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Table IV. (Continued)

Capital Area  Outside Capital Area
Total <69 km 70-249 km 2250 km

Urinary incontinence 8.1 (227) 8.8 (264) 9.3 (87) 8.8 (54) 8.4 (123)

OR 1.0 0.99 (0.78-1.26) 0.95 (0.69-1.33) 1.02 (0.68-1.52) 1.00 (0.74-1.34)

aOR 1.0 0.99 (0.77-1.28) 1.00 (0.71-1.40) 0.99 (0.65-1.51) 1.00 (0.73-1.36)
Spastic colon 9.3 (261) 8.6 (260) 9.6 (90) 7.8 (48) 8.3 (122)

OR 1.0 0.87 (0.67-1.12) 0.92 (0.64-1.32) 0.94 (0.56-1.50) 0.81 (0.59-1.11)

aOR 1.0 0.98 (0.74-1.29) 1.00 (0.68-1.46) 0.99 (0.60-1.60) 0.96 (0.69-1.35)
Gastric ulcer 8.7 (244) 8.8 (266) 9.4 (88) 9.3 (57) 8.3 (121)

OR 1.0 1.03 (0.78-1.35) 1.04 (0.71-1.53) 1.18 (0.74-1.89) 0.96 (0.69-1.35)

aOR 1.0 1.11 (0.84-1.48) 1.11 (0.75-1.64) 1.31 (0.81-2.13) 1.05 (0.74-1.49)

Values are % (n) or OR (95% CI). Road distance according to the Icelandic Road Administration. Each individual is only counted once,

but may have more than one disease within each category.
* OR significantly different from 1.0.

aOR, odds ratio adjusted for age, gender, education, civil status, and income, bheart attack, myocardial infarction, cerebral haemorrhage,
cerebral infarction, carthrosis, arthropathy, osteoarthritis, fibromyalgia, chronic fatigue syndrome.

differences were observed in disease prevalence
between residents in different distance zones from
the CA, but the lowest ORs were most frequent fur-
thest away from the CA.

Similar results were obtained with regard to local
health service supply (Supplementary Table A, avail-
able online). Residents in areas with abundant supply
of specialised health services were more likely than
residents with limited health services to report that
they had been diagnosed with heart and circulatory
diseases, cancer, benign neoplasm, other mental
health problems, diseases of the eye, and urinary
incontinence.

Adding lifestyle factors to the models generally
resulted in similar or slightly reduced odds of
reporting most disease categories outside the CA
and in areas of less or no local health services, indi-
cating that different levels of smoking, BMI, and
stress did not mediate the differences between resi-
dential areas. Two disease categories (chronic anxi-
ety/tension and angina/coronary heart disease)
became significantly less prevalent outside the CA
in this model including lifestyle factors (OR 0.79,
95% CI 0.66-0.95 and OR 0.74, 95% CI 0.56—
0.97, respectively).

Discussion

The findings from this national survey of almost
6000 Icelanders indicate that self-rated health is gen-
erally reported poorer in rural areas with limited
healthcare supply; individuals living outside the CA
rate their own mental and, especially, physical health
poorer than those living in the CA with easy access to
specialised health services. In contrast, possibly

reflecting differential diagnostic activity across
regions or regional differences in healthcare use, the
findings reveal that some chronic disease categories
are less common outside the CA (i.e. heart and cir-
culatory diseases, cancer, diseases of the eye, and
alcoholism and drug abuse). Conversely, residents in
areas with abundant supply of specialised health ser-
vices are more likely to report that they had been
diagnosed with diseases in three of the four afore-
mentioned disease categories as well as psychiatric
disorders than those living in areas with no local
health service supply.

Previous research and mechanisms

Many studies suggest some health disadvantages in
rural areas [7, 9]. This current study found indica-
tions of poorer self-rated health outside the CA,
while there was a general tendency towards decreased
odds of some self-reported major chronic diseases
outside the CA. A potential explanation for these
contradicting findings is that specialised health ser-
vices are less accessible to residents outside the CA
resulting in less diagnostic activity. Regional differ-
ences in healthcare-seeking behaviour (e.g. lower
healthcare use) might also contribute to lower rates
of diagnosed disease outside the CA. In support of
this mechanism, a recent Icelandic study found
that residents outside the CA used less mental health
services whereas residents of the CA used psycholo-
gists and sometimes psychiatrists more often [23].
The authors conclude that access to services or atti-
tudes towards these health problems or services
might explain the observed regional differences in
healthcare utilisation.
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Alternatively, an explanation for why some chronic
diseases are less prevalent outside the CA could be
that those who suffer from those diseases have moved
to the CA in order to gain better access to specialised
services. Selective migration might therefore have
contributed to lower rates of certain disease outside
the CA. A longitudinal study in England and Wales
revealed that over a 20-year period, the largest flow of
migration was by healthy migrants moving away from
more deprived areas towards less deprived areas,
raising ill-health and mortality rates in the origins
and lowering them in the destinations [24]. The CA
of Iceland is a more affluent residential area in terms
of education and income compared to the rest of the
country. The general trend in internal migration in
Iceland for the past decades has been that people
tend to move to the CA away from rural regions [25].
Two-thirds of those who have moved to the CA have
been under the age of 30, and 96% under the age of
60 [26]. Consequently, it could be argued that inter-
nal migration should have contributed to higher dis-
ease prevalence outside the CA but not the contrary.
However, given that the availability of specialised ser-
vices is to a large extent concentrated in the CA, it is
still reasonable to assume that chronic disease suffer-
ers are dependent on proximity to such services.

Alternative explanation of differences between
self-rated health between residential regions could
be differences in lifestyle or health-related behav-
iours. Lifestyle factors such as smoking and BMI
along with stress have indeed been strongly related
to self-rated health [21]. Controlling for these fac-
tors in the analysis did however not alter our point
estimates to a large extent, particularly not with
respect to self-rated physical health. Our findings
therefore indicate that differences in self-rated phys-
ical and mental health across geographic areas with
varying access to health care are only to a limited
extent explained by these measured lifestyle or soci-
oeconomic factors.

Validity and reliability

One of the strengths of the present study is that it
uses data from a large, nationwide survey allowing a
meaningful inquiry into geographic variations in
health [18].The response rate is moreover adequate
and residence data is based on relatively small spa-
tial units, allowing various categorisation of resi-
dence. The cross-sectional design of the survey
prevents, however, analysis of processes behind spa-
tial variations.

The study relies solely on one source of informa-
tion on health: i.e. self-rated health and self-reported
diseases, albeit diseases that were supposedly
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diagnosed by physicians. This is obviously a source of
bias as respondents may not recall all diseases they
have been diagnosed with. However, in order to
obscure these findings, this source of misclassifica-
tion needs to be differential across areas. Another
potential source of bias relates to questions on dis-
eases where unchecked diseases were always inter-
preted as a “no”. Again, it is not likely that this source
of error is systematic across health regions. Future
studies should, however, explore other health indica-
tors and mechanisms behind spatial differences in
health.

Icelandic population pattern, albeit unique, has
many characteristics in common with other coun-
tries, particularly neighbouring Nordic countries. A
high and an increasing proportion of the total popu-
lation living in the CA, uneven distribution of health
services, difficulties in adjusting health services to
changes in population distribution and financial dif-
ficulties. Nevertheless, our findings cannot be directly
transferrable to other cultures or populations; thus,
further studies in other settings are needed for testing
the generalisability of these findings.

Conclusions

The findings of this study indicate that residents in
rural areas with no local healthcare centre are most
likely to report unfavourable physical health when
compared with residents of areas with more supply
of health services. Residents in areas with general
health centres only were, however, most likely to
report unfavourable mental health. Differences in
lifestyle and stress between areas seem only to
explain to a small extent the observed differences. In
contrast, residents in areas with abundant supply of
specialised health services were more likely to report
major diagnosed diseases than those living in areas
with no local health service supply. This could sug-
gest differential diagnostic activity across areas, dif-
ferences in healthcare-seeking behaviour, or selective
migration of ill individuals, circumstances which
could all be related to regional variations in health
service supply. These geographic differences in
health in relation to local health service supply
require further research, for example by using alter-
nate indicators of health as well as different study
designs. Only a longitudinal study design can explore
the causality of this association, as well as the contri-
bution of potential confounders and effect-modifiers
to this association.

Icelandic health authorities have been reconsider-
ing provision of health services in different regions
as an element in reducing healthcare spending, espe-
cially after the economic collapse in 2008. All health
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institutions have experienced considerable financial
cuts and they have adjusted to the best of their abili-
ties. Revision of Icelandic health services is announced
in the proposed 2020 Icelandic health policy [27].
Continued relocation of both general and specialised
services from rural areas is probable due to contin-
ued demand to reduce spending. This study clearly
indicates that residents in rural areas constitute a vul-
nerable population that report poorer self-rated
health and yet have lower prevalence of diagnosed
diseases. Thus, to ensure equity, healthcare policy-
makers should take into account that, beyond popu-
lation size, the rural population may need more
health-promoting efforts and prevention as well as
maintained access to health care.
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Supplementary Table A. Diagnosed diseases and disorders® according to local health service supply®

Self reported, has a doctor ever diagnosed you with ...

Diverse specialized Limited specialized General health centres

No local health service

services services only supply
% N % N % N % N
Asthma and allergy
23.8 (785) 213 (209) 20.2 (134) 215 (184)
OR 1.0 0.87 (0.73-1.03) 0.81 (0.66-0.99)* 0.88 (0.73-1.06)
ORI 1.0 0.91 (0.76-1.09) 0.83 (0.67-1.03) 0.94 (0.78-1.13)
Chronic bronchitis or emphysema
5.0 (164) 5.0 (49) 4.8 (32) 5.5 (47)
OR 1.0 1.00 (0.72-1.39) 0.97 (0.65-1.43) 1.11 (0.80-1.55)
ORA 1.0 1.00 (0.72-1.39) 0.85 (0.57-1.27) 1.05 (0.75-1.48)
Heart & circulatory disease (heart attack, myocardical infarct., cerebral haemorrhage, cerebral infarct.)
7.2 (237) 6.8 (67) 6.3 (42) 6.7 (57)
OR 1.0 0.95 (0.71-1.25) 0.87 (0.62-1.22) 0.92 (0.68-1.25)
ORI 1.0 0.81 (0.60-1.10) 0.66 (0.46-0.95)* 0.73 (0.53-0.99)*
Elevated blood pressure (hypertension)
26.8 (886) 28.6 (281) 289 (192) 26.9 (230)
OR 1.0 1.09 (0.93-1.28) 1.11(0.92-1.33) 1.00 (0.85-1.19)
OR" 1.0 1.05 (0.88-1.24) 0.99 (0.81-1.21) 0.92 (0.77-1.10)
Rheumatism (arthrosis, arthropaties, osteoarthritis, fiboromyalgia, chronic fatigue syndrome)
215 (711) 18.9 (185) 24.2 (161) 23.1 (197)
OR 1.0 0.85 (0.71-1.01) 1.16 (0.96-1.41) 1.09 (0.91-1.31)
OR" 1.0 0.85 (0.70-1.03) 1.09 (0.88-1.34) 1.06 (0.87-1.28)
Chronic disorders of the back
19.6 (647) 18.0 (177) 20.8 (138) 22.0 (188)
OR 1.0 0.90 (0.75-1.09) 1.07 (0.87-1.32) 1.16 (0.96-1.39)
OR" 1.0 0.89 (0.74-1.07) 1.04 (0.85-1.29) 1.11(0.92-1.34)
Cancer
47 (154) 44 (43) 3.9 (26) 3.4 (29)
OR 1.0 0.94 (0.66-1.32) 0.83 (0.54-1.27) 0.72 (0.48-1.08)
OR" 1.0 0.90 (0.63-1.29) 0.76 (0.49-1.17) 0.66 (0.44-0.99)*
Hyperthyroidism
6.0 (197) 6.2 (61) 5.7 (38) 6.4 (55)
OR 1.0 1.04 (0.78-1.40) 0.95 (0.67-1.37) 1.08 (0.80-1.45)
ORI 1.0 1.08 (0.80-1.47) 0.91(0.63-1.31) 1.08 (0.79-1.50)
Diseases of the eye
8.0 (263) 76 (75) 6.3 (42) 5.5 (47)
OR 1.0 0.96 (0.73-1.25) 0.78 (0.56-1.09) 0.67 (0.49-0.93)*
ORI 1.0 0.89 (0.67-1.18) 0.67 (0.47-0.95)* 0.59 (0.42-0.82)*
Common cold
25.5 (841) 221 (217) 22.1 (147) 23.4 (200)
OR 1.0 0.83 (0.70-0.98)* 0.83 (0.68-1.01) 0.89 (0.75-1.07)
ORI 1.0 0.84 (0.71-1.00) 0.83 (0.67-1.01) 0.91 (0.76-1.09)
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Alcoholism and drug abuse

4.0 (133) 2.9 (28) 33 (22) 35 (30)
OR 1.0 0.70 (0.46-1.06) 0.81(0.51-1.29) 0.87 (0.60-1.30)
ORI 1.0 0.67 (0.44-1.01) 0.79 (0.50-1.26) 0.81(0.54-1.21)
Chronic anxiety/tension

11.7 (386) 10.4 (102) 12.0 (80) 9.5 (81)
OR 1.0 0.87 (0.70-1.10) 1.03 (0.80-1.33) 0.79 (0.61-1.02)
ORI 1.0 0.90 (0.72-1.14) 1.05 (0.81-1.37) 0.81(0.63-1.05)
Other mental health problems

42 (137) 40 (49) 35 (23) 21 (18)
OR 1.0 0.96 (0.66-1.37) 0.83 (0.53-1.30) 0.49 (0.30-0.82)*
ORM 1.0 0.98 (0.67-1.41) 0.84 (0.53-1.34) 0.51(0.31-0.84)*
Angina/coronary heart disease

6.7 (221) 6.4 (63) 5.7 (38) 6.8 (58)
OR 1.0 1.04 (0.69-1.56) 0.75 (0.47-1.19) 0.80 (0.54-1.19)
ORM 1.0 1.03 (0.66-1.60) 0.84 (0.50-1.39) 0.76 (0.49-1.18)
Chronic diseases of the throat

3.8 (126) 3.8 (37) 4.2 (28) 3.4 (29)
OR 1.0 1.05 (0.66-1.68) 1.07 (0.63-1.81) 0.65 (0.40-1.05)
ORM 1.0 1.09 (0.68-1.77) 1.16 (0.67-1.99) 0.73 (0.44-1.20)
Diabetes

3.9 (129) 5.4 (53) 4.4 (29) 4.0 (34)
OR 1.0 1.40 (1.01-1.95)* 1.10 (0.74-1.69) 1.02 (0.69-1.50)
ORAY 1.0 1.34 (0.96-1.87) 1.0 (0.66-1.52) 0.91 (0.61-1.35)
Benign neoplams

6.7 (223) 6.4 (63) 5.6 (37) 5.2 (43)
OR 1.0 1.03 (0.68-1.56) 0.58 (0.36-1.56) 0.55 (0.35-0.85)*
ORAY 1.0 0.72 (0.73-1.76) 0.61 (0.38-0.99)* 0.63 (0.40-0.99)*
Severe headache, incl. migraine

9.9 (326) 9.8 (96) 11.8 (78) 9.8 (84)
OR 1.0 1.09 (0.78-1.54) 1.10 (0.75-1.60) 0.82 (0.59-1.16)
ORM 1.0 1.09 (0.77-1.56) 1.22 (0.82-1.80) 0.93 (0.65-1.32)
Urinary incontinence

8.4 (279) 8.3 (82) 9.9 (66) 7.5 (64)
OR 1.0 0.93 (0.67-1.30) 1.02 (0.71-1.48) 0.70 (0.49-0.99)*
ORM 1.0 0.97 (0.69-1.37) 1.04 (0.71-1.53) 0.68 (0.47-0.97)*
Spastic colon

9.0 (298) 9.1 (89) 113 (75) 6.9 (59)
OR 1.0 0.94 (0.66-1.34) 1.39(0.92-2.12) 0.68 (0.46-1.01)
ORI 1.0 1.04 (0.71-1.51) 1.51 (0.97-2.35) 0.79 (0.53-1.19)
Gastric ulcer

8.7 (288) 9.2 (90) 9.3 (62) 8.2 (70)
OR 1.0 1.06 (0.72-1.56) 1.01 (0.65-1.56) 0.73 (0.50-1.08)
ORM 1.0 1.12 (0.76-1.66) 1.09 (0.69-1.70) 0.80 (0.54-1.19)

* OR significantly different from 1.0, Cl 95%
OR* Adjusted for age, gender, education, civil status and income
?With one or more disease within each category. Each individual is only counted once.
®Based on data from the Directorate of Health and the Ministry of Health
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Introduction

Abstract

Objective. To describe pregnancy complications, mode of delivery and neonatal
outcomes by mother’s residence. Design. Register-based cohort study. Set-
ting. Geographical regions of Iceland. Population. Live singleton births from 1
January 2000 to 31 December 2009 (n = 40 982) and stillbirths >22 weeks or
weighing >500 g (n = 145). Methods. Logistic regression was used to explore
differences in outcomes by area of residence while controlling for potential
confounders. Maternal residence was classified according to distance from Capi-
tal Area and availability of local health services. Main outcome measures. Preterm
birth, low birthweight, perinatal death, gestational diabetes and hypertension.
Results. Of the 40 982 infants of the study population 26 255 (64.1%) were born
to mothers residing in the Capital Area and 14 727 (35.9%) to mothers living
outside the Capital Area. Infants outside the Capital Area were more likely to
have been delivered by cesarean section (adjusted odds ratio 1.28; 95% CI 1.21—
1.36). A lower prevalence of gestational diabetes (adjusted odds ratio 0.68; 95%
CI 0.59-0.78), hypertension (adjusted odds ratio 0.82; 95% CI 0.71-0.94) as well
as congenital malformations (adjusted odds ratio 0.55; 95% CI 0.48-0.63) was
observed outside the Capital Area. We observed neither differences in mean
birthweight, gestation length nor rate of preterm birth or low birthweight across
Capital Area and non-Capital Area. The odds of perinatal deaths were signifi-
cantly higher (adjusted odds ratio 1.87; 95% CI 1.18-2.95) outside the Capital
Area in the second half of the study period. Conclusion. Lower prevalence of
gestational diabetes and hypertension outside the Capital Area may be an indica-
tion of underreporting and/or lower diagnostic activity.

Abbreviations: aOR, adjusted odds ratio; CA, Capital Area; ICD 10, International
Classification of Disease 10th revision; LBW, low birthweight; PTB, preterm
birth.

Key Message

The prevalence of preterm birth and low birthweight

Reducing health inequalities across geographic regions is
an important aim for improving child health and in
accordance with the new World Health Orgnaization
European policy for health, Health 2020 (1,2). These
objectives draw attention to potential regional variations
in pregnancy and birth outcomes.

was not related to the mothers’ area of residence.
However, increased odds of perinatal death with lower
odds of diagnoses of gestational diabetes, hypertension
and congenital malformations were observed outside
the Capital Area.

© 2014 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica 1
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Residence, health service and birth outcomes

Adverse birth outcomes include low birthweight (LBW)
and preterm birth (PTB) which increase the risk of peri-
natal morbidity and mortality and are associated with
later health risks (3). Numerous studies have explored
differences for such adverse outcomes between urban and
rural areas and with some exceptions (4) found that
infants born to women residing in rural and economically
depressed or remote areas are at increased risk (5,6).
Studies in Canada have shown increased risks for adverse
birth outcomes, including perinatal death, with increased
distance to specialized hospital services (7,8) and in areas
with weak or no metropolitan influence (9). Socio-
economic factors and smoking do not seem to fully
explain the disadvantage of rural residence in these stud-
ies and reduced access to high-quality care has been pro-
posed as one potential contributing factor. This
hypothesis deserves additional research.

The Nordic countries have a long tradition for a public
healthcare system aiming at equal access for all citizens
(10). A recent Finnish study revealed that among children
weighing more than 2500 g at birth, perinatal mortality
was similar for all hospital levels, and birth outcomes
were not better or worse for women living in municipali-
ties served by higher-level hospitals compared with com-
munities served by small local hospitals (11). In contrast,
a Swedish study indicated that the number of deliveries
and availability of neonatal care might be important for
newborn survival, although the differences were small
(12). Evidence for social inequalities in perinatal mortality
have indeed been reported from Denmark, Finland and
Norway (13).

Birth and infant outcomes in Iceland are among the
most favorable worldwide, even in comparison with the
other Nordic countries (14), but studies on birth out-
comes by maternal residence and healthcare service level
are lacking. Among rural women of childbearing age
higher BMI and smoking prevalence have been noted
(15), but it is not known whether health services avail-
ability or distance from specialized health services is
related to pregnancy complications or birth outcomes.
The aim of this study was to describe pregnancy compli-
cations (gestational diabetes, hypertension in pregnancy),
intrapartum care (obstetrical interventions) and adverse
birth outcomes (LBW, PTB, perinatal deaths) by maternal
residence and local health service level.

Material and methods

The population of Iceland was approximately 320 000 in
2009 (16) with two-thirds of the population residing in
and around the Capital Area (CA). The Icelandic health-
care system is comprehensive and mostly financed
through general taxation. Maternity care is provided by
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midwives, nurses and general practitioners at public
healthcare centres. Pregnant women receive on average
nine antenatal examinations (17), including ultrasound
screening at 19—20 weeks of pregnancy.

The data were obtained from the Icelandic Medical
Birth Register comprising all births in the country. Births
from 1 January 2000 to 31 December 2009 (n = 44 370)
were considered. Women were excluded if they had a
multiple pregnancy (n = 1635), if they had legal residence
abroad (n = 186) or if data on residence were missing
(n = 1439). One stillborn infant and one infant that died
in the first week of life with International Classification of
Disease 10th revision (ICD-10) code P01.5 indicating that
they had been a part of a twin pregnancy were excluded.
Data on 40 982 live births were used and an additional
145 stillbirths were included only for calculations on peri-
natal death. Stillbirth was defined as >22 weeks of gesta-
tion or weighing >500 g if length of gestation was
unknown. PTB was defined as delivery before 37 com-
pleted gestational weeks (0-258 days). Length of gestation
was in 99.8% of births based on ultrasound measurement
before the 21st week of gestation. LBW infants were those
weighing <2500 g at birth. Perinatal death was defined
according to the World Health Organization’s definition,
i.e. stillbirth and death in the first week of life.

Data on maternal characteristics were obtained from the
register, i.e. maternal age, occupation, relationship status,
parity, residence, place of delivery and maternal diseases
according to ICD-10. Maternal occupation was classified
according to the International Standard Classification of
Occupations (ILO-ISCO 08) into the following categories;
managers, professionals, technicians, clerical workers, ser-
vice and sales workers, skilled agricultural, forestry and
fishery workers, craft workers, plant and machine operators
and elementary occupations. Students, homemakers, inva-
lids and unemployed were added to the classification.

Hypertensive complications in pregnancy were identi-
fied by ICD-10 codes O10-O14 and diabetes by 024.0-
024.9. The following obstetric information was used:
mode of delivery [vaginal, cesarean and emergency cesar-
ean (ICD-10: O82.1)], newborn’s gender, Apgar score at
5 min, instrumental delivery (ICD-10: O81), congenital
malformations and chromosomal abnormalities (ICD-10:
Q00-Q99) and perinatal death.

Data analysis

Residence was grouped in three ways. First we contrasted
the CA (the reference category) with all other geographi-
cal areas. Then we classified settlement according to road
distance from the CA. Three distance zones were identi-
fied from a survey of domestic travel pattern (18) (Fig-
ure 1). Finally, residence was classified according to

2 © 2014 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica

92



Paper I

S. Haraldsdottir et al.

0 20 40 80 Km
S T |

Map base: National Land Survey of lceland

Residence, health service and birth outcomes

Akureyri
Pop. = 17000

: Legend

250 km

% of births
within district
o) ' —  Communities 40 -49
Distance Zones 50 -59
O General health centres [ e0-69
Limited specialized
O services - 70-79
Diverse specialized 80 -89
O services -

B o0 -9

Figure 1. Map of Iceland displaying approximate boundaries between distance zones from the Capital Area, categories of local health service
levels in communities and proportion of births taking place within mothers’ health district 2000-2009.

availability of local health services assessed for each urban
nucleus using information from an official register (19).
For the purpose of this study four categories of local
health service supply were identified; (i) areas with
diverse specialized services (the reference category); (ii)
areas with limited specialized services; (iii) areas with a
local healthcare centre; (iv) areas where there are no local
health services (Figure 1).

Data are presented as proportion of births or mothers
in a given area reporting respective pregnancy complica-
tions or birth-related outcome. Chi-squared test was used
for comparing proportions and Student’s t-test when
comparing means. Logistic regression was used to explore
differences in outcomes by area of residence while control-
ling for potential confounding variables. Odds ratios and
95% confidence intervals (95% CI) were calculated adjust-
ing for maternal age (continuous), parity, infant’s gender,
maternal occupation and cohabitating with the child’s
father (Table 1). In separate models we adjusted also for
hypertension and diabetes. Additional analyses were
carried out categorizing mothers according to whether

they lived inside or outside the CA and whether they gave
birth in hospitals with the highest level of obstetric and
neonatal services (two hospitals) or in other hospitals. The
study period was divided into two 5-year periods, 2000~
2004 and 2005-2009 for further analysis of main out-
comes. Data were analysed using SPSS version 17.0 (SPSS,
Inc., Chicago, IL, USA).

The study protocol was approved by the National Bio-
ethics Committee (VSNb2008090001/03-7) and the Data
Protection Authority (reference no. 2008090601).

Results

Between 2000 and 2009 the number of hospitals offering
delivery services decreased by 33% while the number of
births increased by 16%. The proportions of births occur-
ring at hospitals outside the mothers’ area of residence, as
defined by the seven official health districts, varied
between districts (Figure 1). The proportion of births at
university/teaching hospitals ranged from 25.9 to 97.0%
between maternal residential health districts.
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Table 1. Maternal characteristics in live births 2000-2009 by maternal residence.

Total (n = 40 982)

Capital Area (n = 26 255) Outside CA (n = 14 727)

% n % n % n
Mean (SD) maternal age 28.8 (5.56) 29.1 (5.49) 28.3 (5.69)
Age group
<20 years old 4.1 1662 33 869 5.4 793
20-34 years old 79.1 32 431 79.0 20 749 79.3 11 682
>35 years old 16.8 6889 17.7 4637 15.3 2252
Parity
Nulliparous 40.3 16 521 43.0 11299 355 5222
Primi-/multiparous 52.9 21 689 51.8 13 598 55.0 8091
Missing 6.8 2772 5.2 1358 9.5 1414
Maternal employment status
Employed 71.4 29 071 713 18 613 71.6 10 458
Not employed 9.7 3950 8.0 2083 12.8 1867
Student 14.4 5850 15.6 4076 121 1774
Missing 4.5 1827 5.1 1319 35 508
Maternal occupation group
Managers/specialists 16.6 6825 20.1 5243 10.8 1582
Tech/office/service 435 17 838 43.9 11531 42.8 6307
Farm/craftsmen/machine 4.7 1908 3.1 813 7.4 1095
Unskilled labour 6.1 2500 39 1026 10.0 1474
Students 14.3 5850 15.5 4076 12.0 1774
Unemployed/invalid 9.6 3949 7.9 2083 12.7 1866
Missing 5.2 2112 5.6 1483 43 629
Cohabitation
Cohabiting 44.0 18 038 45.0 11821 422 6217
Not cohabiting 54.9 22 508 54.0 14 167 56.6 8341
Missing 1.1 436 1.0 267 12 169

Obstetric characteristics and birth outcomes of
mothers living inside and outside the CA

Of the 40 982 live born infants of the study population,
26 255 (64.1%) were born to mothers residing in the CA
and 14 727 (35.9%) to mothers living outside the CA.
Compared with mothers in the CA, mothers outside the
CA were significantly younger, had higher parity and
were more likely to be unemployed or unskilled labourers
(Table 1).

Infants outside the CA were more likely to have been
delivered with cesarean section [both elective — adjusted
odds ratios (aOR) 1.49; 95% CI 1.37-1.62) and emergency
— aOR 1.11; 95% CI 1.04-1.20)] than infants in the CA
while less likely to have had an instrumental delivery, i.e.
with forceps or vacuum extractor. Infants outside the CA
were significantly less likely than infants of mothers in the
CA to have an Apgar score at 5 min of less than 7 and be
diagnosed with congenital malformations (Table 2). Com-
pared with the CA, diagnoses of maternal gestational dia-
betes were significantly less common outside the CA. The
same applied to diagnoses of pregnancy-induced hyper-
tension. The prevalence of pregnancy-induced hyperten-
sion diagnoses was only significantly lower outside the CA

during the latter time period (aORyp5 2009 0.72; 95% CI
0.59-0.87). The rate of pregnancy-induced hypertension
diagnoses per 1000 births was similar inside and outside
the CA until 2007 when the rate started to rise in the CA
while dropping outside the CA (Figure 2a). The rate of
gestational diabetes diagnoses was higher inside the CA
for most of the study period (Figure 2b). We observed no
differences in mean birthweight, duration of gestation or
the risk of PTB or LBW across CA and non-CA area, or
distance zones from CA.

During the study period 187 infants were stillborn or
died during the first 7 days after birth (n = 145 and
n = 42, respectively) (Table 3). The adjusted odds of
perinatal deaths were not significantly higher outside the
CA for the whole 10-year period but were significantly
higher in the second half of the observed period
(Table 3). Adding hypertension and diabetes to the model
resulted in slightly lower odds of perinatal death outside
the CA (aORyg05-2000 1.63; 95% CI 1.01-2.65). These
increased odds of perinatal death in the second part of
the study period were mainly restricted to mothers resid-
ing outside the CA but giving birth at hospitals with the
highest level of obstetric and neonatal services (two
hospitals) (aOR 2.60; 95% CI 1.57-4.29).
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Table 2. Obstetric characteristics in live births 2000-2009 by maternal residence.

Total (n = 40 982)

Capital Area (n = 26 255) Outside CA (n = 14 727)

% n % n % n

Mode of delivery

Vaginal 83.5 34 231 84.4 22 146 82.1 12 085
aOR 1.0 0.78 (0.74-0.82)*

Cesarean section (total) 16.5 6742 15.6 4104 17.9 2638
aOR 1.0 1.28 (1.21-1.36)*

Instrumental delivery 7.9 3260 8.8 2305 6.5 955
aOR 1.0 0.89 (0.82-0.97)*

Infant’s gender

Male 51.2 20 992 51.0 13 390 51.6 7602
Female 48.8 19 986 49.0 12 865 48.4 7121
Apgar at 5 min <7 2.5 1034 2.8 732 2.1 302
aOR 1.0 0.77 (0.67-0.89)*

Congenital malformations 3.0 1214 3.6 932 1.9 282
aOR 1.0 0.55 (0.48-0.63)*

Gestational diabetes 2.6 1051 29 764 1.9 287
aOR 1.0 0.68 (0.59-0.78)*
Pregnancy-induced hypertension 2.3 956 2.6 676 1.9 280
aOR 1.0 0.82 (0.71-0.94)*

Mean birthweight (g) (SD) 3.68 (0.57) 3.67 (0.57) 3.70 (0.56)

Low birthweight (<2500 g) 2.5 1039 2.6 674 2.5 365
aOR 1.0 0.96 (0.84-1.10)

Mean gest. length (days) (SD) 279.31 (14.00) 279.42 (13.83) 279.11 (14.29)

Preterm birth (<37 weeks) 4.5 1827 4.5 1187 4.4 640
aOR 1.0 0.95 (0.85-1.05)

Missing information: Gestational length = 6; Mode of delivery = 9; Infant’s gender = 4 aOR, odds ratio adjusted for age, parity, infant’s gender,

maternal occupation group, maternal employment status and cohabitation.

*aOR significantly different from 1.0; 0.95% CI.

We found no association between distance of maternal
residence from CA and risk of LBW and PTB (Table 4).
The risk of perinatal deaths was only significantly higher
in areas most adjacent to the CA and in areas furthest
away from the CA in the latter time period (aORy05 2009
2.16; 95% CI 1.19-3.90 and aORyg05 2000 1.93 95% CI
1.10-3.40, respectively). Adding hypertension and diabetes
to the model resulted in slightly reduced odds.

Obstetric characteristics and birth outcomes by
local health service supply

The odds of elective cesarean section were statistically sig-
nificantly higher in all categories of areas with less local
health services than the reference area with high health
service supply (see Supporting information, Table S1).
The odds of elective cesarean sections were highest in
areas of some but limited specialized services while the
odds of emergency cesarean section were highest in areas
with general health centres only.

When comparing areas with diverse specialized health
services and areas with less local health services the

prevalence of congenital malformations was lower in all
categories of less local health services.

We found no association between availability of health
services in mother’s area of residence and risk of LBW
and PTB (see Supporting information, Table S1). Com-
pared with regions of the most diverse specialized health
services the risk of perinatal death was significantly
greater in maternal residence regions with some but lim-
ited specialized health services. The risk was also greater,
but not statistically significant, in regions of no local
health service supply. The risk was however not greater in
regions with general health centres only. The adjusted
odds of perinatal deaths were only significantly greater in
the latter period 2005-2009 in areas of limited specialized
health services (aORjg05-2009 2.47; 95% CI 1.41-4.31).
Adjusting also for hypertension and diabetes resulted in
similar odds ratio (aORy005 2009 2.43; 95% CI 1.36-4.32).

Discussion

The findings from this study including almost 41 000
births over a 10-year period indicate that pregnant
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Figure 2. Diagnoses of (a) gestational diabetes and (b) pregnancy-
induced hypertension per 1000 births 2000-2009, alive, single births
included.

women living outside the CA experience increased odds
of delivery by cesarean section, while they are at reduced
odds of being diagnosed with gestational diabetes and
hypertension. Mothers residing outside the CA had an
increased risk of perinatal death during the latter period
of the study. While the prevalence of PTB and LBW was

Table 3. Perinatal deaths (<7 days) 2000-2009 by maternal residence.

S. Haraldsdottir et al.

not related to mothers’ area of residence during the study
period, we found that mothers outside the CA were con-
sistently less likely to have given birth to an infant diag-
nosed with congenital malformations.

Several studies have found that infants born to women
residing in rural and remote areas are at increased risk
for poor birth outcomes (5-9). As in other Nordic coun-
tries (14) the overall rate of perinatal death was very low
in Iceland (3.2/1000 in 2009) but the risk of this adverse
event seemed increased among mothers residing outside
the CA. The odds increased with calendar time and were
largely confined to rural women giving birth at special-
ized obstetric units. This finding may reflect an effective
referral system where high-risk pregnancies outside the
CA are referred to the most specialized delivery services.
This referral system became formal in 2007 with the pub-
lication of clinical practice guidelines but informal guide-
lines were available as early as 1983 (20).

The risk of perinatal death was nevertheless greater
among women outside the CA that could indicate that
undetected high-risk pregnancies were more prevalent
outside than inside the CA. In line with this, diagnoses
of gestational hypertension and diabetes seemed less
common among mothers outside the CA in the second
half of the study period. This may reflect reduced diag-
nostic activity or incomplete registration of these diseases
outside the CA. Clinical guidelines, based on the
National Institute for Health and Care Excellence (NICE)
guidelines, recommend screening for gestational diabetes
if certain risk factors are present (21). Whether differ-
ences in screening practices and detection of maternal
health problems across areas contribute to variation in

Total Capital Area Outside CA

Rate n Rate n Rate n
Stillbirths 145 79 66
Death within 7 days 42 26 16
Total 2000-2009 4.5 187 4.0 105 5.5 82
aOR 1.0 1.33(0.96-1.86)
2000-2004 4.6 87 4.7 55 4.4 32
aOR 1.0 0.93 (0.57-1.51)
2005-2009 45 100 3.4 50 6.6 50
aOR 1.0 1.87 (1.18-2.95)*
Infant disease category (ICD-10)
Impaired fetal growth (PO5-P07) 94 55 39
Fetal asphyxia (P20-P21) 3 1 2
Other diagnoses 20 1" 9
Missing 17 4 13
Unkown 53 35 18

Rate, deaths per 1000 births; aOR, odds ratio adjusted for age, parity, infant’s gender, maternal occupation group, maternal employment status

and cohabitation.
“aOR significantly different from 1.0; 0.95% Cl.
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Table 4. Differences in infant outcomes by distance of maternal residence from Capital Area.

Capital Area <69 km 70-249 km >250 km

% n % n % n % n
Low birthweight (<2500 g) 2.6 674 2.4 131 23 62 2.6 173
aOR 1.0 0.94 (0.77-1.14) 0.90 (0.69-1.18) 1.01 (0.85-1.20)
Preterm birth (<37 weeks) 45 1187 4.6 246 4.5 119 4.1 276
aOR 1.0 0.98 (0.85-1.13) 0.98 (0.80-1.12) 0.90 (0.79-1.04)

Rate N Rate N Rate N Rate N
Perinatal deaths (<7 days) 4.0 105 57 31 3.7 10 6.1 41
aOR 1.0 1.54 (0.97-2.43) 0.85 (0.41-1.74) 1.36 (0.90-2.06)

Rate, deaths per 1000 births; aOR, odds ratio adjusted for age, parity, infant’s gender, maternal occupation group, maternal employment status

and cohabitation.

adverse birth outcomes across geographic regions remains
to be further elucidated (22). With considerably higher
body mass index and higher prevalence of smoking
among rural women of fertile age (15) a likely explana-
tion is that health professionals in the CA have in recent
years become more vigilant at setting and recording ante-
natal diagnoses than their colleagues outside the CA. In
support of potentially lower diagnostic activity in rural
areas, we noted clearly lower prevalence of diagnosed dis-
eases in regions outside the CA while poorer self-rated
health in the same areas in a nationwide survey from
2007 (23). Hence, it is possible that undetected gesta-
tional hypertension and diabetes during pregnancy may
have contributed to more high risk deliveries of mothers
outside the CA.

Infants of mothers residing outside the CA were fur-
thermore less likely to have been diagnosed with congeni-
tal malformations or 5-min Apgar score below 7. It is
unclear why this is the case but similarly it is possible
that less diagnostic activity or difference in registration
may contribute to these differences. A Finnish study
found similar differences in Apgar scores between the
smallest and the largest delivery units (12). The authors
concluded that the observed differences possibly reflected
use of different diagnostic criteria.

Undetected hazards in utero may indeed contribute to
adverse birth outcomes. Hence, the reasons for and con-
sequences of lower rate of infant and maternal diagnoses
in rural areas warrant further study.

One of the important strengths of the present study is
that it leverages a rich and nationwide complete data
source on all births over a 10-year period, allowing analy-
sis of spatial variations in different time periods. A few
limitations should however be mentioned. First, the study
relies on assessment and registration of numerous health

professionals across the nation. The quality and standard-
ization of the Icelandic Medical Birth Register has not
been formally assessed. The observed regional difference
in rates of maternal and infant diseases may either be
related to varying diagnostic practices or differential com-
pleteness of registration across regions; the latter being a
potential source of bias in this study. We have no way to
disentangle the magnitude of bias, if any. In any case, the
regional variations in diagnostic activity or registration of
pregnancy complications warrant further study. Second,
we had access to several sources of potential confounders
and adjusted our point estimates for maternal age, occu-
pation group, employment status, cohabitation, parity
and infant’s gender and results on perinatal death were
also adjusted for hypertension and diabetes. Data on
other important confounders, e.g. maternal education,
smoking during pregnancy and body mass index, were
however not available as they are not recorded in the Ice-
landic Medical Birth register. This is an important limita-
tion because all of these factors may vary across regions
and are also strongly associated with adverse pregnancy
outcomes (24). Higher smoking prevalence among
women in rural areas (15) may for example be one expla-
nation for lower prevalence of gestational hypertension
(25). Yet, it is unclear whether the distinct change in
prevalence of gestational hypertension during the latter
half of the study period reflects a similar change in smok-
ing across areas.

Third, this study only considers outcomes related to
the pregnancy and first days after birth in a distinct pop-
ulation and time period. The findings cannot be general-
ized to other populations or time periods. Studies that
look at inequalities that emerge later in life and are
related to conditions in the perinatal period are therefore
warranted.
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Conclusions

The findings of this study indicate firstly minimal differ-
ences in gestational length and birthweight across regions
of maternal residence. Second, our data suggest increased
odds of perinatal death in the latter time period among
infants born to mothers residing outside the CA while at
the same time lower prevalence of diagnosed gestational
diabetes and hypertension as well as congenital malforma-
tions outside the CA.

Together these findings raise concern and encourage
further study of the quality of maternal care in rural areas
as a healthcare system that in a timely fashion and prop-
erly identifies and intervenes in high-risk pregnancies is
considered a key factor in reducing perinatal deaths and
improving birth outcomes (26,27).
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Appendix

Letters of approval from the Data Protection Authority (in Icelandic)

Némsbraut { Ljdheilsuvisindum Hi
Unnur A. Valdimarsdéttir

Stapa v. Hringbraut
101 REYKJAVIK

Persénuvernd

Raubardrstig 10 105 Reykjavik
simi: 510 9600 bréfasimi: 510 9606
netfang: postur@personuvernd.is

veffang: personuvernd.is

Reykjavik, 29. oktéber 2008
Tilvisun: 2008090601 LSL/--

Heimild skv. 3. mgr. 15. gr. laga nr. 74/1997 til adgangs ad sjikraskram
og til samkeyrslu skrda med vidkvamum persénuupplysingum,
sbr. 1. tolul. 1. mgr. 7. gr. reglna nr. 698/2004, sbr. 33. gr. laga nr. 77/2000

L
Umsékn

1.
Persénuvpmd hefur borist umsékn fri Unni A. Valdimarsdéttur, désent vid Midstdd
Hiskéla Islands i lySheilsuvisindum, dags. 28. oktSber 2008, um leyfi til adgangs ad skrim
vegna rannséknar sem ber yfirskriftina ,,Adgengi ad heilbrigdispjénustu 4 Islandi eftir
busetu®.

Samkvaemt umsékninni verda upplysingar sottar i skrir sem landleknir rekur skv. 8. gr. laga
nr. 41/2007, b.e. samskiptaskri heilsugeslustddva og vistunarskrd um einstaklinga sem legid
hafa 4 sjikrahdsum landsins 4 fimm 4ra timabili frd 4rinu 2003 til 4rsins 2007. Verdur safnad
upplysingum um samskipti einstaklinga vid heilsugzslust6dvar og um innlagnir 4 sjikrahis,
s.s. dagsetningu samskipta eda innlagna, hvada stofnun 4 i hlut, persénuaudkenni sjiklinga,
sjukdémsgreiningar og adgerdarnimer.

A upphaflegri umsékn var landleknir umszkjandi auk ydar. Hann hafdi og, sem
abyrgdaradili, sampykkt adgang ad skranum. Persénuvernd benti ba 4 ad pegar 1itid veer til 1.
tolulidar 1. mgr. 3. gr. stjérnsyslulaga nr. 37/1993 yrdi ad telja hann vanhefan til pess 28 lysa
afst6du embattisins til eigin umséknar.

N4 hefur hann fallid frd umsékninni og erud pér ein tilgreind sem umszkjandi 4 nyrrd
umsoékn, auk vinnsluadila Sigridar Haraldsdéttut.

2.
1 umsékn kemur og fram ad fyrithugad sé ad samkeyra ofangreindar heilbrigdisskrir vid
bj6dskra i pvi skyni ad afla upplysinga um rétta bisetu hinna skridu eftir byggdarlégum.
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Segir { umsékn a0 um leid og gogn Ur heilbrigdisskrim landleknis hafi veri® samkeyrd vid
bj60skra til bess ad fa vitneskju um busetu verdi 6ll persénuaudkenni afmid og gégn merkt
rannséknarnimerum.  Si@ari  Grvinnsla  rannsOknargagna fer fram i  hasnzdi
Landlzknisembzattisins og verda gognin vardveitt bar medan 4 ransékninni stendur.

Af framangreindu er ljost ad 1 rannsékninni felst 6flun upplysinga ur heilbrigdisskrim skv. 8.
gt. laga nr. 41/2007. Samkvaemt 8. mgr. bessarar greinar fer um adgang ad heilbr
igdisskrinum eftir 4kvadi 3. mgr. 15. gr. laga nr. 74/1997, um réttindi sjiklinga. Samkvemt
akvadinu patf leyfi Personuverndar til adgangs ad heilbrigdisskram i pagu visindarannsékna.
Pa kemur fram ad samkeyra 4 persénuupplysingarnar vid bjédskri. Samkvemt 1. tolul. 1.
mgr. 7. gt. teglna nr. 698/2004, sbr. 33. gt. laga nr. 77/2000, et samkeyrsla skraa had leyfi
Persénuverndar, ef amk. ein hinna samkeyrdu skria hefur a0 geyma vidkvamar

petsénuupplysingar.

II
Leyfi og leyfisskilmdlar

Persénuvernd hefur ni akvedid, m.a. ad virtum akvedum 29., 33. og 34. gt. { formalsordum
persénuverndartilskipunarinnar nr. 95/46/EB, sem og dkvedi 9. tolul. 1. mgr. 9. gr. laga nr.
77/2000 um persénuvernd og medferd persénuupplysinga, ad veita your umbedid leyfi til
adgangs ad sjikraskrim vegna rannsGknarinnar: ,,Adgengi ad heilbrigdispjénustu 4 Islandi
eftir basetu®.

Leyfi petta gildir il 31. desember 2011 og er bundid eftirfarandi skilyrdum:

1. Abyrgdaradilar ad vinnsl persinunpplisinga

Unnur A. Valdimarsdottir, dosent (sem hér eftir kallast leyfishafi), telst vera abyrgdaradili
vinnslunnar i skilningi 4. télul. 2. gt. laga nr. 77/2000. Fer Unnur A. Valdimarsdéttir med allt
fyritsvar gagnvart Persénuvernd um alla betti er varda petta leyfi, p.4 m. alitaefni, er upp
kunna ad tisa, um pad hvort vinnsla persénuupplysinga hafi verid i samremi vid 16g, reglur
og akvdi pessa leyfis.

2. Ligbundnir leyfisskilmdlar

a. Degar leyfishafi fer pess 4 leit vi8 4byrgdarmenn skria, sbr. reglugerd nr. 227/1991, 28 f4
2dgang ad vidkomandi skrim, ber honum ad framvisa leyfi pessu.

b. Leyfi petta er bundid pvi skilyrdi ad dbyrgdarmenn umraeddra skria hafi Ijst pvi yfir 20
peit séu pvi sampykkir fyrir sitt leyti a0 leyfishafi fai adgang a0 beim.

c. Leyfi betta er bundid pvi skilyrdi ad sidanefnd, eda eftir atvikum visindasidanefnd, hafi
lagt mat 4 rannsknina og 14tid i té skriflegt 4lit sitt pess efnis ad hvorki visindaleg né
sidfredileg sjénarmid mali gegn framkvemd hennar, sbr. 3. mgr. 15. gr. laga nr.
74/1997, sbt. 4. mgr. 2. gt. sému laga.

3. Ligmat vinnsia personunpplysinga og pagnarskylda

a. Leyfishafi ber 4byrgd 4 pvi a0 vinnsla persénuupplysinga vegna rannséknarinnar fullnegi
avallt kr6fum 1. mgr. 7. gr. laga nr. 77/2000.

b. Farid skal med upplysingar ur sjikraskrim, sem skradar eru vegna rannséknarinnar, {
samremi vid 16g ar. 77/2000, log ar. 74/1997, leknalég nr. 53/1988 og reglugerd nr.
227/1991. Hvilit pagnarskylda 4 leyfishafa og 68rum beim sem koma ad rannsékninni
um heilsufarsupplysingar sem unni® er med, sbr. 15. gr. laga nr. 53/1988. Pagnarskylda
helst pétt 14tid sé af stérfum vid rannsdknina.

c. Taki hiskdlanemar eda a0tr, sem ekki teljast til 16ggiltra heilbrigdisstétta, patt i
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framkvemd rannséknarinnar skulu peir undirrita sérstaka pagnarskylduyfirlysingu, par
sem peit m.a. dbyrgjast ad tilkynna leyfishafa ef i rannséknargdgnum eru vidkvemar
petsénuupplysingar um b4 sem eru eda hafa veri® maki vidkomandi, skyldir eda mzegdir
honum { beinan legg eda ad 68rum lid til hlidar eda tengdir honum med sama hetti
vegna =ttleidingar. Er vidkomandi ba Sheimilt a0 kynna sér gégn um ba einstaklinga.
Leyfishafa eda fulltria hans ber ad votta rétta undirskrift hlutadeigandi og dagsetningu
slikrar yfitlysingat og koma henni til Persénuverndar innan tveggja vikna fra utgafu leyfis
pessa eda fri pvi ad vidkomandi hefur stétf vid rannséknina. Pagnarskyldan er byggd 4 3.
mgr. 35. gr. laga nr. 77/2000. A heimasidu Persénuverndar er ad finna stadlad eydublad
fyrir pagnarskylduyfitljsingu. Ef pagnarskylduyfirlysingum er ekki skilad innan tilskilins
frests getur Persénuvernd afturkallad leyfi betta.

d. Leyfi bpetta heimilar einvordungu ad safnad verdi Gr sjikraskrim  beim
heilsufarsupplysingum sem gildi hafa fyrir rannsékn leyfishafa og samrymast markmidum

hennar.ennar.

4. Audkenning rannséknargagna

a. [ rannséknargégn ma skrd upplysingar um fadingarmanud, fedingarir og kyn hvers
sjuklings 4samt busetu eftir byggdarlagi.

b. Oheimilt er a8 skri { rannséknargbgn upplfsingar um néfn sjiklinga, nafnnémer,
heimilisfong, simantimer, fax-nimert, télvupdstfong eda annad sambaerilegt.

c. 11j6si pess ad samkeyra parf upplysingar r heilbrigdisskrim Landlzknis vid bjédskrs til
pess ad finna rétta blsetu patttakenda eftit byggdalagi er heimilt vid framkvemd
rannséknar pessatar ad sktd og vardveita Zmabundid sérstaka skra, greiningarlykil, sem
tengir saman upplysingar um kennitdlur einstaklinga og rannséknarntmer 4 medan verid
er 28 undirbta tannséknargdgn. Slika skri/greiningatlykil skal 4vallt vardveita adskilda
fra 60rum rannséknargégnum.

d. DPegar bzr heilbrigdisupplysingat, sem leyfi betta tekur til, hafa verid skrddar i
rannséknargdgn, og eftit atvikum veri® stadteynt ad pazr séu réttar, og gognin 20 &dru
leyti veri®d fullgerd, skal tryggja ad par liggi ekki fyrir audkenning 4 bvi fri hvada
einstaklingi upplysingarnar stafa, s.s. med eydingu kennitalna. Skal pad gert eigi sidar en
31. desember 2011.

5. Oryggi vid vinnslu persénuupplysinga

Leyfishafa ber a0 gera videigandi teknilegar og skipulagslegar 6ryggisrddstafanir til 20 vernda

petsénuupplysingar gegn Sleyfilegum adgangi i samremi vid 11. og 12. gr. laga nr. 77/2000.

Par er medal annars askilid ad:

a. beita skuli ridstéfunum sem tryggja negilegt 6ryggi midad vid dhzttu af vinnslunni og
edli peirra gagna sem vetja 4, med hlidsjén af nyjustu tzkni og kostnadi vid framkvaemd
peirra, og

b. tryggja skuli ad dhzttumat og Styggisrddstafanir vid vinnslu persénuupplysinga séu i
samremi vid 18g, teglur og fytitmeli Petsénuverndar um hvernig tryggja skal oryggi
upplysinga, p.m.t. ba stadla sem hin dkvedur ad skuli fylgt.

Leyfishafi ber 4byrgd 4 pvi ad hver si et statfar { umbodi hans og hefur adgang ad

persénuupplysingum vinni adeins med per { samremi vid skyr fyrirmeli sem hann gefur og

ad bvi marki a9 falli innan skilyrda leyfis pessa, nema 16g mzli fyrir 4 annan veg, sbr. 3. mgr.

13. gt. laga nr. 77/2000.

6. Almennir skilmdlar

a. Awvallt skal tryggt ad rannséknargdgn séu vardveitt 4 tryggum stad og adeins par sem
16gum samkvamt er heimilt ad vardveita pau.

b. Leyfishafi ber 4byrgd 4 ad farid sé med Sll persénuaudkennd gogn sem sjikragdgn i
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samraemi vid 16g, reglur og dkvdi pessa leyfis.

. Leyfishafi skal dbyrgjast ad engir adrir en hann fii { hendur persénugreinanleg gégn sem

sérstaklega verdur aflad { pigu pessarar rannsGknar.
Oski leyfishafi pess ad hetta rannsékn ber honum 28 leggja betta leyfi inn tl
Persénuverndar 4 skriflegan og sannanlegan hitt. Skal bi tilgreina hvort beim
persénuupplysingum, sem unnar voru 4 grundvelli pessa leyfis, hafi verid eytt. A® 68rum
kosti trskurdar Persénuvernd um hvort persénuupplysingunum skuli eytt eda per
vardveittar med dkvednum skilyrdum.

. Leyfishafa ber a0 veita Persénuvernd, starfsménnum og tilsjénarménnum hennar allar
umbednar upplysingar um vinnslu persénuupplysinga sé eftir pvi leitad i pagu eftirlits.
Brot 4 akvdi bessu getur vardad afturkéllun 4 leyfinu.

f. Persénuvernd getur latid gera uttekt 4 pvi hvort leyfishafi fullnzgi skilyrdum laga nr.
77/2000 og reglna sem settar eru samkvemt peim eda einstSkum fyrirmalum. Getur
Persénuvernd dkvedid ad hann skuli greida pann kostnad sem af pvi hlfst. Persénuvernd
getur einnig 4kvedid ad leyfishafi greidi kostnad vid tttekt 4 starfsemi, vid undirbiining
utgifu vinnsluleyfis og annarrar afgreidslu. Persénuvernd skal pi gzta pess 2d s
sérfredingur, sem framkvemir umredda uttekt, undirrid yfitlysingu um 28 hann lofi 2d
gzta pagmzlsku um bad sem hann fzr vitneskju um { starfsemi sinni og leynt ber a8 fara
eftir 16gum eda edli mals. Brot 4 slikri bagnarskyldu vardar refsingu samkvemt 136. gr.
almennra hegningarlaga. Pagnarskyldan helst pétt 140 sé af starfi.

. Leyfi betta er had bpvi skilyrdi ad einungis verdi safnad peim upplysingum sem
nandsynlegar eru vegna rannsoknarinnar.

Virdingarfyllst
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Haskoli Islands

Unnur A. Valdimarsdéttir
Stapi v. Hringbraut

101 REYKJAVIK

1

Persdnuvernd

RauBardrstig 10 105 Reykjavik
simi: 510 9600 bréfasimi: 510 9606
netfang: postur@personuvernd.is

veffang: personuvernd.is

Reykjavik, 8. mars 2011
Tilvisun: 2008090601AT/—

Efni: Vidbétatleyfi vegna ranns6knarinnar ,,Adgengi ad heilbtigdispjonustu 4 Islandi .
eftir busetu®

Persénuvernd visar til etindis ydar, dags. 3. mars 2011, pat sem bér 6skid eftir leyfi til a0 gera
breytingar 4 ranns6kninni ,,Adgengi ad hellbng61sp]onustu 4 fslandi eftir busetu”, en med bréfi,
dags. 29. oktdber 2008, veitti Persénuvernd ydur leyﬁ til vinnslu persénuupplysinga vegna
doktorsrannsSknar Sigtidar Haraldsdéttur. Oskid bér n1 eftir bvi a0 gera eftirfarandi breytingar 4
framkvemd rannséknarinnar:

i fyrsta lagi er fyrithugad ad gera breytingar 4 rannséknartimabili rannséknarinnar.
Upphaflega var aztlad ad vinna med gogn fyrir timabilid 2003-2007 en nid er 6skad eftir ad
nota gégn fyrir timabilid 2005-2009.

I 66m lagi er O6skad eftit adgangi ad bazta vid rannséknargijgn upplysingum ur
Fadingarskra Landleknisembeettisins til 20 kanna hvort munur sé 4 feedingarbyngd barna
eftir bisetu médur. 1 erindi ydar kemur fram 28 borf sé 4 upplysingum um aldur médur,
postnimer, st6du 4 vinnumarkadi, hjiskaparstédu, medgéngulengd, fedingarbyngd og
sjikdéma 4 medgongu.

1 pridja lagi er 6skad eftir 28 framlengja gildistima leyfisins, dags. 29. oktéber 2008, um eitt 4r
eda til 31. desember 2012 en upphaflegt leyfi gilti til 31. desember 2011.

Persénuvernd heimilar adgang ad upplysingum 1r sjikraskrd og heilbrigdisskrim Landlzknis

vegna visindarannsokna samkvaemt 3. mgr. 15. gr. laga nr. 74/1997 um réttindi sjaklinga sbr.
einnig 8. mgr. 8. gr. laga nr. 41/2007 um landlzkni. Vinnsla vidkvemra persénuupplysinga er
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h4d leyfi Persénuverndar sbr. 7. tolul. 1. mgr. 4. gr. reglna Persénuverndar nr. 712/2008 um

tilkynningarskylda og leyfisskylda vinnshu persénuupplysinga, sbr. einnig 33. gr. laga nr. 77/2000,
um persénuvernd og medferd persénuupplysinga.

Pad tilkynnist ydur hér med ad Persénuvernd gerir ekki athugasemdir vid fyrirthugadar bteytingar
4 framkvemd rannséknatinnar, b.e. ad gbgnum verdi safnad fyrir timabilid 2005-2009; ad
gognum verdi safriad Gr Fedingarskri landleknis og ad gildistimi leyfis fra 29. oktéber 2008
verdi framlengt til 31. desember 2012 enda sé farid ad Sllum peim skilmilum sem melt er fyrir
um { upphaflegu leyfi stofnunarinnar fra 29. oktéber 2008.

Virdingarfyllst

A fggpet

Alma Tryggvadottir
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Letter of approval from the Data Protection Authority (in Icelandic)

ViSINDASIDANEFND

Haskoli Islands, heilbrigdisvisindasvis, Vegmila 3, 108 Reykjavik,
leeknadeild, Simi: 551 7100, Bréfsimi: 551 1444
Unnur Ar.ma Valdimarsdottir, dosent netfang: visindasidanefnd@vsn.stjr.is
v/Suburgétu

101 Reykjavik

Reykjavik 9. september 2008
Tilv.: VSNb2008090001/03-7

Efni: VarSar: 08-122-afg Adgengi ad heilbrigdispjonustu 4 Islandi eftir busetu.
Doktorsverkefni.

A fundi sinum 09.09.2008 fjalladi Visindasidanefnd um umsékn pina dags. 29.08.2008, vegna
ofangreindrar rannséknaraatlunar. Medrannsakendur pinir eru Sigurdur Gudmundsson, landlaeknir,
Vilhjalmur Rafnsson, préfessor, Birgir Hrafnkelsson, désent og Sigridur Haraldsdottir, doktorsnemi
vid Haskoéla Islands, en rannsoknin er namsverkefni hennar.

Markmid rannséknar er ad meta hvort og ad hvada marki ibuar landsins hafa jafnt adgengi ad
heilbrigdispjonustu eftir pvi hvar 4 landinu peir bua. Rannsékninni er skipt i fjéra meginhluta.

I fyrsta hluta verdur landfredileg dreifing 4 heilbrigdispjénustu kortlsgd og pjonustuporf azetlud.
Kannad verdur hvort frambod 4 heilbrigdispjénustu sé i samrami vid porf & hverju svedi og hvort
mismunur sé & milli svaeda.

[ 68rum hluta rannséknarinnar verda sko8adar visbendingar um adgengi ad pjénustu
heilsugeeslustédva. Notkun 4 pjénustu heilsugaslustodva verdur kortlogd og kannad hvort notkunin
sé mismunandi eftir sveeSum (fjoldi samskipta) pegar tekid hefur verid tillit til stladrar parfar.
Jafnframt verdur kannad hvert ibuiar byggdarlaga sakja heilsugaslupjonustu, fjarlegd { pjénustuna,
misremi milli landshluta og hvort fjarleegd i pjonustu kunni ad tengjast notkun hennar.

I pridja hluta rannséknarinnar verda skodadar visbendingar um adgengi ad pjénustu sjikrahisa
(innlagnir). Athugad verdur hvada sjiikrahiisbjonustu einstaklingar f i heimabyggd og hvada
bjénustu peir seekja um lengri veg og hugsanlegt misvaegi 4 milli byggdarlaga.

I fj6rda hluta rannséknarinnar verdur kannad hvort landfraedilegt djafnraedi i adgengi ad
heilbrigdispjonustu hafi haft ahrif 4 stigun vid sjukdémsgreiningu, medferd og/eda danarlikur
tiltekins sjikdéms. Pessi hluti rannsdknarinnar verdur fullmétadur sidar og verdur pa sérstaklega sott
um leyfi fyrir honum.

Visindasidanefnd gerir eftirfarandi athugasemdir vid rannséknaraaetlunina:

1. Pad er meginregla VisindasiSanefndar a8 6llum rannséknargdgnum verdi eytt innan fimm ara fra
rannséknarlokum, nema rékstudningur fyrir annarri skipan par 4 liggi fyrir. Oskad er eftir nénari
upplysingum vardandi eydingu gagna sbr. 19. 1id umso6kna s.s hvenzr og hvernig peim verdur
eytt.

2. Par sem Sigurdur Gudmundsson landlaknir er samkveemt 4. 1id umséknarinnar medal
rannsakenda getur hann ekki, skv. 1.tl. 1. mgr. 3. gr. laga nr. 37/1993, um stjérnsyslu, sjalfur
veitt leyfi um vinnslu pridja adila ur peim skram Landlzknisembzttisins sem afla 4 gagn ur.
Nefndin kallar pvi eftir afriti af undirritudu leyfi pess sem skv. 6. gr. laganna er til pess ber.
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Rannsoéknin verdur tekin til frekari afgreidslu innan Visindasidanefndar pegar henni hafa borist svor
vid ofangreindum athugasemdum. Upplysingar um skilafresti ma nélgast 4 heimasidu nefndarinnar,

www.visindasidanefnd.is. Vinsamlegast athugid ad 6heimilt er ad hefja framkvaemd rannséknar fyrr
en endanlegt sampykki Visindasidanefndar fyrir henni hefur verid veitt.

Med kvedju,
__ fh. Visindasidanefndar,

L IS dirmans

dr. Eirikur Baldursson, framkvamdastjori
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Appendix

ViSINDASIDANEFND
Haskoli fslands, Laeknagardur Vegmila3, 108 Reykjavik,
Unnur Anna Valdimarsdéttir, désent Simi: 551 7100, Bréfsimi: 551 1444

Vatnsmyrarvegi 16
101 Reykjavik

netfang: visindasidanefnd@vsn.stjr.is

Reykjavik 22. mars 2011
Tilv.: VSNb2008090001/03.7

Efni: Vardar: 08-122-V1 Adgengi ad heilbrigdispjénustu 4 Islandi eftir bisetu.
Doktorsverkefni.

A fundi sinum 22.03.2011 fjalladi Visindasidanefnd um umsékn pina dags. 03.03.2011, vegna
vidbétar vid ofangreinda rannséknaraztlun.

Rannsakendur 6ska eftir leyfi til ad breyta rannsdknardztluninni eftirfarandi:

1. [ upprunalegri umsékn og i heimild VisindasiSanefndar er gert rad fyrir ad notud séu gogn 4
fimm éra timabilinu fra 2003-2007. N1 er farid fram 4 heimild til ad nota frekar gégn fimm 4ra
timabilsins fra 2005-2009.

2. 1upprunalegri umsékn og i heimild VSN er gert 143 fyrir ad notud séu gbgn ur tveimur af
heilbrigdisskram landlaeknis, p.e. Gr Vistunarskra sjukrahisa og Samskiptaskra
heilsugzslustodva. N er 6skad eftir heimild nefndarinnar til pess ad bata vid gognum tr
Fadingarskra fslands. Tilgangur pess er a8 kanna hvort munur er 4 f8ingarpyngd barna eftir
busetu médur pegar tekid hefur verid tillit til ymissa hrifapatta. Oskad er eftir
einstaklingsbundnum, en épersénugreinanlegum gégnum par sem kennittlu hefur verid skipt aut
fyrir einkvaem audkennisnimer. borf er 4 upplysingum um aldur médur og pdstniimer, busetu,
stodu 4 vinnumarkadi og hjiskaparst6du, medgongu lengd, fadingarpyngd og sjikdéma &
medgongu.

Visindasi®anefnd hefur farid yfir bréf bitt og innsend gégn og gerir ekki athugasemdir vid tilgreindar

breytingar. Vidboét nr. 1 dsamt fylgigognum vid ofangreinda rannsékn, er endanlega sampykkt af
Visindasi®anefnd.

son, laknir; formadur
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