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Regionalization and Local Hospital Closure in Norwegian Maternity Care
– the Effect on Neonatal and Infant Mortality
Jostein Grytten, Lars Monkerud, Irene Skau, Rune Sørensen

ABSTRACT
Objective. To study whether neonatal and infant mortality, after adjustments for
differences in case‐mix, were independent of the type of hospital in which the delivery was
carried out.

Data. The Medical Birth Registry of Norway provided detailed medical information for all
births in Norway.

Study design. Hospitals were classified into two groups: local hospitals/maternity clinics
versus central/regional hospitals. Outcomes were neonatal and infant mortality. The data
were analyzed using propensity score weighting to make adjustments for differences in case
mix between the two groups of hospitals. This analysis was supplemented with analyses of
13 local hospitals that were closed. Using a difference‐in‐difference approach, the effects
that these closures had on neonatal and infant mortality were estimated.

Principal finding. Neonatal and infant mortality were not affected by the type of hospital
where the delivery took place.

Conclusion. A regionalized maternity service does not lead to increased neonatal and infant
mortality. This is mainly because high risk deliveries were identified well in advance of the
birth, and referred to a larger hospital with sufficient perinatal resources to deal with these
deliveries.
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INTRODUCTION
Specialized medicine has become a strong impetus for hospital centralization. Use of
specialized medical expertise and advanced technology are extremely costly. Health care
professionals and politicians claim that all patients should have access to the best services
available. Consequently, centralization is required to ensure that hospitals serve sufficiently
large patient populations. At the same time, closure of local hospitals is highly contentious.
All over the world, plans for restructuring trigger vigorous protests from local patient
organizations, hospital employees and community action groups. Few policy issues are more
politically sensitive than proposals to shut down local maternity units.
The crux of the matter is whether prospective mothers and their infants benefit from
hospital centralization. We investigated this research question using maternity care in
Norway. In Norway, maternity care is decentralized. Low risk deliveries are carried out at
local hospitals (level I units), while high risk deliveries are referred to central or regional
hospitals with neonatal departments (level II and III units). The question we raise is whether
neonatal and infant mortality, after adjustments for differences in case‐mix, are independent
of the type of hospital in which the delivery is carried out.
The challenge with this type of study is to control for the fact that central/regional
hospitals have a higher proportion of mothers and infants with risk factors compared to local
hospitals. Our data contained a large number of variables about the health status of the
mother and child. This made it possible to make proper adjustments for differences in case
mix between hospitals by using propensity score weighting. We also carried out an analysis
of the local hospitals that were closed down from 1979 and onwards. Here, we used a
difference‐in‐difference approach to study whether these closures had an influence on
neonatal and infant mortality.
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Below we first describe the background for the study – among other things the effect
that a decentralized maternity service may have on neonatal and infant mortality. We
describe the way maternity and perinatal services in Norway are organized. We then describe
the data and our two main analyses – the propensity score weighting and the difference‐in‐
difference approach to the study of local hospital closure. Finally, we describe and discuss
our results.

BACKGROUND – DECENTRALIZATION OF MATERNITY SERVICES
High risk infants have better health outcomes in hospitals with neonatal departments –
typically located at central or regional hospitals (level II and level III units). In a review
encompassing 41 publications, including randomized clinically controlled trails, cohort and
case‐control studies published between 1979 and 2008, Lasswell et al. (2010) conclude: “for
VLBW (birthweight < 1500 g) and VPT (less than 32 weeks’ gestation) infants, birth outside of
a level III hospital is significantly associated with increased likelihood of neonatal or
predischarge death”. Seen in isolation, this could indicate that centralization of deliveries to
large units is beneficial.
However, it can be argued that local maternity units should be kept open if there are
appropriate and effective referral routines for high‐risk deliveries to central or regional
hospitals. One condition is that high risk deliveries can be identified well in advance of the
birth. With effective screening and good routines for referral, small local maternity units can
then provide a service for low‐risk deliveries. This gives mothers with low‐risk pregnancies
the possibility to give birth in their own local communities, without having to travel great
distances to a central or a regional hospital. Traditionally, this has also been the reasoning
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behind organization of maternity care in several countries (Yu and Dunn 2004; Zeitlin et al.
2004; Hein 2004).
In the 1970s, the concept of regionalization of perinatal care was introduced in the USA
(Berger, Gillings, and Siegel 1976). Hospitals were classified into three levels of care in
relation to the services they could provide for high‐risk mothers and babies (Committee on
Perinatal Health 1976). Guidelines for referral and transport systems were set up between
the different levels. At the end of the previous century, perinatal care was regionalized in
about 30 states (Shaffer 2001).
Several western European countries have decentralized maternity services that ensure
good access independent of place of residence, while at the same time ensuring safe care for
mothers and infants by selection of mothers according to risk (Yu and Dunn 2004). For
example, in Norway the overall aim for maternity care is that women shall have access to
decentralized maternity services of a high professional standard at each maternity unit
(Ministry of Health and Care Services 2009). As a general rule, mothers shall give birth at the
maternity unit they belong to, according to the hospital’s catchment area. There is little
competition between hospitals for women giving birth. The country is divided into hospital
areas in which the capacity of maternity units is planned according to the expected number
of births within the catchment area.
High risk mothers who live in the catchment area of a local hospital or a maternity clinic
shall be referred to central or regional hospitals which have their own neonatal department
for dealing with high‐risk deliveries. These mothers are identified at antenatal check‐ups in
good time before the expected date of delivery. Deliveries are identified as high‐risk
deliveries on the basis of medical criteria, developed by the Norwegian Directorate of Health
(Norwegian Directorate of Health 2010; Grytten, Monkerud, and Sørensen 2012). From week
9 in the pregnancy until the expected date of delivery, mothers have seven antenatal check‐
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ups, which are free, with a health visitor and a doctor (Norwegian Directorate of Health and
Social Affairs 2005). All hospitals, where nearly all deliveries take place, are publically owned
and financed, with obstetricians who receive a fixed salary. Everyone has free health care at
the point of delivery (Ministry of Health 2002; Grytten, Monkerud, and Sørensen 2011).
There are few well designed studies where the effect of decentralized maternity care on
infant health outcomes has been evaluated. Most of the existing studies have been carried
out using high‐risk deliveries (for a review see Lasswell et al. 2010). There are few studies
that have investigated which is the safest place for women with a low‐risk pregnancy to give
birth, and the studies that have been carried out show conflicting results. Some show that it
is safer, or just as safe, for low‐risk mothers to give birth in a small hospital as in a large
hospital (Paneth et al. 1987; Hemminki 1985; Lumley 1988; LeFevre et al. 1992; Mayfield et
al. 1990; Cole and Macfarlane 1995; Viisainen, Gissler, and Hemminki 1994; Tracy et al. 2006;
Rosenblatt, Reinken, and Shoemack 1985). A few studies show the opposite (Heller et al.
2002; Albers and Savitz 1991; Moster, Lie, and Markestad 1999). Most research within this
area is based on small samples within a limited period of time, and where the samples are
not necessarily representative of the population of mothers who give birth. Typically, they
have often been carried out in a small geographical area with few hospitals.
A basic problem with many of the studies is that hospital level is not well defined, and
often insufficiently reported (Blackmon, Barfield, and Stark 2009). Hospitals are most often
grouped according to the number of births ‐ for example <100, 100‐200 and so on. However,
this classification may not reflect the level of perinatal resources of the hospitals. This makes
comparisons between studies difficult. This also creates doubt about whether differences
between hospitals in infant health outcomes are related to differences in perinatal resources
or not.
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MATERIAL AND METHODS
The Source of the Data and Key Variables
The analyses were carried out on data from the Medical Birth Registry of Norway (MBRN)
(www.fhi.no). All maternity units are required to report all births to MBRN (Irgens 2000).
Outcomes were measured as neonatal mortality (the infant died within the first month
after birth) and infant mortality (died within the first year after birth). Hospitals were
classified into two groups: those with their own neonatal department for dealing with high‐
risk deliveries (central and regional hospitals), and those that did not have their own
neonatal department (local hospitals and maternity clinics1). This classification also reflects
differences in obstetric competence between the hospitals. Throughout the whole study
period the number of hospitals with their own neonatal department was 22. The number of
local hospitals fell from 43 in 1979 to 26 in 2005. Less than 1 % of all deliveries are carried
out in maternity clinics. During the period 1980 to 1994, the number of maternity clinics fell
from 30 to 10 (Schmidt et al. 1997; Nilsen, Daltveit, and Irgens 2001).

Propensity Score Weighting
Following Angrist and Pischke (2009), we adjust for differences in case‐mix between local
hospitals/maternity clinics versus central/regional hospitals by using propensity score
weighting. Propensity score weighting is done by weighting up subjects that have a relatively
low probability of receiving treatment, and by weighting down subjects that have a relatively
high probability of receiving treatment (Leslie and Thibaud 2007; Kurth et al. 2006; Hirano
2001; Harder, Stuart, and Anthony 2010). These weights are then used in a subsequent
regression analysis with treatment status (central/regional hospitals versus local
hospitals/maternity clinics) as the explanatory variable. With successful weighting the two
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groups of hospitals should not differ in any systematic way with respect to observed risk
factors. In that way, weighting should assure that any potential bias from a selection of
mothers into one particular type of hospital is adjusted for (Robins, Hernán, and Brumback
2000; Hirano, Imbens, and Ridder 2003).
Propensity score weighting proceeds in two steps. First, for each year we estimated the
probability of delivery in a central or regional hospital (CR=1) by way of a binary logistic (logit)
regression:
L ≡ log [P(CR=1)/P(CR=0)] =  + cβcRisk factorc

(1)

such that we obtained the estimated probability of delivery at a central or regional hospital
of
P ≡ P(CR=1) = eL/(1 + eL)

(2)

We then computed the inverse probability of treatment weight for each individual delivery
(Leslie and Thibaud 2007; Kurth et al. 2006; Hirano 2001; Harder, Stuart, and Anthony 2010):

w = CR/P × [CR/(CR/P)] + (1‐CR)/(1‐P) × [(1‐CR)/((1‐CR)/(1‐P))]

(3)

where P is the probability of delivery in the actual place of delivery if the mother gives birth
in a central or regional hospital and 1‐P is the probability of delivery in the actual place of
delivery if the mother gives birth in a local hospital or maternity clinic. The factors in square
brackets ensure that the weights in treatment groups (CR=1, CR=0) sum to the actual number
of observations (i.e. to nCR=1 and nCR=0 respectively).
In the second step of the analysis we estimated the relationship:
Infant health = + CR +

(4)

in a weighted logistic regression using w as weight. For comparison we also estimated the
unweighted version of Equation (4).
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The following risk factors were used: mother’s age, immigrant status, level of education,
marital status and predisposing medical factors (asthma, diabetes, epilepsy, heart disease,
chronic hypertension, chronic kidney failure, rheumatoid arthritis, preeclampsia, bleeding
during pregnancy) and characteristics of the birth (birthweight, gestation length, abnormal
presentation, single baby birth, previous Caesarean section, infant boy).

Local Hospital Closures – the Difference‐In‐Difference Analyses
During the period 1979‐2005, altogether 17 maternity wards in local hospitals were closed
down. For 13 of these wards, the catchment area after closure belonged to a central/regional
hospital.2 The question is whether infant health outcomes improved after the closure. If this
was the case, this indicates that too few high risk deliveries were referred to central/regional
hospitals before closure. We specified the following equation:
Infant health = α + β1Closure + β2Period + β3Closure x Period
+ ccRisk factorc + ttYear dummyt +

(5)

Equation (5) expresses a basic difference‐in‐difference design with two groups and two
periods (Woolridge 2002). The first group, the treatment group, contained births in the
catchment areas that were affected by the hospital closure (Closure = 1). The second group,
the control group, contained births in the catchment areas for all the local hospitals that
were not closed down (Closure = 0). We defined a pre‐closure period and a post‐closure
period. Each period was limited to five years before closure (Period = 0), and to five years
after closure (Period = 1). For each catchment area that was affected by a hospital closure,
we estimated two separate models. One in which neonatal mortality (= 1) was the
dependent variable, and one in which infant mortality (= 1) was the dependent variable. All
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variables in Equation (5) are discrete – hence a linear probability model can be used for the
estimation (Angrist 2001).
The coefficient β2 represents the trend effect. This is a change in infant health outcomes
that would have happened without the closure. This effect was estimated for the local
hospitals that were not closed down. The coefficient β3 measures the effect of hospital
closure on infant health outcomes. This was done by comparing the difference in infant
health after and before the closure for hospitals that were affected by the closure, to the
same difference for hospitals that were not affected. We expect a negative sign of β3 if infant
health outcomes improved after the closure. The coefficient β3 was adjusted for the fact that
the two groups of hospitals could have had a different level of infant health outcomes before
the closure. This last effect was measured by the coefficient β1. We included all risk factors
that measure the characteristics of the health status of the mother and the child into
Equation (5). In this way, we controlled for observed differences in risk factors between the
control group and the treatment group.

Study Population
Our main analyses were done for all deliveries, i.e. the samples included both low and high
risk deliveries. In addition, in the propensity score weighting, we carried out analyses on a
subsample that contained high risk deliveries only. The subsample was limited to babies with
a birthweight of 2500 g or less.3 Low birthweight is one of the risk factor that contributes
most to infant mortality and poor health outcomes later in life (McCormick 1985). The
hospital closure analysis was done for all deliveries, and separately for each hospital. There
were not enough high‐risk births in these hospitals to carry out a separate analysis for these.
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RESULTS
The Distribution of Deliveries According to Type of Hospital
Throughout the whole period 1980 to 2005, there were nearly 1.5 million deliveries in
Norway (Table 1). About 75 % of these were in central or regional hospitals, and the rest in
local hospitals or maternity clinics. There was a marked fall in the percentage of deliveries in
local hospitals and maternity clinics, from 35.2 % in 1980 to 19.5 % in 2005. This reduction
was offset by a corresponding increase in the number of deliveries in central and regional
hospitals.
Throughout the period 1980 to 2005, 4.9 % of babies had a birthweight of 2500 g or less.
At the beginning of the 1980s, nearly 25 % of these deliveries took place in local hospitals or
maternity clinics. This percentage fell to less than 10 % from 1996 and onwards. This is less
than 300 deliveries per year for all the local hospitals in our study. At that time well over
90 % of all deliveries of babies with a low birthweight took place in central or regional
hospitals.

The Distribution of Risk Factors According to Type of Hospital Before and After Weighting
A simple check for whether the propensity score weighting was successful is to look at
differences in case‐mix before and after weighting for each group of hospital. Appendix 1
shows weighted and non‐weighted results for the year 1990.
On many counts, characteristics of the mothers and of the birth were different between
the central/regional hospitals and the local hospitals/maternity clinics before weighting. For
example, central/regional hospitals had more than twice as many deliveries by non‐western
immigrant mothers than did local hospitals/maternity clinics. The difference was highly
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significant in a chi‐square test (p<0.001). Moreover, unadjusted differences between the
hospitals with respect to predisposing factors of the mother and characteristics of the birth
were statistically significant for most factors (p<0.05 for 8 out of 15 predisposing factors and
characteristics of the birth).
The propensity score weighting effectively and substantially leveled out the case‐mix
differences between the two groups of hospital (p>0.05). For instance, adjusted proportions
of deliveries by non‐western immigrant mothers were in practical terms the same in both
groups. This was also the case for all the other risk factors after the adjustments. The same
pattern was evident for the analogous analyses for the remaining years in the period of study
(not reported).

Infant Health Outcomes According to Type of Hospital ‐ Propensity Score Weighting
In the analyses of all deliveries without adjustments for risk factors, both neonatal and infant
mortality were higher in central/regional hospitals than in local hospitals/maternity clinics for
most of the years (Figure 1 top). For example, the 95 % confidence interval for the probability
of dying within one month after birth did not overlap between the two types of hospitals for
21 of the 26 years (Appendix 2). For both types of hospital, there was a marked reduction in
both neonatal and infant mortality from 1980 to 2005 (Figure 1).
Figure 1 here
There was no statistically significant difference in neonatal mortality between the two
types of hospital for 22 of the 26 years after adjusting for risk factors (Figure 1 bottom and
Appendix 2). For three of the four years where the confidence intervals did not overlap
(1988, 1992 and 2003), the neonatal mortality was lower in local hospitals/maternity clinics
compared to in central/regional hospitals.
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For infant mortality the confidence intervals overlapped for 21 of the 26 years after the
adjustments (Appendix 3). For four of the five years where the confidence intervals did not
overlap (1985, 1988, 1992 and 2003), infant mortality was lower in local hospitals/maternity
clinics compared to in central/regional hospitals.
Figure 2 here
For babies with a birthweight of 2500 g or less, there was a tendency for both neonatal
and infant mortality to be higher in central/regional hospitals than in local
hospitals/maternity clinics in the analyses without adjustments for risk factors (Figure 2 top).
However, for most years the difference in mortality between the two types of hospital was
not statistically significant. With case‐mix adjustments, the confidence intervals for neonatal
mortality did not overlap for only two of the 26 years (1994 and 1998) (Appendix 4). For
infant mortality the confidence intervals did not overlap for three of the 26 years (1992, 1994
and 1998) (Appendix 5).

Hospital Closure
Table 2 shows the number of births five years before and five years after the closure for the
catchment areas that were affected by a local hospital closure. One hospital (M) that was
closed had over 4 000 deliveries from its catchment area. Five hospitals had between 2 869
and 1 131 deliveries, while the rest had less than 1 000 deliveries. The number of deliveries
from the catchment areas that were not affected by a local hospital closure varied from
26 437 (Hospital E) to 32 684 (Hospital K).
The main impression from the difference‐in‐difference analyses is that hospital closure
had no impact on infant health (Table 3).4 For neonatal mortality, none of the 13 regression
coefficients for the interaction term between Closure and Period (β3) was statistically
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significant at conventional levels. Six of the coefficients had a negative sign, indicating that
neonatal mortality improved after closure. However, little confidence should be placed on
this result, as the coefficients were far from statistically significant at conventional levels.
For infant mortality two out of 13 coefficients (β3) were statistically significant (p<0.01)
(Hospital F and I). The signs of these two coefficients were positive, indicating that infant
health outcomes became worse after closure. Five of the coefficients had a negative sign.
However, their levels of statistical significance were so low that little confidence could be
placed on this result.

DISCUSSION
The results show that infant health, measured as neonatal and infant mortality, is not higher
in local hospitals/maternity clinics compared to in central/regional hospitals. This is a
consistent finding, both in the analyses with propensity score weighting and with our
difference‐in‐difference analyses. A strength of the study is that the two different
approaches to the analysis gave the same results.
Propensity score weighting was an appropriate method to correct for bias, since we had
access to a large number of risk factors that could be used to make the treatment and
control groups as similar as possible. To our knowledge, there is only one study where case‐
mix adjustments within the field of maternity care have been done by using propensity score
(Mason et al. 2011). Mason et al. (2011) used propensity score adjustments to study the
effect of a prenatal program on birth outcomes within a Medicaid population of pregnant
women in the USA. The adjustments were based on four variables (state, race, age and
singleton versus twin births).From the fields outside maternity care we have identified only
one study where the effect of hospital closure on health outcomes has been examined
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(Buchmuller, Jacobsen, and Wold 2006).5 Buchmueller, Jacobsen, and Wold (2006) found that
closures led to increased travelling distance to the nearest hospital for parts of the
population, which caused higher mortality rates for conditions that required emergency care,
such as heart attacks and unintentional injuries.
We cannot exclude the possibility that local hospital closure in Norway may have also
led to increased mortality for acute medical conditions for which immediate access to
adequate medical treatment is needed. Unfortunately, we do not have access to data to test
this. However, our results show that, for medical conditions that are not normally acute, such
as maternity care, local hospital closure does not lead to increased mortality. Even the high
risk births that take place at local hospitals seem to go well (Figure 2 and Appendices 4‐5).
This may be because these high risk births have the lowest risk within the high risk group.
The mean birthweight for babies with a birthweight of 2500 g or less who were delivered at a
local hospital, was 2 183 g, compared to 1 943 g for those who were born at a
central/regional hospital.
A particular challenge when using propensity score weighting is the choice of the right
risk factors. The omission of risk factors that simultaneously determine infant health and
type of hospital will lead to biased results. Even though we have many relevant control
variables in the propensity score analyses, we cannot exclude the possibility that there may
be unobserved confounders. The assumption for the analysis of hospital closure is that such
confounders do not influence the estimates. We assume that the intervention is random.
This means that poor quality of care at local hospitals/maternity clinics was not the reason
for the closure. Given that this condition has been met, we expect that our difference‐in‐
difference analysis has given causal estimates of the effect of hospital closure on infant
health outcomes. There are two factors that point in this direction.
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First, a review of public documents about closure of local maternity units in the 1980s
and 1990s shows that the decision about closure was almost exclusively based on economic
arguments (Nilsen, Daltveit, and Irgens 2001; Norwegian Directorate of Health 1991). In
Norway, there was a strong migration of the population from rural areas, where the local
hospital were located, to urban areas, where the central/regional hospitals were located
during the 1980s and 1990s.6 In many local communities, the size of the population became
just too small to make it economically justifiable to keep small local maternity units open. At
the same time, infrastructure and communication were substantially improved, particularly
by building roads. Travelling times were not noticeably longer for the women who, after a
hospital closure, had a central or regional hospital as their new maternity hospital.7
Second, our results show that for nearly all hospitals, there was no difference in infant
health for the local maternity units that were closed and those that were not closed during
the five‐year period before closure (Table 3).8 We also supplemented our main analyses with
an additional analysis of whether mortality in the five‐year period before closure had an
effect on the actual closure (Appendix 6).9 With two exceptions (Hospital I and K for infant
mortality) we found no such effect for any of the local hospitals that were closed.
In Norway, there are no financial incentives, either for the hospital or the doctor, not to
refer mothers at high risk. One could argue that obstetricians have incentives to avoid
referring high risk deliveries in order to maintain a minimum number of deliveries at their
local maternity unit. In this way, the risk of the maternity unit being closed down is reduced.
This is not likely. High‐risk deliveries are only a small percentage of the total number of
deliveries (Table 1). Therefore, a small reduction in referrals would be unlikely to strengthen
the case of keeping the local maternity unit open. In addition, obstetricians run a high risk of
complaints or of being accused of medical negligence if complications occur during a high risk
delivery at a local hospital, for a mother who should have been referred to a hospital with
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more resources. Obstetricians are probably more concerned about making correct medical
assessments to avoid complications and loss of life. They are not likely to deviate from this
principle in order to keep a few high‐risk deliveries. Even when local maternity units have
been closed down, obstetricians have seldom become unemployed. They could be
transferred to the hospital that had taken over care of the mothers in the catchment area of
the local hospital that was closed down.
In conclusion, our results show that neonatal and infant mortality are not affected by a
regionalized maternity service. Of course, the authorities must continually assess whether it
is economically viable to maintain small maternity units. However, our findings indicate that
poor quality of local maternity units is not a justification for closing them down. Caution must
be used in generalizing the findings to other countries where maternity and perinatal services
are organized differently than in Norway. This applies particularly to countries where
obstetricians have economic incentive not to refer high risk deliveries to a central/regional
hospital when there are medical indications for doing so.
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NOTES
1.

In maternity clinics care is provided by midwives with the supervision of general medical
practitioners. There are no obstetricians and no facilities for carrying out Caesarean sections.
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2.

For four of the local hospitals that were closed down, their catchment area became the
catchment area of another local hospital, or the catchment area was divided between a
central/regional hospital and another local hospital.

3.

In some studies of high risk deliveries, the population has been limited to babies with very low
birthweight (<1500 g) and very preterm infants (< 32 weeks) (Lasswell et al. 2010). It was not
meaningful with our data to do analyses on these populations. The reason is that these babies
were nearly always born at a central/regional hospital. For example, in 1980 the total number of
babies with a very low birthweight that were born in the 43 local hospitals that then existed was
31; i.e. on average less than one baby per hospital. In 2005, only five babies with a very low
birthweight were born in local hospitals. The corresponding numbers for very preterm infants
(gestation length < 32 weeks) were 65 in 1980 and 9 in 2005.

4.

This is also a consistent result for additional analyses where the pre‐closure and post‐closure
periods were set to less than five years (i.e. four, three, two, one year(s)).

5.

There are numerous studies on urban hospital closure, mainly from the USA (for a review see:
Lindrooth, Lo Sasso, and Bazzoli 2003; Mullner et al. 1989). The focus of these studies is on the
supply side of the market: the determinants of closure and the efficiency of the hospitals that
remain in the market after the closure.

6.

From 1980 to 2009, the proportion of the population that lived in the most central municipalities
in Norway increased from 61 % to 67 % (Statistics Norway 2009).

7.

The mean distance from the local hospital that was closed to the central/regional hospital that
was the new maternity hospital, was 34 kilometers, that is a journey of about half an hour by car
(http://maps.google.com/).

8.

Indicated by the lack of statistical significance for the regression coefficient β1 for most of the
hospitals (Table 3).

9.

The dependent variable was equal to 1 for the local hospitals that were closed, and 0 for
those that did not close (= the control group).
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Table 1: Descriptive Statistics. Percentage of Deliveries According to Type of Hospital and Year
All Deliveries

Year
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

Central/Regional
Local Hospitals/
Hospitals (%)
Maternity Clinics (%)
64.8
66.0
67.3
67.9
67.7
70.0
71.5
72.5
73.8
75.3
75.3
75.1
75.4
75.7
75.7
75.5
76.4
76.5
76.4
77.9
78.4
78.9
79.1
79.2
79.2
80.5

35.2
34.0
32.7
32.1
32.3
30.0
28.5
27.5
26.2
24.7
24.7
24.9
24.6
24.3
24.3
24.5
23.6
23.5
23.6
22.1
21.6
21.1
20.9
20.8
20.8
19.5

Deliveries With Birthweight ≤ 2500g
Total
(N)
50 915
50 564
51 133
49 780
50 134
51 002
52 469
53 949
57 519
59 257
61 069
60 936
60 211
59 766
59 830
59 808
60 432
59 266
57 776
59 421
59 382
56 841
55 912
57 111
57 493
56 421

Central/Regional
Local Hospitals/
Hospitals (%)
Maternity Clinics (%)
77.1
77.5
77.4
80.2
81.1
81.4
81.8
84.4
87.3
87.6
81.5
82.5
83.0
84.5
89.7
89.6
90.4
91.4
90.1
90.8
92.0
91.8
92.8
92.7
92.7
93.4

22.9
22.5
22.6
19.8
18.9
18.6
18.2
15.6
12.7
12.4
18.5
17.5
17.0
15.5
10.3
10.4
9.6
8.6
9.9
9.2
8.0
8.2
7.2
7.3
7.3
6.6

Total
(N)
2 098
2 148
2 167
2 240
2 263
2 407
2 426
2 585
2 745
2 843
3 149
3 251
3 072
2 973
2 984
2 881
2 910
2 853
2 786
3 073
3 095
2 995
2 938
2 960
2 922
2 915
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Table 2: Number of Deliveries Five Years Before and Five Years After Local Hospital Closure for the Catchment Areas that were Affected and Not Affected,
by Local Hospital Closure
Catchment Area that was Affected by Local Hospital
Closure (Treatment Group)
Hospital
Identification

Date for Local
Hospital Closure

Catchment Area that was Not Affected by Local
Hospital Closure (Control Group)

Number of Deliveries Five
Years Before Closure

Number of Deliveries
Five Years After Closure

Number of Deliveries Five
Years Before Closure

Number of Deliveries
Five Years After Closure

1 131

1 108

28 010

26 432

A

July 1979

B

March 1980

189

214

27 625

26 394

C

July 1982

353

364

26 683

27 036

D

July 1982

264

305

26 683

27 036

E

October 1985

733

745

26 437

30 364

F

July 1986

1 860

2 212

26 684

31 264

G

September 1988

2 869

3 204

28 046

32 570

H

September 1988

1 599

1 784

28 046

32 570

I

September 1988

1 382

1 589

28 046

32 570

J

October 1988

281

307

28 124

32 576

K

July 1994

605

607

32 684

32 020

L

July 1995

849

882

32 628

32 156

M

June 1999

4 182

4 059

32 040

30 448
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Table 3: The Effect of Local Hospital Closure on Neonatal and Infant Mortality. Risk Factors and Year
Fixed Effect Included, but not Reported
Hospital
Identification

Neonatal Mortality
Variables

Infant Mortality

Coefficient

Std Error

Coefficient

Std Error

A
(N=55 199)

Intercept
Closure=1
Period=1
Closure x Period

0.0884 *
‐0.0069
‐0.0025
‐0.0013

0.0039
0.0039
0.0019
0.0030

0.1064 *
‐0.0101 *
‐0.0028
0.0001

0.0050
0.0050
0.0024
0.0039

B
(N=53 072)

Intercept
Closure=1
Period=1
Closure x Period

0.0849 *
0.0099
0.0033
‐0.0127

0.0048
0.0055
0.0026
0.0070

0.0959 *
0.0137
0.0038
‐0.0135

0.0062
0.0071
0.0034
0.0090

C
(N=53 241)

Intercept
Closure=1
Period=1
Closure x Period

0.0666 *
0.0075
‐0.0010
‐0.0027

0.0037
0.0040
0.0018
0.0050

0.0849 *
0.0073
‐0.0014
0.0023

0.0049
0.0053
0.0023
0.0066

D
(N=53 096)

Intercept
Closure=1
Period=1
Closure x Period

0.0665 *
0.0042
‐0.0008
0.0035

0.0037
0.0045
0.0018
0.0056

0.0846 *
0.0010
‐0.0011
0.0033

0.0049
0.0595
0.0024
0.0074

E
(N=57 219)

Intercept
Closure=1
Period=1
Closure x Period

0.0503 *
‐0.0071
0.0011
0.0034

0.0034
0.0038
0.0020
0.0033

0.0694 *
‐0.0052
‐0.0005
0.0027

0.0046
0.0052
0.0027
0.0044

F
(N=60 803)

Intercept
Closure=1
Period=1
Closure x Period

0.0500 *
‐0.0022
0.0015
0.0039

0.0032
0.0026
0.0016
0.0020

0.0702 *
‐0.0043
‐0.0010
0.0074 *

0.0043
0.0036
0.0022
0.0028

G
(N=65 395)

Intercept
Closure=1
Period=1
Closure x Period

0.0498 *
‐0.0052 *
‐0.0001
0.0020

0.0029
0.0023
0.0015
0.0017

0.0621 *
‐0.0065 *
‐0.0035
0.0020

0.0039
0.0031
0.0020
0.0022

H
(N=62 713)

Intercept
Closure=1
Period=1
Closure x Period

0.0511 *
‐0.0019
0.0000
‐0.0012

0.0030
0.0035
0.0016
0.0021

0.0628 *
0.0027
‐0.0002
‐0.0004

0.0040
0.0046
0.0021
0.0028

I
(N=62 324)

Intercept
Closure=1
Period=1
Closure x Period

0.0524 *
‐0.0018
‐0.0053
0.0035

0.0030
0.0049
0.0016
0.0023

0.0640 *
‐0.0069
0.0004
0.0059 *

0.0040
0.0064
0.0000
0.0030

J
(N=60 078)

Intercept
Closure=1
Period=1
Closure x Period

0.0529 *
0.0050
‐0.00003
‐0.0056

0.0032
0.0040
0.0040
0.0049

0.0639 *
0.0076
0.0004
‐0.0048

0.0042
0.0053
0.0024
0.0066

K
(N=64 524)

Intercept
Closure=1
Period=1
Closure x Period

0.0459 *
‐0.0010
‐0.0031 *
0.0009

0.0026
0.0026
0.0013
0.0030

0.0529 *
0.0061
‐0.0026
‐0.0067

0.0033
0.0033
0.0016
0.0038

L
(N=64 871)

Intercept
Closure=1
Period=1
Closure x Period

0.0045 *
‐0.0014
‐0.0017
‐0.0022

0.0026
0.0023
0.0013
0.0025

0.0535 *
‐0.0044
‐0.0033 *
‐0.0001

0.0032
0.0029
0.0016
0.0031

M
(N=67 525)

Intercept
Closure=1
Period=1
Closure x Period

0.0370 *
‐0.0014
‐0.0018
0.0005

0.0025
0.0019
0.0012
0.0011

0.0409 *
‐0.0002
‐0.0008
0.0005

0.0029
0.0023
0.0014
0.0014

* p < 0.05
Note . The following risk factors were included in all analyses:
Mother's age, immigrant status (non‐western, western), level of education (upper secondary school, university/college), marital status.
Predisposing factors of the mother: asthma, diabetes, epilepsy, heart disease, chronic hypertension, chronic kidney failure, rhematoid arthritis,
preeclampsia, bleeding during pregnancy
Characteristics of the birth: birthweight ≤ 2500 g, gestation length ≤ 37 weeks, abnormal presentation, single baby birth, previous Caesarean section,
infant boy

