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A B S T R A C T   

Introduction: Lolland-Falster is a rural area in south-eastern Denmark that scores unfavourable in health surveys 
and has the lowest life expectancy in the country. To determine the origin of poor health in Lolland-Falster, we 
investigated impact on mortality of long-term population movements. 
Methods: We used data from the Danish Central Population Register 1968–2017 to track movements in and out of 
Lolland-Falster. This enabled us to calculate mortality based on tenure of residence. Poisson regression adjusted 
for sex, 5-year age-groups, and calendar year; separately for men and women; and ages <30, 30–64 and ≥ 65 
years; was reported as mortality rate ratios (MRR) with 95% confidence intervals (95% CI). 
Results: Until 1988, mortality in Lolland-Falster was fairly similar to that in the rest of Denmark. Hereafter, 
mortality rates drifted apart. In 2008–2017, MRR of the total Lolland-Falster population was 1.21 (95% CI: 
1.19–1.23). In each 10-year calendar period, people recently in-migrating constituted about one fourth of the 
population. MRRs of the in-migrating population increased over time from 1.17 (95% CI: 1.08–1.26) in 
1968–1977, to 1.82 (95% CI: 1.75–1.89) in 2008–2017. Persons aged 30–64 constituted the largest in-migrating 
group and had highest excess mortality, MRR 2.34 (95% CI: 2.19–2.50) in 2008–2017. 
Conclusion: Long-term selective in-migration of vulnerable persons was behind the gradual build-up of the 
currently high mortality in Lolland-Falster compared to the rest of Denmark. In particular, people of working age 
in-migrating to Lolland-Falster contributed to this disparity.   

1. Introduction 

Rural areas undergo depopulation when young people move to urban 
areas leaving children and older people behind (Chan and Ren, 2018; 
Dijkstra et al., 2015; Johnson and Lichter, 2019; Pregi and Novotný, 
2019; Viñas, 2019). Migration is mostly driven by pursuit of employ-
ment, education and better housing (Green, 2017), and in this respect 
migration from rural to urban areas may sometimes equal migration 
from less affluent to more affluent areas, although this is not always the 
case. While migration may have positive effects for migrating in-
dividuals and for economy as a whole, it can also lead to profound local 
socio-demographic changes. Summarizing observations from the 
Netherlands, Dijkstra et al. (2015) concluded that “people … who 

migrate are healthier than those who did not … and persons moving into 
population declining regions are less healthy than persons moving out of 
declining regions”. From England, Darlington-Pollack and Norman 
(2020) concluded that “overall, selective sorting does contribute to 
widening deprivation-health gradients”. This selection in migration will 
thus potentially increase geographical inequalities in socioeconomic 
status and health. 

Even though Denmark is a small country, there has been an ongoing 
urbanization where work-places and people are centralized in largest 
cities (Andersen et al., 2018). This has affected Lolland-Falster, the rural 
south-eastern part of Denmark. Here, the population decreased from 
130,000 in 1968 to 100,000 in 2018, while the Danish population 
during the same period increased from 4.9 million to 5.8 million persons 
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(Statistics Denmark, 1970, 2020a). As of 2015-2019, life expectancy in 
Lolland-Falster was 77.9 years and 79.1 years, respectively, in the two 
municipalities making up the area. At the same time, in Denmark, 
overall live expectancy was 80.9 years. The highest life expectancy was 
found in the affluent suburbs north of Copenhagen, Gentofte and 
Rudersdal municipalities, where the life expectancy in both places 
reached 83.3 years (Statistics Denmark, 2020b). In the routine national 
health survey from 2017, the population of Lolland-Falster scored 
unfavourably on numerous health indicators, e.g. 56–61% of the pop-
ulation in Lolland-Falster were overweight or obese in contrast to 51% in 
Denmark overall, the proportion of daily smokers was 21–23% in 

Lolland-Falster and 17% in Denmark, and the prevalence of chronic 
illness was 41–43% in Lolland-Falster and 36% in Denmark (Danish 
Health Authority, 2017). 

On this background, we addressed the question: Does Lolland-Falster 
make people sick, or do sick people move to Lolland-Falster? If the first 
part of the question is true, the high mortality in Lolland-Falster should 
derive from the stable population, while if the second part of the ques-
tion is true, Lolland-Falster should have a net inflow of mortality- 
susceptible persons. To answer the question, we analysed mortality of 
people staying in, moving into and out of Lolland-Falster over the past 
50 years. 

Fig. 1. Map of Denmark with Lolland-Falster marked with black square. Lolland municipality in red and Guldborgsund municipality in blue. Lolland is the island 
located to the west with Lolland municipality covering the western part. Falster is the island to the east with Guldborgsund municipality covering all of Falster and 
eastern Lolland. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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2. Material and methods 

2.1. Study population 

Denmark today is administratively divided into 98 municipalities 
with the area of Lolland-Falster divided into Lolland and Guldborgsund 
municipalities (Statistics Denmark, 2020c) (Fig. 1). Previous smaller 
administrative units can be aggregated into the present two 
municipalities. 

The study population included the entire Danish population using 
data from the Central Population Register (CPR) from April 2, 1968 to 
December 31, 2017. For each person, data included sex, dates of birth, 
death, emigrations/immigrations/missing status, and movements be-
tween municipalities. Complete CPR-data from January 1, 1971 to 
December 3, 2017 were available and retrieved from the Danish Health 
Data Agency. Data from 1968 to 1970 were retrieved from the Danish 
National Archives as annual cross-sectional datasets, and mid-days be-
tween datasets were used as dates of movements (Appendix). 

2.2. Statistical analysis 

Data were analysed in two ways. First, for five 10-year calendar 
periods, 2 April 1968–31 December 1977, 1 January 1978–31 December 
1987, 1 January 1988–31 December 1997, 1 January 1998–31 
December 2007, and 1 January 2008–31 December 2017, data were 
analysed as national cohorts truncated into 10-year periods. As address 
history was not available before April 2, 1968, all people in the period 
1968–1977 were categorised according to first registered address. 
Within a cohort, person-years were divided into three mutually exclu-
sive, broad residency groups:  

1. Denmark: People living in/born in Denmark outside Lolland-Falster 
during the previous 10-year period, and living in Denmark outside 
Lolland-Falster at start of the current 10-year period.  

2. Stable population: People living continuously in/born in Lolland- 
Falster during the previous 10-year period, and living in Lolland- 
Falster at start of the current 10-year period.  

3. In-migrating population: People moving into Lolland-Falster during 
the previous or current 10-year period. 

As living in Lolland-Falster during the previous 10 years was 
required for the stable population, and as this time is by definition 
immortal time, we required also persons in the other groups to be living/ 
born in Denmark during the previous 10-year period. Within a cohort, a 
person would contribute person-years from the start of a 10-year period 
until they died/emigrated/went missing or until the end of that 10-year 
period, whichever came first. Persons moving out of Lolland-Falster was 
not specified as a separate group, because they were mostly young and 
the number of deaths was therefore low for this group. 

In order to be able also to map the mortality of persons moving out of 
Lolland-Falster, we made a more detailed analysis where we used longer 
time intervals to aggregate sufficient number of deaths in young age- 
groups. Four overlapping 20-year calendar periods were studied: 2 
April 1968–31 December 1987, 1 January 1978–31 December 1997, 1 
January 1988–31 December 2007, 1 January 1998–31 December 2017. 
As specified in Table 1, within a cohort, person-years were divided into 
seven mutually exclusive, detailed residency groups:  

1. Denmark: People living in/born in Denmark outside Lolland-Falster 
during the previous 10-year period, and living in Denmark outside 
Lolland-Falster at start of the current 20-year period (reference 
group).  

2. Stayers: People living continuously in/born in Lolland-Falster during 
the previous 10-year period, and living in Lolland-Falster at start of 
the current 20-year period.  

3. New stayers: People moving to Lolland-Falster during the previous 
10-year period and living in Lolland-Falster at start of the current 20- 
year period.  

4. Moved in: People living continuously in/born in Denmark outside 
Lolland-Falster during the previous 10-year period, moving to 
Lolland-Falster during the current 20-year period.  

5. Moved out/in: People moving away from Lolland-Falster during the 
previous 10-year period or the current 20-year period and subse-
quently moving to Lolland-Falster during the previous 10-year 
period or the current 20-year period.  

6. Moved out: People living continuously in/born in Lolland-Falster 
during the previous 10-year period and moving away from 
Lolland-Falster during the current 20-year period.  

7. Moved in/out: People moving to Lolland-Falster during the previous 
10-year period or the current 20-year period and subsequently 
moving away from Lolland-Falster during the previous 10-year 
period or the current 20-year period. 

Mortality rate ratios (MRR) were calculated using Poisson regres-
sion. Person-years were used as offset and events were number of deaths. 
MRRs were calculated for each period and subgroup using group 1 
(people living in Denmark outside Lolland-Falster) as the reference 
group and adjusting for sex, current age, and calendar year. To have a 
sufficiently large number of deaths in subgroups defined by sex, age, 
calendar period, and migration-group, the analyses were conducted also 
separately by sex and age-groups 0–29, 30–64, and +65 years. As the 
MRRs were estimated from the entire dataset, MRRs are comparable 
across subgroups. 

Proportionality of age-specific mortality for the seven residency 
groups used in the second analysis was checked by testing for interaction 
between age and residence group with a likelihood ratio test and by 
plotting the log-transformed age-specific mortality rates. As the trun-
cation of follow-up time was not independent of mover-status, a sensi-
tivity analysis was conducted, where all people were allowed a follow- 
up time of 10 years from the first date a person entered one of the 
following residency groups; moved in, moved out/in, moved out, or 
moved in/out. SAS 9.4 was used for analysis, and R 4.0.0 for graphics. 

2.3. Ethics 

The study was approved by the Danish Data Protection Agency via 
Region Zealand. According to Danish legislation this serves as ethical 
approval of register-based studies. 

3. Results 

3.1. Characteristics of study population 

The study population included 9,403,302 individuals and 2,830,785 

Table 1 
Illustration of detailed residency groups by residence status at different points in 
time.   

Previous 10 years Current 20 years 

Start End Start End 

Denmark Not LF Not LF Not LF Not LF 
Stayer LF LF LF LF 
New stayer Not LF LF LF LF 
Moved in Not LF Not LF Not LF LF 
Moved out/in LF Not LF Not LF LF 

LF LF LF → Not LF LF 
LF → Not LF LF LF LF 

Moved out LF LF LF Not LF 
Moved in/out Not LF LF LF Not LF 

Not LF Not LF Not LF → LF Not LF 
Not LF → LF Not LF Not LF Not LF  

T.L.F. Holmager et al.                                                                                                                                                                                                                          
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deaths; of whom 315,130 had lived in Lolland-Falster, and 84,815 died 
while residing in Lolland-Falster (Table 2). Considering the 10-year 
periods, the stable population was by definition large in the first 10- 
year period, 1968–1977. However, in the subsequent four 10-year pe-
riods, the stable population contributed 73–76% of the person-years; 
meaning that over time about one fourth of the person-years in 
Lolland-Falster derived from people recently moving to the area (Ap-
pendix Table 1). Considering the 20-year periods, 33–37% of the person- 
years for people moving into Lolland-Falster came from people moving 
out again. Persons moving out from the stable population contributed 
with 6% of the person-years, but these persons were overwhelmingly 
young and consequently contributed only with 3% of the deaths (Ap-
pendix Table 3). These data show that behind the overall decrease in the 
size of the Lolland-Falster population from 130,000 in 1968 to 100,000 
in 2018 there was a considerable population turn-over with people 
moving both in and out. 

In 1998–2017, stayers in Lolland-Falster had an age-distribution 
similar to that of people in the rest of Denmark apart from a deficit in 
ages 20–49 years, while mobile persons accumulated most person-years 
in this age-group (Fig. 2). 

3.2. Mortality rate ratio of broad residency groups 

Up until 1988, people in Lolland-Falster had approximately the same 
mortality as people in the rest of Denmark; MRR 0.99 (95% CI: 
0.98–1.01) for 1968–1977, and 1.03 (95% CI: 1.01–1.04) for 1978–1987 
(Fig. 3, Appendix Table 1 and Appendix Fig. 1). However, after this point 
in time, Lolland-Falster experienced increasing excess mortality, which 
reached an MRR of 1.21 (95% CI: 1.19–1.23) in 2008–2017. The stable 
population constantly had MRRs below that of the total Lolland-Falster 
population, starting at 0.98 (95% CI: 0.97–1.00) in 1968–1977 and 
reaching 1.14 (95% CI: 1.12–1.16) in 2008–2017. In each 10-year 
period, the MRR of the stable population equalled the MRR of the 
total population in the previous 10-year period. This pattern indicated 
that the gradual build-up of an excess mortality in the stable population 
of Lolland-Falster as compared with people living in the rest of Denmark 
derived from an inflow of a considerable group of in-migrating persons 
susceptible to high mortality. In this respect, the driver for the increasing 
excess mortality for the Lolland-Falster population came from the in- 
migrating population. In 1968–1977, their MRR was 1.17 (95% CI: 
1.08–1.26), and by 2008–2017 their MRR had reached 1.82 (95% CI: 
1.75–1.89). These patterns remained in the sensitivity analysis where 
each person was allowed 10 years of follow-up from date of moving 
(Appendix Table 5). 

3.3. Mortality rate ratio of detailed residency groups 

In the 20-year periods, the stable population was split between 
stayers and moved out. Before 1988, the mortality of both subgroups 
was similar to that of people in the rest of Denmark (Fig. 4 and Appendix 
Table 3). Over time, the moved out group developed an excess mortality, 
which by 1998–2017 reached an MRR of 1.27 (95% CI: 1.19–1.35). In 
the 20-year periods, the in-migrating population was divided into four 

subgroups. The excess mortality seen in the 10-year period analysis for 
the in-migrating population was shared by all four subgroups. In 
1998–2017, the MRR was 1.57 (95% CI: 1.52–1.63) for new stayers, 
1.80 (95% CI: 1.73–1.87) for moved in, 1.69 (95% CI: 1.55–1.86) for 
moved out/in persons, and 1.69 (95% CI: 1.62–1.77) for moved in/out 
persons. 

The fact that the excess mortality in people moving out came pri-
marily from people who earlier moved in illustrates the complexity of 
the migration pattern. A comparison between people moving in and 
people moving out during a given time period would not capture this 
complexity. 

3.4. Mortality rate ratio by age 

The likelihood ratio test showed a statistically significant interaction 
between age and residency group (p-value < 0.0001). In the log- 
transformed age-specific mortality curves, distances between resi-
dency groups were larger in the age-groups below 60 years than in older 
age, and there was some crossover between residency groups, e.g. for 
people moving out with a deficit mortality at young age and an excess at 
older age (Appendix Fig. 2). 

The MRRs for the in-migrating population were consistently higher 
than those for the stable population in all age-groups and over time. In 
2008–2017, the MRR of the in-migrating population was highest at age 
30–64 years, 2.34 (95% CI: 2.19–2.50), while the MRR of the stable 
population in this age-group was 1.34 (95% CI: 1.28–1.40) (Appendix 
Table 2). For persons above age 65 years, the MRR was 1.63 (95% CI: 
1.55–1.71) for the in-migrating population and 1.11 (95% CI: 
1.09–1.13) for the stable population in 2008–2017. For persons below 
age 30 years, the MRR of the in-migrating population was 1.44 (95% CI: 
1.06–1.95) in 2008–2017, while it was 1.35 (95% CI: 1.04–1.75) for the 
stable population. 

The mortality in people below age 30 years was overall low in 
Denmark. Nevertheless, among the detailed groups, both stayers, moved 
in, and moved out/in had a statistically significantly excess mortality in 
1998–2017 as compared with people in the rest of Denmark (Appendix 
Table 4). For the moved out group, the MRR changed over age. In 
1998–2017 the MRR was 0.75 (95% CI: 0.49–1.15) below age 30 years 
and 1.31 (95% CI: 1.22–1.41) above age 65 years (Appendix Table 4), 
probably reflecting outmigration for higher education in the young 
group and for nursing home close to adult children in the old group. 

4. Discussion 

4.1. Main findings 

During the past 50 years, mortality in Lolland-Falster changed from 
being at the level of the rest of Denmark to an excess of 21%. Our study 
showed that Lolland-Falster had a highly fluctuating population, where 
over time one fourth of the inhabitants had moved to the area recently. 
This mobility affected the mortality in Lolland-Falster. For each 10-year 
period, the excess mortality of people moving to Lolland-Falster 
increased, reaching 82% in 2008–2017. In each successive 10-year 
period, the mortality of the stable Lolland-Falster population as 
compared with the rest of Denmark equalled the average of the stable 
and the in-migrating populations from the previous 10-year period. This 
resulted in a gradual build-up of the excess mortality for the stable 
population and for the area as a whole. All age-groups contributed to 
this pattern, but many people of working age moved to Lolland-Falster, 
and their mortality was more than the double of people in this age in the 
rest of Denmark. 

On this basis, our results indicated that Lolland-Falster does not 
make people sick, but selective in-migration of vulnerable people has 
resulted in a gradual build-up of the present relatively high mortality 
and low life expectancy in Lolland-Falster. 

Table 2 
Number of persons, person-years and deaths, for people residing in Lolland- 
Falster and Denmark, 1968–2017.  

Area Total Men Women 

Lolland-Falster  
- Persons 315,130 162,837 152,293 
Person-years 5,663,468 2,814,727 2,848,741  
- Deaths 84,815 45,140 39,675 
Denmark  
- Persons 9,403,302 4,745,784 4,657,518  
- Person-years 260,001,907 128,583,970 131,417,937  
- Deaths 2,830,785 1,452,45 1,378,740  
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Fig. 2. Age-distribution of person-years for Lolland-Falster 1998–2017: stayers (A), new stayers (B), moved in (C), moved out/in (D), moved out (E), moved in/out 
(F), all groups combined (G). Red line age-distribution of person-years in rest of Denmark. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 

Fig. 3. Mortality rate ratio for broad residency groups in Lolland-Falster compared with rest of Denmark by 10-year periods adjusted for age, year and sex.  
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4.2. Previous studies 

Health selective migration between rural and urban areas has been 
observed in England in 1981–2005. For people aged ≥65 years, moving 
to rural areas and long-term rural residency were associated with lower 
mortality than long-term urban residency, and for people aged 20–64 
years moving from rural to urban areas was associated with a lower 
mortality than long-term urban residency (Riva et al., 2011). In the 
Netherlands, moving between urban and rural areas as compared with 
stable residency was associated with more health complaints for people 
aged ≥55 years, but with better perceived health for people aged 20–29 
years (Verheij et al., 1998). In England and Wales in 1991–2001, a 
difference of 17% in mortality was found between areas with highest 
and lowest deprivation scores. Selective migration of people below age 
75 accounted for approximately half of this difference, while selective 
migration of older people to some extent narrowed the gap (Connolly 
et al., 2007). Another study in England and Wales found that selective 
migration accounted for a large part of the increasing inequality in 
long-term illness and mortality between the most and the least deprived 
areas between 1971 and 1991 (Norman et al., 2005). 

To investigate whether moving to an area with poor health made 
people sick or whether people moving there were less healthy, an En-
glish study from 2006 to 2008 compared people who moved with people 
who did not move using a matched design and found no post-moving 
difference (Green et al., 2015). Thus, the study supported the hypoth-
esis that poor health in specific areas is caused by a health-selection in 
migration rather than by an area-effect on individual health. 

In Sweden, mortality according to migration/re-migration status 
between Northern and Southern Sweden was studied for 1990–2007. At 
age 16–53, people born in Northern Sweden and moving to Southern 
Sweden had the same mortality as people born in and living in Southern 
Sweden. However, people born in Northern Sweden and returning there 
after having lived in Southern Sweden had an excess mortality (Ander-
sson and Drefahl, 2017). This was in accordance with the present study, 
where stayers moving out aged ≤64 had a mortality similar to that of the 
rest of Denmark, while people moving out/in had an increased 
mortality. 

Several studies have examined potential health selection in internal 
migration without finding indication of this, e.g. in Finland (Saarela and 
Finnäs, 2008), Scotland (Popham et al., 2011), and Wales (Gartner et al., 
2018). Additionally, another Swedish study investigated the 
south-western province of Halland, which in 1980–1990 had the highest 
life expectancy in Sweden, and found that selective migration could not 
explain the pattern (Baigi and Holmen, 2018). 

A Danish study identified a group of rural islands, including Lolland, 
as a longevity hot spot, as persons born there had a 37% higher chance of 

reaching 100 years than people born elsewhere in Denmark. Conversely, 
hotspots of longevity at age 71 were located in Northern Zealand and 
Mid-Jutland, suggesting a selective migration of healthy people born in 
the rural islands that later moved to Northern Zealand and Mid-Jutland 
(Hansen et al., 2018). 

4.3. Strengths and limitations 

The present study was the first to analyse impact of internal migra-
tion on health in Denmark. A strength of our study was the high quality 
Danish register data with exact dates of birth, death and changes of 
address over a long time period. We were able to calculate exact number 
of days a person had spent in each residency group, though dates of 
movements had to be set to mid-days of data collection for 1968–1970. 
For the first time period starting in 1968, previous address history was 
not available, and everyone residing in Lolland-Falster in 1968 was 
categorised as stayers. 

The effect of migration on mortality in an area might occur only after 
several years; e.g. moving in middle age could affect mortality in older 
age, as suggested by Brown et al. (2012), and we therefore defined 
stayers as persons who had lived for at least 10 years in Lolland-Falster. 
We separated people moving in and out of Lolland-Falster according to 
their residence during the preceding 10 years. Thus, the number of 
person-years among the age groups 0–9 years was artificially low as it 
included only people born during the previous 10 years. To avoid small 
numbers of deaths in the residency groups, we applied 20 years over-
lapping time periods in the analysis of detailed residency groups. 

Our study aimed to answer the question as to whether Lolland- 
Falster makes people sick or sick people move to Lolland-Falster? We 
operationalized sickness as all-cause mortality. This is a limitation, as 
this measure does not encompass health-deteriorating, non-lethal con-
ditions. Thus, we were not able to investigate whether people were sick 
prior to moving or whether their health deteriorate after moving, and 
our results did not indicate a deterioration of health in the stable pop-
ulation during the same time. Furthermore, all-cause mortality is an 
indicator of overall health and most likely a reflection of genetic make- 
up and life-long experiences. Consequently, all-cause mortality was 
considered a valid measure of health status. Previous studies have also 
used all-cause mortality to investigate selective migration and health 
(Andersson and Drefahl, 2017; Connolly et al., 2007; Riva et al., 2011). 

4.4. Interpretation 

Denmark is a welfare state with comparatively low income 
inequality, generous universal benefits and services, including high 
quality health care. Nevertheless, at present considerable regional 

Fig. 4. Mortality rate ratio of detailed residency groups in Lolland-Falster compared with rest of Denmark by 20-year periods adjusted for age, year and sex.  
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differences in health and mortality are seen between the less than 6 
million Danes. Lolland-Falster stands out with the lowest life expec-
tancy. On this background, we asked: Does Lolland-Falster make people 
sick, or do sick people move to Lolland-Falster? Our analysis showed 
that the presently poor health status in Lolland-Falster is a result of 50 
years of selective in-migration, where increasingly disadvantaged peo-
ple, in terms of their mortality, have moved to the area, and where this 
has been the case in particular for people of working age. 

When comparing our results with those from other countries it 
became clear that a similar pattern was seen in some, but not in all, 
studied settings. Local conditions therefore have to be taken into ac-
count in efforts to understand the observed pattern. 

Historically, Lolland-Falster was characterized by farming of sugar 
beets and production of sugar (Bjørn, 2002; Nordic Sugar A/S, 2018). 
However, the availability of monogerm sugar beet seeds from 1969 
eliminated the labour intensive singling of plants, manual harvesting 
was replaced by increasingly improved mechanic harvesters, and better 
capacity for transportation of sugar beets reduced the need for local 
processing facilities (Christensen, 2007). In Nakskov, the far western 
town of Lolland-Falster, a shipyard was established in 1916. The pro-
duction boomed in the 1960s with more than 2000 workers employed, 
but the shipyard was shut down in 1986 (Olesen, 2012). Many young 
Danish people move from rural and fringe areas to large cities to pursue 
higher education (Sørensen and Holm, 2019). In a Danish administrative 
reform in 2007, several public service institutions with a well educated 
labour force were moved away from Lolland-Falster (Lyck, 2014), 
reducing employment possibilities especially for persons with higher 
education. In combination, these changes created an economic vacuum. 
The population decreased (Statistics Denmark, 1970, 2020a), accom-
panied by a reduction in housing prices (Andersen et al., 2018). This 
opened up for selective in-migration, as the area offered housing pos-
sibilities affordable for persons on social benefits. During 1990–2015 
there was a tendency for people of working age, where unemployed 
persons and people on early pension moved away from the capital area 
to marginalised areas as Lolland-Falster (Juul and Blicher, 2017). As the 
presence of an illness is a prerequisite for obtaining early pension, it is 
obvious that these pensioners have an increased susceptibility to 
mortality. 

Our analysis showed that the mortality of people who lived in 
Lolland-Falster for a long time was at the level of people living elsewhere 
in Denmark. In a public health perspective, it is therefore necessary to 
consider the poor health status of the current population in Lolland- 
Falster as a local manifestation of general societal processes. Economi-
cally and health disadvantaged people throughout Denmark have been 
sorted out of other areas to seek an affordable life in for instance Lolland- 
Falster. 

5. Conclusion 

The mortality of the Lolland-Falster population was fairly similar to 
that of people in the rest of Denmark in 1968–1987. Since then, the 
levels of mortality have drifted apart. In 2008–2017, the overall mor-
tality in Lolland-Falster was 21% above that of the rest of Denmark. Over 
time, one fourth of the population in Lolland-Falster had moved to the 
area recently, and the mortality of these new-comers was constantly and 
increasingly above the mortality level in the rest of Denmark. In 
2008–2017, this excess mortality had reached 82%, and especially new- 
comers in working age contributed with an excess mortality of 134%. 
The currently high mortality of the Lolland-Falster population was thus 
found to be a result of a long-term, selective migration, where in 
particular vulnerable people of working age moved from other parts of 
Denmark to Lolland-Falster. 

Funding 

This work was supported by Region Zealand, Denmark. The funding 

source had no influence on this study. 

Credit author statement 

TLFH and EL came up with the idea and design for the study. SNL and 
LHM contributed with analytical advice. TLFH did the data analysis. All 
authors discussed and interpreted the results. First draft was made by 
TLFH. All authors read and approved the final draft. 

Declaration of competing interest 

The authors declare that they have no conflicts of interest. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.socscimed.2021.113893. 

References 

Andersen, A.K., Christiansen, H., Jørgensen, U.R., Thorsen, T., 2018. Indbyggere Og Jobs 
Samles I Byerne [Residents and Jobs Gather in the Cities]. Statistics Denmark, 
Copenhagen.  

Andersson, G., Drefahl, S., 2017. Long-distance migration and mortality in Sweden: 
testing the salmon bias and healthy migrant hypotheses. Popul. Space Place 23. 
https://doi.org/10.1002/psp.2032. 

Baigi, A., Holmen, A., 2018. Internal migration and the risk of death: impact of socio- 
epidemiological factors in a long living Swedish population. Epidemiol. Open Access 
8, 1–7. https://doi.org/10.4172/2161-1165.1000336. 

Bjørn, C., 2002. Sukkerroer og sukkerroedyrkning [sugar beet and beet cultivation]. In: 
Danske Sukkerroedyrkere I 100 År - 1902-2002 [Danish Sugar Beet Farmers for 100 
Years - 1902-2002]. Danske Sukkerroedyrkere [Danish Sugar Beet Farmers], 
Copenhagen, pp. 7–18. 

Brown, D., O’Reilly, D., Gayle, V., MacIntyre, S., Benzeval, M., Leyland, A.H., 2012. 
Socio-demographic and health characteristics of individuals left behind in deprived 
and declining areas in Scotland. Health Place 18, 440–444. https://doi.org/ 
10.1016/j.healthplace.2012.01.002. 

Chan, K.W., Ren, Y., 2018. Children of migrants in China in the twenty-first century: 
trends, living arrangements, age-gender structure, and geography. Eurasian Geogr. 
Econ. 59, 133–163. https://doi.org/10.1080/15387216.2018.1535906. 

Christensen, H., 2007. Modernisering, diversifikation og fusionering 1945-ca. 2000 
[Modernisation, diversification and merging 1945- about 2000]. In: Mygh, L., 
Nordahl, K. (Eds.), Dansk Industri - Sukkerfabrikkerne - Roer I Lange Baner [Danish 
Industry - the Sugar Factories - Beets in Long Lanes]. Guldborgsund Museum, 
Nykøbing F., pp. 117–128 

Connolly, S., O’Reilly, D., Rosato, M., 2007. Increasing inequalities in health: is it an 
artefact caused by the selective movement of people?, 2008–2015 Soc. Sci. Med. 64. 
https://doi.org/10.1016/j.socscimed.2007.02.021. 

Danish Health Authority, 2017. Danskernes Sundhed - Den Nationale Sundhedsprofil 
2017 [The Health of the Danes - the National Health Profile 2017]. Copenhagen, 
1.9.20. https://www.sst.dk/da/sundhed-og-livsstil/~/media/1529A4BCF9C 
64905BAC650B6C45B72A5.ashx. 

Darlington-Pollock, F., Norman, P., 2020. Establishing a framework of analysis for 
selective sorting and changing health gradients. Popul. Space Place 1–15. https:// 
doi.org/10.1002/psp.2359. 

Dijkstra, A., Kibele, E.U.B., Verweij, A., Van Der Lucht, F., Janssen, F., 2015. Can 
selective migration explain why health is worse in regions with population decline?: 
a study on migration and self-rated health in The Netherlands. Eur. J. Publ. Health 
25, 944–950. https://doi.org/10.1093/eurpub/ckv192. 

Gartner, A., Farewell, D., Greene, G., Trefan, L., Davies, A., Fone, D., Paranjothy, S., 
2018. Does selective migration alter socioeconomic inequalities in mortality in 
Wales?: a record-linked total population e-cohort study. SSM - Popul. Heal. 5, 48–54. 
https://doi.org/10.1016/j.ssmph.2018.05.004. 

Green, A., 2017. Understanding the drivers of internal migration. In: Champion, T., 
Cooke, T., Shuttleworth, I. (Eds.), Internal Migration in the Developed World - Are 
We Becoming Less Mobile? Routledge, London.  

Green, M.A., Subramanian, S.V., Vickers, D., Dorling, D., 2015. Internal migration, area 
effects and health: does where you move to impact upon your health? Soc. Sci. Med. 
136–137, 27–34. https://doi.org/10.1016/j.socscimed.2015.05.011. 

Hansen, A.V., Mortensen, L.H., Westendorp, R., 2018. Searching for longevity hotspots in 
Denmark. Aging 10, 2684–2694. https://doi.org/10.18632/aging.101579. 

Johnson, K.M., Lichter, D.T., 2019. Rural depopulation: growth and decline processes 
over the past century. Rural Sociol. 84, 3–27. https://doi.org/10.1111/ruso.12266. 

Juul, J.S., Blicher, S.P., 2017. Folk I Job Fraflytter Udkanten Og Folk Uden Job Kommer 
Til [People in Jobs Move Away from Margianl Areas and People without Jobs Move 
in]. The Economic Council of the Labour Movement, Copenhagen.  

Lyck, L., 2014. Introduktion, problemstilling og analysetilgang [Introduction, problem 
and analytical approach]. In: Udkantsdanmark Og Sammenhængskraft I Danmark - 
En Helhedsanalyse [Marginal Denmark and Cohesion in Denmark - an Overall 

T.L.F. Holmager et al.                                                                                                                                                                                                                          

https://doi.org/10.1016/j.socscimed.2021.113893
https://doi.org/10.1016/j.socscimed.2021.113893
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref1
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref1
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref1
https://doi.org/10.1002/psp.2032
https://doi.org/10.4172/2161-1165.1000336
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref4
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref4
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref4
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref4
https://doi.org/10.1016/j.healthplace.2012.01.002
https://doi.org/10.1016/j.healthplace.2012.01.002
https://doi.org/10.1080/15387216.2018.1535906
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref7
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref7
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref7
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref7
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref7
https://doi.org/10.1016/j.socscimed.2007.02.021
https://www.sst.dk/da/sundhed-og-livsstil/%7E/media/1529A4BCF9C64905BAC650B6C45B72A5.ashx
https://www.sst.dk/da/sundhed-og-livsstil/%7E/media/1529A4BCF9C64905BAC650B6C45B72A5.ashx
https://doi.org/10.1002/psp.2359
https://doi.org/10.1002/psp.2359
https://doi.org/10.1093/eurpub/ckv192
https://doi.org/10.1016/j.ssmph.2018.05.004
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref13
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref13
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref13
https://doi.org/10.1016/j.socscimed.2015.05.011
https://doi.org/10.18632/aging.101579
https://doi.org/10.1111/ruso.12266
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref17
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref17
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref17
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref18
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref18
http://refhub.elsevier.com/S0277-9536(21)00225-2/sref18


Social Science & Medicine 277 (2021) 113893

8

Analysis]. Cultural Management. Copenhagen Business School, Fredriksberg, 
pp. 9–18. 

Nordic Sugar, A./S., 2018. Vores fabrikker og kontorer [Our factories and offices] [WWW 
Document], 1.9.20. http://www.nordicsugar.dk. 

Norman, P., Boyle, P., Rees, P., 2005. Selective migration, health and deprivation: a 
longitudinal analysis. Soc. Sci. Med. 60, 2755–2771. https://doi.org/10.1016/j. 
socscimed.2004.11.008. 

Olesen, T.R., 2012. Lukningen af Nakskov skibsværft A/S i 1986 [The shutdown of 
Nakskov shipyard A/S in 1986]. In: Erhvervshistorisk Årbog 2012, vol. 2. 
Rigsarkivet, pp. 1–31. 

Popham, F., Boyle, P.J., O’Reilly, D., Leyland, A.H., 2011. Selective internal migration. 
Does it explain Glasgow’s worsening mortality record? Health Place 17, 1212–1217. 
https://doi.org/10.1016/j.healthplace.2011.08.004. 

Pregi, L., Novotný, L., 2019. Selective migration of population in functional urban 
regions of Slovakia. J. Maps 15, 94–102. https://doi.org/10.1080/ 
17445647.2019.1661880. 

Riva, M., Curtis, S., Norman, P., 2011. Residential mobility within England and urban- 
rural inequalities in mortality. Soc. Sci. Med. 73, 1698–1706. https://doi.org/ 
10.1016/j.socscimed.2011.09.030. 

Saarela, J., Finnäs, F., 2008. Internal migration and mortality: the case of Finland. 
Environ. Health Insights 2, 1–12. https://doi.org/10.4137/ehi.s831. 

Sørensen, E.S., Holm, A., 2019. Unge flytter væk fra Danmarks mindste byer – har 
uddannelse betydning? [Young people move away from Denmarks smallest cities - 
does education matter?] (Copenhagen). Kraks Fond Byforskning. 

Statistics Denmark, 2020a. Population in Denmark. StatBank Denmark, 1.9.20. http:// 
www.statistikbanken.dk/statbank5a/default.asp?w=1920. 

Statistics Denmark, 2020b. Life Expectancy for New Born Babies by Municipality 2013: 
2017, 1.9.20. StatBank Denmark. https://www.statbank.dk. 

Statistics Denmark, 2020c. Regions, provinces and municipalities. Documentation, 
1.9.20. https://www.dst.dk/en/Statistik/dokumentation/nomenklaturer/regione 
r–landsdele-og-kommuner. 

Statistics Denmark, 1970. Befolkningens Bevægelser 1968 [Population Movements 
1968]. Copenhagen. 

Verheij, R.A., Van De Mheen, H.D., De Bakker, D.H., Groenewegen, P.P., Mackenbach, J. 
P., 1998. Urban-rural variations in health in The Netherlands: does selective 
migration play a part? J. Epidemiol. Community Health 52, 487–493. https://doi. 
org/10.1136/jech.52.8.487. 
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