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The 1918-1920 Spanish influenza pandemic is iconic, leading in multiple waves to millions of deaths of mostly
otherwise healthy young adults. In this paper, we study the pandemic’s regional mortality burden in rural and
urban Denmark. We find that 0,3% of Denmark’s population died during the four waves that constituted the
pandemic. There were substantial regional differences with eastern Zealand being hit much harder than
northern Jutland. Urbanization appears to have been an important discriminating factor behind influenza
mortality, and the Spanish flu can be seen as an urban disease. On a regional scale, factors such as population
density and access to medical care were not associated with increased influenza mortality while socioeco-
nomic conditions were. We note that our study has limitations, and that other more local factors such as mit-
igation strategies, differing age-patterns and nutritional status may also explain the variances.
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Mismo lugar, historias diferentes: la carga de mortalidad de la pandemia de
gripe espaiiola de 1918-1920 en Dinamarca

RESUMEN
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La pandemia de gripe espafiola de 1918-1920 es iconica y provocé a lo largo de miiltiples oleadas la muerte de
millones de adultos jévenes sanos. En este articulo estudiamos la mortalidad regional en la Dinamarca rural y
urbana. Estimamos que el 0,3% de la poblacién danesa murié durante las cuatro oleadas que constituyeron la
pandemia. Hubo diferencias regionales sustanciales. Asi, el impacto en el este de Selandia fue mucho mayor
que en el norte de Jutlandia. La urbanizacién parece haber sido un factor discriminatorio importante tras la
mortalidad por gripe, por lo que puede considerarse una enfermedad urbana. A escala regional, factores como
la densidad poblacional y el acceso a la asistencia sanitaria no se asocian a una mayor mortalidad por gripe,
mientras que las condiciones socioeconémicas si. Reconocemos que nuestro estudio tiene limitaciones, y que
otros factores locales como las estrategias de mitigacion, la distribucién por edad y el estado nutricional tam-
bién podrian explicar estas variaciones.
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1. Introduction

With ~50 million deaths globally, the 1918-20 “Spanish flu”
influenza pandemic remains one of the deadliest pandemics
in modern history. The pandemic mortality burden in Den-
mark is still disputed. Estimates range from 0,2-0,4% of Den-
mark’s population, corresponding to ~6.000-13.000 deaths
(Table 1) (Medicinalberetning for den danske stat, 1919, 132-
133; Medicinalberetning for den danske stat, 1920, 105; Pat-

Table 1

terson and Pyle, 1991, 14; Murray et al., 2006; Andreasen et al.,
2008; Kolte et al., 2008; Dahl et al., 2020). Most estimates have
been made using urban data, and only two studies (Patterson
and Pyle and Murray et al.) studied the mortality burden on
national scale. A low estimate of 0,1% was based on excess
mortality estimation from monthly data, while one estimate
of 0,4% came from modeling detailed morbidity and mortality
data from Copenhagen (Kolte et al., 2008; Andreasen et al.,
2008). Table 1 reviews all available estimates.

Previous estimates of the 1918-20 influenza pandemic mortality burden in Denmark

Study Year Study population Deaths % of study population

The Danish Health Board 1919-1920 National ~11.000-13.000 0,4%
Patterson and Pyle 1991 National 11.400 0,4%
Murray et al. 2006 National ~6.000 0,2%
Andreasen et al. 2008 Copenhagen ~2.200 0,4%

85.447 all-cause 0,7%
Kolte et al. 2008 Copqnhagten and

province towns 9.285 influenza (1917-1921)

Dahl et al. 2020 Copenhagen and province 4150 (1918) 0,3% (1918-1920)

towns

Between countries, mortality patterns differ widely. Various
authors have suggested several factors can explain variations
in pandemic mortality. In a global modeling study, Denmark
figured as the country with the lowest death toll of all meas-
ured countries (Murray et al., 2006). Within countries, geo-
graphical mortality variations have been reported in at least
Newfoundland (Sattenspiel, 2011) and Denmark (Trier, 2018,
172, 200-208). Trier found that in Denmark, especially the
town of Nakskov had been hit hard, while the neighboring
towns were less affected. He also argued that rural communi-
ties may have been more affected than urban (ibid., 2018, 172,
200-208).

Although some have argued that Spanish flu mortality was
randomly distributed without any connection to geography,
economic development or climate, others disagreed (Dahl et
al., 2020). Socioeconomic status has been found to be a risk
factor in pandemic influenza outcomes with higher mortality
among those of lower socioeconomic status (Mamelund, 2006;
Bengtsson et al., 2018; Dahl et al., 2020). A global study found
that both latitude and poverty were important predictors of
excess mortality (Murray et al., 2006). A US study found an
association between influenza mortality and illiteracy, infant
mortality, and pollution (Clay et al,, 2019). Mitigation strategies
such as school closings and prohibiting public events were also
important factors explaining mortality reductions (Hatchett et
al., 2007; Markel, et al., 2007; Correia et al., 2020).

There is still much debate on what factors explain variabil-
ity in mortality and morbidity during pandemics. Elucidating
the role of various factors in historical pandemics such as the
Spanish flu may shed light on why some populations and
countries fare better and others worse in the 2019-2020 COV-
ID-19 pandemic and any future pandemics. The ongoing SARS-
CoV-2 virus holds the world in a tight grip and patterns of

unequal mortality across regions are observed anew. Cities in
northern Italy and New York City are examples of locations
that have experienced high mortality in comparison with
neighboring areas, and ethnic differences have been the topic
of much debate. While most focus is on urban outbreaks, rural
areas may face additional challenges due to insufficient access
to healthcare and hygienic conditions (Zahnd, 2020; Sood and
Sood, 2020). Drawing parallels between contemporary and
historical pandemics is of course complex, but may still pro-
vide some insight into why such regional differences arise.

In this study, we take a look at the diverging morbidity and
mortality burden of the 1918-20 Spanish flu influenza pan-
demic in rural and urban areas of Denmark. Additionally, we
investigate the effect on excess mortality of factors such as
urbanization, access to medical care, and socioeconomic con-
ditions. Finally, we discuss other contributing factors, includ-
ing local mitigation strategies, age-patterns, and nutrition.
Given the limitations inherent to the available data, our aim
was to provide an exploratory analysis.

This paper is organized as follows. Section 2 explores the
regional morbidity patterns for influenza-like infections for
1918-1920. In this section, we also explore and discuss region-
al excess all-cause mortality and its relationship with the pan-
demic. In section 3, we study the patterns with different geo-
graphic, medical and socioeconomic factors, and in section 4,
we discuss other possible factors that could have contributed
as well as our study’s limitations.

2. Regional patterns

The pandemic took place decades before the discovery of
the influenza virus, and influenza diagnosing took place based
on symptom observation (Otto, 2002, 18). Due to the uncer-
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Figure 1. Monthly incidence of notified influenza cases per 10.000 population during the pandemic period 1915-1923, for Copenhagen, province towns and

rural areas in Denmark with an estimated population for 1918.
Source: Medicinalberetning for den danske stat 1915-1923.

tainty in how an influenza diagnosis was made by the doctors
and the association between influenza and pneumonia infec-
tions, the diagnoses “influenza”, “pneumonia crouposa”,
“bronchopneumonia” and “tracheo-bronchitis” were com-
bined in the analysis, and together termed “influenza-like” in
the following sections. Already at the time, some doctors com-
mented that other respiratory infections such as pneumonia
and bronchitis were associated with pandemic influenza and
should be considered together.!

2.1. Rural and urban pandemic morbidity patterns

The Spanish flu first broke out in Denmark in the second
week of July 1918. Although the first identified cases were
travelers from Norway and Germany, the pandemic’s first
major outbreak took place on a naval torpedo boat patrolling

! Danish National Archives, Sundhedsstyrelsens arkiv, Medicinalberetnin-
ger. Jylland: Randers Amtslegekreds, 1918, 15; Vejle Amtslegekreds, 1918,
26-34; Danish National Archives, Sundhedsstyrelsens arkiv, Medicinalbe-
retninger. @erne. Odense Amtslegekreds, 1918, 10. From here on out this
archival cabinet will be referred to as “MB”.

the @resund strait (van Wijhe et al., 2018). Like some other
countries in Europe, Denmark experienced a mild herald
wave during the summer months, and a more lethal second
and third wave during the fall and winter of 1918-1919 (An-
dreasen et al., 2008; Simonsen et al., 2018). A fourth wave
peaked in February 1920 (Figure 1). During the first wave, the
highest incidence of influenza morbidity seen by doctors
occurred in the province towns and Copenhagen, while rural
areas seemed to have mostly skipped the first wave. The
second wave was larger and much deadlier, and it reached all
regions of the country, affecting both the rural and urban
populations. Interestingly, it appears that the province towns
were apparently more severely affected than Copenhagen
during the 2nd, 3rd and 4th waves (Figure 1). This was not
only a pandemic phenomenon, but is also visible in terms of
morbidity prior to and after the pandemic. Why this is the
case is unclear and needs more detailed information on the
local settings. During the second wave, influenza peaked in
the province towns in November-December 1918 and Decem-
ber-January 1918-1919 in rural areas of Denmark (Kolte et al.,
2008; Dahl et al., 2020). Interestingly, in 1922 influenza cases
soared again, nearly reaching the same levels in 1918-1919,
but it was much less deadly (Figure 2).
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Figure 2. Monthly all-cause deaths per 10.000 inhabitants for the period 1915-1923 in Copenhagen (CPH), province towns, and rural areas in Denmark with

an estimated population for 1918.

Source: Statistics Denmark: “£gteskaber, Fadte og Dade” volumes 1911-1915, 1916-1920 and 1921-1925 and Medicinalberetning for den danske stat, 1918.

Mortality being higher in urban than rural areas during the
Spanish flu reflects a general pattern from the 19th and early
20th centuries.? Similarly, a study of 19th century childhood
mortality found that urbanization led to increasing childhood
mortality (Lekke, 1998, 185-193). The importance of urbani-
zation was something the chief medical officers took note of
as well in 1918. Some noted local variations in mortality with-
in the rural regions, showing that in some villages, death tolls
were high, while in others, influenza-mortality was nearly
absent.?

At the time of the Spanish flu, the Danish healthcare system
was divided into 21 medical regions (“amtslegekredse”). With
the exception of two medical regions, the regions followed the
administrative borders of the Danish counties (“amter”). The
medical regions were composed of a number of districts
(“legekredse”) that had urban province towns (“kebstaeder”)
and surrounding rural municipalities. The divisions between

2 Statistisk Tabelvark, 1905, 120-121.

3 MB: Odense Amtslaegekreds, 1918, 12-13; Thisted Amtslaegekreds, 1918,
2-3.

Copenhagen, the province towns and rural areas, as used in the
official statistics, were based on administrative choices. The
province towns were defined as municipalities with tradition-
ally certain economic activities such as crafting, that were not
allowed outside. Rural areas constituted municipalities with-
out a province town. According to the Danish census of 1916,
59% of the Danish population lived in areas classified as rural.#

Except for Arhus and Odense, the Danish medical regions’
borders followed those of the counties and incidence and ex-
cess deaths are comparable between the two. The regions of
Arhus and Odense were split in two medical regions each:
Arhus and Skanderborg, and Odense and Assens. Influenza
incidence in 1918-1920 per 10.000 inhabitants was lowest in
the rural and highest in the urban areas (Figure 1, Table 2,
Figure 3 and supplementary Table 1). While the highest urban
influenza incidence occurred in Assens on Fuenen, the highest
rural influenza-like incidence was in the areas surrounding
Copenhagen and Arhus, the two largest cities in Denmark

4 Statistics Denmark, Statistisk Tabelvark, Rk. 5. Litra A ; Nr. 14. Census of
1916.
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Table 2
Total influenza-like cases for 1918-1920

Influenza-like cases

Hovedstaden* Province towns Rural
Year Total cases Per 10.000 Total cases Per 10.000 Total cases Per 10.000
1918 127966 1996,3 178434 2821,1 280723 1610,0
1919 52968 826,3 76636 1190,9 206289 1169,6
1920 60906 950,2 76288 1152,9 134614 765,3
Total 241840 37729 331358 5238,9 621626 3565,1

*Copenhagen, Frederiksberg and Gentofte.
Source: Medicinalberetning for den danske stat 1918-1920.

(supplementary Table 1). In Alborg, the 3rd largest Danish city
at the time, the influenza pandemic had a limited impact.
While the number of cases suggest that influenza diffused
from the larger cities into their surrounding rural areas, this
was clearly not always the case.

2.2. Rural and urban excess mortality patterns

Respiratory mortality data exists for the Danish province
towns, but not for rural areas. For this reason, and due to the
risk of deaths being misdiagnosed, all-cause mortality data in
the Danish counties were selected in the study of the mortal-
ity burden for the purpose of computing the excess mortality
attributable to the pandemic. This data was published by Sta-
tistics Denmark in summary tables containing annual births,
deaths and marriages. Two datasets were used for all-cause
mortality, one with aggregated data on a monthly basis for
Copenhagen, provincial towns, and rural areas, each stratified
by sex, and another where the separate areas were stratified
by each specific region. For the latter, only annual data was
available. Each source thus provides different information, the
first with a higher temporal resolution, the other with a high-
er spatial resolution. Following the method of Murray (2006),
a baseline of average expected deaths was established both for
the monthly data and for the annual data. For the annual data
this consisted of the simple average of annual deaths by region
from 1915-1917 and 1921-1923, and for the monthly data, the
average monthly mortality was used. Thus the baseline for
January 1919 was the average of the all-cause mortality in
January 1915-1917 and 1921-1923. Excess mortalities were
calculated as the difference between the annual or monthly
all-cause mortality in 1918-1920 above this baseline.

All-cause mortality was lowest in the rural areas (Figure 2).
There was a clear pattern in each region of later winter and
early spring peaks, generally peaking around March and April.
The pandemic stands out with an increased number of deaths
starting in October 1918 for Copenhagen, and November 1918
for the province towns and rural areas. There was no discern-
able difference between male and female mortality (supple-
mentary Figure 1). In addition, all regions seemed to have a
very mild winter and spring mortality in early 1918, and the
1918 pandemic itself does not stand out as much for rural re-
gions compared to Copenhagen and the province towns. The
normal mortality pattern seemed to resume in province towns

and rural districts after the third wave of the pandemic had
ended. In Copenhagen there was a distinct 4th wave in mor-
tality early 1920. Why the 4th wave primarily affected Copen-
hagen is unclear. Excess mortality was also lower in rural are-
as than in urban areas in the epidemic years.

In the province towns, a total of 2.904 excess deaths oc-
curred during the four pandemic waves. In rural areas, while
absolute excess mortality was generally higher than province
towns relative to the population, mortality was about half that
of provincial towns and much lower than in Copenhagen. It
should be noted that the second pandemic wave first broke out
in the rural areas with a month’s delay in the winter of 1919
(Figure 1 and Figure 2). It is likely that it took time for the
pandemic to travel from the towns to the rural areas, but this
cannot be said with certainty with this data. The estimate of
the total number of excess deaths during the pandemic in
Denmark is 10.184, corresponding to 0,34% of Denmark’s pop-
ulation. In urban areas this was 0,46% whereas in rural areas it
was only 0,22%. This distinction between urban and rural are-
as shows that overall mortality may be overestimated when
solely based on information from urban areas.

Interestingly, excess mortality calculation based on annual
mortality grossly underestimates the pandemic impact. We
estimated 0,19% excess mortality using annual data—in agree-
ment with the 0,2% estimated by Murray et al., (2006)—while
the monthly pandemic specific mortality was 0,34% (Table 3).
The generally higher winter mortality is spread over two sep-
arate years when using annual data, which may further mask
nuances in mortality. The two calculations show the large
discrepancy between estimates based on annual and monthly
all-cause mortality.

A previous study using weekly mortality data for Copenha-
gen pointed out that estimates of excess mortality based on
annual mortality may indeed underestimate pandemic mor-
tality: Denmark experienced low mortality in spring of 1918
relative to the surrounding years, as can also be seen in Figure
2 (Andreasen and Simonsen 2011). It has been suggested that
this was due to an increased mortality among elderly in 1916
and 1917, or dietary changes during World War I resulting in
less meat and alcohol consumption (id.). It should be noted
that social conditions during World War I were poor; prices on
food and fuel were higher, taxes increased, and unemployment
grew reaching 25% in the winter of 1917, all of which had a
negative impact on people’s life courses (Hansen and Henrik-
sen, 1984, 31-32, 74-78; Trier, 2018, 228-229).
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Table 3

Total excess deaths for 1918-1920 based on annual and monthly mortality

Excess mortality

Hovedstaden* Province towns Rural Denmark
Total Per 100 Total Per 100 Total Per 100 Total Per 100

Estimate based on annual all-cause mortality

1918 549 0,09 998 0,16 23 0,001 1570 0,05
1919 105 0,02 335 0,05 1639 0,09 2079 0,07
1920 681 0,11 627 0,10 775 0,04 2083 0,07
Total 1335 0,21 1960 0,31 2437 0,14 5732 0,19
Estimate based on monthly all-cause mortality

1st, 2nd and 3rd wave** 2247 0,35 2523 0,40 3552 0,20 8322 0,28
4th wave 1129 0,18 382 0,06 353 0,02 1863 0,06
Total 3376 0,53 2904 0,46 3905 0,22 10185 0,34

*Copenhagen, Frederiksberg and Gentofte

**1st wave: July-September 1918; 2nd wave: October-November 1918; 3rd wave: December-March 1918-1919; 4th wave: January-May 1920.

Source: see Figure 2.

The annual excess mortality showed that there were con-
siderable geographical variations, as was the case with influ-
enza-like morbidity incidence (supplementary Table 1; sup-
plementary Figure 2).° The excess mortality was highest in the
Copenhagen area as well as southeastern Zealand and Lol-
land-Falster. Similarly, overall mortality was lowest in Hjer-
ring, where no measurable excess mortality was recorded in
either rural or urban areas.

The overall results of section 2 are that the 1918-20 influ-
enza pandemic did not affect all areas in Denmark equally.
Influenza incidence was highest in the urban areas. Geograph-
ically, eastern Zealand and Lolland-Falster were hit hardest in
terms of mortality, and northwestern Jutland was hit the mild-
est. Likewise, influenza mortality was largest in the province
towns and Copenhagen. We estimated 10.185 excess deaths for
the entire pandemic period 1918-1920. Most of these were
urban deaths. While our estimates are in line with some pre-
vious estimates (Table 1), the low relative excess mortality in
rural areas seen in Table 3 combined with the observation that
the pandemic was the most severe in the urban areas suggest
a disparate impact of the Spanish flu, and that not accounting
for these difference may lead to incorrect inferences.

It was not only in Denmark that the influenza pandemic was
most severe in urban areas. In Norway, the rural areas also
experienced lower mortality than the towns and cities. Geo-
graphically, Norway experienced higher mortality along the
coasts and in the areas that were connected with the railway
(Mamelund, 1998, 92-101). Likewise in Sweden, the mortality
burden was lowest among “farmers” and highest among urban
“blue-collar workers” (Bengtsson et al., 2018).

5 Monthly mortality data by medical districts exists in unpublished format
in the Danish National Archives.

As noted earlier, Denmark was the Nordic country hit
mildest by the pandemic. Why this is the case is still an open
question. Dietary changes with less alcohol- and meat con-
sumption due to rationing could have led to a decrease in
mortality. On the other hand, social conditions with unem-
ployment and high food prices may have had a negative im-
pact on people’s life courses. It has also been suggested that
a multitude of organizations, including a modernized health-
care system, health insurance funds, unions and volunteer
organizations secured people from deep poverty and can
perhaps partially explain the low mortality (Trier, 2018, 228-
235).

3. Causes of mortality variations

The findings in section 2 show there were substantial ine-
qualities between rural and urban areas in influenza morbid-
ity and mortality in Denmark. As mentioned in the introduc-
tion, there are also other regionally determined factors besides
urbanization, known to affect influenza mortality. In this sec-
tion, we study the role of population density, medical care, and
socioeconomic factors.

As an indicator for a region’s socioeconomic status, we used
data on the average income per person. This data was retrieved
from Statistics Denmark’s series on annual income data. The
geographical size of each region was retrieved from the census
of 1916 and we used this to compute population density as the
number of people per square kilometer. As an indicator for
access to medical care, we used figures on the number of doc-
tors by region, retrieved from the Health Board’s medical re-
port for 1918. Supplementary Table 2 presents these charac-
teristics for each region.
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Figure 3.

Distributions of population characteristics by excess mortality (A, C, E) and influenza-like incidence (B, E, F) in rural and urban areas by year in Denmark
1918-1920. For details by region and sources see supplementary Table 1 and 2.
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To investigate the association of these factors with excess
mortality we used mixed linear regression models accounting
for the correlation between urban and rural regions of the
same area. As an example, the rural and urban areas of Praeste
medical region are likely more similar than the rural and urban
areas of Randers medical region (such correlations alone ex-
plained around 22% of the variance in the data). In addition,
we also looked at rural and urban areas separately. In our
statistical model, we excluded Copenhagen and its surround-
ing rural areas. Although administratively categorized as rural,
they consisted of semi-urban towns with apartments and in-
dustry. Excess mortality per 10.000 was used as the dependent
variable, and as independent variables we included: influenza
like incidence per 10.000, rural or urban area, average income
per person, population per square kilometer, number of doc-
tors per region, and the year (1918, 1919, or 1920). Each of
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these variables were investigated univariately and in multivar-
iate models. As mortality is inherently related to incidence and
we were mainly interested in differences between urban and
rural areas, each multivariate model included at least inci-
dence as well as an indicator for rural or urban areas as pre-
dictors. In addition, as both incidence and excess mortality
varied from year to year (see Figure 1 and Figure 2), we also
included year as a covariate in each model. Figure 3 and 4
explore each of the included variables and supplementary
Table 3 presents the univariate and multivariate model results.
Interactions between variables were investigated but none
were statistically relevant (results not shown). We also checked
for multicollinearity, and while some factors were slightly
correlated (pearson correlation coefficients up to 0,7 for in-
come and population density), no issues were found in the
models with all variance inflation factors well below 10.
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In the univariate models, urban regions, influenza-like in-
cidence as well as the number of doctors were statistically
associated with an increased excess mortality. When we cor-
rected for urbanization, year, and incidence, a higher average
income seemed to reduce the excess mortality. The association
with income remained when including also the other covari-
ates (p-value: 0,02); the number of doctors in the region
(p-value: 0,83) and population density (p-value: 0,54) were
not associated with excess mortality. It appeared that influen-
za-like incidence was of main importance, accounting for 48%
of the explained variance in the full model, more so than oth-
er factors such as income, which explained 5%. There was also
no statistical difference between urban and rural areas when
correcting for other factors, meaning the observed differences
in urbanization can likely be explained by mostly incidence
and to a lesser extent income differences. Below, we discuss
the role of population density, medical care and socioeconom-
ic factors in more detail.

3.1. Population density

Population density in rural areas differed substantially in
the period around 1918; while Zealand historically has always
been densely populated, western Jutland had much lower
population density (supplementary Table 2). As noted above,
there was an apparent relationship between influenza mor-
bidity and whether an area was urban or rural. This seems
logical, as infectious diseases have more opportunity to spread
in more dense populations. A previous study of the 1918 pan-
demic in Copenhagen determined the effective reproductive
number RO to be around 2 in the 1st wave (Andreasen et al.,
2008). The reproduction number is a measure of how infec-
tious a disease is in terms of how many people one infected
individual infects on average. As RO depends on population
density, it is likely that the RO would be lower in rural settings.
However, in our statistical analyses we found no associations
between excess mortality and population density—neither
when restricting to rural or urban regions (p-value rural: 0,22;
urban: 0,87).

A factor likely to also have affected influenza transmissibil-
ity is household size. In the period around 1918, Copenhagen
and the province towns were suffering from housing shortage
with one-fifth of the urban population living in overpopulated
apartments (Hansen and Eriksen, 1984, 78-79). A US study of
household infections during the Spanish flu found that once a
household member was infected, the risk of infection for oth-
ers in that household could be up to 32%. Furthermore, the
average RO within infected households was slightly higher at
2.5 (Fraser et al., 2011). Multiple doctors took note of how in
the rural areas entire families lay ill, and that there were sev-
eral members of the same families that died.® According to the
1916 census, there were 339.777 dwellings (houses, farms etc.)
in rural Denmark, and the average household size was 5,1 in-
dividuals per household including servants. As this is the av-
erage regional household size, local variances are not captured.
In addition, the type of dwelling and how many families live
within each may be of impact on influenza transmission, mor-
tality, and be an all-round indicator for socioeconomic status

6 MB: Hjorring Amtslaegekreds, 1918, 9; Holb&k Amtslaegekreds, 1918, 14.

of those that live there, and in extension risk of infectious
disease mortality. Micro-level data and analysis would be able
to provide an interesting view on the transmission and mor-
tality risks, but are not possible with the data so far available.
It would require joining those who died or were recorded with
influenza to the population census of 1916, and possibly the
census of 1921. A more in-depth analysis of the role of house-
hold infection would be able to answer more detailed ques-
tions on local transmission events and mortality risks.

3.2. Medical care

The period from the 1890’s and forth was the “modern
breakthrough” of Danish medical sciences. During the 1870’s,
doctors began to acknowledge the role of antiseptics in treat-
ment, and the discovery of pathogenic bacteria and parasites
in the 1880’s and 1890’s caused fundamental changes in the
perception of disease and treatment thereof (Lakke, 1997, 112-
113; Otto, 2002, 5). At the same time, the number of private
general practitioners grew due to economic progress, and old-
er provincial town hospitals were gradually replaced with
modern hospitals equipped with isolation wards. With the
Health Insurance Law of 1892, all members of acknowledged
health insurance funds were eligible for free medical treat-
ment. This meant that people of lower socioeconomic status
had better chances of getting medical aid (Lekke, 1997, 106-
109; Jacobsen and Larsen, 2017, 237-244, 260-61). Progress in
the development of biomedical compositions meant that
while doctors were unable to treat the influenza infection it-
self, they were in 1918 treating pneumonia infections that
followed with arsenic, quinine and salvarsan (Otto, 2002, 5-7).

This rapid modernization of the healthcare system was
however largely an urban phenomenon. As seen in supple-
mentary Table 2, the number of doctors per 10.000 was great-
er in the urban than rural areas, and rural access to medical
care was still far away. In the medical reports of 1918 only
little is mentioned about the conditions in the rural areas.
When mentions are made of the conditions in the rural areas,
itis repeatedly noted that access to medical care was poor. The
outbreak of pandemic influenza only increased the need for
medical aid. Doctors were forced to improvise in order to fa-
cilitate treatment to the rural population, including ad hoc use
of whatever vehicle was available to reach their patients. Ex-
amples exist of doctors using horses, automobiles, buggies for
rough terrain, bicycles, boats and (in the winter) sleds (Trier,
2018, 107-118). Apart from the lack of vehicles and gasoline,
doctors frequently faced the challenge of inexperienced med-
ical personnel that did not take the necessary precautions in
regards to hygiene and personal protection equipment. One
doctor speculates that the lack of proficient care may have cost
lives in the rural areas.”

Despite the doctors’ concerns about the unprepared medi-
cal personnel costing lives, we found no statistical association
between the number of doctors per 10.000 and the excess
mortality in our multivariate models. Similar results were
found when we restricted our models to only urban or rural

7 MB: Marselisborg Laegedistrikt, 1918, 22; Hads Lagedistrikt, 1918, 26;
Hjerring Amtslaegekreds, 1918, 9; Ringkjobing Amtslaegekreds, 1918, 9-10;
Hinnerup, 1918, 1; Praeste Amtslegekreds, 1918, 9-10; Kebenhavns
Amtslegekreds, 1918, 10-11.
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regions (p-value rural: 0,92: urban: 0,66). This suggests that
the availability of medical assistance may not have strongly
affected the risk of dying. Proximity to a doctor is however only
one indicator for availability of medical care, and we cannot
outrule the role of other medical-related factors, such as dis-
tance to health care clinics, number of available nurses, num-
ber of hospital beds and so forth.

3.3. The role of socioeconomic conditions

Studies of the 1918 pandemic in urban areas have reported
an association between poverty and influenza mortality (Mur-
ray et al., 2006; Mamelund, 2011; Dahl et al., 2020). Other
studies have demonstrated how poverty was a risk factor in
influenza outcomes. In our analysis, we also found that an
average higher income in a region was associated with lower
excess mortality (p-value: 0,03). When restricting our models
to only rural or urban areas, no such associations were found,
and if any exists it seemed most prominent in the urban setting
(p-value rural 0,52; urban: 0,08). This suggests that the average
wealth of a region may have been of some importance to pan-
demic mortality (income explained just 5% of the variance in
the data), but also that this result may not be stable and our
dataset may be too limited.

Contrary to other studies such as Mamelund (2006) and
Bengtsson et al. (2018), our study cannot compare socioeco-
nomic groups on a local scale, and it is possible that, despite
the low overall mortality, micro-level studies of the 1918 pan-
demic could reveal socioeconomic gradients. Although the
mean income was higher in urban areas than in the rural are-
as, significant variations still existed within both these set-
tings, and associations between mortality and income can thus
be exacerbated by gradients of urbanization and socioeconom-
ic status within areas. In Copenhagen and the province towns,
an economic and health gap existed between blue-collar and
white-collar workers. Inequality between the rural social
groups such as tenants and crofters had been decreasing since
the 19th century, but differences nevertheless existed. Despite
the emergence of share farming in the late 19th century, croft-
ers were often still employed by tenants (Petersen et al., 2011,
36-37).In addition, over 10.000 seasonal workers, mainly from
Spain, Poland and Sweden, worked as farmhands on the farms,
often living under poor conditions in barns and stables (Hansen
and Henriksen, 1984, 70-74). Farmhands may have been par-
ticularly vulnerable, as they, contrary to the urban working
class, were poorly organized, lived under poor living condi-
tions and had inadequate access to medical care (Trier, 2018,
169-172).

Doctors’ reports from the time also indicate that socioeco-
nomic status in rural settings affected one’s risk of dying dur-
ing the 1918 pandemic. Doctors discussed the poor living con-
ditions of the farmhands, noting that their sleeping areas were
both very cold and humid. One doctor noted that farm owners
did not warm their servants’ accommodations because of high
fuel prices, and another notes that farmhands with high fever
and bloody cough were commonly observed on the farms.?
This description illustrates the disparity within local areas,

8 MB: Hjerring Amtslegekreds, 1918, 9; Marselisborg Laegedistrikt, 1918,
22.

even to the household level, and signifies that studies of soci-
oeconomic status and pandemic impact requires more detailed
information than we were able for this study to provide at this
point.

3.4. Causes of influenza-like incidence variations

From the above analysis, it was clear that it was, perhaps
unsurprisingly, mainly influenza-like incidence that explained
the excess mortality. We therefore also investigated the statis-
tical association between the same factors and influenza-like
incidence. This was done with similar models as with the ex-
cess mortality analysis but using influenza-like incidence as
the dependent variable (see supplementary Table 4). Excess
mortality was not included as a predictor as incidence neces-
sarily precedes mortality. Here we found that besides the year,
the distinction between rural and urban also played a role
(p-value: 0,007), while income (p-value: 0,10) the number of
doctors in the region (p-value: 0,42) or population density
(p-value: 0,72) were not associated with increased incidence.
This corroborates our idea that the driver of differences in
excess mortality between rural and urban areas are differenc-
es in influenza-like incidence. Our analysis could however not
pinpoint the cause of these differences.

4. Discussion

4.1. Other contributing factors

In this analysis, the role of population density, access to
medical care and socioeconomic differences are discussed. Of
these, we found that the main driver of influenza mortality
was, not surprisingly, influenza incidence and that income also
played a role. The distinction between rural and urban areas
does not seem to be an independent factor associated with
excess mortality. The mortality differences we observe be-
tween rural and urban regions may be driven by differences in
influenza incidence that could arise through more local soci-
oeconomic or demographic differences. It is also likely that age
may explain some of the differences. The Spanish flu was char-
acterized as being most severe among younger individuals
from 15-40 years old (Olson et al., 2005; Andreasen et al., 2008;
van Wijhe et al., 2018). Due to the growing urbanization in the
period around the Spanish flu, especially Copenhagen and to
some degree the province towns saw a demographic shift with
an increasingly younger population. The combination of a
higher population density and a younger population could
explain in part the higher urban mortality. Supplementary
Figure 3 illustrates the age distributions in Copenhagen, the
province towns and rural regions in 1911 and 1921. Interest-
ingly, the rural areas had a higher proportion of individuals
under age 20, while Copenhagen and the province towns had
a higher proportion for ages over 20 in both census, and it is
likely that this would also be the case during the pandemic
years. Since the pandemic mainly caused increased mortality
between 20 and 40 years of age, this demographic difference
may explain partly the lower excess mortality in the rural ar-
eas. We however also note that the difference between the
province towns and rural areas is not large, and as Copenhagen
was excluded from the statistical analyses, the impact of age
differences may be limited but residual confounding by age
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likely remains. We could not correct for these demographic
differences as no age-structured data was available at the re-
gional level.

The effect of mitigation strategies on influenza morbidity
and mortality during the 1918-20 Spanish flu is documented
in several studies. US cities that applied the strictest measures
to slow down the spread were also the ones with the lowest
mortality (Markel et al.,, 2007). Evidence from Denmark fur-
thermore suggests that closing schools, theatres and cinemas
did indeed reduce the impact of the pandemic in the province
towns (Dahl et al., 2020). In the rural areas, the decision to
close schools was made by the individual parishes’ parish com-
missions. While records for dates of school closings in the
province towns can be obtained through newspaper articles
and questionnaires from the Health Board to the doctors, no
known records are kept of the dates of school closings in rural
parishes, precluding a detailed analysis at this time of the
impact of such mitigation strategies.’

In a questionnaire about the pandemic from the Health
Board to all doctors in Denmark in 1919, they were asked
about the role of mitigation strategies implemented in their
districts. While little is mentioned about school closings in
rural settings, what is mentioned is that schools often closed
soon after the first pandemic cases occurred in the parish. In
one rural district, 4 parishes out of 40 parishes did not close
schools at any time during the pandemic. In regard to restric-
tions on dances, very little is mentioned as well. One doctor
mentions encouraging the rural population in his district to
cancel dances and parties, and experiencing that people did
not follow his advice.”® In a journal article, a doctor from
Lolland describes an outbreak at a wedding anniversary in a
village in November. A child recovering from influenza at-
tended the anniversary and 10 people were subsequently
infected (Hansen, 1919, 560-561). While illustrative, these
examples do not mean that everyone in the rural settings
disobeyed the medical authorities’ advice. Together with the
overall lack of reports on the Spanish flu in the rural areas by
doctors, they can however indicate a disconnect between the
rural population and the health authorities. As there are in-
dications that the pandemic came to rural areas slightly after
urban areas, they may have had some forewarning and thus
time to prepare (Figure 1).

Furthermore, the role of nutrition is considered pivotal in
terms of overall health and mortality risk. Studies of childhood
mortality in Denmark show regional variations with some
areas being characterized as “high mortality areas” and other
areas characterized as “low mortality areas”. While the differ-
ences in childhood mortality decreased throughout the 19th
century, regional variations nevertheless still existed in the
period 1916-20 (Lekke, 1998, 125-183). Height is often used as

9 Obtaining dates for school closings in the Danish province towns from
newspaper bulletins were done by Dahl et al. 2020.

10 Sporadic school openings in the districts’ rural parishes is mentioned in
the questionnaires from the district doctors from Herlufsholm,
Kebenhavns sendre, Middelfart, Nordfyn, Naestved, Samsg, Thy, Varde,
Rougse, Lemvig, Kalundborg, and Faaborg. In Rougse district, the district
doctor added notes on school closings from all parishes. The note on the
rural population not following advice comes from the district doctor for
Frederikshavn district in his questionnaire reply. Source: Danish National
Archives, Sundhedsstyrelsens arkiv, Oplysninger om influenzaen i
Danmark 1918-1919.

an indicator for the overall health state of a given population,
where a higher average height is considered indicative of an
overall better health. A study of 22 year-old Danish military
recruits’ body height from 1903-1904 demonstrated a 2,3 cm
difference in the average height between the counties with the
highest and lowest mean body height, indicating significant
regional variances in overall health even in the 20th century
(Mackeprang, 1907-11, 13-68).

Another factor that may have contributed to the spread of
influenza is the Danish military. Epidemics are known to have
occurred in the 19th century following the presence of military
troops (Lokke, 1998, 175-176). Despite Denmark’s neutral role
in World War [, the Danish military was mobilized, and 35.000
young adults were gathered closely together in garrisons un-
der generally unsanitary conditions at the time of the pandem-
ic. The soldiers were not stationed at one garrison throughout
the entire pandemic and travelled around the country by train,
residing in leased hotels and barracks in different towns. While
stationed, soldiers interacted with the local population during
social events. It is likely that through these interactions, influ-
enza was first introduced into the garrisons. When the first
wave of the pandemic broke out, it immediately caused a ma-
jor outbreak in the military garrisons. Outbreaks among sol-
diers continued into the fall, where they became more malig-
nant (Trier, 2018, 53-84). Taking the interaction between
soldiers and civilians into account, it is likely that outbreaks
among stationed soldiers could have diffused into the civilian
population of towns or nearby rural villages and possibly from
region to region.

4.2. Limitations of the study

In this study, we used annual mortality data for the larger
medical regions. Estimates of excess mortality based on annu-
al and monthly morbidity and mortality data may hide inter-
esting patterns otherwise observed from more detailed week-
ly data and lead to underestimation of pneumonia and
influenza incidence attributable to pandemic deaths. Unfortu-
nately, such data is only available for Copenhagen (Andreasen
et al., 2008). In addition to the lack of temporal resolution, our
study is also limited by the lack of local variation in other
variables. As such, we were unable to capture the role of var-
ying household sizes, nor could we adequately capture local
socioeconomic differences. For such analysis, individual,
household, or bare minimum township level information is
required. Unfortunately, such information was not available at
the time of writing, but efforts are being made to collect such
information. Similarly, our data lacked the detail to study the
role of age-patterns. As mentioned already, the pandemic was
most severe among young adults, and this demographic group
constituted a larger part of the province towns than the rural
areas. Accounting for age allows the study of these well-known
age patterns in more local settings.

The statistical models we employed thus do not convey an
accurate picture of the socioeconomic status associations, pop-
ulation density, or medical care, but may provide a starting
point for further study as more detailed data becomes availa-
ble. Finally, the lack of detailed information on school closings
and openings in the rural areas means that we were unable to
study the effect of mitigation strategies between rural and
urban regions quantitatively.
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5. Conclusion

The 1918-20 influenza pandemic was primarily an urban
disease. Both incidence and excess mortality associated with
pandemic influenza was highest in the Copenhagen and the
province towns. We found that the main driver affecting in-
fluenza-related mortality seems to have been influenza inci-
dence, and other factors such as population density and avail-
ability of medical care did not seem to play major roles on a
regional basis. Socioeconomic differences may however have
played a role, in particular in the urban areas and likely on a
local scale, as was also suggested by doctors at the time and
later research. Despite the rural populations having less ac-
cess to medical advice and care, it nevertheless was not as-
sociated with an increase in mortality. Our analysis reflected
more general patterns of lower relative mortality in rural
than in urban areas, although large variations were observed.
While our study cannot explain variances in mortality or
incidence on the regional scale, the differences between ur-
ban and rural patterns could possibly be explained by more
local demographic and socioeconomic variations—likely re-
sulting from urbanization—which lead to more exposure to
the pandemic virus. That influenza mortality was highest in
the urban areas also indicates that this distinction is of im-
portance for excess mortality estimates, in particular, when
estimates may be heavily biased when such calculations are
mainly based on data from cities; the mortality in Copenha-
gen was for example large compared to the rural areas.
Among the rural areas, there were considerable differences
with areas in Zealand being affected more than the rural ar-
eas of northern Jutland. Especially the rural areas closest to
the larger cities Copenhagen, Arhus, and Odense were affect-
ed more.
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Supplementary Figure 1. Monthly all-cause deaths by sex for the period 1915-1923 in Copenhagen (CPH), province towns, and rural areas in Denmark. Male
deaths are represented by solid lines and female deaths by interrupted lines.

Source: Statistics Denmark: “£gteskaber, Fodte og Dede” volumes 1911-1915, 1916-1920 and 1921-1925 and Medicinalberetning for den danske stat 1918.
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Supplementary Figure 2. Rural and urban excess deaths per 10.000 by region combined for 1918-1920.
Source: Statistics Denmark: “Egteskaber, Fadte og Dade” volumes 1911-1915, 1916-1920 and 1921-1925
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Supplementary Figure 3. Age distribution in Copenhagen, Province towns and Rural districts according to the 1911 and 1921 census.
Source: Statistics Denmark: census of 1911 and census of 1921.
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Supplementary Table 1

Incidence and excess mortality in rural and urban areas in Denmark 1918-1920, based on annual mortality

Region

Hovedstaden

Roskilde Amtslegekreds

Frederiksborg Amtslegekreds

Holbak Amtslegekreds

Sorp Amtslegekreds

Prasto Amtslegekreds

Bornholm Amtslaegekreds

Lolland-Falster Amtslegekreds

Svendborg Amtslagekreds

Odense Amt

Odense Amtslegekreds

Assens Amtslaegekreds

Vejle Amtslegekreds

Arhus Amt

Skanderborg Amtslegekreds

Arhus Amtslegekreds

Randers Amtslegekreds

Alborg Amtslegekreds

Hjerring Amtslegekreds

Thisted Amtslegekreds

Viborg Amtslegekreds

Ringkebing Amtslagekreds

Ribe Amtslegekreds

Type of region
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural
Urban
Rural

1918
1996,3
2380,2
34283
1619,9
2559,6
1910,4
29576
1530,5
3339,7
1499,9
3201,8
1649,8
2676,4
1029,0
2860,9
1402,2
2901,0
1603,7
33534
1862,5
3296,6
1941,7
3630,7
1721,7
2959,7
1555,8
2388,8
1550,0
28573
1505,8
2116,7
1600,0
3062,1
17679
2258,2
1338,3
3209,0
1722,0
2960,7
1408,8
25283
12819
2420,2
1493,4
27354
1569,8

1919
811,1
1177,8
1406,1
15423
1040,1
1361,9
1699,8
1225,6
1712,3
1471,6
1395,5
1339,0
10881
1196,9
1406,3
1381,6
1240,8
896,8
928,4
856,4
829,7
872,3
1419,6
8279
1581,9
1186,4
1207,0
14221
1013,9
1308,5
1318,9
1551,6
949,4
1204,0
743,0
945,3
791,1
1046,1
949,3
1306,9
1257,6
1033,0
1343,0
1164,3
1008,3
953,0

Pneumonia and influenza incidence per 10.000

1920
914,5
1179,5
1352,0
1044,7
1017,8
7739
1198,1
667,7
1478,6
733,9
1293,9
796,5
929,8
854,2
579,6
5281
1125,3
765,7
1134,8
859,9
1164,2
865,1
994,7
850,4
1519,7
7399
993,9
903,1
10154
8781
981,7
931,6
1709,2
898,8
1218,4
613,9
1170,9
823,2
763,9
664,9
835,6
587,2
951,5
5213
13349
796,9

1918
8,6
8,9

34,5

19,3
6,9
223
33
11,2
-10,1
16,9
-3,6
14,7
-4,8
223
-5,0
16,8
-2,9
23,6
0,0

23,9
4.9
10,3
14

20,4
34
11,7
-3,0
-11,2
-0,3
7,0
-2,9
29,6
-0,8
-0,3
-3,5
16,1
6,0

1919
1,6
22,9
9,7

25,8
15,5
79
13,5
-1,2
8,0
8,2
14,8
-8,7
171
19,3
12,7
-4,5
1,9
-8,1
14

28,4
18,1
15,4

6,8

6,8
2,5
-12,6
9,4
28,0
9,8
6,2
44
18,5
11,5
13,6
7.8
12
08

1920
10,2
14,5

3,4

21,8
0,1
1,5
9,8

-111

-0,4

10,1
6,6

39,9

20,9

26,3
3,6
6,2
53

204

-1,5

3,0
58
7,0
1,5

6,4
6,1
53
5,1
-5,8
14,5
8,7
-4,6
6,4
2,2
-6,0
-3,1
31,3
3,7

65

Excess all-cause mortality per 10.000

Source: Medicinalberetning for den danske stat 1918-1920; Statistics Denmark: “Agteskaber, Fadte og Dade”, volumes 1911-1915, 1916-1920 and 1921-1925.
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Supplementary Table 2
Characteristics of rural and urban regions in Denmark

Population Populationin 1918 Number of doctors per  Income per taxpayer

Region Type of region in 1918 per km? 10.000 in 1918 in 1917
Kobenhavns Amtslegekreds  Rural 96600 202,6 21,9 6123
Hovedstaden Urban 641000 7943,0 14,0 4395

Rural 39700 59,3 10,1 2390
Roskilde Amtslegekreds ura
Urban 18000 992,8 22,2 3738
. Rural 78000 58,4 91 3352
Frederiksborg Amtslegekreds
Urban 26750 1146,1 26,5 2723
Rural 97300 56,9 8,0 2687
Holbak Amtslegekreds
Urban 19800 748,9 394 3357
Rural 77500 53,7 7,2 3047
Sore Amtslegekreds
Urban 32000 851,1 17,5 2972
Rural 94700 56,9 7.8 3018
Praste Amtslegekreds
Urban 22150 772,0 33,4 2660
Rural 25500 45,6 10,6 2196
Bornholm Amtslegekreds
Urban 18850 676,4 14,3 2182
Lolland-Falster Amtslaege- Rural 90500 524 74 2993
kreds Urban 34950 535,3 19,2 3089
Rural 105000 64,1 6,8 2997
Svendborg Amtslegekreds
Urban 34250 1238,7 20,7 3080
Rural 115300 65,2 9,0 2530
Odense Amt
Urban 63250 1308,2 16,4 3104
Rural 73800 66,3 8,9 2496
Odense Amtslegekreds ura
Urban 52500 1308,2 12,6 -
Rural 41500 63,2 9,2 2697
Assens Amtslegekreds
Urban 10750 - 353 -
. Rural 98700 42,7 8,4 2460
Vejle Amtslegekreds
Urban 51400 1266,0 16,1 2598
o Rural 117500 473 14,8 2697
Arhus Amt
Urban 107800 1976,8 14,6 2505
Rural 62400 36,9 9,3 2322
Skanderborg Amtslegekreds
Urban 39600 - 14,6 -
o Rural 55100 70,3 18,0 2915
Arhus Amtslegekreds
Urban 68200 1976,8 14,5 -
Rural 99300 411 8,4 2476
Randers Amtslegekreds
Urban 36850 838,3 22,5 2973
o Rural 114000 39,1 6,1 2584
Alborg Amtslegekreds
Urban 50150 3015,6 14,0 2520
L. Rural 113000 40,4 45 2389
Hjorring Amtslegekreds
Urban 24350 440,1 20,9 3669
. Rural 64000 36,4 4,7 2341
Thisted Amtslegekreds
Urban 15000 869,6 20,0 2974
. Rural 108000 36 5,6 2119
Viborg Amtslaegekreds
Urban 19250 315,1 31,7 2674
. . Rural 115000 24,9 41 2123
Ringkebing Amtslagekreds
Urban 28150 617,9 16,7 2883
. Rural 94000 31,5 6,0 2168
Ribe Amtslegekreds
Urban 29550 392,4 19,0 3127
Rural 1743600 45,6 8,2 3472
Totals
Urban 1273500 1662,4 16,7 3633

Sources: Medicinalberetning for den danske stat 1918; Statistics Denmark: census of 1916; Statistics Denmark: Ansettelserne til Indkomst- og Formueskatten
for Skatteaaret 1917/1918.

*Only population and population density for 1918 are presented here as they did not change meaningfully between 1918 and 1920
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Supplementary Table 3

Statistical results of the linear mixed effects regression. Excess
mortality per 10.000 was used as the dependent variable, and
region was added as a random effect (see supplementary Table
1 and 2). In the full model the random effect explained 17,7% of
the variance. The base model included rural vs urban, year and

Variable Univariate Base model
Rural vs. Urban 5,8 (2,0)** -1,7 (2,2)
Year
1919 vs 1918 -14(2,6) 11,7 (3,2)**
1920 vs 1918 -0,8 (2,6) 15,6 (3,7)**

Influenza like incidence per 10.000 0,01 (0,001)* *

Number of doctors per 10.000 0,4 (0,1)** -
Population per square km 0,003 (0,002) -
Average income per tax-payer 0,000 (0,002) -

0,01 (0,002)**

incidence. Each of the models 1 - 3 added a variable to the base
model: model 1 investigates the association with doctors;
model 2 the association with population density; and model 3
the association with income. A full-model incorporating each
of these factors is also presented.

Coefficient (Standard Error)

Model 1 Model 2 Model 3 Full-model
-1,6 (3,4) -1,5(3,3) 0,06 (2,3) 1,3 (5,1)
11,7 (3,3)** 11,7 (3,3)** 12,3 (3,2)* 12,2 (3,2)**
15,6 (3,7)** 15,6 (3,7)** 16,3 (3,7)** 16,2 (3,7)**

. 0,001 0,001 £
0,01 (0,002) (0.002)° (0,002)"" 0,01 (0,002)
-0,006 (0,2) - - 0,04 (0,2)
= -0,001 (0,002) = -0,002 (0,002)
. -0,007
- - -0,06 (0,003) (0.002)"

*Statistically significant at the o < 0,05 level. **Statistically significant at the o < 0,005 level.

Supplementary Table 4

Statistical results of the linear mixed effects regression.
Influenza-like incidence per 10.000 was used as the dependent
variable, and region was added as a random effect (see
supplementary Table 1 and 2). The base model included rural
vs urban and year. In each of the models 1 - 3 added a variable

to the base model: model 1 investigates the association with
doctors; model 2 the association with population density; and
model 3 the association withincome. A full-modelincorporating
each of these factors is also presented.

Coefficient (Standard Error)

Variables Univariate = Base model Model 1 Model 2 Model 3 Full-model
Rural vs. Urban 578,8 (128,4)** 4422 (120,8)**  667,5(107,7)** 510,6 (79,8)** 468,0 (175,0)**
Year
1919 vs 1918 -1008,8 (113,0)** -1008,8 (89,4)** -1007,9 (89,7)** -1008,8 (88,5)** -1008,5 (88.9)**
1920 vs 1918 -1261,5 (113,0)** -1261,5 (89,4)** -1259,7 (89,7)** -1261,5(88,5)** -1260,9 (88.9)**
Number of doctors per 10.000 30,5(7,6)** - 10,0 (7,0) - - 6,1(7,6)
Population per square km 0,3 (0,1)* - - -0,09 (0,08) - -0,03 (0,09)
Average income per tax-payer 0,5 (0,2)* - - - 0,2 (0,1) 0,2(0,1)

*Statistically significant at the a < 0,05 level. **Statistically significant at the o < 0,005 level.





