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Abstract Biologists have found that the death rate of cells in culdepends upon their spatial
density. Permanent “Stay alive” signals from their neigisbgeem to prevent them from dying. In
a previous paper (Wang et al. 2013) we gave evidence for atgeifect for ants. In this paper
we examine whether there is a similar effect in human denpiyta We find that although there
is no observable relationship between population density @/erall death rates, there is a clear
relationship between density and the death rates of youaegemups. Basically their death rates
decrease with increasing density. However, this relatigngreaks down around 300 inhabitants per
square kilometer. Above this threshold the death rates ireairly constant. The same density
effect is observed in Canada, France, Japan and the UnagesSYWe also observe a striking parallel
between the density effect and the so-called marital seffest in the sense that they both lead to
higher suicide rates and are both enhanced for youngerraggs However, it should be noted that
the strength of the density effect is only a fraction of thrersgth of the marital status effect. In spite of
the fact that this parallel does not give us an explanatiatsiyf, it invites us to focus on explanations
that apply to both effects. In this light the “Stay alive” pdrgm set forth by Prof. Martin Raff appears
as a natural interpretation. It can be seen as an extensite ¢$ocial ties” framework proposed at
the end of the 19th century by the sociologist Emile Durkhiiris study about suicide.
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Overview

The “Stay alive” paradigm

It is not unreasonable to assume that for any network of-tenected living or-
ganisms there is an “optimum” density of population. In tihesent study that “op-
timum” will be understood in the fairly crude sense of allogithe longest life ex-
pectancy. Foin vitro cell populations biologists have found that life expecyanc
decreases strongly when the cell-density decréademf. Martin Raff described
this effect by saying that unless cells permanently recai&tay alive” signal from
their neighbors, they are bound to die. Is there a similasiigrffect in human
populations?

Evidence at the level of US states

At first sight the answer seems to be negative. This is iktstt by the graph in
Fig.1la which gives death rates in fifty US states plus theridisaf Columbia. The
scatter plot does not show any significant trend. As a mattieicowhatever correla-
tion might exist is due to the two points on the left- and righnd sides, namely
Alaska and DC. One may recall in this respect that the pojuladf Alaska is
markedly younger than the average US population: 29.4 yssacempared to 32.3
years for the whole United Stafes

Yet, if instead of total death rates one considers the seir@tes of young people, one
gets a scatter plot which exhibits a highly significant daseewith growing density,
at least within the range of densities covered in the grapfiaf 1b. Just in order
to get a more intuitive idea of what these densities reptesean be mentioned
that 10 inhabitant/sqg.km corresponds to the case of New@atilg Michigan, 94 to
California, 330 to Massachusetts, 460 to New Jersey and4¢gd0/ashington DC.
Does this mean that density has an influence on suicide onlgPekhctly. Fig.
1c shows a significant connection for “all causes of deatbVigled one focuses on
young people. Yet, this relationship appears weaker thaomie for suicide.

Evidence at county level

Many US states have large areas especially in the west. dlgtatCalifornia com-
prises low density areas as well as large urbanized areasdroajor cities. The
average population density cannot be considered as auaklicator in such situa-
tions. This is not the only drawback of an analysis that wdinid itself to state-level
data. Indeed, the graphs in Fig. 1a,b,c show that there adatagooints in the den-
sity interval between 460 (New Jersey) and 4,000 (WashmBiG) inhabitants per

Yshizaki et al. (1993 p. 904, 1994 p. 1072), Raff (1998). Sse the summary graph in Wang et al (2013, p. 5).
2This example also serves to illustrate the well-known fhaet bne needs to examine the shape of the scatter plot
before drawing hasty conclusions, a methodology to whichwilestick subsequently.



1000 |— 20

900 -

Annual desth rate (per 100,000)
Annual death rate (per 100,000)

800 - .,
700 -

600 - . 0 —

500 -

ol vl v LI R TTI E W RTTT| B R AN RUTT| AR ARRTET B

2 3
1 10 10 10 1 10 10° 10°
Density of total population (per sq.km) Density of total population (per sg.km)

Annual deeth rate (per 100,000)
Annual death rate (per 100,000)
w
8
8

% 0

1 10

3
10 10 10° 10°
Density of toal population (per )
Population density (per square k)

Fig.1a,b,c,d How does population density affect death ratein the case of the United States, 1979-19987
la All causes, all ages, US states (including DC); the (low)aation is entirely due to two outliers, namely
Alaska (lower left corner) and Washington DC (upper rightnes). 1b: Suicide, 15-19, US states; notice
that the horizontal scale refers to the density oftiital population, not the density of the 15-19 age group;
the correlation is-0.92 and the absolute value of the slope of the log-log regredsienis a« = 0.19 £+ 0.02
(the error bar is for a confidence probability level of 0.99)c: All causes, 15-19, US states; the log-log
regression givea = 0.052 + 0.03. 1d: All causes, 15-24, 1025 counties of 10 North-Central sté@eorgia,
lllinois, Indiana, lowa, Kentucky, Michigan, Missouri, @h Tennessee, Wisconsin); the log-log regression
givesa = 0.14 £ 0.01. The evidence from Fig. 1b,c,d can be summarized by a laweofdimr = ry/d*
wherer is the death rate andlithe density. However, Fig. 1d suggests that after falliriglo&rply for densities
between 1/sq.km and. = 300/sg.km, the death rate levels off fdr> d.. A more precise view can only
be obtained by observing more high-density counties. Tliiso& done in Fig. 3. All these results are for
cumulative death numbers over the 20-year long time inkei®@9-1998; similar results are obtained for the
periods 1968-1977 or 1999-2010. For instance suicide id3RE9 age group leads to the following exponents:
1968 — 1977 : a = 0.15 +£0.04, 1999 — 2010 : a = 0.25 + 0.02. Altogether over the 3 periods one
gets the average exponent:= 0.20 + 0.015. Subsequently, for the sake of simplicity and especiallygmvh
they are under 10% the error bars will sometimes be omiteairces: Population and land area data: “USA
Counties” data base from the US Census Bureau; death ratesitels for Disease Control and Prevention,
National Center for Health Statistics, Compressed Motydfile.

square miles. In other words state-level data do not allote @xplore high density
effects on death rates.

These two reasons lead us to consider smaller spatiale=ntithis was done in Fig.
1d which shows data for some 1,000 of the 3,000 US counties graph broadly
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confirms the effect suggested by Fig.%1c

Why did we draw this graph for North-Central states? Theoras simple. These
states hold the largest number of counties and also the eshalbunties. Taken
together Georgia, Indiana and Kentucky have 366 countieseas California has
57 and Massachusetts only 6. The median land area of Geopahties is 890

square kilometer against 6,200 for those of the state of UtEith smaller spatial

entities the population density becomes a more meaningdiidator. However, the
other side of the coin is that together with smaller popalsialso come smaller
numbers of deaths which represents a serious shortcomirtgdanvestigation of

specific causes of dedth

The evidence presented in Fig. 1 speaks in favor of a rektiprof the form:

r= 0 for 1 /sq.km< d < 300/sq.km, 7 : deathrate, d : population density, (1)
Incidentally, it can be observed that definiags a slope in #g-log plot has the
advantage of making it independent of the measurementusets for the density or
the death rate.

However, several questions remain unanswered among wheelcan list the fol-
lowing:

¢ |s there a gradual transition between the case of young amggifor which
there is a density effect and the case of aged people for witnk is expected?

e Does the death rate curve level off above a dengityas Fig. 1d seems to
suggest.

e |Is this effect specific to the United States or can it be ole®naiso in other
countries?

e Finally, one may wonder how this effect can be “explained”.

Before considering these questions more closely one canthe following short
answers.

e Fromthe 15-19 age group to the 74-84 age group (the last glocymented in
the Wonder dataset) there is a gradual decline in the expanen

e For densities above 300 per sg/km the death rate remainstatmostant.

e Apart from the United States the density effect can also [s=fed in other
countries. We will show evidence for the cases of Canadadérand Japan.

e A preliminary answer to the last question will be given intve sections before
the conclusion section.

3Although the mean values of the exponents are not the sarinetmdidence intervals overlap and are not incompat-
ible.

4For confidentiality reasons, the WONDER database omitsoalhties for which there are less than 10 deaths. This
limitation represents a major obstacle for the analysi®anty level.



Death rate by cause as a function of age

Before going closer into our investigation we wish to reballv death rates increase
along with age for different causes of death. We will see thaite is a sharp differ-
ence between diseases and what the “International Cladmficof Diseases” calls
“external causes of injury”. Typically, as shown in Fig. Retdeath rates of diseases
increase exponentially with age (at least after the age nf @b the contrary, the
rates for external causes hardly increase with age.

Why is this distinction important for our investigation?ofr Fig. 2 we see that the
share of deaths by disease or by external causes is notla¢ athine in young and in
old age-groups. In young age-group deaths due to externaksaare predominant
whereas deaths due to diseases are predominant in old agesgro
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Fig.2 Age-specific mortality rates for 6 causes of death in #h United States, 1979-1998There are clearly
two different groups: rates for cancer and for heart, cenedscular, respiratory diseases increase exponentially
with age, whereas the rates for suicide and accident renoaistant or increase very slowl§ource: Centers
for Disease Control and Prevention, National Center for He&tatistics, Compressed Mortality File.

Now, it turns out that in contrast to rates for external causges for diseases are
almostnot affected by population density. Therefore one expects ithain “all
causes” analysis young age-groups will be much more atfdnyedensity changes
than old age groups. This is indeed what was seen in Fig. Ihdri,syoung versus
old or external causes versus diseases are just two aspduessame effect.

However, it should be emphasized that this argument doelhas anything about
how death from external causes are affected by density orthevdensity effect
itself is affected by age These points will be examined innéet sections.

Density effect for suicide
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By focusing on specific causes of death it becomes rapidlarapp that the death
rates for diseases are not affected by density, or to sayré marrectly, there are
other factors which have a stronger influence. This can be fady clearly by
looking at the case of heart diseases at the level of US gthissNashington DC.
If one discards the two extreme cases of Alaska=( 0.5/sg.km) and DC d =
4,000/sqg.km) there is no clear correlation among the 49 remairteitigs. However,
the death rate in Alaska is about one-half of the death rad&ifior young as well as
for old age-groups. This shows that some ethnic and/or @mriental factors are at
work which are much stronger than any possible influence w$itke In other words
if we wish to identify an effect of density we must look eitlsrcauses of death that
are not due to diseases or at young age-groups for which taeses of death play
little role.
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Fig. 3 Suicide rate in function of density for 50 US states, I8-1998.Blue squares refer to males, magenta
dots refer to females. From young to old age-groups one wbser continuous decrease in the slope the
regression line. The numbers in the upper-right corner le@eaverages of the male and female slopes. At
the same time the correlation becomes weaker: from -0.89.62 for males and from -0.84 to -0.19 for fe-
males.Source: Centers for Disease Control and Prevention, Nali@enter for Health Statistics, Compressed
Mortality File.

There are mainly three causes of death due to external $actamely accidents,
homicides and suicides. Which of them is the most intergdiin us? From the
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perspective of the apoptosis paradigm introduced by Praff. Rt is clearly suicide
which will be of greatest interest. However, accidents aldlo be discussed in some
detail later on.

As far as suicide is concerned there are two intriguing facts

e As already seen in Fig. 1 suicide rates are density-depénden

e Secondly, the connection between suicide and density bexameaker and
weaker as individuals become older.

These two facts are documented in Fig. 3 in the case of USsdthis time without
DC). The rates for males and females were plotted sepataebuse their orders of
magnitude are fairly different. However, their dependenith respect to density is
almost the same as shown by the fact that the regressiordirewarly parallel.
Weakening in the density-suicide interdependence canbeesteasured by the de-
crease in the absolute value of the correlation coeffictstresults are given in the
following table.

Table 1: Coefficients of correlation between suicide rate ahpopulation density

Age-group 10—24 25—44 45-—-64 65—84
Male 0.89 0.70 0.67 0.62
Female 0.84 0.53 0.41 0.19

Notes: The table gives the absolute values of the coeffiehtorrelation corresponding to the
scatter-plots in Fig. 2. The fall of the correlation for aldge-groups occurs in both genders but the
reduction is much faster for women than for men.

Evidence for low versus high density

Fig. 1d has the advantage of being based on over 1,000 celmtié has the disad-
vantage that these counties are mostly in the (10,100)gangrval. As a result, it
does not give good evidence for very low densities under i&B@mkm or very high
densities over 300 inh/sg.km. In order to explore these tasewe built a special
sample which includes states with very low densities sudkra®na, Nevada, Utah
or Wyoming as well as states with very high densities suchayMnd, New Jersey,
New Yorke.

Fig. 4 shows that the density curve has two distinct parts: lmetow 300/sg.km and

SIn Raff (1998) he referred to the phenomenon of cell apoptasiich happens eithén vitro or in vivo as being a
kind of “cell suicide”.

6Altogether there are 13 states: Arizona, California, Delay Massachusetts, Maryland, Michigan, Montana,
Nevada, New Jersey, New York, Utah, Virginia, Wyoming. T@d$8 states comprise only 447 counties whereas the
10 states considered in Fig. 1d had twice as many. It can leglnlbat because of its large land area New York does not
have a very high density (only 160/sq.km) but it comprisegsa top density counties.
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Fig.4 How population density affects suicide rates in the Uited States, 1989-1998The death rates are
for suicide at all ages. The broken line connects averagpdokages of counties of increasing density. We
selected either low density states such as Arizona or Utakates with large metropolitan areas such as New
Jersey or New York (the list of the states is given in the teXs a result, one sees fairly clearly that the death
rate curve has two distinct parts: a rapid decrease (witlyr@ssion coefficient of -0.13) under 200 inhabitants
per sg.km followed by a plateau for higher densiti€dources: Same as for Fig. 1

a second one above this threshold where the suicide raten®faaly constant. Fig.
5 and 7 given below show a similar effect for France and Japan.

Evidence for other countries than the United States

France

For a country such as France whose population is about 5 sma#fier than that of
the United States one faces the difficulty of a smaller nunobeleaths. France is
divided into 95départementsaind some 20,0000mmunes Clearly, at the level of
thecommuneshe number of deaths would be far too small to be useful. Ma@go

as the number adépartementss almost twice the number of US states, the average
annual number of deaths péepartementvill be someb x 2 = 10 times smaller
than in the US. In other words, one is not in the best conditiorobserve a density
effect. Nevertheless, a graph (Fig. 5) for death rates irageegroup 15-24 gives a
picture that is consistent with Fig. 1c.

Canada
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Fig.5 How does population density affect death rates in thease of France, 1979-1984The death rates
are for all causes of death in the age group 15-24. The slogeeakegression line for the data points below
a density ofl, 000 inhabitants per sg.km has an absolute value of 0.11. It appleat above this value there
is a leveling off but in order to get a more precise picture woelld need more data points in this interval.
Sources: Population and land area: INSEE; death rates by #§8ERM (“Institut national de la saktet de

la recherche rédicale” which is the French analogue of the US “National @arfor Health Statistics”).

In the late 20th century Canada had a population of some 3i@nsland its territory

is divided into 12 provinces and territories.

Compared with the United States the expected annual nurhdeaths per province
will be (300/30) x (12/50) ~ 2. This makes the situation less unfavorable than in the
case of France but at the cost of having but a tiny number affzints. Moreover, all
these regions have population densities which are low orlegr. There are in fact
two distinct groups: (i) a group of 10 provinces whose dégsiire approximately
comprised between 1 and 10 inh/sq.km (ii) a group of two tatgs, namely the
North-West Territories and Yukon, whose densities arevw8ld inh/sg.km. A report

of Health Canada (1994) gives suicide data over a 30-yeargiom 1961 to 1990.

In spite of the few data points the graph in Fig. 6 covers adraage of population
densities. Thanks to the fact that it is an average over ae2@-lng period, its
suicide rates can be considered as fairly reliable. If oaeds aside Newfoundland,
an obvious outlier for some unknown reason, one gets an exyppon= 0.11.
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Fig.6 How population density affects suicide rates in the e of Canada, 1971-1990/Nhereas the case of
France gave us a glimpse of the incidence of high densiti@sa@a gives us information about the low density
range . The graph suggests that the power law found in previases remains valid for the very low densities
found in North-West (no 6) and Yukon (no 12) Territories. Newndland (no 5) appears to be an obvious
outlier (its suicide rates are closer to those which premaihe UK than to those seen in the rest of Canada).
With Newfoundland left apart, the log-log regression gieesexponent: = 0.11 4+ 0.05 which is consistent
with values found previously. The large error bar does natedrom a poor correlation (it is equal t60.83)

but from the small number of data pointSource: Health Canada (1994).

As a function of age-group one gets the following results
15—24:a=0.20£0.07 35—54:a=0.067+0.09 65—74:a=0.124+0.13

Of these three age-groups, it is the first one which has thésigpsficant connection
with population density.

The case of Germany

With a population of 80 millions in 2010, Germany may appesaa good candidate
for the present investigation. In fact, it is not. There dme@é main reasons for that.

e The United States has an average population density of .R&@isin 1996)
whereas Germany has an average density of 234/sq.km (in.20Hws, it is not
surprising that of the 16 Germasdndernone has a density under 70/sg.km. As seen
above the decrease of death rates as a function of densitysogwinly between
0.1/sq.km and 30/sg.km. Over 70/sqg.km one would expect ardynall residual
decrease.

e ThelLanderwhich have the lowest densitiese all former East Germarander,

For that reason their suicide rates are not really compartalthose in former West

As the death rates of the N-W and Yukon Territories becomessdrat unstable in separate age-groups (due to small
numbers), they were left aside.
8Brandenburg (85), Mecklenburg-Vorpommern (86), Saxomyit (119), Thuringia (143).
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GermanLander.

e The time series of death rates in former East Gerinamder start after the
reunification in 1990. Thus, the largest interval over wlodle can perform averages
runs from 1990 to present time.

If, despite such low expectations, one nevertheless diawsurve of average suicide
rates over 1990-1997 as a function of density one gets tleniolg results. Though
seemingly disappointing, they are in fact consistent withexpectations.

(1) For all ages the slope is slightly (non significantly) atxe: a = 0.012+0.09
(the correlation is -0.07).

(2) For the age-group 15-19 the correlation is slightly leigimamely -0.25 (yet
still not significant) andi = 0.040 + 0.08.

Needless to say, even if the correlation had been somewdjia¢hihe fact that there
are only 16_anderwould still result in giving toe a large confidence interval.

The case of Japan

For Japan the story is very much the same as for Germany iretiseghat all 47
prefectures have a population density higher than 70/sg-akkaido has the lowest
(72 in 2005) and there are only two others with a density ud@€é; namely Iwate
(91) and Akita (99). Therefore, if the law= f(d) is indeed the same as seen above
one expects only a small residual decrease of the suicid®esitveen the densities of
Hokkaido at one end and a threshold dengjtywhich should be around 300/sg.km.

What makes the situation markedly better than for Germattyeigact that we have
here 47 prefectures instead of only l&nder

Actual observation for suicide rates at all ages averagedtbe time interval 2009-
2011 shows results that are indeed consistent with expattat

There are two distinct parts: a downward trend undlee= 300 and an horizontal
line above this threshold. For the 26 prefectures whoseityassinderd, the cor-
relation is—0.56 with a confidence interval—0.78, —0.22) which shows that it is
significantly negative (despite the fact that there are @6lgata points). The log-log
regression estimate of the exponeniis 0.19 + 0.11.

It would have been interesting to see if the density effeanmplified by restricting
the age to the 15-19 age group. So far, however, we were motapgket the required
statistics.

Determinants of the density effect

What kind of explanation?
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Fig.7 How population density affects suicide rates in the e of Japan, 2009-2011Because Japan’s
47 prefectures have mainly high or very high densities thégly shows a limited section of the downward
curve together with a long level line corresponding to digssiover a threshold. = 300/sq.km. For the 26
prefectures which have a density underregression analysis gives an exponent 0.19 + 0.11. Source:
Population densities: website entitled “Historical Ssics of Japan”; suicide rates: website entitled “Vital
Statistics” of the Ministry of Health, Labour and Welfare.

There are (at least) three possible kinds of explanationshi® density effect de-
scribed in the previous sections.

(1) It may be a statistical artifact.

(2) It may be explained by some fairly obvious anthropomarjdictors.

(3) The effect may have a deeper (non anthropomorphic)mrigr instance in
relation with the “Stay alive” effect mentioned at the beunyg of the paper.

Let us examine these possibilities more closely.

Statistical artifact

The best guarantee against possible statistical artitisepeat the observation in
different countries in the hope that they do not all use thmeesatatistical method-
ology. So far, we have considered four countries but in facgave a look at quite
a few others. These attempts convinced us that is is not easydt many “good”
candidates. This can be illustrated by the following discus about Sweden as well
as by the case of Germany that we already considered.

Sweden is a country which is often useful for statisticakstigations because of
its excellent statistical system. In 2010 Sweden had a pdipual of some 9 million
and a territory divided into 284 municipalities. This medmat compared with the
United States the annual number of deaths per municipaiitybe smaller by a
factor(300/9 x (284/50) = 189. In other words, in order to get the same cumulative
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number of deaths one would have to consider a time-periddsi®9 times longer
than in the US. As in the US we have used time-periods of at [H#agears this is
clearly impossible.

The previous argument suggests that one should ratherdwountries with large
populations. Among them China appears as an obvious chbla.sets a possible
objective for a subsequent investigation.

Anthropomorphic factors

One obvious factor comes to mind immediately. For persons lndve an accident
or a heart attack it will take longer to take them to an hosgitaey live in a fairly
desert country side than if they live in a city. However, tefiect should affect old
people as well as young people. It could even be argued thatftact should be
stronger for old people because they are less resilient auidvwherefore be more
affected by a long delay to get to the hospital. Yet, for oldgle one does not
observe any clear density effect. In short, there does ahde be a “distance to
hospital” effect.

For deaths through accidents and especially car accideeats ts undoubtedly a
density effect. In cities the average velocity of cars isVawch means that collisions
will rarely result in fatal injuries. On the contrary, on gtdtyside roads the high
speed reached by cars will transform any collision into alf@tcident. This intuitive
argument is indeed confirmed by statistical observatiorallliEuropean countries
the graph of traffic fatality rates as a function of populattensity shows the same
downward trend (Orselli 2001). For young drivers this coysitie road effect may
be amplified due to poorly developed driving skills.

Needless to say, the previous argument applies only to madftctaccidents and
cannot explain the downward trend of suicide deaths. Howeetraffic accidents
are the first cause of death in the 15-24 age group, this faetbainly plays a role
in this age range, albeit a limited role because in past dectds cause of death
represented only between 27% and 35% of all deaths in thigyeme. Another
point which remains unclear is the fact that one does not kmnbigh fraction of the
downward trend is due to the velocity facioer seas compared with other density-
dependent factors.

The “Stay alive” effect

The “Stay alive” mechanism easily “explains” the fall of cidie rates when the
density increases. However, it doeet explain why the fall stops around. =
300/sqg.km; neither does it explain why young age-groups are rafieeted than
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older age groups.

Let us consider these points more closely. One importargcigpat will be devel-
oped is the parallel between the effects of population dgmsid those of marital
status.

Less links means more suicide

We mentioned at the beginning that the death rate of cellslinre increases when
their density becomes lower. The results given in Ishiza®B@, 1993) suggest that
the death rate is multiplied by 2 or 3 (depending upon cekjyphen the density is
divided by 10. In Fig. 1 we have seen that the death rate of y@ople is multi-
plied by a factor of about 2 when the density is divided by 1B0any population
the frequency of contacts between individuals is propodido the square of their
density. Thus, smaller density means less contacts

At this point we need to explain why, among various causesathg suicide plays
a special role. It is well known that among the different esusf death it is suicide
which is the most sensitive to the lack or severance of sbokd. This can be seen
by looking at how death rates depend on marital status. Vdsdoz heart disease or
cancer the death rate of bachelors or widowers is on averge $.8 times larger
than for married people, in the case of suicide the averagesexdeath ratios jump
to 2.5 for bachelors and 5 for widoweéfs

Amplification of the density effect for young age-groups

For different marital situations age-specific suicideastell us something about the
role of age.

They show an amplification of the effect of tie severanceyfmrngwidows or wid-
owers!. This pattern is illustrated in Fig. 8a and Fig. 8b. For Fig. tBe suicide
rates were derived from the regressions on US states pextormFig. 3. If one
denotes the regression line hys = a;Ind + b; where the index refers to the 4
age-groups, then the suicides rates for the lowest and stiglemsity (along with
their ratio) will be given by:

S; =exp (a; In(0.3) + b;), s; =exp(a;In(300) +b;), r; = i=1,...,4

Si
Si
For Fig. 8b, the death rates were derived directly from arlyaisadone at county
level for the same 1,025 counties already used in Fig 1d. wassmade possible be-
cause the number of deaths is much larger than the numbeicafess1 For suicides

90f course, smaller density may also have other effects Heuteduction of contact frequency seems to be a property
that is shared by many systems.

10This can be seen on Fig. 3b of Wang et al. (2013).

UThere is no similar pattern in the case of heart disease @mecaon the contrary, the excess mortality is reduced for
young individuals.
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Fig.8a Parallel between the effect on suicide rates of maat status on the one hand and of density level

on the other hand. The marital status ratios are for the United States in 198thd density case the ratios were
derived from the linear regression performed in Fig. 3; @@oris the suicide rate for a density of 0.3/sq.km
divided by the suicide rate for a density of 300/sg.km. Thietehas been selected because it corresponds to
the minimum suicide rate in the same way as the suicide rateaofied people is the minimum among family
situations. What is the practical meaning of the 0.3/30®@&2it means that if 1,000 persons of same age (e.g.
40) move from a placel where the density is 300/sg.km to a plaBevhere the density is 0.3/sq.m, they will
experience- times (for age 40y = 2) more suicides than a control group of same age that has methai

A. All data in this graph are for males and females togetBeurces: Suicide rates by marital status: Vital
Statistics of the United States, 1980, Vol. 2, part A, p. RGicide rates by age and population density:
Centers for Disease Control and Prevention, National CefaieHealth Statistics, Compressed Mortality File.

as a function of age the analysis is almost impossible attgdewel just because
they are too few.

Of course, by itself the parallel drawn between density aadital status does not
offer an explanation. However, it suggests that any expiamshat would not apply

to both cases may not be satisfactory. In other words, ibmarthe range of possible
explanations.

Regarding the amplification for young age-groups, we caerah additional ob-
servation. Basically, the argument goes as follows. Asidgeitates of young age-
groups are driven up by the effect of low density, one wouldeex that the curves
of rates as a function of age dtatterin places of low density than in places of high
density.

In order to make this point clearer and to see if it is reallyefrwe have drawn a
graph (Fig. 9). It shows that age-curves in low density aegasndeed flatter than
in high density places. These graphs, once again, unddhnknparallel with marital

status.
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Fig.8b Effect on death rates of density level and ag@his graph is similar to the density curve of Fig. 8a
but instead of suicide rates it considers death rates frboaakes. It is based on an analysis at county level.
The different curves give the ratios: densitfdensity 100 ford = 10, 30, 300; the index was normalized
to 100 for a ratio equal to 1. It can be seen that the resultalarest the same for a density of 100 and for
a density of 300. In contrast with Fig. 8a, for age-groupsr @éethe ratio tends toward 1 which means that
for these age-groups there is no density effect. This is dubd fact that old-age deaths are mostly deaths
from diseasesSources: Centers for Disease Control and Prevention, Mati€enter for Health Statistics,
Compressed Mortality File.

In the following section we tentatively propose a mechanwghich accounts for
what one observes in Fig. 9.

An explanation in terms of shock-strength

How can one explain that the suicide rate of young widoweta/asor three times

higher than the suicide rate of widowers over 50? Was thekstepresented by the
death of their spouse more painful for young widowers tharwidowers over 50?

At first sight one would rather expect the opposite. Indeedam be argued that a
marriage that has lasted for 20 or 30 years creates a striomigdran a marriage that
has been in existence for just a few years. This is merelyfulifiinking however. A

more solid argument is to estimate the propensity for ggtharried by the marriage
rate (defined as the number of annual marriages in a givenrage gy the number
of non-married persons in the same age group) just in the sayas one would

measure the rate of a chemical reaction. This calculatiowstthat the marriage
rate is highest at age 28 and decreases sharply thereattage/60 it is about 10
times lower than at 28 (Roehner 2008, p. 72-74). If one asdbyat the propensity
for getting married provides a measure of the strength dbtimef? , then one comes
to a conclusion which is opposite to the previous one. Inpeispective the high
suicide rate of young widowers is in line with the strengthtlod shock that they

12This is the way of thinking used in chemistry where the stterg a bond is estimated through the energy required
to create it or to break it.
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Fig.9 Graph showing the way in which lower density (or severg marital ties) affect age-curves.The
curves for males are on top of the curves for females. The weces show cases characterized by reduced
links: widows and widowers on the left, low density areas @ tight. The blue curves show networks
characterized by higher interactions: married individuah the left, high density areas on the right. For the
density case, it would have been fairly arbitrary to selest pne state of each kind. Instead we have selected
3 areas of each kind. The low density areas are the followikdsolid line)=(AZ,CO,NE,NV,NM,WY), B
(broken line)=(ID,MT,ND,SD), C (dotted line)=KS. The higlensity areas consist in the following states: A
(solid line)=NJ, B (broken line)=PA, C (dotted line)=NY. &lthick solid lines are averages of the A,B,C cases.
Overall, the curves for low density areas are flatter thaseHhor high density areas. As a result, the ratios
at 20 year of age are larger than the ratios at 80. These mtoepresented by the green vertical bars. On
the marital status graph the same effect can be observed butch stronger form. The upper curves which
correspond to widowers and widows are not only flatter, theyim fact inverted in the sense that instead of
going up with age they fall off. Basically, this figure is egalent to Fig. 8. but it is seen from a different, more
basic, angleSources: Suicide rates by marital status: Vital Statist€she United States, 1980, Vol. 2, part
A, p. 323; Suicide rates by age and population density: Geriteg Disease Control and Prevention, National
Center for Health Statistics, Compressed Mortality File.

experience.

Is it possible to transpose this argument to the densityxase analog of the wid-
owhood shock would be the transfer from an urban environrihentcorresponds to
a density of over 500/sg.km to a countryside environment Elan one estimate the
strength of the links that connect residents to their semaironment? Obviously,
one cannot use the same method as for marriage. Anotheatoditat can be used
is the suicide rate itself. For a given density individuaisold age-groups have a
higher suicide rate than young people. If one agrees witpdngpective set forth by
Emile Durkheim (1888, 1897), this suggests that their cotiae with their familial
and social environment is weaker than that of younger pébplow comes the

Bintuitively, this seems of course very plausible becausd@®strong link that an occupational activity represents fo
individuals until they retire. Incidentally, Fig. 9 showsat the suicide rate of men begins to climb up after the ag®of 6
whereas for women the curve remains fairly flat.
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last step in our argument. If young persons are more conhéatineir social envi-
ronment, then the shock of moving out to a countryside enwrent will be more
painful to them and, just as in the case of widowhood but witlalfer magnitude, it
will result in inflated suicide rates.

A word of caution is perhaps in order with respect to the masiargument. Once
one has identified a possible mechanism (here the parallelmarital status), it is

generally difficult to prove that it is indeed the right one this respect, our proposal
should be seen rather as a working hypothesis. If, in theseoot time, it appears
that it is able to explain an ever growing set of observatipather than just some
Isolated facts) this will make it more convincing and be#iecepted.

Conclusions

This paper gave statistical evidence for the following efe

(1) Whereas there is usually no clear connection betweerall death rates and
population densityd), a significant relationship turns up betwe¢mand the death
rates {) in young age groups.

(2) Whereas overall death rates are dominated by the defgtlesple over 60, the
death rates for suicide or for accidents are rather dondnagehe deaths of young
or middle-aged peoplé Therefore it is not surprising that suicide or accidenésat
exhibit a strong connection with density even if all agesiactuded.

(3) In those cases (defined above) where the death rate fallst increasing
density, the decrease slows down for densities over 308qrkmh and is followed by
a plateau.

(4) The pattern described by the previous rules is obsenreery similar ways in
Canada, France Japan and the United States. It can be suadbyi a power-law
of the form:r = ry/d* wherea is of the order of 0.12 for suicide rates and somewhat
lower for all-causes death rates among young individuals.

(5) The “Stay alive” paradigf? establishes a connection between death rates and
strength of inter-individual interactions. Fig. 8 and Saddish a parallel between the
effects of marital status on the one hand and populationityems the other hand
which suggests that the strength of intra-family contacmilar to the strength of
social (non-familial) interactions.

At this point we do not wish to claim that this pattern holdsiigeneral way and in
all times. Whereas family links have remained fairly undaieshin recent time, big

“This is true even when the suicide rate increases with agaulseche age-groups over 60 represent a smaller share
of the total population than the groups of young or middleeageople.

151t can be seen as an extension of the framework set forth byeEDnirkheim (1888, 1897). That point of view was
also developed in Roehner (2007, part 3)
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changes have affected social life in villages and towns déistrialized countries.
Back in the 19th century, countryside villages and smalln®were still vibrant
places of living characterized by a broad spectrum of aw#i from farmers to
craftsmen or clerks. With the advent of very large mechahizems, the social
network of the countryside has lost much of its diversity ameéractions. In the
United States this transformation mostly occurred durhng first half of the 20th
century. In western Europe it occurred mainly during theoséchalf of the 20th
century. In many developing countries, and in particulaCimna, it is currently
occurring at great speed under our eyes.

The purpose of the present article was not to explain evexytbut rather to describe
the empirical pattern and to state as clearly as possiblentegogations which re-
main. Once we get a clearer understanding of the factorshwdoatrol this effect,

we will be able to predict the situations in which it shouldtocas well as those in
which it will not be expected.
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