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Resumen

Theexistenceof lunarinfluenceon thefrequeny of suicideis testecby means
of a permutationtest. A total of 897 suicidedeathsreportedby the Anatomical
Forensiclnstitute of Madrid wereanalyzedby a permutationtest, a direct appli-
cationof Fishersideas.Noteworthy in this studyarethe testingmethodusedand
the accurag of timing of the deaths. Both factorsprovide firm groundfor our
conclusion:thereappeargo be no relationshipbetweerlunarphasesndsuicide.
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1 Introduction

The hypothesisof cosmicinfluenceon humanbehaiour haslong beenentertained.
Traditionandfolklore in mary cultureshave consideredhe Moon the perfecttargetto
correlationswith extraordinaryeventsor deviant behaiours, becausef its proximity
to the Earthandthe simplicity of obsenationof its synodic(four-phase)ycle. Those
correlationshave beeninvestigatedind,in mostcasesfoundillusory. Thefollowing is
a partial list of studiesinvestigatingthe lunarinfluenceon variousmatters:on labour
absenteeisn20]; on accidentsandphysicaldiseasesf2]; on births,[21] and[9]; on
crisiscalls,[13], [1]; onsuicidedeaths[18], [12]; andon suicideattempts[11], [12],
[10]. Relevantstudiesin Spainaboutmoonphasesandsuicideinclude[4], and[17].
Otherinformative articlesabouttraditionallunarmisconceptionsreby [19] and[14].

Wefind theextensiereview of [10] to bethemostcomplete. They arevery clearin
their conclusionsthe hypothesif arelationshipbetweerthe moon’s phasesandhu-
manbehaiour is not supportedy theevidenceof alargenumberof studiesconducted
by mary independeninvestigatorall overtheworld. In spiteof thisbodyof evidence,
we wantto testagainfor an hypotheticallunar influenceon deathsby suicide. Our
studydepartdrom previouswork in thefield in two aspectsthe useof very accurately
timed dataandthe useof a novel testingmethod.
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Tablal: Day of synodiccycle, numberof suicidesandratio obsened/epectedsuici-
desunderthe hypothesif nolunareffect

Day | Suicides g:; Day | Suicides g:; Day | Suicides gf;
1 27 0.889 11 26 0.855 21 36 1.184
2 25 0.823 12 32 1.053 22 30 0.987
3 34 1.119 13 29 0.954 23 38 1.250
4 29 0.954 14 33 1.086 24 28 0.921
5 31 1.020 15 24 0.789 25 23 0.757
6 32 1.053 16 34 1.119 26 34 1.119
7 28 0.921 17 29 0.954 27 24 0.789
8 33 1.086 18 30 0.987 28 29 0.954
9 32 1.053 19 35 1.151 29 35 1.151
10 36 1.185 20 27 0.888 30 14 0.881

2 Method

2.1 Data

In a previousinvestigation[6] foundthatcompletedsuicidesin Madrid exhibited dif-
ferentpatterndn time: strongcircadian,weekly monthlyandweakseasonathanges
wereobsened. However, possibldunarinfluencewasnottakeninto account.

The sourceof the datausedwasthe AnatomicalForensiclnstitute (AFI) of Ma-
drid. All corpsessuspectedf unnaturaldeathin the city of Madrid arebroughtto the
AFI, wherean autopsyis performedto ascertairthe real causeof deathandits likely
aetiologicalmotivation (criminal, suicidal,or accidental).The total numberof deaths
ascribedo suicidewas897 (595menand302women)for thethree-yeaperiod1990—
1992.Theexactdateandtime of deathfor eachsuicideis establishedby the AFI, with
aclaimedaccurag of plusor minus15 minutes.

2.2 Lunar cycle

For the purposeof this study the 1096 consecutie daysfrom January 1, 1990to
December31, 1992weredividedinto 37 synodiccycles. Thelunarcycle, thetime it
takesfor themoonto completeanorbit aroundthe earth,is 29.523dayslong. We built
a Buys-Ballottable,allocatingeachof the 897 casego oneof thirty cells. In orderto
dothat,lunardaysratherthansolardaysweretakeninto account.

Theallocationof suicidego lunardayswasmadeby subtractingrom theexactda-
teandtime of thesuicidethe exactdateandtime of thenew moon,andthendividing by
24 hours.Theprocessedatais summarizedn Table1 anddisplayedn Figurel. Co-
llapsingthe 37 cyclesin a Buys-Ballottableeffectively averageut unwantedsources
of variation,suchas”day-of-week” effectswhich might exist in thedata.

Notice thatthe day 30 hasa smallernumberof obsenedsuicides.Since,asmen-
tionedbefore,thelunarcycle is 29.523dayslong, the expectednumberof suicidesin
thedays1-29(underthe hypothesi®of no lunarinfluence)is 897/29.523while for the
day30isis 897x 0.523/29.523Usingtheratio Obsened/Expecteduicidescorrects
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Figural: Obsenedversusexpectedsuicidalactsfor eachdayin the synodiccycle.
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this anomaly exceptfor the fact that the cell correspondindo the day 30 haslarger
variance for which we have not attemptedo correct.

3 Procedure
3.1 Smoothing concepts.

A shortsummaryof resultson smoothingis presentecherefor completenesandto
introducenotation. The mathematicallyinclined readeris referredto [3], [5] or [7],
amongthe mary comprehensie texts dealingwith smoothingssues.

Let (y;,z;),4 = 1,...,n beasamplefrom a bivariatevariable,and assumethat
yi = f(z:) + €;, wherethee; areassumedndependentvith meanzeroandcommon
variance.If f(z) werea linearfunctionof z we would have the standardinear mo-
del with oneregressorbut a muchmoreflexible classof functionscanbe postulated,
requiringonly conditionssuchascontinuityof f andperhapof someof its derivatives.

Severalmethodshave beenput forward for the estimationof f within the frame-
work of nonparametricegression A cubicsplinewith nodesat, ...,y is apiece-
wise polynomialwith thefirst two derivativescontinuousanda third derivative which
is constantwithin eachintenval (¢;,;+1). It canbe shavn that the function g(z)
minimizing

n
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is acubicspline,with nodesat (z1, ..., z,). Thefirsttermin [1] requiresg(z) to pass




closeto the points(z;, y;), while the secondpenalizedeparturesrom linearity, thus
forcing g(x) to be smooth. The parameter\ specifiesthe desiredtrade-of between
goodnes®f fit andsmoothnessthelarger A, the smoothery(z) is.

The parameter\ canbe chosenfrom the data. Let f)(\_i) (z) bethe minimizer of
[1], for given A\, whenthei-th pointis droppedfrom the sample.The cross-alidated
sumof residualds definedas

n
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andthe A choserby cross-alidationis thevalue Ay whichminimizes[2]. It turnsout
thatthereare extremelyfastalgorithmsfor the computationof A\gy (seefor example

[8))-

3.2 Thetesting method.

Considera sequencavith a naturalorder(mosttypically, datavaluesorderedn time).
We thereforehave a samplesuchas(¢,y;),% = 1,...,n. Inourcase; = 1,...,30
andy; aretheratiosof obsenedversusexpectedsuicidesin eachof the 30 daysof the
synodiccycle (whichwe referto below asthe”daily suiciderate”).

We areinterestedn testingfor randomnes# that sequencegainsta generalal-
ternative of "smooth” evolution in time, with no predefinedpattern,which might be
ascribedo lunarinfluence.

In the absenceof ary patternalongtime, the daily suiciderate shouldfluctuate
randomlyaroundafixedlevel. If wefit asplineto (¢,y;),7 = 1, ..., 30 choosing\ by
cross-alidation(asdefinedjust below [2]), thefitted curve shouldbe a nearlystraight
line, a curve of "low compleity”, becausehereis no structureto adaptto. Shoulda
patternexist, we canexpectthe splineto captureit. A naturalideathenis to measure
how muchthe compleity of the fitted spline deviatesfrom what would be expected
whenfitting an entirelyrandomsequenceWerethe compleity sufiiciently larger, we
would take it asevidenceof structurein the dataandrejectthe hypothesif complete
randomness.

We thusconfrontthe problemof determiningwhethera fitted splineis "complex”
enough.Severalpossibilitiesexist: [15] proposestestfor no effectin anonparametric
regressiorsetting;following [16] we couldtry to computea measuref compleity for
thefitted spline. We have followed an approachwhich usesasa teststatisticAcy, as
a proxy of the compleity of thefitted spline thesmallerA¢y, themorecomplec the
cuneis.

To obtaina yardstickagainstwhich to measurehe value of the test statistic,we
resortto resamplingafter permutationthatis, we generate large numberK of per
mutationsof they;’s,i = 1,..., 30. For eachpermutatiork = 1,..., K we compute
/\g“‘),; each)\g“‘), canthenbe seenasarisingfrom a distribution which generateslata
exactly like ours,only with a randomordering. Shouldour original databe random,
Acv shouldcomefrom thesamedistributionthanthe)\(clf‘),

Sincefor realistic sizesof n completeenumeratiorof all the n! permutationss
out of the question,we simulatea few hundredsor thousands.The proposedestis
describedn Table2.

A more detaileddescriptionof the test, its rationale,and simulationsgiving an
appraisabf its power canbefoundin [22].



Tabla2: Permutatiortest.

1. Forthegivensample(t;,y;), 7 = 1,...,n fit acubicsplineandcompute)cy .
2. Fork =1,..., K dothefollowing:

(a) Shufle they; to generatearandomlyorderedsampley;, .
. . . k
(b) Fitacubicsplineto they;, andcompute)\(m),

3. Rejectthe hypothesiof randomnesat the chosenlevel of significancef Aoy
is amongthe smallest)\g“‘),.

4 Resaults

Fitting acubicsplineto thedatagivesanestimated\¢y of 0.01924. Thedataandfitted
splinecanbe seenin Figure?2. It is apparenthatthe splinefitted is almosta straight
line —in a sensethe smoothespossiblefunction. This pointsto alack of structurein
thedata,whichis confirmedin thefollowing.

To judgewhetherthis valueis small enoughto be significant(recallthatthe more
structurethe splineis ableto capture the smallerthe A¢y choserby cross-walidation
is), we have performedonethousandandomshuflings of the data,computingeachti-
meA(C'“‘)/, k =1,...,1000. Theempiricaldistribution of these\’sis shavnin Figure3.
Referenceo it showv that Aoy = 0.01924 is by no meansmall: farfrom beingamong
the smallest,is in factthe 64th largestamongonethousand.The hypothesiof ran-
domnesgannotthereforeberejectedevenatthe (ludicrouslyhigh) 93.6%significance
level.

5 Conclusions

We failed to uncover ary significantrelationshipbetweenthe synodiccycle andthe
suiciderate,thusaddingour studyto the extensie list of investigationsvho analyzed
thisissuewith similarresults.

Severalremarksareworth makingregardingboththe methodandthe data.

1. How accurateis the datasetused? As pointedout by [11], time of deathis
often difficult to determine. The AnatomicalForensiclnstitute claimsthat the
approximationin the time of deathis plus or minus 15 minutes. We have no
meansof checkingwhetherthis claimedaccuray is realin all casesbut the
timing is probablyasgoodasonecanpossiblyget.

2. Whatis the point, it might be asled, in using a test methodsuchasthe one
proposed\Vould nota simplechi-squaredjoodness-of-fitestbe asgood?

Theansweris "Not always.” Let usthink of a situationin which the daily suici-
deratealongthe synodiccycle varieswidely. A chi squaredjoodness-of-fitest
would rejectthe hypothesisof a constantdaily suicide. However, werea lunar
effectto exist, we would expectit to have a smootheffect: it justdoesnotseem
plausiblethatDays9 and11 of the synodiccycle areassociatedvith above ave-
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Figura2: Obseneddaily rateof suicidesandfitted cubicsplinewith A choseby cross-
validation.

Figura3: Histogramof valuesof ,\(c'f‘), in onethousandandomshuflings.
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ragedaily suiciderates,while Day 10 is associatedavith below averagesuicide
rates.

A chi squaredestmeasuresnly departure®f obsenedcountsfrom expec-
ted counts,summarizinghosedeparturesn the statistic

7 -y B ®)

whereQ; andE; arerespectiely the obsenedandexpectedcountsin cell i. No
usewhatso®eris madeby the chi-squareestof the naturalorderingof thedata.

Thetestwe proposds anattemptto measurehe compleity of thebestfit. If
no structureis presenin the data,we canexpecta straightline asthe bestfit —
with anearlyconstanvaluecloseto themeanof the data(suchaswe have found
in the precedingSection).If therearepatternsthe splinewill capturethem,its
compleity will increaseandthe A¢y decrease.This is the basisof the pro-
posedtest,which thereforerejectsthe null hypothesionly whenthe alternatve
indicatesmorestructure.

A chi squaredestproduceda p value of 0.9844;thatis, the hypothesisof
variationof the suicideratealongthe synodiccycle is not rejectedat the usual
significancelevels. If arything, the datalookstoo mud in agreementvith the
hypothesiof a constantateof suicide.

. The proposedestis powerlessto detectlineartrends. A lineartrendis a curve
of "minimum compleity” andthereforeindistinguishabldin termsof thevalue
of A¢v) from thetotalabsencef structure.lt is clear though thatalineartrend
makesno sensedn the caseof thelunarcycle, asit would imply a discontinuity
atthebeginningof eachcycle.

. Why do peoplecontinueto believe in themoon'sinfluenceon strangeor deviant
behaiourin spiteof theevidencesagainstq10] claimthattradition,folklore and
popularmisconceptiongrethe basis,efficiently spreadout by the massmedia.
Individual experiencemay reinforcethoseperceptionsjinking full moonand
abnormaleventsin a cause-dect chain. This is mostoftenrelatedto cognitive
biasedik e selectie perceptionselectve exposure self-fulfilling propheg, etc.

We believe, in addition, that thereis a body of specialistgphysiciansnurses,
policemensocialworkers,criminologists.etc.) which, for thereasongnumera-
tedabove, maintainthewrongideas.Becausef their broadknowledgein their
respectie working areasandtheir closecontactwith the public, they dissemina-
te distortedideaswhich cometo be seenastruth on accountof the prestigeof
theprofessionalshey emanatdrom.
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