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Summary: The investigation of the seasonality of a diseéas@n important objective in many epidemiological
studies. Two statistical methods (Edwards' and &#&ltwood methods) are described here to detedtccy
trends in time of birth of children diagnosed wébute lymphoblastic leukaemia (ALL) aged O - 4 ye§ye
found evidence of seasonality related to month iothbwith peaks in February and August. Both peaks
correspond to previous findings and could refléxet seasonality of infectious diseases in tempealateates:
respiratory virus infections (for example, influejzshow marked seasonality occurring in the wimbenths,
and gastrointestinal infections peaks in the sunmmenths.
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1. INTRODUCTION

Infection has long been suspected as a possiltier fiacthe etiology of acute lymphoblastic leukaarfALL)[1].

A cyclic trend in occurrence could be interpretadsapportive evidence of an etiology linked to expe to
infection. The investigation of seasonality, or loy@ariation of a disease frequency throughoutaryhas been
of great interest to researchers in various meditsdiplines. Various methods of estimating andlwating
cyclic trends have been reported. The methodologgtiidying seasonal variation ranges from simpéplgjcal
methods to more advanced techniques which are eficient and mathematically sophisticated. Themast
method for the detection of seasonal variationisease risk is the Pearson chi-square test, defis¢de sum of
square of the deviations divided by the expectatidrich has - 1 degrees of freedom (d.f.). This is a poor test
for detecting a cyclic trend as of the 1degrees of freedom only one or two are likelygémlecessary to specify
any biologically meaningful type of trendd{ was uniform distribution throughout the year )téasl of the
Pearson chi-square test the Edwards’ test has bseth by epidemiologist [2]. This test was geneedliby
Walter and Elwood in 1975 [7]. These two statidtio@thods and their application to detect cyclents in time
of birth of children diagnosed with acute lymphaiia leukaemia (ALL) aged O - 4 year are describe using
the original Edwards' and Walter - Elwoods' methogp. Both methods are special types of chi-sqoese and
compare the nullhypothesis of no seasonality ag#iesalternative hypothesis of an existence ofdictrend.

2. HARMONIC ANALYSIS

2.1. Edwards' test

The Edwards' test is one of the earliest of theensmphisticated methods developed as a specifioteyclic
variation and is here reintroduced using defingiamd formulas of the original paper [2]. A simf#st for cyclic
trend in independent events is presented in then fof the rim of a unit circle divided into equalctms
(Figure 1.), corresponding to time intervals (egonths), and a number in each rim sector specifiegrumber
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of events observed.
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Edwards’ model where, = (2 - 1) 7 /12 fori =1, 2, ...k
Figure 1

The expected centre of gravity of these masseshwilit the circle’s centre in the absence of aaganal trend
and any excess of deficit in neighboring sector$ hidive a consistent effect on the position of teatre of
gravity. Thus, the distance from the centre of Wwhidgll have an uniform probability distribution dhe null
hypothesis, and the direction will indicate theifios of maximum or minimum liability, or both. Téiy? —test
compares the hypothesis of a uniform distributtmoaghout the yeaH;) with the assumption that the frequen-
cies follow a seasonal fluctuation over the yeé#g)(

Let’'s consideMN number of ALL cases which are distributed okerqual sectors (e.g<: = 12 months). Leb
denote the number of eventsiftsector. The square root nfare taken as weights and then placed around a unit
circle at points corresponding to the sector mid{zoat angles; to an arbitrary diameter. The moment about this
diameter isv'n; sing; andVn; co®; whereg; = (2i - 1)yr /12 fori =1, 2, ..., k

Adding all these sectorsi(= 1, 2, ..., k the expected moment is zero. The position ofcénetre of gravity of
these pointsx; y) where

- k X - k - sing
_24:1 i co%, ndy:2=l n; sing, (1)
oV Z!;l‘/?
The distance from the origin is
d=y X+ . @)

The square root of an observed number has an edsatnpling variance of slightly less th%rﬁwas proved by

C.A.B. Smiths[2]), thus the sampling variancepgrximately:
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o=y, jllsin2 0 = i; or ﬁ (3)

units of moments squared, and the test statistics

Y2=8N(K + ) with 2 d f. 4)
In case of a simple harmonic trend the frequengyaportional to
fi = 1+ asin(4; — 6*) (5)

y
X

From (5) the estimate of =4d and9*:arcta/6 ) whered* gives the direction of the maximum rate.

It should be noted that such a curve has just ea# pnd one trough during the year. A simple ei@ensf this
method to test for the occurrence of two peaksteoubhs in the year would be through the hypothtsis the
frequencies follow a sinusoidal curve of periodmianths [3]. The two peaks are exactly six mongheriaand of
the same height in this curve. In mathematical ¢etine hypothesis is the same as expression (5} atminst
uniform distribution (no seasonal variation) - excethat 6, is substituted fof; where 6, = (2i-1)7/6
fori =1, 2, ..., kThe calculation and test statistic are the sasn@pabove replacing instead ofg; in the
expressions of quantitiesandy in equation (1).

The goodnes-of fit of the fitted harmonic curve hiigpe tested using a furthgf-test statistic withk - 1 d.f.
under the usual assumptions:

(”i‘”i)z

' Nf;
X=X Whereni:Z—k'? . (6)

N i=1'i

2.2. Walter — Elwood method

Edwards’ test is widespreadly used but it ignoms @ossibility of variation in the population askiwhich might
be responsible for the cyclic variation of the dise incidence and suffers from the lack of powersfoall
sample sizes [4-5]. Occasional extreme valuesiéndata as well as cyclic variations of other fotimsn a
simple harmonic curve have also an influence ehdtistic [6], such as the assumption of theatly] spaced
time intervals may not be fulfilled in practicegedue to the unequal lengths of the months. Alghovarious
modifications of this test have later been emplojgd], only the Walter-Elwood’s test [7] use datpopula-
tion at risk. Thus, this test is a generalizatibrEdwards’ test. Following Edwards, within a centéime span
(e.g.: a year) there akesectors (e.g.: 12 months) and thaifflrsector there ang events from a population at risk
of sizem; (e.g.: total births during that month). The tataimber of events and the total number of populadion
risk areN = Y¥  n; andM = Y%, m, respectively.

The data also weighted bﬁand placed around the unit circle at sector midpoiat angles
6; to an arbitary diameter. The equation (1) is also pbsition of the centre of gravity of these poifs; v).

The population at risk is respected to calculate tbxpected values of x and y, by replacing
n; by its expectation E{)=Nm/M everywhere in (1) and obtain after symplifying:

E(X) = & =:&k% andE(y) = uy:&k‘@ . )
Zavm v m

Walter and Elwood estimated the variance/af, as approximately 0.25, thus the variances of dmepée centre
of gravity’s coordinates are:

3*,7 cod 3,7 sin? g,
2 H=lg ~ - 2__ H=lg” 1
= ando== 8)

SR ) N N

The test statistic assumingandy are normally distributed is:
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2 ﬁiz ﬂz i
xX= == with 2 d.f. 9)

y

The distance (d) of the sample centre of gravitynfits null expectation is given by:

=\ e+ -1 o)
Equation (5) became:
¢ = mi[1+ acod6;, — 6*)] (11)

where o is a measure of the cyclic variation a#itigives the discretion of the maximum rate andndg* are

estimated

o
ando*:Tan‘l[_—x ] respectively (12)

X—i-
X

2ld VM -3,y m; cosg,-0)]
a=

KA/ m; cos6-6)

In the case) =2ni/k, m=M/k, i =1, 2, .. kitmaybe shownthat, :Oand,uy = 0 and that (9), (10) and

(12) reduce to the corresponding Edwards’ tesistitatHere again, the adequacy of the descriptiothe data
afforded by a simple harmonic curve may be evatliatea goodness-of-fit test using a furthé@rstatistics:

"2
x=>, (n'—;n'L with 2 d.f., and the expected frequendigare calculated bly;% (13)
i =14

The fitted cyclic curve has alsc just one peal anc one trougt during the year The extensiol of this methoc to tes
for the occurrence of two peaks and troughs inyterr is similar to described above for Edwardst telsen
equal month lengths are used. In mathematical térimsubstituted fog; to calculatec;, whered, = (2i - 1y1/6
for i =1,2,...,k. The calculation and test statistic are alsostr@e as above usidginstead o), in the expres-

sions of quantitiesx and y. The refinement of using exact month lengths, iiacice, makes unremarkable
difference in results.

ILLUSTRATIVE EXAMPLE

3.1. Study population

Children born during 1981-1997 in South Hungaryemeonsidered. Data from the Central Demographicndge
were available on the number of births for each tmaver the study period but by gender only forhegear
[11]. The number of births in each month for eaehdger was estimated assuming no monthly variatigrender
ratio within any year. Registrations of first malamncies for children, born and diagnosed with Alrider age
five years in Hungary before the end of 2002 webtaioed from the Hungarian Pediatric Oncology Group
(HPOG). Month was used as the time unit of theyaigl The pattern of annual cyclical variation sasdied for
month of birth. Three methods were applied for die¢ection of seasonal variations with both twelwe gix
month periods in both Edwards’ and Walter-Elwooetmads.

3.2. Main findings

The total number of childhood ALL cases diagnosaden age five years for the study was 121. There we
481,984 live births in the study area, during tileygar-interval of 1981-1997. The monthly distribatof the
cases and births is shown in Table 1.

Table 1.The monthly number of cases and birthkerperiod 1981-1997 in South Hungary.
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Monmh Noof ALL cases Noof births

1 14 41120
2 14 37979
3 11 41343
4 7 38272
5 3 30014
b 5 399135
7 14 43619
] 12 42061
9 10 41433
10 11 39304
11 11 37863
12 b 30061
Total 121 441934

Firstly, we tested whether there is a seasonatqattith one maximum level and one minimum level year.
The results of both tests are summarized in TablEhRre was no evidence of seasonality of birthAbL in
children for twelwe month period. However, evidemf seasonality related to month of birth with k@
February and August was found in the six monthgakainalysis.
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Table 2. Bomuls of the test for scasonal vanatons (N—121, RE-481984)
Edwards’ Walter-  Walter-Elwood

Ewood  exoct morth lencth

Twehwe month period
Amplitude 0.19 0.20 0.20
angle of maximum rae 437 309 309
p-valuz 034 020 0.29
Zix month period
Amplitude 0.38 0.34 0.34
angle of maximum rale 853 87.0 fa
p-value 0.014 0.027 0.023
Pealis February February, February,
August August August
lroughs Agil, April, April,
October Cctober Ohotober
Grondneseof.fit povale (i 0 &F 0 65

COMMENTS AND CONCLUSIONS

We have presented two methods to analyze cycliatiam of ALL in children diagnosed under five year

An investigation of seasonality stands as an ingmbrcomponent in the etiological description ofedises,
particularly for certain cancers of childhood amfectious diseases [12]. The test proposed by Eitvhas
occupied a central place in analyses of seasonallitgpidemiological data having been applied byamé
number of investigators [5,13-14]. The only datquieed are the number of cases of the disorderceftwe, this
test does not consider variation in the populaibmisk. It has also been criticized for being #éresto occa-
sional extreme values in the data [6]. Walter alvadoBd [7] modified and generalized the Edwardst tesavoid
these difficulties, to allow for an arbitrary patteof variation in the population at risk and afeo unequal
lengths of time intervals. Different from Edwardsst, the expected number of events is calculatde tpropor-
tional to the population at risk. Both Edwards’ anlter-Elwood tests were originally applied on layaata
with one peak and one trough. Edwards’ test wasnebed by Cave and Freedman [3] to analyze the mwe
of double peaks and troughs, and a similar extercfidValter-Elwood test has been applied in outyea
Seasonal variation related to time of birth wouldicate exposure to an infection in utero or arotimedtime of
birth. We found evidence of seasonality relatechtmth of birth with peaks in February and AugusittBpeaks
correspond to previous findings and could refléet seasonality of infectious diseases in tempetiateates:
respiratory virus infections (for example, influejzshow marked seasonality occurring in the wimenths, and
gastrointestinal infections peaks in the summerth®fil5]. There are hypothesis about the role facition in
the aetiology of leukemia. Kinlen proposed thatldiitod leukemia could be a rare response to imfesti
exposure. Our study provided some evidence of fetedf exposures to infections around the timbidh. This
data were further analysed in gender effect whiels supported by Bolyai fellowship and published.[Ttere
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6.

were a significant difference between boys andsdirlthe pattern of seasonal trends which corredpdm the
findings of our previous study [17].
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