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Large-scale population studies have shown seasonal
variation in mortality rates from various causes in dif-
ferent parts of the world.1,2 It has been observed that

mortality peaks during the cold winter months.3 This obser-
vation has led to investigations of the specific causes of
death that account for the excess mortality in winter and the
underlying pathophysiological mechanisms.4,5 Human behav-
ioural patterns, socio-economic factors and environmental
parameters are thought to be related to seasonal variations in
mortality.1,3,6 The elucidation of such associations can aid in
the organization of relevant public health services.

In our practice, we have observed a consistent reduction
in the number of patient visits during September for the last
10 years. We hypothesized that morbidity and subsequently
mortality is decreased during September in Greece and 
probably in other countries with similar climatic and socio-
economic conditions. 

Methods

We searched the Web for official statistical data on monthly
mortality rates in various countries over the past 2–57 years.
We focused on Greece, Cyprus, France, Italy, Spain, Sweden,
the United States, Canada, Australia, New Zealand and Japan.
We identified and retrieved relevant data from Eurostat, the US
National Center for Health Statistics, Statistics Canada, the
Australian Bureau of Statistics and the Japanese Bureau of Sta-
tistics. We also received electronic data from the New Zealand
Health Information Service. We extracted and tabulated data on
monthly all-cause mortality in the general population from the
earliest to the latest year that records were available.

We adjusted the monthly mortality rates to the number of
days per month to calculate the average daily mortality for
each month of every year included in the country-specific
data sets.

Results

A summary of the data retrieved and evaluated in our study
is available in Appendix 1 (www.cmaj.ca /cgi /content /full
/cmaj .090694/DC2). The monthly variations in mortality
from the yearly average for the evaluated countries are
shown in Figure 1.

For each of the 5 European Mediterranean countries
included, the lowest average daily mortality occurred in Sep-
tember over the period for which relevant data could be
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Background: Seasonal increases in the mortality rate have
been associated with excessively cold or hot weather. We
evaluated monthly patterns of mortality in selected countries.

Methods: We analyzed all-cause mortality statistics from 
5 European Mediterranean countries (Cyprus, France,
Greece, Italy, Spain), Sweden, North America (United States
and Canada), Australia, New Zealand and Japan. We
extracted and tabulated data on monthly all-cause mortal-
ity in the general population from the earliest to the latest
year that records were available.

Results: We identified relevant data for a period of 2–57
years in each country. In the Mediterranean countries, the
lowest average daily mortality was observed in September
(all countries, 125/168 [74%] years). The fewest deaths
were in August in Sweden (14/20 [70%] years) and North
America (32/50 [64%] years). The fewest deaths in Japan
occurred in July (2/2 [100%] years). In the southern hemi-
sphere, the lowest mortality in Australia occurred in March
(7/10 [70%] years) and in February for New Zealand (cumu-
lative over 24 years).

Interpretation: Mortality in the general population
declines in the late summer to early fall months in the
countries evaluated. Environmental parameters may partly
account for these associations, and further research is
needed on the contribution of additional factors such as
summer vacations.
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retrieved. Specifically, the lowest observed average daily mor-
tality occurred in September for 4 of the 9 (44%) years evalu-
ated for Cyprus, 3 of the 11 (27%) years for France, 42 of the
47 (89%) years for Greece, 41 of the 57 (72%) years for Italy,
and 34 of the 44 (80%) years for Spain. In Sweden, a northern
European country, the lowest observed average daily mortality
was in August for 14 of the 20 (70%) years evaluated.

For both Canada and the US, the lowest observed average
daily mortality occurred in August over the period for which
data could be retrieved. Specifically, August had the lowest
daily mortality for 10 of the 16 (63%) years evaluated for
Canada and 22 of the 34 (65%) years evaluated for the US.

In Australia, the lowest observed average daily mortality
occurred in March for 70% of the years evaluated (7 of 10
years). In New Zealand, the lowest observed average daily
mortality occurred in February for the entire 24-year period
for which data could be retrieved. Monthly mortality data for
each specific year were not publicly available.

In Japan, the lowest observed average daily mortality was
in July for the 2-year period for which data could be retrieved
(2 of 2 years [100%]).

Interpretation

We found that the lowest monthly mortality rates in selected
European Mediterranean countries over the last few decades
occurred in September. In Sweden and North American coun-
tries, the lowest mortality occurred in August, while it
occurred in July in Japan. In Australia and New Zealand, the

lowest monthly mortality was in March and February, respec-
tively, which correspond to September and August, respec-
tively, in the northern hemisphere.

A potential explanation for the observed pattern of mortal-
ity is the association of mortality with environmental parame-
ters, such as temperature. Several studies have reported the
existence of an optimal level or range of environmental tem-
peratures in which mortality in the general population is at its
lowest.7–9 Studies have also identified excess mortality during
the winter or summer months.3,5,6,9 Specifically, cold weather
has been reported to be associated with increased risk of
death from cardiovascular causes and respiratory infec-
tions.10,11 Excess heat is also associated with increased risk of
death from cardiovascular and respiratory diseases, as well as
external causes and gastrointestinal infections.4,6,8,9

The fact that many vulnerable individuals could die during
summer heat waves could partly explain the lower mortality
observed in September in the Mediterranean countries. How-
ever, we could not retrieve cause-specific monthly mortality
data for the evaluated countries to examine this hypothesis.
Improvements in housing conditions, which have led to less
variability in indoor temperature with weather changes, could
relate to diminishing seasonal variability in mortality.12,13

We speculate that summer vacations may also contribute
to the lower mortality observed in September in the Mediter-
ranean countries. Vacations can have both physiologic and
psychological effects. Greater exposure to sunlight leads to
increased synthesis of vitamin D,14 which may have beneficial
effects for cardiovascular disease, renal failure, certain malig-

75

80

85

90

95

100

105

110

115

120

125

Ja
nu

ar
y

Fe
br

ua
ry

M
ar

ch

A
pr

il

M
ay

Ju
ne Ju
ly

A
ug

us
t

Se
pt

em
be

r

O
ct

ob
er

N
ov

em
be

r

D
ec

em
be

r

Month

M
o

rt
a

li
ty

,%
 o

f 
ye

ar
ly

 a
ve

ra
g

e

United States

Japan

Italy

France

Spain

Canada

Australia

Sweden

Greece

New Zealand

Cyprus

Figure 1: Monthly percentage variation in mortality compared to yearly average over the last years in European Mediterranean coun-
tries and other selected countries worldwide. Countries in the legend are listed according the absolute number of average deaths per
day observed, in descending order.
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nant diseases, autoimmune disorders and infections,15–19

including influenza.20,21 The positive psychological effects of
vacations consist of ameliorating mood, decreasing mental
stress and providing a sense of recuperation and well-being,22–

24 that may last for at least a month after the vacation.24,25

Although the underlying mechanisms remain largely elusive,
depressive mood and disappointing, untoward or stressful
events have been associated with an increased risk of death,26

particularly from cardiovascular causes.27,28

The difference between the Mediterranean countries and
Australia and the remaining countries in terms of the specific
month of the year with the lowest mortality could be related to
differences in the timing or duration of summer vacations.29

Nonetheless, this factor may be insufficient to account for mor-
tality differences in the general population because vacations
are generally taken by a subset of the population. We could not
retrieve monthly mortality data for specific age strata of the
population in different countries to further test this hypothesis.

Differences in climate across different geographical
regions could also explain the monthly mortality patterns
observed in this study.30 Of note, coronary artery disease mor-
tality in Los Angeles County, California, which has a milder
climate compared with other US regions that resemble that of
the Mediterranean countries, reaches its lowest level in Sep-
tember.31 Relevant data from northern European countries are
in general agreement with our findings. Specifically, a study
that jointly examined mortality data in England and Wales,
the Netherlands, Denmark and Portugal showed that cardio-
vascular mortality was lowest at the end of August, and that
mortality from all other causes was lowest in August through
September.4 All-cause mortality reaches the lowest level dur-
ing the August–September period in Germany.2 Mortality
from cardiovascular disease in Norway and Ireland is lowest
in August.32 In our study, we did not focus on these countries
because this has previously been evaluated. 

Conclusion
Data show that monthly mortality in the general population is
lowest in September in the European Mediterranean countries
that we evaluated, in March (the counterpart of September in
the southern hemisphere) in Australia, in August for Sweden
and North America, in February in New Zealand (the counter-
part of August) and in July in Japan. These differences in
mortality can be, in part, attributed to environmental factors,
because adverse weather conditions, particularly excess cold
or heat, are associated with greater risk of death. However,
other less-appreciated factors may also account for the
observed mortality patterns.

This article has been peer reviewed.

Competing interests: None declared.

Contributors: Matthew Falagas and George Peppas conceived the study. All
authors contributed to the design of the study. Lambros Moraitis, Evridiki
Vouloumanou, Nikos Roussos and Drosos Karageorgopoulos identified and
analyzed the relevant data. Drosos Karageorgopoulos, Evridiki Vouloumanou,
Petros Rafailidis and Matthew Falagas wrote the manuscript. All authors
made substantial revisions and agreed with the final version of the manuscript.

Funding: No external funding was received for this research.

REFERENCES
1. Healy JD. Excess winter mortality in Europe: a cross country analysis identifying

key risk factors. J Epidemiol Community Health 2003;57:784-9.
2. Lerchl A. Changes in the seasonality of mortality in Germany from 1946 to 1995:

the role of temperature. Int J Biometeorol 1998;42:84-8.
3. Cold exposure and winter mortality from ischaemic heart disease, cerebrovascular

disease, respiratory disease, and all causes in warm and cold regions of Europe.
The Eurowinter Group. Lancet 1997;349:1341-6.

4. Crombie DL, Fleming DM, Cross KW, et al. Concurrence of monthly variations of
mortality related to underlying cause in Europe. J Epidemiol Community Health
1995; 49:373-8.

5. Keatinge WR. Winter mortality and its causes. Int J Circumpolar Health 2002; 61:
292-9.

6. Ishigami A, Hajat S, Kovats RS, et al. An ecological time-series study of heat-
related mortality in three European cities. Environ Health 2008;7:5.

7. Ballester F, Corella D, Perez-Hoyos S, et al. Mortality as a function of tempera-
ture. A study in Valencia, Spain, 1991–1993. Int J Epidemiol 1997;26:551-61.

8. Kunst AE, Looman CW, Mackenbach JP. Outdoor air temperature and mortality in
The Netherlands: a time-series analysis. Am J Epidemiol 1993;137:331-41.

9. Rocklov J, Forsberg B. The effect of temperature on mortality in Stockholm 1998–
2003: a study of lag structures and heatwave effects. Scand J Public Health 2008;
36: 516-23.

10. Eccles R. An explanation for the seasonality of acute upper respiratory tract viral
infections. Acta Otolaryngol 2002;122:183-91.

11. Barnett AG, Sans S, Salomaa V, et al. The effect of temperature on systolic blood
pressure. Blood Press Monit 2007;12:195-203.

12. Lloyd EL, McCormack C, McKeever M, et al. The effect of improving the thermal
quality of cold housing on blood pressure and general health: a research note. J
Epidemiol Community Health 2008;62:793-7.

13. Wilkinson P, Pattenden S, Armstrong B, et al. Vulnerability to winter mortality in
elderly people in Britain: population based study. BMJ 2004;329:647.

14. Mora JR, Iwata M, von Andrian UH. Vitamin effects on the immune system: vita-
mins A and D take centre stage. Nat Rev Immunol 2008;8:685-98.

15. Dobnig H, Pilz S, Scharnagl H, et al. Independent association of low serum 25-
hydroxyvitamin d and 1,25-dihydroxyvitamin d levels with all-cause and cardio-
vascular mortality. Arch Intern Med 2008;168:1340-9.

16. Froicu M, Weaver V, Wynn TA, et al. A crucial role for the vitamin D receptor in
experimental inflammatory bowel diseases. Mol Endocrinol 2003;17:2386-92.

17. Gibney KB, MacGregor L, Leder K, et al. Vitamin D deficiency is associated with
tuberculosis and latent tuberculosis infection in immigrants from sub-Saharan
Africa. Clin Infect Dis 2008;46:443-6.

18. Giovannucci E, Liu Y, Rimm EB, et al. Prospective study of predictors of vitamin D
status and cancer incidence and mortality in men. J Natl Cancer Inst 2006; 98:451-9.

19. Shoji T, Shinohara K, Kimoto E, et al. Lower risk for cardiovascular mortality in
oral 1alpha-hydroxy vitamin D3 users in a haemodialysis population. Nephrol Dial
Transplant 2004;19:179-84.

20. Bikle DD. Vitamin D and the immune system: role in protection against bacterial
infection. Curr Opin Nephrol Hypertens 2008;17:348-52.

21. Laaksi I, Ruohola JP, Tuohimaa P, et al. An association of serum vitamin D con-
centrations < 40 nmol/L with acute respiratory tract infection in young Finnish
men. Am J Clin Nutr 2007;86:714-7.

22. Chikani V, Reding D, Gunderson P, et al. Vacations improve mental health among
rural women: the Wisconsin Rural Women’s Health Study. WMJ 2005;104:20-3.

23. Fritz C, Sonnentag S. Recovery, well-being, and performance-related outcomes:
the role of workload and vacation experiences. J Appl Psychol 2006;91:936-45.

24. Westman M, Etzion D. The impact of vacation and job stress on burnout and
absenteeism. Psychol Health 2001;1:95-106.

25. Strauss-Blasche G, Ekmekcioglu C, Marktl W. Does vacation enable recuperation?
Changes in well-being associated with time away from work. Occup Med (Lond)
2000;50:167-72.

26. Gump BB, Matthews KA, Eberly LE, et al. Depressive symptoms and mortality in
men: results from the Multiple Risk Factor Intervention Trial. Stroke 2005;36:98-102.

27. Trichopoulos D, Katsouyanni K, Zavitsanos X, et al. Psychological stress and fatal
heart attack: the Athens (1981) earthquake natural experiment. Lancet 1983;1:441-4.

28. Witte DR, Bots ML, Hoes AW, et al. Cardiovascular mortality in Dutch men dur-
ing 1996 European football championship: longitudinal population study. BMJ
2000; 321:1552-4.

29. Alesina A, Glaeser E, Sacerdote B. Work and leisure in the US and Europe: Why
so different? National Bureau of Economic Research Working Paper Series No
11278. Cambridge (MA): The National Bureau of Economic Research; 2005.

30. Kalkstein LS, Greene JS. An evaluation of climate/mortality relationships in large
U.S. cities and the possible impacts of a climate change. Environ Health Perspect
1997; 105:84-93.

31. Kloner RA, Poole WK, Perritt RL. When throughout the year is coronary death
most likely to occur? A 12-year population-based analysis of more than 220 000
cases. Circulation 1999;100:1630-4.

32. Eng H, Mercer JB. Seasonal variations in mortality caused by cardiovascular dis-
eases in Norway and Ireland. J Cardiovasc Risk 1998;5:89-95.

Correspondence to: Dr. Matthew E. Falagas, Alfa Institute 
of Biomedical Sciences, 9 Neapoleos St., 151 23 Marousi, 
Athens, Greece; fax 30 210-68-39-605; m.falagas@aibs.gr

CMAJ • OCTOBER 13, 2009 • 181(8)486



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




