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Short Abstract

In temperate climates, mortality is seasonal with a winter-dominant
pattern, due in part to cause-specific processes such as pneumonia and
influenza. However, cardiac causes — which are the leading cause of
death in the United States — are also winter-seasonal although it is not
clear why. Interactions between circulating respiratory viruses (e.g., in-
fluenza, parainfluenza) and cardiac conditions have been suggested as
a cause of winter-dominant mortality patterns. We propose and im-
plement a way to estimate an upper bound on the magnitude of virus-
attributable mortality. We calculate ‘pseudo-seasonal’ life expectancy,
dividing the year into two six-month spans, one encompassing winter
the other summer. During the summer when the circulation of respi-
ratory viruses is drastically reduced, life expectancy is about one year
longer. This suggests that even if viruses cause excess winter cardiac
mortality, the population-level mortality reduction of (for instance) a
perfect influenza vaccine would be much more modest than is often
recognized.

Background

Mortality in temperate climates is highly seasonal, with winter peaks and
summer troughs (Rosenberg 1966; Land and Cantor 1983; Mackenbach et al.
1992; Rau 2006). Heat wave-associated summer deaths are ephemeral inter-
ruptions of this overall cyclic pattern (e.g. Valleron and Boumendil 2004;
Toulemon and Barbieri 2008). Respiratory and circulatory causes dominate
the seasonal effects, with cancer being negligibly seasonal (Crombie et al.,
1995); heat waves have a different composition by cause (Basagaña et al.,
2011). Causation is complex and not fully resolved (Cheng, 2005). Tem-
perature is thought to play a role (Mercer, 2003). However, Wilkinson et al.
(2004) report no relationship between winter excess mortality and socioeco-
nomic status in Britain, indicating that mortality seasonality is more com-
plex than being a direct function of insufficient winter heating associated
with poverty. Hypovitaminosis D is also thought to play a role in health, in-
cluding in fatal diseases (Holick, 2007), and is seasonal with winter peaks
(Kasahara et al., 2013).

The extent to which increased transmission of respiratory viruses during
the winter (Glezen et al. 1987; colloquially, ‘flu season’) is responsible for
the overall winter increase in mortality is debated (CITE). There seems to
be causal nexuses between viral activity and adverse cardoiovascular events
(Udell et al., 2013). The underlying causal role of astronomical season in the
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flu season is is also debated, with the coincidence of the school year (cite)
and dynamic resonance (Dushoff et al., 2004) being alternate hypotheses.

Methods

From the mortality detail files of the National Center for Health Statistics
(NCHS 2012), we extracted data on every death in the United States, Jan-
uary 1959 to December 20101. The data were then aggregated by month,
sex, and 22 age groups (0, 1–4, 5–9, ..., 95–99, ≥100), and binned into six-
month pseudoseasons. These periods are pseudowinter (November through
April) and pseudosummer (May through October). The logic for the bound-
ary months is as discussed above. Note that pseudoseasons do not nest into
calendar years. The data begin with pseudosummer 1959 and end with pseu-
dosummer 2010. There are 52 pseudosummers in our data set and 51 pseu-
dowinters (1960–61 to 2009–10). Data for January through April 1959 were
discarded since using these data for pseudowinter 1959–60 would be biased
due to the omission of November and December 1958, because the omitted
months have much milder mortality. Similarly, November and December
2010 were discarded.

We constructed denominator data using age- and sex-specific calendar-
year exposure data from the Human Mortality Database (2012). Because
of the non-nesting property of pseudoseasons in calendar years, we inter-
polated to months, adjusting for days per month and leap years, and then
re-aggregated the pseudoseasonal exposure. We calculated sex- and age-
specific death reates for each pseudoseason using these exposures in the
denominator and the pseudoseasonal death counts in the numerator. From
from these death rates, sex specific life tables were calculated using standard
techniques (Keyfitz, 1970; Preston and Guillot, 2001). All the pseudosea-
sonal life expectancies used herein come from those life tables.

Results

Figure 1 presents our results as four time series: pseudowinter (solid) and
pseudosummer (dashed), for both males (blue) and females (red). The ir-
regular gray tubes enveloping each sex are not confidence intervals per se,

1Prior to 1959, digitized mortality data are not available for the United States that are
simultaneously disaggreatable by age, sex, and month. The most-recently released data are
for calendar year 2010.
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Figure 1: Life expectancy time series by sex and by pseudoseason.
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Figure 2: Summer advantage over winter in pseudoseasonal life expectancy, females
(upper series) and males (lower series).

but 2-year wide bands around calendar-year life expectancy from the Human
Mortality Database (HMD). These gray tubes are illustrative: since the top of
the gray band represents the calendar-year data +1, the summer pseudosea-
sonal life expectancy is never greater than one year above the neighboring
calendar-year life expectancy. Similarly, since the bottom of the gray band
is the calendar-year data −1, it shows that winter pseudoseasonal life ex-
pectancy is always within one year of the neighboring calendar-year e(0).
This provides a rough-and-ready estimate of the differece in the summer
and winter mortality regimes. Moreover, using the HMD e(0) data as the
center of the band provides an external check of our life expectancy calcula-
tions; it stands to reason that the calendar-year series should be quite close
to the middle of our pseudoseasonal data, and they are.

Figure 2 shows the summer advantage over winter for males and fe-
males. This figure plots the difference between summers and their preced-
ing winters, from the summer of 1960 minus the winter of 1959–60, to the
summer of 2010 minus the winter of 2009–10. This plot has three impor-
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tant features. First, no secular time trend is evident. Second, the data are
strongly negatively autocorrelated: declines are followed by increases, which
are followed by declines. Third, in addition to higher life expectancy per se,
women show a higher summer-winter difference (1.14 years of e(0) on av-
erage, versus 0.82 years for males). These features will be interpreted below.

Discussion & Conclusion

Our findings show that the overall effect of the winter increase in mortality
is quite modest: just over one year of life expectancy for women and just
under one year for men. To put this in context using the most-recent HMD
whole-year life expectancy data for the USA, living in the winter (so to say)
would be like turning back the clock from 2010 to 2006 for both sexes. In
other words, the life expectancy gains from 2006 to 2010 are about the same
magnitude as the average summer-winter difference seen in figure 2. If we
could wave a magic wand, eradicating influenza, respiratory syntictal virus,
and other pathogens which circulate in the winter, and, what is more, mak-
ing the winter pattern of cardiac mortality look like the summer pattern, this
amazing feat would in fact only be equivalent to about four years’ worth of
temporal progress vis-à-vis mortality reduction.

The reason for this modest difference is easy to see, at least in retrospect.
Simply focusing on the number of influenza-related deaths in the winter
as well as the increase in cardiac-related mortality — and supposing that
vaccination and other medical/public health measures could eliminate these
deaths — ignores the fact of competing risks in the life table. Nowadays,
most American mortality occurs above age 70, so a death (hypotheitcally)
averted is still subject to high mortality rates ... etc etc cancer mortality not
seasonal... RECTANGULARIZATION cite...

Cite Sheth et al. (1999) here

References

Basagaña, Xavier, Claudio Sartini, Jose Barrera-Gómez, Payam Dadvand,
Jordi Cunillera, Bart Ostro, Jordi Sunyer, and Mercedes Medina-Ramon.
2011. “Heat waves and cause-specific mortality at all ages.” Epidemiology

22(6):765–772.

Cheng, Tsung O. 2005. “Mechanism of seasonal variation in acute myocar-
dial infarction.” International Journal of Cardiology 100(1):163–164.

6



PAA 2014 extended abstract. Please do not distribute.  Please contact authors before citing.

Crombie, D L, D M Fleming, K W Cross, and R J Lancashire. 1995. “Con-
currence of monthly variations of mortality related to underlying cause in
Europe.” Journal of Epidemiology and Community Health 49(4):373–378.

Dushoff, Jonathan, Joshua B. Plotkin, Simon A. Levin, and David J. D. Earn.
2004. “Dynamical resonance can account for seasonality of influenza epi-
demics.” Proceedings of the National Academy of Sciences of the United States of

America 101(48):16,915–16,916.

Glezen, W. Paul, Michael Decker, Sheldon W. Joseph, and Raymond G. Mer-
cready Jr. 1987. “Acute respiratory disease associated with influenza epi-
demics in Houston, 1981–1983.” Journal of Infectious Diseases 155(6):1119–
1126.

Holick, Michael F. 2007. “Vitamin D deficiency.” New England Journal of

Medicine 357(3):266–281.

Human Mortality Database. 2012. http://www.mortality.org/. Accessed
December 2012.

Kasahara, Amy K., Ravinder J. Singh, and Andrew Noymer. 2013. “Vi-
tamin D (25OHD) serum seasonality in the United States.” PLoS One

8(6):e65,785.

Keyfitz, Nathan. 1970. “Finding probabilities from observed rates, or how to
make a life table.” American Statistician 24(1):28–33.

Land, Kenneth C. and David Cantor. 1983. “ARIMA models of seasonal vari-
ation in U.S. birth and death rates.” Demography 20(4):541–568.

Mackenbach, J. P., A. E. Kunst, and C. W. Looman. 1992. “Seasonal variation
in mortality in The Netherlands.” Journal of Epidemiology and Community

Health 46(3):261–265.

Mercer, James B. 2003. “Cold—an underrated risk factor for health.” Envi-

ronmental Research 92(1):8–13.

National Center for Health Statistics. 2012. Mortality multiple cause-of-death

data files, http://www.cdc.gov/nchs/nvss/mortality_public_use_data.
htm. National Center for Health Statistics.

Preston, Samuel H. and Patrick Heuveline ANS Michel Guillot. 2001. Demog-

raphy: Measuring and modeling population processes. Blackwell, Oxford.

7



PAA 2014 extended abstract. Please do not distribute.  Please contact authors before citing.

Rau, Roland. 2006. Seasonality in human mortality: A demographic approach.
No. 3 in Demographic Research Monographs, Springer, Berlin.

Rosenberg, Harry M. 1966. “Recent developments in seasonally adjusting
vital statistics.” Demography 3(2):305–318.

Sheth, Tej, Cyril Nair, James Muller, and Salim Yusuf. 1999. “Increased win-
ter mortality from acute myocardial infarction and stroke: The effect of
age.” Journal of the American College of Cardiology 33(7):1916–1919.

Toulemon, Laurent and Magali Barbieri. 2008. “The mortality impact of the
August 2003 heat wave in France: Investigating the ‘harvesting’ effect and
other long-term consequences.” Population Studies 62(1):39–53.

Udell, Jacob A., Rami Zawi, Deepak L. Bhatt, Maryam Keshtkar-Jahromi,
Fiona Gaughran, Arintaya Phrommintikul, Andrzej Ciszewski, Hossein
Vakili, Elaine B. Hoffman, Michael E. Farkouh, and Christopher P. Can-
non. 2013. “Association between influenza vaccination and cardiovascular
outcomes in high-risk patients: A meta-analysis.” Journal of the American

Medical Association 310(16):1711–1720.

Valleron, Alain-Jacques and Ariane Boumendil. 2004. “Épidémiologie et
canicules: Analyses de la vague de chaleur 2003 en France.” Comptes Ren-

dus Biologies 327(12):1125–1141.

Wilkinson, Paul, Sam Pattenden, Ben Armstrong, Astrid Fletcher, R. Sari Ko-
vats, Punam Mangtani, and Anthony J. McMichael. 2004. “Vulnerability
to winter mortality in elderly people in Britain: Population based study.”
British Medical Journal 329(7467):647.

8


