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1 INTRODUCTION

Trajectories of human mortality are well-known in two dimensions: Over age, mortality drops

from infant mortality to a minimum during early adolescence and increases exponentially for most

of the adult ages before it eventually levels-off (e.g. Robine and Vaupel, 2002; Vaupel et al., 1998,

2007). Over time life expectancy rose in most countries for recent history due to reduced death

rates, first at infant and younger ages and at advanced ages since the 1950s (e.g. Kannisto et al.,

1994; Oeppen and Vaupel, 2002; Tuljapurkar et al., 2000).

Another dimension, however, received less attention, despite being known at least since Hip-

pocrates’ times:1 the seasonal fluctuations throughout the year. Due to increased media coverage

(e.g. CNN, 2003), the general public often equates seasonal mortality with heat waves; the regular

real ’grim reaper’, though, is winter in most countries. Previous studies for the elderly population

of Denmark have shown that the relative risks of dying are at least 15% higher during winter than

during summer (Rau, 2007; Rau and Doblhammer, 2003). The national statistical office for Eng-

land & Wales estimates a cold-related death toll of more than 32,000 deaths annually during the

last ten years (National Statistics Online, 2007). As Figure 1 shows in its upper panel, deaths in

the United States follow a rather stable sinusoidal pattern over the years with peaks in January and

minima in August. When aggregated into twelve months (lower two panels), separately for women

and men, one recognizes (a) again the rather smooth curve throughout the year. In addition, (b)

differences between the sexes ares rather negligible, a finding which has been reported previously

(Eurowinter Group, 1997; Gemmell et al., 1999, 2000; Nakai et al., 1999; Yan, 2000). Hence we

1Hippocrates wrote in about 400BC in his influential work “On Airs, Waters, and Places”: “Whoever wishes to

investigate medicine properly, should proceed thus: in the first place to consider the seasons of the year, and what

effects each of them produces for they are not at all alike, but differ much from themselves in regard to their changes.”
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chose to focus solely on female data in our article.

Two groups of causes of death are mainly affected and are analyzed in our paper: circulatory dis-

eases (cerebrovascular and cardiovascular) and respiratory diseases. According to the biomedical

literature, the cold triggers deaths from these causes via various mechanisms such as lower re-

sistance of the immune system against respiratory infections, hypertension, changes in the blood

composition or constriction of the blood vessels (e.g. Donaldson et al., 1998a,b; Eurowinter Group,

1997, 2000; Huynen et al., 2001; Johnson and Griffiths, 2003; Keatinge, 1986; Woodhouse et al.,

1993).

Paradoxically, colder countries or countries where there are large differences between winter and

summer climate appear to suffer less from excess winter mortality than countries with warm or

moderate climate. It has been shown for Europe, for example, that the differences between winter

and summer mortality are considerably larger in the United Kingdom, Ireland, Portugal, Spain and

Italy than in Nordic countries like Sweden, Norway, or Finland (Grut, 1987; Healy, 2003; Mc-

Kee, 1989). This suggests that social factors such as clothing, housing conditions and exposure to

outdoor cold can mediate the physiological impact of cold temperatures on the human body. The

spread of central heating is argued to be the main cause for the decline in seasonality in mortal-

ity during recent decades (Aylin et al., 2001; Donaldson, 2002; Donaldson and Keatinge, 1997;

Keatinge et al., 1989; McDowall, 1981; Sakamoto-Momiyama, 1977, 1978).

A common approach to detect changes in seasonality over age or time is to decompose the time-

series of data and to extract then the seasonal component. Examples of such methods are X-11,

SABL, STL, BV4, or TRAMO/SEATS (Cleveland et al., 1990, 1981; Speth, 2004; Yaffee, 2000).

Simulation studies have shown that these methods work well with simple data structures. However,
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they struggle to yield the correct results when faced with a changing trend and a varying seasonal

pattern, a framework to be expected in the field of population studies (Rau, 2007). Especially, the

popular X-11 method has been subject to criticism (Auerbach and Rutner, 1978; Cleveland and

Tiao, 1976; Raveh, 1984). Thus, it can not be ruled out that the recently reported trend reversal of

increasing seasonality of deaths in the United States (Feinstein, 2002) is a methodological artifact.

Employing the same simulated data, Gampe and Rau (2003, 2004) and Rau (2007) devised a new

method which performed better for typical demographic data settings (count data, changes in the

trend and in the seasonal component) than the standard models. Whereas that previous approach

was restricted to one dimension, changes in seasonality either over time or over age, the main

contribution of the present paper is to generalize this approach and estimate seasonality simulta-

neously over age and time using a modulation model. The result are smoothed surface maps for

overall deaths, for the amplitude and for the phase of the seasonal component.

2 DATA AND MODEL

2.1 Data

In our analysis, we used death counts for the United States for the years 1959 until 1998, which

have been originally collected by the National Center for Health Statistics. Data for the years

1959 until 1967 were obtained from the Population, Policy, and Aging Research Center (PPARC)

at Duke University. Data for the remaining years are downloadable for member institutions of

the “Inter-university Consortium for Political and Social Research” (ICPSR) at the University of
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Michigan.2 For each year, one file is available which lists each death as an individual record

with covariates such as age at death, sex, month and year of death, state of residence and state of

occurence, cause of death, etc. Combined in all files, 78,286,825 deaths are recorded.3 Causes

of death are coded according to the “International Classification of Diseases” (ICD). During our

observation period the 7th, 8th, and 9th revision of the ICD were in use.

Table 1 shows the codes used to extract data and the corresponding counts for female deaths

from cardiovascular, cerebrovascular and respiratory diseases. Out of the more than 36 million reg-

istered deaths, roughly 40% were due to deaths from cardiovascular diseases whose most promi-

nent sub-cause is ischaemic heart disease. Almost four million women died of stroke or related

cerebrovascular diseases (≈11% of all deaths). Although our model can handle zero counts, we

cut down the age-range to have some death counts available in each cell (to 44–96 years for res-

piratory deaths, 40–98 for cerebrovascular deaths, and to 30–100 years for cardiovascular deaths)

Despite the drastic reduction on the age-scale, our analysis was still based on 14,461,515 deaths

for cardiovascular diseases (98.95% of the number of deaths for all ages), 3,876471 deaths for

cerebrovascular diseases (97.62%) and 2,179,242 for respiratory diseases (89.68%). Data were

available for the year 1999. We decided, however, not to use them since the adoption of the 10th

revision of the ICD in that year would have caused more continuity problems than provided addi-

tional insights.4 Data for the period before 1959 are not available.

2The webpage is: http://www.icpsr.umich.edu.
3Not all deaths are included in the files; for example in the year 1972, a 50% sample has been used; we multiplied

deaths for this year by two.
4Reconstructing time-series of causes of death faces many difficulties when countries switch from one revision to

another (see, for example, Meslé and Vallin, 1996); the change from ICD-9 to ICD-10 is particularly challenging since

the old, purely numerical, system has been replaced by an alphanumeric scheme.
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2.2 Model

2.2.1 Description of the Model

Using a log-link, our modulation model estimates the mean (μa,t) of death counts, ya,t, over age a

and time t which are assumed to be independent and follow a Poisson distribution:

log μa,t = f0,a,t + f1,a,t sin

(
2π

12
t

)
+ f2,a,t cos

(
2π

12
t

)
(1)

The terms to be estimated, f0,a,t, f1,a,t, and f2,a,t are expected to change smoothly over age and

time; they capture the overall trend (f0,a,t) and the seasonal fluctuations (f1,a,t, f2,a,t). Hence, our

model follows the classical approach of seasonally adjusting time-series by decomposing the data

into the long term trend, the seasonal component (the “signals”), and the irregular component (the

“noise”) (Shiskin, 1968).5

From a technical point of view, Equation 1 represents a combination of two models, both intro-

duced by Hastie and Tibshirani (1987, 1990, 1993): a Generalized Additive Model (GAM) for the

trend surface f0,a,t, and a Varying Coefficients Model (VCM) for the seasonal components f1,a,t

and f2,a,t. Both have been chosen because of our implicit assumptions about the data: the trend

surface for death counts is influenced by three forces: over age we expect a shape following a

Gompertzian density rather closely. Due to improvements in mortality we could expect a dampen-

ing of the density over time for certain causes. Simultaneously, we may also observe an increase

in death counts over time because of more people attaining higher ages as a result of lower mortal-

ity, larger birth cohorts and/or net immigration. A GAM is well-suited for such a situation when

we don’t want to impose anything apart from smoothness since it provides “a flexible method for

identifying nonlinear covariate effects in a variety of modeling situations” (Hastie and Tibshirani,

5Long term cycles would be captured in the trend component of our model.
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1987, p. 385). It is accomplished by using smooth nonparametric functions instead of the typical

linear and parametric functions in a regression context.

For the seasonal components of our model, f1,a,t and f2,a,t, we restricted the flexibility. They can

change smoothly over age and time, too, but only as smooth functions of our transformed time

variable (sin
(

2π
12

)
t, cos

(
2π
12

)
t), a typical case for VCMs where “the coefficients are allowed to

vary as smooth functions of other variables” (Hastie and Tibshirani, 1993, p. 757). The estimated

functions f1,a,t and f2,a,t are in themselves not interesting. We can, however, obtain the phase shift

φ of the seasonal component via φ = arctan
(
−f1,a,t

f2,a,t

)
and the amplitude A =

(
f1,a,t

2 + f2,a,t
2
) 1

2 .

The amplitude denotes the height of the annual spike in deaths during winter; it is our main indica-

tor to analyze the changing seasonality over age and time. The phase denotes at which point of the

year (measured in days) the peak in deaths occurs. Inferring from Figure 1, possible values should

be expected between 0 and 90 (January–March).

2.2.2 Estimation of the Model

In 2002, Eilers and Marx demonstrated that any combinations of VCMs and GAMS can be esti-

mated in a generalized linear model setting using P -Splines. Before we demonstrate the actual

estimation procedure in two dimensions, we will briefly explain P -Spline smoothing with data y t

along one dimension.

P -Splines employ, as shown in Eilers and Marx (1996), cubic B-Splines as regression bases. In

a pure B-Spline setting, regression coefficients α for the smoothing splines B are found by mini-

mizing

|yt − Bα|2 (2)

via OLS. The typical challenges of B-Spline smoothing such as finding the correct number

7



and positions of knots are circumvented in the P -Spline approach. The standard procedure is to

use “too many” B-Splines which would normally result in overfitting.6 Overfitting is prevented by

penalizing the roughness of the regression coefficients which is measured by their second differ-

ences.

|yt − Bα|2 + λ|Δ2α|2 (3)

The optimal value of the control parameter λ has been determined in the one-dimensional ap-

plications of Gampe and Rau (2003, 2004) and Rau (2007) via Akaike’s Information Criterion

(AIC) using a grid-search for possible λs.

In recent years, the framework of Eilers and Marx (1996) has been extended to two or more di-

mensions with some papers analyzing questions in the field of population studies (e.g. Currie et al.,

2004; Eilers et al., 2006; Marx and Eilers, 2005); the current modulation model for seasonality over

age and time represents a novel approach, though.

The two-dimensional approach uses the B-Spline bases from the one-dimensional case.7 The

compound regression basis is the Kronecker product (i.e. the tensor product of matrices) of the

B-Spline matrices along age a and time t:

B = Ba ⊗ Bt (4)

More detailed explanations of the construction of such bivariate B-Splines can be found in

Dierckx (1993) or Marx and Eilers (2003). Using the newly built Kronecker products of the

B-splines, we can re-express our Generalized Linear Model in matrix notation where the linear

6“Too many” is, nevertheless, considerably smaller than the number of data t; otherwise the model would be

overparametrized.
7Please note that the B-Spline bases for one-dimensional smoothing are two-dimensional.
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predictor ηa,t, i.e. the right hand side of the equation, models the mean, μa,t, of the death counts

ya,t using the canonical log-link for Poisson regression models:

log μa,t = Bθ0,A,T + diag

(
sin

(
2π

12

))
Bθ1,A,T + diag

(
cos

(
2π

12

))
Bθ2,A,T [= ηa,t] (5)

The corresponding regression coefficients for the functions f0,a,t, f1,a,t, and f2,a,t from Equa-

tion 1 are θ0,A,T , θ1,A,T , and θ2,A,T — all of dimension A × T where A < a and T < t to avoid an

overparametrized model. In our applications the dimensions were 7 × 9.

The log-likelihood function for unknown parameters θ8 and regressors B generating the Pois-

son distributed response ya,t is (see McCullagh and Nelder, 1989, p. 211):

l (θ, B, y) =
∑
a,t

ya,tηa,t −
∑
a,t

eηa,t (6)

The log-likelihood as given in Equation 6 would be appropriate if we were interested in the

typical B-Spline smoothing. Using the P -Spline approach, we penalize the rows and the columns

of our B-Spline basis for each of the functions we are interested. The penalized log-likelihood

function changes therefore to:

l� = l (θ, B, y) −
2∑

u=0

λR,uPR (θu) + λC,uPC (θu) (7)

where the six λs control the roughness of the rows (R) and columns (C) for the trend (u = 0),

the sine (u = 1), and the cosine term (u = 2). The penalty matrices PR and PC are Kronecker

products with PR = IL⊗DR and PC = DC ⊗IK where I denotes identity matrices and D the row-

or column specific difference matrices as outlined, for example, in Eilers et al. (2006) or Marx and

Eilers (2005). The iterative solution to find the maximum of the penalized likelihood (Equation 7)

is explained in Eilers et al. (2007).

8The combined vector of θ0,A,T , θ1,A,T and θ2,A,T .
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Theoretically, the optimal model is found by conducting a six-dimensional grid-search for

possible λs on a log-linear scale and choosing the model with the minimum AIC value.9 In practice,

we reduced the dimensions to four by searching across “age-” and “time-” λs for the trend surface

and by assuming the same λ across age for the sine and cosine term and the same λ across time for

the sine and cosine term.

2.2.3 Possible Extensions of the Model

The model as given in Equation 1 represents an approach tailored to our data setting (count data)

and prior knowledge (e.g. frequency of one per year). We would like to point out, however, that

our model can accomodate various other situations likewise. For example, adding an offset-term

allows modelling of death rates in the presence of exposures, ea,t, and occurences (deaths):

log μa,t = log ea,t + f0,a,t + f1,a,t sin

(
2π

12
t

)
+ f2,a,t cos

(
2π

12
t

)
(8)

Likewise we could also incorporate higher frequencies, for example, if we expect not only one

annual wave in deaths due to cold but an additional peak in mortality possibly caused by summer

heat:

log μa,t =f0,a,t+

+ f1,a,t sin

(
2π × 1

12
t

)
+ f2,a,t cos

(
2π × 1

12
t

)
+

+ f3,a,t sin

(
2π × 2

12
t

)
+ f4,a,t cos

(
2π × 2

12
t

)
(9)

9A range for one λ could be, for example: 10−4, 10−3, 10−2, . . . 106, 107.
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3 RESULTS AND DISCUSSION

The results for the three causes of deaths from cardiovascular, cerebrovascular, and respiratory

diseases are presented in Figures 2, 3, and 4, respectively. Each figure is divided into four panels.

The upper left panels display the overall trend observed in the data (i.e. ˆf0,a,t from Equation 1).

The seasonality estimates over time and age are depicted in the upper right (amplitude) and the

lower left (phase) panel. The amplitude depicts the extent of annual fluctuations and is the main

interest in our analysis; the phase shows where mortality peaks throughout the year. The scale

of the phase is given in days of the years. Hence a value of 22 would correspond to the 22nd of

January. The lower right panel displays the remainder of our seasonal decomposition procedure,

the (Pearson) residuals which are scaled raw residuals (McCullagh and Nelder, 1989). Instead of

interpreting and discussing each cause of death separately, we investigate each of the four features

of our estimation (trend, amplitude, phase, residuals) simultaneously for all three causes of death,

starting with the trend, followed by the phase of the seasonal component, the residuals, and finally

the amplitude of the seasonal effect.

The single most contributing cause of death for the overall pattern of mortality in general are

cardiovascular diseases (cf. Table 2). It should be therefore of little surprise that the overall trend

observed in the upper left panel of Figure 2 closely resembles the density of human mortality in

general. The peak, which is the modal age at death from cardiovascular diseases, is slowly in-

creasing from about age 80 to about age 90. Although we model death counts—which increased

over time for cardiovascular diseases—the relative contribution of this cause of death diminished

over time: from 42% during the first five years of the observation period to 35% during 1994–
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1998. White (1999) calculated that the age-standardized rate to die from cardiovascular diseases

per 100,000 decreased in the United States from 916 in 1940 to 294 in the year 2000,10 one of the

most remarkable developments in public health which led to the expression of the “cardiovascular

revolution” (e.g. Meslé and Vallin, 2006). A similar pattern can be observed for cerebrovascular

deaths (Figure 2, upper left panel); in contrast to cerebrovascular diseases, the relevance of this

group has diminished over time in absolute and in relative numbers (see Table 2). Smith (1998)

showed that crude death rates (per 100,000) from cardiovascular diseases dropped from 3,500 in

1960 to 44.3 in 2000 for people aged 85–89 in the United States.

The development of respiratory diseases (Figure 4, upper left panel) followed a different trajectory

with increasing absolute and relative numbers (Tab. 2): while deaths from this cause constituted

only five percent of all deaths during the first five years of the observation period, during the

last five years almost 10 percent died of pneumonia and related diseases.11 Smoking, one of the

standard justifications for increasing respiratory mortality, does not appear to be an appropriate

explanation in this case: since the 1960s, smoking prevalence of women in the United States de-

creased steadily (Dettmann, 2006; MacKay and Eriksen, 2002).

The lower left panels in the three Figures 2–4 depict the phase of the seasonal component in

days of the year, i.e. the time of year when mortality peaks during the year. On average (across

age and calendar time), deaths were most common between the end of January and the middle of

March. A slight trend of postponement of the peak can be observed for the two circulatory dis-

10The data were standardized using the population from 2000.
11Using population estimates from the Human Mortality Database, a quick calculation showed that the crude death

rate (per 100,000 females) from respiratory diseases rose from 41 to 80 between 1960 and 1995.
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eases. The pattern for respiratory diseases is less stable, reflecting the higher susceptibility of this

category to environmental conditions. On average, however, the phase was found to be between

beginning and the middle of February (days 35 to 50).

Based on our model assumption that all signals in the data should be caught either in the trend

or in the seasonal component, the residual surface should, hence, contain only noise and no struc-

ture. The residuals do not meet this assumption as can be seen in the lower right panels in all three

figures (Fig. 2–4): All three causes contain a distinct cohort effect for the birth year 1900. The two

circulatory diseases have no other visible features. Vertical lines appear, however, in the panel for

respiratory diseases. This could be interpreted as period effects such as minor influenza epidemics

which affect all ages.

The upper right panels of Figures 2–4 illustrate the changing development of the seasonal am-

plitude over age and time. Starting with a simple inspection by age, one recognizes a steady ascent

with age for all three causes of death. It has to be noted though, that the gradient is considerably

steeper for respiratory diseases than for cardiovascular or cerebrovascular diseases which are rather

similar in that respect. This general trend of increasing seasonality with age has been recognized

at least since 1838 in Quetelet’s analysis of Belgian mortality in the 1830s (Quetelet, 1838). Using

parish register data, Wrigley et al. (1997) could even show this slope in England for the time period

1580–1837. Of the few studies, which analyzed seasonality to the highest ages (McDowall, 1981;

Näyhä, 1980; Rau, 2007; Rau and Doblhammer, 2003; Robine and Vaupel, 2001), it is apparent

that the increase of seasonality appears to be a rather universal phenomenon. For example in a

previous study (Rau, 2007), the odds-ratio of dying in winter compared to summer was about 1.1
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for 65–69 year-old women in Denmark between 1980 and 1998, the excess risk increased for 90+

aged women to 25% and more. Our findings can be consistently interpreted within the standard

framework of mortality: rising mortality with age in general is “a deterioration, or an increased in-

ability to withstand destruction” (Gompertz, 1825, p. 517). A constant environment is an implicit

assumption in this statement. If, however, adversity of the environment is seasonally changing and

the body is with increasing age less able to cope with stress, an increase in the amplitude in deaths

and mortality should be not surprising. The development of the seasonal amplitude over time is

less straightforward: At younger ages (until ∼ 65), it appears as if the amplitude decreases until

the mid 1970s and increases slightly again. This trend is more pronounced for cardiovascular and

cerebrovascular diseases than for respiratory diseases. Although the mainstream of seasonality lit-

erature reports a decrease in the seasonal amplitude over time in most countries, the reversal of this

trend has been reported before for the United States (Feinstein, 2002; Rau, 2007; Seretakis et al.,

1997). How can we interpret these findings? According to Seretakis et al. (1997), the decrease

and the subsequent slight increase can be traced back, first, to the spread of central heating which

helped reducing excess winter mortality and dampened the seasonal amplitude. The increased us-

age of air conditioning since the mid-1970s may have helped to reduce absolute mortality during

the summer, resulting in larger annual fluctuations in mortality — despite a lower overall level in

mortality. Especially for respiratory diseases and to a lesser extent for cardio- and cerebrovascular

diseases, we recognize a short-lived peak in the early 1970s. We are not sure whether this sudden

increase can be traced back to data problems: the data for 1972 contained not the whole population

as in all other years but only a 50% random sample. Alternatively, it can be the outcome of smaller

influenza epidemics during the winters 1971/72 and 1972/73 (see, for example, Barker, 1986) with

a strong impact on respiratory diseases and on a smaller scale the two circulatory diseases in our
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analysis (Madjid et al., 2004; Smeeth et al., 2004; Thompson et al., 2003).

At ages above 70, the only visible progress has been made for respiratory diseases. For cardio-

vascular and cerebrovascular diseases large seasonal amplitudes appear to extend to younger and

younger ages. We have no clear explanation for this development. One can raise the conjecture that

it is the outcome of a compositional change in the population: as a consequence of progress made

in survival in general over time, rather frail individuals reach higher ages than in the past. Those

less robust people are then more susceptible to the harsh climatic conditions during the winter than

people in previous years who were, on average, less frail.

4 SUMMARY AND CONCLUSION

Our analysis investigated how seasonality in deaths in the United States changed over age and time

between 1959 and 1998 for deaths of women from cardiovascular, cerebrovascular, and respiratory

diseases. The phase, which marks the day of the annual peak in deaths remained relatively constant

for the two causes connected with the circulatory system. The timing of the peak was less stable

for respiratory diseases which is most likely the outcome of higher sensitivity to quickly changing

environmental conditions of this cause of death category. The amplitude was found to be increas-

ing over age; this is what we expected since previous (one-dimensional) studies reported the same

development. The most probable explanation is the decreasing ability of the human body to handle

environmental stress with increasing ages. While the literature for several countries points at a

decreasing amplitude in seasonality over time, we found mixed evidence for the three causes we

analyzed. For the first two decades the seasonal amplitude appears to decrease for all three causes.

Since then, the amplitude started increasing again for ages up to 70 years. This could be explained
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by the increased usage of air conditioning. Its widespread use may have allowed summer mortality

to decrease faster than mortality in winter (or mortality in general) resulting in a larger seasonal

amplitude in deaths.

As far as we know, our modulation model represents a novel approach to analyze seasonality

over age and time simultaneously. We have shown that the model can be extended easily to incor-

porate exposures for the estimation of death rates; similarly, the model can include also higher fre-

quencies than annual rhythms. Although we analyzed the changes in the seasonal component over

age and time, the method can be obviously employed for seasonal adjustment in two dimensions

— the typical application of one-dimensional methods such as X-11, BV4 or TRAMO/SEATS. In

its current form, the model assumes a Poisson distribution for the observed count data. A possi-

ble extension could incorporate the Negative Binomial distribution. This distribution relaxes the

assumption of equality of mean and variance of the Poisson distribution. It can, thus, account

for overdispersion, an effect known among demographers as “unobserved heterogeneity” (Barron,

1992; Lawless, 1987a,b).
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Table 1: ICD Coding and Counts of Female Deaths

Cause of Death ICD Revision and Years Death Counts %

ICD-7 ICD-8 ICD-9

1959–67 1968–78 1979–98

All Causes — — — 36,202,036 100.00

Cardiovascular 400–469 390–429, 390–429, 14,615,664 40.37

440–458 440–459

Cerebrovascular 330–334 430–438 430–438 3,971,043 10.97

Respiratory 241, 470–527 460–519 460–519 2,430,132 6.71
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Table 2: Count and Proportion for Female Deaths from All Causes, Cardiovascular Diseases,

Cerebrovascular Diseases, and Respiratory Diseases for the First Five Years (1959–63) and the

Last Five Years (1994–98) of the Observation Period

Cause of Death Time Period

1959–63 1994–98

Counts (%) Counts (%)

Cardiovascular 1,565,912 (41.94) 2,025,439 (35.21)

Cerebrovascular 515,517 (13.81) 482,009 (8.38)

Respiratory 178,496 (4.78) 565,709 (9.83)

All Causes 3,733,775 (100.00) 5,752,471 (100.00)

27



Calendar Time

S
ta

nd
. N

um
be

r 
of

 M
on

th
ly

 D
ea

th
s 

(in
 1

,0
00

)

1989 1991 1993 1995 1997 1999

15
0

17
5

20
0

22
5

January
August

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

R
el

. M
on

th
ly

 F
re

q.
 in

 %

7
7.

5
8

8.
5

9
9.

5
10

Women

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

R
el

. M
on

th
ly

 F
re

q.
 in

 %

7
7.

5
8

8.
5

9
9.

5
10

Men

Figure 1: Monthly distribution of deaths in the United States, 1989–98 and its aggregation into

twelve months by sex (standardized for length of month)
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Figure 2: Results for Cardiovascular Mortality, Women, Aged 30–100, 1959–98; Upper Left Panel:

Overall Trend, Upper Right: Amplitude of Seasonality, Lower Left: Phase of Seasonality, Lower
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