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Abstract Increasing research into heliobiology and related
fields has revealed a myriad of potential relationships between
space weather factors and terrestrial biology. Additionally,
many studies have indicated cyclicity in incidence of various
diseases along with many aspects of cardiovascular function.
The current study examined annual mortality associated with
hypertensive diseases in Canada from 1979 to 2009 for peri-
odicities and linear relationships with a range of heliophysical
parameters. Analyses indicated a number of significant lagged
correlations between space weather and hypertensive mortal-
ity, with solar wind plasma beta identified as the likely source
of these relationships. Similar periodicities were observed for
geomagnetic activity and hypertensivemortality. A significant
rhythm was revealed for hypertensive mortality centered on a
9.6-year cycle length, while geomagnetic activity was fit with
a 10.1-year cycle. Cross-correlograms of mortality with space
weather demonstrated a 10.67-year periodicity coinciding
with the average 10.6-year solar cycle length for the time

period examined. Further quantification and potential impli-
cations are discussed.

Keywords Heliobiology . Chronobiology . Space weather .

Hypertensive disease . Epidemiology . Solar wind pressure

Introduction

Hypertension is one of the most important adjustable risk
factors for cardiovascular disease (CVD). Its prevalence is
overwhelming in industrialized populations and a prominent
risk factor for myocardial infarction, stroke, congestive heart
failure, end-stage renal disease, and peripheral vascular dis-
ease (Johnson et al. 2003; Levy et al. 1996; Lloyd-Jones et al.
2002; O’Leary et al. 1999; Yusuf et al. 2004). There is an
increasing body of literature from clinical trials that indicate
the tight regulation of arterial pressure at <140/90 mmHg
markedly reduces CVD factors (Bertoia et al. 2012; Lloyd-
Jones et al. 2002; McCubbin et al. 1989;Williams et al. 2006).
However, this form of disease remains one of the top five risk
factors for mortality around the world, with the Global Burden
of Disease database (http://www.healthdata.org/gbd) placing
hypertensive disease as the number one risk factor for
disability and mortality as recently as 2010. Given the wide
prevalence of hypertensive disease and risks associated with
this form of disorder, increasing the general body of
knowledge on time series characteristics of hypertension and
external factors related to hypertension remains a necessary
endeavor in order to aid in the prediction and reduction of this
particularly important health issue.

Despite Canada having a health care system that is relative-
ly inexpensive and easily accessible for the public, and in
which a great proportion of the population have had regular
blood pressure observations (Kaplan et al. 2010), the
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prevalence of hypertension remains high, particularly in
males, with a low level of control (Gee et al. 2012; Joffres
et al. 1997; Wolf-Maier et al. 2004) along with associated
mortality rates (Robitaille et al. 2011). According to one par-
ticular study (Joffres et al. 1997), about 4.1 million Canadians
aged 18 to 74 years have presented clinical manifestations of
hypertension and were at increased risk for coronary heart
disease and stroke. Of these, about 960,000 (23 %) were treat-
ed but did not have hypertension controlled, 757,000 (18 %)
were not treated and not controlled, and 1.7 million (41 %)
were not aware of their high arterial blood pressure.
Surprisingly, most of these individuals with hypertensionwere
not from the older age group (Joffres et al. 1997), a common
factor often linked with the onset and treatment of hyperten-
sion and resulting comorbidities (Gee et al. 2012; Kaplan et al.
2010; Robitaille et al. 2011).

Accumulating evidence in the field of heliobiology has
previously identified a potential role for space weather factors
in the incidence of a number of diseases. While there may be
subtle energies involved in the interaction between
heliophysical parameters and terrestrial systems, there is a
myriad of quantitative and experimental evidence to support
the contention of heliobiological effects (Babayev and
Allahverdiyeva 2007; Dzvoník et al. 2006; Mulligan et al.
2010; Mulligan and Persinger 2012; Saroka et al. 2014;
Stoupel et al. 2006). In direct relation to the study of hyper-
tensive disease, there are a number of space weather investi-
gations which have specifically demonstrated relationships
with human cardiovascular function (Dimitrova et al. 2004,
2009; Papailiou et al. 2011, 2012). As rigorously outlined in
recent studies (Persinger 2014; Saroka and Persinger 2014),
relatively minute environmental forces, including those out-
side the threshold for human perception, are sufficient to pro-
duce effects on biological systems.

Aside from the previously observed linear empirical rela-
tionships revealed for heliophysical factors and human phys-
iology, there have also been a number of non-linear epidemi-
ological studies conducted on the occurrence of various dis-
eases which have shown significant rhythms in incidence for a
number of cancers (Dimitrov 1999, 2000; Dimitrov et al.
2008) and myocardial infarction (Cornélissen et al. 2002),
with some results indicative of potential solar cycle (∼11 years)
rhythmicity (Dimitrov 1993) in the occurrence of specific dis-
eases. The closely related area of research, chronobiology, has
proven effective in the identification of potential relationships
between epidemiology and human behavior with space weath-
er by expanding the methods of analysis from the simple iden-
tification of linear relationships into the examination of cyclic-
ity coinciding with space weather cycles (Cornélissen et al.
2011; Dimitrov et al. 2009; Kancírová and Kudela 2014).

The current study was undertaken in order to investigate
the relationship between the incidence of mortality associated
with hypertensive diseases (HM, hypertensive mortality) in

Canada and a number of heliophysical parameters for the pe-
riod 1979 to 2009. More traditional correlational analyses
were applied to determine both the linear relationships be-
tween HM and space weather variables of interest, along with
determining the inter-relatedness between heliophysical pa-
rameters under investigation and their main potential source
of variance regarding relationships with HM. Furthermore,
analyses to determine potential cyclicity were employed, in-
cluding least-squares spectral analysis (Vaníček 1971; Lomb
1976; Scargle 1982) and periodic regression (Dimitrov 1993)
based on the cosinor method (Halberg 1969; Cornélissen
2014). These analyses essentially consist of least-squares
fitting of trigonometric functions at specific cycle lengths to
the variable under examination. The inter-relatedness of space
weather parameters is also often ignored in typical studies of
heliobiology, and we have therefore chosen to examine these
interconnections in detail as a further guide to the true source
of the statistical effects observed. These investigations could
prove particularly beneficial, given the use of regional data,
when considering that cardiomyopathy (e.g., hypertension) is
a leading cause of death in Canada (Joffres et al. 1997).

Methods

The annual total numbers of deaths (males and females, all
ages) associated with hypertensive diseases in Canada (HM)
were obtained for 1979 to 2009 from the World Health
Organization (WHO) online mortality database (http://apps.
who.int/healthinfo/statistics/mortality/whodpms/). The HM
values were obtained directly from this resource without
additional modification or aggregation. WHO mortality
database category 4061 was used (number of deaths due to
hypertensive disease, both sexes, all standardized age ranges
from <1 to 75+years) which provided data on ICD-10 catego-
ries I10 to I15 (I10, essential or primary hypertension; I11,
hypertensive heart disease; I12, hypertensive renal disease;
I13, hypertensive heart disease and renal disease; and I15,
secondary hypertension). This information was acquired by
the WHO from Canadian civil registration systems for medi-
cally certified deaths only. The aggregated variable employed
in the current study was available as is from the mortality
database. Additional descriptive information for HM data re-
garding age ranges and sexes are included in Tables 1 and 2,
respectively. All geomagnetic and solar variables of interest
were accessed from the Goddard Space Flight Center/Space
Physics Data Facility OMNIWeb database (http://omniweb.
gsfc.nasa.gov/form/dx1.html). Values obtained were monthly
averages which were subsequently converted to annual means
for further analysis. Variables of interest included
geomagnetic activity (Ap index), the vertical component of
the interplanetary magnetic field (Bz) in nT, solar wind
proton density (SWd) in N·cm-3, and the solar wind plasma
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beta (β) which refers to the ratio between plasma andmagnetic
pressures. As an additional heliophysical parameter, the
annual average numbers of cosmic ray (CR) impulses per
minute were retrieved from the Moscow Neutron Monitor
(http://cr0.izmiran.rssi.ru/mosc/main.htm). The total sample
of annual data examined for final analysis consisted of n=
31. All data were obtained during solar cycle 21 (10.3 years;
May 1976 toMarch 1986), cycle 22 (9.7 years;March 1986 to
June 1996), and cycle 23 (11.7 years; June 1996 to January
2008), with a single case (2009) from the ongoing solar cycle
24.

For cosinor investigation, regression analyses were
employed using the equation (Dimitrov 1993):

y tð Þ ¼ M þ Acos 2πt=T cð Þ þ Bsin 2πt=T cð Þ ð1Þ
where M=constant coefficient equivalent to the MESOR or
midline estimating statistic of rhythm, A and B=regression
coefficients, t=point in time, and Tc = cycle length.
Amplitude for each cosinor result was calculated according
to (Cornélissen 2014):

Amp ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
A2 þ B2
� �q

ð2Þ

Data de-trending and non-linear analyses were conducted
using Matlab v7.12. All other statistical techniques were per-
formed using SPSS v17. Prior to analysis, all variables were
subject to visual inspection of chronograms (raw time series),
de-trendedwhere necessary, and tested for a normal distribution.

Results

Hypertensive mortality (HM) displayed a clear quadratic trend
(Fig. 1) and was therefore fit with a second order polynomial
(f(x)=3.022·x2+(−64.91)·x+1610). A normal distribution

was observed following appropriate quadratic de-trending.
Ap index was chosen as the measure of geomagnetic activity
in the current study (Fig. 2a), which was linearly de-trended
(f(x)=−2.485·x+17.9). The Bz variable was not fit with a
polynomial or power trend (Fig. 2b) and did not require fur-
ther data transformation. The SWd was best fit by a third order
polynomial (Fig. 2c) and cubically de-trended (f(x)=0.001·
x3+(−0.045)·x2+0.668·x+5.895). The ratio of plasma to
magnetic pressure for solar winds (β) did not require de-
trending; however, further transformation was applied using
Blom’s (1958) ranking method for normalizing the distribu-
tion:

si ¼ Φ ρi−
3

8

� �
þ nþ 1

4

� �� �
ð3Þ

where s=normal score obtained, Φ=inverse cumulative nor-
mal function, ρ=rank score, and n=sample size, following
which no further data treatment of β was required given the
lack of accuracy observed for general curve fitting procedures
(Fig. 2d). As with the Bz component of the interplanetary
magnetic field, the annual CR values could not be fit using
low order polynomials or power equations, and data were
normally distributed (Fig. 2e). The overall raw mean of each
variable was added to the residuals of the associated data after
de-trending.

Following preliminary data processing procedures,
heliophysical parameters were symmetrically time-shifted
with a maximum step (lag/lead) of 12 years (11-year solar
cycle +1). Results for Ap index with HM (Fig. 3a) sug-
gested a phase relationship of 11 years (r (20)=0.715,
p<0.001) with the geomagnetic cycle preceding that of
HM (Fig. 4a). There were no significant relationships ob-
served between HM and Bz. However, SWd cross-
correlation with HM suggested a possible phase shift of
∼8 years (Fig. 3b) with significant Pearson coefficients
computed for SWd lag -8 (r (23)=0.512, p<0.05) with HM
(Fig. 4b) and an additional peak coefficient leading by
10 years (r (21)=0.586, p<0.01). Symmetrical lag/lead cor-
relations for HM with β demonstrated the greatest relative
number of significant relationships (Fig. 3c), with a phase
shift of 8 years (r (23)=0.742, p<0.001) and a strongly
positive correlation (Fig. 4c). Finally, CR data were corre-
lated with HM which suggested a phase shift of ∼8 to
9 years (Fig. 3d). Pearson coefficients were obtained for
CR lag -9 (r (22)=0.627, p<0.01) and CR lag -8 (r (23)=

Table. 1 Mean, standard
deviation (St Dev), and total
numbers of deaths related to
hypertensive disease for each age
range from 1979 to 2009

Age range <1 year 1 to 4 5 to 14 15 to 24 25 to 34 35 to 54 55 to 74 75+

Mean 0.097 0.032 0.290 0.936 3.710 57.613 367.968 1156.452

St Dev 0.301 0.180 0.529 0.892 2.053 20.787 55.041 365.418

Total 3 1 9 29 115 1786 11,407 35,850

Table. 2 Mean, standard deviation (St Dev), and total numbers of
deaths related to hypertensive disease for males, females, and both
sexes from 1979 to 2009

Sex Males Females Both sexes

Mean 608.548 942 1587.226

St Dev 115.597 231.871 370.602

Total 18,865 29,202 49,204

Int J Biometeorol (2016) 60:9–20 11
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Fig. 1 Chronogram of raw data
for total annual deaths associated
with hypertensive diseases in
Canada (HM) with quadratic fit

Fig. 2 Chronograms of raw annual data for a geomagnetic activity (Ap index) with linear fit, b vertical (Bz) component of the interplanetary magnetic
field in nT, c solar wind proton density (SWd) in N·cm−3 with cubic fit, d solar wind plasma beta (β), and e cosmic ray impulses (CR)

12 Int J Biometeorol (2016) 60:9–20



0.626, p<0.01) with HM (e.g., Fig. 4d). Additionally,
least-squares spectral analysis (Vaníček 1971; Lomb

1976; Scargle 1982) of lag/lead correlation coefficients
for HM with Ap index, β, and CR all displayed a ∼10.67-

Fig. 3 Cross-correlograms of correlation coefficients (r) across lag/lead
time for a geomagnetic activity (Ap index) with hypertensive mortality, b
solar wind proton density (SWd) with hypertensive mortality, c solar wind

plasma beta (β) with hypertensive mortality, and d cosmic rays (CR) with
hypertensive mortality

Fig. 4 Scatterplots of linear (Pearson r) correlations between annual total
deaths from hypertensive diseases in Canada (HM) with a geomagnetic
activity (Ap index) lagged by 11 years, b solar wind proton density (SWd)

index lagged by 8 years, c solar wind plasma beta (β) lagged by 8 years,
and d cosmic rays (CR) lagged by 9 years

Int J Biometeorol (2016) 60:9–20 13



year periodicity, or approximately the average solar cycle
length for the data examined, while the dominant period-
icity for SWd correlations was ∼9.6 years (Fig. 5).

A high degree of inter-correlation was revealed among
heliophysical parameters at both zero-lag, and the appropriate
time-lags for which the greatest respective lagged relation-
ships with HM were observed (Table 3). Additionally, calcu-
lation of correlation standard errors (SE) was conducted with

SE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1−r2ð Þ= n−2ð Þð Þ

p
ð4Þ

for which the relative lowest values were found for correla-
tions of β with Ap, SWd, and CR. The relative lowest SE for β
was identified for the correlation with CR (Table 1). A series
of partial correlations were conducted for HM with either Ap

(lag -11), SWd (lag -8), β (lag -8), or CR (lag -9) as the inde-
pendent measure while individually controlling for the re-
maining space weather variables. The annual β value lagged
by 8 years was the only variable to remain significantly cor-
related with HM when controlling for all other measures
(Table 4). This led to the conclusion that the ratio of plasma
pressure to magnetic pressure of solar wind (β) was the central
source of variance regarding the previously observed bivariate
correlations with HM.

A series of analyses were conducted in order to dis-
cern potential cyclicity of HM in range of those observed
for heliophysical parameters. An exploratory least-
squares spectral analysis of HM revealed a relative am-
plitude peak for a cycle of ∼10 years overlapping with
Ap index (Fig. 6), along with a secondary peak at ap-
proximately 17 years. However, only the shorter cyclic-
ity in range of heliophysical parameters was chosen as
the focus for guiding further exploration. The major pe-
riodicity observed for both β and CR was ∼11 years. The
dominant SWd cycle was much shorter at approximately
4.6 years.

HM was further analyzed with periodic regression
(Dimitrov 1993) by manually computing a series of cosine
and sine waves over a short band of nearby cycle lengths
(Tc=∼9 to 11) at simple increasing increments of 0.1 years.
The resulting values within each period of Tc were fit to the
annual HM totals through a series of regression analyses ac-
cording to Eq. 1.

Results suggested a significant HM rhythm (R2=0.338,
p<0.01) centerd on ∼9.6 years (Fig. 7) defined by

HM tð Þ ¼ 1591:014þ −42:4ð Þcos 2πt=9:6ð Þ
þ −41:636ð Þsin 2πt=9:6ð Þ ð5Þ

The amplitude, which indicates half of the predicted
change for an observed cycle (Cornélissen 2014), indicat-
ed a value of ∼59.424. Additionally, one can see a general
reduction in both amplitude and general conformity to the
cyclic trend during polarity reversal of solar cycle 22
(March, 1986 to June 1996) compared to the preceding
cycle 21 or the following cycle 23. However, this appar-
ently declining incidence also reflects the previously ob-
served ∼17-year periodicity.

Further investigation employed a series of short-band peri-
odic regression analyses for correlated space weather vari-
ables beginning with the observed HM cycle length of Tc=
9.6 to the standard solar cycle of ∼11 years. The annual Ap

index was best fit (R2=0.464, p<0.01) with a 10.1-year cycle
(Fig. 8) and the regression model:

Ap tð Þ ¼ 13:968þ −3:365ð Þcos 2πt=10:1ð Þ
þ 1:834sin 2πt=10:1ð Þ ð6Þ

which revealed an amplitude (Amp) of 3.832 with a gradual
overall peak increase observed over each subsequent solar
cycle. No cyclicity in the examined range of rhythms could

Fig. 5 Periodogram for least-
squares spectral analysis of lag/
lead correlation coefficients for
hypertensive mortality (HM) with
space weather variables with
standardized (z-score) power; HM
with geomagnetic activity (Ap

index), solar wind proton density
(SWd), solar wind plasma beta (β),
and cosmic rays (CR)

14 Int J Biometeorol (2016) 60:9–20



be significantly fit to SWd. The annual β values revealed a
10.9-year cycle (R2=0.579, p<0.001) fit with the equation:

β tð Þ ¼ −0:013þ −0:426ð Þcos 2πt=10:9ð Þ
þ −0:914ð Þsin 2πt=10:9ð Þ ð7Þ

which displayed an amplitude of 1.008 (Fig. 9). Finally,
the annual CR values achieved the greatest fit (R2=
0.653, p<0.001) at the maximum (Tc=11) cycle length
examined (Fig. 10) with Amp=586.108 and the overall
equation:

CR tð Þ ¼ 8756:641þ −471:580ð Þcos 2πt=11ð Þ
þ −348:045ð Þsin 2πt=11ð Þ ð8Þ

The 7- to 8-year phase shift seemingly has no general
association with heliobiological factors or local fluctua-
tions in the sociological setting. It was posited that this
relationship between β and HM may signify an inherent,
rhythmic perturbation of the boundaries of the magneto-
sphere and magnetopause. In this manner, we approximat-
ed the general particle density of a defined area associated
with the β function for solar wind. This measure

represents the ratio between plasma and magnetic pres-
sures and can be expressed as

β ¼ nkK= B2=2μ
� � ð9Þ

where n=particle density (particles ·m-3), k=Boltzmann
constant (∼1.38 ·10−23 J ·K−1), K=absolute temperature
in Kelvin, B=strength of the magnetic field, and μ=per-
meability of free space. Here, we assume that the effective
range of β (i.e., the range in value that could directly
influence the mortality rate) is contingent upon direct ap-
plication to the human heart and brain, the former of
which shall be explored here. The human heart contains
2 to 3 billion electrically active cells (Alder and Costabel
1974) that constitute a general volume of 10−6 m3 (assum-
ing that the volume of a single cell is 10−15 m3, derived
from the linear dimension of 10 μm). The strength of the
magnetic field related to the energy stored in the magnetic
field is expressed by the following equation:

J ¼ B2=4πμ
� �

⋅m3 ð10Þ

where J=energy in Joules. This can be re-arranged to
solve for the strength of the magnetic field, given that
we have an average of 2.5·109 cells operating at an ener-
gy of 10−20 J per cell (Persinger 2010) within the de-
scribed volume, and the resultant field strength would be
in the order of 10−5 T (tesla). Consider the relationship
described by β where, in order for the ratio to be equiv-
alent, we must set the plasma and magnetic pressures to
be equal to each other. Thus, the relationship becomes

nkK ¼ B2=2μ
� � ð11Þ

This can then be re-arranged again to solve for the limit of
particle density that would affect the human heart. Provided
that all the particles are heated to the temperature at the surface
of the sun (∼5.778·103 K), the solution becomes 1.25·1015

particles·m−3. Similarly, if we assume that the quintessential
activation within the cortex as a single Bthought^ is associated
with the simultaneous stimulation of 107 neurons (Dotta and
Rouleau 2014; Levy et al. 2004) each operating at 10−20 J,
then the strength of the magnetic field would be in the order of
10−8 T. This magnitude is well within the geomagnetic ranges
which have been shown to interfere with endorphinergic path-
ways (Murugan et al. 2014), where chronic fluctuations can
lead to accumulation of stress responses intimately tied to
arterial blood pressure and vascular tone homeostasis
(Deanfield et al. 2007; Guyenet 2006; McCubbin et al.
1989). We continued with our previous assumptions of

Table 3 Matrix of Pearson correlation (r) coefficients between
heliophysical parameters which displayed the greatest relationships with
hypertensive mortality (HM) with SE values in parentheses; all values are
significant at p<0.05; all correlations were also significant for zero-lag
variables

Ap (lag -11) SWd (lag -8) β (lag -8) CR (lag -9)

Ap (lag -11) 0.507 (0.203) 0.682 (0.172) 0.662 (0.177)

SWd (lag -8) 0.507 (0.203) 0.562 (0.181) 0.473 (0.197)

β (lag -8) 0.682 (0.172) 0.562 (0.181) 0.801 (0.134)

CR (lag -9) 0.662 (0.177) 0.473 (0.197) 0.801 (0.134)

Ap geomagnetic activity (Ap index), SWd solar wind proton density, β
solar wind plasma beta, CR cosmic rays

Table 4 Partial correlation (r) coefficients for β (lagged by 8 years)
with hypertensive mortality (HM), individually controlling for other
heliophysical parameters

HM with β (lag -8)
controlling for

partial r p

Ap (lag -11) 0.568 < 0.05

SWd (lag -8) 0.639 0.001

CR (lag -9) 0.581 < 0.01

Ap geomagnetic activity (Ap index), SWd solar wind proton density, β
solar wind plasma beta, CR cosmic rays

Int J Biometeorol (2016) 60:9–20 15



temperature and the threshold of mortality when β is set such
that plasma and magnetic pressures are equal, and the effec-
tive particle density would be in the order of 1.25·1010 parti-
cles·m−3. In these calculations, we have neglected the coeffi-
cients as they would not significantly alter the magnitude of
the calculated densities.

Discussion

While there may not be a direct causality deduced from
the current analyses, the results nonetheless present a
number of intriguing potential heliobiological links to
mortality associated with hypertensive diseases (HM) in
Canada, which are supported by previous research
(Cornélissen et al. 2002; Dimitrova et al. 2004, 2009;
Papailiou et al. 2011, 2012; Stoupel et al. 2006). With
regard to the linear relationships observed, there was a
great deal of consistency revealed for geomagnetic activ-
ity (Ap index), solar wind plasma beta (β), and cosmic ray

impulses (CR), even in the context of their respective
relationships with HM. This was partially suggested by
the strongest linear phase shifts between HM and space
weather (range of ∼8 to 11 years) and even more strongly
suggested by the common ∼10.67-year periodicity shown
for lag/lead correlation coefficients between HM and
space weather. This could indicate that the linear relation-
ships between variables observed over time might oscil-
late as a function of the related solar cycle, which was an
average of 10.6 years for the current data. Further analysis
into the potential source of these relationships suggested
that the correlations obtained could be driven by the an-
nual average β value. Based on the relationship observed
for HM with both Ap index and β, we further hypothe-
sized a potential congruence between space weather-
mediated occurrences of HM and sudden infant death syn-
drome (SIDS) with β, given the similar effects of
heliogeophysical activity on SIDS incidence (O’Connor
and Persinger 1997), as well as the apparent overlap be-
tween a secondary 1- to 2-year phase shift time for the

Fig. 6 Periodogram for least-
squares spectral analysis of
hypertensive mortality (HM) and
linearly related heliophysical
factors with standardized (z-
score) power; geomagnetic
activity (Ap index), solar wind
proton density (SWd), solar wind
plasma beta (β), and cosmic rays
(CR)

Fig. 7 Annual hypertensive
mortality (HM) after de-trending
with superposed 9.6-year
cyclicity; note the dark dashed
line indicating polarity reversal
during solar cycle 22
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relationship between HM with β and the typical age of
onset for SIDS (e.g., 1 to 2 years of age).

Despite the results regarding β as the most likely
shared source of variance, a strong linear correlation was
observed between annual HM with Ap index phase shifted
by the typical solar cycle length of 11 years. This partic-
ular relationship became more apparent upon subsequent
investigation of cyclicity. Specifically, annual geomagnet-
ic activity was the only heliophysical parameter to share a
distinct overlapping peak periodicity with HM of approx-
imately 10 years, while β and CR demonstrated cycles
closer to that of the typical solar cycle length of ∼11 years.
Cosinor rhythms were applied to identify more specific
cycles, with Ap index (10.1 years) closest to that observed
for HM (9.6 years). The dominant cyclicity of annual HM
in Canada was closest in length to the middle solar cycle
in the current data examined (cycle 22), which was
9.7 years. However, there was a distinct depression in
overall HM totals and a general disruption of the 9.6-year

rhythm during the polarity reversal associated with solar
cycle 22 (∼1986 to 1996). This particular pattern in mor-
tality was further accounted for by the secondary ∼17-
year periodicity revealed for HM. Furthermore, the 9.6-
year rhythm of HM also appears to be reflected within the
dominant periodicity observed for the lag/lead correlation
coefficients between HM and SWd. Although the raw data
for HM in Canada displayed an overall quadratic trend,
generally increasing over time, the rhythmic features of
this specific cause of mortality appeared to at least coin-
cide with those found for associated space weather
factors.

Taken together, these data suggest a powerful rhythmic
relationship with a range of heliobiological factors contribut-
ing to the complex nature of human mortality, at least with
regard to hypertensive diseases. Here, we have identified
prominent solar periodicities, such as the 11-year solar cycle,
as being correlated with HM. These variables may interact at a
fundamental level of development associated with the

Fig. 8 Average annual
geomagnetic activity (Ap index)
after de-trending with superposed
10.1-year cyclicity

Fig. 9 Annual average solar
wind plasma beta (β) with
superposed 10.9-year cyclicity
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evolutionary progression of the human species, as delineated
in previous calculations, such that under specific circum-
stances (e.g., during discrete sectors of the solar periods),
powerful relationships might emerge.

On an even more interesting note, we suggest here that
the phase relationship of HM with the β function shares a
level of congruence with the incidence of SIDS. The data
presented here suggest that there is a relationship between
the incidence of HM and β that demonstrated a dominant
7- to 8-year lagged phase shift with secondary peak cor-
relations for 1 to 2 years. The 1- to 2-year phase relation-
ship is congruent with the typical age of onset for SIDS
(Kinney et al. 1992), which generally occurs around 1 to
2 years of age. First, we assumed that the correlation
between β with HM coincides with the earliest gestation
period of human embryological development (e.g., devel-
oping within the womb during a period of increased solar
wind β values). According to the model provided, a sub-
sequent increase in SIDS would occur 1 to 2 years after
initial insemination (e.g., between 1 and 2 years of age),
coinciding with the identified timeframe for the typical
occurrence of SIDS mortality. The resultant resonance be-
tween dynamic pressure systems and human biological
development may encourage a specific course of reactions
that inevitably lead to the dissolution of the organism. A
related hypothesis has been put forth by additional authors
(Dimitrov 2000; Ekbom et al. 1992; Ryabykh and
Bodrova 1992) who suspect a form of Bheliogeophysical
imprinting^ on the developing organism, through which
cyclic environmental factors may preferentially affect cer-
tain tissue types during early ontogenesis. Furthermore,
subsequent emergence of the related environmental phe-
nomenon and associated periodicities may produce a form
of “resonance” with the organism, promoting the develop-
ment of a particular biological dysfunction (e.g., disease)
later in life. It has also been previously demonstrated that
the relationship between the incidence of SIDS and

geomagnetic perturbations (O’Connor and Persinger
1997) shows a similar type of link as that presented with
HM in the current study. Perhaps it is not only the direct
influence of local geomagnetic perturbations that are as-
sociated with the onset of SIDS (and HM), but the overall
relationship between solar wind plasma and magnetic
pressures that can account for the distinct source of vari-
ance which may help explain space weather-driven in-
creases in either HM or SIDS.

As per the demonstrated calculations derived through
dimensional analysis, we have proposed an intrinsic
limitation between the effective fluctuations within the
distribution of particle densities within a given space. It
is suggested that any alteration to the system that en-
hances or depresses the overall normal distribution of
particles would be enough to stimulate both the brain
and the heart to respond preferentially to this deviation
and alter the likelihood of mortality associated with
physiological dysfunction. The deviations in particle
density are contingent upon either the injection or re-
moval of particles within a fixed boundary or the rela-
tive dynamic alterations of the boundary in which the
particles reside. This may suggest an inherent expan-
sion and contraction of the magnetosphere and magne-
topause that follows a predictable periodicity. This local
hypothetical contraction or expansion of the magneto-
sphere and magnetopause converge at the level of the
human being and can alter the normal functioning of
the organism. In this manner, subtle changes in activity
may lead to an increase in the likelihood of mortality.

Through directly examining the relationship between
β and HM, it is noted that an increase in β is strongly
correlated with an increase in HM at the optimal time
shift. We suggest that change in the local structure of
the boundary conditions or particle densities may in fact
contribute to annual HM in a dynamic manner. It should
also be noted that the change in β can be driven by a

Fig. 10 Annual average cosmic
ray (CR) impulses per minute
with superposed 11-year cyclicity
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decrease in the magnetic pressure or a fluctuation in the
local temperature mechanics, outcomes which can occur
with equal probability. It is not our intent to postulate the
direction of this change or the underlying mechanism
associated with dynamical alterations within the β func-
tion. Here, we merely interpret the relationship and offer
a hypothesis, supported by quantitative analysis, that
may occur at the level of the human body in response
to these dynamic changes.
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