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Abstract
We analyzed cycles with periods, τ, in the range of 0.8–2.0 years, characterizing, mostly during 1999–2003, the incidence of sudden cardiac death (SCD), according to the International Classification of Diseases, 10th revision (ICD10), code I46.1. In the τ range examined, only
yearly components could be documented in time series from North Carolina, USA; Tbilisi, Georgia; and Hong Kong, in the latter two locations based on relatively short time series. By contrast, in Minnesota, USA, we found only a component with a longer than (= trans) yearly
(transyearly) τ of 1.39 years; the 95% confidence interval (CI) of the τ extended from 1.17 to 1.61 years, falling into the category of transyears
(defined as a τ and a 95% CI between 1.0 and 2.0 years, with the limits of the 95% CI of the spectral component’s τ overlapping neither of
these lengths). During the same span from 1999 to 2003 in Arkansas, USA, a component of about 1-year in length was present, and in addition, one with a τ of 1.69 year with a CI extending from 1.29 to 2.07 years, a far-transyear candidate, far-transyears being defined as having
a τ with a CI between 1.20 and 2.0 year, with the CI overlapping neither of these lengths. In the Czech Republic, there was also a calendaryearly τ and one of 1.76 years. In the latter two geographic/geomagnetic areas, the about-yearly and the longer cycles’ amplitudes were of
similar prominence. The τs are only candidate transyears; the 95% CIs of their τs overlap the 2-year length. When a series on SCD from 1994
to 2003 from the Czech Republic was analyzed, the 95% CI of the transyear’s τ no longer overlapped the 2-year length. Transyears were also
found in the Czech Republic for myocardial infarctions (MI), meeting the original transyear definition in both a shorter and a longer series.
Moreover, in the 1994–2003 series on MI from the Czech Republic, a near-transyear was also found, meeting the definition of a period with
a 95% CI overlapping neither precisely 1.0 year nor 1.2 years, along with a far-transyear, defined as a τ between 1.2 and 2.0 years, again with
the 95% CI covering neither of these lengths. Herein, we discuss near- and far-transyears more generally in the light of their background in
physics and the concept of reciprocal cyclicities.
© 2005 Elsevier SAS. All rights reserved.
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Dedicated to Alejandro Zaffaroni, who realized the
importance of timing treatments based on circadian systems, sought drug delivery systems to implement chronotherapy, and created international companies. The devices
then developed should eventually be enabled to close the
© 2005 Elsevier SAS. All rights reserved.

loop between time-structural (chronomic) diagnoses and
treatments in keeping with the dynamics as-one-goes along
the scales of years as well as days. The yearly scale is here
considered as yet only for its putative impact on sudden cardiac death.
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1. Perspective
Signatures such as near- and far-transyears demontrated
in the incidence of MIs in the Czech Republic and for SCD,
a candidate transyear (and a calendar year) component in
both the Czech Republic and in Arkansas and a sole transyear for SCD in Minnesota may indicate a putative influence of magnetic cycles on human SCD. If confirmed, they
constitute a new feature of SCD pathology, which gains in
prominence when death from MI and from other unknown
or unspecified causes is excluded from consideration, as
specified when ICD-10 code I46.1 is used, as is the case
mostly herein. Of interest are great geographic/geomagnetic
differences insofar as no transyears, only calendar-yearly
components, were detected in three locations, while in three
other locations, transyears were present, in two of these,
with a coexisting calendar-yearly component, with nearly
equal prominence, while in Minnesota, only a transyear was
thus far detected in SCD.
There is the challenge of developing eventual countermeasures for SCD. But first, we seek a clue on why, for
SCD in Minnesota, the prominence of the transyear exceeds
by far any seasonal, thus far undetected influence of the
harsh environmental temperature change in its mid-continental climate in the summary of 5 consecutive years,
whereas in 29 years of MI, the spectral component of the
calendar year length predominates. We also ask why, in
Arkansas and the Czech Republic, the transyear’s amplitude
approximates the prominence of the seasons, and why the
transyear seems to be absent in three other locations. Furthermore, in MI, why is the prominence (gauged by the
amplitude) of the calendar year so far greater than that of the
transyear, by contrast to the case of SCD? The possibility
that these differences in various areas of the world are not a
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result of chance is a topic deserving international attention
so that, if underlying mechanisms are identified, rational
measures for SCD prevention can eventually be developed.
2. Introduction
This study aimed at re-examining, in different geographic/geomagnetic locations, the time patterns of SCD, in
the strict sense, as a refined diagnosis according to the International Classification of Diseases, revision 10 (ICD10,
code I46.1). Thereby we wish to assess the relative prominence, gauged by a non-zero amplitude (A) of different
spectral components (classified by the 95% CI of their τ not
overlapping a τ between 0.8 to 2.0-year length. Thus, we
aim at exploring the relative importance of photic vs. nonphotic influences on SCD or, more specifically, of the seasons versus unseen cosmic factors for which magnetic
cycles may be a proxy, if not a cause, or both.
By 1991, it was apparent that the least-squares spectrum
of SCD (as classified at the time, including MIs) already differed from that of MIs, strokes, cardiac arrhythmia, hypertensive episodes and asthma, Figs. 1 and 2 [1,2]. “SCD”, in
quotation marks (including presumably MIs), had a somewhat prominent circadiseptan component [2–4], also shown
in Fig. 3, in addition to a very prominent about-yearly,
Fig. 1, and a lesser about-weekly, Fig. 2, component, which
latter it shared with other conditions. A circadiseptan component of about 15.2 days may be interpreted as reflecting
the influence (pull?) at a given time and/or through evolution of a very wobbly magnetic cycle in the environment
(see Fig. 3), e.g. in a global geomagnetic index, Kp, or a
local such index, K [4] (cf. [5,6]), although the influence of
factors of lifestyle, such as alcohol consumption on paydays
cannot be ruled out, Fig. 3 [3,4].

Fig. 1a. From a total of 6,304,025 ambulance calls to Moscow hospitals between January 1, 1979, and December 31, 1981, 85,819 cases of myocardial infarctions, 98,625 cases of strokes and 71,525 cases of “sudden cardiac death” (including some MIs) were identified. Their daily incidence shows statistically highly
significant circannual patterns with a higher incidence in winter than in summer. This pattern is shared by many conditions, including SIDS. When analyzed
more thoroughly, different circannual patterns emerge, for instance, for “sudden cardiac death” [1–3,37,38,53]. © Halberg.
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Fig. 1b. An overall view of the variability in the daily incidence of myocardial infarctions, strokes, cardiac arrhythmia and hypertensive episodes, reveals, in
addition to the anticipated circannual peak, shown on the left of each graph, also components of 7 and 3.5 days, some rising very prominently above the general
level of the spectrum, but much less so for “sudden cardiac death” and asthma [1,2,37,38,53]. © Halberg.

Fig. 2. Averaging the least-squares spectra of Fig. 1b computed over consecutive 3-month rather than 1-year spans allows the test of statistical significance of
the peaks in the spectrum. In most cases, after correction for multiple testing, the circaseptan and circasemiseptan components remain statistically significant.
For “sudden cardiac death”, a circadiseptan component is most prominent (see Fig. 3) [1–4,37,38,53]. © Halberg.
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Fig. 3. Wobbliness of the about 2-week variation in “sudden cardiac deaths” (top) and the local index, K, of geomagnetic activity (bottom), revealed by gliding
spectra wherein data in a 6-month interval are progressively displaced by a 1.5-week increment. Note that detection of the about 2-week component is not
consistent throughout the 3-year span. A possible resonance with occasional frequency trapping between the multiseptans of the local geomagnetic activity
index, K and “sudden cardiac death” is suggested by the more prominently expressed (darker) about half-monthly variation in “sudden cardiac deaths” observed
when this component is also detected in the spectrum of K [3,4]. © Halberg.

Our finding of a near-week of 6.75 days [1,4,6] rather
than a precise week [7,8] (cf. [4,6]) in geomagnetics, first in
the planetary index, Kp [1,4,6], was confirmed [9] and
extended to the antipodal index aa [10] by physicists and
then by ourselves [6], all as a counterpart of a built-in biological week [11] (cf. [12–15]). This led us to the postulate
that the rotation of the earth around its axis is not the only
environmental cycle built into life on earth. Not even the
extension of the time structure to include the time it takes
for the earth to revolve once around the sun and the consequent seasonal changes with photic effects exhaust the list
of putative built-in cycles. The finding of the near-week in
our environment prompted us to seek an environmental
counterpart for each biological cycle, preferably one
anchored in the genome, as suggested for the week by freerunning [11]. Vice versa, we began to seek a biological
counterpart for each more or less consistent, albeit wobbly
environmental cycle, characterizing non-photic as well as
photic solar activity [1,16–18]. Accordingly, in biology,
half-yearly and about-decadal, didecadal, quindecadal and
even quincentennial cycles were found [18–20], the latter
by Pales and Mikulecky [20].
With the discovery by the physicists John Richardson et
al. [21] of a 1.3-year oscillation in satellite-measured
changes of the speed of particles passing by, dubbed the
solar wind, and the follow-ups by Valdes-Galicia et al. [22]
of a 1.68-year in cosmic rays [22], by Rangarajan and
Muniz Barreto [23], and the report of a 1.5–1.7 years oscillation by Mursula and Zieger [24], it seemed logical to look
for biological counterparts for such years longer than a

year—we called them “trans [= beyond] a year’s length”,
briefly “transyears”. Indeed, we found them, to start with in
each of several dozen longitudinal time series of human
blood pressure and heart rate [25–27]. We defined transyears as spectral components with a τ and a 95% CI of its τ
between 1.0 and 2.0 years, and cisyears as spectral components with a τ between 0.5 and 1.0 year and added the condition that the 95% CIs of the τs must not overlap the specified limits. Eventually, we also found in the solar wind and
geomagnetics a τ of about 1.05 year [28] and the same τ in
biology: in human 17-ketosteroid excretion [29], in epidemiological data [28] and even in the oxygen production by a
giant eukaryotic unicell Acetabularia [19]. We then separated near- from far-transyears and near- from farcisyears,
in keeping with the very tentative Scheme 1, that, as in the
circadian case [27], leads to limits specified in terms of
period rather than in frequency.
Against this background, it became of interest to reexamine the time structure of the region of τs between 0.3
and 2.0 years, in order to compare the prominence of any
spectral component corresponding, with its τ, to the length
of a calendar year vs. that of any cis- or transyears. Since the
ICD-10 eliminated death from MI and from unknown and
unspecified causes from its code I46.1, it was of interest to
focus mainly upon the years available with this code in the
analyses presented herein, mostly for the span from 1999 to
2003. A longer series was available to check on the assumptions, supported by other data [25], that 95% CIs overlapping 2.0 years were probably due to the brevity of the series
analyzed and that the 95% CIs of the τs will become tighter
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with increasing series length, as had been the case for the
transannual and for the decadal components in blood pressure and heart rate series.
3. Epidemiology, materials and methods
Data were first obtained from the Minnesota Department
of Health through the courtesy of Ms. Judy Palermo. When a
τ corresponding to a far-transyear was readily apparent in
these data, since the 95% CI overlapped neither the 1.0- nor
the 2.0-year period, as seen in Table 1 and no component with
the length of a calendar year was noted, this was interpreted
as a putative signature of a magnetic cycle corresponding in
length to cycles described in the solar wind by Richardson et
al. [21] and Mursula and Zieger [24]. This assumption was in
keeping with the rule of “reciprocity of cycles in and around
us” made for investigation of The BIOsphere and the
COSmos, BIOCOS [15]. Added data were then solicited from
Arkansas (provided by PJ, who also obtained data from North
Carolina); from the Czech Republic (provided by BF);

Tbilisi, Republic of Georgia (provided by MG); and Hong
Kong (provided by GM via the Department of Health, Hong
Kong). The data covered all or part of the span from 1999 to
2003, with a longer SCD series also added from the Czech
Republic, as were Czech and Minnesotan data on MI. Linear–
nonlinear rhythmometry was used on each series [30–34]. We
also looked for product-moment correlations among the epidemiological series themselves and between each of these
series and the planetary geomagnetic disturbance index Kp.
Superposed epochs in relation to events defined by a Kp > 6
were also applied. As yet, the correlation coefficients were
small and the superposed epochs showed a minimum at Kp >
6, but minima were also found at timepoints distant from the
Kp > 6 and hence are not shown herein.
4. Results
Analyses are summarized in Table 1, whose fourth to
sixth sites in the second section shows that under sudden
cardiac death in three of the six geographic/geomagnetic

Table 1
Geomagnetic/Geographic Différences among
Cycles with Periods in the Range of 0.8 - 2.0 years
Characterizing the Incidence of Sudden Cardiac Death (SCD)1 *
Site
Span
T, ∆t, N
SCD (N)
Period (y)
Minnesota
Arkansas

1999-2003
1999-2003

5y, 1d, 1826
5y, 1d, 1826

343
273

Czech Rep.

1999-2003

5y, 1d, 1826

1006

1994-2003

10y, 1d, 3652 1792

North Caro- 1999-2003
lina
Tbilisi, Geor- Nov'99-2003
gia
Hong Kong
2001-2003

5y, 1d, 1826

Site

Span

752

(95% Cl)

Amplitude

(95% Cl)

A (% MESOR)

P-value2

------------Transyear (TY) or Candidate Transyear (cTY) Detected-----------1392 (TY)
(1.173, 1.611) 0.042
(0.00, 0.09)
22.0
0.014
1.095
(0.939, 1.251) 0.032
(0.00, 0.07)
21.1
0.040
1.686 (cTY) (1.293, 2.071) 0.031
(0.00, 0.07)
20.7
0.044
0.974
(0.856, 1.091) 0.078
(0.00, 0.16)
14.2
0.007
1.759 (cTY) (1.408, 2.110) 0.077
(0.00, 0.15)
13.9
0.01
1.726 (TY)
(1.605, 1.848) 0.074
(0.02, 0.13)
15.1
<0.001
1
(0.944, 1.056) 0.052
(0.00, 0.10)
10.6
0.01
--------------------------Candidate Transyear Not Detected------------------------------0.929
(0.834, 1.023) 0.069
(0.00, 0.14)
16.9
0.007

4.1y, 1d, 1505 130

0.988

(0.862, 1.114) 0.035

3y, 1m, 36

52

T, ∆t, N

MI(N)

0.843
(0.651, 1.036) 0.022
Myocardial Infarction (Ml)
Period (y)
(95%CI)
Amplitude

(0.00, 0.07)

40.7

0.007

(NS)

44.9

0.077

(95%CI)

A(% MESOR)

P-valuez

----------------Coexisting Year (Circannual) and .Transyear (TY)------Czech Rep.
1999-2003
5y, 1d, 1826 52598
1.014
(0.989, 1.038) 2.85
(2.22, 3.48)
9.88
1.354 (TY)
(1.252, 1.456) 1.35
(0.69, 2.02)
4.68
1994-2003
10y, 1d, 3652 1E+05
0.998
(0.988, 1.009) 3.03
(2.47, 3.60)
9.58
1453 (TY)
(1.417, 1.489) 1.91
(1.34,2.49)
6.04
1.15 (TY)
(1.116, 1.184) 1.23
(0.64, 1.82)
3.88
* with focuson transyears, with periods longer than 1.0 year (underlined, double underline for neartransyear)

<0.001
<0.001
<0.001
<0.001
<0.001

1
International Classification of Disease (ICD10) Code 146.1 excluding MI and sudden death of unknown or unspecified cause (except before 1999). T:
Length of data séries (y=years); Dt: sampling interval (d=day, m=month); N: number of data (including 0s).
Period and 95% confidence interval (CI) estimated by nonlinear least squares.
In longer (10-y) series, a neartransyear (cycle with a period between 1.0 and 1.2y) is detected for Mis in addition to a fartransyear.
Brevity of séries and lack of ordering statistical significance qualify results from Hong Kong.
Note that transyears are found in 3 of 6 locations (P<0.05 by linear least squares) with a relative amplitude >12 (% of MESOR).
2

From linear least squares analysis, not corrected for multiple testing. Amplitude expressed in N/day.
Cornélissen G et al. (in press).
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regions examined, there was only a spectral component of a
calendar year in length. In these locations (North Carolina,
Tbilisi and Hong Kong), the point estimate of the τ may differ slightly numerically from the exact year’s length, but the
95% CI in each case covers the precise calendar year length.
By contrast, in the data from Minnesota, there is only a transyearly component. Fig. 4a shows the actual data: it is difficult to interpret these very low monthly incidences without
analyses. Nonetheless, some peaks are easy to see and are
more than a year distant from each other and are roughly in
keeping with the τ given in Table 1. Stacking of the data
over this period in Fig. 4b results in a zero-amplitude test
significant below the 2% probability level. By contrast, as
would be expected if a calendar-yearly component were
absent, the fit of a 1-year cosine curve to data stacked along
the calendar year in Fig. 4c does not allow the rejection of
the zero circannual amplitude assumption (P = 0.171).
In the data from Arkansas and the Czech Republic, there
are components with the length of a calendar year, along
with a probable candidate transyear. We speak of a candidate transyear when the τ is between 1.0 and 2.0-year length
and does not overlap 1-year, but overlaps the length of
2 years. In other words, in the 1999–2003 series, the condition of the 95% CI of the τ not overlapping 2 years is not
(yet?) met by transyears in Arkansas and the Czech Republic in the data limited to 5 years, but it is met for the longer
series from 1994 to 2003 from the Czech Republic. As
noted, it seems likely from Table 1 and from individual
series of blood pressure and heart rate measurements over
decades (that are continuing), that the longer the series, the
more it may be characterized by a transyearly component.
Indeed the longer SCD series from the Czech Republic
reveals a clear far-transyear, with no overlap of 2.0 years
(an overlap is found with the shorter series from the same
area). Mortality from MI, also included in Table 1, shows in
turn during 1999–2003 a very prominent circannual component and a much less prominent transannual. In the longer
series on MI, also summarized in Table 1, a near-transyear
and a far-transyear (see Scheme 1) are both resolved.
5. Biomedical background
The variability of a large data set on diagnoses made in
the context of calls for an ambulance in Moscow, including
71,525 “SCDs” (that included some MIs) during a span of
intensive solar activity from 1979 to 1981, had prompted us
to look into any effects of a turn in the north-south vector,
Bz, of the interplanetary magnetic field, as a measure of a
magnetic storm [1]. There has been a long controversy
about the merits or demerits of a “heliobiology”. Its importance was very strongly supported in the Soviet Union and
subsequently again fully accepted and highly regarded as a
scientific area sui generis in present-day Russia [35–45].
The effect of geomagnetic activity as such or as a proxy for
solar effects upon human mortality from MI and other cardiovascular conditions is in keeping further with a summary
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of mortality from different causes in Europe in the 1930s
[46–48] and in keeping with the continuing contributions of
Stoupel [49,50], Ertel [51,52], Mikulecky [14,53–55],
Strestik and Prigancova [56], the Russian team leader Breus
[57] with Villoresi et al. [58,59], and ourselves [1,15,57,60].
Apart from Figs. 1 and 2, superposed epochs revealed an
effect of the magnetic storm, Fig. 5 [1]. A mechanism possibly underlying these associations was found by self-studies,
by FH in Fig. 6, and KO [60] in Fig. 7a, b and found in the
laboratory as well by SC [42,61]. The strongest support
came from an approach by subtraction and addition, in an
individual or group [62,63].
It seems possible that geographic differences may underlie the failure of very thorough investigations in the USA by
Feinleib et al. [64] and Lipa et al. [65] to confirm earlier,
notably Russian and German studies, and studies in Israel
and Lithuania, led with proper documentation by Stoupel.
Much more on the effect of magnetic storms or cycles upon
human morphology, physiology and pathology has been the
subject of nine conferences [19,66,67].
A special section of Table 1 reveals further that both
yearly (or circannual) and transyearly components coexist
in MI, but in that case, the transyear is substantially smaller
in amplitude than the calendar-yearly component. It is the
more remarkable that during the span investigated for the
Minnesota SCDs, in the strict sense, there is only a transyearly and no calendar-yearly component detected, notably
since for a much longer 29-yearly Minnesota series of MI,
the seasonal component was much more prominent than an
also-present signature of a non-photic, probably magnetic
circadecadal component.
6. Caveats
Two thousand years ago, Hippocrates reportedly associated thoracic pain with sudden cardiac death [68]. In 1707
and again in 1718, Giovanni Maria Lancisi [69,70] (cf. [71])
published a scholarly, all-encompassing monograph on sudden death; and in 1917 Heinrich Ewald Hering published a
book on “death within seconds, with special reference to
fibrillation” [72]. The topic remains of interest as an entity
in its own right, although the suddenness of the death is differently described by different authors, with the International Classification of Diseases, 10th revision, now referring to death within up to 1 h from the start of symptoms to
the terminal event [73–75]. The forensic pathologist, however, in the case of an unwitnessed death, may use the definition of sudden death for a person known to be alive and
functioning 24 h earlier, and this is acceptable to scholars in
the field with proper qualification. “To the best of my
knowledge” is accordingly included in the wording of death
certificates. It seems reasonable in the future to focus on a
subsample of cases (e.g. with cardioverter-defibrillators
and/or other monitors) whose premortal records may be
studied for antecedents, even when death was not witnessed.
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Fig. 4a. Incidence of sudden cardiac death, in the strict sense according to the International Classification of Diseases, 10th revision (ICD10), code I46.1, in
Minnesota. The naked eye has difficulty in discerning a pattern, yet some peaks occur apparently at intervals longer than 1-year. © Halberg.

Fig. 4b. The fit of a 1.39-year cosine curve, a period resolved by linear–nonlinear rhythmometry, to the data from Fig. 1a stacked for this transyear allows the
rejection of the zero-amplitude assumption below the 2% level of statistical significance. © Halberg.

Fig. 4c. Stacking of the data in Fig. 4a for a calendar year does not reveal any statistical significance in a zero-amplitude (no-rhythm) test. This would be
expected if only a transyear (Fig. 4b), but no calendar-yearly component characterized the data. © Halberg.
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Fig. 5. Distant drummers influence humans. Magnetic storms can be hazardous to one’s health in the case of myocardial infarctions (MI). There is an association
between the effects taking place in the interplanetary magnetic field (IMF), revealed by cross-spectral coherence between changes in Bz, the North-South vector
of the IMF, or K, the geomagnetic index, on the one hand and the daily incidence of MI on the other hand [1], not shown herein. Turns of Bz have been associated
with an aurora and/or a magnetic storm. A southward turn of Bz, defined as a change between a daily average of Bz of ≤ 1 nanoTesla (nT) to one of ≥ –1.5 nT,
is associated with biologically relevant effects, shown in this display by superposed epochs. More specifically, whenever such an event (the Bz-turn) is identified,
the daily incidence of MIs is taken from the available records for these two ‘event’ days as well as for the 2 days preceding the day when Bz ≥ 1.0 nT (days –1
and -2) and the 2 days following the day when Bz ≤ –1.5 nT (days +1 and +2). The daily incidence of MIs for these 6 days is then averaged over all such Bz-turn
events identified during the 3-year span analyzed (1979–1981). After a turn of Bz, there is a statistically significant increase in myocardial infarctions (P = 0.027).
A statistically significant difference is also found by a paired t-test comparing the incidence of myocardial infarctions on day +1 vs. that on day –1.
This documentation by superimposed epochs is corroborated by a subsequent independent approach (not shown herein) on the same biological data, namely
after removing rhythmic components, and is extended to two other indices of interplanetary disturbances, namely the geomagnetic disturbance index, aa, and
a Forbush decrease in cosmic ray intensity (FD) [54,55]. © Halberg.

Schéma 1
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Fig. 6. Influences of magnetic disturbances are extended from pathology to physiology, i.e. to human heart rate, which in the case examined increased during
the storm, and to blood pressure, which increased on the day before the storm.
We display a statistically significant increase in systolic, mean arterial and diastolic blood pressure but not of heart rate of a 70-year-old man who monitored
these variables around the clock with an ambulatory monitor, mostly at 15-min
intervals, between 1987 and 1991. The observation that blood pressure and
heart rate can vary in different ways is well documented [66]. The alternative
remains that some events in the IMF may precede a southward Bz-turn by chance. That this is not necessarily the case will have to be corroborated in other cases and/or on the same case during added monitoring; if and only if
corroborated, one may postulate that blood pressure may respond to an influence from outside the solar system, should the increase in blood pressure at least
during certain stages of decadal or multidecadal solar cycles consistently precede the magnetic storm (and may relate to an event eliciting that storm, as well
as the increase in blood pressure before the storm). © Halberg.

With such qualifications, it must also be noted that the
relative brevity of the series in Table 1 is a serious limitation, as is the restriction of analyses to only 6 sites. Almost
certainly, as seen in many other instances, with an increase
in length of a given series, a spectrum can be very greatly
changed and we must not be speculating herein. For
physics, Mursula and Zieger [24] proposed that an about
1.3-year component changes to an about 1.5–1.7 years
oscillation with each subsequent solar cycle. In pursuing
this possibility, a further analysis of a 131-year series of the
geomagnetic aa index then revealed the near-transyear as
well, and as in the case of Mursula and Zieger [24], these
components were intermittent; our analyses in sections of
fixed rather than solar cycle lengths do not suffice to rule in
a relation to changes in the solar bipolarity [6,25].
The data in Table 1, however, suffice to point to the need
for further scrutiny of any regional differences, even within
the same country (USA), where three different situations are
found with North Carolina having only an about-yearly component, Arkansas having both components, the year and a
candidate transyear, with nearly equal amplitude, and Minnesota having just a transyear in the limited data available.
Geographic/geomagnetic differences have also been documented for the circadidecadal phase of human neonatal
body weight, with a near-antiphase between 2,150,122 newborns in Minnesota and 1,166,206 newborns in Denmark
[76]. Whether local geo- or atmosphero-magnetics and/or
other factors account for this difference and others, including those in Table 1, remains an open question. It seems reasonable to suggest that one may withhold inferences in any
aspects of heliobiology until multiple locations are scrutinized for as long a span as possible, for a given pattern; one
must also define the length of the time series examined,
underlying a given finding so that it can be further qualified

Fig. 7a. Reduced heart rate variability of a clinically healthy 48-year-old man (KO) on days of high magnetic activity vs. days of low magnetic activity, assessed
longitudinally in beat-to-beat data recorded around-the-clock over a 7-day span and analyzed over consecutive 14.4-min intervals. Heart rate variability is gauged by two related endpoints: the coefficient of variation of R-R intervals (time domain; left) and the total spectral power (frequency domain; right). The abnormal record prompted an inquiry by one of us (GC) into possible causes. The response by KO was first that nothing was unusual until the record of
geomagnetics became available and a magnetic storm was found during the recording span. © Halberg.
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Fig. 7b. During the span examined in Fig. 7a, during days of high magnetic activity, heart rate variability (HRV), in different spectral regions of a clinically healthy
48-year-old man (KO) on days of high magnetic activity vs. days of low magnetic activity, assessed longitudinally, is reduced (left) to different extents or not at
all (right): the decrease in HRV is more pronounced for periods in the spectral region between 6.5 and 333 s than in other spectral regions. This results has been
confirmed on additional cases; it may point to some underlying physiological mechanism responsible for the physiological response to changes in magnetic activity other than the parasympathetic, usually identified with spectral power in the 3.5-s region. *References to “high” and “low” frequency are misnomers once it
is realized that HRV changes, with the ~10.5-year solar cycle, a frequency much lower than a very low frequency: an “infra VLF” [56,57]. © Halberg.

when added longer time series become available. In the context of broader evidence, it seems reasonable to postulate
that unseen non-photic cycles, that have their origin in the
solar wind, for which geomagnetics are a proxy if not cause,
contribute substantially but differently to the pattern of
human sudden death and to body weight at birth, and that
this contribution is also dependent on local factors, possibly
terrestrial and atmospheric electrical currents. The role of
non-photic cycles in transdisciplinary human affairs is a
challenge, for which an atlas in space and time constitutes
an indispensable requirement [18], as agreed upon in a
series of international consensus meetings [19].
The task of providing the data are the opportunity of
national governments and international agencies in a historical context. We have shown cycles of about 50-year length,
including one in stroke incidence with similar periods in the
Czech Republic and in Minnesota, USA, and supporting
data from Sweden, Slovakia and Arkansas, USA [15,67,77].
Until governments and international agencies act, action by
ministers of health like BF [77] and/or responsible statisticians served us herein. Letters to U.S. state health departments other than those of Minnesota, Arkansas and South
Carolina have remained unanswered for weeks and will
remain so perhaps indefinitely. Government statisticians
will have to realize that they are not only bookkeepers; their
opportunities, if not mandates, should include the cost-free
provision of dense (when indicated, preferably hourly) data
as a minimum and the chronomic time series analysis by
themselves of the accumulating records as an optimum.
Health care can take stock of cycles which may differently
affect MI and SCD in different geographic locations and to

a different extent and in a different way in different variables [78]. Much added international research against this
background could focus on many aspects of time structure,
complementing focus on time of day [79–81] or rather circadian phase [82,83] (cf. [84,85]), day of week or season
[81], or rather circaseptan [2] and circannual phase
[2,82,86,87], cycles adding to the heart's rhythm [88] a
broader historical context (Fig. 8).
The importance of the circadians was shown in the laboratory by the 1950s, when their stage tipped the scale
between death and survival in response to a cardiac drug,
Fig. 9 [84,85]. So do the stages of a much broader time
structure to the human response to other stimuli as well,
Figs. 10 and 11. By the 1970s, the complexity of both circadian and circannual patterns became time-microscopically
apparent, and eventually, the complexity of the “season”
emerges in Table 1 and Fig. 4.
Alchemy was historically important, but eventually it
became chemistry. Oversimplifications have their historical
raison d'être, such as the study of the effects of the time of
day, time of week or season. The students of both death statistics and of pacemaker-cardioverter-defibrillators and similar corresponding as-one-goes recording devices have an
opportunity by means of chronomic analyses to look at the
complexities involved, using marker rhythms for body time,
so that appropriate research into causation can lead to pertinent countermeasures.
The recording of geomagnetic changes was started by
Gauss, Fig. 12 [89], and separately by Alexander von Humboldt [90]. It should be done, but more systematically in different locations aligned with biomedical data collection.

S248

T. Yambe et al. / Biomedicine & Pharmacotherapy 59 (2005) S238–S260

Likewise, the period lengths of about-yearly changes here
reported are based on too-sparse and too-short series from
too-few locations. They suffice, however, to point to the
need for the study of geographic/geomagnetic differences in
environmental epidemiology. The time structures of epidemiologic data can become the topic of a budding chronoepidemiology if data are properly collected according to future
chronobiologically specified ICD revisions. Until then, current ICD-criteria-based statistics of morbidity and mortality
should be made available free of charge to those interested
in analyzing them.
The impact of revising international classifications of
disease has been commented upon [91–93] with the correct
and important mandate “that trends over time can be analyzed”. This latter article then looks at the impact of the
changes in baselines (sic) for government targets to reduce
mortality from circulatory diseases. In the body of the same
article, we again find a seeming mandate, namely the search
for a “baseline” figure sought to ensure comparability. We
can only cite for epidemiology what we wrote over half a
century ago for physiology [94], namely that we need not
seek an imaginary baseline. We almost certainly confront a
time structure consisting of 1. the trends that government
statisticians have recognized and consisting further of 2.
probabilistic and other chaos, and still further of 3. cyclicities. Moreover, the longer the series, the more likely it
becomes that some of the trends are rhythms. When we deal
with cyclicities and regard them as “baselines”, the changes
from baselines can be misinterpreted. A study of differences
with and without an intervention can be any one of the
changes in Fig. 13. Information on cyclicity is needed to test
the effectiveness of interventions. Eventually, we must
identify all of the cycles involved and any role played by the
stages of all cycles before we can assess what is going on
and why. Returning to our analogy, chemistry is more complex than alchemy and chronopharmacodynamics is more
complex than pharmacokinetics, but the FDA sees to it that
we use usually the latter, not the former. Somebody will
have to see to it that we use chronomes rather than the
“baselines” for current health statistics.
7. Reciprocal periods in transdisciplinary science
Reciprocal periods, τ, in spectra of different systems in
and around us complement each other in several ways
[15,95]. They first support each other in inferential statistical tests of their reality. In a cosinor approach, based on
prior evidence, they represent a proxy for prior evidence
complementing that in a given variable itself, allowing the
anticipation of the τ and thus dispensing with the need for
corrections required in the case of the testing of multiple
periods. Equally important, they facilitate a subtractionaddition or remove-and-replace approach to the study of
causal relations. While the built-in day and year are obvious
photic periods in and around us, there are also non-photic
reciprocal periods in terrestrial vs. solar wind as well as sun-

spot-based magnetism and, of course, between cycles in
physics vs. biology. Beyond the built-in biological week as
a counterpart to a geomagnetic near-week and a geomagnetic half-year with a biological counterpart, there are biological counterparts for the solar about-decadal sunspot
cycle, in natality, physiology and pathology, including cardiovascular morbidity and mortality, notably of MI [1].
Fig. 14 shows an excess of 220 MI cases/year at solar maximum, a change that compares unfavorably in extent with the
patterns of the year and the week. As Fig. 15 shows, for the
case of MI, a far-transyear is a statistically significant peak,
distinctly different from that corresponding to the calendar
year but very small in amplitude.
The amplitude ratio of the transyear to the year for SCD
can be the reverse of that for MI, as seen in Fig. 4. A peaklet
at a period very slightly longer than a year has a counterpart
in a slightly shorter symmetrical component, located at a
similar distance from the precise year; thus both probably
represent a modulation by a component with a much lower
frequency. By contrast, the component of a 1.15 near-transyear shown in Table 1 has no symmetrical counterpart and
may be a component in its own right.
Biologists need the caution of physicists who had found
the quasi-persistence of oscillations with a period somewhat
longer than a year in magnetism, including aurorae and cosmic rays [7,96–99] and who, like Schwabe [100] (cf. [101])
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Fig. 8. Giovanni Maria Lancisi’s “Dissertation about manifold causes of sudden death, varying from air, solids and fluids, specifically to blood, to the heart
and large vessels, etc., including the need for autopsy: illustrative pages”, published 1707, reprinted 1718 [67–69].

were unsure of the stability or persistence of the periods
they resolved and so stated. In 1968, Ralph Shapiro marked
his spectrum of the international magnetic character figure
C4 by peaks at 1.41 and 1.10 years in a time series covering
the span from 1884 to 1964. Shapiro also deserves credit for
testing the statistical significance of the peak and for
reaching the 5% level with one approach. Fraser-Smith confirmed this in 1972: he found that [7]:
There was some indication of a 1.4-year line in the (Ap)
spectrum of Fig. 2, and it is a more obvious feature in the
spectrum for the daily Ap data. An unexpected line occurs at
a period of 1.09 years, with an amplitude not much smaller
than that of the 1.43-year line. These two lines are all that
are evident with periods greater than 6 months. Again, there
is no trace of an annual line.
(Indeed, there was, and is, no such line in the spectrum of
the geomagnetic index aa in the data reported by Bartels in

1932 after folding [97]. Folding is fine for visualizing the
circasemiannual component, but must not be used to
describe non-existent yearly variation in the antipodal aa
index in toto, Fig. 15.)
In any event, by 1972 both a near- and a far-transyear
were clearly noted by two independent investigators [7,96],
but there was no component with a corresponding period in
sunspots. In the discussion [7], Fraser-Smith observed:
The Ap spectrum also has weak lines at periods of 1.43
and 1.09 years that may not be related to anything connected with the sun. (There are no lines in the sunspot spectrum at either period.)
In the era before satellites had provided sufficient data on
the particles streaming by them (dubbed the solar wind since
they reportedly stem largely from the sun), one could rely
only on Wolf's relative sunspot numbers. (But with solar
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Fig. 9. Susceptibility rhythms to ouabain of two inbred stocks of mice: a laboratory demonstration of the importance of circadian stage in tipping the scale
between most animals dying vs. surviving from the same dose of the same cardiac drug, as a function solely of timing in relation to a synchronizing regimen
of 12 h of light alternating with 12 h of darkness. © Halberg.

wind data and biological counterparts available, reciprocal
periods came to the fore, such as new lessons in Fig. 16.)
To turn back to a classical paper published in 1975, Table
3 of Delouis & Mayaud [98] summarizes data on the planetary geomagnetic indices Ap [7] and the new analyses of data
on the antipodal index aa. These authors examine two samples and compare their findings with those in Fraser-Smith’s
earlier report [7]. In their sample F1, a line with the period (τ)
of 1.44 year is reported, which is also found in sample F2,
with a period of 1.47 years, and an amplitude of 0.51 in the
index Ap, and an amplitude of 0.62 and a period of 0.473 in
the index aa. Amplitudes are expressed as percentages of the
prominent half-yearly component [98]. While confidence
intervals are given neither for the periods nor for the amplitudes involved, the peaks in the different spectra [7,96,98]
seem to be sufficiently close to assume that they are similar.
Indeed the authors themselves make the point that “spectral
analyses made with different magnetic activity indices for the
same temporal series result in lines with identical periods.
Only the relative amplitudes vary more or less. The question,
however, is to know if all the lines … are truly significant.”
This question also applies to a period of 1.09 year in Ap, with
an amplitude of 0.48 and to a period of 1.086 year, with an
amplitude of 0.44. (Incidentally, Delouis and Mayaud
deserve credit for demonstrating a yearly component in data

from each of the antipodal stations when they were analyzed
separately [98].
To complete the story of the discovery of transyears in
geophysics, Samuel M. Silverman and Ralph Shapiro in
1984 [99] examined Swedish auroral sightings for the span
from 1721 to 1943: “an unexpected peak near 1.4 years is
found … [it is] statistically significant at between the 5%
and 1% level and found consistently in a sequence of
spectra covering consecutive, overlapping, approximately
22-year data segments … The 1.4-year peak shows a strong
modulation of about 65 to 68 years … The origin of this
peak is unknown.” Richardson cites some of these earlier
papers when he reports on an oscillation of 1.3 years in the
solar wind [21]; a moving spectrum suggests, in the hands
of others [24] and our own [6,19], that in all these cases we
are dealing with very wobbly spectral components. This
wobbliness, documented in physics and in biology, can be
checked for geomagnetics for a century and a half or so, and
in organisms probably for much longer. Here, the two disciplines can communicate and support each other.
Biomedicine can serve physics, since organisms are
almost certainly older than the oldest instruments of physicists even if we accept the report that the Chinese used magnets thousands of years ago. Organisms before and after
hominization have coded at least some environmental peri-
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Fig. 11. Circannual chronogram of human respiratory and cardiovascular
deaths. Chronograms of human mortality population rhythms reveal
highest incidences during winter irrespective of hemisphere. Least-squares
approximation of the monthly means by a 365.25-day cosine curve accurately reflects waveforms for the northern hemisphere. Slight discrepancies
between original data and approximating curve for the southern hemisphere
due to small number of samples available [84]. Table 1 suggests
somewhat greater complexity. Halberg.
Fig. 10. Circadian rhythm of susceptibility to “death” in human beings. Polar plot summarizes the timing of individual acrophases for 88 time series
representing nearly 433,000 deaths. Almost 65% of the acrophases occurs
between 04:00 and 11:00. Greatest overall sample mortality occurs at
07:12. Inner shaded portion indicates suspected nocturnal rest span of sample prior to death [84]. © Halberg.

ods in their genes [15,102]. The periods in biology may not
all be the same as those reported in physics, but Fig. 16 suggests that similarities exist between the near-transyear, the
hourly excretion of steroids and that in 131 years of aa and
in other series of geomagnetics or aurorae [7,96–98]. The
biological and physical components in Fig. 16 all allow the
rejection of the zero-amplitude assumption by linear–nonlinear spectral analyses (when all components are fitted
jointly, a conservative approach also used in our Tables 1
and 2 [28]. The similarity of τs is not limited only to a geomagnetic index such as aa or Ap [7,98]. It gains in importance if a similar near-transyear is also found in the changes
of the speed of the solar wind and in the standard deviation
of these changes in SW speed, and further in the solar
wind’s proton density, Fig. 16. It is also interesting that
longer periods corresponding roughly to the 1.44 or
1.47 years [1,96,98,99], as in geomagnetics, are also found
in the temperature of the solar wind.

Fig. 12. Carl Friedrich Gauss’ concern for the contribution of terrestrial factors
to geomagnetic activity is suggested by his mapping geomagnetics at different
geographic latitudes [87], separately from a similar endeavor by his friend
Alexander von Humboldt [88]. The “harmony of curves” in itself can definitely be documented in instances such as these without any inferential statistics
(cf. also Carl Friedrich Gauss u. Wilhelm Weber. Resultate aus den Beobachtungen des magnetischen Vereins im Jahre 1839. Herausgegebem von Carl
Friedrich Gauss u. Wilhelm Weber. Mit 4 Steindrucktafeln. Leipzig, im
Verlage der Weidmannschen Buchhandlung, 1840) [87]. © Halberg.
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Table 2
The 3-h data series of the geomagnetic antipodal index aa, from 1868 to 1998 (131-year), was averaged over consecutive 2-day spans prior to analysis by
linear–nonlinear rhythmometry. One set of analyses was carried out on 11 consecutive 11-year spans and a 10-year span. Least-squares spectra were computed separately for each span in the frequency range extending from 1 to 25 cycles per 11-year, using a 0.2 harmonic increment, and were summarized by population-mean cosinor. The root-mean-square amplitude spectrum was also computed. A second set of analyses was performed on the entire 131-year series,
consisting of nonlinear least-squares analyses at each trial period, found to be statistically significant (P < 0.05) by population-mean cosinor. The analyses
yielded the following model, consisting of:
• a linear increasing trend
• an about 10.93-year component (95% confidence interval [CI]: 10.82, 11.04) with a double amplitude of 5.98 (95% CI: 4.68, 7.28);
• an about 1.327-year component (95% CI: 1.320, 1.334) with a double amplitude of 1.36 (95% CI: 0.06, 2.64), i.e. the Richardson transyear;
• an about 1.059-year component (95% CI: 1.054, 1.063) with a double amplitude of 1.32 (95% CI: 0.02, 2.62), i.e. the near-transyear;
• a half-year component with a double amplitude of 4.70 (95% CI: 3.40, 5.98).
In addition to the two main components with periods of about 11 years and about 0.5 year, both the near-(trans-)year and Richardson’s ~1.3 transyear were
found to contribute to the time structure of aa with statistical significance.
The estimated period length of the near-transyear is somewhat elusive, depending in part on the span considered for analysis. Most certainly, the width of the
95% confidence intervals for the period estimate are greatly underestimated. This is because the analytical method assumes that we are dealing with stationary
and stable signals. This does not seem to be the case, the signal changing its amplitude and period length with time, intermodulating in part with other non-stationary signals with lower frequencies such as the solar activity cycle.
In order to determine the extent to which results from our linear–nonlinear analyses can be relied upon for long-term prediction, and in order to compare our
results with those published by physicists earlier, we analyzed the same 2-day average data of the antipodal geomagnetic index aa with the same linear–nonlinear approach over spans matching those considered in earlier publications.
An extensive analysis of these data for the span from 1868 to 1998 (131 years) had shown the presence of a linear trend, a prominent half-year, and about
10.93-, 1.327-, and 1.059-year components. The 95% CI of the near-transyear extended from 1.054 to 1.063 years. These results were compared to those of aa
covering the span from 1868 to 1972 (105 years) considered by Fraser-Smith [7] and Delouis and Mayaud [98].
Using the same initial values in the same model, the linear trend and half-year remained more or less unchanged, the about 10.93-year cycle has a slightly longer period of 11.18 years and both far- and near-transyears are no longer detected with statistical significance. After adjusting the initial period lengths of
these components on the basis of the least-squares spectrum, the far-transyear is estimated to have a period of about 1.456 years (95% CI: 1.446–1.466 years),
almost 10% longer than its estimate for a span covering 26 more years. Whereas this component is thus detected with statistical significance, the near-transyear is not, even when considering a period closer to the spectral peak, estimated at 1.072 years.
Also noteworthy is the finding of an about 1.162-year component (95% CI: 1.149, 1.174 years) found for the 59-year span considered by Bartels (1872–
1930). In this case, the period of the near-transyear is also about 10% longer than its estimate for the longer 131-year span considered by us originally. Is is
validated nonlinearly in a model that adjust the initial value of the period to the spectral peak of the linear analysis when the far-transyear is excluded from the
model. When the latter componnet is included in the model, the period estimate is about the same but the zero-amplitude test is no longer rejected with statistical significance.

The observations gain further in interest when periods
between near-transyears at ~1.05 year are found by us both
in biology and physics, as well as far-transyears with periods and confidence intervals between 1.20 and 2.00 years.
We need to take them seriously when near-transyears and
far-transyears are also found to characterize the urinary
excretion of the breakdown products of important hormones
such as the steroids secreted by the two principal glands
subservient to survival (the adrenal) and reproduction (the
gonads). Their reality and importance may depend upon age
and series length when they gain in prominence in the blood
pressure of a physician-scientist (GSK) who monitored himself with few interruptions at half-hour intervals around the
clock, starting at the age of 73, Fig. 17. Analyses of the data
are shown after 4.75 years (top) and again after nearly
7 years (bottom). What appeared to be a 1-year rhythm
(because its 95% confidence interval (CI) overlapped the
calendar year length) became a transyear in the 7-year
record, wherein the CI of the period estimate near one year
no longer overlapped the 1-year length.
We now turn from transyears to half-yearly components,
long known in physics and rightly used by Delouis and
Mayaud as references to estimate the prominence of other
components [98]. In human SCD, there are spectral components, with a length on this side (= cis) of the 0.5-year

length, with the CI of these components not overlapping the
exact half-year. Such half-years differing from the precise
half-year, being shorter, were found for SCD in Hungary,
the Czech Republic and Minnesota, and (only) during the
corresponding spans also in geomagnetics and in the solar
wind. Longer series of these physical environmental variables show no cis-half-year, e.g. when the entire available
series is being analyzed. Likewise, turning back to the bottom rows of Table 1, the geomagnetic index Kp and the
solar wind speed, show periods corresponding in length to
one of those in Arkansas and the Czech Republic, and their
CI overlaps even that of the putative Minnesotan transyear
of SCD. But these similarities of τs are only hints: As yet
the geographic differences are based on much too small
samples insofar as SCD is concerned, and larger samples
from more geographic locations are indispensable, as are
available for MI in Fig. 18.
In the pattern of SCD, when all available series are used,
irrespective of geographic location, and the values of each
series are expressed as a percentage of the series mean and
then averaged, the calendar year component also predominates and the transyear is not seen. This finding underlines
the need for more extensive SCD data to find clues as to
whether we are dealing only with random chance error or
also, as we see for MI in Fig. 18, with statistically signifi-
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Fig. 13. When trends are really rhythms and one studies an intervention
along the scale of a rhythm rather than that of a baseline and compares two
groups, spurious differences may be found. © Halberg.
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cant components. Much controversy about heliobiology,
apart from small numbers, an argument that has been lad to
rest by large numbers for MI, may also stem from a changing relation to geo- and heliomagnetics, as shown by timevarying phase synchronizations and coherences [103].
Different patterns of human cardiovascular mortality
may differ from each other, may also differ with time, as
do solar-terrestrial phenomena and probably differ with
geographic location, a possibility that urgently requires the
provision by different governments of data for analysis.
These findings of interest to biomedicine may also serve
physics since, as noted, the human time series can reveal
dynamics that prevailed perhaps since hominization [102]
and the Acetabularian time series allows us to take a look
at perhaps 500,000,000 years ago. Mayaud [104] writes
that an important solar noise is still superimposed upon the
semiannual variation averaged over 100 years. It will be of
interest with the aid of biological findings to see what
other components can be lifted from the noise term now
that biomedicine provides a 0.42-cis-semiannual component in SCD. These findings need to be aligned with the
more precise half-yearly spectral component. The cissemiannual, but not the average 0.5-year circasemiannual
component, may contribute to SCD.
Over three decades ago, by objective curve-fitting the
non-random distribution of human mortality along the 24-h
scale was confirmed, quantified and extended to human
mortality more generally in Fig. 10, and to cardiovascular
death in particular, Fig. 19. This was then hardly surprising
since by the 1950s we had learned that the stage of a circadian system can make the difference between 75% of comparable inbred mice dying from or surviving a fixed dose of
a cardiac drug such as ouabain, Fig. 9. Carrying such laboratory animal experiments to the clinic beyond the circadian

Fig. 14. Non-random patterns (mean ± S.E.s) of incidences of mortality from myocardial infarction (MI) in Minnesota (1968–1996) along the scales of the week
(right), year (middle) and an about 10.5-year sunspot activity cycle (left). By comparison with times of solar minimum, at times of solar maximum there is an
excess of 220 deaths per year due to MI. N = 129,205 deaths from MI. © Halberg.
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Fig. 15. Our meta-spectral analysis of data on a geomagnetic index published after folding in 1932 as “variations annuelles” shows a valley, not a peak, in a
spectrum [98], a fact commented upon explicitly as the lack of an annual component in [7]; a valley is seen in the spectrum in [98]. © Halberg.

Fig. 16. Transdisciplinary near-transyears in solar and terrestrial biophysics
and biology. © Halberg.

rhythm is the challenge of a new millennium. We emphasize
the transdisciplinary nature of the problem to which, if geographic differences hold water, both Gilbert’s terrella—the
large and near magnet earth—and perhaps the huge but far
magnet the solar system, and the still broader cosmos, far
beyond a single fluid star, such as the sun, all contribute.

With a background in endocrinology, one realizes that
the similarity of periods is nothing but a hint, notably of
the importance of the phenomenon, whether or not the hint
revolves around life vs. death from the same dose of the
same agent in the case of the mouse or of a similar condition in the case of humans. Endocrinology also provides a
remove-and-replace approach which can be and has been
transferred to physics. We have such evidence [62] about
the sun’s influence upon a biological near-week in human
heart rate but not yet for a biological and physical nearhalf-year and not for near-years. As a recent report by Professor Mikulecky and Dr. Florida notes, in the case of
human birth in the Philippines the transyear can also be
larger in amplitude than the calendar year [105–107].
More data are needed and more are being recorded, but
excluding some notable exceptions this information is
withheld by the inertia and bureaucracy of many governments.
Since the development of civilization, physicists have
helped medicine, i.a., with imaging in space being part of
everyday practice with X-ray, MRI, sonography and innumerable other physical contributions. Since Gilbert and
Schwabe, biomedicine has attempted to return the favor.
The time for a transdisciplinary science has arrived, notably if we go beyond cardiovascular disease and start to
focus on the human mind and spirit that intensely involves
our circulation. An organism is a set of cycles; wherever
you cut it, there is both a beginning and an end, with interactions in space-time in between. Chronomics images the
cycles in and around us, some seen and very many largely
unseen, except for auroras.
Let us turn from the cycles, including different transyears in natality and death, at the extremes of extrauterine
life, to those that form parts of time structures. These con-
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Fig. 17. Changing spectrum with age and increasing length of the time series. A circannual component (top) becomes transannual (bottom). Note at bottom
that the 95% confidence interval of the period does not overlap the 1.0-year length, as in the case on top. Data of GSK. © Halberg.

Fig. 18. Clear prominence, in a relatively long time series of myocardial infarctions, of yearly, probably climatic component over any magnetic ~11-year, 0.5year and transyearly components, the latter with even smaller yet with a non-zero amplitude. © Halberg.
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Fig. 19. Cosinor summary of the temporal distribution of deaths along the
24-h scale involving the heart. © Halberg.

sist of many rhythms, probabilistic and other chaos as well
as of trends that accompany us and can now be monitored
in an increasingly cost-effective way. For a health care and
for broader science, time-microscopically resolved structures can replace spotchecks or series examined by the
naked eye without a transdisciplinary inferential statistical
chrono-biology and chronomics.
8. Conclusion
The as-one-goes epidemiological data analysis should
become the mandate of government statisticians; their role
should be extended beyond that of bookkeepers collecting
data to establish imaginary baselines and selling data
while so doing. They should realize that organisms are
systems open to their environment and hence subject to
influences by intrinsic as well as local, regional and global
climatic and other geographic factors. The latter include
geomagnetic periodisms, some connected with the movement of the solid core of the earth, such as the free oscillation of about 1.18 years of Chandler [108,109]. Mortality,
morbidity and natality statistics constitute an international
treasure, not a commodity to be sold, and lessons learned

from them may lead to valuable countermeasures. But
before such countermeasures can be explored, the cycles
and the broader time structures of data have to be analyzed
with events explored as to any dependence upon temporal
differences in extent or kind of response.
In the introduction to his History of the Disorders of
[the classical] Cardiac Rhythm, Berndt Lüderitz [88]
writes: “Arrhythmias are the main complication of
ischemic heart disease, and they have been directly linked
to the frequently arrhythmogenic sudden death syndrome,
which is now presumed to be an avoidable ‘electrical accident’ of the heart.” Conceivably, once the entire spectrum
of rhythms is mapped, including yearly and perhaps transyearly and cis-half-yearly population rhythms, their mechanisms can be understood and can lead to countermeasures
beyond current pacemaker-cardioverter-defibrillators.
This remains a challenge for students of the cardiac
rhythm spectrum who could clarify environmental effects
near and far, so that indeed “electrical accidents” can be
prevented in a rational way (Fig. 20).
To serve health, departments by that name must mandate interpretation rather than just bookkeeping for establishing imaginary “baselines” and “trends” that may be in
part cycles. Almost certainly, the circadian, circannual,
transannual and other rhythm stages, some demonstrated
to tip the scale in response to a cardiac drug, Fig. 9, and in
response to daily life, Figs. 11 and 12 [88], are hints of
mechanisms contributing to, if not underlying an "avoidable 'electrical accident’ of the heart”. Some mechanisms
such as those of the heart are periodic at frequencies much
lower than 1 Hz. Taking those lower frequencies into
account can change the sensitivity of what we do by orders
of magnitude, Fig. 21 [94,110]. Implantable devices have
already substantially lowered the incidence of SCD, and
we may do even better.
The challenges of chronobiology and chronomics are
much broader [111,112], Fig. 22, and warrant another
series of publications complementing this volume and its
predecessors [113–117]. As to specific applications, modern life in many settings is inconceivable without heating
and cooling. If undue effects, including those of the magnetic environment, are clarified as contributing to the
health of society as clues to chronobioethics, as well as to
major vascular diseases, a further optimization of our environment may become possible, Fig. 22 bottom.
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Fig. 20. A curtain of ignorance over chronoepidemiology yet to be drawn.
© Halberg.

Fig. 22. Transdisciplinary approaches complementing focus upon diseases
of society by the investigation of illnesses of society {Pat will send figure}.
© Halberg.

Fig. 21. A test for cortisone-line activity, based on counts of certain circulating blood cells, eliminated rhythmic changes in these cells, for 24 h. It used 2.8 mg
[108]. Taking rhythms into account, results in a gain in sensitivity from a chronomic approach; cell depressing activity was detected with 1 µg of the same
substance [94]. The alternative is seen in Fig. 14. © Halberg.
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