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Abstract 
Mapping time-structures is a burgeoning scientific field enriching the 
(P4) medicine models. Local evidence in Mediterranean populations is 
underinvestigated. The Censed stroke-related death events (D) in the 
largest East-Mediterranean port (Piraeus), during (1985-1989), when 
local population had diet and genetic homogeneity-been interrupted 
by the immigration into Greece in 1990s, and Sunspot numbers 
indexed by Wolf numbers (Rz) (1944-2004), were evaluated using Fast 
Fourier Analysis and Singular Spectrum Analysis in MATLAB. D were 
turned with fluctuations >35% in Rz. A non-anthropogenic 6.8 days 
cycle was recognized. This study may be taken into consideration in 
future public health planning and chronotherapy evaluations.
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Introduction
Strokes are the second leading cause of death and disability 
worldwide (Mozaffarian et al., 2015). Strokes share all of the 
recommended interventions for chronic noncommunicable 
disease (NCD): life-style modifications, including a low fat/
salt/sugar diet, moderate physical activity, discontinuation of 
smoking, sufficient sleep, and control of arterial blood pressure 
control, and, if necessary, pharmacologic therapy (Mozaffarian 
et al., 2015). In addition, risk factors such as chronic stress, 
underlying diseases, such as obesity, diabetes mellitus, chronic 
obstructive pulmonary disease, and renal insufficiency, as well 
as predisposing genetic factors, have been implicated in stroke 
morbidity and mortality (Malik & Dichgans, 2018). The inci-
dence and prevalence of stroke subtypes vary greatly, depending  
on ethnicity and country income. As stroke statistics fail to 
cover all etiologies, some remain unknown.

Stroke has been previously associated to solar activity 
(Halgberg et al., 2001; Otsuka et al., 2001; Stoupel et al., 1995; 
Stoupel et al., 1996). Such activity, as indexed by sunspot 
numbers, has been generally associated with health (Feigin  
et al., 2014; Halberg et al., 1998; Petropoulos & Geronikolou, 
2005). However, relevant chaos and trend analyses in local 
populations have been limited but strongly suggested (Reinberg 
et al., 2017).

Our aim was to investigate the dynamics and trends in the time 
series, to determine sunspot numbers vs. daily and monthly 
stroke deaths in synchronized periodicities with gradual time 
delays (chronomes), and to define a sunspot number threshold 
for presence of stroke mortality.

Methods
In this study we focused on monthly stroke mortality events 
between 1985 and 1989, based on the underlined cause of death 
data from the archives of Piraeus Civil Registry (Geronikolou 
& Zikos, 1991).

The sunspot numbers were derived from the archives of 
measurements published by Solar Geographical Data. Sun-
spot Number, denoted Rz (Zurich number), is defined as: Rz = 
K(10g + f), where g is the number of sunspot groups visible 
on the Sun, f represents the total number of individual spots 
visible; and K is an instrumental factor to take into account 
differences between observers and observatories.

The stroke death rate in Piraeus, was calculated over the for-
mula (number of all deaths per year per 1000 people in June 30th, 
year x). The overall death rate was calculated with the 
denominators provided by the 1981 census.

In the analysis of our short time series, we employed fast 
Fourier transform (FFT) analysis and the singular spectrum 
approach (SSA). Thus, we first performed a square root trans-
formation of the sunspot time series. We subsequently analyzed  
the second time series of the stroke deaths using the SSA, 
to find the principal components that formulated it using 
principal component analysis (PCA). We applied Pearson 

correlation analysis to detect the coefficients of variation between 
the principal components of the sunspots and the strokes time 
series. All calculations were performed with MATLAB 7 
software.

Results
We focused on monthly stroke deaths, based on all death events 
archived in the local Civil Registry (Geronikolou & Zikos, 
1991). There were 792 stroke deaths out of 4324 total deaths 
events distributed in the 60 months of the quinquennium (1985–
1989) examined. Over 54% were women and over 61% occurred 
at ages over 69 years. The stroke death rate (stroke deaths in year 
x/overall deaths in year x × 100) was calculated as 17.668 in 
1985, 20.089 in 1986, 19.372 in 1987, 17.647 in 1988, and 15.531 
in 1989. The overall death rate (all deaths in year x/local popula-
tion in year x × 100) was 5.5 in 1985, 4.4 in 1986, 4.9 in 1987, 
3.5 in 1988, and 3.7 in 1989.

The observed time series of both monthly and daily sunspot 
numbers and monthly and daily stroke death events in Piraeus 
between 1985 and 1989 are illustrated in Figure 1a. The PCA 
distinguished two principal components, as shown in Figure 1b: 
6.8 and 20 days. The sunspot numbers observed (1944–2004) 
transformed to squared roots are described in Figure 1c. The 
singular values of the transformed sunspots time series showed 
that the noise plateau began at the 3rd ordered singular value 
(Figure 1d). Thus, monthly sunspot numbers by squared root vari-
ation and their violent fluctuation of over 35% was correlated to 
monthly stroke mortality, establishing a negative correlation 
between the two time-series (sunspot numbers and deaths of 
strokes) (Figure 1b, d). FFT showed frequencies of 3.5 and 
6.85 days.

Data on stroke deaths and sunspots by month are available as 
Underlying data (Geronikolou & Leontitsis, 2020).

Discussion
Mapping time-structures is a rapidly growing scientific field, 
enriching P4 medicine (predictive, preventative, personalized, 
participatory medicine) models with chronotherapy aspects 
(Yan, 2015). Human biological clocks are intensively studied. 
They represent adaptive body mechanisms necessary to assist 
with homeostatic changes caused by solar activity disturbances. 
These mechanisms have not been extensively investigated in 
Mediterranean populations.

Chronic NCDs account for over 70% of early deaths world-
wide, while stroke is the second leading cause of death and 
disability; the latter is associated with high expenses in health 
services, and constitutes a public health challenge (WHO, 2018). 
This challenge is progressively increasing, considering the large 
population migrations that take place on the planet because 
of ethnic conflicts, economic crises and climate changes. Stroke 
has been associated with various risk factors, such as lifestyle- 
related eating habits, tobacco and/or alcohol use, and decreased 
physical activity, underlying comorbidities, such as obesity, 
hypertension, dyslipidemia, diabetes mellitus type 2, lung and 
kidney failures, etc., as well as exposure to environmental 
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Figure 1. Singular spectrum analysis results. (a) Time series of strokes and sunspots from January 1985 to December 1989. A square root 
transformation is applied to the time series of the sunspots. (b) Time series of sunspots from December 1984 to November 2004. (c) Pearson 
correlation coefficient between the principal components of the sunspots and strokes time series. (d) Singular values of the transformed 
sunspots time series. The noise plateau clearly begins at the third-ordered singular value.

pollutants. Genetic propensities also contribute to various  
manifestations of the chronic noncommunicable diseases. Socio-
economic and geographic disparities have been suspected, while 
heliomagnetic influences have been proposed as possible etiologic 
contributors to human pathology.

Mortality data meeting validity and credibility criteria are a 
sine qua non in the study of stroke incidence (Feigin & Hoorn, 
2004). Our study focused on stroke mortality in the largest 
Mediterranean port (Piraeus), ranked as the third most popu-
lated city in Greece. Moreover, its population is representative of 
the urban populations in Greece (Geronikolou, 1991). The 
quinquennium 1985–1989 was chosen, because, until then, 
Greece had a rather robust diet (low fat/sugar, proteins and veg-
etables/fruits daily, pure olive oil almost exclusively) and genetic 
homogeneity, while environmental pollution was limited. In 
this period, these major confounding factors were not present: 
major pollution, nonstandard diet, foreign gene inflow. The data 
used in this study were original and based on the underlined 
cause of death (Geronikolou, 1991). Importantly, the quinquen-
nium selected was a period when the local population was of 
the same origin, while only small differences in the socioeco-
nomically stratified levels were present. The covariates related 

to diet, hygiene and culture were stable in this period and, thus, 
they could be safely assumed.

The selected time period 1985–1989 emerged as an appropriate  
time to provide good reference observations, credible corre-
lations, and future comparisons, and, hence, high inferential 
precision. Importantly, this period, although relatively short, 
included the maximum of the 22nd cycle: July 1989 (maximum 
157.6 or smoothed sunspot numbers 158.9), as well as the minimum  
of the 21st solar cycle (minimum 13.4 or smoothed sunspot num-
bers 12.3). The 21st solar cycle lasted 10.3 years, beginning  
in June 1976 and ending in September 1986. The 22nd solar 
cycle lasted 9.7 years, beginning in September 1986 and ending  
in May 1996. The sunspot numbers do not affect Earth 
directly; however, the solar wind emanating from solar activity  
affects stratospheric ozone layer density, whose ionization 
promotes health morbidity on inhabitants, including the 
prevalence of strokes (Feigin et al., 2014; Petropoulos & 
Geronikolou, 2005).

It has been suggested that chaos and trends in local evi-
dence are lacking (Halberg et al., 1998), and this study 
addresses this need. Chaotic dynamics analyses could unravel 
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unknown patterns of stroke epidemiology -whose causes are not 
fully understood. Our work postulates that there is an inverse 
relation in two time series, between the timing of sunspot 
numbers and stroke deaths, a hypothesis posed by previous 
investigations (Geronikolou & Leontisis, 2005; Geronikolou & 
Petropoulos, 1996; Stoupel et al., 1999). We showed that an 
over 35% change in the sunspot numbers, shifted the upwards 
trend of stroke deaths with a delay of two months.

The interaction of living organisms and their functions with 
solar radiation has been previously described (Halberg  
et al., 1998; Reinberg et al., 2017). This consisted mainly 
of protein secretion studies, and, less extensively of local popu-
lation dynamics. The molecular interactions network approach, 
where the inter-species functional interactome of nuclear steroid 
receptors (R1) was constructed on orthologues was employed 
(Geronikolou et al., 2018). R1 has interspecies dimensions and 
thus has evolutionary and historical value extending from insects 
to humans, that is, from early life eras till now. Solar activity  
exposure was certainly omnipresent before life appeared on the 
planet. Similar cycles existed, such as those detected in our study, 
although the rotation of our planet around its axis and around 
the sun were faster than they are today (Reinberg et al., 2017). 
R1 includes genes and their products involved in circadian 
rhythms, while its major hub NCOR1 in macrophages blocks 
the pro-atherogenic functions of peroxisome proliferator- 
activated receptor gamma (PPARγ) in atherosclerosis (Oppi 
et al., 2020), greatly implicating stroke pathophysiology. 
PPARγ has a pleiotropic role in intracerebral hemorrhage (Zhao 
et al., 2015) and ischemic brain injury (Culman et al., 2007). 
It is likely that as soon as R1 is disrupted, the atherogenic 
and/or other pathological processes progress dramatically, 
with lethal consequences. Here, both FFT and SSA revealed a 
novel common cycle of 6.8 days in Zurich numbers and stroke 
deaths. The cycle is smaller than the known anthropogenic cir-
caseptan rhythm (Reinberg et al., 2017). The 17-ketosteroids 
were also found to have a <7 day cycle (Hamburger et al., 1985),  
confirming the steroid contribution to the phenomenon seen 
in R1 and herein.

It has been previously reported that the geomagnetic dis-
turbance indices K

p
 and aa take the value of 6.75 (Halberg  

et al., 1998), but without a clear association to the biota  
(living organisms -flora/fauna/humans). Our finding, apart from 

its novelty, provides a new insight in stroke epidemiology: the 
observed patterns suggest an endogenous natural rhythm of 
renewing populations.

Our work demonstrates a phase shift resulting from violent fluc-
tuation in sunspots variation (>35%) with a clear correlation to 
monthly stroke deaths. A phase delay of two months was observed 
between the physical triggering and the death incidence shift. 
This should be investigated in the future over different and/or 
even longer periods of time and in different and/or larger popula-
tions. Still, the violent fluctuation of 35% of sunspots appears to 
be a hazard for mortality and, we assume, morbidity. Thus, future 
medical practice should probably take account of chronopathol-
ogy so as to prevent stroke mortality shifts (chronotherapy and 
chronoprevention plans).

Conclusions
Our work established clearly that of sunspot numbers and 
stroke mortality were inversely correlated, and that a violent 
fluctuation of sunspot numbers over 35% shifted monthly  
mortality to a phase delay of two months. In addition, a common, 
novel, non-anthropogenic chronome of 6.8 days in solar activity 
(sunspot numbers) and stroke mortality was revealed. Time  
structure patterns evaluated with non-linear methods revealed 
new information on the stroke epidemic, and, thus, contributed 
to precision inference and the need of sophisticated public health 
policy planning.

Data availability
Figshare: Singular Spectrum Analysis of monthly stroke deaths 
and mean monthly sunspot numbers. https://doi.org/10.6084/
m9.figshare.12644981.v2 (Geronikolou & Leontitsis, 2020).

This file contains the incidence of stroke deaths by month for 
1985–1989 and the incidence of sunspots by month for 
1944–2004.

Data are available under the terms of the Creative Commons 
Attribution 4.0 International license (CC-BY 4.0).

Acknowledgements
We thank Prof Konstantinos Poulakos, Dr Mireille Harsoula 
and Prof Nikolaos Vogglis for their critical remarks.

References

	 Culman J, Zhao Y, Gohlke P: PPAR-gamma: therapeutic target for ischemic 
stroke. Trends Pharmacol Sci. 2007; 28(5): 244–249. 	
PubMed Abstract | Publisher Full Text 

	 Feigin V, Hoorn SV: How to study stroke incidence. Lancet. 2004; 363(9425): 
1920. 	
PubMed Abstract | Publisher Full Text 

	 Feigin V, Parmar PG, Barker-Collo S, et al.: Geomagnetic Storms Can Trigger 
StrokeEvidence From 6 Large Population-Based Studies in Europe and 
Australasia. Stroke. 2014; 45(6): 1639–45. 	
PubMed Abstract | Publisher Full Text 

	 Geronikolou S: Public and Environmental Health in Piraeus 1985-1989. Public 

Hygene Bsc. University of West Attica, Athens. 1991; 300. 	
Reference Source

	 Geronikolou S, Leontisis A: Investigating internal relations of sunspot numbers 
and health events with SSA. 18th Summer School/Pan-Hellenic Conference: Non 
Linear Science and Complexity, Volos, Greece. 2005. 	
Reference Source

	 Geronikolou S, Leontitsis A: Singular Spectrum Analysis of monthly stroke 
deaths and mean monthly sunspot numbers. figshare. Dataset. 2020. 	
http://www.doi.org/10.6084/m9.figshare.12644981.v2

	 Geronikolou S, Petropoulos V: Solar activity related to geomagnetic climatic 
parameters and biological effects in Greece. 3rd Soltip Symposium, Beijing, 

Page 4 of 6

F1000Research 2020, 9:1088 Last updated: 03 SEP 2020

https://doi.org/10.6084/m9.figshare.12644981.v2
https://doi.org/10.6084/m9.figshare.12644981.v2
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/legalcode
http://www.ncbi.nlm.nih.gov/pubmed/17416424
http://dx.doi.org/ 10.1016/j.tips.2007.03.004
http://www.ncbi.nlm.nih.gov/pubmed/15194247
http://dx.doi.org/10.1016/S0140-6736(04)16436-2
http://www.ncbi.nlm.nih.gov/pubmed/24757102
http://dx.doi.org/10.1161/STROKEAHA.113.004577
https://www.google.com/search?source=univ&tbm=isch&q=Public+and+Environmental+Health+in+Piraeus+1985-1989&client=firefox-b-d&sa=X&ved=2ahUKEwia4YLpkdHqAhWCheYKHeUPD8EQsAR6BAgKEAE&biw=1366&bih=626
https://www.google.com/search?source=univ&tbm=isch&q=Investigating+internal+relations+of+sunspot+numbers+and+health+events+with+SSA.doi&client=firefox-b-d&sa=X&ved=2ahUKEwjh7Ym5ktHqAhXT73MBHXdJAKIQsAR6BAgGEAE&biw=1366&bih=626
http://www.doi.org/10.6084/m9.figshare.12644981.v2
http://dx.doi.org/10.1016/j.tips.2007.03.004
poyli
Highlight
please express in a more understandable fashion

poyli
Highlight
aa??

poyli
Sticky Note
further propositions

poyli
Highlight
shifted upwards the 
trend of stroke

poyli
Highlight
 time-series

poyli
Cross-Out

poyli
Inserted Text
was

poyli
Highlight
it is

poyli
Highlight
7-day

poyli
Highlight
takes (if and aa is deleted)

poyli
Sticky Note
please explain or delete

poyli
Cross-Out

poyli
Cross-Out

poyli
Inserted Text
for



China. 1996. 	
Reference Source

	 Geronikolou S, Zikos P: Public and Environmental Health in Piraeus 1985-1989. 
Public Hygene. Bachelor. University of West Attica, Athens, Greece. 1991; 300. 	
Reference Source

	 Geronikolou SA, Pavlopoulou A, Kanaka-Gantenbein C, et al.: Inter-species 
functional interactome of nuclear steroid receptors (R1). Front Biosci (Elite Ed). 
2018; 10: 208–228. 	
PubMed Abstract | Publisher Full Text 

	 Halberg F, Siutkina EV, Cornelissen G, et al.: Chronomes render predictable 
the otherwise-neglected human “physiological range”: position paper of the 
BIOCOS project. BIOsphere and the COSmos. Fiziol Cheloveka. 1998; 	
24(4): 14–21. 	
PubMed Abstract 

	 Halgberg F, Cornelissen G, Watanabe Y, et al.: Near 10-year and longer periods 
modulate circadians: intersecting anti-aging and chronoastrobiological 
research. J Gerontol A Biol Sci Med Sci. 2001; 56(5): M304–24. 	
PubMed Abstract | Publisher Full Text 

	 Hamburger C, Sothern RB, Halberg F: Circaseptans and semicircaseptan 
aspects of human male sexual activity. Chronobiologia. 12:250. Chronobiologia. 
1985; 12: 250.

	 Malik R, Dichgans M: Challenges and opportunities in stroke genetics. 
Cardiovasc Res. 2018; 114(9): 1226–1240. 	
PubMed Abstract | Publisher Full Text 

	 Mozaffarian D, Benjamin EJ, Go AS, et al. American Heart Association Statistics 
Committee, Stroke Statistics Subcommittee.: Heart disease and stroke statistics–
2015 update: a report from the American Heart Association. Circulation. 2015; 
131(4): e29–322.	
PubMed Abstract | Publisher Full Text 

	 Oppi S, Nusser-Stein S, Blyszczuk P, et al.: Macrophage NCOR1 protects from 
atherosclerosis by repressing a pro-atherogenic PPARγ signature. Eur Heart J. 
2020; 41(9): 995–1005. 	
PubMed Abstract | Publisher Full Text 

	 Otsuka K, Oinuma S, Cornelissen G, et al.: Alternating light-darkness-
influenced human electrocardiographic magnetoreception in association with 
geomagnetic pulsations. Biomed Pharmacother. 2001; 55(Suppl 1): 63s–75s. 	
PubMed Abstract | Publisher Full Text 

 	 Petropoulos V, Geronikolou S: Stratospheric ozon, density variation solar 
activity and biological phenomena. 7th HELLASET Conference Hellenic 
Astronomical Society, Cefalonia Greece, 2005. 	
Reference Source

	 Reinberg AE, Dejardin L, Smolensky MH, et al.: Seven-day human biological 
rhythms: An expedition in search of their origin, synchronization, functional 
advantage, adaptive value and clinical relevance. Chronobiol Int. 2017; 34(2): 
162–191. 	
PubMed Abstract | Publisher Full Text 

	 Stoupel E, Petrauskiene J, Abramson E, et al.: Relationship between deaths from 
stroke and ischemic heart disease--environmental implications. J Basic Clin 
Physiol Pharmacol. 1999; 10(2): 135–45. 	
PubMed Abstract | Publisher Full Text 

	 Stoupel E, Petrauskiene J, Kalediene R, et al.: Clinical cosmobiology: the 
Lithuanian study 1990-1992. Int J Biometeorol. 1995; 38(4): 204–8. 	
PubMed Abstract | Publisher Full Text 

	 Stoupel E, Petrauskiene J, Kalediene R, et al.: Distribution of deaths from 
ischemic heart disease and stroke. Environmental and aging influences in 
men and women. J Basic Clin Physiol Pharmacol. 1996; 7(4): 303–19. 	
PubMed Abstract | Publisher Full Text 

	 WHO: Noncommunicable diseases. 2018. 	
Reference Source

	 Yan Q: Circadian Biomarkers and Chronotherapy: Implications for 
Personalized and Systems Medicine. Cellular Rhythms and Networks. 
SpringerBriefs in Cell Biology. Springer, Cham, 2015; 71–81. 	
Publisher Full Text 

	 Zhao XR, Gonzales N, Aronowski J: Pleiotropic role of PPARγ in intracerebral 
hemorrhage: an intricate system involving Nrf2, RXR, and NF-κB. CNS 
Neurosci Ther. 2015; 21(4): 357–366. 	
PubMed Abstract | Publisher Full Text | Free Full Text

Page 5 of 6

F1000Research 2020, 9:1088 Last updated: 03 SEP 2020

https://scholar.google.co.in/scholar?q=Solar+activity+related+to+geomagnetic+climatic+parameters+and+biological+effects+in+Greece&hl=en&as_sdt=0&as_vis=1&oi=scholart
https://www.google.com/search?source=univ&tbm=isch&q=Public+and+Environmental+Health+in+Piraeus+1985-1989.+Public+Hygiene&client=firefox-b-d&sa=X&ved=2ahUKEwj4i-fFk9HqAhWdH7cAHYMdC_0QsAR6BAgIEAE&biw=1366&bih=626
http://www.ncbi.nlm.nih.gov/pubmed/28930614
http://dx.doi.org/ 10.2741/e818
http://www.ncbi.nlm.nih.gov/pubmed/9778893
http://www.ncbi.nlm.nih.gov/pubmed/11341244
http://dx.doi.org/10.1093/gerona/56.5.m304
http://www.ncbi.nlm.nih.gov/pubmed/29554300
http://dx.doi.org/10.1093/cvr/cvy068
http://www.ncbi.nlm.nih.gov/pubmed/25520374
http://dx.doi.org/10.1161/CIR.0000000000000152
http://www.ncbi.nlm.nih.gov/pubmed/31529020
http://dx.doi.org/10.1093/eurheartj/ehz667
http://www.ncbi.nlm.nih.gov/pubmed/11774870
http://dx.doi.org/10.1016/s0753-3322(01)90007-1
https://www.researchgate.net/publication/282947679_Stratospheric_ozon_density_variation_solar_activity_and_biological_phenomena
http://www.ncbi.nlm.nih.gov/pubmed/27830946
http://dx.doi.org/10.1080/07420528.2016.1236807
http://www.ncbi.nlm.nih.gov/pubmed/10444715
http://dx.doi.org/10.1515/jbcpp.1999.10.2.135
http://www.ncbi.nlm.nih.gov/pubmed/7601554
http://dx.doi.org/10.1007/BF01245390
http://www.ncbi.nlm.nih.gov/pubmed/9080305
http://dx.doi.org/10.1515/jbcpp.1996.7.4.303
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
http://dx.doi.org/10.1007/978-3-319-22819-8_7
http://www.ncbi.nlm.nih.gov/pubmed/25430543
http://dx.doi.org/10.1111/cns.12350
http://www.ncbi.nlm.nih.gov/pmc/articles/4376579
http://dx.doi.org/10.2741/e818


The benefits of publishing with F1000Research:

Your article is published within days, with no editorial bias•

You can publish traditional articles, null/negative results, case reports, data notes and more•

The peer review process is transparent and collaborative•

Your article is indexed in PubMed after passing peer review•

Dedicated customer support at every stage•

For pre-submission enquiries, contact research@f1000.com

Page 6 of 6

F1000Research 2020, 9:1088 Last updated: 03 SEP 2020

mailto:research@f1000.com



