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Abstract

Background Understanding the role of space weather, specifically Geomagnetic
Disturbances (GMDs) caused by solar activity, on health outcomes is unclear. One
emerging link includes the impact of space weather on myocardial infarctions (Ml). In this
study we examined the correlation between Ml and GMDs in Brazil.

Methods We used a database from the public health in Brazil, focusing on the city of Sdo
José dos Campos (23° 10’ 44" S, 45° 53’ 13" W), located in the state of Sdo Paulo, during the
period of 1998-2005. We focused on admissions for Mls, which included a total of 871 men
and 469 women. We categorized the Ml data into three age groups: age 30 and younger, age
31-60, and age over 60. Additionally, we incorporated Planetary Index (Kp) data as an
indicator of variations in the Earth’s geomagnetic field resulting from solar disturbances,
categorized as quiet, moderate, or disturbed days. In our analysis, we employed two
methods: statistical counting and the unsupervised clustering known as K-Means,
considering the attributes of age, sex, and geomagnetic condition.

Results Here we show that geomagnetic conditions have animpact on Ml cases, particularly
for women. The rate of relative frequency of Ml cases during disturbed geomagnetic
conditions is almost three times greater compared to quiet geomagnetic conditions. Using
the unsupervised K-Means algorithm, the results indicate that the group associated with
disturbed geomagnetic conditions has a higher incidence of Mis in women.

Conclusions Overall, our results provide evidence that women may exhibit a higher
susceptibility to the effects of geomagnetic disturbances caused by solar activity on Ml.

Plain Language Summary

Whether geomagnetic disturbances that
occur due to the impact of the solar wind on
the magnetosphere (outermost region of the
atmosphere where the solar wind meets
Earth’s magnetic field), can affect human
health, or not, is unclear. In this study, we used
a public health database from S&o Paulo,
Brazil, containing cases of hospitalizations
due to heart attacks during the period 1998-
2005. Using data from the Earth’s magnetic
field, we classified days as either quiet,
moderate, or disturbed and examined their
influence on heart attack rates. We found that
the proportion of heart attacks was higher in
women compared to men on the disturbed
days. Our results suggest that women have a
greater susceptibility to these geomagnetic
conditions and should be monitored for
potential heart attacks on days when geo-
magnetic conditions are disturbed.

The Sun is essential to life on Earth, and solar radiation stands as one of the
most impactful physical climate forces on the planet. Moreover, solar
radiation plays a central role in photosynthesis - a process responsible for
converting light energy into chemical energy and inorganic carbon into
organic compounds, which then is introduced into the food chain. This
mechanism sustains, virtually, all life on Earth. Photosynthesis also serves as
a sink for anthropogenic carbon. The transferring of carbon dioxide from to
organic tissues in plants helps to mitigate its accumulation in the atmo-
sphere. This action plays a vital role in reducing the intensification of the
greenhouse effect and the subsequent planetary warming. Furthermore, in
organisms, the solar radiation spectrum, particularly the ultraviolet radia-
tion (UV) within the range of 280-400 nm, can lead to detrimental effects

and serious illnesses such as cancer due to excessive exposure'. On the other
hand, an optimal level of UV exposure is beneficial as it contributes to the
synthesis of vitamin D within the human body'. In addition, solar radiation
serves as an alternative and sustainable source for electricity generation.
The Sun also influences other domains, notably space weather, which
impacts the geomagnetic field (GMF) within the Earth’s magnetosphere.
This phenomenon is referred to as a geomagnetic disturbance (GMD).
GMDs occur during or following intense solar events like coronal mass
ejections (CMEs), which expel substantial amounts of electromagnetic
particles into space from the Sun’s surface. A majority of these particles
traverse space and collide with the magnetosphere’s sheath, potentially
causing compression of the magnetosphere up to a distance of five Earth
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Fig. 1 | Diagram showing patient categorization by age group and sex (left) and
their association with different geomagnetic conditions (right). The planetary
geomagnetic index Kp was used to classify days as geomagnetically quiet (XKp daily
<24), moderate (24 <XKp daily <32), and disturbed (2Kp daily >32). The arrow
indicates the analysis of geomagnetic conditions’ influence on different population
groups.

radii from the planet’s center’™". These GMDs occur more frequently at the
peak of the 11-year solar cycle, characterized by elevated energy emissions
due to increased sunspot activity in regions near the Sun’s equatorial plane’.
The magnitude of solar cycles (or Schwabe cycle) is also discernible in
natural phenomena, such as tree rings in vegetation. A notable correlation
exists between the number of sunspots and the thickness of tree rings*™.

The impacts of GMDs on satellites and radio communication systems
have sparked numerous studies. These events notably influence the per-
formance of technologies reliant on Global Navigation Satellite Systems
(GNSS), resulting in reduced positioning accuracy and temporary com-
munication loss, also known as ‘loss of lock”™"".

The quest for a correlation between GMDs and several biological
indicators has previously been undertaken by the Russian scientists
Chizhevskii'*'* and Vernadsky'*'°. Apart from emphasizing the significance
of latitudinal location, they also identified additional evidence, including the
connections between sunspots and occurrences of epidemics, epizootics,
bacterial reproduction, and animal migrations. Heliogeophysical factors
have a complex nature and, consequently, influence all biological functional
systems which can manifest themselves in various pathologies'’.

Presently, numerous studies have identified a possible cause-effect
relationship between GMDs and cardiovascular diseases (CVD), as well as
myocardial infarction (MI)"*.

More specific studies have been conducted on the influence of GMDs
on human health**. Another proposal argues that GMF acts as a sec-
ondary synchronizer of circadian rhythms, in addition to the primary
synchronizer of the day-night-light cycle. This secondary synchronization
could operate through signals from Schumann resonances (SR), which are a
set of spectral peaks in the extremely low frequency (ELF) portion of the
Earth’s electromagnetic field spectrum™**. The SR signal is generated within
the cavity formed between the Earth’s surface and the D region of the
ionosphere, with a fundamental frequency around 7.8 Hz during the day
and can vary depending on heliogeophysical conditions by up to 20%.
Moreover, the resonance can also vary according to the height of the D layer
and tropical storm activities, leading to peaks around 14, 20, 26, 33, 39, 45,
and 51 HZ24726,28,29'

Comparing the SR signal with biological signals, it is observed that the
first SR range (0-35 Hz) coincides with the first electroencephalography
(EEG) range (0.5-30 Hz)*. Humans, primates, birds, and fishes have been
shown to detect and react to low ultra-low frequency (ULF) and extremely
low frequency (ELF) signals. It is also acknowledged that these low fre-
quencies are used for biological telecommunication, vital in brain-cell and
cell-cell communication, which is necessary to maintain homeostatic rela-
tionships. These processes ensure the organism’s internal conditions remain
constant, which is essential for sustaining life’' .

There is an interdependence between the SR signal and the height of
the D layer, which in turn is affected by changes in solar and geomagnetic
activity. This relationship can be observed through the strong correlation
between GMSs, GMDs (as observed by the Kp index, for example), and
sunspot activity with the SR signal”. Consequently, when GMDs

contribute to raising the intensity and frequency of the SR signal to
extreme levels, it is postulated that this could impact brain waves and
disrupt the balance between melatonin and serotonin. Such disruptions
can in turn influence the functions of organs and systems crucial for
circadian-driven homeostasis, including blood pressure, respiration,
immunity, cardiac functions, neurological processes, and reproductive
systems. Thus, in this interpretation, GMDs and GMSs are categorized as
natural hazards for living beings™.

In our study, we do not disregard, of course, other well-established
factors from the medical literature that strongly contribute to or provoke
these diseases, such as genetic issues, sedentary lifestyles, and habits. We are
solely investigating the probability of an additional component that might
impact biological systems, potentially contributing to the triggering of
biological events through geomagnetic disturbances (GMDs)*****. Fur-
thermore, it is worth noting that most studies employing this approach have
been conducted at high latitudes, and research into the influence of the Sun,
GMFs, and GMDs on living beings in medium and low latitudes remains
relatively scarce™.

The results reveal evidence of women’s susceptibility, who despite
having fewer cases of MIs, in disturbed geomagnetic conditions reach higher
proportions than in men.

Methods

This research uses retrospective data of age, sex, clinical outcome and cause
of death. The project was approved by the Municipal Secretary of Health of
Séo José dos Campos, Sdo Paulo state, according to their specific ethical and
administrative regulations and Brazilian data protection law (DPL). As the
data were retrospective, collected under protection of DPL and provided
without any identification, as always treated as groups in the analysis, the
Municipal Secretary of Health waived the need of specific individual
informed consent. All data were provided to the researchers by the Muni-
cipal Secretary of Health without any other personal identification infor-
mation to ensure the anonymization.

The data for this study were obtained through a request made directly
to the Municipal Secretary of Health of Sdo José dos Campos, Sao Paulo
state, in 2005.

In our analyses, we employed the following methodology following the
categorization into geomagnetically quiet, moderate, and disturbed days.
We examined the occurrences while considering the patients’ age (seg-
mented into ranges) and sex, along with the geomagnetic conditions (Fig. 1).

Participants
The data (admissions and deaths) for myocardial infarctions (MI) were
obtained from the Unified Health System (SUS) database in Brazil. These
cases pertained to residents within Sao José dos Campos municipality (23°
10’ 447 S, 45° 53’ 13” W) in the state of Sdo Paulo (population: currently
around 737,000 inhabitants and 87 km far from the state capital: Sdo Paulo).
The SUS is a public healthcare system, and the coverage rate of the public
health network in most municipalities in Brazil is around 70%, with the
remaining 30% being served by the complementary healthcare network.

The data comprise the period from January 1, 1998 to May 31, 2005
which almost entirely comprised solar cycle 23 (1996-2006)*. The selection
of heart attack cases was based on the International Classification of Dis-
eases (ICD), specifically version 2019 (Table 1)”.

For the status of hospitalized patients there are five definitions: 1
Discharge; 2 Death, 3 Transfer, 4 Permanent, and 5 Evasion.

Data from 1340 patients hospitalized for myocardial infarction were
analyzed, of which 469 were women and 871 were men and divided into
three groups: age <30; age >30 and age <60; and age >60 years.

Statistics and reproducibility

We used the Kp-index to quantify or categorize the intensity and fluctua-
tions of the geomagnetic field (GMF) or Geomagnetic Disturbances
(GMDs). The Kp-index is the global geomagnetic activity index that is based
on 3-h measurements from ground-based magnetometers around the

Communications Medicine | (2025)5:247


www.nature.com/commsmed

https://doi.org/10.1038/s43856-025-00887-7

Article

Table 1 | International classification of diseases (ICD)

ICD code Disease
121 Acute myocardial infarction
122 Subsequent myocardial infarction

Table 2 | Classification of days (quiet, moderate, and
disturbed)

Rule Classification
> Kpaaiy < 24 Quiet

>-KpPgaily > 24 and > _Kpgaiy < 32 Moderate

> Kpaaily > 32 Disturbed

Kp: index to quantify or categorize the intensity and fluctuations of the geomagnetic field
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871 ale
800 ] 1340 patients \M
= 563
» 600 |
3 469
g 400 342
Z
200 |
96 79
0
Admissions Deaths Discharged

Fig. 2 | Number of hospital admissions, deaths, and discharges by sex between
January 1, 1998 and May 31, 2005. The total sample comprises 1340 patients, with
male patients represented in cyan and female patients in magenta. The bars indicate
the number of hospital admissions, deaths, and discharges for each sex.

world. Each station is calibrated according to its latitude and yields a specific
K-index, reflecting the geomagnetic activity recorded at the magnetometer’s
location. The Kp-index ranges from 0 to 9, with 0 indicating minimal
geomagnetic activity and 9 denoting severe geomagnetic activity. The data
are public and they were obtained from the Kyoto™. Kyoto data is trans-
ferred to Helmholtz Centre Potsdam™.

The data were converted from Coordinated Universal Time (UTC) to
local time (—3 hours), and we have presented the classification of the Kp
index into quiet, moderate, and strongly disturbed days based on the daily
summation of Kp values (Table 1).

In our statistical classification, we consider the five definitions of status
as admissions.

We combined the data of myocardial infarctions and Kp index fol-
lowing the rules in Table 2, and generated a dataset (Supplementary Data 1).

Since our data sampling is not very robust and refers to a single
municipality, instead of a Gaussian approach, we adopted in this work the
relative frequency, in which this frequency was calculated through the
equation:

Freq = AdmisMI/magCondition (1)

Where Freq is relative frequency, AdmisMI are relative to cases of
admissions due to myocardial infarctions (MI) and magCondition are
magnetic condition days (quiet, moderate, or disturbed).

We used free software GNU Octave 8.2.0.

We use K-Means, an unsupervised clustering method using Weka 3.8.6
that is an open-source machine learning software issued under the GNU
General Public License***". We chose to adopt 4 clusterings and 4 attributes:
geomagnetic condition (discrete: quiet, moderate, or disturbed), Kp sum
(numeric), sex(discrete: female or male) and age (numeric) and the cen-
troids of the attributes were calculated using Euclidean distance.

Results

In our analyses, we divided the results into two subsections: the first
examined admissions in relation to geomagnetically quiet, moderate, and
disturbed days, as well as sex. In the second subsection, we included the
analysis by age groups.

Admissions and occurrences in relation to quiet, moderate, dis-
turbed days and sex

In this section, we analyze the daily geomagnetic conditions classified by Kp
as quiet, moderate, and disturbed days. Additionally, we examine the
occurrences of myocardial infarctions (Table 1) in relation to the patients’
sex and age.

Analyzing the occurrence numbers of MI by sex, there were 871
admissions of males and 469 admissions of females. Among these admis-
sions, 96 men and 79 women died, while 663 men and 342 women were
discharged (refer to Fig. 2). What is particularly noteworthy in these
numbers is the significantly higher proportion of female deaths in com-
parison to the number of admissions. This proportion is almost equal to the
number of male deaths, even though were far more male admissions (871
against 469).

During the period of our study (Jan, 1 1998-May, 31 2005), occurred
according to the criteria outlined in our Method (Supplementary Table S1):
there were 2012 geomagnetically quiet days with 1000 admissions, 449
geomagnetically moderate days with 220 admissions, and 213 geomagne-
tically disturbed days with 120 admissions (Supplementary Table S1).

There were nearly twice as many admissions for men (871) compared
to women (469), which corresponds to 1.857 times higher (Fig. 2). Under
quiet conditions, this proportion is somewhat sustained (665 men and 335
women, 1.98 times higher) (Fig. 3a). However, this proportion diminishes
during moderate conditions (140 men and 80 women, 1.75 times higher). In
disturbed conditions, this proportionality decreases more sharply (66 men
and 54 women, 1.22 times higher) (Supplementary Table S1) (Fig. 3a).

Regarding fatalities, during quiet conditions, there were 73 deaths
among men and 58 deaths among women. In moderate conditions, the
numbers were 14 deaths among men and 7 deaths among women. In dis-
turbed conditions, the mortality rate increased, resulting in 9 deaths among
men and 14 deaths among women (Supplementary Table S2) (Fig. 3b).

Classification of admissions for myocardial infarction (Ml) by
geomagnetic condition and by sex

In the age group (<30), the admissions numbered 14 for males and 6 for
females during quiet geomagnetic conditions, 4 for males and 3 for females
during moderate conditions, and 3 for males and 1 for females during
disturbed conditions (Fig. 4a).In the age group (>30 & <60), there were 364
admissions for males and 145 admissions for females during quiet geo-
magnetic conditions, 77 admissions for males and 38 admissions for females
during moderate geomagnetic conditions, and 36 for males and 24 for
females during strongly disturbed geomagnetic conditions. In the final age
group (>60), there were 287 admissions for males and 184 admissions for
females during quiet geomagnetic conditions, 59 admissions for males and
39 admissions for females during moderate geomagnetic conditions, and 27
admissions for males and 29 admissions for females during strongly dis-
turbed geomagnetic conditions (see Supplementary Table S1) (refer
to Fig. 4a).

In Fig. 4b, we present the calculations of MI occurrences based on quiet,
moderate, or disturbed days (expressed as relative frequency) (Table 11).
We observed that within the age range <30, males exhibited a higher
occurrence rate during disturbed geomagnetic conditions. In the other age
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Fig. 3 | Hospital admissions and deaths due to a 700 b s
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Fig. 4 | Hospital admissions due to myocardial
infarction (MI) by sex, age groups, and under
different geomagnetic conditions - absolute
counts and relative frequencies. Absolute count (a)
and relative frequency (b) of hospital admissions for
myocardial infarction (MI) on days classified as
geomagnetically quiet, moderate, and disturbed,
stratified by sex (male and female) and age group
(<30 years, >30 and <60 years, >60 years). Blue bars
indicate geomagnetically quiet days, green bars
moderate geomagnetic activity days, and red bars
geomagnetically disturbed days. Panel (a) refers to 0
the total admission count (n = 1340), while panel (b)

displays the daily admission proportion (%).

MI Admissions (#)

Age =30

Male Female Male Female Male Female
Age>30 and age=<60

MI Admissions: 1340

MI Admissions/Day (%)

Male Female Male Female Male Female

Age > 60 Age =30 Age>30 and age=60 Age > 60

Fig. 5 | Mortality due to myocardial infarction
(MI) by sex, age groups, and under different
geomagnetic conditions -absolute counts and
relative frequencies. Absolute count (a) and daily
relative frequency (b) of myocardial infarction (MI)
deaths, stratified by sex (male and female) and age
group (<30 years, >30 and <60 years, >60 years),
according to geomagnetic activity. Blue bars indicate
geomagnetically quiet days, green bars represent
moderate geomagnetic activity days, and red bars 10
denote geomagnetically disturbed days. Panel (a)

refers to the total death count (n = 175), while panel 0
(b) displays the daily death proportion (%) for each
geomagnetic condition.

Q

30

20

MI Deaths (#)

Age =30

MI Deaths: 175

Male Female Male Female Male Female

Age>30 and age=60

o M Quiet
4+ | [l Moderate
M Disturbed

MI Deaths/Day (%)

Male Female Male Female Male Female

Age > 60 Age = 30 Age>30andage=60  Age > 60

group (>30 & <60), for females, the occurrence rate (11.2%) was markedly
higher under disturbed conditions compared to the rate (7.1%) under quiet
conditions. In the age group >60, females also displayed a higher rate
(13.5%) under disturbed conditions than the rate (9%) under quiet condi-
tions. These results suggest a heightened susceptibility of women to
increased geomagnetic activity (Supplementary Table S3).

When analyzing deaths resulting from myocardial infarction, within
the age group (age <30), only one death was recorded among males under
disturbed geomagnetic conditions (Supplementary Table S4) (Fig. 5a). In
the age group (>30 & <60), there were 21 male and 12 female deaths under
quiet conditions; 6 male and 2 female deaths under moderate conditions;
and 3 male and 5 female deaths under disturbed conditions. In the last age
group (>60), there were 52 male and 46 female under quiet conditions; 8
male and 5 female deaths under moderate conditions; and 5 male and 9
female deaths under disturbed conditions. Notably, the lower numbers align
with the proportion of disturbed days (fewer than quiet and moderate days).

However, for females, it remains higher than those for males. In Fig. 5b, we
show the calculations of death occurrences based on the number of quiet,
moderate, or disturbed days (expressed as relative frequency). We observed
that within the age group (<30), the male sex had a higher rate compared to
females under disturbed geomagnetic conditions, attributable to the single
recorded death. In the intermediate age group (>30 & <60), for females, the
rate was significantly elevated under disturbed conditions compared to the
rate for quiet days. This contrast was not observed for the male sex. Within
thelast age group (>60), females also displayed a higher rate under disturbed
condition in relation to the rate during quiet condition (Supplementary
Table S4).

K-means classification

In the use of K-Means, when we suggested 4 groups, the algorithm classified
two groups as quiet geomagnetic conditions, one group as moderate con-
ditions and one group as disturbed geomagnetic condition (Table 3). The

Communications Medicine | (2025)5:247


www.nature.com/commsmed

https://doi.org/10.1038/s43856-025-00887-7

Article

Fig. 6 | Classification of myocardial infarction 57 1M4MIcases %,
cases (n = 1340) into four clusters based on the female * gy
sum of the Kp index (y-axis) and the K-means male 556t cases

algorithm, with sex and age as additional attri-

butes. Each point represents a myocardial infarction
(MI) hospitalization case, marked in red for females
and blue for males. Cluster 1: Exclusively composed

of females under quiet geomagnetic conditions. 28.5 71 ¢

Cluster 2: Male predominance under moderate

Kp index sum

geomagnetic activity, with both sexes present.
Cluster 3: Higher geomagnetic activity intensity
(disturbed) with female predominance. Cluster 4:
Exclusively composed of males under quiet geo-
magnetic conditions. The overlapping Kp ranges

335 MI cases

665 MI cases

Total MI cases: 1340

between some clusters demonstrate the influence of
additional variables (such as age) in cluster
formation.

cluster 1

(geomag. condition: quiet
predominance:female)

cluster 2 cluster 3 cluster 4

(geomag.condition: disturbed
predominance: female)

geomag.condition: quiet
predominance: male)

(geomag. condition: moderate
predominance: male)

Table 3 | Results of clustering (results of K-Means algorithm
application)

Cluster Cluster Cluster Cluster

1(335) 2 (226) 3(114) 4 (665)
Age 61.5 55.5 65.4 58.3
Kp sum 14.0 28.7 38 14.2
Sex Female Male Female Male
Geomagnetic Quiet Moderate Disturbed Quiet
condition

Cluster: grouping of data according to their similarities performed by the K-Means algorithm

highlight was Cluster 3 in which in the disturbed magnetic condition the
algorithm classified the predominance of the female sex, with the centroid
for age being 65.4, the centroid of the sum of the Kp index was 38 and there
were 114 occurrences of myocardial infarctions (MI). The other groups
were: cluster 1, quiet geomagnetic condition, with a predominance of
females, age centroids were 61.5, centroids of the sum of Kp were 14.0, and
there were 335 cases of MJ; cluster 2, the centroid age was 55.5, the sum of Kp
was 28.7, the predominance of the male sex, and the geomagnetic condition
was moderate; and cluster 4, with an age centroid of 58.3, the sum of Kp was
14.2, the predominant sex condition was male and the geomagnetic con-
dition was quiet, and there were 226 cases of ML

Thus, in Fig. 6, in the x Kp sum plot cluster, we can see that cluster 3
shows the values of the sums of the Kp index in a higher range and there is a
predominance of cases of women (x in red), there are some points in red in
which we could assume to be classified in cluster 1 because the Kp values are
below 28.5, However, for these cases, the age attribute also influenced this
classification. In cluster 1, the classification was only sex female (x in red)
under quiet conditions and the sum of Kp did not exceed the value of 28.6; in
cluster 2 there are the two sexes male and female (blue and red), although the
predominance is male (in blue) and the geomagnetic conditions are of the
moderate type because the Kp is in a range between 20 and 38 (above
clusters 1 and 4, and below cluster 3). And in cluster 4, there is a classification
only for male in magnetic conditions of the quiet type, and the Kp does not
exceed the value of 28.5.

Discussion

In relation to what we observed, in which the number of admissions of men
is almost double that of women, and yet, the numbers of mortalities are
nearly equal between men and women (Fig. 2), this finding presented in our
manuscript is not novel and has been previously documented in other
studies™ . Some of the attributed causes include an increase in women’s
risks associated with comorbidities with advancing age, a decrease in

antioxidant metabolites, and a more pronounced worsening of women’s
cardiac autonomic function compared to men**. It is also observed that
women experience more atypical symptoms preceding MI events than
men**. What our study added to these findings was that under geo-
magnetically disturbed conditions, there was an increase in admissions and
deaths (both) due to myocardial infarction (MI). This increase was clearly
observed in correlation with the number of geomagnetically disturbed days,
as calculated through relative frequency rates. Additionally, the results
suggest a marked influence of geomagnetic activities on the female sex
within the age groups (>30 & <60). The influence was even more pro-
nounced in relation to fatalities, where the occurrence rates linked to the
number of disturbed days were significantly higher. The influence of GMDs
on the female sex in the other age group (>60) was also readily apparent. Our
studies indicated that magnetic activity might act as a trigger for the
deflagration of myocardial infarction in women.

Since the admissions of men for MI are much higher than those of
women, almost double, as mentioned in Section “Participants” (Fig. 2) (871
men and 469 women), and this ratio is approximately maintained for quiet
days (665 men and 335 women) (Fig. 3a), this result suggests that since there
is no change in the geomagnetic field from quiet to disturbed conditions, this
proportionality does not change, which may be evidence of women’s sus-
ceptibility to geomagnetic conditions (Fig. 3a, b).

It is noteworthy to highlight that the results presented in this study
are not conclusive and, therefore, the intention is not to incite alarm
within the population, particularly among females. Rather, these findings
represent an empirical result of hypothetical significance that should not
be disregarded within any technical-scientific context. There are some
noteworthy limitations to consider. Firstly, this study is an environmental
observational investigation carried out in a single city, using a relatively
modest sample size. Moreover, the hypothesis raised in this study requires
a more extensive collection of data and corresponding statistical and
phenomenological evidence. Secondly, the analysis of the dynamics of
electrochemical waves in cardiac tissue continues to rely on more
advanced”**" instruments and models for accurate assessment. It is
important to emphasize that this current study, upon bolstering with new
systematically acquired data samples and enhanced analyses and models,
holds the potential to yield fresh insights into its foundational hypotheses.
It also stands to contribute directly to novel therapeutic strategies aimed at
the prevention, alleviation, and management of the cause-and-effect
relationships that might instigate induced cardiac pathological
phenomena.

In any case, we found evidence of women’s susceptibility in disturbed
geomagnetic conditions. The data show that although the number of MI
cases in women is lower, in geomagnetic conditions they occur in greater
proportion or even in absolute numbers.

Communications Medicine | (2025)5:247


www.nature.com/commsmed

https://doi.org/10.1038/s43856-025-00887-7

Article

Data availability

The raw numbers for the Kp index daily calculation (Kyoto data/Helmholtz
dataset) are in the Supplementary Data 2*. The raw numbers for the cal-
culations from combining data on myocardial infarctions and the Kp index
(Weka format dataset) are in the Supplementary Data 1,2,3, and 4% The-
source data for Fig. 2 is in Supplementary Data 1; the source data for
Figs. 3a, b, 4a, b are in Supplementary Data 1 and Supplementary Data 2; and
the source data for Fig. 5 is in Supplementary Data 3. Health data in Brazil
has been made available to Brazilian citizens on the website of the Ministry
of Health-Department of Informatics of the Unified Health System
(DATASUS)*.

Code availability

Octave 10.1.0 software for data classification available®.
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