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Background and purpose - It is a well-
known belief that weather can influence
human health, including pain sensation.
However, the current data are controversial,
which might be due to the wide range of
interindividual differences. The present study
aimed to characterize the individual pain-
weather associations during chronic pain by
utilizing several data analytical methods.
Methods - The study included 3-3 patients
with (P1, P3, and P4) or without (P2, P5, P6)
diabetes mellitus and signs of trigeminal
neuralgia or low back pain. Subjective pain
scores (0-10) and 12 weather parameters
(terrestrial, geomagnetic, and solar) were re-
corded for one month repeated three times
daily. Nonparametric Spearman’s correlation
(Sp), multiple regression (Mx), and principal
component (PCA) analyses were performed
to evaluate associations between pain and
meteorological factors obtained at the day
of recorded pain value, 2 days before and

2 days after the recorded pain, and the
changes in these parameters (5 x 12 para-
meters). Complex scores were calculated
based on the results of these analyses.
Results - While the temperature had the
highest effects on the pain levels in most

of the participants, huge interindividual
differences in the degree and the direc-

tion of the associations between pain and
weather parameters could be obtained.

The analytic methods also revealed subject-
specific results, and the synthesis of different
statistical methods as total scores provided

Egyénre szabott fajdalom-idéjaras
kapcsolatelemzés: piléta tanulmany
Tuboly G, MD, PhD; Horvath Gy, MD, DSc;
Nagy K, MD; Nagy E, PT, PhD

Hattér és cél - A betegek beszamoldja
alapjan jol ismert a fajdalom és az id&jaras
lehetséges Osszeflggése. Az eredmények
azonban ellentmonddak, ami feltehetéen

az egyének kozotti nagy érzékenységbeli
kulonbségeknek kdszonhetd. Jelen tanul-
many célja, hogy egyénre szabott modon
jellemezze a fajdalom és az idgjaras lehetsé-
ges kapcsolatait tobbféle statisztikai elemzés
alkalmazasanak kombinalasaval.
Médszerek - A tanulmanyban hat kroni-
kus fajdalom szindrémas beteg vett részt
(trigeminus neuralgia, illetve derékfajdalom
tUneteivel). Harom paciensben a tlinetek
diabeteses neuropathidahoz kapcsolédtak
(P1, P3, P4), mig harom betegben ugyanezek
a szindromak voltak megfigyelheték cukor-
betegség nélkul (P2, P5, P6). A szubjektiv
fajdalomskalat (0-10) és 12 id6jaras-para-
métert regisztraltunk egy hdnapon keresztul
napi harom alkalommal. Spearman korrela-
Cios (Sp), tobbszoros regresszids (Mx) és f6
komponens (PCA) elemzéseket végeztink
0sszehasonlitva a fajdalom- és id6jaras-para-
métereket az adott napon, 2 nappal a mérés
el6tt és utan, illetve a valtozasok mértékét

(5 % 12 paraméter). Az analizisekkel kapott
adatokbdl egy komplex értéket szamoltunk,
és analizaltuk.

Eredmények - Bar a hdmérséklet fejtette

ki a legnagyobb hatast a fajdalomérzetre, az
egyéni kuldnbség igen nagy volt. A fajdalom-
idgjaras 6sszeflggés nemcsak az id6jaras-
paraméterektdl, hanem az elemzés fajtajatol
is fuggott, igy egyénenként kilonbdzd minta-
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a personalized map for each patient, which
showed disparate patterns across the study
participants. Thus, Participants 2 and 5 had
higher scores for Mx compared to Sp; fur-
thermore, certain factors showed opposite
direction in their associations with the pain
level depending on the type of analysis (Sp vs
Mx). In contrast, P3 had a lower score for Mx
compared to Sp, which might suggest a low
level of weather sensitivity on the association
between the different weather parameters
in this subject. Furthermore, participants

P4 and P6 had a very high level of weather
sensitivity, while P1 had an opposite pattern.
Regarding the time point-related effects on
the pain level, most patients were sensitive
to parameters obtained at the same day or
two days before, except the P1 subject, who
had the highest sensitivity to weather para-
meters detected two days after.

Conclusion - The present study highlights
the importance of integrating different

data analysis approaches to elucidate the
individual connections between pain and
most of the weather parameters. In conclu-
sion, complex personalized profiling should
be considered for the characterization of
pain-weather associations by applying differ-
ent data analytical approaches, which may
provide feedback to physicians and patients.

Keywords: complex analysis, neuropathy,
pain, weather

zatot adtak mind az egyes analizisek, mind a
komplex értékek. A P2 és P5 beteg nagyobb
pontszamot ért el az Mx-, mint az Sp-elem-
zéssel, s6t az 0sszefliggés iranya is sok
esetben ellentétes volt a két elemzésben.

A P3 egyénben az Sp-elemzéssel kaptunk
magasabb értéket, ami felveti, hogy az egyes
id@jaras-paraméterek egymasra kevésbé
gyakoroltak hatast. A P4 és P6 beteg nagyon
érzékeny volt az id6jaras-paraméterekre, mig
a P1-es egyén ellenkezé mintazatot mutatott.
Avizsgalt id6pontok tekintetében azt tapasz-
taltuk, hogy a legtobb beteg az aznapi és az
azt két nappal megel8z6 idgjaras-paraméte-
rekre volt a legérzékenyebb, kivéve a P1-es
egyént, akinek a fajdalomszintje a két nappal
kés6bbi iddjaras-paraméterekkel mutatott
legnagyobb osszefliggést.

Kovetkeztetés - A jelen tanulmany eredmé-
nyei felhivjak a figyelmet arra, hogy szamos
kornyezeti paraméter adatainak integralt
elemzése megvilagithatja a fajdalom és az
idgjaras Osszeflggését egyéni szinten. Ezen
adatok Osszetett, egyénre szabott elemzése
segithet a hatékonyabb fajdalomterapia
megtervezésében.

Kulcsszavak: komplex analizis, neuropathia,
fajdalom, idgjaras

hronic pain is a devastating disease with significant

deteriorating effects on the quality of life of patients
and their surrounding relatives. The link between pain
perception and weather parameters, including tempera-
ture, barometric pressure, humidity, and precipitation, is
widely recognized'. In this context, studies have inves-
tigated several chronic pain conditions including head-
ache® and musculoskeletal pain' 3~ 1% with controver-
sial results.

Neuropathic pain, a destructive condition affecting
the somatosensory nervous system, commonly occurs as
chronic pain with major impact on quality of life. Ex-
amples of neuropathic pain include trigeminal neuralgia
(TN) and low back pain (LBP), which might be the signs
of polyneuropathy'!. In addition, diabetic polyneuropa-
thy (DN), a common complication of diabetes, may ap-
pear as a chronic pain condition that is increasingly con-
cerning in parallel with the rapidly increasing prevalence
of diabetes.

While the effects of the different weather parameters
on several physiological and pathophysiological factors
are well-known'® 12716 few studies have examined the ef-
fects of weather on neuropathic pain, including DN. Ngan
et al. analyzed the prospectively collected diary-based
data of 89 patients with neuropathic pain over a 6-month
period'” and found that contrary to the patients’ belief,
Chinook winds were protective against acute exacerba-
tion in neuropathic pain. The authors also reported that
days with cold temperature were associated with greater
risk of neuropathic pain exacerbation, while precipita-
tion or humidity did not enhance the pain level. Another
study found that extreme humidity was a crucial trigger
for painful DN, providing further evidence of the adverse
effects of extreme weather in this patient group'®. TN, a
form of neuropathy with intense craniofacial pain attacks,
can be triggered by various factors'. Although mechani-
cal stimulus is one of the most common triggers of TN,
atypical triggers such as cold temperatures, strong wind,
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Table 1. Demographic and clinical characteristics of the study participants

1 2 3 4 5 6 Mean (SD)
Dg DN_TN LBP DN_LBP DN_LBP TN TN
Age 65 74 38 52 69 33 55+17.0
Duration of pain (month) 10 14 18 108 24 42 36+37.0
Mean VAS 4 7 7 8 7 6+1.7
BDI 2 9 6 14 8 7 8+39
SF36 Physical functioning 40 35 50 30 90 90 56+ 273
SF36 Physical limitations 100 0 25 0 50 100 46 +45.9
SF36 Emotional limitations 100 0 67 0 0 0 28 +44.4
SF36 Vitality 75 30 55 35 55 75 54 +19.1
SF36 Mental health 84 68 68 56 80 56 69 +11.7
SF36 Social functioning 88 88 63 75 63 75 75+11.2
SF36 Bodily pain 70 23 35 33 45 70 46+19.9
SF36 General health 45 15 30 15 25 55 31+16.3

BDI: Beck depression inventory, Dg: diagnosis, DN_TN: diabetic polyneuropathy with trigeminal neuralgia, DN_LBP: diabetic poly-
neuropathy with low back pain, LBP: low back pain, Mean VAS: mean pain value based on a visual analog scale during the study
period, SD: standard deviation, SF-36: short-form 36, TN: trigeminal neuralgia

and certain foods are observed in a significant proportion
of affected patients®*?!. Similarly, LBP is a major cause of
morbidity with a very diverse group of background®>?. A
cohort study investigating the relationship between pain
intensity and weather conditions over 6 months conclud-
ed that temperature and atmospheric pressure might in-
fluence LBP level?, whereas other studies found that only
wind speed had significant effects on LBP intensity?2¢.

These studies illustrate the contradictory findings and
the lack of consensus on the relationship between neuro-
pathic pain and specific weather conditions, which might
be due to interindividual differences. Precision and per-
sonalized medicine aims at the prevention and treatment
of diseases by considering interindividual variations®.
The few studies, which have assessed differences in sen-
sitivity to various meteorological factors at individual
level?® 2%, suggest that the association between weather
and pain might have clinical relevance at the individual
level due to interindividual variations in sensitivity to the
meteorological factors.

In the present pilot study, we aimed to examine the
association of several meteorological factors with the
level of reported pain at the individual level in patients
with chronic pain conditions. Based on an earlier study®,
we included data of terrestrial weather, geomagnetic,
and solar activities. To evaluate anticipatory and reactive
responses toward the weather changes, we analyzed not
only the real-time pain—weather associations (day 0) but
also the weather parameters two days before (day —2) and
two days after (day +2) the real-time pain—weather obser-
vations. We also compared changes between days —2 and
0 (D+2) and between days 0 and +2 (D-2) to assess the
potential effects of weather changes on pain perception.

Thus, we evaluated individual pain sensitivity based on a
total of 60 weather variables. Nonparametric Spearman’s
correlation (Sp), multiple regression (Mx) analyses, and
principal component analysis (PCA) were performed to
evaluate associations between pain and meteorological
factors, and complex scores were also calculated based
on the results of various analytic methods to provide spe-
cial maps for each participant.

Methods
Subjects

Seven female participants with chronic pain were re-
cruited in the present study. One patient did not appropri-
ately perform the required data collection; therefore, the
final analyses included the data of six subjects. The study
population included three participants with DN accom-
panied with TN or LBP, one participant with LBP, and
two participants with TN. Information on demographic,
physical, and psychological characteristics of the partici-
pants were obtained using health-related quality of life
(short-form-36 [SF-36]) and short-form Beck depression
inventory (BDI) questionnaires performed at the start of
the study (Table 1)*. All participants provided written in-
formed consent to be included in the study. The study was
approved by the University of Szeged Ethics Committee
for Human Participants (approval no. 156/2020-SZTE).

Pain diaries

For the subjective perception of pain, the participants
were instructed to use a visual analog scale (VAS) rang-
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Table 2. Definitions, abbreviations and units for the obtained weather parameters

Parameter Definition Abbreviation Unit
Terrestrial
Temperature Temperature at 2m height. TEMP °C
Apparent temperature  The measure of the human thermal comfort at 2m height. TEMP_A °C
Surface pressure The pressure exerted by the air. PRESS hPa
Humidity The concentration of water vapor at 2m height. HUM %
Total cloud cover The fraction of the sky covered by all the visible clouds. ccT %
Effective cloud cover The fraction of the sky covered by all the clouds including not CCE %
visible thin clouds as well.
Precipitation All'liquid and solid water particles that fall from clouds and PREC mm/h
reach the ground.
Geomagnetic
Planetary A index Daily average level of geomagnetic activity. AP Score
Planetary K index Characteristic of the magnitude of geomagnetic storms, derived ~ KP Score
by weighted average of K-indices from a network of 13 geomag-
netic observatories at mid-latitude locations.
Solar
Solar Radio Flux The indicator of solar activity at 10.7 cm, as F10.7 cm radio emis-  RF Units
sions, originates high in the chromosphere and low in the corona
of the solar atmosphere.
Sunspot number Dark areas at the Sun’s photosphere as a result of intense mag-  SP_Nr Nr
netic flux pushing up from further within the solar interior.
Sunspot area The sum of the corrected area of all observed sunspots, in units ~ SP_A Units

of millionths of the solar hemisphere.

ing from 0 to 10, to describe pain intensity. The partici-
pants completed a 28-day pain diary between May and
October 2021 by recording the intensity of perceived
pain three times a day (6 AM, 12 PM, and 6 PM) for a
total of 78-84 observations per participant.

Weather parameters

Terrestrial weather parameters (Table 2) obtained three
times/day (6 AM, 12 PM, and 6 PM) were provided by
the Swiss Meteomatics AG based on the GPS coordinates
of the residence of the participants. The correspond-
ing mean daily geomagnetic and solar parameters were
downloaded from the National Oceanic and Atmospheric
Administration database (Table 2).

Statistical analyses

In the present study, three types of data analyses were per-
formed for all parameters. In the first step, nonparametric
univariate Spearman’s correlation analysis was performed
to evaluate the relationships between the 60 distinct weath-
er parameters (5 x 12) and a p value of <0.001 was consid-
ered to indicate statistical significance. Furthermore, this
analysis was performed to explore the association between
the pain score and all weather parameters. Multiple regres-

sion analysis was applied where the dependent variable
was VAS whereas the regressors’ dataset contained the 12
weather parameters on days 0, +2, and —2, and the differ-
ences between days —2 and 0 (D-2) and between days +2
and 0 (D+2), separately (5 data set).

Principal component analysis was performed to em-
phasize individual patterns of pain sensitivity in order
of importance of different weather parameters. For this
analysis, the following four pain categories were created:
0, VAS score of 0; 1, VAS score of 1-4; 2, VAS score of
5-7; 3, VAS score of 8-10. The order of importance was
performed separately for all 60 parameters and for the
five datasets (12 x 5).

In the next step the scoring process was performed.
The following classification with three categories was
obtained based on the significant correlations identified
with regression and correlation analyses, depending on
the direction of the relationship (Table 3). The PCA re-
sults were also classified (Table 3). Based on these cate-
gorizations, total scores were calculated for each weather
parameter by determining the sum of the absolute values
of all four analyses at both the study cohort and individ-
ual levels. The possible maximum total score was 8 for
a single parameter (Tot_single), 96 for all weather pa-
rameters in one time point (Tot_Time) and 480 for all 60
parameters (Tot_all).
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Table 3. Scoring method for the Sp, Mx and PCA analyses

Score Sp Mx PCA60 PCA12
Importance order

0 NS NS 11-60 3-12

-1 p<005 p<0.05

+1 p<005 p<005 5-10 2

-2 p<0.001 p<0.001

+2 p<0.001 p<0.001 1-5 1

Explanation: -1 and -2, negative; +1 and +2, positive relation-
ships in Sp and Mx analyses.

Finally, z-scores were calculated by subtracting the
mean of all participants to each individual value and di-
viding the results by the standard deviation of the study
population, based on a recent study 3'. Thus, the distri-
bution of the z-scores were determined for the number
of significant relationships obtained by Sp (Sp_Z), Mx
(Mx_Z), sum of them (Sum_Z), and total score (Tot
all Z) for each participant.

All of the analyses were performed with Statistica soft-
ware (TIBCO Statistica®, 14.01.25; Arlington, VA, USA).

Results

Correlations among the weather parameters

First, we determined the associations among the weather
parameters and found that the temperature and the ap-
parent temperature at each time point ex-
hibited strong correlation (r > 0.8; same

ences in quality of life. The correlation analysis revealed
a significant inverse correlation between the mean VAS
score and emotional health (p < 0.05) only.

The pain—weather associations evaluated by different
analytical approaches revealed a higher number of sig-
nificant pain—weather associations with the Sp compared
to the Mx analyses (27 vs 17; Figure 2A). Furthermore,
the effects of weather parameters on pain parameters at
different time points revealed that the weather parameters
on days 0 and —2 had the highest impact on the pain lev-
el, whereas the changes in weather parameters (D+2 and
D-2) had the lowest effect (Figure 2B). Thus, Sp and/
or Mx analyses showed that TEMP, TEMP_A, PRESS,
HUM, SP_Nr, and SP_A were correlated with VAS val-
ues on days 0, =2, and +2. Furthermore, RF influenced
pain sensation two days later (day +2) whereas SP-Nr
was negatively correlated with the VAS score two days
before scoring (day —2); the changes in SP-Nr also had a
significant influence on pain sensation (Figure 3). PCA
showed, in agreement with the Sp and Mx results, that
TEMP and TEMP_A had the highest level of importance,
and precipitation and KP had the lowest level of impor-
tance. Regarding the changes in TEMP, TEMP A, and
CC _E, no significant relationships could be detected by
Sp and Mx, but the PCA analyses revealed their impor-
tance. No significant sensitivity with any methods to the
KP was detected at the study cohort level. The Tot all
was 100 out of a possible maximum of 480, indicating
that only approximately 20% effects could be detected by
all types of analysis, with highest values for the tempera-
ture parameters (Figure 4).

day, 2 days before and after; Figure 1).
Furthermore, the temperature parameters
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SP_Nr

CC_T, CC_E, and HUM (see abbreviations

in Table 2). Surprisingly, the precipitation

parameters were not correlated with the

other parameters. The geomagnetic and

solar parameters, which were significantly
correlated with few of the other weather pa-

rameters, exhibited significant correlations

between each other.

Analysis of pain—weather
relationship at the group level

TEMP |TEMP_,

PRESS | HUM | CC_T | CCE | PREC

>

P KP RF | SPNr | SP_A

In the overall cohort, the mean number of
VAS scores was 82 (489 the total data num-
ber) and the mean pain score was 6 £ 0.1
(Table 1). The BDI score indicated that one
participant (participant 4; P4) harbored low
level depression, whereas the SF-36 indi-
cated high degree of interindividual differ-

Figure 1. Correlations between the different weather parameters at
different time points related to the pain level determination and their
changes. The abbreviations for weather parameters see Table 2. 0,
same day of pain observation; +2, 2 days after the pain observation,
-2, two days before the pain observation; D+2, difference between the
day of pain observation and two days later; D-2, difference between the
day of pain observation and two days earlier
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Figure 2. A Distribution of the number of significant correlations determined using Spearman’s correlation (Sp),
multiple regression (Mx), sum of Sp and Mx (Sum) for each participant (P1-P6) and the whole group (All). B Distribu-
tion of the Tot_time scores (max: 96) for all 12 weather parameters detected at indicated time points 0, same day of
pain observation, +2, 2 days after the pain observation, -2, two days before the pain observation, D+2, difference
between the day of pain observation and two days later; D-2, difference between the day of pain observation and two

days earlier

Analysis of pain—weather
relationship of individual

participants

The analysis of individual pain profiles of
the participants by the four analytic ap-
proaches revealed important distinctive
features of the participants, displaying dif-
ferent sensitivities to the various param-
eters (Figures 2—4). The majority of the
participants were sensitive not only to the
terrestrial but also some of the geomagnetic
and solar parameters.

Participant 1

&

TEMP [TEMP_A|PRESS | HUM

'E | PREC | AP

cct | cCE

Kp | RF SP_Nr | SP_A

J

Participant 1 with DN and TN, relatively
good SF-36 and BDI scores and low pain
levels, had the same number of significant
connections obtained by Sp and Mx (8 and
8), and inverse correlations were detected
between some temperature parameters and
the pain level (Figure 2A, 3). The weather
parameters on days 0 and —2 had the high-
est influence on pain values, whereas the
changes in weather parameters two days
later (D+2) had the lowest effect (Figure 2B). The par-
ticipant had no sensitivity to PRESS, PREC, KP, RF,
or SP_Nr, and only a small number of AP and SP_A
parameters had significant associations with the pain
level. PCA revealed that besides the temperature pa-
rameters, the HUM and cloud conditions had an im-
portant role in the VAS score, whereas the geomagnetic
and solar parameters had no significant effect (Figure
3). Therefore, the Tot single scores were high for the

days earlier

Figure 3. Distribution of significance of different parameters obtained
with different analytic methods at indicated time points for the whole
group (All) and for each participant (P1-P6). The abbreviations for
weather parameters see Table 2. 0, same day of pain observation; +2,
2 days after the pain observation; =2, two days before the pain obser-
vation; D+2, difference between the day of pain observation and two
days later; D-2, difference between the day of pain observation and two

temperature parameters whereas almost all the geomag-
netic and solar parameters had 0 T_single score, and the
Tot_all value was 52 (Figure 4). All types of z-scores
(Sp_Z,Mx_Z,Sum_Z, and Tot all Z) indicated that the
level of connections between the weather parameters
and pain levels was lower in this participant compared
to that observed at the study cohort level and that this
phenomenon was observed for all types of scores (Fi-
gure 5).
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Figure 4. Distribution of the Tot single score (max. 8) of different
weather parameters for the whole group (All) and for each participant

at indicated time points. The abbreviations for weather parameters see
Table 2. 0, same day of pain observation; +2, 2 days after the pain
observation; =2, two days before the pain observation, D+2, difference
between the day of pain observation and two days later; D-2, difference
between the day of pain observation and two days earlier
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Figure 5. Distribution of the z-scores for Spearman’s correlation ana-
lysis (Sp_2), multiple regression analysis (Mx_Z), sum of them (Sum_2),
and for the total score (Tot_all_Z) collected from all the weather para-

meters in each participant (P1-P6)

Participant 2

Participant 2, with LBP, slightly impaired SF-36 and BDI
scores and high pain levels, had a higher number of sig-
nificant effects by Mx than with Sp (15 vs 6; Figure 2A).
The weather parameters on day 0 had the highest influence
on the pain values, whereas changes in weather parameters

(D+2 and D-2) had the lowest one (Figure
2B). She had no significant sensitivity to
PREC, AP, and SP_Nr, whereas few sig-
nificant effects were detected with PRESS,
CC _E, RF, and SP_A parameters (Figure
3). Furthermore, TEMP_A, PRESS, HUM,
KP, and SP_A exhibited inverse correlations
with the pain level. PCA indicated that tem-
perature parameters and HUM had a signifi-
cant influence on the pain level. The Tot-all
score was relatively low (53) in this par-
ticipant (Figure 4). The examination of z-
scores showed that the level of connections
between the weather parameters and VAS
values was lower in this participant com-
pared to that observed at the study cohort
level for Sp Z and Tot all Z, but higher for
Mx_Z values (Figure 5).

Participant 3

Participant 3 with DN and LBP had slight-
ly altered SF-36 and BDI scores and high
pain levels. In contrast to that observed at
the study cohort level, the detected number
of significant effects was much higher with
Sp than with Mx (23 vs 4), which included
the solar parameters as well (Figures 2A,
3). The weather parameters on day 0 had
the highest influence on the pain values,
whereas changes in weather parameters
(D+2 and D-2) had the lowest effect (Fi-
gure 2B). None of the cloud conditions
and few PRESS, HUM, PREC, AP, and KP
parameters had an impact on pain scores.
PCA revealed the significant influence of
not only temperature parameters, but also
the HUM, RF, SP-Nr, and SP_A parameters
on the pain level. Therefore, the Tot single
scores were relatively high for the RF and
SP besides the temperature parameters,
and the Tot-all score was also relatively
high (68) (Figure 4). The examination of
z-scores indicated that the level of connec-
tions between the weather parameters and
pain levels was lower in this participant
compared to that observed at the study co-
hort level for Mx_Z only (Figure 5).

Participant 4

Participant P4 with DN and LBP had relatively good SF-
36 and BDI scores and low pain levels. In this partici-
pant, the number of significant connections detected by
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Sp and Mx were comparable (14 and 11, respectively;
Figure 2A). The weather parameters detected at different
time points had similar influence, except the changes two
days later (D+2), which had the lowest number of signifi-
cant relationships (Figure 2B). The pain levels showed
inverse correlations with several parameters (Figure 3),
and only few of the HUM, cloud, PREC, AP, and KP pa-
rameters had significant relationship with pain level. PCA
revealed the importance of not only the temperature but
also the solar parameters; therefore, the Tot _single scores
were relatively high for these parameters, and the Tot all
score was also high (65) (Figure 3, 4). Furthermore, the
level of connections between the weather parameters and
pain levels was higher in this participant compared to that
observed at the study cohort level for all types of z-scores
(Figure 5).

Participant 5

Participant 5 with TN had moderately lower SF-36 and
BDI scores and high pain levels. The number of signif-
icant effects determined with Mx was higher than that
determined with Sp (13 vs. 6; Figure 2A). The weather
parameters obtained two days after VAS recording had
the highest influence, whereas the other time points or
changes between the days (D-2 or D+2) had a similar, but
lower degree of influence on the pain level (Figure 2B).
Some of the temperature, PRESS, HUM, AP, RF and
SP_Nr parameters exhibited inverse correlations with the
pain levels, whereas no sensitivity could be observed to
the PREC and KP parameters (Figure 3). The Tot_single
scores were relatively low for most of the parameters,
except for the temperature parameters; therefore, the
Tot_all score was also low (56; Figure 4). The analysis of
z-scores indicated that the level of connections between
the weather and pain parameters was lower in this partici-
pant compared to that observed at the study cohort level
for Sp_Z and Tot_all_Z scores but higher number for Mx
values (Figure 5).

Participant 6

Participant 6 with TN had relatively normal SF-36 and
BDI scores, but high pain levels, and a similar num-
ber of significant connections were found by Sp and
Mx analyses (12 and 11, respectively; Figure 2). Re-
garding the effects of the weather parameters detected
at different time points, changes in weather parameters
(D+2 and D-2) had the lowest influence on the pain
level (Figure 2B). She had no sensitivity to any of the
HUM, PREC and KP parameters, whereas some of the
temperature, CC_T, AP, RF and SP-Nr parameters were
inversely correlated with the pain level (Figure 3). PCA
revealed the importance of the temperature, cloud, and

SP A parameters. The distribution of the Tot-single
scores revealed high values for the temperature and
SP_A parameters, and the Tot all score was also rela-
tively high (62; Figure 4). The examination of z-scores
indicated that all four z-scores were closest to the mean
z-scores of the study cohort (Figure 5).

Discussion

The present study including the collection and analyses
of a wide array of data from six participants with chronic
pain conditions revealed the significant interrelationships
between several weather parameters and pain levels, with
high level of interindividual differences in the direction,
in their time-point-related connection and also depending
on the analytical method. The temperature parameters
had a high impact in most participants, while the precipi-
tation had the lowest level of influence on pain sensitiv-
ity. The majority of the participants were also sensitive to
the terrestrial magnetic and solar factors, suggesting that
the most available types of parameters may be important
for the characterization of pain—weather associations.
Not only the real-time data on day 0 but also those from
two days before and after the evaluation of pain levels
revealed several relationships, whereas the calculated
changes in weather parameters (D-2 or D+2) showed
moderate effects. Participants 2 and 5 had higher scores
for Mx compared to Sp; furthermore, certain factors
showed opposite direction in their associations with the
pain level depending on the type of analysis (Sp vs Mx).
In agreement with earlier studies?, our findings suggest
that the multiple connections among the different weath-
er parameters might have high impact, thus, the effect of
one meteorological factor on pain perception depends on
other meteorological factors in some subjects. In con-
trast, P3 had a lower score for Mx compared to Sp, which
might suggest a low level of sensitivity on the association
between the different weather parameters in this subject.
Furthermore, participants (P4 and P6) with only positive
z-scores may indicate a very high level of weather sen-
sitivity, while P1 had an opposite pattern. Regarding the
time point-related effects on the pain level, most patients
were sensitive parameters obtained at the same day or
two days before, except the P1 subject, who had the high-
est sensitivity to weather parameters obtained two days
after. Surprisingly, the changes in the weather parameters
had low impact in most cases.

Personalized medicine considers individuals’ distinc-
tive physical, genetic, and sociodemographic character-
istics to develop and implement individually planned
feasible treatments with efficacy. The high level of in-
terindividual variability in pain sensitivity may be due
to not only differences in age, sex, ethnicity, genetics,
and psychosocial variables but also environmental fac-
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tors, including weather parameters® 32, The large hetero-
geneity in the weather sensitivity might complicate the
characterization of the associations between weather and
pain®, but only few studies have conducted detailed indi-
vidual evaluation of pain responses to meteorological pa-
rameters® 2°. Smedslund et al. assessed the associations
between pain and 13 weather variables the day before
and the day of the reported pain in 36 patients with rheu-
matoid arthritis?®. In agreement with our results, the in-
dividual level analyses revealed several significant rela-
tionships in most patients; however, the patients differed
in the variables they responded to and in the direction
of the relationship. Another study evaluated the individ-
ual pain level in seven patients with chronic masticatory
muscle pain based on hourly evaluated pain level and
three meteorological parameters (temperature, pressure,
and humidity)®. In spite of the few investigated param-
eters, they also observed high level of individuality in the
weather-pain associations. We suggest that our paradigm,
performing four types of analyses with a high number of
weather parameters at different time points, might pro-
vide a complex individual pattern of pain-weather rela-
tionship.

Some studies clustered subjects in subgroups based
on their response to weather parameters after prelimi-
nary individual analyses** . One study, in which 333
patients were clustered in subgroups based on their cor-
relation parameters, indicated that the symptoms of pa-
tients were, to a minimal extent, differentially influenced
by weather conditions including temperature, sunshine
duration, precipitation, pressure, and humidity®. The
analyses in two subgroups of 48 patients with fibromyal-
gia involving 3 meteorological parameters (temperature,
pressure and humidity) revealed that increased pressure
was associated with decreased pain levels in 83% of the
patients. Furthermore, stress levels did not change in par-
allel with increased pressure in this subgroup, whereas
the subgroup of patients with the opposite response to
pressure reported increased stress in parallel with elevat-
ed pressure®. These results suggest that individual fac-
tors related to emotional status might be associated with
responsiveness to changes in barometric pressure. The
latest analysis of 6850 participants with chronic pain, ob-
taining four weather parameters (temperature, pressure,
wind speed and humidity) found that most participants
(72.5%) could be categorized as weather-sensitive based
on the presence of sensitivity to a single weather param-
eter with highly distinct degree and direction®.

Overall, these data indicate that given the large vari-
ation in personal sensitivity to meteorological param-
eters, the connection between weather and pain might
have clinical relevance at the individual level. The weak
correlations observed at the population level might be at
least partially due to the sensitivity of subjects with op-

posite responses; however, the different degrees or types
of pain states might also contribute to this phenomenon.
Unfortunately, most studies conducted to date involved
only a small number of weather parameters or evalua-
tions at only one-time point performed the same day.
Although we were not able to perform stratification of
the patients based on the pain-weather relationship, due
to the small cohort size, our findings suggest that future
studies should integrate several data analysis models to
obtain more reliable outcomes. More effective pain self-
management can be developed with accurate predictive
models. Although chronic pain cannot be cured, avoiding
exposure to weather triggers can minimize the negative
effect of pain on quality of life. For example, identify-
ing the specific pain—-weather associations two days be-
fore the pain event may aid in the planning of prompt
therapeutic intervention whereas identifying the specific
pain—weather associations two days after the pain event
may offer predictions on changes in weather parameters.
However, the weather forecast can provide information
for at least the next two days, which can aid in the plan-
ning of improved approaches for pain therapy. These
promising findings also propose new prospects for preci-
sion medicine in patients with chronic pain syndromes.

The main strength of this study is the application of a
combination of different types of analyses to build a total
score, which can be considered as a basis for the predic-
tion of individual sensitivity to different weather parame-
ters. However, several further environmental parameters
could have been involved, including the air pollution,
heatwaves or special wind conditions'> %, The data were
limited by the cohort size and the short study duration,
which might have influenced the prediction performance.
Unfortunately, it was very difficult to recruit patients with
similar characteristics and appropriate activity for record-
ing their pain levels three-times a day for four weeks. The
present study was based on self-reports on pain intensity,
which might have also dampened the reliability of the
data. There is also room for improvement in handling the
importance of variables. For example, different machine
learning-based pattern recognition approaches should be
considered as promising alternatives to traditional statis-
tical methods.

Conclusion

The effect of meteorological factors on pain sensitivity
raises important questions regarding optimizing medical
resources. In agreement with earlier studies, the findings
of the present study confirm the importance of personal-
ized analysis of special weather triggers, which can fa-
cilitate the reliable prediction of pain exacerbation. The
detailed and complex personalized analyses of data may
provide feedback to physicians and patients for provid-
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ing weather-dependent therapy. The present study also
highlights the importance of integrating different data
analysis approaches to elucidate the individual connec-
tions between pain and most of the weather parameters.
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