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Abstract: The aim of this study was to investigate how temperature and precipitation are associated
with the number of referrals for physical therapy. Material and Methods: Weather data and monthly
referrals were collected retrospectively for three years (2020-2022). A total of 937 referrals were
studied. Trend analysis was conducted to identify patterns and trends in data over time, including
correlation analysis to discover relationships and multivariate linear regression analyses to model
the direction and strength of this. Results: Monthly referrals were found to be strongly associated

check for with weather indicators (rs = —0.744, p < 0.001 for temperature and rs = 0.894, p < 0.001 for precipita-
updates tion). Multivariate regression analyses verified this significant correlation (b = —0.763, p < 0.025 and

Citation: Vrouva, S.; Sopidou, V; b =0.598, p < 0.001, respectively). A stronger correlation was found for female referrals (b = 0.509,

Papatsimpas, V.; Nikolopoulou, A; p < 0.001) compared to that found for male referrals (b = 0.089, p < 0.001). Conclusion: Low tempera-

Tatsios, P.; Ch los, K.; . o . . .
amsios anopotroes tures and high precipitation rates were found to be associated with an increased number of referrals.

Koumantakis, G.A. The Correlation c el . .

Females were more vulnerable to precipitation increases.

between the Temperature,

Precipitation, and Referrals for K d h . loskel 1 . hvsioth o

Physical Therapy for Patients with eywords: chronic musculoskeletal pain; physiotherapy; temperature; precipitation

Chronic Musculoskeletal Problems.

Environ. Sci. Proc. 2023, 26, 37.

https:/ /doi.org/10.3390/
environsciproc2023026037 1. Introduction

Individuals, as part of their nature, interact with the environment [1]. Meteoropathy,
i.e., the effect of weather conditions on the human body, has been known about since
ancient times [2,3]. Weather variables that commonly affect health have been described.
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Published: 24 August 2023 These are usually atmospheric pressure, humidity, wind, rain, and temperature [1].
The occurrence of heart attacks is more pronounced in the winter months, but strokes
increase during the holiday season. Anxiety attacks, depression, a rapid heart rate [1],

asthma and sickle cell attacks, and systemic lupus erythematosus [4] are often observed.

Furthermore, multiple sclerosis symptoms are worse in warmer environments [1].
High temperatures trigger the occurrence of headaches and migraines and reduce the
incidence of seizures [1,5].
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chronic shoulder pathologies, unspecified arthritis, neuropathic pain, gout [6], fibromyalgia,
and back pain are mainly those who are affected [2]. These patients are often repeatedly
referred for physical therapy [7].

To our knowledge, there is no study that has previously examined the potential
correlation of physical therapy referrals of patients with chronic musculoskeletal problems
with monthly temperatures and precipitation levels. The aim of this study was to investigate
how average monthly temperatures and precipitation levels are associated with the number
of patients with chronic musculoskeletal problems referred to the hospital. A secondary
objective was to explore if this effect was differentiated according to the patients’ gender.

2. Material and Methods

This is a retrospective study. The data were collected every month for the years 2020—
2022 by the Department of Physiotherapy of the 401 Army General Hospital of Athens and
were based on the number of patients suffering from chronic pain that were referred to this
department. Weather data were collected from Acharnon Weather Station (ELEV: 210 m
LAT: 38°06’00” N LONG: 23°42’00” E). A total of 937 referrals were studied. There were
more female cases (n = 768, 72%) than male (n = 169, 18%). Trend analysis was conducted
to identify patterns and trends in the data over time, indicating the direction and strength
of these trends.

3. Statistical Analysis

All data under consideration were tested for normality using the Sapiro-Wilk test.
Correlation analysis was conducted to discover relationships between the monthly referrals
and physiotherapy and weather conditions, temperature, and precipitation levels. Multi-
variate linear regression analyses were performed to identify independent weather factors
associated with patient-reported chronic musculoskeletal pain. Regression analyses were
also exclusively conducted on the subgroups of patients based on their gender.

In addition, data were examined for seasonality and stationarity and time series
analysis was performed with moving averages used to identify trends by smoothing out
short-term fluctuations in data and highlighting longer-term patterns. The “decompose
()” function in R software was used to estimate the trends and seasonal components of the
number of referrals as a seasonal time series that can be described using an additive model.
Statistical analyses were performed with SPSS version 24 software (SPSS, Inc., Chicago, IL,
USA) and a significance level was set at p < 0.05. Time series plots were designed using
R software (version 4.2).

4. Results

A monthly average of 26.03 + 25.75 total referrals (4.69 + 5.03 for males and
21.33 £ 21.54 for females) was found. The monthly mean temperature and precipitation
values were 18.16 £ 7.05 °C and 35.59 =+ 33.29 mm, respectively. Spearman’s correlation
coefficients revealed strong correlations among weather indicators and total monthly refer-
rals. A significant negative moderate relation was found for the total number of referrals
with monthly temperatures (rs = —0.744, p < 0.001) and a strong positive one with the pre-
cipitation (rs = 0.894, p < 0.001). Of course, high temperatures were found to be correlated
with a low level of participation (rs = —0.655, p < 0.001).

A multivariate linear regression model with dependent variables (i.e., the total num-
ber of referrals and predictors, the temperature, and precipitation) revealed a statistically
significant correlation between them (b = —0.763, p < 0.025 for temperature and b = 0.598,
p < 0.001 for precipitation, respectively). The model demonstrated 83.3% of the total
variance (R square = 0.833). Specifically, we found a 0.763 decrease (£0.324) in the to-
tal number of referrals for every one-unit increase in temperature and a 0.598 increase
(£ 0.069) for every one-unit increase in precipitation.

When the model was applied exclusively for subgroups, we found that precipita-
tion associated with female referrals was more significant than male referrals (b = 0.509,
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p <0.001 and b = 0.089, p < 0.001, respectively). Temperature was found to be significantly
negatively associated with the female referrals only (b = —0.567, p < 0.047), but not with
the male referrals (b = —0.196, p = 0.05) (Table 1).

Table 1. Multivariate regression models of referrals and weather conditions (a. total number of
referrals, b. male referrals, and c. female referrals).

Unstandardized 95.0% Confidence
Coefficients Interval for B Val
Model B Std. Lower Upper p vatue
Error Bound Bound
a. Dependent Variable: Total (Constant) 18.612 7.812 2.719 34.505 0.023
Monthly Average Monthly Temperature —0.763 0.324 —1.422 —0.103 0.025
Referrals Average Monthly Precipitation 0.598 0.069 0.458 0.737 0.000
b. Dependent Variable: Male (Constant) 5.084 2.317 0.369 9.798 0.035
Monthly Average Monthly Temperature —-0.196 0.096 —0.391 0.000 0.050
Referrals Average Monthly Precipitation 0.089 0.02 0.048 0.130 0.000
c. Dependent Variable: (Constant) 13.529 6.636 0.028 27.03 0.050
Female Monthly Average Monthly Temperature —0.567 0.275 —-1.128 —0.007 0.047
Referrals Average Monthly Precipitation 0.509 0.058 0.39 0.627 0.000

Note: The coefficient indicates the magnitude of change in the total number of referrals expected from a one-unit
change in the independent variable.

By decomposing the time series of the total number of referrals, we managed to
estimate the trend, seasonal, and irregular components (Figure 1). The estimated trend
component shows a small decrease from about 26 to about 22 in the second half of 2020,
followed by a steady increase from then on to about 34 at the end of 2021. Then, a sharp
decrease to 28 occurred in the first half of 2022. The estimated seasonal factors were
computed for the months January-December and were found the same for each year, which
indicates seasonality. The largest seasonal factor occurred in January (about 44.56) and the
lowest occurred in September (about —28.25), indicating that there seemed to be a peak in
referrals in January and a trough in September each year. Moreover, monthly boxplots for
the study variables clearly show that the number of total number of referrals increased in
those months with high levels of precipitation and low temperatures (Figure 2). Specifically,
there were more than 45 patient referrals in cold months with precipitation levels of up to
40 mm (Dec, Jan, and Feb), whereas there were less of 5 referrals in warm months with very
low precipitation levels (July and September).

Decomposition of additive time series
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Figure 1. Original time series (observed), estimated trends, as well as seasonal and irregular (random)
components of total monthly referrals.
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Figure 2. Monthly boxplots for the study variables analyzed as time series for three years (2020-2022).

5. Discussion

The specific meteorological station was chosen because the patients referred to the
department came from all regions of Attica. Since the prefecture of Attica includes areas
close to the sea and also more mountainous areas, this location was decided upon in order
to have an average altitude.

Referrals of patients with chronic musculoskeletal pain for physical therapy included
education, physical activity counseling, and other interventions (such as manual techniques,
stretching movements, and exercises aimed at strengthening, controlling motor control,
improving posture, and overcoming kinesiophobia [8]). These provided an increased pain
threshold and accompanying hypoalgesia [2].

Several studies agree that pain in musculoskeletal patients exhibits seasonality [9].
Most agree to the fact that pain worsens in spring and winter [9], while others report
that the number of referrals is greater in the period from October to May than during
summer [1]. In our research, referrals increased during the months of January, February,
March, and December.

Some authors in the past have attempted to investigate the relationship between weather
conditions and the onset or worsening of pain [10]. Conclusions are usually mixed [11].
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However, up to 97% of patients with chronic musculoskeletal pain believe that rain
and atmospheric pressure affect them [11]. Under low atmospheric pressure levels, the
fluids and air in the inflamed joints expand, causing an increase in pain [1]. It is also
possible that low barometric pressure activates the body’s baroreceptors [8]. Shultz et al. [6]
report that, in an app recording the data of more than 10,000 people with musculoskeletal
conditions, 20% experienced an increase in pain when the precipitation increased [6].

Other studies report that temperature has no significant correlation with the onset
of pain, but is mainly associated with an increase in humidity of at least nine units [3].
In general, an increase in temperature > 1.66 °C or an increase in humidity above 70%
leads to pain differentiation in patients with osteoarthritis or fractures up to one year after
the event [8]. A decrease in temperature causes vasoconstriction and causes the brain feels
threatened. On the contrary, increasing the temperature or humidity to percentages > 70
causes vasodilation for thermoregulatory reasons [1].

According to Beukenhorsta et al. [11], 24 of the 43 studies showed a positive correla-
tion between pain, temperature, and precipitation. It was emphasized, however, that the
key to understanding this correlation is to consider exposure times in environments that
exhibit these characteristics [11]. Moreover, the urban population have lost their ability
to adapt to changes in weather [1]. Weather conditions affect the secretion of adreno-
corticotropic hormones, reduce endorphin levels, and therefore increase the sensation of
pain [1]. Temperature and humidity levels inside buildings differ from those in the outside
environment [6]. For this reason, there are differences in the effect on people working
indoors [6]. Since the sample in our study consisted of military personnel working in the
countryside, the effect of these climatic conditions was assumed to be immediate [6].

One third of the population, including people of all ages (even children), suffer from
meteoropathy [1]. Women comprise the largest percentage, especially those who are
in menopause [1]. The different body composition levels between sexes [12] probably
explain why middle-aged women are more sensitive to weather changes than men <40 and
>66 years old [12].

6. Limitations

Only one weather station was used in this survey. Due to the size of the Attiki region,
the meteorological station located near the place of residence or work of each sufferer
should have been used as sources. However, this was not possible. Moreover, due to the
COVID-19 epidemic and the implementation of teleworking, we do not know if referrals
would have been more if these restrictions had not existed.

7. Conclusions

Low temperatures and high precipitation rates were found to be associated with an
increased number of referrals of patients with chronic musculoskeletal problems. We also
found that females were more vulnerable to precipitation increases than males.
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