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Abstract 

Background:  During varied weather conditions, patients with osteoarthritis experience different severity of symp‑
toms and signs. However, weather may also cause barriers or incentives for patients to seek medical services. These 
factors may result in changes in medical utilisation; however, no studies have investigated whether the probability of 
physical therapy utilisation among patients with osteoarthritis is associated with changes in meteorological factors.

Method:  By using a secondary data of NHID in Taiwan, we conducted a population-based, retrospective study with 
case-crossover design for patients initially diagnosed with osteoarthritis between 2000 and 2013. The meteorological 
factors of months with the lowest treatment rate were used as patients’ own control periods and compared with the 
parameters of months with high treatment frequency. The risk of exposure to different meteorological factors, includ‑
ing mean temperature, daily highest temperature, daily minimum temperature, diurnal temperature range, relative 
humidity, and barometric pressure, was estimated and represented by odds ratios (ORs) and 95% confidence intervals 
(CIs).

Results:  A total of 8,130 patients were recruited. Regardless of univariate or multivariable analysis, increased daily 
highest temperature enhanced the frequency of physical therapy (OR: 1.04; 95% CI: 1.02–1.05; p < 0.01; OR: 1.07; 
95% CI: 1.04–1.10; p < 0.01). When the weather was hotter (> 23 °C), higher diurnal temperature range and humidity 
resulted in an increase in the utilisation of physical therapy. However, when the weather was colder (< 23 °C), reverse 
effects were observed.

Conclusions:  An increase in temperature increases the probability of physical therapy resource use. Therefore, 
temperature, along with other meteorological factors, may play a key role in the utilization of physical therapy among 
patients with osteoarthritis.
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Introduction
With the increasing aging population worldwide, the 
number of patients with osteoarthritis (OA) is also 
increasing [1]. The prevalence rates of OA are approx-
imately 13% to 33% in Eastern and Western countries 

[2, 3]. OA not only poses health problems for patients, 
but also creates huge social medical expenditures [3–5]. 
Physical therapy (PT) is an effective treatment in the 
initial stages of OA [6]. However, limited use of PT is 
associated with several factors such as being male, high 
OA severity, long duration of OA symptoms, poor gen-
eral health, low income or low social economic status 
[7–10]. There is no consistent conclusion on the effect 
of age [7, 10]. These barriers may delay the treatment of 
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patients with OA and lead to more complications in the 
future [11].

In addition to patient’s individual factors, environ-
mental factors may also affect the acceptance of PT, 
such as climate. First, climates may affect the severity 
of symptoms, such as increased pain, which may make 
patient desire to seek physical therapy [12]. Besides, the 
weather may affect the medical accessibility. For exam-
ple, it is more difficult to reach an organization provid-
ing PT when it rains heavily.

About the influences on symptoms by weather, more 
than half of the OA patients mentioned that during 
weather changes, the intensity of joint stiffness or pain 
increased [13]. An increased barometric pressure may 
cause joint discomfort to become more evident [14, 15]. 
A possible reason is that the pressure pain threshold in 
OA patients is significantly lower than that in healthy 
people [16–19], and the altered barometric pres-
sure causes changes in the synovial fluid of joints and 
decreases joint lubrication [20]. In contrast, a decrease 
in environmental temperature may increase the vis-
cosity of synovial fluid and change the compliance of 
periarticular structures, thereby making joints stiffer 
and more sensitive to the pain of mechanical stresses 
produced by activities [21–24]. As bones, muscles, and 
tendons have different densities, humidity changes have 
also been found to affect the expansion and contraction 
of these tissues, which is associated with joint discom-
fort in OA patients [21, 25–27].

Weather not only affects the condition of OA symp-
toms, but also affects the ease or willingness of patients 
to seek medical treatment. Obvious events, such as 
heavy rains, typhoons, and heavy snow, will increase 
the difficulty for patients to get to the medical facility. 
Moreover, extreme hot or extreme cold weather may 
also decrease the willingness of patients to engage in 
outdoor activities. Therefore, the effect of weather on 
the utilisation of PT among OA patients is an issue that 
needs to be investigated.

This study combined regional weather data and con-
sultation data to observe changes in the frequency of 
PT among OA patients during different weather condi-
tions, to understand the association between the utili-
sation of PT resources and meteorological factors. Our 
hypothesis is that if the changes in treatment frequency 
are similar to the influence of climate on symptoms, 
the impact of climate on medical accessibility should 
be small. On the contrary, if the results are not in line 
with the expected changes in symptoms, it indicates 
that although patients potentially require more PT for 
symptoms control, they are more affected by the cli-
mate’s influence which decreases their accessibility of 
PT or make them choose other treatments. Therefore, 

more effort should be made to reduce the medical bar-
riers caused by weather.

Methods
We conducted a retrospective study using data from a 
representative database of one million randomly selected 
patients (5% of the insured population) from the National 
Health Insurance Database (NHID) in 2005. This longi-
tudinal data contains the health insurance data, includ-
ing the consultation region, diagnostic codes, date of 
consultation, and patient information of selected patients 
from 1995 to 2013. The National Health Insurance (NHI) 
program in Taiwan is a mandatory general health insur-
ance program in which the proportion of the insured 
population is greater than 99% of Taiwanese residents 
[11]. The database has disconnected public data which 
has been used greater than 1000 times in various health 
or medicine related studies. All methods were performed 
in accordance with the relevant guidelines and regula-
tions. The study protocol complied with the provisions 
of the Declaration of Helsinki and was approved by 
the institutional review board of the hospital (IRB No: 
TYGH105040). Samples were selected from the database 
based on the International Classification of Diseases—9 
(ICD-9) codes of patients and those with the ICD-9 
code = 715.xx, were chosen as participants of the study. 
Patients who were initially diagnosed with OA between 
2000–2013 and aged > 20  years were included in this 
study. Except for undergoing surgery, patients were not 
hospitalised for PT; therefore, hospitalised patients were 
excluded from this study.

In addition to some factors that affect symptoms and 
accessibility for PT among OA patients (such as age, sex, 
weight, disease severity, income, location, and comorbid-
ities), there are other factors that are difficult to measure, 
such as lifestyle habits, levels of daily activity, and psycho-
logical status, which may also affect their accessibility of 
PT resources. The confounding results of these individual 
factors are often the study limitations [28, 29]. Therefore, 
we used a case-crossover design by using patients as their 
own control group to correct for the unmeasurable con-
founders [30]. We segmented the average monthly treat-
ment rate into quartiles and defined the top 25% as ‘high 
treatment frequency’ and lowest 25% as ‘low treatment 
frequency’. The month with the ‘lowest treatment fre-
quency’ was used as the control period so that we could 
compare the meteorological factors between the high fre-
quency and low frequency months of individual patients 
(Fig. 1).

The months when the patients sought consulta-
tion for OA were linked with the mean monthly values 
of various meteorological parameters. Meteorological 
data were collected from the Central Weather Bureau 
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of Taiwan. Taiwan has 535 meteorological stations that 
record hourly measurements. Since PT for OA requires 
multiple trips to medical institutions and there are no 
large differences in treatment programs, most patients 
receive treatment at locations close to their home. Hence, 
we matched the nearest meteorological station (within 
20 km) according to the location and date of consultation 
and calculated the following meteorological parameters: 
mean temperature (°C), daily highest temperature (°C), 
daily minimum temperature (°C), diurnal temperature 
range (°C), relative humidity (%), barometric pressure 
(hPa), and daily precipitation (mm).

The data analysis process was divided into three steps: 
1) Analysing whether individual changes in each mete-
orological factor affected the treatment frequency. 2) 
Since weather is a combination of multiple meteorologi-
cal factors simultaneously, we excluded factors with high 
collinearity (correlation coefficient > 0.5) and integrated 
the remaining meteorological factors to observe their 
effects on PT frequency. 3) Taiwan (our study region) is 
hotter than the countries where previously similar stud-
ies were conducted, and temperature was one of the 
often-mentioned factors that affected the symptoms 
[28]; thus, we further used the mean temperature as a 
cut-off point to divide all analysis data into two groups, 
and investigated the effects of individual and combined 
meteorological factors on treatment frequency under 

different temperatures. Furthermore, in order to ensure 
the reliability of our results, we also performed stratified 
analyses divided with tertile and quartile of daily mean 
temperature. The results of this part will be included in 
supplement files.

Statistical Analysis
We used descriptive statistics to present the general 
information of patients and meteorological factors and 
used the correlation coefficient from Pearson’s corre-
lation analysis to determine the possible collinearity 
between various meteorological factors. Subsequently, 
we used conditional logistic regression to analyse the 
correlation between meteorological factors and the 
treatment frequency of OA patients. This included uni-
variate and multivariable analyses of the effects of every 
meteorological factor on the treatment frequency. We 
also used conditional logistic regression to analyse tem-
perature stratification. The study results are presented as 
odds ratios (ORs) and 95% confidence intervals (CIs). OR 
represents the probability that the patient will undergo 
rehabilitation from a low frequency to a high frequency 
as each increased unit of climatic factors. For example, if 
the OR of daily mean temperature is 2, which means that 
as every 1 degree increase of daily mean temperature, the 
probability of receiving PT from low-frequency to high-
frequency is double. Our study used Stata 12 statistical 

Fig. 1  Flow chart of case and control months selection by case-crossover design
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software for statistical analysis. Statistical significance 
was set at p < 0.05.

Results
We extracted 10,534 patients from the NHIS database 
that met the diagnostic criteria with initial OA diagno-
sis. We used the quartiles of the treatment frequency as 
the cut-off points. When the number of PTs was more 
than 6.91 times per month, it was defined as higher 
treatment frequency and when it was lower than 0.90 
times per month, it was defined as lower treatment fre-
quency. After excluding patients who did not match the 
treatment frequency, 8,130 patients with 13,794 case 
months and 13,520 control months were finally collected 
from the NHID data for analysis. The average age of the 
patients was 59.78 (SD: 14.71), and 65% of the patients 
were women. Table 1 shows the meteorological data dur-
ing the treatment period.

Univariate analysis results
Regardless increase in the mean temperature, daily high-
est temperature, or daily minimum temperature, the 
treatment frequency of patients showed a significant 
increase (OR: 1.02, 95% CI: 1.01–1.04, p < 0.01; OR: 1.04, 
95% CI: 1.02–1.05, p < 0.01; OR: 1.01, 95% CI: 1.01–1.02, 
p < 0.01). In addition, as barometric pressure increased, 
the treatment frequency decreased (OR: 0.99, 95% CI: 
0.98–1.00, p = 0.03). There were no significant effects of 
diurnal temperature range, humidity, or daily precipita-
tion on medical status (Table 2).

Multivariable analysis results
Pearson’s correlation analysis showed that besides the 
correlation between mean temperature, daily highest 

temperature, and daily minimum temperature (correla-
tion coefficient = 0.82 ~ 0.94), other meteorological fac-
tors showed low correlations with each other. To avoid 
issues with collinearity, we only included the daily high-
est temperature in the multivariable analysis (Table 3).

When the daily highest temperature, diurnal tempera-
ture range, humidity, barometric pressure, and daily pre-
cipitation were analysed together, it was found that when 
the daily highest temperature increased, the frequency of 
PT also increased (OR: 1.07, 95% CI: 1.04–1.10, p < 0.01). 
In addition, when the daily precipitation increased, the 
frequency of PT decreased (OR: 0.95, 95% CI: 0.92–0.98, 
p < 0.01). The diurnal temperature range, relative humid-
ity, and barometric pressure did not show any significant 
effects (Table 4).

When the daily highest temperature, diurnal tempera-
ture range, humidity, barometric pressure, and daily pre-
cipitation were analysed together, it was found that when 
the daily highest temperature increased, the frequency of 
PT also increased (OR: 1.07, 95% CI: 1.04–1.10, p < 0.01). 
In addition, when the daily precipitation increased, the 
frequency of PT decreased (OR: 0.95, 95% CI: 0.92–0.98, 
p < 0.01). The diurnal temperature range, relative humid-
ity, and barometric pressure did not show any significant 
effects (Table 4).

Temperature stratification results
Under different temperature conditions, diurnal temper-
ature range and relative humidity affected the treatment 
frequency. The mean temperature value was 23 °C, which 
was used as a cut-off point for hot and cold weather. 
Univariate analysis revealed that during hot weather, 
increased diurnal temperature range increased the treat-
ment frequency (OR: 1.25, 95% CI: 1.03–1.52, p = 0.03). 
Multivariable analysis showed that the higher the diurnal 
temperature range and humidity, the higher the treat-
ment frequency (OR: 1.48, 95% CI: 1.15–1.90, p < 0.01; 

Table 1  Demographic characteristics of participants and 
meteorological factors

Characteristics (n = 8,130) Mean ± SD or Number (%)

Age (years) 59.78 ± 14.71

Gender: female (%) 5,258 (65%)

Frequency of PT (times/month) 5.07 ± 5.79 Quartile
25 50 75

0.90 2.80 6.91

Meteorological factors Mean ± SD
Mean temperature (°C) 23.04 ± 4.77

Daily highest temperature (°C) 31.35 ± 3.75

Daily minimum temperature (°C) 20.62 ± 6.18

Diurnal temperature range (°C) 2.97 ± 0.65

Relative humidity (%) 76.74 ± 5.86

Barometric pressure (hPa) 1,004.73 ± 15.78

Daily precipitation (mm) 2.29 ± 2.19

Table 2  Univariate analysis: meteorologic exposures and 
frequency of PT

*  p < 0.05

Odds Ratio (95% CI) SE z P

Mean temperature (°C) 1.02 (1.01–1.04) 0.01 3.83  < 0.01*

Daily highest temperature 
(°C)

1.04 (1.02–1.05) 0.01 4.59  < 0.01*

Daily minimum tempera‑
ture (°C)

1.01 (1.01–1.02) 0.01 3.09  < 0.01*

Diurnal temperature range 
(°C)

1.11 (1.00–1.23) 0.06 1.90 0.06

Relative humidity (%) 0.99 (0.98–1.01) 0.01 -0.76 0.45

Barometric pressure (hPa) 0.99 (0.98–1.00) 0.01 -2.13 0.03*

Daily precipitation (mm) 0.99 (0.96–1.01) 0.01 -0.94 0.35
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OR: 1.05, 95% CI: 1.02–1.08, p < 0.01). Univariate analy-
sis found that during cold weather, increased humidity 
resulted in decreased treatment frequency (OR: 0.98, 95% 
CI: 0.96–1.00, p = 0.03). When other meteorological fac-
tors were combined, increases in the diurnal temperature 
range and humidity resulted in a decrease in treatment 

frequency (OR: 0.66, 95% CI: 0.54–0.82, p < 0.01; OR: 
0.97, 95% CI: 0.94–0.99, p < 0.01) (Table 5).

Supplementary information: Stratified multivariable 
analysis (dividing the regions into 3 groups and 4 groups 
by tertile and quartile of mean temperature as a cut-off 
point): meteorologic exposures and frequency of PT. The 
results were showed in Supplement 1 & Supplement 2.

Discussion
This study investigated the influence of weather changes 
in tropical and subtropical regions on PT resource uti-
lisation among OA patients. We found that higher tem-
peratures increased PT utilisation among OA patients. 
Barometric pressure, and daily precipitation had incon-
sistent effect on PT utilisation under different analyses, 
and its impact was smaller than the influence of tem-
perature. Additionally, the effects of other meteorologi-
cal factors altered with the mean temperature changes. 
In hotter weather (> 23  °C), higher diurnal tempera-
ture range and humidity resulted in increased PT use. 

Table 3  Correlation coefficients between meteorological factors

**  p < 0.01

Mean 
temperature

Daily highest 
temperature

Daily 
minimum 
temperature

Diurnal 
temperature 
range

Relative humidity Barometric 
pressure

Daily 
precipitation

Mean temperature 1 0.88** 0.94** 0.23** -0.25** -0.13** 0.45**

Daily highest temperature 0.88** 1 0.82** 0.32** -0.15** -0.27** 0.47**

Daily minimum temperature 0.94** 0.82** 1 0.25** -0.23** -0.24** 0.43**

Diurnal temperature range 0.23** 0.32** 0.25** 1 -0.37** -0.07** 0.03**

Relative humidity -0.25** -0.15** -0.23** -0.37** 1 -0.28** 0.26**

Barometric pressure -0.13** -0.27** -0.24** -0.07** -0.28** 1 -0.31**

Daily precipitation 0.45** 0.47** 0.43** 0.03** 0.26** -0.31** 1

Table 4  Multivariable analysis: meteorologic exposures and 
frequency of PT

*  p < 0.05

Odds Ratio (95% CI) SE Z P

Daily highest temperature 
(∘C)

1.07 (1.04–1.10) 0.01 4.89  < 0.01*

Diurnal temperature range 
(∘C)

1.01 (0.89–1.15) 0.07 0.13 0.89

Relative humidity (%) 1.01 (1.00–1.02) 0.01 1.28 0.20

Barometric pressure (hPa) 1.01 (1.00–1.03) 0.01 1.47 0.14

Daily precipitation (mm) 0.95 (0.92–0.98) 0.02 -2.99  < 0.01*

Table 5  Univariate and Multivariable analysis (23 °C used as a cut-off point): meteorologic exposures and frequency of PT

*  p < 0.05

Temperature stratification Univariate (non-adjust) analysis Multivariable (adjust) analysis

Odds Ratio (95% CI) P value Odds Ratio (95% CI) P value

Mean temperature > 23 °C Daily highest temperature 1.02 (0.97–1.07) 0.43 1.01 (0.94–1.08) 0.75

Diurnal temperature range 1.25 (1.03–1.52) 0.03* 1.48 (1.15–1.90)  < 0.01*

Relative humidity 1.02 (1.00–1.04) 0.09 1.05 (1.02–1.08)  < 0.01*

Barometric pressure 1.00 (0.98–1.02) 0.99 1.01 (0.99–1.04) 0.31

Daily precipitation 0.99 (0.95–1.02) 0.40 0.96 (0.92–1.00) 0.05

Mean temperature < 23 °C Daily highest temperature 1.05 (1.02–1.08)  < 0.01* 1.09 (1.04–1.13)  < 0.01*

Diurnal temperature range 0.88 (0.74–1.04) 0.14 0.66 (0.54–0.82)  < 0.01*

Relative humidity 0.98 (0.96–1.00) 0.03* 0.97 (0.94–0.99)  < 0.01*

Barometric pressure 1.00 (0.98–1.02) 0.94 1.01 (0.98–1.04) 0.36

Daily precipitation 0.96 (0.89–1.03) 0.26 0.93 (0.85–1.02) 0.11
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However, in colder weather (< 23 °C), reverse effects were 
observed.

Previous studies have found that cold weather could 
result in worsened symptoms [21, 22, 29, 31]. In addition 
to its effect on the musculoskeletal system, temperature 
drop increased the pain perception of the central nerv-
ous system [32]. With regards to the effects of barometric 
pressure on OA, Peultier et al. compiled relevant articles 
and found seven articles that revealed that there was a 
significant correlation between barometric pressure and 
symptoms. However, the results of these studies were not 
consistent in that some found that increased baromet-
ric pressure resulted in greater symptom severity, while 
other studies found that low barometric pressure aggra-
vated pain [28]. Another study revealed that an increased 
relative humidity increased the Western Ontario 
McMaster Universities Osteoarthritis Index (WOMAC) 
pain score among OA patients [29]. Moreover, a previ-
ous study showed that there were significant associations 
between joint pain and daily average humidity, and this 
effect increased during cold conditions [25].

As mentioned above, OA patients should experience 
worsening symptoms when the weather is colder or when 
humidity is higher. OA patients require more PT at these 
times. On the contrary, in our research, we found that 
patients reduced their use of PT during cold weather as 
well as high humidity conditions. These findings indi-
cate that the frequency of PT among OA patients may be 
most affected by medical accessibility, rather than tempo-
rary changes in symptoms.

How does weather affect medical accessibility? 
Previous studies have focused on two aspects. First, 
extreme weather or catastrophic climate increases 
the difficulty of transportation and affects the con-
venience of outdoor activities to reach medical insti-
tutions [33]. Bad weather, such as extreme heat, rainy 
days and typhoons, may decrease the patients’ desire 
to go out and seek regular outpatient treatment [34]. 
Second, under adverse weather conditions, the rap-
idly increased number of patients availing medical 
treatment may lead to shortage of resource and fur-
ther hinder other people to access healthcare services 
[35]. However, these theories seem to be insufficient 
to explain why changes in temperature and humidity 
affect the use of PT in Taiwan.

Rain may affect the convenience of transportation or 
decrease the willingness to leave home for medical treat-
ment. But these findings were not robust in our study. 
The possible reasons are as follows: 1. Daily precipitation 
does not represent how long it rained and when it rained. 
In Taiwan, people can choose anytime to receive PT dur-
ing operating hours of medical hospitals or clinics, even 
without advance appointment. Due to this reason, if it 

doesn’t rain for a whole day and night, patients can still 
go out for treatment when the rain stops. 2. Hospital or 
clinics for rehabilitation are extremely dense in Taiwan. 
The inconvenience caused by rain may be reduced by the 
short distance from home to hospital.

In Taiwan, patients usually receive PT anytime they 
want without an appointment. Therefore, relatively 
uncomfortable weather may cause patients to choose 
another day for treatment. In addition, since Taiwan is 
located at the border of subtropical and tropical regions, 
most air-conditioning systems in hospitals provide cool-
ing rather than heating functions. In scorching weather, 
the air-conditioned hospital environment provides 
patients with a greater incentive to receive treatment. In 
contrast, cold and clammy weather makes patients less 
willing to go out, and their discomfort is not relieved by 
arriving at the medical facility. Therefore, even if patients 
experience more physical discomfort, they do not utilise 
PT. Another reason why patients avail their PT treatment 
on days with higher daily highest temperature during 
cold weather conditions is that the weather is relatively 
more comfortable for patients to go outside.

Although pain and joint stiffness decrease the walk-
ing ability and endurance, which may reduce accessibil-
ity of medical services, worsening symptoms should be a 
stronger driving force for patients to receive treatment. 
The PT utilisation, contrary to clinical symptoms, indi-
cates that the greatest influence on the utilisation of PT 
among OA patients is not based on the severity of symp-
toms, rather it is external weather conditions. Future 
studies may explore whether PT utilisation in regions 
with relatively adequate medical treatment is restricted 
by medical accessibility or subject to overuse.

Study Limitations
This is a nationwide study with the advantage that health 
insurance coverage is as high as 99%. Therefore, sufficient 
patient consultation data were obtained. In addition, this 
study used a case-crossover design to exclude measur-
able and unmeasurable confounding variables. However, 
although case-crossover study design can help us elimi-
nate the interference caused by individual differences, the 
new changes that individuals produce during the overall 
study period may still interfere the results. This study has 
the following limitations: 1) The individual exposure may 
not be completely consistent with the environment of the 
meteorological station. Moreover, we were also unable to 
confirm whether the patients spent the majority of their 
time in air-conditioned environments. However, the cov-
erage of meteorological stations in Taiwan is very exten-
sive, and the reliability of the data should be higher than 
those observed in previous studies. 2) Because weather 
may change a lot during a month, our results can only 
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explain the tendency of patients to receive physical ther-
apy in a wider range of climatic conditions, rather than 
the impact from immediate weather changes. We need 
further studies to investigate the influence of weather 
fluctuations on the accessibility of PT. 3) The effects of 
temperature on accessibility of PT may tend to be non-
linear, and our analysis model may not be completely 
suitable. However, we used stratified analysis to explore 
the effects of various meteorological factors under differ-
ent temperature ranges. And it should be able to express 
the influence of various meteorological factors under dif-
ferent conditions. 4) The climate of Taiwan tends to be 
hotter than most other countries, hence, the results may 
not be extrapolated to other non-tropical regions. We 
recommend that future studies investigate the effects of 
meteorological factors in low temperature conditions, 
which may provide a better understanding of the effects 
of various meteorological factors on PT utilisation. 5) 
The utilisation of medical resources varies greatly among 
different medical insurance systems. Medical resources 
are relatively cheaper and easier to obtain for patients in 
Taiwan. Therefore, our research results should only be 
analogous to countries with relatively sufficient rehabili-
tation medical resources.

Conclusion
In tropical and subtropical regions, increases in tem-
perature may be associated with increased PT utilisation 
among OA patients. During hotter weather, increases in 
diurnal temperature range and humidity are associated 
with increased PT use. In colder weather, increases in 
diurnal temperature range and humidity are associated 
with less PT use. This result is contrary to our perception 
of the influence of weather on OA symptoms, which may 
indicate that the impact of climate on medical accessibil-
ity is greater than the influence of the symptoms. More 
studies are required to prove the effects of various mete-
orological factors on PT utilisation under different tem-
perature conditions.
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