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Abstract 

Background:  Patients with ankylosing spondylitis (AS) have reported that their pain becomes worse when the local 
weather changes. However, there is limited evidence verifying the short-term associations between meteorological 
factors and outpatient visits for patients with AS. Therefore, this study evaluates this possible association.

Methods:  Meteorological data and data on daily AS outpatient visits to a general hospital in Hefei, China, from 
2014 to 2019 were collected and analysed. Distributed lag nonlinear models and Poisson regression models were 
employed to determine the association between weather conditions and outpatient visits; the results were also strati-
fied by gender and age.

Results:  High relative humidity is significantly associated with all patient visits in lag 1 (RR = 1.113, 95% CI 1.021 
to 1.213) and lag 7 days (RR = 1.115, 95% CI 1.014 to 1.227). A low relative risk to the nadir is observed in lag 4 days 
(RR = 0.920, 95% CI 0.862 to 0.983). Male and young patients (< 65 years) are more vulnerable to damp weather, and 
elderly people (≥ 65 years) are significantly affected by high temperatures in lag 7 days (RR = 3.004, 95% CI 1.201 to 
7.510).

Conclusions:  Our findings suggest a potential relationship between exposure to weather conditions and increased 
risk of AS outpatient visits. These results can aid hospitals in preparing for and managing hospital visits by AS patients 
when the local weather conditions change.

Keywords:  Weather conditions, Ankylosing spondylitis, Relative humidity, Temperature, Distributed lag nonlinear 
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Background
Ankylosing spondylitis (AS) is a chronic autoinflam-
matory rheumatic disease with high morbidity and dis-
ability rates [1]. Features such as immunoinflammatory 
responses and abnormal bone remodelling are AS’s 
manifestations [2]. Many AS patients believe that their 
symptoms of pain become worse during changes in local 

weather conditions. Previous studies have investigated 
the relationship between joint pain symptoms in AS and 
several weather factors, including temperature, humidity, 
rainfall, and atmospheric pressure [3, 4]. However, most 
of these studies have been based on the use of question-
naires, which can only represent the feelings of patients 
and their memories, and results are generally inconclu-
sive and remain controversial.

Some studies suggest that the human body and atmos-
pheric conditions are in a continual state of physical and 
chemical interaction [5], and weather conditions can have 
positive or negative effects on human health [6, 7]. Many 
epidemiological studies have focused on the relationship 
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between weather or climate and human health, and the 
impacts of the following has been studied: weather con-
ditions [8–10], seasonal variations [11, 12], air pollution 
[13, 14], and airborne allergens [15, 16]. Evidence sug-
gests that exposure to atmospheric changes and climate 
elements presents significant risks to more highly vulner-
able population groups.

Researchers have recently begun to explore the asso-
ciation between meteorological conditions and the 
healthcare-seeking behaviour of patients with joint pain. 
Because most patients with joint pain choose to visit the 
outpatient unit first, outpatient visits are often studied 
as an important indicator of healthcare-seeking behav-
iour. Local weather conditions, such as rainfall, have 
been found to be closely associated with outpatient vis-
its for joint and back pain in a large patient population 
[17]. However, the effect of weather on AS outpatient vis-
its has not been adequately considered. This time-series 
study aimed to assess the associations between short-
term weather conditions and AS outpatient visits to a 
hospital in Hefei, China. Changes in the number of AS 
outpatient visits associated with temperature and relative 
humidity from 2014 to 2019 were quantitatively assessed, 
and the impact of gender and age on these effects was 
also examined.

Methods
Study area and population
This study was reviewed and approved by the institu-
tional committee of the First Affiliated Hospital of Anhui 
University of Chinese Medicine on research ethics (No. 
2020AH-08), and it conforms to the ethical guidelines 
of the 1975 Declaration of Helsinki. The informed con-
sent was waived by the institutional committee of the 
First Hospital Affiliated to the Anhui University of Chi-
nese Medicine on research ethics because any variables 
regarding privacy were not collected. We conducted this 
time-series study in Hefei, the capital of Anhui Prov-
ince, China (31°52ʹN, 117°17ʹE), which covers 11,445.1 
km2 and has a resident population of over 8.189 million 
(2019). Hefei has a subtropical humid monsoon climate 
with distinctive seasons.

Data collection
The data of the daily number of outpatients who had 
been given a primary diagnosis of AS between January 
1, 2014, and December 31, 2019, were collected from the 
First Affiliated Hospital of Anhui University of Chinese 
Medicine. Patient data included gender, age, residential 
address, date of visit, diagnosis, and electronic medical 
record. The diagnostic classification of AS was accord-
ing to the modified New York criteria [18]. In order to 
determine the valid outpatient records, we applied the 

following exclusion criteria: (1) scheduled and regular 
outpatient visits; (2) follow-up visits; (3) patients who did 
not take medicine according to the doctor’s advice; (4) 
patients whose residential addresses were not in Hefei; 
(5) patients who lacked demographic information (e.g. 
age, sex); or (6) patients without condition exacerbation. 
Finally, we included the following outpatient records: (1) 
patients with condition exacerbation, without therapeu-
tic schedule change; (2) patients with condition exacer-
bation, and increasing of drug doses or the initiation of 
a new drug for AS; (3) patients with condition exacer-
bation, and hospitalisation after visits. The whole data 
selection process was shown in Supplementary Fig-
ures S1. Locations of the hospital and patient residences 
are given in Fig. 1.

The meteorological data were obtained from the 
National Meteorological Information Center (http://​data.​
cma.​cn), and these included daily average temperature 
(°C), relative humidity (%), atmospheric pressure (hPa), 
and rainfall (mm), as the association between these and 
the exacerbation of AS symptoms has been previously 
noted by researchers.

Statistical analysis
AS outpatient visits and daily meteorological data were 
analysed using stratification factors to obtain descriptive 
statistics. The correlations between weather conditions 
during the study period were estimated using Spearman’s 
correlation coefficients because all these variables were 
not normally distributed. The daily number of AS outpa-
tient visits was linked with daily meteorological factors 
by date and then analysed for exposure–response asso-
ciations. As the daily count of outpatients approximately 
followed a Poisson distribution, we estimated the short-
term association between meteorological factors and 
outpatient visits by conducting a quasi-Poisson regres-
sion analysis using a distributed lag nonlinear model 
(DLNM) [19],

where Yt represents the observed count of AS out-
patient visits at day t; α is the intercept, l is the lag 
days, TEMt,l is the cross-basis function for mean tem-
perature, and ns(Timet, 8× 6) represents a natural 
cubic spline with 8 degrees of freedom (df ) per year for 
the time taken to control for long-term and seasonality 
trends. Other environmental confounding variables are 
adjusted for using a natural cubic spline with 3 df for 
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relative humidity ( RHU t ), atmospheric pressure ( PRSt ), 
and rainfall ( RAFt ) [20, 21]; the day of the week ( DOWt : 
Monday to Sunday) and public holidays ( Holidayt : yes, 
no) are also adjusted as categorical variables. β , γ , and δ 
are the coefficients for the corresponding variables. The 
same approach was employed to examine the associa-
tion between AS outpatient visits and relative humidity, 
and the model formula was defined as:

We modelled the exposure–response relationship, 
taking each variable’s mean values as the reference 
value [22]. The effects of low and high weather variables 
were estimated by calculating the risk of AS outpatient 
visits at the 1st and 99th percentiles of variables relative 
to the mean values [21].

It was reported that rheumatic patients would exac-
erbate symptoms within one week after temperature 
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and humidity change, and we assessed the lagged effect 
up to 7  days following the start of these two variables 
to explore whether the effect of the weather condition 
was immediate or delayed [23, 24]. Furthermore, we 
explored the potential effect of AS risk modification 
using age (< 65 years and ≥ 65 years) and gender (male 
and female) [24].

We conducted various sensitivity analyses, varying the 
df (7–9 per year) for time to control for long-term and 
seasonality trends as well as df (3–5) for potential con-
founding environmental factors to test the robustness 
of our results. P < 0.05 was considered statistically sig-
nificant in all analyses. All statistical analyses were con-
ducted with R software (version 3.6.3) using the package 
dlnm (version 2.4.2).

Results
Tables 1 and 2 present a summary of the statistics asso-
ciated with the demographics of AS outpatient visit data 
and meteorological data obtained during the study period 
in Hefei, China. Patients were found to be predominantly 

Fig. 1  Location of the First Affiliated Hospital of Anhui University of Chinese Medicine and Residential Locations of AS patients
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male (70.57%) and younger than 65  years old (96.83%). 
Average daily temperature, relative humidity, and atmos-
pheric pressure were 16.90  °C, 75.02%, 1012.51  hPa, 
respectively. The median rainfall was 0.00 mm. The time-
series distribution of these weather variables and outpa-
tient visits are shown in Fig. 2.

Table 3 shows the correlation coefficients of several of 
the meteorological variables. Average temperature was 
positively correlated with relative humidity (r = 0.07, 
P = 0.001) and negatively correlated with atmospheric 
pressure (r = -0.90, P < 0.001). Relative humidity was neg-
atively correlated with atmospheric pressure (r = -0.22, 
P < 0.001), but positively correlated with rainfall (r = 0.64, 
P < 0.001). Atmospheric pressure and rainfall were nega-
tively correlated with each other (r = -0.11, P < 0.001).

The bi-dimensional exposure-lag-response associations 
between weather variables and outpatient visits for AS 
are shown in Fig. 3. The results show nonlinear relation-
ships between weather variables’ values and outpatient 
visits.

Figures  4 and 5 show quantitative estimates of the 
effects of low and high temperature on outpatient vis-
its for AS in different subgroups and on different lag 
days. The specific values are shown in Supplementary 

Tables  S1. It is considered likely that high temperature 
in the previous one week affects the healthcare-seeking 
behaviour of elderly patients (lag 6: RR = 1.761, 95% CI 
1.130 to 2.744; lag 7: RR = 3.004, 95% CI 1.201 to 7.510), 
but no statistically significant relationship is evident 
between low temperature and AS cases in any of the pop-
ulation groups. This indicated that, relative to 16.90  °C, 
high temperature (32.9  °C) was associated with a 76.1% 
increase in the number of elderly outpatient visits on lag 
6 days. The correlation between temperature and atmos-
pheric pressure was high, thus the RR value was analysed 
without atmospheric pressure, and no significant differ-
ence was found.

There is no statistically significant association between 
low relative humidity and outpatient visits (Fig.  6). Fig-
ure 7 shows that high relative humidity was significantly 
associated with all patient visits on lag 1 (RR = 1.121, 
95% CI 1.029 to 1.221) and lag 7  days (RR = 1.121, 95% 
CI 1.020 to 1.232), predominantly for male patients and 
young patients, and high relative humidity showed a neg-
ative association with the nadir on lag 4 days (RR = 0.916, 
95% CI 0.858 to 0.978). The specific values are shown in 
Supplementary Table S2.

The sensitivity analysis results are shown in the supple-
mentary material (Supplementary Figures S2–S17). Gen-
erally, the effects of environmental factors on outpatient 
visits for AS were robust to variations in the df for time 
trends and meteorological factors.

Discussion
A time-series study was conducted to investigate the 
association between 7,058 AS outpatient visits and cer-
tain meteorological factors during 2014 and 2019 in 
Hefei city, China. A relationship was found between a 
high humidity event and an increase in the number of AS 
patients visiting the hospital the following day or seven 
days later. Males and young patients are more suscepti-
ble to a rise in humidity than other groups. A significant 
positive association was also observed between high tem-
perature events and elderly patients attending hospital on 
lag 6 and 7 days.

To the best of our knowledge, few studies have ana-
lysed the relationship between AS and meteorological 

Table 1  Demographic characteristics of AS patient visiting the 
First Affiliated Hospital of Anhui University of Chinese Medicine in 
Hefei, China, from January 2014 to December 2019

Number of cases Percentage (%)

Outpatient 7058

Age, years (Mean ± SD) 37.44 ± 12.06

  0–64 years 6834 96.83

  65 + years 224 3.17

Gender

  Male 4981 70.57

  Female 2077 29.43

Season

  Spring (Mar–May) 1973 27.95

  Summer (Jun–Aug) 1882 26.66

  Autumn (Sep–Nov) 1643 23.28

  Winter (Dec–Feb) 1560 22.11

Table 2  Statistics of meteorological variables in Hefei, China, from January 2014 to December 2019

The ‘rainfall’ was not disturbed normally

Mean SD Min P25 P50 P75 Max

Temperature (°C) 16.90 9.17 –6.00 8.80 17.80 24.55 35.60

Relative humidity (%) 75.02 12.73 32.00 67.00 76.00 85.00 100

Atmospheric pressure (hPa) 1012.51 9.53 988.00 1004.00 1012.00 1020.00 1040.00

Rainfall (mm) – – 0.00 0.00 0.00 0.50 146.00
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factors; although, research has investigated the rela-
tionship between weather conditions and rheumatic 
pain. For example, a questionnaire survey among 394 
rheumatic patients in Romania suggested that most 
people reported an intensification in pain when the 
weather deteriorated, and this was significant with an 
increase in humidity or decrease in temperature [25]. 
A retrospective cohort study concluded that rainfall 
exacerbated the joint pain of patients with rheumatoid 

arthritis to the extent that some were re-admitted to 
the hospital [24].

However, the questionnaire surveys and hospi-
tal admission numbers enable only a small propor-
tion of populations affected by weather conditions to 
be detected because only people with severe disease or 
specific conditions tend to be included [26]. According 
to the 2019 China Health Statistics Yearbook, hospital 
outpatient and emergency visits accounted for nearly 

Fig. 2  Time-series distribution of daily temperature, relative humidity, wind speed, atmospheric pressure, rainfall, and AS outpatient visits in Hefei, 
China, from January 2014 to December 2019
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95% of the total number of hospital visits, while hos-
pital admissions only accounted for 2.4%. It is also 
notable that the number of patients hospitalised may 
not vary appreciably from day to day because people 
in China prefer to be admitted to high-level hospitals, 
so approximating a saturation for inpatient beds [27]. 
Therefore, we investigated outpatient and emergency 
visits instead of hospital admissions, which yield high 
levels of coverage by including cases with less severe 
diseases or conditions [26].

The results of this study suggest that high humidity 
leads to a lagged increase in outpatient visits. Previous 
studies have also shown that rainy or damp weather can 
exacerbate joint pain symptoms, acting as a trigger for 

patients compelling them to attend the hospital [17, 24]. 
One theory suggests that tendons, muscles, bones, and 
areas of scarring have different densities and that cold 
and damp weather has different effects on the expan-
sion and contraction of different tissue types, which can 
cause micro-trauma and pain [28]. Another related study 
indicated that ambient temperature and high relative 
humidity can increase the expression of VEGF and IL-1 
in articular cartilage, which might influence the promo-
tion, pathological course, and severity of AS in patients 
[29]. We found a significant increase in the number of 
patients attending the hospital on the second and seventh 
days after the onset of high humidity. However, 4 days 
after the onset, the number of AS outpatients reached a 
nadir point. The reasons for such intriguing results were 
further assessed.

Xie et al. [24] believe that rainy or damp weather not 
only worsens the symptoms of joint pain but also makes 
it more difficult for patients to visit the hospital. There-
fore, patients that are severely affected wait to see a 
doctor on the following day, and patients with less pain 
choose to make an appointment for outpatient service 
one week later. It has also been reported that signifi-
cantly more people attend emergency departments on 
fair weather days (warm, dry, and sunny) than on bad 
weather days (cool, rainy, and dull) [30], which is con-
sistent with our interpretation. However, it remains 
unclear why outpatient visits decreased on the fourth 

Table 3  Spearman correlation coefficients between 
meteorological variables in Hefei, China, from January 2014 to 
December 2019

TEM Temperature, RHU Relative humidity, PRS Atmospheric pressure, RAF Rainfall

Variables r P

TEM RHU 0.07 0.001

TEM PRS –0.90  < 0.001

TEM RAF –0.04 0.071

RHU PRS –0.22  < 0.001

RHU RAF 0.64  < 0.001

PRS RAF –0.11  < 0.001

Fig. 3  Bi-dimensional exposure-lag-response surfaces between each meteorological variable and AS outpatient visits
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day following the event. We speculate that the hospi-
tal patient population is relatively fixed and that most 
patients may not re-visit a doctor in the short term after 
treatment. As a result, the number of AS outpatient vis-
its is expected to decrease significantly after the peak. 
However, this remains inconclusive and requires further 

investigation considering wider populations. The gender 
and age stratifying analysis showed that the behaviour of 
only male and young patients (< 65  years) was consist-
ent with this result, as they may be more vulnerable to 
damp environments because they are more likely to be 
outdoors [31].

Fig. 4  Effects of low temperature (-1 °C) on AS outpatient visits on lag days 0–7

Fig. 5  Effects of high temperature (32.9 °C) on AS outpatient visits on lag days 0–7
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In contrast with previous studies, we found no sig-
nificant relationship between low temperature and AS 
outpatient visits. However, 6 to 7 days after a high tem-
perature event, the number of elderly patients increased 
sharply. Most people in China have air conditioning; 

therefore, low temperatures do not have a significant 
impact on people. However, air conditioning can cause 
the environment to become cold in summer, which could 
exacerbate symptoms in elderly patients. Fernandes et al. 
[32] provided evidence that such a change in temperature 

Fig. 6  Effects of low relative humidity (42%) on AS outpatient visits on lag days 0–7

Fig. 7  Effects of high relative humidity (98%) on AS outpatient visits on lag days 0–7
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could increase blood flow and affect the sensitivity of 
arthritis patients to pain. In this respect, elderly people 
over the age of 65 are more vulnerable and sensitive [33].

Our study has several limitations. As in most previ-
ous time-series studies, we averaged the measurements 
across various fixed-site stations as the proxy for the 
population exposure level to weather conditions in Hefei. 
The simple averaging method could result in apparent 
exposure measurement errors. Additionally, monitoring 
measurements can differ from location to location and 
on a personal exposure level [27]. Another limitation is 
that we lacked the clinical data associated with disease 
activity and could only use the exclusion criteria and 
identified outpatient record categories to determine the 
valid outpatient records. Finally, we conducted our study 
in one hospital within a city, which reduces the general-
isability of our results in other contexts; therefore, cau-
tion should be practiced when generalising our results for 
other areas or populations.

Conclusion
AS is a painful disease, and associated medical costs are 
high. We herein investigated the evidence for a signifi-
cant and nonlinear relationship between weather con-
ditions and outpatient visits for AS using a time-series 
method. This study suggests that damp weather may 
cause an increase in the number of AS patients visiting 
the hospital. However, the effects differ depending on age 
and gender. The results show that 6 to 7 days after a high 
temperature event, there may be a surge in the number of 
elderly patients visiting hospitals. We suggest that policy-
makers reformulate their policies on exposure to weather 
conditions to assist hospitals in managing AS patient vis-
its, and physicians could consider environmental factors 
in treatments for AS patients.
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