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Background: Urolithiasis is a common disease with high prevalence and 
recurrence. Its incidence varies in different geographic lo‑
cations, and there are evidences that meteorological factors 
also affect urinary stone formation. The aim of this study is 
to analyze the effects of climate parameters on the numbers 
of shockwave treatments for urinary stones in our hospital, 
in order to understand the effects of these parameters on 
the prevalence of urolithiasis in northern Taiwan.

Methods: We retrospectively reviewed the records of extracorporeal 
shockwave lithotripsy (ESWL) performed in our hospital 
from December 2006 to November 2011. Repeated ESWL 
performed in the same patient within 1 month was excluded, 
and we only counted as one ESWL in our study. Climate 
data of the corresponding months were collected from Cen‑
tral Weather Bureau. The available monthly meteorological 
data included highest, lowest, and average temperatures, 
humidity, rainfall, total rain days, sunshine hours, average atmospheric pressure, and wind speed.

Results: Monthly ESWL number was positively correlated to temperature (r = 0.696), sunshine 
hours (r = 0.515), and wind speed (r = 0.369), while it was negatively correlated to humid‑
ity (r  = –0.441)  and  atmospheric pressure  (r  = –0.568). Average monthly  temperature had  the 
strongest correlation to ESWL number (r2 = 0.484). Monthly rainfall and rain days were not signifi‑
cantly correlated to ESWL number. To investigate the climate parameters together, we introduced 
these correlated factors into the multivariate linear regression model which demonstrated only 
temperature (ß = 1.438, 95% CI: 3.703‑9.144, p < 0.001) and atmospheric pressure (ß = 0.803, 
95% CI: 0.790‑5.428, p = 0.010) to be independently related to monthly ESWL number.

Conclusion: Temperature and atmospheric pressure are associated with monthly ESWL number. Ambient tempera‑
ture is the most important climate factor affecting the prevalence of urolithiasis in northern Taiwan.

 (Biomed J 2014;37:24-30)
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At a Glance Commentary

Scientific background of the subject

Urinary stone is a common disease 
with high recurrent rate. Geographic 
location affects the seasonal variation of 
urolithiasis. Reports have shown the effects 
of temperature, atmospheric pressure and 
sunshine on acute colic attacks.

What this study adds to the field

This study showed the ambient tem‑
perature is the most important climate fac‑
tor affecting the prevalence of urolithiasis 
in northern Taiwan.

Urolithiasis is a common disorder with lifetime preva‑
lence of 7% in women and 12% in men in the USA 

and 3‑4% in women and 6‑9% in men in the other Western 
countries.[1,2] Males are prone to urinary stone disease, 

with a male‑to‑female ratio about 2‑3:1 according to a 
US survey.[1] The recurrence rates after first colic episode 
are 10% within 1 year, 35% in 5 years, 40% by 5 years, 
and 75% at 20 years.[3,4] As a result of the high prevalence 
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and recurrence, the treatment and work‑time loss related 
to urolithiasis cost more than $5 billion annually in the 
USA.[5] According to the 2010 annual report of National 
Health Insurance in Taiwan, 247,062 men and 129,335 
women used healthcare with urolithiasis (ICD‑9 codes 
592 and 594) as the primary diagnosis and consumed 
4.35 billion NT dollars or 0.86% of the healthcare budget. 
Therefore, understanding the epidemiology of urolithiasis 
is of crucial importance to reduce its attacks and related 
socioeconomic losses.

Geographic location affects the probability of forming 
urinary stones. The reported prevalence is 1‑5% in Asia, 
5‑9% in Europe, 13% in North America, and 20% in Saudi 
Arabia.[6] Regional differences are also noted within coun‑
tries, with higher occurrence of urinary calculi in regions 
with increased average temperature[7,8] and greater sunlight 
exposure.[9] Brikowski et al., estimated that the mean annual 
temperature accounts for 70% or more of the regional uroli‑
thiasis variability in the USA.[8] Seasonal variation in urinary 
stone presentation is well described in the literature. The 
acute presentation of urolithiasis is associated with higher 
ambient temperature,[10‑17] lower atmospheric pressure,[12,13] 
and longer sunshine.[17]

We observed the trend of increased urolithiasis during 
summer time. The aim of this study is to investigate the 
seasonal variation of urolithiasis in our hospital and further 
determine which climate factor(s) may be associated with 
urinary calculi formation.

METHODS

Patients

We retrospectively reviewed the records of extracor‑
poreal shockwave lithotripsy (ESWL) performed in our 
hospital from December 2006 to November 2011. Total 
number of ESWL procedures was recorded monthly dur‑
ing this 5‑year period. Repeated ESWL of the same patient 
within 1 month was excluded. This study does not retrieve 
personal information of the patients, and hence, is exempt 
from evaluation of the institutional review board.

Extracorporeal shockwave lithotripsy

ESWL was performed with LiteMed LM‑9200 ELMA 
lithotriptor (Lite‑Med Inc., Taipei, Taiwan) on out‑patient 
basis. Anesthesia was achieved with intravenous meperidine 
adjusted according to body weight. The patient remained 
clear conscious with continuous vital sign monitoring. Mid‑
azolam was added if the pain became intolerable. We used 
a crescendo energy ESWL program, starting with 16 keV 
on the first 300 shock waves and ending with 18 keV on 
the 2700th‑3000th shock waves. Intermittent real‑time fluo‑
roscopic imaging was used to monitor stone location, which 

allows us to adjust the patient position, if necessary. After 
ESWL, patients stayed in the observation room for 1 h and 
we encouraged the patient to drink 2‑3 L of water per day, 
if not contraindicated.

Climate data

Climate data of the corresponding months were collect‑
ed from Central Weather Bureau. We used the data recorded 
in the nearest weather station, which is only 13 km away 
from our hospital, rather than the national average to match 
geographic facts. The available monthly meteorological data 
included highest, lowest, and average temperature (mea‑
sured in degree Celsius), average relative humidity (recorded 
in percentage), total rainfall (measured in millimeters), total 
rain days (recorded in days), total sunshine hours (recorded 
in hours), average atmospheric pressure (measured in mBar, 
equivalent to 1 hPa in SI unit), and maximum 10‑min wind 
speed (measured in meters per second).

Statistical analysis

Correlations were used to check the association of each 
climate factor to total, male, and female monthly ESWL 
numbers. Univariate linear regressions of these correlations 
were applied to validate their linear relationship. Finally, 
we applied all these correlated factors into a multivariate 
linear regression model to examine which factor(s) affected 
the monthly ESWL number independently. The data were 
analyzed using SPSS, version 19, statistical software (IBM 
Corporation, Armonk, NY, USA). All tests were two‑tailed 
with statistical significance set at p < 0.05.

RESULTS

Monthly variations

ESWL and meteorological data are summarized 
according to the corresponding month in Table 1. Aver‑
age monthly ESWL number was the lowest in Febru‑
ary (73.8/month), increasing gradually and reaching 
the highest in July (135.0/month), and then declined 
steadily by February. Males constituted the major‑
ity (65.8‑75.2%) of the ESWL patients as the incidence 
of urolithiasis is higher in men. The average monthly 
temperature showed a similar pattern to the monthly 
ESWL  number,  with  the  lowest  (15.82�C)  in  January 
and highest  (29.58�C)  in  July. The variations of  highest 
monthly temperature (26.00�C‑37.52�C), lowest monthly 
temperature  (7.04�C‑24.02ºC),  and monthly  sunshine 
hours (81.64‑219.80 h) are also parallel to the monthly 
ESWL numbers. On the contrary, average monthly atmo‑
spheric pressure was the highest (1020.74 mBar) in January 
and lowest (1004.60 mBar) in August, while there was no 
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obvious seasonal association in monthly humidity, rainfall, 
and wind speed with the ESWL numbers.

When we plot the monthly ESWL numbers with meteo‑
rological parameters in the continuous 5‑year time period, 
as shown in Figure 1, the association between seasonal 
variations and ESWL can be demonstrated more clearly. The 
ESWL number was parallel to temperatures [Figure 1A‑C] 
and sunshine hours [Figure 1G], while it showed the opposite 
trend with atmospheric pressure [Figure 1F]. The relation‑
ships between ESWL number and the remaining parameters 
are not so apparent.

Correlations

In order to understand the association between ESWL 
and climate better, we examined the correlations between 
them. As shown in Figure 2 and Table 2, the monthly 
ESWL number was positively correlated to tempera‑
ture (r = 0.696, p < 0.001), sunshine hours (r = 0.515, 
p < 0.001), and wind speed (r = 0.369, p = 0.004), while 
it was negatively correlated to humidity (r  =  –0.441, 
p < 0.001) and atmospheric pressure (r  =  –0.568, 
p < 0.001). Average monthly temperature had the strongest 
correlation to ESWL number, with an r2 value of 0.484. 
Monthly rainfall and monthly rain days were not signifi‑
cantly correlated to ESWL number.

Linear regressions

The line of fit, which was generated by univariate 
linear regression, was plotted on each of the scatter plots 
in Figure 2. These lines further verified the linear relation‑
ship between the factor examined and the monthly ESWL 
number. Average temperature (ß = 3.110, p < 0.001), 
humidity (ß  =  –2.869, p < 0.001), atmospheric pres‑
sure (ß = –2.196, p < 0.001), sunshine hours (ß = 0.202, 

p < 0.001), and wind speed (ß = 5.361, p = 0.004) had 
significant linear relationship to monthly ESWL number. 
To investigate the climate parameters together, we intro‑
duced these correlated factors into the multivariate linear 
regression model to eliminate the possible interactions. 
Table 3 demonstrates that only temperature (ß = 1.438, 
95% CI: 3.703‑9.144, p < 0.001) and atmospheric pres‑
sure (ß = 0.803, 95% CI: 0.790‑5.428, p = 0.010) were 
independently related to monthly ESWL number. The 
roles of humidity, sunshine hours, and wind speed were 
no longer significant in the multivariate model.

DISCUSSION

Patients

Among the 6616 ESWLs we recorded, 4685 (70.81%) 
were in males and 1931 (29.19%) were in females. The 
male‑to‑female ratio after adjusting population was 2.47, 
which is similar to Soucie et al.’s report (M:F = 1.98) of 

Table 1: Average ESWL and meteorological factors according to month recorded

Month Average ESWL data Temperature (ºC) Humidity 
(%)

Rainfall 
(mm)

Pressure* 
(mBar)

Sun† 
(h)

Wind‡ 
(m/sec)Average ESWL Male (%) Female (%) Average High Low

Jan 85.4 64.2 (75.2) 21.2 (24.8) 15.82 26.00 7.04 77.40 89.88 1020.74 81.64 7.56
Feb 73.8 54.0 (73.2) 19.8 (26.8) 17.16 29.20 9.66 78.80 119.96 1016.98 88.70 7.06
March 102.6 69.0 (67.3) 33.6 (32.7) 18.46 31.22 10.00 76.20 164.10 1016.18 104.40 8.18
April 101.0 70.8 (70.1) 30.2 (29.9) 21.26 32.92 12.92 74.80 120.42 1013.24 101.54 7.84
May 111.8 80.4 (71.9) 31.4 (28.1) 25.14 35.16 16.70 73.00 169.06 1008.66 160.62 7.42
June 109.8 79.8 (72.7) 30.0 (27.3) 27.44 35.90 21.10 77.40 436.46 1005.74 136.08 7.50
July 135.0 97.6 (72.3) 37.4 (27.7) 29.58 37.52 24.02 72.20 159.32 1005.06 219.80 8.58
Aug 128.0 92.6 (72.3) 35.4 (27.7) 29.24 36.74 23.98 73.00 297.70 1004.60 200.24 9.38
Sept 127.4 88.4 (69.4) 39.0 (30.6) 28.02 35.24 22.68 72.00 331.74 1006.84 188.74 10.24
Oct 125.8 82.8 (65.8) 43.0 (34.2) 24.54 33.00 18.62 74.40 181.32 1012.72 96.40 8.42
Nov 113.0 77.4 (68.5) 35.6 (31.5) 21.38 31.18 14.16 75.60 152.80 1016.52 89.44 7.62
Dec 109.6 80.0 (73.0) 29.6 (27.0) 17.78 28.50 9.82 74.20 79.30 1018.42 117.82 6.66

Abbreviations: ESWL: Extracorporeal shockwave lithotripsy; *: Average atmospheric pressure; †: Monthly sunshine; ‡: Maximum 10‑min wind 
speed recorded

Table 2: Correlations of monthly climate factors to ESWL 
performed in the month

Male ESWL Female ESWL Total ESWL

r p r p r p

Average temperature 0.671 <0.001† 0.496 <0.001† 0.696 <0.001†

Highest temperature 0.522 <0.001† 0.439 <0.001† 0.563 <0.001†

Lowest temperature 0.666 <0.001† 0.507 <0.001† 0.697 <0.001†

Relative humidity –0.466 <0.001† –0.240 0.065 –0.441 <0.001†

Monthly rainfall 0.167 0.202 0.311 0.016* 0.248 0.056
Monthly rain days –0.238 0.067 –0.017 0.898 –0.183 0.162
Monthly sun hours 0.575 <0.001† 0.222 0.089 0.515 <0.001†

Atmospheric pressure –0.561 <0.001† –0.379 0.003† –0.568 <0.001†

Ten‑minute wind speed 0.290 0.025* 0.384 0.002† 0.369 0.004†

Abbreviations: ESWL: Extracorporeal shockwave lithotripsy; 
r: Pearson correlation, *p<0.05; †p<0.01


