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Review 

Objectives: In recent years, serious concerns have been raised regarding the impacts of rising temperatures on health. The present 

study was conducted to investigate the relationship between elevated temperatures and kidney disease through a systematic review 

and meta-analysis.

Methods: In October 2017, 2 researchers independently searched related studies in PubMed and Embase. A meta-analysis was con-

ducted using a random-effects model, including only studies that presented odds ratios, relative risks, or percentage changes, along 

with 95% confidence intervals (CIs). The characteristics of each study were summarized, and the Egger test and funnel plots were used 

to evaluate publication bias.

Results: Eleven studies that met the criteria were included in the final analysis. The pooled results suggest an increase of 30% (95% CI, 

20 to 40) in kidney disease morbidity with high temperatures. In a disease-specific subgroup analysis, statistically significant results 

were observed for both renal colic or kidney stones and other renal diseases. In a study design–specific subgroup analysis, statistically 

significant results were observed in both time-series analyses and studies with other designs. In a temperature measure–specific sub-

group analysis, significant results were likewise found for both studies using mean temperature measurements and studies measur-

ing heat waves or heat stress.

Conclusions: Our results indicate that morbidity due to kidney disease increases at high temperatures. We also found significant re-

sults in subgroup analyses. However, further time-series analyses are needed to obtain more generalizable evidence.  

Key words: High temperature, Kidney diseases, Systematic review, Meta-analysis 

Received: July 2, 2018 Accepted: November 1, 2018
Corresponding author: Yun-Chul Hong, MD, PhD
Department of Preventive Medicine, Seoul National University College 
of Medicine, 103 Daehak-ro, Jongno-gu, Seoul 03080, Korea 
E-mail: ychong1@snu.ac.kr

This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and repro-
duction in any medium, provided the original work is properly cited.

INTRODUCTION

Recent increases in global temperature have raised concerns 
regarding the impacts of high temperatures on health. How-
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ever, the impacts of extreme weather vary across regions [1,2]. 
Studies of the health effects of high temperatures have been 
conducted, but most were studies on mortality. Meanwhile, 
few studies have investigated the impacts of high tempera-
tures on morbidity [3-7]. 

Studying the health effects of rising temperatures can pro-
mote public health in multiple ways [3]. First, an understand-
ing of how temperature affects mortality and morbidity in 
various populations can help predict how temperature chang-
es will affect human health [3]. Based on these results, public 
health interventions can be targeted towards vulnerable sub-
groups [3,8]. Second, such analyses can provide new insights 
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into ways of reducing the socioeconomic burden associated 
with major chronic diseases, such as cardiovascular, respirato-
ry, and renal diseases [3,9].

An insufficient number of studies have investigated the re-
lationships of changes in temperature with the development 
of kidney disease [10]. In some studies, however, it has been 
documented that extremely hot weather can cause suscepti-
ble subjects to experience heat-related conditions, such as hy-
perthermia and heat stress or strain; meanwhile, adjusting the 
body temperature and circulation to cope with elevated tem-
peratures can put stress on the kidneys and impair the func-
tion of the renal system [11-17]. According to a study by Ko-
vats and Hajat [13], a remarkable spike in emergency admis-
sions for kidney disease occurred due to a rise in temperature. 
In particular, this tendency has been found in vulnerable 
groups in various studies [14-17]. For example, people who 
are at risk of developing kidney dysfunction, such as the elder-
ly, are at high risks of hyperthermia, electrolyte imbalance, de-
hydration, acute renal failure, heat stroke, and heat strain in 
extremely hot weather [10,13-17].

Although previous studies have shown associations be-
tween high temperatures and kidney disease, no systematic 
review and meta-analysis of the relationship between high 
temperatures and kidney disease has been conducted. There-
fore, this study aimed to evaluate the associations between 
high temperatures and morbidity due to kidney disease 
through a systematic review and meta-analysis.

METHODS

Study Selection
Two independent researchers (WSL and WSK; both medical 

doctors) searched for related studies in PubMed and Embase 
in October 2017, using the title index (TI). The search keywords 
were related to high temperatures (“hot” [TI] or “heat” [TI] or 
“temperature” [TI] or “warm” [TI]) and kidney disease (“nephro” 
[TI] or “kidney” [TI] or “renal” [TI] or “genitourinary” [TI] or “cal-
culus” [TI] or “hospital admission” [TI] or “hospitalization” [TI] or 
“emergency room visit” [TI] or “emergency department visit” 
[TI]). We used the TI because too many words such as “hot top-
ic” or “hot issue” or “hot pepper” appeared in full-text search-
ers. The search language was limited to English and Korean. 

The titles and abstracts of relevant studies were first re-
viewed, and then the whole text was reviewed. Two research-
ers independently checked each article, and if their opinions 

differed, a third researcher (YHL; PhD in health statistics) medi-
ated the final decision. The studies to be analyzed were limited 
to those on human populations and included all ages. The re-
search designs included in the analysis were case-crossover 
studies, cohort studies, and time-series analyses. We excluded 
reviews, letters, case reports, gray literature, pre-clinical stud-
ies, and studies without an abstract or full text [18]. We re-
quired the effect estimates of the studies to be presented as 
odds ratios (ORs), relative risks (RRs), or percentage changes, 
along with 95% confidence intervals (CIs).

Statistical Analysis
The results of the studies included in the analysis were sum-

marized and tabulated. In most studies, the efficacy estimates 
were expressed as ORs or RRs with 95% CIs, but percent chang-
es were reported in some studies [3]. The results presented as 
percent changes were converted to ORs. The summarized sta-
tistics are expressed as RRs with 95% CIs [3]. Some studies had 
thresholds and showed effects at temperatures above the thresh-
old. Temperatures presented in Fahrenheit (°F) were converted 
to Celsius (°C). The results extracted from the studies were trans-
formed to a logarithmic scale for the meta-analysis. Stata ver-
sion 14.2 (StataCorp., College Station, TX, USA) was used for the 
meta-analysis of all results.

If considerable heterogeneity was found between studies, we 
calculated the combined effect estimates by a random-effects 
model [3]. The I2 statistic was used to measure heterogeneity, 
which was classified as low when I2 was less than 25%, moder-
ate between 25% and 75%, and high at values of 75% or more 
[18]. In order to evaluate the possible demographic variables 
that could affect kidney disease, we performed subgroup anal-
yses for disease (renal colic or kidney stones vs. other kidney 
diseases), study design (time series vs. other study designs), and 
the temperature measure (mean temperature vs. heat wave or 
heat strain). For other kidney diseases and other study designs, 
the number of studies was too small for a more specific analy-
sis, so they were bundled into the category of ‘other.’ 

The Egger test was used to evaluate publication bias, and the 
degree of symmetry in the funnel plot was observed [19,20]. 
The p-value for statistical significance was derived from the 
Egger test.

Quality Assessment
The Newcastle-Ottawa Scale (NOS) was used to assess the 

quality of the studies. Because of the variable characteristics of 
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exposure to rising temperatures, it is difficult to study this is-
sue in a randomized manner, so all studies included in the 
analysis were observational. Assessing the quality of observa-
tional studies is essential for properly understanding their 
findings and the significance thereof. The NOS is a quality-as-
sessment measure developed by researchers at the University 
of Newcastle, Australia, and the University of Ottawa, Canada. 
This scale can be used both for randomized studies and for 
observational studies, and it is widely used for the interpreta-
tion of results in meta-analyses. In the following 3 broad cate-
gories, each item is assessed, and a star is awarded according 
to a predetermined standard: selection of subjects, the com-
parability of the study groups, and the ascertainment of expo-
sure or outcome for each study design [18,21]. We defined 
good-quality studies as those with 3 or 4 stars in the selection 
domain, 1 or 2 stars in the comparability domain, and 2 or 3 
stars in the exposure/outcome domain [21]. Fair-quality stud-
ies were defined as those with 2 stars in the selection domain, 
1 or 2 stars in the comparability domain, and 2 or 3 stars in the 
exposure/outcome domain. Poor-quality studies were those 
with 0 or 1 star in the selection domain, 0 stars in the compa-
rability domain, or 0 or 1 star in the exposure/outcome do-
main [21].

RESULTS

A total of 844 papers were found in the initial search: 376 
through PubMed and 468 through Embase. After removing 
474 duplicates, the title and abstract of 370 papers were re-
viewed. After reviewing the title and abstract, 299 articles 
were excluded, and 71 articles underwent full-text review. Af-
ter excluding 60 articles according to the selection criteria, 11 
studies were selected for the meta-analysis. Figure S1 displays 
a schematic diagram of the search process. 

Table 1 shows the information extracted from the studies 
included in the analysis. Of the studies included in the analy-
sis, 4 were studies on renal colic or kidney stone, 3 presented 
results for the incidence or hospital admissions of kidney dis-
ease, 2 provided results for acute kidney injury admissions, 
and 2 presented effect estimates of incidence or hospital ad-
missions for acute renal failure. A time-series design was ap-
plied in most of the studies, using either a distributed lag non-
linear model (DLNM) or a generalized additive model.  

Confounding factors, such as atmospheric pressure, humidi-
ty, wind speed, air pollution, influenza or pneumonia, day of 

the week, the holiday effect, long-term trends, daily fluctua-
tions in outdoor activities, and season [10,12,22-25] were con-
sidered. In most studies, temperature was defined as the daily 
average temperature and daily maximum temperature, but 
some studies used the daily minimum temperature or appar-
ent temperature [3]. A lag effect was considered in almost all 
studies, ranging from 0 to 21 days.

Several approaches were used to assess the associations be-
tween temperature and kidney disease morbidity. Six studies 
had thresholds above a particular temperature. In these stud-
ies, various techniques were used to identify the threshold val-
ues. In the absence of thresholds, some studies investigated 
the effects of high temperatures above a certain percentile. In 
studies with thresholds, temperatures ranging from 25.4°C to 
35.0°C were the thresholds for high-temperature effects.

Most studies predicted that there would be a change in the 
effect of high temperatures based on a certain threshold, in-
stead of a perfectly linear relationship. Only 1 study assumed 
that the effects of temperature would be linear [25]. To investi-
gate delayed effects and non-linear associations between 
high temperatures and kidney disease, some studies used a 
DLNM [24]. The advantage of this model is that it can calculate 
the cumulative effect of temperature on several days after ad-
justing for the collinearity of temperature on adjacent dates 
and estimating the non-linear exposure-response association 
[24,31]. Table 2 summarizes the results of each of the studies 
included in the meta-analysis. 

Figure 1 shows the results of a meta-analysis of all studies 
on high temperatures and kidney disease morbidity. Tasian et 
al. [22] presented results for 5 metropolitan cities (Atlanta, GA, 
Chicago, IL, Dallas, TX, Los Angeles, CA, and Philadelphia, PA) 
in the USA. Tawatsupa et al. [27] presented separate results by 
sex (male vs. female) in Thailand. Tasian et al. [22] and Tawat-
supa et al. [27] did not present aggregated results; instead, 
each result was presented separately. The estimates of pooled 
effects for all studies using a random-effects model showed 
that high temperatures were associated with a 30% increase 
in kidney disease morbidity (95% CI, 20 to 40).

Subgroup analyses were performed for renal colic or kidney 
stones in comparison to other kidney diseases. Because the 
number of studies with diseases other than renal colic or kid-
ney stones was too small, the broad category of other kidney 
diseases was used. Figure 2 shows the results of the disease-
specific subgroup meta-analysis. For renal colic or kidney 
stones, high temperatures increased the risk of disease by 32% 
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Table 2. Results extracted from the studies included in the meta-analysis

Author and 
year of  
publication

Temperature variable  
and range (°C)

RR/rate ratio  
(95% CI)

Temperature 
threshold Units of study results Outcome and subgroup

Hansen et al., 
2008 [12]

Mean temperature  
(4.4 to 41.9)

Hospital admissions for 
renal disease during heat 
waves (3 or more  
consecutive days when 
daily maximum  
temperatures reached 
or exceeded 35°C in the 
warm season) compared 
with non-heat wave 
periods

Hospital admissions for renal disease (Adelaide)

1.10 (1.00, 1.22) 35    All

1.12 (0.98, 1.26) 35       Male

1.10 (1.03, 1.15) 35       Female

1.13 (1.02, 1.26) 35    15-64 y

1.16 (0.99, 1.33) 35       Male 

1.10 (1.02, 1.18) 35       Female

1.09 (0.98, 1.20) 35    ≥ 65 y

1.05 (0.92, 1.20) 35       Male

1.08 (0.99, 1.19) 35       Female

1.20 (1.04, 1.38) 35    ≥ 85 y

1.05 (0.82, 1.34) 35       Male

1.22 (1.02, 1.45) 35       Female

Pincus et al., 
2010 [26]

Mean temperature  
(14.2 to 30.1)

1.29 (1.15, 1.43) - The summer/winter ratio of 
renal colic incidence

Presentations of renal colic, all, Melbourne

Tawatsupa  
et al., 2012 
[27]

Heat stress Incidence of kidney disease 
during heat stress 
compared with non-heat 
stress

Incidence of kidney disease, Bangkok

1.48 (1.01, 2.16) -    Male

0.87 (0.59, 1.28) -    Female

Lin et al.,  
2013 [10]

Mean temperature  
(14.2 to 30.1)

1.45 (1.27, 1.64) 30 Kidney disease hospital 
admissions at 30°C 
compared with at 25°C 

Kidney disease hospital admissions, all, 7 study 
areas in Taiwan 

Bobb et al., 
2014 [28]

Heat wave 1.14 (1.06, 1.23) - Hospitalization for renal 
failure during heat wave 
periods compared with 
non–heat wave periods

Hospitalization for renal failure, all, USA

Tasian et al., 
2014 [22]

Mean temperature  
(-22 to 36)

The cumulative RR for a 
daily mean temperature 
of 30°C vs. 10°C

Kidney stone presentation, all 

1.38 (1.07, 1.79) 30    Atlanta

1.37 (1.07, 1.76) 30    Chicago

1.36 (1.10, 1.69) 30    Dallas

1.11 (0.73, 1.68) 30    Los Angeles

1.47 (1.00, 2.17) 30    Philadelphia

Ordon et al., 
2016 [23]

Mean temperature  
(-7.0 to 25.4)

The effect of increased 
ambient temperatures on 
daily emergency  
department visits for 
renal colic (extreme heat 
effect: 99th vs. 10th 
percentile)

Daily emergency department visits for renal colic (Ontario)

1.48 (1.33, 1.64) 25.4    All

   Age (y)

1.32 (1.08, 1.60) 25.4       19-39

1.52 (1.24, 1.86) 25.4       40-49

1.83 (1.48, 2.27) 25.4       50-59

1.44 (1.06, 1.96) 25.4       60-69

1.14 (0.80, 1.63) 25.4       ≥70

   Sex

1.64 (1.43, 1.88) 25.4       Male

1.22 (1.04, 1.44) 25.4       Female

Yang et al., 
2016 [24]

Mean temperature  (4.8 
to 33.9), minimum 
temperature (1.8 to 
29.7), maximum  
temperature (7.0 to 
40.0)

1.92 (1.21, 3.05) 30.7 RR comparing the 90th  
percentile of temperature  
distribution with the 
reference (21.0°C)

Daily emergency ambulance dispatches for renal 
colic, all, Guangzhou

(Continued to the next page)
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Author and 
year of  
publication

Temperature variable  
and range (°C)

RR/rate ratio  
(95% CI)

Temperature 
threshold Units of study results Outcome and subgroup

Moyce et al., 
2017 [29]

Heat strain 1.34 (1.04, 1.74) - Incidence of acute kidney 
injury during heat strain 
compared with non-heat 
strain

Acute kidney injury cumulative incidence, all, 
California

Ogbomo et al., 
2017 [30]

Extreme heat Hospitalization for renal 
diseases  during  
extreme-heat periods 
(daily mean temperature 
above the 97th  percentile 
on lag day 0) compared 
with non-extreme-heat 
periods

Hospitalization for renal diseases

1.14 (1.02, 1.27) -    All (Michigan)

1.14 (1.07, 1.22) -    Wayne

1.16 (0.91, 1.46) -    Washtenaw

0.86 (0.57, 1.31) -    Ingham

Lim et al.,  
2017 [25]

Mean temperature Percentage change in the 
risk of acute kidney injury 
admissions stratified by 
baseline temperatures 
<28.8°C and ≥28.8°C

Acute kidney injury admissions, Seoul

2.04 (1.58, 2.64) 28.8    All

   Sex

2.33 (1.69, 3.23) 28.8       Male

1.66 (1.09, 2.52) 28.8       Female

   Age (y)

2.04 (1.47, 2.83) 28.8       <75

2.04 (1.35, 3.08) 28.8       ≥75

RR, relative risks; CI, confidence interval.

Table 2. Continued from the previous page

Figure 1. Meta-analysis (overall study, ordered by the year of publication) of heat effects on kidney disease morbidity. ES, effect 
size (per allele odds ratio); I-V overall, inverse-variance fixed effects estimate; D+L overall, DerSimonian and Laird random-effects 
estimate.

	 0.5	 1.0	 2.0
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Figure 2. Meta-analysis (disease-specific and overall, ordered by the year of publication) of heat effects on morbidity related to 
renal colic or kidney stone, other kidney disease. ES, effect size (per allele odds ratio); I-V overall, inverse-variance fixed effects 
estimate; D+L overall, DerSimonian and Laird random-effects estimate.

	 0.5	 1.0	 2.0

Figure 3. Meta-analysis (study design-specific and overall, ordered by the year of publication) of heat effects on morbidity relat-
ed to time series, other study design. ES, effect size (per allele odds ratio); I-V overall, inverse-variance fixed effects estimate; D+L 
overall, DerSimonian and Laird random-effects estimate.

	 0.5	 1.0	 2.0
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Figure 4. Meta-analysis (temperature measure-specific and overall, ordered by the year of publication) of heat effects on mor-
bidity related to mean temperature, heat wave or heat strain. ES, effect size (per allele odds ratio); I-V overall, inverse-variance 
fixed effects estimate; D+L overall, DerSimonian and Laird random-effects estimate.

	 0.5	 1.0	 2.0

(95% CI, 24 to 40). For other kidney diseases, high tempera-
tures increased the risk of disease by 27% (95% CI, 12 to 43), 
and both of these results were statistically significant.

A subgroup analysis was also performed for time-series stud-
ies in comparison to studies with other designs. Pincus et al. [26], 
Tawatsupa et al. [27], Moyce et al. [29], and Ogbomo et al. [30] 
utilized other study designs. Figure 3 shows the results of the 
study design–specific subgroup meta-analysis. In the time-se-
ries studies, high temperatures increased the risk of disease by 
34% (95% CI, 22 to 48). In studies with another design, high 
temperatures increased the risk of disease by 22% (95% CI, 9 
to 36), and both of these results were statistically significant.

An additional subgroup analysis was performed based on 
whether studies defined high temperatures in terms of the 
mean temperature or in terms of heat wave or heat strain. 
Tawatsupa et al. [27], Bobb et al. [28], and Moyce et al. [29] 
used heat wave or heat strain. Figure 4 shows the results of 
the temperature measure–specific subgroup meta-analysis. In 
studies that used the mean temperature, high temperatures 
increased the risk of disease by 36% (95% CI, 24 to 50), which 
was statistically significant. In studies that used heat stress or 
heat strain, high temperature increased the risk of disease by 

16% (95% CI, 7 to 25), which was also statistically significant.
For all study and subgroup analyses, the I2 values ranged 

from 21.9% to 80.2% and the heterogeneity across the studies 
was moderate. Since the I2 value of all studies was more than 
50%, the use of a variable-effects model was considered ap-
propriate.

In order to examine the tendency toward publication bias in 
a schematic manner, we created a funnel plot as shown in Fig-
ure S2. We concluded that the possibility of publication bias 
was low because the funnel plot was relatively symmetrical 
and the result of the Egger test was not statistically significant 
(p=0.083).

We conducted a quality assessment of the 11 studies in-
cluded in the meta-analysis, as shown in Table S1. The majority 
of the studies included in the meta-analysis were of good 
quality. However, the studies of Tawatsupa et al. [27] and 
Moyce et al. [29] were assessed as fair-quality. 

DISCUSSION

This meta-analysis evaluated the effects of high tempera-
tures on kidney disease morbidity, and confirmed that elevat-
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ed temperatures were associated with kidney disease. Both 
disease- and study design–based subgroup analyses showed 
consistent results. However, in the disease-specific subgroup 
analysis, the effect estimate for renal colic or kidney stones 
was larger than for other kidney diseases. In the study design–
specific subgroup analysis, the effect estimate of the time-se-
ries analyses was larger than that of studies with other designs. 
In the subgroup analysis according to the temperature mea-
surement method, both groups showed significant results. 
However, the effect size was larger in the studies where the 
threshold temperature was set by measuring the mean tem-
perature.

The effects of high temperatures are generally acute and 
are known to occur in a short period of time [3,32]. Our re-
sults for other kidney diseases support these observations. 
However, renal colic and kidney stones showed longer lag ef-
fects. Although it is difficult to reach definitive conclusions 
about the lag effects of heat because of the small number of 
studies, most kidney diseases tend to occur within a short pe-
riod of time, whereas kidney stones may take some time to 
develop.

In other meta-analyses, the mortality rate due to high tem-
peratures varied across studies; however, it was found that 
mortality increased by 1%-5% when the temperature rose by 
1°C and that heat-related deaths were mostly caused by car-
diovascular and respiratory diseases, especially in the elderly 
[33]. In addition, the mortality rates were particularly high 
among those confined to bed and among those with mental 
illnesses [34]. In other meta-analyses on morbidity, blood 
pressure became significantly elevated as temperature 
dropped [35]. As temperature increases, so does the risk of 
various diseases, such as diarrhea [36], dengue fever [37], and 
cardiovascular and respiratory diseases [3].

In the literature search, we found that studies on kidney dis-
ease due to elevated temperatures included acute renal fail-
ure, acute kidney injury, kidney stones, renal colic, abnormal 
kidney function, and kidney tumors. Many studies of acute 
kidney injury and acute renal failure analyzed workers in high-
temperature environments or people who engaged in out-
door activities. Studies of renal dysfunction and kidney tu-
mors, in contrast, were generally based on experimental stud-
ies or hypotheses. In studies of abnormal kidney function, the 
index for evaluating renal function was not unified, and a dif-
ferent index was presented in each study. Therefore, we did 
not include abnormal kidney function or kidney tumors in this 

meta-analysis.
The heterogeneity observed in the sensitivity analyses and 

the variability among study results may be related to various 
factors. The fact that most of the studies were performed in 
temperate regions supports pooling the studies. However, dif-
ferences in the locations where the studies were conducted 
likely contributed to the observed heterogeneity. It is also pos-
sible that factors such as other research periods, different 
characteristics of the population groups, and socioeconomic 
conditions contributed to the heterogeneity [3], as well as 
other factors such as the use of air conditioners [38]. It is also 
possible that differences in research design, different model-
ing methods, and the use of different confounding variables 
led to heterogeneity.

We indirectly considered the effects of adaptation to high 
temperatures on kidney disease in this study by only including 
studies that showed RRs at or above the threshold tempera-
ture compared to below the threshold temperature, which 
was determined based on an assessment of the temperature 
at which changes in disease morbidity were expected in the 
study area.

The effect of diurnal temperature range on kidney disease 
may be another issue to consider. To the best of our knowl-
edge, studies on the diurnal temperature range and kidney 
disease have not yet been conducted, but studies have inves-
tigated the relationships of the diurnal temperature range 
with mortality, cardiovascular disease, and respiratory diseases 
[39,40]. In some of those studies, the results were significant, 
suggesting that further studies on diurnal variation and kid-
ney disease will be necessary [39,40].

The present study has the following strengths. First, this is 
the first meta-analysis of associations between high tempera-
ture and morbidity due to kidney disease, to the best of our 
knowledge. Second, the Egger test and a funnel plot analysis 
showed that the possibility of publication bias was low, and 
the quality of the studies included in the meta-analysis was 
quite good, as assessed using the NOS.

This study also has several limitations. First, the number of 
studies included in the meta-analysis was relatively small, and 
the research design focused on time-series analyses. The stud-
ies were conducted in limited areas, and therefore do not re-
flect the impact of all climatic conditions [3]. For this reason, 
caution is needed when generalizing the results through a 
meta-analysis. However, we observed consistent results in the 
studies included in the meta-analysis, and the relatively high 
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quality of these studies further confirms the reliability of our 
findings. Second, we used the TI and only included published 
studies. Therefore, there is a possibility that publication bias 
may have been caused by excluding unpublished studies or 
studies not found through the TI [18]. However, the Egger test 
showed that our results were not significantly affected by 
publication bias. Third, studies using different criteria for high 
temperatures were included in this meta-analysis; for exam-
ples, some studies used the criterion of a specific temperature 
percentile, some used threshold values determined through a 
dedicated analysis, and others focused on heat wave events. 
This means that the meta-analysis was conducted without 
standardizing the criteria for defining high temperatures. 
Therefore, careful attention should be paid to the linear analy-
sis of the results, even though a random-effects model was 
applied. Finally, there could have been significant differences 
among the studies included in this meta-analysis according to 
the study method, sample size, sex and age of the study popu-
lation, and discrepancies in the kidney function and kidney 
disease indices used in each study.

CONCLUSION

We found that morbidity due to kidney diseases increases at 
high temperatures. This finding suggests that public aware-
ness and surveillance of kidney disease, particularly kidney 
stones, is necessary when temperatures become elevated.
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