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ABSTRACT

Background. In many parts of the world, heat waves have been associated with excess morbidity and mortality in the
general population. Studies on the effects of high-temperature exposure in kidney transplantation are lacking and are
scare in dialysis patients. The aim of this study was to investigate the association between high temperatures and
mortality for chronic kidney disease (CKD) stage 5 patients treated with dialysis or with a kidney graft in France using
various definition of elevated temperature.

Methods. In this retrospective cohort study, the association between temperature indicators and mortality was analysed
with Poisson models taking into account the trend over time and seasonality and possible confounding factors. Models
were compared by their AIC. All patients treated with RRT between 2012 and 2022 in France were extracted from the
national REIN registry. Various definitions of elevated temperatures were explored based on all temperature measured at
one station per district per hour and per day, from June to September during the years 2012-2022 in Metropolitan France.
Results. Between June and September, over the years 2012-2022, temperatures varied from 6.7 to 45.4°C. During this
period, 20 174 deaths were recorded among 116 808 dialysis patients and 3340 among 64 531 transplanted patients. A
maximum temperature >32.5°C was associated with mortality and an incidence ratio (IR) of 1.09 (1.04-1.15) in the
dialysed population. No association was found among transplanted patients.

Conclusions. Further analyses are needed to confirm these results and better understand the biological and clinical
impact of heat intensity and the cumulative effect with other environmental factors such as air pollution. More detailed
studies on reasons for hospitalizations and causes of death are also planned.
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Moderately elevated ambient temperature is associated with

mortality in dialysis patients, but not in transplant patients

Heat waves have been associated with excess morbidity and mortality in the general population. Studies on the
effects of high-temperature exposure in kidney transplantation are lacking and are scarce in dialysis patients.

Methods

Results

REIN

National ESKD registry l

20 174 deaths among dialysis patients and

N= 197085 patients

3340 among transplanted patients

National French Agency of Meteorology

Median maximum daily temperature 25.1°C
(IQR 21.5-28.7)

All temperatures measured at one station
per district every hour and every day
June-September, 2012-2022

No association between heat intensity and
mortality among transplanted patients

Adjusted Poisson models
(natural cubic spline of exact date, month
of the year, day of the week, and district)
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Maximum temperature >32.5°C associated with
9% higher mortality among dialysed patients
IR 1.09 (1.04-1.15)

Conclusion: Further analyses are needed to confirm these results and better

understand the biological and clinical impact of heat-intensity and the
cumulative effect with other environmental factors.
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KEY LEARNING POINTS

What was known:

This study adds:
patients with a relatively moderate threshold at 32.5°C.
Potential impact:

populations that need particular protection.

e Heat waves have been associated with excess morbidity and mortality in the general population.
e Studies on the effects of high-temperature exposure in kidney transplantation are lacking and are scare in dialysis patients.

e This national retrospective cohort study shows an association between heat intensity and mortality in chronic dialysis

e However, we found no association between heat intensity and mortality among transplanted patients.

e This field of research is becoming increasingly important at a time of global warming to better identify the most vulnerable

INTRODUCTION

In many parts of the world, heat waves have been associated
with excess morbidity and mortality in the general population
[1]. More specifically, many studies have shown a positive as-
sociation between elevated ambient temperatures and/or heat-
waves and cardiovascular disease-related mortality or adverse
mental health outcomes as well as kidney related morbidity
(urolithiasis, acute kidney injury, or urinary tract infection) or
mortality [2, 6]. Patients with severe chronic kidney disease

(CKD) are particularly vulnerable due to an altered balance of the
internal environment caused by renal failure and associated co-
morbidities [7]. To our knowledge, studies on the effects of high-
temperature exposure in kidney transplantation are lacking and
are scare in dialysis patients [8, 9].

The definition of a heat wave or the threshold of mean daily
temperature varies between studies from the 90th to 98th per-
centile with no real justification for the choice of threshold, lead-
ing to differences in association estimates.



The aim of this study was to investigate the association be-
tween high temperatures and mortality for CKD stage 5 patients
treated with dialysis or with a kidney graft in France using vari-
ous definition of elevated temperature.

MATERIALS AND METHODS

We performed a retrospective cohort study with two national
French databases.

Temperature data were provided by MétéoFrance, the na-
tional French Agency of meteorology. The first file consisted of
all temperatures measured at one station per district every hour
and every day, from June to September during the years 2012-
2022 in Metropolitan France. Owing to some missing tempera-
ture data (5%), a single imputation was done using exact date, re-
gion, and district. A second file consisted of the identifying heat
waves day according to MétéoFrance and severity was defined
as the cumulative duration of episodes of temperature above the
97.5th percentile calculated over a reference period (1981-2010)
of each district.

Data on patients on kidney replacement therapy were ex-
tracted from the national French ESKD REIN registry. Two indi-
cators have been created: the number of deaths in dialysis and
the number of deaths with a renal graft, per day in each district
of residency.

The work table consists of one line per day, per district, with
the maximum temperature for that day in that district, the num-
ber of patients treated by dialysis or renal transplant, and the
number of patients who died.

The association between temperature indicators and mortal-
ity was analysed using a generalized linear mixed model with
a Poisson distribution including a random intercept, allowing
for overdispersion. The models took into account the trend over
time and seasonality (natural cubic spline of the exact date, 44
knots) and possible confounding factors: month of the year, day
of the week, and the 96 administrative districts.

Maximum temperature was entered in the models with var-
ious approaches: continuous variable, natural cubic spline, in
classes, or as a binary item. In the last case, the final thresh-
old was tested for each centile between the 90th and 99th per-
centiles. Heat wave severity according to MétéoFrance was en-
tered as a continuous variable. Models were compared by their
AIC.

Stratified analyses were done in sub-groups according
to age and risk factors and across the four climate zones
of France: oceanic, degraded oceanic, semi-continental, and
Mediterranean climate. Risk factors used were retrieved from
the REIN registry: age, obesity (defined as a body mass index over
30 kg/m?), heart failure, coronary heart disease, peripheral vas-
cular disease, cerebral vascular disease, arrythmia, chronic res-
piratory disease. These were prospectively collected according
to a protocol followed by the research assistants of the registry
[10].

Results are presented as incidence ratios (IR) with their 95%
confidence intervals.

Additional exploratory analyses introduced a heat wave du-
ration (HWD) variable that takes into account the interactions
in case of additional effects from persistent periods of extreme
heat [11]. In the case where three lag days were used, HWD is
equal to Ty x Teq + Tt x Teq x Trp; the HWD variable takes the
values 0, 1, and 2 depending on how many consecutive days of
extreme temperatures there were in before day t. We have ex-
plored up to six lag days.
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RESULTS

Data from 116 808 patients on dialysis and 64 531 patients with
a kidney graft were analysed. Between June and September, over
2012-2022, 20 174 deaths were recorded among dialysis patients
and 3340 among transplanted patients and temperatures varied
from 6.7 to 45.4°C. The median maximum daily temperature was
25.1°C (IQR 21.5-28.7).

We found no statistically significant association between
heat intensity and mortality among transplanted patients,
whatever heat indicator was used (Supplementary Table 1).
However, we found an association between heat intensity and
mortality among patients on dialysis whatever heat indicator
was used (Supplementary Table 2). The lowest AIC was found
for the model using a threshold at 92th percentile. A maximum
temperature >32.5°C was associated with 9% higher mortality
[IR 1.09 (1.04-1.15)] in the total population. In the four French
climate zones, results were as follows: oceanic 1.06 (0.93-1.20),
degraded oceanic 1.10 (0.99-1.21), semi-continental 1.12 (1.02-
1.23), and Mediterranean climate 1.08 (0.99-1.18).

Introducing the model maximal temperature from previous
days and an interaction term (HWD) did not change the associ-
ation between maximal heat intensity and mortality on a given
day (Supplementary Table 3). No HWD estimates were statisti-
cally significant at the 5% level.

Stratified analyses showed similar results in the population
aged 65 years and over: IR 1.09 (95% CI 1.04-1.15) and a non-
significant trend in patients aged 75 years and over: IR 1.06 (0.99-
1.13,P = .057) (Fig. 1). No association was found in patients with
no comorbidities (IR 0.98; 0.8-1.18) or with chronic respiratory
disease (1.05 (0.95-1.17) or obesity (1.08 (0.96-1.22). In patients
with at least one cardiovascular comorbidity or with diabetes
the IRs were 1.11 (1.05-1.17) and 1.10 (1.03-1.18), respectively.

DISCUSSION

We found an association between heat intensity and mortality
in chronic dialysis patients with a relatively moderate thresh-
old at 32.5°C (92th percentile). Clinicians are aware that in
hot weather dialysis patients have sharply lowered blood pres-
sure, sometimes becoming hypotensive requiring a halt in treat-
ment. Such fluctuations in blood pressure are often poorly tol-
erated in these patients, who often suffer from cardiovascular
comorbidities.

Our results are in accordance with two studies that took
place in the USA. In a case-crossover study of 7445 patients
on haemodialysis, a 95th-percentile maximum temperature was
associated with increased risk of mortality (RR: 1.31; 95% CI:
1.01-1.70) [8]. After stratifying by pre-existing comorbidities, ex-
treme heat events were associated with increased risk of mortal-
ity among patients living with congestive heart failure, chronic
obstructive pulmonary disease, or diabetes. A recent cohort
study including 945 251 incident patients showed an increased
risk of death (HR: 1.18; 95% CI: 1.15-1.20) during extreme humid-
heat exposure [9].

In transplanted patients, in the absence of any study on the
subject, so for the first time, we have not found any association
between temperature and mortality. We can argue that these pa-
tients are less vulnerable than dialysis patients with less hemo-
dynamic fluctuations. However, our study did not take into ac-
count their eGFR or associated comorbidities. In these patients,
we might imagine that winter periods and their associated viral
infections may be more harmful.
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Figure 1: IR of mortality associated with 32.5°C (92th percentile) in various sub-groups of patients treated by dialysis.

As in any ecological study, the results must be interpreted
with caution, without making any causal links. In fact, an eco-
logical bias cannot be ruled out. Summer months are also peri-
ods of tension in the healthcare supply due to the vacations of
healthcare professionals. Similarly, periods of hot weather are
also associated with peaks in air pollution. The present study
shows an association between heatwaves and mortality in the
very short term. We did not find any evidence of a delayed effect.
However, we cannot rule out such an association with morbid-
ity and mortality in the medium term. In the reduction in life
expectancy of dialysis patients, the summation of aggression is
probably frequent.

This field of research is becoming increasingly important at
a time of global warming to better identify the most vulnerable
populations that need particular protection [12]. However, fur-
ther analyses are needed to confirm these results and better un-
derstand the biological and clinical impact of heat intensity and
the cumulative effect with other environmental factors such as

air pollution. More detailed studies on reasons for hospitaliza-
tions and causes of death are also planned. Similarly, smaller-
scale studies are needed to consider factors such as housing
quality and urban heat islands. These studies are more neces-
sary as, in view of what lies ahead, precise guidelines need to be
prepared for healthcare professionals and patients alike.

SUPPLEMENTARY DATA

Supplementary data are available at Clinical Kidney Journal online.
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