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Impact of heatwaves on glycemic
control in adults with type 1
diabetes using hybrid closed-loop
systems
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To evaluate the effect of the August’s 2023 heatwaves over glycemic control in adults with type 1
diabetes (T1D) treated with advance hybrid closed-loop systems (AHCL). Cross-sectional retrospective
analysis of adult patients with T1D in Castilla-La Mancha (south-central Spanish region) using AHCL
during the August’s 2023 heatwaves period. Primary outcome was change in time in range (TIR)
3.0-10 mmol/L (70-180 mg/dL) of interstitial glucose after the end of the heatwaves period. A total of
193 T1D patients were analyzed. TIR remained constant after the end of the heatwaves period (0.5%
[95% CI -0.3, 1.3; P=0.236]). No differences were observed among the rest of glycometric index. The
percentage of patients meeting all the recommendations of the International Consensus of Time in
Range was similar during the heatwaves period than after it ended (44.6% vs. 45.6%, P=1.000). Finally,
the percentage of time in automatization and daily insulin dose also stayed stable (0.5% [95% CI -1.4,
2.4; P=0.601] and 0.0 Ul/day [95% CI -1.0, 1.0; P=0.981], respectively). Adults with T1D treated with
AHCL maintained glycemic control during August’s 2023 heatwaves. These data raise the possibility
that AHCL systems could help protect T1D patients from the effects of heatwaves on glycemic control.
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Climate change may be the greatest health threat of the twenty-first century, impacting lives both directly and
indirectly, through undermining the environmental and social determinants of health!. Global warming is
consequence of the impact of humans’ activities on Earth’s ecosystem??. The interest in their effects on human
health has increased over the last few decades®. Hot ambient conditions and associated heat stress can increase
mortality and morbidity®.

A heatwave is considered to be one of the most dangerous expressions of global warming, being increasingly
frequent®. It is defined as an extended period of hot weather relative to the expected conditions of the area at that
time of year’. Heatwaves increase deaths from cardiovascular and respiratory conditions and are also associated
with more suicides®®. Vulnerable people are most susceptible to heatwaves!®!1.

People living with diabetes is a well-known population especially sensitive to the effect of heatwaves!>!3. Type
1 diabetes (T1D) is the second more frequent type of diabetes, however its common diagnosis in childhood or
adolescence and its socio-health repercussions make it a health care challenge!®. The burden of T1D is vast and
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is expected to increase rapidly. There were about 8.4 million individuals worldwide with T1D in 2021'°. The age-
standardised global prevalence of type 1 diabetes is expected to increase by 23:9% from 2021 to 2050'°. People
living with T1D needs to adjust continuously insulin therapy to their glucose levels. In the last decade, glycemic
control had technological advanced through the implementation of AHCL therapy. An AHCL system combines
continuous glucose monitoring (CGM) technology and insulin pumps with intelligent algorithms to partially
automate diabetes management and improve the quality of life for patients'”. This technology allows patients to
attain better glycemic control compared with traditional daily insulin injections'®. In fact, AHCL effectiveness
results have been validated in several randomized controlled trials and real-world data studies'*-2!. Therefore,
AHCL is considered since 2022 the preferred insulin delivery method for people living with T1D and health
services are moving towards universal coverage of this technology?2.

Some descriptive studies showed a diverse relationship between glucose levels and temperature in different
climate zones**~%°. The effect of heat stress on glycaemic control in people with T1D is even less known. The
lowest glycated haemoglobin Alc (HbA1lc) levels were observed in summer and the highest in winter months
in humid subtropical and continental climates in young and adult T1D patients’>*. In a previous study we
described how adults with T1D treated with multiple daily injections (MDI) had better glycemic control during
the historic European heatwave of 2022 compared to the following period in Spain raising concerns about the
effect of global warming over diabetes control®®. To date, this is the only available information on the impact of
extreme heat events on patients with T1D.

There is no published data about the use or achieved glycemic control with AHCL systems in T1D patients
during periods of extreme heat. We hypothesized that AHCL, with automated adaptive insulin systems, could
protect T1D patients against a possible worsening in glycemic control related with heatwaves. The aim of the
present study was to evaluate the effect of August’s 2023 heatwaves over glycemic control in adults with T1D
treated with AHCL.

Methods

Study design and ethics

A cross-sectional multicenter observational study was designed to assess the effect of August’s 2023 heatwaves
among adult T1D patients. The protocol was approved by the Castilla-La Mancha Public Health System
(Servicio de Salud de Castilla-La Mancha, SESCAM) Ethic Committee, Ciudad Real General University Hospital
Institutional Review Board (reference C-674), and conducted in accordance with the Declaration of Helsinki
and Good Clinical Practice. All patients signed the informed consent form approved by the Institutional Review
Board. The protocol was publicly registered at ClinicalTrials.gov (NCT06214780).

The study was based in the Castilla-La Mancha region (79.463 Km?) located in South-central Spain. Here,
we present data from seven public health care areas (Albacete, Ciudad Real, Cuenca, Guadalajara, Puertollano,
Talavera de la Reina and Toledo).

Meteorologists tend to consider a heatwave as an increase of 5 °C above the average maximum temperature
from 1961 to 90 that lasts for 5 days or longer, although each country can use its own definition. In fact,
heatwaves are defined in Spain as episodes of at least three consecutive hot days with > 10% of the weather
stations recording temperatures over the percentile 95 of the higher July-August daily temperatures from the
1971-2000 period. Summer of 2023 was the fifth warmest for the summer season. Actually, August’s 2023
was the warmest European August on record, and warmer than all other previous months except July 2023.
This warm anomaly hit South Europe with special intensity through consecutive heatwaves?**. There were two
heatwaves in mainland Spain during August s 2023: the first between the 6th and 13th, and the second between
the 18th and 25th. The maximum temperature recorded in the Community of Castilla La Mancha, was 43.0° C
on the 9th of August, in Almagro (Ciudad Real)*!-2.

The trial was designed to detect a TIR between-period difference of 10%, equivalent to a clinically significant
difference HbA1lc of 0.6% (7 mmol/mol)**. One hundred and ninety-three subjects had > 90% power to detect
a 10% TIR difference between both periods of time, at the 0.05 significance level, accepting an alpha risk of
0.05 and a beta risk of less than 0.2 in bilateral contrast. We settled a summer’s TIR of 58% according to our
population®. A consecutive sampling was conducted in the participant centers until sufficient subjects were
enrolled.

Participants

All adult (=18 yrs.) T1D patients treated with ACHL during >3 months followed in the Castilla-La Mancha
Public Health Service with active paired data from the August’s 2023 heatwave phase and the subsequent 21-
days period were included. Exclusion criteria were presence of other types of diabetes other than T1D, being
treated with therapies other than AHCL, not having paired data from both time periods. HbAlc values were not
considered for inclusion in the study.

Variables and outcomes

The primary end-point was mean change in time in range (TIR, [70-180 mg/dL (3.9-10.0 mmol/L]) of interstitial
glucose after the end of the heatwaves period. The secondary outcomes included changes in:(1) glycometric
index, including: time above range level 2 (TAR2) > 250 mg/dL (> 13.9 mmol/L), time above range level 1
(TARI1) 180-250 mg/dL (10.0-13.9 mmol/L), time bellow range level 1 (TBR1) 54-70 mg/dL (3.0-3.9 mmol/L)
and time bellow range level 2 (TBR2) < 54 mg/dL (< 3.0 mmol/L) of interstitial glucose, glucose management
indicator (GMI), and variation coefficient (VC); (2) percentage of patients fulfilling the recommendations
of the International Consensus of Time in Range*; (3) AHCL use, including percentage of time in AHCL
automatization, defined as the proportion of time during which the insulin delivery is controlled automatically
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by the system’s algorithm, and insulin dose (basal, bolus, total). AHCL systems used during the study included all
four models marketed in Spain at the time: Medtronic Minimed 780G (MM780G) with SmartGuard (Medtronic
PLC, Dublin, Ireland), Tandem t: Slim X2 (TSX2) with Control-IQ (Tandem Inc, San Diego, USA), Ypsopump
with CamAPS FX (Ypsomed Inc, Burgdorf, Switzerland), and Accu-Chek Insight with Diabeloop G1 (DBLGI)
(Diabeloop SA, Grenoble, France). Variables were collected through medical chart revision and the specialized
online AHCL webpages for Medtronic (https://carelink.medtronic.eu/), Glooko (https://eu.my.glooko.com/user
s/), and Diabeloop (https://www.your-loops.com/login). Data were obtained from the three-weeks period (5th-
26th August 2023), including the two aforementioned consecutive heatwaves, and the three-weeks subsequent
period (27th August to 17th September 2023) with no heatwaves.

Statistical analysis

Cross-sectional and longitudinal/retrospective analysis for patients meeting inclusion criteria were performed.
Quantitative variables are expressed as means and standard deviation (SD) or median and range; qualitative
variables are presented as total number of events and percentage. Kolmogorov-Smirnov test was used to evaluate
the normality of quantitative variables. A paired Student’s t-test or a Wilcoxon signed-rank test were used for
the analysis of differences. Comparisons between proportions were analyzed using a chi-squared test. Mann-
Whitney U and Wilcoxon signed-rank nonparametric tests were used to analyze statistical differences between
groups and differences between during and after the heatwaves period, respectively. A bivariate analysis was
performed to determine which variables could be candidates in a linear regression model with the variable
difference in TIR during the follow-up as the dependent variable. Those that obtained the lowest p-values in this
analysis were evaluated in a multivariable linear regression model for the TIR difference. Statistical significance
was defined as P<0.05. Analyses were performed with IBM SPSS software version 28.0 for Windows (SPSS Inc.,
Chicago, IL) and graphics with R 4.1.2 (R Statistics, Vienna, Austria).

Results

A total of 193 T1D patients meeting inclusion criteria were evaluated. The patients (67% women) showed a
median age of 41.1 years (IQ range 21.0 years). Diabetes duration was 24.0+10.2 years and time under AHCL
system treatment was 2.6+ 1.4 years at the time of data gathering. The most frequent used AHCL systems were
MM780G (49.7%) and TSX2 (36.8%), followed by DBLGL1 (7.8%) and CamAPS FX (5.7%). 30% of the patients
had chronic diabetes complications. Their last mean HbA1c level before the August s 2023 heatwaves period was
6.8£0.8% (51 +9 mmol/mol). Distribution of patients according to their public health area can be thoroughly
consulted in the Supplementary Material.

Glycemic control

TIR remained constant after the end of the heatwaves period (0.5% [95% CI —0.3, 1.3; P=0.236]). No differences
were observed among the rest of glycometric index (Table 1). Nor did we detect within-group differences along
the time in the analysed glycometric variables. Only when comparing intergroup changes in the glycometric
variables over time did we detect a statistically significant difference between changes in VC between MM780G
and TSX2 (0.7% vs. —1.2%, P=0.035). Rest of changes in glycometric index according to AHCL system can be
observed in Table 2.

Each of the recommendations of the International Consensus of Time in Range was fulfilled by a similar
percentage of patients during the heatwaves period compared to the subsequent interval (Fig. 1). In fact, the
percentage of patients meeting all the recommendations did not change after the end of the heatwaves period
(44.6% vs. 45.6%, P=1.000).

A multiple linear regression was performed to assess the effect of sex, age, diabetes duration, chronic
complications, BMI, last HbAlc level, type of AHCL system and percentage of time in automatization, during

Variable During HW | After HW | MDC (CI 95%)

GMI, % (mmol/mol) ?5811?3)4 ?;if_r%)s 0.0 (=0.1 t0 0.0, P=0.175)
TAR2, % 514538 49%55 | -0.2(-0.6100.2, P=0378)
TARI, % 183494 | 181%92 | -0.1(-0.9t0 0.6, P=0.707)
TIR, % 745131 | 75.0+12.5 | 0.5 (0.3 to 1.3, P=0.236)
TBRI, % 1815 17415 | -0.1(-031t00.1, P=0262)
TBR2, % 03%0.6 03%0.6 | -0.1(-0.1t00.0, P=0238)
VC, % 32.4+5.7 32.3+5.7 —-0.1 (-0.7 to 0.5, P=0.717)

Table 1. Glycemic control during and after the heatwaves period. Data are expressed in percentages and

mean = SD. HW, heatwaves period; MDC, mean difference in change; CI, confidence interval; GMI, glucose
management index; TAR2, time above range level 2 of interstitial glucose >250 mg/dL (13.9 mmol/L); TARI,
time above range level 1 of interstitial glucose 180-250 mg/dL (10.0-13.9 mmol/L); TIR, time in range of
interstitial glucose 70-180 mg/dL (3.9-10.0 mmol/L); TBR1, time below range level 1 of interstitial glucose 54—
70 mg/dL (3.0-3.9 mmol/L); TBR2, time below range level 2 of interstitial glucose < 54 mg/dL (3.0 mmol/L);
VG, variation coefficient.
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MM780G
(n=96)

TSX2
(n=71)

DBLG1
(n=15)

CamAPS FX
(n=11)

GMI, %

0.0 (-0.1 to 0.0; P=0.52)

0.0 (0.2 t0 0.1; P=0.19)

0.1 (-0.1t0 0.2; P=0.29)

-0.1(-0.2t00.1; P=0.43)

TAR2, %

0.2 (-0.3 to 0.6; P=0.57)

~0.6 (-1.4 t0 0.2; P=0.1)

0.0 (-2.3 to 2.3; P=1.0)

~1.0 (2.5 t0 0.5; P=0.17)

TARI, %

—0.1(-0.8t0 0.7; P=0.55)

—-0.2 (-1.5t0 1.2; P=0.15)

0.9 (1.6 to 3.4; P=0.78)

-1.9 (-5.6 to 1.9; P=0.08)

TIR, %

0.2 (-0.8t0 1.2; P=0.7)

1.1 (-0.6 to 2.7; P=0.19)

-1.6 (-4.8 to 1.5; P=0.27)

2.7 (-2.1t07.5; P=0.22)

TBRI1, %

-0.1(-0.3t00.2; P=0.84)

-0.2 (0.4 to -0.1; P=0.79)

~0.1 (-0.8 t0 0.6; P=0.43)

0.4 (—0.1 t0 0.9; P=0.27)

TBR2, %

0.0 (<0.1 to 0.1; P=0.44)

—0.1 (=03 t0 0.0; P=0.15)

0.0 (-0.3 t0 0.3; P=1.0)

-0.3 (0.7 t0 0.2; P=0.16)

VC, %

0.7 (0.2 to 1.5; P=0.1)

~1.2 (=2.1 to =0.3; P=0.13)

-0.7 (-3.9t0 2.5; P=0.63)

0.3 (-2.7 to 2.1; P=0.76)

Table 2. Mean difference changes in glycometric index in individual AHCL models. Data are expressed in
mean difference in change (95% confidence interval; P value). AHCL, advanced hybrid closed-loop; MM780G,
Medtronic Minimed 780G; TSX2, Tandem t: Slim X2; DBLG1, Diabeloop G1; GMI, glucose management
index; TAR2, time above range level 2 of interstitial glucose >250 mg/dL (13.9 mmol/L); TARI, time above
range level 1 of interstitial glucose 180-250 mg/dL (10.0-13.9 mmol/L); TIR, time in range of interstitial
glucose 70-180 mg/dL (3.9-10.0 mmol/L); TBR1, time below range level 1 of interstitial glucose 54-70 mg/

dL (3.0-3.9 mmol/L); TBR2, time below range level 2 of interstitial glucose < 54 mg/dL (3.0 mmol/L); VC,
variation coefficient.

® During HW  OAfter HW
P=0.625
P=1.0 —— P=0.572
- g4 834
813 49 ] 79.7
P=0.824 < -
- ﬂ“"
75 22
P=0.167
P=1.0 ——
—L— 62,2
575 58 58.6
TAR2 <5% TARI1 <25% TIR <70% TBR1 <4% TBR2 <1% CV <36%

Fig. 1. Title: Patients meeting the International Consensus of Time in Range recommendations. Caption:
Interstitial glucose measurements for: TAR2, time above range > 13.9 mmol/L (250 mg/dL), TAR1, time above
range 10.0-13.9.0.9 mmol/L (180-250 mg/dL); TIR, time in range 3.9-10.0 mmol/L (70-180 mg/dL); TBR1,
time below range 3.0-3.9.0.9 mmol/L (54-70 mg/dL); TBR2, time bellow range <3.0 mmol/L (54 mg/dL); VC,
variation coeflicient <36%. HW, August’s 2023 heatwaves period.

the heatwaves period on the TIR change after the heatwaves period. The overall model was non-significant
(P=0.599), and these variables were not shown to explain the change in TIR.

AHCL use
Finally, the percentage of time in automatization and insulin dose also stayed stable (0.5% [95% CI —1.4, 2.4;
P=0.601] and 0.0 Ul/day [95% CI -1.0, 1.0; P=0.981], respectively). Rest of AHCL system usage parameters
can be consulted in Table 3.

Those patients with time in automatization>95% during the heatwaves period showed lower TBRI
(1.5% vs. 2.3%, P=0.01) and TBR2 (0.2% vs. 0.6%, P=0.003) compared with those patients with time in
automatization < 95%. An additional lower CV was also detected between both groups of patients (31.2% vs.
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Variable During HW | After HW | MDC (CI 95%)

Time in automatization, % 92.1+15.2 92.6+17.0 | 0.5(-1.4to 2.4, P=0.601)
Daily total dose, ITU 43.7+£19.4 43.7+18.7 | 0.0 (-1.0 to 1.0, P=0.981)
Daily insulin requirements, [U/Kg | 0.59+0.21 0.59+0.20 | 0.00 (-0.01 to 0.01, P=0.943)
Daily basal insulin, % 43.6+11.3 43.8+10.9 | 0.1 (0.7 to 1.1, P=0.802)
Daily bolus insulin, % 56.4+11.4 56.1+11.1 | =0.1 (-1.1 t0 0.7, P=0.629)

Table 3. AHCL time in automatization and amount of insulin per day during and after the heatwave. Data are
expressed in percentages and mean + SD. AHCL, advanced hybrid closed-loop; HW, heatwaves period; MDC,
mean difference in change; CI, confidence interval; IU, international unit of insulin.

R=0.174, P=0.026

-%0 0 20 0 10 20 30
Time in automatization change (%)

Fig. 2. Title: Correlation between change in time in range and change in percentage of time in automatization
during and after August’s 2023 heatwaves period. Caption: TIR, time in range of interstitial glucose 3.9-10.0
mmol/L (70-180 mg/dL).

34.1%; P=0.002). Furthermore, a direct correlation (R=0.174, P=0.026) between change in TIR and change in
percentage of time in automatization during and after the heatwaves period was detected (Fig. 2).

Discussion

The novelty of our present results resides in the first observational description of the effect of heatwaves over
glycemic control among adult T1D patients treated with AHCL systems. The main finding was that glycemic
control remained stable after the end of the heatwaves period whereas correlation between TIR and time in
automation could be detected.

Few studies have explored the association between ambient temperature and glucose metabolism. It seems
that there is an inverse relationship between the air temperature and glycemic control*>-*’. In fact, a circannual
seasonal HbAlc pattern with peak levels occurring in winter months has been described in the South of
Europe’®. However, previous data did not show this seasonal pattern in a Mediterranean population®. In fact,
we previously observed better glycemic control among MDI treated adult T1D patients during the summer’s
2022 historic Spanish heatwave compared to the following 2-week period (a worsening of 4% in TIR), being
in line with the glucose-temperature inverse relationship?®. However, here we did not find this connection in
adult T1D patients treated with AHCL systems, reinforcing the possible protective role of AHCL systems under
extreme weather conditions.

AHCL technology allow for continuous adaptation of insulin requirements to glucose levels. This treatment
option is superior to MDI in terms of achieved glycemic control and patient reported outcomes!”. People living

Scientific Reports |

(2025) 15:38895 | https://doi.org/10.1038/541598-025-22666-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

with diabetes face daily multiple disturbances that can affect their glucose levels**~*2. As aforementioned, extreme
heat can alter glycemic control in people living with patients. The data presented reflect how the glycemic control
of AHCL-treated patients is not affected by heatwaves, regardless of the type of AHCL used. In fact, the limited
information on observational comparative studies between AHCL devices does not show superiority between
systems?!. It seems possible that AHCL systems could allow a better adaptation to heat-induced glycemic changes
during heatwaves. We only detected a greater improvement in glycaemic variability (VC) in favor of TSX2
compared to MM780G. This benefit, although statistically significant, is clinically insufficient to recommend
one device over the other in extreme heat situations. The possibility of adapting the basal rate or sensitivity index
by the patients in the TSX2 model could be behind these potential benefits. Unfortunately, our study did not
consider the analysis of device settings as well as changes in device settings.

A greater percentage of time in automatization with AHCL system is a well-known predictor of their
benefits over glycemic control®’. Standardized recommendations for AHCL use stablish a > 95% of time in
automatization?®. Here, we observed that those users fulfilling this guidance during the heatwaves period
achieved better glycometric hypoglycemic index than those patients using AHCL in automatization mode <
95% of the time. This result helps to prove the benefits of AHCL system, even in extreme-temperature situations,
reducing the possible impact of heatwaves on glycemic control.

The GMI is a widely used metric that provides an estimate of glycemic control based on the mean sensor
glucose concentration obtained from continuous CGM data. It serves as a valuable tool for assessing long-term
glycaemic trends and guiding clinical decision-making, especially in individuals using advanced technologies
such as AHCL systems*®. Importantly, no significant differences in GMI were found between the two time
periods analysed, nor among the different AHCL systems employed. These findings suggest that glycaemic
control remained stable over time and was consistent across the various technologies evaluated.

Extreme weather conditions can modify human behaviour. High ambient temperatures lead to a reduction
in outdoor physical activity and time spent in open-air spaces. Furthermore, heatwave-protective measures
include avoiding unnecessary exposure to outdoor temperature?’. Similarly, COVID-19 caused by the severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) provoked a global lockdown with restrictive mobility
measures in most of the countries*®. Noticeably, glycemic values in people with T1D significantly improved
during COVID-19 lockdown, which may be associated with positive changes in self-care and digital diabetes
management®. There are various hypotheses as to why the glycemic values of T1D patients improved because of
the lockdown. For example, this could be due to more time for T1D self-care, more regular daily lifestyle, stricter
daily routine including scheduled meals, and better compliance with insulin therapy®®!. In fact, we previously
described that T1D patients on MDI plus CGM achieved a 60.8% of TIR during the summer s 2022 historic
heatwave, a higher percentage than previously reported Autumn and Winter CGM gathered data (57.8%) in a
cohort from the same population?®2. In the present study we observed that attained TIR through ACHL systems
during the heatwaves period was even clinically superior (74.9%).

Strengths of the study include that this is the first study that shows the effect of heatwaves over glycemic
control among people with diabetes treated with AHCL. This is also one of the few multicentre studies gathering
direct information about AHCL use and glycemic control from a wide cohort of adult T1D patients from a
public health system.

Nevertheless, there are some limitations inherent to this study. Firstly, the very design of the study limits
the applicability of the results. Our data came from a restrospective study where a great amount of possible
missed data could exist. We tried to reduce this bias by only selecting patients with paired glycometric data
from the two compared periods. Moreover, although the number of participants was limited, this is, to our
knowledge, the study with the largest sample size to date addressing this specific aspect. While our patients
were recruited from a multicentre framework, all participating centres are located within the same geographical
region in south-central Spain. Gathering further data from other areas affected by extreme heat could enhance
the generalisability of our findings to broader settings. Secondly, we suppose that patients were geographically
located in Castilla-La Mancha during the heatwave although we cannot confirm this assumption because we
were not able to record their exact geographical location. However, August s heatwaves affected almost entirely
Spain and most of southern Europe, so the possibility of patients to be affected by the heatwave was high in any
case even if they were not in Castilla-La Mancha at that moment. Thirdly, we could only access to three-weeks
glycemic control data from the heatwaves period and its subsequent interval, whereas some studies use annual
trends. Two short heatwaves took place in July’s 2023 (9th —12th and 17th —20th of July). If these two heat
waves had been considered, we could have obtained a more complete picture of their effect on glycaemic control.
However, both periods only add up to 8 days, and if these periods of time had been included, a total of 17 more
days would have been included in the analysis, most of them without extreme temperatures, which would mean
assuming an underestimation of the possible effect of heat waves on glycaemic control. Nevertheless, for the
first time glycemic control during weather-related anomalies in AHCL-treated patients was analyzed and this
information should be considered of interest. Fourthly, although last summer s 2023 heatwave finished on 26th
August, temperatures continued to be high for a few weeks, even higher than normal for our region and season,
so observed change in glycemic control could be underestimated. Finally, glycaemic control depends on multiple
factors, including the dietary patterns of people with diabetes. Daily carbohidrate intake was inversely associated
with glycemic control in adults with T1D using an AHCL systems®. Unfortunately, we did not consider this
aspect in the study design, and it would have been of interest to examine the effect of carbohydrate intake in
relation to heat waves and its potential impact on glycaemic control.

In conclusion, we observed that patients with T1D treated with AHCL maintained good glycemic control
during a heatwaves period, with no deterioration in the subsequent period. These findings suggest a possible
role of AHCL systems in mitigating the impact of extreme temperatures on glycaemic control, although further
research is needed. Effect of climate change over health will be a major issue in the following years.
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