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Do relationships between ambient
temperature and serious adverse health
outcomes vary among users of different
antidiabetes drugs? A retrospective
cohort study of US Medicaid
beneficiaries with type 2 diabetes

Charles E Leonard

Cheng Chen," Sean Hennessy'**?

ABSTRACT

Objective Prior studies demonstrate that some untoward
clinical outcomes vary by outdoor temperature. This is true
of some endpoints common among persons with diabetes,
a population vulnerable to climate change-associated
health risks. Yet, prior work has been agnostic to the
antidiabetes drugs taken by such persons. We examined
whether relationships between ambient temperature and
adverse health outcomes among persons with type 2
diabetes (T2D) varied by exposure to different antidiabetes
drugs.

Design Retrospective cohort.

Setting Healthcare and meteorological data from five US
states, 1999-2010.

Participants US Medicaid beneficiaries with T2D
categorised by use of antidiabetes drugs.

Exposure Maximum daily ambient temperature (t-max).
Outcomes Hospital presentation for serious
hypoglycaemia, diabetic ketoacidosis (DKA) or sudden
cardiac arrest (examined separately).

Methods We linked US Medicaid to US Department of
Commerce data that permitted us to follow individuals
longitudinally and examine health plan enrolment,
healthcare claims, and meteorological exposures—all
at the person-day level. We mapped daily temperature
from weather stations to Zone Improvement Plan (ZIP)
codes, then assigned a t-max to each person-day
based on the residential ZIP code. Among prespecified
subcohorts of users of different pharmacologic
classes of antidiabetes drugs, we calculated age and
sex-adjusted occurrence rates for each outcome by
t-max stratum. We used modified Poisson regression
to assess relationships between linear and quadratic
t-max terms and each outcome. We examined effect
modification between t-max and a covariable for
current exposure to a specific antidiabetes drug and
assessed significance via Wald tests.

Results We identified ~3 million persons with

T2D among whom 713 464 used sulfonylureas

(SUs), dipeptidyl peptidase-4 inhibitors (DPP-
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Strength: Links meteorological data to healthcare
claims to answer a novel research question at the
intersection of environmental epidemiology and
pharmacoepidemiology.

= Strength: Uses validated diagnosis-based algo-
rithms for cohort building and for identifying health
outcomes of interest.

= Limitation: Relies on somewhat older data sets pre-
cluding the study of newer-to-market antidiabetes
drugs and more contemporaneous extreme ambient
temperature patterns.

= Limitation: Uses residential Zone Improvement Plan
codes as a proxy for individual exposure to ambient
temperature.

= Limitation: Potential residual confounding attribut-
able to a lack of data on individual access to and
use of heating, ventilation, and air conditioning as
examples.

4is), meglitinides, or glucagon-like peptide 1
receptor agonists (GLP1RAs). We identified a
positive linear association between t-max and
serious hypoglycaemia among non-insulin users of
glimepiride and of glyburide but not glipizide (Wald p
value for interaction among SUs=0.048). We identified
an inverse linear association between t-max and
DKA among users of the DPP-4i sitagliptin (p=0.016)
but not the GLP1RA exenatide (p=0.080). We did

not identify associations between t-max and sudden
cardiac arrest among users of SUs, meglitinides,
exenatide, or DPP-4is.

Conclusions We identified some antidiabetes drug
class-specific and agent-specific differences in

the relationship between ambient temperature and
untoward glycaemic but not arrhythmogenic, safety
outcomes.
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INTRODUCTION

The high and increasing prevalence of type 2 diabetes
(T2D) and the untoward effects of anthropogenic
climate change on health are both major global public
health concerns. While these concerns have not been
historically linked, recent rf:ports1 2 suggest interconnec-
tions between diabetes and climate change given their
shared global vectors (eg, urbanisation).” Further, it is
well understood that vulnerable populations*—such as
minority and low-income communities—are dispropor-
tionately affected both by diabetes and climate change.
Given this, there are numerous important areas of inquiry
at the intersection of diabetes and climate change (and
health disparities) including investigations of new-onset
diabetes, morbidity in diabetes, food quality and security,
and physical activity.' SA major imperative of the Interna-
tional Diabetes Federation' includes investigations of the
effects of ambient temperatures on health among persons
with diabetes. While we’ and others™ have found such
relationships, prior work has largely been agnostic to the
antidiabetes drugs taken by study populations. This leaves
an important knowledge gap because safety endpoints
common in users of certain antidiabetes drugs may be
affected by temperature. We therefore sought to examine
whether relationships between ambient temperature and
untoward health effects in vulnerable Americans with
T2D differed by antidiabetes drug regimens. Our intent
was to generate initial evidence about whether incorpo-
rating patient-experienced ambient temperatures might
inform the personalisation of diabetes treatment to maxi-
mise patient safety.

RESEARCH DESIGN AND METHODS

Overview and data sources

We conducted a retrospective cohort study using 1999-
2010 US Medicaid enrolment and healthcare data from
five states (online supplemental figure 1) linked to mete-
orological data from the US Department of Commerce
National Oceanic and Atmospheric Administration
(NOAA). Medicaid is a joint state-federal programme
that provides health coverage to low-income Americans.
This public programme is administered separately by
states with eligibility rules that differ within the structure
of federal guidelines.” The programme covers approx-
imately 20% of all Americans including many with
complex and costly needs for care.'” It is one of the largest
payers for healthcare in the US."' NOAA is a US federal
agency whose mission is to understand our natural world
and help protect its resources including by monitoring
global weather and climate.'* " These linked data sources
constituted a data set that permitted us to follow individ-
uals longitudinally—examining health plan enrolment,
healthcare claims and meteorological exposures, all at
the person-day level.

Cohort construction
Our cohort consisted of persons with T2D having
complete and valid information on sex and date of birth;

by virtue of the data linkage, all subjects had valid Zone
Improvement Plan (ZIP) codes of residence. T2D was
determined by the presence of at least one any-claim type
(eg, outpatient, emergency department, inpatient), any-
position International Classification of Diseases Ninth
Revision Clinical Modification (ICD-9-CM) diagnosis of
250.X0 or 250.X2 (indicative of T2D) but absence of an
any-claim type, any-position ICD-9-CM diagnosis of 250.
X1 or 250.X3 (indicative of type 1 diabetes)—where ‘Xs’
represented wildcards. Validation work by Klompas et al
using a US electronic health record data set found this
approach to have a positive predictive value (PPV)=91%
(84-96%) and sensitivity=90% (83-96%)."* Observation
time began on each person’s first observed T2D diag-
nosis and was censored on the earliest occurrence among
disenrolment from Medicaid or death. Each person-day of
observation was characterised by the exposure of interest,
a stratification variable and outcome occurrence.

Exposure

The exposure of interest was the day-level maximum
ambient temperature (t-max) at the persons’ ZIP code of
residence (a surrogate for their geographical location on
each observation day). Meteorological data from NOAA
provided weather parameters (measured at weather
stations) and station locations. For each individual, we
linked their ZIP code of residence as ascertained from
the Medicaid enrolment file to the population-weighted
centroid of that ZIP code as estimated using ZIP code
boundaries, census block group boundaries, and 2010
census block group-level population data. The daily
t-max for each population-weighted ZIP code centroid
was estimated from daily meteorological data, locations
of weather stations, and spline interpolation. The use
of spline interpolation to estimate properties (such as
temperature) at unsampled sites based on data from
sampled sites may enable more precise estimation than
a simple averaging method.'”” Additional detail on our
approach is described in a prior issue of this journal."®

Stratification variable
We used time-varying exposure versus non-exposure to
a specific antidiabetes drug within each pharmacologic
drug class of interest using days’ supply values on day-
level pharmacy dispensing claims (not permitting grace
periods).'” This enabled us to examine relationships
between t-max exposure (see above) and outcome (see
below) stratified by the antidiabetes drug regimen in use.
We selected antidiabetes drugs within pharmaco-
logic classes that were commonly used during the study
period® and had putative associations with one or more
of the outcomes of interest. Therefore, we studied the
following second-generation sulfonylureas (SUs) in anal-
yses of serious hypoglycaemia® ** and of sudden cardiac
glyburide, glipizide and glimepiride. We
studied the following meglitinides in analyses of sudden
cardiac arrest:*’ nateglinide and repaglinide. We studied
the following dipeptidyl peptidase-4 inhibitors (DPP-4is)
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Table 1
drugs forming the subcohorts of interest

Outcome counts and occurrence rates, by categories of maximum ambient temperature exposure, by antidiabetes

Serious hypoglycaemia*

Diabetic ketoacidosis

Sudden cardiac arrest/
ventricular arrhythmia

Antidiabetes drug class t___category, in degrees C

<-17.8
-17.8to <-12.2
-12.2to <-6.7
-6.7 to <-1.1
-1.1to<4.4
4.4t0<10.0
10.0 to <15.6
15.6 to <21.1
21.1t0 <26.7
26.7 to <32.2
32.2 to <37.8
37.8 to <43.3
>43.3

Overall
<-17.8

-17.8 to <-12.2
-12.2to <-6.7
-6.7 to <-1.1
-1.1to<4.4
4.4t0<10.0
10.0 to <15.6
15.6 to <21.1
21.1t0 <26.7
26.7 t0 <32.2
32.2 to <37.8
37.8 to <43.3
>43.3

Overall
<-17.8
-17.8to <-12.2
-12.2to <-6.7
-6.7 to <-1.1
-1.1to<4.4
4.4t0<10.0
10.0 to <15.6
15.6 to <21.1
21.1t0 <26.7
26.7 to <32.2
32.2 t0 <37.8
37.8 o <43.3
>43.3

Overall

Sulfonylureas

Meglitinides

DPP-4is

Outcomes, n

78
460
1321
1752
3947
6514
7346
7101
2891
406
28
31852
NA

NA

Rate, per
1000 p-y

20.6
13.9
20.8
22.6
23.0
22.8
25.0
25.3
25.3
25.1
26.8
36.3
32.9
26.8

Outcomes, n

NA

NA

H  H | H | =2 H A

65

Rate’, per

1000 p-y

0.8
1.0
0.9
0.7
0.9
0.3
0.3
0.8

0.6

Outcomes, n Rate', per
1000 p-y
b 7.8
20 5.4
91 4.5
197 3.4
270 3.4
624 3.8
1004 3.8
1139 3.8
1101 3.8
456 4.2
54 4.6
t 4.7
4964 4.0
I 6.7
I 8.1
13 6.1
20 6.7
35 5.9
62 6.4
63 5.7
68 6.7
28 8.2
$ 8.7
299 5.9
t 9.4
I 4.3
16 2.4
19 2.6
38 2.9
53 2.8
69 3.0
53 2.4
29 3.3
i 2.5
NA NA
292 2.8
Continued
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Table 1 Continued
Sudden cardiac arrest/
Serious hypoglycaemia* Diabetic ketoacidosis ventricular arrhythmia
GLP1RAs <-17.8 NA - - - -
-17.8to <-12.2 - - - -
-12.2 10 <-6.7 - - - -
-6.7 to <-1.1 - - - -
-1.1to<4.4 - - - -
4.41t0<10.0 - - - -
10.0 to <15.6 b 0.5 - -
15.6 to <21.1 I 0.4 b 1.0
21.1 10 <26.7 I 1.2 I 0.9
26.7 to <32.2 - - t 25
32.2 t0 <37.8 - - I 2.3
37.8 10 <43.3 - - - -
>43.3 - - - -
Overall 13 0.8 21 1.4

*The preplanned sensitivity analysis excluding follow-up time on initiation of insulin included the study of <11, <11, 73, 400, 1162, 1498, 3289, 5396, 6156, 5968,
2376, 329 and 263 899, 9374 and 13405 outcomes and had occurrence rates of 12.7, 10.0, 21.2, 21.6, 22.2, 21.3, 28.0, 23.1, 23.4, 23.5, 24.7, 33.3 and 35.2 per
1000 p-y for t-max categories <-17.8, -17.8 to <-12.2, -12.2 to <-6.7, —6.7 to <-1.1, —-1.1 to <4.4, 4.4 t0 <10.0, 10.0 to <15.6, 15.6 to <21.1, 21.1 to <26.7, 26.7 to

<32.2, 32.2 to <37.8, 37.8 to <43.3 and >43.3degrees C, respectively.

TAge and sex adjusted occurrence rates; obtained from generalised estimating equation Poisson regression models and estimated at the mean age and sex. Rates
were calculated as outcomes occurring during person-days exposed to the t-max category within each antidiabetes class of interest.
FCell count <11 or would enable back-calculation of a cell <11, therefore value suppressed to comply with the US Department of Health and Human Services CMS

Cell Suppression Policy (HHS-0938-2020 F-7420).

C, Celsius; DPP-4is, dipeptidyl peptidase-4 inhibitors; GLP1RAs, glucagonlike peptide one receptor agonists; NA, not applicable, that is, drug-class-outcome pair

was not prespecified as ‘of interest’; p-y, person years; t

‘max’

in analyses of diabetic ketoacidosis (DKA) % and of sudden
cardiac arrest:* saxagliptin and sitagliptin. Linagliptin,
for example, would also have been of interest but was not
approved in the USA until 2011. We studied the following
glucagon-like peptide 1 receptor agonists (GLP1RAs) in
analyses of DKA” and of sudden cardiac arrest:”' *

atide and liraglutide. Dulaglutide, for example, would
also have been of interest but was not approved in the
US until 2014. Sodium-glucose co-transporter 2 inhibitors
(SGLT-2is) would also have been of interest especially for
the DKA endpoint but the first agent in this class (cana-
gliflozin) was not approved in the US until 2013. We did
not prioritise the study of insulins since global estimates
suggest that 7-16% of persons with T2D in 2030 will use
insulin;‘%3 as this still represents 2.6-5.9 million Americans,
an examination of insulin is likely warranted in future
work. That said, in analyses examining serious hypogly-
caemia, we conducted prespecified sensitivity analyses in
which we censored observation time when an individual
began insulin therapy.

Outcomes

Outcomes of interest, each examined separately, were
hospital presentation for: serious hypoglycaemia; DKA;
and sudden cardiac arrest (consisting of sudden cardiac
arrest or ventricular arrhythmia but termed sudden
cardiac arrest for simplicity). We selected these endpoints
because they are clinically relevant, major barriers
to optimal diabetes care, commonly drug-induced,

maximum daily ambient temperature.

independently affected by ambient temperature, and of
major interest to stakeholders.

Serious hypoglycaemia was defined by one of the
following ICD-9-CM discharge diagnosis codes in any
position on an emergency department claim or the prin-
cipal position on an inpatient claim: (1) 251.0 (hypogly-
caemic coma); (2) 251.1 (other specific hypoglycaemia);
(3) 251.2 (hypoglycaemia, unspecified); or (4) 250.8X
(diabetes with other specified manifestations), as long
as not co-occurring with =1 exclusionary diagnosis
suggesting manifestations other than hypoglycaemia (see
detail in Leonard et aP*). This algorithm has a PPV=89%
for the emergency department component™ and 78% for
the inpatient component.” Performance measure values
were derived from validation studies within the US Emer-
gency Medicine Network and US Centers for Medicare
and Medicaid Services data, respectively, using medical
records as the gold standard.

DKA was defined by one of the following ICD-9-CM
discharge diagnosis codes in any position on an inpa-
tient claim: (1) 250.1 (diabetes with ketoacidosis); (2)
250.10 (diabetes mellitus (DM) with ketoacidosis, type 2
or unspecified type); (3) 250.11 (DM with ketoacidosis,
type 1, not stated as uncontrolled); (4) 250.12 (DM with
ketoacidosis, type 2 or unspecified type, uncontrolled); or
(5) 250.13 (DM with ketoacidosis, type 1, uncontrolled).
This algorithm has a PPV=89% (72-96%), although
this US Medicaid-based validation study was limited to
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children and young adults with T2D.”” We decided to
include components (3) and (5) of the DKA definition
above since our study population was already limited to a
population with T2D. We decided against an alternative
method that restricts the DKA definition to principal diag-
noses® because such an approach has not been validated.

Sudden cardiac arrest was defined by one of the
following ICD-9-CM discharge diagnosis codes in a first-
listed position on an emergency department claim or
principal position on an inpatient claim: (1) paroxysmal
tachycardia (427.1); (2) ventricular fibrillation and/
or flutter (427.4, 427.41 or 427.42); (3) cardiac arrest
(427.5); (4) sudden death (798); (5) instantaneous
death (798.1); or (6) death occurring in <24hours from
symptom onset not otherwise explained (798.2). This
algorithm, with a PPV=85%," has been used by the US
Food and Drug Administration’s Sentinel Initiative.

Analysis

Separately for each pharmacologic drug class (and drugs
within classes), we calculated sex-adjusted and base-
line age-adjusted occurrence rates for each outcome
by prespecified categories of same-day t-max in degrees
Celsius (°C) from which we then generated trendlines
with 95% confidence bands via linear regression. We
examined the statistical significance of beta coefficients
for exposure (ie, tmax) terms from modified Poisson
models (ie, generalised estimating equation Poisson
using first-order autoregressive correlations struc-
tures). Put simply, such a model is a statistical method
for analysing count data in the presence of correlation
whereby correlation is assumed to be highest between
adjacent time points yet decreases as the time horizon
increases. All models included linear terms for t-max.
We also included quadratic t-max terms if all antidia-
betes drug-specific beta coefficients had p values of <0.05.
Furthermore, models accounted for sex and baseline
age as potential confounders but not for time-varying
patient factors. Within each pharmacologic drug class, we
performed a Wald test for interaction between the terms
for ambient temperature and individual antidiabetes
drug. Put simply, this test examines if the effect of one
variable on an outcome differs by the level of a second
variable. Analyses were conducted using Stata/MP V.17
and SAS V.9.4. This research was approved by the Univer-
sity of Pennsylvania’s institutional review board.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

We identified 2955 110 persons with T2D followed for
a median of 2.3 years. Among these persons, we iden-
tified 713 464 users of SUs, DPP-4is, meglitinides and/
or GLP1RAs (see online supplemental table 1, Panel

A); we included 697678 (98%) with complete data on
sex and date of birth. These persons contributed up
to 1120 522,90 284, 43 564 and 11 279 person-years of
observation, respectively. Individuals were predomi-
nantly white (35%), non-Hispanic/non-Latino (77%),
women (59%) and California residents (43%) with a
median (Ist, 25th, 75th, 99th percentile) age of 60.7
(24.9, 48.8, 71.5, 92.3) years and follow-up time of
0.9 (0.01, 0.26, 2.41, 10.0) years. The median (1st,
25th, 75th, 99th percentile) t-max was 22.2°C (-3.6°C,
15.3°C, 28.0°C, 87.7°C). See additional baseline demo-
graphics in online supplemental table 1, Panel B.

Outcome occurrence rates are presented in table 1 and
online supplemental table 2. All modified Poisson models
included linear t-max terms but none met the prespeci-
fied criterion for the inclusion of quadratic t-max terms.
We identified a positive linear association between t-max
and serious hypoglycaemia occurrence among users of
glimepiride (p<0.001) and of glyburide (p<0.001) but not
glipizide (p=0.300; Wald p value for interaction among
SUs=0.054); see figure 1. In the preplanned sensitivity
analysis in which SU observation time was censored on
insulin initiation, this interaction was statistically signifi-
cant (Wald p value for interaction among SUs=0.048). We
identified an inverse linear association between t-max and
DKA rate among users of the DPP-4i sitagliptin (p=0.016)
but not the GLP1RA exenatide (p=0.080); see figure 2.
We did not identify differential associations between
t-max and sudden cardiac arrest rate among users of SUs
(Wald p value for interaction among SUs=0.141; figure 3),
meglitinides (Wald p value for interaction among megli-
tinides=0.410, online supplemental figure 2) or DPP-4is
(Wald p value for interaction among DPP-4is=0.438, see
online supplemental figure 3). We also did not identify
an association between t-max and sudden cardiac arrest
rate for the GLP1RA exenatide (linear temperature term,
p=0.074, see online supplemental figure 4.

DISCUSSION

Persons with diabetes are especially vulnerable to the
health effects of extreme ambient temperatures which will
be exacerbated by climate change. One approach to facil-
itate climate resilience for persons with diabetes includes
generating evidence to underpin mitigation and/or adap-
tation strategies to reduce the effects of extreme ambient
temperatures on personal health.” Randomised trials
to generate such evidence seem unlikely. We used real-
world healthcare data of vulnerable Americans with T2D
linked to day-level temperature data and identified some
antidiabetes drug class-specific and agent-specific differ-
ences in the occurrence of untoward glycaemic but not
arrhythmogenic outcomes during temperature extremes.
Such findings suggest interesting hypotheses that should
spur further investigation into the role of personalised
strategies to manage and mitigate risks of heat, cold, and
extreme weather events in persons with diabetes.
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Figure 1 Serious hypoglycaemia occurrence rates by prespecified strata of maximum daily ambient temperature, in degrees
Celsius, among second-generation sulfonylurea users enrolled in five US state Medicaid programmes. Occurrence rates

(ie, outcomes among exposed person-days) for sulfonylureas are represented by circles. We scaled the size of each data

point to reflect its weight using the inverse of the variance estimate. Black-to-grey tones distinguish the sulfonylureas. Black
circles=glyburide. Dark grey circles=glipizide. Light grey circles=glimepiride. Corresponding confidence bands are dark grey,
medium grey and light grey, respectively. P values for quadratic terms for maximum daily ambient temperature were 0.015,
0.988 and 0.341 for glyburide, glipizide and glimepiride, respectively. P values for linear terms for maximum daily ambient
temperature were<0.001, 0.300 and<0.001 for glyburide, glipizide and glimepiride, respectively; Wald test for interaction among
these sulfonylureas: p=0.054. P-y, person-years.
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Figure 2 Diabetic ketoacidosis occurrence rates by prespecified strata of maximum daily ambient temperature, in degrees
Celsius, among sitagliptin (DPP-4i) and among exenatide (GLP1RA) users enrolled in five US state Medicaid programmes.
Occurrence rates (ie, outcomes among exposed person-days) for dipeptidyl peptidase-4 inhibitors are represented by squares.
Occurrence rates for glucagon-like peptide 1 receptor agonists are represented by triangles. We scaled the size of each data
point to reflect its weight using the inverse of the variance estimate. Black-to-grey tones distinguish the antidiabetes agents.
Black squares=sitagliptin. Dark grey triangles=exenatide. Corresponding confidence bands are dark grey and medium grey,
respectively. P values for quadratic terms for maximum daily ambient temperature were 0.803 and 0.294 for sitagliptin and
exenatide, respectively. P values for linear terms for maximum daily ambient temperature were 0.016 and 0.080 for sitagliptin
and exenatide, respectively. P-y, person-years.
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temperature, in degrees Celsius, among second-generation sulfonylurea users enrolled in five US state Medicaid programmes.
Occurrence rates (ie, outcomes among exposed person-days) for sulfonylureas are represented by circles. We scaled the size of
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Black circles=glyburide. Dark grey circles=glipizide. Light grey circles=glimepiride. Corresponding confidence bands are dark
grey, medium grey and light grey, respectively. P values for quadratic terms for maximum daily ambient temperature were 0.013,
0.968 and 0.973 for glyburide, glipizide and glimepiride, respectively. P values for linear terms for maximum daily ambient
temperature were 0.129, 0.249 and 0.207 for glyburide, glipizide and glimepiride, respectively; Wald test for interaction among

these sulfonylureas: p=0.141. P-y, person-years.

Our finding of a positive linear relationship between
t-max and serious hypoglycaemia rate among non-insulin
users of some (ie, glimepiride, glyburide) but not other
(ie, glipizide) second-generation SUs may be mechanis-
tically explainable. In the setting of heatrelated dehy-
dration, impaired renal function may result in drug
metabolite accumulation.” Glimepiride and glyburide
(but not glipizide) have renally-cleared active metab-
olites,*” that is, cyclohexyl hydroxymethyl glimepiride
derivative and 4-hydroxy glyburide, respectively. These
active metabolites could accumulate, increasing the dura-
tion of hypoglycaemic effects.

Studies of drug-induced DKA in T2D have focused
predominantly on SGLI-2is, although DPP-4is and
GLPIRAs have also been implicated.*® * Since our data
set predated SGLT-2i use, we examined sitagliptin and
exenatide in the latter classes finding increased DKA rates
during colder (vs hotter) ambient temperatures among
users of sitagliptin. This is consistent with previously
reported, although drug-agnostic, ambient tempera-
ture-DKA relationships.” ® A potential mechanism is that
cold stress may reduce insulin secretion.*'

We did not observe compelling findings for our arrhyth-
mogenic endpoint despite a priori hypotheses based on
differences in the pharmacodynamic and/or adverse
effect profiles of antidiabetes medications. For example,
we hypothesised that GLP1RA exenatide users may have
an increased sudden cardiac arrest rate during hotter
ambient temperatures given the drug’s effect inhibiting

thirst” that could compound heatrelated dehydration
and precipitate serious arrhythmias.

Our study was limited by: reliance on somewhat dated
data (precluding the study of newer-to-market antidia-
betes drugs and more contemporaneous extreme ambient
temperature patterns); use of residential ZIP code as a
proxy for exposure to temperature; lack of data on access
to heating, ventilation, and air conditioning; lack of
laboratory results (including blood glucose and haemo-
globin A1C); and residual confounding. With respect to
generalisability, our findings may not apply to non-US
Medicaid populations. Finally, we did not seek public or
patient involvement in the development of our research
question, design and conduct of our study, or interpreta-
tion of our findings; doing so may have strengthened our
study’s relevance and applicability.

CONCLUSION

This exploratory geoenvironmental diabetology® study
harnessing real-world data of vulnerable Americans with
T2D identified some antidiabetes drug class-specific and
agent-specific differences in the occurrence of untoward
glycaemic safety outcomes during ambient tempera-
ture extremes. Future work should investigate roles for
personalised strategies to manage and mitigate risks of
heat, cold, and extreme weather events in persons with
diabetes.
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