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Climate change-induced heat waves and
environmental factors may contribute to
diabetes-related morbidity and mortality.
As climate change exacerbates the nega-
tive effects of extreme ambient temper-
ature on health, there is urgency for
personalized diabetes care to consider
a person’s environment. This is especially
true for disadvantaged populations such
as Medicaid beneficiaries, who—due to
structural racism and socioeconomic
disparities—have a higher prevalence
of type 2 diabetes (T2D) and may be
particularly susceptible to extremes in
outdoor temperature and their accom-
panying adverse health outcomes. There-
fore, we sought to examine how extreme
temperatures affect the occurrence of
serious hypoglycemia, diabetic ketoa-
cidosis (DKA), and sudden cardiac arrest/
ventricular arrhythmia (SCA/VA) among
Medicaid beneficiaries with T2D. The
consideration of patient-experienced am-
bient temperature may be an essential
missing piece to reducing disparities in
diabetes-related adverse health outcomes.
We conducted an analytic epidemio-

logic study using 1999–2010 enrollment
and health care claims data from Med-
icaid and Medicaid-Medicare (i.e., dual)

enrollees from California, Florida, New
York, Ohio, and Pennsylvania, linked to
publicly available meteorologic data from
the National Oceanic and Atmospheric
Administration. We first identified people
with T2D by using a validated Inter-
national Classification of Diseases di-
agnosis-based algorithm (1). We then
followed such individuals from the date
of their first T2D diagnosis through
either benefit disenrollment or death,
whichever came first. Within this ob-
servation time, we calculated crude
occurrence rates (and 95% CIs) for three
health outcomes of high concern for peo-
ple with T2D, namely, hospital presenta-
tion for serious hypoglycemia, hospital
admission for DKA, and hospital pre-
sentation for SCA/VA, by prespecified
strata of maximum daily ambient tem-
perature (i.e., hour of highest temper-
ature each day) in degrees Celsius, from
which we generated trend lines with
weighted 95% confidence bands. Health
outcomes were identified using vali-
dated International Classification of
Diseases diagnosis-based definitions.
Our decision to study these outcomes
is supported by an imperative to mini-
mize hypoglycemic episodes and DKA,

a federal action plan calling for hypo-
glycemia research, dramatic increases
in DKA rates among people with T2D,
and the fact that SCA/VA is responsible
for half of all cardiovascular deaths in
people with diabetes. Daily temper-
atures were mapped from geocoded
weather stations to population-weighted
centroids of zone improvement plan
(ZIP) codes and then assigned to indi-
viduals based on their ZIP code of res-
idence in the Medicaid enrollment file
(2). We used Poisson regression condi-
tioned on patient to assess the statisti-
cal significance of linear and quadratic
temperature terms. This research was
approved by the University of Penn-
sylvania’s institutional review board.

We identified 2,955,110 people with
T2D contributing 9,588,861 person-years
of observation. These people were pre-
dominantly White (41%), non-Hispanic
(79%), female (62%), and California
residents (42%), with a median follow-up
time of 2.3 years. The median (1st, 99th
percentile) maximum daily ambient tem-
perature was 22.4�C (�3.6�C, 37.9�C).
Occurrence rates per 1,000 person-years
were 9.20 (95% CI 9.14–9.26) for serious
hypoglycemia, 0.86 (0.85–0.88) for DKA,
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and 3.99 (3.95–4.03) for SCA/VA. Figure 1
depicts rates by prespecified tempera-
ture strata and trend lines.

We found differences in rates of health
outcomes by daily ambient temperatures
experienced by Medicaid and Medicaid-
Medicare enrollees with T2D. For serious
hypoglycemia (black curve), we found a
J-shaped relationship in which rates
were highest during cold and hot tem-
perature extremes; the P value for the
quadratic term for maximum ambient
temperature was <0.001. This pattern
is generally consistent with a prior study
of �2,500 Germans with diabetes (68%
with T2D), in which severe hypoglycemia
was more common during temperature
extremes (3). For DKA (blue trendline),
we found a higher rate during cold
(�17.8 to �12.2�C) vs. hot (>43.3�C)
temperature extremes; the P value for
the linear term for maximum ambient
temperature was 0.003. This inverse lin-
ear relationship is consistent with a time
series study of �40,000 Taiwanese with
diabetes, in whom DKA was more likely
during colder temperatures and winter

months (4). For SCA/VA (red curve), we
found a J-shaped relationship in which
rates were highest during cold and hot
temperature extremes; the P value for
the quadratic term for maximum ambient
temperature was 0.031. This pattern is
consistent with an epidemiologic study of
�50,000 Koreans in which out-of-hospital
cardiac arrest was more common during
temperature extremes, with effects being
more pronounced for extreme cold than
extreme heat (5). Mechanisms to explain
these patterns may include the ability of
ambient temperatures to affect glucose
homeostasis; inflammation; thermoreg-
ulatory capacity; renal clearance of drugs;
and arrhythmogenic, atherosclerotic, and/
or coagulopathic states. This study is lim-
ited by the use of ZIP code as a proxy for
individual exposure to the environment;
no data on use of heating/ventilation/air
conditioning; and concern for residual
confounding, particularly by time-varying
patient factors.
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Figure 1—Outcome occurrence rates by prespecified strata of maximum daily ambient temperature, in degrees Celsius, among Medicaid and
Medicaid-Medicare (i.e., dually eligible) beneficiaries with T2D. Black circles are occurrence rates of serious hypoglycemia. Red circles are occur-
rence rates of SCA/VA. Blue circles are occurrence rates of DKA. From these occurrence rates we generated trend lines with weighted 95% confi-
dence bands. We used Poisson regression (conditioned on patient) to assess statistical significance for linear and quadratic terms for maximum
daily ambient temperature. For serious hypoglycemia, P values for linear and quadratic terms for maximum daily ambient temperature, based
on 116,894,339 observations, were 0.113 and <0.001, respectively. For SCA/VA, P values for linear and quadratic terms for maximum daily am-
bient temperature, based on 39,443,759 observations, were <0.001 and 0.031, respectively. For DKA, the P values for linear and quadratic
terms for maximum daily ambient temperature, based on 9,170,990 observations, were 0.003 and 0.488, respectively. Note that we scaled the
size of each data point to reflect its weight (using the inverse of the variance estimate). p-y, person-years.
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