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Severe Hypoglycemia, Cardiac
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To assess the association of severe hypoglycemia measured at baseline with
cardiovascular disease (CVD) among community-dwelling older individuals with
diabetes, a group particularly susceptible to hypoglycemia.
RESEARCH DESIGN AND METHODS

CARDIOVASCULAR AND METABOLIC RISK

We included older adults with diabetes from the Atherosclerosis Risk in Communities (ARIC) study who attended visit 5 (2011–2013, baseline). Severe hypoglycemia
at baseline was deﬁned with use of ﬁrst position ICD-9 codes from hospitalizations,
emergency department visits, and ambulance calls. We examined cross-sectional
associations of severe hypoglycemia with echocardiographic indices of cardiac
structure-function. We prospectively evaluated the risks of incident or recurrent
CVD (coronary heart disease, stroke, or heart failure) and all-cause mortality, from
baseline to 31 December 2018, using negative binomial and Cox regression models.

Among 2,193 participants (mean [SD] age 76 [5] years, 57% female, 32% Blacks),
79 had a history of severe hypoglycemia at baseline. Severe hypoglycemia was
associated with a lower left ventricular (LV) ejection fraction (adjusted b-coefﬁcient
23.66% [95% CI 25.54, 21.78]), higher LV end diastolic volume (14.80 mL [95% CI
8.77, 20.84]), higher E-to-A ratio (0.11 [95% CI 0.03, 0.18]), and higher septal E/e9 (2.48
[95% CI 1.13, 3.82]). In adjusted models, severe hypoglycemia was associated with
incident or recurrent CVD (incidence rate ratio 2.19 (95% CI 1.24, 3.88]) and all-cause
mortality (hazard ratio 1.71 [95% CI 1.10, 2.67]) among those without prevalent CVD.
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RESULTS

Our ﬁndings suggest that a history of severe hypoglycemia is associated with
alterations in cardiac function and is an important marker of future cardiovascular
risk in older adults.
Hypoglycemia is more common among older individuals with diabetes (1), with a
doubling of risk with each additional decade of life after age 60 years (2). A number of
factors can contribute to the high risk of hypoglycemia in older adults including agerelated decline in renal function, physiological changes in drug metabolism, a high
burden of comorbidities, diminished cognitive ability, and potential overtreatment (3).
Overtreatment (understood as treatment that is unlikely to result in beneﬁt and may cause
harm) is thought to be common in older adults (4), despite recommendations from
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of 1,699 for incident coronary heart disease
(CHD), 1,986 for incident stroke, and 1,675
for incident heart failure. In a secondary
analysis, we examined risk of incident atrial
ﬁbrillation in 1,822 participants with no
history of atrial ﬁbrillation at baseline.
All study protocols received institutional review board approval at each
study site, and all participants provided
written informed consent.

RESEARCH DESIGN AND METHODS

Cardiac Structure and Function

Study Population

Echocardiography was conducted at visit
5 with use of a standardized protocol
across all ﬁeld centers (13). We examined
the following indices: left ventricular
ejection fraction (LVEF), left ventricular
(LV) mass indexed to body surface area,
LV hypertrophy (LVH), left atrial (LA)
volume, E-to-A ratio, global longitudinal
strain (GLS), interventricular septal thickness, LV end-diastolic diameter (LVEDD),
LV end-diastolic volume (LVEDV), LV endsystolic volume (LVESV), relative wall
thickness (RWT), right ventricular fractional area change (RVFAC), and pulmonary artery systolic pressure.

The ARIC study originally recruited 15,792
participants from four U.S. communities
(10). The ﬁrst visit took place in 1987–1989.
Since then, participants have returned for
subsequent study visits and received telephone calls annually and semiannually
(since 2012). Baseline for the current study
was the ﬁfth visit (visit 5), which took place
from 2011 to 2013 and was attended by
6,538 individuals.
For the current investigation, participants were excluded if they did not have
type 2 diabetes at baseline (visit 5). We
further excluded the small number of
Blacks from Minneapolis or Washington
County and those without follow-up data
(Supplementary Fig. 1). After these exclusions, there were 2,193 participants with
diagnosed diabetes (deﬁned by selfreport of a physician diagnosis or use
of glucose-lowering medication use [11])
included in our analyses (Supplementary
Fig. 1). All the included participants had
echocardiographic data on the indices of
cardiac function and structure. In our
analyses of incident cardiovascular events,
we further excluded participants with prevalent disease at baseline for sample sizes

History of Severe Hypoglycemia

Severe hypoglycemia events were ascertained at any point prior to baseline (up
to the date of visit 5). Severe hypoglycemic events were identiﬁed from hospitalizations, emergency department visits,
and ambulance calls using a validated
algorithm that relies on ICD-9 codes in
the primary position (12). The hospitalization records were obtained via active
surveillance that captures hospitalizations of ARIC participants in local hospitals and hospitals outside the local
catchment area (10) and linkage to Medicare claims for hospitalizations, emergency department visits, and ambulance
calls, available for participants enrolled in
Medicare fee-for-service part B.

Cardiovascular Events and Death

We examined risk of cardiovascular morbidity and mortality including CHD, stroke,
and heart failure. The details of the process to deﬁne incident CHD (nonfatal or
fatal CHD events), stroke (deﬁnite or
probable ischemic or hemorrhagic stroke),
and heart failure, using a two-step process including ICD codes from hospital
records and followed by adjudication, are
shown in Supplementary Table 1. An expert
committee adjudicated cardiovascular
events (10,14). An LVEF $50% was used

to deﬁne heart failure with preserved
ejection fraction and ,50% to deﬁne
heart failure with reduced ejection
fraction. Atrial ﬁbrillation was identiﬁed
with ICD-9 or -10 codes for atrial ﬁbrillation or atrial ﬂutter (437.3 or I48) in the
absence of cardiac surgery (procedure
codes 35.x or 36.x) from hospital records
(15). Mortality was assessed via proxy,
coroner reports, and the National Death
Index through 2017 (10). Follow-up was
available through 31 December 2018.
Covariates

Covariates at ARIC visit 5 (2011–2013) were
assessed by standardized questionnaires,
physical examination, and laboratory tests.
Covariates of interest were age, sex, racecenter, income, smoking status, use of
diabetes medications (insulin or oral medications), duration of diabetes, hemoglobin
A1c (HbA1c), estimated glomerular ﬁltration
rate (eGFR) calculated from serum creatinine using the Chronic Kidney Disease
Epidemiology Collaboration equation (16),
albuminuria, BMI, mean systolic and diastolic blood pressures, use of hypertension medication (including ACE inhibitors
and angiotensin receptor blockers [ARBs]),
LDL cholesterol, HDL cholesterol, lipid-lowering medication use, liver enzymes (ALT,
AST), cardiac biomarkers (hs-cTnT and Nterminal–pro–hormone BNP [NT-proBNP]),
history of cardiovascular disease (CVD) or
heart failure, and frailty. Total cholesterol
and HDL cholesterol were measured, and
LDL cholesterol was calculated with use
of the Friedewald equation. Plasma hscTnT was measured with a novel highly
sensitive assay with a lower measurable
limit of 3 ng/L (Elecsys Troponin T; Roche
Diagnostics, Indianapolis, IN). NT-proBNP
was measured by an electrochemiluminescent immunoassay on an automated
cobas e 411 analyzer (Roche Diagnostics)
with a lower measurable limit of 5 pg/mL.
Information on medical history, medication use, alcohol use, and current
smoking was obtained with standardized questionnaires. The frailty phenotype was based on a combination of
data on weight loss, BMI, physical activity level, waking speed, low energy,
and grip strength (17). We classiﬁed
diabetes medication use as none, oral
medication use only, or any insulin use.
Statistical Analyses

We classiﬁed participants into categories
deﬁned by the presence or absence of
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professional bodies for higher glycemic
targets in older adults with diabetes (5).
Clinical recommendations for diabetes
endorse glycemic targets among older
adults that are largely based on extrapolation from trials and other studies conducted in middle-aged populations (6).
Few community-based studies have examined the consequences of hypoglycemia in older adults (especially those aged
75 years or older). Recent work suggests
that severe hypoglycemia is strongly associated with cardiovascular risk, but the
pathways remain unclear (7). Emerging
evidence shows that subclinical myocardial damage, as assessed by elevated levels
of high-sensitivity cardiac troponin T (hscTnT), is related to hypoglycemia (8,9). It
is unknown whether hypoglycemia independently associates with cardiac structure or function or whether hypoglycemia
is associated with incident heart failure.
We used data from the Atherosclerosis
Risk in Communities (ARIC) study to assess
the cross-sectional associations of severe
hypoglycemia with indices of cardiac structure and function and prospective associations with subsequent cardiovascular
events among older adults with diabetes.
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RESULTS

Among the 2,193 participants with diagnosed diabetes at visit 5 (2011–2013),
79 had a history of severe hypoglycemia
(3.6%). Individuals with severe hypoglycemia at baseline were older and more
likely to be Black or using insulin and to
have higher HbA1c and longer duration of
diabetes (Table 1). A history of severe
hypoglycemia was also associated with
current alcohol use, elevated diastolic

blood pressure, poor kidney function, history of CVD, and higher levels of hs-cTnT
and NT-proBNP.
Cross-sectional Association With
Cardiac Function and Structure

The echocardiographic characteristics of
the participants who experienced a hypoglycemic episode and those who did
not are shown in the Supplementary
Table 2. There were signiﬁcant differences between the two groups in terms
of LVEDD, interventricular septal thickness, mean wall thickness, LV mass, LVEF,
LVEDV, LVESV, GLS, RVFAC, LA volume,
and E-to-A ratio. Among the 2,193 participants with diagnosed diabetes, those
who experienced a severe hypoglycemia event had a lower LVEF (adjusted
b-coefﬁcient 23.66 [95% CI 25.54, 21.78])
and RVFAC (20.03 [95% CI 20.05, 20.01])
andseptale9 (20.39[95% CI20.77, 20.01])
(model 1) (Table 2). A history of severe
hypoglycemia was also associated with a
higher LVEDD (0.17 [95% CI 0.04, 0.30]),
LVEDV (14.80 [95% CI 8.77, 20.84]), and
LVESV (12.02 [95% CI 8.10, 5.93]) and LV
mass (21.03 [95% CI 9.22, 32.84]), GLS
(0.85 (95% CI 0.13, 1.57]), LA volume
(5.61 [95% CI 0.69, 10.53]), E-to-A ratio
(0.11 [95% CI: 0.03, 0.18]), and septal E/e9
(2.48 [95% CI 1.13, 3.82]) (Table 2). Additionally accounting for duration of diabetes (model 2) did not substantially
affect the magnitude or signiﬁcance of
the associations, whereas further accounting for the history of CVD and hs-cTnT
levels (potentially on the pathway from
hypoglycemia to cardiac alterations) attenuated these ﬁndings, with only the
differences in LVEDV, LVESV, and RVFAC
remaining statistically signiﬁcant (model
3) (Table 2).
Incident Cardiovascular Events and
Overall Mortality

Of the 2,193 participants, 559 died and
136 experienced an incident or recurrent
CVD event. The median follow-up time
for CVD events was 5.53 years (range
0.07–7.57) and was 6.1 years (0.07–7.57)
for death. The severe hypoglycemic events
occurred a median of 5.8 years prior to
baseline.
The crude incidence rates of cardiovascular events and mortality were two
or more times higher among those older
adults with diabetes who had experienced
a severe hypoglycemic episode compared
with those who had not (Table 3).

A history of severe hypoglycemia was
signiﬁcantly associated with a more than
twofold higher risk of incident or recurrent cardiovascular events and all-cause
mortality (Table 3) (models A and B).
These associations persisted after additional adjustment for diabetes duration
and medication use (model C), for incident or recurrent CVD (incidence rate
ratio [IRR] 2.19 [95% CI 1.24, 3.88]), and
for all-cause mortality (hazard ratio [HR]
1.71 [95% CI 1.10, 2.67]) but were not
signiﬁcant in model 3 for incident CVD
(HR 1.85 [95% CI 0.84, 4.07]).
When looking at cardiovascular subtypes, we found that there were associations with incident or recurrent CHD
(IRR 2.61 (95% CI 1.11, 6.14) (Table 3)
(model C). The results for incident CHD
(HR 2.10 [95% CI 0.81, 5.40]), heart failure
(HR 1.62 [95% CI 0.65, 4.05]), stroke (HR
1.32 [95% CI 0.39, 4.50]), and atrial ﬁbrillation (HR 1.22 [95% CI 0.49, 3.07]) were
not statistically signiﬁcant. When we examined subtypes of heart failure, there
was only one case of heart failure with
reduced ejection fraction (data not shown
due to imprecision). For heart failure with
preserved ejection fraction, the HR was
3.17 (95% CI 1.10, 9.08). For all outcomes,
additional adjustment for frailty did not
substantially affect the magnitude or the
signiﬁcance of the estimates (Table 3)
(model D).
CONCLUSIONS

We observed associations of severe hypoglycemia with measures of cardiac
structure and function, cardiovascular
events, and all-cause mortality in a community-based population of older adults
(including a signiﬁcant proportion aged
$75 years) with diagnosed diabetes.
Speciﬁcally, a history of severe hypoglycemia was related to a lower ejection
fraction, greater LV mass and chamber
size, and impaired LV ﬁlling. Severe hypoglycemia was also associated with an
increased risk of future cardiovascular
events (including recurrent events) and
overall mortality. These results suggest
that clinicians should pay particular attention to the potential deleterious cardiovascular effects of hypoglycemia among
older individuals with diabetes.
To our knowledge, our study is one of
the ﬁrst studies to assess the relation of
hypoglycemia to echocardiographic measures of cardiac function. Prior studies
have found associations of severe
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severe hypoglycemia in two groups (no
history of severe hypoglycemia or history
of severe hypoglycemia) and compared
differences in baseline characteristics of
participants’ variables across these two
groups using t test (for continuous variables) or the x2 test (for categorical
variables).
We used linear and logistic regression
models to characterize the cross-sectional
associations of severe hypoglycemia with
indices of cardiac structure and function.
Logistic regression models were initially
adjusted for age, sex, and race-center. In
subsequent models, additional adjustments
were made for diabetes duration (model
2), as well as for prevalent CVD and hscTnT (model 3). We examined the
prospective associations of severe hypoglycemia with incident cardiovascular
events and all-cause mortality using Cox
regression. We used negative binomial
regression to model the association of
severe hypoglycemia with recurrent cardiovascular events. A negative binomial
regression model accounts for the correlation of recurrent events with each
other, which causes a larger variance
than if the occurrences were independent
because of a positive covariance term.
Model A included age, sex, and racecenter. Model B included all variables in
model A plus BMI, HDL cholesterol,
hypertension, smoking status, and prevalent CVD. Model C included all variables
in model B plus duration of diabetes and
of diabetes medication use. Model D
included all variables in model C plus
frailty. In sensitivity analyses, we additionally adjusted for use of ACE inhibitors, ARBs, and liver enzymes (AST and
ALT). We veriﬁed that the proportional
hazards assumption was met by inspecting negative log-log survival plots.
Two-sided P values of ,0.05 were
considered statistically signiﬁcant. All
analyses were performed with Stata,
version 15.
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Table 1—Baseline characteristics of study participants with diagnosed diabetes, according to history of severe hypoglycemia at
baseline: the ARIC study (2011–2013)
No prior episodes of severe hypoglycemia
Prior episode of severe hypoglycemia
P
N (%)
Age, years
Female sex, N (%)

2,114 (96.4)

79 (3.6)

75.8 (5.2)

77.1 (5.5)

1,206 (57.0)

50 (63.3)

0.035
0.27
,0.001

Race, N (%)
Whites
Blacks

1,450 (68.6)
664 (31.4)

38 (48.1)
41 (51.9)

Systolic blood pressure, mmHg

131.0 (19.6)

133.2 (20.3)

0.35

Diastolic blood pressure, mmHg

65.4 (10.9)

62.2 (11.1)

0.014

Hypertension, N (%)

0.37

67 (89.3)

115 (6.4)

1 (1.8)

0.36

Current alcohol use, N (%)

756 (38.8)

15 (22.4)

0.019

BMI, kg/m2
eGFR, mL/min per 1.73 m2

30.6 (6.1)
67.5 (19.2)

31.0 (7.4)
54.5 (23.3)

0.63
,0.001

eGFR ,60 mL/min per 1.73 m2, N (%)

717 (34.6)

38 (52.1)

0.002

HDL cholesterol, mg/dL

48.2 (12.5)

48.0 (12.8)

0.86

LDL cholesterol, mg/dL

93.8 (34.2)

96.6 (36.1)

0.49

Lipid-lowering medications, N (%)

1,477 (70.4)

58 (73.4)

Diabetes medications, N (%)
No medication use
Any insulin use
Oral medications only

0.56
,0.001

946 (45.0)
309 (14.7)
848 (40.3)

13 (16.5)
44 (55.7)
22 (27.8)

HbA1c, %

6.6 (1.1)

7.1 (1.1)

,0.001

Diabetes duration, years

10.0 (6.6)

18.3 (6.1)

,0.001

Prevalent CVD, N (%)
hs-cTnT, ng/L
NT-proBNP, pg/mL
C-reactive protein, mg/L

711 (33.6)

46 (58.2)

,0.001

17.0 (23.0)
135.4 (66.5–306.3)

32.7 (41.3)
346.7 (145.3–1,236)

,0.001
,0.001

5.0 (9.4)

4.6 (4.8)

0.71

ALT, units/L

20.2 (18.6)

17.3 (11.7)

0.18

AST, units/L

22.9 (13.1)

22.2 (9.4)

0.65

ACE inhibitors, N (%)

917 (43.4)

41 (51.9)

0.13

ARBs, N (%)

249 (11.8)

6 (7.6)

0.25

Data are mean (SD) or median (range) unless otherwise indicated.

hypoglycemia with coronary artery calciﬁcation (18) and elevated carotid intima media thickness (19). Our results are
consistent with prior ﬁndings showing a
higher prevalence of subclinical myocardial damage, as assessed by hs-cTnT, in
adultswithahistoryofseverehypoglycemia,
including among those with existing coronary artery disease (8,9). Our ﬁndings
suggest that hypoglycemia could contribute to ﬁrst and recurrent cardiovascular
events and that the role of alterations
in cardiac structure and function merits
further investigation.
Prior studies of hypoglycemia have not
examined echocardiographic measures
in relation to hypoglycemia, have seldom
included heart failure as an outcome (20),
and have rarely included many older
participants (21–28), and few have examined recurrent cardiovascular events

(29). The recurrence of cardiovascular
events is an important outcome, as after
an initial nonfatal event, there is a high
likelihood of a recurrent cardiovascular
event (30), especially among individuals
with diabetes and older individuals. Our
ﬁndings of the mortality associated with
hypoglycemia also extend the literature
on this topic (2,31,32) by providing additional evidence of the adverse impact of hypoglycemia among individuals
aged 75 years and above. Our results
suggesting a potential association of hypoglycemia with heart failure are in line
with recent results from a clinical trial
of individuals with diabetes showing a
higher risk of hospitalization in relation
to severe hypoglycemia (20). Indeed, our
overall ﬁndings provide a strong foundation to inform glycemic targets in the
diabetes treatment guidelines among

individuals aged 75 years and above,
especially as there is currently a lack
of evidence on the extent of treatment intensiﬁcation in this subpopulation of patients with diabetes (5).
Severe hypoglycemia was uncommon.
Less than 4% of the baseline population
of adults with diagnosed diabetes in
our community-based cohort was identiﬁed as having a past episode of severe
hypoglycemia. These cases were likely
only a very small fraction of true hypoglycemia and likely represent a subset of
the most severe episodes, as they involved contact with the health care
system (emergency department visit, ambulance call, or hospitalization). Older
adults are more likely to have hypoglycemia unawareness compared with
younger individuals with diabetes as
a result of blunted counterregulatory
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1,781 (85.7)

Current cigarette smoking, N (%)
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Table 2—Adjusted measures of association for severe hypoglycemia with indices of cardiac structure and function: ARIC visit
5 adults with diagnosed diabetes (2011–2013)
b-Coefﬁcient or odds ratio (95% CI)
Indices of cardiac structure and function

Model 2

Model 3

0.17 (0.04, 0.30)
0.04 (20.01, 0.08)
0.04 (20.01, 0.08)
21.03 (9.22, 32.84)
0.00 (20.02, 0.02)
0.99 (0.40, 2.47)

0.15 (0.02, 0.29)
0.03 (20.02, 0.07)
0.02 (20.01, 0.06)
17.65 (5.63, 29.66)
20.00 (20.03, 0.02)
0.79 (0.31, 2.02)

0.10 (20.03, 0.24)
0.01 (20.03, 0.06)
0.01 (20.03, 0.05)
10.94 (21.19, 23.08)
20.01 (20.03, 0.02)
0.73 (0.28, 1.91)

Ventricular systolic function
LVEF, %
LVEDV, mL
LVESV, mL
GLS, %
RVFAC
PASP, mmHg

23.66 (25.54, 21.78)
14.80 (8.77, 20.84)
12.02 (8.10, 15.93)
0.85 (0.13, 1.57)
20.03 (20.05, 20.01)
1.72 (20.68, 4.12)

23.31 (25.22, 21.39)
12.76 (6.62, 18.90)
10.78 (6.79, 14.76)
0.77 (0.04, 1.50)
20.03 (20.05, 20.01)
1.01 (21.44, 3.46)

22.93 (24.86, 21.01)
11.75 (5.49, 18.01)
9.79 (5.76, 13.83)
0.63 (20.11, 1.36)
20.03 (20.05, 20.01)
20.03 (22.54, 2.47)

LV diastolic function measures
LA volume, mL
E wave, cm/s
E-to-A ratio
e9 septal, cm/s
E/e9 septal

5.61 (0.69, 10.53)
2.83 (22.41, 8.07)
0.11 (0.03, 0.18)
20.39 (20.77, 20.01)
2.48 (1.13, 3.82)

4.83 (20.18, 9.85)
0.74 (24.58, 6.06)
0.10 (0.03, 0.18)
20.30 (20.68, 0.09)
1.82 (0.46, 3.18)

2.98 (22.08, 8.05)
20.85 (26.30, 4.60)
0.07 (20.01, 0.15)
20.28 (20.68, 0.12)
1.37 (20.01, 2.75)

LV structure measures
LVEDD, cm
Interventricular septum, cm
Mean wall thickness, cm
LV mass, g
Relative wall thickness
LVH*

Model 1, adjustment for age, sex, and race/center; model 2, adjustment for variables in model 1 1 diabetes duration; model 3, adjustment for variables
in model 2 1 prevalent CVD and hs-cTnT (categorized as $90th percentile and below). PASP, pulmonary artery systolic pressure. *Estimates are odds
ratios for the presence vs. absence of LVH as the reference group (null value 5 1).

response, which is more common in
those with long disease duration
and/or cognitive impairment (33). Despite the small number of cases identiﬁed in our study, hypoglycemia was
associated with substantial concurrent
and future cardiovascular morbidity
and mortality. The nonsigniﬁcant associations observed with some of the cardiovascular outcomes were likely due
to limited power.
Clinical practice guidelines recommend
avoiding tight glycemic control in older
(especially those aged $75 years) individuals with diabetes (5), who generally
have a high burden of comorbidities
including prior CVD, frailty, and cognitive
disorders. Despite these recommendations, putative overtreatment is common
in such patients, particularly with insulin
or sulfonylureas (34). Our study supports a
de-escalation of therapy in some individuals in this age-group and/or the
primary use of diabetes medications
with a lower hypoglycemic potential,
especially among those with a history
of hypoglycemia, in whom the beneﬁts
of tight glycemic control may not outweigh the beneﬁts. Our results also highlight the vulnerability of older adults and
major comorbidity and mortality associated with severe hypoglycemia.

The mechanisms linking severe hypoglycemia to cardiovascular events and
death are uncertain. Putative mechanisms
include cardiac arrhythmias (mainly bradycardia and a prolongation of the QT
interval, with the latter possibly causing
sudden cardiac death) and myocardial
ischemia (7,35). The diabetes-related processes that favor myocardial ischemia
include a poor coronary arterial perfusion due to arterial stiffness and a proinﬂammatory state with prothrombotic
(increased platelet activation, impaired
ﬁbrinolysis, and elevated hemostasis) effects related to endothelial dysfunction
(due to high levels of endothelin) (7,35).
Endothelial function is altered during hypoglycemia because of inﬂammation and
the mobilization and activation of neutrophils and platelet activation (7,35). All these
changes may promote intravascular coagulation and thrombosis and encourage the
development of tissue ischemia. The observed alteration in cardiac structure and
function linked to hypoglycemia may be a
reﬂection of the ischemic remodeling associated with myocardial damage as suggested by studies linking hypoglycemia to
elevated hs-cTnT (8,9). Finally, it is possible
that hypoglycemia is a primary marker for
cardiovascular risk and not a direct causal
factor.

There are limitations to our study. First,
we were not able to establish the temporality of the observed associations with
abnormal cardiac structure and function.
Second, there is a possibility of selection or
survival bias, as healthier individuals were
more likely to attend the study visit (and
some individuals may have died of hypoglycemia or related complications prior to
the study visit). Third, due to the limited
number of severe hypoglycemia cases, we
had limited power to explore some outcomes and subgroups. The latter limitation
also affected our ability to account for
multiple testing in investigating cardiac
function and geometry, which was primarily a proof-of-concept exploration. Fourth,
our reliance on hospitalizations and claims
data resulted in a deﬁnition of hypoglycemia that was highly speciﬁc but likely
reﬂects substantial under-ascertainment
(12). We also did not assess hypoglycemia during the period extending from the
baseline visit to the occurrence of events.
Finally, we did not have data on arrhythmias other than atrial ﬁbrillation.
Our study has strengths that include the
assessmentof a community-based sample
of older individuals (aged $75 years) with
diabetes, a group with limited data. We
also examined a wide range of cardiac
outcomes including measures cardiac
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No hypoglycemia

Hypoglycemia

HR or IRR (95% CI)*

Table 3—Event rates and estimate of relative risk (95% CI) for the associations of history of severe hypoglycemia with cardiovascular outcomes and mortality

Model C

Model D
8/33

Model B
135/79

Model A

26.7 (23.3, 30.6)

2.96 (1.18, 7.40)

2.44 (1.60, 3.72) 1.71 (1.10, 2.67)* 1.62 (1.04, 2.52)

Crude incidence rate
Crude incidence rate
per 1,000 person-years Number of per 1,000 person-years
(95% CI)
events/N
(95% CI)
159.0 (136.5, 181.5)

1.91 (0.77, 4.74)

2.33 (1.67, 3.26)

Number of events/N
207/1,402

21.2 (8.8, 51.0)

110.9 (80.7, 152.4)

Outcomes
1,216/2,114

5/51

38/79

Incident/recurrent CHD
109/2,114

93/1,986

230/2,114

9.4 (7.5, 11.2)

8.5 (7.0, 10.4)

21.9 (18.2, 25.6)

7/40
8/61

4/79

4/69

28/79

3.6 (1.7, 7.6)
33.6 (16.8, 67.2)

11.6 (0.7, 22.4)

13.1 (4.9, 34.9)

178.7 (40.4, 317.1)

1.67 (0.78, 3.58)
1.38 (0.67, 2.81)

1.15 (0.40, 3.25)

1.35 (0.49, 3.70)

2.03 (0.82, 5.02)
1.30 (0.53, 3.18)

1.21 (0.36, 4.08)

1.54 (0.48, 4.91)

1.62 (0.65, 4.05) 1.51 (0.60, 3.79)
1.22 (0.49, 3.07) 1.16 (0.46, 2.90)

0.92 (0.26, 3.22) 0.88 (0.26, 2.97)

1.32 (0.39, 4.50) 1.30 (0.38, 4.42)

2.10 (0.81, 5.40) 1.74 (0.67, 4.51)

2.19 (1.24, 3.88) 2.24 (1.28, 3.93)

Incident cardiovascular events

9.4 (7.7, 11.6)

44.2 (40.6, 48.2)

1.75 (0.86, 3.56) 2.50 (1.16, 5.39)* 1.85 (0.84, 4.07) 1.64 (0.74, 3.62)

Incident or recurrent cardiovascular events
89/1,699

521/2,114

51.9 (26.0, 103.8)

All-cause mortality

Incident stroke

2.1 (1.8, 2.4)
23.1 (20.2, 26.5)

717.9 (398.4, 1,037.4) 4.61 (2.74, 7.74)* 3.20 (1.95, 5.25)

Incident CHD

Incident or recurrent stroke

182/1,675
208/1,822

8.10 (3.56, 18.44) 4.09 (1.79, 9.34)* 2.61 (1.11, 6.14) 2.47 (1.08, 5.66)

Incident heart failure
Atrial ﬁbrillation

N, number of individuals at risk for the examined event. Cardiovascular events are myocardial infarction, fatal CHD, deﬁnite/probable stroke, and heart failure. Model A, estimate adjusted for age, sex, and race-center;
model B, estimate adjusted for age, sex, race-center, BMI, HDL cholesterol, hypertension, and smoking status; model C, estimate adjusted for age, sex, race-center, BMI, HDL cholesterol, hypertension, smoking status,
diabetes duration, and use of diabetes medication; model D, estimate adjusted for age, sex, race-center, BMI, HDL cholesterol, hypertension, smoking status, diabetes duration, use of diabetes medication; and frailty.
Models B, C, and D are additionally adjusted for prevalent CVD for the analysis of recurrent events. Incident cardiovascular events (or heart failure) analyses exclude those with prevalent cardiovascular events (heart
failure).
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structure and function and incident events.
The study also beneﬁted from rigorous
assessment and standardized adjustment
for known cardiovascular risk factors.
Conclusion

Acknowledgments. The authors thank the staff

and participants of the ARIC study for their important contributions.
Funding. The ARIC study has been funded in
whole or in part with Federal funds from the
National Heart, Lung, and Blood Institute (NHLBI),
National Institutes of Health (NIH), Department
of Health and Human Services, under contract
nos. HHSN268201700001I, HHSN268201700002I,
HHSN268201700003I, HHSN268201700005I, and
HHSN268201700004I. J.B.E.-T. was supported by
NIH/NHLBI grant K23 HL153774. E.S. was supported
by NIH/NHLBI grant K24 HL152440 and NIH/
National Institute of Diabetes and Digestive and
Kidney Diseases grant R01DK089174. A.M.S. was
supported by NIH/NHLBI grants R01HL135008
and R01HL143224. A.K.L. was supported by NIH/
National Institute on Aging grant T32AG000212.
O.T. was supported by F30DK120160.
The content of this work is solely the responsibility of the authors and does not necessarily represent the ofﬁcial views of the National
Institutes of Health.
Duality of Interest. No potential conﬂicts of
interest relevant to this article were reported.
Author Contributions. J.B.E.-T. and E.S. designed the study and drafted the manuscript.
N.D. conducted the statistical analyses. J.B.E.-T.,
N.D., A.K.L., O.T., C.E.N., B.G.W., A.M.S., and E.S.
provided data interpretation and meaningful
contributions to the revision of the manuscript.
J.B.E.-T. and E.S. are the guarantors of this work
and, as such, had full access to all the data in the
study and take responsibility for the integrity of
the data and the accuracy of the data analysis.

References
1. Pathak RD, Schroeder EB, Seaquist ER, et al.;
SUPREME-DM Study Group. Severe hypoglycemia requiring medical intervention in a large
cohort of adults with diabetes receiving care in
U.S. integrated health care delivery systems: 20052011. Diabetes Care 2016;39:363–370
2. Huang ES, Laiteerapong N, Liu JY, John PM, Moffet
HH, Karter AJ. Rates of complications and mortality in
olderpatientswithdiabetesmellitus:the diabetesand
aging study. JAMA Intern Med 2014;174:251–258
3. Ligthelm RJ, Kaiser M, Vora J, Yale JF. Insulin use
in elderly adults: risk of hypoglycemia and strategies
for care. J Am Geriatr Soc 2012;60:1564–1570
4. Lipska KJ, Ross JS, Miao Y, Shah ND, Lee SJ,
Steinman MA. Potentialovertreatment of diabetes

mellitus in older adults with tight glycemic control.
JAMA Intern Med 2015;175:356–362
5. American Diabetes Association. 12. Older adults:
Standards of Medical Care in Diabetesd2020.
Diabetes Care 2020;43(Suppl. 1):S152–S162
6. Mattishent K, Loke YK. Meta-analysis: association between hypoglycaemia and serious adverse
events in older patients. J Diabetes Complications
2016;30:811–818
7. Amiel SA, Aschner P, Childs B, et al.; International Hypoglycaemia Study Group. Hypoglycaemia, cardiovascular disease, and mortality in
diabetes: epidemiology, pathogenesis, and management [published correction appears in Lancet
Diabetes Endocrinol 2019;7:e18]. Lancet Diabetes Endocrinol 2019;7:385–396
8. Lee AK, McEvoy JW, Hoogeveen RC, Ballantyne
CM, Selvin E. Severe hypoglycemia and elevated
high-sensitivity cardiac troponin T in older adults
with diabetes: the ARIC study. J Am Coll Cardiol
2016;68:1370–1371
9. Rezende PC, Everett BM, Brooks MM, et al.
Hypoglycemia and elevated troponin in patients
with diabetes and coronary artery disease. J Am
Coll Cardiol 2018;72:1778–1786
10. The ARIC Investigators. The Atherosclerosis
Risk in Communities (ARIC) study: design and
objectives. Am J Epidemiol 1989;129:687–702
11. Schneider ALC, Pankow JS, Heiss G, Selvin E.
Validity and reliability of self-reported diabetes
in the Atherosclerosis Risk in Communities
study. Am J Epidemiol 2012;176:738–743
12. Ginde AA, Blanc PG, Lieberman RM, Camargo
CA Jr. Validation of ICD-9-CM coding algorithm for
improved identiﬁcation of hypoglycemia visits.
BMC Endocr Disord 2008;8:4
13. Shah AM, Cheng S, Skali H, et al. Rationale and
design of a multicenterechocardiographic study to
assess the relationship between cardiac structure
and function and heart failure risk in a biracial
cohort of community-dwelling elderly persons:
the Atherosclerosis Risk in Communities study.
Circ Cardiovasc Imaging 2014;7:173–181
14. Rosamond WD, Chang PP, Baggett C, et al.
Classiﬁcation of heart failure in the Atherosclerosis
Risk in Communities (ARIC) study: a comparison of
diagnostic criteria. Circ Heart Fail 2012;5:152–159
15. Alonso A, Agarwal SK, Soliman EZ, et al.
Incidence of atrial ﬁbrillation in whites and AfricanAmericans: the Atherosclerosis Risk in Communities
(ARIC) study. Am Heart J 2009;158:111–117
16. Levey AS, Stevens LA, Schmid CH, et al.; CKDEPI (Chronic Kidney Disease Epidemiology
Collaboration). A new equation to estimate
glomerular ﬁltration rate [published correction
appears in Ann Intern Med 2011;155:408]. Ann
Intern Med 2009;150:604–612
17. Kucharska-Newton AM, Palta P, Burgard S,
et al. Operationalizing frailty in the Atherosclerosis Risk in Communities study cohort. J Gerontol A Biol Sci Med Sci 2017;72:382–388
18. Fährmann ER, Adkins L, Loader CJ, et al. Severe
hypoglycemia and coronary artery calciﬁcation
during the Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interventions and
Complications (DCCT/EDIC) study. Diabetes Res Clin
Pract 2015;107:280–289
19. Mita T, Katakami N, Shiraiwa T, et al. Relationship between frequency of hypoglycemic
episodes and changes in carotid atherosclerosis
in insulin-treated patients with type 2 diabetes
mellitus. Sci Rep 2017;7:39965

20. Fitchett D, Inzucchi SE, Wanner C, et al.
Relationship between hypoglycaemia, cardiovascular outcomes, and empagliﬂozin treatment in
the EMPA-REG OUTCOME trial. Eur Heart J 2020;
41:209–217
21. Lee AK, Warren B, Lee CJ, et al. The association
of severe hypoglycemia with incident cardiovascular events and mortality in adults with type 2
diabetes. Diabetes Care 2018;41:104–111
22. Lu CL, Shen HN, Hu SC, Wang JD, Li CY. A
population-based study of all-cause mortality
and cardiovascular disease in association with
prior history of hypoglycemia among patients
with type 1 diabetes. Diabetes Care 2016;39:
1571–1578
23. Zoungas S, Patel A, Chalmers J, et al.; ADVANCE Collaborative Group. Severe hypoglycemia and risks of vascular events and death. N Engl
J Med 2010;363:1410–1418
24. Mellbin LG, Rydén L, Riddle MC, et al.; ORIGIN
Trial Investigators. Does hypoglycaemia increase
the risk of cardiovascular events? A report from
the ORIGIN trial. Eur Heart J 2013;34:3137–3144
25. Davis SN, Duckworth W, Emanuele N, et al.;
Investigators of the Veterans Affairs Diabetes Trial.
Effects of severe hypoglycemia on cardiovascular
outcomes and death in the Veterans Affairs Diabetes Trial. Diabetes Care 2019;42:157–163
26. Khunti K, Davies M, Majeed A, Thorsted BL,
Wolden ML, Paul SK. Hypoglycemia and risk of
cardiovascular disease and all-cause mortality in
insulin-treated people with type 1 and type 2
diabetes: a cohort study. Diabetes Care 2015;38:
316–322
27. Hsu PF, Sung SH, Cheng HM, et al. Association of clinical symptomatic hypoglycemia with
cardiovascular events and total mortality in type
2 diabetes: a nationwide population-based study.
Diabetes Care 2013;36:894–900
28. Goto A, Goto M, Terauchi Y, Yamaguchi N,
Noda M. Association between severe hypoglycemia and cardiovascular disease risk in Japanese
patients with type 2 diabetes. J Am Heart Assoc
2016;5:e002875
29. Goto A, Arah OA, Goto M, Terauchi Y, Noda
M. Severe hypoglycaemia and cardiovascular disease: systematic review and meta-analysis with
bias analysis. BMJ 2013;347:f4533
30. Nissen SE. Cardiovascular outcomes in randomized trials: should time to ﬁrst event for
“hard” end points remain the standard approach? J Am Coll Cardiol 2009;54:2363–2365
31. Bonds DE, Miller ME, Bergenstal RM, et al.
The association between symptomatic, severe
hypoglycaemia and mortality in type 2 diabetes:
retrospective epidemiological analysis of the ACCORD study. BMJ 2010;340:b4909
32. McCoy RG, Van Houten HK, Ziegenfuss JY,
Shah ND, Wermers RA, Smith SA. Increased mortality of patients with diabetes reporting severe
hypoglycemia. Diabetes Care 2012;35:1897–1901
33. Bremer JP, Jauch-Chara K, Hallschmid M,
Schmid S, Schultes B. Hypoglycemia unawareness
in older compared with middle-aged patients with
type 2 diabetes. Diabetes Care 2009;32:1513–1517
34. Müller N, Khunti K, Kuss O, et al. Is there
evidence of potential overtreatment of glycaemia in
elderly people with type 2 diabetes? Data from the
GUIDANCE study. Acta Diabetol 2017;54:209–214
35. Frier BM, Schernthaner G, Heller SR. Hypoglycemia and cardiovascular risks. Diabetes Care
2011;34(Suppl. 2):S132–S137

Downloaded from http://diabetesjournals.org/care/article-pdf/44/1/248/532125/dc200552.pdf by guest on 01 October 2022

In conclusion, our ﬁndings reinforce the
concerns about hypoglycemia among
older adults. Our study demonstrates
that a history of severe hypoglycemia is
an important marker of concurrent and
future cardiovascular risk. Prevention of
severe hypoglycemia and mitigation of
cardiovascular risk among older adults
with diabetes should be a priority.
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