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OBJECTIVE

Appropriate glycemic control is fundamental to diabetes care, but aggressive
glucose targets and intensive therapy may unintentionally increase episodes of
hypoglycemia. We quantified the burden of severe hypoglycemia requiring med-
ical intervention in a well-defined population of insured individuals with diabetes
receiving care in integrated health care delivery systems across the U.S.

RESEARCH DESIGN AND METHODS

This observational cohort study included 917,440 adults with diabetes receiving
care during 2005 to 2011 at participating SUrveillance, PREvention, and
ManagEment of Diabetes Mellitus (SUPREME-DM) network sites. Severe hypogly-
cemia rates were based on any occurrence of hypoglycemia-related ICD-9 codes
from emergency department or inpatient medical encounters and reported overall
and by age, sex, comorbidity status, antecedent A1C level, and medication use.

RESULTS

Annual rates of severe hypoglycemia ranged from 1.4 to 1.6 events per 100
person-years. Rates of severe hypoglycemia were higher among those with older
age, chronic kidney disease, congestive heart failure, cardiovascular disease, de-
pression, and higher A1C levels, and in users of insulin, insulin secretagogues, or
b-blockers (P < 0.001 for all). Changes in severe hypoglycemia occurrence over
time were not clinically significant in the cohort as a whole but were observed in
subgroups of individuals with chronic kidney disease, congestive heart failure, and
cardiovascular disease.

CONCLUSIONS

Risk of severe hypoglycemia in clinical settings is considerably higher in identifi-
able patient subgroups than in randomized controlled trials. Strategies that re-
duce the risk of hypoglycemia in high-risk patients are needed.
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Appropriate glycemic control is a cor-
nerstone of diabetes care (1). The value
of good glycemic control in reducing mi-
crovascular complications of diabetes
was demonstrated for type 1 diabetes
in 1993 by the Diabetes Control and
Complications Trial (2) and for type 2 di-
abetes in 1998 by the United Kingdom
Prospective Diabetes Study (UKPDS) (3–
5). In response to these findings, early
national standards of diabetes care de-
fined the acceptable level of glycated
hemoglobin (A1C) as ,8% for most pa-
tients with diabetes (6). In 2002, the
American Diabetes Association de-
creased the target A1C for adults to
,7% (7). Changes in national guidelines
and the addition of new glucose-lowering
medications resulted in a dramatic
decrease in A1C levels in the U.S. from a
mean A1C of 8.2% in 1996 (8) to 7.2% in
2006 (9). In 2008, results of the Action to
Control Cardiovascular Risk in Diabetes
(ACCORD) (10), Action in Diabetes and
Vascular Disease: Preterax and Diamicron
Modified Release Controlled Evaluation
(ADVANCE) (11), and Veterans Affairs
Diabetes Trial (VADT) (12) trials, follow-
up from the Steno-2 (13) and UKPDS
(14) trials, and multiple epidemiologi-
cal studies of A1C level and treatment
intensification (15,16) began to raise
concerns about the risks of aggressive
treatment and suggested that A1C
goals should be individually customized
(10,17) based on anticipated benefits
and risk of therapy, including increased
risk of severe hypoglycemia with more
aggressive glucose and A1C goals
(18–20).
Hypoglycemia can be a life-threatening

complication of diabetes as well as a
major source of anxiety and a threat to
quality of life (21,22). A recent study of
33 million Medicare patients demon-
strated that although hospital admission
for hyperglycemia events declined
;39% from 1999 to 2011, the admission
rates for hypoglycemia increased;12%,
and hypoglycemia is now the most com-
mon acute metabolic event leading to
hospitalization (23). Most estimates of
severe hypoglycemia risk are derived
from clinical trials, in which event rates
range from 0.3 to 1 per 100 person-years
of observation (11,18,24). However, the
Medicare data described above and
other observational studies suggest that
severe hypoglycemia in community-
treated patients is much more common

than indicated by clinical trial data (25–27).
Additional evidence from clinical trials
suggests that the increased risk of hypo-
glycemia in the absence of the strict
oversight present in clinical trials may
also be related to a variety of other fac-
tors, including age, cardiovascular and
kidney function, cognition, body weight,
diabetes duration, and glucose-lowering
agent use (28,29).

Having established the SUrveillance,
PREvention, and ManagEment of Diabe-
tes Mellitus (SUPREME-DM) DataLink,
which represents the largest insured di-
abetes patient cohort with data from
electronic health records in the U.S.
outside of the Veterans Administration
(30), we sought to quantify the burden
of severe hypoglycemia requiring med-
ical intervention in a well-defined com-
munity population. Specific goals of
the current study were to quantify
the occurrence of severe hypoglycemia
among insured, community-treated
adults with diabetes; to identify sub-
groups of individuals at high risk of
severe hypoglycemia; and to report
trends in hypoglycemia over time as a
whole and among different subgroups.
On the basis of experiences in clinical
practice and the clinical trial findings
described above, we hypothesized
that rates of severe hypoglycemia
would be higher among patients treat-
ed with insulin who are elderly and
have multiple comorbid conditions.

RESEARCH DESIGN AND METHODS

Study Design and Location
This study was conducted as part of the
SUPREME-DMnetwork, which brings to-
gether diabetes researchers from 11
member organizations of the Health
Maintenance Organization Research
Network and university partners. Health
systems participating in SUPREME-DM
include Marshfield Clinic (Wisconsin),
Geisinger Health System (Pennsylvania),
Group Health (Washington), HealthPart-
ners (Minnesota), Henry Ford Health
System (Michigan), and Kaiser Perma-
nente Colorado, Northern California,
Southern California, Hawaii, Georgia,
and Northwest (Oregon andWashington).
Researchers embedded within these
health systems extracted information
on demographic characteristics and out-
patient and inpatient health care encoun-
ters from their clinical and administrative
data systems to identify persons with

diabetes. The SUPREME-DM diabetes co-
hort includesmore than1million individuals
with diabetes drawn from SUPREME-DM
health systemmembers between 1 January
2005 and 31 December 2011.

Study Population
The eligible source population for each
calendar year between 2005 and 2011
consisted of adults with diabetes who
were enrolled in a participating health
insurance plan from January 1 through
December 31 of that year, without any
enrollment gaps or lapses in health in-
surance coverage greater than 90 days,
and who had at least 1 year of follow-
up. We used inpatient and outpatient
diagnosis codes, laboratory tests and
associated results, and information on
medications dispensed to identify adults
with diabetes from among thosemeeting
enrollment inclusion criteria (31). Impor-
tantly, our electronic algorithm is unable
to distinguish between type 1 and type 2
diabetes. Because the population is limited
to adults, ;95% have type 2 diabetes
(32). Subjects were classified as having
diabetes if, within a 24-month period,
they had either one or more inpatient
diabetes diagnostic code (ICD-9 250.x,
357.2, 366.41, 362.01–362.07) or any
combination of two or more of the fol-
lowing criteria:

1) outpatient visit with a diabetes diag-
nosis code (see inpatient codes);

2) A1C $6.5%;
3) fasting plasma glucose $126 mg/dL

(7.0 mmol/L);
4) random plasma glucose of $200

mg/dL (11.1 mmol/L); or
5) any filled prescription for a glucose-

lowering medication (31).

When the two criteria used for identifi-
cation were of the same source (e.g.,
two outpatient diagnoses or two ele-
vated laboratory values), we required
them to occur on separate days, but
nomore than2 years apart. Twodispenses
of metformin or a thiazolidinedione with
no other indication of diabetes were not
counted because these agents could be
used as treatment for other conditions,
such as prediabetes, polycystic ovarian
syndrome, or HIV lipodystrophy.Women
with evidence of diabetes only during
pregnancy were excluded. Similar meth-
ods of diabetes identification have been
evaluated previously (30,33).
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Information on diabetes status was
available from 2005 through 2011
and from as early as 2000 at some
sites. For individuals identified as
having diabetes, an index date was de-
fined as the latter of 1 January 2005 or
the date on which they were identified
as having diabetes. An individual who
was identified as having diabetes re-
mained in the diabetes cohort until
the date of censoring (the earliest of
disenrollment from the health plan,
death, or 31 December 2011). To be
eligible for inclusion in study analyses,
subjects had to 1) be age 20 years or
older on the index date, 2) be enrolled
at the index date, and 3) have at least
1 year of follow-up.

Data Sources, Extraction, and
Validation
Data were derived from each member
institution’s Virtual Data Warehouse, a
standardized database that unifies clin-
ical and administrative data for patients
andmembers of the participating health
care systems, extensively described
elsewhere (30,34). A coordinating site
distributed a program to all participating
sites that extracted Virtual Data Ware-
house data to create the SUPREME-DM
DataLink. All data were evaluated for
range, distribution, implausible values,
and missing data by DataLink program-
mers at the local site and then trans-
ferred to a centralized DataLink site.
The centralized site performed addi-
tional data validation procedures, gen-
erated required analytic files, and
performed data analyses. All data files
were constructed to meet definitions
of Limited Data Sets and shared only
under strict governance of Data Use
Agreements among the SUPREME-DM
DataLink sites.
During SUPREME-DM DataLink con-

struction, eight sites ceded institutional
review board review authority to a ninth
participating system (Kaiser Perma-
nente Colorado), and two sites retained
local oversight (34). This study was re-
viewed in advance, approved, and mon-
itored by these institutional review
boards.

Definition and Measurement of Key
Variables
For study purposes, severe hypoglycemia
was defined as any primary or secondary
occurrence of a hypoglycemia-related
ICD-9 code extracted from an emergency

department or inpatient encounter. On
the basis of previous validation studies
(31), we included 1) any occurrence of
ICD-9 codes 251.0 (hypoglycemic coma),
251.1 (other specified hypoglycemia),
251.2 (hypoglycemia, unspecified), and
962.3 (poisoning by insulins and antidia-
betic agents), and 2) occurrences of ICD-9
code 250.8x (diabetes with other speci-
fiedmanifestations) that were not associ-
atedwith a codiagnosis code unrelated to
hypoglycemia. The excluded codiagnosis
ICD-9 codes were 258.9 (secondary dia-
betic glycogenosis), 272.7 (diabetic lipido-
sis), 681.xx, 682.xx, 686.9x (cellulitis),
707.1–707.9 (ulcers of the lower ex-
tremity), 709.3 (Oppenheim-Urbach
syndrome), 730.0–730.2, and 731.8
(osteomyelitis). This method of hypogly-
cemia identification has been demon-
strated to have a positive predictive
value of 89% (31) and has been used in
previous studies (35).

Demographic data included age and
sex. Age was defined in years at base-
line, which was the latter of 1 January
2005 and the index date of diabetes di-
agnosis. The last A1C value in the quar-
ter preceding the event was extracted. If
there was no A1C value in that quarter,
we identified the most recent A1C value
in the 12 months preceding the event.
When the most recent A1C was mea-
sured more than 12 months before the
event date of interest, A1C was treated
as missing.

Pharmacy dispensing records were
used to identify exposure to glucose-
lowering medications and b-blockers in
the quarter before the event. We deter-
mined whether there was a pharmacy
fill for each of these classes of medica-
tion, including long- and intermediate-
acting insulin, short- and rapid-acting
insulin, secretagogues (sulfonylureas
and meglitinides), and other drugs
(metformin, thiazolidinediones, a-
glucosidase inhibitors, GLP-1 receptor
agonists, and dipeptidyl peptidase-4 in-
hibitors). Patients on premixed insulin
were considered to have received both
long- and short-acting insulin. Antihyper-
glycemic therapy use in the cohort is fur-
ther described by Raebel et al. (36). Also
recorded was additional information re-
garding certain comorbid conditions
with the potential to influence hypogly-
cemia or hypoglycemia awareness, in-
cluding chronic kidney disease (CKD;
ICD-9 codes 585.x), congestive heart

failure (CHF; ICD-9 codes 428.x), cardio-
vascular disease (CVD, excluding CHF;
ICD-9 codes 410–414.x or 429.4), and de-
pression (ICD-9 codes 296.2, 296.3, or
311.x). Depression was assessed at co-
hort entry only. All other comorbidities
were assessed annually and correlated
with the rate of hypoglycemia in that
year.

Statistical Analysis
Planned statistical analyses were es-
tablished a priori. For each calendar
year, we calculated the rate of severe
hypoglycemia overall and by prespeci-
fied subgroups based on age, sex, co-
morbidities of interest (i.e., CKD, CHF,
CVD,anddepression),A1C level, andmed-
ication exposure (i.e., glucose-lowering
agents and b-blockers). We also
calculated the average rate of severe
hypoglycemia during the entire 7-year
study period (2005–2011), weighted by
person-time in each year. For our analy-
sis of medication and A1C groups, we
calculated the rate of severe hypoglyce-
mia per quarter and linked it to the med-
ication data or A1C values from the
previous quarter to allow for changes in
A1C and medication use. Annual rates
were then calculated by taking the aver-
age over the quarters, weighted by the
amount of person-time in each quarter.
Poisson regression models were used
to examine the time trend from 2005
to 2011 for the overall study population
and within subgroups of risk factors
(age; sex; medication exposure; comor-
bidity status for CKD, CVD, CHF, and
depression; and A1C levels), and to
test the difference in average hypogly-
cemia rates between subgroups. Anal-
yses were conducted using SAS 9.2
software.

RESULTS

At baseline, adult patients with diabetes
in the SUPREME-DM DataLink who met
entry criteria for this study (n = 917,440)
were slightly more likely to be male
than female and were a mean age of
57.9 years (Table 1). The prevalence of
comorbidities ranged from 4.9% for CHF
to 18.7% for CVD. Patients who experi-
enced one or more severe hypoglycemic
events tended to be slightly older and
had more comorbidities than those
who did not.

Annual rates of severe hypoglycemia
ranged from a high of 1.59 events per
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100 person-years in 2006 to a low of
1.37 events per 100 person-years in
2010 (Table 2). There was no clinically
discernible trend in the annual rate of
severe hypoglycemia during the study
period. There was no significant differ-
ence in the rate of severe hypoglycemia
by sex (P = 0.15). Severe hypoglycemia
was most common in individuals of
younger as well as older age (P ,
0.001); the highest rates of severe hypo-
glycemia were observed in patients
aged 75 years and older, whereas indi-
viduals aged 20–44 years had higher
rates of hypoglycemia than those 45–
64 years of age.
Patients with one or more comorbid

conditions were significantly more likely
to experience a severe hypoglycemic
episode. Unadjusted and age- and sex-
adjusted rates were similar. Individuals
with CKD, CHF, and/or CVD had four- to
eightfold higher rates of severe hypogly-
cemia than individuals without these
comorbidities (P , 0.001 for all). The
risk of severe hypoglycemia was ;50%
greater in patients with depression at
cohort entry compared with those with-
out (P , 0.001). Patients with two or
more episodes of severe hypoglycemia
per year had a higher prevalence of
comorbidities than those with one or
fewer episodes of severe hypoglycemia
(comorbidity index of 3.98 vs. 2.96 and
2.70, respectively). Interestingly, there
was a significant downward trend in
the incidence of severe hypoglycemia
over time for each of four specific co-
morbidities examined. This downward
trend appeared clinically significant for

CKD, CHF, and CVD, but was less con-
vincing in the case of depression.

Glycemic control and medication ex-
posure were significantly associated
with the rate of severe hypoglycemia
(Fig. 1). Higher A1C levels were associ-
ated with higher rates of severe hypo-
glycemia (P , 0.001), although the
difference between those with an A1C
of 8–9% and those with A1C .9% was
modest (Fig. 1A). Patients filling pre-
scriptions for insulin had the highest
rates of severe hypoglycemia, with rates
10- to 12-times higher than those ob-
served in patients on nonsecretagogue
medications, and 3- to 5-times higher
than those observed in patients on
secretagogues (Fig. 1B). b-Blocker expo-
sure was also associated with a higher
rate of severe hypoglycemia (P, 0.001)
(Fig. 1C). Severe hypoglycemia rates did
not change in a clinically significant
manner over time in subjects by glyce-
mic control categories or drug class.
Results suggest that risk factors for se-
vere hypoglycemia include CHD, CKD,
CVD, depression, advancing age, and
treatment with insulin, sulfonylureas,
or b-blockers (Table 2).

CONCLUSIONS

In this study of nearly 1 million adults
with diabetes, we observed rates of se-
vere hypoglycemia requiring medical
intervention of 1.4–1.6 per 100 person-
years. Consistent with reports from clini-
cal trials, we also noted associations
between higher rates of severe hypogly-
cemia and older age, the presence of
specific comorbidities, higher A1C levels,

and use of insulin, insulin secretagogues,
or b-blockers. Changes in severe hypo-
glycemia occurrence over time were not
clinically significant in the cohort as a
whole but were particularly striking in
subgroups of individuals with CKD, CHF,
and CVD.

Rates of severe hypoglycemia ob-
served in this and other community-
based populations are higher than the
rates reported in clinical trials among
subjects with type 2 diabetes treated
by protocol to very low A1C levels
(11,12,18,25,28,38). Of particular inter-
est, however, is that our observed rates
of severe hypoglycemia were also
higher than the rates seen in the stan-
dard care armsof theACCORD,ADVANCE,
and Outcome Reduction With Initial
Glargine Intervention (ORIGIN) trials
(0.3–1 events per 100 person-years)
(11,18,28). The differences in severe hy-
poglycemia rates are likely conservative,
because identification by our electronic
algorithm required an emergency de-
partment visit or inpatient encounter,
whereas the definition of severe hypo-
glycemia in large trials is typically based
on requiring the assistance of another
person. Potential explanations for this
finding may include significant differ-
ences in the means of ascertaining the
patient populations, exclusion of individ-
uals with a recent or frequent history of
hypoglycemia in clinical trials, and the
close attention paid to all enrollees in
such clinical trials, even individuals within
the standard care arms. In addition, our
population does include a small percent-
age of individuals with type 1 diabetes,

Table 1—Baseline characteristics of the 917,440 patients with diabetes in the study sample by hypoglycemia status: the
SUPREME-DM studya

Total

Severe hypoglycemic events/year

None 1 severe $2 severe

(N = 917,440) (n = 875,062) (n = 41,063) (n = 1,315) P valueb

Person-years of time at risk 4,322,786 4,085,965 232,747 4,075

Female (%) 47.9 47.8 49.0 47.5 ,0.001

Age, mean (SD), years 57.9 (13.2) 57.7 (13.2) 61.0 (13.2) 60.5 (15.2) ,0.001

Comorbidities (%)
CKD 10.4 9.5 29.1 49.0 ,0.001
CVD 18.7 18.0 34.2 49.0 ,0.001
CHF 4.9 4.5 12.9 23.3 ,0.001
Depression 11.1 11.1 11.0 16.0 ,0.001

Comorbidity index, mean (SD)c 2.70 (1.98) 2.70 (1.96) 2.96 (2.31) 3.98 (2.97) ,0.001

Follow-up, mean (SD), years 4.71 (2.18) 4.67 (2.18) 5.67 (1.81) 3.10 (1.97) ,0.001

aStudy includes patients with a minimum of 1 year of follow-up after diabetes identification. bThree-way comparison between 0, 1, and$2 severe
hypoglycemic events/year. cQuan modification of the Elixhauser comorbidity index (37).
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whereas clinical trials were limited to in-
dividuals with type 2 diabetes, or in the
case of the ORIGIN trial, also included a
minority of patients with prediabetes.
The rates of severe hypoglycemia

observed in the current study are consid-
erably higher than those reported in
2011 by Quilliam et al. (26), but similar
to those more recently reported in
2014 by Geller et al. (27). Quilliam
et al. (26) also assessed a community-

treated population but examined youn-
ger patients with fewer comorbidities
by focusing on those of “working age,”
which may explain the lower incidence
of hypoglycemia. Quilliam et al. (26)
also excluded the 250.x1 diagnostic
code, which is for type 1 diabetes
but is often erroneously applied to
patients with type 2 diabetes on insulin
and, therefore, may have inadvertently
excluded a substantial proportion of

the patients with type 2 diabetes
most likely to experience hypoglycemia
(26). Geller et al. (27) used data related
to emergency department visits and
hospitalization from the National Elec-
tronic Injury Surveillance System–

Cooperative Adverse Drug Event
Surveillance Project and data related to
insulin use captured by household
survey through the National Health In-
terview Survey to estimate rates of

Table 2—Rates of severe hypoglycemic events by year for adult participants in the SUPREME-DM

Study

Annual rate (per 100 person-years)
2005–2011

weighted rate
P value for
time trendf

P value across
the groupsg2005 2006 2007 2008 2009 2010 2011

Total person-years 570,931 594,929 613,894 629,894 645,210 662,035 674,906

Overall
Unadjusteda 1.44 1.58 1.55 1.55 1.50 1.48 1.46 1.51 0.448
Adjustedb 1.47 1.59 1.51 1.49 1.36 1.37 1.47 1.47 0.011

Demographicsa

Age (years) ,0.001
20–44 1.35 1.26 1.32 1.15 1.22 1.06 1.15 1.22 0.016
45–54 0.96 1.03 0.99 0.99 1.02 0.93 0.93 0.98 0.357
55–64 1.09 1.15 1.11 1.14 1.06 1.11 1.11 1.11 0.852
65–74 1.58 1.81 1.76 1.71 1.63 1.60 1.52 1.66 0.034
75–84 2.34 2.72 2.64 2.70 2.57 2.51 2.39 2.55 0.393
$85 2.90 2.80 2.89 3.09 2.72 2.68 2.70 2.81 0.314

Sex 0.154
Female 1.47 1.61 1.60 1.60 1.54 1.51 1.41 1.53 0.173
Male 1.42 1.55 1.50 1.51 1.47 1.45 1.51 1.49 0.970

Comorbiditiesb

CKD (cohort year) ,0.001
Yes 7.16 6.20 4.95 5.77 5.04 4.48 4.51 5.26 ,0.001
No 0.96 1.05 0.98 0.94 0.97 0.85 0.88 0.95 0.083

CHF (cohort year) ,0.001
Yes 8.30 7.32 7.64 7.54 6.45 6.73 6.52 7.19 0.002
No 1.28 1.40 1.32 1.33 1.33 1.19 1.22 1.29 0.021

CVD (cohort year) ,0.001
Yes 6.69 5.46 6.39 5.72 5.03 4.59 4.18 5.37 ,0.001
No 1.03 1.15 1.04 1.04 1.07 0.95 0.97 1.03 0.190

Depression (baseline) ,0.001
Yes 2.25 2.24 2.38 2.12 2.13 1.76 2.03 2.12 0.041
No 1.39 1.49 1.40 1.44 1.39 1.29 1.28 1.38 0.003

Glycemic controlb

A1C ,0.001
,7% 1.00 1.20 1.06 0.92 0.86 0.92 0.79 0.96 ,0.001
7–8% 1.57 1.56 1.73 1.69 1.61 1.58 1.49 1.60 0.492
8–9% 2.20 1.91 2.23 2.46 2.35 2.17 1.89 2.17 0.748
$9% 2.44 2.53 2.54 2.60 2.77 2.48 2.69 2.58 0.442

Medication exposureb

Diabetes medications ,0.001
Short-acting insulinc 4.90 5.49 5.23 5.01 5.09 4.95 4.55 5.03 0.030
Long-acting insulinc 3.79 3.30 3.54 2.99 3.28 3.03 2.72 3.18 ,0.001
Secretagoguesd 0.97 0.88 0.91 0.97 0.87 0.88 1.01 0.93 0.764
Other drugse 0.42 0.39 0.42 0.41 0.44 0.42 0.39 0.41 0.999
b-Blockers ,0.001
Yes 2.46 2.47 2.38 3.29 2.99 2.04 1.65 2.46 0.173
No 1.36 1.45 1.38 1.36 1.35 1.23 1.25 1.34 0.417

aUnadjusted. bAdjusted for age and sex. Categories are not mutually exclusive. cShort-acting insulin category includes patients additionally on
long-acting insulin or on premixed insulin. Long-acting insulin category also includes patients on combination or premixed insulin. Includes NPH
insulin. dInsulin secretagogues include sulfonylurea, combined sulfonylurea/biguanide, and meglitinides. eOther drugs include metformin,
thiazolidinediones, a-glucosidase inhibitors, dipeptidyl peptidase-4 inhibitors, and GLP-1 agonists. fTest for monotonic trend across the years within
each group from 2005 to 2011. gTest for whether average weighted rates differ between subgroups (e.g., female vs. male).
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insulin-related hypoglycemia nation-
wide. In this nationally representative
sample, Geller et al. (27) demonstrated
rates of severe hypoglycemia ranging
from 1.3 to 3.5 per 100 person-years re-
ceiving insulin treatment, with the

highest rates of hypoglycemia occurring
in those older than the age of 80.

The concern over hypoglycemia in pa-
tients with diabetes was recently ad-
dressed by a working group of the
American Diabetes Association and the

Endocrine Society (39). In the resulting
scientific statement, the working group
delineated several important implica-
tions of severe hypoglycemia for short-
and long-term outcomes among several
subgroups of the population with diabe-
tes, including those with type 1 and
type 2 diabetes, the elderly, hospitalized
patients, and pregnant women. The
consequences of hypoglycemia can be
more severe in the elderly and those
with long-duration diabetes and multi-
ple comorbid conditions (40,41). Of par-
ticular concern is the link between
recurrent hypoglycemic events and car-
diovascular risk, cognitive impairment,
and depression (35,39,42,43). In addi-
tion, an increased risk of mortality in
the 12 months after a severe hypoglyce-
mic event in a large community-dwelling
population was recently reported (44).
These outcomes affect the cost of care
as well as patient quality of life and ac-
tivities of daily living. Our data support
these concerns and confirm that sub-
groups at greater risk of severe hypogly-
cemia may require adjustment of A1C
goals and additional monitoring.

Consistent with recent findings by
Huang et al. (41), we found that rates
of severe hypoglycemia were highest
in those patients older than 75 years.
Young adults between the ages of 20
and 44 also had more severe hypoglyce-
mic incidents than those 45 years and
older. We postulate that this younger
group is likely to include a higher per-
centage of individuals with type 1 diabe-
tes than other age-groups, which may
account for the higher rate of severe hy-
poglycemia. We also observed higher
rates of severe hypoglycemia in patients
with CKD, CVD, CHF, or depression.
Among the possible causes of these asso-
ciations may be a cyclic pattern of persis-
tent health decline, whereby patients
with comorbidities may be more likely
to suffer from hypoglycemia, only
to have their health status further wors-
enedby continued bouts of hypoglycemia
(40). Consistentwith this finding, Zoungas
etal. (45)also foundassociationsbetween
the occurrence of hypoglycemia and nu-
merous adverse clinical outcomes, sug-
gesting that severe hypoglycemia may
serve as a marker of vulnerability. Alter-
natively, this finding could be related to
complex medication regimens in the pres-
ence of multiple comorbidities or to phys-
iological effects of these health conditions

Figure 1—Quarterly rates of severe hypoglycemic events by the level of glycemic control and
medication exposure (2005–2011). Quarterly rates of severe hypoglycemic events age- and sex-
standardized to the 2010 U.S. Census population for various levels of hemoglobin A1C (A),
exposure to glucose-lowering medications (B), and b-blocker exposure (C). For each calendar
quarter, A1C and medication exposure were determined in the preceding quarter. Categories
labeled as short-acting insulin and long-acting insulin also include basal-bolus and premixed
insulin users.
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on insulin metabolism. Subjects with CKD,
CHF, and CVD had statistically and clin-
ically significant decreases in rates of
severe hypoglycemia over time. Poten-
tial explanations for this downward
trend include increased attention to
monitoring for hypoglycemia in suscep-
tible individuals and the development
of new drug classes or treatment para-
digms that may havemitigated hypogly-
cemia risk in such patients.
Although b-blockers modify the symp-

tom pattern associated with hypoglyce-
mia, a review of the literature in the
early 2000s demonstrated no increased
risk of hypoglycemia in the context of
cardioselective b-blocker treatment
(46). We observed that severe hypogly-
cemia occurred more often in patients
on b-blockers. Although the possibility
of confounding by comorbidities (CHF,
CHD) is likely and b-blocker type was
not assessed, treating physicians may
need to take b-blocker therapy into
consideration when selecting glucose-
lowering therapy and the A1C target.
For many patients with diabetes and
CVD, hypoglycemia concerns related to
b-blockers may be outweighed by their
cardiovascular benefits (46).
Several factors limit the interpreta-

tion of these data. Although the study
population was large, with robust sub-
group representation, results may not
generalize to other patient populations
or care delivery systems, and the obser-
vational study design precludes causal
inference. Several issues related to
accurate identification of hypoglyce-
mic events warrant consideration. We
assessed only severe hypoglycemia,
defined by a visit to the emergency de-
partment or a hospital admission, which
admittedly misses many events (e.g.,
those cared for at home). Nearly 80%
of severe hypoglycemia codes were
from emergency department encoun-
ters, and 20% were from inpatient en-
counters. Because of the bundling of
emergency department and resulting
inpatient encounters by some hospi-
tals, some of the codes from inpatient
encounters represent codes that origi-
nated in the emergency department.
We did not attempt to capture less
severe hypoglycemic events, making
comparisons to studies using other
definitions difficult. We also did not
capture clinical hypoglycemia events
that may have occasionally occurred

outside of the SUPREME-DM systems
if no bill was submitted. These exclusions
may have resulted in underestimating the
rates of severe hypoglycemia. Conversely,
by including codes from hospital admis-
sions, we are likely to have included some
cases of severe hypoglycemia that oc-
curred as a consequence of treatment
initiated after hospitalization.

Use of electronic data also limited our
ability to distinguish between type 1 and
type 2 diabetes, but we assume that the
prevalence of type 1 diabetes in the
adult population examined here is
;5%, as previously reported (32). Be-
cause the proportion of adults with
type 1 diabetes is likely to decrease
with age, this may be particularly rele-
vant for findings related to the 20- to
44-year-old age-group. The patients
with the highest frequency of hypoglyce-
mic events ($2 events) had the shortest
follow-up, suggesting that rates in the
later years of our follow-up could be par-
tially influenced by loss of follow-up of
the patients experiencing the most
events. Subgroup bias may also have oc-
curred, because the likelihood of emer-
gency department visits may vary by age
or other factors. Finally, we collected
A1C values and pharmacy data quarterly
only, so our linkage of a hypoglycemic
event to prior A1C and medication
use focuses only on the most recent
A1C and medication use and is subject
to misclassification.

Despite these limitations, our findings
based on nearly 1 million adult patients
with diabetes observed over a 7-year
study period provide important new in-
formation for clinicians and public
health experts. We found higher-than-
expected rates of severe hypoglycemia
in community-treated patients, noted
no consistent improvement in trend
during the study period, and quantified
the excess risk of hypoglycemia in high-
risk subgroups, including those on insu-
lin therapy, the elderly, and those with
common comorbid conditions. These
data can inform the development of
clinical management strategies to more
effectively reduce the occurrence of
severe hypoglycemia in community-
treated patients (25,27,41).
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