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Severe hypoglycemia in patients with
diabetes is an adverse drug event that
is associatedwithpooroutcomes, suchas
cardiovascular events, falls, high rehospi-
talization rates, and increased mortality
(1,2). Several strategies, including adjust-
ment of glucose-lowering therapy and
glycemic targets, havebeen recommended
in patients with severe hypoglycemia (1,3).
However, it is not clear how changes in
diabetes management are maintained
after severe hypoglycemia among patients
with type 2 diabetes.
We conducted a retrospective analysis

of data from the OptumLabs Data Ware-
house, a de-identified administrative claims
database of over 200 million individuals
enrolled in commercial and Medicare Ad-
vantage plans across theU.S. (4). Datawere
accessed in adherence with the Health
Insurance Portability and Accountability
Actof 1996, and theYale School ofMedicine
Human Investigations Committee deemed
the study exempt from institutional review
board review.
We included commercially insured or

Medicare Advantage beneficiaries who
were aged 18 years or older, had phar-
macologically treated type 2 diabetes,
and had a severe hypoglycemic event.
Severe hypoglycemia was identified as

the first event during an observation
window of 1 July 2013 through 30 June
2014, based on primary/principal diagnosis
codesforhypoglycemiafromanemergency
department visit, observation stay, or hos-
pital admission. We assessed changes in
diabetes management by examining pre-
scription fills for glucose-lowering medica-
tions, glucagon, and test strips; HbA1c levels
(on a subsample of patients); and out-
patient care6monthsbeforeand6months
after the hypoglycemia-related health care
utilization. We used paired two-sample t
tests for continuous variables andMcNemar
test statistic for paired categorical variables
in R software.

Among 5,721 patients with type 2 di-
abeteswith severe hypoglycemia,median
age was 69 years (interquartile range [IQR]
60–77), 51% were women, 63% were
White, 20% were Black, 68% used insulin,
and 37% used sulfonylureas. Of the 1,305
patients with available HbA1c values, me-
dian baseline HbA1c was 7.5% (range 4.3–
17.6%). Changes in diabetesmanagement
aresummarized inTable1.Theproportion
of patients seeing an endocrinologist for
diabetes management rose slightly from
16.7% to 18.2% but remained low. Only
30.5% of patients with a baseline HbA1c
,6% had an absolute increase in HbA1c

of at least 0.5% after hypoglycemia. Of the
905 patients filling prescriptions for both
insulin and a sulfonylurea prior to severe
hypoglycemia, 638 (70.5%) continued tofill
both drug classes after the event. Glucagon
was filled by fewer than 5% of patients.

In this national study of commercially
insured and Medicare Advantage patients
with type 2 diabetes who experienced a se-
vere hypoglycemic event, the use of sulfo-
nylureas declined, but few other changes in
diabetes management were evident follow-
ing the event. These findings suggest there
are significant opportunities to prevent re-
current hypoglycemia in the future.

Multiple prior studies have demon-
strated glycemic overtreatment among
older patients at risk for hypoglycemia (5)
and low rates of treatment deintensifi-
cation. Our findings suggest that even
after a severehypoglycemic event, changes
in management are infrequently made.
Clinicians may have few options other
than insulin in patientswith long-standing
diabetes and multiple comorbidities, and
our study could not capture dose reduc-
tions in insulin that may have occurred.
Still, most individuals with a low baseline
HbA1c did not have an increase in HbA1c
level after hypoglycemia, so any dose
reductions were not reflected in the
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measured levels of glycemia. In addition,
the low level of glucagon use suggests
a missed opportunity to mitigate the risks
of insulin use.
Our study has other limitations. It is an

observational study, and as such we
cannot make inferences about the ap-
propriateness of individual clinical deci-
sions reflected in these data. It is possible
that more recent data may demonstrate
improvements in implementation of these
recommendations. In addition, we did not
include patientswith severe hypoglycemia
treated in the community; thus, our study
includes a small subset of patients with
type 2 diabetes exposed to severe hypo-
glycemia. Finally, we measured prescrip-
tion fills and HbA1c levels, both of which
may be affected by patient adherence to
clinician recommendationsor cost ofmed-
ications and devices.
There aremany barriers to timely treat-

ment deintensification. Clinicians may be
constrained by performance metrics and
population health management efforts
that reward lowering HbA1c levels without
balancing minimization of hypoglycemic

events. These barriers may be addressed
by development and integration of qual-
itymetrics focusedonhypoglycemia. The
overall lack of change in management
highlighted by this studymay also be due
to inadequate integration of care, insuf-
ficient awareness of guideline recom-
mendations, or lack of specificity in
clinical recommendations on how to ef-
fectively prevent recurrent hypoglycemia-
related utilization.

Funding. This project was supported by the
National Institute on Aging and the American
Federation of Aging Research through the Paul B.
Beeson Emerging Leaders Career Development
Award in Aging to K.J.L. (K23AG048359), aswell as
National Institute on Aging grant R01 AG063391
and National Institute of Diabetes and Digestive
and Kidney Diseases grant R01 DK103721 to A.J.K.
Duality of Interest. A.J.K. received research
support from Dexcom outside of this study. K.J.L.
receives support from the Centers forMedicare &
Medicaid Services to develop publicly reported
quality measures. No other potential conflicts of
interest relevant to this article were reported.
Author Contributions. P.V. and K.J.L. con-
ceived of and designed the study. K.J.L. obtained

funding and acquired the data. P.V., S.L., and K.J.L.
analyzed and interpreted the data. S.L. per-
formed statistical analysis. P.V. drafted the man-
uscript. S.L., R.G.M., and A.J.K. critically revised
the manuscript for important intellectual con-
tent. K.J.L. is the guarantor of this work and, as
such, had full access to all the data in the study
and takes responsibility for the integrity of the
data and the accuracy of the data analysis.
Prior Presentation. Parts of this work were
presented in abstract form at the 79th Scientific
Sessions of the American Diabetes Association,
7–11 June 2019.

References
1. International Hypoglycaemia Study Group.
Minimizing hypoglycemia in diabetes. Diabetes
Care 2015;38:1583–1591
2. Seaquist ER, Anderson J, Childs B, et al.
Hypoglycemia and diabetes: a report of a work-
group of the American Diabetes Association and the
Endocrine Society.DiabetesCare2013;36:1384–1395
3. American Diabetes Association. Standards of
medical care in diabetesd2012. Diabetes Care
2012;35(Suppl. 1):S11–S63
4. OptumLabs. OptumLabs and OptumLabs Data
Warehouse (OLDW) Descriptions and Citation.
Cambridge, MA, OptumLabs, May 2019
5. MüllerN,KhuntiK,KussO,etal. Is thereevidence
of potential overtreatment of glycaemia in elderly
people with type 2 diabetes? Data from the GUID-
ANCE study. Acta Diabetol 2017;54:209–214

Table 1—Changes in diabetes management before and after hypoglycemia-related encounter

6 months before 6 months after P value

Office visits
Number of office visits with any clinician 6 (3–9) 7 (4–11) ,0.001
Patients seeing an endocrinologist, N (%) 956 (16.7) 1,044 (18.2) ,0.001
Time to office visit after hypoglycemia (days) d 12 (6–27)

Diabetes self-management
Patients with glucagon fills, N (%) 203 (3.55) 143 (2.50) ,0.001
Number of test strips filled per month 50 (16.7–91.7) 50 (33.3–108.3) ,0.001
Patients using continuous glucose monitoring, N (%) 96 (1.68) 53 (0.93) ,0.001

Glycemic control (n 5 1,305)
HbA1c (%) 7.5 (6.6–8.9) 7.4 (6.5–8.7) ,0.001

Increase in HbA1c by 0.5% or more (by baseline HbA1c), N (%) ,0.001
,6% (n 5 141) d 43 (30.5)
6–7% (n 5 327) d 93 (28.4)
7–8% (n 5 292) d 62 (21.2)
8–9% (n 5 229) d 40 (17.5)
$9% (n 5 316) d 31 (9.8)

Patients with diabetes medication fills, N (%)
Any insulin 3,864 (67.5) 3,967 (69.3) ,0.001
Human insulin 654 (11.4) 645 (11.3) 0.443
Analog insulin 3,494 (61.1) 3,661 (64.0) ,0.001
Basal insulin 2,895 (50.6) 3,111 (54.4) ,0.001
Bolus insulin 2,371 (41.4) 2,609 (45.6) ,0.001
Premixed insulin 786 (13.7) 727 (12.7) 0.010

Sulfonylureas 2,117 (37.0) 1,754 (30.7) ,0.001
Glinides 105 (1.8) 112 (2.0) 0.341
Biguanides 2,528 (44.2) 2,246 (39.3) ,0.001
TZDs 339 (5.9) 261 (4.6) ,0.001
DPP-4 inhibitors 819 (14.3) 784 (13.7) 0.055
GLP-1 agonists 260 (4.5) 218 (3.8) ,0.001
Other medications 213 (3.7) 211 (3.7) 0.904

Data are median (IQR) unless otherwise specified. DPP-4, dipeptidyl peptidase 4; GLP-1, glucagon-like peptide 1; TZDs, thiazolidinediones.
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