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ABSTRACT
Introduction Hypoglycemia is the most common serious 
adverse effect of diabetes treatment and a major cause 
of medication- related hospitalization. This study aimed 
to identify trends and predictors of hospital utilization for 
hypoglycemia among patients with type 2 diabetes using 
electronic health record data pooled from six academic 
health systems.
Research design and methods This retrospective open 
cohort study included 549 041 adults with type 2 diabetes 
receiving regular care from the included health systems 
between 2009 and 2019. The primary outcome was the 
yearly event rate for hypoglycemia hospital utilization: 
emergency department visits, observation visits, or inpatient 
admissions for hypoglycemia identified using a validated 
International Classification of Diseases Ninth Revision (ICD- 9) 
algorithm from 2009 to 2014. After the transition to ICD- 10 in 
2015, we used two ICD- 10 code sets (limited and expanded) 
for hypoglycemia hospital utilization from prior studies. We 
identified independent predictors of hypoglycemia hospital 
utilization using multivariable logistic regression analysis with 
data from 2014.
Results Yearly rates of hypoglycemia hospital utilization 
decreased from 2.7 to 1.6 events per 1000 patients from 
2009 to 2014 (p- trend=0.023). From 2016 to 2019, yearly 
event rates were stable ranging from 5.6 to 6.6, or 6.3 
to 7.3, using the limited and expanded ICD- 10 code sets, 
respectively. In 2014, the strongest independent risk factors 
for hypoglycemia hospital utilization were chronic kidney 
disease (OR 2.86, 95% CI 2.33 to 3.57), ages 18–39 years 
(OR 2.43 vs age 40–64 years, 95% CI 1.78 to 3.31), and 
insulin use (OR 2.13 vs no diabetes medications, 95% CI 1.67 
to 2.73).
Conclusions Rates of hypoglycemia hospital utilization 
decreased from 2009 to 2014 and varied considerably 
by clinical risk factors such that younger adults, insulin 
users, and those with chronic kidney disease were at 
especially high risk. There is a need to validate hypoglycemia 
ascertainment using ICD- 10 codes, which detect a 
substantially higher number of events compared with ICD- 9.

INTRODUCTION
Hypoglycemia is the most common serious 
adverse effect of diabetes treatment, and a 

major limiting factor in achieving glycemic 
control.1 2 Hypoglycemia is predominantly 
caused by treatment with insulin or insulin 
secretagogues (sulfonylurea or meglitinide 
medications).2–4 Hypoglycemia is defined as 
blood glucose <70 mg/dL and occurs on a 
spectrum of severity ranging from asymptom-
atic to causing cognitive symptoms requiring 
the assistance of another person (severe hypo-
glycemia).3 Severe hypoglycemia may result in 
the utilization of emergency medical services 
including emergency department visits and/
or hospital admission. Severe hypoglycemia 
and resultant hospital utilization are associ-
ated with serious adverse health outcomes 

Significance of this study

What is already known about this subject?
 ► Hypoglycemia is a major cause of hospital utilization 
for patients with diabetes, but there are little recent 
real- world data regarding its temporal trends and 
predictors.

What are the new findings?
 ► Yearly rates of hospital utilization for hypoglycemia 
decreased significantly from 2009 to 2014.

 ► Rates of hospital utilization for hypoglycemia were 
approximately three times higher using International 
Classification of Diseases Tenth Revision (ICD- 10) 
compared with ICD- 9 diagnosis codes, likely due to 
differences in coding.

 ► The strongest independent risk factors for hypogly-
cemia hospitalization were younger age, insulin use, 
and chronic kidney disease.

How might these results change the focus of 
research or clinical practice?

 ► Clinical risk factors can help identify populations 
at high risk for hypoglycemia hospital utilization to 
target prevention efforts. There is a need to validate 
hypoglycemia ascertainment using ICD- 10 codes.
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including vascular events, accidental injury, cognitive 
impairment, and mortality.5–8

Recent data evaluating the burden of severe hypogly-
cemia among patients with type 2 diabetes are lacking. 
Prior studies that examined hospital utilization for hypo-
glycemia used insurance claims or electronic health 
record (EHR) data.1 9–12 These studies found varying 
incidence rates for hypoglycemia hospital utilization 
ranging from 1 to 16 events per 1000 person- years, likely 
due to differences in the definition of hypoglycemia 
used and population included.1 9–12 Notably, prior studies 
were inconsistent in the inclusion of patients with type 
1 diabetes who have different physiology and an abso-
lute requirement for insulin, resulting in higher rates 
of hypoglycemia than patients with type 2 diabetes.13–16 
Further, the transition from diagnosis coding using the 
International Classification of Diseases, Ninth Revision 
(ICD- 9) to the Tenth Revision (ICD- 10) was required by 
law to occur before 15 October 2015. There is a lack of 
recent data examining hypoglycemia hospital utilization 
ascertained by ICD- 10 codes.17

It is important to understand the populations who are 
at high risk for severe hypoglycemia for two key reasons. 
First, a patient’s risk for hypoglycemia is a key clinical 
consideration for choosing diabetes medications and 
treatment targets.2 18 Second, identifying patient popu-
lations at higher risk for hypoglycemia is necessary to 
develop targeted interventions and resources to prevent 
these outcomes in the most vulnerable patients.19–22

In this study, we aimed to determine temporal trends 
and predictors of hospital utilization for hypoglycemia 
within a large cohort of adults with type 2 diabetes from 
multiple academic health systems spanning the ICD- 9 to 
ICD- 10 transition.

METHODS
Study design and data source
This retrospective open cohort study of adults with type 
2 diabetes was conducted using the PaTH Towards a 
Learning Health System (PaTH) clinical data research 
network.23 24 PaTH is one of 11 clinical data research 
networks that comprise PCORnet, a national network 
for patient- centered outcomes research funded by the 
Patient- Centered Outcomes Research Institute. This 
study contains data from six academic health systems 
in three US states (Maryland, Pennsylvania, and Utah): 
Penn State Hershey Medical Center, University of Pitts-
burgh Medical Center, Temple Health System, Johns 
Hopkins Health System, the University of Utah, and 
Geisinger Health System. The data research network 
includes the patients’ deidentified EHR data, insurance 
claims data, biospecimen results, and patient- reported 
outcome data. Included health systems use either the 
Cerner (Penn State and University of Pittsburgh inpa-
tient) or Epic EHRs (all others). EHR data were encoded 
using standard healthcare terminologies and combined 

using the Common Data Model.25 This study used PaTH 
data from 1 January 2009 through 31 December 2019.

Study population
The population for this analysis was included on a yearly 
basis by applying eligibility criteria for each calendar year 
from 2009 through 2019. Individuals were included if 
they were aged 18 years or older, had at least two ambula-
tory primary care visits or endocrinology visits in a PaTH 
health system during three consecutive years, and had 
type 2 diabetes. To identify patients with type 2 diabetes, 
we first identified those with diabetes mellitus of any 
subtype using the SUrveillance, PREvention, and ManagE-
ment of Diabetes Mellitus (SUPREME- DM) criteria, 
adapted to our data source.11 26 Patients with diabetes 
met the following criteria: one or more inpatient diag-
nosis codes for diabetes mellitus, or two or more of any of 
the following occurring on separate days, no more than 
2 years apart: (1) a diagnosis code for diabetes mellitus 
in an ambulatory office visit; (2) dispensing of a diabetes 
medication (unless the medication was metformin, a 
thiazolidinedione, or exenatide and no other criteria 
were met); (3) hemoglobin A1c (HbA1c) ≥6.5%; (4) 
random plasma glucose ≥200 mg/dL. We did not use 
the SUPREME- DM criteria for fasting plasma glucose 
and 2- hour oral glucose tolerance test (OGTT) because 
we could not reliably ascertain fasting status and OGTT 
data. For diabetes diagnoses, we used ICD- 9 code  250. 
xx, or ICD- 10 codes E10.x and E11.x. After other inclu-
sion criteria were applied, we then excluded patients 
with type 1 diabetes using the algorithm by Klompas et 
al27 in which patients with type 1 diabetes are identified 
as having >50% of their diabetes diagnosis codes related 
to type 1 diabetes (ICD- 9 250.x1 or 250.x3; ICD- 10 E10.x) 
and either having no dispenses of a diabetes medication 
other than metformin or insulin, or having a dispense of 
glucagon.

Study outcome
The outcome for this study was hospital utilization for 
hypoglycemia, which included emergency department 
visits, observation visits, or inpatient admissions. Emer-
gency department visits resulting in inpatient admission 
were counted as single events. Visits due to hypoglycemia 
were identified using the validated algorithm by Ginde et 
al,28 which included emergency department or observa-
tion visits with an ICD- 9 code for hypoglycemia, or inpa-
tient admissions with an ICD- 9 code for hypoglycemia as 
the primary diagnosis. The hospital systems in this study 
transitioned from ICD- 9 to ICD- 10 in the 2015 calendar 
year. As Ginde et al’s28 algorithm has not been validated 
using ICD- 10 codes, from 2015 onward we applied two 
ICD- 10 conversions that have been used in prior studies 
(online supplemental table 1).10 29 The ‘limited ICD- 10 
algorithm’ included codes specific to hypoglycemia 
with or without the context of type 2 diabetes or other 
specified diabetes types.10 29 The ‘expanded ICD- 10 algo-
rithm’ adds codes for hypoglycemia in the context of 
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type 1 diabetes and diabetes due to medications or other 
conditions, and codes for adverse effects or poisoning by 
diabetes medications.10 29

Patient characteristics
The characteristics of included patients were identified 
for each year of the cohort; if there were multiple values 
in a given year, the first value in that year was used. Base-
line characteristics were defined as the first value within 
1 year of cohort entry. Demographic data included age, 
sex, and race/ethnicity. Age was analyzed in four catego-
ries: 18–39, 40–64, 65–74, and ≥75 years. Diabetes medi-
cations were captured using the patients’ prescribed 
medications in the EHR and were described in terms of 
number and therapeutic class. High hypoglycemia risk 
medications were defined as sulfonylureas, meglitinides, 
or insulin; other diabetes medications were defined as 
low hypoglycemia risk. Chronic kidney disease, cardio-
vascular disease, and cognitive impairment (including 
mild cognitive impairment and dementia) were defined 
by diagnosis codes based on validated algorithms used in 
prior studies (online supplemental table 2).30–37 HbA1c 
value was analyzed in five categories based on clinical 
relevance: <6.0%, 6.0%–6.9%, 7.0%–7.9%, 8.0%–8.9%, 
≥9.0%, and missing (no value available in the given year). 
US Department of Agriculture rural- urban commuting 
area codes were used to define urban (codes 1–6) or 
rural (codes 7–10) status.38 All variables were analyzed as 
multicategorical (not ordered) with the most prevalent 
category chosen as the reference category.

Statistical analysis
The baseline characteristics of the study population at 
their time of cohort entry were described using means 
and proportions. Hospital utilization for hypoglycemia 
was described for each calendar year in terms of number 
of events and the yearly event rate (total events per 
patient at risk). We also described the yearly event rate 
stratifying the outcome into two groups: (1) emergency 
department or observation visits without inpatient admis-
sion; or (2) inpatient admissions with or without an asso-
ciated emergency department visit. Longitudinal trends 
in hypoglycemia hospital utilization were evaluated using 
linear regression for the yearly event rate, with study year 
as the univariable predictor. As algorithms to identify 
hypoglycemia hospital utilization based on ICD- 10 have 
not been validated, analyses of predictors of hypogly-
cemia hospital utilization were performed using ICD- 9 
data prior to 2015. The yearly hypoglycemia event rate 
from 2009 to 2014 was presented stratified by subgroups 
of patient demographics and major clinical factors asso-
ciated with hypoglycemia (diabetes medication use, 
chronic kidney disease, cognitive impairment). Kruskal- 
Wallis one- way analysis of variance was used to determine 
whether hypoglycemia rates differed across subgroups.39 
We used logistic regression analysis to examine inde-
pendent predictors of having at least one episode of 
hospital utilization for hypoglycemia in 2014. Model 1 

included adjustment for patient demographics (age, sex, 
race/ethnicity) and study site, with other predictors of 
interest added to this base model one at a time. Model 
2 added adjustment for all major clinical risk factors for 
hypoglycemia listed above and HbA1c level. To evaluate 
the potential effects of missing medication data given 
that patients could have received prescriptions outside 
the health systems, we performed a sensitivity analysis 
after excluding participants with no diabetes medica-
tions. Data analysis was performed using SAS software 
V.9.4 (SAS Institute); p<0.05 was considered statistically 
significant.

RESULTS
Participant characteristics
There were 549 041 adults with type 2 diabetes included 
in this study, with the yearly analytic population ranging 
from 97 783 in 2009 to 374 945 in 2019 (figure 1). At 
the time of cohort entry, the mean participant age was 
61.0 years, 50.8% were female, and 75.8%, 14.1%, and 
5.1% were non- Hispanic white, non- Hispanic black, 
and Hispanic race/ethnicity, respectively (table 1). The 
mean HbA1c was 7.5%, and 28.1% of participants had 
an HbA1c <7.0%. Approximately half of participants 
used one or more diabetes medications, with the most 
common diabetes medication classes being metformin, 
sulfonylureas, or insulin. A high hypoglycemia risk medi-
cation (sulfonylurea, meglitinide, or insulin) was used by 
27.2% of patients.

Trends in hypoglycemia hospital utilization
The yearly event rate for hypoglycemia hospital utilization 
ascertained using ICD- 9 codes decreasing significantly 

Figure 1 Sample size and yearly event rate for 
hypoglycemia hospital utilization using International 
Classification of Diseases (ICD)- 9 and ICD- 10 algorithms, 
2009–2019. The sample size of the population at risk 
included is shown on the left axis. The yearly event rate 
(events per 1000 patients) is shown on the right axis. The 
event rate ascertained by ICD- 10 codes is shown using a 
limited algorithm (codes for hypoglycemia with or without the 
context of type 2 diabetes or other specified diabetes) and 
an expanded algorithm (adds codes for hypoglycemia in the 
context of type 1 diabetes and diabetes due to medications 
or other conditions, and codes for adverse effects or 
poisoning by diabetes medications).
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between 2009 and 2014 (p- trend=0.023) from 2.7 to 1.6 
events per 1000 patients (figure 1, table 2). Using the 
limited ICD- 10 algorithm, the yearly event rate from 2016 
to 2019 was substantially higher than that using ICD- 9 
codes. The yearly event rate was stable (p- trend=0.42) 
from 5.6 to 6.6 events per 1000 patients per year. The 
yearly event rate using the expanded ICD- 10 algorithm was 
stable (p- trend=0.25) ranging from 6.3 to 7.3 events per 
1000 patients. Each year, the majority of events were the 
patient’s first event since entering the cohort, although 
in most study years, one- fifth to one- third of events were 
repeat events (table 2). The majority of events were emer-
gency department or observation visits without inpatient 
admission while relatively few events were inpatient stays 
with or without an associated emergency department 
visit (online supplemental table 3). Despite changing 
cohort size, the demographic and clinical characteristics 
of the study population remained generally stable over 
time, especially between 2009 and 2014 (online supple-
mental table 4). There was a notable increase in the use 
of insulin, metformin, and newer diabetes medications 
between 2009 and 2019.

Hypoglycemia hospital utilization in patient subgroups
Examining rates of hospital utilization for hypogly-
cemia between 2009 and 2014, there were significant 
and substantial differences in all years across categories 
of age, race/ethnicity, diabetes medication use, chronic 
kidney disease, and cognitive impairment (figure 2). 
The majority of events were experienced by insulin users 
who had between 3.5 and 8.0 events per 1000 patients 
yearly. Users of low hypoglycemia risk medications had 
the lowest event rates, followed by high hypoglycemia 
risk oral medication users and those using no diabetes 
medications. Patients aged 18–39 years had substantially 
higher event rates (3.3–7.0 events per 1000 patients) 
compared with those in other age groups (1.1–3.0 events 
per 1000 patients). Non- Hispanic black patients had 

Table 1 Patient characteristics at time of cohort entry

Characteristic
Finding 
(n=549 041)*

Age, mean (SD), years 61.0 (14.3)

Age category (years)

  18–39 44 461 (8.1)

  40–64 281 670 (51.3)

  65–74 128 703 (23.4)

  ≥75 94 207 (17.2)

Female sex 279 116 (50.8)

Race/ethnicity

  White, non- Hispanic 416 803 (75.8)

  Black, non- Hispanic 77 563 (14.1)

  Other, non- Hispanic 17 738 (3.2)

  Hispanic 27 979 (5.1)

  Missing 9678 (1.8)

HbA1c, mean (SD), % 7.5 (1.9)

HbA1c category

  <6.0% 37 323 (6.8)

  6.0%–6.9% 116 996 (21.3)

  7.0%–7.9% 63 569 (11.6)

  8.0%–8.9% 28 766 (5.2)

  ≥9.0% 50 844 (9.3)

  Missing 251 503 (45.8)

BMI†, mean (SD), kg/m2 33.7 (8.2)

Number of diabetes medications

  0 286 448 (52.2)

  1 164 984 (30.1)

  2 69 079 (12.6)

  ≥3 28 530 (5.2)

Diabetes medication class used

  Metformin 166 403 (30.3)

  Sulfonylurea 73 126 (13.3)

  Alpha- glucosidase inhibitor 1042 (0.2)

  Meglitinide 3513 (0.6)

  Thiazolidinedione 15 213 (2.8)

  DPP- 4 inhibitor 28 254 (5.2)

  GLP- 1 receptor agonist 9223 (1.7)

  SGLT- 2 inhibitor 7262 (1.3)

  Insulin 91 073 (16.6)

High hypoglycemia risk medication use‡ 149 321 (27.2)

Chronic kidney disease 80 377 (14.6)

Cognitive impairment 17 415 (3.2)

Cardiovascular disease 136 857 (24.9)

Clinical site label

  Site A 241 997 (44.1)

  Site B 119 251 (21.7)

Continued

Characteristic
Finding 
(n=549 041)*

  Site C 64 660 (11.8)

  Site D 55 209 (10.1)

  Site E 38 264 (7.0)

  Site F 29 660 (5.4)

Rural- urban commuting area

  Rural 29 582 (5.4)

  Urban 451 430 (82.2)

  Missing 68 029 (12.4)

*All data are n (%) unless otherwise indicated.
†144 081 (26.2%) missing values.
‡Sulfonylurea, meglitinide, or insulin.
BMI, body mass index; DPP- 4, dipeptidyl peptidase 4; GLP- 
1, glucagon- like peptide- 1; HbA1c, hemoglobin A1c; SGLT- 2, 
sodium- glucose transport protein 2.

Table 1 Continued
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higher event rates than other race/ethnicities. There 
were also substantially higher event rates for patients with 
chronic kidney disease versus those without (3.5–6.2 vs 
1.1–1.8) and with versus without cognitive impairment 
(3.3–9.9 vs 1.5–2.3).

Predictors of hypoglycemia hospital utilization
There were 290 075 patients included in the logistic 
regression analysis in 2014 and their characteristics were 
similar to that of the entire cohort (table 3). Results from 
the basic and fully adjusted models were similar, and 
closely reflected the findings in unadjusted subgroup 
analyses. In the fully adjusted model (model 2), patients 
aged 18–39 years had significantly higher odds of hypo-
glycemia hospital utilization (OR 2.43 compared with 
ages 40–64 years, 95% CI 1.78 to 3.31), as did women 
(OR 1.43, 95% CI 1.16 to 1.75) and non- Hispanic black 
patients (OR 1.84 compared with white patients, 95% 
CI 1.43 to 2.38). Relative to patients using no diabetes 
medications, insulin users had the highest odds of hypo-
glycemia hospitalization (OR 2.13, 95% CI 1.67 to 2.73), 
and patients using low- risk diabetes medications had the 
lowest odds (OR 0.44, 95% CI 0.29 to 0.67). Patients with 
chronic kidney disease and cognitive impairment had 
higher odds of hypoglycemia hospitalization compared 
with those without: OR 2.86 (95% CI 2.33 to 3.57) and 
1.92 (95% CI 1.39 to 2.70), respectively. There was a 
U- shaped relationship between HbA1c and hypoglycemia 

hospital utilization such that patients with the lowest and 
highest HbA1c values had the highest odds of hypogly-
cemia hospitalization.

In the sensitivity analysis excluding participants without 
diabetes medications (online supplemental table 5), the 
OR for hypoglycemia hospitalization for high- risk oral 
diabetes medication use relative to low- risk medications 
was 1.85 (94% CI 1.10 to 3.31), and the OR for insulin 
use was 5.00 (3.23–7.69). The association between HbA1c 
and hypoglycemia hospitalization was attenuated; there 
was no other substantial difference from the primary 
analysis.

DISCUSSION
In this retrospective open cohort study of adults with 
type 2 diabetes receiving care from six academic health 
systems, we found that hospital utilization for hypogly-
cemia ascertained using a validated ICD- 9 algorithm 
decreased significantly from 2009 to 2014. We found 
much higher rates of hypoglycemia hospital utilization 
from 2016 onward using two ICD- 10 conversions; the 
validity of ascertaining hypoglycemia using ICD- 10 codes 
needs to be further studied. In addition, we identified 
independent predictors of hypoglycemia hospital utili-
zation using ICD- 9 data including younger age, female 
sex, non- Hispanic black race, insulin use, the presence 
of chronic kidney disease or cognitive impairment, and 

Table 2 Yearly event rate of hospital utilization for hypoglycemia, and repeated events

Year Total events
Patient’s
1st event

Patient’s
2nd event

Patient’s ≥3rd 
event

Patients at 
risk

Events per 1000 
patients

Hypoglycemia by ICD- 9 codes

2009 260 239 14 6 97 783 2.7

2010 326 273 35 15 128 403 2.5

2011 387 307 39 32 173 360 2.2

2012 441 345 32 47 201 194 2.2

2013 594 415 73 75 253 197 2.3

2014 473 330 46 70 290 075 1.6

2015 425 347 41 32 315 009 1.3

Hypoglycemia by ICD- 10 codes—limited algorithm

2015 384 361 22 1 315 009 1.2

2016 1868 1490 228 126 334 978 5.6

2017 2330 1510 291 359 351 670 6.6

2018 2209 1518 297 287 367 340 6.0

2019 2425 1602 353 353 374 945 6.5

Hypoglycemia by ICD- 10 codes—expanded algorithm

2015 426 400 24 2 315 009 1.4

2016 2095 1654 260 151 334 978 6.3

2017 2581 1652 320 408 351 670 7.3

2018 2497 1661 337 354 367 340 6.8

2019 2736 1767 404 420 374 945 7.3

ICD, International Classification of Diseases.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2021-002153 on 21 D

ecem
ber 2021. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjdrc-2021-002153
http://drc.bmj.com/


6 BMJ Open Diab Res Care 2021;9:e002153. doi:10.1136/bmjdrc-2021-002153

Epidemiology/Health services research

having an HbA1c less than 6.0% or greater than 9.0%. 
These findings highlight the large contribution of socio-
demographic and clinical factors to a patient’s risk of 
hypoglycemia hospital utilization, and the need to vali-
date and standardize criteria for identifying this outcome 
using current EHR data.

A novel finding of this study, which spanned the ICD- 9 
to ICD- 10 transition, is the identification of differences in 
rates of hypoglycemia hospital utilization depending on 
the coding algorithm, as prior relevant studies occurred 
largely before the transition to ICD- 10.1 9–12 We used 
Ginde et al’s28 algorithm, which was validated against 
chart review of emergency department records in 2005–
2006 that included diagnoses for candidate ICD- 9 codes 
related to hypoglycemia. In this population, the algorithm 
attained a positive predictive value of 89%; sensitivity and 
specificity were high, but were calculated assuming no 
cases of hypoglycemia were missed which likely inflated 
these statistics. Compared with Ginde et al’s28 algorithm, 
we found that a limited and expanded ICD- 10 conversion 

detected approximately three times the rates of hypo-
glycemic events, respectively. There are several possible 
explanations for this finding. First, ICD- 10 codes may be 
more sensitive for ascertaining hypoglycemia hospital 
utilization in a general population of patients with type 2 
diabetes, or in more recent years. Second, ICD- 10 codes 
may be identifying more false- positive events, which 
could occur due to some codes being less specific for 
hypoglycemia. It is unlikely that the differences between 
algorithms were due to temporal trends as the event rates 
using each individual algorithm were generally stable 
over time. Ultimately, there is a need for further valida-
tion studies to determine the accuracy of ascertaining 
hypoglycemia hospital utilization using ICD- 10 codes, 
which will be necessary to ensure the validity of future 
research in this area.

The yearly rates of hypoglycemia hospital utilization 
found in this study using ICD- 9 codes of approximately 
two to three events per 1000 patients were similar to rates 
found in prior studies. A report from a single health 

Figure 2 Yearly event rate for hypoglycemia hospital utilization by patient subgroups, 2009–2014. For race/ethnicity, other 
race/ethnicities are not shown because of low sample size. For diabetes medication categories, high hypoglycemia risk oral 
diabetes medication classes are sulfonylureas and meglitinides; low hypoglycemia risk diabetes medications are all other 
classes except insulin.
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system found a yearly event rate for hypoglycemia hospital 
utilization of one to three events per 1000 patients from 
2006 to 2015.10 A study using data from multiple health 
systems from 2005 to 2011 found the yearly event rate 
for hypoglycemia hospital utilization was 14–16 events 
per 1000 patients, although patients with type 1 diabetes 
were not excluded.11 A more recent study using claims 
data from Medicare Advantage beneficiaries including 
those with type 1 and type 2 diabetes found nine hypo-
glycemia hospital utilization events per 1000 patients per 
year using ICD- 10 codes.40 While the majority of hypogly-
cemic events in this study were the patient’s first event 
since cohort entry, a substantial proportion of patients 
had multiple events during the study period, highlighting 
the need to identify high- risk patients to prevent recur-
rent hypoglycemic events.

Despite temporal changes in the landscape of diabetes 
treatment, we found that rates of hospital utilization 

for hypoglycemia decreased slightly from 2009 to 2014, 
and were stable from 2016 to 2019.41–43 It is possible that 
temporal trends in hypoglycemia were driven by differ-
ences in the study population, however the stability of the 
demographic and clinical characteristics of the cohort 
makes this unlikely. Consistent with other studies, we 
found that insulin use substantially increased over time 
suggesting that there may be protective factors coun-
tering this such as more effective diabetes treatment 
and hypoglycemia prevention strategies; further study is 
needed to clarify this.41–43

We found substantially different rates of hypoglycemia 
hospital utilization among patient subgroups with known 
clinical hypoglycemia risk factors. Notably, insulin users 
had approximately 10- fold higher rates than those using 
diabetes medications with a low risk for hypoglycemia, 
and approximately fivefold higher rates than users of 
insulin secretagogues. Likewise, we found threefold to 

Table 3 Logistic regression analysis for predictors of hospital utilization for hypoglycemia in 2014

Characteristic
n (%)
(n=290 075)

OR (95% CI)
Model 1* P value

OR (95% CI)
Model 2* P value

Age category (years) <0.001 <0.001

  18–39 16 628 (5.7) 2.22 (1.69 to 3.03) 2.43 (1.78 to 3.31)

  40–64 137 133 (47.3) Reference Reference

  65–74 74 940 (25.8) 0.84 (0.65 to 1.10) 0.74 (0.57 to 0.97)

  ≥75 61 374 (21.2) 0.99 (0.76 to 1.30) 0.74 (0.56 to 0.99)

Female sex (reference: Male) 152 269 (52.5) 1.32 (1.08 to 1.61) 0.007 1.43 (1.16 to 1.75) <0.001

Race/ethnicity <0.001 <0.001

  White, non- Hispanic 221 863 (76.5) Reference Reference

  Black, non- Hispanic 43 971 (15.2) 2.16 (1.67 to 2.78) 1.84 (1.43 to 2.38)

  Other, non- Hispanic 7663 (2.6) 1.09 (0.55 to 2.15) 1.20 (0.61 to 2.37)

  Hispanic 13 344 (4.6) 1.67 (0.97 to 2.86) 1.59 (0.93 to 2.71)

  Missing 3234 (1.1) 0.34 (0.48 to 2.44) 0.35 (0.05 to 2.50)

Diabetes medication category <0.001 <0.001

  No medication 149 203 (51.4) Reference Reference

  Low- risk medication 55 505 (19.1) 0.40 (0.27 to 0.60) 0.44 (0.29 to 0.67

  High- risk oral medication† 34 647 (11.9) 0.83 (0.57 to 1.22) 0.83 (0.56 to 1.23)

  Insulin 50 720 (17.5) 2.68 (2.15 to 3.33) 2.13 (1.67 to 2.73)

Chronic kidney disease 64 436 (22.2) 3.68 (3.00 to 4.52) <0.001 2.86 (2.33 to 3.57) <0.001

Cognitive impairment 14 751 (5.1) 2.57 (1.85 to 3.56) <0.001 1.92 (1.39 to 2.70) <0.001

HbA1c category <0.001 <0.001

  <6.0% 23 491 (8.1) 2.30 (1.55 to 3.42) 2.00 (1.33 to 2.94)

  6.0%–6.9% 59 293 (20.4) Reference Reference

  7.0%–7.9% 35 571 (12.3) 1.71 (1.16 to 2.52) 1.39 (0.94 to 2.08)

  8.0%–8.9% 17 883 (6.2) 1.85 (1.16 to 2.93) 1.20 (0.75 to 1.92)

  ≥9.0% 24 616 (8.5) 2.69 (1.84 to 3.92) 1.56 (1.05 to 2.33)

  Missing 129 221 (44.6) 1.38 (1.01 to 1.90) 1.33 (0.97 to 1.85)

*Model 1 adjusted for age, sex, race/ethnicity and study site. Model 2 adjusted for model 1+diabetes medication category, chronic kidney 
disease, cognitive impairment, and HbA1c category.
†Sulfonylurea or meglitinide.
HbA1c, hemoglobin A1c.
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fourfold higher rates among patients with chronic kidney 
disease or cognitive impairment (vs those without).11 
These findings indicate that clinicians should be aware of 
the high risk for hypoglycemia in these populations when 
selecting diabetes medications and glycemic targets, and 
that it will be important to direct hypoglycemia preven-
tion efforts to these populations.

The independent risk factors for hypoglycemia hospital 
utilization identified using logistic regression largely 
recapitulated findings in subgroup analyses. Among 
demographic risk factors, it was notable that patients 
aged 18–39 had substantially higher odds than other 
age groups. While it is possible that this finding is due to 
incomplete exclusion of patients with type 1 diabetes who 
are more often younger, this is unlikely as type 1 diabetes 
comprises a small minority of the diabetes population and 
we excluded these patients using a validated algorithm 
with high sensitivity.27 Over the past decade, there has 
been an increasing prevalence of type 2 diabetes among 
younger adults who have higher rates of diabetes compli-
cations.44 Given that younger adults with type 2 diabetes 
have lower insulin use than other age groups, it is possible 
that younger adults face unique challenges related to 
their diabetes treatment that cause them to be at a higher 
risk for hypoglycemia, such as inconsistent access to care 
or adherence to diabetes medications.41 More research 
is needed to understand hypoglycemia risk in younger 
adults and develop prevention strategies targeted to this 
age group. We found that patients in other age catego-
ries had lower odds of hypoglycemia hospital utilization, 
which is in contrast to prior studies which have found the 
highest rates of hypoglycemia among those aged 75 years 
and older.11 12 40 45 We found that females had signifi-
cantly higher odds of hypoglycemia hospital utilization 
compared with males which has been found in one prior 
study; the reasons for this are unclear.10 We also found 
higher odds of hypoglycemia hospital utilization among 
non- Hispanic black patients compared with other race/
ethnicities, which has been seen in prior studies.10 12 40 46 
While the exact reasons for this are not understood, this 
finding is likely related to the substantial racial/ethnic 
disparities in diabetes such that minorities have inequi-
table healthcare access, suboptimal clinical management, 
and worse diabetes outcomes.47–52 Further, we found a 
U- shaped relationship with HbA1c such that patients with 
an HbA1c of less than 6.0% and greater than 9.0% had 
the highest odds of hypoglycemia hospital utilization. 
This finding is of clinical importance because it indicates 
that high rates of hypoglycemia hospital utilization are 
not limited to patients with tight glycemic control; those 
with poor glycemic control are also a high- risk group. In 
randomized trials of tight glycemic control, targeting an 
HbA1c of <6.0% to <6.5% increased rates of severe hypo-
glycemia by approximately threefold compared with stan-
dard control.53–56 These findings support that glycemic 
control below guideline- recommended targets contrib-
utes to hypoglycemia hospital utilization. However, these 
findings should be interpreted cautiously given that 

approximately half of participants did not have an HbA1c 
value available in 2014 for this analysis.

In multivariable analyses, insulin users had the highest 
odds of hypoglycemia hospital utilization, which is consis-
tent with prior studies demonstrating that insulin is the 
primary medication contributing to hypoglycemia risk 
among patients with type 2 diabetes.2–4 40 Unexpectedly, 
we found that patients using no diabetes medications had 
higher odds of hypoglycemia hospital utilization than 
patients using diabetes medications other than insulin. 
This pattern has been seen in other studies, but without a 
clear explanation.1 It is likely that some diabetes medica-
tions were missed as this study used yearly EHR prescrip-
tion data, which cannot capture medications prescribed 
outside the included health systems or if patients did not 
receive a prescription for the medication in a given year. 
It is also possible that this finding is due to medication 
use being ascertained at the start of each calendar year: 
some patients taking no diabetes medications at that time 
may have subsequently initiated diabetes medications 
later in the year.

The major strength of this study is that it used standard-
ized EHR data from an established clinical research data 
network representing a large, diverse cohort of patients 
with type 2 diabetes from six health systems. This allowed 
for analysis of rates of hypoglycemia hospital utilization 
longitudinally over an 11- year period, providing suffi-
cient data to explore predictors of hypoglycemia and 
variation among important clinical subgroups. This study 
has several limitations. Although we restricted our popu-
lation to patients who had multiple visits in one health 
system in successive years, some patients may have had 
hypoglycemia hospital utilization events at outside health 
systems, which would make our observed hypoglycemia 
event rates appear lower than the true event rate. Anal-
ysis of HbA1c values was limited to patients with available 
HbA1c data which excluded a substantial proportion 
of participants who were analyzed as missing. However, 
the relationship between HbA1c and hypoglycemia 
hospital utilization was not a major focus of this study 
and missing data in this area do not have implications 
for our primary findings. Finally, this study focused on 
only those hypoglycemic episodes resulting in hospital 
utilization, which occurs in less than 1 in 10 severe hypo-
glycemic episodes.57 Both severe and non- severe hypo-
glycemic episodes have important clinical consequences 
and contribute to health- related anxiety among patients 
with diabetes and a lower quality of life.1–4 58 Therefore, 
with respect to hypoglycemia, the outcome of this study 
was only the tip of the iceberg.

In conclusion, this study identified hypoglycemia 
hospital utilization among patients with type 2 diabetes 
in six large academic health systems, with notably higher 
event rates ascertained using ICD- 10 compared with 
ICD- 9 codes. A critical next step will be to perform vali-
dation studies of ascertaining hypoglycemia using ICD- 10 
codes. Further, a number of patient demographic and 
clinical characteristics are independent risk factors for 
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hypoglycemia hospital utilization, with especially high 
rates found among insulin users and patients with chronic 
kidney disease and cognitive impairment, which may be 
important populations to target hypoglycemia prevention 
efforts. Further research in this area is needed in order 
to use health systems data as a platform for reducing the 
risk of hypoglycemia hospital utilization among high- risk 
populations and promoting individualized approaches to 
diabetes treatment.
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