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We previously developed and validated a
hypoglycemia risk stratification tool (1)
and made available the computer source
code for implementation (online-only sup-
plemental eTable 2 [1]). This tool classifies
12-month risk of hypoglycemia-related
utilization (HRU) of emergency depart-
ment (ED) or in-patient services among
type 2 diabetes (T2D) patients as high
(.5%), intermediate (1–5%), or low
(,1%). Since its publication, health
care delivery systems in the U.S. (includ-
ing Kaiser Permanente and Mayo Clinic)
have adopted this tool to identify higher-
risk patients for targeted population
management interventions designed to
reduce hypoglycemia risk. Among the six
inputs required to calculate HRU risk
(prior HRU, insulin use, sulfonylurea
use, any ED visits, chronic kidney disease
stage, and age), only prior HRU relied on
diagnostic coding and was based on an
algorithm (2) comprising International
Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM) codes.
Since 1 October 2015, the Centers for
Medicare & Medicaid Services has re-
quired use of the 10th revision (ICD-10-
CM), necessitating an updated HRU case
identification algorithm that includes
ICD-10-CM codes for hypoglycemia.

We identified ICD-10-CM codes for
hypoglycemia to complement the exist-
ing ICD-9-CM–based algorithm (any of
the following: 251.0, 251.1, 251.2, 962.3,
or 250.8, without concurrent 259.8,
272.7, 681.XX, 682.XX, 686.9X, 707.1–
707.9, 709.3, 730.0–730.2, or 731.8).
The ICD-10-CM codes for hypoglycemia
(any of the following: E08.641, E08.649,
E09.641, E09.649, E10.641, E10.649,
E11.641, E11.649, E13.641, E13.649,
E15, E16.0, E16.1, E16.2, T38.3X1A,
T38.3X1D, T38.3X1S, T38.3X2A, T38.3X2D,
T38.3X2S, T38.3X3A, T38.3X3D, T38.3X3S,
T38.3X4A, T38.3X4D, T38.3X4S, T38.3X5A,
T38.3X5D, T38.3X5S) are specific to type
of diabetes and diabetes status. Although
the hypoglycemia risk stratification tool
was designed specifically for T2D pa-
tients, type of diabetes and even diabe-
tes status may be misclassified in the
ED and thus we include all ICD-10-CM
codes for hypoglycemia. Using both sets
of codes, we tested the performance of
the hypoglycemia risk stratification tool
among 264,658 active Kaiser Perma-
nente Northern California members,
age 21 years or older, diagnosed with
T2D as of 1 January 2016 and alive on
1 January 2017 (baseline). We predicted
the 12-month risk of HRU (1 January–31

December 2017) and compared it to ob-
served HRU events. HRU events were
identified by ICD-9-CM or ICD-10-CM
codes depending on whether the event
occurred before or after 1 October 2015,
respectively. Prebaseline HRU events
were used as model inputs, i.e., past
HRU events as predictors of future HRU
events. HRU events that occurred during
the 12-month follow-up after baseline were
the outcomes of interest, i.e., whatwewere
predicting. Discrimination, or the tool’s
ability to correctly distinguish between
subjects who would versus would not
experience $1 HRU during follow-up (1
January–31 December 2017), was assessed
by calculating the area under the receiver
operating characteristic curve (C-statistic),
with .0.75 classified as good discrimina-
tion (3). Clinical utility was assessed by
calculating the odds ratio of having $1
HRU event during follow-up in those clas-
sified as high risk relative to low risk. These
performance measures were compared
with those observed in the original valida-
tion of the hypoglycemia risk stratification
tool. This study was approved by the in-
stitutional review boards of Kaiser Perma-
nente, the Bedford Veterans Health
Administration, and Group Health Coop-
erative; the requirement that informed
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consent be obtained from study partic-
ipants was waived.
The distribution of subjects cate-

gorized as high, intermediate, or low
HRU risk at baseline (1 January 2017)
using the ICD-10-CM updated case iden-
tification algorithm closely matched the
distribution determined in our original
validation, which used only ICD-9 codes
with a 1 January 2014 baseline (Table 1).
There were similar observed rates of$1
HRU events during the 12-month follow-
up among subjects classified as hav-
ing high, intermediate, and low risk in the
original and current validation studies,
although the rates were somewhat
higher in 2017 than in 2014. The incor-
poration of ICD-10-CM codes did not
alter the tool’s ability to discriminate;
the C-statistic was identical to that of the

original validation (0.83), demonstrating
good discrimination. As in the original
validation of the tool, there was also
excellent clinical utility, with 28-fold
greater odds of HRU events occurring
during the 12-month follow-up among
those categorized as high risk relative to
low risk at baseline.

After updating the case identification
algorithm with ICD-10-CM codes, we
found that the hypoglycemia risk strat-
ification tool again demonstrated good
discrimination and excellent clinical util-
ity in categorizing 12-month risk of HRU
of patients with T2D. Use of this hypo-
glycemia risk stratification tool can fa-
cilitate targeting higher-risk patients
with population management interven-
tions designed to prevent hypoglycemia
(e.g., deprescribing, health education,

continuous glucose monitoring, food se-
curity) and could potentially improve
patient safety and quality of life.
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Table 1—Performance of the hypoglycemia risk stratification tool with ICD-9-CM
codes for case identification of prior HRU to predict 2014 HRU compared with
the performance of the tool using updated case identification (incorporating
ICD-10-CM codes) to predict 2017 HRU

Hypoglycemia risk
stratification tool

with 1 January 2014
baseline (ICD-9-CM case

identification only)

Hypoglycemia risk stratification
tool with 1 January

2017 baseline (updated with
ICD-10-CM

case identification)

12-Month follow-up (prediction
year)

1 January–31 December
2014

1 January–31 December 2017

Baseline HRU risk
categories (%)

High 2.0 1.9
Intermediate 10.7 11.0
Low 87.3 87.1

Rate of$1 HRU observed during
12-month follow-up (%)

High risk 6.7 8.8
Intermediate risk 1.4 2.2
Low risk 0.2 0.3

Discrimination: area under the
receiver operating
characteristic curve
(C-statistic) 0.83 0.83

Clinical utility: Odds ratio (95%
CI) for $1 HRU in prediction
year for high- vs. low-risk
groups 34.6 (24.2–49.3) 28.0 (24.8–31.5)
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