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Figure 1

This figure shows the inclusion and exclusion criteria used to derive the final analytic cohort of 2563 persons with

diabetes from the initial 4915 persons with diabetes diagnosed before age 20 years identified from the SEARCH Registry Study
in California as of November 30, 2016. ICD-10-CM, International Classification of Disease, 10th Revision, Clinical Modification;
KPSC, Kaiser Permanente Southern California; SEARCH, SEARCH for Diabetes in Youth.

encounter could have multiple diabetes codes.
Diabetes ICD-10-CM codes were first summarized at the
encounter level. We coded an encounter as T2DM if all
codes within the encounter were T2DM and non-T2DM
if there was =1 code for T1DM, secondary diabetes, or
neonatal diabetes. We calculated the percent of all
encounters that were T2DM coded for each person.
A person with three T2DM-coded encounters and two
non-T2DM-coded encounters would have 60% T2DM-
coded encounters. We classified diabetes type using the
percent of T2DM-coded encounters during the study
period.

A receiver operating characteristic (ROC) curve was
generated for all possible thresholds. We chose the
threshold yielding the largest Youden’s index as the
optimal threshold to maximize the sum of sensitivity and
specificity.”” We classified persons with percent T2DM-
coded encounters greater than or equal to the optimal
threshold to have T2DM and persons with percent

T2DM-coded encounters less than the threshold to
have TIDM. Thus, T2DM sensitivity was equivalent to
T1DM specificity, and T2DM specificity was equivalent
to TIDM sensitivity. Maximizing the sum of T2DM
sensitivity and specificity (Youden’s index) also maxi-
mizes the sum of T1DM sensitivity and specificity.
Using the optimal threshold, we calculated sensi-
tivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy ([true
positives+true negatives]/all persons) and their 95%
ClIs overall and by groups (age, race/ethnicity, BMI, and
number of encounters). We stratified analyses by age
<20 years (youth) and 220 years (adults) on October 1,
2015, to be consistent with the SEARCH Registry Study
categorization of youth as age <20 years. We also strat-
ified by healthcare provider specialty at the encounter
level. We generated ROC curves and calculated areas
under the curves (AUGCs) for each group. We chose not
to conduct formal statistical testing for groups because
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Table 1

Characteristics of Kaiser Permanente Southern California members identified by the SEARCH Registry Study

from 2002-2016 who remained health plan members and had healthcare encounters with diagnosis codes for diabetes from

October 1, 2015 to November 30, 2016

Total Type 1 diabetes Type 2 diabetes
(N=2563) (N=1911) (N=652)
Characteristic
Age (years) on October 1, 2015; mean+SD 19.1+6.5 18.5+6.9 20.9+4.9
Age (years) on October 1, 2015; range 1.0-33.7 1.0-33.7 8.9-33.7
Female; number (%) 1333 (52.0) 947 (49.6) 386 (59.2)
Race/ethnicity*; number (%)
Hispanic 1236 (48.2) 864 (45.2) 372 (57.1)
Asian/Pacific Islander 129 (5.0) 71 (3.7) 58 (8.9)
Non-Hispanic black 336 (13.1) 223 (11.7) 113 (17.3)
Non-Hispanic white 733 (28.6) 657 (34.4) 76 (11.7)
Other/unknown 129 (5.0) 96 (5.0) 33 (5.1)
BMI categoryt; number (%)
Underweight 38 (1.5) 36 (1.9) 2(0.3)
Normal weight 914 (36.0) 873 (46.0) 41 (6.3)
Overweight 677 (26.4) 564 (30.0) 113 (17.9)
Obese 858 (33.5) 384 (20.1) 474 (73.0)
Number of healthcare encounters; median (IQR) 5 (4) 5 (4) 4 (4)

*All categories except Hispanic are non-Hispanic, except for other/unknown category, which might include Hispanic persons

in the unknown group.
T BMI is missing for 76 persons.

the analyses were exploratory in nature and sample
sizes for some groups were small.

This study was approved by the KPSC institutional
review board.

RESULTS
We identified 1911 persons with TIDM (74.6%) and 652
persons with T2DM (25.4%) from KPSC diagnosed at age
<20 years who had at least one ICD-10-CM diabetes code
from October 1, 2015 to November 30, 2016 (table 1).
Age on October 1, 2015, ranged from 1.0 to 33.7 years
(mean (SD)=19.1 (6.5) years). Weight and height were
measured at the index encounter for 2231 (89.1%) and
2067 (81.9%) persons, respectively. For other persons,
the majority had height or weight measured within 2
months of the index encounter. We were able to calcu-
late BMI for 2487 (99.7%) persons in the study. Among
persons with T2DM, 85.6% had encounters with T2DM
codes only, 4.8% with T1DM codes only, 6.6% with T2DM
and TIDM codes, and 3.1% with a mixture of T2DM,
T1DM, secondary diabetes, or neonatal diabetes codes.
Among persons with TIDM, 79.8% had encounters with
T1DM codes only, 2.8% with T2DM codes only, 15.2%
with T2DM and T1DM codes, and 2.2% with a mixture of
T2DM, T1DM, secondary diabetes, or neonatal diabetes
codes.

The ROC curve for classifying diabetes type had an
AUC of 0.95 (95% CI 0.94 to 0.96). The threshold of

250% of T2DM-coded encounters yielded the largest
Youden’s index and was selected as the optimal threshold.
Using this threshold, we observed 90.6% (95% CI 88.4%
to 92.9%) T2DM sensitivity (T1DM specificity), 96.3%
(95% CI 95.4% to 97.1%) T2DM specificity (T1DM
sensitivity), 89.3% (95% CI 86.9% to 91.6%) T2DM PPV
(TIDM NPV), 96.8% (95% CI 96.0% to 97.6%) T2DM
NPV (T1DM PPV), and 94.8% accuracy (95% CI 88.4%
to 92.9%) (table 2).

The AUC for persons aged <20 years on October 1, 2015
was 0.98 (95% CI 0.97 to 0.99), compared with an AUC of
0.92 (95% CI 0.94 to 0.96) for persons aged =20 years on
October 1, 2015 (table 2). Point estimates for sensitivity,
specificity, PPV, NPV, and accuracy ranged from 92.5% to
98.0% for persons aged <20 years and from 86.0%-95.1%
for persons aged =20 years.

Accuracy and AUC point estimates ranged from 92.0%
t0 97.4% and from 0.93 to 0.96, respectively, across race/
ethnicity groups. Point estimates for T2DM sensitivity
(TIDM specificity) was highest among Asian/Pacific
Islanders (94.8%, 95% CI 89.1% to 100.0%) and lowest
among non-Hispanic whites (84.2%, 95% CI 76.0% to
92.4%) (table 2). Point estimates for T2DM specificity
(TIDM sensitivity) was highest among non-Hispanic
whites (98.9%, 95% CI 98.1% to 99.7%) and lowest
among Asian/Pacific Islanders (91.5%, 95% CI 85.1% to
98.0%).
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Table 2 Continued

T2DM T2DM

T2DM

T2DM NPV  Accuracy
(95% Cl)

97.2

PPV (95%

Cl)

Sensitivity  Specificity

(95% Cl)
85.7

AUC

(%)

(95% Cl)
96.3

T2DMTP T2DMFP T2DM TN T2DM FN

239

Total

94.6

81.6
(81.6 t0 89.8) (95.3 to 97.3) (77.1 to 86.0) (96.4 to 98.1) (93.5 to 95.6)

91.2

40

1401

54

1734

Endocrinology

89.8 96.7 94.8

96.2

51

1509

60

526

2146

Other

(88.8 0 93.5) (95.2 to 97.1) (87.3 to0 92.2) (95.8 to 97.6) (93.9 to 95.8)

*All categories besides Hispanic are non-Hispanic, except for other/unknown category, which might include Hispanic persons in the unknown group.

TBMI is missing for 76 persons.

FDoes not sum to 2563 because encounter types are not mutually exclusive. A person can have one or both types of encounters.

AUC, area under the curve; FN, false negative; FP, false positive; ICD-10-CM, International Classification of Disease, 10th Revision, Clinical Modification; NPV, negative

predictive value; PPV, positive predictive value; T2DM, type 2 diabetes mellitus; TN, true negative; TP, true positive.

Performance of ICD-10-CM codes varied across BMI
category, number of encounters, and provider specialty.
ICD-10-CM codes performed better in persons who were
overweight/obese (AUC 0.95, 95% CI 0.94 to 0.96)
compared with persons who were underweight/normal
weight (AUC 0.84, 95% CI 0.75 to 0.92). For persons
who were underweight or normal weight, T2DM sensi-
tivity and PPV (T1DM specificity and NPV) were 65.1%
(95% CI 50.9% to 79.4%) and 66.7% (95% CI 52.4%
to 80.9%), respectively. In contrast, for persons who
were overweight/obese, T2DM sensitivity and PPV were
92.5% (95% CI 90.4% to 94.6%) and 91.0% (95% CI
88.7% t0 93.3%), respectively. This results from the high
percentage of misclassification of persons with T2DM as
TIDM among persons who were underweight/normal
weight (15 of 43, 34.9%) compared with persons who
were overweight/obese (44 of 587, 7.5%).

Persons with 1-3 encounters had T2DM sensitivity of
93.0% (95% CI 90.2% to 95.8%) and T2DM specificity
of 94.7% (95% CI 92.9% to 96.4%). Persons with 4—6
encounters had T2DM sensitivity and specificity of 88.9%
(95% CI 84.3% to 93.5%) and 97.1% (95% CI 95.9% to
98.4%), respectively. Persons with =7 encounters had
T2DM sensitivity and specificity of 87. 9% (95% CI 82.8%
t0 93.0%) and 97.0% (95% CI 95.6% to 98.3%), respec-
tively. AUC and accuracy were similar across groups with
different number of encounters. The sensitivity of classi-
fying diabetes type using endocrinology encounters and
other encounters was 85.7% (95% CI 81.6% to 89.8%)
and 91.2% (95% CI 88.8% to 93.5%), respectively. PPV
using endocrinology encounters was 81.6% (95% CI
77.1% to 86.0%), and PPV using other encounters was
89.8% (95% CI 87.3% to 92.2%). The accuracy was
approximately 95% for both.

CONCLUSIONS
Our findings provide evidence that ICD-10-CM codes can
be used to accurately classify diabetes type among persons
with youth-onset (diagnosed at age <20 years) T1DM or
T2DM across a broader age range including youth and
young adults. Using 250% T2DM-coded encounters
to discriminate between TIDM and T2DM yielded an
overall accuracy of 94.8% (95% CI 94.0 to 95.7), with
sensitivity, specificity, PPV, and NPV near or above 90%.
ICD-10-CM codes performed well in most age and
race/ethnicity groups and across a range of number of
encounters. The observed differences in the point esti-
mates for sensitivity and specificity between non-Hispanic
whites and Asian/Pacific Islanders are potentially due to
the small sample size for Asian/Pacific Islanders in the
study. We observed accuracy 292% and AUC >0.92 in all
but one group (stratified by age, race/ethnicity, BMI,
and number of encounters). Classifying diabetes type
was more difficult in persons who were underweight/
normal weight. The fact that the preponderance of
persons with T2DM were overweight/obese (93.2% in
our study) might explain disproportionate assignment of
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TIDM ICD-10-CM codes to underweight/normal weight
persons with T2DM. Using additional information such
as BMI might improve diabetes classification, but this
information might not be widely available or easily acces-
sible in EHRs and administrative databases. In contrast,
ICD-10-CM codes are available from EHRs and claims
data across diverse care settings and geographic regions.
Thus, our study focused on evaluating whether diagnosis
codes alone could accurately distinguish between T1DM
and T2DM. Moreover, some prior studies have reported
that adding medication dispensing and laboratory test
values to classification criteria with ICD-9-CM codes
did not significantly improve the ability to distinguish
diabetes type.®”

More T2DM false negatives (T1DM false positives)
among endocrinology encounters (14.3%) compared
with other encounters (9.8%) contributed to the lower
point estimates of sensitivity and PPV of endocrinology
encounters compared with other encounters. There
were fewer endocrinology visits for persons with T2DM
per the gold standard (16.0%) than that of other visits
(26.9%). Therefore, endocrinologists might be more
likely than other providers to assign TIDM codes to
persons with T2DM. However, the overall accuracies were
approximately 95% for both groups. Moreover, overall
assignment of diabetes type by ICD-10-CM codes used a
combination of both types of encounters, lessening the
influence of endocrinology encounters on the overall
classification.

Compared with prior studies of ICD-9-CM codes, our
present study using ICD-10-CM codes had comparable
sensitivity and specificitybuthad a higher PPV. Itis possible
that differences in disease prevalence in the populations
studied contributed to this difference. Lawrence et a
used information from KPSC’s EHRs to investigate the
utility of ICD-9-CM codes alone or in combination with
medications and laboratory values to determine T1DM
and T2DM among youth with diabetes. The criterion
that performed the best for TIDM was having =1 outpa-
tient code for TIDM (250.x1 or 250.x3), which yielded
sensitivity, specificity, PPV, accuracy, and AUC >93% and
NPV of 84.2%. For T2DM, the criterion of having no
outpatient T1IDM diagnosis code performed the best,
with sensitivity, specificity, NPV, accuracy, and AUC >92%
and PPV of 81.8%. Zhong et al, used ICD-9-CM codes
alone or in combination with medication use and labo-
ratory values to determine diabetes type among youth
with diabetes at two academic healthcare centers.”” For
T1DM, the ratio of the number of T1IDM billing codes to
the sum of TIDM and T2DM billing codes 20.5 was the
best criterion and was better than using counts alone (eg,
=1 TIDM codes); sensitivity, specificity, and PPV were
>92%. For T2DM, using the ratio of T2DM to the sum of
T1DM and T2DM codes 20.4 yielded sensitivity and spec-
ificity above 87% but a PPV <70%. Adding medication
and laboratory data did not improve performance.”

In a study of adults with diabetes by Klompas et al,” the
ratio of T1IDM to T2DM codes >0.5 yielded 63% sensitivity

and 95% PPV for TIDM and 100% sensitivity and 90%
PPV for T2DM. They reported that a set of optimized
criteria that included ICD-9-CM codes, plasma C-peptide,
autoantibody levels, and medications captured more
persons with diabetes than a single criterion. However,
in a recent external validation of the Klompas optimized
criteria for TIDM, Schroeder et al found that a simpler
criterion of only ICD-9-CM codes had a PPV of 96.4%,
which was comparable to PPVs (range: 94.5%-96.4%)
obtained using all or part of the Klompas optimized
criteria.'’

In our study, we found the percentage of persons with
discordant codes (ie, codes for a diabetes type(s) that is
different from the gold standard) to be low. However, a
prior study reported that 37% of youth with TIDM in
an academic healthcare system had discordant diabetes
ICD-9-CM codes.” It is possible that a single payer system
within KPSC could have contributed to more accurate
coding. The ability of ICD-10-CM codes to distinguish
between diabetes type might be lower in external systems,
but further studies are needed.

Our study has several potential limitations. We used
diabetes type obtained within 6 months of diabetes diag-
nosis as the gold standard. Given that we have included
persons who were diagnosed with diabetes on or before
2001 through 2016, physicians might have changed
diabetes type after initial assessments and before our
study period. However, this is estimated to affect few
people. In addition, we studied members of an integrated
healthcare delivery system serving Southern California,
which might limit generalizability of our results to other
healthcare delivery systems. Regardless, KPSC members
are demographically diverse, and the study provides valu-
able insights about the performance of ICD-10-CM codes
to determine diabetes type among persons from different
race/ethnicity groups. Moreover, we did not assess the
utility of using ICD-10-CM codes to identify diabetes cases
as our study focused on distinguishing between diabetes
types among persons known to have diabetes. In addition,
while we included 95% CIs, we did not conduct formal
statistical tests comparing groups because of potential
limited power to detect differences in some groups with
small numbers. Moreover, we were more interested in
the overall ability of the ICD-10-CM codes to distinguish
between T1DM and T2DM overall in a population-based
cohort rather than in specific groups. Finally, our study
is limited to youth-onset diabetes, and results might not
apply to adult-onset diabetes, where fewer people are
diagnosed with TIDM.

Our study has multiple strengths. We leveraged informa-
tion from EHRs on a sizeable sample of persons enrolled
in a large, managed health plan with rigorous diabetes
case ascertainment and validation conducted as part of
the SEARCH study protocol. We report the performance
of newly implemented ICD-10-CM codes to classify TIDM
and T2DM with more granularity than other studies by
member characteristics such as age, race/ethnicity, BMI,
and number of healthcare encounters.
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We show that ICD-10-CM codes from the EHRs of a
large, integrated healthcare delivery system can be used
to accurately classify diabetes type, an important compo-
nent of diabetes surveillance, among persons with youth-
onset TIDM and T2DM. The increasing use of EHRs and
the widespread availability of diagnostic codes in admin-
istrative and billing claims make ICD-10-CM codes an
attractive data source for rapid and cost-efficient diabetes
surveillance.
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