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Identifying Individuals With Diabetes Using Administrative Claims Data:  
A Code-Based Algorithm 
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1 Gevity Consulting Inc., Ottawa, Ontario, Canada 
2 IBM Watson Health, Bloomington, Indiana 
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4 Center for Biologics Evaluation and Research, Food and Drug Administration, Silver Spring, Maryland 

A Summary 
 
This report is a literature review and analysis of data to examine validated methods of identifying 
individuals with diabetes mellitus (DM) using administrative claims data. These methods were then 
applied to conduct analyses in a large, nation-wide administrative claims database. Although a full 
systematic review was outside the scope of this project, a structured search strategy and review 
methodology were applied to obtain the most relevant studies. A number of studies that used codes from 
the International Classification of Diseases, Ninth Revision (ICD-9); the International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM); the International Classification of Diseases, 
Tenth Revision (ICD-10); and the International Classification of Diseases, Tenth Revision, Clinical 
Manifestation (ICD-10-CM) to identify individuals with DM in the United States were identified, reviewed, 
summarized, and synthesized. The availability of many claims-based definitions specific to the United 
States limited the need to expand searches to other geographies and coding standards.  
 
The results of this literature review were used as the basis for developing preliminary draft algorithms to 
identify individuals with DM using administrative claims data. Three iterations of the algorithm were 
developed: 

1. Exclusion Criterion/Covariate Iteration: This algorithm aims to broadly identify all individuals 
who have a diagnosis code related to DM. It was designed to have high sensitivity, with the 
understanding that specificity may be low because individuals without DM may still be captured. It 
could be used in an analysis to assign covariate status or as an exclusion criterion in future 
studies. 

2. Population Iteration: This algorithm specifies individuals with type 1 diabetes mellitus (T1DM) 
and individuals with type 2 diabetes mellitus (T2DM) from an “any diabetes” cohort. 

3. Outcome Iteration: This is an algorithm to identify individuals who developed DM as an outcome 
related to a clinical treatment, procedure, or prescription. 

 
Where ICD-10-CM codes had not previously been reported in the literature, codes were mapped from 
ICD-9-CM to ICD-10-CM via forward–backward mapping, using General Equivalence Mappings (GEMs) 
for reference.i Drafts of the algorithm iterations were then subject to review by clinical subject matter 
experts, resulting in further refinements. 
 
The literature review methodology, findings, synthesis, and subsequent refinements are presented herein, 
along with the three algorithm iterations. These algorithm iterations were tested in the IBM® MarketScan® 
Research Databases in an exploratory analysis to assess the feasibility of their use and to generate 
descriptive statistics of the epidemiology of DM, which may reflect an aspect of the epidemiology of DM in 
the United States. This report presents the results of this testing. 
  

                                                 
i Additional information about GEMs and the methodology for forward and backward mapping can be found at CMS.gov. ICD-10-
CM/PCS Frequently Asked Questions. Last Modified July 11, 2018. https://www.cms.gov/Medicare/Coding/ICD10/Frequently-
Asked-Questions.html 

https://www.cms.gov/Medicare/Coding/ICD10/Frequently-Asked-Questions.html
https://www.cms.gov/Medicare/Coding/ICD10/Frequently-Asked-Questions.html
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B Background 
 
Among other responsibilities, the U.S. Food and Drug Administration (FDA) is mandated to protect the 
public health by ensuring the safety and efficacy of drugs, biologics, and medical devices.ii In support of 
this mandate, the FDA Center for Biologics Evaluation and Research (CBER) has a mission to conduct 
policy and regulatory reviews of biologics and related products, including blood products, vaccines, 
allergenics, tissues, and cellular and gene therapies. CBER assesses the risks and benefits of new 
biologic products, as well as previously approved products that have been proposed for new indications. 
The CBER assessment process emphasizes the pursuit of the maximum safety and public benefit while 
minimizing risks to the public for each biologic product. The Biologics Effectiveness and Safety (BEST) 
Sentinel Initiative is a program that CBER initiated with the objective of using large datasets of 
administrative claims and clinical data to assess the safety and effectiveness of biologic products.  
 
This project had three primary objectives: 

1. Use administrative claims data to identify an approach for identifying patients with DM  
2. Identify an approach for disaggregating T1DM and T2DM from a cohort of patients with DM 
3. Adapt the algorithm to include current coding standards and test the feasibility of its use for 

regulatory purposes 
 

A secondary objective was to develop an approach for identifying patients who developed diabetes as an 
outcome related to receipt medication or a procedure. Published approaches for identifying diabetes 
could draw on a variety of coding standards, including the International Classification of Diseases (ICD), 
the Healthcare Common Procedure Coding System (HCPCS), Current Procedural Terminology (CPT®), 
Logical Observation Identifiers Names and Codes (LOINC), and National Drug Codes (NDCs). 
 
In 2018, is was estimated that 10.5% of the U.S. population (34.2 million) had diabetes, with 1.5 million 
new diagnoses each year (6.9 per 1,000).1 T1DM and T2DM are the two main forms of DM, with T2DM 
accounting for the majority (>90%) of total diabetes prevalence.1 T1DM is characterized by deficient 
insulin production and requires daily insulin administration. Although T1DM most commonly presents in 
childhood, approximately 25% of cases are diagnosed in adults.2 T2DM is the result of suboptimal use of 
— or response to — insulin. Increases in the proportion of individuals with T2DM have been associated 
with increasing rates of obesity.3 In the United States, T2DM is more common in Native American, African 
American, Hispanic, Asian American, and Pacific Islander populations than in the White, non-Hispanic 
population.3 In addition to obesity, known risk factors for DM include smoking, high blood pressure, high 
cholesterol, and high blood glucose.  
 
Recognizing the importance of reliable and valid methods of studying DM, the BEST Initiative sought to 
advance the understanding of how patients with DM can be identified using administrative claims data. 
Populations of interest included those with any form of diabetes, T1DM, T2DM, and diabetes as an 
outcome of clinical care. Because administrative claims databases are not primarily designed for research 
or public health surveillance, the focused development of valid methods to identify cases is important.5 In 
addition, for DM, traditional public health surveillance systems have not distinguished between T1DM and 
T2DM, which have very different profiles for pathophysiology, epidemiology, management, prognosis, and 
prevention.6 The aggregation of T1DM and T2DM has been common in previous algorithms developed to 
identify DM cases from administrative data, suggesting that methods for differentiating DM types in 
individuals are needed.7   
 
A comprehensive literature review was conducted to assess approaches to identify individuals with DM 
using administrative claims data, leveraging findings from the United States and, to a lesser extent, 
international studies. Findings were leveraged to inform the development of code-based definitions 
(hereinafter referred to as algorithms) for the various iterations of the DM population definition described 
above. These draft algorithm iterations—and their associated rules and assumptions—were then subject 

                                                 
ii U.S. Food and Drug Administration. What We Do. https://www.fda.gov/aboutfda/whatwedo/  

https://www.fda.gov/aboutfda/whatwedo/
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to review by clinical subject matter experts and testing in a large administrative claims dataset using the 
MarketScan Research Databases (Commercial, Medicare Supplemental). Sections C and D summarize 
the literature review methodology and findings, respectively; Section E provides clinical case definitions 
for DM, which could be of value in further assessing the performance of the proposed algorithms via chart 
review validation studies; Sections F and G present the three algorithm iterations and their associated 
assumptions and decisions, respectively; Section H presents the initial descriptive epidemiological results 
of the algorithm in a claims database; and Section I provides concluding thoughts and discussion.   
 

C Methodology 
 
The BEST Initiative developed a literature review search strategy based on a Population, Intervention, 
Comparator, Outcome, Time, Setting (PICOTS) framework. The PICOTS framework for this review can 
be summarized as follows: 
 

• Population: any population group (human) with T1DM, T2DM, or unspecified diabetes 
• Intervention: any intervention or no intervention 
• Comparator: any comparator or no comparator 
• Outcomes: diabetes, T1DM, or T2DM associated with clinical treatment, procedure, or 

prescription 
• Time: publication date of 2004 or later 
• Setting: any clinically observable setting (led individual to seek care) 

 
Briefly, the review process began with conducting comprehensive searches of existing publications 
available in the FDA  Sentineliii databases. Next, a structured review of the academic literature was 
conducted, using PubMed, Medline, and Google Scholar to identify relevant resources. In addition, the 
reference sections of included articles and relevant review publications were screened to identify any 
additional articles of potential relevance. Search terms such as diabetes mellitus, administrative, 
validation, and ICD were used. 
 
This search strategy was complemented by a review of clinical guidelines and targeted searches of 
potentially relevant organizations (such as the U.S. Armed Forces Health Surveillance Branch [AFHSB] 
and the Agency for Healthcare Research and Quality). The literature review was conducted between 
January 15, 2019, and February 8, 2019. 
 
Articles retrieved from execution of the search strategy were subject to title and abstract screening by a 
single reviewer, with those retained moving to full review. A Microsoft® Excel spreadsheet was developed 
to record relevant data. The data elements collected are provided in Figure 1. A relevance ranking was 
assigned based on the judgment of the reviewer and the available information on study location 
(“Group/Country”), the algorithm specifications (“Algorithm/Criteria”), and the measures of validity and 
diagnostic accuracy (sensitivity, specificity, positive predictive value [PPV], and negative predictive value 
[NPV]).  Higher rankings were given to studies based on data from the United States, articles with a 
sufficiently detailed description of their algorithm methodology, and studies that performed quality 
validation and reported validity measures.   
 
 

                                                 
iii U.S. Food and Drug Administration. Science & Research (Biologics). March 28, 2019. 
https://www.fda.gov/BiologicsBloodVaccines/ScienceResearch/default.htm 
Sentinel. Publications and Presentations. https://www.sentinelinitiative.org/communications/publications 

https://www.fda.gov/BiologicsBloodVaccines/ScienceResearch/default.htm
https://www.sentinelinitiative.org/communications/publications
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Title Author Year Group/Country Summary Relevance Disease 
Definition Algorithm/Criteria Validity Comments 

Figure 1. Data elements extracted from the literature. 
 

D Results 
 
Following the two-stage review process, 20 articles were retained for data extraction. Of these, 13 articles 
identified individuals with any form of DM, six articles distinguished between T1DM and T2DM, and one 
article both identified “any diabetes” and distinguished between T1DM and T2DM. The intent was to 
obtain key articles from a representative sample of the literature and not to conduct a full systematic 
review, although findings from one previously published systematic review assessing validated methods 
of using claims data to identify adults with DM were leveraged for the purposes of this project.5 The two 
subsections below present the results of the literature review, structuring findings according to two of the 
three iterations of the algorithm:  
 

1. Diabetes Mellitus — Exclusion Criterion/Covariate Algorithm Iteration: An inclusive algorithm 
that aims to identify all individuals with DM as well as those who might have DM (i.e., a highly 
sensitive algorithm with low specificity)   

2. Type 1 and Type 2 Diabetes — Population Algorithm Iteration: A more specific algorithm to 
identify and differentiate individuals with T1DM and T2DM from an “any diabetes” cohort 

 
The third iteration of the algorithm, which was designed to identify individuals who developed DM as an 
outcome related to a clinical treatment, procedure, or prescription, was not originally included in the 
search strategy. Following the literature review and development of the preliminary algorithms, CBER 
clinicians suggested that this iteration be included to enhance the analytical flexibility of the DM 
algorithms. A review of articles retrieved from the literature review did not identify relevant validation 
studies that addressed this population, and the approach developed was based largely upon that of the 
Population Algorithm Iteration.  
 

D1 Diabetes Mellitus 
 
The articles outlined here focus on the development of the Exclusion Criterion/Covariate Algorithm to 
identify cases of DM. The purpose of this algorithm is to broadly identify all individuals with some 
evidence from administrative claims data that indicates the presence of DM. By design, this algorithm 
prioritizes sensitivity in identifying DM patients. As a result, the algorithm is likely to have a lower 
specificity and may capture individuals who do not truly have DM. This algorithm makes no distinction 
between T1DM and T2DM.   
 
The extracted studies assessing the diagnostic accuracy performance of definitions for DM (combining 
T1DM and T2DM) using claims data were conducted in the United States (n=9)7-15 and Canada (n=4),16-19 
and a systematic review included studies from both the United States and Canada.5 The code-based 
definition for DM varied across studies, although all studies using ICD-9 or ICD-9-CM coding included the 
code 250 (diabetes mellitus) and all studies using ICD-10 included the code E10 (diabetes mellitus). 
However, inclusion of more specific codes for diabetes mellitus or codes for diabetes-related 
complications — such as ICD-9-CM 357.2 (diabetic neuropathy), 362.0x (diabetes retinopathy), and 
366.41 (diabetic cataract) — varied more broadly across studies. A summary of relevant ICD coding 
groups is provided in Table 1.  
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Table 1. Codes used in validation studies for diabetes. 
ICD Coding  
ICD-9 or ICD-9-CM code and description ICD-10 or ICD-10-CM code and description 
250.xx (diabetes mellitus) E10.xxxx (T1DM) 

250.x1, 250.x3 (T1DM) E11.xxxx (T2DM) 
250.x0, 250.x2 (T2DM)  

357.2 (diabetic neuropathy)  
362.0x (diabetic retinopathy)  
366.41 (diabetic cataract)  

Abbreviations: ICD, International Classification of Diseases; ICD-9, International Classification of Diseases, 
Ninth Revision; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; 
ICD-10, International Classification of Diseases, Tenth Revision; ICD-10-CM, International Classification of 
Diseases, Tenth Revision, Clinical Modification; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes 
mellitus. 

Studies considered a range of coding standards, with algorithms ranging from the sole inclusion of ICD 
diagnosis codes (based on outpatient, inpatient, and/or emergency department [ED] visits) to 
combinations of ICD, laboratory, and prescription codes. A summary of studies using ICD, NDC, and 
laboratory data to identify individuals with DM is provided in Table 2. Validation results were provided in 
11 studies,5,7,9,10,13-19 the majority of which used medical records for the validation, although three of them 
also incorporated self-report.10,13,18 The remaining three studies did not provide validation results.8,11,12 On 
the basis of validation measures, the evidence suggests that the combined use of ICD codes and NDCs 
provides a strong approach for identifying individuals with DM. However, studies using an ICD-only 
approach also reported strong measures of validation performance.9,10,13,16,17,19 Across these studies, 
sensitivity was generally above 90% (although one study reported a sensitivity of 64%) and specificity 
was ≥97%. Meanwhile, the PPV ranged from 77% to 99%, although most studies reported a PPV ≥90%.  
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Table 2. Summary of studies that use administrative claims data to define general (T1DM or T2DM) diabetes. 

First Author, 
Year 

Country, 
Study Period Population Diabetes Algorithm Summary ICD Coding 

Groups 
Prescription or Laboratory 

Data 
Validity  

Mean (95% CI)  
or range 

Khokhar, 20165 United States, 
1980–2015 

>18 years old; 
excluded 

specialized 
populations 

(e.g., 
cardiovascular 

disease) 

Systematic review with various algorithms including: 
≥1 diabetes code 
≥2 diabetes codes 

Various 
including ICD-
9, ICD-9-CM 

None 

Ranges: 
Physicians data 
Sens: 27–97%; 

Spec: 94.3–
99.4%;  

PPV: 71–96%;  
NPV: 95–99.6% 
Physicians and 
hospital data 

Sens: 57–95.6%; 
Spec: 88–98.5%;  
PPV: 54–80%;  

NPV: 98–99.6% 

Raebel, 20167 January 2006–
June 2014 

>20 years of 
age 

Four algorithms tested against the SUPREME-DM Gold 
Standarda 

Algorithm 1: SUPREME-DM without lab criteria 
Algorithm 2: Solberg primary algorithm14 
Algorithm 3: Solberg secondary algorithm14 
Algorithm 4: Zgibor algorithm15 

ICD-9-CM 
250.XX, 357.2, 

362.01–
362.07, 366.41 

Prescription:  
Metformin or 

thiazolidinediones; antidiabetic 
medication  

 
Laboratory: 

HbA1c, fasting/ 
random glucose 

Algorithm 1:  
Sens: 95% 
Algorithm 2:  
Sens: 93%  

PPV: 99.4%  
Algorithm 3:  
Sens: 94%  
PPV:  98%  
Algorithm 4:  
Sens: 95%  

PPV: 99.4%  

Nichols, 201512 United States, 
2006–2011 >20 years old 

1) ≥1 inpatient diagnostic code(s) or 
2) ≥2 of the following:  

a) HbA1c (≥2 at ≥6.5%) 
b) Fasting plasma glucose concentration (≥2 at 
≥126 mg/dL) 
c) Random plasma glucose concentration (≥2 at 
≥200 mg/dL) 
d) Outpatient diagnosis code  
e) Prescription for diabetes medication 

ICD-9  
250.x, 357.2, 
366.41, and 

362.01–362.07 

Prescription: 
Sulfonylureas, insulins, 

biguanides, thiazolidinediones, 
α-glucosidase inhibitors, 

incretin mimetics, meglitinides, 
amylin analogs, and dipeptidyl 

peptidase inhibitors 
 

Laboratory: 
HbA1c ≥6.5%  

Fasting glucose ≥126 mg/dL  
Random glucose ≥200 mg/dL 

Algorithm was not 
validated 

Lawrence, 20149 
Unites States, 

January–
December 2009 

SEARCH 
registry patients 
<20 years old 

>1 inpatient or outpatient encounter 

ICD-9-CM  
250.xx, 357.2, 

366.41, 
362.01– 
362.07 

Prescription: 
Insulin and oral 

antihyperglycemic agents 
 

Laboratory: 
Random ≥200 mg/dL and  

Fasting glucose ≥126 mg/dL 

For ≥1 outpatient 
diagnosisa 

Sens: 94.4% 
(95% CI 93.1–

95.5%) 
PPV: 95.6% (95% 
CI 94.5–96.5%) 
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First Author, 
Year 

Country, 
Study Period Population Diabetes Algorithm Summary ICD Coding 

Groups 
Prescription or Laboratory 

Data 
Validity  

Mean (95% CI)  
or range 

Chao, 20138 
United States, 
October 2005–

September 2010 

>18 years old in 
the Military 

Health System 

5 Groups of algorithms: 
1) "Single Hit": ≥1 encounter of any type, 1 prescription, 
or 1 laboratory result  
2) “Multi Hit”: ≥1 acute encounter or ≥2 nonacute visits 
or 1 prescription fill 
3) “Multi Hit With Clinician Visits Only”: Multi-Hit 
algorithm with additional requirement for face-to-face 
visit with clinician 
4) “Multi Hit With Laboratory Test Results”: Multi-Hit 
algorithm with laboratory result added as potential 
criterion  
5) “Adjusted Clinical Groups (ACG)”: one of  

a) >1 inpatient, outpatient, or emergency visit with 
ICD code  
b) >2 prescriptions 
c) 1 inpatient/emergency visit, ≥2 outpatient visits, or 
≥2 prescriptions 

ICD-9-CM 
249.xx, 

250.xx, 357.2, 
362.0x, 
366.41, 
648.0x, 

790.2x, 791.5, 
791.6, V45.85, 

V53.91, 
V65.46 

Prescription 
Medications grouped in the 
ACG system (not provided) 

 
Laboratory: 

Fasting glucose ≥126 mg/dL, 
HbA1c ≥6.5% 

Algorithm was not 
validated 

Nichols, 201211 
United States, 
January 2005–
December 2009 

Patients 
enrolled in 1 of 
11 health plans 

1) ≥2 outpatient or ≥1 inpatient diagnostic code(s)  
2) HbA1c ( ≥2 at ≥6.5% )  
3) Fasting plasma glucose concentration (≥2 at ≥126 
mg/dL  
4) Random plasma glucose concentration (≥2 at ≥200 
mg/dL  
5) Fasting glucose (1 at  ≥126 mg/dL) and random 
glucose(1 at  ≥200 mg/dL)  
6) HbA1c (1 at ≥6.5%) and fasting glucose (1 at ≥126 
mg/dL)  
7) HbA1c (1 at ≥6.5%) and random glucose(1 at ≥200 
mg/dL)  
8) 2-h 75-g OGTT (1 at ≥200 mg/dL) or 
9) Prescription for diabetes medication 

ICD-9 
250.x, 357.2, 

366.41, 
362.01–362.07 

Prescription: 
Sulfonylureas, insulin, 

biguanide, thiazolidinedione, α-
glucosidase inhibitor, incretin 
mimetic, meglitinide, amylin 

analog, or dipeptidyl peptidase 
inhibitor 

 
Laboratory: 

Fasting ≥126 mg/dL 
Random glucose ≥200 mg/dL, 

HbA1c ≥6.5% 

Algorithm was not 
validated 

Dart, 201117 Canada,  
2004–2006 1–18 years old 

18 algorithms: Combinations of hospital separations 
(>1), physician claims (≥1 or ≥2) and prescription drug 

records (≥1 or ≥2) across years of data use (1–5) 

ICD-9-CM 
250.xx  

ICD-10-CA 
E10.xx and 

E11.xx 

Prescription: 
Anatomic 

Therapeutic Chemical (ATC) 
code A10 

≥1 inpatient and 
≥2 outpatient 

claimsb: 
Sens: 94.4% 
Spec: 99.9% 
PPV: 81.6% 
NPV: 99.9 



BEST Contract 1: Data Tools and Infrastructure for Surveillance of Biologics  
Task Order HHSF22301001T: Diabetes Case Algorithm  
May 2020 

 

 13 

First Author, 
Year 

Country, 
Study Period Population Diabetes Algorithm Summary ICD Coding 

Groups 
Prescription or Laboratory 

Data 
Validity  

Mean (95% CI)  
or range 

Chen, 201016 
Canada,  

1999–2001 or 
2002–2004 

>35 years old 

Four algorithms with variations of gap between claims 
(1, 2, and 3 years) 

1) 2 physician claims or 1 hospitalization with the 
diabetes ICD codes  
2) 2 physician claims with the diabetes ICD codes 
3) 1 physician claim or 1 hospitalization with the 
diabetes ICD codes 
4) 1 physician claim with the diabetes ICD codes 

ICD-9 
250.xx 

 
ICD-10 

E10.x–E14.x. 

None 

2 physician claims 
within 2 years or 1 

hospitalization 
with ICD codesc:   

Sens: 92.3% 
(95% CI 89.2–

95.5%) 
Spec: 96.9% 

(95% CI 96.2–
97.5%) 

PPV: 77.2% (95% 
CI 72.5–81.7%) 

NPV: 99.3% (95% 
CI 99.0–99.6%) 

Singh, 200913 United States, 
1996–1998 

Veterans who 
received care 

Various combinations: 
ICD-9 only 
Medication use only 
ICD-9 or medication use 
Both ICD-9 and medication use 

ICD-9  
250.xx 

Prescription: 
Metformin, acarbose, insulin, 

repaglinide, glimepiride, 
glyburide, chlorpropamide, 

glipizide, troglitazone, 
pioglitazone, rosiglitazone, 
tolazamide, tolbutamide, 

acetohexamide 

Either ICD-9 or 
medication use onlyd 
Sens: 78% (95% CI 

78–79%) 
Spec: 98% (95% CI 

98–98%) 
PPV: 91% (95% CI 

91–91%) 
NPV: 98% (95% 

CI 97–98%) 

Lix, 200818 
Canada, 

February 2001–
June 2005 

>19 years old 
32 algorithms: Combinations of hospital separations 

(>1), physician claims (≥1 or ≥2), and prescription drug 
records (≥1 or ≥2) across years of data use (1–5) 

ICD 9 
250.xx 

 
ICD 10 

E10.xx–E14.xx 

Prescription: 
A single second-level ATC 
code, A10 (drugs used in 

diabetes) was used to identify 
diabetes cases from 

Manitoba’s prescription drug 
data 

≥1 inpatient & ≥1 
physician claim & 
≥1 Prescriptione: 

Sens: 94.4% 
Spec: 97.2% 
PPV: 64.6% 
NPV: 99.7% 

Zgibor, 200715 
United States, 
January 2000–
December 2003 

>18 years old 

1) ICD-9 code for inpatient, ED, or outpatient visits 
2) Any HbA1c (of any value) 
3) Blood glucose >200 mg/dl or  
4) Diabetes medication 

ICD-9 
250.xx 

Prescription: 
Acarbose, acetohexamide, 

chlorpropamide, glimepiride, 
glipizide, glucagon, glyburide, 

insulin, metformin, miglitol, 
pioglitazone, repaglinide, 
rosiglitazone, tolazamide, 

tolbutamide, and troglitazone 
 

Laboratory: 
HbA1c, blood glucose >200 

mg/dl 

≥2 criteria met or 
outpatient diagnosis 
(among 3 outpatient 

clinics)g 
Sens: 98.7%  
Spec: 47%  
PPV 96% 

 
≥2 criteria met or 

outpatient diagnosis 
(among internal 
medicine clinic) 

Sens: 100%  
Spec: 90%  
PPV 97% 
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First Author, 
Year 

Country, 
Study Period Population Diabetes Algorithm Summary ICD Coding 

Groups 
Prescription or Laboratory 

Data 
Validity  

Mean (95% CI)  
or range 

Solberg, 
200614 

United States; 
2000 >19 years old 1) >2 outpatient or >1 inpatient diagnostic code(s) or  

2) a filled prescription for a diabetes-specific medication 

ICD-9 
250.xx, 357.2, 

362.01, or 
362.02, 
366.41 

Yes, but not specified 

≥2 outpatient 
visits or ≥1 

inpatient visit or 
medication 

PPV: 96.5–100% 

Miller, 200410 
United States, 
October 1997–

September 2000 
>18 years old 

10 algorithms tested 
Combinations of 0 or ≥1 inpatient and 0 to ≥4 outpatient 

records, diabetes medication, and HbA1c testing 

ICD-9  
250.xx, 357.2, 
362.0, 66.41 

Prescription:  
Sulfonylureas, insulin, 

biguanides, thiazolidinediones, 
other hypoglycemic 

medications 

Any diagnosis 
codesg 

Sens: 78.3% 
Spec: 95.7% 
PPV: 85.3% 

Wilchesky,200419 Canada, 
1995–1996 

Quebec seniors 
>66 years old 

Not specified (believed that ≥1 ICD-9 code was 
considered to represent an individual with diabetes) 

ICD-9  
250.xx None 

Any physician 
diagnosis 

Sens: 64% (95% 
CI 63–66%) 

Spec: 97% (95% 
CI 96–97%) 

Abbreviations: CI, confidence interval; BEST, Biologics Effectiveness and Safety; ED, emergency department; HbA1c, hemoglobin A1c; ICD-9, International Classification of Diseases, Ninth 
Revision; NPV, negative predictive value; PPV, positive predictive value; sens, sensitivity; spec, specificity; SUPREME-DM SUrveillance, PREvention, and ManagEment of Diabetes Mellitus. 
a Study authors reported measures of validation performance for various combinations of ICD (e.g., ≥1 hospital diagnosis, ≥1 outpatient diagnosis, ≥2 outpatient diagnosis), A1c test results, 
glucose test results, and dispensed prescriptions in Table 2 of the original publication. The BEST Sentinel Initiative reported the approach with the highest sensitivity in the Results table. 
b Study authors reported the following ranges across their 18 algorithms: sensitivity 88.9–97.9%, specificity 99.7–99.9%, PPV 40.0–86.1, NPV 99.9–99.9%. 
c Study authors reported measures of validation performance for a range of algorithm combinations. The combination with the highest sensitivity and overall performance is reported in the table. 
d The BEST Initiative reported diagnostic accuracy performance for the approach with the highest reported sensitivity because the intended application is for use as an exclusion criterion or 
study covariate. Measures for the other approaches are as follows: 

• ICD-9 code only: sensitivity 76% (95% CI 75–76%); specificity 98% (95% CI 98–98%); PPV 91% (91–91%); NPV 95% (95% CI 94–95%) 
• Medication use only: sensitivity 66% (95% CI 66–67%); specificity 100% (95% CI 100–100%); PPV 97% (95% CI 97–98%); NPV 93% (95% CI 93–93%) 
• For both ICD-9 code and medication use: sensitivity 64% (95% CI 93–64%); specificity 100% (95% CI 100–100%); PPV 98% (95% CI 97–98%); NPV 92% (95% CI 92–93%). 

e Study authors reported measures of validation performance for each of the 32 algorithms, with the following ranges: sensitivity 67.8–94.4%, specificity 97.1–99.6%, PPV 64.6–90.6%, NPV 
99.0–99.7%. The BEST Sentinel Initiative reported the diagnostic accuracy for the algorithm with the highest sensitivity in the results table. 
f Study authors reported measures of validation performance for various algorithm combinations (Table 2 of original publication). The BEST Initiative selected the approach with the highest 
sensitivity. 
g Study authors reported the following ranges across their 10 algorithms: sensitivity 26.9–78.3%, specificity 95.7–99.4%, PPV 85.3–96.2%. The BEST Initiative reported the approach with the 
highest sensitivity. 
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To complement the study summaries provided in Table 2, five publications of high relevance were 
identified and described in further detail, the first of which is an FDA Mini-Sentinel report to identify 
diabetic patients conducted by Raebel and colleagues.7 This study used the SUrveillance, PREvention, 
and ManagEment of Diabetes Mellitus (SUPREME-DM) registry to compare four different algorithms to 
identify individuals with diabetes.7 The SUPREME-DM DataLink (or registry) is a national distributed 
database of individuals with any diabetes (i.e., T1DM, T2DM, and DM of rare or uncertain types). The 
authors included patients in the United States who were over 20 years of age between January 2006 and 
June 2014. The authors compared four different algorithms to their gold standard, all of which included 
ICD-9-CM coding, prescription medications, and laboratory data: 
 
SUPREME-DM (gold standard) 

• ≥1 inpatient ICD-9-CM code from among the following: 250.XX, 357.2, 362.01–362.07, 366.41, 
OR 

• Two of the following (when the two events were from the same source [e.g., two outpatient 
diagnoses or two elevated laboratory values], they must have occurred on separate days no more 
than 730 days apart): 

o Outpatient ICD-9 codes from among the following: 250.XX, 357.2, 362.01–362.07, 
366.41 

o Prescription for an antidiabetic medication (two dispensings of metformin or two 
dispensings of thiazolidinediones with no other indication of diabetes were not included) 

o A1c ≥6.5% 
o Fasting plasma glucose ≥126 mg/dl 
o Random plasma glucose ≥200mg/dl 

• Criteria ascertained during periods of pregnancy were excluded to ensure that gestational 
diabetes was not inadvertently captured.  
 

Algorithm 1: SUPREME-DM without lab criteria 
• ≥1 inpatient ICD-9 code from among the following: 250.XX, 357.2, 362.01–362.07, 366.41, OR 
• Two of the following: 

o Outpatient ICD-9 codes from among the following: 250.XX, 357.2, 362.01–362.07, 
366.41 

o Prescription for an antidiabetic medication (two dispensings of metformin or two 
dispensing’s of thiazolidinediones with no other indication of diabetes were not included) 

 
The SUPREME-DM without laboratory data identified 5% fewer diabetic individuals than did the 
SUPREME-DM (Sensitivity: 95%). 
 
Algorithm 2: Solberg primary algorithm14 

• ≥2 outpatient ICD-9 codes from among the following, in a given calendar year (later modified to 
no more than 730 days apart): 250.XX, 357.2, 362.01, 362.02, 366.41 OR 

• ≥1 inpatient ICD-9 codes from among the following, in a given calendar year (later modified to no 
more than 730 days apart): 250.XX, 357.2, 362.01, 362.02, 366.41 OR 

• ≥1 prescription for an antidiabetic medication (excluding single-agent metformin) in a given 
calendar year (later modified to no more than 730 days apart) 

 
Compared with the SUPREME-DM, the sensitivity for the primary Solberg algorithm was 93% (95% CI 
92–98%) and the PPV was 99.4% (95% CI 99.1–99.5%). 
 
Algorithm 3: Solberg secondary algorithm 

• ≥2 outpatient ICD-9 codes from among the following, in a given calendar year (later modified to 
no more than 730 days apart): 250.XX, 357.2, 362.01, 362.02, 366.41 OR 

• ≥1 ED/inpatient ICD-9 code from among the following, in a given calendar year (later modified to 
no more than 730 days apart): 250.XX, 357.2, 362.01, 362.02, 366.41 OR 
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• ≥1 prescription for an antidiabetic medication (excluding single-agent metformin) within ±365 days 
only if no ICD-9-CM diagnosis of 251.8, 256.4, or 962.0 occurs in the same calendar year or year 
prior 

 
Compared with the SUPREME-DM, the sensitivity for the secondary Solberg algorithm was 94% (95% CI 
92–98%) and the PPV was 98% (95% CI 97–98%). 
 
Algorithm 4: Zgibor algorithm15 

• Two or more of the following: 
o ICD-9 code for 250.XX on an inpatient claim 
o ICD-9 code for 250.XX on an outpatient claim 
o ICD-9 code for 250.xx on an ED claim 
o Prescription for an antidiabetic medication 
o Any A1c measurement, regardless of value 
o Blood glucose ≥ 200mg/dl OR 

• Any single ICD-9 code for 250.XX on an outpatient claim 
 
Compared with the SUPREME-DM, the sensitivity for the Zgibor algorithm was 95% (95% CI 95–96%) 
and the PPV was 99.4% (95% CI 99.1–99.6%). 
 
Raebel and colleagues concluded that all tested algorithms worked well at identifying any DM. 
 
A study by Lawrence and colleagues used the SEARCH registry to identify diabetic patients <20 years old 
who were part of Kaiser Permanente, Southern California.9 The study was conducted between January, 
2009 and December 2009. It used ICD-9-CM coding along with NDC prescription codes for insulin and 
oral antihyperglycemic agents and laboratory data for random and fasting glucose. The authors 
investigated multiple algorithms for DM based on ICD-9-CM only, A1c test results, glucose test results, 
dispensed prescriptions, and combinations criteria. Among the combinations of indicators tested, the 
combination with the highest sensitivity was ≥1 outpatient diagnosis codes for DM (ICD-9-CM code 
250.xx) or a prescription for insulin; this was associated with a sensitivity of 95.9% (95% CI 95–97%) and 
a PPV of 95.5% (95% CI 94–96%). However, using only ≥2 outpatient diagnosis codes (250.xx) lowered 
sensitivity to 86% (95% CI 85–88%) but increased PPV to 98.7% (95% CI 98–99.3%). 
 
Third, a study by Miller and colleagues of U.S. veterans aged 18 years or older sought to identify diabetic 
patients using computerized patient data.10 Among patients who returned the 1999 National Health 
Survey of Veterans Affairs enrollees, the authors used self-reported doctor diagnoses to validate their 
diabetes algorithm. In total, 10 diabetes algorithms were tested using combinations of ICD-9 coding, 
diabetes medication, and hemoglobin A1c (HbA1c) testing. The algorithm with the best performance was 
based on ≥2 inpatient or outpatient diabetes codes (ICD-9 codes 250.xx, 357.2, 362.0, 366.41) over a 24-
month period; this was associated with a sensitivity of 71.1%, a specificity of 98.3%, and a PPV of 93.4%. 
 
Fourth, a systematic review by Khokhar and colleagues of validated claims-based diabetes definitions 
using ICD-9 and ICD-10 coding standards was found.5 The review was specific to adult populations and 
included eight studies using outpatient physician claims data and four studies using a combination of 
outpatient and hospital discharge data. Four studies were published in 2004 or later and were 
subsequently reviewed by the BEST Initiative.10,13,16,19 All four were conducted in the United States or 
Canada. Definitions were validated using either paper medical records, electronic medical records, or 
survey data. The diabetes algorithms varied between studies, although algorithms frequently included 
either ≥1 or ≥2 outpatient ICD codes for diabetes (ICD-9 or ICD-9-CM code 250.xx or ICD-10 code 
E10.xxxx). Among the physician claims data, the sensitivity ranged from 26.9% to 97%, specificity ranged 
from 94.3% to 99.4%, PPV ranged from 71.4% to 96.2%, and NPV ranged from 95% to 99.6%. Half of the 
studies using physician claims data had a least one diabetes case definition in which sensitivity and 
specificity exceeded 80%. For the remaining four studies using a combination of physician claims and 
hospital discharge data, the sensitivity ranged from 57% to 95.6%, specificity ranged from 88% to 98.5%, 
PPV ranged from 54% to 80%, and NPV ranged from 98% to 99.6%. The combination of two or more 
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data sources increased the minimum value of the range for sensitivity compared with using physician 
claims data alone. All four studies had a least one case definition in which sensitivity and specificity 
exceeded 80%. The study authors noted that the case definitions tended to perform better when the 
authors included more data sources over longer periods.  
 
Fifth, AFHSB has a formal claims-based definition for diabetes that is used in its epidemiological 
surveillance activities.20 DM is defined as follows: 
 

• Individuals are classified as having DM if they have two or more medical encounters, 
hospitalizations, or outpatient visits, occurring within 90 days of each other, with any of the case-
defining diagnoses of T1DM or T2DM (based on ICD-9-CM and ICD-10-CM codes) in the primary 
diagnostic position.iv  

• For the purposes of this case definition, individuals are classified as type 1 or type 2 cases the 
diagnoses reported in the two case-defining encounters. If both a type 1 and type 2 diabetes 
diagnoses are reported during an individual’s two case-defining medical encounters, they are 
classified as unspecified.  

 
To summarize, while a variety of approaches for combining different data sources and coding standards 
were observed, measures of diagnostic accuracy and validation performance were generally quite high in 
studies seeking to identify individuals with DM but not to distinguish between T1DM and T2DM. This 
finding extends to algorithms that exclude medical record data (such as fasting plasma glucose), 
supporting the position that a claims-based approach is sufficient to identify this population. 

D2 Type 1 and Type 2 Diabetes 
 
The articles described in this section focus on the development of the Population Algorithm Iteration to 
identify individuals with T1DM and T2DM from a cohort of “any diabetes.” The BEST Initiative identified 
seven studies that sought to distinguish individuals by DM type using ICD coding; all of these studies 
were conducted in the United States.6,7,22–26 Details of each study are summarized in Table 3.  One study 
described and quantified the problem of misclassification of T1DM and T2DM,24 and the other six studies 
applied a methodology to differentiate the two types of DM. Of these six studies, one used a tree-
structured model based on inpatient data elements23 and the other five used a method hereafter referred 
as the ratio method or the Klompas algorithm.6,7,22,25,26 All studies provided validation results with the 
exception of the study by Raebel and colleagues (discussed in Section D1), in which there was not a 
gold standard available against which authors could validate their algorithm for distinguishing T1DM from 
T2DM. Two studies were conducted among individuals <20 years of age.22,26 Of the remaining studies, 
one study included individuals up to age 26 years,24 one study included individuals of all ages,6 one study 
included those 18 years of age or older,23 and two studies included individuals 20 years of age or 
older.7,25   
 

                                                 
iv A primary (or principal) diagnosis is the condition primarily responsible for hospital admission. 
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Table 3. Summary of studies defining T1DM and T2DM using administrative claims coding standards. 
First 

Author, 
Year 

Study 
Period Population 

Diabetes 
Algorithm 
Summary 

T1 Case Definition T2 Case Definition Algorithm 
Description 

ICD Coding 
Groups 

Prescription or 
Laboratory 

Data 

Validity  
Mean (95% CI) 

or Range 

Chi, 201922 October 2015–
November 2016 

SEARCH 
registry 
patients 

<20 years 
old 

>1 ICD-10-CM  
E08-E13 from 
clinic-based 
encounters 

Not T2DM (i.e., 
T1DM was the 

default assumption) 

>50% of 
encounters 

classified as T2DM 
Ratio method ICD-10-CM 

E08–E13 No 

T1DM 
Sens: 96% 

(95% CI  
95–97%) 

Spec: 91% 
(95% CI  
88–93%) 

PPV: 97% 
(95% CI  
96–98%) 

NPV: 89%  
(95% CI  
87–92%) 

 
T2DM 

Sens: 91% 
(95% CI  
88–93%) 

Spec: 96% 
(95% CI  
95–97%) 

PPV: 89% 
(95% CI  
87–92%) 

NPV: 97% 
(95% CI  
96–98%) 

Schroeder, 
201825 

January 2006–
September 

2015 

>20 years 
of age 

>1 inpatient 
(primary or 
secondary 
position) or any 
combination of ≥2 
of the following 
events: 
1) HbA1c >6.5% 
2) Fasting glucose 
>126 mg/dL 
3) Random 
glucose >200 
mg/dL 
4) Any 
antihyperglycemic 
prescription 
5) Outpatient 
diagnosis code 

1) >50% ICD codes 
for T1DM and no 
dispensing for a 
noninsulin 
antidiabetic drug 
(excluding 
metformin) 
2) >50% ICD codes 
for T1DM and 
prescription for 
glucagon 
3) Dispensing for 
urine test strip 
4) Negative C-
peptide result or 
positive diabetes 
antibody result 

Not T1DM (i.e., 
T2DM was the 

default assumption) 

Klompas 
algorithm 

(criteria 1–4) 
vs. ICD-only 

approach 
(criterion 1) 

ICD-9-CM 
T1DM: 
250.x1, 
250.x3, 
T2DM: 
250.x0, 
250.x2 

 
ICD-10-CM 

E10.xx, 
E11.xx, 
E08.xx, 
E09.xx, 
E13.xx 

Prescription: 
Glucagon, 

hypoglycemic 
Urine acetone 

test strips 
Laboratory: 
C-peptide 
negative, 
diabetes 

autoantibodies 
positive 

Klompas 
algorithm – 

Type 1 
PPV 94.5% 

 
ICD >50% 

only 
PPV 96.4% 
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First 
Author, 

Year 
Study 
Period Population 

Diabetes 
Algorithm 
Summary 

T1 Case Definition T2 Case Definition Algorithm 
Description 

ICD Coding 
Groups 

Prescription or 
Laboratory 

Data 

Validity  
Mean (95% CI) 

or Range 

Raebel, 
20167  

January 2006–
June 2014 

>20 years 
of age 

Authors used 
SUPREME-DM 
algorithm 
(described in 
Section D1) to 
identify “any 
diabetes” cohort 

Klompas primary 
algorithm 

1) A ratio of 
T1DM:T2DM >0.5 
AND 
2) no prescription for 
a noninsulin 
antidiabetic drug 
(excluding 
metformin) 

eMERGE primary 
algorithm 
Pathway 1:  
1) No T1DM code 
AND 
2) ≥1 T2DM code 
AND 
3) Any T2DM 
medication AND 
4) Any T1DM 
medication AND 
5) Date of T2DM 
medication is 
before date of 
T1DM medication 
 
Pathway 2: 
1) No T1DM code 
AND 
2) ≥1 T2DM code 
AND 
3) Any T2DM 
medication AND 
4) No T1DM 
medication 

Ratio 
approach 
(Klompas 
algorithm)  

ICD-9-CM 
T1DM: 
250.x1, 
250.x3,  

 
T2DM: 
250.x0, 
250.x2, 
357.2, 
362.0x, 
366.41 

Prescription: 
SUPREME-DM 
medication list 

 
Laboratory: 

HbA1c, fasting/ 
random glucose 

Not reported 

Zhong, 
201426 

July 2008– 
December 2011 

<20 years 
old 

To identify the 
“any diabetes 
cohort”, authors 
required one of: 
1) ≥1 HbA1c 
≥6.0% 
2) ≥2 random blood 
glucose ≥200mg/dL 
on different days or 
≥1 fasting blood 
glucose ≥126mg/dL 
3) ≥1 patient 
problem list 
diabetes-related 
ICD-9-CM codes  
4) ≥1 billing data 
diabetes-related 
ICD-9-CM codes 
5) ≥1 diabetes-
related medications 

Ratio of T1DM to 
T2DM codes (tested 

≥0.3–0.6)  

Ratio of T2DM to 
T1DM codes 

(tested ≥0.3–0.6) 
Ratio method 

ICD-9-CM 
250.xx, 
775.1, 
648.0x, 
357.2, 
362.0x, 
366.41 

Prescription: 
Insulin, 

metformin, 
glucagon, other 

OHA 
 

Laboratory: 
HbA1c, 

fasting/random 
glucose 

T1DM:T2DM 
≥0.5 

Sens: 96% 
Spec: 92% 
PPV: 98% 

 
T2DM:T1DM 

≥0.5 
Sens: 88% 
Spec: 89% 
PPV: 87% 
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First 
Author, 

Year 
Study 
Period Population 

Diabetes 
Algorithm 
Summary 

T1 Case Definition T2 Case Definition Algorithm 
Description 

ICD Coding 
Groups 

Prescription or 
Laboratory 

Data 

Validity  
Mean (95% CI) 

or Range 

Klompas, 
20136 

June 2006–
September 

2010 
All ages 

To identify the 
“any diabetes” 
cohort, authors 
required any of: 
1) hemoglobin 
A1c ≥6.5% 
2) Fasting glucose 
≥126 mg/dL 
3) prescription for 
insulin outside of 
pregnancy 
4) ≥2 ICD-9 codes 
(outpatient)  
5) ≥1 prescription 
for oral 
hypoglycemics 
(except metformin) 

Met any of the 
following: 
1) Ratio of 
T1DM:T2DM codes 
>0.5 and 
prescription for 
glucagon OR 
2) Ratio of 
T1DM:T2DM codes 
>0.5 and no record 
of oral 
hypoglycemics 
(other than 
metformin) OR  
3) C-peptide 
negative or diabetes 
autoantibodies 
detected positive 
OR 
4) Prescription for 
urine acetone test 
strips 

Not T1DM (i.e., 
T2DM was the 

default assumption) 
Ratio method 

ICD-9 
T1DM: 
250.x1, 
250.x3, 
T2DM: 
250.x0, 
250.x2 

Prescription 
 glucagon, 

hypoglycemic 
Urine acetone 

test strip 
 

Laboratory:  
C-peptide 
negative 
Diabetes 

autoantibodies 
positive 

Ratio method 
(T1DM) 

Sens 86% 
(95% CI 67–

100%) 
PPV: 89%  

(95% CI 83–
95%) 

 
Ratio method 

(T2DM) 
Sens: 100%  
(95% CI 99–

100%) 
PPV 92%  

(95% CI 88–
96%) 
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First 
Author, 

Year 
Study 
Period Population 

Diabetes 
Algorithm 
Summary 

T1 Case Definition T2 Case Definition Algorithm 
Description 

ICD Coding 
Groups 

Prescription or 
Laboratory 

Data 

Validity  
Mean (95% CI) 

or Range 

Lo-Ciganic, 
201123 

January 2000–
September 

2009 

 ≥18 years 
of age 

To identify the 
“any diabetes” 
cohort, authors 
required any two 
of: 
1) ICD-9 code for 
an inpatient, 
outpatient or ED 
visit 
2) Any HbA1c 
result (with any 
value) 
3) Blood glucose 
>200 mg/dl 
4) Any DM 
medication  

Indicators of T1DM 
included: 
1) Inpatient insulin 
use with no records 
of oral hypoglycemia 
use 
2) ICD-9 code for 
T1DM 
3) Parsed notes for 
T1DM-related 
diagnosis 
4) Diabetic 
ketoacidosis 
diagnosis 
5) Hypoglycemic 
coma diagnosis 
6) Other 
autoimmune-related 
comorbidities 
7) Any complication 
diagnosis 
(especially before 
the age of 40 years) 
8) Younger age 
9) DM diagnosis at 
ED or inpatient visits  

Indicators for 
T2DM included: 
1) Inpatient use of 
oral hypoglycemic 
agent with or 
without insulin 
2) ICD-9 code for 
the unspecified 
type DM (250.x0 or 
250.x2) 
3) Parsed notes for 
T2DM  
4) No diabetic 
ketoacidosis 
diagnosis 
5) No hypoglycemic 
coma diagnosis 
6) No other 
autoimmune-related 
comorbidities 
7) Presence or 
absence of other 
complications at 
certain ages (e.g., 
none after age 40 
years or diagnoses 
after age 65 years) 
8) Older age 

Tree 
structured 

model 

ICD-9 
T1DM: 250.x1, 
250.x3, T2DM: 
250.x0, 250.x2 

Prescription:  
Acarbose, 

acetohexamide, 
chlorpropamide, 

exenatide, 
glimepiride, 

glipizide, 
glucagon, 
glyburide, 

insulin, 
metformin, 

miglitol, 
nateglinide, 
pioglitazone, 
repaglinide, 

rosiglitazone, 
sitagliptin, 

tolazamide, 
tolbutamide, 

troglitazone, or 
pramlintide 

Laboratory: 
HbA1c and 

blood glucose 

8-node tree 
model 

(T1DM) 
Sens: 93% 
PPV: 90% 

 
8-node tree 

model 
(T2DM) 

Spec: 99.3% 
NPV: 99.5% 

Rhodes, 
200724 

July 2003–
January 

2005 

<26 years 
old  

1) ≥1 visit to 
Endocrine/ Diabetes 
Program OR 
2) Obesity and >1 
inpatient or 
outpatient ICD-9-CM 
diagnosis code 

Not specified Not specified ICD-9-CM 
codes 

ICD-9-CM 
T1DM: 
250.x1, 
250.x3, 
T2DM: 
250.x0, 
250.x2 

No 

T1DM  
ICD-9-CM 
PPV: 97% 

 
T2DM  

ICD-9-CM 
PPV: 16% 

Abbreviations: CI, confidence interval; DM, diabetes mellitus; ED, emergency department; HbA1c, hemoglobin A1c; ICD-9, International Classification of Diseases, Ninth Revision; 
ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; NPV, negative predictive value; OHA, oral hypoglycemic agent; PPV, positive predictive value; 
sens, sensitivity; spec, specificity; SUPREME-DM, SUrveillance, PREvention, and ManagEment of Diabetes Mellitus; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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Rhodes and colleagues reported on the large number of pediatric patients in their cohort who had at least 
one ICD-9-CM code for T2DM who actually had T1DM.24 Whereas the PPV for T2DM was low (16.0%), 
the PPV for T1DM was very high (97.0%). The authors suggested reasons for the misclassification. For 
example, they note that T2DM ICD-9-CM codes include unspecified diabetes and that, without 
specification of type of diabetes, a coder would tend to classify a diabetes case as T2DM. The authors 
point out that in ICD-10-CM, the unspecified category would be separated out as a separate code from 
T1DM and T2DM. The authors did not provide a method or algorithm to correct this misclassification, but 
their quantification of this problem was important. The articles described hereinafter include methods or 
algorithms to disaggregate types of DM. 
 
Two basic methods for distinguishing between T1DM and T2DM in administrative datasets or from 
electronic medical records have been found in the literature: a tree-structured model developed by Lo-
Ciganic and colleagues23 and a ratio method using the ratio of T1DM and T2DM medical visits that was 
initially developed by Klompas and colleagues.6   
 
Lo-Ciganic and colleagues applied a tree-structured model to test the performance of an algorithm to 
identify T1DM and T2DM in patients 18 years of age and older.23 For the differentiation between types of 
diabetes, inpatient data were required.   
 
Inclusion in the overall diabetes cohort required an outpatient diabetes diagnosis or ≥2 of the following: 

1. ICD-9 code 250 inpatient, outpatient, or ED 
2. Any HbA1c result (with any value) 
3. Blood glucose >200 mg/dl 
4. Any diabetes medication (i.e., acarbose, acetohexamide, chlorpropamide, exenatide, glimepiride, 

glipizide, glucagon, glyburide, insulin, metformin, miglitol, nateglinide, pioglitazone, repaglinide, 
rosiglitazone, sitagliptin, tolazamide, tolbutamide, troglitazone, or pramlintide) 

 
The 8-node tree model for T1DM resulted in a sensitivity of 93% and a PPV of 90%. The indicators for 
T1DM diabetes included: 

1. Inpatient insulin use with no records of oral hypoglycemia use 
2. ICD-9 code for type 1 diabetes (250.x1 or 250.x3) 
3. Parsed notes for T1DM-related diagnosis (childhood onset, juvenile DM, and insulin-dependent 

DM) 
4. Diabetic ketoacidosis diagnosis  
5. Hypoglycemic coma diagnosis 
6. Other autoimmune-related comorbidities  
7. Any complication diagnosis (especially before the age of 40 years) 
8. Younger age 
9. DM diagnosis at ED or inpatient visits 

 
The 8-node tree model for T2DM resulted in a sensitivity of 99.3% and a PPV of 99.5%. The indicators for 
Type 2 diabetes included: 

1. Inpatient use of oral hypoglycemic agent with or without insulin 
2. ICD-9 code for the unspecified type DM (250.x0 or 250.x2);  
3. Parsed notes for T2DM (adult DM and non-insulin-dependent DM) 
4. No diabetic ketoacidosis diagnosis 
5. No hypoglycemic coma diagnosis  
6. No other autoimmune-related comorbidities 
7. Presence or absence of other complications at certain ages (e.g., none after age 40 years or 

diagnoses after age 65 years) 
8. Older age 

 
Despite the high validity measures for the tree model, the necessity of inpatient data led other 
researchers to not choose this method to discern between type of diabetes.25 
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The ratio method was developed in a 2013 article by Klompas and colleagues comparing the total 
number of medical records that included a code for T1DM with the total number of records that included a 
code for T2DM.6 The type of DM with a majority of visits (>50%) was considered the condition for the 
individual. The authors used electronic health data between June 2006 and September 2010 to develop 
this ratio method in a validation study of diabetes by type.6 They used medical records as the gold 
standard and followed the definition provided by ADA. The surveillance algorithm for diabetes included 
one of A1c ≥6.5%, fasting glucose ≥126 mg/dL, ≥2 (outpatient) diagnosis codes of diabetes (250.xx), ≥1 
prescription for insulin outside of pregnancy, or ≥1 prescription for an oral hypoglycemic agent other than 
metformin. From this cohort, authors used the following criteria to differentiate those with T1DM from 
those with T2DM: 
 
Type 1 algorithm – ANY of the following: 

1. Ratio of T1DM:T2DM codes >0.5 and prescription for glucagon OR 
2. Ratio of T1DM:T2DM codes >0.5 and no record of oral hypoglycemics (other than metformin) OR 
3. C-peptide negative or diabetes autoantibodies positive OR 
4. Prescription for urine acetone test strips 

 
The approach for detecting T1DM using the ratio method was associated with a sensitivity of 86% (95% 
CI 67–100%) and PPV 89% (95% CI 83–95%). 
 
Type 2 algorithm – NONE of the following: 
 

1. Ratio of T1DM:T2DM codes >0.5 and prescription for glucagon OR 
2. Ratio of T1DM:T2DM codes >0.5 and no record of oral hypoglycemics (other than metformin) OR 
3. C-peptide negative or diabetes autoantibodies positive OR 
4. Prescription for urine acetone test strips 

 
The approach for detecting T2DM using the ratio method was associated with a sensitivity of 100% (95% 
CI 99–100%) and PPV 92% (95% CI 88–96%). 
 
Four subsequent articles were found that used the ratio method, also referred to as the Klompas 
algorithm. 
 
In a 2014 publication, Zhong and colleagues used the ratio method as they sought to identify type of 
diabetes among individuals under 20 years of age between July 2008 and December 2011.26 Patients 
with diabetes were identified with the following algorithm: 

1. ≥1 HbA1c result ≥6.0% (42 mmol/mol) OR 
2. ≥2 random blood glucose ≥200mg/dL on different days or ≥1 fasting blood glucose ≥126mg/dL 

OR  
3. ≥1 patient problem list diabetes-related ICD-9-CM codes OR  
4. ≥1 billing data diabetes-related ICD-9-CM codes OR 
5. ≥1 diabetes-related medications, including insulin, glucagon, metformin, sulfonylurea, GLP-1 

receptor agonists, thiazolidinediones, and other hypoglycemic agents 
 
The authors then applied a ratio method to classify individuals as either T1DM or T2DM, testing 
thresholds ranging from ≥0.3 to ≥0.6. The approach classifying T1DM on the basis of a ratio of 
T1DM:T2DM codes ≥0.5 was associated with a sensitivity of 96%, a specificity of 92%, and a PPV of 
98%. 
 
In 2018, Schroeder and colleagues published a validation study among adults 20 years of age or older, 
using data from Kaiser Permanente, Colorado between January 2006 and September 2015.25 Medical 
charts were used to validate T1DM according to the SUPREME-DM definition. The authors used the 
following algorithm to identify diabetic patients: 
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1. ≥1 inpatient or ≥2 outpatient of the following ICD-9-CM codes (in primary of secondary diagnosis 
position): 250.xx, 357.2, 366.41, 362.01–362.07, or any combination of two of the following 
events: 

a. HbA1c ≥6.5% 
b. Fasting glucose ≥126 mg/dL 
c. Random glucose ≥200 mg/dL 
d. Any antihyperglycemic drug prescription 

 
The authors then sought to classify individuals with T1DM using the algorithm of proposed by Klompas 
and colleagues: 
 
Klompas algorithm: 

1. ICD‐coded diagnoses and glucose medication: More than 50% of diabetes codes (ICD‐9 250.x0, 
250.x1, 250.x2, and 250.x3) were T1DM codes (ICD‐9 250.x1 and 250.x3), AND no dispensing 
for a non-insulin antidiabetic drug (excluding metformin). 

2. Coded diagnoses and glucagon: More than 50% of diabetes codes (ICD‐9 250.x0, 250.x1, 
250.x2, and 250.x3) were T1DM codes (ICD‐9 250.x1 and 250.x3), AND a dispensing for 
glucagon 

3. Urine test strips: dispensing of urine acetone test strips 
4. Laboratories: negative C‐peptide result or positive diabetes autoantibody result 

 
The PPV of the Klompas algorithm was 94.5% when all four criteria were applied. It was 96.4% when only 
criteria 1 and 2 were applied (i.e., urine test strips and laboratory results were not considered). 
 
In the Mini-Sentinel report by Raebel and colleagues (also discussed in Section D1), the authors 
assessed several methods for distinguishing between T1DM and T2DM.11 No diagnostic accuracy 
performance measures were available, however, because there was not a gold standard for type-specific 
diabetes. 
 
Two algorithms were considered for classifying patients as having T1DM: 

1) Klompas primary algorithm 
1. A ratio of T1DM (ICD-9 250.X1 or 250.X3) to T2DM (ICD-9 250.X0 or 250.X2) codes >0.5, 

AND 
2. No prescription for a non-insulin antidiabetic drug (excluding metformin) 

 
2) Klompas optimized algorithm 
Pathway 1: 

1. A ratio of T1DM (ICD-9 250.X1 or 250.X3) to T2DM (ICD-9 250.X0 or 250.X2) codes >0.5, 
AND 

2. No prescription for a non-insulin antidiabetic drug (excluding metformin) 
OR Pathway 2: 

1. A ratio of T1DM (ICD-9 250.X1 or 250.X3) to T2DM (ICD-9 250.X0 or 250.X2) codes >0.5, 
AND 

2. A prescription for glucagon 
 
Two algorithms were also considered for classifying patients as having T2DM: 

1) eMERGE primary algorithm 
Pathway 1: 

1. No T1DM ICD-9 codes (250.x1, 250.x3), regardless of source, AND 
2. ≥ 1 T2DM ICD-9 codes (250.x0, 250.x2; excluding 250.10, 250.12), regardless of source, 

AND 
3. Any T2DM medication, except for metformin AND 
4. Any T1DM medication (insulin, pramlintide) AND 
5. Date of T2DM medication is before the date of T1DM diabetes medication 

OR Pathway 2: 
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1. No T1DM ICD-9 codes (250.x1, 250.x3), regardless of source, AND 
2. ≥1 T2DM ICD-9 codes (250.x0, 250.x2; excluding 250.10, 250.12), regardless of source, 

AND 
3. Any T2DM medication AND 
4. No T1DM medication (insulin, pramlintide) 
 

2) eMERGE secondary algorithm 
Pathway 1:  

1. No T1DM ICD-9 codes (250.x1, 250.x3), regardless of source, AND 
2. ≥1 T2DM ICD-9 codes (250.x0, 250.x2; excluding 250.10, 250.12), regardless of source, 

AND 
3. Any T2DM medication AND 
4. Any T1DM medication (insulin, pramlintide) AND 
5. Date of T2DM medication is before the date of T1DM medication 

OR Pathway 2: 
1. No T1DM ICD-9 codes (250.x1, 250.x3), regardless of source, AND 
2. ≥1 T2DM ICD-9 codes (250.x0, 250.x2; excluding 250.10, 250.12), regardless of source, 

AND 
3. Any T2DM medication (including metformin) AND 
4. No T1DM medication (insulin, pramlintide) 

OR Pathway 3:  
1. No T1DM ICD-9 codes (250.x1, 250.x3), regardless of source, AND 
2. ≥1 T2DM ICD-9 codes (250.x0, 250.x2; excluding 250.10, 250.12), regardless of source, 

AND 
3. No T1DM medication (insulin, pramlintide) AND 
4. No T2DM medication (including metformin) AND 
5. Random plasma glucose >200 mg/dL OR Fasting plasma glucose >126 mg/dL OR HgA1c 

>6.5% 
OR Pathway 4:  

1. No T1DM ICD-9 codes (250.x1, 250.x3), regardless of source, AND 
2. No T2DM ICD-9 codes (250.x0, 250.x2; excluding 250.10, 250.12), regardless or source, 

AND 
3. Any T2DM medication (metformin) AND 
4. Random plasma glucose >200 mg/dL OR Fasting plasma glucose >125 mg/dL OR HgA1c 

>6.5% 
 
Although no validation measures were available, some indications of performance were reported. For 
T1DM using the Klompas Optimized Algorithm, 1,568 more cases were identified as T1DM compared 
with the Klompas Primary Algorithm, which amounted to an additional 6.7%. For T2DM using the 
eMERGE Secondary Algorithm, 88,538 more cases were identified as T2DM compared with the 
eMERGE Primary Algorithm, which amounted to an additional 20.5%. 
 
In 2019, Chi and colleagues used the ratio method and conducted a validation study using the SEARCH 
registry to identify diabetic patients under 20 years old who were part of Kaiser Permanente, Southern 
California between October 2015 and November 2016.22 Cases were validated using medical records, as 
defined by the SEARCH protocol. Diabetes was defined as having ≥1 ICD-10-CM code (E08–E13) from 
clinic-based encounters. Type-specific diabetes was determined by the ratio of T1DM to T2DM codes, 
whereby patients with ≥50% of encounters related to T2DM were classified as having T2DM. This study 
did not incorporate any prescription or laboratory data and was associated with a sensitivity of 91% (95% 
CI 88–93%), specificity of 96% (95% CI: 95%, 97%), PPV of 89% (95% CI 87–92%), and NPV of 97% 
(95% CI 96–98%) for T2DM. 
 
On the basis of this review of the literature, the ratio method has been used several times and has been 
found to be a valid method for identifying T1DM and T2DM among a cohort of diabetic patients. Data from 
Chi and colleagues focused exclusively on ICD diagnosis coding among a well-established cohort of 
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diabetic patients and reported high levels of sensitivity (91%), specificity (96%), PPV (89%), and NPV 
(97%) when applying the ratio approach.22 Algorithms combining diagnosis and drug prescription data 
were associated with strong measures of diagnostic accuracy, whereas studies assessing the impacts of 
including clinical and laboratory data found that inclusion or exclusion of these parameters had little 
impact on diagnostic accuracy and measures of validation performance.6,25  
 

E Case Definitions 
 
A chart review validation study for the proposed algorithms was outside the scope of this review. 
However, the BEST Initiative did make note of commonly used clinical definitions for DM. The definition 
proposed for DM is based on the ADA’s definition:27 

• Fasting plasma glucose ≥126 mg/dL (7.0 mmol/L) (fasting is defined as no caloric intake for at 
least 8 hours)* OR  

• 2-hour plasma glucose ≥200 mg/dL (11.1 mmol/L) during oral glucose tolerance test (the test 
should be performed as described by the World Health Organization, using a glucose load 
containing the equivalent of 75-g anhydrous glucose dissolved in water) OR 

• A1c ≥6.5% (48 mmol/mol) (the test should be performed in a laboratory using a method that is 
certified by the National Glycohemoglobin Standardization Program and standardized to the 
certified and standardized to the Diabetes Control and Complications Trial assay)* OR  

• In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma 
glucose ≥200 mg/dL (11.1 mmol/L). 

* In the absence of unequivocal hyperglycemia, results should be confirmed by repeat testing. 
 

F Diabetes Algorithms 
 
The BEST Initiative leveraged the results of the literature review to identify examples of high-quality, 
administrative claims-based case definitions, prioritizing where possible those that had been developed 
for use in the United States that had been subject to chart review validation studies. The results 
suggested that a ratio method, wherein the ratio of one code type (e.g., T1DM) to another code type (e.g., 
T2DM) could reliably distinguish between different types of diabetes, particularly when coupled with 
prescription data.7,25 This is the approach proposed herein, which is adapted from the optimized Klompas 
algorithm discussed in Section D. 
 
Where appropriate, algorithms were mapped from ICD-9-CM to ICD-10-CM via forward–backward 
mapping using the Centers for Medicare & Medicaid Services GEMs for reference.28–31 Draft algorithm 
iterations were then subject to review by clinical subject matter experts from Watson Health, FDA CBER, 
and Acumen.  
 
The code-based algorithms for DM are summarized at a high level in Table 4 and specified in detail in an 
accompanying spreadsheet.v The conditions for the positive identification of an individual with DM varied 
across iterations, and depended on dimensions such as health care setting, the number of diagnosis 
codes, and drug prescriptions. It should be noted that these algorithms should be updated on a regular 
(i.e. annual) basis, as new diagnosis codes and prescriptions become available. As informed by 
approaches published in the literature, diagnosis position was not included as a condition. The BEST 
Initiative recognizes that diagnostic coding position may affect diagnostic accuracy but viewed such a 
restriction as dependent on specific research questions and more appropriate for application at the study 
planning stage.  
 
                                                 
v Table 4 is intended to be illustrative of the code groups included for each outcome but does not necessarily imply that all 
subsidiary codes have been included. Readers are encouraged to refer to the full algorithms spreadsheet, which was excluded from 
the report because of its size (e.g., more than 4,200 unique NDC codes are listed for oral hypoglycemics). 
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Briefly, the Exclusion Criterion/Covariate Iteration prioritized sensitivity, on the assumption that the 
intended use of this iteration would be to identify patients with DM for the purpose of excluding them from 
a study or analysis. Given this, the ability to identify those with DM was prioritized over specificity (i.e., the 
ability to correctly identify those without DM), because failure of the algorithm to exclude patients with DM 
could introduce bias in future studies. Thus, a single appearance of any DM diagnosis code in a patient’s 
record (in any diagnostic position) was considered sufficient to warrant exclusion of an individual from a 
study or analysis seeking to exclude patients with DM, regardless of the health care setting in which it 
was reported. Approaches for further categorizing diabetic populations were also not applied in this 
iteration. This algorithm iteration is likely not appropriate for identifying and extracting a diabetes 
population for study, because it is insufficiently specified. Rather, the intent was to be as inclusive as 
possible of diagnostic codes that could indicate a diabetic condition. 
 
The Population Iteration is intended for use in identifying patients with any form of DM; following that 
identification a ratio method is used to distinguish between those with T1DM and T2DM. Other forms of 
DM, such as secondary diabetes, diabetes due to an underlying conditions, unspecified/other diabetes, 
gestational diabetes, and neonatal diabetes, were not considered, because the intent was to include 
codes that are sufficiently specific so as to avoid the improper inclusion of non-T1DM/T2DM individuals. 
 
The Outcome Iteration is an adaptation of the Population Iteration, intended for use in identifying patients 
with T1DM, T2DM, secondary diabetes, or other diabetes. In identifying the overall cohort, a restriction 
was added to require that the first DM-related code be reported after the exposure being assessed as a 
potential cause of DM. Code categories for secondary and other diabetes cases were added. For both the 
Population and Outcome Iterations, T2DM was viewed as the default option, wherein individuals not 
meeting criteria for other groups would be categorized as T2DM. 
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Table 4. Summary of diabetes algorithms. 

Diabetes 
Algorithm 
Iteration 

Summary Diagnosis 
codes (ICD) Prescription Codes (NDC) 

Procedural 
Codes (CPT, 

HCPCS) 

Exclusion 
Criterion/ 
Covariate  

Intended use: identify and 
exclude patients with diabetes 
 
Conditions: single diagnosis 
code, regardless of health care 
setting or coding position 

ICD-9-CM: 
249.xx, 250.xx, 
357.2, 362.0x, 

366.41, 648.8x, 
775.1 

 
ICD-10-CM:  
E08.xxxx, 
E09.xxxx, 
E10.xxxx, 
E11.xxxx, 
E13.xxxx, 

O24.xxx, P70.2 

None None 

Population  

Intended use:  
Identify cohort of patients with 
diabetes, then distinguish 
between T1DM and T2DM 
 
Conditions: 
 
For the entire cohort (T1DM 
and T2DM):  
≥1 inpatient ICD codes OR two of 
the following (when the two 
events were from the same 
source [e.g., two outpatient 
diagnoses], they must occur on 
separate days no more than 730 
days apart): 
 
1) Outpatient ICD codes  
2) Prescription for an antidiabetic 
medication (not including 
metformin or thiazolidinediones)vi 
 
For T1DM: 
Any of the following: 
 
1) Ratio T1DM:T2DM codes >0.5 
AND no dispensing for 
noninsulin/non-metformin 
antidiabetic drug 
2) Ratio T1DM:T2DM codes >0.5 
AND dispensing for glucagon 
 
For T2DM:  
ANY member of the entire cohort 
NOT meeting T1DM conditions  

T1DM: 
ICD-9-CM: 
250.x1, 250.x3 
ICD-10-CM: 
E10.xxxx 

 
T2DM: 

ICD-9-CM: 
250.x0, 250.x2, 
362.0x, 366.41 
ICD-10-CM: 
E11.xxxx 

T1DM: 
Glucagon; insulin 

 
T2DM: 

Oral hypoglycemics 
(arcabose, alogliptin, 
canagliflozin, colesevelam, 
dapagliflozin, 
empagliflozin, ertugliflozin, 
sitagliptin, glicazide, 
glimepiride, glipizide, 
glyburide, linagliptin, 
miglitol, nateglinide, 
pioglitazone, repaglinide, 
rosiglitazone, saxagliptin, 
tolazamide, tolbutamide) 
 
Injectible hypoglycemics 
(albiglutide, dulaglutide, 
exenatide, liraglutide, 
pramlintide, semaglutide) 

T1DM: 
Glucagon; 
insulin; artificial 
pancreas 
system 
 

T2DM: 
None  

                                                 
vi Based on previously published approaches, the prescription of metformin or thiazolidinediones was not included as a criterion for 
identifying the DM cohort, as these agents can be used for other conditions.6,7,25 
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Outcome  

Intended use:  
Identify cohort of patients with 
diabetes, then distinguish 
between T1DM, T2DM, 
secondary diabetes, and other 
diabetes 
 
Conditions: 
 
For the Entire Cohort (T1DM 
and T2DM):  
≥1 inpatient ICD codes OR two of 
the following (when the two 
events were from the same 
source [e.g. two outpatient 
diagnoses], they must occur on 
separate days no more than 730 
days apart): 
 
1) Outpatient ICD codes  
2) Prescription for an antidiabetic 
medication (not including 
metformin or thiazolidinediones)vii 
 
Exclude 
1) All cases in which any 
diabetes code was reported 
before the date of 
exposure/intervention of interest 
(i.e., receipt of biologic of 
interest) 
 
For T1DM:a  
Any of the following: 
1) Ratio T1DM:T2DM codes >0.5 
AND no dispensing for non-
insulin/non-metformin antidiabetic 
drug 
2) Ratio T1DM:T2DM codes >0.5 
AND dispensing for glucagon 
3) EXCLUDE when ratio 
secondary diabetes 
codes:(T1DM+T2DM codes) >0.5 
4) EXCLUDE when ratio other 
diabetes codes:(T1DM+T2DM 
codes) >0.5 
 
For Secondary Diabetes: 
1) Ratio of secondary diabetes 
codes: (T1DM+T2DM codes) 
>0.5 
 
For Other Diabetes: 
1) Ratio of Other diabetes codes: 
(T1DM+T2DM codes) >0.5 
 
For T2DM:b 
ANY member of the entire cohort 
NOT meeting T1DM, secondary 
diabetes, or other diabetes 
conditions 

T1DM: 
ICD-9-CM: 
250.x1, 250.x3 
ICD-10-CM: 
E10.xxxx 

 
Secondary 
diabetes: 

ICD-9-CM: 
249.xx 
ICD-10-CM: 
E08.xxxx, 
E09.xxxx 

 
Other 

diabetes: 
ICD-9-CM: 
357.2, ICD-10-
CM: E13.xxxx 

 
T2DM: 

ICD-9-CM: 
250.x0, 
250.x2, 
362.0x, 366.41 
ICD-10-CM: 
E11.xxxx 

 

T1DM:  
Glucagon; insulin 

 
T2DM: 

Oral hypoglycemics 
(arcabose, alogliptin, 
canagliflozin, colesevelam, 
dapagliflozin, 
empagliflozin, ertugliflozin, 
sitagliptin, glicazide, 
glimepiride, glipizide, 
glyburide, linagliptin, 
miglitol, nateglinide,  
pioglitazone, repaglinide, 
rosiglitazone, saxagliptin, 
tolazamide, tolbutamide) 
 
Injectible hypoglycemics 
(albiglutide, dulaglutide, 
exenatide, liraglutide, 
pramlintide, semaglutide)  

T1DM: 
Glucagon; 
insulin; 
artificial 
pancreas 
system 

 
T2DM: 

None 
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Abbreviations: CPT, Current Procedural Terminology; HCPCS, Healthcare Common Procedure Coding System; ICD, International 
Classification of Diseases; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10-CM, 
International Classification of Diseases, Tenth Revision, Clinical Modification; NCD, National Drug Code; T1DM, type 1 diabetes 
mellitus; T2DM, type 2 diabetes mellitus. 
a If secondary and other diabetes are not being considered, conditions 3) and 4) can be ignored. 
b If secondary and other diabetes are not being considered, conditions 4) and 5) can be ignored. The algorithm can be applied to 
incorporate secondary diabetes in different ways, depending on the research question. For example, secondary diabetes codes 
could be categorized as T2DM by including secondary diabetes codes in the entire cohort but not applying the secondary diabetes 
exclusion (#4) in T2DM. 

G Assumptions and Decisions 
 
The algorithm iterations summarized in Section F were reviewed internally as well as with CBER 
stakeholders and partners. Decisions and assumptions related to algorithm construction are summarized 
below. Some of these assumptions may be adjusted for future research questions. 

G1 Exclusion Criterion/Covariate Iteration 
 
The assumptions and decisions relevant to the diabetes Exclusion Criterion/Covariate Iteration are listed 
below: 

• The intended use of this iteration is to identify/exclude those with any form of DM. As a result, 
codes that were excluded elsewhere have been included here. These codes include secondary 
diabetes (ICD-9-CM code 249.xx), diabetes due to underlying conditions (ICD-10-CM codes 
E08.xxxx), drug/chemical-induced diabetes (ICD-10-CM codes E09.xxxx), gestational diabetes 
(ICD-9-CM code 648.8x and ICD-10-CM code O24.xxx), and neonatal diabetes (ICD-9-CM 775.1; 
ICD-10-CM P70.2). 

• Some ICD-9-CM codes were included in some diabetes definitions but not others. These include 
codes for polyneuropathy (ICD-9-CM code 357.2), diabetic retinopathy (ICD-9-CM code 362.0x), 
and diabetic cataract (ICD-9-CM code 366.41). These were included to favor sensitivity over 
specificity (i.e., to be as inclusive as possible), which was supported by clinical opinion. 

• Codes for other abnormal glucose (ICD-9-CM code 790.29; ICD-10-CM code R73.09) and 
postsurgical hypoinsulinemia (ICD-9-CM code 251.3; ICD-10-CM code E89.1) were excluded 
from the algorithm. Inclusion of these codes will depend on the degree of sensitivity being sought. 
It is recommended that these codes generally not be included, because their application would 
extend the algorithm to those at risk of developing DM, which would likely require broader 
consideration of other risk dimensions that should be added. 

• In applications of this algorithm, users may choose to exclude claims codes that are associated 
with “rule-out” procedures. For example, a diagnosis code may be associated with a lab test of 
A1C, with the results showing that diabetes is not present. Another option would be to require at 
least two codes associated with diabetes to be reported on different days.  

o These codes were not excluded in the descriptive analyses conducted using MarketScan 
Research Databases (Section H1). This is because decisions about such an exclusion 
were viewed as more appropriate during a validation study or subsequent use of the 
algorithm for an epidemiologic study. The intent of the analyses in Section H1 is to 
characterize the population associated with codes included in the algorithm, regardless 
the context in which the code was reported. 

 

G2 Population Iteration 
 
The assumptions and decisions relevant to the diabetes Population Iteration are listed below: 

                                                 
vii Based on previously published approaches, the prescription of metformin or thiazolidinediones was not included as a criterion for 
identifying the DM cohort, as these agents can be used for other conditions.6,7,25 
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• The intent this algorithm is to identify patients with T1DM or T2DM, and not secondary diabetes, 
diabetes due to an underlying conditions, unspecified/other diabetes, gestational diabetes, and 
neonatal diabetes. Codes for these conditions have therefore been excluded from the algorithm.  

• Depending on the research question, it may be appropriate to exclude codes ascertained during 
periods of pregnancy, to ensure that gestational diabetes is not inadvertently captured. Another 
option would be to exclude all individuals that have any code related to gestational diabetes to 
avoid the possibility of these individuals being included as a result of miscoding.  

• The BEST Initiative included a list of unspecified diabetes codes (E13.xxxx), which could be used 
in sensitivity analyses. However, it is recommended that codes listed in the unspecified category 
be excluded from the main analysis, as they can be due to genetic defects or medical procedures 
and are very rare and specific. 

• The algorithm has been constructed such that any case not meeting the criteria for T1DM be 
classified as T2DM (i.e., T2DM = [All cases from the Entire Cohort] – [All T1DM cases]. If also 
including unspecified codes, this would be reflected as T2DM = [All cases from entire cohort] – 
[All T1DM cases] – [All unspecified cases]. If unspecified codes are excluded, they should be 
excluded from both the entire cohort and any ratio calculations. 

• Some ICD-9-CM codes were included in some DM definitions but not others. These include 
codes for polyneuropathy (ICD-9-CM code 357.2), diabetic retinopathy (ICD-9-CM codes 362.0x), 
and diabetic cataract (ICD-9-CM code 366.41). On the basis of clinical consultation, it was 
decided that these codes should be included. The ICD-9 codes are grouped with T2DM codes, as 
they all have approximate matches to E11 codes. The one exception is 357.2 (polyneuropathy in 
diabetes), which has corresponding E08, E09, E10, E11, E12, and E13 codes and was therefore 
categorized as unspecified. 

• It was decided that prediabetes codes (ICD-9-CM 790.29; ICD-10-CM R73.09) would be 
excluded for the time being. These codes could be included in sensitivity analyses (depending on 
research question) to test the impact of their inclusion/exclusion. 

• In applications of this algorithm, users may want to exclude claims codes that are associated with 
“rule-out” procedures. For example, a diagnosis code may be associated with a lab test of A1C, 
with the results showing that diabetes is not present. However, these tests are also used to 
monitor DM treatment (i.e. not only as “rule-out” procedures), so caution should be used in 
excluding based on these criteria. 

o Such codes were ignored in the MarketScan Commercial Database for the 
characterization of the Population Iteration (Section H2). This was done in an effort to 
specify the algorithm further and avoid bias in the ratio calculations resulting from rule-out 
diagnoses. As a result, users may obtain different results if executing the same algorithm 
while incorporating rule-out diagnoses. 

 

G3 Outcome Iteration 
 
The assumptions and decisions relevant to the diabetes Outcome Iteration are listed below: 

• A modular approach was taken for the secondary and other diabetes categories, to allow them to 
be incorporated as T2DM if desired. If secondary or other codes are excluded, they should be 
excluded from both the entire cohort and any ratio calculations. 

o It is recommended that codes for secondary diabetes be included as a separate bucket, 
because these conditions can be transient and resolve themselves if a medication is 
discontinued. 

• The algorithm has been constructed such that any case not meeting the criteria for T1DM, 
secondary cases, or other cases be classified as T2DM (i.e., T2DM = [All cases from the entire 
cohort] – [All T1DM cases] – [All secondary cases] – [All other cases]).  

• As with the Population Iteration, diagnosis codes related to gestational diabetes, neonatal 
diabetes, and prediabetes were excluded. 

• Depending on the research question, it may be appropriate to exclude codes ascertained during 
periods of pregnancy, to ensure that gestational diabetes is not inadvertently captured. Another 
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option would be to exclude all individuals that have any code related to gestational diabetes to 
avoid the possibility of these individuals being included as a result of miscoding.  

• The risk window for associating the development of DM to a clinical exposure is not clearly 
defined in the literature. On the basis of clinical consultation, it was agreed that the link between 
drug exposures and the development of DM was variable and poorly defined. A one-year risk 
window was recommended as an inclusive approach, but determination of an appropriate risk 
window will likely depend on the specific study research question. 

• In applications of this algorithm, users may want to exclude claims codes that are associated with 
“rule-out” procedures. For example, a diagnosis code may be associated with a lab test of A1C, 
with the results showing that diabetes is not present.  

o These codes were not excluded in code-specific queries (Appendix A). This is because 
decisions about such an exclusion were viewed as more appropriate during a validation 
study or subsequent use of the algorithm for an epidemiologic study. The intent of the 
queries in Appendix A is not to conduct analyses resulting from a full execution of the 
algorithm, but rather to advance understanding of the frequency with which each 
individual included and excluded code is reported, regardless the context in which the 
code was reported. 

 

H Algorithm Characterization 
 
To summarize the epidemiology of DM among an insured population in the United States, the BEST 
Initiative used the MarketScan Research Databases to characterize the three diabetes algorithm 
iterations. This was done in three separate ways: 

1. The Exclusion/Covariate Iteration was tested in the MarketScan Research Databases 
(Commercial, Medicare Supplemental) using the Treatment Pathwaysviii online analytic platform, 
as summarized in Section H1. 

2. The Population Iteration was tested via customized programming using data from the MarketScan 
Commercial Database, as summarized in Section H2. 

3. Code-specific queries for each ICD diagnosis code included in the Outcome Iteration were run in 
the MarketScan Research Databases (Commercial, Medicare Supplemental) using the Treatment 
Pathways platform, with results presented in Appendix A. 

 

H1 Exclusion/Covariate Iteration 
 
To generate descriptive statistics related to the population that would be captured in the 
Exclusion/Covariate Iteration of the diabetes algorithm, age- and gender-specific data on MarketScan 
Research Databases enrollment and diabetes case counts were collected using the Treatment Pathways 
platform. The Treatment Pathways platform supports customizable analyses of data stored on IBM 
Watson Health servers. The BEST Initiative used the 100% Treatment Pathways sample of data from 
January 1, 2011 through December 31, 2017. The figures presented below have been drawn from the 
study period of January 1, 2014–December 31, 2017. For all analyses, ICD-9-CM codes were only 
queried for January 1, 2014–September 30, 2015, and ICD-10-CM codes were only queried for October 
1, 2015–December 31, 2017, because the United States transitioned from ICD-9-CM to ICD-10-CM on 
October 1, 2015, and the BEST Initiative sought to exclude codes that were reported in error.  
 
Individuals had to be continuously enrolled in any enrollment category to be included in the analysis for a 
particular year. For example, patients had to be continuously enrolled from January 1 to December 31, 
2014, to be included in the 2014 dataset. From 2014–2017, there were 41,172,696 unique individuals that 
were enrolled for at least one calendar year. Age was calculated at the end of each calendar year (i.e., 
age in 2014 was calculated as of December 31, 2014). Out of concern that the minimum continuous 
                                                 
viii IBM MarketScan Research. Insight for Better Healthcare. https://marketscan.truvenhealth.com/marketscanportal/Portal.aspx  

https://marketscan.truvenhealth.com/marketscanportal/Portal.aspx
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enrollment requirement could affect the inclusion of infants (i.e., those under one year old), this population 
group has been left out of the charts depicting the proportions of individuals with DM by age. 
 
It is important to note that the BEST Initiative reviewed counts of individual patients who had a diagnosis 
code related to DM, rather than counts of diabetes cases. As such, counts relate to the first case 
potentially related to diabetes for an individual during a given surveillance period (e.g. January 1–
December 31, 2014), and individuals could only be counted once per surveillance period. This approach 
is in line with the objective to assess individuals who would be subject to the use of this algorithm iteration 
as an exclusion criterion. 
 
The BEST Initiative sought to assess whether the 2015 transition to ICD-10-CM and any associated 
changes in coding practices resulted in notable shifts in the frequency of diabetes. Figure 2 illustrates the 
proportion of the enrolled population with a diagnosis related to DM and suggests that the transition did 
not result in a substantial change to the proportion of individuals receiving a DM diagnosis. Meanwhile, 
the high proportion of individuals who received both an ICD-9-CM and an ICD-10-CM diagnosis for DM in 
2015 suggests that individuals tend to have multiple healthcare encounters for DM in the same calendar 
year.  
 

 
Figure 2. Proportion of patients with diabetes per 1,000 enrolled, by year (2014–2017). 
Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; 
ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical Modification. 
Note: In 2015, a patient could receive both an ICD-9-CM and an ICD-10-CM diagnosis, in the January–
September and October–December timeframe, respectively. 
 
Figure 3 presents counts of patients with DM, defined by ICD-9-CM codes and stratified by age category. 
Counts were calculated using a combined cohort of 33,216,843 patients who were continuously enrolled 
for at least one calendar year in 2014 or 2015. There were 2,181,355 individuals with at least one ICD-9-
CM code related to DM between January 1, 2014, and September 30, 2015, with an average age 
(calculated at the first event) of 57 years.  
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Figure 3. Patients with at least one ICD-9-CM diagnosis code for diabetes, January 1, 2014–
September 30, 2015, stratified by age. 
Abbreviation: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification. 
 
Figure 4 presents counts of patients with DM, defined by ICD-10-CM codes and stratified by age 
category. Counts were drawn from a cohort of 30,319,401 patients who were enrolled for at least one 
calendar year between 2015 and 2017. Among 2,521,170 individuals with at least one ICD-10-CM code 
related to DM between October 1, 2015, and December 31, 2017, the average age at first event was 56 
years. 
 

   
Figure 4. Patients with at least one ICD-10-CM diagnosis code for diabetes, October 1, 2015–
December 31, 2017, stratified by age. 
Abbreviation: ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical Modification. 
 
Figure 5 presents counts of patients with either an ICD-9-CM or an ICD-10-CM code potentially related to 
DM among a cohort of 41,172,696 individuals who were continuously enrolled for at least one calendar 
year between 2014 and 2017. Among 3,720,392 individuals (9.0% of entire cohort) who received a 
diagnosis code related to DM between January 1, 2014, and December 31, 2017, the average age was 
55 years. Absolute patient counts were highest in the 55–64 years age category. 
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Figure 5. Patients with at least one ICD-9-CM or ICD-10-CM diagnosis code for diabetes, January 1, 
2014–December 31, 2017, stratified by age. 
Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10-CM, 
International Classification of Diseases, Tenth Revision, Clinical Modification. 
 
The BEST Initiative also gathered age- and gender-specific counts of individuals with DM as well as the 
size of the enrolled population by age (between 1 and 100 years) and gender, using these figures to 
calculate age- and gender-specific proportions of individuals with DM. Patients 85 years or older were 
grouped to minimize the effect of unstable estimates due to the smaller enrolled population sizes 
available in this age range. The 41-million-patient cohort was used for this analysis, and individuals were 
not required to be enrolled for the full four-year period to be included in this analysis. Figure 6 
summarizes the proportion of the population with at least one ICD-9-CM or ICD-10-CM code related to 
DM (per 1,000 population enrolled in MarketScan Research Databases) between January 1, 2014, and 
December 31, 2017, by age and gender. Results suggest that the proportion of patients with DM 
increases with age and is highest among older males. The decrease in the proportion of individuals with 
DM at 65 years is believed to be a result of the query parameters, underestimating the proportion among 
individuals who moved from commercial insurance to Medicare. 
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Figure 6. Proportion of patients with at least one ICD-9-CM or ICD-10-CM diagnosis code for 
diabetes per 1,000 population, by gender (January 1, 2014–December 31, 2017). 
Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10-CM, 
International Classification of Diseases, Tenth Revision, Clinical Modification. 
* Out of concern that the minimum continuous enrollment requirement could affect the inclusion of infants (i.e., those 
under 1 year old), the proportion of those under 1 year old with diabetes has been excluded from the chart and 
marked as zero. 
 
The BEST Initiative also sought to assess whether there was notable variation in the proportion of 
patients with DM by calendar year of diagnosis. Figure 7 presents the annual proportions of patients with 
a diagnosis code related to DM for ages 1–85+ years. The results suggest that proportions were fairly 
consistent across calendar years. It should be noted that the proportions presented in Figure 7 are lower 
than those in Figure 6, since Figure 6 reports proportions of patients receiving a diagnosis at any point 
during 2014–2017 and Figure 7 reports proportions receiving a diagnosis in each individual year. 
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Figure 7. Proportion of patients with at least one ICD-9-CM or ICD-10-CM diagnosis code for 
diabetes per 1,000 population, by calendar year (January 1, 2014–December 31, 2017). 
Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10-CM, 
International Classification of Diseases, Tenth Revision, Clinical Modification. 
* Out of concern that the minimum continuous enrollment requirement could affect the inclusion of infants (i.e., those 
under 1 year old), the proportion of those under 1 year old experiencing diabetes has been excluded from the chart 
and marked as zero. 
 
Analyses were also conducted to test whether there was a temporal association in the reporting of 
diabetes diagnosis codes, according to the time of the year. To test for a temporal association, enrollment 
and diabetes encounter data for January 1–June 30 and July 1–December 31 were queried for each year. 
As presented in Table 5 and Figure 8, there did not appear to be a substantial difference in the 
proportion of patients with DM between the first and second halves of the year. The one exception was 
2016, when the proportion of patients with DM was lower in the second half of the year. 
 
Table 5. Counts and proportions of patients with diabetes*, defined by ICD-9-CM and ICD-10-CM 
codes, stratified by time of year (2014–2017). 

Description Calendar Year 
2014 2015 2016 2017 

January–June patient count 1,902,027 1,534,467 1,499,956 1,360,033 
July–December patient count 1,929,268 1,524,309 1,364,265 1,330,717 

January–June enrollment 31,110,014 24,094,695 23,531,649 21,656,153 
July–December enrollment 30,867,380 23,759,879 23,759,879 21,105,240 

January–June proportion (per 1,000 enrolled) 61.14 63.68 63.74 62.80 
July–December proportion (per 1,000 enrolled) 62.50 64.15 57.42 63.05 

Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10-CM, 
International Classification of Diseases, Tenth Revision, Clinical Modification. 
* Because a patient can be counted in both time periods when queries are run separately, whereas they would be 
counted only once when the query spans the full year, the sum of the proportions presented here exceeds those 
presented for full calendar years. 
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Figure 8. Proportion of patients with at least one ICD-9-CM or ICD-10-CM diagnosis code related to 
diabetes, stratified by time of year (2014–2017). 
Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10-CM, 
International Classification of Diseases, Tenth Revision, Clinical Modification. 

H2 Population Iteration 
 
The BEST Initiative also conducted ad hoc programming using the MarketScan Commercial Database to 
describe the Population Iteration of the DM algorithm. The algorithm was applied as outlined in Section 
F, using the study period of January 1, 2014, to September 30, 2018. As shown in Table 6, from among 
71,039,547 individuals who had at least one day of enrollment during the study period, 1,250,895 (1.8%) 
met the criteria for “any diabetes” (Step 4). Of these, there were 109,342 (8.7% of diabetes cohort) unique 
individuals with a T1DM diagnosis (Step 6) and 1,141,553 (91.3%) with a T2DM diagnosis (Step 7).  
  
Table 6. Attrition table for DM Population Iteration. 

Step Description Population 

0 Anyone that is enrolled at least 1 day, during 1/1/2014–9/30/2018, in the 
MarketScan Commercial Database         71,039,547  

1 Patients with any T1DM or T2DM codes (on any tab) during 1/1/2014–9/30/2018            4,531,797  
2 Population with Index code, note Index dateix            4,409,752  

3 Continuous enrolled for at least 730 days after the index date, allowing up to 45 
days gap            1,415,176  

3a Had ≥1 IP DM DX code                 247,458  

3b Had OP DM DX codes or prescriptions on separate days but no more than 730 
days apart            1,241,523  

4 Entire cohort (unique patients from 3a + 3b)            1,250,895  
5 T1DM:T2DM codes >0.5                 150,739  

5a No non-insulin/non-metformin antidiabetic drug                  105,701  
5b Glucagon dispensing                     35,884  

6 T1DM (unique patients from 5a + 5b)                 109,342  
7 T2DM (Entire cohort minus T1DM cohort)            1,141,553  

Abbreviations: DM: diabetes mellitus; DX: diagnosis; IP: inpatient; OP: outpatient T1DM: type 1 diabetes mellitus; 
T2DM: type 2 diabetes mellitus. 

                                                 
ix The “index date” refers to the date on which an individual received their first DM code (“index code”) and was used to assess 
whether individuals met the continuous enrollment requirement outlined in Step 3. 
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Analyses were also conducted assess the proportion of individuals with T1DM and T2DM by gender and 
age (Table 7). Among 34,629,662 males with at least one day of enrollment during the study period, 
57,548 (0.17%) met the criteria for T1DM and 582,705 (1.68%) met the criteria for T2DM. Of 36,409,885 
females with at least one day of enrollment during the study period, 51,794 (0.14%) met the criteria for 
T1DM and 558,848 (1.53%) met the criteria for T2DM.  
 
The proportion of the enrolled population with T1DM ranged from 0.09% to 0.23% across age groups 
(mean 38.5 years; standard deviation [SD] 16.4 years), whereas the proportion of patients with T2DM 
increased with age (mean 51.5 years; SD 8.6 years), with the highest proportion (5.15%) observed in the 
55–64-year-old age group. The 65+ age category was not included in this analysis given the sole focus 
on commercial claims data and concerns that movement of seniors to Medicare coverage could affect 
estimates. In the pediatric population (0–17-year age range), the percentage of the population with T1DM 
(0.09%) was more than four times the percentage of the population with T2DM (0.02%). In contrast, in the 
next older age range of young adults (18–34-year age range), the prevalence of T2DM was nearly twice 
as high (0.25%) as that of T1DM (0.13%). 
 
Table 7. Population characteristics for type 1 diabetes and type 2 diabetes populations in the 
MarketScan Commercial Database. 

  Enrolled 
Population 

T1DM 
(Count) 

T1DM (% of 
Population) 

T2DM 
(Count) 

T2DM (% of 
Population) 

Population with at least 1 day of 
enrollment during 1/1/2014–
9/30/2018    71,039,547       109,342  0.15  1,141,553  1.61 
Gender 

Male    34,629,662   57,548  0.17       582,705  1.68 
Female    36,409,885         51,794  0.14       558,848  1.53 

Age (Years) 
0–17    17,696,012         16,433  0.09          2,817  0.02 
18–34    20,748,479         26,360  0.13        52,273  0.25 
35–44    11,062,699         18,681  0.17       164,877  1.49 
45–54    11,474,873         24,668  0.21       403,773  3.52 
55–64    10,057,484         23,200  0.23       517,813  5.15 

Abbreviations: T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus. 

I Discussion and Conclusion 
 
The objective of this review was to identify and describe validated methods of identifying individuals with 
DM using administrative claims data. A comprehensive literature review found numerous U.S. studies 
using ICD-9-CM codes, as well as a few studies that used ICD-10, ICD-10-CA (the Canadian 
modification), and ICD-10-CM coding standards. Insights from 18 high-quality validation studies were 
leveraged to develop three algorithm iterations that combined ICD-9-CM and ICD-10-CM coding 
standards with prescription and procedural codes. 
 
Use of ICD codes (with or without use of prescription data) to identify cohorts of patients with DM has 
been successfully applied to claims data in a number of studies, generally yielding strong measures of 
validation performance with a reported range of 54–99% for sensitivity, 47–99.9% for specificity, and 54–
99% for PPV (Table 2). Factors affecting performance in the reviewed studies included population 
characteristics, the number and type of datasets being used (such as outpatient and inpatient), and 
whether prescription and/or laboratory codes being considered. The high degree of consistency in the 
ICD codes selected for inclusion in algorithms to identify DM suggests that they can be applied with a 
fairly high degree of reliability. Studies using both inpatient and outpatient data seemed to perform better 
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than those that used data from a single health care setting. A number of studies provided results based 
on the differential performance of algorithms that included or excluded clinical or laboratory data (such as 
fasting plasma glucose) and found that such variables could be excluded with no significant impact to the 
diagnostic accuracy of the algorithm. 
 
The results of the review also suggest that ICD diagnosis coding performs well at identifying individuals 
with T1DM and T2DM. Use of the ratio method to distinguish between T1DM and T2DM resulted in a 
diagnostic accuracy for T1DM that ranged from 86% to 96% for sensitivity, from 91% to 92% for 
specificity, and from 89% to 98% for PPV (Table 3). Similar to the general diabetes studies, factors 
affecting performance in the type-specific studies included starting population and prescription and/or 
laboratory codes being considered. 
 
In an effort to expand the flexibility of algorithm for future use, three iterations of the diabetes algorithm 
were developed on the basis of literature review findings. Versions of the algorithm can be applied (1) as 
a covariate or exclusion criterion in efforts to remove individuals who may have DM from the study 
population, (2) to identify individuals with T1DM or T2DM from among a cohort of diabetic individuals, and 
(3) to identify individuals who developed T1DM, T2DM, secondary diabetes, or other diabetes as an 
outcome of clinical care or therapy. Algorithms were mapped from ICD-9-CM to ICD-10-CM via forward–
backward mapping and refined through consultation with clinical subject matter experts.  
 
The BEST Initiative tested the feasibility of use for the three algorithm iterations and conducted some 
initial analyses describing the epidemiology of DM among an insured population in the United States. The 
Exclusion Criterion/Covariate Iteration was tested to examine the proportion and characteristics of the 
population that would be captured under this definition. Results suggest that approximately 76.79–78.76 
individuals per 1,000 would meet the criteria for this iteration, with an average age of 55 years and a 
higher proportion of men than women in the cohort. Data suggest that the proportion of individuals 
meeting the criteria for this definition remained fairly sable over time, including following the 2015 
transition from ICD-9-CM to ICD-10-CM. 
 
The Population Iteration was applied to analyze the characteristics of the T1DM and T2DM populations in 
data from the MarketScan Commercial Database. Among a cohort of 71,039,547 patients, 109,342 
(0.2%) met the criteria for T1DM and 1,141,553 (1.6%) met the criteria for T2DM. Of those with T1DM, 
52.6% were male, and 51.1% of those with T2DM were male. The average age of those with T1DM and 
T2DM was 38.5 (SD 16.4 years) and 51.5 (SD 8.6 years) years, respectively. 
 
Code-specific queries for each diagnosis code included in the Outcome Iteration were run for 2014–2017 
to estimate the number of individuals who could be associated with each diagnosis code for T1DM, 
T2DM, secondary diabetes, and other diabetes. The results are presented in Appendix A and suggest 
that codes for DM without complications are the most frequently reported. Of the diabetes categories 
considered, T2DM codes were the most frequently reported, with 3,500,744 individuals having at least 
one ICD-9-CM or ICD-10-CM diagnosis related to T2DM between 2014 and 2017; this was followed by 
T1DM (354,579 individuals), other diabetes (270,337 individuals), and secondary diabetes (109,150 
individuals). 
 
Results of these analyses are generally aligned with those of previous studies. According to data from the 
National Health and Nutrition Examination Survey, individuals with DM have an average age of 55 
years.32 T1DM, meanwhile, is the most common chronic disease in childhood in the United States, 
affecting 1 in every 518 individuals under 20 years of age in 2009.33 The overall prevalence of T1DM is 
slightly higher in males than in females, and the prevalence increases with age. Each year, an estimated 
18,000 new cases of T1DM occur in the United States.33 Data from diabetes registries suggest that the 
incidence of T1DM increased at a relative rate of 2.7% per year between 2002 and 2009.33 The 
prevalence of T2DM in the United States is also on the rise. Although the prevalence of T2DM is similar in 
men (10%) and women (9%) among all adults at least 20 years old, gender differences widen within the 
45–64 year old age category.34 
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There are several limitations of this review that should be considered when interpreting findings. First, the 
wide range of performance on measures of validity reported for diabetes and type-specific diabetes 
shows the degree to which performance is dependent on factors such as population characteristics, 
health care settings, databases that were used, and the specifics of the algorithm and case definition. The 
success of the algorithm will be dependent on coding practices that may vary in different settings, as well 
as differences in management that may affect the use of laboratory tests as well as prescription use of 
glucagon and urine test strip. Furthermore, the accuracy of chart reviews used in the validation process is 
dependent on physician documentation, availability of records, and the accuracy of coding, which can 
vary across settings. It should not be assumed that the performance measures reported are directly 
transferrable to the algorithms proposed, and further chart validation studies may be of value.  
 
Limitations to the algorithm iteration include a potential source of bias related to secondary DM, which 
can be a lifelong condition that results in patients becoming insulin-deficient and needing treatment that 
can cause misclassification as T2DM. This limitation was viewed as unavoidable but should be noted in 
subsequent use of the algorithm. Similarly, drug-induced diabetes can be transient in nature, with cases 
resolving after discontinuation. As a result, the requirement for two diagnosis codes in the outpatient 
setting (as opposed to one in the inpatient setting) could improperly exclude a small number of cases. It 
was decided that the specificity of the algorithm would be prioritized over this small risk. It has also been 
suggested that rare forms of DM are often poorly coded in diagnosis codes, meaning that more 
uncommon forms (such as secondary and other diabetes), may be underestimated.7 
 
The descriptive analyses were intended to demonstrate some of the analyses that could be conducted 
using the algorithm iterations and were designed to present high-level, descriptive analyses. The 
MarketScan Research Databases study population was comprised mostly of commercially insured 
individuals and is likely not representative of the entire U.S population. Results should be viewed as 
exploratory in nature and additional studies would be required to confirm any patterns observed. Also, the 
decision to ignore rule-out diagnoses — such as would be associated with an A1C lab test to rule out that 
diabetes was present — likely resulted in an overestimation of the frequency of diabetes for the Exclusion 
Criterion/Covariate Iteration (Section H1) and Outcome Iteration code-specific queries (Appendix A). As 
an initial test of the impact of such diagnoses, the BEST Initiative queried the Exclusion 
Criterion/Covariate Iteration in MarketScan Research Databases; when ignoring rule-out diagnoses, the 
number of individuals meeting the criteria for this iteration between 2014 and 2017 decreased 10.6%. 
Last, all trends reported were based on visual inspection of charts, and analyses of statistical significance 
should be conducted to explore potential associations further. 
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Appendix A. Individual Code Counts for Diabetes Outcome Algorithm 
 
As part of the initial tests of the proposed diabetes algorithms, the Biologics Effectiveness and Safety 
(BEST) Sentinel Initiative ran code-specific queries on a large patient dataset to assess the number of 
patients with each diagnosis code proposed for inclusion. This was done to identify what codes were 
likely to account for the majority of the results being returned. To avoid duplication, only one algorithm 
iteration was selected for code-specific queries. It was decided that the codes included in the Outcome 
Iteration would be most informative, because they included codes for secondary and other diabetes. 
Codes that were excluded from the Outcome Iteration but included in the Exclusion Criterion/Covariate 
Iteration, such as gestational diabetes, are provided in a separate section of this appendix (Appendix A5). 
 
The most frequently reported codes for each diabetes type (type 1 diabetes mellitus [T1DM], type 2 
diabetes mellitus [T2DM], secondary, and other) are highlighted for emphasis. An arbitrary threshold of 
≥10% of total count was used to define a frequently used code. It should be noted that a transition to a 
higher number of codes in the International Classification of Diseases, Tenth Revision, Clinical 
Modification (ICD-10-CM) could obscure frequently used codes relative to ICD-9-CM, although this 
analysis is simply meant to inform a general overview of the most frequently used codes. Researchers 
used the MarketScan Research Databases (Commercial, Medicare Supplemental), accessed via the 
Treatment Pathways platform, to query the past four years of available data (January 1, 2014–December 
31, 2017). In 2014, there were 28,407,959 patients enrolled for the entire year; 22,117,235 in 2015; 
21,616,367 in 2016; 19,802,253 in 2017; and 41,172,696 for at least one calendar year in 2014–2017.  
 
The transition from the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) to ICD-10-CM occurred October 1, 2015. No ICD-9-CM codes were queried after this date, and no 
ICD-10-CM codes were queried before this date. Also, some ICD-10-CM codes included in the algorithm 
became active in 2017 and are not reported in 2015 or 2016. These codes are highlighted in blue in each 
table. The coding standard-specific subtotal rows were calculated by querying all of the codes for a 
particular coding standard together. The “2014–2017 (Count)” column was calculated by querying the 
individual code in a cohort of patients who were enrolled for at least one calendar year between 2014 and 
2017.  
 
Subtotal rows and the 2014–2017 columns may be smaller than the sum of individual cells because 
patients with multiple codes in a single year and with more than one of the same diagnosis codes in 
different years will only be counted once in these rows and columns. As a result, the sum of all “% of 
Total” cells in a single column may exceed 100%. Meanwhile, the “2014–2017 (Count)” cells may also 
exceed the sum of individual cells in that row, as queries were run on a larger patient cohort than each 
individual year. 
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A1. Type 1 Diabetes Mellitus 
 
Code-specific query results for T1DM are presented in Table A.1.1. Codes for T1DM without mention of complication (ICD-9-CM codes 250.01, 
250.03; ICD-10-CM E10.9) and T1DM with hyperglycemia (ICD-10-CM code E10.65) appear to be reported most frequently. 
 
Table A.1.1. Annual patient counts and proportions for ICD-9-CM and ICD-10-CM diagnosis codes proposed for inclusion in the T1DM 
category (2014–2017). 

Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

ICD-9-CM 

250.01 
Diabetes mellitus without mention of 
complication, type I [juvenile type], not stated 
as uncontrolled 187,600 70.9 127,474 61.4 

 

251,954 52.2 

250.03 
Diabetes mellitus without mention of 
complication, type I [juvenile type], 
uncontrolled 83,858 31.7 58,604 28.2 111,976 23.2 

250.11 Diabetes with ketoacidosis, type I [juvenile 
type], not stated as uncontrolled 3,940 1.5 2,535 1.2 6,607 1.4 

250.13 Diabetes with ketoacidosis, type I [juvenile 
type], uncontrolled 7,905 3.0 5,002 2.4 13,064 2.7 

250.21 Diabetes with hyperosmolarity, type I [juvenile 
type], not stated as uncontrolled 434 0.2 297 0.1 739 0.2 

250.23 Diabetes with hyperosmolarity, type I [juvenile 
type], uncontrolled 352 0.1 214 0.1 572 0.1 

250.31 Diabetes with other coma, type I [juvenile 
type], not stated as uncontrolled 648 0.2 458 0.2 952 0.2 

250.33 Diabetes with other coma, type I [juvenile 
type], uncontrolled 370 0.1 225 0.1 573 0.1 

250.41 Diabetes with renal manifestations, type I 
[juvenile type], not stated as uncontrolled 5,827 2.2 4,296 2.1 8,935 1.8 

250.43 Diabetes with renal manifestations, type I 
[juvenile type], uncontrolled 4,638 1.8 3,166 1.5 6,560 1.4 

250.51 Diabetes with ophthalmic manifestations, type 
I [juvenile type], not stated as uncontrolled 21,926 8.3 14,317 6.9 31,490 6.5 

250.53 Diabetes with ophthalmic manifestations, type 
I [juvenile type], uncontrolled 6,276 2.4 4,330 2.1 8,913 1.8 

250.61 
Diabetes with neurological manifestations, 
type I [juvenile type], not stated as 
uncontrolled 19,478 7.4 13,388 6.5 28,722 5.9 

250.63 Diabetes with neurological manifestations, 
type I [juvenile type], uncontrolled 8,106 3.1 5,607 2.7 11,679 2.4 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

250.71 
Diabetes with peripheral circulatory disorders, 
type I [juvenile type], not stated as 
uncontrolled 7,060 2.7 4,592 2.2 10,226 2.1 

250.73 Diabetes with peripheral circulatory disorders, 
type I [juvenile type], uncontrolled 1,683 0.6 1,065 0.5 2,480 0.5 

250.81 
Diabetes with other specified manifestations, 
type I [juvenile type], not stated as 
uncontrolled 14,071 5.3 11,213 5.4 20,395 4.2 

250.83 Diabetes with other specified manifestations, 
type I [juvenile type], uncontrolled 5,860 2.2 3,991 1.9 8,419 1.7 

250.91 Diabetes with unspecified complication, type I 
[juvenile type], not stated as uncontrolled 12,422 4.7 8,508 4.1 16,541 3.4 

250.93 Diabetes with unspecified complication, type I 
[juvenile type], uncontrolled 3,749 1.4 2,258 1.1 5,472 1.1 

ICD-9-CM 
Subtotal 

 
264,420 100.0 183,521 88.4 349,169 72.3 

ICD-10-CM 
E10.10 Type 1 diabetes mellitus with ketoacidosis 

without coma 

 

2,714 1.3 8,318 4.8 7,291 5.0 17,939 3.7 

E10.11 Type 1 diabetes mellitus with ketoacidosis 
with coma 168 0.1 494 0.3 425 0.3 1,125 0.2 

E10.21 Type 1 diabetes mellitus with diabetic 
nephropathy 2,269 1.1 4,827 2.8 3,973 2.7 8,714 1.8 

E10.22 Type 1 diabetes mellitus with diabetic chronic 
kidney disease 1,440 0.7 4,278 2.5 4,885 3.3 9,070 1.9 

E10.29 Type 1 diabetes mellitus with other diabetic 
kidney complication 1,700 0.8 3,362 1.9 2,867 2.0 6,294 1.3 

E10.311 Type 1 diabetes mellitus with unspecified 
diabetic retinopathy with macular edema 607 0.3 1,333 0.8 1,043 0.7 2,566 0.5 

E10.319 Type 1 diabetes mellitus with unspecified 
diabetic retinopathy without macular edema 2,287 1.1 5,495 3.2 4,364 3.0 9,971 2.1 

E10.3211 
Type 1 diabetes mellitus with mild 
nonproliferative diabetic retinopathy with 
macular edema, right eye 0 0.0 3 0.0 152 0.1 167 0.0 

E10.3212 
Type 1 diabetes mellitus with mild 
nonproliferative diabetic retinopathy with 
macular edema, left eye 0 0.0 2 0.0 85 0.1 153 0.0 

E10.3213 
Type 1 diabetes mellitus with mild 
nonproliferative diabetic retinopathy with 
macular edema, bilateral 0 0.0 4 0.0 283 0.2 307 0.1 

E10.3219 
Type 1 diabetes mellitus with mild 
nonproliferative diabetic retinopathy with 
macular edema, unspecified eye 0 0.0 4 0.0 78 0.1 87 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E10.3291 
Type 1 diabetes mellitus with mild 
nonproliferative diabetic retinopathy without 
macular edema, right eye 0 0.0 15 0.0 441 0.3 477 0.1 

E10.3292 
Type 1 diabetes mellitus with mild 
nonproliferative diabetic retinopathy without 
macular edema, left eye 0 0.0 6 0.0 371 0.3 403 0.1 

E10.3293 
Type 1 diabetes mellitus with mild 
nonproliferative diabetic retinopathy without 
macular edema, bilateral 0 0.0 35 0.0 2,243 1.5 2,382 0.5 

E10.3299 
Type 1 diabetes mellitus with mild 
nonproliferative diabetic retinopathy without 
macular edema, unspecified eye 0 0.0 43 0.0 742 0.5 804 0.2 

E10.3311 
Type 1 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy with 
macular edema, right eye 0 0.0 3 0.0 166 0.1 183 0.0 

E10.3312 
Type 1 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy with 
macular edema, left eye 0 0.0 1 0.0 153 0.1 168 0.0 

E10.3313 
Type 1 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy with 
macular edema, bilateral 0 0.0 1 0.0 294 0.2 320 0.1 

E10.3319 
Type 1 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy with 
macular edema, unspecified eye 0 0.0 3 0.0 22 0.0 28 0.0 

E10.3391 
Type 1 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy without 
macular edema, right eye 0 0.0 3 0.0 140 0.1 153 0.0 

E10.3392 
Type 1 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy without 
macular edema, left eye 0 0.0 3 0.0 146 0.1 159 0.0 

E10.3393 
Type 1 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy without 
macular edema, bilateral 0 0.0 4 0.0 458 0.3 489 0.1 

E10.3399 
Type 1 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy without 
macular edema, unspecified eye 0 0.0 4 0.0 103 0.1 108 0.0 

E10.3411 
Type 1 diabetes mellitus with severe 
nonproliferative diabetic retinopathy with 
macular edema, right eye 0 0.0 1 0.0 84 0.1 86 0.0 

E10.3412 
Type 1 diabetes mellitus with severe 
nonproliferative diabetic retinopathy with 
macular edema, left eye 0 0.0 1 0.0 64 0.0 67 0.0 

E10.3413 
Type 1 diabetes mellitus with severe 
nonproliferative diabetic retinopathy with 
macular edema, bilateral 0 0.0 2 0.0 122 0.1 135 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E10.3419 
Type 1 diabetes mellitus with severe 
nonproliferative diabetic retinopathy with 
macular edema, unspecified eye 0 0.0 0 0.0 9 0.0 10 0.0 

E10.3491 
Type 1 diabetes mellitus with severe 
nonproliferative diabetic retinopathy without 
macular edema, right eye 0 0.0 2 0.0 58 0.0 60 0.0 

E10.3492 
Type 1 diabetes mellitus with severe 
nonproliferative diabetic retinopathy without 
macular edema, left eye 0 0.0 1 0.0 41 0.0 47 0.0 

E10.3493 
Type 1 diabetes mellitus with severe 
nonproliferative diabetic retinopathy without 
macular edema, bilateral 0 0.0 1 0.0 114 0.1 121 0.0 

E10.3499 
Type 1 diabetes mellitus with severe 
nonproliferative diabetic retinopathy without 
macular edema, unspecified eye 0 0.0 1 0.0 31 0.0 32 0.0 

E10.3511 
Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with macular edema, right 
eye 0 0.0 5 0.0 432 0.3 468 0.1 

E10.3512 
Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with macular edema, left 
eye 0 0.0 8 0.0 418 0.3 443 0.1 

E10.3513 
Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with macular edema, 
bilateral 0 0.0 10 0.0 803 0.5 860 0.2 

E10.3519 
Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with macular edema, 
unspecified eye 0 0.0 3 0.0 74 0.1 90 0.0 

E10.3521 
Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment involving the macula, right eye 0 0.0 0 0.0 40 0.0 43 0.0 

E10.3522 
Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment involving the macula, left eye 0 0.0 0 0.0 43 0.0 45 0.0 

E10.3523 
Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment involving the macula, bilateral 0 0.0 0 0.0 19 0.0 21 0.0 

E10.3529 

Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment involving the macula, unspecified 
eye 0 0.0 0 0.0 2 0.0 2 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E10.3531 

Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment not involving the macula, right 
eye 0 0.0 0 0.0 43 0.0 46 0.0 

E10.3532 
Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment not involving the macula, left eye 0 0.0 1 0.0 32 0.0 33 0.0 

E10.3533 
Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment not involving the macula, bilateral 0 0.0 1 0.0 27 0.0 29 0.0 

E10.3539 

Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment not involving the macula, 
unspecified eye 0 0.0 0 0.0 8 0.0 9 0.0 

E10.3541 

Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with combined traction 
retinal detachment and rhegmatogenous 
retinal detachment, right eye 0 0.0 0 0.0 16 0.0 18 0.0 

E10.3542 

Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with combined traction 
retinal detachment and rhegmatogenous 
retinal detachment, left eye 0 0.0 0 0.0 7 0.0 10 0.0 

E10.3543 

Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with combined traction 
retinal detachment and rhegmatogenous 
retinal detachment, bilateral 0 0.0 0 0.0 3 0.0 3 0.0 

E10.3549 

Type 1 diabetes mellitus with proliferative 
diabetic retinopathy with combined traction 
retinal detachment and rhegmatogenous 
retinal detachment, unspecified eye 0 0.0 0 0.0 1 0.0 1 0.0 

E10.3551 Type 1 diabetes mellitus with stable 
proliferative diabetic retinopathy, right eye 0 0.0 4 0.0 66 0.0 69 0.0 

E10.3552 Type 1 diabetes mellitus with stable 
proliferative diabetic retinopathy, left eye 0 0.0 1 0.0 64 0.0 73 0.0 

E10.3553 Type 1 diabetes mellitus with stable 
proliferative diabetic retinopathy, bilateral 0 0.0 5 0.0 315 0.2 347 0.1 

E10.3559 
Type 1 diabetes mellitus with stable 
proliferative diabetic retinopathy, unspecified 
eye 0 0.0 0 0.0 23 0.0 24 0.0 

E10.3591 
Type 1 diabetes mellitus with proliferative 
diabetic retinopathy without macular edema, 
right eye 0 0.0 8 0.0 446 0.3 480 0.1 

E10.3592 
Type 1 diabetes mellitus with proliferative 
diabetic retinopathy without macular edema, 
left eye 0 0.0 10 0.0 452 0.3 484 0.1 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E10.3593 
Type 1 diabetes mellitus with proliferative 
diabetic retinopathy without macular edema, 
bilateral 0 0.0 20 0.0 1,296 0.9 1,383 0.3 

E10.3599 
Type 1 diabetes mellitus with proliferative 
diabetic retinopathy without macular edema, 
unspecified eye 0 0.0 29 0.0 352 0.2 392 0.1 

E10.36 Type 1 diabetes mellitus with diabetic cataract 175 0.1 422 0.2 468 0.3 974 0.2 

E10.37X1 Type 1 diabetes mellitus with diabetic macular 
edema, resolved following treatment, right eye 0 0.0 0 0.0 20 0.0 20 0.0 

E10.37X2 Type 1 diabetes mellitus with diabetic macular 
edema, resolved following treatment, left eye 0 0.0 0 0.0 9 0.0 9 0.0 

E10.37X3 Type 1 diabetes mellitus with diabetic macular 
edema, resolved following treatment, bilateral 0 0.0 0 0.0 26 0.0 27 0.0 

E10.37X9 
Type 1 diabetes mellitus with diabetic macular 
edema, resolved following treatment, 
unspecified eye 0 0.0 0 0.0 2 0.0 3 0.0 

E10.39 Type 1 diabetes mellitus with other diabetic 
ophthalmic complication 1,517 0.7 2,663 1.5 1,789 1.2 4,785 1.0 

E10.40 Type 1 diabetes mellitus with diabetic 
neuropathy, unspecified 4,988 2.4 9,791 5.7 7,907 5.4 18,166 3.8 

E10.41 Type 1 diabetes mellitus with diabetic 
mononeuropathy 675 0.3 944 0.5 672 0.5 1,938 0.4 

E10.42 Type 1 diabetes mellitus with diabetic 
polyneuropathy 3,877 1.9 8,872 5.1 8,298 5.7 16,538 3.4 

E10.43 Type 1 diabetes mellitus with diabetic 
autonomic (poly)neuropathy 691 0.3 1,854 1.1 1,950 1.3 3,835 0.8 

E10.44 Type 1 diabetes mellitus with diabetic 
amyotrophy 54 0.0 106 0.1 94 0.1 241 0.0 

E10.49 Type 1 diabetes mellitus with other diabetic 
neurological complication 1,151 0.6 2,432 1.4 1,717 1.2 4,195 0.9 

E10.51 Type 1 diabetes mellitus with diabetic 
peripheral angiopathy without gangrene 1,549 0.7 3,060 1.8 2,455 1.7 5,753 1.2 

E10.52 Type 1 diabetes mellitus with diabetic 
peripheral angiopathy with gangrene 105 0.1 283 0.2 264 0.2 684 0.1 

E10.59 Type 1 diabetes mellitus with other circulatory 
complications 888 0.4 1,924 1.1 1,506 1.0 3,671 0.8 

E10.610 Type 1 diabetes mellitus with diabetic 
neuropathic arthropathy 205 0.1 495 0.3 435 0.3 989 0.2 

E10.618 Type 1 diabetes mellitus with other diabetic 
arthropathy 126 0.1 284 0.2 242 0.2 603 0.1 

E10.620 Type 1 diabetes mellitus with diabetic 
dermatitis 52 0.0 117 0.1 120 0.1 267 0.1 

E10.621 Type 1 diabetes mellitus with foot ulcer 843 0.4 2,076 1.2 1,823 1.2 4,435 0.9 
E10.622 Type 1 diabetes mellitus with other skin ulcer 139 0.1 355 0.2 319 0.2 815 0.2 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E10.628 Type 1 diabetes mellitus with other skin 
complications 104 0.1 388 0.2 389 0.3 893 0.2 

E10.630 Type 1 diabetes mellitus with periodontal 
disease 10 0.0 28 0.0 24 0.0 61 0.0 

E10.638 Type 1 diabetes mellitus with other oral 
complications 8 0.0 26 0.0 38 0.0 74 0.0 

E10.641 Type 1 diabetes mellitus with hypoglycemia 
with coma 80 0.0 226 0.1 208 0.1 474 0.1 

E10.649 Type 1 diabetes mellitus with hypoglycemia 
without coma 2,726 1.3 9,180 5.3 9,886 6.7 17,910 3.7 

E10.65 Type 1 diabetes mellitus with hyperglycemia 41,366 19.9 68,394 39.6 61,965 42.3 110,787 22.9 

E10.69 Type 1 diabetes mellitus with other specified 
complication 6,293 3.0 10,725 6.2 9,582 6.5 17,910 3.7 

E10.8 Type 1 diabetes mellitus with unspecified 
complications 8,622 4.2 16,339 9.5 14,457 9.9 29,848 6.2 

E10.9 Type 1 diabetes mellitus without 
complications 76,486 36.9 122,126 70.7 102,398 69.9 203,502 42.1 

ICD-10-CM 
Subtotal 

 
118,470 57.1 172,686 100.0 146,571 100.0 282,464 58.5 

T1DM 
Total 

 
264,420 100.0 207,493 100.0 172,686 100.0 146,571 100.0 100.0 100.0 

Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical 
Modification. 
Note: Codes highlighted in yellow represent those that accounted for at least 10% of the overall count among the 2014–2017 cohort, and those highlighted in blue are ICD-10-CM 
codes that were added in 2017. 
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A2. Type 2 Diabetes Mellitus 
 
Code-specific query results for T2DM are presented in Table A.2.1. Codes for T2DM without mention of complication (ICD-9-CM codes 250.00, 
250.02; ICD-10-CM E11.9) and T2DM with hyperglycemia (ICD-10-CM code E11.65) appear to be reported most frequently. 
 
Table A.2.1. Annual patient counts and proportions for ICD-9-CM and ICD-10-CM diagnosis codes proposed for inclusion in the T2DM 
category (2014–2017). 

Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017  
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
 (% of 
Total) 

ICD-9-CM 

250.00 
Diabetes mellitus without mention of 
complication, type II or unspecified type, 
not stated as uncontrolled  1,876,700 90.4 1,356,491 81.8 

  

2,408,961 68.8 

250.02 
Diabetes mellitus without mention of 
complication, type II or unspecified type, 
uncontrolled  558,194 26.9 389,580 23.5 768,481 22.0 

250.10 
Diabetes with ketoacidosis, type II or 
unspecified type, not stated as 
uncontrolled  12,524 0.6 7,668 0.5 20,390 0.6 

250.12 Diabetes with ketoacidosis, type II or 
unspecified type, uncontrolled  5,308 0.3 3,661 0.2 9,385 0.3 

250.20 
Diabetes with hyperosmolarity, type II or 
unspecified type, not stated as 
uncontrolled  4,370 0.2 2,994 0.2 7,470 0.2 

250.22 Diabetes with hyperosmolarity, type II or 
unspecified type, uncontrolled  2,616 0.1 1,684 0.1 4,301 0.1 

250.30 
Diabetes with other coma, type II or 
unspecified type, not stated as 
uncontrolled 1,132 0.1 1,278 0.1 2,410 0.1 

250.32 Diabetes with other coma, type II or 
unspecified type, uncontrolled 343 0.0 312 0.0 659 0.0 

250.40 
Diabetes with renal manifestations, type II 
or unspecified type, not stated as 
uncontrolled  77,355 3.7 64,654 3.9 119,014 3.4 

250.42 Diabetes with renal manifestations, type II 
or unspecified type, uncontrolled  36,868 1.8 27,049 1.6 53,830 1.5 

250.50 
Diabetes with ophthalmic manifestations, 
type II or unspecified type, not stated as 
uncontrolled  128,708 6.2 87,725 5.3 184,812 5.3 

250.52 Diabetes with ophthalmic manifestations, 
type II or unspecified type, uncontrolled  20,397 1.0 14,888 0.9 31,054 0.9 

250.60 
Diabetes with neurological manifestations, 
type II or unspecified type, not stated as 
uncontrolled  174,620 8.4 133,531 8.1 257,427 7.4 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017  
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
 (% of 
Total) 

250.62 Diabetes with neurological manifestations, 
type II or unspecified type, uncontrolled  50,119 2.4 37,238 2.2 75,132 2.1 

250.70 
Diabetes with peripheral circulatory 
disorders, type II or unspecified type, not 
stated as uncontrolled  55,583 2.7 39,358 2.4 80,540 2.3 

250.72 
Diabetes with peripheral circulatory 
disorders, type II or unspecified type, 
uncontrolled  12,268 0.6 8,272 0.5 18,282 0.5 

250.80 
Diabetes with other specified 
manifestations, type II or unspecified type, 
not stated as uncontrolled  70,455 3.4 57,559 3.5 119,896 3.4 

250.82 
Diabetes with other specified 
manifestations, type II or unspecified type, 
uncontrolled  17,620 0.8 12,512 0.8 28,344 0.8 

250.90 
Diabetes with unspecified complication, 
type II or unspecified type, not stated as 
uncontrolled  40,860 2.0 35,351 2.1 65,730 1.9 

250.92 Diabetes with unspecified complication, 
type II or unspecified type, uncontrolled  20,960 1.0 13,714 0.8 31,378 0.9 

362.01 Background diabetic retinopathy  71,279 3.4 45,758 2.8 103,403 3.0 
362.02 Proliferative diabetic retinopathy  33,371 1.6 23,783 1.4 45,683 1.3 
362.03 Nonproliferative diabetic retinopathy NOS  11,237 0.5 8,176 0.5 17,493 0.5 
362.04 Mild nonproliferative diabetic retinopathy  26,444 1.3 19,895 1.2 41,945 1.2 

362.05 Moderate nonproliferative diabetic 
retinopathy  13,038 0.6 9,723 0.6 19,659 0.6 

362.06 Severe nonproliferative diabetic 
retinopathy  4,305 0.2 3,232 0.2 6,692 0.2 

362.07 Diabetic macular edema  30,239 1.5 23,866 1.4 43,962 1.3 
366.41 Diabetic cataract 2,055 0.1 1,444 0.1 3,327 0.1 
ICD-9-CM 
Subtotal 

  
2,075,122 100.0 1,528,883 92.2 2,624,447 75.0 

ICD-10-CM 

E11.00 
Type 2 diabetes mellitus with 
hyperosmolarity without nonketotic 
hyperglycemic-hyperosmolar coma 

  

3,079 0.2 9,267 0.6 10,728 0.7 21,854 0.6 

E11.01 Type 2 diabetes mellitus with 
hyperosmolarity with coma  391 0.0 1,159 0.1 1,243 0.1 2,911 0.1 

E11.10 Type 2 diabetes mellitus with ketoacidosis 
without coma 0 0.0 0 0.0 1,373 0.1 1,431 0.0 

E11.11 Type 2 diabetes mellitus with ketoacidosis 
with coma 0 0.0 0 0.0 55 0.0 59 0.0 

E11.21 Type 2 diabetes mellitus with diabetic 
nephropathy  25,261 1.5 57,854 3.6 51,381 3.6 103,294 3.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017  
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
 (% of 
Total) 

E11.22 Type 2 diabetes mellitus with diabetic 
chronic kidney disease  23,473 1.4 74,844 4.7 89,832 6.2 150,187 4.3 

E11.29 Type 2 diabetes mellitus with other 
diabetic kidney complication  22,073 1.3 44,922 2.8 37,034 2.6 79,419 2.3 

E11.311 Type 2 diabetes mellitus with unspecified 
diabetic retinopathy with macular edema 3,917 0.2 8,055 0.5 5,201 0.4 14,689 0.4 

E11.319 
Type 2 diabetes mellitus with unspecified 
diabetic retinopathy without macular 
edema 11,566 0.7 29,571 1.8 21,547 1.5 53,541 1.5 

E11.3211 
Type 2 diabetes mellitus with mild 
nonproliferative diabetic retinopathy with 
macular edema, right eye 0 0.0 23 0.0 1,255 0.1 1,340 0.0 

E11.3212 
Type 2 diabetes mellitus with mild 
nonproliferative diabetic retinopathy with 
macular edema, left eye 0 0.0 26 0.0 1,186 0.1 1,255 0.0 

E11.3213 
Type 2 diabetes mellitus with mild 
nonproliferative diabetic retinopathy with 
macular edema, bilateral 0 0.0 33 0.0 2,179 0.2 2,317 0.1 

E11.3219 
Type 2 diabetes mellitus with mild 
nonproliferative diabetic retinopathy with 
macular edema, unspecified eye 0 0.0 11 0.0 383 0.0 415 0.0 

E11.3291 
Type 2 diabetes mellitus with mild 
nonproliferative diabetic retinopathy 
without macular edema, right eye 0 0.0 52 0.0 3,232 0.2 3,443 0.1 

E11.3292 
Type 2 diabetes mellitus with mild 
nonproliferative diabetic retinopathy 
without macular edema, left eye 0 0.0 40 0.0 2,846 0.2 3,031 0.1 

E11.3293 
Type 2 diabetes mellitus with mild 
nonproliferative diabetic retinopathy 
without macular edema, bilateral 0 0.0 196 0.0 14,070 1.0 14,965 0.4 

E11.3299 
Type 2 diabetes mellitus with mild 
nonproliferative diabetic retinopathy 
without macular edema, unspecified eye 0 0.0 122 0.0 3,232 0.2 3,537 0.1 

E11.3311 
Type 2 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy with 
macular edema, right eye 0 0.0 30 0.0 2,060 0.1 2,213 0.1 

E11.3312 
Type 2 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy with 
macular edema, left eye 0 0.0 29 0.0 1,930 0.1 2,058 0.1 

E11.3313 
Type 2 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy with 
macular edema, bilateral 0 0.0 43 0.0 3,329 0.2 3,566 0.1 

E11.3319 
Type 2 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy with 
macular edema, unspecified eye 0 0.0 11 0.0 182 0.0 207 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017  
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
 (% of 
Total) 

E11.3391 
Type 2 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy 
without macular edema, right eye 0 0.0 22 0.0 1,185 0.1 1,272 0.0 

E11.3392 
Type 2 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy 
without macular edema, left eye 0 0.0 19 0.0 1,090 0.1 1,184 0.0 

E11.3393 
Type 2 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy 
without macular edema, bilateral 0 0.0 50 0.0 3,223 0.2 3,453 0.1 

E11.3399 
Type 2 diabetes mellitus with moderate 
nonproliferative diabetic retinopathy 
without macular edema, unspecified eye 0 0.0 13 0.0 333 0.0 367 0.0 

E11.3411 
Type 2 diabetes mellitus with severe 
nonproliferative diabetic retinopathy with 
macular edema, right eye 0 0.0 9 0.0 1,047 0.1 1,121 0.0 

E11.3412 
Type 2 diabetes mellitus with severe 
nonproliferative diabetic retinopathy with 
macular edema, left eye 0 0.0 16 0.0 1,011 0.1 1,082 0.0 

E11.3413 
Type 2 diabetes mellitus with severe 
nonproliferative diabetic retinopathy with 
macular edema, bilateral 0 0.0 24 0.0 1,550 0.1 1,677 0.0 

E11.3419 
Type 2 diabetes mellitus with severe 
nonproliferative diabetic retinopathy with 
macular edema, unspecified eye 0 0.0 3 0.0 76 0.0 92 0.0 

E11.3491 
Type 2 diabetes mellitus with severe 
nonproliferative diabetic retinopathy 
without macular edema, right eye 0 0.0 7 0.0 348 0.0 381 0.0 

E11.3492 
Type 2 diabetes mellitus with severe 
nonproliferative diabetic retinopathy 
without macular edema, left eye 0 0.0 3 0.0 314 0.0 340 0.0 

E11.3493 
Type 2 diabetes mellitus with severe 
nonproliferative diabetic retinopathy 
without macular edema, bilateral 0 0.0 12 0.0 608 0.0 644 0.0 

E11.3499 
Type 2 diabetes mellitus with severe 
nonproliferative diabetic retinopathy 
without macular edema, unspecified eye 0 0.0 1 0.0 112 0.0 122 0.0 

E11.3511 
Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with macular edema, 
right eye 0 0.0 46 0.0 2,526 0.2 2,730 0.1 

E11.3512 
Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with macular edema, 
left eye 0 0.0 36 0.0 2,645 0.2 2,850 0.1 

E11.3513 
Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with macular edema, 
bilateral 0 0.0 58 0.0 4,079 0.3 4,365 0.1 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017  
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
 (% of 
Total) 

E11.3519 
Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with macular edema, 
unspecified eye 0 0.0 6 0.0 271 0.0 305 0.0 

E11.3521 

Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment involving the macula, right 
eye 0 0.0 0 0.0 169 0.0 185 0.0 

E11.3522 
Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment involving the macula, left eye 0 0.0 1 0.0 190 0.0 202 0.0 

E11.3523 
Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment involving the macula, bilateral 0 0.0 1 0.0 79 0.0 93 0.0 

E11.3529 

Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment involving the macula, 
unspecified eye 0 0.0 0 0.0 12 0.0 12 0.0 

E11.3531 

Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment not involving the macula, right 
eye 0 0.0 0 0.0 166 0.0 177 0.0 

E11.3532 

Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment not involving the macula, left 
eye 0 0.0 1 0.0 177 0.0 185 0.0 

E11.3533 

Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment not involving the macula, 
bilateral 0 0.0 1 0.0 75 0.0 82 0.0 

E11.3539 

Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal 
detachment not involving the macula, 
unspecified eye 0 0.0 0 0.0 4 0.0 5 0.0 

E11.3541 

Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with combined traction 
retinal detachment and rhegmatogenous 
retinal detachment, right eye 0 0.0 0 0.0 41 0.0 42 0.0 

E11.3542 

Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with combined traction 
retinal detachment and rhegmatogenous 
retinal detachment, left eye 0 0.0 1 0.0 33 0.0 36 0.0 

E11.3543 

Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with combined traction 
retinal detachment and rhegmatogenous 
retinal detachment, bilateral 0 0.0 0 0.0 14 0.0 15 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017  
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
 (% of 
Total) 

E11.3549 

Type 2 diabetes mellitus with proliferative 
diabetic retinopathy with combined traction 
retinal detachment and rhegmatogenous 
retinal detachment, unspecified eye 0 0.0 0 0.0 3 0.0 3 0.0 

E11.3551 Type 2 diabetes mellitus with stable 
proliferative diabetic retinopathy, right eye 0 0.0 5 0.0 186 0.0 197 0.0 

E11.3552 Type 2 diabetes mellitus with stable 
proliferative diabetic retinopathy, left eye 0 0.0 3 0.0 178 0.0 187 0.0 

E11.3553 Type 2 diabetes mellitus with stable 
proliferative diabetic retinopathy, bilateral 0 0.0 8 0.0 706 0.0 760 0.0 

E11.3559 
Type 2 diabetes mellitus with stable 
proliferative diabetic retinopathy, 
unspecified eye 0 0.0 1 0.0 43 0.0 47 0.0 

E11.3591 
Type 2 diabetes mellitus with proliferative 
diabetic retinopathy without macular 
edema, right eye 0 0.0 33 0.0 1,777 0.1 1,933 0.1 

E11.3592 
Type 2 diabetes mellitus with proliferative 
diabetic retinopathy without macular 
edema, left eye 0 0.0 24 0.0 1,669 0.1 1,821 0.1 

E11.3593 
Type 2 diabetes mellitus with proliferative 
diabetic retinopathy without macular 
edema, bilateral 0 0.0 53 0.0 3,381 0.2 3,666 0.1 

E11.3599 
Type 2 diabetes mellitus with proliferative 
diabetic retinopathy without macular 
edema, unspecified 0 0.0 22 0.0 809 0.1 889 0.0 

E11.36 Type 2 diabetes mellitus with diabetic 
cataract  1,234 0.1 4,589 0.3 7,028 0.5 11,967 0.3 

E11.37X1 
Type 2 diabetes mellitus with diabetic 
macular edema, resolved following 
treatment, right eye 0 0.0 2 0.0 472 0.0 493 0.0 

E11.37X2 
Type 2 diabetes mellitus with diabetic 
macular edema, resolved following 
treatment, left eye 0 0.0 1 0.0 45 0.0 46 0.0 

E11.37X3 
Type 2 diabetes mellitus with diabetic 
macular edema, resolved following 
treatment, bilateral 0 0.0 0 0.0 139 0.0 143 0.0 

E11.37X9 
Type 2 diabetes mellitus with diabetic 
macular edema, resolved following 
treatment, unspecified eye 0 0.0 0 0.0 30 0.0 32 0.0 

E11.39 Type 2 diabetes mellitus with other 
diabetic ophthalmic complication  5,222 0.3 11,703 0.7 8,990 0.6 22,108 0.6 

E11.40 Type 2 diabetes mellitus with diabetic 
neuropathy, unspecified  58,225 3.5 120,771 7.5 103,438 7.2 216,184 6.2 

E11.41 Type 2 diabetes mellitus with diabetic 
mononeuropathy  3,004 0.2 6,871 0.4 6,254 0.4 13,792 0.4 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017  
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
 (% of 
Total) 

E11.42 Type 2 diabetes mellitus with diabetic 
polyneuropathy  41,575 2.5 104,002 6.5 104,502 7.3 188,837 5.4 

E11.43 Type 2 diabetes mellitus with diabetic 
autonomic (poly)neuropathy  4,207 0.3 12,226 0.8 11,650 0.8 24,325 0.7 

E11.44 Type 2 diabetes mellitus with diabetic 
amyotrophy  230 0.0 734 0.0 682 0.0 1,505 0.0 

E11.49 Type 2 diabetes mellitus with other 
diabetic neurological complication  12,458 0.8 29,241 1.8 23,604 1.6 50,145 1.4 

E11.51 Type 2 diabetes mellitus with diabetic 
peripheral angiopathy without gangrene 16,627 1.0 36,483 2.3 34,929 2.4 69,084 2.0 

E11.52 Type 2 diabetes mellitus with diabetic 
peripheral angiopathy with gangrene  1,022 0.1 3,081 0.2 2,989 0.2 7,469 0.2 

E11.59 Type 2 diabetes mellitus with other 
circulatory complications  11,553 0.7 32,787 2.0 34,816 2.4 64,847 1.9 

E11.610 Type 2 diabetes mellitus with diabetic 
neuropathic arthropathy 1,992 0.1 4,791 0.3 4,300 0.3 9,292 0.3 

E11.618 Type 2 diabetes mellitus with other 
diabetic arthropathy 795 0.0 1,782 0.1 2,004 0.1 4,291 0.1 

E11.620 Type 2 diabetes mellitus with diabetic 
dermatitis 417 0.0 1,189 0.1 1,152 0.1 2,594 0.1 

E11.621 Type 2 diabetes mellitus with foot ulcer 8,703 0.5 19,773 1.2 18,794 1.3 39,719 1.1 

E11.622 Type 2 diabetes mellitus with other skin 
ulcer 2,413 0.1 6,588 0.4 6,585 0.5 15,163 0.4 

E11.628 Type 2 diabetes mellitus with other skin 
complications 1,225 0.1 4,813 0.3 5,683 0.4 11,745 0.3 

E11.630 Type 2 diabetes mellitus with periodontal 
disease 49 0.0 138 0.0 152 0.0 323 0.0 

E11.638 Type 2 diabetes mellitus with other oral 
complications 59 0.0 263 0.0 268 0.0 550 0.0 

E11.641 Type 2 diabetes mellitus with 
hypoglycemia with coma 216 0.0 517 0.0 407 0.0 1,257 0.0 

E11.649 Type 2 diabetes mellitus with 
hypoglycemia without coma 5,373 0.3 17,823 1.1 16,692 1.2 40,777 1.2 

E11.65 Type 2 diabetes mellitus with 
hyperglycemia  223,657 13.5 459,334 28.7 415,914 28.9 777,315 22.2 

E11.69 Type 2 diabetes mellitus with other 
specified complication  26,287 1.6 74,050 4.6 85,238 5.9 150,799 4.3 

E11.8 Type 2 diabetes mellitus with unspecified 
complications 47,651 2.9 118,220 7.4 114,579 8.0 230,224 6.6 

E11.9 Type 2 diabetes mellitus without 
complications 830,445 50.1 1,424,824 88.9 1,258,543 87.4 2,174,424 62.1 

ICD-10-CM 
Subtotal 

  
1,033,178 62.3 1,602,324 100.0 1,440,068 100.0 2,397,530 68.5 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017  
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
 (% of 
Total) 

T2DM 
Total 

  
2,075,122 100.0 1,657,891 100.0 1,602,324 100.0 1,440,068 100.0 3,500,744 100.0 

Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical 
Modification. 
Note: Codes highlighted in yellow represent those that accounted for at least 10% of the overall count among the 2014–2017 cohort, and those highlighted in blue are ICD-10-CM 
codes that were added in 2017. 
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A3. Secondary Diabetes Mellitus 
 
Code-specific query results for secondary diabetes mellitus are presented in Table A.3.1. Codes for secondary diabetes without mention of 
complication (ICD-9-CM code 249.00; ICD-10-CM code E08.9) appear to be reported most frequently. 
 
Table A.3.1. Annual patient counts and proportions for ICD-9-CM and ICD-10-CM diagnosis codes proposed for inclusion in the 
Secondary diabetes category (2014–2017). 

Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

ICD-9-CM 

249.00 
Secondary diabetes mellitus without 
mention of complication, not stated as 
uncontrolled, or unspecified 6,910 43.4 8,104 24.5 

  

14,839 13.6 

249.01 Secondary diabetes mellitus without 
mention of complication, uncontrolled 1,742 10.9 1,163 3.5 2,838 2.6 

249.10 
Secondary diabetes mellitus with 
ketoacidosis, not stated as uncontrolled, 
or unspecified 207 1.3 195 0.6 438 0.4 

249.11 Secondary diabetes mellitus with 
ketoacidosis, uncontrolled 196 1.2 184 0.6 419 0.4 

249.20 
Secondary diabetes mellitus with 
hyperosmolarity, not stated as 
uncontrolled, or unspecified 202 1.3 173 0.5 404 0.4 

249.21 Secondary diabetes mellitus with 
hyperosmolarity, uncontrolled 62 0.4 30 0.1 99 0.1 

249.30 
Secondary diabetes mellitus with other 
coma, not stated as uncontrolled, or 
unspecified 29 0.2 36 0.1 72 0.1 

249.31 Secondary diabetes mellitus with other 
coma, uncontrolled 12 0.1 13 0.0 27 0.0 

249.40 
Secondary diabetes mellitus with renal 
manifestations, not stated as uncontrolled, 
or unspecified 807 5.1 1,074 3.2 1,820 1.7 

249.41 Secondary diabetes mellitus with renal 
manifestations, uncontrolled 267 1.7 197 0.6 456 0.4 

249.50 
Secondary diabetes mellitus with 
ophthalmic manifestations, not stated as 
uncontrolled, or unspecified 968 6.1 1,201 3.6 2,141 2.0 

249.51 Secondary diabetes mellitus with 
ophthalmic manifestations, uncontrolled 82 0.5 59 0.2 136 0.1 

249.60 
Secondary diabetes mellitus with 
neurological manifestations, not stated as 
uncontrolled, or unspecified 1,841 11.5 2,149 6.5 3,937 3.6 



BEST Contract 1: Data Tools and Infrastructure for Surveillance of Biologics  
Task Order HHSF22301001T: Diabetes Case Algorithm  
May 2020 

 

 61 

Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

249.61 Secondary diabetes mellitus with 
neurological manifestations, uncontrolled 253 1.6 204 0.6 441 0.4 

249.70 
Secondary diabetes mellitus with 
peripheral circulatory disorders, not stated 
as uncontrolled, or unspecified 672 4.2 412 1.2 1,107 1.0 

249.71 
Secondary diabetes mellitus with 
peripheral circulatory disorders, 
uncontrolled 120 0.8 73 0.2 190 0.2 

249.80 
Secondary diabetes mellitus with other 
specified manifestations, not stated as 
uncontrolled, or unspecified 1,271 8.0 1,434 4.3 2,793 2.6 

249.81 Secondary diabetes mellitus with other 
specified manifestations, uncontrolled 204 1.3 113 0.3 327 0.3 

249.90 
Secondary diabetes mellitus with 
unspecified complication, not stated as 
uncontrolled, or unspecified 693 4.3 507 1.5 1,239 1.1 

249.91 Secondary diabetes mellitus with 
unspecified complication, uncontrolled 251 1.6 140 0.4 395 0.4 

ICD-9-CM 
Subtotal 

  
15,940 100.0 16,643 50.2 32,137 29.4 

ICD-10-CM 

E08.00 

Diabetes mellitus due to underlying 
condition with hyperosmolarity without 
nonketotic hyperglycemic-hyperosmolar 
coma (NKHHC) 

  

746 2.3 2,417 6.0 3,420 10.1 6,280 5.8 

E08.01 Diabetes mellitus due to underlying 
condition with hyperosmolarity with coma 64 0.2 160 0.4 228 0.7 445 0.4 

E08.10 Diabetes mellitus due to underlying 
condition with ketoacidosis without coma 266 0.8 977 2.4 932 2.8 2,335 2.1 

E08.11 Diabetes mellitus due to underlying 
condition with ketoacidosis with coma 45 0.1 166 0.4 220 0.7 435 0.4 

E08.21 Diabetes mellitus due to underlying 
condition with diabetic nephropathy 1,137 3.4 2,700 6.7 2,030 6.0 5,303 4.9 

E08.22 
Diabetes mellitus due to underlying 
condition with diabetic chronic kidney 
disease 7 0.0 23 0.1 38 0.1 76 0.1 

E08.29 
Diabetes mellitus due to underlying 
condition with other diabetic kidney 
complication 179 0.5 505 1.2 491 1.5 1,115 1.0 

E08.311 
Diabetes mellitus due to underlying 
condition with unspecified diabetic 
retinopathy with macular edema 341 1.0 677 1.7 363 1.1 1,263 1.2 

E08.319 
Diabetes mellitus due to underlying 
condition with unspecified diabetic 
retinopathy without macular edema 484 1.5 1,016 2.5 620 1.8 1,907 1.7 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E08.3211 

Diabetes mellitus due to underlying 
condition with mild nonproliferative 
diabetic retinopathy with macular edema, 
right eye 0 0.0 0 0.0 48 0.1 51 0.0 

E08.3212 

Diabetes mellitus due to underlying 
condition with mild nonproliferative 
diabetic retinopathy with macular edema, 
left eye 0 0.0 1 0.0 29 0.1 32 0.0 

E08.3213 

Diabetes mellitus due to underlying 
condition with mild nonproliferative 
diabetic retinopathy with macular edema, 
bilateral 0 0.0 1 0.0 71 0.2 79 0.1 

E08.3219 

Diabetes mellitus due to underlying 
condition with mild nonproliferative 
diabetic retinopathy with macular edema, 
unspecified eye 0 0.0 1 0.0 12 0.0 16 0.0 

E08.3291 

Diabetes mellitus due to underlying 
condition with mild nonproliferative 
diabetic retinopathy without macular 
edema, right eye 0 0.0 0 0.0 76 0.2 79 0.1 

E08.3292 

Diabetes mellitus due to underlying 
condition with mild nonproliferative 
diabetic retinopathy without macular 
edema, left eye 0 0.0 1 0.0 58 0.2 64 0.1 

E08.3293 

Diabetes mellitus due to underlying 
condition with mild nonproliferative 
diabetic retinopathy without macular 
edema, bilateral 0 0.0 5 0.0 296 0.9 322 0.3 

E08.3299 

Diabetes mellitus due to underlying 
condition with mild nonproliferative 
diabetic retinopathy without macular 
edema, unspecified 0 0.0 2 0.0 69 0.2 77 0.1 

E08.3311 

Diabetes mellitus due to underlying 
condition with mild nonproliferative 
diabetic retinopathy with macular edema, 
right eye 0 0.0 0 0.0 20 0.1 22 0.0 

E08.3312 

Diabetes mellitus due to underlying 
condition with moderate nonproliferative 
diabetic retinopathy with macular edema, 
left eye 0 0.0 0 0.0 12 0.0 12 0.0 

E08.3313 

Diabetes mellitus due to underlying 
condition with moderate nonproliferative 
diabetic retinopathy with macular edema, 
bilateral 0 0.0 1 0.0 42 0.1 46 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E08.3319 

Diabetes mellitus due to underlying 
condition with moderate nonproliferative 
diabetic retinopathy with macular edema, 
unspecified eye 0 0.0 0 0.0 10 0.0 10 0.0 

E08.3391 

Diabetes mellitus due to underlying 
condition with moderate nonproliferative 
diabetic retinopathy without macular 
edema, right eye 0 0.0 0 0.0 10 0.0 11 0.0 

E08.3392 

Diabetes mellitus due to underlying 
condition with moderate nonproliferative 
diabetic retinopathy without macular 
edema, left eye 0 0.0 0 0.0 13 0.0 16 0.0 

E08.3393 

Diabetes mellitus due to underlying 
condition with moderate nonproliferative 
diabetic retinopathy without macular 
edema, bilateral 0 0.0 3 0.0 54 0.2 61 0.1 

E08.3399 

Diabetes mellitus due to underlying 
condition with moderate nonproliferative 
diabetic retinopathy without macular 
edema, unspecified eye 0 0.0 1 0.0 13 0.0 16 0.0 

E08.3411 

Diabetes mellitus due to underlying 
condition with severe nonproliferative 
diabetic retinopathy with macular edema, 
right eye 0 0.0 0 0.0 9 0.0 11 0.0 

E08.3412 

Diabetes mellitus due to underlying 
condition with severe nonproliferative 
diabetic retinopathy with macular edema, 
left eye 0 0.0 0 0.0 7 0.0 7 0.0 

E08.3413 

Diabetes mellitus due to underlying 
condition with severe nonproliferative 
diabetic retinopathy with macular edema, 
bilateral 0 0.0 0 0.0 16 0.0 18 0.0 

E08.3419 

Diabetes mellitus due to underlying 
condition with severe nonproliferative 
diabetic retinopathy with macular edema, 
unspecified eye 0 0.0 0 0.0 4 0.0 5 0.0 

E08.3491 

Diabetes mellitus due to underlying 
condition with severe nonproliferative 
diabetic retinopathy without macular 
edema right eye 0 0.0 0 0.0 4 0.0 4 0.0 

E08.3492 

Diabetes mellitus due to underlying 
condition with severe nonproliferative 
diabetic retinopathy without macular 
edema left eye 0 0.0 0 0.0 5 0.0 5 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E08.3493 

Diabetes mellitus due to underlying 
condition with severe nonproliferative 
diabetic retinopathy without macular 
edema bilateral 0 0.0 0 0.0 12 0.0 13 0.0 

E08.3499 

Diabetes mellitus due to underlying 
condition with severe nonproliferative 
diabetic retinopathy without macular 
edema unspecified eye 0 0.0 0 0.0 2 0.0 3 0.0 

E08.3511 
Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with macular edema, right eye 0 0.0 0 0.0 28 0.1 32 0.0 

E08.3512 
Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with macular edema, left eye 0 0.0 0 0.0 16 0.0 18 0.0 

E08.3513 
Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with macular edema, bilateral 0 0.0 2 0.0 72 0.2 79 0.1 

E08.3519 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with macular edema, 
unspecified eye 0 0.0 0 0.0 35 0.1 38 0.0 

E08.3521 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with traction retinal 
detachment involving the macula, right 
eye 0 0.0 0 0.0 6 0.0 6 0.0 

E08.3522 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with traction retinal 
detachment involving the macula, left eye 0 0.0 0 0.0 8 0.0 9 0.0 

E08.3523 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with traction retinal 
detachment involving the macula, bilateral 0 0.0 0 0.0 6 0.0 6 0.0 

E08.3529 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with traction retinal 
detachment involving the macula, 
unspecified eye 0 0.0 0 0.0 0 0.0 0 0.0 

E08.3531 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with traction retinal 
detachment not involving the macula, right 
eye 0 0.0 0 0.0 1 0.0 1 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E08.3532 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with traction retinal 
detachment not involving the macula, left 
eye 0 0.0 0 0.0 6 0.0 7 0.0 

E08.3533 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with traction retinal 
detachment not involving the macula, 
bilateral 0 0.0 0 0.0 1 0.0 1 0.0 

E08.3539 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with traction retinal 
detachment not involving the macula, 
unspecified 0 0.0 0 0.0 1 0.0 1 0.0 

E08.3541 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with combined traction retinal 
detachment and rhegmatogenous retinal 
detachment, right eye 0 0.0 1 0.0 5 0.0 7 0.0 

E08.3542 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with combined traction retinal 
detachment and rhegmatogenous retinal 
detachment, left eye 0 0.0 0 0.0 0 0.0 0 0.0 

E08.3543 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with combined traction retinal 
detachment and rhegmatogenous retinal 
detachment, bilateral 0 0.0 0 0.0 1 0.0 3 0.0 

E08.3549 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy with combined traction retinal 
detachment and rhegmatogenous retinal 
detachment, unspecified 0 0.0 0 0.0 2 0.0 2 0.0 

E08.3551 
Diabetes mellitus due to underlying 
condition with stable proliferative diabetic 
retinopathy, right eye 0 0.0 0 0.0 10 0.0 10 0.0 

E08.3552 
Diabetes mellitus due to underlying 
condition with stable proliferative diabetic 
retinopathy, left eye 0 0.0 0 0.0 8 0.0 8 0.0 

E08.3553 
Diabetes mellitus due to underlying 
condition with stable proliferative diabetic 
retinopathy, bilateral 0 0.0 0 0.0 24 0.1 28 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E08.3559 
Diabetes mellitus due to underlying 
condition with stable proliferative diabetic 
retinopathy, unspecified eye 0 0.0 0 0.0 10 0.0 11 0.0 

E08.3591 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy without macular edema, right 
eye 0 0.0 0 0.0 19 0.1 20 0.0 

E08.3592 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy without macular edema, left 
eye 0 0.0 0 0.0 8 0.0 10 0.0 

E08.3593 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy without macular edema, 
bilateral 0 0.0 0 0.0 51 0.2 53 0.0 

E08.3599 

Diabetes mellitus due to underlying 
condition with proliferative diabetic 
retinopathy without macular edema, 
unspecified eye 0 0.0 0 0.0 34 0.1 40 0.0 

E08.36 Diabetes mellitus due to underlying 
condition with diabetic cataract  72 0.2 175 0.4 110 0.3 330 0.3 

E08. 37X1 
Diabetes mellitus due to underlying 
condition with diabetic macular edema, 
resolved following treatment, right eye 0 0.0 0 0.0 2 0.0 2 0.0 

E08. 37X2 
Diabetes mellitus due to underlying 
condition with diabetic macular edema, 
resolved following treatment, left eye 0 0.0 0 0.0 2 0.0 2 0.0 

E08. 37X3 
Diabetes mellitus due to underlying 
condition with diabetic macular edema, 
resolved following treatment, bilateral 0 0.0 0 0.0 5 0.0 5 0.0 

E08. 37X9 

Diabetes mellitus due to underlying 
condition with diabetic macular edema, 
resolved following treatment, unspecified 
eye 0 0.0 0 0.0 0 0.0 0 0.0 

E08.39 
Diabetes mellitus due to underlying 
condition with other diabetic ophthalmic 
complication  69 0.2 146 0.4 82 0.2 288 0.3 

E08.40 
Diabetes mellitus due to underlying 
condition with diabetic neuropathy, 
unspecified 1,831 5.5 3,675 9.1 2,740 8.1 7,199 6.6 

E08.41 Diabetes mellitus due to underlying 
condition with diabetic mononeuropathy 366 1.1 848 2.1 617 1.8 1,687 1.5 

E08.42 Diabetes mellitus due to underlying 
condition with diabetic polyneuropathy 2,432 7.3 4,802 11.9 3,490 10.3 9,121 8.4 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E08.43 
Diabetes mellitus due to underlying 
condition with diabetic autonomic 
(poly)neuropathy 353 1.1 773 1.9 648 1.9 1,644 1.5 

E08.44 Diabetes mellitus due to underlying 
condition with diabetic amyotrophy 104 0.3 218 0.5 140 0.4 447 0.4 

E08.49 
Diabetes mellitus due to underlying 
condition with other diabetic neurological 
complication 240 0.7 562 1.4 415 1.2 1,023 0.9 

E08.51 
Diabetes mellitus due to underlying 
condition with diabetic peripheral 
angiopathy without gangrene 246 0.7 486 1.2 306 0.9 940 0.9 

E08.52 
Diabetes mellitus due to underlying 
condition with diabetic peripheral 
angiopathy with gangrene 74 0.2 199 0.5 134 0.4 425 0.4 

E08.59 
Diabetes mellitus due to underlying 
condition with other circulatory 
complications 211 0.6 482 1.2 397 1.2 1,013 0.9 

E08.610 
Diabetes mellitus due to underlying 
condition with diabetic neuropathic 
arthropathy 121 0.4 277 0.7 220 0.7 550 0.5 

E08.618 Diabetes mellitus due to underlying 
condition with other diabetic arthropathy 28 0.1 111 0.3 65 0.2 180 0.2 

E08.620 Diabetes mellitus due to underlying 
condition with diabetic dermatitis 44 0.1 87 0.2 79 0.2 198 0.2 

E08.621 Diabetes mellitus due to underlying 
condition with foot ulcer 763 2.3 1,766 4.4 1,504 4.5 3,913 3.6 

E08.622 Diabetes mellitus due to underlying 
condition with other skin ulcer 86 0.3 178 0.4 154 0.5 436 0.4 

E08.628 Diabetes mellitus due to underlying 
condition with other skin complications 76 0.2 187 0.5 125 0.4 381 0.3 

E08.630 Diabetes mellitus due to underlying 
condition with periodontal disease 3 0.0 5 0.0 6 0.0 16 0.0 

E08.638 Diabetes mellitus due to underlying 
condition with other oral complications 24 0.1 47 0.1 25 0.1 92 0.1 

E08.641 Diabetes mellitus due to underlying 
condition with hypoglycemia with coma 13 0.0 40 0.1 31 0.1 85 0.1 

E08.649 Diabetes mellitus due to underlying 
condition with hypoglycemia without coma 144 0.4 377 0.9 277 0.8 816 0.7 

E08.65 Diabetes mellitus due to underlying 
condition with hyperglycemia  1,254 3.8 3,350 8.3 2,841 8.4 6,905 6.3 

E08.69 Diabetes mellitus due to underlying 
condition with other specified complication  291 0.9 714 1.8 414 1.2 1,321 1.2 

E08.8 Diabetes mellitus due to underlying 
condition with unspecified complications  711 2.1 1,708 4.2 1,316 3.9 3,591 3.3 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E08.9 Diabetes mellitus due to underlying 
condition without complications  4,332 13.1 7,967 19.7 5,370 15.9 15,467 14.2 

E09.00 

Drug or chemical induced diabetes 
mellitus with hyperosmolarity without 
nonketotic hyperglycemic-hyperosmolar 
coma (NKHHC) 30 0.1 90 0.2 71 0.2 210 0.2 

E09.01 Drug or chemical induced diabetes 
mellitus with hyperosmolarity with coma 3 0.0 11 0.0 9 0.0 27 0.0 

E09.10 Drug or chemical induced diabetes 
mellitus with ketoacidosis without coma 59 0.2 141 0.3 93 0.3 320 0.3 

E09.11 Drug or chemical induced diabetes 
mellitus with ketoacidosis with coma 7 0.0 21 0.1 13 0.0 43 0.0 

E09.21 Drug or chemical induced diabetes 
mellitus with diabetic nephropathy 79 0.2 146 0.4 92 0.3 307 0.3 

E09.22 
Drug or chemical induced diabetes 
mellitus with diabetic chronic kidney 
disease 27 0.1 97 0.2 141 0.4 270 0.2 

E09.29 
Drug or chemical induced diabetes 
mellitus with other diabetic kidney 
complication 14 0.0 38 0.1 23 0.1 76 0.1 

E09.311 
Drug or chemical induced diabetes 
mellitus with unspecified diabetic 
retinopathy with macular edema 8 0.0 29 0.1 20 0.1 57 0.1 

E09.319 
Drug or chemical induced diabetes 
mellitus with unspecified diabetic 
retinopathy without macular edema 11 0.0 35 0.1 20 0.1 70 0.1 

E09.3211 
Drug or chemical induced diabetes 
mellitus with mild nonproliferative diabetic 
retinopathy with macular edema, right eye 0 0.0 0 0.0 1 0.0 1 0.0 

E09.3212 
Drug or chemical induced diabetes 
mellitus with mild nonproliferative diabetic 
retinopathy with macular edema, left eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3213 
Drug or chemical induced diabetes 
mellitus with mild nonproliferative diabetic 
retinopathy with macular edema, bilateral 0 0.0 0 0.0 1 0.0 1 0.0 

E09.3219 

Drug or chemical induced diabetes 
mellitus with mild nonproliferative diabetic 
retinopathy with macular edema, 
unspecified eye 0 0.0 0 0.0 1 0.0 1 0.0 

E09.3291 

Drug or chemical induced diabetes 
mellitus with mild nonproliferative diabetic 
retinopathy without macular edema, right 
eye 0 0.0 0 0.0 0 0.0 0 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E09.3292 

Drug or chemical induced diabetes 
mellitus with mild nonproliferative diabetic 
retinopathy without macular edema, left 
eye 0 0.0 0 0.0 1 0.0 1 0.0 

E09.3293 

Drug or chemical induced diabetes 
mellitus with mild nonproliferative diabetic 
retinopathy without macular edema, 
bilateral 0 0.0 0 0.0 1 0.0 2 0.0 

E09.3299 

Drug or chemical induced diabetes 
mellitus with mild nonproliferative diabetic 
retinopathy without macular edema, 
unspecified eye 0 0.0 0 0.0 2 0.0 2 0.0 

E09.3311 

Drug or chemical induced diabetes 
mellitus with moderate nonproliferative 
diabetic retinopathy with macular edema, 
right eye 0 0.0 0 0.0 3 0.0 3 0.0 

E09.3312 

Drug or chemical induced diabetes 
mellitus with moderate nonproliferative 
diabetic retinopathy with macular edema, 
left eye 0 0.0 0 0.0 1 0.0 1 0.0 

E09.3313 

Drug or chemical induced diabetes 
mellitus with moderate nonproliferative 
diabetic retinopathy with macular edema, 
bilateral 0 0.0 0 0.0 1 0.0 1 0.0 

E09.3319 

Drug or chemical induced diabetes 
mellitus with moderate nonproliferative 
diabetic retinopathy with macular edema, 
unspecified eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3391 

Drug or chemical induced diabetes 
mellitus with moderate nonproliferative 
diabetic retinopathy without macular 
edema, right eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3392 

Drug or chemical induced diabetes 
mellitus with moderate nonproliferative 
diabetic retinopathy without macular 
edema, left eye 0 0.0 0 0.0 1 0.0 1 0.0 

E09.3393 

Drug or chemical induced diabetes 
mellitus with moderate nonproliferative 
diabetic retinopathy without macular 
edema, bilateral 0 0.0 0 0.0 1 0.0 1 0.0 

E09.3399 

Drug or chemical induced diabetes 
mellitus with moderate nonproliferative 
diabetic retinopathy without macular 
edema, unspecified eye 0 0.0 0 0.0 0 0.0 0 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E09.3411 

Drug or chemical induced diabetes 
mellitus with severe nonproliferative 
diabetic retinopathy with macular edema, 
right eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3412 

Drug or chemical induced diabetes 
mellitus with severe nonproliferative 
diabetic retinopathy with macular edema, 
left eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3413 

Drug or chemical induced diabetes 
mellitus with severe nonproliferative 
diabetic retinopathy with macular edema, 
bilateral 0 0.0 0 0.0 1 0.0 1 0.0 

E09.3419 

Drug or chemical induced diabetes 
mellitus with severe nonproliferative 
diabetic retinopathy with macular edema, 
unspecified 0 0.0 0 0.0 1 0.0 1 0.0 

E09.3491 

Drug or chemical induced diabetes 
mellitus with severe nonproliferative 
diabetic retinopathy without macular 
edema, right eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3492 

Drug or chemical induced diabetes 
mellitus with severe nonproliferative 
diabetic retinopathy without macular 
edema, left eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3493 

Drug or chemical induced diabetes 
mellitus with severe nonproliferative 
diabetic retinopathy without macular 
edema, bilateral 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3499 

Drug or chemical induced diabetes 
mellitus with severe nonproliferative 
diabetic retinopathy without macular 
edema, unspecified eye 0 0.0 0 0.0 1 0.0 1 0.0 

E09.3511 
Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with macular edema, right eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3512 
Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with macular edema, left eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3513 
Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with macular edema, bilateral 0 0.0 0 0.0 1 0.0 1 0.0 

E09.3519 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with macular edema, 
unspecified eye 0 0.0 0 0.0 1 0.0 1 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E09.3521 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with traction retinal 
detachment involving the macula, right 
eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3522 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with traction retinal 
detachment involving the macula, left eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3523 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with traction retinal 
detachment involving the macula, bilateral 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3529 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with traction retinal 
detachment involving the macula, 
unspecified eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3531 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with traction retinal 
detachment not involving the macula, right 
eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3532 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with traction retinal 
detachment not involving the macula, left 
eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3533 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with traction retinal 
detachment not involving the macula, 
bilateral 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3539 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with traction retinal 
detachment not involving the macula, 
unspecified eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3541 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with combined traction retinal 
detachment and rhegmatogenous retinal 
detachment, right eye 0 0.0 0 0.0 0 0.0 0 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E09.3542 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with combined traction retinal 
detachment and rhegmatogenous retinal 
detachment, left eye 0 0.0 0 0.0 1 0.0 1 0.0 

E09.3543 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with combined traction retinal 
detachment and rhegmatogenous retinal 
detachment, bilateral 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3549 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy with combined traction retinal 
detachment and rhegmatogenous retinal 
detachment, unspecified eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3551 
Drug or chemical induced diabetes 
mellitus with stable proliferative diabetic 
retinopathy, right eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3552 
Drug or chemical induced diabetes 
mellitus with stable proliferative diabetic 
retinopathy, left eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3553 
Drug or chemical induced diabetes 
mellitus with stable proliferative diabetic 
retinopathy, bilateral 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3559 
Drug or chemical induced diabetes 
mellitus with stable proliferative diabetic 
retinopathy, unspecified 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3591 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy without macular edema, right 
eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.3592 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy without macular edema, left 
eye 0 0.0 0 0.0 1 0.0 1 0.0 

E09.3593 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy without macular edema, 
bilateral 0 0.0 0 0.0 3 0.0 4 0.0 

E09.3599 

Drug or chemical induced diabetes 
mellitus with proliferative diabetic 
retinopathy without macular edema, 
unspecified eye 0 0.0 0 0.0 1 0.0 1 0.0 

E09.36 Drug or chemical induced diabetes 
mellitus with diabetic cataract  7 0.0 21 0.1 11 0.0 38 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E09.37X1 
Drug or chemical induced diabetes 
mellitus with diabetic macular edema, 
resolved following treatment, right eye 0 0.0 0 0.0 1 0.0 1 0.0 

E09.37X2 
Drug or chemical induced diabetes 
mellitus with diabetic macular edema, 
resolved following treatment, left eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.37X3 
Drug or chemical induced diabetes 
mellitus with diabetic macular edema, 
resolved following treatment, bilateral 0 0.0 0 0.0 0 0.0 0 0.0 

E09.37X9 

Drug or chemical induced diabetes 
mellitus with diabetic macular edema, 
resolved following treatment, unspecified 
eye 0 0.0 0 0.0 0 0.0 0 0.0 

E09.39 
Drug or chemical induced diabetes 
mellitus with other diabetic ophthalmic 
complication  48 0.1 70 0.2 56 0.2 186 0.2 

E09.40 
Drug or chemical induced diabetes 
mellitus with neurological complications 
with diabetic neuropathy, unspecified 106 0.3 250 0.6 139 0.4 504 0.5 

E09.41 
Drug or chemical induced diabetes 
mellitus with neurological complications 
with diabetic mononeuropathy 16 0.0 38 0.1 34 0.1 81 0.1 

E09.42 
Drug or chemical induced diabetes 
mellitus with neurological complications 
with diabetic polyneuropathy 68 0.2 134 0.3 94 0.3 292 0.3 

E09.43 
Drug or chemical induced diabetes 
mellitus with neurological complications 
with diabetic autonomic (poly)neuropathy 11 0.0 39 0.1 29 0.1 78 0.1 

E09.44 
Drug or chemical induced diabetes 
mellitus with neurological complications 
with diabetic amyotrophy 2 0.0 5 0.0 1 0.0 7 0.0 

E09.49 

Drug or chemical induced diabetes 
mellitus with neurological complications 
with other diabetic neurological 
complication 10 0.0 24 0.1 8 0.0 41 0.0 

E09.51 
Drug or chemical induced diabetes 
mellitus with diabetic peripheral 
angiopathy without gangrene 28 0.1 64 0.2 58 0.2 143 0.1 

E09.52 
Drug or chemical induced diabetes 
mellitus with diabetic peripheral 
angiopathy with gangrene 1 0.0 6 0.0 7 0.0 17 0.0 

E09.59 
Drug or chemical induced diabetes 
mellitus with other circulatory 
complications 29 0.1 44 0.1 39 0.1 114 0.1 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E09.610 
Drug or chemical induced diabetes 
mellitus with diabetic neuropathic 
arthropathy 1 0.0 11 0.0 10 0.0 23 0.0 

E09.618 Drug or chemical induced diabetes 
mellitus with other diabetic arthropathy 2 0.0 3 0.0 4 0.0 10 0.0 

E09.620 Drug or chemical induced diabetes 
mellitus with diabetic dermatitis 4 0.0 9 0.0 6 0.0 24 0.0 

E09.621 Drug or chemical induced diabetes 
mellitus with foot ulcer 14 0.0 40 0.1 36 0.1 98 0.1 

E09.622 Drug or chemical induced diabetes 
mellitus with other skin ulcer 5 0.0 11 0.0 7 0.0 23 0.0 

E09.628 Drug or chemical induced diabetes 
mellitus with other skin complications 5 0.0 15 0.0 10 0.0 31 0.0 

E09.630 Drug or chemical induced diabetes 
mellitus with periodontal disease 1 0.0 0 0.0 1 0.0 2 0.0 

E09.638 Drug or chemical induced diabetes 
mellitus with other oral complications 0 0.0 2 0.0 1 0.0 3 0.0 

E09.641 Drug or chemical induced diabetes 
mellitus with hypoglycemia with coma 2 0.0 8 0.0 6 0.0 17 0.0 

E09.649 Drug or chemical induced diabetes 
mellitus with hypoglycemia without coma 49 0.1 162 0.4 130 0.4 388 0.4 

E09.65 Drug or chemical induced diabetes 
mellitus with hyperglycemia  271 0.8 858 2.1 882 2.6 2,198 2.0 

E09.69 Drug or chemical induced diabetes 
mellitus with other specified complication  10 0.0 38 0.1 70 0.2 115 0.1 

E09.8 Drug or chemical induced diabetes 
mellitus with unspecified complications  62 0.2 143 0.4 93 0.3 307 0.3 

E09.9 Drug or chemical induced diabetes 
mellitus without complications  933 2.8 2,452 6.1 2,065 6.1 5,294 4.9 

ICD-10-CM 
Subtotal 

  
18,763 56.6 40,470 100.0 33,787 100.0 82,783 75.8 

Secondary 
DM Total 

  
15,940 100.0 33,123 100.0 40,470 100.0 33,787 100.0 109,150 100.0 

Abbreviations: DM, diabetes mellitus; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10-CM, International Classification of Diseases, 
Tenth Revision, Clinical Modification. 
Note: Codes highlighted in yellow represent those that accounted for at least 10% of the overall count among the 2014–2017 cohort, and those highlighted in blue are ICD-10-CM 
codes that were added in 2017. 
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A4. Other Diabetes Mellitus 
 
Code-specific query results for other diabetes mellitus are presented in Table A.4.1. Codes for polyneuropathy in diabetes (ICD-9-CM 357.2) and 
other specified diabetes without complications (ICD-10-CM E13.9) appear to be reported most frequently. 
 
Table A.4.1. Annual patient counts and proportions for ICD-9-CM and ICD-10-CM diagnosis codes proposed for inclusion in the “other” 
diabetes category (2014–2017). 

Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

ICD-9-CM 
357.2 Polyneuropathy in diabetes 127,408 100.0 69,722 70.8   142,577 52.7 
ICD-9-CM 
Subtotal 

  
127,408 100.0 69,722 70.8 142,577 52.7 

ICD-10-CM 

E13.00 
Other specified diabetes mellitus with 
hyperosmolarity without nonketotic hyperglycemic-
hyperosmolar coma 

  

122 0.1 329 0.5 260 0.5 728 0.3 

E13.01 Other specified diabetes mellitus with 
hyperosmolarity with coma 16 0.0 48 0.1 36 0.1 118 0.0 

E13.10 Other specified diabetes mellitus with ketoacidosis 
without coma 2,317 2.4 7,916 10.9 6,875 12.3 18,087 6.7 

E13.11 Other specified diabetes mellitus with ketoacidosis 
with coma 78 0.1 216 0.3 238 0.4 625 0.2 

E13.21 Other specified diabetes mellitus with diabetic 
nephropathy 878 0.9 1,799 2.5 1,143 2.0 3,116 1.2 

E13.22 Other specified diabetes mellitus with diabetic 
chronic kidney disease 753 0.8 1,506 2.1 1,118 2.0 3,044 1.1 

E13.29 Other specified diabetes mellitus with other diabetic 
kidney complication 446 0.5 950 1.3 678 1.2 1,784 0.7 

E13.311 Other specified diabetes mellitus with unspecified 
diabetic retinopathy with macular edema 171 0.2 416 0.6 299 0.5 834 0.3 

E13.319 Other specified diabetes mellitus with unspecified 
diabetic retinopathy without macular edema 540 0.5 1,411 1.9 845 1.5 2,590 1.0 

E13.3211 
Other specified diabetes mellitus with mild 
nonproliferative diabetic retinopathy with macular 
edema, right eye 0 0.0 0 0.0 14 0.0 16 0.0 

E13.3212 
Other specified diabetes mellitus with mild 
nonproliferative diabetic retinopathy with macular 
edema, left eye 0 0.0 0 0.0 15 0.0 16 0.0 

E13.3213 
Other specified diabetes mellitus with mild 
nonproliferative diabetic retinopathy with macular 
edema, bilateral 0 0.0 0 0.0 20 0.0 20 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E13.3219 
Other specified diabetes mellitus with mild 
nonproliferative diabetic retinopathy with macular 
edema, unspecified eye 0 0.0 0 0.0 8 0.0 8 0.0 

E13.3291 
Other specified diabetes mellitus with mild 
nonproliferative diabetic retinopathy without macular 
edema, right eye 0 0.0 1 0.0 34 0.1 35 0.0 

E13.3292 
Other specified diabetes mellitus with mild 
nonproliferative diabetic retinopathy without macular 
edema, left eye 0 0.0 0 0.0 28 0.1 28 0.0 

E13.3293 
Other specified diabetes mellitus with mild 
nonproliferative diabetic retinopathy without macular 
edema, bilateral 0 0.0 0 0.0 106 0.2 112 0.0 

E13.3299 
Other specified diabetes mellitus with mild 
nonproliferative diabetic retinopathy without macular 
edema, unspecified 0 0.0 1 0.0 55 0.1 57 0.0 

E13.3311 
Other specified diabetes mellitus with moderate 
nonproliferative diabetic retinopathy with macular 
edema, right eye 0 0.0 0 0.0 7 0.0 9 0.0 

E13.3312 
Other specified diabetes mellitus with moderate 
nonproliferative diabetic retinopathy with macular 
edema, left eye 0 0.0 0 0.0 12 0.0 13 0.0 

E13.3313 
Other specified diabetes mellitus with moderate 
nonproliferative diabetic retinopathy with macular 
edema, bilateral 0 0.0 0 0.0 20 0.0 21 0.0 

E13.3319 
Other specified diabetes mellitus with moderate 
nonproliferative diabetic retinopathy with macular 
edema, unspecified 0 0.0 0 0.0 5 0.0 5 0.0 

E13.3391 
Other specified diabetes mellitus with moderate 
nonproliferative diabetic retinopathy without macular 
edema, right eye 0 0.0 0 0.0 14 0.0 14 0.0 

E13.3392 
Other specified diabetes mellitus with moderate 
nonproliferative diabetic retinopathy without macular 
edema, left eye 0 0.0 0 0.0 9 0.0 9 0.0 

E13.3393 
Other specified diabetes mellitus with moderate 
nonproliferative diabetic retinopathy without macular 
edema, bilateral 0 0.0 0 0.0 8 0.0 9 0.0 

E13.3399 
Other specified diabetes mellitus with moderate 
nonproliferative diabetic retinopathy without macular 
edema, unspecified eye 0 0.0 0 0.0 8 0.0 9 0.0 

E13.3411 
Other specified diabetes mellitus with severe 
nonproliferative diabetic retinopathy with macular 
edema, right eye 0 0.0 0 0.0 2 0.0 2 0.0 

E13.3412 
Other specified diabetes mellitus with severe 
nonproliferative diabetic retinopathy with macular 
edema, left eye 0 0.0 0 0.0 6 0.0 6 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E13.3413 
Other specified diabetes mellitus with severe 
nonproliferative diabetic retinopathy with macular 
edema, bilateral 0 0.0 0 0.0 3 0.0 3 0.0 

E13.3419 
Other specified diabetes mellitus with severe 
nonproliferative diabetic retinopathy with macular 
edema, unspecified eye 0 0.0 0 0.0 4 0.0 5 0.0 

E13.3491 
Other specified diabetes mellitus with severe 
nonproliferative diabetic retinopathy without macular 
edema, right eye 0 0.0 0 0.0 5 0.0 6 0.0 

E13.3492 
Other specified diabetes mellitus with severe 
nonproliferative diabetic retinopathy without macular 
edema, left eye 0 0.0 0 0.0 6 0.0 7 0.0 

E13.3493 
Other specified diabetes mellitus with severe 
nonproliferative diabetic retinopathy without macular 
edema, bilateral 0 0.0 0 0.0 7 0.0 9 0.0 

E13.3499 
Other specified diabetes mellitus with severe 
nonproliferative diabetic retinopathy without macular 
edema, unspecified eye 0 0.0 0 0.0 3 0.0 3 0.0 

E13.3511 Other specified diabetes mellitus with proliferative 
diabetic retinopathy with macular edema, right eye 0 0.0 0 0.0 16 0.0 16 0.0 

E13.3512 Other specified diabetes mellitus with proliferative 
diabetic retinopathy with macular edema, left eye 0 0.0 1 0.0 9 0.0 11 0.0 

E13.3513 Other specified diabetes mellitus with proliferative 
diabetic retinopathy with macular edema, bilateral 0 0.0 0 0.0 28 0.1 30 0.0 

E13.3519 
Other specified diabetes mellitus with proliferative 
diabetic retinopathy with macular edema, 
unspecified eye 0 0.0 0 0.0 6 0.0 7 0.0 

E13.3521 
Other specified diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal detachment 
involving the macula, right eye 0 0.0 0 0.0 1 0.0 1 0.0 

E13.3522 
Other specified diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal detachment 
involving the macula, left eye 0 0.0 0 0.0 0 0.0 0 0.0 

E13.3523 
Other specified diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal detachment 
involving the macula, bilateral 0 0.0 0 0.0 0 0.0 0 0.0 

E13.3529 
Other specified diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal detachment 
involving the macula, unspecified eye 0 0.0 0 0.0 1 0.0 1 0.0 

E13.3531 
Other specified diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal detachment 
not involving the macula, right eye 0 0.0 0 0.0 0 0.0 0 0.0 

E13.3532 
Other specified diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal detachment 
not involving the macula, left eye 0 0.0 0 0.0 2 0.0 2 0.0 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E13.3533 
Other specified diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal detachment 
not involving the macula, bilateral 0 0.0 0 0.0 1 0.0 1 0.0 

E13.3539 
Other specified diabetes mellitus with proliferative 
diabetic retinopathy with traction retinal detachment 
not involving the macula, unspecified eye 0 0.0 0 0.0 0 0.0 0 0.0 

E13.3541 

Other specified diabetes mellitus with proliferative 
diabetic retinopathy with combined traction retinal 
detachment and rhegmatogenous retinal 
detachment, right eye 0 0.0 0 0.0 1 0.0 1 0.0 

E13.3542 

Other specified diabetes mellitus with proliferative 
diabetic retinopathy with combined traction retinal 
detachment and rhegmatogenous retinal 
detachment, left eye 0 0.0 0 0.0 0 0.0 0 0.0 

E13.3543 

Other specified diabetes mellitus with proliferative 
diabetic retinopathy with combined traction retinal 
detachment and rhegmatogenous retinal 
detachment, bilateral 0 0.0 0 0.0 1 0.0 1 0.0 

E13.3549 

Other specified diabetes mellitus with proliferative 
diabetic retinopathy with combined traction retinal 
detachment and rhegmatogenous retinal 
detachment, unspecified eye 0 0.0 0 0.0 0 0.0 0 0.0 

E13.3551 Other specified diabetes mellitus with stable 
proliferative diabetic retinopathy, right eye 0 0.0 0 0.0 2 0.0 2 0.0 

E13.3552 Other specified diabetes mellitus with stable 
proliferative diabetic retinopathy, left eye 0 0.0 0 0.0 1 0.0 1 0.0 

E13.3553 Other specified diabetes mellitus with stable 
proliferative diabetic retinopathy, bilateral 0 0.0 0 0.0 11 0.0 11 0.0 

E13.3559 Other specified diabetes mellitus with stable 
proliferative diabetic retinopathy, unspecified eye 0 0.0 0 0.0 13 0.0 15 0.0 

E13.3591 
Other specified diabetes mellitus with proliferative 
diabetic retinopathy without macular edema, right 
eye 0 0.0 0 0.0 8 0.0 9 0.0 

E13.3592 Other specified diabetes mellitus with proliferative 
diabetic retinopathy without macular edema, left eye 0 0.0 0 0.0 3 0.0 6 0.0 

E13.3593 
Other specified diabetes mellitus with proliferative 
diabetic retinopathy without macular edema, 
bilateral 0 0.0 0 0.0 28 0.1 32 0.0 

E13.3599 
Other specified diabetes mellitus with proliferative 
diabetic retinopathy without macular edema, 
unspecified eye 0 0.0 1 0.0 28 0.1 30 0.0 

E13.36 Other specified diabetes mellitus with diabetic 
cataract  61 0.1 186 0.3 106 0.2 327 0.1 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E13.37X1 
Other specified diabetes mellitus with diabetic 
macular edema, resolved following treatment, right 
eye 0 0.0 0 0.0 36 0.1 37 0.0 

E13.37X2 
Other specified diabetes mellitus with diabetic 
macular edema, resolved following treatment, left 
eye 0 0.0 0 0.0 9 0.0 9 0.0 

E13.37X3 
Other specified diabetes mellitus with diabetic 
macular edema, resolved following treatment, 
bilateral 0 0.0 0 0.0 21 0.0 21 0.0 

E13.37X9 
Other specified diabetes mellitus with diabetic 
macular edema, resolved following treatment, 
unspecified eye 0 0.0 0 0.0 3 0.0 4 0.0 

E13.39 Other specified diabetes mellitus with other diabetic 
ophthalmic complication  271 0.3 434 0.6 331 0.6 952 0.4 

E13.40 Other specified diabetes mellitus with diabetic 
neuropathy, unspecified 1,507 1.5 3,624 5.0 2,630 4.7 6,972 2.6 

E13.41 Other specified diabetes mellitus with diabetic 
mononeuropathy 55 0.1 146 0.2 94 0.2 288 0.1 

E13.42 Other specified diabetes mellitus with diabetic 
polyneuropathy 2,799 2.8 5,065 7.0 3,230 5.8 9,534 3.5 

E13.43 Other specified diabetes mellitus with diabetic 
autonomic (poly)neuropathy 266 0.3 643 0.9 513 0.9 1,305 0.5 

E13.44 Other specified diabetes mellitus with diabetic 
amyotrophy 15 0.0 47 0.1 56 0.1 114 0.0 

E13.49 Other specified diabetes mellitus with other diabetic 
neurological complication 427 0.4 1,056 1.5 974 1.7 2,080 0.8 

E13.51 Other specified diabetes mellitus with diabetic 
peripheral angiopathy without gangrene 256 0.3 587 0.8 481 0.9 1,197 0.4 

E13.52 Other specified diabetes mellitus with diabetic 
peripheral angiopathy with gangrene 50 0.1 115 0.2 126 0.2 330 0.1 

E13.59 Other specified diabetes mellitus with other 
circulatory complications 494 0.5 1,165 1.6 752 1.3 2,158 0.8 

E13.610 Other specified diabetes mellitus with diabetic 
neuropathic arthropathy 131 0.1 259 0.4 185 0.3 528 0.2 

E13.618 Other specified diabetes mellitus with other diabetic 
arthropathy 20 0.0 42 0.1 50 0.1 108 0.0 

E13.620 Other specified diabetes mellitus with diabetic 
dermatitis 70 0.1 240 0.3 205 0.4 506 0.2 

E13.621 Other specified diabetes mellitus with foot ulcer 416 0.4 1,105 1.5 960 1.7 2,529 0.9 

E13.622 Other specified diabetes mellitus with other skin 
ulcer 137 0.1 365 0.5 266 0.5 802 0.3 

E13.628 Other specified diabetes mellitus with other skin 
complications 86 0.1 274 0.4 245 0.4 632 0.2 
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Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

E13.630 Other specified diabetes mellitus with periodontal 
disease 10 0.0 29 0.0 25 0.0 60 0.0 

E13.638 Other specified diabetes mellitus with other oral 
complications 8 0.0 13 0.0 22 0.0 44 0.0 

E13.641 Other specified diabetes mellitus with hypoglycemia 
with coma 9 0.0 17 0.0 51 0.1 90 0.0 

E13.649 Other specified diabetes mellitus with hypoglycemia 
without coma 144 0.1 372 0.5 350 0.6 933 0.3 

E13.65 Other specified diabetes mellitus with hyperglycemia  1,289 1.3 4,157 5.7 3,734 6.7 8,596 3.2 

E13.69 Other specified diabetes mellitus with other 
specified complication  745 0.8 1,726 2.4 1,370 2.5 3,526 1.3 

E13.8 Other specified diabetes mellitus with unspecified 
complications  1,070 1.1 3,226 4.4 3,585 6.4 7,716 2.9 

E13.9 Other specified diabetes mellitus without 
complications  17,899 18.2 37,999 52.2 27,033 48.4 71,936 26.6 

ICD-10-CM 
Subtotal 

  
32,422 32.9 72,770 100.0 55,905 100.0 142,296 52.6 

Other DM 
Total 

  
127,408 100.0 98,446 100.0 72,770 100.0 55,905 100.0 270,337 100.0 

Abbreviations: DM, diabetes mellitus; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10-CM, International Classification of Diseases, 
Tenth Revision, Clinical Modification. 
Note: Codes highlighted in yellow represent those that accounted for at least 10% of the overall count among the 2014–2017 cohort, and those highlighted in blue are ICD-10-CM 
codes that were added in 2017. 

  



BEST Contract 1: Data Tools and Infrastructure for Surveillance of Biologics  
Task Order HHSF22301001T: Diabetes Case Algorithm  
May 2020 

 

 81 

A5. Codes Excluded from the Outcome Iteration 
 
Query results for codes that were excluded from the diabetes mellitus Outcome Iteration are presented in Table A.5.1. Of those considered, codes 
for abnormal or elevated blood glucose level (ICD-9-CM 790.29; ICD-10-CM R73.xx) appear to be reported most frequently. 
 
Table A.2.1. Annual patient counts and proportions for ICD-9-CM and ICD-10-CM diagnosis codes excluded from the diabetes Outcome 
Iteration (2014–2017). 

Code Code Description 
Year 

2014–2017 
(Count) 

2014–2017 
(% of Total) 2014 

(Count) 
2014 
(% of 
Total) 

2015 
(Count) 

2015 
(% of 
Total) 

2016 
(Count) 

2016 
(% of 
Total) 

2017 
(Count) 

2017 
(% of 
Total) 

ICD-9-CM 
648.0* Diabetes mellitus complicating pregnancy 

childbirth or the puerperium 14,036 2.3 8,280 1.2 
  

22,834 0.9 

648.8* 
Abnormal glucose tolerance of mother 
complicating pregnancy childbirth or the 
puerperium (GDM) 55,500 8.9 34,317 4.9 92,471 3.5 

775.1 Neonatal diabetes mellitus 53 0.0 28 0.0 133 0.0 
790.29 Other abnormal glucose  571,470 92.1 417,990 60.0 922,923 35.4 
ICD-9-CM 
Subtotal 

  
620,320 100.0 447,631 64.2 1,002,795 38.5 

ICD-10-CM  
O24* Diabetes mellitus in pregnancy, childbirth, and 

the puerperium  
  

11,786 1.7 31,876 3.2 30,655 3.1 71,989 2.8 
P70.2 Neonatal diabetes mellitus 9 0.0 28 0.0 23 0.0 87 0.0 
R73* Elevated blood glucose level 318,461 45.7 973,816 97.3 962,342 97.5 1,870,503 71.7 
ICD-10-CM 
Subtotal 

  
329,342 47.3 1,000,532 100.0 987,517 100.0 1,927,352 73.9 

Excluded 
Total 

  
620,320 100.0 696,766 100.0 1,000,532 100.0 987,517 100.0 2,607,761 100.0 

Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical 
Modification. 
Note: Codes highlighted in yellow represent those that accounted for at least 10% of the overall count among the 2014–2017 cohort 
* Codes reported are non-billable; all billable subsidiary codes were grouped and queried together. 
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