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eMethods 1. OptumLabs Data Warehouse 
OptumLabs Data Warehouse (OLDW) is a large, national administrative claims database, which includes privately 
insured and Medicare Advantage enrollees throughout the United States.1,2  The database contains de-identified 
longitudinal health information on over 100 million enrollees since 1994, spanning all races and ages.  It includes 
people from geographically diverse regions across the US and all 50 states, but with greatest representation from the 
South and Midwest US.   The data includes numerous data domains, including, but not limited to:  

 Enrollee information: insurance plan, sex, age, dates of eligibility 
 Pharmacy claims: prescribing physician, pharmacy, fill date, days of supply, strength 
 Medical (professional, facility) claims: International Classification of Diseases, 9th Revision, Clinical 

Modification (ICD-9-CM) diagnosis codes, ICD-9 procedure codes, Current Procedural Terminology, 
Version 4 (CPT-4) procedure codes, Healthcare Common Procedure Coding System (HCPCS) procedure 
codes, site of service codes, and provider specialty codes 

 Laboratory data: test names, Logical Observation Identifiers Names and Codes (LOINC) codes, and test 
results 

 Socioeconomic characteristics: annual household income, net worth, education, race/ethnicity.  Within 
OLDW, race is classified as non-Hispanic White (White), non-Hispanic Black (Black), Asian, or Hispanic 
based on self-report or derived rule sets.3  In this study, patients were categorized as White vs. non-White 
(Hispanic, Black, Asian); patients with missing race/ethnicity data were categorized as unknown. 
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eMethods 2. Codes Used to Identify Patients With Diabetes Mellitus, Severe Hyperglycemia and 
Severe Hypoglycemia, and HbA1c Tests 
 
(1) Patients with diabetes mellitus were identified by applying HEDIS criteria to all patients within OLDW during 

the time period 2001-2011.4  Specifically, patients were identified as having diabetes based on the presence of 
≥2 outpatient or ≥1 acute care (inpatient or emergency department) encounters with a diagnosis of diabetes 
(ICD-9-CM codes 250.xx, 357.2, 362.0, 366.41, 648.0), or fill of ≥1 diabetes medication except metformin, 
during the current calendar year or the prior calendar year (24 months total ascertainment period between 2001 
and 2011).    
 
To create the study cohort, we first identified all patients within OLDW who met diagnostic criteria for diabetes 
mellitus during the 2001-2011 calendar years.   Second, we identified all patients within this group who had at 
least one HbA1c <7% between 2001 and 2011.  Date of this HbA1c is the date of cohort entry, e.g. the index test 
date.  We then selected patients who had a second HbA1c <7% immediately preceding the index HbA1c date, 
allowing up to 24 months of look back duration (e.g. no earlier than 1999). 

 
ICD-9-CM diagnosis codes during 12 months preceding the index HbA1c test date were used to identify and 
exclude patients with type 1 diabetes (ICD-9-CM codes 250.x1 and 250.x3), gestational diabetes (ICD-9-CM 
codes 648.0x, 648.8x), nonclinical diabetes (ICD-9-CM code 790.29) and secondary diabetes (ICD-9-CM codes 
249.x).   

 
(2) ICD-9-CM diagnosis codes during 12 months preceding the index HbA1c test date were also used to identify 

and exclude patients with prior documentation of diabetic ketoacidosis (DKA; ICD-9-CM codes 250.1x), 
hyperglycemic hyperosmolar state (HHS; ICD-9-CM codes 250.2x), unspecified diabetic coma (ICD-9-CM 
codes 250.3x), hypoglycemia (ICD-9-CM codes 251.x and 250.8 according to the Ginde algorithm5), or 
poisoning by insulin or anti-diabetic drugs (ICD-9-CM code 962.3). 

 
Incident severe hypoglycemia during 24 months following the index HbA1c test, which was a key outcome of 
the study, was ascertained using the same ICD-9-CM codes as presented above.  Because history of 
hypoglycemia prior to index HbA1c test was an exclusion criteria for the study, newly identified cases were 
incident rather than prevalent events.   

 
ICD-9-CM codes from the top 3 diagnoses of any Evaluation and Management (E&M) encounter were queried to 
identify individuals meeting these exclusion criteria.  This includes ambulatory (outpatient), emergency department, 
and hospital (inpatient and outpatient) E&M visits. 
 
(3) HbA1c tests ascertained using Logical Observation Identifiers Names and Codes (LOINC) codes 4548-4, 4549-

2, 17856-6, 59261-8, 62388-4 and 4547-6 in the OLDW laboratory results file.   
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eMethods 3. Criteria for Clinical Complexity 
Definition of clinical complexity based on the framework developed by the American Diabetes Association and the 
American Geriatrics Society.6   Specifically, patients were categorized as complex if they met ≥1 of the following 
criteria during 12 months preceding the index HbA1c test date: 
 
1. Age ≥75 years at the time of index HbA1c 
2. Have a diagnosis of dementia (ICD-9-CM codes 290.x, 294.1x, 294.2x, 331.x) 
3. Have a diagnosis of stage 5 or end-stage renal disease (ICD-9-CD codes 585.5-585.6, 403.01, 403.11, 403.91, 

404.02, 404.03, 404.12, 404.13, 404.92, 404.93) 
4. Have ≥3 chronic conditions from among the following:  

a. Myocardial infarction (ICD-9-CM codes 410.x, 412.x) 
b. Congestive heart failure (ICD-9-CM codes 398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 

404.13, 404.91, 404.93, 425.4-425.9, 428.x) 
c. Cerebrovascular disease (ICD-9-CM codes 362.34, 430-438) 
d. Chronic pulmonary disease (ICD-9-CM codes -490-505, 416.8x, 416.9x, 506.4x, 508.1x, 508.2x, 

508.8x) 
e. Non-end stage renal disease (ICD-9-CM codes 403.10, 403.90, 582.x, 585.x, 586.x, V56.x, 583.0-

583.7, 588.0x, V42.0x, V45.1x, 403.9x; excludes 585.5 and 585.6) 
f. Cancer (ICD-9-CM codes (140-172, 174-195.8, 196-208, 238.6x) 
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eMethods 4. Sensitivity Analysis Excluding Sulfonylurea and Glinide Use  
Insulin secretagogues, including sulfonylurea and glinide agents, are known risk factors for hypoglycemia 
particularly among clinically complex patients.  In order to separate the effects of intensive treatment from 
sulfonylurea/glinide use on risk of incident hypoglycemia, we conducted a sensitivity analysis for the observed 
(unadjusted) and adjusted rates of severe hypoglycemia after excluding patients receiving sulfonylurea/glinide after 
the index HbA1c date (this includes patients receiving these medications before the index test date and continued on 
them, as well as those newly started on them after the index test). 
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eMethods 5. Sensitivity Analysis Excluding Metformin Use as Criterion for Intensive Treatment 
Metformin, particularly when used as monotherapy, is unlikely to cause severe hypoglycemia.  It may also be used 
to treat conditions other than type 2 diabetes, including pre-diabetes, polycystic ovarian syndrome, and obesity.  We 
therefore conducted a sensitivity analysis that excluded 5,030 patients whose only criteria for intensive treatment 
was metformin.  Specifically, we excluded patients with index HbA1c ≤5.6% who were either treated with metformin 
at the time of the index test or were started on metformin after the index test.  Patients with index HbA1c 5.7-6.4% 
were excluded if on 2 drugs at baseline and one of them was metformin (because patients treated with ≥3 drugs at 
the time of index HbA1c test would qualify as intensively treated even without metformin) or if started on metformin 
after the index HbA1c test.  Finally, patients with index HbA1C 6.5-6.9% were excluded if they were started on ≥2 
drugs after the HbA1c test and one of the newly initiated drugs was metformin. 
 
  



 
 

© 2016 American Medical Association. All rights reserved. 
 
 

 
eFigure 1. Study Design 

 
 
 
Patients entered the study at the time of their second sequential HbA1c <7.0% (“index HbA1c”) which was 
immediately preceded by another HbA1c <7.0% obtained within 24 months in order to ensure stable glycemic 
control.  Treatment regimen 120 days before the index HbA1c (“baseline drugs”) was compared to treatment regimen 
120 days after the index HbA1c (“post-test drugs”) in order to ascertain treatment intensification and de-
intensification in the context of testing.  The index HbA1c was used to categorize patients based on degree of 
glycemic control. 
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eFigure 2. Risk Factors for Intensive Treatment  

 
 
Intensive treatment was ascertained on the basis of glucose-lowering treatment the time of and within 120 days the 
index HbA1c test.  Intensive treatment was defined as a composite measure of intensive baseline regimen (use of 
greater number of medications than likely necessary for a given HbA1c level at the time of the index HbA1c test) and 
treatment intensification despite an already low index HbA1c result.   High clinical complexity was defined as a 
composite measure of age ≥75 years or high comorbidity burden defined by presence of end-stage renal disease, 
dementia, or ≥3 chronic conditions (myocardial infarction, congestive heart failure, pulmonary disease, non-end-
stage renal disease, or cancer). 
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eTable 1. Glucose-Lowering Medications 
 

Medication class Included agents 

    Biguanides Metformin  
    Sulfonylureas Acetohexamide, chlorpropamide, glimepiride, glipizide, glyburide, tolazamide, 

tolbutamide 
    Thiazolidinediones Pioglitazone, rosiglitazone, troglitazone 
    DPP-4 inhibitors Alogliptin, linagliptin, sitagliptin, saxagliptin 
    GLP-1 analogs Exenatide, liraglutide 
    Glinides Nateglinide, repaglinide 
    Amylin analogs Pramlintide 
    α-Glucosidase inhibitors  Acarbose, meglitol 
    Insulin NPH, regular, aspart, lispro, determir, glargine, glulisine, isophane,  powder 
Medications used to treat diabetes were identified in pharmacy claims data using National Drug Codes (NDC) and 
grouped into therapeutic classes as shown below.  Sodium/glucose cotransporter 2 (SGLT2) inhibitors dapagliflozin, 
empagliflozin, and canagliflozin were not included as there were no patients in the study population on these 
medications.  DPP-4, dipeptidyl peptidase-4.  GLP-1, glucagon-like peptide-1. NPH, neutral protamine Hagedorn. 
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eTable 2. 
Observed and 
Risk-Adjusted 
Probabilities of 
Intensive 
Treatment and 
Incident Severe 
Hypoglycemia 
Among Low- and 
High-Complexity 
Patients Excluding 
Sulfonylurea- and 
Glinide-Treated 
Patients 

Low complexity 
(n = 21338) 

High complexity 
(n = 2603) 

Percent difference between high 
and low complexity patients a 

Observed, N (%)    

Intensive Treatment 4297 (20.1%) 270 (10.4%) -9.8 (-11.1, -8.5) 
Hypoglycemia 197 (0.92%) 47 (1.81%) 0.88 (0.36, 1.41) 

Adjusted probability, % (95% CI)    

Intensive Treatment 19.3 (18.7, 19.8) 11.8 (10.4, 13.1) -7.5 (-9.0, -6.0) 

Hypoglycemia 0.85 (0.72, 0.98) 1.43 (0.97, 1.90) 0.5 (0.11, 1.06) 

Risk-adjusted probabilities are adjusted for patient sex, race, household income, residency region, index HbA1c year, 
and health care professional specialty.  a All results are statistically significant with p<0.05. 
 
 
 
eTable 3. Risk-Adjusted Probability of Severe Hypoglycemia as a Function of Clinical 
Complexity and Treatment Intensity Excluding Sulfonylurea- and Glinide-Treated Patients 

 Adjusted Probability 
% (95% CI) 

Difference in Adjusted 
Probability 
% (95% CI) 

OR of Adjusted 
Probabilities 

(95% CI) 

P value 
of OR 

Low complexity + 
standard treatment 

0.83 (0.69, 0.98) Ref Ref Ref 

Low complexity + 
Intensive treatment 

0.95 (0.60, 1.31) 0.12 (-0.28, 0.52)a 1.14 (0.74,1.77) 0.55 b 

High complexity + 
standard treatment 

1.28 (0.82, 1.75) 0.45 (-0.02, 0.92) a Ref Ref 

High complexity + 
Intensive treatment 

2.35 (0.75, 3.95) 1.52 (-0.10, 3.13) a 1.85 (0.85,4.04) 0.12 c  

Risk-adjusted probabilities are adjusted for patient sex, race, household income, residency region, index HbA1c year, 
and health care professional specialty. a The absolute difference of the adjusted probability of severe hypoglycemia 
when compared to low complexity patients receiving standard therapy.  b The odds ratio of the adjusted probability 
of severe hypoglycemia when compared to low complexity patients receiving standard therapy. c The odds ratio of 
the adjusted probability of severe hypoglycemia when compared to high complexity patients receiving standard 
therapy. 
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eTable 4. Observed and Risk-Adjusted Probabilities of Intensive Treatment and Incident Severe 
Hypoglycemia Among Low- and High-Complexity Patients Exclusing Metformin as a Criterion 
for Intensive Treatment 
 

Intensive Treatment 
Low complexity 

 (n = 23020) 
High complexity 

(n = 3492) 
Percent difference between high 

and low complexity patients a 
Observed, N (%)    

Intensive Treatment 2705 (11.75%) 313 (8.96%) -2.79 (-3.82, -1.75) 
Hypoglycemia 262 (1.14%) 93 (2.66%) 1.53 (0.97, 2.08) 

Adjusted probability, % (95% CI)   

Intensive Treatment 10.95 (10.53, 11.37) 9.76 (8.68, 10.84) -1.19% (-2.37, -0.02) 

Hypoglycemia 1.01 (0.88, 1.14) 1.89 (1.43, 2.35) 0.88% (0.41, 1.35) 

Risk-adjusted probabilities are adjusted for patient sex, race, household income, residency region, index HbA1c year, 
and health care professional specialty.  a All results are statistically significant with p<0.05. 
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eTable 5. Risk-Adjusted Probability of Severe Hypoglycemia as a Function of Clinical 
Complexity and Treatment Intensity Excluding Metformin as Criterion for Intensive Treatment 

 Adjusted Probability 
% (95% CI) 

Difference in Adjusted 
Probability 
% (95% CI) 

OR of Adjusted 
Probabilities 

(95% CI) 

P value 
of OR 

Low complexity + 
standard treatment 

0.99 (0.85, 1.14) Ref Ref Ref 

Low complexity + 
Intensive treatment 

1.23 (0.77, 1.68) 0.23 (-0.25, 0.71) a 1.24  (0.82,1.86) 0.31 b 

High complexity + 
standard treatment 

1.73 (1.27, 2.20) 0.74 (0.27, 1.21) a Ref Ref 

High complexity + 
Intensive treatment 

3.06 (1.46, 4.66) 2.06 (0.46, 3.67) a 1.79  (1.00,3.19) 0.049 c  

Risk-adjusted probabilities are adjusted for patient sex, race, household income, residency region, index HbA1c year, 
and health care professional specialty. a The absolute difference of the adjusted probability of severe hypoglycemia 
when compared to low complexity patients receiving standard therapy.  b The odds ratio of the adjusted probability 
of severe hypoglycemia when compared to low complexity patients receiving standard therapy. c The odds ratio of 
the adjusted probability of severe hypoglycemia when compared to high complexity patients receiving standard 
therapy. 
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eResults 1. Sensitivity Analysis Excluding Sulfonylurea and Glinide Use  
Overall, 7601 patients (24.1% of the study population) were treated with a sulfonylurea/glinide class medication 
after the index test date, including 6294 (22.8%) low complexity patients and 1307 (33.4%) high complexity 
patients.  After excluding these patients from all analyses, we found that high complexity patients were significantly 
less likely to receive intensive treatment than low complexity patients but were still significantly more likely to 
experience severe hypoglycemia than low complexity patients (eTable 2). 

We also quantified the risk-adjusted probability of severe hypoglycemia as a function of clinical 
complexity and treatment intensity in this restricted study sample.  As shown in eTable 3, high complexity patients 
had significantly higher rates of severe hypoglycemia than low complexity patients irrespective of treatment 
intensity.  However, while intensive treatment among high complexity patients increased the adjusted probability of 
severe hypoglycemia from 0.45% to 1.52%, with resulting OR 1.85, this increase failed to reach statistical 
significance due to large 95% CI margins.  This may be explained by the exclusion of a large number of high 
complexity patients due to sulfonylurea/glinide therapy, which decreased the power of this analysis.  All point 
estimates are consistent with those seen in the main analysis where the study sample was sufficiently large to allow 
for adequate power (Figures 2 and 3 in the main manuscript). 
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eResults 2. Sensitivity Analysis Excluding Metformin Use as Criterion for Intensive Treatment 
Overall, 5030 patients (15.9% of the study population) were classified as being intensively treated solely on the 
basis of metformin use.  Exclusion of these patients from all analyses did not significantly alter study findings, as 
high complexity patients were still less likely to be treated intensively than low complexity patients yet were 
significantly more likely to experience severe hypoglycemia in both unadjusted and adjusted analyses (eTable 4).  
Similarly, the adjusted probability of severe hypoglycemia was significantly higher among high complexity patients 
receiving standard treatment compared to low complexity patients receiving standard treatment (eTable 5).  
Intensive treatment further increased risk of severe hypoglycemia among high complexity patients, but not among 
low complexity patients. 
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