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ABSTRACT
Introduction  Current diabetes quality measures are 
agnostic to patient clinical complexity and type of 
treatment required to achieve it. Our objective was to 
introduce a patient-centered indicator of appropriate 
diabetes therapy indicator (ADTI), designed for patients 
with type 2 diabetes, which is based on hemoglobin A1c 
(HbA1c) but is also contextualized by patient complexity 
and treatment intensity.
Research design and methods  A draft indicator was 
iteratively refined by a multidisciplinary Delphi panel 
using existing quality measures, guidelines, and published 
literature. ADTI performance was then assessed using 
OptumLabs Data Warehouse data for 2015. Included adults 
(n=206 279) with type 2 diabetes were categorized as 
clinically complex based on comorbidities, then categorized 
as treated appropriately, overtreated, or undertreated 
based on a matrix of clinical complexity, HbA1c level, 
and medications used. Associations between ADTI and 
emergency department/hospital visits for hypoglycemia 
and hyperglycemia were assessed by calculating event 
rates for each treatment intensity subset.
Results  Overall, 7.4% of patients with type 2 diabetes 
were overtreated and 21.1% were undertreated. Patients 
with high complexity were more likely to be overtreated 
(OR 5.60, 95% CI 5.37 to 5.83) and less likely to be 
undertreated (OR 0.65, 95% CI 0.62 to 0.68) than patients 
with low complexity. Overtreated patients had higher 
rates of hypoglycemia than appropriately treated patients 
(22.0 vs 6.2 per 1000 people/year), whereas undertreated 
patients had higher rates of hyperglycemia (8.4 vs 1.9 per 
1000 people/year).
Conclusions  The ADTI may facilitate timely, patient-
centered treatment intensification/deintensification with 
the goal of achieving safer evidence-based care.

INTRODUCTION
Lowering blood glucose levels in patients 
with diabetes can reduce the risk of micro-
vascular and macrovascular complications 
but may necessitate polypharmacy and lead 
to adverse events, including hypoglycemia. 
Patients who are clinically complex and/
or require multiple glucose-lowering agents 
or insulin to attain desired glycemic targets 
are most likely to experience hypoglycemia.1 

Clinical practice guidelines advise individ-
ualizing hemoglobin A1c (HbA1c) targets 
and glucose-lowering regimens to balance 
the anticipated benefits of lowering HbA1c 
with the potential harms.2–7 However, current 
diabetes quality measures used for population 
health management, public reporting, and 
pay-for-performance reimbursement are not 
designed to evaluate this balance. Instead, 
they consist of dichotomous thresholds of 

Significance of this study

What is already known about this subject?
►► To align quality measurement with established sci-
entific evidence and to individualize hemoglobin A1c 
(HbA1c) targets and glucose-lowering regimens to 
balance the anticipated benefits of lowering HbA1c 
with potential harms, we developed the appropriate 
diabetes therapy indicator (ADTI), which seeks to 
identify patients with type 2 diabetes who may be 
overtreated or undertreated based on their HbA1c 
level, glucose-lowering medications used, and clin-
ical complexity.

What are the new findings?
►► Both overtreatment and undertreatment of commer-
cially insured and Medicare Advantage beneficiaries 
in the USA were common, with patients with high 
clinical complexity significantly more likely to be 
overtreated (OR 5.60) but less likely to be under-
treated (OR 0.65) compared with patients with low 
clinical complexity.

►► Patients classified as overtreated by the ADTI had 
higher rates of severe hypoglycemia requiring emer-
gency department or hospital care, while patients 
classified as undertreated had higher rates of severe 
hyperglycemia.

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

►► The ADTI may be used by clinical practices and indi-
vidual clinicians to facilitate timely, patient-centered 
treatment intensification/deintensification with the 
goal of achieving safer evidence-based care.
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glycemic control, most often <8%, uniformly applied 
to nearly all adults aged 18–75 years,8 irrespective of 
the patient’s clinical complexity, risk for hypoglycemia, 
and required intensity of glucose-lowering therapy. This 
approach is not aligned with the goal of delivering high-
quality, patient-centered care, and may contribute to the 
risk/treatment paradox seen in contemporary clinical 
practice, whereby younger, healthier patients commonly 
undertreated while older, more clinically complex 
patients are overtreated.9 As such, there is an urgent need 
to align the anticipated benefits and harms of treatment 
with the therapeutic goals pursued by a given patient.

Uniform, dichotomous measures of diabetes control 
are ill suited to evaluate the individual-level quality and 
safety of diabetes care. They may miss undertreatment 
of younger, healthier adults with diabetes who may 
be harmed by long-term exposure to hyperglycemia 
(including HbA1c 7%–8%).10 They may also miss over-
treatment of older, clinically complex, or already inten-
sively treated patients, for whom achieving HbA1c <8% 
may not be possible without substantial hypoglycemia 
risk and may not yield meaningful improvements in 
health outcomes. Recognizing the need to support indi-
vidualized glycemic targets, Pogach and colleagues intro-
duced an out-of-range glycemic control measure for older 
adults with diabetes (aged ≥65 years) who have serious 
comorbid health conditions.11 While this measure 
addresses concerns about overtreatment of older and 
clinically complex adults, it does not tackle the potential 
overtreatment of younger clinically complex adults,12 nor 
does it address the potential undertreatment of older or 
younger adults.

We therefore engaged a multidisciplinary team of clini-
cians, researchers, and health plan representatives, and 
partnered with AARP and OptumLabs in collaboration 
with the National Quality Forum (NQF) Measure Incu-
bator, to develop an appropriate diabetes therapy indicator 
(ADTI) for adults with diabetes across a range of clinical 
complexity. Herein, we describe the application of the 
ADTI to administrative claims data within OptumLabs 
Data Warehouse (OLDW) to simulate its use in clinical 
practice. To test the validity of the proposed approach, 
we then examine the association between treatment 
appropriateness, as calculated by the ADTI, and rates of 
emergency department (ED) visits and hospitalizations 
for hypoglycemia and hyperglycemia among adults with 
type 2 diabetes in OLDW.

SUBJECTS, MATERIALS, AND METHODS
Study design
A candidate indicator was proposed by the research team 
on the basis of currently available quality measures,8 clin-
ical practice guidelines,2–7 13 and published literature. 
This definition was iteratively refined with input from a 
modified Delphi panel which comprised 12 multidisci-
plinary non-patient stakeholders. Patient perspective was 
provided by the Mayo Clinic Diabetes Patient Advisory 

Group. The final indicator definition was evaluated using 
administrative claims and laboratory data from OLDW. 
Because this study involved statistically deidentified data, 
it was exempt from Mayo Clinic Institutional Review 
Board review.

Modified Delphi panel deliberations
We convened a 12-member modified Delphi panel, 
selected by call for nominations to OptumLabs partner 
institutions and the NQF Measure Incubator network, 
to develop and refine the proposed measure of appro-
priate diabetes therapy. Selected members included 
clinicians (endocrinology, primary care, geriatrics), 
pharmacists, nurses, researchers, and representatives of 
public and private health plans. Deliberations on the 
measure consisted of four 90 min meetings held over 
teleconference. After each conversation, participants 
provided additional feedback on the measure including 
recommendations for additional testing (to inform the 
measure) and further refinement. The final measure 
definition was unanimously approved by the panel.

Patient perspective
The study team presented a draft of the ADTI to members 
of the Diabetes Patient Advisory Group and sought feed-
back on the general approach, specific components of 
the measure definition, and implementation strate-
gies. The advisory group comprised approximately 10 
community members with diabetes and their caregivers. 
This long-standing group meets with researchers on a 
monthly basis to provide feedback on research proposals, 
participant recruitment materials, surveys, and all areas 
of proposed and existing research grounded in their 
personal, practical experiences in living with diabetes.

Indicator definition
The ADTI indicator aims to identify glucose-lowering 
regimens that may not be appropriate for an individual 
patient and which may need to be re-evaluated in conver-
sation with the patient. Patients identified as potentially 
overtreated or undertreated may benefit from clinical 
reassessment to determine whether and what actions 
need to be taken to better align their management with 
best available evidence and patients’ goals for their care 
(online supplemental figure 1). ADTI therefore incor-
porates three factors: the patient’s clinical complexity, 
achieved HbA1c level, and current treatment intensity.

Clinical complexity
The designation of clinical complexity centered on the 
risk of severe hypoglycemia, the probability of serious 
harm ensuing from a hypoglycemic event, and overall 
disease burden (figure 1). We considered patients as clin-
ically complex if they were 18–74 years old and had ≥4 
chronic conditions, or were  ≥75 years old and had  ≥3 
chronic conditions.

Candidate conditions were those specified by the 
American Diabetes Association,5 6 American Geriatrics 
Society,13 and/or US Department of Veterans Affairs/

https://dx.doi.org/10.1136/bmjdrc-2020-001878
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Department of Defense2 diabetes management guide-
lines: dementia, end-stage kidney disease (ESKD), stages 
3–4 of chronic kidney disease, advanced liver disease 
(cirrhosis), heart failure, myocardial infarction, hyper-
tension, cerebrovascular disease, depression, chronic 
obstructive pulmonary disease, cancer (except non-
melanoma skin cancer), urinary incontinence, falls, 
arthritis, proliferative retinopathy or blindness, and 

peripheral neuropathy or amputation or ulcer (online 
supplemental figure 2). Hypertension was excluded 
from among the complexity-defining conditions based 
on Delphi panel input because it is common, does not 
independently increase risk of hypoglycemia,1 and does 
not signal diminished life expectancy.14 History of hypo-
glycemia requiring ED or hospital care in the prior year 
was added, per guideline specifications suggesting more 

Figure 1  Consensus definition for the appropriate diabetes therapy indicator. (A) Specification of clinical complexity on the 
basis of patient age during the measurement year and comorbidities ascertained during the year prior to the measurement 
year. (B) Diabetes treatment regimens that may be suggestive of undertreatment, overtreatment, and appropriate treatment 
as a function of HbA1c and patient clinical complexity. Medications are classified as increasing the risk of hypoglycemia 
(sulfonylurea, basal insulin, bolus insulin; ‘hypo-prone’) or not (metformin, sodium-glucose transport protein 2 inhibitors 
(SGLT2i), glucagon-like peptide-1 receptor agonists (GLP-1), dipeptidyl peptidase-4 (DPP4) inhibitors, thiazolidinediones, 
α-glucosidase inhibitors, meglitinides, amylin analog). Patients treated with multiple daily insulin injections or insulin pump 
therapy are considered to receive two hypoglycemia-prone medications. CKD, chronic kidney disease; COPD, chronic 
obstructive pulmonary disease; ED, emergency department; HbA1c, hemoglobin A1c.

https://dx.doi.org/10.1136/bmjdrc-2020-001878
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relaxed treatment targets in this context6 and in recog-
nition of the high risk for hypoglycemia recurrence.1 
Dementia, ESKD, and metastatic cancer were weighted 
more strongly than the other conditions, consistent with 
the guidelines,2 5 6 13 as they signify short life expectancy, 
high disease burden, and high risk of hypoglycemia.1 We 
did not include a measure of life expectancy, as it cannot 
be reliably ascertained using claims data and thereby is 
not practical for efficient and generalizable indicator 
use. Age was considered indirectly, in an effort to balance 
the known association between advanced age and hypo-
glycemia (specifically, age ≥75 is a risk factor for hypo-
glycemia independent of comorbidity)1 and as a marker 
for remaining life expectancy, with the appreciation that 
otherwise healthy older adults have sufficient life expec-
tancy to benefit from moderate glycemic control.15

Treatment intensity
Treatment intensity was defined for each HbA1c range 
by clinical complexity as a function of the number and 
type (prone to hypoglycemia vs not) of medication use 
(figure  1). The last HbA1c of 2015 was used, consis-
tent with established measure methodology.8 Diabetes 
medications were identified from outpatient pharmacy 
claims during 100 days preceding the HbA1c measure-
ment and classified as at risk for hypoglycemia (insulin, 
sulfonylurea) versus not (all others; eg, metformin, 
sodium-glucose transport protein 2 inhibitors, glucagon-
like peptide-1 receptor agonists, dipeptidyl peptidase-4 
inhibitors, thiazolidinediones, α-glucosidase inhibitors, 
meglitinides, amylin analog), consistent with earlier over-
treatment measures.11

ADTI evaluation
Data source
The ADTI was assessed using data from OLDW between 1 
January 2013 and 31 December 2015. OLDW comprised 
deidentified medical and pharmacy claims, laboratory 
results, and enrollment records for commercially insured 
and Medicare Advantage enrollees.16 Included plans are 
employer-sponsored health plans available to working 
individuals and their families and Medicare Advantage 
health plans, which are private sector alternatives to 
traditional government-sponsored Medicare Part A/B 
plans available to retirees. The database contains longi-
tudinal health information on enrollees, representing 
a diverse mixture of ages, ethnicities, and geographic 
regions across the USA.

Study population
We identified all adult enrollees (≥18 years) with type 
2 diabetes who had medical and pharmacy health plan 
coverage from 1 January 2014 to 31 December 2015, and 
had an available HbA1c result in 2015. Patients who were 
pregnant or enrolled in hospice during the measurement 
year (2015) were excluded, per measure specifications 
(see online supplemental table 1 for relevant codes). The 
diagnosis of diabetes was established using Healthcare 

Effectiveness Data and Information Set criteria applied 
to 2013 and 2014 claims. We excluded patients with type 
1 diabetes based on the following criteria: (1) plurality of 
diabetes Evaluation & Management (E&M) diagnosis codes 
for type 1 diabetes and fill(s) for bolus insulin, or (2) equal 
number of type 1 and type 2 diabetes E&M codes and fill(s) 
for bolus insulin and no fills for sulfonylureas. This classifi-
cation scheme is consistent with prior literature.9 17 18

Outcomes
The primary outcome was appropriateness of diabetes 
therapy calculated for the 2015 measurement year. 
Sensitivity analyses examined ADTI performance among 
patients aged 18–75 years (consistent with current 
measures) and >75 years. We compared ADTI results 
for our population to existing National Committee for 
Quality Assurance (NCQA) glycemic control indicator,8 
which applies a uniform threshold of HbA1c <8.0% vs 
≥8% irrespective of the treatment regimen or patient 
complexity, and is limited to patients aged 18–75 years. 
Secondary analyses examined (1) baseline patient char-
acteristics associated with increased odds of undertreat-
ment and overtreatment, as compared with appropriate 
treatment; (2) incidence of ED visits or hospitalizations 
for hypoglycemia and hyperglycemia in the different 
appropriateness subgroups; and (3) variation in the 
proportion of patients treated appropriately among 
providers of different specialties (internal medicine, 
family medicine, endocrinology).

Independent variables
Patient age, sex, annual household income, US region, 
health plan, and race/ethnicity were identified from OLDW 
enrollment files. Variables were selected on the basis of 
their demonstrated association with the choice of glucose-
lowering therapy and intensity of glycemic control.9 19 They 
were used to assess for heterogeneity in meeting the ADTI 
and factors associated with receipt of appropriate care, but 
were not included in the ADTI itself.

Patient attribution
Eligible providers were physicians, nurse practitioners, 
and physician assistants in either primary care (internal 
medicine, family medicine) or endocrinology. Patients 
were attributed to eligible providers based on the plurality 
of E&M office visits in 2014–2015. In the event of a tie, 
patients were attributed to the eligible provider with the 
plurality of visits in 2015. In the event of persistent tie, 
patients were attributed to the eligible provider with the 
last E&M office visit in 2015.

Statistical analysis
We calculated the overall frequencies (percentages) and 
means (SD) for patient characteristics, overall and strati-
fied by clinical complexity. ADTI performance was calcu-
lated as the proportion of patients treated appropriately, 
undertreated, or overtreated.

A multinomial logistic regression model (reference: 
appropriate therapy) was used to separately assess the 

https://dx.doi.org/10.1136/bmjdrc-2020-001878
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association of undertreatment and overtreatment with 
baseline patient characteristics, clinical complexity, and 
attributed provider. Results are reported as ORs and 95% 
CIs.

Variation in the proportion of patients treated appro-
priately for individual providers was calculated for 
providers with ≥25 attributed patients. Differences across 
specialties (internal medicine, family medicine, and 
endocrinology) were tested using the Kruskal-Wallis test.

Rates of ED visits and hospitalizations with the primary 
diagnoses of hypoglycemia and hyperglycemia in 2015 
were calculated for each appropriateness group, reported 
as the number of events per 1000 enrollees per year.

All analyses were conducted using SAS software V.9.4 
(SAS Institute).

RESULTS
Study population
The study population comprised 206 279 adults, of whom 
24 604 (11.9%) were clinically complex (online supple-
mental table 2). Mean age was 65.5 years (SD 12.1), 49.6% 
were female, and 58.9% were White. The distribution of 
qualifying conditions among patients of high clinical 
complexity is shown in online supplemental table 3; 3557 
(14.5%) patients met more than one criterion for clin-
ical complexity. Most were attributed to a primary care 
provider (47.5% to family medicine, 43.5% to internal 
medicine); 4.6% were attributed to an endocrinologist 
and 4.4% could not be attributed.

ADTI assessment
Overall, 71.5% were treated appropriately, 21.1% were 
potentially undertreated, and 7.4% were potentially over-
treated (table  1). Patient characteristics by treatment 
designation are shown in online supplemental table 
4. The proportion of undertreated was higher among 
patients of low complexity (22.6% vs 10.3%), while 
the proportion of overtreated was higher among those 
with high complexity (23.4% vs 5.3%). Similarly, the 

proportion of overtreated was highest among patients 
≥75 years (9.5%), while the proportion of undertreated 
was highest among patients 18–44 years (32.5%).

We also compared ADTI results for our population to 
the NCQA glycemic control indicator8 (online supple-
mental table 5). Overall, 7.2% of patients with HbA1c 
<8.0% were classified as undertreated and 9.6% were 
classified as overtreated by the ADTI, whereas all would 
be considered ‘appropriately’ treated by the NCQA 
definition. Of the 46 424 patients with HbA1c ≥8.0%, 
who would all be considered as ‘undertreated’ by the 
NCQA definition, 31.0% were reclassified as appropri-
ately treated by the ADTI. Restricting the study popula-
tion to patients 75 years and younger, as in the NCQA 
measure, did not substantially alter the results. Nearly 
86% of patients older than 75 years had achieved HbA1c 
<8.0% and 11.3% of them were classified as overtreated, 
while 58.9% of patients with HbA1c ≥8.0% were classified 
as undertreated.

There was significant variation in the proportion of 
patients receiving appropriate therapy by attributed 
provider specialty (online supplemental table 6). The 
median proportion of patients receiving appropriate care 
was highest among internal medicine providers (77.0%) 
and lowest among endocrinologists (71.5%); p=0.002. 
Internal medicine providers had the lowest number 
overtreated (6.6%), family medicine providers had the 
highest number undertreated (18.5%), while endocri-
nology had the highest number overtreated (11.0%) and 
lowest number undertreated (13.6%).

Factors associated with ADTI performance
The strongest predictors of whether a patient received 
appropriate glucose-lowering therapy or was under-
treated/overtreated were clinical complexity and age 
(table  2). Odds of overtreatment of patients with high 
complexity, as compared with patients of low complexity, 
was 5.60 (95% CI 5.37 to 5.83), while their odds of under-
treatment was 0.65 (95% CI 0.62 to 0.68). The odds of 

Table 1  Appropriateness of diabetes therapy results in OptumLabs Data Warehouse. Overall results are calculated per low-
complexity and high-complexity subgroups and for the whole study population

hemoglobin A1c 
(HbA1c)

Potentially undertreated 
(consider intensification) Appropriate

Potentially overtreated (consider 
deintensification)

Low complexity 
(%)

High complexity 
(%)

Low complexity 
(%)

High complexity 
(%)

Low complexity 
(%)

High complexity 
(%)

<5.6% – – 3997 (54.2) 636 (8.6) 1934 (26.2) 801 (10.9)

5.6%–6.4% – – 47 139 (75.1) 4628 (7.4) 7616 (12.1) 3411 (5.4)

6.5%–6.9% – – 36 634 (89.1) 2948 (7.2) – 1551 (3.8)

7.0%–7.9% 11 495 (23.7) – 31 577 (65.0) 5488 (11.3) – –

8.0%–8.9% 7337 (33.7) 72 (0.3) 11 771 (54.0) 2616 (12.0) – –

≥9.0% 22 175 (90.0) 2453 (10.0) – – – –

Overall 41 007 (22.6) 2525 (10.3) 131 118 (72.2) 16 316 (66.3) 9550 (5.3) 5763 (23.4)

43 532 (21.1) 147 434 (71.5) 15 313 (7.4)

https://dx.doi.org/10.1136/bmjdrc-2020-001878
https://dx.doi.org/10.1136/bmjdrc-2020-001878
https://dx.doi.org/10.1136/bmjdrc-2020-001878
https://dx.doi.org/10.1136/bmjdrc-2020-001878
https://dx.doi.org/10.1136/bmjdrc-2020-001878
https://dx.doi.org/10.1136/bmjdrc-2020-001878
https://dx.doi.org/10.1136/bmjdrc-2020-001878
https://dx.doi.org/10.1136/bmjdrc-2020-001878
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both undertreatment and overtreatment declined with 
patient age, such that patients ≥75 years had an OR 
0.40 (95% CI 0.38 to 0.42) of being undertreated and 
an OR 0.45 (95% CI 0.41 to 0.50) of being overtreated 
compared with patients 18–44 years. We also found 

that Black patients (OR 1.26; 95% CI 1.23 to 1.30) and 
Hispanic patients (OR 1.25; 95% CI 1.21 to 1.29) were 
both more likely to be undertreated compared with 
White patients. Women were less likely than men to be 
both undertreated (OR 0.85; 95% CI 0.83 to 0.87) and 

Table 2  Predictors of patient undertreatment and overtreatment

Variable

Undertreatment Overtreatment

OR (95% CI) P value OR (95% CI) P value

Clinical complexity

 � Low Ref Ref Ref Ref

 � High 0.65 (0.62 to 0.68) <0.001 5.60 (5.37 to 5.83) <0.001

Age group (years)

 � 18–44 Ref Ref Ref Ref

 � 45–64 0.78 (0.75 to 0.82) <0.001 0.63 (0.58 to 0.68) <0.001

 � 65–74 0.53 (0.50 to 0.56) <0.001 0.53 (0.49 to 0.58) <0.001

 � ≥75 0.40 (0.38 to 0.42) <0.001 0.45 (0.41 to 0.50) <0.001

Sex

 � Male Ref Ref Ref Ref

 � Female 0.85 (0.83 to 0.87) <0.001 0.90 (0.87 to 0.93) <0.001

Race/ethnicity

 � White Ref Ref Ref Ref

 � Black 1.26 (1.23 to 1.30) <0.001 1.02 (0.97 to 1.07) 0.52

 � Hispanic 1.25 (1.21 to 1.29) <0.001 0.85 (0.81 to 0.90) <0.001

 � Asian 0.95 (0.90 to 0.99) 0.03 0.70 (0.64 to 0.76) <0.001

 � Unknown/missing 0.98 (0.91 to 1.05) 0.54 0.84 (0.74 to 0.94) 0.003

US region

 � Midwest Ref Ref Ref Ref

 � Northeast 1.11 (1.07 to 1.15) <0.001 0.80 (0.75 to 0.84) <0.001

 � South 0.99 (0.96 to 1.02) 0.68 0.84 (0.80 to 0.88) <0.001

 � West 1.01 (0.96 to 1.05) 0.73 0.85 (0.80 to 0.92) <0.001

Annual household income

 � <$40 000 Ref Ref Ref Ref

 � $40 000–$49 999 0.97 (0.93 to 1.01) 0.13 0.97 (0.91 to 1.04) 0.42

 � $50 000–$59 999 0.96 (0.92 to 1.00) 0.05 0.91 (0.85 to 0.97) 0.004

 � $60 000–$74 999 0.92 (0.88 to 0.95) <0.001 0.98 (0.92 to 1.04) 0.49

 � $75 000–$99 999 0.89 (0.86 to 0.92) <0.001 0.98 (0.92 to 1.03) 0.41

 � ≥$100 000 0.75 (0.73 to 0.78) <0.001 1.04 (0.99 to 1.10) 0.13

 � Unknown 0.99 (0.93 to 1.05) 0.68 1.09 (0.99 to 1.19) 0.07

Attributed provider

 � Internal medicine Ref Ref Ref Ref

 � Family medicine 1.07 (1.04 to 1.09) <0.001 1.01 (0.97 to 1.05) 0.67

 � Endocrinology 0.88 (0.84 to 0.93) <0.001 1.57 (1.45 to 1.69) <0.001

 � Unattributed 1.10 (1.04 to 1.16) <0.001 1.07 (0.99 to 1.17) 0.10

Health plan

 � Commercial Ref Ref Ref Ref

 � Medicare Advantage 0.82 (0.79 to 0.85) <0.001 1.04 (0.99 to 1.11) 0.14

Odds of potential undertreatment and overtreatment were calculated using a multinomial logistic regression model with the reference set to 
receipt of appropriate therapy.
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overtreated (OR 0.90; 95% CI 0.87 to 0.93). Patient 
income was inversely associated with odds of undertreat-
ment (OR 0.75; 95% CI 0.73 to 0.78 for annual household 
income ≥$100 000 vs <$40 000) and had no association 
with odds of overtreatment. Having Medicare Advantage 
health coverage, as compared with commercial, was also 
associated with decreased odds of undertreatment (OR 
0.82; 95% CI 0.79 to 0.85) and had no association with 
overtreatment. Patients attributed to endocrinologists 
were less likely to be undertreated than those attributed 
to internal medicine providers (OR 0.88; 95% CI 0.84 to 
0.93), and significantly more likely to be overtreated (OR 
1.57; 95% CI 1.45 to 1.69).

Association between treatment intensity and severe 
dysglycemia
Overtreated patients had higher rates of hypoglycemia-
related ED visits/hospitalizations (22.0 events/1000 
enrollees/year) than appropriately treated patients 
(6.2 events/1000 enrollees/year) (table 3). In contrast, 
undertreated patients had higher rates of hyperglycemia-
related ED visits/hospitalizations (8.4 events/1000 
enrollees/year) than appropriately treated patients (1.9 
events/1000 enrollees/year).

DISCUSSION
In an effort to promote high-quality, evidence-based, and 
safe diabetes management at the individual and popula-
tion levels, we proposed and evaluated a new quality indi-
cator for the appropriateness of glucose-lowering therapy 
among patients with type 2 diabetes. The ADTI balances 
the benefits of glucose-lowering therapy with the poten-
tial harms of hypoglycemia and treatment burden (eg, 
polypharmacy). When we applied the ADTI to a real-
world population of 206 279 adults with type 2 diabetes, 
we found that 21.1% are potentially undertreated and 
7.4% are potentially overtreated. As may be expected, 
overtreatment was far more common among clinically 
complex patients, while undertreatment was more 
common among patients with low complexity. These 
findings underscore the need for balanced quality indi-
cators that can identify both excessive and inadequate 

treatment regimens. Using this information, clinicians 
can engage patients in conversation about their glucose-
lowering therapy with the ultimate goal of aligning treat-
ment regimens with patients’ clinical contexts as well as 
goals and preferences for care.

In the era of population health management, patients 
are often identified for surveillance or intervention only 
when they meet a particular metric (eg, high HbA1c) 
or experience an adverse health outcome (eg, hospital-
ization). The ADTI can help clinicians identify patients 
who may be either undertreated (the focus of currently 
existing quality measures, although in a less nuanced 
way) or overtreated (which has not been done to date). 
This approach also addresses other concerns raised 
about quality measurement,20 whether used for pay-for-
performance/public reporting or to facilitate better 
care through quality improvement. ADTI is not a one-
size-fits-all metric; instead, it promotes shared decision-
making and personalization of glucose-lowering therapy. 
By inherently risk adjusting the recommended HbA1c 
level and the intensity of the glucose-lowering treatment 
regimen, ADTI encourages therapy that is more likely to 
be aligned with patient’s clinical context. It also recog-
nizes the effort patients and clinicians make to control 
hyperglycemia even when HbA1c does not fall below 8%, 
while reinforcing the benefits of tighter glycemic control 
for less complex patients. Indeed, 31% of patients with 
HbA1c ≥8.0% would still be considered appropriately 
treated by the ADTI, either because of their underlying 
clinical complexity (wherein more intensive treatment 
may not be evidence based) or the complexity of their 
current treatment regimen (wherein more intensive 
treatment may be unsafe). Conversely, 7.2% of patients 
with HbA1c <8.0% were still classified as undertreated, 
reinforcing the benefits of more intensive glycemic 
control for otherwise healthy patients with long life 
expectancy. Finally, ADTI identified the 9.6% of patients 
with HbA1c ≥8.0% who were still overtreated and may 
benefit from treatment deintensification. By considering 
the number and type of glucose-lowering medications 
used to lower HbA1c, the ADTI may provide action-
able guidance to patients and providers, and thereby 

Table 3  Rates of severe hypoglycemia and hyperglycemia as a function of ADTI performance

Undertreated 
(n=43 532)

Appropriately 
treated (n=147 434)

Overtreated 
(n=15 313) P value

Hypoglycemia

 � Patients with event, n (%) 410 (0.9) 813 (0.6) 296 (1.9) <0.001

 � Event rate per 1000 enrollees per year 10.66 6.15 22.01 <0.001

Hyperglycemia

 � Patients with event, n (%) 311 (0.7) 251 (0.2) 53 (0.4) <0.001

 � Event rate per 1000 enrollees per year 8.41 1.87 3.66 <0.001

The proportion of patients with at least one event, and the total number of events per 1000 enrollees per year, were calculated among 
undertreated, appropriately treated, and overtreated patients as defined by the ADTI.
ADTI, appropriate diabetes therapy indicator.
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overcome the therapeutic inertia of either overtreatment 
or undertreatment.

We found that clinically complex patients were 5.6 times 
more likely to be overtreated (rather than appropriately 
treated) than patients with low clinical complexity. High 
rates of potential overtreatment have been observed 
in a variety of settings and populations,9 21–27 and over-
treated patients’ treatment regimens are rarely dein-
tensified.23 24 28 While diabetes overtreatment measures 
have been proposed previously,11 29 30 they have not been 
widely incorporated into practice. This may be driven, 
in part, by clinician, health system, and patient-driven 
concerns about treatment deintensification.31 32 However, 
there is increasing recognition of the morbidity33–39 and 
mortality33 35–37 39–42 incurred by hypoglycemia, with 
concerted efforts by professional societies and regulatory 
bodies seeking to reduce these events. Proactive identifi-
cation of at-risk overtreated patients would be the neces-
sary first step.

Conversely, patients with low clinical complexity were 
35% more likely to be undertreated than patients with 
high complexity. This is consistent with prior studies 
demonstrating high rates of poor glycemic control 
among younger patients with diabetes.9 43 44 Even though 
our study population comprised commercially insured 
individuals, younger patients may be more likely to be 
underinsured or have high deductible health plans, 
contributing to lower use of glucose-lowering medi-
cations,45 worse glycemic control, and poor health 
outcomes.46 The important role of cost and affordability 
of diabetes management is underscored by the inverse 
relationship between annual household income and 
odds of undertreatment, with higher income individ-
uals significantly less likely to be undertreated. Medicare 
Advantage beneficiaries were also significantly less likely 
to be undertreated. This may reflect better access to care 
by retired Medicare Advantage beneficiaries as compared 
with working-age commercially insured patients, as well 
as the greater reliance on hypoglycemia-prone drugs 
(and lower rates of use of newer, non-hypoglycemia-
prone drugs)19 47 that make it less likely for a patient to 
be classified as undertreated. Such undertreatment of 
patients who are likely to derive benefit from glycemic 
control reinforces the importance of continued focus 
on improving access to diabetes care and affordability of 
glucose-lowering therapies.

Black and Hispanic patients were significantly more 
likely to be undertreated than White patients. These 
disparities in diabetes management may be driven by 
the clinician’s failure to intensify therapy, the patient’s 
inability to access or afford recommended treatments, 
and greater burden of social determinants of health. 
Racial/ethnic minorities have worse diabetes-related 
health outcomes and greater risk of mortality compared 
with White patients,48 49 which may stem from gaps in 
care quality revealed by application of the ADTI.

Overtreatment and undertreatment, as identified by 
the ADTI, strongly correlated with subsequent risks of 

experiencing hypoglycemia and hyperglycemia requiring 
ED or hospital-level care. The rates of ED/hospital visits 
for hypoglycemia were 22.0 per 1000 people/year among 
the overtreated compared with 6.2 per 1000 people/year 
among those appropriately treated. This is important, 
particularly considering that the vast majority of severe 
hypoglycemic events do not culminate in an ED/hospital 
visit.50–52 Conversely, the rates of ED/hospital visits for 
hyperglycemia were 8.4 per 1000 people/year among the 
undertreated compared with 1.9 per 1000 people/year 
among those appropriately treated. Our findings suggest 
the potential preventability of these events with appro-
priate glucose management, particularly for the most 
vulnerable populations.

Our study has several important limitations. HbA1c 
is a surrogate measure of glycemic control and does not 
capture the totality of the diabetes care experience.53 
While measures such as time in target range more accu-
rately reflect real-time glycemia,54 this approach remains 
impractical for population-level performance measure-
ment particularly for patients with type 2 diabetes, most of 
whom do not use (and do not need to use, depending on 
their treatment regimen) continuous glucose-monitoring 
technologies. The examined comorbidities do not reflect 
the full range of biological, sociological, economic, envi-
ronmental, and behavioral factors that affect a patient’s 
complexity, contribute to burden of treatment and disease, 
and impact capacity of self-management and care. While 
we focused specifically on comorbid conditions identified 
by the clinical guidelines2 5 6 13 and associated with increased 
risk for hypoglycemia,1 other potentially pertinent comor-
bidities and non-clinical risk factors were not captured. We 
did not account for patient adherence to treatment or for 
their personal preferences of goals for care. Nevertheless, 
the ADTI can identify potentially inappropriate care in 
order to stimulate more nuanced and evidence-based clin-
ical discussions about the goals and processes of diabetes 
care.

Finally, while the ADTI was evaluated among patients 
with private insurance and the evaluation results are likely 
to differ in other populations that may have greater barriers 
to care and affordability of brand name non-hypoglycemia-
prone medications, the underlying principle of appropriate 
therapy is pertinent to all people with diabetes.

The goal of the ADTI is to ensure that all adults with 
diabetes receive high-quality, evidence-based, timely, and 
equitable care. It does so by taking into consideration the 
HbA1c level and each patient’s clinical complexity and 
treatment burden. This approach can be readily imple-
mented across a range of clinical settings and healthcare 
delivery systems, as the required components are already 
used for quality measurement and reporting, including 
administrative data (diagnoses), HbA1c results, and 
patient age. Prospective evaluation of the impact of 
this indicator on diabetes care quality, patient health 
outcomes, and administrative burden, as compared with 
existing dichotomous measures, is necessary prior to its 
broad dissemination.
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