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Clinical Outcomes Associated With Rates of
Sulfonylurea Use Among Physicians

Katalin Bognar, PhD; Kelly Fee Bell, PharmD, MS Phr; Darius Lakdawalla, PhD; Anshu Shrestha, PhD; Julia Thormnton Snider, PhD;
Nina Thomas, MPH; and Dana Goldman, PhD

ver the past 2 decades, the

prevalence of diabetes mel-

litus has rapidly increased in
the United States! and globally.? Esti-
mates indicate that in 2010, nearly 19
million Americans had diagnosed dia-
betes, with 7 million more presumably
undiagnosed.® Type 2 diabetes mellitus
(T2DM) accounts for over 90% of new
cases of diabetes in adults.? The wide
range of available treatments has miti-
gated the impact of this growth* but
has increased the complexity of T2DM
management.

Metformin, a biguanide, is widely ac-
cepted and used as first-line treatment
for T2DM.*¢ Unlike many other agents,
metformin causes neither acute hypo-
glycemia nor significant weight gain.
Metformin use is usually only limited

by gastrointestinal adverse events and
is contraindicated in patients with im-
paired renal clearance. Although T2DM
management guidelines do not name a
preferred second-line agent,* sulfony-
lureas are prescribed as if they were the
favored choice. After metformin, sulfo-
nylureas are the second-most popular
T2DM medication, prescribed to approx-
imately one-third of patients.”® Although
sulfonylureas achieve glycemic control
effectively,’ their long-term effects on
diabetes-related complications are not
well established.® Widespread sulfony-
lurea use continues despite the avail-
ability of several newer T2DM agents,
presumably because sulfonylureas are
inexpensive and well established.**
With the passage of the 2010 Afford-
able Care Act (ACA), the Centers for
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Medicare & Medicaid Services (CMS)
is required to report performance data
on physicians billing Medicare through
the Physician Quality Reporting Sys-
tem.’ Currently, physicians voluntarily
report performance data to CMS, but by
2015, the ACA will make it mandato-
ry.”> This system is intended to reward
quality of care and reflects a movement
toward physician assessments such as
doctor report cards.'® Because physi-
cian performance will be a key metric
in determining US healthcare quality,
it seems reasonable that physicians
and stakeholders should have greater
access to quality “physician-level” data
to inform healthcare decisions. Specific
performance measures are still being
defined; the study presented here of-
fers 1 possible measure.

In this retrospective, commercial,
claims-based study, we examined the
association between T2DM medication
prescription patterns and physician per-
formance. We measured physician per-
formance using the occurrence of T2DM-
related complications, including hy-
poglycemic and cardiovascular events,
neuropathy, and lower-extremity, vision,
and renal complications. We then deter-
mined whether T2DM medication pre-
scription patterns were associated with
physician performance rank. Our study
takes the first steps toward assessing
physician prescribing patterns as one
simple and easily measurable tool for
predicting physician performance. More-
over, we provide payers with a broader
context to evaluate sulfonylureas and
other T2DM therapies.
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METHODS

Data

Humana is a large provider of commer-
cial and Medicare Advantage health
insurance plans. We examined patient
claims data aggregated at the physician
level using the 2007-2011 Humana da-
tabase. To acquire the physician-level
data, we first identified the patient co-
horts that would be aggregated to the
physician level by examining all com-
mercially insured patient claims data
and extracting incident and prevalent
cohorts of T2DM patients. To reduce
potential bias,” the incident cohort
was used for base case analyses, while
the prevalent cohort and 2 incident
subcohorts were reserved for sensitiv-
ity analyses (reported in eAppendix A,
www.ajmc.com). T2DM patients were
identified as those with at least 1 claim
with the International Classification of
Diseases, Ninth Revision (ICD-9) code 250.
x0 or 250.x2 and at least 1 claim for
an anti-diabetic medication following
the first observed claim with a T2DM
diagnosis. Based on published results,
these search criteria have a specificity
range of 0.93 to 0.99 and sensitivity of
0.44 to 0.91.%% Patients with claims for
pregnancy (ICD-9 codes 630-79, V22.x-
V24.x, V27.%, V29.x, V61.6, V61.7) were
excluded during pregnancy and for 6
months thereafter. The cohort includes
only working-age patients (aged 18-64
years).

For the prevalent cohort, the first-
observed claim with a T2DM diagno-
sis provided the index date. Patients
with less than 1 year of follow-up
from the index date were excluded.
The incident sample included all pa-
tients from the prevalent sample with
at least 1 year of continuous enroll-
ment prior to the index date, with no
T2DM-related medical or pharmacy
claims. We considered all available
follow-up months of these patients.
We also identified 2 incident sub-
cohorts for sensitivity analyses: the
second-line subcohort and the long-
run therapy subcohort. In the second-
line subcohort, we excluded patients
from the incident sample if they did
not require a second-line agent during
the study period, and we considered
all available follow-up months of the
remaining patients. A first-line therapy
was defined as the first anti-diabetic
drug used after diagnosis. A second-
line therapy was added to or replaced
the first agent. For the long-run ther-
apy subcohort, we selected follow-up
months for incident patients in which
patients used at least 1 drug class they
also had used continuously for at least
6 months prior. The study selection
criteria are detailed in Figure 1.

We collected patient characteristics
including age and gender, and tracked
monthly comorbidities, medication
use, and complications. The Elixhauser
Comorbidity Index (ECI) was calculated
each month for each patient using co-
morbid diagnoses over the previous 12
months.202

For each patient, we identified anti-
diabetic drug use using the National
Drug Code (NDC) Directory. We grouped
T2DM medications by mechanistic
class; specifically, biguanides (met-
formin), sulfonylureas, thiazolidin-
ediones (TZDs), dipeptidyl peptidase-4
(DPP-4) inhibitors, glucagon-like pep-
tide-1 (GLP-1) agonists, insulins, and
“other” (including alpha-glucosidase
inhibitors, amylinomimetics, and meg-
litinides). For each patient, we identi-
fied T2DM-related adverse events (car-
diovascular, lower-extremity, renal,
ophthalmic, neurological, and severe
hypoglycemic events) using ICD-9 and
Current Procedural Terminology (CPT)
codes (listed in eAppendix B, www
.ajmc.com), consistent with previous
literature.?>?

For each patient cohort (incident,
prevalent, second-line, or long-run),
we used physician identifiers from
the pharmacy claims to link physi-
cians prescribing T2DM medicines to
each patient and compile an associ-
ated cohort of physicians. Once a pa-
tient received T2DM prescriptions from
a provider, the patient was considered
that provider’s patient for the next 6
months. A patient receiving prescrip-
tions from multiple providers was con-
sidered the patient of each. For each
physician in each month, we calcu-
lated complication rates, average pa-
tient characteristics (age, sex, ECI), and
average T2DM drug usage (fraction of
patients using each class) among the
physician’s T2DM patients.

Statistical Analysis

After tabulating drug use and compli-
cation rates for the patient cohort, we
created for each month in the study
period a case-mix-adjusted measure of
physician performance. Specifically, we
calculated the fraction of a physician’s
patients experiencing any of the study
complications in a given month. We
then used a linear regression model to
predict the monthly rate of any T2DM-
related complication as a function of
average age, gender, and ECI among pa-
tients in the practice in a given month,
as well as a monthly time trend. This
model provided a measure of physi-
cians’ performance as relative success
at avoiding T2DM-related complica-
tions, after adjusting for their patients’
age, sex, and comorbidities.
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Figure 1. Study Cohort Selection
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Member of Humana Insurance Plans, 2007-2011
(n=14,031,111)
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With at Least 2 Medical Claims

(n=7,055,122)
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Commercially Insured, at Least 1 T2DM Claim
(n =238,304)

—

Filled at Least 1 T2DM Prescription

(n=149,264)

—

Continuously Enrolled for at Least 1 Year
(n = 96,382)

—

Aged 18-64, Not Pregnant, Drug Use after T2DM Dx, No Negative Costs,
Plausible Number of Claims and Months Observed

2nd or Greater-Line Therapy Sub-
Cohort
(n = 2844)

(1 Year Clean Window Priot to T2DM Dx)

Incident Cohort

(n =7905)

Long-Run Therapy Sub-Cohort
(n=3415)

T2DM indicates type 2 diabetes mellitus.

After deriving this measure of physi-
cian performance, we sought to deter-
mine whether it was related to T2DM
prescription patterns. To do this, we
compared each physician’s actual per-
formance to the “risk-adjusted” perfor-
mance predicted by patient character-
istics alone (Figure 2). Those doctors
with lower complication rates than
predicted based on patient characteris-
tics were considered “high performers,”
whereas those with higher complica-
tion rates than predicted were consid-
ered “low performers.” We ranked phy-
sicians in each month based on their
performance that month, and then
sorted doctor-months into 10 ordered
and equally sized groups (deciles). Af-
ter establishing the 10-group ranking
of physician performance, we analyzed
whether the prescribing patterns in
the month prior of highest performing
doctors were different than those of
the lowest performing doctors for each
of the drug classes.

Finally, to quantify the impact of
physicians’ prescribing decisions, we
expanded the previous regression
model of physicians’ T2DM complica-
tion rates on practice characteristics
to include rates of use for each of the
T2DM drug classes in the month pri-
or. We used this model to predict the
change in T2DM complications when
switching from “low performer” (bot-
tom decile) prescribing patterns to
those of “high performers” (top decile).
We performed sensitivity analyses on

the prevalent, second-line, and long-
run samples.

RESULTS

We identified an incident T2DM cohort
of 7905 patients. Demographic descrip-
tions are provided in Table 1. A majority
of patients were men (n = 4418; 55.90%),
and the most frequent age category
was 46-55 years (n = 3155, 39.91%). The
average age was 50.1 years.

Rates of T2DM drug use are summa-
rized in Table 2. The biguanide (metfor-
min) was used during 80,244 patient-
months (37.46% of the total patient-
months). Sulfonylureas were the second
most commonly used (21,429 patient-
months; 10.00%). TZDs were the third-
most commonly used (8835; 4.12%).
Every other drug class was filled less
than 3% of the total patient-months. All
insulin classes combined (bolus, basal,
premixed) totaled 9709 patient-months
(4.53%). Because metformin is widely
accepted as the first-line T2DM medica-
tion,* these data suggest that sulfony-
lureas are the most commonly pre-
scribed second-line agent in this cohort.

We compared baseline ECIs among
all patients newly initiating each class
of diabetes medication (Table 3). Pa-
tients newly initiating the biguanide
had an average ECI of 2.38 in the year
prior to initiation, the lowest score of
any T2DM drug class. Sulfonylureas
were prescribed to patients who had
the second-fewest comorbidities at ini-
tiation (average ECI: 2.75). Patients who
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Figure 2. Schematic lllustration of Doctor Performance

Assessment

This figure presents a conceptual illustration of the measurement of case-mix—adjusted physician perfor-
mance. The line represents the regression of complication rates at each physician’s practice on the aver-
age Elixhauser index of the physician’s patients, as well as other patient characteristics (omitted for ease
of illustration). The assessment assumes that the adverse-event rate after T2DM medication initiation is
proportional to comorbidities at the time of T2DM diagnosis. A physician with performance above or below
the regression line has a higher or lower complication rate than others with similar case mix, respectively.
The farther away the performance is from the regression line (increasing residual), the less it conforms to
the expected performance for a given case mix (either better or worse).

received amylinomimetics had the
most comorbidities, on average (4.00).

Rates of complications are summa-
rized in Table 4. Cardiovascular com-
plications were the most common, in
6378 patient-months (2.98% of the total
patient-months), and neuropathy com-
plications the least common, in 804 pa-
tient-months (0.38% of the total patient-
months). Overall, 15,492 patient-months
(7.23% of the total patient-months) in-
volved any diabetes-related complica-
tion.

Table 1. Demographic Character-
istics of Incident T2DM Patients

Frequency
Patient Characteristic N = 7905
Age, years, mean (SD) 50.1 (9.2)
Age category, n (%)
18-25 95(1.2)
26-35 501 (6.34)
36-45 1652 (20.90)
46-55 3155 (39.91)
56-64 2502 (31.65)

Gender, n (%)
Men 4418 (55.90)

Women 3486 (44.10)

SD indicates standard deviation; T2DM, type 2
diabetes mellitus.

Among the incident cohort, we iden-
tified 10,457 distinct prescribing physi-
cians. The average number of distinct
prescribing physicians per incident
T2DM patient was 1.7 (range, 1-9),
whereas the average number of dis-
tinct incident T2DM patients (covered
by Humana insurance) per prescribing
physician was 1.3 (range, 1-18).

Figure 3 relates prescribing patterns
to patient outcomes. Low-performing
physicians (ie, those exhibiting higher
complication rates for a given patient
case-mix) were more likely than high-
performing peers to prescribe metfor-
min, sulfonylureas, and insulin. By con-
trast, high-performing physicians were
more likely than peers to prescribe
DPP-4 inhibitors, TZDs, GLP-1 agonists,
or other classes of diabetes medica-
tions. The strongest correlation of drug
use to performance was for DPP-4 in-
hibitors (R? = 0.1662), with increasing
use of this drug class positively asso-
ciated with fewer T2DM complications.
Sulfonylureas (R? = 0.0857) and insulin
(R? = 0.0166) were more commonly pre-
scribed by low performers. The insulin
relationship appeared nonlinear, with
high prescription rates among both
high and low performers, and lower
rates among average performers.

After expanding the regression mod-
el to incorporate prescriptions of T2DM
drug classes, we were able to predict
the number of complications that
would be avoided by moving from the
prescribing patterns of bottom-decile
to top-decile performers. In a popula-
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tion of 100,000 incident T2DM patients,
such a change in prescribing patterns
would amount to 924 avoided compli-
cations per year (95% CI, 597-1251).

DISCUSSION
Our analysis suggests that physicians
prescribing sulfonylureas more fre-
quently have a greater proportion of
patients with long-term complica-
tions than those prescribing other
second-line T2DM medications. After
accounting for the prior-year health of
patients, and other covariates such as
age and gender, physicians prescrib-
ing sulfonylureas more frequently did
worse than expected in preventing
T2DM-related complications. Those
using DPP-4 inhibitors at higher rates
did better than expected, given the ob-
served health of their patients. Physi-
cians prescribing TZDs, GLP-1 agonists,
or other newer agents at higher rates
also performed better than expected.
The amount of variance in prescribing
a given drug class explained by phy-
sician performance is in the range of
1.7% to 16.6%—consistent with similar
models using administrative claims
data for various disease states includ-
ing diabetes.?®33

Sulfonylureas are the most com-
monly prescribed T2DM medication
after metformin. It is thus notable that
physician tendencies to prescribe sul-
fonylureas more often are associated
with poorer risk-adjusted outcomes.
This finding is consistent with related

findings in the clinical literature. Sul-
fonylurea or sulfonylurea-plus-met-
formin use may be associated with
higher mortality rates than metformin
alone.?*% Sulfonylureas are associated
with a 4-fold increased risk for mild/
moderate hypoglycemia compared
with metformin alone.®* When sulfony-
lureas were used as monotherapy, pa-
tients had higher blood pressure a year
later than when they were prescribed
metformin, an effect likely explained
by increased body mass index (BMI)
with sulfonylureas.®® Likewise, adjust-
ing for cardiovascular risk factors, the
incidence of cardiovascular events
such as myocardial infarction or stroke
is higher in patients taking sulfony-
lureas versus metformin.*“ Compared
with metformin, sulfonylurea use in-
creased the risk of worsening glomeru-
lar filtration rate, progression to end-
stage renal disease, and death.*

The American Diabetes Association
(ADA) has estimated that the cost of
diagnosed diabetes in 2012 was $245
billion; $176 billion for direct medical
costs and $69 billion in reduced pro-
ductivity.?? The largest portion of this
(43%) was due to inpatient care costs
incurred due to diabetes complica-
tions. A greater portion of the total
estimated cost of diabetes was spent
on medications to treat the diabetes
complications (18%) than on diabetes
medications and supplies themselves
(12%).2 A 2007-2009 survey estimated
that insulins and oral hypoglycemic

Table 2. Monthly Drug Use Among Incident T2DM Patients
T2DM Drug Class Patient-Months in Use, Total (%)
Biguanides 80,244 (37.46)

Sulfonylureas 21,429 (10.00)
Thiazolidinediones 8835 (4.12)

Basal insulin 5917 (2.76)

DPP-4 inhibitors 4023 (1.88)

Bolus insulin 2806 (1.31)

GLP-1 agonists 1066 (0.50)

Premixed insulin 986 (0.46)

Meglitinides 493 (0.23)
Alpha-glucosidase inhibitors 44 (0.02)
Amylinomimetics 27 (0.01)

No drug use 115,694 (54.01)

Total patient-months 214,230

DPP-4 indicates dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; T2DM, type 2 diabetes mellitus.
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tients Initiating Drug Therapy

Biguanides

Sulfonylureas
Thiazolidinediones

DPP-4 inhibitors

GLP-1 agonists

Basal insulin

Meglitinides

Premixed insulin

Bolus insulin
Alpha-glucosidase inhibitors

Amylinomimetics

Table 3. Baseline Elixhauser Comorbidity Index Among T2DM Pa-

T2DM Drug Class Elixhauser Comorhidity Index

2.38
2.75
2.80
3.18
3.33
3.48
3.63
3.76
3.93
3.95
4.00

Scores calculated using the Elixhauser Comorbidity Index.??'
DPP-4 indicates dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1.

agents were the second- and fourth
most-common causes of emergency
admission, together accounting for 1 in
4 emergent medication-related admis-
sions.*® Given the high cost of diabetes
complications, future research should
investigate whether the cost savings of
using an inexpensive drug class (sulfo-
nylureas) actually represents an overall
cost savings when complication rates
are high and may outweigh initial sav-
ings.

Our study did have limitations. The
relationship between physician pre-
scription patterns and patient compli-
cations may be confounded by the pa-
tients’ diabetes severity level and other
health characteristics. Although we ac-
counted for age, sex, and comorbidities
in our analyses, data limitations pre-
vented us from controlling for a fuller
set of characteristics. Because sulfo-
nylureas are a common therapy and
patients initiating them are relatively
healthy (Table 3), we find it notewor-
thy that a strong positive association
between sulfonylurea prescription and
T2DM complications remains. Further
research is needed to shed light on this
issue.

As ours and other studies have
shown, sulfonylureas are a popular
second-line agent in the treatment of
T2DM. However, our physician-level
study design suggests a potential pitfall
associated with their use. Physicians
who prescribe sulfonylureas more fre-
quently than their peers have patients
with higher complication rates than
would be expected from their age, sex,

and preexisting comorbidities. This
could be due to the properties of the
drugs themselves; it could also be due
to the skills and characteristics of the
physicians who choose to use these
drugs more often, or the unmeasured
characteristics of their patients. Fur-
ther investigation is needed to assess
whether physician prescribing choices
accurately predict patient outcomes,
and whether they can serve as an ad-
ditional metric of quality in today’s
changing healthcare reimbursement
landscape. EBDM
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of patients in a physician’s practice using the given drug class. Each diamond represents the average rate of drug class prescribing among physicians in the given

performance decile.
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