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Original Article

Metformin is recommended as the preferred initial pharma-
cologic agent for treatment of type 2 diabetes (T2D), pro-
vided there are no contraindications to its use.1-4 When 
glycemic goals are not achieved with metformin alone, an 
individualized approach to intensification of therapy is rec-
ommended. Glycemic control is defined as achieving gly-
cated hemoglobin (A1C) levels of ≤ 6.5 to 7% in the majority 
of individuals with T2D, provided that this can be safely 
achieved with minimal risk for hypoglycemia and weight 
gain.1-3 For older adult patients with coexisting comorbidi-
ties, these A1C targets can be modified to goals of <8 to 
8.5% depending on the severity of the associated chronic ill-
nesses or anticipated life expectancy.5,6

The degree to which these recommendations for therapeu-
tic intensification are implemented in outpatient clinical set-
tings is not known.7 There are several classes of glucose 
lowering agents available for therapeutic intensification in 
T2D. These include insulin secretogogues, thiazolidinediones 
(TZD), dipeptidyl peptidase-4 (DPP-4) inhibitors, alpha 

glucosidase inhibitors, noninsulin injectable therapies, and 
insulin. There are no studies demonstrating the superiority of 
1 agent over another for therapeutic intensification.1,8-10 The 
National Institutes of Health–sponsored study Glycemia 
Reduction Approaches in Diabetes (GRADE) Study is cur-
rently recruiting patients with T2D for a study that will com-
pare glycemic outcomes with a sulfonylurea, DPP-4 inhibitor, 
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Abstract
Background: Current treatment guidelines for type 2 diabetes (T2D) recommend individualized intensification of therapy for 
glycated hemoglobin (A1C) ≥ 7% in most patients. The purpose of this investigation was to explore the ability of an electronic 
medical record (EMR) to identify glycemic intensification strategies among T2D patients receiving pharmacologic therapy. 
Methods: Patient records between 2005 and 2011 with documentation of A1C and active prescriptions for any diabetes 
medications were queried to identify potential candidates for intensification based on A1C ≥ 7% while on 1-2 oral diabetes 
medications (ODM). Patients with follow-up A1C values within 1 year of index A1C were grouped according to intensification 
with insulin, GLP-1 receptor agonists (GLP-1RA), a new class of ODM, or no intensification. Changes in A1C and continuation 
of intensification therapy were determined. Results: A total of 4921 patients meeting inclusion criteria were intensified with 
insulin (n = 416), GLP-1RA (n = 68), ODM (n = 1408), or no additional therapy (n = 3029). Patients receiving insulin had higher 
baseline (9.3 ± 2.0 vs 8.3 ± 1.2 vs 8.3 ± 1.3 vs 7.6 ± 1.0%, P < .0001) and follow-up A1C (8.1 ± 1.6 vs 7.5 ± 1.2 vs 7.6 ± 1.3 vs 7.2 ± 
1.1%, P < .0001) despite experiencing larger absolute A1C reductions (−1.2 ± 2.1 vs −0.8 ± 1.4 vs −0.7 ± 1.4 vs −0.3 ± 1.1%, P < 
.0001). Patients receiving GLP-1RA were more obese at baseline (BMI: 33.6 ± 7.1 vs 37.7 ± 6.1 vs 33.7 ± 6.8 vs 32.9 ± 7.1 kg/m2, 
P < .0001) and follow-up (BMI: 33.9 ± 7.3 vs 36.6 ± 6.1 vs 33.8 ± 7.0 vs 32.4 ± 7.0 kg/m2, P < .0001) despite experiencing more 
absolute weight reduction. Insulin was the most and GLP-1RA the least likely therapy to be continued. Conclusions: An EMR 
allows identification of prescribing practices and compliance with T2D treatment guidelines. Patients receiving intensification of 
glycemic medications had baseline A1C >8% suggesting that treatment recommendations are not being followed.
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a glucagon-like peptide 1 receptor agonist (GLP-1RA), or 
long-acting insulin added to metformin to determine if there 
are any advantages to 1 particular approach. Results from this 
study will not be available for several years.11

Until these results are available, the emergence of the elec-
tronic medical record (EMR) for documentation of patient 
care provides the opportunity to identify patterns of pharma-
cologic intensification among patient populations with T2D. 
The EMR can also provide information on glycemic control 
over time.12,13 We report the results of a query into a large 
university-based EMR system that sought to identify patients 
with T2D with evidence of current therapy with 1 or 2 oral 
diabetes medications (ODM) who were candidates for inten-
sification based on A1C values above 7%. The purpose of this 
investigation was to determine the ability of an EMR to iden-
tify patterns of therapeutic intensification of diabetes medica-
tions and associated changes in glycemic control.

Methods

This study was approved by the Institutional Review Board 
at the University of Pittsburgh. For this study we identified 

patients with T2D from the University of Pittsburgh Medical 
Center (UPMC) general and specialty outpatient clinics 
between June 2005 and November 2011. UPMC is an inte-
grated health system that operates more than 20 academic, 
community, and specialty hospitals and 400 outpatient sites 
and employs more than 3500 physicians. The UPMC EMR 
data repository includes administrative and clinical data for-
warded from the health system’s clinical, administrative, and 
financial databases.14 The EMR includes patient demograph-
ics, office visits, medication lists, laboratory results, and 
charges from both inpatient and outpatient settings through-
out the health system (EpicCare, Epic Systems Corp, Verona, 
WI; PowerChart, Cerner Corporation, Kansas City, MO). An 
interface (dbMotion, Inc, Pittsburgh, PA) connects and 
shares key information between systems.

Ambulatory EMRs from the UPMC data repository were 
searched to identify any patient visit that listed an ODM as an 
active medication. Simultaneously, all patients with an A1C 
during this time period were also identified (Figure 1). 
Patients identified as having A1C values ≥ 7.0% while on 
therapy with 1 or 2 ODM were grouped according to evi-
dence of therapeutic intensification with any insulin therapy, 

Figure 1.  Scheme for identification of subjects meeting inclusion criteria for the study. Ambulatory EMRs from the UPMC data 
repository were searched to identify any patient visit that listed an ODM as an active medication between June 2005 and November 
2011. Simultaneously, all patients with an A1C during this time period were also identified.
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a GLP-1RA (exenatide, liraglutide), an ODM in a class differ-
ent from what was already being taken, or no intensification. 
Chart review was performed on all patients identified as 
receiving GLP-1RA to determine accuracy of the database 
query to verify the prescribing of this group of agents.

The first record following documentation of an A1C ≥ 7% 
with current prescriptions for ODM was identified as the 
index date, and the A1C at that time was identified as the 
baseline A1C. Patients identified as taking insulin, a GLP-1 
RA, or a third ODM within a 6-month period prior to the 
index A1C were excluded (n = 36). Patients intensified with 
≥ 2 agents at the time of the index A1C were also excluded 
(Appendix A).

Glycemic outcomes following intensification were 
defined as percentage reductions in A1C, the percentage of 
patients achieving A1C < 7%, and the percentage of patients 
who achieved ≥0.5% reductions in A1C at a median time 
point of 8 months following therapeutic intensification.

We also sought to determine the percentage of patients 
receiving intensification who remained on the assigned 
therapy without the addition of an agent from another 
group at 1 year. Patients were further grouped according to 
evidence of remaining on the intensification drug with the 
addition of ≥1 additional agent(s) or discontinuation of the 
intensification drug with or without the start of another 
agent (Figure 2).

Additional measures included changes in BMI (kg/m2), 
systolic (SBP) and diastolic (DBP) blood pressure, lipid 
parameters (HDL, non-HDL cholesterol, log transformed tri-
glycerides), and renal function (serum creatinine). Changes 
in lipid parameters were defined as differences in mean con-
centrations obtained at baseline and follow-up, and changes 
in the percentage of patients with non-HDL cholesterol < 
130 mg/dl and triglycerides < 150 mg/dl. Changes in renal 
function were defined as the average annual increase in 
serum creatinine, the percentage of patients experiencing 
≥50% increase in serum creatinine, and the percentage of 
patients with an initial serum creatinine ≤ 2.0 mg/dl who pro-
gressed to a value >2.0 mg/dl.

Statistics

Comparisons were conducted among the 3 groups receiving 
therapeutic intensification and between the intensified and 
nonintensified subjects. Categorical variables were compared 
with chi-square tests and continuous variables were compared 
with either ANOVA or t tests, depending, respectively, on 
whether more than 2 or exactly 2 groups were being com-
pared. Adjusted changes in continuous variables, such as A1C 
and BMI, were analyzed with linear regression models adjust-
ing for baseline differences in age, sex, race (black vs non-
black), baseline A1C, BMI, systolic and diastolic blood 

P<0.001
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Figure 2.  Percentage of patients continuing intensified therapy (IT) at 1 year with insulin (black bars), GLP-1RA (hatched bars), or 
a third ODM. Data are presented as the percentage of patients remaining on the assigned IT without the addition of an agent from 
another group or with the addition of ≥ 1 additional agent(s); or discontinuation of the IT with or without the start of another agent.
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pressure, triglycerides (log scale), HDL, non-HDL, and cre-
atinine. The number of subjects with baseline and follow-up 
data varied according to each measured variable (Appendix 
B). To adjust for variables with missing values, the missing 
values were replaced by an arbitrary numeric value (0), and a 
separate indicator variable (0/1) was included in the model, 
where the numeric value of 1 represented the records with 
missing values. Through this technique, all records were kept 
in the regression models.

Results

There were 7152 patients identified who met inclusion cri-
teria (Figure 1). Of these, 4921 patients had both baseline 
and follow-up A1C measurements (Table 1). The majority 
of patients did not receive therapeutic intensification. These 
patients were older and more metabolically healthy with 
lower BMI, A1C, and triglyceride values and higher HDL 
cholesterol than the intensified groups (Tables 1 and 2).

Among the 1892 patients receiving therapeutic intensi-
fication, the addition of an ODM in a different class was 
the most frequently used and addition of a GLP-1RA the 
least frequently used strategy. The insulin group had a 
higher percentage of African American patients with 
higher baseline A1C and creatinine than those intensified 
with GLP-1RA or ODM (Tables 1 and 2). Those intensi-
fied with an additional ODM were older and more likely 
to be male, with higher HDL than the insulin or GLP-1RA 
groups (Tables 1 and 2). The GLP-1RA group was younger, 
more obese, more likely to be female and white, and more 

likely to be receiving ACE inhibitors. Those receiving 
GLP-1RA had a lower percentage of patients on lipid-
lowering therapy, which may have accounted for their 
higher TG and lower HDL than the other groups (Tables 1 
and 2).

Patients intensified with insulin were the most likely to 
remain on this therapy at 1 year following escalation of glyce-
mic therapy (Figure 2). Relative to insulin therapy, the unad-
justed odds ratio for continuing GLP-1RA was 0.20 (confidence 
interval [CI], 0.12-0.35) and for ODM was 0.35 (CI, 0.26-0.46) 
(P < .0001). The significance of these odds ratios persisted 
when adjusting for baseline A1C (P < .0001) alone or in com-
bination with age, gender, race, or BMI (P < .0001).

Reductions in A1C were observed in all groups receiving 
therapeutic intensification, with the greatest absolute reduc-
tion occurring in those receiving insulin (Table 2). This group 
had the highest percentage of patients who experienced A1C 
reductions of ≥ 0.5% (P = ns), but persisted as having the 
highest mean A1C and the lowest percentage of patients with 
A1C values < 7.0%. Patients intensified with GLP-1RA expe-
rienced more weight loss than other groups (Table 2). No 
group differences were observed for changes in SBP, DBP, 
HDL, or non-HDL. Those receiving GLP-1RA maintained 
higher TG with the smallest percentage of patients having TG 
values < 150 mg/dl. Those receiving insulin had higher serum 
creatinine at baseline and follow-up, without any group dif-
ferences in the mean change for this measure. A larger per-
centage of patients intensified with insulin experienced ≥50% 
increases in serum creatinine (insulin vs GLP-1RA vs ODM 
vs control: 5.0 vs 0.0 vs 1.8 vs 1.9%, respectively) and in the 

Table 1.  Baseline Demographic Characteristics of Study Groups.

Variable
Insulin  

(n = 416)
GLP-1RA  
(n = 68)

ODM  
(n = 1408)

Control  
(n = 3029)

Added therapy 
groups (P value)a

Added vs no added 
therapy (P value)b

Female, % 53.7 58.2 47.1 50.2 .024 .39
Race, % <.0001 .47
White 72.5 91.0 80.2 77.6  
African American 24.3 3.0 14.9 17.0  
Other 2.0 4.5 1.9 2.2  
Unknown 1.2 1.5 2.9 3.2  
Age, yearsc 61.6, 14.2 56.2, 12.2 62.7, 12.4 66.3, 13.0 .0001 <.0001
Lipid-lowering drugsd  
  Statins 66.4 56.1 72.0 65.2 <.0001*
  Other 26.9 24.2 27.9 22.1 .0003*
Antihypertensives %d  
  Ace inhibitors 52.8 56.1 52.7 47.2 .003*
  ARBs 17.8 21.2 22.0 21.8 .31*
  Other 72.8 62.1 67.8 66.2 .045*

aChi-square for categorical variables, ANOVA for continuous variables.
bChi-square for categorical variables, t test for continuous variables.
cData are mean ± SD.
dMost recent visit preintensification (but not older than 1 year) or at time of intensification.
*4-group comparison.
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Table 2.  Changes in Clinical Measures and A1C According to Intensification Strategy.

Variable
Insulin  

(n = 416)
GLP-1RA  
(n = 68)

ODM  
(n = 1408)

No added therapy 
(n = 3029)

Added therapy 
groups (P value)a

Added vs no added 
therapy (P value)b

BMI, kg/m2c  
  n (% of total) 338 (81.3) 58 (85.3) 1168 (83) 1878 (62)  
  Baseline 33.6, 7.1 37.7, 6.1 33.7, 6.8 32.9, 7.1 <.0001 <.0001
  Follow-up 33.9, 7.3 36.6, 6.1 33.8, 7.0 32.4, 7.0 .02 <.0001
  ΔBMI 0.29, 2.26 −1.19, 1.88 0.06, 2.05 −0.48, 2.19 <.0001 <.0001
A1C %c  
  n (% of total) 416 (100) 68 (100) 1408 (100) 3029(100)  
  Baseline 9.30, 2.01 8.26, 1.15 8.27, 1.29 7.56, 0.97 <.0001 <.0001
  Follow-up 8.13, 1.62 7.46, 1.25 7.57, 1.34 7.22, 1.11 <.0001 <.0001
  ΔA1C −1.18, 2.14 −0.80, 1.41 −0.70, 1.39 −0.34, 1.11 <.0001 <.0001
  A1C ≥ 0.5%( %) 59.6 52.9 54.8 36.6 .20 <.0001
  Follow-up A1C < 7.0% (%) 22.6 39.7 36.2 49.2 <.0001 <.0001
SBP, mmHgc  
  n (% of total) 367 (88.2) 63 (92.6) 1311 (93.1) 2199 (73)  
  Baseline 130, 18 131, 12.5 131.8, 15.7 132.7, 17 .24 .03
  Follow-up 130.2, 17 128.3, 13 131.8, 16 131, 16.7 .16 .62
  ΔSystolic BP −0.06, 19.5 −2.37, 13.1 −0.38, 17.6 −1.83, 18.8 .63 .01
DBP, mmHgc,d  
  Baseline 75.9, 11.7 75.9, 9.0 77.6, 10.0 77.2, 10.0 .02 .84
  Follow-up 76.8, 10.2 76.2, 7.9 77.0, 9.9 75.8, 10.3 .81 .0009
  ΔDBP, mmHg 0.82, 11.5 0.32, 8.7 −0.58, 10.7 −1.39, 11.0 .08 .001
TG, mg/dLc  
  n (% of total) 286 (68.6) 51 (75.0) 1125 (79.9) 1985 (66)  
  Baseline (log) 5.11, 0.58 5.42, 0.69 5.12, 0.54 5.03, 0.53 .0006 <.0001
  Follow-up (log) 5.04, 0.57 5.29, 0.68 5.03, 0.52 4.98, 0.53 .003 .002
  Δ(log) TG −0.07, 0.51 −0.13, 0.49 −0.09, 0.41 −0.05, 0.39 .65 .005
<150 mg/dL(%)  
  Baseline 45.2 23.5 42.8 50.2 .02 <.0001
  Follow-up 48.6 25.5 49.0 53.4 .005 .002
  HDL-C, mg/dLc  
  n (% of total) 293 (70.4) 52 (76.5) 1143 (81.2) 2021 (67)  
  Baseline 42.0, 14.5 41.2, 11.4 44.4, 12.6 45.4, 13.3 .006 .0003
  Follow-up 42.3, 12.0 41.3, 10.2 43.9, 12.9 44.9, 13.0 .08 .001
  ΔHDL-C 0.34, 10.3 0.12, 6.6 −0.52, 7.7 −0.56, 7.9 .26 .40
Non-HDL-C, mg/dLc  
  n (% of total) 285 (68.5) 52 (76.5) 1117 (79.3) 1954 (64)  
  Baseline 130, 45.5 135, 45.6 129.1, 40.5 127.4, 39 .55 .13
  Follow-up 127.3, 45 135, 57.5 123.5, 37.2 123.6, 39 .06 .43
  ΔNon-HDL-C −2.9, 45.7 −0.4, 39.7 −5.6, 34.4 −3.8, 32.9 .38 .39
Non-HDL-C < 130 mg/dL, %  
  Baseline 55.4 53.8 57.0 59.7 .82 .07
  Follow-up 60.4 55.8 62.8 62.8 .48 .63
  Creat, mg/dLc  
  n (% of total) 371 (89.2) 59 (86.8) 1293 (91.8) 2399 (79)  
  Baseline 1.12, 0.90 0.99, 0.34 0.99, 0.31 1.05, 0.42 <.0001 .07
  Follow-up 1.18, 1.01 1.01, 0.41 1.02, 0.38 1.06, 0.53 <.0001 .52
  ΔCreatinine 0.06, 0.41 0.02, 0.16 0.025, 0.24 0.018, 0.3 .096 .13

aChi-square for categorical variables, ANOVA for continuous variables.
bChi-square for categorical variables, t test for continuous variables.
cData are mean ± SD unless otherwise specified.
dAmount of available data is identical to systolic blood pressure.
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percentage of patients with follow-up creatinine values > 2.0 
mg/dl in those with baseline values ≤ 2 mg/dl (1.9 vs 0.0 vs 
0.9 vs 0.8%).

When compared to the intensified groups, patients who 
received no additional glucose lowering agents experienced 
lower absolute reductions in A1C with a lower percentage of 
patients experiencing A1C reductions of ≥ 0.5% (Table 2). 
However, this group had the lowest mean A1C values at fol-
low-up with more patients achieving values < 7%. The non-
intensified group also maintained a lower BMI, with lower 
TG and higher HDL (Table 2).

When controlling for baseline differences in age, sex, 
race, A1C, BMI, SBP and DBP, lipids, or creatinine between 
the groups receiving and not receiving therapeutic intensifi-
cation, the finding of more weight loss in patients receiving 
GLP-1RA remained significant (Table 3).

Discussion
These results support the ability of the EMR to provide 
information regarding prescribing practices and intensifica-
tion strategies among patients with T2D meeting A1C crite-
ria for additional glucose lowering therapies. We observed 
that the majority of patients do not receive intensification 
of their diabetes therapy despite documentation of A1C ≥ 
7%. The mean A1C levels among patients who received 
additional therapy exceeded 8%, which is well above the 
threshold recommended for the majority of patients.1,2 
There are several potential explanations for this observa-
tion that cannot be easily captured from an EMR. These 
include reinforcement of nonpharmacologic interventions 
with lifestyle modifications, patient or physician reluctance 
to add additional medications, or concerns regarding hypo-
glycemia. A1C values > 7% but < 8% in the nonintensified 
group support the suggestion that physicians and other care 
providers may be reluctant to advance therapy in this group 
of patients, particularly since almost 50% of patients in the 

nonintensified group had A1C values < 7% at follow-up 
(Table 2).15

The findings in this report also suggest that current guide-
lines for glycemic management are not being followed in 
clinical practice.1,3,4,16 The mean A1C > 9% in the group 
intensified with insulin supports prior studies demonstrating 
clinical inertia among care providers for intensifying therapy 
when patients are already taking diabetes medications.17,18 
These values exceed even what is recommended for older 
adults with significant comorbidities, where an upper limit 
for A1C values is defined as 8.5%, as levels above this are 
associated with increased risk for diabetes-related complica-
tions and mortality.5,19-22

This report adds to the available literature exploring the use 
of large EMR databases to investigate questions related to the 
clinical care of patients with diabetes.10,23-26 There is no proto-
col-based implementation strategy for glycemic management 
in this population, meaning that this investigation reflects indi-
vidual rather than protocol-driven practice. This provides data 
that extend beyond those limited to 1 particular insurance 
plan, where therapeutic interventions and data collection strat-
egies may be more homogeneous.10

An EMR provides the opportunity to investigate clini-
cal questions relating to compliance with care guidelines, 
tracking population changes in metabolic measures, as 
well as determining changes in other clinical parameters 
according to a specific therapeutic strategy.27 An EMR can 
also serve as an adjunct to the randomized controlled clini-
cal trial for clinical research and quality improvement 
initiatives.8,10,28-31

It is not surprising that insulin was the strategy most likely 
to be continued at 1 year, as insulin is often used only when all 
other treatment strategies are exhausted or contraindicated.29 
What is surprising is the observation that approximately 40% 
of patients intensified with GLP-1RA had discontinued ther-
apy at 1 year (Figure 2). This percentage approximates the per-
centage of subjects reporting gastrointestinal side effects with 

Table 3.  Adjusted Changes in Clinical Measures in Intensified Compared to Nonintensified Groups.

Insulin GLP-1 +1 ODM P

ΔA1C 0.17 (0.04, 0.29) −0.09 (−0.36, 0.18) 0.05 (−0.03, 0.12) .09
ΔBMI 0.78 (0.52, 1.05) −0.57 (−1.11, −0.02) 0.50 (0.34, 0.66) <.0001
ΔSystolic BP 0.41 (−1.46, 2.28) −0.56 (−4.41, 3.29) 1.28 (0.19, 2.37) .45
ΔDiastolic BP 0.94 (−0.14, 2.07) −0.48 (−2.77, 1.81) 0.55 (−0.10, 1.20) .48
ΔTriglyceride (log) 0.029 (−0.022, 0.080) 0.031 (−0.07, 0.136) −0.003 (−0.032, 0.026) .40
ΔHDL 0.05 (−0.97, 1.06) −0.13 (−2.22, 1.97) −0.14 (−0.73, 0.44) .93
ΔNon-HDL 3.30 (−0.92, 7.52) 6.25 (−2.34, 14.8) −0.52 (−2.94, 1.90) .075
ΔCreatinine 0.043 (0.007, 0.079) 0.009 (−0.070, 0.09) 0.007 (−0.014, 0.03) .15

For each outcome, the table shows the “excess change,” defined as the change in each intensification group that exceeds the change in the control group, 
adjusted for baseline characteristics (age, sex, race [black vs nonblack], baseline A1C, BMI, systolic and diastolic blood pressure, triglycerides [log scale], 
HDL, non-HDL, and creatinine). Data are shown as means with 95% confidence intervals.
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these agents in other studies.8 The absolute reasons for discon-
tinuation of any of the medications in this report are likely 
embedded within clinical notes and are not necessarily ame-
nable to data extraction methods employed. Future investiga-
tions using more sophisticated word and phrase recognition 
software may help in identifying reasons for discontinuation 
of a particular medication in the future.32,33

There are several limitations to this study. One is that the 
EMRs used in this study may not include all medical infor-
mation on participants as individual patients are free to 
obtain their medical care from a variety of sources. Similar to 
other reports using EMR data, there is no standardization of 
visit frequency for this patient population.10,25,26 Another 
limitation is that the prescribing of a medication does not 
necessarily mean that it was taken by a patient.34 EMR data 
have been demonstrated as often being prone to error and 
incomplete.35 To address this, chart review was performed on 
patients identified as receiving GLP-1RA to verify the pre-
scribing of this group of agents.

The number of subjects intensified with a GLP-1RA was 
very small in this study, creating disproportionate compari-
sons with the other groups. However, the infrequent use of 
GLP-1RA using the criteria specified for this investigation is 
also informative, suggesting that the clinical use of these 
agents may fall outside current recommended guidelines.1,2 
It is possible that GLP-1RA are being prescribed to subjects 
who may have lower A1C values, or who have failed 3 or 
more ODM, populations that were not included in this 
study.23 The population for this study was limited to those 
receiving no more than 2 ODM as it was felt that the use of 3 
or more ODM would prompt a higher likelihood of intensifi-
cation with insulin. It is also possible that insurance coverage 
for these newer and more expensive GLP-1RA may have 
influenced prescribing patterns and patient willingness to 
comply with treatment, information that is not easily 
extracted from an EMR.

In prior studies using a commercial EMR (GE 
Centricity) to investigate therapeutic strategies in T2D, a 
larger percentage of the population received prescriptions 
for GLP-1RA.23,25 The inclusion criteria in these earlier 
studies differed from what was used in this report in that 
inclusion was independent of baseline A1C and included 
patients new to pharmacologic therapy or already taking 
≥4 ODM. These differences likely accounted for the larger 
percentage of subjects. Similar to the current study, base-
line A1C levels were higher in those assigned to insulin 
therapy, while BMI was higher in those assigned to 
GLP-1RA.23,25

Changes in traditional cardiovascular risk factors were 
examined as part of this investigation. With the exception 
of more weight loss in those intensified with GLP-1 agents, 
no significant group differences were observed in changes 

in any of these measures when controlling for baseline dif-
ferences in age, sex, race, A1C, BMI, SBP and DBP, lipids, 
or creatinine (Table 3). While it is difficult to draw any con-
clusions from these observations given the very small num-
ber of patients who received GLP-1RA agents, the fact that 
the majority of patients in each group were receiving anti-
hypertensive and lipid-lowering therapies may have 
contributed.

Conclusions

In conclusion, this report supports the ability of an EMR to 
identify prescribing practices and compliance with current 
guidelines in a population of patients already receiving phar-
macologic therapy for T2D. Further investigations into the 
ability of an EMR to identify clinical outcomes, including 
diabetes-related complications, are planned.

Appendix A

Criteria for Inclusion in the Analysis

The circumstance targeted by the patient selection is that of 
an unsatisfactory glycemic control, defined as A1C ≥ 7.0%, 
while the patient is on diabetes therapy consisting of 1 or 2 
oral agents, and no additional therapy. In addition, selected 
patients were not receiving insulin or GLP-1RA therapy at 
the time of the index date.

A number of requirements were followed in an effort to 
enhance the validity of the treatment assignments and con-
trol group designation:

1.	 The addition of the intensification therapy could not 
occur at a time point > 9 months following the index 
A1C, guaranteeing that no baseline A1C value is 
older than 9 months.

2.	 The baseline A1C could not be obtained less than 2 
months following the receipt of a prescription for 1 or 
2 ODM prior to inclusion in an intensification group. 
It can therefore be assumed that the measured A1C at 
baseline reflects the glycemic benefit of the prior oral 
diabetes therapy.

3.	 While patients were required to have no history of 
insulin or GLP-1RA therapy to be included in an 
intensification group, exceptions were allowed for 
cases in which the drug was used (or prescribed) for 
a time period of <6 months, and the last recorded use 
(or prescription) was >6 months prior to the index 
date.

4.	 Patients whose therapy is simultaneous intensified 
with ≥2 strategies (eg, insulin plus an ODM in a dif-
ferent class) were not included in the analysis.
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Appendix B

Data Available for the Tables in the Manuscript: n and Percentage of Total (Maximum Possible)

Insulin group GLP-1RA +1 ODM Control

Total n = 416 n = 68 n = 1408 n = 3029

Table 1  
  Female 404 97.1 67 98.5 1400 99.4 2730 90.1
  Race 404 97.1 67 98.5 1400 99.4 2730 90.1
  Age 404 97.1 67 98.5 1399 99.4 2729 90.1
  BMI 372 89.4 65 95.6 1257 89.3 2110 69.7
  A1C 416 100.0 68 100.0 1408 100.0 3029 100.0
  BP 385 92.5 65 95.6 1333 94.7 2279 75.2
  Triglyceride 341 82.0 56 82.4 1266 89.9 2303 76.0
  HDL 346 83.2 57 83.8 1277 90.7 2332 77.0
  Non-HDL 335 80.5 57 83.8 1249 88.7 2248 74.2
  Creatinine 395 95.0 63 92.6 1349 95.8 2523 83.3
Table 2  
  BMIa 338 81.3 58 85.3 1168 83.0 1878 62.0
  A1C 416 100.0 68 100.0 1408 100.0 3029 100.0
  BP 367 88.2 63 92.6 1311 93.1 2199 72.6
  Triglyceride 286 68.6 51 75.0 1125 79.9 1985 65.5
  HDL 293 70.4 52 76.5 1143 81.2 2021 66.7
  Non-HDL 285 68.5 52 76.5 1117 79.3 1954 64.5
  Creatinine 371 89.2 59 86.8 1293 91.8 2399 79.2

aIf more than 1 follow-up BMI exists for a given patient, the 1 closest to 9 months is used.
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ACE-I, angiotensin converting enzyme inhibitors; A1C, glycated 
hemoglobin; ARB, angiotensin receptor blockers; BMI, body mass 
index; CI, confidence interval; creat, creatinine; DBP, diastolic 
blood pressure; EMR, electronic medical record; GLP-1RA, gluca-
gon-like peptide 1 receptor agonists; ODM, oral diabetes medica-
tions; SBP, systolic blood pressure; TG, triglycerides; T2D, type 2 
diabetes; UPMC, University of Pittsburgh Medical Center.
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