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Purpose: Pharmacist-led medication therapy disease management (MTDM) has shown improve-

ment in clinical outcomes in patients with certain chronic diseases. However, only limited data 

demonstrating the impact on health care utilization and cost of care are available. This study 

seeks to evaluate the impact of a pharmacist-led MTDM program on clinical surrogate outcomes, 

care utilization, and cost of care among patients with diabetes mellitus.

Methods: A retrospective cohort study was conducted by utilizing electronic health records 

and insurance claims data. Patients were identified between February 2011 and December 2014. 

Data were collected from Geisinger, a large integrated health care system located in Pennsylvania 

and southern New Jersey. A total of 5,500 patients with diabetes mellitus were identified; 2,750 

were enrolled in MTDM and were 1-to-1 propensity score-matched to a comparison cohort not 

enrolled in a pharmacist-led MTDM program.

Results: There were no differences between groups in composite HbA1c, blood pressure, 

or low-density lipoprotein cholesterol goal attainment at 12 months (12% vs 12%, P=0.53). 

HbA1c goal was reached more frequently among patients without MTDM compared to those 

at 12 months (57% vs 51%, P<0.0001). There were no significant differences between the two 

cohorts in the attainment of blood pressure or low-density lipoprotein cholesterol goals at 12 

months. MTDM was associated with reduced all-cause hospitalization rate (–19.6%; P=0.02) 

as well as increased primary care physician visits (18.5%; P<0.001) and lower average per-

member-per-month medical cost (–13%, P=0.027).

Conclusion: Despite the lack of impact on the clinical surrogate outcomes, MTDM was 

associated with lower cost of care and fewer hospitalizations, possibly facilitated by increased 

monitoring (ie, higher primary care utilization).

Keywords: diabetes, pharmacist, medication therapy management, health outcomes, HbA1c, 

utilization, cost of care

Introduction
Over 30 million people in the United States have diabetes mellitus (DM).1 In addition 

to the morbidity and mortality associated with DM, the cost burden for an individual 

with DM is more than twice as high as it is for an individual without DM, while the 

total direct and indirect cost burden of DM in 2012 was estimated to be $245 bil-

lion.2 Although the clinical, humanistic, and economic burdens associated with DM 

are high, they can be improved through appropriate management of hyperglycemia 

and the often-associated comorbidities such as hypertension and hyperlipidemia. The 

potential impact of adequate treatment of all three of these risk factors has shown 

significant improvements in glycemic level, blood pressure, and lipid control; a >50% 
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decrease in the risk of cardiovascular disease; and a >60% 

decrease in all manifestations of microvascular diseases such 

as nephropathy, retinopathy, and autonomic neuropathy.3 

Despite evidence supporting the benefits of these risk factors 

in patients with DM, <10% of adults with DM in the United 

States have these factors adequately controlled.4,5

Among a multitude of other system-level initiatives, the 

American Diabetes Association recommend the expanding 

role of teams to intensify treatment.6 In addition to other 

team members, pharmacist-led management of diabetes is 

well-studied as an effective intervention to improve glycemic 

control and cardiovascular risk in patients with diabetes.7 

However, universal adoption by health care systems has 

not occurred. One of the barriers for more wide-spread 

implementation is the lack of information on the relative 

impact of these services on health care utilization and cost 

of care.8 To improve the management of our patients with 

DM, Geisinger has developed and implemented a program of 

pharmacist-led management of DM, referred to as medica-

tion therapy disease management (MTDM). Initially piloted 

in 2008, the program embeds MTDM pharmacists within 

primary care provider (PCP) clinics where the pharmacists 

collaboratively manage a select population of patients with 

DM. This study assesses the impact of an MTDM program 

on the achievement of guideline-based disease targets, health 

care utilization, and cost.

Geisinger is a physician-led integrated health care system 

serving ~3 million residents across central and northeastern 

Pennsylvania and southern New Jersey. As of 2017, it consists 

of 12 hospitals, two research centers, two skilled nursing 

facilities, a substance abuse treatment center, and health 

insurance through the Geisinger Health Plan (GHP). It also 

includes 83 primary and specialty clinic sites, 44 of which are 

community-based primary care clinics. Approximately 40% 

of Geisinger patients have insurance coverage through GHP.

Medication therapy and disease 
management protocol
For DM, the defining characteristics are so unambiguous 

and the evidence base for successful treatment is so exten-

sive to allow for rules-based, precision management that 

can be skillfully carried out by non-physician health care 

professionals, such as appropriately trained pharmacists. 

The distinguishing features of Geisinger’s pharmacist-led 

MTDM program relative to the prevailing DM standard of 

care include embedding of a MTDM pharmacist within each 

PCP clinic site and autonomy of the pharmacist in performing 

the MTDM functions.

Patients diagnosed with DM may be referred to the 

MTDM program at any time. Patients are referred by their 

physician who completes a pharmacist MTDM referral elec-

tronically in Geisinger’s electronic health records (EHRs) 

system. The decision for referral to MTDM is made by the 

physician based on his or her clinical judgment; no prede-

termined set of criteria are used to determine the patients’ 

eligibility for MTDM. At the initial visit, the pharmacist 

extensively interviews and educates the patient and verifies 

information with the EHR. The pharmacist is authorized to 

manage prescriptions for all the DM-related conditions. If a 

new prescription is needed, the MTDM pharmacist ensures 

that a written, e-prescribed, or telephoned prescription is 

generated by following collaborative practice guidelines. 

The pharmacist schedules subsequent MTDM appointments 

or laboratory testing as needed, independent of the referring 

physician. Every attempt is made to coordinate these appoint-

ments with preexisting appointments to make it convenient 

for the patient.

Methods
This study was funded by GlaxoSmithKline and approved 

by Geisinger’s Institutional Review Board. Geisinger’s 

EHR and GHP claims databases were queried to obtain the 

retrospective data covering a 6-year period from January 1, 

2009, to December 31, 2014. To ensure patient confidential-

ity, patient information, such as patient name, address, and 

contact information, was removed from the final data sets. 

As noted above, the MTDM program was initially piloted in 

2008 with one pharmacist in a single primary care site, and 

it was subsequently expanded after February 2011 to include 

24 primary care sites as of 2015. For the purposes of this 

study, those patients who have enrolled in that initial pilot 

phase of the MTDM program were excluded, because it was 

deemed that the early pilot MTDM program had not been 

fully developed and mature. As such, the MTDM intervention 

group in this study included only those patients who had been 

enrolled in the MTDM program between February 2011 and 

December 2014. The non-MTDM comparison group was 

defined as those meeting the inclusion and exclusion criteria 

as described below but were not referred to the MTDM at any 

point during the same period. Pre-MTDM claims data from 

2009 to 2010 were used to account for any preexisting differ-

ences between the intervention and the comparison groups.

The study population was defined as patients who were 

aged ≥18 years during the study period, who had a primary 

or secondary diagnosis for DM defined as an ICD, ninth 

Revision, Clinical Modification (ICD-9-CM) diagnosis code 
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of 250.xx; received health care services from a Geisinger pri-

mary care clinic; and had ≥1 month of both medical and pre-

scription drug coverage through GHP. Patients were excluded 

if they were pregnant (ICD-9-CM 650.xx) or had gestational 

diabetes (ICD-9-CM 648.8); if they had any MTDM encounter 

prior to February 2011 (ie, exposed to MTDM during the pilot 

phase); or if they had previously requested not to be included 

in any research studies. Patients with <6 months of EHR data 

prior to their index date (defined as the date of first visit with 

a MTDM pharmacist) or <12 months of EHR data after index 

date were excluded to ensure adequate baseline and follow-

up observation. Patients with only one MTDM encounter 

were also excluded, as a single encounter was attributable to 

a lack of engagement within the MTDM. Figure 1 shows the 

illustration of the observation schema.

The main outcome variables of interest were the percent 

of patients meeting three predefined targets concurrently and 

percent of patients meeting each individual target at 12 months 

following the initial MTDM visit with a pharmacist. Those 

three targets were: glycemic control of HbA1c <8; blood pres-

sure of systolic pressure <130 mmHg and diastolic pressure 

<80 mmHg; and low-density lipoprotein cholesterol (LDL-C) 

levels of <100 or <70 mg/dL for patients with coronary heart 

disease or chronic kidney disease. Because this was an obser-

vational study, some patients did not have visits scheduled at 

exactly 12 months of follow-up; in these cases, the most recent 

measures prior to 12 months were carried forward.

For health care utilization and cost of care, GHP claims 

data were used to capture the per-member-per-month 

(PMPM) rates of all-cause acute inpatient admissions, emer-

gency department (ED) visits, physician office visits, and the 

average PMPM total cost of care. Cost of care was defined 

as the allowed amounts, defined as the sum of GHP’s pay-

ments to the health care providers plus patients’ out-of-pocket 

costs in the forms of deductibles, copays, and coinsurance. 

All-cause costs were reported to avoid any potential bias 

that may result from inaccurate identification of diabetes-

related care utilization. Total cost was divided into medical 

and prescription drug costs. Also, the analysis of utilization 

and cost was limited to the subsample who had prescription 

drug coverage through GHP to ensure that all the patients 

in the analysis had comparable access to prescription drugs. 

Within this subsample, the 1-to-1 matched balanced cohort 

was maintained by dropping from the subsample of those in 

the MTDM intervention group whose matched comparison 

did not have GHP prescription drug coverage.

statistical analysis
We used a propensity scoring model to estimate the prob-

ability of MTDM enrollment and match the MTDM and 

control patients with similar scores at a 1:1 ratio. For MTDM 

patients, propensity was calculated from the first MTDM 

visit (i.e. index date). For control patients, since there was 

no enrollment date, propensity scores were calculated for 

every encounter they had during the period, with each 

encounter serving as a potential index date. Propensity was 

calculated as a function of the following patient character-

istics at index date: sex; Caucasian race; whether the index 

Index date

MTDM enrollment

or

Match Date End of observation

Baseline period 
(at least 6 months)

Outcomes assessment period
(at least 12 months)

Enrollment in MTDM program 

Observation

Figure 1 study observation schema.
Abbreviation: MTDM, medication therapy disease management.
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date  encounter was a primary care visit; age (by decile); 

most recent HbA1c, LDL-C, systolic and diastolic BP, and 

BMI prior to index; Quan-Charlson Comorbidity Index;9 

presence of other comorbidities (acute myocardial infarc-

tion, unstable angina, stable angina, coronary heart disease, 

ischemic stroke, peripheral artery disease, type 1 and type 2 

DM, hypertension, hyperlipidemia, valvular disease, bipolar 

disorder, depression, schizophrenia – see Table S2 for the 

ICD-9 and procedure codes used to identify these condi-

tions); history of coronary artery bypass grafting or coronary 

revascularization procedures; whether the patient was taking 

antihypertensive, antihyperlipidemic, or statin medication 

prior to index; number of ED visits in the prior year; and 

number of inpatient admissions in the previous year. After 

initial modeling, the propensity model was also adjusted to 

include the squared normalized distance between the patient’s 

HbA1c and diastolic blood pressure value and the population 

mean for those values.

To be eligible for matching to an MTDM patient, the 

comparison patient needed to have a potential index date 

within ±30 days of the MTDM patient’s index date, similar 

propensity score (specifically, a logit-propensity score that 

was within 0.6 standard deviations of the overall logit-

score distribution), similar Quan-Charlson Comorbidity 

Index (within ±1 point), same GHP insurance status as of 

the index date (yes or no), same prior diagnosis status for 

hypertension (yes or no), hyperlipidemia (yes or no), and 

chronic obstructive pulmonary disease (yes or no). A greedy 

matching algorithm was used to match the MTDM patients 

to the comparison patient with the nearest propensity score 

without replacement. To assess whether the covariates are 

balanced after matching, standardized mean or percentage 

differences – represented by |d| – between the MTDM and the 

comparison cohorts for all the covariates were calculated. |d| 

≤0.10 indicates a good balance between cohorts, whereas |d| 

>0.10 would suggest a variable is imbalanced and therefore 

would confound the comparison of outcomes between groups 

if not accounted for.10

To test for differences in the proportions of patients in 

the two cohorts who had achieved target levels for HbA1c, 

LDL-C, and BP at 12 months following the index date, a 

series of logistic regression models were used with the cohort 

(MTDM or control) as the explanatory variable. Differences 

in the proportions of patients who had achieved each target 

individually and all three targets as a composite outcome were 

compared, with differences of P<0.05 considered statistically 

significant. Linear regression models were also used to test 

for differences between cohorts in mean and difference in 

mean change from baseline, for all three outcome measures 

at last follow-up.

To estimate the impact on health care utilization and cost, 

a difference-in-difference approach was used. The difference-

in-difference method is intended to account for both baseline 

(ie, pre-index date) differences between the MTDM and the 

non-MTDM cohorts and the secular trends over the study period 

not attributable to the MTDM program. The baseline period was 

defined as the period from January 2009 until index date, and for 

the post-intervention period, the first 12 months was separately 

considered from the period after the first 12 months to distin-

guish short- and long-term effects of MTDM. For each cost vari-

able (eg, prescription drug cost), a linear regression model was 

estimated, and for each utilization variable (eg, hospitalizations), 

Poisson models were estimated for the count data. Models were 

adjusted for each of the calendar years (to account for secular 

trends and inflation), month (to capture seasonality), health plan 

type (commercial, Medicare, Medicaid, or the Exchange plans), 

whether the patient was in a patient-centered medical home, 

whether the patient was enrolled in case management, and length 

of GHP enrolment during the study period (to account for the 

possibility that continuous enrollment with a single health plan 

impacted care continuity and coordination). Finally, we included 

an interaction term between the case management and patient-

centered medical home indicators, to account for the possibility 

that health plan case management might have a different effect 

within a medical home environment.

The impact of MTDM was then estimated as the difference 

between the regression-adjusted “observed” and “expected” 

values. “Observed” values represent the regression-adjusted 

mean estimates for the MTDM cohort, while “expected” val-

ues represent the regression-adjusted estimates for the same 

patients with the MTDM group indicators set to zero, that 

is, using counterfactual data from the non-MTDM cohort to 

estimate the outcomes of the MTDM cohort if those patients 

never enrolled in the MTDM program. Bootstrap standard 

errors with 100 replications were obtained to calculate the 

corresponding 95% confidence intervals.11

Results
The final matched sample was 5,500 patients with diabetes 

(Figure 2). Approximately 22% (615/2,750) of MTDM 

cases had between two and five MTDM visits, and over half 

(1378/2750) had ≥15 MTDM visits, up to a maximum of 

146 MTM visits. After the propensity score match, patient 

characteristics were well balanced (Table 1). Furthermore, 

prevalence of comorbid conditions was also similar after the 

matching (shown in Table S1).
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Figure 2 Waterfall diagram for the MTDM intervention and non-MTDM comparison cohorts.
Abbreviations: MTDM, medication therapy disease management; PCP, primary care provider; ghP, geisinger health Plan.

N=32,978

MTDM Non-MTDM
N=5,075 N=27,902

N=5,013
With encounters in
2011–2015 period

N=24,706

N=4,917 N=21,767

N=22,162
With diabetes

diagnosis prior to
2011–2015
encounters

N=3,182
N=18,199

N=3,177 N=3,177

N=2,750
N=2,750

Matched to those
with >1MTDM visitWith >MTDM visit

Final N=5,500

After 1:1 matching After 1:1 matching

At least 6 months of
baseline data & 12
months follow-up

At least 6 months of
baseline data & 12
months follow-up

No pregnancy
diagnoses

No pregnancy
diagnoses

MTDM enrollment
in 2011–2015 period

Age ≥18 during 2006–2015 period
Diagnosis of diabetes mellitus

Received health care services from Geisinger PCP
Some GHP enrollment during study period

Patient follow-up ranged from 365 to 1679 days, with 

a median of 935 days. As noted above, not all patients had 

scheduled follow-up visits exactly at or near 365 days. There-

fore, a sensitivity analysis was conducted in which patients 

whose outcome values were carried forward >6 months were 

excluded from the sample (Table 2).

The percent of patients achieving all three targets simultane-

ously were similar between the MTDM and the non-MTDM 

cohorts (MTDM, 318 [12%]; non-MTDM, 333 [12%]; P=0.53), 

even after excluding patients whose latest outcome values were 

taken before 6 months following the index date (MTDM, 228 

[13%]; non-MTDM, 233 [14%]; P=0.19) (Table 2). Both 

groups had reductions noted in HbA1c from baseline, but the 

change in HbA1c was more modest in the MTDM group than 

the comparison group (–0.5% vs –0.7%, P<0.0001), resulting 

in 51% of MTDM patients and 57% of comparison patients 

at goal (P<0.0001). The MTDM cohort also showed a smaller 

decline in DBP from baseline than the non-MTDM comparison 
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cohort (–0.9 to –1.8 mmHg, P=0.003); however, DBP goal 

attainment remained similar between groups. No additional 

differences between the cohorts were noted.

As noted above, the analysis of utilization and cost was 

limited to the subsample of patients who had GHP pre-

scription drug coverage. This subsample consisted of 2,058 

patients in each of the MTDM and non-MTDM groups, or 

~75% of the propensity score-matched sample. Patients’ 

exposure to MTDM was associated with a  reduction in the 

Table 1 Baseline characteristics of the propensity-matched cohorts

Patient characteristics Non-MTDM
(n=2,750)

MTDM
(n=2,750)

|d|a

Males, n (%) 1,419 (52) 1,383 (50) 0.03
age in years, mean (sD) 59 (13) 59 (13) 0.00
age in years by category, n (%)

18–24
25–34
35–44
45–54
55–64
65–74
75+

1 (<1)
94 (3)
268 (10)
614 (22)
830 (30)
645 (23)
308 (11)

0 (0)
99 (4)
266 (10)
612 (22)
807 (29)
659 (24)
307 (11)

0.03
0.01
0.00
0.00
0.02
0.01
0.00

Race, n (%)
american indian
asian
african-american
Native Hawaiian/Pacific Islander
Unknown
White/Caucasian

4 (<1)
12 (<1)
80 (3)
10 (<1)
4 (<1)
2,640 (96)

7 (<1)
17 (<1)
78 (3)
6 (<1)
2 (<1)
2,640 (96)

0.02
0.03
0.00
0.03
0.02
0.00

Weight in lbs, mean (sD) 224 (59) 223 (55) 0.02
BMi, mean (sD) 35.4 (8.4) 35.4 (7.8) 0.00
systolic BP in mmhg, mean (sD) 129 (17) 129 (16) 0.00
Diastolic BP in mmhg, mean (sD) 74 (10) 73 (10) 0.10
hba1c in mg/dl, mean (sD) 8.7 (1.8) 8.8 (1.8) 0.06
lDl-C, mean (sD) 96 (36) 96 (38) 0.00
Medication use in baseline 12 months, n (%)

antihypertensive
antihyperlipidemic
antidiabetic
insulin
any oral antidiabetic

2,481 (90)
2,316 (84)
1,106 (40)
1,707 (62)

2,507 (91)
2,362 (86)
1,385 (50)
2,071 (75)

0.03
0.05
0.20
0.29

Quan-Charlson Comorbidity index, mean (sD)
Quan-Charlson index by category, n (%)

1.38 (1.46) 1.48 (1.53) 0.07

0
1
2
3
4
5
6
7+ (max 12)

896 (33)
866 (31)
489 (18)
247 (9)
136 (5)
71 (3)
25 (1)
23 (<1)

884 (32)
758 (28)
516 (19)
306 (11)
148 (5)
94 (3)
21 (1)
23 (1)

0.01
0.09
0.03
0.07
0.02
0.05
0.02
0.01

Patients with ghP coverage at time of index date, n (%) 1,560 (57) 1,560 (57) 0.00

Note: a|d| denotes standardized difference in mean or percentages and is not confounded by sample size as P-values are.
Abbreviations: lDl-C, low-density lipoprotein cholesterol; MTDM, medication therapy disease management; ghP, geisinger health Plan.

acute inpatient admission (270 vs 335 per 1,000 members 

per year or 19.6% reduction; P=0.02) as well as an increase 

in the PCP visit rate (5,555 vs 4,687 per 1,000 members 

per year or 18.5% increase; P<0.001), following the 

index date (Tables 3 and 4). MTDM was also associated 

with a statistically significant total medical cost savings 

($1,061 vs $1,230 PMPM or 13.7% reduction; P=0.027) 

(Table 5). No significant impact on prescription drug costs 

was observed.
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Table 2 Primary and individual endpoints (hba1c, BP, and lDl-C) at 12 months for the two cohorts

Outcome measures All patients Patients with measures taken  
between 6 and 12 months

Non-MTDM
(n=2,750)

MTDM
(n=2,750)

P-value Non-MTDM
(n=1,633)

MTDM
(n=1,789)

P-value

Patients reaching all three goals, n (%) 333 (12) 318 (12) 0.53 233 (14) 228 (13) 0.19
hba1c at 12 months

%, mean (sD)
Difference from baseline, mean (sD)
Patients at goal, n (%)

8.0 (1.7)
–0.7 (1.6)
1,564 (57)

8.3 (1.8)
–0.5 (1.7)
1,396 (51)

<0.0001
<0.0001
<0.0001

(n=2,114)
7.8 (1.6)
–0.8 (1.6)
1,300 (61)

(n=2,383)
8.2 (1.7)
–0.6 (1.7)
1,264 (53)

<0.0001
<0.0001
<0.0001

Blood pressure at 12 months
systolic BP in mmhg, mean (sD)
Diastolic BP in mmhg, mean (sD)
Difference in sBP from baseline, mmhg, mean (sD)
Difference in DBP from baseline, mmhg, mean (sD)
Patients at goal, n (%)

129 (17)
73 (10)
0.10 (19)
–1.8 (11)
1,241 (45%)

129 (16)
72 (10)
–0.19 (19)
–0.9 (11)
1,287 (47%)

0.57
0.70
0.56
0.003
0.21

(n=2,482)
129 (17)
72 (10)
0.08 (20)
–1.8 (12)
1,162 (47%)

(n=2,618)
129 (16)
72 (10)
–0.15 (19)
–0.9 (11)
1,245 (48%)

0.93
0.67
0.007
0.60

lDl-C at 12 months mg/dl, mean (sD)
Difference from baseline, mg/dl, mean (sD)
Patients at goal, n (%)

92 (36)
–4.4 (31)
1,078 (39)

91 (37)
–4.7 (32)
1,138 (41)

0.47
0.68
0.08

(n=1,725)
90 (35)
–5.1 (34)
721 (42)

(n=1,819)
90 (37)
–5.8 (34)
796 (44)

0.69
0.51
0.22

Abbreviations: lDl-C, low-density lipoprotein cholesterol; MTDM, medication therapy disease management.

Table 3 MTDM impact on acute care utilization

MTDM exposure IP acute admit (per 1,000 per year) ED visit (per 1,000 per year)

Observed Expected Difference
(95% CI)

% Difference
(P-value)

Observed Expected Difference
(95% CI)

% Difference
(P-value)

Pre-MTDM 202 202 – – 423 423 – –
Post-MTDM: 1–12 months 276 350 –74 –21.1 801 800 1 0.1

(–144, –4) (0.024) (–132, 134) (0.991)
Post-MTDM: >12 months 264 319 –55 –17.2 660 599 61 10.2

(–126, 16) (0.108) (–68, 191) (0.327)
Post-MTDM: all months 270 336 –65 –19.6 736 708 28 4.0

(–127, –4) (0.019) (–86, 142) (0.629)

Abbreviations: ED, emergency department; iP, inpatient; MTDM, medication therapy disease management.

Table 4 MTDM impact on physician office visits

MTDM exposure PCP visit (per 1,000 per year) Specialist visit (per 1,000 per year)

Observed Expected Difference
(95% CI)

% Difference
(P-value)

Observed Expected Difference
(95% CI)

% Difference
(P-value)

Pre-MTDM 4,258 4,258 – – 2,828 2,828 – –
Post-MTDM: 1–12 months 5,988 4,977 1,010 20.3 3,750 3,944 –194 –4.9

(741, 1,280) (<0.001) (–589, 201) (0.246)

Post-MTDM: >12 months 5,052 4,339 713 16.4 3,810 3,548 262 7.4
(456, 970) (<0.001) (–158, 682) (0.188)

Post-MTDM: all months 5,555 4,687 869 18.5 3,778 3,767 11 0.3
(633, 1,104) (<0.001) (–350, 372) (0.945)

Abbreviations: PCP, primary care physician; MTDM, medication therapy disease management.

Discussion
Patients in a pharmacist-led MTDM program experienced 

lower rates of inpatient admissions and lower medical costs. 

Glycemic control among patients in the MTDM program has 

improved although to a lesser extent than matched controls. 

Our findings are consistent with a previous study conducted 

in another integrated health system setting,12 in which authors 

compared patients in a pharmacist-led diabetes management 

program within a patient-centered medical home versus 

patients not enrolled in the program. They reported similar 
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observations of no significant differences in clinical outcomes 

but a significantly higher estimated rate of ambulatory care 

visits and lower rate of hospitalizations.

Other studies have shown positive associations between 

pharmacist-led management program and the clinical out-

comes considered in this study.13–16 A meta-analysis of 15 ran-

domized controlled trials also noted significant improvements 

in cardiovascular risk factors related to pharmacist-managed 

care.17 However, there are clear differences between these 

previous studies and the current study including differences 

in settings (eg, Veterans Affairs and community health center 

vs integrated health system), study design (eg, randomized 

clinical trial vs observational study), lower individual study 

sample sizes, and the differences in the design and maturity of 

the disease management programs. In our study, the MTDM 

program resulted in significant reduction in high-cost medi-

cal utilization leading to significant per-member per-month 

savings despite moderate improvements in HbA1c and less 

improvement than the comparator. Future research should 

seek to explore the mechanisms explaining the optimal 

medication management for DM patients.

Despite these explanations and comparisons with other 

studies, interpreting our seemingly contradictory finding is 

challenging. Our initial hypothesis, based on the collection 

of evidence to date, has been that pharmacist management 

would improve glycemic control, which would in-turn drive 

lower utilization and cost. Yet, despite a smaller reduction in 

HbA1c in the MTDM group, we have observed a decrease in 

inpatient admissions and a reduction in medical costs. While 

evidence suggests that improving glycemic control is associ-

ated with improved microvascular and possible macrovascular 

outcomes, evidence on acute health care utilization is not clear. 

In addition, there is evidence to suggest that the tight glycemic 

control increases the risk of harm via hypoglycemia18 without 

a benefit on most micro- or macrovascular outcomes.19

It is possible that based on the MTDM treatment protocol, 

pharmacists have tailored the regimens to the patients in ways 

that avoided hypoglycemia. They may have also avoided 

over-basalization (eg, hyper-focus on morning blood glucose 

at goal while disregarding glucose readings throughout the 

rest of day) and chose drugs with inherently better health/

safety profile (eg, medication with less weight gain, lower 

cardiovascular and heart failure risk, and b-cell sparing 

medications). The MTDM treatment protocol includes early 

initiation and titration of metformin along with the initiation 

of newer evidence-based antidiabetic agents (eg, glucagon-

like peptide-1 (GLP-1) agonists) for glycemic control over 

sulfonylureas. In a separate analysis, we have noted a 14% 

lower odds of using sulfonylureas in MTDM-managed 

patients versus comparison patients (OR 0.86, 95% CI 0.79, 

0.94, P=0.002), higher odds of being placed on GLP-1 ago-

nists (OR 1.90, 95% CI 1.45, 2.49, P<0.0001), biguanides 

(OR 1.12, 95% CI 1.02, 1.23, P=0.02), meglitinide analogs 

(OR 2.97, 95% CI 2.31, 3.81, P<0.0001), and insulin (OR 

1.11, 95% CI 1.01, 1.21, P=0.02). These complementary 

mechanisms may support our non-congruent findings and 

may also support a reevaluation of HbA1c goal attainment 

as a metric for success in this type of program.

Another potential mechanism is increased collabora-

tion with PCPs. The MTDM pharmacists are co-located in 

clinics with PCPs. This increased access could encourage 

greater patient–clinician interactions on an on-going basis 

that would not otherwise be possible in the traditional DM 

disease management model. The significant increase in the 

PCP visit rates among the MTDM patient cohort may reflect 

this. To the extent that increased PCP visits imply greater 

opportunity for surveillance, early detection, and prevention 

of potentially acute events, the increased PCP visit rate may 

be indicative of the underlying mechanism through which 

cost reductions and lower hospitalizations can be achieved. 

Table 5 MTDM impact on cost of care

MTDM exposure Total medical ($ per-member-per-month) Prescription drug ($ per-member-per-month)

Observed Expected Difference
(95% CI)

% Difference
(P-value)

Observed Expected Difference
(95% CI)

% Difference
(P-value)

Pre-MTDM 763 763 – – 193 193 – –
Post-MTDM: 1–12 months 1,044 1,254 –210 –16.7 332 329 4 0.9

(–382, –38) (0.016) (–28, 36) (0.817)
Post-MTDM: >12 months 1,081 1,198 –118 –9.8 366 358 7 2.2

(–302, 67) (0.213) (–41, 56) (0.762)
Post-MTDM: all months 1,061 1,230 –169 –13.7 348 342 6 1.8

(–319, –19) (0.027) (–27, 40) (0.719)

Abbreviation: MTDM, medication therapy disease management.
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However, further studies are necessary to reveal the more 

precise mechanism.

Although we have mitigated the bias in our study design 

via propensity-score matching, which resulted in very close 

agreement on observed baseline characteristics between 

groups, we recognize that unmeasured confounding variables 

could also have influenced our unexpected findings. Our study 

observed and compared patients managed by an MTDM 

program and those not managed by an MTDM program after 

program implementation, and there may have been other dis-

similar factors between cohorts that we did not measure or 

balance on. One example is baseline medication use, which 

in a post hoc analysis we noted had some differences between 

cohorts that could indicate differences in acuity or treatment 

(ie, the MTDM group had higher baseline use of insulin, 

sulfonylureas, metformin, meglitinides, and DPP4 inhibitors). 

We acknowledge that baseline differences like these, observed 

or unobserved, may have contributed to our results.

There are several additional potential limitations. The 

non-MTDM comparison group has been drawn from DM 

patients who were likely eligible for the MTDM program 

enrollment but were not referred to it by physicians for 

unknown reasons, implying a potential selection bias. We 

have attempted to mitigate this potential bias via an extensive 

propensity score matching algorithm. Additionally, if physi-

cians were selecting higher-risk or more-difficult-to-manage 

patients into MTDM, our results are expected to underes-

timate the true effect. Another limitation is the unknown 

generalizability of the MTDM program beyond Geisinger. 

Although the MTDM program was designed to be scalable 

and generalizable,20 future studies are needed to examine the 

feasibility of similar MTDM programs elsewhere.

Finally, because patients were in an observational study 

and not adhering to a strict visit schedule, some patients were 

assigned as their end points the clinical values that were taken 

close to, rather than exactly at, the 12-month point. We attempted 

to assess the impact of this limitation by performing a sensitivity 

analysis as shown in Table 2, and the results were virtually iden-

tical. The patients considered “at goal” in this study, however, 

might not have remained so throughout the study period or vice 

versa. As such, future research could use longitudinal models to 

capture temporal dynamics between the clinical measures and 

the patients’ exposure to the MTDM program.

Conclusion
Despite the lack of impact on clinical surrogate outcomes, the 

results suggest that MTDM was associated with an overall 

lower cost of care and fewer hospitalizations. This finding is 

consistent with the expectation that pharmacist-led MTDM 

directly impact utilization and cost of care among a diabetic 

cohort and should be considered as an important member 

of a multidisciplinary team in the management of diabetes.
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Supplementary materials

Table S1 Baseline comorbidities/medical history of the two cohorts

Comorbidity Non-MTDM
(n=2,750)

MTDM
(n=2,750)

|d|*

acute myocardial infarction 125 (5%) 127 (5%) 0.00
Unstable angina 61 (2%) 68 (2%) 0.02
stable angina 112 (4%) 127 (5%) 0.03
Coronary heart disease 586 (21%) 642 (23%) 0.05
ischemic stroke 48 (2%) 51 (2%) 0.01
Peripheral artery disease 202 (7%) 222 (8%) 0.03
Type 1 diabetes 269 (10%) 257 (9%) 0.01
Type 2 diabetes 2683 (98%) 2706 (98%) 0.06
hypertension 2226 (81%) 2226 (81%) 0.00
hyperlipidemia 2391 (87$) 2391 (87%) 0.00
aiDs 3 (<1%) 2 (<1%) 0.01
Congestive heart failure 255 (9%) 282 (10%) 0.03
Chronic obstructive pulmonary disease 920 (33%) 920 (33%) 0.00
Dementia 15 (<1%) 7 (<1%) 0.05
hemiplegia or paraplegia 12 (<1%) 8 (<1%) 0.02
leukemia 6 (<1%) 7 (<1%) 0.01
lymphoma 5 (<1%) 6 (<1%) 0.01
any malignancy 218 (8%) 242 (9%) 0.03
Mild liver disease 137 (5%) 186 (7%) 0.08
Moderate to severe liver disease 8 (<1%) 9 (<1%) 0.01
Peptic ulcer disease 57 (2%) 58 (2%) 0.00
Rheumatic disease 101 (4%) 83 (3%) 0.04
Renal disease 488 (18%) 523 (19%) 0.03
Valvular disease 249 (9%) 308 (11%) 0.07
Bipolar disorder 36 (1%) 56 (2%) 0.06
Depressive disorder 695 (25%) 775 (28%) 0.07
schizophrenia 21 (<1%) 15 (<1%) 0.03

Note: *|d| denotes standardized difference in means or percentages.
Abbreviation: MTDM, medication therapy disease management.

Table S2 Codes used for identification of comorbid conditions

Disease or procedure ICD-9 CM or CPT Codes

acute myocardial infarction 410.00, 410.01, 410.02, 410.10, 410.11, 410.12, 410.20, 410.21, 410.22, 410.30, 410.31, 410.32, 410.40, 
410.41, 410.42, 410.50, 410.51, 410.52, 410.60, 410.61, 410.62, 410.70, 410.71, 410.72, 410.80, 410.81, 
410.82, 410.90, 410.91, 410.92 

Unstable angina 411.1, 411.81
stable angina 413.0, 413.1, 413.9
Chronic obstructive pulmonary 
disease

416.8, 416.9, 490, 491.0, 491.1, 491.20-490.22, 491.8, 491.9, 492.0, 492.8, 493.00-493.02, 493.10-493.12, 
493.20-493.22, 493.81, 493.82, 493.9, 493.90-493.92, 494, 494.0, 494.1, 495.0, 495.2, 495.7-495.9, 496, 500-
505, 506.4, 508.1, 508.8

Coronary heart disease 414, 414.0, 414.00-414.07, 414.1, 414.10-414.12, 414.19, 414.2, 414.3, 414.8, 414.9
ischemic stroke 433.01, 433.11, 433.21, 433.31, 433.81, 433.91, 434.01, 434.11, 434.91
Peripheral artery disease 00.55, 00.61, 00.63, 00.64, 38.13, 38.18, 39.50, 39.72, 39.74, 39.90, 433.00, 433.10, 433.20, 433.30, 433.80, 

433.90, 441.3, 441.4, 443.9, 445.0, 445.01, 445.02, 35301, 34800-34805, 35081-35103, 35450-35459, 35470-
35475, 35480-35485, 35490-35495, 35501-35571, 35583-35587, 35601-35671, 37205-37208, 37215-37216, 
37220-37235, 93668

Type 1 diabetes 250.01, 250.03, 250.11, 250.13, 250.21, 250.23, 250.31, 250.33, 250.41, 250.43, 250.51, 250.53, 250.61, 
250.63, 250.71, 250.73, 250.81, 250.83, 250.91, 250.93

Type 2 diabetes 250.00, 250.02, 250.10, 250.12, 250.20, 250.22, 250.30, 250.32, 250.40, 250.42, 250.50, 250.52, 250.60, 
250.62, 250.70, 250.72, 250.80, 250.82, 250.90, 250.92

hypertension 401.0, 401.1, 401.9, 402.00, 402.01, 402.10, 402.11, 402.90, 402.91, 403.00, 403.01, 403.10, 403.11, 403.9, 
403.90, 403.91, 404.00, 404.01, 404.03, 404.10, 404.11, 404.90, 404.91, 405.01, 405.09, 405.11, 405.19, 
405.91, 405.99

(Continued)
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Disease or procedure ICD-9 CM or CPT Codes
hyperlipidemia 272.0, 272.1, 272.2, 272.4
Valvular disease V42.2, V43.3, 35.01-35.14, 35.20-35.28, 35.96, 35.97, 35.99, 424.0, 424.1, 424.2, 424.3, 427.31, 424.90, 

424.91, 424.99, 746.00, 746.01, 746.02, 746.09, 746.1-746.7
Bipolar disorder 296.4, 296.41-296.44, 296.46, 296.5, 296.51, 296.52, 296.54, 296.55, 296.6, 296.61-296.64, 296.7, 296.8, 

296.82, 296.89, 296.9, 296.99
Depression 296.2, 296.21-296.26, 296.3, 296.31-296.36, 300.4, 311
schizophrenia 295.00, 295.02, 295.20, 295.22, 295.30, 295.32, 295.34, 295.40, 295.44, 295.52, 295.60, 295.62, 295.64, 

295.70, 295.72, 295.74, 295.75, 295.80-295.82, 295.90, 295.92
Coronary artery bypass graft 36.10-36.17, 36.19, 36.20, 33510-33519, 33521-33523, 33533-33536

Coronary revascularization 00.66, 36.0, 36.03, 36.04, 36.06, 36.07, 36.09, 36.1, 36.10, 36.11, 36.12, 36.13, 36.14, 36.15, 36.16, 36.17, 
36.19, 36.2, 36.3, 36.31, 36.32, 36.33, 36.34, 36.39, 92980, 92981, 92982, 92984, 92995, 92996, 33510-33536 
(except 33530), g0290, g0291, s2205-s2209

Table S2 (Continued)
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