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Objectives: To assess the clinical outcomes of indigent patients with type 2 diabetes served by
a charitable pharmacy after therapy change from insulin glargine to NPH insulin.
Design: This was a 24-week prospective pilot study.
Setting: Community charitable pharmacy.
Participants: Underserved, financially disadvantaged adults with type 2 diabetes.
Intervention: Conversion from insulin glargine to NPH insulin.
Main outcome measures: HbA1c, 30-day average blood glucose, number of suspected and
confirmed hypoglycemic episodes, total insulin dose, and Morisky Medication Adherence Scale
(MMAS) scores.
Results: Patients in both control and intervention groups improved in disease-state clinical
markers, safety profile, and total insulin dose. MMAS scores were unchanged.
Conclusion: There were no statistically significant differences in glycemic control or hypo-
glycemic episodes between the control (NPH insulin) or intervention group (insulin glargine to
NPH insulin).

© 2017 American Pharmacists Association®. Published by Elsevier Inc. All rights reserved.
From 1980 to 2011, the prevalence of diabetes in the United
States more than tripled, affecting 20.9 million Americans.1

Diabetes disproportionately affects ethnic minorities, such as
African Americans (13.2%) and Hispanics (12.8%), at a higher
rate compared to Caucasians (7.6%).2 Although biologic and
behavioral factors may predispose someone to diabetes, social
determinants of health (e.g., income, education, access to
healthy foods, etc.) often factor into the development of dia-
betes and barriers to achieving diabetes control.3 Purchasing
insulin therapy can be particularly challenging especially for
the economically disadvantaged who struggle with burdens of
low access to health care services and food insecurity.4 In fact,
the growing rate of diabetes and its national economic burden
prompted a specific objective within Healthy People 2020, a
10-year government initiative implemented to improve the
health of all Americans.5
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Since 2006, St. Vincent de Paul (SVdP) Charitable Pharmacy
has provided free prescription medications and pharmacy
services for the indigent of Cincinnati, Ohio, and surrounding
communities. One in 7 adults in this area have reported going
without health care to pay for food, clothing, or housing,6 and
SVdP has provided more than 250,000 free prescriptions to
patients, fulfilling a critical community need. To certify for this
program, uninsured and underinsured patients are inter-
viewed by a patient advocate to demonstrate financial need
according to expenses matching or exceeding income. Once
certified, monthly medications, medical devices, and blood
glucose testing supplies are provided free of charge. The
medications stocked by the pharmacy are limited, and
physician-approved therapeutic interchanges are commonly
used to help manage costs and maintain quality. Patients may
recertify for this program every 6 months or until they are
enrolled in a sustainable source of care. Therefore, a patient
may become ineligible for charitable pharmacy services owing
to a change in insurance or finances, resulting in a transfer to a
traditional community pharmacy.

In 2013, SVdP Charitable Pharmacy served 1475 patients. Of
this total, 472 patients (32%) received at least 1 medication for
the treatment of diabetes; 266 (56%) of those required insulin
All rights reserved.
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Key Points

Background:

� Accessing a consistent supply of insulin is chal-

lenging for both underserved patients and health

care safety-net organizations.

� Randomized controlled trials report conflicting evi-

dence of the safety and efficacy of insulin glargine

compared to NPH insulin.

� NPH insulin is the most commonly used insulin

product worldwide, and it is less than one-fourth the

cost of insulin glargine.

Findings:

� This study found no significant difference in glyce-

mic control or hypoglycemic episodes between

subjects using NPH insulin compared to subjects

converted from insulin glargine to NPH insulin.

� This study noted clinically significant improvements

in diabetes control among subjects receiving NPH

insulin and subjects converted from insulin glargine

to NPH insulin.

� Pharmacists are ideally positioned to provide effec-

tive insulin-use and adherence education to support

cost-effective drug therapy interchanges.
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therapy. Owing to the high costs of insulin, especially newer
agents, such as insulin glargine, the charitable pharmacy
financially struggled to meet this demand. Because the chari-
table pharmacy does not employ prescribing physicians, the
utilization of insulin-manufacturer patient assistance pro-
grams was not possible. In response to limited resources, the
amount of insulin glargine any one patient could receive per
month was 10 mL (1 vial), a notably drastic measure. This
resulted in an inconsistent supply for patients needing more
than 33 U/d. Because the cost of insulin glargine is more than
4 times the cost of neutral protamine Hagedorn (NPH) insulin,7

SVdP sought a therapeutically equivalent interchange,
leveraging resources to consistently serve both current and
future patients.

Glargine and NPH insulin are 2 types of basal insulin
products commonly used to manage diabetes. Randomized
controlled trials have reported conflicting evidence when
comparing the safety and efficacy of these products.8 Some
trials have reported a larger reduction of hemoglobin A1c
(HbA1c) with glargine than NPH insulin,9-11 whereas others
report no difference in efficacy.12-20 Glargine is often reported
as superior to NPH insulin owing to fewer episodes of hypo-
glycemia.9,10,12-19 However, other trials report no significant
difference in this safety measure.11,20 In a study among inner-
city low-income patients in the United States, glargine
compared with NPH insulin was found to be equally effective
in basal glycemic control, with no difference in nocturnal
hypoglycemia.21

Because the cost of NPH insulin is less than one-fourth that
of glargine,7 NPH insulin is the most commonly used insulin
product worldwide.22 In the United States, the Veterans
2

Administration (VA), owing to limited resources, often re-
stricts insulin glargine use and instead establishes NPH insulin
as the basal insulin therapy of choice.23 Similarly, SVdP Char-
itable Pharmacy acquires a consistent supply of NPH insulin
preferentially over glargine owing to the significant cost sav-
ings and limited resources. The purpose of the present study
was to investigate the clinical outcomes of indigent patients
with type 2 diabetes served by a charitable pharmacy after a
therapy change from insulin glargine to NPH insulin.

Objectives

Charitable Insulin NPH: Care for the Indigent (CINCI) is a
pharmacy residenteled initiative at SVdP Charitable Pharmacy
to convert insulin regimens to those containing NPH insulin in
an effort to provide a consistent supply of insulin. Although
guidelines for insulin conversion from insulin glargine to NPH
insulin are readily available,24,25 documented clinical out-
comes following this change are not. Therefore, the primary
objective of the CINCI study was to assess the clinical out-
comes following a physician-approved therapy change from
insulin glargine to NPH insulin in indigent patients with type 2
diabetes. A secondary objective was to provide medication
therapy management (MTM), a clinical service provided by
pharmacists to interact with patients and physicians to opti-
mize therapeutic outcomes and overcome patient-identified
barriers to diabetes control.

Methods

Study design and study period

This 24-week prospective pilot study included 29 patients
recruited from the SVdP Charitable Pharmacy from January 15,
2014, to March 13, 2014. This study was approved by the
University of Cincinnati Institutional Review Board.

Recruitment and procedures

From the pharmacy prescription database, patients who
received insulin glargine or NPH insulin were identified. Pa-
tients were included if theywere English speaking,18-65 years
of age, diagnosed with type 2 diabetes, had an established
relationship with a primary health care provider, and used
insulin glargine or NPH insulin for more than 3 months before
enrollment. Patients were excluded if they had previously
failed NPH insulin therapy owing to hypoglycemic episodes,
were pregnant or nursing, or were diagnosed with type 1
diabetes or autonomic neuropathy. Physician refusal to pre-
scribe NPH insulin and patient refusal to participate were also
exclusion criteria.

Patients already using NPH insulin were enrolled in the
control group. Patients using insulin glargine were informed
about the inconsistent supply, permission was obtained to
contact their physicians to recommend the NPH insulin
regimen, and they were enrolled in the intervention group.
Pharmacists contacted physicians from local health systems
and private practices to recommend conversion from glargine
to NPH according to established guidelines.24,25 On enrollment
in either group, baseline characteristics were collected and a
pharmacist provided education on the signs, symptoms, and



Table 1
Baseline characteristics

Characteristic Control: NPH insulin (n ¼ 15) Intervention: glargine to NPH (n ¼ 14) P value

Background
Age (y) 53.0 ± 5.1 56.9 ± 4.9 0.05
Female, n (%) 11 (73.3) 9 (64.3) 0.70
Weight (kg) 115.8 ± 30.7 109.0 ± 18.2 0.48
BMI (kg/m2) 40.0 ± 8.0 37.9 ± 3.9 0.39
Diabetes duration (y) 15.9 ± 8.2 12.1 ± 8.2 0.22
Insulin duration (y) 9.2 ± 7.5 5.2 ± 4.4 0.10

Ethnicity, n (%)
Black 8 (53.3) 9 (64.3) 0.71
White 7 (46.7) 5 (35.7) 0.71

Education, n (%)
High school graduate 14 (93.3) 13 (92.9) 1.00
College education 9 (60) 6 (42.9) 0.47

Oral antidiabetic agents, n (%)
Metformin 9 (60) 7 (50) 0.72
Other 5 (33.3) 2 (14.3) 0.39
HbA1c, % (mmol/mol) 9.0 ± 1.6 (75 ± 18) 8.8 ± 1.7 (73 ± 19) 0.79

30-day hypoglycemic events (baseline)
Signs/symptoms (episodes) 2.1 ± 2.6 1.0 ± 1.5 0.20
Confirmed BG <70 mg/dL (episodes) 1.7 ± 3.9 0.6 ± 1.5 0.36

Insulin use
TDD insulin (U) 108.4 ± 63.5 57.6 ± 38.3 0.02
Adherence (MMAS) 6.6 ± 1.9 6.2 ± 2.0 0.60

Data presented as mean ± SD for continuous and n (%) for categoric parameters. P value determined by t test (continuous variables) or Fisher exact c2 test
(categoric variables).
Abbreviations used: BG, blood glucose; MMAS, Morisky Medication Adherence Scale; TDD, total daily dose.
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treatment of hyperglycemia and hypoglycemia. Patients were
instructed to monitor their blood glucose as prescribed by
their physician and report signs of confirmed hypoglycemia
(blood glucose <70 mg/dL) and symptoms of hypoglycemia
based on recognition training at enrollment. Each patient in
the intervention group was then contacted by the pharmacist,
via telephone or face to face, weekly for the first 3 weeks to
assess therapeutic response and safety.

Every patient, in both the intervention and control groups,
was contacted 1 month after enrollment to assess adherence
and diabetes control. Blood glucose values were collected and
averaged as predictors of trends in diabetes control and re-
ported to each patient's physician. At 3 and 6 months, every
enrolled patient met face to face with a pharmacist to collect
clinical data and report hypoglycemic episodes and medica-
tion adherence. At each interaction, the pharmacist provided
standard-care MTM services, including patient interventions
intended to educate on disease-statemanagement and healthy
lifestyle, assess adherence to medication regimen and lifestyle
changes, review self-monitoring techniques, and review the
blood glucose log. Prescriber interventions were identified as
well, such as dose too low, dose too high, need for drug ther-
apy, and suboptimal drug. In an effort to optimize diabetes
control for both groups, the pharmacist pursued resolution of
prescriber interventions by contacting physicians to recom-
mend therapeutic adjustments when appropriate.

Outcomes

The primary outcome measures were HbA1c obtained with
the use of a point-of-care Bayer A1C Now device; patient-
reported average blood glucose; and number of hypoglyce-
mic episodes compared at baseline, 3 months, and 6 months.
Secondary outcomes were total daily dose (TDD) of insulin
reported in U/d and patient-reported adherence according to
the Morisky Medication Adherence Scale (MMAS). The MMAS
is a validated 8-point patient survey conducted by a health
care professional to assess medication adherence with ideal
adherence defined as a score of 8.26

Data analysis and statistics

Statistical analysis was performed with the use of SPSS
software (IBM SPSS Statistics for Windows, version 22.0; IBM
Corp., Armonk, NY). To determine if statistically significant
differences existed between the control and intervention
groups, t tests were used for continuous variables, which
included insulin dose, average blood glucose, HbA1c, hypo-
glycemic episodes, and MMAS scores, and Fisher exact c2 tests
were used for categoric variables, which included patient de-
mographics and oral antidiabetic agents. P values were 2-
sided and considered to be significant at an alpha of <0.05.

Results

Patients

Baseline characteristics of all 29 patients who were
enrolled in the study (15 in control group, 14 in intervention
group) are shown in Table 1. Except for total daily dose of
insulin, there were no statistically significant differences
between the 2 groups at baseline. Of the 29 patients who
started the study, only 17 patients completed it (10 in control
group, 7 in intervention group). Patients who failed to com-
plete the study withdrew for a variety of reasons; 9 patients
qualified for insurance coverage (Medicaid, Medicare, or
Affordable Care Act insurance), 1 patient's physician preferred
insulin glargine, 1 patient preferred insulin glargine and had
3



Figure 1. Flowchart of enrolled patients.
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adherence concerns, and 1 patient was lost to follow-up
(Figure 1).

Glycemic control

Baseline HbA1c in the control, 9.0 ± 1.6%; and intervention,
8.8 ± 1.7%, groups were compared at 12 weeks (8.7 ± 2.2% and
8.7 ± 1.3%, respectively; P¼ 0.96) and 24weeks (8.0 ± 1.9% and
7.8 ± 1.6%; P ¼ 0.79). There was no statistically significant
difference between the groups, and both groups had an
average 1.0% (11 mmol/mol) HbA1c reduction over the course
of the study. Patient-reported average blood glucose (mg/dL)
at 4 weeks was compared at 12 weeks and 24 weeks, with no
statistically significant difference (Table 2).

Hypoglycemia

The number of patient-reported episodes of symptomatic
hypoglycemia varied from zero to 5 episodes per 4-week
period throughout the study. Baseline patient-reported
average number of hypoglycemic episodes was compared at
4 weeks, 12 weeks, and 24 weeks, with an average reduction
of 1 hypoglycemic episode in a 4-week period. Baseline
confirmed number of hypoglycemic episodes was compared
at 4 weeks, 12 weeks, and 24 weeks, with no statistically
significant differences (Table 2).

Insulin dose

At baseline, the average total daily dose of insulin (U) was
statistically significantly different between groups and was
compared at 4 weeks,12 weeks, and 24weeks. Throughout the
course of this study, both groups experienced a reduction in
4

total daily dose of insulin, resulting in no statistically signifi-
cant difference between the groups by study end (Table 2).

Adherence

The MMAS scores indicated that patient-reported adher-
ence improved slightly from baseline to 12 weeks to 24 weeks.
There was no statistically significant difference between
adherence scores in both groups.

Discussion

Consistent with existing research,8,12-20 the CINCI study
found no significant difference in glycemic control between
NPH insulin and glargine. Patients in both control and inter-
vention groups experienced improved clinical outcomes as
noted by an improvement in clinical markers of diabetes.
HbA1c values dropped, on average, by 1.0% (11 mmol/mol) in
both groups. A study by Ragucci et al.27 estimated $820 in cost
savings and a 40% risk reduction in microvascular diabetic
complications for every 1.0% HbA1c reduction. Average blood
glucose values as reported by patient blood glucose logs also
improved. Though not as significant a marker for clinical
outcomes, estimated average blood glucose reports are viewed
as a snapshot of the patient's disease control and drive day-to-
day therapeutic decisions by both provider and patient. Given
their strong correlation with the HbA1c,28 improvement in
average blood glucose values indicates better overall control.
The clinically significant improvement of HbA1c after a change
of glargine to NPH insulin could likely be the subject of further
research. Investigation on diabetes outcomes related to the
impact of pharmacist-led MTM services, point-of-care HbA1c
testing, provision of free prescription medications, and pro-
vision of free blood glucose monitoring supplies could assist in



Table 2
Results

Characteristic n Control:NPH insulin n Intervention: glargine to NPH P value

HbA1c, % (mmol/mol)
Baseline 15 9.0 ± 1.6 (75 ± 18) 14 8.8 ± 1.7 (73 ± 19) 0.79
Week 12 12 8.7 ± 2.2 (72 ± 24) 9 8.7 ± 1.3 (71 ± 14) 0.96
Week 24 10 8.0 ± 1.9 (64 ± 20) 7 7.8 ± 1.6 (62 ± 18) 0.79

Average BG (mg/dL)
Week 4 15 173.9 ± 48.0 14 172.8 ± 34.2 0.95
Week 12 12 175.4 ± 61.3 9 159.0 ± 32.2 0.48
Week 24 10 179.0 ± 73.9 7 141.6 ± 46.6 0.26

Hypoglycemic symptoms (episodes)
Baseline 15 2.1 ± 2.6 14 1.0 ± 1.5 0.20
Week 4 15 0.7 ± 1.4 11 0.5 ± 1.2 0.82
Week 12 12 1.6 ± 1.6 9 0.6 ± 1.0 0.09
Week 24 10 0.9 ± 1.3 7 0.9 ± 1.9 0.96

Hypoglycemia confirmed (BG <70 mg/dL, episodes)
Baseline 15 1.7 ± 3.9 14 0.6 ± 1.5 0.36
Week 4 15 0.3 ± 0.9 11 0.2 ± 0.6 0.63
Week 12 12 0.7 ± 1.1 9 0.3 ± 1.0 0.48
Week 24 10 0.3 ± 0.7 7 0.6 ± 1.1 0.54

TDD (U)
Baseline 15 108.4 ± 63.5 14 57.6 ± 38.3 0.02
Week 4 15 113.6 ± 66.9 11 57.8 ± 41.3 0.02
Week 12 12 103.9 ± 71.2 9 62.8 ± 32.7 0.13
Week 24 10 98.6 ± 76.0 7 46.4 ± 19.4 0.10

Adherence (MMAS)
Baseline 15 6.6 ± 1.9 14 6.2 ± 2.0 0.60
Week 12 12 7.0 ± 1.6 9 7.3 ± 1.0 0.68
Week 24 10 6.7 ± 1.6 7 6.5 ± 2.0 0.83

Data presented as mean ± SD for continuous and n (%) for categoric parameters. P value determined by t test (continuous variables) or Fisher exact c2 test
(categoric variables).
Abbreviations as in Table 1.
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the understanding of the interventions responsible for
improved diabetes control in this study.

When switching patients from one insulin regimen to
another, there is always the risk of adverse events, particularly
hypoglycemia. From baseline to 24 weeks, the intervention
group noted no change in hypoglycemic episodes, experi-
encing on average less than 1 hypoglycemic episode per 30
days. There was an improvement in safety profile for the
control group, reporting an average reduction of at least 1
hypoglycemic episode per 30 days. Consistently with a meta-
analysis by Bazzano et al.,8 the present study found small
differences between patient-reported hypoglycemia in favor of
glargine versus NPH insulin, with no statistically significant
difference between rates of hypoglycemic episodes per patient
year. The low rates of hypoglycemia noted in the present study
may be attributed to the MTM program used during this study
and to pharmacist-provided education, including signs,
symptoms, and treatment of hypoglycemia, on study enroll-
ment and in follow-up MTM sessions.

We also examined TDD of insulin and patient-reported
medication adherence. The average TDD dropped by 10 U/d
in the control group and 11 U/d in the intervention group,
which was an unexpected outcome. Before this study, a post-
graduate year 1 (PGY1) community pharmacy resident
prepared to provide diabetes care by completing 23 hours
(15 hours of self-study and 8 hours of live training) of diabetes-
focused certificate training program. Through frequent MTM
follow-up sessions, the PGY1 community pharmacy resident
provided dietary and lifestyle education in addition to
medication-use education, which may have prompted
improved glycemic control with lower doses of insulin. The
resident provided adherence education frequently as well, but
patient-reported MMAS scores were unchanged. This may
indicate the need for other tools apart from patient self-
reports to evaluate medication adherence. Further research
is needed to investigate the impact of MTM on insulin adher-
ence and TDD.

Pharmacists are ideally positioned to provide effective
insulin-use and adherence education, which can significantly
improve disease-state outcomes.29 As observed in this study,
patients benefited from a pharmacist-led MTM program
focusing on diabetes. Through repeated patient interactions,
diabetes and lifestyle education, HbA1c monitoring, blood
glucose log review, and pharmacist-initiated medication
therapy recommendations, the pharmacist was able to aid in
the improvement of the clinical outcomes of this patient
population. Pharmacists, as patient advocates, could be inte-
gral in assisting physicians to find an effective medication
regimen tailored to their patients' specific needs and abilities.
For example, an interchange from 4-times-daily basal-bolus
insulin to twice-daily 70/30 insulin may improve patient
adherence and improve diabetes control. In outcomes-based
practices, such as Federally Qualified Health Centers, phar-
macists can assist in diabetes care goals necessary for
continued qualification. As documented in other studies,30 the
collaborative efforts between the pharmacist, patient, and
provider can lead to the optimization of diabetes control. As
health care evolves into an interprofessional disease-state
management model, the role of the community pharmacist
will continue to expand.31
5
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Limitations

Although SVdP Charitable Pharmacy recognized substantial
cost savings through the reduction of insulin-purchasing costs,
these findings do not necessarily reflect overall cost-
effectiveness. Previous studies comparing cost-effectiveness
of these insulin products have reported mixed results, but
most favor glargine over NPH insulin owing to quality of life
and life expectancy.32-36 However, SVdP Charitable Pharmacy
provides insulin for patients who may otherwise have no ac-
cess. In this setting, the cost savings of converting insulin
glargine to NPH insulin translates to a consistent supply of
insulin for multiple patients, an interventionwhich is far more
cost-effective than untreated diabetes. Further research into
the overall cost-effectiveness of this physician-approved
medication change would be needed to determine the full
economic impact.

This pilot study was performed in a single charitable
pharmacy serving an indigent population, which limits
generalizability. When the choice is between the charitable
pharmacy's medication inventory versus no treatment, phy-
sicians are more willing to accept therapeutic change recom-
mendations. However, patients living in poverty often make
choices between expensive treatment and no treatment, and
they lack the expertise to recommend alternate therapies to
their physicians. This topic becomes more generalizable when
pharmacists serve as patient advocates to assist physicians in
finding an affordable medication regimen to achieve goals in
outcomes-based physician practices such as Federally Quali-
fied Health Centers.

Given the small sample size, this study may be under-
powered to detect a difference between the patient groups.
The statistically significant difference in baseline insulin dose
between groups is likely due to the charitable pharmacy's
protocol of converting patients to an NPH insulin regimen on
enrollment into the charitable pharmacy if their insulin
needs exceed 10 mL insulin glargine per month. Patients
available for enrollment in the control group had already
been converted from insulin glargine to NPH insulin because
of their higher insulin dose needs. The blood glucose readings
in this study are patient-reported, which limits their accu-
racy; however, HbA1c was obtained by means of point-of-care
testing by a pharmacist. Although this study concludes no
difference in safety and efficacy between NPH insulin and a
pharmacist-initiated intervention of switching glargine to
NPH insulin, these findings should be verified by a large
follow-up trial in populations with similar demographic
characteristics.
Conclusion

Among indigent patients at a charitable pharmacy followed
for 24 weeks, there were no statistically significant differences
in glycemic control or hypoglycemic episodes between the
control (NPH insulin) and intervention (insulin glargine to
NPH insulin) groups. The clinically significant changes in both
groups suggest a positive effect of MTM services performed by
a pharmacist to provide the needed support for diabetes
management. These findings may be useful for programs
seeking to provide an affordable insulin regimen for patients
in need as well as those seeking to provide pharmacist-led
6

disease-state management services to assist patients in
obtaining better glycemic control.
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