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Abstract
Summary Osteoporosis (weak bones) is a disorder that has
high morbidity, mortality, and healthcare utilization. Effective
treatment is available for this disorder, but many patients
choose not to start therapy. This is the first study showing an
intervention that increases the initiation rates to medications
for osteoporosis.
Introduction One out of six patients prescribed an oral bis-
phosphonate does not initiate therapy, a phenomenon known
as primary non-adherence. Reasons for bisphosphonate pri-
mary non-adherence have been identified, but not interven-
tions that positively impact primary adherence rates. The pur-
pose of this study is to determine the effectiveness of interac-
tive voice response technology to improve oral bisphospho-
nate primary adherence.
Methods This was a prospective, randomized controlled trial
conducted in January–December 2014 at Kaiser Permanente

Colorado, an integrated healthcare system. Adults with a new
oral bisphosphonate prescription for osteoporosis or
osteopenia which was not purchased within 14–20 days of
being ordered were included. There were 127 and 118 patients
in the intervention group and control groups, respectively. The
intervention group received an interactive voice response
phone call followed by a letter 1 week later if primary non-
adherence continued, whereas the control group did not re-
ceive any outreach. The primary outcome was the proportion
of patients who purchased their oral bisphosphonate within
25 days of randomization.
Results There were 62/127 (48.8 %) intervention patients and
36/118 (30.5 %) control patients who purchased their bisphos-
phonate prescription within 25 days of randomization (OR=
2.17, 95 % CI 1.29–3.67). When adjusted for age, sex, history
of bone mineral density scan and fracture, the odds ratio
for intervention versus control group was 2.3 (95 % CI
1.34–3.94).
Conclusion An interactive voice response phone call and
follow-up letter significantly improved primary adherence to
oral bisphosphonate therapy. Such an intervention could be
considered for improving primary adherence rates to other
medication classes.
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Introduction

A total of 54 million Americans aged 50 and older have oste-
oporosis or osteopenia. The National Osteoporosis Founda-
tion reports that, in the USA, osteoporosis is responsible for
2 million fractures and $19 billion in related costs each year.
Due to the growing elderly population, those numbers are
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expected to increase to 3 million fractures and $25.3 billion
each year by 2025 [1]. Bisphosphonates, the preferred treat-
ment in most patients with osteoporosis, reduce fracture risk
by 50 % [2], yet they are widely underutilized [3], leading to
higher fracture rates, resource utilization, and costs [4].

A key contributor to bisphosphonate underutilization is
non-adherence, both primary and secondary. Secondary non-
adherence (SNA), which is well-described in the literature, is
failure to consistently refill a medication after the first fill,
while primary non-adherence (PNA) is defined as failure to
purchase a newly prescribed medication.

The utilization of electronic prescribing has facilitated the
study of PNA by making it possible to systematically identify
medications that are prescribed but never purchased. Bisphos-
phonate PNA has been reported to be as high as 37.5 % [5].
Several studies have examined patient-reported concerns that
contribute to bisphosphonate PNA, which include belief in
medication effectiveness, distrust of medications, lack of
knowledge of the disease state, fear of side effects and risks,
lack of awareness of the prescription, and concern with the
number of medications a patient is taking [4, 6]. Interventions
that address these concerns and improve adherence will play a
key role in improving clinical and cost-related outcomes.

Studies of interventions that impact bisphosphonate PNA are
lacking.We hypothesize that an intervention aimed at addressing
patient concerns using an interactive voice response (IVR) sys-
tem, follow-up letter, and clinical pharmacy specialists will im-
prove PNA in patients newly prescribed an oral bisphosphonate.

Methods

Study design and setting

This prospective, randomized controlled trial was conducted
at Kaiser Permanente Colorado (KPCO), an integrated health
plan that serves more than 600,000 members at 28 medical
office buildings. Members’ prescriptions are typically filled
internally at Kaiser Permanente pharmacies. The study was
conducted from January through December 2014 and was
approved by the KPCO institutional review board.

Study participants

Adults, aged 18 years and older, with a new oral bisphospho-
nate prescription for osteoporosis or osteopenia, which was
not purchased within 14–20 days of being ordered, were in-
cluded. A prescription was defined as Bnew^ if the patient had
not received an oral or intravenous bisphosphonate within the
previous 12 months. Patients with prescriptions sent to a non-
KPCO pharmacy, residing in a skilled nursing facility, or with-
out continuous KPCO membership 12 months before and
25 days after enrollment were excluded.

Patients were identified administratively via KPCO elec-
tronic pharmacy and membership databases, and inclusion
and exclusion criteria were verified manually via chart review.

Intervention

Intervention patients were contacted on the day of enrollment
by an automated interactive voice response (IVR) phone call.
If no one answered, a voicemail message instructed the patient
to contact a toll-free number to retrieve the message. The
phone call focused on known reasons why patients do not
initiate therapy (Online supplement – IVR Phone Call Script).
It highlighted the benefits and risks of bisphosphonate thera-
py, including an option to hear additional medication informa-
tion that explained and quantified the benefits and risks in
more detail. Patients could choose to be transferred to the mail
order pharmacy to fill the prescription and could also indicate
if the prescription had already been purchased at a non-KPCO
pharmacy by pressing a number on their phone. The IVR
phone call was scripted in English, and the average phone call
duration was 145 s for patients who opted to listen to the
optional additional medication information, and 109 s if that
portion was not included.

If the medication was still not purchased 7 days after
receiving the IVR phone call, then a letter reminding
the patient of their prescription and explaining benefits
and risks of bisphosphonate therapy was mailed (Online
Supplement – Letter). Based on delivery of test letters
to study investigators, the expected arrival date was 4 days
after being placed in the mail room at the ambulatory clinic.
The letter was written in English or Spanish, and the version
corresponding to the patient’s preferred language documented
within the electronic medical record was sent. Patients were
followed for 14 days after expected letter arrival to determine
if the prescription was purchased.

Usual care patients (control group) did not receive the
phone call or letter.

For patients purchasing at least one prescription and
with at least 6 months continuous membership follow-
ing enrollment, secondary adherence was measured by
calculating the medication possession ratio (MPR) and
reporting it as both a continuous variable and catego-
rized as greater than or equal to 0.8 versus less than
0.8. The MPR was calculated by dividing the total med-
ication days’ supply purchased within 180 days of the
initial prescription purchase date by 180 days, Btrimming
the end^ of purchases made near the end of the 180-day
period when indicated to avoid overestimating adherence.
For example, if a 60-day supply were purchased on day
170 of the 180-day observation period, only 10 days
supply from this purchase were counted instead of the
full 60.
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Enrollment and randomization

Enrollment occurred every Monday according to the diagram
depicted in Fig. 1. For example, patients with prescriptions
written between Monday, January 6th and Sunday, January
12th, but not purchased by Sunday, January 26th, were cate-
gorized as primary non-adherent. These patients were ran-
domized to intervention or control groups and enrolled on
Monday, January 27th.

Patients were randomized 1:1 via random number genera-
tor into the intervention or usual care group.

Study outcomes

The primary outcome was the proportion of patients who pur-
chased their prescription within 25 days of study enrollment.
The 25 days was determined as follows: enrollment and IVR
phone call made on day 0; letter sent on day 7, if indicated;
letter to be delivered by day 11; and up to 14 days follow-up
after receiving the letter, which was day 25. Secondary out-
comes were (1) the proportion of intervention patientsmeeting
the primary outcome who purchased their prescription before
and after the expected letter arrival date, (2) identifying factors
other than the intervention that were independently associated
with primary adherence, and (3) the MPR for 6 months in
patients in both groups who met the primary outcome.

Sample size calculation

The usual care group was expected to have a 74 % rate of
primary non-adherence, based upon rates reported in the liter-
ature [7]. To detect an absolute improvement of 15 % with
80% power and significance level of 0.05, each group needed
121 patients.

Statistical analysis

Primary and secondary outcomes data pertaining to primary
adherence were analyzed based on intention-to-treat analysis
using the chi-squared test, regardless of whether patients were
successfully contacted. Mean MPR data was analyzed using
the Student’s t test, and the proportion of patients with an
MPR >80 % was analyzed using the chi-squared test.
A p value <0.05 indicated statistical significance.

Logistic regression analysis was conducted to control for
potentially confounding effects of age, sex, history of BMD
test in the past year, and history of fracture status, and to
identify whether any of these were independently associated
with primary medication adherence. Odds ratios and adjusted
odds ratios were calculated using PROC LOGISTIC. Statisti-
cal analyses were performed using SAS, version 9.2 (SAS
Institute, Inc., Cary, NC).

Results

As shown in Fig. 2, a total of 1338 patients were identified as
meeting screening criteria, 1092 patients were excluded, and 1
patient was lost to follow-up due to death. Of the 245 remain-
ing patients included in the statistical analysis, there were 127
and 118 patients randomized to the intervention and control
groups, respectively. The demographic and baseline charac-
teristics of the two groups were similar (Table 1). Across both
groups, the mean age was 71.5 years and 93 % of patients
were female. Alendronate was the most commonly prescribed
bisphosphonate, and 86% of all study patients had a diagnosis
of osteoporosis.

The percent of patients who purchased their prescription
within 25 days of study enrollment was significantly greater
in the intervention group compared to the control group (62/
127, 48.8 % vs. 36/118, 30.5 %, unadjusted OR=2.17, 95 %
CI=1.29–3.67). After adjusting for age, sex, history of bone
mineral density (BMD) test, and history of a fracture, the OR
for primary adherence in the intervention versus control group
was 2.30 (95 % CI 1.34–3.94). Figure 3 displays the percent
of patients who became primary adherent from day 0 through
25 after the IVR phone call was made to intervention patients.

Of the intervention patients with primary adherence to bis-
phosphonate therapy (n=62), the majority purchased the bis-
phosphonate before the letter arrival date (11 days after ran-
domization) compared to after (76 vs. 24 %, respectively).
The control group showed a similar pattern with 64 % pur-
chasing their prescription before day 11 versus 36 % after
(p=0.208 for difference between the two groups). None of
the letters that were sent to intervention patients were returned
to KPCO for unsuccessful delivery. Neither sex nor age or
history of a BMD test were significantly associated with pri-
mary adherence, but patients with a history of fracture were
significantly more likely to have primary adherence to bis-
phosphonate therapy (OR=2.21, 95 % CI 1.11–4.40). Indeed,
27/50 (54 %) patients in both groups with a history of fracture
had primary adherence, compared to 71/195 (36 %) of those
with no prior fracture (p=0.024).

The mean MPR for intervention patients was 69 % (95 %
CI 61–77) versus 60 % (95 % CI 49–71) in control patients
(p<0.001). The percent of patients in the intervention and
control groups who had a MPR ≥80 % was 43.6 and
41.7 %, respectively (p=0.856).

Discussion

Given the protection bisphosphonates confer against the dev-
astating outcomes of osteoporotic fractures, it is imperative to
find an intervention that improves adherence. Efforts have
traditionally focused on improving secondary adherence,
which misses patients who are prescribed a bisphosphonate
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but never start it. To our knowledge, this is the first study of an
intervention that significantly improved primary adherence
rates to oral bisphosphonate therapy, which is consistent with
our hypothesis. It is not clear whether the improvement is
attributable to the intervention’s function as a reminder
that a prescription was ordered or whether the knowledge
gained about the benefits and risks of bisphosphonate
therapy prompted patients to purchase their prescription,

but it is likely both these elements contributed to the
intervention’s success.

The intervention utilized in this study is feasible and easily
reproducible for other medication classes and has the potential
to reach large patient populations using minimal resources.
Our results, with 48.8 and 30.5 % of intervention and control
patients purchasing their new bisphosphonate during the study
period, were comparable to those reported with a similar

Gray dates: Prescriptions written

Diamond: Patient primary non-adherent if prescription not purchased by this date

Star: Patient enrolled in the study

Fig. 1 Patient enrollment

246  Randomized (prescriptions

not dispensed

1338 Assessed for eligibility (members  

with bisphosphonate prescription)

1092  Excluded

983  Rx dispensed within past year

37  Rx given in skilled nursing facility

35  Rx discontinued by provider

19  Rx transferred to outside pharmacy

15  Other

3  IV bisphosphonate within past year

119  Allocated to Control Group127  Allocated to Intervention Group

1 Excluded from Statistical Analysis 

(died before 25 day timeframe)

0  Excluded from Statistical Analysis

127  Included in Analysis 118  Included in Analysis

Fig. 2 Participant identification
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intervention in patients with primary non-adherence to statin
therapy, where 42.3 % of intervention patients purchased their
new statin prescription compared to 26.0 % in the control
group [7].

Although we did not reach 121 patients per group accord-
ing to the power calculation, the primary outcome was still
statistically significant so this did not interfere with our results.

Our study did not focus on an intervention to improve
secondary adherence, but the mean MPR for intervention

patients was still statistically significantly better. This is prom-
ising considering that 40 to 74 % of patients who initiate
bisphosphonate therapy discontinue it within the first year
[8, 9]. However, data suggests an MPR ≥80 % is needed to
provide adequate fracture protection benefits [10], and our
study did not show a difference in the proportion of patients
reaching this threshold. Combining interventions proven to
successfully improve bisphosphonate secondary adherence
[11–15] with the IVR phone call may be a useful strategy.

0%

10%

20%

30%

40%

50%

60%

0 5 10 15 20 25

Interven�on

Control

Days After Intervention

Fig. 3 Day-by-day representation
of proportion of patients who
purchased their oral
bisphosphonate after study
enrollment. Final results
included 48.8 % intervention
patients and 30.5 % control
patients who met the primary
outcome (adjusted OR 2.3, 95 %
CI 1.34–3.94)

Table 1 Baseline characteristics
Characteristic Control group (n=118) Intervention group (n=127) p value

Mean age, years (SD) 71.5 (10.6) 71.4 (10.9) 0.961

Female sex, n (%) 112 (95) 116 (91) 0.271

Osteoporosis diagnosis, n (%) 103 (87) 108 (85) 0.611

Medication prescribed, n (%) 0.222a

Alendronate 111 (94) 113 (89)

Risedronate 7 (6) 12 (9)

Ibandronate 0 (0) 2 (2)

History of fracture in the past year, n (%) 27 (23) 23 (18) 0.355

Hip 10 (37) 9 (39) 0.755a

Wrist 5 (19) 6 (26)
Vertebral 5 (19) 2 (9)

Other 7 (26) 6 (26)

History of BMD in past year, n (%) 59 (50) 65 (51) 0.853

T-score 0.517a

<−2.5 38 (64) 48 (74)

−1 to −2.4 20 (34) 16 (25)

Normal 1 (2) 1 (2)

SD standard deviation, BMD bone mineral density
a p value for comparison of distribution across all subgroups
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A strength of our study was the logistical regression anal-
ysis that ruled out potential confounders (age, sex, BMD test,
and history of fracture) that may affect primary adherence
rates. It is not surprising that patients in both the intervention
and control arms who experienced a previous fracture were
more likely to purchase their bisphosphonate compared to
patients who did not have a history of fracture.

One of the challenges with studying primary non-
adherence is lack of standardized definition that includes a
timeframe after which a patient is considered primary non-
adherent. We chose the range of 14–20 days from the date
of prescription because previous studies have demonstrated
that up to 95 % of patients fill their medication within the first
2 weeks of being prescribed [16, 17].

A limitation to our study is that the IVR phone call was
only available in English. We attempted to address this by
supplying a Spanish version of the follow-up letter when
Spanish was documented as the preferred language in the
medical record. However, we identified no patients who re-
quired the Spanish letter. Incomplete documentation of lan-
guage preference or the fact that Hispanic population has a
lower risk of osteoporosis [18] may have been factors in this
observation.

An IVR phone call plus a follow-up letter represents a
practical intervention to improve primary adherence to
bisphosphonates effectively and efficiently while also posi-
tively impacting secondary adherence. Application of this pro-
cess may be useful to improve primary adherence to other
medications, especially those for chronic disease states.
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