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Effect of Dispensing Supply on Pravastatin

Refill Adherence

JULIA K. NGUYEN, PHARMD; KAREN SUCHANEK HUDMON, DRPH; JAMES M. LIGHTWOOD, PHD;

KRISTEN NICITA, PHARMD; AND SHARON KoTABE, PHARMD

oronary heart disease (CHD), including acute events

such as myocardial infarction and angina pectoris, is

responsible for more than half of all cardiovascular
deaths in the United States and also is a major cause of dis-
ability.! In 2002, total costs associated with cardiovascular
disease were estimated at $329.2 billion, with two-thirds be-
ing healthcare related.? Management of multiple risk factors,
including reduction in low-density lipoprotein cholesterol
(LDL-O), decreases CHD morbidity and mortality.

As outlined in treatment guidelines, the National Choles-
terol Education Program strongly supports the use of HMG-
CoA reductase inhibitors, also known as statins, to reach
LDL-C target goals for both secondary and high-risk primary
prevention populations.> In terms of duration of treatment,
statins are considered chronic maintenance medications that
are pharmacologically effective when taken as directed.*’
Poor adherence, along with step-down and discontinuation,
limits statin effectiveness and is associated with return to pre-
medication cholesterol levels and loss of cardioprotection.®?

Although adherence to pravastatin has been estimated
to be as high as 82% to 85%, statin adherence patterns ap-
pear to be similar in all respects to other chronic medication-
taking behavior, for which rates range from 40% to 76%.1%!
Reduced adherence and discontinuation of newly prescribed
statin therapy may be attributed to (1) patient misperceptions
about need for treatment, (2) poor efficacy, and (3) adverse
events.'*’* A PubMed search (January 1990-2008) with the
search terms adberence, medications, cardiovascular, mea-
sure, and dispensing supply in the title failed to identify any
current or recent studies investigating dispensing supply as a
factor associated with adherence.

Various drug benefit strategies aim to control prescrip-
tion drug spending while balancing the effect on health
outcomes. In this study, the rationale behind a new ben-
efit design initiative for a 30-day supply was to curb drug
costs by minimizing wastage of selected formulary chronic

ABSTRACT

Objective: To examine changes in refill adherence after
implementation of a mandatory 30-day refill program in-
stead of a 90-day refill program in noninsured adults taking
pravastatin for treatment of hyperlipidemia.

Study Design: Retrospective pre—post analysis of refill
records (n = 708 patients) from a computerized paid claims
database for a 14-month period (July 2001 through Septem-
ber 2002) was done in this observational cohort study of
unlinked, cross-sectional assessments.

Methods: Eligible subjects were enrolled in a healthcare
program providing prescription benefits to noninsured

San Francisco residents. Exclusion criteria were refills of
pravastatin paid either out-of-pocket or through a nonpar-
ticipating prescription benefit plan, history of fewer than 2
fills, and receipt of a quantity other than a 90-day or 30-day
supply of pravastatin. A continuous, single-interval measure
of medication availability (CSA) was calculated by obtaining
an adherence value for each pravastatin dispensation.

Results: After adjustment for pharmacy site, age, prava-
statin strength, supply, number of fills, and time trend by
using robust regression, a significant difference in adher-
ence was observed for the 2 dispensing supplies. Dispens-
ing supply was directly correlated to CSA (P <.001). With
CSA of 1.0 representing 100% adherence, the median ob-
served pravastatin CSA for a 90-day supply was 0.96, and
for a 30-day supply it was 0.68.

Conclusion: Optimum pravastatin refill adherence was
observed with a 90-day dispensing supply in noninsured
adults, including indigent and low-income adults. This re-
sult suggests a desirable benefit plan option for long-term,
chronic therapy in this population.

(Am J Pharm Benefits. 2009;1(4):202-208)
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medications (eg, pravastatin) by the patient because of

“lost medications,” earlier-than-anticipated discontinu-
ation, changes in dosing, and stockpiling. There was a
concern, however, that barriers such as increased trans-
portation costs would override motivation to receive
essentially free medication. The counterbalancing view-
point was that the large number of participating pharma-
cies allowed for improved access and would neutralize
any hypothetically imposed burden. The purpose of this
study was to examine pravastatin refill adherence after
implementation of a mandatory 30-day refill program in
place of a previously offered 90-day refill program in an
uninsured population.

METHODS
Study Design

Retrospective pre— versus post—policy analysis of re-
fill records from a computerized paid pharmacy claims
database was done in this observational cohort study
of unlinked, cross-sectional assessments. Claims origi-
nated from a large healthcare organization in Northern
California, the Community Heath Network San Francisco
(CHNSF), that provides healthcare and a prescription
benefit program primarily to noninsured, indigent, or
low-income residents of San Francisco County. Patients
are eligible to participate in the program if they provide
acceptable identification, declaration, and verification to
an eligibility worker of the following: San Francisco resi-
dence, prior gross monthly income of under 500% of the
federal poverty level, possession of financial resources
within Medicaid guidelines for real and personal proper-
ty, liquid assets less than 100% of the federal poverty level
for outpatient and emergency services, and cooperation
with pursuing other sources of reimbursement that could
reasonably be expected to pay for the services provided.
Cooperation includes provision of all required informa-
tion on other coverage, pursuing third-party liability, and
application for any programs for which the patient is po-
tentially eligible. Enrollees may fill prescriptions without
a required prescription copayment at the county hospital
pharmacy or at other local retail community pharmacies
that accept CHNSF coverage.

Study Population

Eligible subjects included all adult participants in
CHNSF who had picked up a pravastatin prescription
at eligible pharmacies at any time during the 14-month
study period of July 1, 2001, through September 1, 2002.
Continuous coverage by CHNSF was assumed because
insurance status data could not be confirmed throughout

PRACTICAL IMPLICATIONS

Poor adherence to lipid-lowering therapy can accelerate coro-
nary heart disease, a major cause of cardiovascular deaths
and disability.

M Policymakers are challenged with development of a rational
prescription benefit program that controls prescription drug
costs while balancing the effect on health outcomes in the
growing noninsured population.

M This study describes the effect of dispensing supply on
pravastatin refill adherence in noninsured, indigent, and
low-income patients with hyperlipidemia.

M Superior pravastatin refill adherence was observed with a
90-day dispensing supply versus a 30-day supply and sug-
gests a desirable benefit plan option for chronic therapy.
Improved understanding of utilization preferences provides

leverage in benefit design.

the study period and because qualification for alternative
prescription benefit programs would immediately nullify
eligibility for CHNSF. Information on sex, race, housing
status, mode of transportation, and health literacy was not
available through enrollment. Exclusion criteria were re-
fills of pravastatin paid either out-of-pocket or through a
nonparticipating prescription benefit plan during the study
period, history of fewer than 2 fills during the study pe-
riod, same-day refills, and receipt of a quantity other than
a 90- or 30-day supply of pravastatin. These criteria were
selected to ensure repeated fills for each patient during the
study period in order to compute an adherence score.

Data Collection

Pharmacy claims data were generated by interfacing
the healthcare organization’s electronic medical record
and prescription paid claims with the Pharmaceutical Care
Network (PCN; now SXC Health Solutions), a pharmacy
benefit manager. The 14-month study period comprised
the 7 months before and the 7 months after the mandat-
ed 30-day refill program was implemented on February
1, 2002. A washout window of 30 days on both sides of
the index date was used to filter data. Data provided by
PCN included pharmacy site, medical record number, age,
pravastatin drug strength, quantity dispensed, days supply
provided, and dispensing date. Site, either county hospital
outpatient pharmacy or contracted community retail phar-
macy (eg, Walgreens, Rite Aid), and supply (30- or 90-day)
were recoded as dichotomous variables, and all time com-
ponents were converted to continuous variables. Time of
first and last fills, absolute duration on pravastatin, and rate
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of fill were computed. The total number of pravastatin fills
also was recorded. To conform to the Health Insurance
Portability and Accountability Act, all personal identifiers
were removed before data analysis.

Outcome Measure

Adherence was defined as the extent to which a pa-
tient followed a prescribed treatment plan, with pre-
scription refill activity acting as a surrogate marker of
medication-taking behavior."!” This definition permits
estimation of the highest possible level of medication
possession with acceptable reliability and exhibits error
rates comparable to those of other assessment meth-
ods.1®1% Associations with clinical outcomes also have
been reported.’ Continuous, single-interval measure of
medication availability (CSA) is a measure preferred for
calculating adherence in studies with high participant
dropout rates. We anticipated this scenario as likely re-
flecting the volatility of insurance coverage that fluctu-
ates with employment status and Medicaid eligibility.
With CSA, each refill episode is calculated independent-
ly, and participants who fill only 1 prescription do not
have the same weight in a cumulative analysis as partici-
pants who have multiple refills. As a result, it provides
a more accurate picture of adherence distribution and
allows exploratory modeling in a nonnormal distribu-
tion. In a recent systematic literature review, CSA was
comparable to other measures of calculating adherence
from administrative data.'®

The CSA was calculated by obtaining an adherence
value for each pravastatin dispensation.'® The days supply
of pravastatin (30 or 90 days) was divided by the number
of days in the interval from the dispensation date up to,
but not including, the next dispensation date (or through
the study completion date). This calculation provided an
adherence value for each participant between dispen-
sations. The mean of all dispensation adherence values
provided an overall study adherence value. Analysis was
performed in terms of inverse CSA to make errors more
normally distributed. Values of 1.0 represented on-time
refills, values of <1.0 represented late refills, and values of
>1.0 represented early refills. Prior to conducting analy-
ses, all variables were screened for outliers and missing
data. Each ratio obtained was rounded to the nearest
hundredth.

The CSA equals the days supply obtained at the begin-
ning of an interval divided by the number of days in the
interval. For example, a patient receiving a 90-day supply
of medication who picked up the next refill 110 days later
would have a CSA of 90/110 = 0.82.

Statistical Analysis

Descriptive statistics were used to characterize the
study population and pravastatin adherence patterns.
Summaries of frequency, mean, SD, median, quartiles,
and ranges for distributions of all variables (pharmacy
site, age, pravastatin strength, supply, and number of
fills) were obtained. Because there was no control cohort
for comparison with the intervention cohort to deter-
mine the effect of the change in days supply, a x? test
was performed for independence of the distribution of
number of subjects with only 1 fill versus those with more
than 1 fill. Bivariate relationships between independent
variables and CSA, using averaged individual variables,
were sequentially tested for significance (P <.25 was
used as a preliminary cutoff for consideration in regres-
sion models). Ordinary least squares regression analysis
was initially used to determine whether the results were
sensitive to adjustment for potential confounders and ef-
fect modifiers. The unit of observation for the regression
analysis was the individual prescription pickup. Several
regression methods were used to explore the robust-
ness of the estimates, including robust regression, rank
regression, the Kruskal-Wallis test, and analysis of vari-
ance to identify relationships among the variables.’2
In these models, indicator variables for each individual
were included for site and days supply period (90 vs 30
days). Interaction terms were included when they were
determined to be significant at an alpha level of .05 for re-
gression analysis. Independent variables for both models
included dispensing supply (90 or 30 days), dispensing
site (county hospital outpatient pharmacy or contracted
community retail pharmacy), age, and a linear time trend
as a proxy for duration since diagnosis.

Time series plots of the outcome variable (CSA),
both untransformed and transformed natural logarithms
of CSA, as a function of time were plotted to identify
any gross variations between the pre- and postimple-
mentation phases.? This step was taken to address the
potential confounder that adherence rate is inversely
correlated to duration and to adjust for variability. Given
data that occur in repeated, regular, temporal intervals,
this method also is useful for modeling past behavior
and forecasting future behavior.” The date at first fill
during the study period, the time elapsed from the
change in policy, and the date at last fill were tested for
censoring of data. Statistical analyses were conducted
using Stata version 9.0 (StataCorp LP, College Station,
TX). All materials and study procedures were approved
by the Committee on Human Research at the University
of California San Francisco.
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RESULTS
Study Population and Claims Data
A total of 1323 pravastatin users were
identified, of whom 708 met the study’s
inclusion criteria. Pharmacy claims data
were generated for 2676 prescription
fills for the 2 dispensing supply cohorts:
90 days (217 fills) and 30 days (2459

Characteristic

Median age, y

County hospital
outpatient pharmacy

Community retail

Pravastatin Refill Adherence

Table 1. Characteristics of Study Sample

Dispensing Supply
90 Days (n = 97) 30 Days (n = 611)
58.7 59.9

Dispensing site

51 (19.5%) 66 (22.8%)

fills) for these study participants. For- pharmacy 46 (4.4%) 545 (26.2%)
ty-three (6%) of the study participants Pravastatin dose, mg

Plckeddup rr(lledlcanorlls dur%nfl b(}t}}: the2 10 19 (8.8%) 415 (16.9%)
90- and 30-day supply periods. The x 20 174 (80.2%) 1522 (61.9%)
test for independence of the distribu-

‘ ‘ . 40 24 (11.1%) 522 (21.2%)
tion of number of patients with only

Median number of fills 2.0 3.0

1 fill versus more than 1 fill found no
difference in proportion by site or days
supply (P <.05). Just over three-fourths
(76.4%) of these fills occurred at contracted community
retail pharmacy sites. The median age for patients in the
90-day supply cohort was 58.7 years (range, 38.5-85.1),
and the median age for the 30-day supply cohort was 59.9
years (range, 23.6-83.5). Of the 3 available pravastatin
strengths (10, 20, and 40 mg), the most commonly filled
strength was 20 mg (69.4%), followed by 40 mg (20.4%).
For the 90-day supply cohort, 80.2% of fills were for the
20-mg strength; for the 30-day supply cohort, 61.9% of
fills were for the 20-mg strength. The median number
of fills during the 14-month study period was 2.0 for the
90-day supply cohort and 3.0 for the 30-day supply co-
hort (Table 1). No significant difference was observed
between the 90- and 30-day supply cohorts in where
the prescriptions were filled: county hospital outpatient
pharmacy or contracted community retail pharmacy
(P <.001 by the Mann-Whitney test).

Medication Adherence

A significant difference between the median
pravastatin CSA for the 90- and 30-day supply groups
was observed (0.96 vs 0.68; P <.001 by the Mann-
Whitney test). This result indicated that patients who

90 to 30 days increased early pickup and CSA (coefficient
= -234.5, SE = 56.1). The CSA also improved slightly over
the time (coefficient = —-0.16, SE = 0.02) (Table 2). Note
that because of the inverse transformation, a negative co-
efficient implied an increase in CSA. These results were
insensitive to alternative regression methods and other
analyses. Several subjects appeared at both sites and dur-
ing both the 90- and 30-day supply periods; deletion of
these cases made no material difference in the results. No
statistically significant interaction terms were found; ac-
counting for the effect of clustered errors due to multiple
pickups by the same individual had no significant effect
on the estimates. Re-estimation of the rank regression with
average values, using the individual as the unit of obser-
vation rather than the pickup, produced no significant
changes in the results.

The plot (Figure 1) of the proportion of distinct pa-
tients versus the number of visits depicts utilization due to
change in days supply. The plot of the natural logarithm

Table 2. Rank Regression Model Results?®

Estimated Parameters

received a 90-day supply of pravastatin were more Variable Coefficient SE P

timely with refills than patients who received a 30- Constant 723.9 42.2 -000
day supply. There was no significant difference be- Dispensing supply ~ -234.5 56.1 .000
tween the median CSA for medications acquired via Dispensing site 68.5 29.8 .022
community retail pharmacy sites (0.97) and that for Age -0.03 0.02 .065
medications acquired via the county hospital phar- Time -0.16 0.02 000

macy (0.93).

A rank regression produced the best fit. The
regression results showed that after adjustment for
explanatory variables, the change in supply from

aDependent variable is inverse of the continuous, single-interval measure of
medication availability (CSA). Dispensing supply is O = 90 days, 1 = 30 days.
Dispensing site is 1 = hospital outpatient pharmacy, 0 = community retail
pharmacy. Age is in years at time of pickup. Time is linear time trend. Overall
regression is significant: F(4, 1569) = 4.17, P = .0023, R? = 0.03, n = 1574.
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Figure 1. Distribution of Pravastatin Fills by Site and Days Supply
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of inverse CSA versus dispensing date for the 90- and 30-
day supply cohorts demonstrates the window of filtered
data concurrent with February 1, 2002, the date of policy
implementation (Figure 2).

DISCUSSION

Several issues need to be addressed before general-
izing our findings to other settings. Although we did not
have data regarding the original fill dates for pravastatin
initiation in our patient populations, we were able to
construct an accurate model that identified and adjusted
for variations regardless of history of duration. Expected
cumulative probability versus observed cumulative prob-
ability plots were strongly correlated in our rank regres-
sion model.

In order to make the pattern of refill behavior clear, we
plotted the natural logarithm of the inverse CSA versus dis-
pensing date. Time series analysis revealed a potentially
artifactual rapid linear dropoff in adherence unique to the
30-day cohort around the 1 month washout window on
each side of the policy change (Figure 2). This observa-
tion suggests censoring of data, although retrieval of paid
claims data from a central computerized database should
have reduced the risk of any interfacing delays and “loss”
of patients who had not yet been reported from the phar-
macy benefit manager.

The population covered by CHNSF had high turnover,
and the sample size for the 90-day supply cohort was
much smaller than that for the 30-day supply cohort. This
discrepancy could have been avoided by retrieving refill
records further back to capture more participants with 90-

day fills. In addition, with only a small number of repeat
subjects who filled pravastatin during both the 90- and
30-day observation periods, we were unable to perform
longitudinal analysis of follow-up. Consequently, analysis
was confined to the aggregate behavior between the 2
observation periods and the distribution of repeated fills
within each observation period.

After adjustment for change in days supply and dif-
ferences in the length of the sample periods, aggregate
measures of utilization—number of distinct subjects and
number of fills—showed a large increase during the sec-
ond observation period (30-day supply). No other fac-
tors such as change in enrollment or benefit design were
known to occur concurrently. This suggests that there was
no evidence of a decline in utilization due to the days sup-
ply but provides little information on the policy’s effect on
utilization.

The observation periods and washout were insuffi-
ciently extended to infer subject retention using the dis-
tribution of number of fills by the subject. To determine
whether the dropout rate increased because of the change
in days supply, we checked to see whether the proportion
of patients with only 1 refill changed between supply regi-
mens. If the 30-day supply discouraged refill, we would
expect a higher proportion of subjects with only 1 fill dur-
ing the 30-day supply regimen versus the 90-day regimen.
The null of no change in proportion of subjects with only
1 refill could not be rejected at even the 10% level, leading
us to believe that there is no evidence that the change in
dispensing supply encouraged subjects to voluntarily dis-
continue CHNSF coverage. Although our study population
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Figure 2. Plot of the Natural Logarithm of the Inverse CSA Versus the

Dispense Date for the 90- and 30-Day-Supply Cohorts
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Pravastatin Refill Adherence

studies in other populations,
indicating that a 90-day supply
is a desirable option.?””? Future
research with extensive data
about demographics, socio-
economic background, comor-
bidities, expenditures related to
wastage of medications, tiered
copayments, and follow-up
of clinical outcomes over the
long term will allow improved
understanding of utilization
. preferences and evaluation of
cost-effective care.

July 1, 2001 February 1, 2002

Dispense Date

CSA indicates continuous, single-interval measure of medication availability; In= natural logarithm

was uninsured, our findings are potentially generalizable
to other settings with more affluent patients who might,
from a convenience standpoint, prefer a 90-day supply.

Although it is possible that an initial “micro learning
curve” with the greatest decrease in adherence occur-
ring shortly after the policy change would stabilize with
time, patients may have dropped out for other reasons
such as discontinuation of medication per the physician
or switching to another antilipid agent after 1 to 2 months
if a desired therapeutic response consistent with institu-
tion-specific formulary guidelines was not observed. That
would reasonably explain the more gradual “disappear-
ance” of many of our 90-day-supply patients and the likely
dramatized effect in the 30-day-supply cohort after just
a few months. Data restrictions prevented assessment of
these potential confounders and the ability to distinguish
barriers to adherence versus voluntary nonadherence.?
Concomitant use of an adjunctive method for assess-
ing adherence might have strengthened validity of the
findings.?*

CONCLUSION

We found that dispensing supply and absolute time on
pravastatin remained statistically significant in predicting
CSA after adjusting for potential confounders in an unin-
sured population. Pravastatin refill adherence was maxi-
mized with a 90-day dispensing supply. Dispensing site
was not a significant variable, indicating that pharmacy ac-
cess did not appear to be an issue. These results support

September 1, 2002 Acknowledgments

We thank Fred Hom, PharmD, for
assistance with study design and Gerard
Komp, PharmD, for assistance with data
management.

Author Affiliations: From Kaiser
Permanente Panorama City Medical Cen-
ter JKN), Panorama City, CA; the Depart-
ment of Pharmacy Practice (KSH), Purdue University, West Lafayette, IN;
the Department of Clinical Pharmacy (JML, KN, SK), University of Califor-
nia San Francisco, San Francisco, CA; and the Community Health Network
of San Francisco (SK), San Francisco, CA.

Funding Source: None reported.

Author Disclosures: The authors (JKN, KSH, JML, KN, SK) report no
relationship or financial interest with any entity that would pose a conflict
of interest with the subject matter of this article.

This paper was presented as a poster at he 5th Annual Spring Research
Seminar, April 28, 2003. San Francisco, CA.

Autborship Information: Concept and design (JKN, KSH, KN, SK);
acquisition of data (JKN, KN); analysis and interpretation of data (JKN,
KSH, JML, KN); drafting of the manuscript (JKN, KSH, JML); critical revi-
sion of the manuscript for important intellectual content (JKN, KSH, JML,
SK); statistical analysis (JML); provision of study materials or patients (SK);
administrative, technical, or logistic support JKN); and supervision (JML).

Address correspondence to: Julia K. Nguyen, PharmD, Kaiser Per-
manente Panorama City Medical Center, 13652 Cantara St, Panorama City,
CA 91402. E-mail: julia.k.nguyen@kp.org.

REFERENCES

1. American Heart Association. Cardiovascular disease statis-
tics. http://www.americanheart.org/presenter.jntml?identifier=4478.
Accessed November 4, 2009.

2. Centers for Disease Control and Prevention. Heart disease
facts and statistics. http://www.cdc.gov/heartdisease/statistics.
htm. Accessed November 4, 2009.

3. National Cholesterol Education Program. Third Report of the
National Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of the High Blood Cholesterol in Adults
(Adult Treatment Panel lll): Final Report. September 2002. NIH pub-
lication 02-5215. http://www.nhlbi.nih.gov/guidelines/cholesterol/
index.htm. Accessed November 4, 2009.

4. Sacks FM, Pfeffer MA, Moye LA, et al. The effect of prava-
statin on coronary events after myocardial infarction in patients with
average cholesterol levels. Cholesterol and Recurrent Events Trial
Investigators. N Engl J Med. 1996;335(14):1001-1009.

5. Prevention of cardiovascular events and death with prava-
statin in patients with coronary heart disease and a broad range

of initial cholesterol levels. Long-Term Intervention with Prava-

www.ajpblive.com

VOL. 1, NO. 4 » THE AMERICAN JOURNAL OF PHARMACY BENEFITs 207



B NGUYEN ¢ HUDMON ¢ LIGHTWOOD * NICITA ¢ KOTABE

statin in Ischaemic Disease (LIPID) Study Group. N Engl J Med.
1998;339(19):1349-1357.

6.  Graham MR, Lindsey CC, Kennedy JA. Maintenance of
low-density lipoprotein goal with step-down pravastatin therapy.
Pharmacotherapy. 2002;22(1):21-26.

7. Eriksson M, Hadell K, Holme |, Walldius G, Kjellstrom T.
Compliance with and efficacy of treatment with pravastatin and
cholestyramine: a randomized study on lipid-lowering in primary
care. J Intern Med. 1998;243(5):373-380.

8.  Simons LA, Levis G, Simons J. Apparent discontinuation
rates in patients prescribed lipid-lowering drugs. Med J Aust.
1996;164(4):208-211.

9. Frolkis JP, Pearce GL, Nambi V, Minor S, Sprecher DL.
Statins do not meet expectations for lowering low-density lipopro-
tein cholesterol levels when used in clinical practice. Am J Med.
2002;113(8):625-629.

10. Burke LE, Dunbar-Jacob JM, Hill MN. Compliance with car-
diovascular disease prevention strategies: a review of the research.
Ann Behav Med. 1997;19(3):239-263.

11.  Tsuyuki RT, Bungard TJ. Poor adherence with hypolipidemic
drugs: a lost opportunity. Pharmacotherapy. 2001;21(5):576-582.
12. Billups SJ, Malone DC, Carter BL. The relationship between
drug therapy noncompliance and patient characteristic, health-
related quality of life, and health care costs. Pharmacotherapy.
2000;20(8):941-949.

13. Benner JS, Pollack MF, Smith TW, Bullano MF, Willey VJ,
Williams SA. Association between short term effectiveness of
statins and long term adherence to lipid lowering therapy. Am J
Health Syst Pharm. 2005;62(14):1468-1475.

14. Hamilton RA, Briceland LL. Use of prescription-refill records
to assess patient compliance. Am J Hosp Pharm. 1992;49(7):1691-
1696.

15. Steiner JF, Prochazka AV. The assessment of refill compliance
using pharmacy records: methods, validity, and applications. J Clin
Epidemiol. 1997;50(1):105-116.

16.  Grymonpre RE, Didur CD, Montgomery PR, Sitar DS. Pill
count, self-report, and pharmacy claims data to measure medication
adherence in the elderly. Ann Pharmacother. 1998;32(7-8):749-754.
17. Bieszk N, Patel R, Heaberlin A, Wlasuk K, Zarowitz B. De-
tection of medication nonadherence through review of pharmacy
claims data. Am J Health Syst Pharm. 2003;60(4):360-366.

18. Hess LM, Raebel MA, Conner DA, Malone DC. Measurement

of adherence in pharmacy administrative databases: a proposal for
standard definitions and preferred measures. Ann Pharmacother.
2006;40(7-8):1280-1288.

19. Hamilton LC. Statistics with STATA (Updated for Version 8).
Belmont, CA: Brooks/Cole; 2003.

20. Iman RL, Conover WJ. The use of the rank transform in re-
gression. American Statistical Association and American Society for
Quiality. Technometrics. 1979;21(4):499-509. http://www.jstor.org/
stable/1268289. Accessed November 4, 2009.

21. Hamilton LC. How robust is robust regression? Stata Techni-
cal Bulletin. 1991;1(2):21-26.

22. Draper D. Rank-based robust analysis of linear models. I. Ex-
position and review. Institute of Mathematical Statistics. Statistical
Science. 1988;3(2):239-257. http://www.jstor.org/stable/2245578.
Accessed November 4, 2009.

23. Ostrom CW. Time Series Analysis Regression Techniques.
2nd ed. Thousand Oaks, CA: Sage Publications; 1990. Sage
University Paper Series on Quantitative Applications in the Social
Sciences, 07-009.

24. Grossberg R, Zhang Y, Gross R. A time-to-prescription-refill
measure of antiretroviral adherence predicted changes in viral load
in HIV. J Clin Epidemiol. 2004;57(10):1107-1110.

25. Thiebaud P, Patel BV, Nichol MB, Berenbeim DM. The effect
of switching on compliance and persistence: the case of statin
treatment. Am J Manag Care. 2005;11(11):670-674.

26. Bottorff MB, Yenkowsky JP, Cave DG. Use of diagnostic
cluster methodology for therapeutic costing and drug surveillance
of HMG-CoA reductase-inhibitor therapy. Clin Ther. 1999;21(1):
218-235.

27. Sun S, Lee K, McMurray J. Impact of a 90-day retail refill pro-
gram on prescription drug utilization and expenditures. Drug Benefit
Trends. 2007;19(8):314-319.

28. Nelson CL, Torgler T, McKinnon E, Richards T, Harris B.
Financial impact comparison of mail order and 90-day at retail ver-
sus traditional 30-day retail prescription processing. Abstracts from
Professional Poster Presentations at AMCP’s 2006 Educational
Conference. JMCP, 2006;12(7):584-599.

29. Goldman DP, Joyce GJ, Karaca-Mandic P. Varying phar-
macy benefits with clinical status: the case of cholesterol-lowering
therapy. Am J Manag Care. 2006;12(1):21-28. E&

208 THE AMERICAN JOURNAL OF PHARMACY BENEFITS * WINTER 2009

www.ajpblive.com



