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Patients who adhere to preventive therapies may be more likely to engage in a broad spectrum of behaviors
consistent with a healthy lifestyle. Because many of these behaviors cannot be measured easily, observational
studies of outcomes associated with the long-term use of preventive therapies are subject to the so-called ‘‘healthy
user bias.’’ To better understand this effect, the authors examined the association between adherence to statin
therapy and the use of preventive health services in a Pennsylvania cohort of 20,783 new users of statins between
1996 and 2004. After adjustment for age, gender, and various comorbid conditions, patients who filled two or
more prescriptions for a statin during a 1-year ascertainment period were more likely than patients who filled only
one prescription to receive prostate-specific antigen tests (hazard ratio (HR) ¼ 1.57, 95% confidence interval (CI):
1.17, 2.19), fecal occult blood tests (HR¼ 1.31, 95% CI: 1.12, 1.53), screening mammograms (HR¼ 1.22, 95%CI:
1.09, 1.38), influenza vaccinations (HR ¼ 1.21, 95% CI: 1.12, 1.31), and pneumococcal vaccinations (HR ¼ 1.46,
95% CI: 1.17, 1.83) during follow-up. These results suggest that patients who adhere to chronic therapies are more
likely to seek out preventive health services, such as screening tests and vaccinations. Further work is needed to
identify study design and analysis methods that can be used to minimize the healthy user bias in studies of
preventive therapies.

bias (epidemiology); confounding factors (epidemiology); epidemiologic methods; health behavior;
pharmacoepidemiology

Abbreviations: CI, confidence interval; HR, hazard ratio; PACE, Pharmaceutical Assistance Contract for the Elderly.

A recent meta-analysis of 21 randomized clinical trials
found that patients who were adherent to placebo had lower
rates of mortality than did other patients in the placebo arm
who were less adherent (1). One explanation for this intrigu-
ing finding is that adherence to treatment is a surrogate
marker for a healthy lifestyle. Thus, patients who take their
medication as prescribed are more likely to engage in a broad
spectrum of health-promoting behaviors that lower the risk
of mortality (1, 2). Because many of these behaviors may
not be measured easily and others may not even be known to

the investigator, observational studies of the benefits of pre-
ventive therapies may be confounded by unmeasured healthy
behaviors that are related to both the treatment and study
outcome.

The tendency of healthier patients to be more likely to
initiate a preventive therapy leads to a bias that has been
termed the ‘‘healthy user effect’’ or ‘‘healthy user bias’’
(3–5). This could occur through either selective prescribing
of preventive medications to patients in better health and/
or through more health conscious patients seeking out
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prescriptions for such medications (6–8). When healthier
patients are more likely to adhere to a therapy, the bias
has been termed the ‘‘healthy-adherer effect’’ (1, 9, 10),
‘‘adherence bias’’ (4), or ‘‘compliance bias’’ (11, 12). In
this paper, we refer to these effects collectively as the
healthy user effect or healthy user bias. The biases generated
by these effects may lead to spurious or exaggerated pro-
tective associations between preventive drug use and ad-
verse clinical outcomes.

The healthy user bias has been suggested as an explana-
tion for the discrepancy between several experimental and
observational studies, including studies of the effects of
long-term use of estrogen therapy (11–14) and vitamin E
(15). It has also been discussed as a potential source of bias
in observational studies of the effectiveness of influenza
vaccines in the elderly (16) and the association between
use of 5-hydroxy-3-methylglutaryl-coenzyme A reductase
inhibitors (statins) and reduced risk of hip fracture (4),
Alzheimer’s disease (6), sepsis (5), and cancer (17).

Despite an increasing awareness of the potential impor-
tance of the healthy user effect, there has been little effort to
study it directly. In the present research, we sought to un-
cover evidence of a healthy user effect among new users of
statins, widely used cholesterol-lowering medications. We
hypothesized that patients starting statin therapy vary in
their ‘‘health-seeking’’ tendencies, with the more health-
conscious patients being both more likely to adhere to their
statin regimen and also more likely to seek out other pre-
ventive health services. To explore the plausibility of our
hypothesis, we examined the association between adherence
to statins and the use of various prevention-oriented health
services. We conducted our analysis in a large population-
based new user cohort in Pennsylvania.

MATERIALS AND METHODS

Data sources and study population

Our study cohort was drawn from a patient population
aged 65 years or older enrolled in both Medicare and the
Pennsylvania Pharmaceutical Assistance Contract for the
Elderly (PACE) program between 1996 and 2004. PACE
is a state-run pharmaceutical benefit program for households
with incomes less than $17,200. The PACE drug benefit
covers all outpatient drug treatment with a small copayment

from $6 to $9. Our cohort consisted of PACE/Medicare
enrollees who initiated a statin between 1997 and 2002.
We excluded patients who started cerivastatin, which was
withdrawn from the market in 2001. We limited our study
to a primary prevention population by excluding patients
who had evidence of existing coronary artery disease, defined
by a history of unstable angina, ischemic heart disease,
myocardial infarction, coronary artery bypass graft surgery,
or angioplasty. We also excluded patients with a history of
diabetes. Statin initiation was defined as filling one statin
prescription without having filled one in the past 12 months.
To ensure correct ascertainment of drug and health-care
system use during this 12-month period, we required that
subjects have at least one prescription claim and one physi-
cian services claim from Medicare Part B during each half
of the year, indicating use of both Medicare and PACE.

The study investigators have data use agreements in place
with the Centers for Medicare and Medicaid Services and
PACE. Personal identifiers are removed from all analytical
data files. The Partners Healthcare Institutional Review
Board has approved this research.

Covariates

We obtained baseline demographics, health services use,
and health status information from Medicare and PACE
enrollment files and claims during the year prior to the ini-
tiation of the statin prescription. Recorded covariates were
defined during the baseline period and included age, sex,
race, number of days spent in the hospital, number of phy-
sician visits, and presence of various medical conditions as
ascertained from inpatient and outpatient diagnosis codes.

Exposure assessment

To assess statin adherence, we defined an adherence as-
certainment period beginning on the baseline date and end-
ing 1 year later. Adherence was assessed by counting the
number of statin prescriptions filled during this period.
Almost all prescriptions filled through the PACE program
are for a 30-day supply, so fully adherent subjects would be
expected to receive 12 prescriptions. Subjects without a full
1-year adherence ascertainment period due to death, loss of
PACE eligibility, or nursing home admission were omitted
from the analysis. A schematic of the study design is given
in figure 1.

FIGURE 1. Schematic of study design used in a Pennsylvania cohort, 1996–2004.
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Study outcomes

The outcomes studied were time until receipt of recom-
mended preventive medical tests and services covered by
Medicare and were assessed in the year following the ad-
herence ascertainment period. We selected test and service
outcomes a priori and excluded those that would be clearly
associated with a clinical need for statin therapy, such as
cholesterol testing and diabetes screening. Our list of out-
comes studied consisted of bone mineral density testing and
screening mammography for women, prostate-specific anti-
gen testing for men, and fecal occult blood tests, influenza
vaccinations, and pneumococcal vaccinations for both sexes.
The time to each outcome was determined, with subjects
censored by death, nursing home admission, loss of PACE
eligibility, or the administrative end of follow-up (365 days
after the start of follow-up).

Statistical analysis

The relation between statin adherence and each outcome
was examined by use of both an unadjusted and multivari-
able-adjusted Cox proportional hazards model. The first
Cox model made no statistical adjustments for any covari-
ates. The second model was stratified on age and sex and
included the following covariates: Charlson comorbidity
score (18), number of drugs, physician visits, days in the
hospital, and days in a nursing home during the baseline
period, as well as history during the baseline period of
chronic obstructive pulmonary disease, obesity, peripheral
vascular disease, liver disease, rheumatoid arthritis, osteo-
arthritis, atrial fibrillation, and cancer. All data analysis was

performed in SAS, version 9.0, statistical software (SAS
Institute, Inc., Cary, North Carolina).

RESULTS

We identified 46,480 patients who initiated a statin other
than cerivastatin during the study period. We omitted 15,271
patients with evidence of existing coronary artery disease
and 6,618 with diabetes and then dropped 602 patients who
died, 1,269 who were admitted to a nursing home, and 1,937
who lost PACE eligibility during the adherence ascertain-
ment period. We were left with a final cohort of 20,783
patients whose characteristics are given in table 1. The co-
hort was predominately female (86 percent), had an average
age of 76 years, and used seven medications during the
12-month baseline period. During this period, many had
an acute care hospitalization (20 percent) and a history of
atrial fibrillation (35 percent) and peripheral vascular dis-
ease (14 percent). Very few had a history of cancer, osteo-
arthritis, or liver disease. Of 20,783 total patients, 2,197
(11 percent) had a fecal occult blood test, 7,966 (38 percent)
received an influenza vaccination, and 1,184 (6 percent) re-
ceived a pneumococcal vaccination prior to being censored
or reaching the end of the 1-year follow-up period. Of
17,794 women in the cohort, 1,070 (6 percent) had a bone
mineral density test, and 3,707 (21 percent) underwent
a screening mammography. Finally, of the 2,949 men, 615
(21 percent) received a prostate-specific antigen test.

Figure 2 depicts the distribution of the number of pre-
scriptions filled during the ascertainment period. Approxi-
mately 10 percent of patients filled only one prescription
(never returned for a refill). Slightly over 50 percent of the
patients filled 10 or more prescriptions.

The results of our Cox proportional hazards regression
are summarized in table 2. In the full model, stratifying
on age and gender and adjusting for various comorbid con-
ditions, we found that patients who filled more than one
prescription for a statin during a 1-year ascertainment period
were more likely than patients who filled only one prescrip-
tion to receive prostate-specific antigen testing (hazard ratio

TABLE 1. Characteristics of Pennsylvania cohort, 1996–2004

Characteristic assessed during 1-year
baseline period

Mean (SD*)

Age (years) 76.4 (5.9)

Physician visits (no.) 8.5 (5.8)

Medications used (no.) 7.0 (4.3)

Charlson comorbidity score 1.4 (1.6)

No. (%)

Female 17,794 (85.6)

Acute care hospitalization 4,096 (19.7)

Nursing home stay 374 (1.8)

History of chronic obstructive
pulmonary disease 4,398 (21.2)

History of obesity 634 (3.1)

History of cancer 269 (1.3)

History of liver disease 21 (0.10)

History of osteoarthritits 11 (0.1)

History of rheumatoid arthritis 269 (1.3)

History of atrial fibrillation 7,308 (35.2)

History of peripheral vascular disease 3,002 (14.4)

* SD, standard deviation.

0
5
10
15
20
25
30
35
40

1 2 3 4 5 6 7 8 9 10 11 12
No. of statin prescriptions obtained

%
 
o

f
 
p

a
t
i
e
n

t
s

FIGURE 2. Histogram of number of prescriptions obtained during
the adherence ascertainment period among a cohort of new users of
statins from Pennsylvania’s Pharmaceutical Assistance Contract for
the Elderly, 1996–2004.
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(HR)¼ 1.57, 95 percent confidence interval (CI): 1.17, 2.19),
fecal occult blood tests (HR ¼ 1.31, 95 percent CI: 1.12,
1.53), mammograms (HR¼ 1.22, 95 percent CI: 1.09, 1.38),
influenza vaccinations (HR ¼ 1.21, 95 percent CI: 1.12,
1.31), and pneumococcal vaccinations (HR ¼ 1.46, 95 per-
cent CI: 1.17, 1.83) during the subsequent follow-up period.
However, there was no association between statin adherence
and undergoing bone mineral density testing (HR ¼ 1.08,
95 percent CI: 0.88, 1.33). In the model that did not make
multivariable adjustments for comorbidities and other cova-
riates, the results were substantively similar. In a sensitivity
analysis, we varied the exposure definition by redefining
nonadherence as filling three or fewer scripts during the
ascertainment period. This resulted in estimates that were
unchanged or very slightly attenuated to the null.

DISCUSSION

In a primary prevention cohort of new users of statins in
Pennsylvania, we found that patients who adhered to statin
therapy during an ascertainment period were more likely
than patients who were less adherent to undergo a variety
of cancer screening tests during the follow-up period, in-
cluding prostate-specific antigen testing for prostate cancer,
screening mammograms for breast cancer, and fecal occult
blood tests for colon cancer. Adherent patients were also
more likely to receive influenza and pneumococcal vacci-
nations. Because adherence to statins does not directly cause
use of clinical tests or vaccinations, alternative explanations
for these observed associations must be found. We put for-
ward the explanation that patients who are adherent to statin
use are more health seeking and are therefore more likely to
see their physician and request, or agree to undergo, various
screening tests (figure 3).

One test outcome that was not consistent with our hypoth-
esis was bone mineral density screening for osteoporosis.
We found no evidence of an association between statin ad-

herence and bone mineral density testing. The choice of this
test is problematic, however, because of the potential con-
founding effects of body mass index, a variable that was not
available in our database. Overweight patients are at greater
risk of coronary artery disease (11, 19), have a greater clin-
ical need for statin therapy, and therefore may be more
likely to adhere to therapy. These same patients are at lower
risk of osteoporosis and therefore have less clinical need for
bone mineral density testing (20). The confounding due to
body mass index would tend to make adherence associated
with decreased frequency of bone mineral density testing,
possibly canceling out any healthy user effect. Furthermore,
the US Preventive Services Task Force has only recently
started recommending bone mineral density tests for all
women aged 65 years or more (4).

We have suggested that the association between adher-
ence and the use of preventive health services may be due to
differences in health-seeking behavior. However, it is also
possible that these associations are due to differences in
actual health status. Two such aspects of health status would
be functional status, that is, an individual’s ability to per-
form normal daily activities of living, and cognitive status.
In a related setting, functional status was raised as a possible
cause of the association between receipt of influenza vacci-
nations and mortality during the non-flu season (21). In our
study, confounding by functional status could happen if
there is significant variation in functional status in our

TABLE 2. Hazard ratios of receiving various screening tests and vaccinations, along with two or more fills

during the assessment period vs. a single statin fill, in a Pennsylvania cohort, 1996–2004*

Outcome
Unadjusted
hazard ratio

95% confidence
interval

Multivariable-adjusted
hazard ratioy

95% confidence
interval

Women only

Bone mineral density test 1.04 0.84, 1.27 1.08 0.88, 1.33

Screening mammogram 1.22 1.09, 1.38 1.22 1.09, 1.38

Men only

Prostate-specific antigen test 1.60 1.15, 2.24 1.57 1.17, 2.19

Both sexes

Fecal occult blood test 1.29 1.10, 1.50 1.31 1.12, 1.53

Influenza vaccination 1.18 1.09, 1.28 1.21 1.12, 1.31

Pneumonia vaccination 1.44 1.15, 1.80 1.46 1.17, 1.83

* Subjects were censored at the end of follow-up, loss of Pharmaceutical Assistance Contract for the Elderly

(PACE) eligibility, death, and nursing home admission.

y The analysis is stratified on age and sex. Multivariable adjustments were made for all the other covariates given

in table 1.

FIGURE 3. Association between adherence and testing due to
confounding by health-seeking behaviors.
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cohort and if individuals with low functional status are less
likely to get their statin prescription refilled and also less
likely to make it to a physician’s office for routine screening
tests (figure 4). A similar argument can be made for cogni-
tive status. However, we noted that adjustments for various
comorbid conditions, many of which would be associated
with functional status (e.g., chronic obstructive pulmonary
disease), had little effect on point estimates. This suggests
that the observed association between adherence and use of
preventive health services is not likely to be attributable to
differences in functional status. Nevertheless, the healthy
user effect can be usefully thought of as a multidimensional
construct that incorporates both aspects of health status as
well as health-seeking tendencies.

It is also possible that some of the observed association
between adherence and use of preventive health services is
due to a provider effect. This would happen if some doctors
were more likely to order immunizations and screening
tests and were also more successful at encouraging their
patients to remain adherent to preventive therapies. We
explored this hypothesis by conducting an analysis in which
separate physician-specific strata were included in the
Cox proportional hazards model. Because many physicians
saw just a few patients in our data set, our analysis was
limited in power. However, most point estimates were sim-
ilar to those from our original analysis, and the associations
among screening mammography, prostate-specific antigen
testing, and fecal occult blood testing remained statistically
significant.

We have described various ways that confounding effects
could have led to the observed association between adher-
ence and use of preventive health services; however, it is
also possible that our sample selection process could have
contributed to this observed association. In order for people
to be selected into our sample, they must have survived,
remained PACE eligible, and not been admitted into a nurs-
ing home during the 1-year ascertainment period. If there
are variables, such as health status, that lead to selection
(e.g., surviving the ascertainment period) and are indepen-
dent determinants of testing (e.g., people in good health
are more likely to get preventive tests) and if adherence to
statins also causes selection (e.g., by preventing mortality
during the ascertainment period), then adherence may be
associated with testing even if health status has no effect
on adherence (figure 5). In this hypothetical scenario, selec-

tion is a ‘‘collider’’ variable (22), and conditioning on it can
create an association between adherence and testing (23).
However, there is little evidence that statins reduce the risk
of all-cause mortality in primary prevention (24), so adher-
ence to statins is unlikely to be influencing sample selection
and creating selection bias.

Our study is limited primarily by generalizability. We
studied a specific population that is elderly, frail, predomi-
nately female, and of low socioeconomic status. Further
work will be required to see if the observed associations
also apply to younger, healthier, or more affluent popula-
tions where variations in health-seeking behavior or actual
health status could be substantially different.

Although our study provides evidence of a healthy user
effect among new users of statins, it does not make clear the
degree of bias this effect might cause in a study of health
outcomes and statin exposure. The observed associations be-
tween adherence and use of preventive health services could
lead directly to some bias in a typical outcomes study. For
example, influenza vaccinations and early detection of cancer
can each reduce the risk of mortality. However, the associa-
tion between adherence and testing may be more problematic
to the extent that it reveals a possible association between
adherence and other unmeasured health-seeking behaviors.
Our results raise the possibility that patients who are adherent
to statins may be more likely to eat a healthful diet, exercise
regularly, drink moderately, and generally take better care
of themselves than patients who are less adherent.

To the extent that overall health or health-seeking behav-
iors can be adequately measured, these biases can be reduced
or eliminated through statistical modeling. For example, bi-
as in a study of the mortality risk associated with the use of
flu vaccines was attenuated when measures of functional
status were included in the model (21). The inclusion of
variables that are strongly correlated with the unmeasured
confounders should also achieve some reduction in the
healthy user bias. For example, observational studies of
estrogen that included measures of socioeconomic status
yielded effect estimates that were more compatible with
randomized, controlled trial results, presumably because
overall health and health-seeking tendencies correlate
strongly with socioeconomic status (3). However, in our
population, which is defined by low socioeconomic status,
there still appeared to be strong differences in health-seeking
tendencies between patients.

FIGURE 4. Association between adherence and testing due to
confounding by health status.

FIGURE 5. Association between adherence and testing due to
selection bias.
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If the initiation or choice of treatment depends strongly
on unmeasured aspects of health, quasi-experimental ap-
proaches, such as the method of instrumental variables
(25), may prove to be useful. These methods require the
presence of variables that are related to treatment choice
but are independently unrelated to the outcome. Potential
instrumental variables may arise from differences in pre-
scribing patterns between geographic regions (26, 27), clin-
ics (28), or physicians (29). However, such methods depend
on other strong assumptions and may result in estimates that
are more biased than conventional approaches.

More promising approaches to controlling the healthy
user effect may come from study design and analytical strat-
egies. For example, a new user design with an active com-
parator group may help to reduce the confounding that
results when healthier patients are more likely to initiate
a new therapy. Such an approach was used recently in a study
of nonsteroidal antiinflammatory medications in which new
users of antiglaucoma drugs were used as a reference group
(30). If one assumes that the initiated treatment is continued
through the follow-up, that is, by using an analog of the
intention-to-treat approach, it may be possible to reduce
the ‘‘adherence bias’’ resulting from informative discontin-
uation of treatment due to unmeasured differences in health
or health-seeking tendencies. If nonadherence is high, how-
ever, intention-to-treat approaches can result in effect esti-
mates that are strongly attenuated to the null when comparing
a treated group with an untreated group. Unfortunately, high
nonadherence is typical among users of preventive therapies
(31–33). As seen in the present study, a substantial fraction
of patients never fill a second prescription for a statin.

Our study contributes to a growing collection of evidence
that suggests that patients who initiate and adhere to preven-
tive treatments may be systematically healthier and more
health seeking than otherwise comparable patients who do
not remain adherent. Additionally, our findings suggest that
the healthy user effect might be detectable by examining
the association between adherence to treatment and down-
stream use of preventive health services. Further work in the
area is needed to gain a better understanding of circumstan-
ces under which the healthy user effect is likely to be a prob-
lem, as well as study design, statistical modeling, and
analysis methods that can be used to best control this bias.
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