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*Main Text

ABSTRACT
Time-related biases in cohort studies can produce illusory “beneficial” effects of
medications due entirely to an artefact of the analytic design. We describe “time-window
bias” in the context of a case-control study, reporting that statin use was associated with a
45% reduction in the incidence of lung cancer. This bias results from the use o e-

windows of different lengths between cases and controls to define time-dej

exposures. We illustrate the bias using a population of 365,467 pa?e

S
Kingdom’s General Practice Research Database, including 1786 ent s orlung

cancer during 1998-2004. The case-control approach use ub study yielded a

rate ratio of lung cancer incidence of 0.62 with statin use confi®ence interval = 0.55-
0.71). A case-control approach that propg e produces a rate ratio of
0.99 (0.85-1.16)—suggesting no benefit o ancer risk. We show
analytically that the magnitud f®onal to the ratio of the unequal time-

window lengths.



Time-related biases have affected several observational studies reporting
impressive results on the effectiveness of certain medications in reducing the incidence of
major disease outcomes.!* These biases have been described within cohort-study
designs;> case-control studies have not been suspected of being susceptible to such biases.

Recently a case-control study, conducted using an administrative health databa%@eported

that statins were associated with a 45% reduction in the risk of lung cance

alternative explanations must be investigated. We show that th ffec
due to a time-related bias that we call “time-window bias.”

In this paper, we describe and quantify time-windoWgias in c@se-control studies,
blis@ study of statin use and
0 eral Practice Research Database.

ed the U.S. Veteran’s Affairs (VA) database to

and illustrate its impact by replicating th

lung cancer risk using data from the Unit

\g
T

THE PUBLISHED CASE-CONT U

The previously pu ud
identify 483,733 patignts een October 1998 and June 2004.6 All 7280 patients

during this period formed the case series, while the 476,453

date.” Thus, statin exposure was measured as any prescription for a statin prior to the date
of lung cancer diagnosis for the cases, and prior to the end of the observation period for the

controls. The analysis found a 45% reduction in the rate of lung cancer with any statin use



(adjusted odds ratio [OR] = 0.55 [95% confidence interval [CI] = 0.52-0.59]). With more

than 4 years of statin use, the reduction was 77% (0.23 [0.20-0.26]).

DESCRIPTION OF THE BIAS

The source of time-window bias arises from the methods used to select rols and

to measure their exposure. The study population was observed for 67 mo
October 1998 until 1 June 2004. The observation period was necega ily NS
months for the cases occurring over the course of 1998-2004, w g like[YW@loseT to 67
months for the controls. As a result, exposure assessment S— ed as any

prescription for a statin during the observation period — ased 0N a shorter time-span
for cases than controls. Sheerly on the gre@nds o nghh, we can expect that a subject
with a shorter observation period was lesg sed to statins than one

observed for the entire 67-mo

Sp a lung-cancer case had less person-
time to receive a prescription t ne did not have lung cancer for the entire 67
months. This can resulti -re entation of unexposed cases and a spurious
appearance of benefj ug (Figure). The magnitude of this bias is derived

analytically i : (http://links.lww.com).

ILL THE BIAS

To illustrate time-window bias, we used the General Practice Research Database, a
computerized primary care database that contains medical information on more than 6
million patients registered in approximately 400 general practices in the UK.”-° To replicate

the VA study, we identified all patients aged 50 to 90 years between 1 October 1998 and 1



June 2004, with entry defined as the later of the age or calendar-date criteria. Patients with
a prior diagnosis of lung cancer or without smoking data were excluded. During the
observation period, we identified all cases of lung cancer and obtained information on their
statin prescriptions from entry until cancer diagnosis date. For other subjects, all statin

prescriptions during the observation period were identified.

To analyze these data, we first used a straightforward full cohort an
all person-days of follow-up were classified as non-exposed until t’e irst®a
prescription, and classified as exposed thereafter. The correspo davggnalysis was
ncidence

based on Poisson regression to estimate the rate ratio (RR -ca

associated with statin use. Second, we replicated the publ d caseXontrol design, where

controls were selected as all the non-casegand e fogcontrols was defined as a
statin prescription prior to end of observ i € endent sampling).6 The
corresponding data analysis w, @ [Ponal logistic regression to compute the

odds ratio as an estimator of th rat hird, we used a random sample of person-

moments of size 10 times er Wgeases, selected from all person-moments (person-
(time-dependent sampling), according to the principle of
011 Exposure was defined as a statin prescription any time

rol person-moment. The analysis was also based on unconditional

The study population consisted of 365,467 patients, followed for a mean 3.0 years,
during which 1786 incident cases of lung cancer were diagnosed (rate = 1.65 per 1000 per
year). Table 1 provides the results of the full cohort analysis, which illustrates the extent of

the potentially misclassified person-time corresponding to 11% (102,628/935,724) of all



unexposed person-years. The resulting crude rate ratio that properly accounts for this
person-time is 1.11 (95% CI = 0.98-1.27), while the adjusted rate ratio is 1.02 (0.90-1.17).
Table 2 describes the characteristics of the lung cancer cases and controls, showing

the well-known risk factors of male sex, older age, and smoking. The two control groups

were similar in their characteristics at cohort entry. Table 3 displays the findin¥@asing the

two case-control approaches. The time-independent approach in the VA s 1d
rate ratio of lung cancer incidence associated with statin use of 0.6’ @1),
suggesting a large protective effect. In contrast, the time-depen &1 sing
controls sampled from all person-moments produced a rat 9 -1.16), indicating

no effect. The different time-window lengths and control s ling approaches led to the

misclassification of 7% of the controls frogaunexj fposed.

\g

DISCUSSION

The length of the time- 0 ascertain exposure is crucial in case-control
studies of time-dependen have confirmed that the strong protective effect
in theé VA study was spurious due to the longer time-
sure in controls than in cases. The “protective” effect of statin
e was properly accounted for by control selection.
biases such as the one due to “immortal” person-time have generally
centered on cohort studies, mostly database studies of medication effects.1#> However, the
majority of case-control studies in pharmacoepidemiology are conducted using existing

computerized databases and thus one inherently within some form of cohort.

Consequently, it is conceivable that similar time-related biases can also affect these case-



control studies. We show the importance of insuring an equal time-window to measure
exposure for cases and controls. The spurious protective effect of statins on lung cancer
incidence was introduced by selecting controls at the last available person-moment of
follow-up, with statin exposure defined as any use prior to this date. As a result, the

average time period available to measure exposure was longer for controls tha cases.

Because of the time-dependent nature of the statin exposure, this differenc anVg@eer-
representation of exposed controls and an apparent protective effett gf st®i

controls been selected from the universe of all person-moments ead e last one, the

resulting exposure measurement for controls and cases w eb sed on a more

similar time span. Using a more proper method for contro ction,Statin use was no
longer associated with a decreased risk o
This bias is not uncommon. It occ ¥dy in which the case-control

analysis used “the date of the 3 iod for the controls” to find a 41%

reduction in the risk of suicide ith antiepileptic drugs in patients with
epilepsy.12 This bias will gi#€u aseg@pntrol studies conducted from computerized
health databases in gdhiich time span of the available data easily lends itself to

differentig] ti n contrast, most field-based case-control studies select
Fcalendar time that the case occurs, thus avoiding differential time
, some field-based case-control studies select controls from registries of
patients, so that their time span may differ from that of the cases. Another case-control

situation that may give rise to this bias would be drug exposures that are specific to a

disease, so that disease duration itself may lead to differential time windows for exposure.



The increasing availability of large computerized health databases represents a
unique opportunity to study drug effects but it also presents important methodological
challenges. Among them, the failure to properly take time into account at the design stage

of a case-control study can directly affect exposure measurement and produce spurious

associations. We show that time-window bias can occur in case-control studie ime is
not properly considered in the selection of controls, and can create an artifj

of drug benefit. ‘

QOQ



Figure.

Description of six typical cases and controls with exposure defined as prescriptions
dispensed prior to the end of observation period.
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Tablel

Table 1

Full cohort time-dependent analysis of lung cancer risk associated with statin use using a
cohort of 365,467 subjects from General Practice Research Database, of which 1,786

developed lung cancer during follow-up.

No. No. Ratea

Person- Incident
years lung cancer ’
cases

1.11 (0.98-1.27)
1.00

Statin use 146,253 26

No statin use b 935,724 1 6
During entire follow-up 833,096 5
Prior to first statin prescription 02,62@

a[ncidence rate of lung cancer per 1000/

bReference category. ’&\

O



Table2

Table 2
Characteristics of cases of lung cancer and controls within the cohort of 365,467 subjects

identified from the GPRD, with controls selected using two approaches: the time-
independent approach employed in the VA study,é and a time-dependent approach based on

incidence density sampling of person-moments.

Cases
Time-indepggdent
sam 1113
Number (n=1786) (n=3 )

Male sex; % 45
Age in years; mean 63
Body weight status; %
Obese 4
Non obese 15
Unknown 81
Smoker; % ’ 51
Diabetes; % 7

QOQ



Table3

Table 3
Comparison between the two approaches of control selection, namely the time-independent

technique used in the VA study® and the time-dependent technique based on incidence
density sampling, in estimating the rate ratio (RR) of lung cancer associated with statin use
using a case-control design within the cohort of 365,467 subjects identified from the

General Practice Research Database.

S li f trol Cases Controls iusteda
ampling of controls RY95% CI)

Time-independent

Number 1786 363,681

Statin use; % 14.8 20.8 0.62 (0.55-0.71)

No statin use; %P 85.2 79.2 1.00
Time-window length (years); mean
Time-dependent
Number ,860
Statin use; % 13.6 1.10 (0.96-1.26) 0.99 (0.85-1.16)
No statin use; %P 86.4 1.00 1.00

Time-window lengt 2.14

a Adjusted for sgg ) ss index, diabetes, and smoking status
b Reference catfilb
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