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ABSTRACT
Purpose To examine the robustness of findings of case–control studies on the association between acute liver injury (ALI) and antibiotic
use in the following different situations: (i) Replication of a protocol in different databases, with different data types, as well as replication in
the same database, but performed by a different research team. (ii) Varying algorithms to identify cases, with and without manual case
validation. (iii) Different exposure windows for time at risk.
Methods Five case–control studies in four different databases were performed with a common study protocol as starting point to harmo-
nize study outcome definitions, exposure definitions and statistical analyses.
Results All five studies showed an increased risk of ALI associated with antibiotic use ranging from OR 2.6 (95% CI 1.3–5.4) to 7.7 (95%
CI 2.0–29.3). Comparable trends could be observed in the five studies: (i) without manual validation the use of the narrowest definition for
ALI showed higher risk estimates, (ii) narrow and broad algorithm definitions followed by manual validation of cases resulted in similar risk
estimates, and (iii) the use of a larger window (30 days vs 14 days) to define time at risk led to a decrease in risk estimates.
Conclusions Reproduction of a study using a predefined protocol in different database settings is feasible, although assumptions had to be
made and amendments in the protocol were inevitable. Despite differences, the strength of association was comparable between the studies.
In addition, the impact of varying outcome definitions and time windows showed similar trends within the data sources. Copyright © 2015
John Wiley & Sons, Ltd.
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INTRODUCTION

Although drug-induced liver injury is a well-
recognized health problem and an important reason
for drug withdrawal, it is a challenge to conduct
population-based epidemiological studies and quantify
the adverse event.1 The complexity of diagnosis and

its rarity are key problems. Designing a valid observa-
tional study can be further complicated when the expo-
sure of interest is used intermittently and time at risk
does not overlap with the time exposed.2 Acute liver
injury (ALI) associated with antibiotic use was
therefore selected as a study topic in the
Pharmacoepidemiological Research on Outcomes of
Therapeutics by a European Consortium (PROTECT)
project, which aims to develop, test and disseminate
methodological standards for the design, conduct and
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analysis of pharmacoepidemiology studies, applicable
to different safety issues using different data sources.3

The objective of the present study was to examine
the robustness of the estimated risk of acute liver in-
jury (ALI) with the use of antibiotics in three distinct
situations. These included (i) the replication of a com-
mon protocol in different databases, which comprised
different data types, and replication of the study in
the same database, but performed by a different re-
search team. (ii) The use of varying case definitions
of ALI, namely a narrow definition algorithm was
compared with a broader definition algorithm. Also,
the impact of manual validation of cases was exam-
ined. (iii) The influence of different time windows at
risk was evaluated.

METHODS

Within the PROTECT project, five case–control stud-
ies were performed to quantify the risk of ALI associ-
ated with antibiotic exposure in the primary care
setting. To examine the robustness of results the study
was repeated in different databases by different re-
search teams. The protocol developed for the case–
control studies in BIFAP and CPRD I (initial studies)
served as the basis for the protocols and statistical
analysis plans of the other studies (follow-up studies)
to harmonize outcome and exposure definitions, and
statistical analyses. Protocols of the studies are regis-
tered in the European Network of Centres for
Pharmacoepidemiology and Pharmacovigilance
(ENCePP).4 Results of the initial case–control studies
were submitted centrally to the PROTECT Research
Manager at the coordinating center (Utrecht) and
blinded to the researchers performing the follow-up
studies until finalization of their statistical analysis
plans.

Data sources

The studies were conducted in primary care databases
from the United Kingdom and Spain, respectively, the
Clinical Practice Research Datalink (CPRD) and the
Base de datos para la Investigación Farmacoe-
pidemiologica en Atencion Primaria (BIFAP), the US
health insurance (claims) database Clinformatics Data
Mart (ClinFormatics) and the Dutch hospital-based da-
tabase Utrecht Patient Oriented Database (UPOD),
which was linked to the Mondriaan primary care data-
bases Julius General Practitioners Network (JHN) and
Almere Health Care (ZGA). Databases BIFAP and
CPRD contain nationwide primary care data provided
by general practitioners (GPs). ClinFormatics contains

claims from providers, outpatient pharmacy dispens-
ing records, laboratory tests and demographic data.
The database UPOD comprises information on hospi-
tal discharge diagnoses, in-hospital pharmacy records
and laboratory tests for all patients treated at the
University Medical Center Utrecht (UMCU) in the
Netherlands (inpatients as well as outpatients). JHN
and ZGA contain routine health care data provided
by general practices in the cities of Almere and Utrecht
and their vicinity. All databases are described in detail
elsewhere.5–11

Study design

In all databases a case–control study was performed.
In the CPRD database two case–control studies were
conducted by two different research teams. The initial
CPRD study is referred to as CPRD I, the replication
study as CPRD II. All cases with a first recorded
occurrence of acute liver injury were identified by
the algorithm described below from January 2004 to
December 2009, except for UPOD during the period
January 2008 to December 2010. Cases were matched
to up to five controls by age (within one year), sex, cal-
endar date (month and year) and in CPRD and UPOD
also by practice. Controls were sampled from the pa-
tients at risk (without a diagnostic code related to liver
injury) at the time of occurrence of the event from the
same source population that gave rise to the cases. In-
dex date for the control was the index date of the
assigned case (date of diagnosis). For cases identified
in UPOD, record linkage to the primary care databases
JHN and ZGA was performed first, and only linked
cases were matched to controls. In the Netherlands,
GPs are considered to have preference for one particu-
lar hospital to refer patients to. Because cases were
also matched to controls by practice, controls were
regarded sampled from the same population that gave
rise to the cases. The case–control studies in CPRD I
and BIFAP are presented in more detail elsewhere.12

The study was also performed in the hospital data-
base UPOD to evaluate the transferability and feasibil-
ity of the developed methods with hospital-based data
and to be able to compare results in different data
source types.

Outcome definition

BIFAP and CPRD I. Patients with ALI were identi-
fied using an algorithm developed within PROTECT,
which was based on diagnostic codes indicative of
idiopathic ALI, liver test results and referral for liver
injury to any specialist or hospital within two weeks
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of the recorded diagnosis. Two distinct case defini-
tions were used. For the primary analyses a narrow al-
gorithm for ALI was applied, and the identified cases
are referred to as definite cases. These cases fulfill all
three conditions of the algorithm. This meant a case
with a liver disease related diagnostic code together
with a referral and liver test abnormality. This abnor-
mality could be either an increase of more than two
times the upper limit of the normal range (ULN) in al-
anine aminotransferase (ALT) or a combined increase
in aspartate aminotransferase (AST), alkaline phos-
phatase (AP) and total bilirubin provided one of them
is twice their respective ULN.

A secondary outcome definition, including definite
plus probable cases of ALI, required the occurrence
of a diagnostic code (specific or non specific) together
with elevated liver-related enzyme values with or
without a referral or hospitalization. This is considered
the broad algorithm. Cases with a diagnostic code also
indicating other known causes of liver injury were ex-
cluded in both algorithms (viral hepatitis, cancer, alco-
hol related problems, gallbladder disease, pancreatic
disease and other chronic liver diseases). Cases with
concomitant drug use were not excluded from the
analyses as all cases with ALI potentially caused by
antibiotic use should be taken into account. In the
main regression model we adjusted for concomitant
use (prescription until or 30days prior to the index
date) of potentially hepatotoxic agents.
In BIFAP only, all identified definite and probable

cases were manually reviewed in medical records.
Only validated ALI cases were used in the statistical
analyses. Details about the algorithms and utilized di-
agnostic codes (READ codes in CPRD and Interna-
tional Classification of Primary Care (ICPC) codes in
BIFAP) are described in the PROTECT case ascertain-
ment study in CPRD and BIFAP.13

ClinFormatics, CPRD II and UPOD. In ClinFormatics,
CPRD II, and UPOD the same primary and secondary
outcome definitions were applied as for BIFAP and
CPRD I with the following adjustments. For UPOD
and ClinFormatics diagnostic codes were converted to
the International Classification of Diseases, 9th revision,
ClinicalModification (ICD-9-CM) codes. The codes ap-
plied in UPOD and ClinFormatics are described in the
PROTECT validation study performed in UPOD.14 In
CPRD II no time window for referrals or hospitalization
was applied and any referral sufficed, not only referrals
specific for liver injury as was in the BIFAP and CPRD
I studies. In UPOD, the original algorithm definitions

were applied to identify hospital cases with ALI (inpa-
tients as well as outpatients), apart from the following
two amendments. (i) Although diagnoses were made
in hospital, patients were not necessarily referred to the
hospital for liver problems. As a referral is therefore
not included in the algorithm, the UPOD cases follow
the broad definition. (ii) A second algorithm based on
only liver test results (ALT>10ULN and Hy’s law
criteria (ALT >3ULN and bilirubin >2ULN and ab-
sence of AP elevation)) was used. After identification
of cases by the algorithms in UPOD, medical hospital
records of all identified cases were manually reviewed
to validate outcome.14

In ClinFormatics, CPRD II and UPOD, alcohol re-
lated diagnostic codes were not applied to exclude
cases. However, in UPOD these patients were ex-
cluded following manual review, because in all cases,
alcohol was assumed to be the cause of the ALI.
Another exception was that in the ClinFormatics and
UPOD studies only hepatic cancer/metastases were
excluded and not all cancer codes, as was in the other
studies.

Exposure definition and time at risk

Exposure to antibiotics was assessed as a recorded
prescription for an antibiotic drug for systemic use. Pa-
tients were defined as currently at risk if a prescription
for an antibiotic drug lasted until or after the index date
or ended within 14days prior to the index date. Time
not at risk was defined when supply of the most recent
antibiotic drug prescription ended more than 365days
before the index date or when there was no recorded
prescription at any time prior to the index date.

Statistical analyses

We computed odds ratios (OR) and 95% confidence
intervals of first occurrence of ALI associated with
current use of antibiotics (14-day time window) as
compared to non-use with multivariable conditional
logistic regression. Primary analyses were performed
with definite cases. For UPOD this entails validated
ALI cases after manual review. Statistical analyses
were conducted using Stata, version 11 (CPRD,
BIFAP), SAS, version 9.1 (ClinFormatics) and SPSS,
version 20 (UPOD).

Sensitivity analyses. To assess the impact of varying
ALI definitions, sensitivity analyses were performed.
Additional ORs were therefore calculated for ALI
cases according to the broad definition in
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ClinFormatics, CPRD II and UPOD. In the BIFAP
study the broad identified cases were manually vali-
dated. In UPOD, risk estimates for manually reviewed
true cases were compared to estimates for ALI cases
solely identified by the algorithm.

A second sensitivity analysis was performed with a
30-day time window at risk for current use of antibiotics,
to assess the impact on risk estimates for validated true
cases in UPOD and definite cases in the other databases.

RESULTS

In CPRD I, CPRD II and ClinFormatics, where cases
were identified according to the predefined algorithms
only, the number of cases were 989, 4064 and 5898
(broad algorithm) and 263, 1367 and 753 (narrow algo-
rithm), respectively. In the BIFAP study, where all
identified definite and broad definition cases were man-
ually validated, final numbers were 436 cases accord-
ing to the broad algorithm, and 124 cases according
to the narrow algorithm. In UPOD, approximately
one out of ten cases identified in the UPOD hospital da-
tabase could be linked to primary care databases and
the final numbers of 80 cases identified by the broad al-
gorithm and 20 validated true cases were suitable for
the case–control analysis. Age and the percentage of
women were higher in both linked groups compared
to the non-linked groups (Figure 1 online). For the
main characteristics of all five studies see Table 1.
The results of the primary analyses showed an in-

creased risk of ALI (according to the narrow defini-
tion) with antibiotic use up to 14days, namely from
2.6 (95% CI 1.3–5.4) in BIFAP to 7.7 (95% CI 2.0–
29.3) in UPOD (Figure 1, squares). The results of the
sensitivity analyses for broader definitions of ALI are
also displayed in Figure 1 (triangles). In the studies
that performed manual validation (Figure 1, left hand
side), defining ALI by a less strict algorithm to broad
definition cases in BIFAP or to identified (non-vali-
dated) cases in UPOD led to a small increase in esti-
mates and to more precision in risk estimates; from
OR 2.6 (95% CI 1.3–5.4) to OR 3.1 (95% CI 2.1–
4.6) in BIFAP and from OR 7.7 (95% CI 2.0–29.3)
to OR 8.0 (95% CI 2.8–23.2) in UPOD. When analy-
ses were extended to broad definition cases in the stud-
ies without manual case validation (Figure 1, right
hand side), the risk estimates of outcome association
decreased in all three studies, from OR 5.7 (95% CI
3.5–9.4) to OR 3.6 (95% CI 2.8–4.6) in CPRD I, from
OR 3.8 (95% CI 3.0–4.8) to OR 3.3 (95% CI 2.8 to
3.8) in CPRD II, and from OR 4.4 (95% CI 3.2–6.1)
to OR 2.6 (95% CI 2.3–2.9) in ClinFormatics.

The results of the case–control analyses across data-
bases with a different definition of current use of antibi-
otics are displayed in Figure 2. The use of a larger time
window to define current use (from 14days to 30days)
led to decrease or no change in risk estimates. The OR
decreased from 5.7 (95% CI 3.5–9.4) to 4.4 (95% CI
2.9–6.7) in CPRD I, from 3.8 (95% CI 3.0–4.8) to 3.1
(95% CI 2.5–3.8) in CPRD II, and from 4.4 (95% CI
3.2–6.1) to 2.8 (95% CI 2.2–3.7) in ClinFormatics,
remained stable in BIFAP from 2.6 (95% CI 1.3–5.4)
to 2.5 (95% CI 1.3–4.9) and was the same in UPOD,
being 7.7 (95% CI 2.0–29.3). In all five studies, the
use of a larger risk window led mainly to increase of
background exposure rate in controls. Increase was
about 50% across all databases in controls and no more
than 30% in cases (data not shown).
Risks varied for the different antibiotic agents

(Table 1 online). Although similar trends could be
identified across studies, the numbers of cases in each
antibiotic class was low, and therefore confidence in-
tervals were wide.

DISCUSSION

By conducting five case–control studies estimating the
association between antibiotic use and ALI in different
settings, we were able to evaluate the robustness of the
obtained results and to test the reproducibility of the
protocol. It appeared not to be possible to exactly rep-
licate the main study protocol in all the performed situ-
ations, because of differences in data sources with their
own characteristics and variables, differences in re-
search teams and perspectives, and amendments made
to the protocol during the course of the project. Despite
other data sources and protocol amendments, compara-
ble overall results on risk estimates were found.
However, several subtle differences between the

study results were observed, which could be explained
as follows. In UPOD, the highest risk estimates were ob-
served. As this is a hospital-based database, cases might
be different regarding health status and received health
care. In a hospital setting frequent liver tests are being
performed as part of routine investigations and elevated
liver-related enzyme values will commonly be detected,
whereas in general practice only patients with liver in-
jury who experience symptoms are likely to be identi-
fied. Therefore, non-symptomatic liver injury is more
likely to be detected in a hospital setting. What also
might be of influence is that in the Netherlands antibi-
otics are prescribed relatively conservatively and may
be channeled towards more ill patients.15 Interesting is
the small difference in risk estimate observed in the
two studies performed in CPRD that is likely to be
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attributable to the difference in number of identified ALI
cases. Five times as many definite cases were retained in
the CPRD II study when compared to the CPRD I study.
Executing the definitions in less strict conditions (i.e.
using any referral with no time restriction) as was done
in CPRD II resulted in dilution of the risk outcome.
In the ClinFormatics database, the ratio between

broad definition cases and definite cases is almost
twice the ratio observed in the CPRD I and CPRD II
study. This health insurance database in the US reflects
potentially different patient management practices.
Although the less frequent records of referral to
specialist or hospital resulted in a substantial decrease
in retained definite cases, the risk estimates remained
in the same range as for the CPRD studies.

Sensitivity analyses: outcome definition. The impact
of degree of outcome certainty on the estimates of
association between ALI and use of antibiotics was
explored by using a broader definition of ALI and by
comparing results for validated true cases and identi-
fied (non-validated) cases. Little is known about the
possible error that is introduced when potential ALI
cases identified by search algorithms in health care
databases are used in estimating associations. The

expectation that associations would be diluted by a less
strict definition of cases was confirmed in CPRD I,
CPRD II and ClinFormatics, which were all purely
algorithm based. The ORs for broad definition ALI
cases were lower in comparison to definite cases, but
resulted in smaller confidence intervals because of
larger numbers of cases. A similar pattern was
observed in the cohort studies in BIFAP and CPRD:
higher incidence rate ratios were found for definite
cases in comparison to broad definition cases.12 These
results could be explained by the inclusion of more
false-positive cases following the less restrictive case
definition. The validity of the algorithms that were used
in the PROTECT case–control studies was assessed in
the BIFAP and UPOD databases. In BIFAP the narrow
definition resulted in a higher proportion of valid ALI
cases compared to the broader definition (35% versus
20%).13 In UPOD the stricter criteria of inclusion
(diagnostic codes plus laboratory abnormalities)
showed a positive predictive value (PPV) of 47%,
whereas the PPV in the broader algorithm (based on
laboratory results only) was only 26%.14 The findings
in the present study are therefore influenced by the
non-differential misclassification of the outcome,
which leads to estimates biased towards the null.16

Figure 1. Adjusted odds ratios* of ALI associated with current antibiotic use (14-day time window) for varying ALI definitions in primary care data, hospital
data and claims data. Left hand panel: studies that performed manual case validation (squares: primary analyses, triangles: white sensitivity analyses, outcome
definition validated); right hand panel: studies that solely used algorithms to identify cases (squares: primary analyses, triangles: grey sensitivity analyses,
broad outcome definition) * Odds ratios adjusted on general confounders (BMI, smoking and visits to GP in previous year), comorbidity variables (heart fail-
ure, diabetes and rheumatoid arthritis) and comedications (NSAIDs, other analgesics, statins, oral preparations for acne, disease modifying antirheumatism
disease drugs, oral corticosteroids, antidiabetics, antidepressants and other hepatotoxic drugs); ** Odds ratio from best fitted model using forward selection
of covariates from all potential confounders (general, comorbidity and comedications); *** Odds ratio adjusted on general confounders (BMI, smoking
and visits to GP in previous year)
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Our assumption that manual validation of outcome
to identify true cases would also have a diluting influ-
ence on the risk association was not shown in UPOD.
However, the limited number of cases and the broad
overlap of confidence intervals in UPOD make the
interpretation of results difficult. Based on this single
hospital-based study no firm conclusions could be
drawn on whether case validation should be under-
taken when associations are studied between ALI and
antibiotic use. Furthermore, validation of the cases
identified by the narrow and broad definition in BIFAP
resulted in comparable relative risk estimates of
association for both definitions. It appears that manual
validation overruled the impact of different levels of
certainty of ALI represented by the algorithm definitions.
In drug safety issues where risk estimates for ALI are

requested and validation is possible and time not a limit-
ing factor, the broad definition could be used to identify
potential cases for validation which will result in higher
number of cases as this algorithm is more sensitive and
therefore result in smaller confidence intervals. How-
ever, manual validation is a time-consuming process,
and when power is sufficient it might be considered to
start with the definite definition as risk outcomes are
comparable. If manual validation is not feasible, the
use of a narrow definition is recommended as identified
cases will yield relatively more true cases. Preferably, a
definition including combinations of diagnostic codes,
laboratory measurements and procedures should be

used.17–19 Unfortunately, as was shown in the previous
PROTECT validation studies, the algorithm that identi-
fied ALI cases more accurately also selected a lower
absolute number of cases.13,14 This resulted in less
precision of the risk estimate shown in the present study.

Sensitivity analysis: time window at risk. Another
objective of the study was to evaluate the effect of
different lengths of time window at risk. In selecting
an appropriate risk window, the time interval between
the beginning or the end of use of the drug and the
onset of the adverse event should be considered. In
addition, the induction period of the reaction should
be taken into account.2,20 Liver injury can be classified
into distinct types of injury, each with different maxi-
mum lengths to onset of the reaction. Causality assess-
ment methods such as the liver specific Council for
International Organizations of Medical Sciences
(CIOMS) scale presumes that for hepatocellular liver
injury causal relationship is less probable after 90days
of initial treatment or more than 15days after drug
cessation. Onset of cholestatic and mixed type liver
injury can even be till 30days after drug cessation.21

This makes it appropriate for short-term use such as
antibiotics that the time at risk should also include a
period of risk after cessation of the drug. The 14-day
time window showed an increase in risk estimates
compared to the larger risk window (30days). For
antibiotics associated with ALI, the selection of a short

Figure 2. Adjusted odds ratios* of definite cases** of ALI associated with antibiotic use across databases and different definitions of time window at risk.
Squares: primary analyses (14-days time window at risk); Triangles: sensitivity analyses (30-days time window at risk). * Odds ratios adjusted on general con-
founders (BMI, smoking and visits to GP in previous year), comorbidity variables (heart failure, diabetes and rheumatoid arthritis) and comedications
(NSAIDs, other analgesics, statins, oral preparations for acne, Disease modifying rheumatic disease drugs, oral corticosteroids, antidiabetics, antidepressants
and other hepatotoxic drugs); ** UPOD and BIFAP used validated cases (definite validated cases in BIFAP and broad validated cases in UPOD)
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exposure window was efficient to limit the rate of
background exposure in the controls. However, peak
risk may vary with different individual antibiotics that
induce different types of liver injury. Sensitivity anal-
yses should be conducted to estimate this. In case of an
outcome associated with a chronic exposure, the
change of exposure window may have less impact on
the strength of the association.22

A limitation of this study is the absence of results of
analyses on non-validated cases in BIFAP and validated
true cases in CPRD to further explore and quantify the
impact of validation of cases on effect estimates. Also,
because no separate analyses were performed for individ-
ual agents (see online annex) to study appropriate time
window at risk the finding of a peak risk estimate with
a 14-day time window might not be a general rule for
antibiotic-associated ALI. Furthermore, a limitation in
studies using health care record databases is that
information may be incomplete or unavailable. Informa-
tion especially related to life style factors was not always
completely recorded in the used databases.
I conclusion, replication of the study protocol on risk

of ALI associated with the use of antibiotics is feasible,
although amendments were needed to be able to per-
form the study in a different setting. Differences in data-
bases and amendments in the main protocol appear not
to be of considerable influence on the risk estimates,
and clinical conclusions remain generally the same.
There are different ways to get more valid cases for

case–control studies using electronic health care record
databases. Algorithms using a narrow definition of
ALI result in higher proportions of true cases and as a re-
sult higher risk estimates, albeit at the expense of lower
absolute numbers of cases and hence less precision. As
expected, manual validation appears to overrule the im-
pact that different definitions have on risk estimates. In
drug safety research, when validation of cases is possi-
ble, our study suggests that either definition could be
used. In situations where manual validation would not
be feasible, the use of a narrow definition should be con-
sidered as a method to reach more accurate effect esti-
mates. Time windows at risk for ALI may be partly
predicted on beforehand by the clinical manifestation
described in case reports (hepatocellular, cholestatic
and mixed), but it may be useful to assess various time
windows using sensitivity analyses.
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