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Abstract

Purpose To assess the validity of a patient-reported
adverse drug events (ADEs) questionnaire with a 3-month
or 4-week recall period.

Methods Patients receiving at least one oral glucose-
lowering drug were asked to report potential ADEs they
experienced related to any drug in a daily diary for a
3-month period. Thereafter, they completed the ADE
questionnaire with either a 3-month or 4-week recall per-
iod. The validity was assessed by comparing ADEs
reported in each version with those reported in the diary at
class level and at specific ADE level. At class level, a
comparison was made using (1) primary system organ
classes (SOCs) of the medical dictionary for regulatory
activities and (2) other related SOCs. Sensitivity and
positive predictive value (PPV) were calculated.

Each version of the questionnaire was completed
by 39 patients. In the 3-month group, 21 patients reported
70 ADE:s in the diary. In the 4-week group, six patients
reported seven ADEs in the last 4 weeks of the diary.
Sensitivity to assess ADEs at primary SOC was low for
both recall groups (33 %). PPV was 51 and 10 % for,
respectively, the 3-month and 4-week group. Taking other
related SOCs into account slightly increased the sensitivity

Results
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for the 3-month group (38%). Sensitivity of reporting the
same ADE was 41 and 43 % for, respectively, the 3-month
and 4-week group.

Conclusions Regardless of the recall period and level of
comparison, the validity for assessing ADEs was low with
the patient-reported ADE questionnaire. Further refinement
is needed to improve the validity.
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Introduction

In clinical trials, a daily diary is often used to record
adverse events experienced by patients [1, 2]. The diary
method brings the reporting closer to the occurrence of
adverse events than retrospective questionnaires [3] and
can be seen as a gold standard in the assessment of
symptoms due to the quality and richness of the collected
information [4, 5]. Daily diaries have also been used in
observational studies assessing adverse events [6]. How-
ever, keeping a daily diary is burdensome. The use of a
retrospective questionnaire with a longer recall period
might be an alternative. The recall period in a questionnaire
is the time period for which the patient has to consider the
answer of the question [7].

A patient’s recall is influenced by factors such as for-
getting an event or its correct date, its accessibility in mind
(influenced by for instance its recency, frequency, and
salience), and one’s mood [5, 8—10]. In addition, a patient’s
evaluation of a specific event or health state may change
over time due to a response shift, which is defined as the
use of a different reference category [11, 12]. Therefore,
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the recall period in a questionnaire is seen as a limitation of
patient reporting [13]. An inappropriate recall period may
introduce measurement error [14]. The food and drug
administration recommends to pay attention to this issue
when constructing patient-reported outcome (PRO)
instruments [15].

An optimal recall period depends on various issues, and
debate is ongoing about what recall period is suitable for
which questionnaire [14, 16]. Some studies have assessed
the impact of different recall periods on reporting symp-
toms in questionnaires (e.g., [17-19]). The general con-
clusion is that there is an inverse association between the
length of recall period and accuracy of recall used in
questionnaires [14].

Currently, information about the optimal recall period to
assess adverse drug events (ADEs) is lacking. Commonly
used recall periods in PRO instruments are between 1 day
up to 4 weeks [14]. However, from our study about the
content validation of a patient-reported ADE questionnaire,
it became clear that several patients found a recall period of
4 weeks relatively short [20]. A longer recall period can be
preferred since it is not always immediately clear for
patients whether or not a symptom is an ADE, and ADEs
that occur irregularly or after some time may not be cap-
tured in a 4-week period.

In the current study, we examined the validity of a ret-
rospective questionnaire using a 4-week or a 3-month
recall period for the assessment of ADEs. The primary
objective was to assess the validity of reported ADEs at
aggregated class level and at individual ADE level. The
secondary objective was to explore whether the validity of
the questionnaire might be dependent on either the class of
ADE, or characteristics at patient level.

Method

The study had a longitudinal design, where patients first
completed a daily diary for a period of 3 months followed by
apreviously developed retrospective questionnaire [20]. The
reporting of ADEs in the questionnaire was compared with a
daily diary, which was used as the gold standard. Although
the patient-reported questionnaire can be used to assess
adverse drug reactions (ADRs), we use the term ADE instead
of ADR for two reasons. First, patients may be uncertain
about a causal relation between a symptom and a drug [20].
Second, patients may perceive unintended responses due to
medication errors or overdoses. This implies that our ques-
tionnaire is not restricted to assess ADRs as defined by the
World Health Organization as “a noxious and unintended
response to a medicine that occurs at normal therapeutic
doses used in humans for prophylaxis, diagnosis, or therapy
of disease, or for the modification of physiologic function”
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[21]. The study was carried out in accordance with the Code
of Ethics of the World Medication Association (Declaration
of Helsinki) for experiments involving humans. The Medical
Ethics Committee of the University Medical Center Gron-
ingen in The Netherlands determined that ethical approval
was not needed for this study.

Participants

Inclusion criteria for the patients were age 18 years or
older, being dispensed an oral glucose-lowering drug,
availability of an e-mail address, access to the internet, and
ability to read and write Dutch language. These patients
were recruited in 2012 and 2013 via pharmacies in the
northern part of The Netherlands. In around 30 pharmacies,
a randomly selected sample of 15 patients aged 18 years or
older, being dispensed an oral glucose-lowering drug, were
contacted by telephone and sent an information letter when
they fulfilled the inclusion criteria and were interested in
participation. In another 4 pharmacies, an information
letter was sent to all patients aged >18 years and being
dispensed an oral glucose-lowering drug (three pharma-
cies) or glucose-lowering drug (one pharmacy). The
patients who returned a completed consent form and who
fulfilled the inclusion criteria were included in the study.
After completing the study, patients were compensated
with a voucher of €10 for participation.

Reported ADEs

As primary outcome, we compared reported ADEs at the
primary System Organ Class level of the Medical Dictio-
nary for Regulatory Activities (MedDRA®) terminology
version 13.0. Each symptom included in the patient-
reported questionnaire was assigned to a Lowest Level
Term of the MedDRA® [20], which is linked to at least one
System Organ Class. This is the level at which all adverse
reactions should be tabulated according to the European
guideline of summary of product characteristics [22].
Although each symptom has at least a primary System
Organ Class, the symptom may also be linked to a sec-
ondary and even tertiary System Organ Class. Therefore,
we additionally assessed the validity by including sec-
ondary and tertiary System Organ Class levels of the
MedDRA®, if applicable, which takes into account possi-
ble misclassifications. As a third step, the validity was
assessed for reporting the same ADE at the lowest level.

Material and procedure
A paper-based diary was sent by mail to the participants, to

be filled in daily for a period of 3 months. The diary was
developed for this study and consisted of an open-ended
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question asking for symptoms experienced. An additional
closed-ended question asked whether or not the patient
attributed the symptom(s) to any drug they used, not
restricted to their oral glucose-lowering drug. Telephone
reminders were given to patients who did not return their
diary within a month after it should have been completed.

After returning the completed diary, the patient received
an e-mail message with the URL (uniform resource loca-
tor) to open the web-based version of the patient-reported
ADE questionnaire, which was constructed using the
Unipark Enterprise Feedback Suite 8.0 version 1.1 (http:/
www.unipark.de). The e-mail message included a personal
login code to prevent multiple completions of the ques-
tionnaire by a patient [23]. The patient-reported ADE
questionnaire is a generic questionnaire which includes
general questions about patient characteristics and drug
use, and a list with symptoms in lay terms which can be
checked by the patient as a symptom unrelated to any drug
or as a potential ADE [20]. Additional questions about the
nature of the ADE and the drugs a patient relates to the
ADE are asked for each potential ADE. Two versions of
the patient-reported ADE questionnaire were used, one
with a recall period of 3 months (e.g., “Which symptoms
involving your ‘eyes and/or eyelids’ did you experience
during the past 3 months”) and one with a recall period of
4 weeks (e.g., “Which symptoms involving your ‘eyes
and/or eyelids’ did you experience during the past
4 weeks”). Patients were randomized using blocked ran-
domization [24] to one of the two groups that differed in
the recall period of the questionnaire. We aimed to include
100 patients (50 per group), which has been suggested as a
reasonable number for reliability studies [25]. Although the
current study does not assess the reliability, we used this
number as a reference since no data about different recall
periods in assessing ADEs were available for calculating
the required sample size.

Analyses

Differences in patient characteristics between those who
completed the questionnaire with a recall period of
4 weeks and those who completed the questionnaire with a
recall period of 3 months were compared using the Pearson
x*-test, Fisher—Freeman—Halton test, and r-test, depending
on the type of variable.

For the comparison of the questionnaire with the diary,
the ADEs were used as unit of analysis and the number of
true-positive, true-negative, false-positive, and false-nega-
tive ADEs are presented where relevant. The validity of
reporting ADEs at primary System Organ Class level of the
MedDRA® was assessed by calculating the sensitivity [26]
and positive predictive value [27]. Specificity and negative
predictive value were not calculated since these values are

expected to be high and non-informative due to the high
number of true negatives. A positive outcome was defined
as the detection of an ADE at this primary class level.
Exact confidence intervals (CI) based on binomial proba-
bilities were calculated for these validity measures [28].
The questionnaire with a recall period of 3 months was
compared with the full 3-month diary, whereas the ques-
tionnaire with a recall period of 4 weeks was compared
with the last 4 weeks reported in the diary. In addition, the
questionnaire with a recall period of 4 weeks was com-
pared with the full 3-month period in the diary to assess the
validity in ADE reporting within this wide time frame to
allow for incorrect recall of the date of occurrence. Sen-
sitivity analyses were performed to assess whether delayed
completion of the diary or the questionnaire affected the
results by excluding (1) those patients with >14 days
between the last date reported in the diary and receiving the
completed diary by the researchers (delayed diary compl-
eters), (2) those patients who completed the questionnaire
>14 days after the diary was received by the researchers
(delayed questionnaire completers), and (3) both the
delayed diary and delayed questionnaire completers. Dif-
ferences between the two recall groups in days of delay
were compared using Mann—Whitney U tests.

The sensitivity of both versions of the questionnaire was
additionally calculated at (1) MedDRA®additional class
level for taking not only the primary but also the secondary
or tertiary System Organ Classes of the MedDRA® into
account if applicable and (2) specific ADE level for
reporting the same ADEs among the questionnaire and the
diary. Two researchers (PD and STdV) independently
classified the reported ADEs in the diary to a System Organ
Class of the MedDRA® and checked whether or not the
specific ADEs reported in the diary were the same ADEs as
reported in the retrospective questionnaire. Discrepancies
in the judgments of the researchers were resolved by dis-
cussion. All participants were included in the analyses
comparing the questionnaire with the diary.

To explore whether the validity of the questionnaire was
dependent on the class of ADE, or on characteristics at
patient level, the reports of both recall groups were com-
bined. The sensitivity per primary System Organ Class of
the MedDRA® was assessed for those classes in which at
least five ADEs were reported in the diary and/or the
questionnaire. The age, gender, and education level of the
patients were compared between those patients with no
agreement (no corresponding ADEs), partial agreement
(some but not all corresponding ADEs), and full agreement
(all corresponding ADEs) between the ADEs reported in
the diary and the questionnaire.

The analyses were conducted using IBM SPSS Statistics
version 20 (Armonk, New York, USA), and P values <0.05
were considered statistically significant. Confidence
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Table 1 Patient characteristics per recall group

4 weeks 3 months P value
(N =39 (N =39)
Mean age (SD) 63 (10.0) 67 (7.2) 0.069°
Females (%) 20 (51.3) 11 (28.2) 0.037*
Education (%) 0.594%
Lower education® 8 (20.5) 8 (20.5)
Middle education® 17 (43.6) 21 (53.8)
Higher education® 12 (30.8) 7 (17.9)
Other 2 (5.1) 3(7.7)

* T test; * Pearson xz-test; ¥ Fisher—Freeman—Halton test

4 No education; elementary school; junior secondary vocational
education

® Junior general secondary education; senior secondary vocational
education

¢ Senior general secondary education; higher professional education;
university education

intervals were calculated using Stata version 12 (Stata
Corp., College Station, TX).

Results

Of the 113 patients who returned an informed consent form,
78 patients (69 %) completed the study. These patients did
not significantly differ in age, sex, and education level from
the patients who did not complete the study (data not shown).
No differences between the completers of the 2 recall groups
were found in age and education level, but more males were
included in the 3-month recall group than in the 4-week recall
group (P < 0.05; Table 1). In total, 27 of the 78 participants
reported 77 individual ADEs in the diary. Of these ADEs, 61
were linked to a System Organ Class of the MedDRA®
(multiple ADEs reported by one participant within the same
System Organ Class were counted as one).

Validity of reporting ADEs at primary class level

The sensitivity and positive predictive value were low for
both recall periods (Table 2). Sensitivity analyses by
excluding delayed diary and/or questionnaire completers
revealed similar validity levels (Online Resource 1). The
comparison of the 4-week recall questionnaire with the full
3-month diary revealed a similar sensitivity (32 %; 95 % CI
14-55 %) and a slightly increased positive predictive value
(from 10 %; 95 % CI 1-30 %, to 33 %; 95 % CI 15-57 %).

Validity of reporting ADEs at additional class level

The sensitivity of the 4-week recall group remained the
same when taking also secondary and tertiary System
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Table 2 Validity of the retrospective questionnaire with a recall
period of 4 weeks or 3 months compared with the daily diary in
reporting adverse drug events at MedDRA® primary class level
(N =1702)

TP FP TN FN Se PPV
95 % CI) (95 % CI)
4-week recall; last 2 19 677 4 33 % 10 %
4 weeks of diary (4-78) (1-30)
3-month recall; full 18 17 630 37 33 % 51 %
3-month diary (21-47) (34-69)

The N at MedDRA® level is the number of patients per recall group
(39) times 18 different MedDRA® System Organ Classes which are
covered by the ADEs in the questionnaire

TP true positive, FP false positive, TN true negative, FN false neg-
ative; Se sensitivity; PPV positive predictive value, CI confidence
interval

Organ Classes of the MedDRA® into account. For the
3-month recall group, a slightly increased sensitivity was
shown (from 33 %; 95 % CI 2147 %, to 38 %; 95 % CI
25-52 %).

Specific ADE level

In the 3-month recall group, 21 patients (54 %) reported in
total 70 ADE:s in the diary. The sensitivity of the questionnaire
in reporting the same ADE was 41 % (95 % CI 30-54 %;
number of true positives 29; number of false negatives 41). In
the 4-week recall group, 6 patients (15 %) reported in total 7
ADEs inthelast4 weeks of the diary, and the sensitivity of the
questionnaire was 43 % (95 % CI 10-82 %; number of true
positives 3; number of false negatives 4).

Differences per class of ADE and in characteristics
at patient level

Sensitivity levels ranged from 0 to 50 % per System Organ
Class of the MedDRA®, but confidence intervals were over-
lapping (Table 3). Of the 27 patients who reported one or
more ADE:s in the diary, 6 (22 %) patients had full agreement
by reporting all of these ADE also in the questionnaire, 11
(41 %) had partial agreement, and 10 (37 %) had no agree-
ment. Patients with no agreement were somewhat younger
than patients with full or partial agreement [mean age in years
64 (sd: 6) vs. 66 (sd: 10) and 67 (sd: 8)], and more often female
(60 vs. 33 and 36 %). The education level of the patients
appeared to be similar among the three groups.

Discussion

Regardless of the recall period, the patient-reported ADE
questionnaire had a low sensitivity to identify patients who
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Table 3 Validity of the questionnaire* per MedDRA® system organ
class level for those classes in which >5 adverse drug events are
reported in the diary or the questionnaire

MedDRA® System Organ Class TP FP TN FN Se (95 %
level CI*%¥)
Gastrointestinal disorders 7 2 62 7 50 %
(23-77)
General disorders and 2 3 69 4 33 %
administration site conditions (4-78)
Metabolism and nutrition 0o 4 72 2 0 %
disorders (0-84)
Musculoskeletal and connective 3 3 66 6 33 %
tissue disorders (7-70)
Nervous system disorders 4 6 62 6 40 %
(12-74)
Psychiatric disorders 0 2 73 3 0%
0-71)
Respiratory, thoracic, and 0o 5 71 2 0 %
mediastinal disorders (0-84)
Skin and subcutaneous tissue 3 3 66 6 33 %
disorders (7-70)

TP true positive, FP false positive, TN true negative; FN false neg-
ative; Se sensitivity, PPV positive predictive value, CI confidence
interval

* Results of the questionnaire with a 4-week and 3-month recall
period are combined

** One-sided, 97.5 % confidence interval when TP equals 0

experienced an ADE at organ class level and at specific ADE
level. In addition, the questionnaire had low positive predic-
tive value. There may be differences among classes of ADEs
but additional studies are needed to confirm this finding. In
addition, further studies are needed to assess whether char-
acteristics at patient level, such as age and gender, influence
the validity of patient-reported ADE questionnaires.

The positive predictive value of the questionnaire was
especially low for the 4-week recall period. Patients in this
recall group more often reported an ADE at MedDRA®
level in the questionnaire than in the diary. This higher
reporting could be due to reporting additional ADEs in the
questionnaire, or to forward telescoping, that is, ADEs
were reported as being more recent than they actually
occurred [5, 29, 30]. Forward telescoping probably occur-
red at least five times in the 4-week recall group, since five
additional true positives were found when the full 3-month
diary was taken into account. However, it should be noted
that patients may have been primed to the 3-month period
when answering the questionnaire because of our study
design, since they completed the diary for this time period.

There are several factors that influence the validity of
the questionnaire when comparing it with a diary. First of
all, patients complete a diary with the knowledge they have
at that moment, whereas the questionnaire is completed
with the knowledge they gained over time about their

symptoms. This additional knowledge may change their
opinion about, for instance, a symptom being an ADE.
Second, an open-ended question was used in the diary,
whereas a symptom checklist was used in the question-
naire. Previously, it was shown that more patients report an
ADE and that the number of reported ADEs is higher on a
checklist than on an open-ended question [31]. Using the
open-ended question in the diary as the gold standard, the
use of a closed instead of open-ended question in the
questionnaire may lead to higher false-positive rates. Fur-
thermore, some patients appeared to have delayed the
completion of the diary or the questionnaire, which can be
expected to result in lower validity. The sensitivity analy-
ses, however, showed also low validity levels when such
patients were excluded.

Previously, we found low test-retest reliability of
assessing ADE:s at specific level using the patient-reported
ADE questionnaire, which may be due to problems in the
questionnaire as well as a patient’s uncertainty about a
symptom being an ADE [20]. This uncertainty was also
demonstrated in the current study, in which patients related
a specific drug to the ADE in less than half of the cases
(data not shown). In addition, reported symptoms were
sometimes indicated as an ADE and sometimes as ‘I do not
know’ in the diaries. The uncertainty may particularly
occur in patients with multiple comorbidity and comedi-
cation, which is common in the patient population included
in this study [32]. Therefore, the low validity observed in
our study may in part be due to the complexity of
acknowledging ADEs in this specific patient population.
The performance of the questionnaire might be better in
patients who only have one disease or use one drug.
Qualitative studies are needed to assess to what extent
patients in general, and patients with type 2 diabetes more
specifically, are able to report all (possible) ADEs, and to
gain more knowledge about discrepancies in reported
ADEs between a diary and a questionnaire.

We observed slightly lower sensitivities at organ class
levels as compared to specific ADE level. This suggests
that the direct linkage of symptoms in the checklist to
MedDRA® terms may be inadequate. We observed that the
System Organ Class of the checked symptom may differ
from the System Organ Class that would be linked to the
additional information given by the patients about the
symptom (e.g., the System Organ Class of a checked
symptom “tingling or prickling sensation” differs from the
System Organ Class of the additional description provided
by the patient being “muscle pain”).

Only small differences were found in the validity of
reporting specific ADEs between a questionnaire with a
recall period of 4 weeks and 3 months. This finding of
similar validity among the recall periods differs from a
recent study in which higher accuracy of reporting
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headache frequency was found when a recall period of
30 days was used compared to 90 days [17]. This incon-
sistency indicates that conclusions about recall periods
cannot easily be transferred from one questionnaire to
another, as has been stated before [14, 16].

Strengths and limitations

To our knowledge, this is the first study assessing the validity
of different recall periods for assessing ADEs in a patient-
reported questionnaire. Some limitations need to be
acknowledged. The first and major limitation is the small
sample size included in this study in combination with the low
number of patients reporting an ADE, especially in the 4-week
recall group. This limitation resulted in wide confidence
intervals. A post hoc analyses showed that given the current
data, a sample size of 43 for the 3-month recall group and 378
for the 4-week recall group would be necessary to achieve an
accuracy of 5 % for the observed sensitivity of 33 % at pri-
mary System Organ Class level of the MedDRA® [33]. This
finding indicates that for a more precise indication of the
validity of arecall period of 4 weeks in an ADE questionnaire,
a (preselected) sample of patients with a higher expected ADE
rate would be preferable. Secondly, we included a selective
sample of patients that responded to the letters sent via phar-
macists. These were patients consenting to keep a diary for
3 months, using an oral glucose-lowering drug, and with
internet access. A previous study with a web-based version of
the patient-reported ADE questionnaire showed that the
responders were younger than the non-responders [20].
Thirdly, more males were included in the 3-month recall
group than in the 4-week recall group, indicating that the
randomization was not completely successful. Fourthly, there
are some limitations with the use of a daily diary as a gold
standard in the reporting of ADE:s. It has been noted that daily
diaries also require recall and may be influenced by the same
factors that apply to retrospective questionnaires [3]. In
addition, we are not sure whether patients completed the diary
each day with the risk of loss of validity [17]. On the other
hand, keeping a daily diary before completing a questionnaire
may positively affect the recall in the questionnaire. We
expect these factors to be similar for both recall groups. Fur-
thermore, patients may become tired of keeping a diary, which
can lead to less validity in the last period and therefore lower
validity in the 4-week recall group. Although the number of
patients reporting an ADE was relatively stable over time
(data not shown), we cannot exclude this possibility.

Practice implications
The patient-reported ADE questionnaire is a generic ques-

tionnaire which is intended to measure all ADEs experienced
by patients. However, the questionnaire is not sufficiently
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sensitive to detect all experienced ADEs. In addition, the
questionnaire has low positive predictive value. Therefore,
adaptations to the patient-reported ADE questionnaire are
needed before it can be generally used. The direct linkage of
checked symptoms to MedDRA® terms may introduce
misclassifications. In addition, patients check multiple
symptoms describing one ADE, as has been shown previ-
ously [20]. Therefore, starting with an open-ended question
in which patients give a description of their ADEs which is
then linked to a MedDRA® term may be preferred. In addi-
tional research, the validity of such an adaptation should be
tested. Further research is also needed to gain more insight
into whether there are differences in accuracy among classes
of ADEs. For observational studies assessing ADEs in
patients using chronic medication, a recall period of
3 months may be preferable compared to a 4-week recall
period. A 3-month recall period has the advantage of cov-
ering a longer time period facilitating the identification of
more ADEs. Our study suggests that the validity of reporting
specific ADEs is hardly affected using a longer recall period,
but further validation may be needed when the questionnaire
is adapted. Shorter recall periods, however, may be needed
for clinical trials and studies that try to assess ADEs expe-
rienced at different stages of treatment [14, 17].

Conclusion

This study showed that a retrospective patient-reported
ADE questionnaire is insufficiently valid for assessing
ADEs, regardless of the recall period and the level of
comparison. The use of a 3-month recall period may be
preferred over a 4-week recall period since it covers a
longer time period. However, further refinement of the
questionnaire is needed to improve its validity.
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