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The purpose of this review was to estimate the extent of under-reporting ofAbstract
adverse drug reactions (ADRs) to spontaneous reporting systems and to investi-
gate whether there are differences between different types of ADRs. A systematic
literature search was carried out to identify studies providing a numerical estimate
of under-reporting. Studies were included regardless of the methodology used or
the setting, e.g. hospital versus general practice. Estimates of under-reporting
were either extracted directly from the published study or calculated from the
study data. These were expressed as the percentage of ADRs detected from
intensive data collection that were not reported to the relevant local, regional or
national spontaneous reporting systems. The median under-reporting rate was
calculated across all studies and within subcategories of studies using different
methods or settings.

In total, 37 studies using a wide variety of surveillance methods were identified
from 12 countries. These generated 43 numerical estimates of under-reporting.
The median under-reporting rate across the 37 studies was 94% (interquartile
range 82–98%). There was no significant difference in the median under-reporting
rates calculated for general practice and hospital-based studies. Five of the ten
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general practice studies provided evidence of a higher median under-reporting
rate for all ADRs compared with more serious or severe ADRs (95% and 80%,
respectively). In comparison, for five of the eight hospital-based studies the
median under-reporting rate for more serious or severe ADRs remained high
(95%). The median under-reporting rate was lower for 19 studies investigating
specific serious/severe ADR-drug combinations but was still high at 85%.

This systematic review provides evidence of significant and widespread
under-reporting of ADRs to spontaneous reporting systems including serious or
severe ADRs. Further work is required to assess the impact of under-reporting on
public health decisions and the effects of initiatives to improve reporting such as
internet reporting, pharmacist/nurse reporting and direct patient reporting as well
as improved education and training of healthcare professionals.

Spontaneous reporting systems (SRSs) such as bias. Under-reporting does not only affect older
the UK Yellow Card Scheme for reporting suspect- drugs and non-serious reactions; new drugs and
ed adverse drug reactions (ADRs) operate in most serious reactions also suffer from under-reporting.
developed countries and many developing coun- Reporting rate may also vary over time and be
tries.[1-3] These schemes are usually administered by influenced by factors such as media attention.[10] In
a central or regional agency, such as a regulatory addition, it may be difficult to make judgements on
authority. In some countries, such as Sweden, the relative risk of one drug compared with another,
France and Italy, reporting is compulsory.[2] The since the under-reporting rate may differ between
SRS receives ADR reports from medical doctors the two drugs. This may mask or exaggerate any true
and other health professionals, such as pharmacists difference in toxicity profile.
and nurses, either directly or via reporting to phar- The quality of spontaneous reports is also very
maceutical companies.[3] In the US and more recent- important for the proper evaluation of drug safety
ly in other countries, patients can also report directly signals. Important details enabling causality assess-
to the SRS.[4] ment may be missing from reports with poor quality

The main function of the SRS is early detection or limited information. In addition, there may be
of signals of new, rare or serious ADRs.[4] These reports within the SRS that are confounded by con-
reactions may not have been detected by the rela- current illness, concomitant medication or other fac-
tively small numbers of patients included in tors. This can lead to background ‘noise’ within the
premarketing clinical trials or by larger postmarket- database, which can make signal generation difficult
ing surveillance studies.[4-6] The SRS has the advan- or impossible, or may generate false positive sig-
tage of covering a large number of patients, i.e. the nals.[11]

entire population, and a wide range of drugs. It is The purpose of this systematic review is to pro-
therefore a relatively cost-effective method of moni- vide an estimate for the level of under-reporting of
toring drug safety.[4-7] ADRs to the SRS and to investigate whether there

The SRS does, however, have a number of limita- are differences between the different types of ADRs.
tions. Data from the SRS, when taken alone, do not
accurately quantify the risk associated with a drug. 1. Literature Search Methodology
Estimation of risk requires adequate denominator
information on drug utilisation but this is commonly A systematic literature search was carried out
taken from sales data, which may not accurately using MEDLINE and EMBASE databases and hand
reflect prescribing and usage levels.[8,9] The numera- searching of textbooks on pharmacovigilance and
tor is also inaccurate, as it is subject to reporting pharmacoepidemiology in April 2004. The search
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terms used were as follows: (‘underreporting’ OR Descriptive statistics such as the range, median
‘under reporting’ OR ‘under-reporting’) AND and interquartile range (IQR) were calculated across
(‘post-marketing surveillance’ OR ‘postmarketing all studies. This was repeated within subcategories
surveillance’ OR ‘post marketing surveillance’ OR of studies using different methods or settings to
‘adverse drug reaction reporting systems’ OR ‘spon- identify any differences in under-reporting as a re-
taneous reports’ OR ‘spontaneous report’ OR ‘spon- sult of the methods used. To avoid higher weighting
taneous reporting’ OR ‘pharmacovigilance’). The of papers providing more than one numerical esti-
textbooks used were Pharmacovigilance,[12] mate of under-reporting rate, the average of these
Pharmacoepidemiology,[13] Methodological Ap- estimates was included in the median calculations,
proaches in Pharmacoepidemiology[14] and Ste- although individual estimates are illustrated in the
phens’ Detection of New Adverse Drug Reac- tables.
tions.[15]

Reference titles and abstracts were reviewed and 3. Literature Search Results
assessed to identify studies containing or permitting
calculation of a numerical estimate of under-report- In all, 247 articles were identified from the litera-
ing of ADRs. Studies were included regardless of ture search. Of these 210 were excluded, as they did
the methodology used or the setting involved, e.g. not provide a numerical estimate of under-reporting,
both hospital and general practice. General articles were not available in English language or were
on under-reporting of ADRs that did not provide a irrelevant (e.g. studies investigating under-reporting
numerical estimate of under-reporting were exclud- of spontaneous abortions). In total, 37 studies[17-53]

ed. Non-English articles were excluded unless it was from 12 countries were identified, providing 43
possible to interpret the data from the published numerical estimates of under-reporting. The UK,
study. Studies were then categorised into subgroups France, Sweden and the US provided the highest
of similar methodologies or settings. number of studies. Across the 37 studies, the rate of

For the purposes of this review, the definition of under-reporting ranged from 6% to 100% with a
‘severe’ or ‘serious’ ADRs was taken, where speci- median under-reporting rate of 94% (IQR 82–98%).
fied, from the published study. Otherwise, serious- Figure 1 shows the distribution of under-reporting
ness has been defined according to conventional rates across the 37 studies.
definitions for the purposes of ADR reporting to Studies were categorised into two broad groups –
SRSs.[16] This includes ADRs that are fatal or life- those that provided an estimate of under-reporting
threatening or result in or prolong hospital admis-
sions.

2. Calculation of Under-Reporting Rate
and Statistical Analysis

Numerical estimates of under-reporting were ei-
ther extracted directly as reported in the study or
calculated from the published study data. The under-
reporting rate was calculated as the percentage of
known, suspected or expected ADRs that were not
reported to the relevant national, regional or local
SRS for a similar population and time period. Esti-
mates of under-reporting for all ADRs and for more
serious or severe ADRs, where available, were then
tabulated.
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Fig. 1. The distribution of under-reporting rates across 37 studies.
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Table I. Estimates of under-reporting by comparing spontaneous reports with data from intensive GP-based monitoringa

Study Country Study focus Type of ADR No. of ADR No. of ADRs Under-reporting
reports to SRS found by GP rate (%)

monitoring

Heeley et al.[17] UK PEM data (from 15 newly All 376 4211 91
marketed drugs)

Serious 27 51 47

Lewis et al.[18] Germany Paediatric practices Majority non- 894 per 100 000 1389 per 100 000 36
monitoring for 3 months serious patients patients

Lacoste-Roussillon France 200 GPs monitoring Serious 328 6236 95
et al.[19] ADRs leading to hospital

admission

Alvarez et al.[20] Spain 106 GPs monitoring for 3 All 1 1144 >99
days

Serious 1 605 >99

Martin et al.[21] UK PEM data (from 10 newly All 275 3045 91
marketed drugs)

Serious 33 145 77

Moride et al.[22] France 81 GPs monitoring for 3 All 1 24 433 >99
days

Serious 1 6123 >99

Montastruc et al.[23] France 3 GPs monitoring for 3 All 1 2937 >99
months

Fletcher[24] UK Adverse event data from All 202 12 093 98
PMS (7 drugs)

Lumley et al.[25] UK 24 GP practices All 35 576 94
monitoring for 4 weeks

Severe 2 10 80

a Median under-reporting rate for all ADRs: 95% (IQR 91–99%). Median under-reporting rate for serious or severe ADRs: 80% (IQR
77–99%).

ADR = adverse drug reaction; GP = general practitioner; IQR = interquartile range; PEM = prescription event monitoring; PMS =
postmarketing surveillance; SRS = spontaneous reporting system.

for all ADRs and those that provided an estimate of 91–99%).[17-25] In five of these studies the under-
under-reporting for specific ADRs. reporting rate for more serious (or ‘severe’) ADRs

was provided and was lower than that for all ADRs,
3.1 Estimates of Under-Reporting for All decreasing from 91% to 47%,[17] from 1 in 1144 to 1
Adverse Drug Reactions (ADRs) in 605 ADRs reported (both >99%),[20] from 91% to

77%,[21] from 1 in 24433 ADRs reported to 1 in 6123
For studies providing an estimate of under-

ADRs reported (both >99%)[22] and from 94% to
reporting for all ADRS, the under-reporting rate was

80%,[25] respectively. In one study,[19] monitoring
expressed as the percentage of suspected ADRs

the reporting of ADRs leading to hospital admissionfound during a period of intensive monitoring that
(which are, by definition, serious[16]), the under-were not reported to the relevant SRS for the same
reporting rate to the SRS was 95%.or similar time period and population. This group

In the eight studies (table II) investigating ADRwas divided into two subcategories according to the
reporting in the hospital setting the under-reportingstudy setting: general practice or hospital setting.
rate ranged from 59% to 100% with a median under-In the nine studies (table I) investigating ADR
reporting rate of 96% (IQR 92–98%).[26,27,29-33,38]reporting by general practitioners (GPs), the under-
Five of these studies[26-29,32] provided a medianreporting rate ranged from 36% to >99% with a

median under-reporting rate of 95% (IQR under-reporting rate (also 95%) for more serious

 2006 Adis Data Information BV. All rights reserved. Drug Safety 2006; 29 (5)
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ADRs by monitoring only serious ADRs in hospi- the under-reporting rate for serious ADRs was cal-
culated as 83% from the published study data.tals, by differentiating serious ADRs from all ADRs

In the second category, data from SRSs werein hospital or by monitoring ADR-related hospital
compared with the expected number of ADRs foundadmissions (which are, by definition, serious[16]).
in clinical trials, postmarketing studies and other
reference studies that were not reported to the rele-

3.2 Estimates of Under-Reporting for
vant SRS for a similar population and time period.

Specific ADRs Across the six studies included in this category
(table IV) the under-reporting rate ranged from 82%

Studies that provided an estimate of under-re- to >99% with a median under-reporting rate of 92%
porting for specific ADRs could be divided into two (IQR 85–98%). The majority of ADRs involved in
subcategories. In the first of these, data from SRSs these studies were serious or potentially serious,
were compared with the number of known or sus- with the exception of one study monitoring ACE
pected ADRs detected during active or intensive inhibitor-induced cough.[50] In all, there were 19
searching of data sources such as drug/disease regis- studies investigating the under-reporting of specific
tries, health insurance claims data, death certificates, serious ADRs (tables III and IV excluding the study
laboratory results and hospital discharge notes that on ACE-inhibitor induced cough[50]). The median
were not reported to the relevant SRS. Across the 14 under-reporting rate for serious ADRs across these

19 studies was 85%.studies included in this category (table III) the
under-reporting rate ranged from 6% to 100% with a

4. Discussionmedian under-reporting rate of 83% (IQR
66–95%).[34-47] Thirteen of these studies[34-36,38-47]

involved ADRs that were regarded or classified by 4.1 Overall
the author as serious or severe or are serious accord-
ing to conventional definitions.[16] In the remaining In this review, the estimated rate of under-report-
study,[37] investigating drug-induced liver disorders, ing of ADRs to the SRS ranged from 6% to

Table II. Estimates of under-reporting by comparing spontaneous reports with data from intensive hospital-based monitoringa

Study Country Study focus Type of ADR No. of ADR No. of ADRs Under-reporting
reports to found by hospital rate (%)
SRS monitoring

Backstrom et al.[26] Sweden Serious ADRs in hospitals Serious 15 107 86

Pouyanne et al.[27] France ADR-related hospital Serious 6371 134 159 95
admissions

Imbs et al.[28] France ADR-related hospital Serious 5973 143 624 96
admissions

Smith et al.[29] UK Hospital ADR monitoring Vast majority 30 477 94
scheme serious

Maistrello et al.[30] Italy Hospital ADRs meriting SRS All 9 22 59
report

Chan & Critchley[31] Hong Kong Promotion of ADR All 0 122 100
reporting in hospital setting

Hallas et al.[32] Denmark ADR-related hospital Serious 1 157 >99
admissions

Classen et al.[33] US Computerised/enhanced All 9 731 >98
hospital ADR surveillance

a Median under-reporting rate from all ADRs: 96% (IQR 92–98%). Median under-reporting rate for serious or severe ADRs: 95% (IQR
94–96%).

ADR = adverse drug reaction; IQR = interquartile range; SRS = spontaneous reporting system.

 2006 Adis Data Information BV. All rights reserved. Drug Safety 2006; 29 (5)
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Table III. Estimates of under-reporting by comparing spontaneous reports with actual number of known or suspected cases for specific
ADRsa

Study Country Study focus Type of No. of ADR No. of known or Under-reporting
ADR reports to SRS suspected ADRs rate (%)

Dugue et al.[34] France Drug-induced muscular ADRs Serious 2 9 78

Mittman et al.[35] Canada Drug-induced toxic epidermal Serious 25 674 96
necrolysis

La Grenade et al.[36] US Phenyl-propanolamine and stroke Serious 0 27 100

Bagheri et al.[37] France Drug-induced liver disorders All 1 13 92

Serious 1 7 83

Skjeldestad et al.[38] Norway VTE and oral contraceptives Serious 3 69 96

Pumphrey & UK Fatal drug-induced anaphylaxis Serious 33 67 50
Davis[39]

Kimmel et al.[40] US Serious ADRs attributed to Serious 3 16 81
protamine

Samuelsson et Sweden Thrombosis/PE and hormonal Serious 0 20 100
al.[41] contraception

Prevots et al.[42] US Vaccine-associated paralytic Serious 92 98 6
poliomyelitis

Arneborn & Sweden Drug-associated neutropenias Serious 29 84 65
Palmbled[43]

Bottiger et al.[44] Sweden Osteitis after BCG vaccination Serious 89 115 23

Inman[45] UK Fatal aplastic anaemia with Serious 5 44 89
phenylbutazone/oxyphenbutazone

Bottiger & Sweden Drug-induced blood dyscrasias Serious Actual no. not Actual no. not ~70 (average
Westerholm[46] provided provided value)

Inman & Vessey[47] UK Fatal thromboembolism and oral Serious 8 53 85
contraceptives

a Median under-reporting rate: 83% (IQR 66–95%).

ADR = adverse drug reaction; BCG = Bacillus Calmelte-Guerin; IQR = interquartile range; PE = pulmonary embolism; SRS = spontaneous
reporting system. VTE = venous thromboembolism.

100%.[17-53] This wide range reflects the considera- Only a minority of studies contributed to the
lower end of the range of under-reporting rates.ble variation in study methods used. However, the
Prevots et al.[42] found that only 6% of vaccine-distribution of under-reporting rates was skewed
associated paralytic poliomyelitis had not been re-towards the high end of this range with a median
ported to the SRS, and Bottiger et al.[44] in 1982under-reporting rate of 94% across all studies.
found that only 23% of BCG-associated osteitis had

In three of the general practice-based intensive not been reported. It is possible that there is an
monitoring studies the under-reporting rates were enhanced reporting culture for vaccine-associated
particularly high (>99%).[20,22,23] This may have adverse reactions, since vaccines are administered to
been because the sample of GPs was small, or healthy individuals and so the reporting of adverse
because monitoring occurred over a short time peri- effects may be regarded as more important, as a
od. These ‘snapshots’ may not have been truly rep- public health issue.
resentative of the entire population covered by the It seems that training may improve reporting (at
SRS. In addition, these figures represent under- least in the short-term). In the study by Lewis et
reporting for all ADRs. This includes the common, al.,[18] which included training doctors and involved
non-serious ADRs that are less likely to be reported children, the under-reporting rate was 36%. In the
but which make up the majority of ADRs occurring ‘spontaneous’ reporting component of this study
in general practice. physicians were given individual training on how

 2006 Adis Data Information BV. All rights reserved. Drug Safety 2006; 29 (5)
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and why to report suspected ADRs. However, this drugs but not for newly marketed drugs, as UK
relatively low under-reporting rate may reflect, in prescribers are asked under a voluntary scheme (the
addition to the effect of training, a greater motiva- black triangle scheme) to report all ADRs to the
tion to report ADRs in this patient group despite the regulatory authority. It appears from these studies
majority of events being classified as mild to moder- that reporting for serious ADRs has improved over
ate in nature. time. This may have been due to increased promo-

tion of the UK Yellow Card scheme during this
4.2 General Practice Versus period, although other biases may exist; e.g. a differ-
Hospital Reporting ent group of drugs was included in each study al-

though the definition of ‘serious’ used was essential-
There was no evidence in this review of any

ly the same in both studies.
significant difference in the under-reporting rates

Five studies investigating serious ADRs in a hos-for GPs compared with hospital doctors. The medi-
pital setting or leading to hospital admission (tablean under-reporting rate for general practice and hos-
II) reported consistently high under-reporting ratespital-based monitoring studies was similarly high at
(86% to >99%; median 95%).[26-29,32] Furthermore,95% and 96%, respectively. The studies included in
in 19 studies investigating reporting of specific seri-these were predominantly from European countries,
ous ADRs (table III and table IV, excluding thewhere surveys of ADR reporting behaviour indicate
study on ACE inhibitor-induced cough[50]) the medi-that higher proportions of GPs report ADRs than
an under-reporting rate for serious ADRs washospital specialists.[54-56] Attitudes to ADR reporting
85%.[34-49,51-53]

may differ, e.g. in the US, where it is possible that
It is clear, therefore, that despite some evidencehospital doctors may be more likely to report ADRs.

of selective reporting there is also evidence to indi-Reporting of ADRs may also vary depending on the
cate that there is considerable under-reporting ofclinical specialty.
serious ADRs, including suspected reactions with a
fatal outcome.4.3 Selective Reporting Depending on the

Type of ADR
4.4 Limitations of This Systematic Review

Evidence of selective reporting for serious ADRs
The use of the term under-reporting may haveis provided by the results of several of the intensive

limited the number of relevant studies identified, asgeneral practice monitoring studies. The under-re-
this is not a standard search term. This is likely toporting rates were reduced in three studies from 1 in
have had only a minimal effect, since this term1144 to 1 in 605 ADRs reported (both >99%),[20]

appeared to be well accepted in the studies found.from 1 in 24433 ADRs reported to 1 in 6123 ADRs
reported (both >99%)[22] and from 94% to 80%,[25] There was considerable variation in the estimates
respectively, for all ADRs compared with serious of under-reporting generated in this systematic re-
ADRs. view. This is not surprising given the range of

different study methods identified. The under-re-Further evidence of selective reporting is sup-
porting rate was calculated in different study set-ported by the results of two studies in the UK[17,21]

tings (general practice vs hospital), using differentusing data from prescription event monitoring
data sources (e.g. hospital admission data, discharge(PEM) studies for a number of newly marketed
notes, insurance claims databases, background ratedrugs. Events recorded by GPs as ADRs and also
data) and for different drugs (all drugs vs specificreported to the SRS were identified. Both studies
drugs). Despite this heterogeneity, however, under-yielded overall under-reporting rates of 91% for all
reporting rates were generally high overall.ADRs but this was reduced for serious ADRs to

47%[17] in the 2001 study and 77%[21] in the 1998 It is difficult to determine which method may be
study. This would perhaps be expected for older best for estimations of under-reporting rates. As

 2006 Adis Data Information BV. All rights reserved. Drug Safety 2006; 29 (5)
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discussed previously, intensive monitoring in gener- ground incidence rate for the ADR in question may
have come from a different country or otherwise beal practice has its limitations, as these ‘snapshots’
very different for the population or time periodmay not adequately represent the entire population,
covered by the SRS.but they have the advantage of covering a wide

variety of drugs and ADRs. Estimations of under- This is similar to comparing the number of spon-
reporting from studies investigating a specific ADR taneous ADR reports with the number of expected
will be biased by the nature of the drug and ADR reports based on clinical trial data. This may provide
involved. a general indication of the degree of under-report-

ing, but the latter is based on the use of a drug in aFor the studies included in table IV, the under-
controlled population and may not be truly reflectivereporting rate was estimated by comparing the num-
of the ‘real-life’ incidence of ADRs observed by theber of spontaneous reports received by the SRS with
SRS.the expected number. However, this expected num-

ber is extrapolated from a background incidence rate In addition, geographical differences in sponta-
(e.g. from a previous cross-sectional survey or other neous reporting rates across the 12 countries includ-
pharmacoepidemiology study). It could be argued ed may also contribute to the variations in estimates
that these results may be less reliable, as the back- of under-reporting. The most common sources of

Table IV. Estimates of under-reporting by comparing spontaneous reports with expected number of cases extrapolated from reference
studiesa,b

Study Country Study focus Type of No. of ADR Expected no. of Under-reporting
ADR reports to SRS ADRs rate (%)

in’t Veld et al.[48] Holland Drug-induced Stevens- Serious 13 (0.1 per 106 1–6 per 106 90–98c

Johnson syndrome prescriptions) prescriptions

Drug-induced toxic epidermal Serious 14 (0.1 per 106 0.4–1.2 per 106 75–90c

necrolysis prescriptions) prescriptions

Farrington et al.[49] UK Idiopathic thrombocytopenic Serious 20 (1 in 130 000 1 in 24 000 82
purpura with MMR vaccine doses) doses

Begaud et al.[50] France Study of ACE inhibitor- Non-serious 3 3915 >99
induced cough in 60 general
practices

Torello et al.[51] Spain Incidence of ADRs reported Serious Per million of Per million of 97 (average value)
to SRS vs data from previous Andalusian Andalusian
cross-sectional survey population population

GI haemorrhage Serious 1.07 37.4 97

Anaphylactic shock Serious 0.34 13.8 97.5

Bronchospasm Serious 0.17 30.9 99.5

Confusion Serious 0.68 23.6 97

Hypotension Serious 0.80 47.1 98

Liver disorders Serious 1.8 28.4 94

Rawlins[52] UK Admissions due to NSAID- Serious 364 2000–2500 per 82–85
induced bleeding peptic year 83.5 (average
ulcers in >65-year-olds value)

Inman & UK Deaths due to overexposure Serious 12 3500 >99
Adelstein[53] to bronchodilating aerosols

a Median under-reporting rate: 92% (IQR 85–98%).

b Reference studies include clinical trials and pharmacoepidemiological studies that report the frequency of a specific ADR in a
particular population and provide an estimate for the expected number of ADRs occuring in the SRS population.

c The average under-reporting rate for combined analysis of Stevens-Johnson syndrome and toxic epidermal necrolysis was 88.

ADR = adverse drug reaction; GI = gastrointestinal; IQR = interquartile range; MMR = measles-mumps-rubella; SRS = spontaneous
reporting system.
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these studies were from the UK, France, Sweden al reporting ratios,[58] which essentially compare the
and the US. These are all countries with well devel- proportion of an ADR for a specific drug within an
oped SRSs[3] where reporting rates may be expected SRS database with the background proportion for
to be high, but this was not generally borne out by that ADR for all drugs in the database. It has the
the results from the studies in these countries. advantage not only of eliminating the need for de-

nominator information but, if the database is large, itOne further limitation of this systematic review is
can also counteract some of the problems associatedthat the definition of seriousness or severity of
with unknown variations in under-reporting. TheADRs was not always clearly defined in the original
merits of these techniques in the context of thestudies. Although there was some evidence of selec-
under-reporting of ADRs are debated elsewhere buttive reporting for such ADRs (e.g. in the general
remain unclear.[59-61]practice setting), in the majority of studies where

serious or severe ADRs were considered the under-
4.6 Reasons for Under-Reportingreporting rate remained high.

Many physicians report that they have detected
4.5 Implications of Under-Reporting an ADR during their practice but a significant pro-

portion do not report the ADR to a regulatoryUnder-reporting is one of the main disadvantages
body.[62,63] Several surveys[54,55,64-66] have investigat-of the SRS, since the absolute number of ADR
ed the reasons for under-reporting of ADRs. Com-reports is not truly known. It would be inappropriate
mon reasons for not reporting include a lack ofto apply a standard ‘correction factor’ based on the
time,[54,66] different care priorities,[66] uncertaintyresults of this study, since there is inevitably consid-
about the drug causing the ADR,[55,64-66] difficulty inerable variation in under-reporting for different
accessing reporting forms,[54] lack of awareness ofdrugs and types of ADRs, in different populations
the requirements for reporting[65,66] and lack of un-and at different points in time. For example, it is
derstanding of the purpose of SRSs.[54] Well knownwell accepted that for newly marketed drugs the rate
and trivial ADRs are less likely to be reported.[55,65]

of reporting of ADRs is at its highest in the initial
In addition, physicians’ attitudes towards reportingphase after market launch (usually within the first 1
ADRs contribute to under-reporting. For example, aor 2 years).[10] This practice is actively encouraged
recent survey has reported that physicians may notto ensure that signals of potential ADRs are detected
report ADRs because they believe that serious reac-in a timely fashion.
tions will be well documented by the time a drug isIn pharmacovigilance it is often necessary to
marketed or that one case reported by an individualcompare the relative safety profiles of two drugs. It
doctor will not contribute to medical knowledge.[67]

may be possible to use prescription data to estimate
drug exposure in the population and allow for a 4.7 Strategies for Improving Reporting
comparison of estimated incidence rates but under-
reporting limits the interpretation of these compari- Various initiatives have been introduced in recent
sons. It cannot be assumed that the under-reporting years to encourage and facilitate the reporting of
rate will be identical for both drugs unless perhaps ADRs, such as greater accessibility to the SRS
they are of the same therapeutic class, with similar database through electronic and online reporting[68]

indications, and are marketed in the same country at and the introduction of pharmacist[69] and nurse re-
the same time.[57] If under-reporting is markedly porting.[70] Practitioners need to develop a greater
different, any true difference in toxicity between the understanding as to the purpose of pharmacovigi-
drugs may be masked or exaggerated. lance in order to improve both the quantity and

In recent years many SRSs have adopted a statis- quality of reports. High quality prescribing includes
tical approach to generate potential signals of monitoring ADRs at the clinical level and reporting
ADRs. This includes techniques such as proportion- such ADRs when appropriate. This requires educa-
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sity of Portsmouth. The DSRU receives donations and grantstion at both the undergraduate and postgraduate
from pharmaceutical companies; however, the companieslevel. A recent survey of UK medical and pharmacy
have no control on the conduct or publication of its studies.

schools indicated that fewer than half of the respon-
This systematic review was not externally funded. Lorna

dents provided undergraduate students with a guide Hazell has no conflicts of interest with regard to this review.
to reporting ADRs.[71] Educational resources are Dr Shakir has provided consultancies and received lecturing

fees from pharmaceutical companies but none of these areavailable at the postgraduate level in the form of
related to this review.distance learning modules[72] but these are not com-

pulsory and it is possible that the participants moti-
vated to use these resources are already reliable

ReferencesADR reporters. Another strategy that has been sug-
1. Edwards I, Olsson S. WHO Programme -Global Monitoring. In:

gested to help stimulate reporting is to reward prac- Mann RD, Andrews E, editors. Pharmacovigilance. Chiches-
ter: John Wiley & Sons, 2002: 169-82titioners who supply good quality ADR reports with

2. Waller PC, Bahri P. Regulatory pharmacovigilance in the EU.credits points for continuing education as well as In: Mann RD, Andrews E, editors. Pharmacovigilance. Chich-
feedback information.[73] This has yet to be fully ester: John Wiley & Sons, 2002: 183-94

3. Griffin JP. Survey of spontaneous adverse drug reaction report-explored.
ing schemes in fifteen different countries. Br J Clin Pharmacol
1986; 22: 83S-100S

5. Conclusion 4. Kennedy D, Goldman S, Lillie R. Spontaneous reporting in the
United States. In: Strom BL, editor. Pharmacoepidemiology.
3rd ed. Chichester: John Wiley & Sons, 2000: 151-74This review provides evidence of significant and

5. Strom BL. Study designs available for pharmacoepidemiologywidespread under-reporting of ADRs to the SRS,
studies. In: Strom BL, editor. Pharmacoepidemiology. 3rd ed.

including serious and fatal ADRs. It is not possible Chichester: John Wiley & Sons, 2000: 17-29
6. Layton D, Key C, Shakir SAW, et al. Prolongation of the QTto provide an accurate estimate of the level of under-

interval and cardiac arrhythmias associated with cisapride:reporting but it is likely to be in excess of 90%. limitations of the pharmacoepidemiological studies conducted
Under-reporting of ADRs has an impact on the and proposals for the future. Pharmacoepidemiol Drug Saf

2003; 12 (1): 31-40benefit/risk evaluation of medicines, particularly
7. Wiholm B-E, Olsson S, Moore N, Waller P. Spontaneous re-when spontaneous reports are the only or the main porting systems outside the US. In: Strom BL, editor.

Pharmacoepidemiology. 3rd ed. Chichester: John Wiley &source used in the assessment of drug safety.[74]

Sons, 2000: 175-92Prescribing medicine is a very important respon-
8. Fourrier A, Pere JC. Measurement of frequency in

sibility for the healthcare professional but reporting pharmacovigilance. In: Arme P, editor. Methodological ap-
proaches in pharmacoepidemiology. Amsterdam: Elsevier,suspected ADRs and participation in ADR monitor-
1993: 21-5ing systems must also be promoted as a fundamental

9. Begaud B, Pere JC, Miremont G. Estimation of the denominator
professional duty. Education is the cornerstone for in spontaneous reporting. In: Arme P, editor. Methodological

approaches in pharmacoepidemiology. Amsterdam: Elsevier,good quality reporting, but both the quantity and
1993: 51-70

quality of reporting for suspected ADRs are impor- 10. Haramburu F. Estimation of underreporting. In: Arme P, editor.
tant and must become part of continuing medical Methodological approaches in pharmacoepidemiology. Am-

sterdam: Elsevier, 1993: 39-50education and clinical governance. Further studies
11. Begaud B, Moride Y, Tubert-Bitter P, et al. False-positives inare required to assess the impact of under-reporting spontaneous reporting: should we worry about them? Br J Clin

Pharmacol 1994; 38: 401-4on public health decisions and to evaluate recent
12. Mann RD, Andrews E, editors. Pharmacovigilance. Chichester:initiatives to improve reporting such as online re-

John Wiley & Sons, 2002
porting, pharmacist and nurse reporting, greater 13. Strom BL, editor. Pharmacoepidemiology, 3rd ed. Chichester:
feedback to reporters and potential links with con- John Wiley & Sons, 2000

14. Arme P, editor. Methodological approaches intinuing education and training.
pharmacoepidemiology. Amsterdam: Elsevier, 1993

15. Talbot J, Waller P, editors. Stephens’ detection of new adverse
Acknowledgements drug reactions. Chichester: John Wiley & Sons, 2004

16. Council for International Organizations for Medical Sciences
The Drug Safety Research Unit (DSRU) is a registered (CIOMS) Working Group III. Guidelines for preparing core

independent charity (No. 327206) associated with the Univer- clinical-safety information on drugs. Geneva: CIOMS, 1995

 2006 Adis Data Information BV. All rights reserved. Drug Safety 2006; 29 (5)



Under-Reporting of Adverse Drug Reactions 395

17. Heeley E, Riley J, Layton D, et al. Prescription-event monitor- 36. La Grenade L, Graham DJ, Nourjah P. Underreporting of hem-
ing and reporting of adverse drug reactions. Lancet 2001; 358: orrhagic stroke associated with phenylpropanolamine. JAMA
1872-3 2001; 286: 3081

37. Bagheri H, Michel F, Lapeyre-Mestre M, et al. Detection and18. Lewis MA, Kuhl-Habich D, von Rosen J. Drug use and adverse
incidence of drug-induced liver injuries in hospital: a prospec-event monitoring in German children. Int J Clin Pharmacol
tive analysis from laboratory signals. Br J Clin PharmacolTher 2001; 39: 507-12
2000; 50: 479-8419. Lacoste-Roussillon C, Pouyanne P, Haramburu F, et al. Inci-

38. Skjeldestad FE, Amundsen T, Hoibraaten E. Reporting of ad-dence of adverse drug reactions in general practice: a prospec-
verse drug reactions to the Norwegian Drug Control Agencytive study. Clin Pharmacol Ther 2001; 69: 458-62
[in Norwegian]. Tidsskr Nor Laegeforen 2000; 120: 336-820. Alvarez RA, Carvajal A, Begaud B, et al. Under-reporting of

39. Pumphrey RS, Davis S. Under-reporting of antibiotic anaphy-adverse drug reactions: estimate based on a spontaneous re-
laxis may put patients at risk. Lancet 1999; 353: 1157-8porting scheme and a sentinel system. Eur J Clin Pharmacol

40. Kimmel SE, Sekeres MA, Berlin JA, et al. Adverse events after1998; 54: 483-8
protamine administration in patients undergoing cardiopulmo-21. Martin RM, Kapoor KV, Wilton LV, et al. Underreporting of
nary bypass: risks and predictors of under-reporting. J Clinsuspected adverse drug reactions to newly marketed (“black
Epidemiol 1998; 51: 1-10triangle”) drugs in general practice: observational study. BMJ

41. Samuelsson E, Hagg S, Backstrom M, et al. Thrombosis caused1998; 317: 119-20
by oral contraceptives: underreporting to the adverse effects22. Moride Y, Haramburu F, Requejo AA, et al. Under-reporting of
registry [in Swedish]. Lakartidningen 1996; 93: 3117-4adverse drug reactions in general practice. Br J Clin Pharmacol

42. Prevots DR, Sutter RW, Strebel PM, et al. Completeness of1997; 43: 177-81
reporting for paralytic poliomyelitis, United States, 198023. Montastruc P, Damase MC, Lapeyre MM, et al. A prospective
through 1991: implications for estimating the risk of vaccine-intensive study of adverse drug reactions in urban general
associated disease. Arch Pediatr Adolesc Med 1994; 148:practice. Clin Drug Invest 1995; 10: 117-22
479-85

24. Fletcher AP. Spontaneous adverse drug reaction reporting vs
43. Arneborn P, Palmbled J. Drug-induced neutropenia a survey forevent monitoring: a comparison. J R Soc Med 1991; 84: 341-4

Stockholm 1973-1978. Acta Med Scand 1982; 212: 289-92
25. Lumley CE, Walker SR, Hall GC, et al. The under-reporting of

44. Bottiger M, Romanus V, de Verdier C, et al. Osteitis and otheradverse reactions seen in general practice. Pharm Med 1986; 1:
complications caused by generalised BCGitis: experience in205-12
Sweden. Acta Paediatr Scand 1982; 71: 471-8

26. Backstrom M, Mjorndal T, Dahlqvist R. Under-reporting of 45. Inman W-HW. Study of fatal bone marrow depression with
serious adverse drug reactions in Sweden. Pharmacoepidemiol special reference to phenylbutazone and oxyphenbutazone.
Drug Saf 2004; 13 (7): 483-7 BMJ 1977; 1: 1500-5

27. Pouyanne P, Haramburu F, Imbs JL, et al. Admissions to 46. Bottiger L, Westerholm B. Drug-induced blood dyscrasias in
hospital caused by adverse drug reactions: a cross-sectional Sweden. BMJ 1973; 3: 339-43
incidence study: French pharmacovigilance centres. BMJ

47. Inman W-HW, Vessey MP. Investigation of deaths from pulmo-2000; 320: 1036
nary, coronary and cerebral thrombosis and embolism in wo-

28. Imbs J, Pouyanne P, Haramburu F, et al. Adverse drug reac- men of childbearing age. BMJ 1968; 2: 193-9
tions: prevalence in French public hospitals. Therapie 1999; 48. in’T Veld BA, van der Linden PD, Feenstra J, et al. The function
52: 21-7 of a reporting system for suspected adverse drug reactions as

29. Smith CC, Bennett PM, Pearce HM, et al. Adverse drug reac- risk indicator for Stevens-Johnson syndrome and toxic epider-
tions in a hospital general medical unit meriting notification to mal necrolysis. Tijdschr Geneeskd 2000; 56: 1258-63
the Committee on Safety of Medicines. Br J Clin Pharmacol 49. Farrington P, Pugh S, Colville A, et al. A new method for active
1996; 42: 423-9 surveillance of adverse events from diphtheria/tetanus/pertus-

30. Maistrello I, Morgutti M, Maltempi M, et al. Adverse drug sis and measles/mumps/rubella vaccines. Lancet 1995; 345:
reactions in hospitalised patients: an operational procedure to 567-9
improve reporting and investigate under reporting. 50. Begaud B, Chaslerie A, Haramburu F. Organization and results
Pharmacoepidemiol Drug Saf 1994; 4: 101-6 of drug vigilance in France [in French]. Rev Epidemiol Sante

31. Chan T, Critchley J. Reporting of adverse drug reactions in Publique 1994; 42: 416-23
relation to general medical admissions to a teaching hospital in 51. Torello IJ, Castillo F, Lainez MM, et al. Adverse reactions to
Hong Kong. Pharmacoepidemiol Drug Saf 1994; 3: 85-9 drugs reported by the primary care physicians of Andalusia:

32. Hallas J, Gram LF, Grodum E, et al. Drug related admissions to analysis of underreporting. Aten Primaria 1994; 13: 307-11
medical wards: a population based survey. Br J Clin 52. Rawlins MD. Spontaneous reporting of adverse drug reactions:
Pharmacol 1992; 33: 61-8 the data. Br J Clin Pharmacol 1988; 26: 1-5

33. Classen D, Pestotnik S, Evans RS, et al. Computerised surveil- 53. Inman W-HW, Adelstein AM. Rise and fall of asthma mortality
lance of adverse drug reactions in hospital practice. JAMA in England and Wales in relation to pressurized aerosols.
1991; 266: 2847-51 Lancet 1969; II: 279-85

34. Dugue A, Bagheri H, Lapeyre-Mestre M, et al. Detection and 54. Belton KJ. Attitude survey of adverse drug-reaction reporting
incidence of muscular adverse drug reactions: a prospective by health care professionals across the European Union. The
analysis from laboratory to signals. Eur J Clin Pharmacol European Pharmacovigilance Research Group. Eur J Clin
2004; 60: 285-92 Pharmacol 1997; 52: 423-7

35. Mittman N, Knowles S, Gomez M, et al. Evaluation of the 55. Eland IA, Belton KJ, van Grootheest AC, et al. Attitudinal
extent of under-reporting of serious adverse drug reactions: the survey of voluntary reporting of adverse drug reactions. Br J
case of toxic epidermal necrolysis. Drug Saf 2004; 27: 477-87 Clin Pharmacol 1999; 48: 623-7

 2006 Adis Data Information BV. All rights reserved. Drug Safety 2006; 29 (5)



396 Hazell & Shakir

56. Bateman DN, Sanders GLS, Rawlins MD. Attitudes to adverse 67. Herdeiro MT, Figueiras A, Polonia J, et al. Physicians’ attitudes
drug reaction reporting in the Northern Region. Br J Clin and adverse drug reaction reporting: a case-control study in
Pharmacol 1992; 34: 421-6 Portugal. Drug Saf 2005; 28 (9): 825-33.

57. Pierfitte C, Begaud B, Lagnaoui R, et al. Is reporting rate a good 68. MCA launches web version of yellow card scheme. Pharmaceu-
predictor of risks associated with drugs? Br J Clin Pharmacol tical J 2002; 269: 631
1999; 47: 329-31

69. Green CF, Mottram DR, Rowe PH, et al. Adverse drug reaction
58. Evans SJW, Waller PC, Davis S. Use of proportional reporting monitoring by United Kingdom hospital pharmacy depart-

ratios (PRRs) for signal generation from spontaneous adverse ments: impact of the introduction of ‘yellow card’ reporting for
drug reaction reports. Pharmacoepidemiol Drug Saf 2001; 10: pharmacists. Int J Pharm Pract 1999; 7: 238-46
483-6

70. Backstrom M, Mjorndal T, Dahlqvist R. Spontaneous reporting59. Begaud B, Tubert P, Haramburu F, et al. Comparing toxicity of
of adverse drug reactions by nurses. Pharmacoepidemiol Drugdrugs: use and misuse of spontaneous reporting. Post Market-
Saf 2002; 11: 647-50ing Surveillance 1991; 5 (1): 69-76

71. Cox A, Marriott J, Wilson K, et al. Adverse drug reaction60. Tubert-Bitter P, Begaud B, Moride Y, et al. Comparing the
teaching in UK undergraduate medical and pharmacytoxicity of two drugs in the framework of spontaneous report-
programmes. J Clin Pharm Ther 2004; 29: 31-5ing: a confidence interval approach. J Clin Epidemiol 1996; 49

(1): 121-3 72. Centre for Pharmacy Postgraduate Education (CPPE). Adverse
drug reactions (open learning pack) [online]. Available from61. Van der Heijden PGM, Van Puijenbrock EP, Van Buuren S, et
URL: http://www.cppe.man.ac.uk/Bookings/opendetail-al. On the assessment of adverse drug reactions from spontane-
s.asp?.topicID = ADR%2DD%2D02 [Accessed 2004 Aug 18]ous reporting systems: the influence of under-reporting on

odds ratios. Stat Med 2002; 21: 2027-44
73. Encheva D. Spontaneous reporting and continuing medical edu-

62. Rogers AS, Israel E, Smith CR, et al. Physician knowledge, cation. Uppsala Reports No. 25 April 2004 p10-11 [online].
attitudes, and behavior related to reporting adverse drug Available from URL: http://www.who-umc.org/pdfs/
events. Arch Intern Med 1988; 148: 1596-600 UR25.pdf [Accessed 2004 Aug 18]. WHO Uppsala Monitor-

ing Centre, Sweden63. Scott H, Rosenbaum S, Waters W, et al. Rhode Island physi-
cians’ recognition and reporting of adverse drug reactions. R I 74. Clarke A, Deeks J, Shakir S. An assessment of the publicly
Med J 1987; 70: 311-6 disseminated evidence of safety used in decisions to withdraw

medicinal products from the UK and US markets. Drug Saf64. Hasford J, Goettler M, Munter KH, et al. Physicians’ knowledge
2006; 29: 175-81and attitudes regarding the spontaneous reporting system for

adverse drug reactions. J Clin Epidemiol 2002; 55: 945-50

65. Williams D, Feely J. Underreporting of adverse drug reactions:
Correspondence and offprints: Lorna Hazell, Drug Safetyattitudes of Irish doctors. Ir J Med Sci 1999; 168: 257-61
Research Unit, Bursledon Hall, Blundell Lane, Southamp-66. Backstrom M, Mjorndal T, Dahlqvist R, et al. Attitudes to
ton, SO31 1AA, UK.reporting adverse drug reactions in northern Sweden. Eur J
E-mail: lorna.hazell@dsru.orgClin Pharmacol 2000; 56: 729-32

 2006 Adis Data Information BV. All rights reserved. Drug Safety 2006; 29 (5)




