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Identification of possible adverse drug reactions in clinical notes:  The 
case of glucose-lowering medicines
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Malene Hammer Krag1, Peter Rossing5, Thomas Almdal5, Henrik Ullits Andersen5, Ebba Holme Hansen1

ABSTRACT

Objective: Through manual review of clinical notes for patients with type 2 diabetes 
mellitus attending a Danish diabetes center, the aim of the study was to identify adverse drug 
reactions (ADRs) associated with three classes of glucose‑lowering medicines:  “Combinations 
of oral blood‑glucose lowering medicines” (A10BD), “dipeptidyl peptidase‑4 (DDP‑4) 
inhibitors” (A10BH), and “other blood glucose lowering medicines” (A10BX). Specifically, 
we aimed to describe the potential of clinical notes to identify new ADRs and to evaluate 
if sufficient information can be obtained for causality assessment.
Methods: For observed adverse events (AEs) we extracted time to onset, outcome, and 
suspected medicine(s).  AEs were assessed according to World Health Organization-Uppsala 
Monitoring Centre causality criteria and analyzed with respect to suspected medicines, type 
of ADR (system organ class), seriousness and labeling status.
Findings: A total of 207 patients were included in the study leading to the identification 
of 163 AEs. 14% were categorized as certain, 60% as probable/likely, and 26% as possible. 
15 (9%) ADRs were unlabeled of which two were serious: peripheral edema associated with 
sitagliptin and stomach ulcer associated with liraglutide. Of the unlabeled ADRs, 13 (87%) 
were associated with “other blood glucose lowering medications,” the remaining 2 (13%) 
with “DDP‑4 inhibitors.”
Conclusion: Clinical notes could potentially reveal unlabeled ADRs associated with 
prescribed medicines and sufficient information is generally available for causality assessment. 
However, manual review of clinical notes is too time-consuming for routine use and hence 
there is a need for developing information technology (IT) tools for automatic screening 
of patient records with the purpose to detect information about potentially serious and 
unlabeled ADRs.

Keywords: Adverse drug reactions; adverse events; clinical notes; glucose-lowering 
medicines; manual review

of individuals included in premarketing clinical 
trials.[1‑3] Continuous monitoring of new medicines 
is therefore essential to provide early warnings 
of potentially serious ADRs that are not easily 
detected prior to marketing.[4] Spontaneous reporting 
systems (SRSs) have been the primary means of 
pharmacovigilance since the late 1960s and provide a 
valuable tool for the detection of new and potentially 
serious ADRs after the time of drug marketing.[3] The 
repeated occurrence of serious drug‑safety problems 
many years after marketing (e.g., rofecoxib causing 
thousands of deaths from serious cardiovascular 
disorders), however, questions the ability of SRSs to 
provide early warnings of some rare and long‑latency 
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INTRODUCTION

Safety information about new medicines is 
often limited to the most common adverse drug 
reactions (ADRs) due to small and selective groups 
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ADRs.[1,5,6] It is well recognized that SRSs are biased 
by a huge degree of underreporting which has 
an impact on the ability of these systems to detect 
information about ADRs not known at the time of 
marketing.[7] Furthermore, standardized spontaneous 
reports are undermined by variable quality and 
limited information, making it difficult to verify 
adverse events (AEs) as true ADRs.[8] Electronic 
patient record (EPR) systems contain various data 
routinely recorded in clinical practice and have been 
employed in international large‑scale initiatives in 
recent years to complement SRSs. Examples include 
the EU‑ADR project in Europe and the Food and 
Drug Administration (FDA) Sentinel Initiative in 
the US.[9,10] These initiatives have mainly been based 
on the use of structured diagnosis and prescription 
data, whereby important information about ADRs 
available in clinical notes (e.g., admission, visit, 
and discharge notes by physicians and nurses) 
has been left out. Clinical notes, however, have 
been emphasized as rich sources of ADR‑related 
information.[11‑13] Honigman et al. combined different 
computer search methods to identify ADRs in 
various outpatient EPR data and found that free‑text 
searching of clinic notes accounted for 90.6% of the 
ADRs identified.[14] Field et al. used signals from 
multiple EPR sources to identify ADRs in older 
persons in an ambulatory setting and found that 
free‑text searching of clinical notes identified the 
highest percentage of ADRs (39%).[15] Hazlehurst 
et al. searched clinical notes using natural language 
processing (NLP) to identify vaccine‑related 
ADRs. Compared with standard methods that use 
structured diagnosis and utilization codes, the 
NLP‑based system identified approximately 4 times 
as many ADRs.[16] All of the above mentioned 
studies have focused at enhancing performance 
of automated methods for the identification and 
confirmation of associations between labeled ADRs 
and specific medications. A study by Wang et al., 
however, investigating a collection of discharge 
summaries for known ADRs associated with seven 
medicines, emphasized the potential for discovering 
new ADRs (e.g., “feeling suicidal” associated 
with paroxetine).[17] Hence, no studies have yet 
systematically reviewed clinical notes of EPRs with 
the purpose to identify information about potentially 
unknown and serious ADRs.

The objective of this study was to describe the 
potential of clinical EPR notes to identify new 
ADRs and to evaluate if sufficient information can 
be obtained for causality assessment. To provide 
an example of medication‑specific drug safety 
surveillance, we investigated ADRs associated with 
selected glucose‑lowering medicines. Evaluation 

of their safety is highly relevant due to the high 
prevalence of type 2 diabetes mellitus (T2DM), 
affecting 5.9% of the world’s adult population.[18]

METHODS

This retrospective cohort study was based on EPR 
data provided by the Steno Diabetes Centre (SDC), 
a specialist diabetes clinic in the Copenhagen area 
of Denmark. The clinic treats patients with diabetes 
mellitus from 16 years of age. Patients with T2DM 
typically present with complicated disease and attend 
the center on a life‑long basis. Between 300 and 
400 new patients are referred to the SDC by their 
general practitioner every year for optimization of 
their medical treatment. At SDC, the EPRs comprise 
various data including patient demographic details, 
prescriptions, diagnoses, and laboratory test results 
along with detailed clinical notes recorded at the 
time of consultation. This study was based on 
physician and nursing clinical notes along with 
data about individual patients’ sociodemographic 
characteristics (e.g., age at time of T2DM diagnosis 
and number of days from diagnosis to first visit) and 
prescribed medicines (e.g., trade name, prescription 
date, strength and daily dose).

Patient data were analyzed anonymously and was 
ethically approved by the Danish National Board of 
Health (Jr. no. 7‑604‑04‑2/33/EHE). The study was carried 
out in accordance with the Danish Act on Processing 
of Personal Data (Jr. no. 2007‑58‑0015/30‑0476). Written 
consent from individual patients was not required 
for this study.

The study population was selected from a cohort 
of 7724 patients attending the SDC from May 
2001 to August 2012 [Figure 1]. Selection criteria 
included a diagnosis of T2DM and records of 
medicines belonging to the Anatomical Therapeutic 
Chemical (ATC) classification A10B (glucose‑lowering 
medicines, excluding insulins).[19] To ensure a 
population with few late diabetic complications, 
we restricted the study population to patients 
having their diagnosis of T2DM recorded maximum 
2 years prior to first visit. After exploring the use of 
glucose‑lowering medication, a total of 207 patients 
with prescriptions from the three relatively new 
therapeutic classes “combinations of oral blood 
glucose‑lowering medicines” (A10BD), “dipeptidyl 
peptidase‑4 (DDP‑4) inhibitors” (A10BH), and “other 
blood‑glucose lowering medicines” (A10BX) were 
included in the analysis [Table 1]. As some patients 
had prescriptions of more than one of the investigated 
medicines but at different times, exposure to 
medicines and associated ADRs were analyzed on the 
basis of unique patient‑medicine pairs. Some of the 



Figure 1: Flowchart showing inclusion and exclusion criteria used to select the study population (n = 207) SDC = Steno 
Diabetes Center, T2DM = Type 2 diabetes mellitus, ATC = Anatomical Therapeutic Chemical, aGlucose‑lowering medications 
investigated in this study included: Combinations of oral blood‑glucose lowering medications (A10BD): Rosiglitazone‑Metformin 
(Avandamet®), Sitagliptin-Metformin (Janumet®), Vildagliptin‑Metformin (Eucreas®), Dipeptidyl peptidase‑4 inhibitors (A10BH): 
Sitagliptin (Januvia®), Other blood glucose‑lowering medications (A10BX): Repaglinide (NovoNorm®), Exenatide (Byetta®), 
Liraglutide (Victoza®)
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patients therefore count more than once. Avandamet  
was suspended in 2010 for use in the European Union 
due to the potential cardiovascular risk profi le of the 
medicine.[20]

We used the World Health Organization (WHO) 
definition of an ADR: “A response which is noxious 
and unintended and which occurs at doses normally 
used in humans for prophylaxis, diagnosis, or 
therapy of disease, or for the modification of 
physiological functions.”[21] The causal relationship 
between observed AEs and suspected medicines 
was evaluated using the WHO‑Uppsala Monitoring 
Centre (UMC) causality assessment system, 
which takes into account clinical‑pharmacological 
aspects of the ADR (e.g., temporal relationship, 
dechallenge, rechallenge, and confounding effects), 
as well as the quality of the documentation of the 
observation. Based on this information, causality is 
grouped into six categories: Certain, probable/likely, 
possible, unlikely, conditional/unclassified, and 
unassessable/unclassifiable.[22] All AEs observed 
in this study and assessed to have a certain, 
probable/likely or possible causal relationship to 
the suspected medicine were considered ADRs. 
Labeling information from officially recognized 
product information, issued by the pharmaceutical 
manufacturer and approved and disseminated by 
the regulatory authorities in the EU, served as a 
standard reference for validation of known versus 

new ADRs. New ADRs in this study are defined as 
ADRs that are not labeled according to European 
summary of product characteristics (SPCs) (accessed 
through the European Medicines Agency’s website 
in November 2014).[23‑29] We did not consider 
ADRs associated with intentional off‑label 
use (e.g., decreased weight as a result of liraglutide 
intake). All ADRs identified in this study and 
classified as unlabeled were also checked against US 
labeling information.

Clinical notes for the entire study population (n = 207) 
were manually reviewed by the first author (PWA, 
MSc health sciences) from the prescription start 
date until the prescription was definitively stopped 
or where applicable until the end of follow up. 
Information about potential ADRs was extracted 
using a data extraction form. Parameters extracted 
included observed AE term(s), name of suspected 
medicine, time to onset of signs, symptoms and 
outcome, de‑challenge and re‑challenge. For all 
cases of observed AEs, the extracted data were 
reviewed and validated by one of the co‑authors 
(MHK, MSc pharm). In the event of disagreement, 
consensus was reached through discussion between 
the two reviewers.

We classified glucose‑lowering medicines associated 
with ADRs according to the ATC classification 
system, in which medications are divided into groups 
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Table 1: Characteristics of the classes of glucose-lowering medicines investigated in this study
Generic name Trade 

name
ATC 

group
Manufacturer Pharmaceutical 

form
Year of first marketing 

authorization
Combinations of oral blood 
glucose‑lowering medicines

Rosiglitazone‑metformin Avandamet® A10BD03 SmithKline Beecham Plc., United 
Kingdom

Tablet 2003

Sitagliptin-metformin Janumet® A10BD07 Merck Sharp and Dohme Ltd., 
United Kingdom

Tablet 2008

Vildagliptin‑metformin Eucreas® A10BD08 Merck Sharp and Dohme Ltd., 
United Kingdom

Tablet 2007

DDP-4 inhibitors
Sitagliptin Januvia® A10BH01 Merck Sharp and Dohme Ltd., 

United Kingdom
Tablet 2007

Other blood glucose- 
lowering medicines

Repaglinide NovoNorm® A10BX02 Novo Nordisk A/S, United 
Kingdom

Tablet 1998

Exenatide Byetta® A10BX04 Bristol‑Myers Squibb/AstraZeneca 
EEIG, United Kingdom

Solution for 
injection

2006

Liraglutide Victoza® A10BX07 Novo Nordisk A/S, Denmark Solution for 
injection

2009

ATC=Anatomical therapeutic chemical, DDP-4=Dipeptidyl peptidase-4. Source: Summary of product characteristics available through the European Medicines 
Agency’s website (accessed October‑November 2014)

at five different levels. The first level consists of 
14 main groups with pharmacological/therapeutic 
subgroups (second level); the third and fourth level 
is chemical/pharmacological/therapeutic subgroups 
while the fifth level is the chemical substance. In this 
study, we summarize data using ATC level four and 
five.[19]

Different types of ADRs were classified according to 
system organ class (SOC), as defined by the Medical 
Dictionary for Regulatory Activities®.[30] Classification 
of seriousness was done according to the ICH E2A 
criteria, in which serious ADRs are categorized 
into the following categories: Results in death, 
life‑threatening, requires in‑patient hospitalization 
or results in prolongation of existing hospitalization, 
results in persistent or significant disability/incapacity, 
congenital anomaly/birth defect, other medically 
important event or reaction. Other reactions were 
classified as nonserious.[31]

RESULTS

Sixty one per cent of the patients were male. Median 
age at time of T2DM diagnosis was 50 (range: 16–78) 
years for both sexes, with the majority (59%) of the 
patients being diagnosed in the 45–64 age range. 
On average, patients were referred to and had their 
first visit at the SDC within 323 (range: 0–713) days 
from the time of diagnosis. Medicine use across 
the three selected classes of medication varied, 
with 164 patients being prescribed an “other blood 
glucose‑lowering medicine,” 60 patients a “DDP‑4 

inhibitor,” and 20 patients, only, a “combination 
of oral blood glucose‑lowering medicines.” Within 
the class “other blood glucose‑lowering medicines,” 
liraglutide was taken by 121 of the 164 (74%) patients 
taking a medicine from this class [Table 2].

Adverse drug reactions by category and 
seriousness
A total of 163 ADRs, corresponding to 27 different 
terms, were identified [Table 3]. 14% of the ADRs 
were categorized as certain, 60% as probable/likely, 
and 26% as possible (data not shown). SOCs most 
commonly associated with ADRs were as follows: 
“Gastrointestinal disorders” (45%) and “metabolism 
and nutrition disorders” (32%). 17 (10%) of all 
ADRs were classified as serious of which 2 (12%), 
stomach ulcer and dehydration, associated with 
liraglutide, resulted in hospitalization. The remaining 
serious ADRs were classified as “other medically 
important events” (e.g., angioedema and peripheral 
edema associated with sitagliptin and somnolence 
associated with exenatide). The majority (76%) of 
serious ADRs were in the SOC “metabolism and 
nutrition disorders” and mainly encompassed cases 
of hypoglycemia.

Adverse drug reactions by therapeutic class
Of the ADRs, 96% were associated with “other 
blood‑glucose‑lowering medicines,” with liraglutide 
accounting for 72% of the ADRs within this class. 
“Decreased appetite” corresponded to 32% of the ADRs 
associated with this particular medicine [Table 4]. 
Within the classes “combinations of oral blood‑glucose 
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lowering medicines” and “DDP‑4 inhibitors,” we 
identified one and five ADRs, respectively.

Adverse drug reactions by labeling status
Of the 163 ADRs, 15 were unlabeled (and thus 
regarded as new) according to official SPCs, 
corresponding to 9% of all ADRs. Unlabeled 
ADRs were represented by 11 different terms and 
mainly encompassed single events [Table 4]. The 
SOCs “gastrointestinal disorders” and “general 
disorders and administration site conditions” 
accounted for 53% of all unlabeled ADRs. Other 
SOCs representing unlabeled ADRs included 
“cardiac disorders” (7%), “metabolism and nutrition 
disorders” (13%), “nervous system disorders” (13%), 
“renal and urinary disorders” (7%), and “skin 
and subcutaneous disorders” (7%). Unlabeled 
ADRs were related to two of the three classes of 
medicines investigated, namely “other blood‑glucose 
lowering medicines” accounting for 13 (87%) and 

Table 2: Characteristics of the study population 
(n=207)
Characteristics Number (%)
Sex

Female 81 (39)
Male 126 (61)

Age at time of T2DM diagnosis (years)
16‑24 5 (2)
25-34 20 (10)
35-44 43 (21)
45-54 62 (30)
55-64 60 (29)
≥65 17 (8)

Time from diagnosis of T2DM to first visit 
at SDC (months)

0-6 58 (28)
7‑12 74 (36)
13‑18 40 (19)
19‑24 35 (17)

Number of unique patient-medicine pairs 
by medication (n=244)*

Combinations of oral blood glucose 
lowering medications (A10BX)

Rosiglitazone‑metformin (Avandamet®) 6 (2)
Sitagliptin-metformin (Janumet®) 6 (2)
Vildagliptin‑metformin (Eucreas®) 8 (3)

DDP‑4 inhibitors (A10BH)
Sitagliptin (Januvia®) 60 (25)

Other blood glucose lowering 
medications (A10BD)

Repaglinide (NovoNorm®) 32 (13)
Exenatide (Byetta®) 11 (5)
Liraglutide (Victoza®) 121 (50)

T2DM=Type 2 diabetes mellitus, SDC=Steno diabetes centre, DDP-4=Dipeptidyl 
peptidase‑4. *Medicine exposure in the study population was calculated on 
the basis of unique patient-medicine. Pairs (n=244), as some patients had 
prescriptions of more than one of the investigated medicines

Table 3: Different types of ADRs identified by 
SOC for selected glucose-lowering medicines*
SOC ADR identified (n) Total (n)
Cardiac disorders Increased heart rate 1 (0)
Gastrointestinal disorders Abdominal distension 4 (0)

Abdominal pain 5 (0)
Constipation 9 (0)
Diarrhea 8 (0)
Dyspepsia 6 (0)
Gastroesophageal 
reflux

1 (0)

Nausea 30 (0)
Stomach ulcer 1 (1)
Vomiting 9 (0)

General disorders and 
administration site conditions

Fatigue 6 (0)
Flu‑like symptoms 1 (0)
Injection site reaction 8 (0)
Malaise 2 (0)

Investigations (laboratory tests 
and other medical investigations)

Decreased weight 2 (0)

Metabolism and nutrition 
disorders

Anorexia 1 (0)
Decreased appetite 38 (0)
Dehydration 1 (1)
Hypoglycaemia 12 (12)

Nervous system disorders Dizziness 6 (0)
Headache 4 (0)
Paraesthesia 2 (0)
Somnolence 1 (1)

Renal and urinary disorders Urine odour 1 (0)
Skin and subcutaneous 
reactions

Angioedema 1 (1)
Peripheral oedema 1 (1)
Skin reaction 2 (0)

Total 163 (17)

ADR=Adverse drug reaction, SOC=System organ class. Numbers of serious 
ADRs are demonstrated in parentheses. *See Table 1

“DDP‑4 inhibitors” accounting for two (13%) 
of all unlabeled ADRs. Within the class “other 
blood‑glucose lowering medicines,” liraglutide 
corresponded to 6 (46%) of the unlabeled ADRs. 
Two of the unlabeled ADRs identified (peripheral 
edema associated with sitagliptin and stomach 
ulcer associated with liraglutide) were classified as 
serious.[24‑29] All ADRs identified in this study and 
classified as unlabeled were checked against US 
labeling information (accessed via the FDA website 
in December 2013) and no discrepancies were found.

DISCUSSION

The findings of this study suggest that clinical 
notes are feasible sources for detecting potentially 
new ADRs. Furthermore, sufficient information 
is generally available to allow for assessment of 
causality between observed AEs and associated 
medicines. We identified ADRs associated with use 
of the medications: “Combinations of oral blood 
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glucose‑lowering medicines,” “DDP‑4 inhibitors,” 
and “other blood glucose‑lowering medicines.” 
Although these therapeutic classes were mainly 
chosen to provide an example of medication specific 
safety surveillance achievable with clinical notes, the 
increasing prevalence of T2DM globally highlights 
the relevance of empirical studies exploring their 
safety.[18,32] Furthermore, medicines belonging to the 
selected therapeutic classes have been introduced into 
the EU market within the last two decades and are 
thus assumed to have more limited safety information 
as opposed to medicines from older therapeutic 
classes (e.g., biguanides and sulfonylureas).[33,34] 
Assessing potential ADRs in patients with T2DM 
is complicated by the occurrence of late diabetic 
complications in this population resulting from 
hyperglycemia. Therefore, to obtain a study 

population with few late diabetic complications, we 
restricted study participants to patients having their 
diagnosis of T2DM recorded maximum 2 years prior 
to their first visit at SDC. Despite this restriction, a 
substantial part of the patients showed late diabetic 
complications (e.g., nephropathy, neuropathy, 
retinopathy, and atherosclerosis), which may have 
had a confounding effect. All potential ADRs 
identified in this study, however, were assessed 
according to WHO‑UMC causality criteria.[22] This 
assessment system was chosen, as it does not require 
previous bibliographical description of the ADR and 
is therefore considered useful for the identification 
of new ADRs. In other classification systems used to 
assess causality, e.g., the Naranjo ADR probability 
scale, previous knowledge of the ADR plays a 
prominent role.[35]

Table 4: ADRs distributed by ATC classification, SOC, seriousness and labelling status
Medicines Combinations of oral blood 

glucose-lowering medicines (A10BD)
DDP-4 
inhibitors 
(A10BH)

Other blood glucose-lowering medicines, excluding 
insulins (A10BX)

SOC Rosiglitazone- 
metformin 

(Avandamet®)

Sitagliptin- 
metformin 
(Janumet®)

Vildagliptin- 
metformin 
(Eureas®)

Sitagliptin 
(Januvia®)

Repaglinide 
(NovoNorm®)

Exenatide 
(Byetta®)

Liraglutide 
(Victoza®)

Cardiac disorders - - - - - - Increased heart 
rate* (1)

Gastrointestinal 
disorders

Dyspepsia (1) - - Abdominal 
pain (1)

Abdominal 
distension* (2)
Abdominal pain (2)
Constipation (2)
Diarrhoea (1)
Gastroesophageal 
reflux* (1)
Nausea (1)

Abdominal 
distension (1)
Constipation (1)
Diarrhoea (1)
Dyspepsia (1)
Nausea (4)
Vomiting (2)

Abdominal 
distension (1)
Abdominal pain (2)
Constipation (6)
Diarrhoea (6)
Dyspepsia (4)
Nausea (25)
Stomach ulcer* (1)
Vomiting (7)

General 
disorders and 
administration 
site conditions

- - - - Fatigue* (2) Injection site 
reaction (1)
Malaise* (1)

Fatigue (4)
Flu‑like 
symptoms* (1)
Injection site 
reaction (7)
Malaise (1)

Investigations 
(laboratory tests 
and other medical 
investigations)

- - - - - Decreased 
weight (2)

-

Metabolism and 
nutrition disorders

- - - Decreased 
appetite* (1)

Decreased 
appetite* (1)
Hypoglycaemia (9)

Decreased 
appetite (1)
Hypoglycaemia (3)

Anorexia (1)
Decreased 
appetite (35)
Dehydration (1)

Nervous system 
disorders

- - - Headache (1) - Dizziness (1)
Headache (1)
Somnolence (1)

Dizziness (5)
Headache (2)
Paraesthesia* (2)

Renal and urinary 
disorders

- - - - - - Urine odour* (1)

Skin and 
subcutaneous 
disorders

- - - Angioedema (1)
Peripheral 
oedema* (1)

Skin reaction (2) - -

SOC=System organ class, SPC=Summary of product characteristic, ADR=Adverse drug reaction, ATC=Anatomical therapeutic chemical, DDP‑4=dipeptidyl 
peptidase‑4. Serious ADRs are marked in bold, ADRs that are not listed in the official SPC are marked with an asterisks (*). Summary of product characteristics 
were available through the medicines agency website (assessed October‑November 2014)
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We identified 163 ADRs, of which 14% were 
categorized as certain, 60% as probable/likely, and 
26% as possibly related to suspected medicine. 
No observed AEs were classified as unlikely, 
conditional/unclassified, unassessable/unclassifiable, 
indicating that when AEs are mentioned in clinical 
notes, sufficient information is generally available 
to allow for causality assessment. It may also 
indicate, however, that prescribers are more likely 
to record and describe certain AEs, e.g., AEs related 
to specific medicines or AEs with a clear temporal 
relationship to medicine intake. This may be a 
potential bias to clinical notes if used for routine 
drug safety surveillance. Improvements in standards 
for documenting potential ADRs in clinical notes, 
including those that are not mentioned in the official 
product information, would increase their potential as 
sources of new ADRs.

Officially recognized product information, accepted 
by the regulatory authorities in the EU, was chosen 
to provide a standard reference for differentiating 
known from new ADRs, taking into account that this 
information is available to patients and prescribers 
in Denmark. With this in mind, it should be stressed 
that ADRs that are not labeled in Europe may be 
labeled in other parts of the world (e.g., the US and 
Australia).[36‑40] All ADRs identified in this study and 
classified as unlabeled were checked against US 
labeling information (accessed via the FDA website 
in December 2013) and no discrepancies were found. 
Hypotheses or cases of unlabeled ADRs may also be 
present in scientific publications that are not easily 
available to the prescribing physician.

As would be expected, the vast majority of ADRs 
identified are commonly known ADRs associated 
with glucose‑lowering medication encompassing 
“gastrointestinal disorders” (e.g., abdominal pain, 
constipation, and nausea) and “metabolism and nutrition 
disorders” (e.g., decreased appetite and hypoglycemia). 
9% of the ADRs were classified as unlabeled (and thus 
regarded as new), corresponding to 11 different terms. 
These, however, mainly encompassed single events, 
which lowers their significance as true ADRs. Two 
cases of unlabeled ADRs, one case of “stomach ulcer” 
associated with liraglutide and one case of “peripheral 
edema” associated with sitagliptin, were classified as 
serious. Both of these ADRs occurred with a reasonable 
temporal relationship to medicine intake and were 
clearly associated with the respective medicines by the 
prescribing physician. However, these cases could also 
have been explained by flares of preexisting disease. 
For “stomach ulcer” it was mentioned that the patient 
had this disease for the last 20 years but the condition 
aggravated after liraglutide was initiated. The patient 
experiencing “peripheral edema” had a medical history 

of nephrotic syndrome. Regarding “peripheral edema,” it 
should also be mentioned that it is considered a common 
labeled ADR to sitagliptin when taken in combination 
with a pioglitazone or a pioglitazone and metformin. 
In the present case, the patient took sitagliptin in 
combination with metformin only. Also the ADR 
“paraesthesia” associated with liraglutide deserves to 
be highlighted. Paraesthesia (i.e., tingling and numbness 
of the nerves) is a common symptom in patients with 
diabetes resulting from peripheral neuropathy. Although 
none of the patients presenting with paraesthesia after 
initiating liraglutide in this study reported peripheral 
neuropathy, it may provide a plausible explanation. 
“Decreased appetite” associated with liraglutide was 
identified in 35 patient and thus made up 21% of all 
ADRs detected. As this medicine was mostly prescribed 
to patients with the intent of obtaining a weight loss, 
the case “decreased appetite” can be considered an 
intentional secondary effect, well explained by the 
mechanisms of action, although a labeled ADR.

The study was based on manual review, which 
is considered the gold standard for identifying 
ADRs in patient safety studies.[41] Furthermore, 
we scrutinized and analyzed individual patients’ 
clinical notes. These reflect daily clinical practice 
in real situations as opposed to data collected 
during controlled clinical trials, including carefully 
selected patients. Finally, causality was assessed 
for all observed ADRs. A major limitation to the 
study is the small study population. This limitation 
was further enhanced by the great variation in the 
number of patient‑medicine pairs investigated per 
therapeutic class. The vast majority (79%) of the 
patient‑medicine pairs investigated were associated 
with a medicine belonging to the therapeutic class 
“Other blood glucose‑lowering medications,” which 
obviously explains that 96% of the ADRs observed 
were associated with a medicine from this class. 
To increase the chances of identifying uncommon 
and rare ADRs, we should have included several 
thousands of patients which, hence, if such a large 
number of electronic health records should have been 
scrutinized, the use of automatic screening methods 
and predetermined medicine‑event associations 
would have been required. Another limitation was 
that the information provided in the clinical notes 
investigated in this study regarding potential ADRs, 
appeared to be dependent on the practice, as well as 
knowledge of individual prescribers and the type of 
medicine taken by the patients. While this may have 
had an impact on the assessment of causality for 
individual ADRs, it may just be seen as a reflection 
of clinical practice. Importantly, it may also be seen as 
a potential bias in the use of clinical notes in routine 
drug safety surveillance processes.
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Clinical notes can potentially reveal information 
about previously unknown ADRs and sufficient 
information is generally available in the notes to 
allow for causality assessment between observed 
AEs and suspected medicines. Information provided 
in clinical notes regarding potential ADRs, however, 
appear to be dependent on the individual prescriber 
and the type of medicine taken by the patient, which 
may be seen as a potential bias in use of clinical notes 
for routine drug safety surveillance. Manual review 
of clinical notes is not feasible in clinical practice 
due to the time required. Hence, there is a need for 
developing automated tools that support the review 
of serious and unlabeled ADRs in clinical notes.
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