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Abstract

Background/Objectives: The pharmacovigilance aims to identify, assess and minimize drug risks.
Therefore, spontaneous reports play a central role. However, the high level of underreporting and
the varying data quality are limitations that should be minimized by prospective cohort studies.
Methods: The spontaneous reports reported to the Drug Commission of the German Medical
Association (AkdA) within one year were compared with the adverse drug reaction (ADR) cases
systematically recorded in the hospital emergency departments. The frequencies of the demographic
patient characteristics and the odds ratios as the relationship between suspected and concomitant
medication were calculated. Results: In the spontaneous reports, the reported cases were a median
of 12 years younger, and the group of very old people was less strongly represented (10.8% versus
27.3% in the prospective cohort study). Within the study, cases with polypharmacy were documented
significantly more often (median 7 drugs [IQR 3;10] versus median 2 drugs [IQR 1;5] in the
spontaneous reports). New drugs and drugs discussed in the media were frequently reported as
causing ADRs, whereas drugs with an effect on the central nervous system were more often
suspected in the emergency department setting. Conclusions: Both sources of ADRs provide
complementary information that can improve risk signal detection. The aim for the future is to further
increase awareness of spontaneous reports and to identify specific issues using structured
investigations.
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1. Introduction

Spontaneous reports are still considered the cornerstone of pharmacovigilance [1-3]. By far the
greatest advantage is the ability to quickly recognize “signals” and therefore potential drug risks even
with a small number of reported cases [3]. The spontaneous reports are considered as a conceptually
simple, inexpensive and universally applicable instrument [1,3,4]. The main limitation is the varying
data quality and the low reporting rate (‘underreporting’) [3,4], which can be up to 95% [1,5].
Prospective case cohort studies [4], or retrospective surveillance data [1] can be used to close this data
gap. The high requirements for prospective data collection lead to high data quality and a good
detection rate [4]. However, this is a costly and time-consuming method that requires trained
personnel [4], but they make it possible to answer specific scientific questions quantitatively.

The aim of this work was to compare two different ways of recording ADRs - spontaneous
reports and prospective cohort studies - in terms of their feasibility for risk signal detection.

2. Materials and Methods
2.1. Comparison Groups

All cases reported to the Drug Commission of the German Medical Association (AkdA) in 2017
were used for the spontaneous reports, excluding reports on blood products and vaccines. The year
2017 is in the middle of the data collected in the multicenter prospective cohort study ADRED
(Adverse Drug Reactions in Emergency Departments) between 2015-2018 (Phase I).

Spontaneous reports are a continuous method of recording ADRs. Healthcare professionals
(regardless of their specialization and professional experience) are obliged to submit these reports in
accordance with their professional code of conduct [6,7]. The reports are made using a defined
questionnaire [8,9]. Further information such as physicians' letters can be optionally attached. The
high level of diversification among the reporters inevitably leads to greater heterogeneity in the data.

In contrast, the prospective multicenter cohort study ADRED systematically collected ADRs that
led to emergency treatment at four hospitals in Germany. The study was based on a study plan and
was conducted by specially trained healthcare professionals (physicians and pharmacists) between
2015 and 2018 (Phase I). Training and regular telephone conferences ensured a defined causality
assessment and a high level of consistency for all study centres. The methods and results of the
ADRED study (Phase I) have already been published and can be found in detail here [10-12].

2.2. Data Adjustment

To ensure comparability between the two groups, the data adjustment and classification of
spontaneous reports by the AkdA was done manually, analogous to the ADRED study data (Phase
I). This led to the exclusion of minors, reports of unknown age, reports of intentional self-harm
(suicide/ suicidal behaviour and intentional overdose), omission cases, i.e. cases in which patients
disregarded treatment adherence and cases with medication errors such as prescription, dispensing
and/or administration errors. Also excluded were reports that were falsely based on vaccines or blood
products, as well as medical devices and dietary supplements without detailed information on
ingredients. Cases with the ADR “suicidal ideation” were not excluded if there was no active self-
harming behaviour. The process of data adjustment is shown in Figure 1 as a flow chart.
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Spontaneous reports from 2017 without vaccines and blood
products
(ATC-Group: JO7/B05)

n=2512

= Reports < 18 years (n = 140)
=  Reports of unknown age (n = 275)

Spontaneous reports from 2017 = 18 years
n=2097

Reports with indication of:
= vaccines, blood products, medical

devices and food supplements (n = 15)
m = suicide / suicidal behaviour / intentional
overdose (n = 8)

= pomission (n = 2)

= medication error (n = 50)
Spontaneous reports from 2017
Final dataset

n=2022

Figure 1. Flowchart of the data adjustment of spontaneous reports from 2017 with presentation of the inclusion

and exclusion criteria.

2.3. Data Classification

The severity of ADRs is classified in non-serious and serious. Within the serious reactions there
is a subdivision into death, life-threatening, hospitalization, disability and other serious reactions
(only in the spontaneous reports). To calculate the number of active ingredients, combination drugs
were divided into their individual active ingredients. The drugs were assigned to the anatomical-
therapeutic-chemical (ATC) classification [13].

2.4. Statistical Analysis

For the comparison, the demographic and clinical data such as age, sex, number of suspected
and taken drugs and the severity of the ADR were analysed descriptively. The data was divided into
three age groups: Adults (18 - 64 years), young-old (65 - 79 years) and old-old (= 80 years). Categorical
variables were given as absolute and percentage values. Continuous variables were given as median
and interquartile range [IQR] due to a lack of normal distribution in the Kolmogorov-Smirnov test.

To estimate the probability of a drug being reported or recorded as suspected or concomitant in
the respective population (spontaneous reports or ADRED study) the corresponding odds ratio (OR)
with 95% confidence interval (95% CI) were calculated. The 95% CI was corrected using Bonferroni.
An OR with a 95% CI greater than 1 indicates that the drug group was disproportionately frequently
reported or recorded as suspected. At 1, the ratio is balanced and at less than 1, the drug group is
found disproportionately frequently in the concomitant medication. Statistically significant is o <
0.05. The statistical software used was SPSS® from IBM, version 26 - 28.
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3. Results

The comparative analysis was based on 2022 reports from the AkdA and 2215 cases from the
ADRED study (Phase I). In the ADRED study, the patients were 12 years older (median 61 vs. 73
years) and took a median of 7 [IQR 3;10] drugs per day [11] versus 2 [IQR 1;5] drugs in the
spontaneous reporting system. In the spontaneous reports, the number of reported drugs increased
significantly with age (Spearman rank correlation: 0.260, p. < 0.001). In both, spontaneous reports
(median 1 [IQR 1;1]) and emergency department admissions (median 1 [IQR 1;2]), one drug was
suspected to have caused the ADR in most cases [11]. An overview of the main data for both groups
can be found in Table 1.

Table 1. Characteristics of the comparison groups — Spontaneous reports and ADRED study.

Spontaneous Adult Young: Old-old ADRED Adult Young: Old-old
reportsn= n=1156 7. n=219 00 n=731 20 = n=604
2022 (57.2%) (32.0%) (10.8%) (33.0%) (39.7%) (27.3%)
Age (years) 61 [48;73] 50 [38;57] 72 [68;76] 84 [81;87] 73 [58;80] 51 [38;58] 74[70;77] 84 [82;87]
47 111 4 2
Sex, male 895 6 335 84 (38.4%) 5 360 95 60

(44.3%) (412%) (51.8%) (50.3%)  (49.2%) (56.3%) (43.0%)

Sex, not
known
Number of
suspected  1[L1]  1[1;1]  1[L;1]  1[11]  1[12] 1[12] 2[1;2] 1[1;2]
drugs

10 (0.5%) 6(0.5%) 3(0.5%) 1(0.5%) - - - -

Number of
taken drugs 2 [1;5] 11[1;3] 3 [1,6] 4[1,7] 7 [3;10] 3[2;8] 8[511] 8][6;10]

Number of
ADR per 2 [1,3] 2 [1,3] 2 [1;3] 2 [1;3] 2 [1,4] 2 [2;4] 2 [1:4] 2 [1,3]
report/ case

Severity Multiple choice possible?
950 609 297 165 38
= 1 .100 . 00 . 00
Non-serious (47.0%) (52.7%) (45.9%) 44 (20.1%)261 (11.8%) (22.6%) 58 (6.6%) (6.3%)
359 226
1 00 B 00 - - - -
Others (17.8%)  (19.6%) 99 (15.3%) 34 (15.5%)
e o 55 35 21 2 0 1 1
Disability - 111(55%) 4 g0y (5.4%)  (9.6%)  (01%)  (0.0%) (01%)  (0.2%)
Hospitalization 562 252 199 111 1837 525 775 537
P (27.8%) (21.8%) (30.8%) (50.7%)  (82.9%) (71.8%) (88.1%) (88.9%)
223 107 37 25
L. - ) . 00 . O0 .100 . 00
ife-threatening (11.0%) 106 (9.2%)73 (11.3%)44 (20.1%) (4.8%) (5.1%) 45 (5.1%) (4.1%)

29 46 . 8 4 1 3
@5%)  (7.1%) (15.5%) (04%)  (05%) (0.1%)  (0.5%)

ADR: adverse drug reaction; 'Others: other serious reactions; 2within the spontaneous reports; continuous

Death 109 (5.4%)

variables are shown as median [interquartile ranges, IQR], categorical variables are shown in absolute numbers

(percentages).

Almost 50% of all spontaneous reports were classified as non-serious versus 12% in the ADRED
study [11]. The reason for this can be seen in the written consent of the patient required for the study
[11]. In the spontaneous reports, is an increasing proportion of serious events (except for “other
serious events”) with increasing age. For example, the proportion of deaths increased sixfold between
adults and the old-olds (2.5% versus 15.5%). This could not be shown in the ADRED study. Here, the
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proportion of serious events is more balanced [12]. The distribution of the age groups in relation to
the severity is shown in Table 1 and is graphically illustrated in Figure 2.
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Figure 2. Distribution of severity within the spontaneous reports and the ADRED study — total and for the three
age groups.

The most frequently taken drugs in the spontaneous reports are lipid-modifying drugs,
antithrombotics, ACE inhibitors/ AT-1 antagonists, antidiabetics and beta blockers (12.1%, 8.4%,
8.0%, 7.0% and 5.7%, respectively). For the ADRED study these are: antithrombotics, diuretics, beta
blockers, ACE inhibitors/ AT-1 antagonists and drugs for acid-related diseases (10.4%, 7.6%, 6.7%,
6.6% and 6.6%, respectively) [11]. In this respect, the drug groups that are most often suspected of
causing an ADR are in the spontaneous reports: lipid-modifying drugs, antithrombotics,
antineoplastic drugs, antibiotics and immunosuppressants (21.2%, 13.0%, 7.9%, 7.4% and 7.2%,
respectively) and for the ADRED study: antithrombotics, antineoplastic and immunmodulating
drugs, beta blockers, diuretics and non-opioid analgesics (19.1%, 14.8%, 7.2%, 7.1% and 5.2%,
respectively) [11]. The drug groups with a high probability of being suspected with a corresponding
OR (95 CI) > 1 are summarized in Table 2 and graphically illustrated as forest plots in Figure 3a and
3b [11].

Table 2. Drug groups with an OR (95% CI) > 1 for the spontaneous reports and the ADRED study; sorted by OR
(95% CI) in descending order.

Proportion of Total  Proportion

Spontaneous reports (n =2022) Suspected all suspected  drugs  of all total

= 2278 S o= 5755: 1 = o
Lsuspected 222;8; ?3 t1lz 5755; m d;g;gs drags drugs  OR 5% CD
y . (0/0) (1‘1) (0/0)
: 21.88 (4.34 -
Gynaecologics 56 2.5 60 1.0 11024
Immunosuppressants 165 72 191 33 10'3;%'(153'?4 -
S 8.06 (4.46 —
Antibiotics 168 7.4 202 3.5 14.59)
Antineoplastic drugs 179 7.9 226 3.9 6'2120(.3;57)1 ]
Lipid-modifying drugs 483 21.2 696 12.1 4'125 f§;4 -
2.64 (112 -
Sex hormones 36 1.6 57 1.0 6 6.(25)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Antithrombotics 296 13.0 486 8.4 2.58 (191 -

3.50)

ADRED study (n = 2215)
Zsuspected: 3985, Ztntal: 15948, m=
28,z=3.12
. Antmeoplastl‘c and 591 14.8 692 43 20.45 (14.54 -

immunomodulating drugs 28.77)
Antithrombotics 763 19.1 1656 104 2‘9‘; 3427,;;9 -
o 2.65 (1.78 -

Antibiotics 118 3.0 254 1.6 3.95)
2.43 (1.54 -

Glucocorticoids (systemic) 87 2.2 196 1.2 :; (82?
2.36 (1.46 -

Antipsychotics 77 1.9 176 1.1 (

3.81)

2.11 (1.15 -
Antiparkinsonian medications 46 1.2 112 0.7 3 (8 4)5

Antidepressants 196 4.9 483 3.0 2.10(1.57 -

2.83)
. 1.79 (1.26 -

Opioids 129 3.2 349 22 2.54)
1.32 (1.01 -

Non-opioid analgesics 208 52 687 4.3 1 (7 2?

Drug groups found in more than 0.7% of all taken drugs in the dataset; Odds ratio (OR) = ((nsuspected drug
group)/ (Zsuspected — Nsuspected drug group))/ ((I’lconcomitant drug group)/ (Zconcomitant — TNconcomitant drug group)) with concomitant = total —
suspected; 95% confidence interval (95% CI) Bonferroni adjusted with m (number of testing) and a

corresponding z value.

Gynaecologics— Antineoplastic and immunmodulating drugs- ——
Immunosuppressants— : — Antithrombotics— S
Antibiotics : Antibiotics— o
otics Glucocorticoids (systemic)— ——
Antineoplastic drugs— : —— Antipsychotics— D
- o : Antiparkinsonian medications— et
Lipid-modifying drugs+ : - P Antidepressants-| P
Sex hormones— —— Opioids— Hﬂ
Antihrombotics— — Non-opioid analgesics— Im : :
T T T 0.1 1 10 100
0.1 1 10 100
(a) (b)

Figure 3. Drug groups with an OR (95% CI) > 1 for (a) spontaneous reports and (b) ADRED study.

There are similarities for: antineoplastic drugs, antibiotics and antithrombotics. Differences can
be seen for gynaecologics and sex hormones, lipid-modifying drugs and drugs affecting the nervous
system. In the spontaneous reports, intrauterine contraception with progestogen (levonorgestrel)
with 53 of 56 reported cases represents the majority of gynaecologicals. In addition, hormonal
contraceptives for systemic use consisting of a fixed combination of progestogen and estrogen with
dienogest/ethinylestradiol (n = 10) and levonorgestrel/ethinylestradiol (n = 6) were reported as sex
hormones. The statins atorvastatin (n = 107), simvastatin (n = 65) and fluvastatin (n = 43) are suspected
of having triggered an ADR in almost half of all cases (44.5%), followed by ezetimibe (n = 54) and the
PCSK-9 inhibitors evolucumab (n = 46) and alirocumab (n = 43). In the ADRED study, the five most
frequently suspected drugs with an influence on the nervous system are citalopram (n = 42),
oxycodone (n = 37), metamizole (n = 34), pregabalin (n = 32) and mirtazapine (n = 28) [11].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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4. Discussion

For both methods, it was shown that drug groups with a narrow therapeutic range, such as
antineoplastic, immunomodulating, antibiotic and antithrombotic drugs, are frequently suspected of
causing ADRs [11]. Side effects of cytostatic drugs have been scientifically proven for decades [14,15]
and are well known by healthcare professionals and patients respectively. The same applies to
antithrombotics. The pharmacodynamic influence of antithrombotics on the tendency to bleed is
therapeutically desirable and at the same time a risk factor for ADRs [16,17]. This pronounced
awareness and the good detectability of these ADRs may explain the high detection rate.

In addjition, the spontaneous reports often included drugs that were either new to the market or
had been discussed in the media. For example, drugs with an influence on lipid metabolism
accounted for a relevant rate. The approval of a new drug group, such as PCSK-9 inhibitors, was
subjected to the benefit assessment procedure within the Joint Federal Committee (G-BA) in
accordance with §35a SGB V. Dietary and lipid-lowering therapeutics in particular statin drug
therapy were considered as a comparative option for the new approval [18,19]. This additional
regulatory monitoring with the call to report ADRs can lead to an increased reporting rate.

Hormonal contraceptives and their influence on possible psychiatric ADRs were discussed in
the media. A petition (extension of the package insert with regard to psychiatric symptoms) [20] led
to scientific analyses [21] and a red-handed letter [22]. The topic was also of great interest outside
Germany and led to increased reporting rates [23,24].

Complementary to the spontaneous reports, drugs with an influence on the central nervous
system were disproportionately often suspected of causing an ADR in the ADRED study [11]. Many
drugs with an influence on the central nervous system are considered as potentially inappropriate
medication (PIM) for geriatric patients [25-27] and therefore as a risk factor for the occurrence of
ADRs [28-30]. Altered pharmacodynamics and kinetics with age [31] can lead to a generally higher
potency due to a reduced volume of distribution and slower metabolization [32]. Dehydration can
further aggravate this effect and showed the greatest age dependence in the ADRED study [12]. In
the future, it will be crucial to scientifically examine these physiological correlations in the context of
the changing global climate and to establish recommendations for action for patients and healthcare
professionals.

Far from PIM, the increase in drug therapies due to comorbidities with increasing age is
scientifically proven [33-35] and polypharmacy is a significant risk factor for the occurrence of ADRs
[36]. In an ageing society, it is therefore more important than ever to sensitize healthcare professionals
to the most common ADRs [37] and to work together with the professional societies to find adequate
solutions.

The median number of suspected drugs for both methods is 1 and thus shows a strong tendency
for one suspected drug to be identified [11]. There are differences in the number of taken drugs. In
the ADRED study, all taken drugs were systematically collected and documented. This may explain
the significantly higher number of concomitant drugs [11] compared to the spontaneous reports. The
underreporting as well as the incompleteness of the data is well known [3,4]. This could be partly
explained by the fact that the federal standardized medication plan (BMP), which has been obligatory
since October 2016 [38], is not used consistently in practice [39] and is often neither up-to-date nor
complete [38—40]. This makes it difficult for healthcare specialists to obtain a complete overview of
the taken drugs by the patient and, consequently, to be able to report them. A digitally available
patient file that also contains the BMP and is available to all healthcare professionals across all sectors
could provide a remedy. This would not only close data gaps, but also increase drug safety [38,40].
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