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Abstract
Background  Psychiatric diseases are often treated with several drugs. In addition, the risk of developing somatic 
comorbidities which may require drug therapy is higher in patients with than in patients without psychiatric diseases. 
Further on, the risk of drug-drug interactions (DDI) increases with the number of drugs taken. The aim of this study 
was to analyze whether already known DDI between psychiatric drugs and somatic medications still occur in 
everyday clinical practice.

Methods  We analyzed 9,276 spontaneous adverse drug reaction (ADR) reports from Germany contained in the 
European ADR database EudraVigilance received between 2017 and 2021 for adults in which antidepressants, 
antipsychotics and mood stabilizers were reported as suspected/interacting. The ABDATA (a division of Avoxa—
Mediengruppe Deutscher Apotheker GmbH) drug information system was used to identify already known potential 
DDI (pDDI) related to psychiatric drugs and somatic medications. An individual assessment of reports was performed 
to detect whether the pDDI actually occurred.

Results  1,271 reports (49.7%) with 2,655 pDDI relating to 728 different potentially interacting drug pairs of psychiatric 
drugs and somatic medications were identified. Patients in reports with pDDI were older than patients in reports 
without pDDI (median 64 vs. 49 years) (p < 0.05). In addition, the number of pDDI and the number of drugs reported 
increased with rising age. Restricted to potentially interacting drugs pairs with more than 10 reports (n = 704 
reports, 1,111pDDI), the two most frequently identified pDDIs were (i) hyponatremias related to antidepressants 
and diuretics (n = 362, 32.6%) and (ii) bleeding events related to selective serotonin reuptake inhibitors (SSRI) and 
platelet aggregation inhibitors, anticoagulants or non-steroidal anti-inflammatory drugs (NSAIDs) (n = 295, 26.5%). 
After individual assessment of reports, bleeding events were found in 33.3% (14/42), 23.7% (45/190) and 17.4% 
(8/46) of reports related to SSRIs and anticoagulants, SSRIs and platelet aggregation inhibitors and SSRIs and NSAIDs. 
Hyponatremia was observed in 7.6% (22/289) of the reports related to antidepressants and diuretics.
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Introduction
Drug–Drug-Interactions (DDI) are a well-known cause 
of adverse drug reactions (ADR). Even if not all poten-
tial DDI (pDDI) result in an ADR, these ADRs may be 
preventable by avoiding certain drug combinations or 
by appropriate dosage adjustments. It is familiar that the 
risk of a DDI increases with the number of drugs taken 
[1]. Therefore, recognizing DDI is of special interest in 
an aging society and certain high-risk patient groups 
like psychiatric patients who are frequently exposed to 
polymedication.

In a recent study analyzing polymedication in psychiat-
ric inpatients, one third of the analyzed patients received 
at least five drugs concomitantly [2]. Treatment regimens 
in which patients are treated with combinations of mul-
tiple antidepressants, antipsychotics, mood stabilizers, 
anxiolytics, hypnotics, antihistamines, and anticholiner-
gics are becoming more common, especially in psychiat-
ric patients with severe mental illness (SMI) [3–5].

Furthermore, somatic comorbidities increase the need 
for additional medications in SMI patients. Around fifty 
percent of patients with psychiatric disorders suffer from 
a clinically relevant somatic comorbidity requiring treat-
ment, e.g. cardiovascular disease, diabetes mellitus, and 
pulmonary disease. The risk of somatic diseases is twice 
as high in SMI patients as in individuals without a psy-
chiatric disorder [6, 7]. This fact may be attributed to an 
interdependence between psychiatric and somatic disor-
ders. In addition, ADRs to psychiatric drugs (e.g. weight 
gain or cardiovascular ADRs) are common and may 
increase the likelihood of developing somatic comorbidi-
ties [8]. At the same time patients with specific or sev-
eral somatic diseases carry a higher risk of developing a 
psychiatric disorder [9]. Adequate treatment of somatic 
comorbidities is therefore of utmost importance. In hos-
pital psychiatry DDI continue to occur frequently in SMI 
patients [2] and may be under-recognized by physicians 
and psychiatrists.

ADR databases containing ADR reports spontaneously 
reported in everyday clinical practice are an established 
source for identifying post-marketing safety signals [10]. 
In addition, they are also suitable for identifying and 
characterizing DDI. Several recent studies used sponta-
neous ADR reports to analyze DDI [11–16], demonstrat-
ing the feasibility of such an approach. In these studies, 
national or regional ADR databases from different coun-
tries were investigated, with exception of the analysis by 

Hult et al. who used the WHO global database Vigibase 
[11]. Notably, pDDI were detected in about 30–40% of 
the ADR reports [12, 13, 16]. However, none of these 
studies focused on certain patient groups or medication 
classes, like psychiatric drugs.

The aim of this study was to determine the number of 
ADR reports from Germany in the European ADR data-
base EudraVigilance in which already known DDI related 
to psychiatric drugs and somatic medications were 
reported to find out whether these still occur in everyday 
clinical practice. Based on our results, we discuss how to 
avoid some of these DDI by considering alternative drugs 
or appropriate measures.

Material and methods
Definitions
ADRs (definition is described in literature [17]) can be 
reported by Health Care Professionals (HCP, e.g. physi-
cians, pharmacists) who are obliged by their professional 
conduct code to report ADRs or by non-Health Care Pro-
fessionals (non-HCP, e.g. consumers). A DDI describes a 
situation in which two drugs affect the activity of each 
other, i.e. leading to an increased or decreased pharma-
cological effect of one of these drugs or leading to ADRs 
that neither or to a lesser extent occur on their own [18]. 
Thus, efficacy or toxicity (including the ADR profile) of 
the respective drug(s) may change. DDI can affect phar-
macodynamics and pharmacokinetics of these drugs.

EudraVigilance
EudraVigilance, the ADR database of the European Medi-
cines Agency contains all ADR reports received from the 
member states of the European Economic Area [19]. In 
EudraVigilance, ADRs are coded in accordance with the 
Medical Dictionary for Regulatory Activities (MedDRA) 
terminology [20] and drugs with the EudraVigilance 
medicinal product dictionary [21]. In each ADR report, 
the reporter can assign which drugs are assumed to be 
suspected, interacting or concomitant [17]. As one of 
the competent authorities the Federal Institute for Drugs 
and Medical Devices has access to all data elements of 
the spontaneous ADR reports including the free-text 
descriptions (narratives) of the reports.

Identification of reports
We identified all spontaneous reports from Germany 
received between 01/2017 and 12/2021 reported for 
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patients older than 17  years in which antidepressants 
(anatomical therapeutic classification (ATC) [22] N06A), 
antipsychotics (ATC N05A) and mood stabilizers (e.g. 
carbamazepine) were reported as suspected/interacting 
(n = 9,665) (the complete list of drugs analyzed is pre-
sented in Additional file 1). We excluded all ADR reports 
referring to intentional overdoses and suicide attempts 
(n = 9,276 left).

ABDATA interaction analysis
The ABDATA database is a drug information system 
of the ABDATA Pharma-Daten-Service (a division of 
Avoxa—Mediengruppe Deutscher Apotheker GmbH) 
[23] which was developed primarily for use in pharmacy 
software as well as in practice management and hospital 
information systems. The database is updated regularly 
and supplied as a data package with 5 modules, of which 
we used the information (i) on active ingredients from 
the medicinal product module and (ii) on interactions 
from the drug therapy safety (AMTS, Arzneimittelthe-
rapiesicherheit) module with a version as of 01.01.2022 
for our study. Within the AMTS module, each interac-
tion is labeled classifying information concerning its 
clinical relevance, source of evaluation, data availability, 
and plausibility of mechanism. In our interaction check, 
only interactions of pharmacotherapeutics and phyto-
therapeutics being at least of low clinical relevance were 
included. The active substances from our reports were 
linked to the data from the ABDATA database. For each 
report, all active substances reported as suspected/inter-
acting or concomitant were grouped as pairs, and every 
possible combination was examined with the interaction 
table of the AMTS module to detect pDDI.

Identification of reports with pDDI according to ABDATA
In the 9,276 reports roughly 26,000 drugs were reported 
as suspected/interacting or concomitant (Fig. 1). Follow-
ing application of the ABDATA check, 2,135 different 
potentially interacting drugs pairs with more than 10,000 
pDDI were identified in 2,829 (30.5%) reports. All ADR 
reports (n = 274) containing pDDI not related to psy-
chiatric drugs were excluded and 6,616 pDDI related to 
1,329 different potentially interacting drugs pairs includ-
ing psychiatric drugs in 2,555 (27.5%) reports remained. 
Thereafter, all potentially interacting drug pairs related to 
psychiatric drugs only (n = 1,284) were excluded. Finally, 
n = 1,271 ADR reports (49.7%) with 728 different poten-
tially interacting drugs pairs related to psychiatric drugs 
and somatic medications and 2,655 pDDI were identi-
fied (Additional file 2). To focus on the most frequently 
reported pDDI, we excluded all potentially interacting 
drug pairs with less than 11 reports. Finally, 1,111 pDDI 
in 704 reports with 51 different potential interacting drug 
pairs remained.

Analyses of reports
Analysis 1—descriptive analyses
The identified ADR reports related to psychiatric drugs 
(total data set, n = 9,276), the reports with pDDI related 
to psychiatric drugs and somatic medications accord-
ing to ABDATA (n = 1,271 reports) as well as the reports 
with more than one drug without any pDDI according to 
ABDATA were analyzed descriptively (Fig. 1, Analysis 1). 
In the descriptive analyses the demographical parameters 
of the patients, the seriousness of the ADR reports, the 
drugs most frequently reported as suspected/interacting 
or concomitant, the ADRs most frequently reported, and 
the primary reporting sources were investigated.

Note that more than one seriousness criterion can be 
reported per ADR report. The classification of serious-
ness was performed based on the legal definition and may 
not correspond to the clinical definition of the severity of 
an ADR. According to the legal definition, an ADR report 
is classified as serious, if the ADR was life-threatening, 
led to hospitalisation or prolongation thereof, death, con-
genital anomalies or permanent disabilities [17].

The primary reporting source describes the person who 
reported the ADR. One ADR report can be reported by 
more than one reporter (e.g. physician and patient inde-
pendently reported on the same ADR). Our descriptive 
analysis regarding the primary reporting sources refers to 
reports which were reported by one reporter only. Nota-
bly, reports with more than one reporting source were 
not excluded from the overall analysis.

Analysis 2—analyses of characteristics of reports with pDDI 
related to psychiatric drugs and somatic medications
In the 1,271 reports with pDDI related to psychiatric 
drugs and somatic medications according to ABDATA, 
the number of drugs and pDDI per ADR report as well as 
the proportions of reports with potentially serious pDDI 
and contraindications were determined (Fig.  1, Analysis 
2). In addition, we analyzed whether the mean number 
of pDDI and the mean number of drugs reported as sus-
pected/interacting or concomitant increased with patient 
age. This analysis was also performed for females and 
males separately (Additional file 3).

Analysis 3—analyses of reports with pDDI related to 
psychiatric drugs and somatic medications with more than 
10 ADR reports
The reports with pDDI related to psychiatric drugs and 
somatic medications with more than 10 ADR reports 
(n = 704 reports, 51 different drug pairs, 1,111 pDDI) 
(Additional file 2) were grouped by pDDI (= potential 
pharmacological effects) and the reported drugs accord-
ing to their superior drug classes (if possible) in order 
to identify the most frequent pDDI (Fig. 1, Analysis 3.1) 
(Additional file 4). Note that in one ADR report more 
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Fig. 1  Identification of the ADR reports in EudaVigilance and the pDDI related to psychiatric drugs and somatic medications according to ABDATA. 
pDDI = potential drug-drug interaction. Figure 1 shows the flowchart for the identification of the ADRs reports in which antidepressants (anatomical ther-
apeutic classification (ATC) [21] N06A), antipsychotics (ATC N05A) and mood stabilizers (e.g. carbamazepine) were reported as suspected/interacting in 
the European ADR database EudraVigilance and the identification of ADR reports with pDDI related to psychiatric drugs and somatic medications accord-
ing to ABDATA. The complete list of drugs analyzed is presented in Additional file 1. Further on, the analyses performed are also shown in the flowchart
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than one pDDI could be identified, and thus the num-
ber of pDDI per pharmacological effect may exceed the 
number of reports. In addition, due to the restriction to 
potentially interacting drug pairs with more than 10 ADR 
reports, the respective drug classes in our analysis are 
not a complete representation of these drug classes. An 
individual case assessment was performed to investigate 
whether the respective pDDI actually occurred (Fig.  1, 
Analysis 3.2). Therefore, MedDRA terminology was used 
to identify the reports with the respective pharmacologi-
cal effects/ADRs. During the individual case assessment, 
the causal relationship between the co-exposure of the 
potentially interacting drug pairs and the occurrence of 
the ADR were assessed according to WHO criteria [24].

Analysis 4—analyses of reports related to bleeding events
In the individual case assessment, bleeding events were 
identified in a considerable number of reports related to 
their respective potentially interacting drug pairs. Thus, 
reports related to bleeding events and reports in which 
no bleeding events could be identified were analyzed 
descriptively, too (analyses criteria see above) (Fig.  1, 
Analysis 4). Additionally, we determined the number of 
reports in which the respective potentially interacting 
drug pairs were reported as suspected or interacting.

Statistical analyses
Means with standard deviations (SD) and medians with 
interquartile ranges (IQR) were calculated for patients’ 
age, the number of pDDI and the number of drugs per 
ADR report. Frequency distributions with percentages 
were calculated for all other criteria.

Calculation of additive risk in the database
Furthermore, we calculated additive relative risks (RR) 
for the most frequently reported potentially interacting 
drug pairs and their DDI in the background of the data-
base (detailed description see Additional file 5) [25, 26]. 
In this calculation the RR of each drug as single effect as 
well as the relative risk of both drugs as a joined effect 
are considered. Interaction on an additive scale describes 
that the joint effect of both drugs is bigger (or smaller) 
compared to the sum of the single effects of both drugs. 
For the additive scale the relative excess risk due to inter-
action (RERI) and the proportion attributable to inter-
action (AP) which describes the joined effect caused by 
interaction are shown. If RERI and AP are equal to zero 
no effect of interaction is assumed, if RERI and AP are > 0 
a positive interaction effect (bigger than the sum of the 
single effects) and if RERI and AP are < 0 a negative inter-
action effect (smaller than the sum of the single effects) 
is assumed. As recommended in literature the category 
with the lowest risk was used as reference. It has to be 
taken into account that the reference group does not 

reflect a group of healthy patients not taking any drugs 
but rather represents patients for whom ADRs related to 
other drugs than the two drugs examined were reported. 
Thus, the calculated RR of the respective ADR can be 
higher for ADR reports not related to the two drugs 
examined as for the individual drugs or their combina-
tion. For this reason, it may be possible that the lowest 
RR is observed for ADR reports related to one of the 
individual drugs under consideration which than is used 
as reference. For a more detailed description for estimat-
ing measures of interactions see Knol et al. [25, 26]. Note 
that the calculation of RR depends on the ADRs reported, 
thus, reporting biases may influence the calculated RR. 
Additionally, the calculated RR only applies to the ana-
lyzed dataset and may not be transferable to the entire 
population of patients treated with the respective drugs.

Results
Analysis 1—descriptive analyses
The median age of the patients in the total data set 
(n = 9,276) was 49  years and 61.8% (n = 5,733) of the 
patients were females (Table  1). Patients in the reports 
with pDDI related to psychiatric drugs and somatic med-
ications were older than patients treated with more than 
one drug without any pDDI (mean 62.3 vs 49.9  years) 
(t-test p < 0.05).

Considerably more reports related to pDDI of psychi-
atric drugs and somatic medications were classified as 
serious (66.6%, n = 846) compared to the total data set 
(39.3%, n = 3,650) and to reports with more than one drug 
reported without any pDDI (41.9%, n = 848).

We observed differences regarding the drugs most 
frequently reported as suspected, interacting or con-
comitant between the three datasets. Obviously, the five 
drugs most frequently reported in the reports with pDDI 
related to psychiatric drugs and somatic medications 
reflect the most common somatic medications identified 
as potentially interacting with psychiatric drugs accord-
ing to ABDATA. These were pantoprazole (362, 28.5%), 
acetylsalicylic acid (291, 22.9%), levothyroxine (256, 
20.1%), torasemide (223, 17.5%) and metoprolol (220, 
17.3%).

In the total data set, the ADRs most frequently 
described were rather unspecific (e.g. dizziness, nau-
sea, fatigue) or well known for the analyzed drugs (e.g. 
weight increase). Drug interactions were coded in 293 
reports (3.2%) of the total data set. Compared to that, 
a higher proportion of the reports related to pDDI of 
psychiatric drugs and somatic medications was coded 
with the term “drug interaction” (8.6%, n = 109). Nev-
ertheless, 4.9% (n = 100) of the reports with more than 
one drug without any pDDI according to ABDATA 
were also coded with this term.
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Almost half of the reports of the total data set were 
created by consumers/non-HCPs (45.5%, n = 4,218). 
In contrast, reports identified with pDDI to psychi-
atric drugs and somatic medications were more often 
reported by physicians (35.3%, n = 449) and pharma-
cists (25.8%, n = 328) compared to consumers/non-
HCP (24.7%, n = 314).

Analysis 2—analyses of characteristics of reports with 
pDDI related to psychiatric drugs and somatic medications 
according to ABDATA
In the 1,271 reports, 728 different potentially interact-
ing drug pairs related to psychiatric drugs and somatic 

medications with in total 2,655 pDDI were found accord-
ing to ABDATA (Fig.  1, Analysis 2) (list of potentially 
interacting drug pairs see Additional file 2). In more than 
half of these reports the pDDI was classified as serious 
(59.2%, n = 753) and in 9.8% (n = 125) of the reports the 
potentially interacting drug pairs were considered con-
traindicated according to ABDATA (Table 2).

On average two pDDI and in median one pDDI were 
identified per report. The mean number of pDDI per 
ADR report increased with advancing age as well as the 
mean number of reported drugs per ADR report (Fig. 2). 
For males, the mean number of pDDI increased up to the 
age of 75 years and declined afterwards. In contrast, for 

Table 1  Analysis 1—descriptive analyses of the total data set, the reports with pDDI related to psychiatric drugs and somatic 
medications according to ABDATA and the reports with more than one drug reported without any pDDI according to ABDATA

Total data set (n = 9,276) Reports with pDDI related to 
psychiatric drugs and somatic 
medications according to ABDATA 
(n = 1,271)

Reports with more than one drug 
reported without any pDDI ac-
cording to ABDATA (n = 2,022)

Demographical parameters of the patients
  Mean Age (± SD) 49.9 (± 18.8) 62.3 (± 18.5) 49.2 (± 18.1)
  Median Age [± IQR] 49.0 [34–63] 64 [50–78] 49 [36–62]
  Female (n, %) 5,733 (61.8%) 803 (63.2%) 1,253 (62.0%)
  Male (n, %) 3,478 (37.5%) 462 (36.3%) 754 (37.3%)
  Unknown (n, %) 65 (0.7%) 6 (0.5%) 15 (0.7%)
Number of reports per seriousness criterion (%) a

  Serious 3,650 (39.3%) 846 (66.6%) 848 (41.9%)
  Death 87 (0.9%) 25 (2.0%) 21 (1.0%)
  Life-threatening 267 (2.9%) 73 (5.7%) 59 (2.9%)
  Hospitalisation 1,818 (19.6%) 599 (47.1%) 394 (19.5%)
  Disabling 100 (1.1%) 16 (1.3%) 32 (1.6%)
The five drugs most frequently reported as suspected, interacting or concomitant (n, %) b

  1 Venlafaxine (1015, 10.9%) Pantoprazole (362, 28.5%) Levothyroxine (258, 12.8%)
  2 Quetiapine (937, 10.1%) Acetylsalicylic acid (291, 22.9%) Quetiapine (238, 11.8%)
  3 Mirtazapine (769, 8.3%) Levothyroxine (256, 20.1%) Risperidone (230, 11.4%)
  4 Risperidone (754, 8.1%) Torasemide (223, 17.5%) Aripiprazole (207, 10.2%)
  5 Levothyroxine (683, 7.4%) Metoprolol (220, 17.3%) Venlafaxine (138, 6.8%)
The five ADRs most frequently reported (n, %) c

  1 Dizziness (765, 8.2%) Dizziness (127, 10.0%) Dizziness (156, 7.7%)
  2 Nausea (664, 7.2%) Drug interaction (109, 8.6%) Fatigue (153, 7.6%)
  3 Fatigue (627, 6.8%) Nausea (97, 7.6%) Nausea (143, 7.1%)
  4 Weight increased (478, 5.2%) General physical health deteriora-

tion (84, 6.6%)
Drug interaction (100, 4.9%)

  5 Headache (429, 4.6%) Fall (83, 6.5%) Headache (95, 4.7%)
Number of reports per primary source qualification (%) d

  Physician 2,606 (28.1%) 449 (35.3%) 622 (30.8%)
  Pharmacist 1,222 (13.2%) 328 (25.8%) 240 (11.9%)
  Consumer/non-HCP 4,218 (45.5%) 314 (24.7%) 863 (42.7%)
  Other HCP 401 (4.3%) 63 (5.0%) 89 (4.4%)
pDDI potential drug-drug interactions
amore than one seriousness criterion can be reported per ADR report
bdrugs can be reported as suspected, interacting or concomitant. More than one drug can be reported per ADR report
cmore than one ADR can be reported per ADR report
dthe primary source qualification describes the person who reported the ADR. More than one primary source qualification can be coded in each ADR report (e.g. 
physician and consumer reporting about the same ADR). Shown is the number of reports containing only one primary source qualification
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females a slight increase of the mean number of pDDI 
was also seen above the age of 80  years. Compared 
to females younger than 70  years, the mean number 
of pDDI was partially higher for males of the same age 
(Additional file 3).

Table 2 shows the number of pDDI per ADR report as 
well as the number of ADR reports with serious pDDI 
and pDDI related to contraindicated potentially interact-
ing drugs pairs according to ABDATA.

Analysis 3—analyses of reports with pDDI related to 
psychiatric drugs and somatic medications with more than 
10 ADR reports
Analysis of reported pDDI grouped by pDDI and drug classes
After restricting to the potentially interacting drug pairs 
with more than 10 reports, 704 reports with 51 differ-
ent potentially interacting drug pairs describing 1,111 
pDDI remained (Fig.  1, Analysis 3.1) (Additional file 4). 
Grouped by pharmacological effect, the five most fre-
quently identified pDDI were 1) hyponatremias related 
to antidepressants and diuretics (n = 362 pDDI, 32.6% 
(number of reports n = 293)), 2) bleeding events related 
to SSRIs and platelet aggregation inhibitors, anticoagu-
lants or non-steroidal anti-inflammatory drugs (NSAIDs) 

(n = 295 pDDI, 26.5%, (number of reports n = 271)), 3) 
increased beta-blocker effects (e.g. bradycardia, hypo-
tension) related to SSRIs and beta-blockers (n = 126 
pDDI, 11.3%, (number of reports n = 124)), 4) hypo- or 
hyperglycemia related to SSRIs and antidiabetics (n = 85 
pDDI, 7.7%, (number of reports n = 77)) and 5) sero-
tonin syndrome related to serotonergic antidepressants 
and opioids (n = 67 pDDI, 6.0%, (number of reports 
n = 58)) (Fig.  3). Considering the ADR reports stratified 
by reporting source, the most frequently reported pDDI 
grouped by pharmacological effects and drugs classes in 
ADR reports from HCP were nearly the same as in the 
whole dataset, while differences were observed in ADR 
reports from non-HCP (Additional file 6). For the latter, 
bleeding events related to SSRIs and platelet aggregation 
inhibitors, anticoagulants or NSAIDs ranked first (n = 66 
pDDI, 46.8%, (number of reports n = 64)) followed by 
hyponatremia related to antidepressants and antidiuret-
ics (n = 23, 16.3%, (number of reports n = 22)).

Identification of DDI by individual case assessment in 
the reports of the most frequently reported potentially 
interacting psychiatric drugs and somatic medications 
according to ABDATA
After individual case assessment, bleeding events were 
found in 33.3% (14/42) of reports related to the poten-
tially interacting drug pairs of SSRIs and anticoagu-
lants (Fig.  1 Analysis 3.2) (Fig.  4). Bleeding events were 
also reported in 23.7% (45/190) and 17.4% (8/46) of the 
reports related to the potentially interacting drug pairs of 
SSRIs and platelet aggregation inhibitors and SSRIs and 
NSAIDs. Hypo- or hyperglycemia related to SSRIs and 
antidiabetics were observed in 9.1% (7/77) of the reports. 
Hyponatremia was reported in 7.6% (22/289) of the 
reports related to the potentially interacting drug pairs of 
antidepressants and diuretics.

Calculation of additive risk in the database
When considering the relative risk (RR) in the database, 
the risk to develop the respective pharmacological effect/
ADR increased when both drugs of the respective poten-
tially interacting drug pairs were used compared to the 
use of the single drugs, except for the combination of 
SSRIs and anticoagulants (Table  3, Additional file 5). In 
case of the combination of SSRIs and anticoagulants, 
the relative risk of bleeding events was rather equal for 
the combination of SSRIs and anticoagulants (RR 19.2 
[10.7–34.3]) and anticoagulants alone (RR 19.2 [12.9–
28.7]). However, the presence of anticoagulant therapy 
clearly increased the risk of developing bleeding events 
in patients treated with SSRIs (RR 19.2 [10.7–34.3]). 
Note that some of the calculated RR were higher for ADR 
reports in the absence of both drugs examined because 
the reference group represents patients taking other 

Table 2  Analysis 2—analyses of reports with pDDI related to 
psychiatric drugs and somatic medications according to ABDATA

Reports with pDDI of potentially inter-
acting drug pairs related to psychiatric 
drugs and somatic medications ac-
cording to ABDATA (n = 1,271)a

Number of reported drugs per ADR report
  Mean (± SD) 7.4 (± 4.3)
  Median [± IQR] 7.0 [4–10]
Number of pDDI per ADR report
  Mean (± SD) 2.1 (± 1.8)
  Median [± IQR] 1.0 [1.0–2.0]
Number of reports with serious pDDI according to ABDATA
 ≥ 1 753 (59.2%)
Number of reports with contraindicated potentially interacting drug 
pairs related to psychiatric drugs and somatic medication according to 
ABDATA
 ≥ 1 125 (9.8%)
The three most frequently reported contraindicated potentially inter-
acting drug pairs related to psychiatric drugs and somatic medications 
and their pharmacological effect according to ABDATA
  1 20.8% clozapine and pantoprazole – gran-

ulocytopenia/agranulocytosis (26/125)
  2 9.6% clozapine and acetylsalicylic acid 

– granulocytopenia/agranulocytosis 
(12/125)

  3 9.6% clozapine and ramipril – granulocy-
topenia/agranulocytosis (12/125)

SD Standard deviation, IQR Interquartile range, pDDI potential drug-drug 
interactions
ain the 1,271 reports, 728 potentially interacting drug pairs with 2,655 pDDI 
were found
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drugs than the drugs examined which may also be associ-
ated with the respective ADR.

Analysis 4—analyses of reports related to bleeding events 
compared to reports without bleeding events related to 
the respective potentially interacting drug pairs according 
to ABDATA
Reports in which bleeding events related to SSRIs and 
platelet aggregation inhibitors, SSRIs and anticoagulants 
and SSRIs and NSAIDs were found, were in proportion 
more commonly classified as serious than reports with-
out bleeding events (Fig. 1, Analysis 4) (Table 4). In addi-
tion, a higher number of reports were reported by HCP 
compared to those without bleeding events. In most of 
the reports describing bleeding events, the respective 
potentially interacting drug pairs were reported as sus-
pected. However, in only a few reports an interaction 
was explicitly mentioned by the reporter. Patients with 
bleeding events related to SSRIs and platelet aggrega-
tion inhibitors and SSRIs and anticoagulants were older 
than those with bleeding events related to SSRIs and 
NSAIDs. Bleeding events allied with SSRIs and NSAIDs 
only occurred in females, whereas 48.9% and 42.9% of the 
bleeding events related to SSRIs and platelet aggregation 

inhibitors and SSRIs and anticoagulants referred to 
males. The proportion of males in the reports to SSRIs 
and platelet aggregation inhibitors and SSRIs and anti-
coagulants with bleeding events was higher than in those 
without bleeding events.

Table 4 shows the analysis of demographical param-
eters of the patients, the proportion of reports classified 
as serious, the number of reports per primary report-
ing source, as well as the number of reports in which the 
respective potentially interacting drug pair was reported 
as suspected/interacting in the reports with and without 
bleeding events related to SSRIs and platelet aggrega-
tion inhibitors, SSRIs and anticoagulants and SSRIs and 
NSAIDs.

Discussion
The treatment of patients with severe mental illness and 
somatic comorbidities is a challenge in everyday clinical 
practice. In this context, DDI between psychiatric and 
somatic medications are of great importance. Although 
these DDIs are generally well-known, they occur fre-
quently due to the complexity of the patients’ conditions 
and may sometimes even be unavoidable. Nevertheless, 
DDIs between psychiatric drugs and somatic medications 

Fig. 2  Mean Number of pDDI with psychiatric drugs and somatic medications per ADR report depending on the age of the patients and the mean 
number of reported drugs per ADR report. Figure 2 shows the mean number of drugs reported as suspected/interacting of concomitants and the mean 
number of pDDI with psychiatric drugs and somatic medications per ADR report depending on the age of the patients
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can lead to serious ADRs, thus, alternative treatments 
should be considered if possible.

Our analysis showed that in roughly 14% of all sponta-
neous reports from Germany related to psychiatric drugs 
at least one pDDI with somatic medications could be 
identified according to the ABDATA database. More than 
half (58.7%) of these reports contained pDDIs that were 
classified as serious and roughly a fifth (9.8%) was clas-
sified as contraindicated. This proportion illustrates that 
pDDI are still a relevant problem in the drug treatment 
process of psychiatric patients.

ADR reports from physicians and pharmacists involved 
a pDDI more frequently than those from consumers, 
indicating that physicians and pharmacists are more 
aware of DDI related ADRs even though only 8.6% of the 
reports were coded as such according to MedDRA termi-
nology. Additionally, serious ADR were more frequently 
reported in general by physicians and pharmacists com-
pared to consumers in spontaneous reports from Ger-
many [27].

In our analysis a higher proportion of reports related to 
psychiatric drugs from consumers could be found, espe-
cially in reports where no pDDI was involved. This might 
reflect the general increase of ADR reports from consum-
ers in EudraVigilance in recent years [28]. Notably, this 
also applies to the ADR reports referring to psychiatric 
drugs in our analysis although patients with psychiatric 
disorders often suffer from listlessness, which may also 
affect ADR reporting. However, the reports could also 
have been created by their relatives. In addition, some 
of the common ADRs related to psychiatric drugs such 
as weight gain, or other rather subjectively experienced 
ADRs may affect the quality of life of the patients, which 
may explain the higher number of reports related to psy-
chiatric drugs from consumers, too [29].

Comparing these reports involving pDDI with reports 
in which no pDDI was found, remarkable differences 
in the characteristics of the reports became obvious. 
Patients in reports involving pDDI were clearly older and 
a higher proportion of these reports were classified as 

Fig. 3  The identified pDDI of the reports of the potentially interacting drug pairs according to ABDATA with more than 10 reports. pDDI = potential 
drug-drug interactions; SSRI = selective serotonin reuptake inhibitors; NSAIDs = non-steroidal anti-inflammatory drugs; ASS = acetylsalicylic acid; CYP = cy-
tochrome P450. Figure 3 shows the identified 1,111 pDDI (= pharmacological effects) according to ABDATA from the 704 reports of the 51 different 
potentially interacting drug pairs with more than 10 reports. The pDDI and the potentially interacting drug pairs were grouped by pharmacological effect 
and drug classes (Additional file 4). Due to the grouping of drug classes, one report could be counted more than once per category. This is the case if 
more than one potentially interacting drug pair with the same ADR was reported (e.g. bleeding events related to anticoagulants and SSRIs and NSAIDs 
and SSRIs). Only minor changes in the distribution and the number of reports were seen when the reports were counted once per category
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serious. This was particularly evident for the seriousness 
criterion hospitalization. Older patients are more prone 
to DDI as multimorbidity and -as a result- polymedica-
tion increases with age [2, 30]. In addition, pharmacoki-
netics of drugs differ in older adults further increasing 
the risk for DDIs and ADRs [30]. Finally, DDIs and ADRs 
in older patients may take a more serious course lead-
ing to hospitalization. The same observations were also 
found in two studies investigating spontaneous reports 
from Italy without a focus on psychiatric drugs [13, 15]. 
The slightly higher proportion of pDDI in younger males 
compared to younger females and older females com-
pared to older males in our study may be related to dif-
ferences in the occurrence of specific psychiatric diseases 
and their treatment depending on age and sex [31]. The 
differences in the distributions could also be related to 
other reasons or coincidence.

The most frequently detected contraindications in 
our analysis were clozapine—acetylsalicylic acid, clo-
zapine—pantoprazole and clozapine—ramipril which 
may lead to drug-induced agranulocytosis, a potentially 
life-threatening ADR characterized by a decrease in 
neutrophil count. Hematological monitoring before and 
during clozapine therapy is mandatory as recorded in 
the summary of product characteristics [32]. In case of 
clozapine—acetylsalicylic acid and clozapine—pantopra-
zole it may also be possible that acetylsalicylic acid and 

pantoprazole were used as over-the-counter (OTC) drugs 
by the patients and were not prescribed by physicians. 
For this reason, patient education and training regarding 
pDDIs with OTC drugs may be of importance. Further-
more, this also underlines the importance of pharmacists 
specifically asking patients buying OTC drugs in German 
pharmacies about previous illnesses and concomitant 
medications.

Hyponatremia related to antidepressants and diuret-
ics was the most frequently observed pDDI in our analy-
sis. In 9.1% of these reports hyponatremia was reported. 
Unspecific symptoms, which may be associated with 
hyponatremia such as altered consciousness, were not 
considered. The mechanisms leading to hyponatremia 
are different for both drug classes, but their combination 
results in an even higher risk of developing hyponatre-
mia [33, 34]. Since hyponatremia can take a severe course 
e.g. coma, we would like to emphasize the importance of 
the regular monitoring of sodium levels if patients are 
treated with antidepressants and diuretics as specified in 
the summary of product characteristics (SmPC). Older 
patients, patients additionally treated with K + -sparing 
diuretics such as spironolactone, patients with malignan-
cies, pulmonary and kidney diseases as well as females 
may carry a higher risk to develop hyponatremia [33–
35]. In general, beta-blockers and calcium antagonists 
or non-serotonergic antidepressants [34, 35] may be 

Fig. 4  Number of reports describing the specific DDI identified for the potentially interacting drug pairs according to ABDATA. pDDI = potential drug-
drug interactions; ADR = adverse drug reactions; SSRI = selective serotonin reuptake inhibitors; NSAIDs = non-steroidal anti-inflammatory drugs. Figure 4 
shows the number of reports describing the respective DDI related to the potentially interacting drug pairs according to ABDATA after individual case 
assessment and the number of reports containing other ADRs
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Pharmacological effect/ADR – potentially interacting drug pairsa

Hyponatremia – antidepressants and antidiureticsb

Antidepressants absent Antidepressants present
Hyponatremia 
reported/
hyponatremia 
not reported

RR [95%CI] Hyponatremia 
reported/hypo-
natremia not 
reported

RR [95%CI] RR [95% CI] for antidepres-
sants present versus anti-
depressants absent within 
strata of antidiuretics

Antidiuretics absent 394/272,482 1 (Reference) 6/3,208 1.3 [0.6–2.9] 1.3 [0.6–2.9]
Antidiuretics present 5/719 4.8 [2.0–11.7] 22/267 57.0 

[36.5–89.0]
11.9 [4.4–31.6]

RR [95% CI] for antidiuretics present ver-
sus antidiuretics absent within strata of 
antidepressants

4.8 [2.0–11.7] 44.1 [17.7–109.6]

Measure of interaction on additive scale (RERI) [95% CI] 51.9 [56.2–77.5]
Proportion attributable to interaction (AP) [95% CI] 0.9 [0.8–1.0]
Bleeding events – SSRIs and platelet aggregation inhibitorsc

SSRIs absent SSRIs present
Bleeding 
events re-
ported/bleed-
ing events not 
reported

RR [95%CI] Bleeding events 
reported/
bleeding events 
not reported

RR [95%CI] RR [95% CI] for SSRI ab-
sent versus SSRI present 
within strata of platelet 
aggregation inhibitors

Platelet aggregation inhibitors absent 17,938/255,387 4.2 [3.1–5.7] 40/2,518 1 (Reference) 4.2 [3.1–5.7]
Platelet aggregation inhibitors present 172/858 10.7 

[7.6–14.9]
45/145 15.2 

[10.2–22.6]
0.7 [0.5–0.9]

RR [95% CI] for platelet aggregation inhibitors 
present versus platelet aggregation inhibitors 
absent within strata of SSRIs

2.5 [2.2–2.9] 15.2 
[10.2–22.6]

Measure of interaction on additive scale (RERI) [95% CI] −10.3[−18.1-(−2.62)]
Proportion attributable to interaction (AP) [95% CI] −0.8 [−1.4-(−0.2)]
Bleeding events – SSRIs and anticoagulantsd

SSRIs absent SSRIs present
Bleeding 
events re-
ported/bleed-
ing events not 
reported

RR [95%CI] Bleeding events 
reported/
bleeding events 
not reported

RR [95%CI] RR [95% CI] for SSRIs 
absent versus SSRIs 
present within strata of 
anticoagulants

Anticoagulants absent 17,069/255,359 3.6 [2.4–5.4] 24/1,356 1 (Reference) 3.6 [2.4–5.4]
Anticoagulants present 1,088/2,165 19.2 

[12.9–28.7]
14/28 19.2 

[10.7–34.3]
1 [0.7–1.5]

RR [95% CI] for anticoagulants present versus 
anticoagulants absent within strata of SSRIs

5.3 [5.0–5.6] 19.2 [10.7–34.3]

Measure of interaction on additive scale (RERI) [95% CI] −2.5 [−10.9–5.8]
Proportion attributable to interaction (AP) [95% CI] −0.1 [−0.6–0.3]
Bleeding events – SSRIs and NSAIDse

SSRIs absent SSRIs present
Bleeding 
events re-
ported/bleed-
ing events not 
reported

RR [95%CI] Bleeding events 
reported/
bleeding events 
not reported

RR [95%CI] RR [95% CI] for SSRIs ab-
sent versus SSRIs present 
within strata of NSAIDs

NSAIDs absent 18,116/256,094 6.1 [3.8–9.8] 17/1,555 1 (Reference) 6.1 [3.8–9.8]
NSAIDs present 54/1,221 3.9 [2.3–6.7] 8/38 16.1 

[7.3–35.4]
0.2 [0.1–0.5]

RR [95% CI] for NSAIDs present versus NSAIDs 
absent within strata of SSRIs

0.6 [0.5–0.8] 16.1 [7.3–35.4]

Measure of interaction on additive scale (RERI) [95% CI] −17.3 [−30.6-(−3.9)]
Proportion attributable to interaction (AP) [95% CI] −4.4 [−7.4-(−1.5)]

Table 3  Calculation of additive risk in the database
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Pharmacological effect/ADR – potentially interacting drug pairsa

Hyponatremia – antidepressants and antidiureticsb

Antidepressants absent Antidepressants present
Hyponatremia 
reported/
hyponatremia 
not reported

RR [95%CI] Hyponatremia 
reported/hypo-
natremia not 
reported

RR [95%CI] RR [95% CI] for antidepres-
sants present versus anti-
depressants absent within 
strata of antidiuretics

Increased beta-blocker effects (hypotension, bradycardia) – SSRIs and beta-blockersf

SSRIs absent SSRIs present
Increased 
beta-blocker 
effects 
reported (e.g. 
hypotension, 
bradycardia)/
increased 
beta-blocker 
effects not 
reported

RR [95%CI] Increased beta-
blocker effects 
reported (e.g. 
hypotension, 
bradycardia)/
increased beta-
blocker effects 
not reported

RR [95%CI] RR [95% CI] for SSRIs 
absent versus SSRIs 
present within strata of 
beta-blockers

Beta-blockers absent 3,688/270,595 3.1 [1.4–6.1] 8/1,816 1 (Reference) 3.1 [1.4–6.1]
Beta-blockers present 27/845 7.1 [3.2–15.5] 8/116 14.7 

[5.6–38.5]
0.5 [0.2–1.0]

RR [95% CI] for beta-blockers present versus 
beta-blockers absent within strata of SSRIs

2.3 [1.6–3.3] 14.7 [5.6–38.5]

Measure of interaction on additive scale (RERI) [95% CI] −9.7 [−22.3–2.89]
Proportion attributable to interaction (AP) [95% CI] −1.4 [−3.0–0.3]
Hypo- or hyperglycemia – SSRIs and antidiabeticsg

SSRIs absent SSRIs present
Increased 
beta-blocker 
effects report-
ed/increased 
beta-blocker 
effects not 
reported

RR [95%CI] Increased beta-
blocker effects 
reported/
increased beta-
blocker effects 
not reported

RR [95%CI] RR [95% CI] for SSRIs 
absent versus SSRIs 
present within strata of 
antidiabetics

Antidiabetics absent 5,720/268,026 10.5 
[4.0–28.0]

4/2012 1 (Reference) 10.5 [4.0–28.0]

Antidiabetics present 61/1,203 24.3 
[8.9–66.6]

7/70 45.8 
[13.7–153.0]

0.5 [0.3–1.1]

RR [95% CI] for antidiabetics present versus 
antidiabetics absent within strata of SSRIs

2.3 [1.8–3.0] 45.8 [13.7–153.0]

Measure of interaction on additive scale (RERI) [95% CI] −31.0 [−76.4–14.4]
Proportion attributable to interaction (AP) [95% CI] −1.3 [−2.7–0.2]
RR Relative risk, CI Confidence intervals, DDI Drug-drug interactions
athe analysis is based on the drugs of the potentially interacting drug pairs with more than 10 reports. Thus, the drug classes in our analysis are not a complete 
presentation of these drug classes
bthe drug class of antidepressants consists of citalopram, escitalopram, duloxetine, mirtazapine, sertraline, venlafaxine, amitriptyline and the drug class of 
antidiuretics consist of hydrochlorothiazide, furosemide, torasemide and their combination products
cthe drug class of SSRIs consists of citalopram, sertraline, escitalopram, venlafaxine, duloxetine and the drug class of platelet aggregation inhibitors consists of 
acetylsalicylic acid and clopidogrel
dthe drug class of SSRIs consists of citalopram, escitalopram, duloxetine and the drug class of anticoagulants consists of apixaban
ethe drug class of SSRIs consists of citalopram, venlafaxine, duloxetine and the drug class of NSAIDs consists of ibuprofen
6fthe drug class of SSRIs consists of citalopram, duloxetine, sertraline and the drug class of beta-blockers consist of metoprolol and its combination product
gthe drug class of SSRIs consist of citalopram, duloxetine, venlafaxine, sertraline and the drug class of antidiabetics consists of metformin and sitagliptin

Table 3  (continued) 
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considered as therapeutic alternatives to treat hyperten-
sion or depression.

Bleeding events related to SSRIs and platelet aggrega-
tion inhibitors, anticoagulants and NSAIDs were the 
second most frequently identified pDDI in our analy-
sis. In one third (33.3%) of the reports related to SSRIs 

and anticoagulants, 23.7% of reports related to SSRIs 
and platelet aggregation inhibitors and 17.4% of reports 
related to SSRIs and NSAIDs, the bleeding events could 
be confirmed. Bleeding events related to SSRIs and anti-
coagulants were also found as one of the most frequent 
drug interactions in a study of spontaneous reports from 
Italy [16]. SSRIs reduce the ability of platelets to aggre-
gate thereby increasing the risk of bleeding, especially 
in combination with other drugs affecting blood clot-
ting [36, 37]. Further on, SSRIs may increase gastric acid 
secretion thereby increasing the vagal tone subsequently 
leading to potential ulcerogenic effects and gastroin-
testinal bleeding [36–38]. The current guideline for the 
treatment of coronary heart diseases and myocardial 
infarctions suggests the concomitant use of SSRI and 
anticoagulant drugs [39], which may explain the fre-
quent presence of this combination in our analysis. As 
an alternative switching to non-serotonergic antidepres-
sants may be preferable [40], especially for patients who 
carry a higher risk of bleeding events such as patients 
with bleeding events in the past. Regular monitoring for 
bleeding events of patients using SSRIs and other drugs 
affecting coagulation may be considered. Regarding 
NSAIDs the inhibition of cyclooxygenase (COX-) 1 and 
2 impacts on the gastric mucosal barrier and may favor 
ulcer formation and thereby upper gastrointestinal bleed-
ing [41]. If the combination of NSAIDs and SSRIs can-
not be avoided, protective agents such as proton-pump 
inhibitors may be prescribed additionally to reduce the 
risk of gastrointestinal bleedings. Anyway, bleeding 
events may be more commonly reported in our analysis 
since these often require medical treatment and may be 
easier to recognize.

The third most common pDDI was increased effects of 
beta-blockers related to the combination of beta-block-
ers and SSRIs. In 6.9% of these reports, bradycardia and 
hypotension were reported. Rather unspecific symptoms 
such as dizziness or falls, which could also be symptoms 
of hypotension or bradycardia, were not considered. The 
increased effect of beta-blockers which are substrates of 
CYP2D6 such as metoprolol results from the inhibition 
of CYP2D6 by SSRIs leading to increased plasma concen-
trations of these beta-blockers, thereby inducing hypo-
tension, bradycardia, and consecutively falls [42]. SSRIs 
such as fluoxetine or paroxetine are potent inhibitors and 
SSRIs like citalopram or escitalopram are weak inhibi-
tors of CYP2D6. Obviously, the risk of increased beta-
blocker effects is expected to be higher with SSRIs which 
are potent CYP2D6 inhibitors, as also observed by others 
[42, 43]. However, in our analysis, bradycardia and hypo-
tension were also reported for the concomitant use of 
SSRIs, which are weak inhibitors of CYP2D6. Thus, pre-
scribing beta-blockers not metabolized by CYP2D6 such 
as bisoprolol [44] or a careful monitoring of beta-blocker 

Table 4  Analysis 4—descriptive analyses of reports with and 
without bleeding events related to the identified potentially 
interacting drug pairs according to ABDATA
Potentially interacting drug pair accord-
ing to ABDATA

Reports on 
bleeding 
events

Reports 
without 
bleeding 
events

SSRI and platelet aggregation inhibitors (n = 190)
  Number of reports 45 (23.7%) 145 

(76.3%)
  Age (median [IQR]) 75 [65–81] 73 

[62–81]
  Females 23 (51.1%) 90 (62.1%)
  Number of serious reports 42 (93.3%) 104 

(71.7%)
Primary reporting source
  Physician 27 (60.0%) 46 (31.7%)
  Pharmacist 14 (31.1%) 46 (31.7%)
  Other HCP - 3 (2.1%)
  Non-HCP/consumer 1 (2.2%) 42 (29.0%)
  Both drugs reported as suspected 42 (93.3%) 19 (13.1%)
  Number of reports interaction reported 8 (17.8%) 9 (6.2%)
SSRI and anticoagulants (n = 42)
  Number of reports 14 (33.3%) 28 (66.7%)
  Age (median [IQR]) 75 

[72.5–80.8]
76 
[69.8–84.2]

  Females 8 (57.1%) 19 (67.9%)
  Number of serious reports 13 (92.9%) 20 (71.4%)
  Primary reporting source
  Physician 9 (64.3%) 9 (32.1%)
  Pharmacist 4 (28.6%) 10 (35.7%)
  Other HCP 1 (7.1%) 1 (3.6%)
  Non-HCP/consumer - 8 (28.6%)
  Both drugs reported as suspected 14 (100.0%) 4 (14.3%)
  Number of reports interaction reported 4 (28.6%) 5 (17.8%)
SSRI and NSAIDs (n = 46)
  Number of reports 8 (17.4%) 38 (82.6)
  Age (median [IQR]) 66 

[50.2–83.2]
58 
[47–68.2]

  Females 8 (100.0%) 27 (71.1%)
  Number of serious reports 6 (75.0%) 18 (47.4%)
Primary reporting source
  Physician 2 (25.0%) 4 (10.5%)
  Pharmacist 5 (62.5%) 7 (18.4%)
  Other HCP - 2 (5.3%)
  Non-HCP/consumer 1 (12.5%) 16 (42.1%)
  Both drugs reported as suspected 7 (87.5%) 7 (18.4%)
  Number of reports interaction reported 1 (12.5%) 3 (7.8%)
IQR Interquartile range, HCP Health Care Professional, NSAID Non-steroidal anti-
inflammatory drugs
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plasma concentration in patients treated with both drug 
classes and consequent dose adjustments may be recom-
mended [43, 44] if the combination cannot be avoided.

Hypo- or hyperglycemic events related to SSRIs and 
antidiabetics was the fourth common identified pDDI in 
our analysis. In 9.0% of these reports hypo- or hypergly-
cemic events were reported. However, symptoms possibly 
associated with hypo- and hyperglycemic events were not 
taken into account. Literature is inconsistent, for some 
SSRIs improved and for others worsened blood glucose 
control was reported [45–48]. In addition, depression 
itself may interfere with blood glucose control, too. More 
recently, the role of metformin to act as an antidepressant 
in patients with diabetes was studied [49]. Metformin 
leads to a decrease of chronic inflammation in diabetes 
patients by several pathways and, thereby, a decrease of 
symptoms of depression. Further research is needed to 
clarify the observations. Anyway, a regular monitoring 
of blood glucose concentrations by the patients as well as 
adjusting the dosages of insulin or antidiabetic drugs may 
be necessary.

In only 5.3% of reports related to serotonergic antide-
pressants and serotonergic opioids, serotonin syndrome 
was described. In brevity, serotonergic antidepressants 
increase the synaptic concentration of serotonin [50]. 
Serotonergic opioids inhibit the reuptake of serotonin 
by inhibiting the serotonin transporter, leading to an 
increase of synaptic serotonin concentrations, too. Non-
serotonergic antidepressants may be used as an alterna-
tive treatment.

Strengths and limitations
One of the strengths of analyses performed in sponta-
neous reporting databases is the inclusion of a diverse 
study population without any predefined in- and exclu-
sion criteria like in clinical trials [29]. Hence, patients 
with comorbidities taking multiple drugs, or in case of 
this analysis patients with severe mental illnesses, are 
also included. An additional strength of this analysis is, 
that an individual assessment of reports was performed 
evaluating the co-exposure and the causal relationship 
between the intake of the respective drugs and the occur-
rence of the ADR/s in the reports with the most fre-
quently reported pDDIs.

One of the major limitations of the analyses of spon-
taneous reports is the unknown amount of underreport-
ing [51, 52] which may also differ for specific drugs and 
serious, non-serious or unexpected ADRs [53]. For this 
reason, the calculated RR have to be interpreted with 
caution as the calculation of RR depends on the ADRs 
reported and, thus, may also be influenced by reporting 
biases. In addition, the number of drug-exposed patients 
not experiencing an ADR is unknown. Thus, incidences 

cannot be calculated based on spontaneous report analy-
ses [29].

Besides underreporting, the quality of documentation 
may differ between the reports. Especially information 
regarding concomitant drugs or medical histories of the 
patients may not be (fully) reported. In case of concomi-
tant drugs, this would influence our analysis, as we have 
created a list of all possible drug-drug combinations per 
ADR report based on all reported drugs. With respect to 
the patient's medical history, we were unable to perform 
an analysis of associated factors such as comorbidities 
because the number of reports with confirmed interac-
tions and reported patients’ histories was too low.

We only used one database for identification of DDI. 
The results of other databases which could also be used 
for the detection of DDI may differ as observed by oth-
ers [54, 55]. Further on, the sensitivity, specificity and 
accuracy to detect DDI in eight databases (including 
ABDATA) commonly used in the German healthcare 
system differed [56]. Thus, we cannot rule out that some 
interactions remained undetected because they were not 
included in the ABDATA database. Further on, we only 
detected reports with already known pDDIs. Thus, the 
results of our study may not apply to unknown or new 
DDIs, which were not the subject of this analysis. In 
addition, the dosage of the respective drugs was not con-
sidered, which may have already been adjusted to avoid 
some of the DDI.

Conclusion
Our analysis shows that well-known DDI still occur to 
a considerable amount in the treatment of psychiatric 
patients with psychiatric drugs and somatic medica-
tion. Whenever possible, other drug combinations with 
a lower potential of DDIs or appropriate monitoring 
measures may be considered. Special attention should be 
paid to older patients receiving polymedication. Further 
on, patients should be informed about pDDI, especially 
regarding OTC drugs.

Abbreviations
ADR	� Adverse drug reaction
AMTS	�  “Arzneimitteltherapiesicherheit”
ATC	� Anatomical therapeutic classification
CI	� Confidence intervals
DDI	� Drug-drug interactions
HCP	� Health Care Professional
IQR	� Interquartile range
Non-HCP	� Non-Health Care Professional
NSAID	� Non-steroidal anti-inflammatory drugs
MedDRA	� Medical Dictionary for Regulatory Activities
OTC drugs	� Over-the-counter drugs
pDDI	� Potential drug-drug interactions
SD	� Standard deviation
SMI	� Severe mental illness
SmPC	� Summary of product characteristics
SSRI	� Selective serotonin reuptake inhibitors
RR	� Relative risk



Page 15 of 17Dubrall et al. BMC Psychiatry          (2025) 25:914 

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​8​-​0​2​5​-​0​7​3​5​2​-​8.

Supplementary Material 1.

Supplementary Material 2.

Supplementary Material 3.

Supplementary Material 4.

Supplementary Material 5.

Supplementary Material 6.

Acknowledgements
We want to thank Dr. Leonie Weinhold from the institute for medical biometry, 
informatics and epidemiology for advice on statistical analyses. We would like 
to thank all members of the PSY-KOMO consortium for their kind support.

Disclaimer
The information and views set out in this manuscript are those of the authors 
and do not necessarily reflect the official opinion of the Federal Institute for 
Drugs and Medical Devices.

Authors’ contributions
D.D., R.W., B.S. and C.S. contributed to the design of the study. D.D., R.W., M.B. 
performed the analyses of the data. D.D., R.W., B.S. and C.S. contributed to 
interpretation of data. D.D. and C.S. drafted the manuscript. D.D. prepared 
all tables and figures. All authors commented the submitted manuscript. All 
authors have approved the submitted version. All authors have agreed both 
to be personally accountable for the author's own contributions and to ensure 
that questions related to the accuracy or integrity of any part of the work, 
even ones in which the author was not personally involved, are appropriately 
investigated, resolved, and the resolution documented in the literature.

Funding
Open Access funding enabled and organized by Projekt DEAL. ANKA is 
funded by the German Federal Institute for Drugs and Medical Devices’ 
(BfArM) own resources and by the Institute for Medical Biometry, 
Informatics, and Epidemiology (IMBIE), University Hospital of Bonn, 
Germany (V-2020.2/68502/2020–2024). This research was supported by 
Innovationsfonds project PSY-KOMO (01NVF19019).

Data availability
The pseudonymised ADR reports from EudraVigilance are not publicly 
available and cannot be provided upon request due to data protection 
requirements. In order to fulfill their legal obligations distinct levels of access 
to EudraVigilance are provided for various stakeholders ​(​[​h​t​​t​p​s​:​​/​/​w​​w​w​​.​e​m​​a​.​e​
u​​r​o​p​​a​.​​e​u​/​​e​n​/​h​​u​m​a​​n​-​​r​e​g​​u​l​a​t​​o​r​y​​/​r​​e​s​e​a​r​c​h​-​d​e​v​e​l​o​p​m​e​n​t​/​p​h​a​r​m​a​c​o​v​i​g​i​l​a​n​c​e​
/​e​u​d​r​a​v​i​g​i​l​a​n​c​e​/​a​c​c​e​s​s​-​e​u​d​r​a​v​i​g​i​l​a​n​c​e​-​d​a​t​a​]​(​h​t​t​p​s​:​/​w​w​w​.​e​m​a​.​e​u​r​o​p​a​.​e​u​/​e​n​
/​h​u​m​a​n​-​r​e​g​u​l​a​t​o​r​y​/​r​e​s​e​a​r​c​h​-​d​e​v​e​l​o​p​m​e​n​t​/​p​h​a​r​m​a​c​o​v​i​g​i​l​a​n​c​e​/​e​u​d​r​a​v​i​g​i​l​a​n​
c​e​/​a​c​c​e​s​s​-​e​u​d​r​a​v​i​g​i​l​a​n​c​e​-​d​a​t​a​)​)​. Being one of the competent authorities in 
Germany, the Federal Institute for Drugs and Medical Devices is granted with 
the highest level of access covering the individual spontaneous adverse drug 
reaction (ADR) reports. This access to the individual spontaneous ADR reports 
from EudraVigilance is not granted to the public and cannot be provided 
upon request due to data protection requirements. However, a lower level of 
access is granted to the public thereby enabling researchers to perform the 
same analysis in EudraVigilance albeit with aggregated data (public access: 
[www.adrreports.eu/en/index.html](http:/www.adrreports.eu/en/index.html)). 
For further information regarding the processing of personal data in the 
context of the operation of EudraVigilance Human we refer to the European 
Medicines Agency’s Data Protection Notice for EudraVigilance Human.

Declarations

Ethics approval and consent to participate
The ethics committee of the Medical Faculty of Bonn waved the need 
for approval since this is not required retrospective analyses based on 

pseudonymized spontaneous reports and stated that there are no ethical 
concerns (file no. 458/20 and 100/21). For this study, informed consent to 
participate was not applicable. No surveys or examinations were carried out 
on patients. The analyzed data is routinely collected, and stored in the adverse 
drug reaction database EudraVigilance from the European Medicines Agency 
(EMA). Among others, pharmaceutical companies, physicians, pharmacists and 
patients report these ADRs (information concerning the reporting channels 
see Dubrall et al., 2018 (25)). Further information concerning the processing 
of personal data in the context of the operation of EudraVigilance Human 
can be found in the European Medicines Agency’s Data Protection Notice 
for EudraVigilance Human (​h​t​t​p​​s​:​/​​/​w​w​w​​.​e​​m​a​.​​e​u​r​​o​p​a​.​​e​u​​/​e​n​​/​d​o​​c​u​m​e​​n​t​​s​/​o​​
t​h​e​​r​/​e​u​​r​o​​p​e​a​​n​-​m​​e​d​i​c​​i​n​​e​s​-​​a​g​e​​n​c​y​s​​-​d​​a​t​a​​-​p​r​​o​t​e​c​​t​i​​o​n​-​n​o​t​i​c​e​-​e​u​d​r​a​v​i​g​i​l​a​n​c​
e- human-ev_en.pdf ). The Federal Institute for Drugs and Medical Devices 
(BfArM) as a national competent authority is granted with the highest level of 
access to EudraVigilance since one of the core duties of the BfArM is to analyze 
EudraVigilance data in order to fulfill its pharmacovigilance obligations.

Consent for publication
Not applicable.

Competing interests
DD and MS are supported by the ANKA project, which is founded by the 
Federal Institute for Drugs and Medical Devices and the Institute for Medical 
Biometry, Informatics and Epidemiology at the university hospital Bonn.

Author details
1Institute for Medical Biometry, Informatics and Epidemiology, University 
Hospital Bonn, Venusberg-Campus 1, 53127 Bonn, Germany
2Research Division, Federal Institute for Drugs and Medical Devices 
(BfArM), Kurt-Georg-Kiesinger-Allee 3, 53175 Bonn, Germany
3Department for Dermatology and Allergy, University Hospital RWTH, 
Morillenhang 27, 52074 Aachen, Germany

Received: 12 January 2024 / Accepted: 19 August 2025

References
1.	 Nobili A, Pasina L, Tettamanti M, Lucca U, Riva E, Marzona I, et al. Potentially 

severe drug interactions in elderly outpatients: results of an observa-
tional study of an administrative prescription database. J Clin Pharm Ther. 
2009;34(4):377–86.

2.	 Wolff J, Hefner G, Normann C, Kaier K, Binder H, et al. Polypharmacy and the 
risk of drug-drug interactions and potentially inappropriate medications in 
hospital psychiatry. Pharmacoepidemiol Drug Saf. 2021;30(9):1258–68.

3.	 Stassen HH, Bachmann S, Bridler R, Cattapan K, Herzig D, Schneeberger A, et 
al. Detailing the effects of polypharmacy in psychiatry: longitudinal study of 
320 patients hospitalized for depression or schizophrenia. Eur Arch Psychiatry 
Clin Neurosci. 2022;272(4):603–19.

4.	 Hu J, McMillan SS, Theodoros T, Collins JC, El-Den S, O’Reilly CL, et al. Psycho-
tropic medication use in people living with severe and persistent mental 
illness in the Australian community: a cross-sectional study. BMC Psychiatry. 
2022;22(1):705.

5.	 Baandrup L. Polypharmacy in schizophrenia. Basic Clin Pharmacol Toxicol. 
2020;126(3):183–92.

6.	 Steffen A, Nübel J, Jacobi F, Bätzing J, Holstiege J. Mental and somatic 
comorbidity of depression: a comprehensive cross-sectional analysis of 202 
diagnosis groups using German nationwide ambulatory claims data. BMC 
Psychiatry. 2020;20:142.

7.	 Janssen EM, McGinty E, Azrin ST, Juliano-Bult D, Daumit GL. Review of the 
evidence: prevalence of medical conditions in the United States population 
with serious mental illness. Gen Hosp Psychiatry. 2015;37(3):199–222.

8.	 Virk S, Schwartz TL, Jindal S, Nihalani J, Jones N. Psychiatric medication 
induced obesity: an aetiologic review. Obes Rev. 2004;5(3):167–70.

9.	 Verhaak PFM. Somatic disease and psychological disorder. J Psychosom Res. 
1997;42(3):261–73.

10.	 Alomar M, Tawfiq AM, Hassan N, Palaian S. Post marketing surveillance 
of suspected adverse drug reactions through spontaneous report-
ing: current status, challenges and the future. Ther Adv Drug Saf. 
2020;11:2042098620938595.

https://doi.org/10.1186/s12888-025-07352-8
https://doi.org/10.1186/s12888-025-07352-8
https://www.ema.europa.eu/en/human-regulatory/research-development/pharmacovigilance/eudravigilance/access-eudravigilance-data
https://www.ema.europa.eu/en/human-regulatory/research-development/pharmacovigilance/eudravigilance/access-eudravigilance-data
https://www.ema.europa.eu/en/human-regulatory/research-development/pharmacovigilance/eudravigilance/access-eudravigilance-data
https://www.ema.europa.eu/en/documents/other/european-medicines-agencys-data-protection-notice-eudravigilance
https://www.ema.europa.eu/en/documents/other/european-medicines-agencys-data-protection-notice-eudravigilance
https://www.ema.europa.eu/en/documents/other/european-medicines-agencys-data-protection-notice-eudravigilance


Page 16 of 17Dubrall et al. BMC Psychiatry          (2025) 25:914 

11.	 Hult S, Sartori D, Bergvall T, Hedfors Vidlin S, Grundmark B, Ellenius J, et al. A 
feasibility study of drug-drug interaction signal detection in regular pharma-
covigilance. Drug Saf. 2020;43(8):775–85.

12.	 Jiang H, Lin Y, Ren W, Fang Z, Liu Y, Tan X, et al. Adverse drug reactions and 
correlations with drug–drug interactions: a retrospective study of reports 
from 2011 to 2020. Front Pharmacol. 2022;13:023939.

13.	 Leone R, Magro L, Moretti U, Cutroneo P, Maschini M, Motola D, et al. Identify-
ing adverse drug reactions associated with drug-drug interactions: data min-
ing of a spontaneous reporting database in Italy. Drug Saf. 2010;33(8):667–75.

14.	 Letinier L, Ferreira A, Marceron A, Babin M, Micallef J, Miremont-Salame G, 
et al. Spontaneous reports of serious adverse drug reactions resulting from 
drug-drug interactions: an analysis from the french pharmacovigilance 
database. Front Pharmacol. 2020;11:624562.

15.	 Magro L, Arzenton E, Leone R, Stano MG, Vezzaro A, Rudolph A, et al. Identify-
ing and characterizing serious adverse drug reactions associated with drug-
drug interactions in a spontaneous reporting database. Front Pharmacol. 
2020;11:622862.

16.	 Mirosevic Skvrce N, Macolic Sarinic V, Mucalo I, Krnic D, Bozina N, Tomic 
S. Adverse drug reactions caused by drug-drug interactions reported to 
Croatian Agency for Medicinal Products and Medical Devices: a retrospective 
observational study. Croat Med J. 2011;52:604–14.

17.	 European Medicines Agency. Guideline on good pharmacovigilance prac-
tices (GVP) adverse reactions to medicinal products (Rev 2).​h​t​t​p​​s​:​/​​/​w​w​w​​.​e​​m​
a​.​​e​u​r​​o​p​a​.​​e​u​​/​e​n​​/​d​o​​c​u​m​e​​n​t​​s​/​r​​e​g​u​​l​a​t​o​​r​y​​-​p​r​​o​c​e​​d​u​r​a​​l​-​​g​u​i​​d​e​l​​i​n​e​/​​g​u​​i​d​e​​l​i​n​​e​-​g​o​​o​
d​​-​p​h​​a​r​m​​a​c​o​v​​i​g​​i​l​a​​n​c​e​​-​p​r​a​​c​t​​i​c​e​​s​-​g​​v​p​-​m​​o​d​​u​l​e​​-​v​i​​-​c​o​l​​l​e​​c​t​i​​o​n​-​​m​a​n​a​​g​e​​m​e​n​t​-​s​u​b​
m​i​s​s​i​o​n​-​r​e​p​o​r​t​s​_​e​n​.​p​d​f

18.	 Zeitlinger M. Drug Interactions. In: Müller M, editor. Clinical Pharmacology: 
Current Topics and Case Studies. Springer: Cham; 2016. p. 265–92.

19.	 European Medicines Agency. Human regulatory. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​e​​m​a​.​​e​u​r​​o​p​a​.​​e​u​​
/​e​n​​/​h​u​​m​a​n​-​​r​e​​g​u​l​​a​t​o​​r​y​/​r​​e​s​​e​a​r​​c​h​-​​d​e​v​e​​l​o​​p​m​e​​n​t​/​​p​h​a​r​​m​a​​c​o​v​​i​g​i​​l​a​n​c​​e​/​​e​u​d​r​a​v​i​g​i​l​
a​n​c​e.

20.	 Medical Dictionary for Regulatory Activities (MedDRA). ​h​t​t​p​s​:​/​/​w​w​w​.​m​e​d​d​r​a​.​
o​r​g​/​​​​​.​​​

21.	 European Medicines Agency. Extended EudraVigilance medicinal product 
dictionary (XEVMPD) training. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​e​​m​a​.​​e​u​r​​o​p​a​.​​e​u​​/​e​n​​/​h​u​​m​a​n​-​​r​e​​g​u​l​​a​
t​o​​r​y​/​p​​o​s​​t​-​a​​u​t​h​​o​r​i​s​​a​t​​i​o​n​​/​d​a​​t​a​-​m​​e​d​​i​c​i​​n​e​s​​-​i​s​o​​-​i​​d​m​p​​-​s​t​​a​n​d​a​​r​d​​s​/​e​​x​t​e​​n​d​e​d​​-​e​​u​d​r​​a​
v​i​​g​i​l​a​​n​c​​e​-​m​​e​d​i​​c​i​n​a​​l​-​​p​r​o​d​u​c​t​-​d​i​c​t​i​o​n​a​r​y​-​x​e​v​m​p​d​-​t​r​a​i​n​i​n​g.

22.	 Federal Institute for Drugs and Medical Devices. ATC code. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​b​​f​a​r​​
m​.​d​​e​/​S​h​​a​r​​e​d​D​​o​c​s​​/​D​o​w​​n​l​​o​a​d​​s​/​D​​E​/​K​o​​d​i​​e​r​s​​y​s​t​​e​m​e​/​​A​T​​C​/​a​​t​c​-​​d​d​d​-​​a​m​​t​l​i​​c​h​-​​2​0​2​3​​
.​p​​d​f​?​_​_​b​l​o​b​=​p​u​b​l​i​c​a​t​i​o​n​F​i​l​e.

23.	 Pharma-Daten_Service (ABDATA). https://abdata.de/.
24.	 The Uppsala Monitoring Centre. The use of the WHO-UMC system for stan-

dardised case causality assessment. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​d​o​c​​s​/​​d​e​f​​a​u​l​​t​-​s​o​​u​r​​c​
e​/​​m​e​d​​i​c​i​n​​e​s​​/​p​h​​a​r​m​​a​c​o​v​​i​g​​i​l​a​​n​c​e​​/​w​h​o​​c​a​​u​s​a​l​i​t​y​-​a​s​s​e​s​s​m​e​n​t​.​p​d​f.

25.	 Knol MH, VanderWeele TJ, Groenwold RHH, Klungel OH, Rovers MM, Grobee 
DE. Estimating measures of interaction on an additive scale for preventive 
exposures. Eur J Epidemiol. 2011;26(6):433–8.

26.	 Knol MH, VanderWeele TJ. Recommendations for presenting analyses of 
effect modification and interaction. Int J Epidemiol. 2012;41(2):514–20.

27.	 Christ P, Dubrall D, Schmid M and Sachs B. Comparative Analysis of Informa-
tion Provided in German Adverse Drug Reaction Reports Sent by Physicians, 
Pharmacists and Consumers. Drug Saf. 2023; online ahead of print.

28.	 European Medicines Agendy. Annual report 2022. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​e​​m​a​.​​e​u​r​​o​p​a​.​​e​
u​​/​e​n​​/​n​e​​w​s​/​e​​m​a​​-​a​n​​n​u​a​​l​-​r​e​​p​o​​r​t​-​2​0​2​2​-​p​u​b​l​i​s​h​e​d.

29.	 Dubrall D, Schmid M, Alesik E, Paeschke N, Stingl J, Sachs B. Frequent adverse 
drug reactions, and medication groups under suspicion - a descriptive 
analysis based on spontaneous reports to the German Federal Institute 
for Drugs and Medical Devices from 1978 to 2016. Dtsch Arztebl Int. 
2018;115(23):393–400.

30.	 Dagli RJ, Sharma A. Polypharmacy: a global risk factor for elderly people. J Int 
Oral Health. 2014;6(6):1–3.

31.	 Höglung P, Hakelind C, Nordin S. Severity and prevalence of various types of 
mental ill-health in a general adult population: age and sex differences. BMC 
Psychiatry. 2020;20:209.

32.	 European Medicines Agency. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​e​​m​a​.​​e​u​r​​o​p​a​.​​e​u​​/​e​n​​/​d​o​​c​u​m​e​​n​t​​s​/​r​​e​f​
e​​r​r​a​l​​/​s​​u​m​m​​a​r​y​​-​i​n​f​​o​r​​m​a​t​​i​o​n​​-​r​e​f​​e​r​​r​a​l​​-​o​p​​i​n​i​o​​n​-​​f​o​l​​l​o​w​​i​n​g​-​​a​r​​b​i​t​​r​a​t​​i​o​n​-​​p​u​​r​s​u​​a​n​t​​-​a​
r​t​​i​c​​l​e​-​​3​0​-​​c​o​u​n​​c​i​​l​-​d​​i​r​e​​c​t​i​v​​e​/​​8​3​/​​e​c​-​​l​e​p​o​​n​e​​x​-​a​​s​s​o​​c​i​a​t​​e​d​​-​n​a​​m​e​s​​-​i​n​t​​e​r​​n​a​t​​i​o​n​​a​l​-​n​​o​
n​​-​p​r​​o​p​r​​i​e​t​a​​r​y​​-​n​a​m​e​-​i​n​n​-​c​l​o​z​a​p​i​n​e​-​b​a​c​k​g​r​o​u​n​d​-​i​n​f​o​r​m​_​e​n​.​p​d​f.

33.	 Kim GH. Pathophysiology of drug-induced hyponatremia. J Clin Med. 
2022;11(19):5810.

34.	 Seifert J, Letmaier M, Greiner T, Schneide M, Deest M, et al. Psychotropic drug-
induced hyponatremia: results from a drug surveillance program–an update. 
J Neural Transm. 2021;128(8):1249–64.

35.	 Movig KLL, Leufkens HGM, Lenderink AW, van den Akker VGA, Hodi-
amont PGP, Goldschmidt HMJ, et al. Association between antidepressant 
drug use and hyponatraemia: a case-control study. Br J Clin Pharmacol. 
2022;53(4):363–9.

36.	 Nochaiwong S, Ruengorn C, Aiphan R, Chai-Adisaksopha C, Tantraworasin A, 
Phosuya C, et al. Use of serotonin reuptake inhibitor antidepressants and the 
risk of bleeding complications in patients on anticoagulant or antiplatelet 
agents: a systematic review and meta-analysis. Ann Med. 2022;54(1):80–97.

37.	 Andrade C, Sandarsh S, Chethan KB, Nagesh KS. Serotonin reuptake inhibitor 
antidepressants and abnormal bleeding: a review for clinicians and a recon-
sideration of mechanisms. J Clin Psychiatry. 2010;71(12):1565–75.

38.	 Edinoff AN, Raveendran K, Colon MA, Thomas BH, Trettin KA, Hunt GW, et al. 
Selective serotonin reuptake inhibitors and associated bleeding risks: a narra-
tive and clinical review. Health Psychol Res. 2022;10(4):39580.

39.	 Lawton JS, Tamis-Holland JE, Bangalore S, Bates ER, Beckie TM, Bischoff 
JM, et al. 2021 ACC/AHA/SCAI guideline for coronary artery revasculariza-
tion: a report of the American College of Cardiology/American Heart 
Association joint committee on clinical practice guidelines. Circulation. 
2022;145(3):e18–114.

40.	 Dalton SO, Johansen C, Mellemkjaer L, Norgard B, Sorensen HT, Olsen JH. 
Use of selective serotonin reuptake inhibitors and risk of upper gastroin-
testinal tract bleeding: a population-based cohort study. Arch Intern Med. 
2003;163(1):59–64.

41.	 Alam SM, Qasswal M, Ahsan MJ, Walters RW, Chandra S. Selective serotonin 
reuptake inhibitors increase risk of upper gastrointestinal bleeding when 
used with NSAIDs: a systemic review and meta-analysis. Sci Rep. 2022. ​h​t​t​p​s​:​​​/​​
/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​3​8​​/​s​4​1​​5​9​8​-​​0​2​2​-​1​​8​6​5​4​-​2.

42.	 Shin J, Hills NK, Finley PR. Combining antidepressants with β-blockers: evi-
dence of a clinically significant CYP2D6 drug interaction. Pharmacotherapy. 
2020;40(6):507–16.

43.	 Molden E, Spigset O. Interactions between metoprolol and antidepressants. 
Tidsskr Nor Laegeforen. 2011;131(18):1777–9.

44.	 Petri H. Interaktionen mit Cytochrom-P450: Wechselwirkungen der Beta-
blocker. Dtsch Arztebl. 2015;112(12):29.

45.	 Gagnon J, Lussier M, MacGibbon B, Daskalopoulou SS, Bartlett G. The impact 
of antidepressant therapy on glycemic control in Canadian primary care 
patients with diabetes mellitus. Front Nutr. 2018;5:47.

46.	 Barnard K, Peveler RC, Holt RIG. Antidepressant medication as a risk fac-
tor for type 2 diabetes and impaired glucose regulation. Diabetes Care. 
2013;36(10):3337–45.

47.	 Derijks HJ, Heerdink ER, De Koning FH, Janknegt R, Klungel UH and Egberts 
AC. The association between antidepressant use and hypoglycaemia in 
diabetic patients: a nested case-control study. Pharmcoepidemiol Drug Saf. 
2088;17(4): 336–344.

48.	 McIntyre RS, Soczynska J, Konarski JZ, Kennedy SH. The effect of antidepres-
sants on glucose homeostasis and insulin sensitivity: synthesis and mecha-
nisms. Expert Opin Drug Saf. 2006;5(1):157–68.

49.	 Pedreanez A, Carrero Y, Vargas R, Hernandez-Fonseca JP, Mosquera-Sulbaran 
J. Possible role of metformin as an antidepressant in diabetes. J Affect Disord. 
2024;351:349–55.

50.	 Baldo BA, Rose MA. The anaesthetist, opioid analgesic drugs, and serotonin 
toxicity: a mechanistic and clinical review. Br J Anaesth. 2020;124(1):44–62.

51.	 Hazell L, Shakir SAW. Under-reporting of adverse drug reactions : a systematic 
review. Drug Saf. 2006;29(5):385–96.

52.	 Mittmann N, Knowles SR, Gomez M, et al. Evaluation of the extent of under-
reporting of serious adverse drug reactions. Drug Saf. 2004;27(7):477–87.

53.	 Hasford J, Goettler M, Munter KH, et al. Physicians’ knowledge and attitudes 
regarding the spontaneous reporting system for adverse drug reactions. J 
Clin Epidemiol. 2002;55(9):945–50.

54.	 Kontsioti E, Maskell S, Bensalem A, et al. Similarity and consistency assess-
ment of three major online drug-drug interaction resources. Br J Clin Pharma-
col. 2022;88(9):4067–79.

55.	 Hecker M, Frahm N, Bachmann P, et al. Screening for severe drug-drug 
interactions in patients with multiple sclerosis: a comparison of three drug 
interaction databases. Front Pharmacol. 2022;13:946351.

https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/guideline-good-pharmacovigilance-practices-gvp-module-vi-collection-management-submission-reports_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/guideline-good-pharmacovigilance-practices-gvp-module-vi-collection-management-submission-reports_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/guideline-good-pharmacovigilance-practices-gvp-module-vi-collection-management-submission-reports_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/guideline-good-pharmacovigilance-practices-gvp-module-vi-collection-management-submission-reports_en.pdf
https://www.ema.europa.eu/en/human-regulatory/research-development/pharmacovigilance/eudravigilance
https://www.ema.europa.eu/en/human-regulatory/research-development/pharmacovigilance/eudravigilance
https://www.ema.europa.eu/en/human-regulatory/research-development/pharmacovigilance/eudravigilance
https://www.meddra.org/
https://www.meddra.org/
https://www.ema.europa.eu/en/human-regulatory/post-authorisation/data-medicines-iso-idmp-standards/extended-eudravigilance-medicinal-product-dictionary-xevmpd-training
https://www.ema.europa.eu/en/human-regulatory/post-authorisation/data-medicines-iso-idmp-standards/extended-eudravigilance-medicinal-product-dictionary-xevmpd-training
https://www.ema.europa.eu/en/human-regulatory/post-authorisation/data-medicines-iso-idmp-standards/extended-eudravigilance-medicinal-product-dictionary-xevmpd-training
https://www.bfarm.de/SharedDocs/Downloads/DE/Kodiersysteme/ATC/atc-ddd-amtlich-2023.pdf?__blob=publicationFile
https://www.bfarm.de/SharedDocs/Downloads/DE/Kodiersysteme/ATC/atc-ddd-amtlich-2023.pdf?__blob=publicationFile
https://www.bfarm.de/SharedDocs/Downloads/DE/Kodiersysteme/ATC/atc-ddd-amtlich-2023.pdf?__blob=publicationFile
https://abdata.de/
https://www.who.int/docs/default-source/medicines/pharmacovigilance/whocausality-assessment.pdf
https://www.who.int/docs/default-source/medicines/pharmacovigilance/whocausality-assessment.pdf
https://www.ema.europa.eu/en/news/ema-annual-report-2022-published
https://www.ema.europa.eu/en/news/ema-annual-report-2022-published
https://www.ema.europa.eu/en/documents/referral/summary-information-referral-opinion-following-arbitration-pursuant-article-30-council-directive/83/ec-leponex-associated-names-international-non-proprietary-name-inn-clozapine-background-inform_en.pdf
https://www.ema.europa.eu/en/documents/referral/summary-information-referral-opinion-following-arbitration-pursuant-article-30-council-directive/83/ec-leponex-associated-names-international-non-proprietary-name-inn-clozapine-background-inform_en.pdf
https://www.ema.europa.eu/en/documents/referral/summary-information-referral-opinion-following-arbitration-pursuant-article-30-council-directive/83/ec-leponex-associated-names-international-non-proprietary-name-inn-clozapine-background-inform_en.pdf
https://www.ema.europa.eu/en/documents/referral/summary-information-referral-opinion-following-arbitration-pursuant-article-30-council-directive/83/ec-leponex-associated-names-international-non-proprietary-name-inn-clozapine-background-inform_en.pdf
https://doi.org/10.1038/s41598-022-18654-2
https://doi.org/10.1038/s41598-022-18654-2


Page 17 of 17Dubrall et al. BMC Psychiatry          (2025) 25:914 

56.	 Pauly A, Wolf C, Busse M, et al. Evaluation of eight drug interaction databases 
commonly used in the German healthcare system. Eur J Hosp Pharm. 
2015;22:165–70.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Analysis of drug-drug interactions in spontaneous adverse drug reaction reports from EudraVigilance focusing on psychiatric drugs and somatic medication
	﻿Abstract
	﻿Introduction
	﻿Material and methods
	﻿Definitions
	﻿EudraVigilance
	﻿Identification of reports


	﻿ABDATA interaction analysis
	﻿Identification of reports with pDDI according to ABDATA

	﻿Analyses of reports
	﻿Analysis 1—descriptive analyses
	﻿Analysis 2—analyses of characteristics of reports with pDDI related to psychiatric drugs and somatic medications
	﻿Analysis 3—analyses of reports with pDDI related to psychiatric drugs and somatic medications with more than 10 ADR reports
	﻿Analysis 4—analyses of reports related to bleeding events

	﻿Statistical analyses
	﻿Calculation of additive risk in the database

	﻿Results


