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Abstract: (1) Background: An aging society is frequently affected by multimorbidity and polyphar-
macy, which, in turn, leads to an increased risk for drug interaction. The aim of this study was to
evaluate the influence of drug interactions on the length of stay (LOS) in hospitals. (2) Methods: This
retrospective, single-centre study is based on patients treated for community-acquired pneumonia
in the hospital. Negative binomial regression was used to analyse the association between drug
interactions and the LOS in the hospital. (3) Results: The total cohort contained 503 patients, yet
46 inpatients (9%) that died were not included in the analyses. The mean age was 74 (±15.3) years,
35% of patients older than 65 years were found to have more than two drug interactions, and 55%
had a moderate, severe, or contraindicated adverse drug reaction. The regression model revealed a
significant association between the number of drug interactions (rate ratio (RR) 1.02; 95%-CI 1.01–1.04)
and the severity of drug interactions (RR 1.22; 95%-CI 1.09–1.37) on the LOS for the overall cohort as
well as for the subgroup of patients aged 80 years and older. (4) Conclusion: Drug interactions are an
independent risk factor for prolonged hospitalisation. Standardised assessment tools to avoid drug
interactions should be implemented in clinical routines.

Keywords: elderly patients; polypharmacy; drug interaction; multimorbidity; length of stay; community-
acquired pneumonia

1. Introduction

The world’s population aged 60 or older numbered 962 million in 2017, and the
number is expected to double again to almost 2.1 billion by 2050 [1]. Thus, it is clear that
the diseases of the elderly will increasingly determine the health system of the future [2].
Multimorbidity and its consequences will lead to a global health problem in the foreseeable
future [3–5]. The Federal Ministry of Education and Research already published in 2014
that almost two-thirds (62%) of people over 65 suffer from at least three chronic diseases
and thus fulfil the criterion of multimorbidity [6]. In Great Britain, even 70% of inpatient
hospital admissions were attributed to long-term health conditions [7]. Due to mounting
multimorbidity, the number of drug prescriptions is consequently going to rise as well.
As it has already been shown in the literature, more than one-third of people over 65
take five or more medications at the same time with an upward trend [8]. In a clinical
study on a geriatric patient cohort with multiple chronic diseases, in Saudi Arabia, it was
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shown that even 55% of patients were affected by polypharmacy [9]. With increasing
polypharmacy again, the risk for the occurrence of drug interactions increases inevitably
and could thus lead to multiple unwanted side effects for the patient. A review in 2020
indicated that multimorbidity and polypharmacy are associated with a progressive loss
of resilience and impaired homeostasis contributing to a significant burden on health and
social care [10]. Furthermore, a retrospective, single-centre study in 2017 revealed that
patients with potential inappropriate discharge medications showed an increased risk for
readmission [11]. In addition, there is evidence in the literature that serious adverse drug
reactions are preventable [12].

Thus far, less attention has been shown to the extent to which the risk factor of drug
interaction influences relevant outcomes, such as length of hospital stay. One study de-
scribes exactly the opposite effect, indicating that length of hospital stay is an independent
predictor of adverse drug reaction [13]. However, length of stay is an issue that occurs to
be of great importance regarding steadily rising treatment costs and ubiquitous nursing
shortage [14–16]. A prospective study from the UK in 2005 with 3695 patients showed that
almost 15% of patients experienced at least one adverse drug reaction during their stay in
the hospital. Moreover, it could be shown that the average length of stay in the hospital
was significantly longer in patients with at least one drug interaction [17].

Individuals who are older than 65 years or have a chronic health condition are consid-
ered to be at high risk for pneumonia. Pneumonia is the most common infectious disease
of the industrial nations affecting geriatric, and multimorbid patients with multiple medi-
cations to a special degree [18,19]. Since patients with community-acquired pneumonia
have risk factors (age and comorbidities) that are also considered risk factors for drug
interactions, this cohort deserves special attention.

To assess the impact of drug interactions on relevant outcomes such as length of
hospital stay, this retrospective study analyses adverse drug events that occurred in patients
during treatment for community-acquired pneumonia.

In contrast to previous studies, this analysis considered the extent and influence of
patients’ comorbidities to evaluate whether patients stay longer in the hospital mostly
because of their multimorbidity, or whether adverse drug reactions have an independent
impact on the length of stay in the hospital, especially in the elderly population.

2. Materials and Methods
2.1. Design

This is a retrospective, single-centre study based on patients with community-acquired
pneumonia. The design is a cross-sectional study.

2.2. Sample and Setting

Data collection was conducted from inpatients in an internal medicine department of
a hospital providing basic and regulated care from 2013 to 2018. The patient data analysed
pertain only to the inpatient period and its discharge type. All patients hospitalised with
community-acquired pneumonia during the specified period of time were included in
this retrospective data analysis. Inclusion criteria were community-acquired pneumonia
without necessary ventilation or intensive care unit stay. For a uniform and comparable
treatment regimen, the criteria of the quality assurance procedure of the Institute for Quality
Assurance and Transparency in Health Care (IQTIG) were applied [20]. The only exclusion
criterion was having an age of below 18 years. Patients who died during the inpatient stay
were removed from the analysis based on the lack of comparability of the outcome (length
of stay). Based on the retrospective nature a of the study and anonymised data processing,
no patient consent forms were available.

2.3. Data Collection

For each enrolled patient, six variables were collected. These included age and gender.
In addition, the length of stay (LOS) in the hospital and the severity of inpatient treatment
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were evaluated for each patient in the form of the German Patient Clinical Complexity Level
(PCCL). In the German Diagnosis Related Group (G-DRG) classification, complications
and/or comorbidities (CCs) are mapped using the patient-related total severity code
(PCCL). The PCCL is calculated from the cumulative severities of complications and/or
comorbidities (CCL) of a patient’s individual [21]. It indicates the overall patient-related
severity of the respective treatment case based on a value between 0 (no ‘patient clinical
complexity’) and 6 (most severe ‘patient clinical complexity’). The PCCL score was applied
as a surrogate parameter of comorbidities in this design. In addition, the number and
severity of drug interactions were collected, which are described in more detail in the
following section.

All medications received by the patient during their inpatient treatment were checked
for potential pharmacokinetic and pharmacodynamic interactions using the AiD Klinik®

program of Dosing GmbH Heidelberg [22,23]. The basis of the interaction check performed
by the AiD-Klinik® program is an evidence-based database, which indicates interactions as
soon as they are of clinical relevance and if they are supported by sufficient clinical data.
Published interactions from case series and studies are stored in this database. New drug
interaction data were searched on a weekly based PubMed screening of relevant journals.
Professional information and red hand letters served as additional sources. Interactions
without evidence or without clinically valid data were not entered. The number and
severity of interactions that could be detected per patient during treatment were classified
by the program according to the following colour scheme after an interaction check: ‘black’,
contraindicated combination; ‘red’, an interaction that can cause serious adverse drug
reactions; ‘orange’, an interaction that can cause moderate adverse drug reactions; ‘yellow’,
a mild interaction that can statistically lead to significant changes but usually has no
clinical relevance.

2.4. Data Analysis

Statistical analysis was carried out using the statistical programming environment
R [24]. Descriptive statistics are shown as mean and standard deviation for quantitative
variables. Qualitative variables are summarised by absolute and relative frequencies. Neg-
ative binomial regression was used to analyse the association of LOS and the number and
severity of drug interactions, adjusted for age and PCCL [25]. The severity of drug interac-
tions was dichotomised into ‘none/mild’ and ‘moderate/severe and/or contraindicated’.
Rate ratios (RRs) with 95% confidence intervals were reported. Regression analysis was
performed for the total cohort and separately for three different age groups (<65 years,
65–79 years, and 80 years and older).

2.5. Ethical Considerations

This retrospective, chart-review study involving human participants was in accordance
with the ethical standards of the institutional and national research committee and with
the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.
According to the professional Code of Conduct of the North Rhine Medical Association,
ethical approval is not necessary for a retrospective analysis of routine data.

3. Results

This retrospective data analysis included 503 patients. Of those, 457 (91%) were
discharged, and 46 (9%) patients died during their inpatient stay. Based on the lack of
comparability between the discharge cohort and the dead patients, the deceased patients
were removed from the dataset to be analysed. Characteristics of the included patients for
the entire cohort and their age subdivisions are shown in Table 1. The gender distribution
was similar with 224 (49%) men and 233 (51%) women. The average age of the entire
cohort was 74 (±15.3) years. The average LOS of patients was 8.5 (±5.0) days. The majority
(n = 136, 30%) of included patients showed a PCCL of 3. A similar number of patients
(n = 134, 29%) were classified as PCCL category 0. The number of patients with a PCCL
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of 0 was most common in patients younger than 65 years (48%). The number of drug
interactions differed between the age groups. Patients aged 65–79 years or 80 years and
older were substantially more likely to have more than two interactions (36% and 33%,
respectively) than patients of the youngest age group (11%). Furthermore, the two older
subgroups showed higher prevalence rates of moderate, severe, or contraindicated drug
interactions (50% and 60%) than younger patients (30%).

Table 1. Patient characteristics for the total group and the different age categories.

Variable Total Age < 65 Years Age 65–79 Years Age ≥ 80 Years

N (%) 547 (100) 94 (21) 164 (36) 199 (44)

Age, mean (±SD) 74.0 (±15.3) 49.5 (±11.7) 73.1 (±4.1) 86.4 (±4.7)

Gender

Male 224 (49) 36 (38) 97 (59) 91 (46)

Female 233 (51) 58 (62) 67 (41) 108 (54)

Length of stay,
mean (±SD) 8.5 (±5.0) 6.6 (±3.6) 8.6 (±4.8) 9.4 (±5.6)

PCCL

0 134 (29) 45 (48) 44 (27) 45 (23)

1 56 (12) 9 (10) 18 (11) 29 (15)

2 65 (14) 11 (12) 28 (17) 26 (13)

3 136 (30) 23 (25) 49 (30) 64 (32)

4 66 (14) 6 (6) 25 (15) 35 (18)

No. of drug
interaction

none 207 (35) 62 (66) 73 (45) 72 (36)

1–2 interactions 115 (25) 22 (23) 32 (20) 61 (31)

>2 interaction 135 (30) 10 (11) 59 (36) 66 (33)

Intensity of
drug interaction

none/mild 227 (50) 64 (70) 82 (50) 79 (40)

moderate, severe
and/or

contraindicated
230 (50) 28 (30) 82 (50) 120 (60)

Data are displayed as number (%) unless otherwise specified. PCCL= German Patient Clinical Complexity Level.
SD = standard deviation.

3.1. Impact of Drug Interaction on LOS for the Total Cohort

The aim of this study was to review various factors influencing the length of stay in a
hospital and to determine whether drug interactions have a demonstrable effect on it. The
average length of stay in the hospital increased in conjunction with the age of the patients.
LOS was on average 7 days in patients younger than 65 years and on average 9 days in the
two older age groups (≥65 years). Figure 1 shows the LOS by age using bar charts.
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Figure 1. This figure shows the length of hospital stay for each age group.

Table 2 shows the results of the regression analysis for the total cohort. LOS in the hos-
pital was significantly related to all four independent variables. In comparison with patients
with no or mild drug interactions, LOS increased by a factor of 1.22 (95%-CI: 1.09–1.37)
for patients with at least one moderate-to-severe or contraindicated drug interaction.
Further, LOS increased by 2% in the presence of one additional drug interaction (1.02;
95%-CI: 1.01–1.04).

3.2. Impact of Drug Interaction on LOS for the Cohort of ≥80 Years old

In addition to considering the influence of drug interaction for the total cohort, it was
also analysed for the different age groups. There was no significant association between
LOS and the number of drug interactions for patients aged <65 years or patients aged
between 65 and 79 years (Supplements Tables S1 and S2). Equally, there was no significant
effect on LOS for the severity of drug interaction in those aged 65 to 79 years. For patients
aged less than 65 years, a significant association between LOS and drug interaction severity
was observed (p = 0.003).
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Table 2. Association between hospital LOS and various factors by regression analysis.

Variable RR 95% CI of RR p Value

Intercept 4.88

PCCL (ref: 0) <0.001

1 1.10 0.94–1.28

2 1.47 1.28–1–69

3 1.36 1.20–1.53

4 1.86 1.61–2.14

Age (ref: <65 years) 0.017

65–79 1.09 0.97–1.24

≥80 1.18 1.05–1.34

No. of drug interactions 1.02 1.01–1.04 0.005

Intensity of drug interactions
(ref: none/mild) <0.001

moderate, severe, and/or
contraindicated 1.22 1.09–1.37

PCCL = German Patient Clinical Complexity Level, CI = confidence interval, SE = standard error, ref = reference.

The results of the regression analysis for patients aged 80 years and older are pre-
sented in Table 3. The PCCL and the number of drug interactions showed a significant
effect on LOS. For patients aged ≥80, LOS was prolonged by 3% per additional drug
interaction (1.03; 95%-CI: 1.00–1.06). Furthermore, 31% of patients 80 years or older had
at least one to two drug interactions, and 33% had more than two interactions. It can be
concluded that among the elderly, 33% had a 9% increase in LOS due to at least three drug
interactions. Of the patients who were 80 years of age or older, 60% had at least moderate-
to-severe or even contraindicated drug interactions. For those, LOS increased by a factor of
1.18 (95%-CI: 0.99–1.40) in comparison with patients with no or mild drug interactions.

Table 3. Association between hospital LOS and various factors for patients aged 80 years and older
by regression analysis.

Variable RR 95% CI of RR p Value

Intercept 5.63

PCCL (ref: 0) <0.001

1 1.17 0.92–1.49

2 1.59 1.26–2.02

3 1.46 1.20–1.78

4 1.73 1.39–2.16

No. of drug interaction 1.03 1.00–1.06 0.025

Intensity of drug interactions
(ref: none/mild) 0.071

moderate, severe, and/or
contraindicated 1.18 0.99–1.40

PCCL = German Patient Clinical Complexity Level, CI = confidence interval. SE = standard error, ref = reference.

4. Discussion

This retrospective study shows an independent effect of drug interaction on hospital
length of stay. During their inpatient hospitalisation, 35% of patients with an age older than
65 years had more than two drug interactions. This statement applies to the younger cohort
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for only 11% of those under 65 years. Furthermore, moderate, severe, or contraindicated
drug interaction was evident in 55% of this cohort and only in 30% of the young cohort in
return. Based on these findings, it can be concluded that the number and severity of drug
interactions are not uncommon in hospitals and show an increasing trend with age. These
findings have already been confirmed by the literature, and it has also been noted that the
problem of drug interactions has continued to increase over the last several decades [26].
The higher number of secondary diagnoses explains the fact that the older generation
is more frequently affected by drug interactions. This is also confirmed by the existing
literature [27].

The results of the regression showed that both the number and severity of drug
interactions are significantly associated with LOS after risk adjustment (of age and PCCL).
LOS for the total patient cohort increased by a factor of 1.22 (95% CI: 1.09–1.37; p < 0.001) if
the patient had at least one moderate-to-severe drug interaction. In addition, LOS increased
by 2% (1.02; CI: 0.97–1.24; p = 0.005) in the presence of one drug interaction. Thus, it can be
stated that patients’ health condition determines decisively the length of hospital stay, as
one might suspect, but the extent of adverse drug reactions affects the LOS independently
as well. This result has received little attention in the literature so far, and the results vary
between 0.25 and 7 days [28,29]. However, it should be noted that the published sources
have different patient cohorts (internal medicine and surgery). However, these studies, as
well as our results, suggest that drug interactions have an impact on patients’ length of
hospital stay.

Based on regression model data from the patients who were 80 years of age or
older, LOS was significantly prolonged by 3% with at least one drug interaction (1.03;
95%-CI: 1.00–1.06). This is 1% more than for the total cohort. Furthermore, results from the
same cohort show that the severity of drug interactions has an impact on LOS, with a factor
of 1.18 for at least one moderate interaction (95%-CI: 0.99–1.40). These findings are also
supported by the existing literature [28,29].

In summary, drug interactions represent an independent risk factor for prolonged
hospitalisation and are thus a determining factor for economic efficiency in the health care
system. In order to reliably prevent adverse drug reactions, digital drug programs such as
the AID Klinik®, Heidelberg, Germany, must be used as the standard—a procedure that
has not yet become widely established in daily routine. The intentions of Holt et al. from
2010 to avoid adverse drug interactions in geriatric patients by establishing the ‘Priscus list’
appear to be of continuing and current importance in view of the corresponding results of
our study [30].

In view of the upcoming central challenges of future medicine—multimorbidity and
polypharmacy, on the one hand, and rising treatment costs and the immanent nursing
shortage, on the other—the central results of our data call for a more consistent considera-
tion of adverse drug reactions as a standard in clinical and outpatient treatment. In view of
the prospective efforts to avoid the proven consequences of drug interactions, the quality
of drug interactions should be analysed in a more differentiated way in the future.

In this retrospective study, no distinction was made between drug interactions that
were intentionally prescribed, such as acetylsalicylic acid and rivaroxaban, in the treatment
of coronary heart disease, and avoidable drug interactions, such as atorvastatin and clar-
ithromycin. In this regard, subsequent studies should differentiate between avoidable and
unavoidable drug interactions. It is assumed that avoidable, relevant drug interactions
could even have a greater impact on relevant outcomes, such as LOS, and would therefore
highlight the importance of avoiding adverse drug reactions considering the issues of
geriatric medicine and health economics in the future.

Limitations

This retrospective data analysis has limitations that need to be mentioned here. On
the one hand, the number of drugs taken per patient and a list of interactions are missing
from the present raw dataset. These could not be collected in detail later. However, when
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using the AiD tool to generate the number and severity of drug interactions, these were
completely available in the clinic. Furthermore, the known variables of multimorbidity
using the PCCL score and age were included in the statistical analyses, but there is the
possibility that other confounders not recorded here influence the outcome of length of stay.
Although the AiD tool has been used in several clinical trials, a validation study for the
tool itself has not been published.

5. Conclusions

Our results suggest that drug interactions in the cohort of patients with community-
acquired pneumonia increase with age. This concerns the number of drug interactions
during the inpatient stay, but also the intensity of the interaction. Furthermore, the oc-
currence of drug interactions is an independent factor influencing the length of hospital
stay. These results suggest that standardised drug information systems should be used
in routine clinical practice to minimise, or at best avoid, the complications that arise from
drug interactions.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/geriatrics7010011/s1, Table S1: Results of the regression analysis
of hospital LOS and different factors for patients aged <65 years; Table S2: Results of the regression
analysis of hospital LOS and different factors for patients aged between 65 years and 79 years.

Author Contributions: All authors contributed to the study’s conception and design. Material
preparation and data collection were performed by J.P.S. Responsible for the methodology and for
the design of the analysis were J.P.S., A.K., T.W., M.-T.S. and M.W. Responsible for the statistical
analysis was M.-T.S. The first draft of the manuscript was written by J.P.S. and A.K. and all authors
commented on previous versions of the manuscript. M.W. and H.K. supervised the writing process
and critically revised the manuscript. All authors read and approved the final manuscript.

Funding: No sources of funding were used to conduct this study or prepare this article.

Institutional Review Board Statement: This retrospective, chart-review study involving human
participants was in accordance with the ethical standards of the institutional and national research
committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethi-
cal standards.

Informed Consent Statement: Not applicable, as this is a retrospective anonymised data analysis.

Data Availability Statement: The datasets generated during and/or analysed during the current
study are available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Chatterji, S.; Byles, J.; Cutler, D.; Seeman, T.; Verdes, E. Health, Functioning, and Disability in Older Adults—Present Status and

Future Implications. Lancet Lond. Engl. 2015, 385, 563–575. [CrossRef]
2. Krankenhäuser Müssen Sich Auf Mehr Alte Patienten Einstellen. Available online: https://www.aerzteblatt.de/nachrichten/10

5173/Krankenhaeuser-muessen-sich-auf-mehr-alte-Patienten-einstellen (accessed on 27 October 2021).
3. Global Burden of Disease Study 2013 Collaborators. Global, Regional, and National Incidence, Prevalence, and Years Lived with

Disability for 301 Acute and Chronic Diseases and Injuries in 188 Countries, 1990–2013: A Systematic Analysis for the Global
Burden of Disease Study 2013. Lancet Lond. Engl. 2015, 386, 743–800. [CrossRef]

4. Garin, N.; Koyanagi, A.; Chatterji, S.; Tyrovolas, S.; Olaya, B.; Leonardi, M.; Lara, E.; Koskinen, S.; Tobiasz-Adamczyk, B.;
Ayuso-Mateos, J.L.; et al. Global Multimorbidity Patterns: A Cross-Sectional, Population-Based, Multi-Country Study. J. Gerontol.
Ser. A Biol. Sci. Med. Sci. 2016, 71, 205–214. [CrossRef] [PubMed]

5. Afshar, S.; Roderick, P.J.; Kowal, P.; Dimitrov, B.D.; Hill, A.G. Multimorbidity and the Inequalities of Global Ageing: A Cross-
Sectional Study of 28 Countries Using the World Health Surveys. BMC Public Health 2015, 15, 776. [CrossRef] [PubMed]

6. Internetredaktion, R.B.L. Wie Krank Sind wir Wirklich?-Erstmals Liegen Verlässliche Daten zu Mehrfacherkrankungen im
Alter vor-DLR Gesundheitsforschung. Available online: https://www.gesundheitsforschung-bmbf.de/de/wie-krank-sind-wir-
wirklich-erstmals-liegen-verlassliche-daten-zu-mehrfacherkrankungen-im-3113.php (accessed on 27 October 2021).

7. Aiden, H. Understanding the Challenge. Available online: https://richmondgroupofcharities.org.uk/sites/default/files/
multimorbidity_-_understanding_the_challenge.pdf (accessed on 27 October 2021).

https://www.mdpi.com/article/10.3390/geriatrics7010011/s1
https://www.mdpi.com/article/10.3390/geriatrics7010011/s1
http://doi.org/10.1016/S0140-6736(14)61462-8
https://www.aerzteblatt.de/nachrichten/105173/Krankenhaeuser-muessen-sich-auf-mehr-alte-Patienten-einstellen
https://www.aerzteblatt.de/nachrichten/105173/Krankenhaeuser-muessen-sich-auf-mehr-alte-Patienten-einstellen
http://doi.org/10.1016/S0140-6736(15)60692-4
http://doi.org/10.1093/gerona/glv128
http://www.ncbi.nlm.nih.gov/pubmed/26419978
http://doi.org/10.1186/s12889-015-2008-7
http://www.ncbi.nlm.nih.gov/pubmed/26268536
https://www.gesundheitsforschung-bmbf.de/de/wie-krank-sind-wir-wirklich-erstmals-liegen-verlassliche-daten-zu-mehrfacherkrankungen-im-3113.php
https://www.gesundheitsforschung-bmbf.de/de/wie-krank-sind-wir-wirklich-erstmals-liegen-verlassliche-daten-zu-mehrfacherkrankungen-im-3113.php
https://richmondgroupofcharities.org.uk/sites/default/files/multimorbidity_-_understanding_the_challenge.pdf
https://richmondgroupofcharities.org.uk/sites/default/files/multimorbidity_-_understanding_the_challenge.pdf


Geriatrics 2022, 7, 11 9 of 9

8. Moßhammer, D.; Haumann, H.; Mörike, K.; Joos, S. Polypharmacy-an Upward Trend with Unpredictable Effects. Dtsch. Arzteblatt
Int. 2016, 113, 627–633. [CrossRef] [PubMed]

9. Alsuwaidan, A.; Almedlej, N.; Alsabti, S.; Daftardar, O.; Al Deaji, F.; Al Amri, A.; Alsuwaidan, S. A Comprehensive Overview of
Polypharmacy in Elderly Patients in Saudi Arabia. Geriatrics 2019, 4, 36. [CrossRef] [PubMed]

10. Aggarwal, P.; Woolford, S.J.; Patel, H.P. Multi-Morbidity and Polypharmacy in Older People: Challenges and Opportunities for
Clinical Practice. Geriatrics 2020, 5, 85. [CrossRef] [PubMed]

11. Lau, M.H.M.; Tenney, J.W. Evaluation of Drug-Disease Interactions and Their Association with Unplanned Hospital Readmission
Utilizing STOPP Version 2 Criteria. Geriatrics 2017, 2, 33. [CrossRef] [PubMed]

12. Simonson, W.; Feinberg, J.L. Medication-Related Problems in the Elderly: Defining the Issues and Identifying Solutions. Drugs
Aging 2005, 22, 559–569. [CrossRef] [PubMed]

13. Tangiisuran, B.; Davies, J.G.; Wright, J.E.; Rajkumar, C. Adverse Drug Reactions in a Population of Hospitalized Very Elderly
Patients. Drugs Aging 2012, 29, 669–679. [CrossRef] [PubMed]

14. Gesundheitsausgaben im Jahr 2018 um 4% Gestiegen. Available online: https://www.destatis.de/DE/Presse/Pressemitteilungen/
2020/05/PD20_164_23611.html (accessed on 27 October 2021).

15. Ärzteblatt, D.Ä.G. Redaktion Deutsches Pflegemangel im Krankenhaus: Die Situation Wird Immer Dramatischer. Available
online: https://www.aerzteblatt.de/archiv/198658/Pflegemangel-im-Krankenhaus-Die-Situation-wird-immer-dramatischer
(accessed on 27 October 2021).

16. Wohlgemuth, A.; Michalowsky, B.; Wucherer, D.; Eichler, T.; Thyrian, J.R.; Zwingmann, I.; Rädke, A.; Hoffmann, W. Drug-Related
Problems Increase Healthcare Costs for People Living with Dementia. J. Alzheimers Dis. JAD 2020, 73, 791–799. [CrossRef]
[PubMed]

17. Davies, E.C.; Green, C.F.; Taylor, S.; Williamson, P.R.; Mottram, D.R.; Pirmohamed, M. Adverse Drug Reactions in Hospital
In-Patients: A Prospective Analysis of 3695 Patient-Episodes. PLoS ONE 2009, 4, e4439. [CrossRef] [PubMed]

18. Kolditz, M.; Tesch, F.; Mocke, L.; Höffken, G.; Ewig, S.; Schmitt, J. Burden and Risk Factors of Ambulatory or Hospitalized CAP:
A Population Based Cohort Study. Respir. Med. 2016, 121, 32–38. [CrossRef] [PubMed]

19. Breitling, L.P.; Saum, K.-U.; Schöttker, B.; Holleczek, B.; Herth, F.J.; Brenner, H. Pneumonia in the Noninstitutionalized Older
Population. Dtsch. Arzteblatt Int. 2016, 113, 607–614. [CrossRef] [PubMed]

20. Institut für Qualitätssicherung und Transparenz im Gesundheitswesen Beschreibung der Qualitätsindikatoren und Kennzahlen
Nach QSKH-RL Ambulant Erworbene Pneumonie. 2019. Available online: https://iqtig.org/downloads/auswertung/2019
/pneu/QSKH_PNEU_2019_BUAW_V02_2020-07-14.pdf (accessed on 29 November 2021).

21. Official Webside of the “Institut für das Entgeltsystem im Krankenhaus” (InEK). Available online: https://www.g-drg.de/aG-
DRG-System_2020/Definitionshandbuch/Definitionshandbuch_2020InEKGmbH (accessed on 4 December 2021).

22. AiDKlinik®—Dosing GmbH Heidelberg. Available online: https://www.dosing-gmbh.de/produktloesungen/aidklinik-2/
(accessed on 4 December 2021).

23. Wagner, R. Welche Auswirkungen hat ein elektronisches Arzneimittel-Informations- und CDS-System auf den Medikation-
sprozess? Untersuchung in Apotheke und stationärem Bereich eines Klinikums der Maximalversorgung. Available online:
https://archiv.ub.uni-heidelberg.de/volltextserver/27902/ (accessed on 4 December 2021).

24. R: The R Project for Statistical Computing. Available online: https://www.r-project.org/ (accessed on 4 December 2021).
25. Hilbe, J.M. Modeling Count Data. In International Encyclopedia of Statistical Science; Lovric, M., Ed.; Springer: Berlin/Heidelberg,

Germany, 2011; pp. 836–839. ISBN 978-3-642-04898-2.
26. Becker, M.L.; Visser, L.E.; van Gelder, T.; Hofman, A.; Stricker, B.H.C. Increasing Exposure to Drug-Drug Interactions between

1992 and 2005 in People Aged > or = 55 Years. Drugs Aging 2008, 25, 145–152. [CrossRef] [PubMed]
27. Geer, M.I.; Koul, P.A.; Tanki, S.A.; Shah, M.Y. Frequency, Types, Severity, Preventability and Costs of Adverse Drug Reactions at a

Tertiary Care Hospital. J. Pharmacol. Toxicol. Methods 2016, 81, 323–334. [CrossRef] [PubMed]
28. Brahma, D.; Wahlang, J.; Marak, M.; Sangma, M.C. Adverse Drug Reactions in the Elderly. J. Pharmacol. Pharmacother. 2013, 4, 91.

[CrossRef] [PubMed]
29. Moura, C.S.; Acurcio, F.A.; Belo, N.O. Drug-Drug Interactions Associated with Length of Stay and Cost of Hospitalization. J.

Pharm. Pharm. Sci. 2009, 12, 266. [CrossRef] [PubMed]
30. Holt, S.; Schmiedl, S.; Thürmann, P.A. Potentially Inappropriate Medications in the Elderly: The PRISCUS List. Dtsch. Arzteblatt

Int. 2010, 107, 543–551. [CrossRef]

http://doi.org/10.3238/arztebl.2016.0627
http://www.ncbi.nlm.nih.gov/pubmed/27743469
http://doi.org/10.3390/geriatrics4020036
http://www.ncbi.nlm.nih.gov/pubmed/31096616
http://doi.org/10.3390/geriatrics5040085
http://www.ncbi.nlm.nih.gov/pubmed/33126470
http://doi.org/10.3390/geriatrics2040033
http://www.ncbi.nlm.nih.gov/pubmed/31011043
http://doi.org/10.2165/00002512-200522070-00002
http://www.ncbi.nlm.nih.gov/pubmed/16038571
http://doi.org/10.1007/BF03262282
http://www.ncbi.nlm.nih.gov/pubmed/22775477
https://www.destatis.de/DE/Presse/Pressemitteilungen/2020/05/PD20_164_23611.html
https://www.destatis.de/DE/Presse/Pressemitteilungen/2020/05/PD20_164_23611.html
https://www.aerzteblatt.de/archiv/198658/Pflegemangel-im-Krankenhaus-Die-Situation-wird-immer-dramatischer
http://doi.org/10.3233/JAD-190819
http://www.ncbi.nlm.nih.gov/pubmed/31884468
http://doi.org/10.1371/journal.pone.0004439
http://www.ncbi.nlm.nih.gov/pubmed/19209224
http://doi.org/10.1016/j.rmed.2016.10.015
http://www.ncbi.nlm.nih.gov/pubmed/27888989
http://doi.org/10.3238/arztebl.2016.0607
http://www.ncbi.nlm.nih.gov/pubmed/27697144
https://iqtig.org/downloads/auswertung/2019/pneu/QSKH_PNEU_2019_BUAW_V02_2020-07-14.pdf
https://iqtig.org/downloads/auswertung/2019/pneu/QSKH_PNEU_2019_BUAW_V02_2020-07-14.pdf
https://www.g-drg.de/aG-DRG-System_2020/Definitionshandbuch/Definitionshandbuch_2020InEKGmbH
https://www.g-drg.de/aG-DRG-System_2020/Definitionshandbuch/Definitionshandbuch_2020InEKGmbH
https://www.dosing-gmbh.de/produktloesungen/aidklinik-2/
https://archiv.ub.uni-heidelberg.de/volltextserver/27902/
https://www.r-project.org/
http://doi.org/10.2165/00002512-200825020-00006
http://www.ncbi.nlm.nih.gov/pubmed/18257601
http://doi.org/10.1016/j.vascn.2016.04.011
http://www.ncbi.nlm.nih.gov/pubmed/27109493
http://doi.org/10.4103/0976-500X.110872
http://www.ncbi.nlm.nih.gov/pubmed/23761706
http://doi.org/10.18433/J35C7Z
http://www.ncbi.nlm.nih.gov/pubmed/20067703
http://doi.org/10.3238/arztebl.2010.0543

	Introduction 
	Materials and Methods 
	Design 
	Sample and Setting 
	Data Collection 
	Data Analysis 
	Ethical Considerations 

	Results 
	Impact of Drug Interaction on LOS for the Total Cohort 
	Impact of Drug Interaction on LOS for the Cohort of 80 Years old 

	Discussion 
	Conclusions 
	References

