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The evaluation of potential drug—drug interactions
with antibiotics in hospitalized patients
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ABSTRACT

OBJECTIVE: Drug-drug interactions (DDIs) occur when one drug alters the effect of another drug. The aim of this study was
to evaluate potential drug-drug interactions (pDDIs) associated with the use of systemic antibiotics in hospitalized patients.

METHODS: The study included patients over the age of 18 who were hospitalized in our hospital on 12.07.2022 and were
using at least two systemic drugs concurrently, with at least one being a systemic antibiotic. The study was conducted using
the point prevalence method. The patients’ medication was evaluated for pDDIs using the UpToDate®/Lexicomp® database
system. According to this screening tool, pDDIs were classified into 4 groups according to their severity: B, C, D, and X,
ranging from mild to severe.

RESULTS: Out of the 296 patients included in the study, at least one pDDI was detected in 190 patients (64.2%). One hun-
dred seventy-seven patients (59.8%) had at least one pDDI with non-antibiotic drugs. Fifty-seven patients (19.3%) had at
least one pDDI with antibiotics. One hundred and six patients (35.8%) had no drug interactions. Patients with pDDIs related
to antibiotics had significantly higher age, number of comorbidities, total number of medications and number of antibiotics
(p=0.010, p=0.004, p<0.001, p<0.001, respectively) compared to patients without pDDIs related to antibiotics (n=239). For
antibiotics, potential pDDIs were observed 25, 75, 6, and 6 times in groups B, C, D, and X, respectively. Out of the total of
398 antibiotics, penicillins (24.9%, n=99) and cephalosporins (24.4%, n=97) were the most frequently used. Respectively,
eight and two pDDIs were detected with these drugs. While quinolones were used 47 times (11.8%), 74 pDDIs (59.7%) were
identified with quinolones. Out of the 47 patients who used quinolones, 37 had pDDIs with antibiotics. The most frequent
pDDI with antibiotics was associated with the use of quinolone systemic corticosteroids (15 patients). The second most preva-
lent interaction involves quinolone-angiotensin converting enzyme inhibitors or angiotensin 2 receptor blockers (13 patients).

CONCLUSION: Antibiotics should be checked for pDDIs before being prescribed. While beta-lactam antibiotics are generally
considered safer in terms of pDDIs, greater caution should be exercised, particularly when prescribing quinolones.
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Drug-drug interactions (DDIs) occur when one drug
alters the activity of another drug. One systematic re-
view and meta-analysis reported that DDIs were found in
33% of patients hospitalized in general wards and 67% of
patients hospitalized in intensive care units [1]. Another

study evaluating DDIs reported that, on average, a drug reg-
imen included 6.58 drugs and 2.68 DDIs [2]. Age, presence
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of chronic diseases, number of drugs used, and duration of
hospitalisation are factors that contribute to the frequency
of drug interactions [3]. Potential drug-drug interactions
(pDDIs) may cause adverse drug events (ADEs). Approx-
imately 17% of ADEs in hospitalized patients are caused by
potential drug-drug interactions (pDDIs) [4]. Furthermore,
pDDIs can result in treatment failures among patients [5].
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Antibiotics can also lead to pDDIs [6, 7]. A recent study
showed that antibiotic use in hospitalized patients ranged
from 14% to 73% [8]. Hospitalized patients with infec-
tions frequently require polypharmacy because of their
undetlying comorbidities. Additionally, they receive sup-
portive medications that relieve clinical complaints caused
by infection. Clinicians should take pDDIs into considera-
tion when planning the treatment of these patients. A mul-
ticenter study conducted in Turkiye found that more than
25% of pDDIs were attributed to antibiotics [9].

Numerous studies on pDDIs can be found in the lit-
erature. However, there is limited data on direct studies
regarding antibiotic interactions. The aim of our study
was to evaluate the pDDIs associated with the use of sys-
temic antibiotics in hospitalized patients.

MATERIALS AND METHODS

This study was conducted on 12/07/2022 using the point
prevalence method in patients hospitalized at Erzurum
Regional Training and Research Hospital. The study in-
cluded patients over 18 years of age who simultaneously
used at least two systemic drugs, with at least one being
a systemic antibiotic. The data were collected from the
patients’ medical records and bedside observation forms.
Data on age, sex, underlying disease, hospitalization unit
(medical service, surgical service, intensive care unit), and
all drug treatments were recorded. The UpToDate®/Lex-
icomp® database system (Wolters Kluwer Clinical Drug
Information, Inc., last accessed 25 June 2023) was used to
screen all drugs for pDDIs. This screening tool categorizes
pDDlIs into 5 levels of severity and also provides advice
on how to manage them. These are A (no interaction), B
(mild interaction, no action required), C (moderate in-
teraction, monitor treatment to avoid potential adverse
events), D (severe interaction, consider treatment modi-
fication) and X (contraindicated, avoid combination). Ac-
cording to this screening tool, pDDIs were classified into
4 groups as B, C, D and X. The study was approved by the
Erzurum Regional Training and Research Hospital Clin-
ical Research Ethics Committee (decision no: 2022/08-
106, date: 20.06.2022) and was conducted in accordance
with the principles of the Declaration of Helsinki.

Statistical Analysis

The IBM SPSS 23.0 statistical package (IBM SPSS Statis-
tics for Windows Version 23.0, Armonk, NY: IBM Corp.,
USA) was used for data analysis. Descriptive statistics in-
cluded number (n) and percentage (%) values for categori-

Highlight key points
e 64.2% of the patients had a pDDI with any drug and 19.3%
had a pDDI with an antibiotic.

e Quinolones were prescribed to only 15.8% of patients. How-
ever, they were responsible for 59.7% of antibiotic-related
pDDIs.

e The most frequent potential pDDI with antibiotics was asso-
ciated with the use of quinolone - systemic corticosteroids.

cal variables and mean plus standard deviation (SD) values
for numerical variables. The Chi-square test was used to
analyze categorical variables in independent groups. The
Shapiro-Wilk W test and the Kolmogorov-Smirnov test
were used to assess the normal distribution of continuous
variables. When comparing two independent groups, the
Student t test was used for variables following a normal
distribution and the Mann-Whitney U test was used for
variables not following a normal distribution. The alpha
level of statistical significance was accepted as p<0.05.

RESULTS

The study included 296 patients. Of the patients, 51.0%
(n=151) were male and 49.0% (n=145) were female.
The mean age of the patients was 59.6+20.0 years. Table
1 shows data on age, gender, comorbidity, hospitalized
ward or intensive care unit, the number of drugs used,
and the number of antibiotics used. Table 1 presents the
comparison between patients with and without antibiot-
ic-related PDDIs. The mean age was higher in patients
with antibiotic-related PDDIs (p<0.010). A significant
difference was found between the two groups in terms of
the clinical units, (wards, intensive care units) in which
the patients were hospitalized (p<0.001). Patients with
antibiotic-related pDDIs were mostly hospitalized in
internal wards (47.4%), while patients without antibi-
otic-related pDDIs were mostly hospitalized in surgical
wards (51.0%). The number of comorbidities, total med-
ications, and antibiotics used were significantly higher
(p=0.004, p<0.001, p<0.001, respectively) in the group
with antibiotic-related pDDIs.

One hundred and ninety patients (64.2%) exhibited
at least one pDDI. Fifty-seven patients (19.3%) had at
least one pDDI with antibiotics. One hundred and sev-
enty-seven patients (59.8%) had at least one pDDI with
non-antibiotic drugs. No pDDI occutred in 106 patients
(35.8%). The patients received a total of 1931 drugs, of
which 398 (20.6%) were antibiotics. The median number
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TABLE 1. Comparison of patients with and without potential drug-drug interactions with antibiotics

Total (n=296) Patients with
(%) antibiotic-related
pDDIs (n=57)

Patients without p
antibiotic-related
pDDIs (n=239)

(%) (%)
Male 51.0 59.6 49.0 0.192
Female 49.0 40.4 51.0
Mean, age£SD 59.6+20.0 65.6£19.2 58.2+£20.0 0.010
Hospital unit where patients are hospitalized <0.001
The surgical ward 44.9 19.3 51.0
The internal ward 29.1 47.4 24.7
The intensive care unit 26.0 33.3 24.3
Comorbidity
Hypertension 30.4 35.1 29.3 0.487
Cardiovascular disease 20.9 28.1 19.2 0.197
COPD 19.3 31.6 16.3 0.015
Diabetes mellitus 14.5 28.1 11.3 0.003
Malignancy 11.5 3.5 13.4 0.061
Chronic renal failure 3.7 8.8 2.5 0.040
Other diseases 149 15.8 14.6 0.991
Number of comorbidities, Mean£SD 1.2+1.2 1.5+1.1 1.1£1.2 0.004
Total number of drugs used by patients, Mean+SD 6.5£3.2 8.0+£3.0 6.2+3.2 <0.001
Number of antibiotics used by a patient <0.001
1 68.6 36.8 76.2
2 29.1 54.4 23.0
3 2.4 8.8 0.8

SD: Standard deviation.

TABLE 2. Number of potential drug-drug interactions of antibiotics and other drugs in groups B, C, D and X

B C D X Total interaction (%)
Interaction of antibiotics 25 75 6 6 11.5
Other drug interactions 163 511 168 20 88.5
Total 188 586 174 26 974 (100.0)

of administered drugs and antibiotics per patient was 6
(minimum: 2, maximum: 16) and 1 (minimum: 1, max-
imum: 3), respectively. A total number of 974 pDDIs
were observed, out of which 112 (11.5%) were antibiot-
ic-related pDDIs and 862 (88.5%) were non-antibiotic
drug interactions (Table 2). Among antibiotic-related
pDDlIs, interactions of groups C and B were observed
most frequently (75 and 25 times, respectively).

Penicillins (24.9%, n=99) and cephalosporins (24.4%,
n=97) were the most commonly used antibiotics. There were
eight and two pDDIs with these drugs, respectively. Quinolo-
nes were administered 47 times (11.8%), but 74 pDDIs were
identified with quinolones (Table 3). Quinolones represent-
ed 59.7% (n=74) of all pDDIs related to antibiotics. Among
quinolones, moxifloxacin was used in 23 patients, ciprofloxa-
cin in 13 patients and levofloxacin in 11 patients.
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TABLE 3. Number of potential drug-drug interactions of the antibiotics
Antibiotic group Number of
uses (%) n n n n
Penicillin 24.9 - - -
Cephalosporin 24.4 - 1 - 1
Carbapenem 13.1 - - - -
Quinolone 11.8 21 46 6 1
Metronidazole 7.8 3 1 - 1
Glycopeptide 5.3 - 1 - -
Tigecycline 5.3 - 5 - -
Linezolid 1.8 - 5 - 2
Fosfomycin 1.5 - - - -
Aminoglycoside 1.5 1 6 - -
Clindamycin 1.0 1 - - -
Colistin/polymyxin B 0.5 - - - -
Doxycycline 0.5 - 4 - -
Rifampicin 0.5 1 7 - 1
Clarithromycin 0.3 - 1 - -
Total 398 (100.0%) 27* 85* 6 6

*: The actual numbers of potential drug-drug interactions in groups B and C are lower (25 for group B and 75 for group C), but these numbers are higher in the table

because antibiotics also interact among themselves.

Table 4 shows the three most frequently observed pD-
DIs with antibiotics. Quinolone-systemic corticosteroid
interaction was the most frequent pDDI with antibiotics
observed, affecting 15 patients. In 13 patients, the second
most frequent interaction observed was between quino-
lone and renin angiotensin system blockers. Among the
renin angiotensin system blockers, seven were angioten-
sin-converting enzyme inhibitors (ACEI), and six were
angiotensin 2 receptor blockers (ARB).

Figure 1 shows the number of patients using antibi-
otics who encountered pDDIs with antibiotics. Out of
the 47 patients who used quinolones, 37 showed pDDIs
with antibiotics.

DISCUSSION

In this study, 64.2% of patients had pDDIs with any
drug and 19.3% had pDDIs with antibiotics. The most
commonly used antibiotics were penicillins and ceph-
alosporins (in total 66.2%). Although quinolones were
prescribed to only 15.8% of the patients, they were re-
sponsible for 59.7% of pDDlIs related to antibiotics.

Hospitalized patients receiving antibiotics are
exposed to many drugs at the same time because of

FIGURE 1. The number of antibiotics and the number of po-
tential drug-drug interactions with these antibiotics.

BLI: Beta-lactamase inhibitor.

the drugs they are taking for their underlying med-
ical conditions and the symptomatic and supportive
drug therapies they are receiving. It is known that the
number of drugs used concomitantly in patients is a
risk factor for pDDI [10]. It has also been shown that
the risk of pDDI increases with the age of the patient
and the number of co-morbidities [11]. A study of
older people with Alzheimer’s disease found that the
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TABLE 4. Top three most common potential drug-drug interactions with antibiotics in each group

Antibiotic - Drug interaction Kind of interaction Possible result of interaction Number
Group B interaction
Quinolone - ACET* Increasing the risk ACEI may increase the arrhythmogenic effect of quinolones. 7
of side effect Quinolones may increase the nephrotoxic effect of ACEL.
Quinolone - ARB** Increasing the risk ARB may increase the arrhythmogenic effect of quinolones. 6
of side effect Quinolones may increase the nephrotoxic effect of ARB.
Quinolone - metoclopramide*** Increasing the risk They can enhance each other’s QT prolonging effect. 5
of side effect
Group C interaction
Quinolone - systemic corticosteroid*  Increasing the risk Corticosteroids may increase the toxic effects of quinolones. 15
of side effect Specifically, they may increase the risk of tendonitis and
tendon rupture
Quinolone - antidiabetic drug** Enhancing and Quinolones may increase the hypoglycemic effect of 7
reducing drug effect  antidiabetic drugs. Quinolones may reduce the therapeutic
effect of antidiabetic drugs.
Quinolone - NSAIDs*+* Increasing the risk NSAIDs increase the neuroexcitatory and/or seizure- 7
of side effect inducing effect of quinolones.
Group D interaction
Moxifloxacin - magnesium oxide Reducing drug Magnesium salts can reduce the serum concentration of 3
concentration quinolones
Levofloxacin - magnesium oxide Reducing drug Magnesium salts can reduce the serum concentration of 2
concentration quinolones
Ciprofloxacin - sucralfate Reducing drug Sucralfate may decrease the serum concentration of 1
concentration quinolones
X group interaction
Linezolid - metoclopramide Increasing the risk Metoclopramide may increase the hypertensive effect of 2
of side effect linezolid
Cefuroxime - pantoprazole Reducing drug Pantoprazole may reduce the oral absorption of cefuroxime 1
concentration
Levofloxacin - amiodarone Increasing the risk Levofloxacin may increase the QT prolongation effect of 1

of side effects

amiodarone

ACEI: Angiotensin-converting enzyme inhibitors; ARB: Angiotensin 2 receptor blockers; NSAIDs: Non-steroidal anti-inflammatory drugs; *: Moxifloxacin-perindopril
2 times, moxifloxacin ramipril 2 times, moxifloxacin captopril 1 time, ciprofloxacin-ramipril 1 time, ciprofloxacin-captopril 1 time; **: Levofloxacin-valsartan 2 times,
levofloxacin-olmesartan 1 time, moxifloxacin-candesartan 1 time, moxifloxacin-valsartan 1 time, ciprofloxacin-candesartan 1 time; ***: 3 times with levofloxacin, 2 times
with moxifloxacin; +: Moxifloxacin-methylprednisolone 7 times, levofloxacin-methylprednisolone 5 times, moxifloxacin-dexamethasone 2 times, ciprofloxacin-methylpred-
nisolone 1 time; ++: Insulin aspart 2 times, insulin glargine 2 times, merformin 1 time, sitagliptin 1 time, glyclazide 1 time from antidiabetic drugs; +++: Ciprofloxacin-
tenoxicam 4 times, ciprofloxacin dexketoprofen 2 times, levofloxacin- tenoxicam 1 time.

risk of pDDIs increases as the number of comorbid
conditions increases [12]. Our study shows that pa-
tients with pDDIs had significantly higher mean age,
number of comorbidities, and total medications used.
It is important to be vigilant about drug interactions
in hospitalized patients, especially those who are
older, have multiple comorbidities, and use multiple
medications.

The occurrence rate of pDDIs in hospitalized patients
ranges between 33-67% [1, 9]. We found 64.2% of pa-
tients with pDDIs in our study. All patients in our study
were receiving antibiotic treatment, which may have con-
tributed to the high prevalence of pDDIs. Antibiotics are
among the leading drug groups in pDDIs studies. A mul-
ticenter study conducted in hospitalized patients revealed
that pDDIs involving antibiotics constituted 26.4% of all
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recorded interactions [9]. Another point prevalence study
found that over 25% of drug interactions were associated
with antibiotics [13]. In our study, pDDIs with antibiotics
were observed in 19.3% of patients. Clinicians should be
aware of the possibility of drug interactions when prescrib-
ing antibiotics, as with any other medication. Our study re-
vealed an association between an increase in the number of
antibiotics administered and an increase in the incidence of
drug interactions. Kuscu et al. [9] also found that the risk
of pDDI with antibiotics increased with the number of
antibiotics administered. Hence, when possible, antibiotic
treatments should be simplified and monotherapy should
be preferred to reduce the risk of pDDI with antibiotics.

The antibiotic group most widely used in our study
were penicillins and cephalosporins, but pDDIs were
more frequent with quinolones. The most prevailing drug
combination leading to pDDIs in patients was the use of
quinolones and systemic corticosteroids. The quinolone
and renin angiotensin system blockers (ACEI or ARB)
combination was the second most frequent. Other pDDIs
were observed with the use of quinolones with antidia-
betic drugs and with non-steroidal anti-inflammatory
drugs. Given that the study was conducted during the
coronavirus pandemic, there was an increase in the num-
ber of hospitalized patients with pneumonia. The combi-
nation of quinolones and systemic corticosteroids was the
most common drug combination in our study, as respi-
ratory quinolones were frequently administered to these
patients and systemic corticosteroids were administered
for supportive treatment due to hypoxia. Quinolones are
known to cause tendinitis and tendon rupture [14]. Sys-
temic corticosteroids may exacerbate this adverse effect
of quinolones [14, 15]. In a study evaluating the risk of
pDDIs in COVID-19 patients treated with corticos-
teroids, it was reported that the risk of tendon rupture
increased in 2% of patients with the combined use of
corticosteroids and quinolones [16]. Fifteen patients in
our study used quinolones and systemic corticosteroids
concomitantly. Patients should be advised to discontinue
quinolones, rest, not exercise, and consult their physician
if any signs of tendinopathy (e.g. pain, swelling) develop,
while using quinolones [17]. Additionally, patients who
use systemic corticosteroids and quinolones together
should be closely monitored for the risk of tendinopathy.

Quinolones have drug interactions with several medica-
tions. Quinolones may increase the duration of the QT in-
terval by inhibiting cardiac potassium voltage-gated channels
(18]. As a result, concurrent administration with other drugs
that can prolong the QT interval must be avoided whenever

feasible. Moxifloxacin has the greatest association with car-
diac arrhythmia and QT prolongation among quinolones,
followed by levofloxacin and ciprofloxacin [19]. In our study,
moxifloxacin was the most frequently prescribed quinolone
(23 patients). Thirteen patients received ciprofloxacin, while
eleven patients were treated with levofloxacin. According to
Table 4 of the study findings, moxifloxacin was the drug most
commonly associated with drug interactions that cause car-
diac arrhythmia side effects. In our study, the combination of
quinolones with renin-angiotensin system blockers (ACEI
or ARB) was the second most common cause of pDDls.
There is evidence that renin-angiotensin system blockers can
increase the risk of cardiac arrhythmia side effects associated
with quinolones. Quinolones could increase the nephrotoxic
effect of renin angiotensin system blockers by 4.5 times [20].
Administration of ciproﬂoxacin to patients receiving renin
angiotensin system blockers has been reported to be linked
with an elevated risk of sudden death [21]. The mechanism
of this phenomenon is not yet fully understood. It is unclear,
but it is a fact that ciprofloxacin prolongs the QT interval
and has arrhythmic side effects. The use of ciprofloxacin with
a drug that causes hyperkalemia may increase this arrhyth-
mic side effect [21]. Other quinolones such as levofloxacin
and moxifloxacin also have QT prolonging effects, and thus
the same risk may apply to them as well. If renin angiotensin
system blockers and quinolones are simultaneously used, it
may be appropriate to conduct closer monitoring of renal
function and cardiac rhythm.

The effects of antidiabetic drugs on blood glucose
may be altered when taken with quinolones. These drugs
can cause both an increase in hypoglycemic effects and a
decrease in therapeutic effects, as well as hyperglycemia,
when taken with quinolones [22, 23]. It is recommended
to closely monitor the blood glucose levels of patients
taking quinolones in combination with antidiabetic
drugs, due to the risk of hypo- or hyperglycemia. In gen-
eral, hypoglycemia is more likely to occur within the first
one or two days of taking antibiotics, whereas hyper-
glycemia tends to occur later in the course of treatment
(22, 23]. Co-administration of quinolone antidiabetic
drugs occurred seven times in our study.

Co-administration of quinolones and non-steroidal an-
ti-inflammatory drugs (NSAIDs) may increase the risk of
central nervous system (CNS) stimulation and seizures in
patients 24, 25]. In our study, 7 patients were receiving
concomitant quinolone and NSAID therapy. It is impot-
tant to consider that concomitant use of quinolones and
NSAIDs may increase the risk of seizures in patients.
The risk of seizures is particularly higher in patients with
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a medical history of seizures, renal impairment, or those
taking other drugs that have a lower seizure threshold [26].

The concomitant use of linezolid and metoclopramide is
contraindicated in Category X due to the risk of severe hy-
pertension [27]. It is recommended to avoid concomitant use
of metoclopramide and linezolid. In our study, two patients
had concomitant use of metoclopramide and linezolid.

Concomitant use of levofloxacin and amiodarone should
be avoided as both cause prolongation of the QT interval [28,
29]. According to the prescribing information for levofloxacin,
it should not be used concomitantly with antiarrhythmic
drugs such as amiodarone, as this can lead to prolongation of
the QT interval and torsades de pointes [30]. One patient in
our study was receiving these two drugs together.

The absorption of cefuroxime may be reduced by
Proton Pump Inhibitors. A study showed that the area
under the curve decreased by over 60% when cefuroxime
was administered simultaneously with ranitidine and
sodium bicarbonate [31]. The prescription information
of cefuroxime axetil recommends that it should not be
taken with proton pump inhibitors as these drugs may
lower gastric acidity, hence reducing the absorption of
cefuroxime [32]. One patient in our study took panto-
prazole and cefuroxime axetil tablets simultaneously.

This study has limitations. The study detected po-
tential drug interactions; however, it did not provide
information about the actual interactions observed in
the clinic. Conducting further studies that provide data
on both potential drug interactions and actual interac-
tions observed in clinical settings could be useful. Being
a point prevalence study, the study reflects the current
situation only and not a longer time period. Conduct-
ing studies over a longer period of time could be more
insightful than conducting a point prevalence study. The
potential drug interactions were evaluated only using the
Lexicomp® database system. A more comprehensive eval-
uation can be conducted by using other databases.

Conclusion

Antibiotics are among the leading drugs in drug interac-
tions and all antibiotics should be assessed for pDDIs be-
fore prescribing. While beta-lactam antibiotics are gener-
ally considered to be less prone to pDDlIs, it is important
to exercise more caution, particularly when prescribing
quinolones. Integration of databases that automatically
evaluate pDDIs into hospital information management
systems or active involvement of clinical pharmacologists
in the process in hospitals may be beneficial to reduce
PDDIs in case clinicians overlook drug interactions.
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