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Background: Numerous medications used in older adults require dose modification or

should be avoided in individuals with impaired kidney function.

Purpose: To assess medical students’ and physicians’ knowledge of drug prescribing recom-

mendations in older patients with estimated glomerular filtration rate (eGFR) < 30mL/min/1.73m2.

Patients and Methods: A survey comprising a list of 64 drugs conducted in 183 medical

students (Students), and 138 post-graduate trainees in internal medicine (Physicians). The

respondents were asked to classify each drug into one of three categories: 1) no renal

precautions; 2) dose should be reduced; and 3) medication should be avoided.

Results: A range of 16.9–68.3% students and 14.5–81.2% physicians correctly classified drugs

in the category “No renal precautions.” Drugs requiring dose reduction were correctly classified

by 6–67.2% students, and 24.6–85.5% physicians. For drugs that should be avoided in subjects

with eGFR < 30 mL/min/1.73m2, the range was 6–44.8% in the Students, and 8.7–76.1% in the

Physicians. The Physicians did better than the Students by classifying five drugs that do not

require renal precautions, 12 drugs requiring dose reduction, and six medications that should be

avoided. The Students had a higher percentage of correct answers for seven drugs in the category

“no renal precautions,” and one drug requiring dose reduction.

Conclusion: Medical students and post-graduate trainees in internal medicine have poor

knowledge of drug prescribing recommendations in older patients with renal impairment.

Keywords: older, chronic kidney disease, reduced glomerular filtration rate, drug dosing,

knowledge

Introduction
Chronic kidney disease (CKD) is a common health problem in older subjects. It is

defined as abnormalities in kidney structure or function, present for > 3 months,

with implications for health.1 Although questionable, it is usually diagnosed based

on decreased estimated glomerular filtration rate (eGFR) in clinical practice. The

prevalence of CKD defined as eGFR < 60 mL/min/1.73m2 in the older generation is

generally high, but varies greatly (11–37%) depending on the population assessed

and the method of GFR estimation used.2–5

Numerous medications commonly used in older adults require dose modification or

should be avoided in individuals with impaired kidney function due to increased risk

of drug accumulation and dose-related adverse reactions, or their potential

nephrotoxicity.6–10 Patients with renal impairment are at higher risk of medication

side-effects,11 often resulting from errors in drug prescribing.12 Inappropriate
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prescription of drugs that require dose modification or that

should be avoided in older subjects with renal impairment

has been reported as a common problem, ranging from 9 to

67% in hospitalized patients,13–18 and from 1 to 37% in an

outpatient setting.19 The prevalence of potentially inap-

propriate drug use in the Polish national population-based

study PolSenior was particularly high, reaching 40% in sub-

jects with eGFR < 60 mL/min/1.73m2.20 In those with more

advanced kidney disease (eGFR < 30mL/min/1.73m2) it was

even higher, reaching 58%.20

As older patients usually receive care from general

physicians and specialists other than geriatricians and

nephrologists, it is important that all graduates in medicine

have adequate knowledge about dose adjustment recom-

mendations in subjects with impaired renal function. The

aim of the study was to assess the knowledge of medical

students and post-graduate trainees in internal medicine

with regard to drug prescribing recommendations in

older patients with impaired kidney function defined as

eGFR < 30 mL/min/1.73m2.

Materials and Methods
We conducted a cross-sectional survey to assess knowledge

of drug prescribing recommendations in older patients with

eGFR < 30 mL/min/1.73m2 in two groups of respondents: 1)

medical students at the Poznan University of Medical

Sciences (Students); and 2) post-graduate trainees in internal

medicine (Physicians). The pre-graduate education in medi-

cine lasts 6 years. The questionnaires were filled out by the

4th year students at the beginning of clinical training in

geriatrics. All students had completed a pharmacology

course, and a clinical training in internal medicine earlier in

the program of education. The physicians filled the question-

naires in during a course organized by our department as an

obligatory part of a 3-year post-graduate training in internal

medicine. Physicians from the whole country were enrolled

to the course.

The questionnaire comprised a list of 64 drugs commonly

used in older patients, 45 of which require dose adjustment or

should be avoided in subjects with eGFR < 30 mL/min/

1.73m2. Drugs were divided into 11 groups: diuretics (5

drugs), cardiovascular (9 drugs), antithrombotic (4 drugs),

neuropsychotropic (17 drugs), analgesics (5 drugs), antirheu-

matic (3 drugs), gastrointestinal (5 drugs), antibiotic/antiviral

(9 drugs), antidiabetic (2 drugs), antiallergic (3 drugs), and

antiosteoporotic (2 drugs). The questionnaire comprised

three possible responses to each medication: 1) does not

need any renal precautions; 2) dose should be reduced;

and 3) should be avoided. If a respondent did not choose

any option, it was interpreted as “I do not know.” The selec-

tion of drugs for analysis and recommendations on prescrip-

tion modifications were based on guidelines from the

American Geriatrics Society 2015 Beers Criteria Update

Expert Panel,8 the 2019 American Geriatrics Society Beers

Criteria Update Expert Panel,9 and the Consensus Guidelines

for Oral Dosing of Primarily Renally Cleared Medications in

Older Adults by Hanlon et al.10 Additionally, several medi-

cations were analyzed based on information given in The

Renal DrugHandbook byAshley andDunleavy.7 Only drugs

registered in Poland were assessed. The list of drugs and

recommendations for their use in subjects with estimated

glomerular filtration rate < 30 mL/min/1.73m2 is shown in

Table 1. Respondents were not allowed to use any mobile or

computer-based dose-adjusting systems. Percentage of cor-

rect answers (“no renal precautions,” “dose reduction” and

“avoid”) was calculated for each medication. As prescribing

recommendations may vary between sources, we addition-

ally analyzed combined category “drugs with renal recom-

mendations” (“dose reduction” + “avoid”) to assess “renal

awareness.” Percentage of correct answers in both groups of

respondents was compared with the chi2 test with Yates

correction (if appropriate). Statistical analysis was performed

with StatSoft Statistica v12. P value < 0.05 was considered

significant.

The study did not meet the criterion of medical experi-

ment, thus the approval of the Institutional Bioethical

Committee was not required. All participants provided

verbal informed consent. All responses were anonymous.

Results
Overall, 138 physicians and 183 medical students completed

the questionnaire. Detailed data on students’ and physicians’

responses are shown in Table 2. For clarity, percentage was

shown for correct answers only. The percentage of correct

answers “No renal precautions” ranged from 16.9% (fluoxe-

tine) to 68.3% (pantoprazole) in the students and from 14.5%

(valproic acid and dalteparin) to 81.2% (pantoprazole) in the

physicians. The percentage of correct classifications of drugs

requiring dose reduction ranged from 6% (rivaroxaban) to

67.2% (ciprofloxacin) in the students, and from 24.6% (raniti-

dine) to 85.5% (ciprofloxacin) in the physicians. For drugs that

should be avoided in subjects with eGFR < 30 mL/min/

1.73m2, the range was 6% (metoclopramide) to 27.3% (alen-

dronic acid) in the students, and 8.7% (sotalol) to 76.1%

(metformin) in the physicians. When the last two categories

were pooled together (“drugs with renal recommendations”),
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the range was 37.2% (enoxaparin) to 87.4% (digoxin) in the

students, and 28.3% (ranitidine) to 94.9% (ciprofloxacin and

methotrexate) in the physicians. The percentage of lacking

responses (interpreted as “I do not know”) was rather low (up

to 3–6%), with the exception of topiramate and amantadine

(8.0 and 9.4%) in the physicians, and famotidine, memantine,

levetiracetam, amiloride, venlafaxine, topiramate, donepezil

and rivastigmine (8.2–9.2%) in the students.

Table 1 List of Drugs Chosen for Analysis and Prescription

Recommendations in Patients with Estimated Glomerular

Filtration Rate < 30 mL/min/1.73m2

Name of Drug Recommendations References

Diuretics

Amiloride Avoid 8

Furosemide No renal precautions 7

Hydrochlorothiazide Avoid 10

Indapamide Avoid 7

Spironolactone Avoid 8,10

Cardiovascular

Digoxin Reduce dose 7

Atenolol Reduce dose 10

Metoprolol No renal precautions 7

Sotalol Avoid 10

Telmisartan No renal precautions 7

Valsartan No renal precautions 7

Cilazapril Reduce dose 7

Perindopril Reduce dose 7

Quinapril No renal precautions 7

Antithrombotic

Dalteparin No renal precautions 7

Enoxaparin Reduce dose 8

Dabigatran Avoid 8

Rivaroxaban Avoid 8

Neuropsychotropic

Duloxetine Avoid 8

Fluoxetine No renal precautions 7

Sertraline No renal precautions 7

Venlafaxine Reduce dose 7

Gabapentin Reduce dose 8,10

Levetiracetam Reduce dose 8

Pregabalin Reduce dose 8

Topiramate Reduce dose 10

Valproic acid No renal precautions 7

Donepezil No renal precautions 7

Memantine Reduce dose 10

Piracetam Reduce dose 7

Rivastigmine No renal precautions 7

Olanzapine No renal precautions 7

Quetiapine No renal precautions 7

Risperidone Reduce dose 7

Sulpiride Reduce dose 7

Antianalgesics

Buprenorphine No renal precautions 7

Fentanyl Reduce dose 7

Morphine Reduce dose 7

Oxycodone Reduce dose 7

Tramadol Reduce dose 8

(Continued)

Table 1 (Continued).

Name of Drug Recommendations References

Antirheumatic

Allopurinol Reduce dose 10

Colchicine Reduce dose 8

Methotrexate Reduce dose 7

Gastrointestinal

Famotidine Reduce dose 8,10

Metoclopramide Avoid 10

Omeprazole No renal precautions 7

Pantoprazole No renal precautions 7

Ranitidine Reduce dose 8,10

Antibiotic/antiviral

Acyclovir Reduce dose 10

Amantadine Reduce dose 10

Amoxicillin No renal precautions 7

Ciprofloxacin Reduce dose 9,10

Clarithromycin (oral) No renal precautions 7

Co-trimoxazole Reduce dose 9,10

Levofloxacin Reduce dose 7

Nitrofurantoin Avoid 10

Valacyclovir Reduce dose 10

Antidiabetic

Gliclazide Reduce dose 7

Metformin Avoid 10

Antiallergic

Cetirizine Reduce dose 10

Fexofenadine Reduce dose 10

Loratidine No renal precautions 7

Antiosteoporotic

Alendronic acid Avoid 7

Ibandronic acid Reduce dose (extended time

between doses)

7

Notes: Avoid = drug recommended to avoid in subjects with estimated glomerular

filtration rate < 30 mL/min/1.73m2; No renal precautions = drugs without recom-

mendations specific to kidney function in subjects with estimated glomerular filtra-

tion rate < 30 mL/min/1.73m2; Reduce dose = drugs recommended to decrease

dose in subjects with estimated glomerular filtration rate < 30 mL/min/1.73m2.
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Table 2 Percentage of Correct Answers Concerning Drug Dosing Recommendations in Elderly Subjects with Estimated Glomerular

Filtration Rate < 30 mL/min/1.73m2

Students (n = 183) Physicians (n = 138)

No

Recommendations

Renal

Recommendations

Reduce

Dose

Avoid No

Recommendations

Renal

Recommendations

Reduce

Dose

Avoid

Diuretics

Amiloride 65.0* 25.1* 79.7 39.1

Furosemide 54.1* 67.4

Hydrochlorothiazide 68.9 26.2* 78.3 45.7

Indapamide 58.5* 15.9* 70.3 39.1

Spironolactone 72.7 25.7* 81.9 52.2

Cardiovascular

Digoxin 87.4 44.3 89.1 45.7

Atenolol 57.9* 46.5* 42.0 34.8

Metoprolol 48.1* 68.1

Sotalol 56.3 10.4 50.7 8.7

Telmisartan 38.3* 16.7

Valsartan 38.8* 16.7

Cilazapril 57.9* 41.5 81.2 44.2

Perindopril 53.6* 39.3 79.7 42.8

Quinapril 36.1* 15.2

Antithrombotic

Dalteparin 52.4* 14.5

Enoxaparin 37.2* 32.2* 83.3 75.4

Dabigatran 43.2* 8.2* 94.2 44.9

Rivaroxaban 42.6* 6.0* 94.2 39.1

Neuropsychotropic

Duloxetine 75.4 24.0 82.6 20.3

Fluoxetine 16.9 18.1

Sertraline 27.3 22.5

Venlafaxine 69.4* 47.0* 84.1 70.3

Gabapentin 63.4 53.0 73.2 62.3

Levetiracetam 66.7 53.0 74.6 60.1

Pregabalin 70.0 50.8* 77.5 63.0

Topiramate 72.1 54.1 76.8 56.5

Valproic acid 23.0 14.5

Donepezil 27.9 30.4

Memantine 62.8 54.6 55.8 47.8

Piracetam 55.7 49.2 64.5 51.4

Rivastigmine 35.5* 24.6

Olanzapine 20.2 21.0

Quetiapine 21.9* 31.9

Risperidone 73.8 54.1 81.2 64.5

Sulpiride 79.8 57.9 83.3 66.7

Analgesics

Buprenorphine 62.3 61.6

Fentanyl 31.1* 28.4* 47.1 44.2

Morphine 61.2 42.1 67.4 51.5

Oxycodone 55.7* 45.4* 75.4 61.6

Tramadol 51.9* 38.8* 66.7 52.9

(Continued)
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Among 19 medications in the category “no renal precau-

tions,” the physicians had higher percentage of correct

responses than the students for 5 drugs (furosemide, meto-

prolol, quetiapine, omeprazole and pantoprazole), and lower

for 7 drugs (telmisartan, valsartan, quinapril, dalteparin, riv-

astigmine, amoxicillin, and gliquidone). Among 33 medica-

tions requiring dose reduction, physicians had a higher

percentage of correct answers for 12 drugs (enoxaparin,

rivaroxaban, venlafaxine, pregabalin, fentanyl, oxycodone,

tramadol, acyclovir, ciprofloxacin, co-trimoxazole, levoflox-

acin, and gliclazide), and lower for one drug (atenolol).

Among 12 drugs that should be avoided in subjects with

eGFR < 30 mL/min/1.73m2, the physicians had higher per-

centage of correct responses for 6 drugs (amiloride, hydro-

chlorothiazide, indapamide, spironolactone, dabigatran, and

metformin). For the 45 drugs in the pooled category “renal

Table 2 (Continued).

Students (n = 183) Physicians (n = 138)

No

Recommendations

Renal

Recommendations

Reduce

Dose

Avoid No

Recommendations

Renal

Recommendations

Reduce

Dose

Avoid

Antirheumatic

Allopurinol 73.2 50.3 71.7 50.7

Colchicine 86.3 50.8 87.7 46.4

Methotrexate 85.8* 35.5 94.9 38.4

Gastrointestinal

Famotidine 56.8 47.5 53.6 46.4

Metoclopramide 43.7 6.0 49.3 9.4

Omeprazole 64.5* 76.8

Pantoprazole 68.3* 81.2

Ranitidine 41.5* 32.2 28.3 24.6

Antibiotic/antiviral

Acyclovir 61.2* 46.5* 76.8 66.7

Amantadine 69.9* 53.0 79.7 58.7

Amoxicillin 37.7* 19.6

Ciprofloxacin 73.8* 67.2* 94.9 85.5

Clarithromycin 21.9 15.2

Co-trimoxazole 76.5 60.7* 84.1 75.4

Levofloxacin 70.5* 61.2* 85.5 80.4

Nitrofurantoin 65.0 12.6 63.0 13.0

Valacyclovir 73.2 57.9 79.7 62.3

Antidiabetic

Gliclazide 61.2* 46.5* 79.7 33.3

Gliquidone 26.2* 15.9

Metformin 59.0* 23.0* 92.8 76.1

Antiallergic

Cetirizine 57.4 38.3 50.7 44.2

Fexofenadine 59.6 45.4 58.0 44.9

Loratidine 42.1 49.3

Antiosteoporotic

Alendronic acid 72.7* 27.3 84.1 37.0

Ibandronic acid 72.7* 44.8 83.3 44.9

Notes: *P < 0.05 vs. Physicians. Avoid = drug recommended to avoid in subjects with estimated glomerular filtration rate < 30 mL/min/1.73m2; No renal precautions =

drugs without recommendations specific to kidney function in subjects with estimated glomerular filtration rate < 30 mL/min/1.73m2; Reduce dose = drugs recommended to

decrease dose in subjects with estimated glomerular filtration rate < 30 mL/min/1.73m2; Renal recommendations = drugs that should be used in reduced dose or avoided in

subjects with estimated glomerular filtration rate < 30 mL/min/1.73m2
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recommendations,” the physicians had a higher percentage of

correct answers for 20 medications (amiloride, indapamide,

cilazapril, perindopril, enoxaparin, dabigatran, rivaroxaban,

venlafaxine, fentanyl, oxycodone, tramadol, methotrexate,

acyclovir, amantadine, ciprofloxacin, levofloxacin, glicla-

zide, metformin, alendronic acid, and ibandronic acid), and

lower for 2 drugs (atenolol and ranitidine).

Discussion
Knowledge of recommended prescribing modifications in

patients with impaired kidney function has rarely been inves-

tigated. We found only four papers, all reporting unsatisfac-

tory levels of awareness and knowledge about renal

prescribing recommendations among physicians.21–24 None

of these reports referred specifically to older patients.

The results of our survey show a poor level of knowl-

edge of recommended prescription modifications in older

subjects with impaired kidney function among both 4th year

medical students and physician-trainees in internal medicine

(Table 2). The most striking examples are sotalol, metoclo-

pramide and nitrofurantoin, correctly classified as drugs that

should be avoided in such patients by only one of eight

physicians and students. The extreme poor knowledge of

these contraindications is the more surprising that all these

three medications are quite commonly used in older

patients.20 Frequent use of nitrofurantoin in patients with

CKD was reported by Farag et al25 in a retrospective ana-

lysis of antibiotics prescribing in Canada.

Both physicians and students had difficulties with

determination of drugs that do not need dose adjustment

and do not require special precautions in patients with

CKD. For example, less than 20% of physicians knew

that telmisartan, valsartan, and quinapril can be safely

administered in normal doses in such patients. A very

low percentage of correct answers was also found for

dalteparin, fluoxetine, valproic acid, amoxicillin, and clar-

ithromycin. Moreover, the percentage of answers “no renal

recommendations” within a given drug class was very

similar regardless of the actual recommendations (eg, cila-

zapril and perindopril vs. quinapril; dalteparin vs. enoxa-

parin; amoxicillin and clarithromycin vs. levofloxacin).

Taking unnecessary precautions may lead to underdosing

of drugs, especially important in antibiotherapy.23

Although we did not directly compare the results

between the medication classes, a particularly low percen-

tage of correct answers was observed for gastrointestinal

and antiallergic drugs in both physicians and students, and

antithrombotic and antidiabetic medications in the

students. A relatively high percentage of correct answers

was found for rheumatologic drugs, opioids, and antibio-

tics requiring dose modification. Good awareness and

knowledge about renal recommendations for antirheumatic

medications in internal medicine house-staff has been

reported by Surana et al,21 being explained by the aware-

ness of harmful side effects of these drugs. The same

applied to digoxin, a drug well-known for its adverse

reactions and narrow therapeutic index, which was cor-

rectly classified as a drug with renal precautions in nearly

90% of physicians and students. In contrast, relatively

good results for antibiotics requiring dose adjustment are

contrary to previously reported findings.23,25 Interestingly,

the level of knowledge of renal recommendations for

opioids in the physician-trainees in internal medicine was

very similar to the results that we have previously

observed in a group of palliative care specialists.24

Despite the fact that our respondents were asked to classify

drugs into three categories, we decided to analyze the 4th,

pooled category “drugs with renal recommendations,” assum-

ing that both “reduce dose” and “avoid” categories indicate

that the respondents are aware of some renal precautions,

which is potentially less harmful than incorrect classification

as “drug without renal recommendations.” The other reason

for such analysis was discordance between sources as to

recommendations for some drugs, eg, ibandronic acid.

According to The Renal Drug Handbook by Ashley and

Dunleavy,7 this drug should be administered with extended

time between doses in subjects with eGFR < 30 mL/min/

1.73m2, which was classified as “dose reduction” for the

purpose of this study. In contrast, this medication should be

avoided in subjects with severe renal impairment according to

the information on the Drugs.com web page.26 The use of the

pooled category instead of “avoid” category resulted in an

increase in correct answers for ibandronic acid form ~40 to

70–80%. A similar pattern could be seen for other drugs with

divergent recommendations: sotalol and metoclopramide. The

problem of conflicting dosing information between different

pharmacotherapy sources has been previously described.27 To

address this issue, the American Geriatric Society published

consensus guidelines for 18 primarily renally cleared oral

medications commonly taken by older adults; for a further

12 drugs the geriatric clinical pharmacist expert panel did not

reach consensus.10 A list of 20 drugs (including 12 medica-

tions not listed in the consensus guidelines) that should be

avoided or requiring dose adjustment in subjects with

a specific degree of renal impairment was also added in

2015 to the American Geriatrics Society Beers criteria for
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potentially inappropriate medications in older adults.8 Three

more drugs were added to the American Geriatrics Society

2019 Updated AGS Beers Criteria.9 However, drugs listed in

the consensus guidelines and Beers criteria constitute only

a small portion of all medications with renal precautions.

The question also arises whether these documents are known

to physicians who are not specialists in geriatrics.

As it might have been presumed, the percentage of

correct answers was generally higher in physicians than

in students, with the most striking difference for antith-

rombotic drugs (excluding dalteparin), diuretics that

should be avoided, oxycodone, tramadol, metformin, and

antibiotics requiring dose adjustment. The exceptions were

the medications without renal precautions, which were

better indicated by the students. Of note, the percentage

of correct answers for these drugs was generally very low.

In agreement with our results, Surana et al21 observed that

internal medicine house-staff members’ awareness and

knowledge about renal prescribing recommendations

increased with years after graduation.

Limitations
The study was conducted in a single centre. However,

physicians participating in the study were recruited from

the whole country. Another limitation is selection of drugs,

based on available literature and our subjective assessment

of frequency of prescriptions.

Conclusion
Medical students and post-graduate trainees in internal

medicine have poor knowledge of drug prescribing recom-

mendations in older patients with renal impairment. As

recommendations vary greatly between sources, it is

necessary to prepare and popularize clear and complete

guidelines of drug dosing in older patients with chronic

kidney disease. The problem of dose adjustment in renal

failure should be more emphasized during pre- and post-

graduate education. Mobile- and computer-based suppor-

tive systems should be popularized to improve prescribing

of drugs with renal recommendations.

Disclosure
The authors report no conflicts of interest in this work.
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