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in drug handling.11-13 Nevertheless, a recent me-
ta-analysis found no statistically significant posi-
tive effect from any intervention in primary care 
settings on the hospitalization rate.14 Compli-
ance with specific criteria does not always pro-
tect against MRH, especially in comorbid and 
older adults suffering from frailty or cognitive 
impairment.15 Medication -related harm results 
from improper or hasty medical reasoning, in-
sufficient geriatric skills, rare medication recon-
ciliation, or reviews.16

Polypharmacy and drug -related problems do 
coexist and overlap. Hence, appropriate depre-
scribing has a potential to reduce adverse drug 

INTROduCTION A growing number of octoge-
narians coupled with multimorbidity have led to 
polypharmacy and the risk of drug- or dosage-
-related problems, even in the case of properly 
selected medicines.1-3 All types of medication-
-related harm (MRH) have been recognized by 
the World Health Organization as a global pub-
lic health issue.4,5 The significance of MRH is 
rising and has become one of the main causes 
of hospital admission,6-8 even after recent dis-
charge.9,10 Special strategies and criteria for 
avoiding MRH have been developed and reg-
ularly updated to mitigate drug -induced prob-
lems, polypharmacy, and age -related alterations 
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AbsTRACT

INTROduCTION Medication ‑related harm (MRH) has been recognized as a global public health issue.
ObjECTIvEs This study aimed to assess the prevalence and causes of MRH in geriatric patients. Another 
objective of the study was to recognize how MRH and drugs prescribed after geriatric interventions 
affect survival.
PATIENTs ANd mEThOds It was a cross ‑sectional study of 301 geriatric patients admitted to the hos‑
pital for any cause, combined with a 2 ‑year survival analysis. Altogether, 71 drug items were included. 
Medication ‑related harm was defined based on clinical reasoning. Logistic regression models were 
applied to identify the explanatory variables for each type of MRH. The Cox proportional hazards model 
was used to determine the association of MRH and postdischarge medications with patient survival.
REsuLTs Medication ‑related harms were identified in 35.2% of the study patients. Those included, 
among others, hypotension (19.3%), hypoglycemia (13.3%), parkinsonism (4.3%), and benzodiazepine 
addiction (5.7%). Logistic regression, applied to estimate the impact of drugs before admission on MRH 
of any type, demonstrated an independent negative effect of typical neuroleptics, antidiabetic medica‑
tion, benzodiazepines, and supplements, except vitamin D. After geriatric interventions, 4 drug classes 
showed a positive association with survival: thiazides (hazard ratio [HR], 0.45; 95% CI, 0.22–0.93), 
selective serotonin reuptake inhibitors (SSRIs; HR, 0.51; 95% CI, 0.34–0.75), paracetamol (HR, 0.54; 
95% CI, 0.33–0.88), and angiotensin ‑converting enzyme inhibitors (ACEIs; HR, 0.59; 95% CI, 0.4–0.89).
CONCLusIONs Geriatric‑based deprescribing and drug optimization mitigate the negative impacts of 
MRH on patient survival and may decrease the rehospitalization rate and healthcare costs. Thiazides, 
ACEIs, SSRIs, and paracetamol, if indicated, were associated with better survival in geriatric patients.
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to adjust treatment to individual patient needs. 
Postdischarge drug recommendations were con-
tinued in a geriatric outpatient clinic where pa-
tients were referred after hospitalization.

All 301 consecutive patients (mean [SD] age, 
82.3 [6.7] years) underwent a comprehensive ge-
riatric assessment along with an extensive clin-
ical examination and careful reasoning to estab-
lish the final diagnoses, including the analysis of 
possible MRH. Discharge dates ranged between 
January and June 2017. Death dates were ob-
tained from the Polish Ministry of Digital Af-
fairs on the censoring date of March 3, 2020. 
The median (interquartile range) survival was 
34.7 (23.6–37.23) months (mean [SD], 29.4 [11.7] 
months).

Data on medication use before hospital stay 
and after discharge were also collected. Each 
medication was assigned to the relevant catego-
ry out of 71 drug classes defined in Supplemen-
tary material, Table S1, both at admission (tak-
en before hospitalization) and at hospital dis-
charge (recommended to use after geriatric in-
terventions). We did not record the medication 
dose. The rationale for medication use during 
hospital stay was revised based on the Beers,22 
STOPP (Screening Tool of Older Persons’ poten-
tially inappropriate Prescriptions), and START 
(Screening Tool to Alert doctors to the Right 
Treatment) criteria.12

dependent variables The following types of MRH 
were defined: 1) drug -induced hypotension: 
low values of systolic (<90 mm Hg) or diastolic 
(<60 mm Hg) blood pressure (BP) or orthostatic 
hypotension, accompanied by dizziness, fainting, 
or neurological symptoms in patients receiving 
antihypertensive therapy; 2) drug -induced hypo-
glycemia: documented episodes of low glycemia 
(<70 mg/dl) in patients on antidiabetic treatment; 
3) benzodiazepine addiction with fall(s); 4) drug-
-induced parkinsonism (stiffness, rigidity, shuf-
fling gait, and other extrapyramidal signs) linked 
to the antidopaminergic activity of typical neu-
roleptics; 5) others: drug- or dosage -related dis-
orders (gastrointestinal bleeding or ulcers, ane-
mia, cognitive impairment, heart failure exacer-
bation, drug -induced hypertension, bradycardia, 
inanition, hypothyroidism following amiodarone 
therapy, and electrolyte disorders). The use of 
the study patients’ data was approved by an eth-
ics committee and complied with the Declara-
tion of Helsinki.

Inpatient characteristics as potential explanatory 
factors The characteristics of the study patients 
included sociodemographic data, anthropometric 
data, and health -related variables on admission 
including weakness, dizziness, fainting, pain, lab-
oratory findings, mean arterial pressure (MAP) in 
supine and vertical positions calculated according 
to the following formula: diastolic BP + 1/3 (sys-
tolic BP – diastolic BP),23 orthostatic hypoten-
sion (a drop of 20 mm Hg or greater in systolic 

reactions and costs as well as to improve patients’ 
quality of life.17,18 Iatrogenesis, like MRH, was 
added to the main pillars of Isaacs’ “geriatric gi-
ants.”4 However, how many faces does MRH have? 
An iatrogenic illness in frail older adults may ap-
pear unusual and can be masked by another dis-
eases or disorders. Even “appropriate” medi-
cines administered according to an inappropri-
ate dosage can have unexpected negative effects 
in the frail elderly.4

Most studies have focused on risk factors for 
MRH in elderly people, including polypharmacy, 
inappropriate prescribing, as well as differenc-
es in pharmacokinetics and pharmacodynam-
ics at old age. They have also looked at treat-
ment provided by numerous physicians and 
a decreased capacity to handle medication or 
MRH following discharge from a hospital.19-21 
Relatively little is known about the common 
types of MRH and their long -term consequenc-
es. The questions addressed in this article in-
clude the following: What are the most preva-
lent faces of MRH in real -life geriatrics? What 
contributors are involved? Medication -related 
harm, such as, among others, drug -induced hy-
poglycemia, hypotension, benzodiazepine ad-
diction, and parkinsonism, overlap with each 
other and superimpose themselves on chronic 
conditions. Furthermore, this study aimed to 
show the associations between MRH and drugs 
prescribed at discharge during a survival peri-
od longer than 2 years.

PATIENTs ANd mEThOds It was a  cross-
-sectional study of geriatric inpatients, combined 
with an analysis of an over 2 -year survival after 
geriatric hospital interventions. The study was 
complementary to the results of a previous work 
focused on the quantitative aspects of polyphar-
macy before and after hospital stay.18 A geriatric 
intervention included a thorough change in med-
ication use (deprescribing and new prescribing) 

whAT’s NEw?

This study shows the most prevalent medication ‑related harm (MRH) types 
in geriatric inpatients from cross ‑sectional and prospective perspectives. 
Drug ‑related hypotension, hypoglycemia, parkinsonism, and benzodiazepine 
addiction represented the most common and overlapping MRHs. Drug ‑induced 
parkinsonism was strongly related to the use of typical neuroleptics. Further‑
more, only this type of MRH was associated with a lower survival rate despite 
the discontinuation of antidopaminergic drugs during hospital stay. The article 
highlights the complexity of MRH contributors that cover the qualitative (inap‑
propriate treatment) and / or quantitative (overtreatment) issues, as well as 
the third player—patients’ conditions and susceptibility to MRH. Based on 
the Cox proportional hazards model, the study identified medications that 
showed a positive (angiotensin ‑converting enzyme inhibitors, thiazides includ‑
ing indapamide, selective serotonin reuptake inhibitors, and paracetamol) or 
negative association (spironolactone or eplerenone) with an over 2 ‑year survival 
of patients after geriatric interventions. However, these associations may also 
be surrogates of disease severity that affects the survival of geriatric patients.
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Examination.27 Additionally, a list of 21 diagno-
ses at discharge was established.

statistical analysis Data analyses were performed 
using Microsoft Excel and the Statistica software, 
version 12.0 (StatSoft Polska, Kraków, Poland). 
The formula for the Wilson score interval was 
applied when calculating 95% CIs for a propor-
tion of MRH types. The χ2 test was used to assess 
the significance of differences among categorical 
variables. The nonparametric Mann–Whitney 
test was used to verify the significance of differ-
ences among continuous variables. Multivari-
able logistic regressions were applied to identi-
fy significant explanatory variables for the con-
ditional probability regarding MRH of any type 
and each of the most prevalent types of MRH. 
The explanatory variables that turned out to be 
nonsignificant were omitted. All logistic regres-
sions were controlled for age and multimorbidi-
ty expressed by the number of diseases out of 21 
defined. The Cox proportional hazards model was 
applied to evaluate the association between MRH 
types and survival as well as between medication 
classes and survival. A P value less than 0.05 was 
considered significant.

REsuLTs The mean (SD) age of 301 inpatients 
was 82.4 (6.7) years, and women constituted 
2/3 of the study cohort. Detailed characteris-
tics are presented in TAbLE 1. Most of the patients 
were highly comorbid, disabled, and polymedi-
cated. One or more MRH types were identified 
in 35.2% of the patients (TAbLE 2). The most fre-
quent MRH was hypotension (19.3%), followed 
by drug -induced hypoglycemia (13.3%) and ben-
zodiazepine addiction with fall(s) (5.7%). Drug-
-induced parkinsonism was found in 13 cases 
(4.3%). In 5 patients (2%), amiodarone -related 
hyper- or hypothyroidism were found. Harm fol-
lowing nonsteroidal anti -inflammatory drug use 
(anemia, gastric ulceration, or heart failure) was 
noted in 8 patients (3%). Other MRH types (n = 11 
[3.7%]) included drug -induced bradycardia, elec-
trolyte disorders, inanition, or myopathy follow-
ing statin therapy. Altogether, 153 cases of var-
ious MRH types were identified in 106 patients.

As shown in TAbLE 3, regardless of the MRH 
type, patients affected by MRH more often com-
plained of dizziness, syncope, fainting, or falls 
before admission to the hospital. They also suf-
fered from significantly marked multimorbidity 
and polymedication. They had an almost 3 -fold 
higher value of PP change between the standing 
and supine body positions than patients unaf-
fected by MRH. It resulted from a higher PP val-
ue in the supine position and a lower PP value 
after standing up as compared with the remain-
ing patients.

medication -related harm of any type Multivari-
able logistic regression, applied to estimate 
the impact of drugs taken before admission on 
the occurrence of MRH of any type, documented 

BP or of 10 mm Hg or greater in diastolic BP be-
tween measurements taken in supine and verti-
cal positions within 1 to 3 minutes), and pulse 
pressure (PP) as a difference between systolic 
and diastolic BP in supine and vertical positions 
just after standing up.24 The change in the PP 
values between standing and supine positions 
was recorded. The functional level was assessed 
using the Barthel Index,25 the 15 -item Geriatric 
Depression Scale,26 and the Mini -Mental State 

TAbLE 1 Characteristics of 301 geriatric inpatients

Characteristics N (%) Mean (SD) Median (IQR)

Female sex 204 (67.8) – –

Age, y – 82.4 (6.7) 84 (80–86)

Death 107 (35.5) – –

Survival, mo – 29.4 (11.7) 34.7 (32.2–36.4)

Education, y – 9.1 (4.1) 9 (7–11)

Residence place (urban) 212 (70.4) – –

Barthel Index (0–100) – 79.4 (25.4) 90 (80–95)

IADL (0–12) – 6.6 (3.9) 7 (5–9)

Geriatric Depression Scale (0–15)a – 6.1 (3.8) 6 (4–8)

MMSE (0–30)b – 20.6 (6.8) 22 (18–25)

PP in supine position, mm Hg – 63.3 (17.7) 60 (54–70)

PP in standing position, mm Hgc – 56.1 (18.2) 55 (47–62)

Ischemic heart disease 194 (64.8) – –

Hypertension 198 (65.8) – –

Atrial fibrillation 76 (25.2) – –

Heart failure 72 (23.9) – –

Cerebrovascular disease 139 (64.1) – –

Arthritis 158 (52.5) – –

Parkinson disease 48 (15.9) – –

Depression 200 (66.4) – –

Dementia 125 (41.5) – –

Delirium 67 (22.6) – –

Anemia 123 (40.9) – –

Diabetes 116 (38.5) – –

Infection 92 (30.5) – –

Liver disease 74 (24.6) – –

Chronic kidney disease 50 (16.6) – –

Ulcer 65 (21.6) – –

Thyroid disorder 28 (9.3) – –

Cancer 29 (9.6) – –

Benign prostatic hyperplasia 37 (12.3) – –

Connective tissue disease 12 (4.0) – –

COPD 20 (6.6) – –

Diseases out of 21 defined, n – 6.6 (2.3) 6 (6–8)

Medications on admission, n – 7.5 (3.4) 7 (6–8)

Medications at discharge, n – 6.2 (2.1) 6 (5–7)

a Missing cases: 11

b Missing cases: 62

c Missing cases: 14

Abbreviations: COPD, chronic obstructive pulmonary disease; IADL, instrumental 
activity of daily living; MMSE, Mini ‑Mental State Examination; PP, pulse pressure
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patients affected by MRH (n = 13) and was identi-
fied mainly in those with significantly worse cog-
nitive function and lower physical performance. 
Logistic regression explaining this disorder could 
not be properly estimated. Therefore, the only ev-
ident positive relationship was linked to the use 
of typical neuroleptics.

Impact of medication -related harm on survival  
Before discharge, medications used by patients 
were reconciled and adjusted to their individu-
al needs, including withdrawal of potentially in-
appropriate drugs. Within a 2.4 -year follow -up, 
35.5% of the study patients died. After adjust-
ment for age and multimorbidity, out of all de-
fined MRH types, only drug -induced parkinson-
ism was independently negatively associated with 
survival according to the Cox proportional haz-
ards model (hazard ratio, 2.4; 95% CI, 1.25–4.61; 
P = 0.009).

survival and medication use Out of 71 drug items 
at discharge, 4 drug classes showed a positive asso-
ciation with survival, namely, selective serotonin 
reuptake inhibitors (SSRIs) (P = 0.001), thiazides 
including indapamide (P = 0.03), paracetamol 
(P = 0.01), and angiotensin -converting enzyme 
inhibitors (ACEIs) (P = 0.01). The opposite, neg-
ative association was found in spironolactone 
or eplerenone users (P = 0.04). The remaining 
drugs—including statins, antidiabetics, vitamins 
and minerals, and even vitamin D—proved to be 
neutral for survival (FIGuRE 1).

dIsCussION Medication -related harm is grow-
ing in importance among older adults, along with 
multimorbidity and polypharmacy.4,28 Age -related 
impairments interplay with multifaceted health 
conditions and drug -related outcomes, making 
clinical presentation blurred, ambiguous, and 
often wrongly diagnosed.29 A geriatric approach, 
looking beyond medicines, and deprescribing are 
the best ways to avoid MRH linked to inappropri-
ate or redundant medication use.18

The rate of MRH noted in this study (35%) 
seems extremely high, though it is lower than 
82% reported in an Ethiopian study,28 46.2% doc-
umented in a Brazilian study,30 and 39% in an-
other study of hospitalized multimorbid older pa-
tients.31 Nevertheless, the incidence and preva-
lence of MRH in the elderly cannot be accurately 
determined owing to a huge diversity in the no-
menclature and perception of the issue,32 as well 
as patients’ setting and age.33,34 It is estimated 
that 10% to 30% of older adults are admitted to 
the hospital because of MRH,7 although MRH is 
usually a hidden problem in a large proportion of 
patients, at least in the present study, being re-
ferred to the hospital for other reasons. After ad-
justment for age and multimorbidity, only typi-
cal neuroleptics, antidiabetics, benzodiazepines, 
and, interestingly, supplements (except vitamin 
D), as well as a higher value of PP change (after 
standing up) independently affected MRH of any 

the negative effect of typical neuroleptics (eg, 
haloperidol, promazine, sulpiride, and tiapride) 
(odds ratio [OR], 12; 95% CI, 3–47.4), antidiabetic 
medications (ie, sulfonylureas, metformin, or in-
sulin) (OR, 7.7; 95% CI, 4–15), benzodiazepines 
(OR, 5.3; 95% CI, 2.3–12.3), supplements except 
vitamin D (OR, 2.1; 95% CI, 1.1–4), and the lower 
value of PP after standing up from a supine posi-
tion (TAbLE 4, model A).

drug -induced hypotension Drug -induced hypo-
tension was the most prevalent type of MRH and 
was found in almost every fifth patient receiving 
antihypertensive therapy. Drug -induced hypoten-
sion was accompanied by drug -induced hypoglyce-
mia (33%), benzodiazepine addiction with fall(s) 
(21%), drug -induced parkinsonism (5%), or other 
drug -related problems (17%). Patients much more 
often complained of dizziness, fainting, and falls 
in the preceding year. In total, 77.2% of the pa-
tients presented with orthostatic hypotension. 
Multivariable logistic regression (TAbLE 4, mod-
el B) showed the coexistence of diabetes, benzo-
diazepine use, supplement use, and a lower value 
of PP after standing up as factors independently 
contributing to the disorder.

drug -induced hypoglycemia Drug -induced hy-
poglycemia was identified in 13.3% of the study 
group and affected up to every third diabetic pa-
tient. The results of multivariable logistic regres-
sion revealed that multicomorbidity and β -blocker 
use contributed to this iatrogenic disorder (TAbLE 4, 
model C), apart from antidiabetic treatment.

benzodiazepine addiction Benzodiazepine addic-
tion was found in 5.7% of the study patients. 
Multivariable logistic regression showed 3 con-
tributing factors: lower values of PP after stand-
ing up, a greater number of drugs taken before 
admission, and tramadol use (TAbLE 4, model D).

drug -induced parkinsonism Drug -induced parkin-
sonism pertained to a relatively small number of 

TAbLE 2 Medication ‑related harm identified during hospital stay in 301 inpatients

Characteristics N (%) 95% CI

MRH of any type 106 (35.2) 30–40.8

Drug ‑induced hypotension 58 (19.3) 15.2–24.1

Drug ‑induced hypoglycemia 40 (13.3) 9.9–17.6

Benzodiazepine addiction with fall(s) 17 (5.7) 3.6–8.9

Drug ‑induced parkinsonism 13 (4.3) 2.5–7.2

NSAID ‑related harm 8 (3) 1.4–5.2

Amiodarone ‑induced hyper‑ or hypothyroidism 5 (1.7) 0.7–3.8

Harm induced by other drugs 11 (3.7) 2.1–6.4

Number of coexisting MRH typesa 1 65 (61.3) 51.8–70

2 35 (33) 24.8–42.4

3 6 (5.7) 2.6–11.8

a In 106 patients affected by MRH

Abbreviations: MRH, medication ‑related harm; NSAID, nonsteroidal anti ‑inflammatory drug
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(overtreatment such as with antidiabetics),35 both 
related to prescribers, as well as the third play-
er—patients’ conditions and MRH susceptibili-
ty. The present study showed an underestimated 

origin. This finding allowed the researcher to as-
sess the complexity of the MRH nature that covers 
at least 3 areas: qualitative (inappropriate medi-
cation such as typical neuroleptics), quantitative 

TAbLE 3 Characteristics of patients stratified by medication ‑related harm identified

Characteristics Any MRH P valuea

No (n = 106) Yes (n = 195)

Survival time, mo, median 34.7 34.5 0.61

Age, y, mean (SD) 82.4 (6.9) 82.3 (6.3) 0.86

Female sex, n (%) 131 (67.2) 73 (67.8) 0.76

Living alone, n (%) 57 (29.3) 40 (37.7) 0.13

Barthel Index (0–100), mean (SD) 80.5 (25.5) 77.4 (22.2) 0.12

IADL (0–12), mean (SD) 6.7 (3.9) 6.4 (3.9) 0.51

MMSE (0–30), mean (SD)b 20.8 (7.1) 20.3 (6.3) 0.26

Geriatric Depression Scale (0–15), mean (SD)c 5.6 (3.7) 6.8 (3.8) 0.03

Dizziness or vertigo on admission, n (%) 79 (40.5) 61 (57.6) 0.004

Syncope or fainting before admission, n (%) 18 (9.2) 20 (18.9) 0.01

Fall(s) during the preceding year, n (%) 88 (45.1) 79 (74.5) <0.001

Orthostatic hypotension, n (%) 42 (22.6) 44 (43.6) <0.001

MAP in supine position, mm Hg, mean (SD) 88.2 (12.1) 88.4 (11.1) 0.47

MAP in standing position, mm Hg, mean (SD)d 87.9 (12.9) 85.1 (13.3) 0.1

PP in supine position, mm Hg, mean (SD) 62.0 (17.1) 65.6 (18.8) 0.1

PP in standing position, mm Hg, mean (SD)d 57.7 (18.3) 53.1 (17.6) 0.03

PP change between standing and supine positions, mm Hg, mean (SD)d –4.7 (14.5) –12.9 (15.9) <0.001

Diseases out of 21 defined, n, mean (SD) 6.3 (2.3) 7.1 (2.1) 0.002

Ischemic heart disease, n (%) 120 (61.5) 74 (69.5) 0.15

Hypertension, n (%) 121 (62.1) 77 (72.6) 0.06

Atrial fibrillation, n (%) 46 (23.6) 30 (28.3) 0.37

Heart failure, n (%) 50 (25.6) 22 (20.8) 0.34

Cerebrovascular disease, n (%) 121 (62.1) 72 (67.9) 0.31

Arthritis, n (%) 105 (53.9) 53 (50) 0.52

Parkinson disease, n (%) 26 (13.3) 22 (20.7) 0.09

Depression, n (%) 122 (62.5) 78 (73.6) 0.05

Dementia, n (%) 78 (40) 47 (44.3) 0.46

Delirium, n (%) 40 (20.5) 27 (25.5) 0.32

Anemia, n (%) 78 (40) 45 (42.5) 0.67

Diabetes, n (%) 51 (26.2) 65 (61.3) <0.001

Infection, n (%) 65 (33.3) 27 (26) 0.19

Liver disease, n (%) 47 (24.1) 27 (25.5) 0.79

Chronic kidney disease, n (%) 28 (14.4) 22 (20.8) 0.15

Ulcer, n (%) 41 (21) 24 (22.6) 0.74

Thyroid disorder, n (%) 20 (10.3) 8 (7.6) 0.45

Cancer, n (%) 19 (9.7) 10 (9.4) 0.93

Benign prostatic hyperplasia, n (%) 24 (37.5) 13 (39.4) 0.85

Connective tissue disease, n (%) 9 (4.6) 3 (2.9) 0.44

COPD, n (%) 14 (7.2) 6 (5.7) 0.61

Medications on admission, n, mean (SD) 6.9 (3.3) 8.7 (3.1) <0.001

a χ2 test or Mann–Whitney test as appropriate

b Missing cases: 62

c Missing cases: 11

d Missing cases: 14

Abbreviations: MAP, mean arterial pressure; others, see TAbLEs 1 and 2
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In community -based samples, postural hypo-
tension was present in 13% of the older peo-
ple,38 which is over twice as much as in the cur-
rent study. In both those studies, tranquillizers 
were shown to play a significant role here. In 
a British study of a younger population, hypo-
tension was strongly associated with the num-
ber of antihypertensives taken, age, and co-
morbidities.39 This finding was not confirmed 
in the present study, in which failure of mech-
anisms controlling BP homeostasis constitut-
ed a problem beyond the use of any antihyper-
tensive drug. Polypharmacy, including diuret-
ics, was removed from the logistic model in fa-
vor of stronger contributors such as diabetes co-
existence, benzodiazepine addiction, lower PP 
in a standing position, and the number of sup-
plements taken (except vitamin D). This set of 
predictors suggests disease -related neurovege-
tative or regulatory impairments of BP homeo-
stasis at advanced old age rather than any effect 
of antihypertensive drugs. Nevertheless, drug-
-induced hypotension was independently asso-
ciated with mortality and hospital admission.40

Drug -related hypoglycemia in older diabet-
ic patients remains a major challenge.35,41 The 
present study confirmed previously reported re-
sults showing that advanced age, comorbidity, 
and β -blocker use independently act as risk fac-
tors for hypoglycemia.

Age -related changes make older adults sen-
sitive to the adverse effects of benzodiazepine-
related falls.42 Numerous benzodiazepine users 
also take other psychotropic drugs.43 In the cur-
rent study, polypharmacy, weak opioids (trama-
dol), and worsened hemodynamic adaptation to 
a standing position (a lower PP value) were found 
to be independent contributors to addiction.

contribution of the latter. Loss of arterial pres-
sure control even after minimal stress, such as up-
right standing from a supine position, provides 
evidence of neurovegetative failure that contrib-
utes to MRH. Although PP typically substantially 
falls after standing up,36 patients affected by MRH 
presented a 3 -fold higher value of PP change be-
tween standing and supine positions compared 
with the unaffected individuals. The harmfulness 
of supplement use seems to be an embarrassing 
issue, although other authors have also report-
ed similar observations.37

Drug -related hypotension affected every 
fifth patient on antihypertensive treatment. 

TAbLE 4 Logistic regression models for the contributors of the identified medication ‑related harm: medication ‑related harm of any type (model A), 
drug ‑related hypotension (model B), drug ‑related hypoglycemia (model C), and benzodiazepine addiction with fall(s) (model D)

Medications before 
admission; patient 
in ‑hospital 
characteristics

Model A (medication ‑related 
harm of any type)

Model B (drug ‑induced 
hypotension)

Model C (drug ‑induced 
hypoglycemia)

Model D (benzodiazepine 
addiction)

OR 95% CI P value OR 95% CI P value OR 95% CI P value OR 95% CI P value

Benzodiazepine use 5.3 2.3–12.3 <0.001 2.9 1.3–6.6 0.008 – – – – – –

β ‑Blocker use – – – – – – 2.5 1–6 0.045 – – –

Tramadol use – – – – – – –   – – 4.6 1.5–13.9 0.006

Typical neuroleptics 
use

12 3–47.4 <0.001 – – – –   – – – – –

Antidiabetic drug use 7.7 4–15 0.001 – – – –   – – – – –

Supplement use 
(except vitamin D)

2.1 1.1–4 0.02 2.5 1.4–4.8 0.007 –   – – – – –

Drugs before hospital 
admission, n

–   – – – – – –   – – 1.2 1–1.4 0.035

Diabetes –   – – 3.3 1.7–6.6 <0.001 –   – – – – –

PP in standing 
position, mm Hg

0.97   0.96–0.99 0.006 0.97 0.94–0.98 0.001 1  0.98–1.02 0.62 0.95 0.92–0.99 0.01

Diseases (out of 21), n 1.1   0.97–1.23 0.11 1 0.86–1.18 0.86 1.3  1.1–1.6 <0.001 0.98 0.76–1.25 0.86

Age, y 1   0.97–1.06 0.47 1 0.96–1.06 0.48 0.9  0.8–1 0.049 1.02 0.93–1.11 0.64

Abbreviations: see TAbLE 1

FIGuRE 1  The Cox proportional hazards model for the association between drug 
classes and survival after geriatric interventions. Dots denote median values, and 
whiskers, 95% CIs. 
Abbreviations: ACEIs, angiotensin ‑converting enzyme inhibitors; HR, hazard ratio; 
SSRIs, selective serotonin reuptake inhibitors
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adopted her own classification of MRH types. Sec-
ond, lack of a follow -up study did not allow the re-
searcher to determine whether drugs recommend-
ed at discharge were constantly taken and affect-
ed survival. Also, a limited sample size might have 
been insufficient to identify all potential factors 
for MRH and to conduct a more in -depth statis-
tical analysis on medication effectiveness.

Conclusions and implications Medication -related 
harm is an underappreciated iatrogenic syndrome 
in the geriatric population. Active search for MRH 
in every older patient at the beginning of the diag-
nostic process should be routine. Out of the doz-
en medications tested, 4 drug classes were found 
to significantly contribute to MRH of any origin, 
namely, typical neuroleptics, antidiabetics, ben-
zodiazepines, and supplements. Drug -related hy-
potension and / or hypoglycemia are the most 
common and overlapping MRHs, and tramadol 
use, polypharmacy, and age- and disease-relat-
ed BP neurovegatative impairment / dysregula-
tion contributed to benzodiazepine-related falls. 
Chronic use of typical neuroleptics was strongly 
associated with drug -induced parkinsonism and 
a shorter survival rate, despite drug discontinu-
ation. The beneficial relationships between sur-
vival and ACEIs, thiazides, paracetamol, and SS-
RIs revealed in this study are promising. Depre-
scribing and drug use optimization in geriatric pa-
tients can mitigate the negative effects of MRH 
on survival and, potentially, decrease the rate of 
rehospitalization and overall healthcare costs.
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