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Abstract

Background Older adults are vulnerable to adverse drug events given the pharmacokinetic and pharmacodynamic
changes that coming with ageing, as well as they often take multiple medications for their chronic health conditions,
especially older co-morbidities. ADEs can cause unnecessary emergency department visits and hospitalization,
which contribute to financial burden and decreased quality of life. This study aims to investigate the prevalence of
adverse drug events in elderly co-morbid patients in Liaoning province and explore its risk factors, in order to ensure
medication safety in elderly patients.

Methods This was a cross-sectional study that enrolled elderly patients with co-morbidities, and the data were
collected by nurses using a structured interview method for elderly patients with multimorbidity. Risk factors for
patient-reported adverse drug events were identified by univariate and logistic regression analyses.

Results A total of 329 elderly patients were enrolled, among whom 169 were females, with an age ranging from

61 to 90 years. 205 participants (62.3%) had 462 “possible-probable-certain”adverse drug events, and 156 (47.4%)
experienced two or more self-reported adverse drug events concurrently. The logistic regression analysis included
four variables: female (OR=2.194, 95% confidence interval 1.281-3.760, P=0.004), numbers of daily drugs > 12
(OR=2.257,95% confidence interval 1.254-4.061, P=0.007), history of fall within 1 year (OR=3.106, 95% confidence
interval 1.112-8.674, P=0.031), and medication noncompliance (OR=3.768, 95% confidence interval 1.535-9.249,
P=0.004).

Conclusion Patient-reported adverse drug events are more prevalent in older co-morbid patients in Liaoning
province. Female, numbers of daily drugs, fall history with 1 year and poor medication compliance were significantly
and independently associated with adverse drug events. These findings may provide informative interventions for the
medication management in elderly patients living with multimorbidity.
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Introduction

China has the largest elderly population in the world, and
the proportion of the elderly population is still growing
rapidly. Recent data of the 7th National Census Bulletin
in 2020 [1] shows that the population aged 60 and above
in China accounts for 18.7% of the total population, with
Liaoning Province ranking the first in the country with
this figure of 25.72%. The chronic health problems closely
related to aging have become a hot issue. Older adults
often suffer from multiple chronic diseases at the same
time and rely on medications to control symptoms, so
multiple medication use is common among older adults,
which can significantly increase the risk of adverse drug
events caused by drug interactions [2—4]. Additionally,
the pharmacokinetic and pharmacokinetic changes that
occur in the elderly with physiological aging, make the
elderly more susceptible to adverse drug events (ADEs)
[5, 6]. ADEs in older adults can lead to an increase in
drug-related hospitalization [4, 7] and unnecessary
emergency department visits [8, 9], which contribute to
increased medical cost [10], as well as increase the risk of
geriatric syndrome [11], induce adverse social outcome
and adverse medication management outcome [12],
reduce the quality of life [13], and even cause death [14],
so medication safety in the elderly population should be
given continuous attention.

An effective way to prevent ADEs is to use a well-orga-
nized risk assessment to identify populations to at high
risk of ADEs so that additional medication management
services can be delivered to this group. Studies con-
ducted in different countries have assessed which factors
are associated with a higher risk of ADEs in the ambu-
latory [15, 16], in hospitalized patients [11, 17], in older
community-dwelling patients [11, 15, 16, 18, 19], and in
nursing home [3]. What’s more, Zhou and Rupa reviewed
categorization of risk factors for ADE, and grouped them
into five main categories: patient-related, disease-related,
medication-related, health service related, and genetics-
related [20]. However, based on the special cultural back-
ground of China, where older adults may take chemical
drugs, traditional Chinese medicines (TCM), and health
supplements concurrently, as well as health conditions
specific to older adults, such as frailty, limited ability to
perform activities of daily living, and polypharmacy, it
is unclear about the impact on the prevalence of adverse
drug events in older adults with co-morbidities in the
northeastern China. The aims of this study are to inves-
tigate the prevalence of adverse drug events in elderly co-
morbid outpatients in Liaoning province and to explore
its risk factors, in order to help healthcare professionals
to identify the population at high risk of adverse drug
events, and provide additional monitoring and early pre-
vention measures to ensure medication safety in elderly
patients.
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Methods

Study design and population

In this study, a cross-sectional survey was conducted.
Geriatric outpatients at the First Hospital of China Medi-
cal University from October 2019 to June 2020 were
recruited for the study using a convenience sampling
method. The inclusion criteria were as follows: (1) those
aged 60 years or above, (2) those who voluntarily par-
ticipated in this study, (3) those with at least two chronic
non-communicable diseases, as diagnosed by a physician
according to diagnostic criteria, (4) those with a regular
medication taking (>4 weeks of continuous medication
use) in community, and the medications used included
prescribed, over-of-counter (OTC), traditional Chinese
medicines and vitamin as well as supplements. The exclu-
sion criteria were as follows: (1) those who could not par-
ticipate in this study due to health status or other reasons,
(2) tumor patients undergoing anticancer treatment, and
(3) those with cognitive impairment or mental illness and
those who were unable to communicate normally.

Measures

Demographic & health status-related variables
Demographic data included gender, age, weight, height,
BMI (body mass index, calculated from the formula
weight/height?); socioeconomic data included health
insurance, marital status, living status, education level,
pre-retirement occupation. Lifestyle data were also col-
lected, such as smoking and alcohol consumption. Health
status data were comprised of hospital admission within
3 months, function in activities of daily living, falls within
1 year, and frailty. Frailty was scored by the frailty ques-
tionnaire (FRAIL scale [21]); function in activities of
daily living was assessed by the Barthel index. The dis-
ease diagnosis of each participant was obtained through a
combination of interviews and review of medical records.
The medical records included information on drug aller-
gies, the patient’s previous visits to the doctor, the repeat
and acute prescriptions, the results of various examina-
tions, and the doctors’ instructions and ongoing medical
conditions.

Data on medications

Medication list was used to collect data on medica-
tions taken in the past 4 weeks included prescribed,
OTC, traditional Chinese medicine, vitamin and supple-
ments. Names of drugs, dosage, frequency and length
of use were also collected. The researcher explained the
definition of medication adherence and outlined some
common medication non-adherent behaviors to the par-
ticipants during the interview, and the participants self-
assessed their medication adherence based on their own
medicine-taking behaviors, which were classified as poor,
fair, and good.
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Identifying and assessing the presence of ADE.

ADE was defined in this study as “an adverse outcome
that occurs while a patient is taking a drug, but is not
or not necessarily attributable to it” [22], includes harm
caused by the drug (adverse drug reactions and over-
doses) and harm from the use of the drug (including dose
reductions and discontinuations of drug therapy) [23]. In
this study, participants received a structured interview
began with a general question “have you experience any
side effects or any other problems from the drugs you
were taking in the previous 4 weeks?” and then a ques-
tionnaire with a list of 42 patient-reported symptoms
categorized by body system was used to detect potential
ADE [24]. For any symptoms, if the participant reported
yes, 8 additional questions followed to assess the symp-
toms, including (1) do you belief that the symptom was
related to your drugs, (2) which drug or drugs do you
think caused this symptom, (3) in the past 4 weeks, how
often did you have the symptom—never / rarely / occa-
sionally / frequently / almost consistently (4) how do you
rate the severity of the symptoms at the worst—none /
mild/ moderate / severe / very severe, (5) how much did
the symptom interfere with your daily activities?--- not at
all/ a little bit/ somewhat/ quite a bit / very much, (6) has
this symptom gone away by now or improved, (7) what
action did you take in relation to this symptom during
the past 4 weeks, and (8) Do you think there are other
reasons for your experiencing this symptom (other than
your medication).

Patient-reported symptoms were reviewed by a physi-
cian with expertise in geriatric and a pharmacist inde-
pendently to determine the symptom as an ADE or not
according to World Health Organization Uppsala Moni-
toring Centre (WHO-UMC) [25], which is a causality cri-
terion to gauge the causal link between the symptom to a
drug in terms of 6 levels of certainty (certain, probable/
likely, possible, unlikely, conditional/ unclassified, assess-
able/unclassifiable). The symptom was classified as an
ADE if it was determined as possible, probable or certain
categories.

Procedure

This study was approved by the Medical Science
Research Ethics Committee of the First Hospital of China
Medical University (No. 2018 - 266), and the study sub-
jects signed the informed consent form before the study
started. Face-to-face structured interviews were used to
collect information from elderly patients when they con-
sulted at the geriatric outpatient. Standardized trained
nurses interviewed the study subjects according to the
questionnaire and completed the questionnaire based on
the information provided by the elderly about their medi-
cation, their feelings and experiences during the medica-
tion taking period. The brown bag method was used to
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clarify the patients’ medication list [6]. The elderly were
asked to bring all of their current medications, including
prescribed, OTC, herbal medications and supplementary
to their health care visit. After information collection, a
geriatrician and a pharmacist performed back-to-back
to determine the causal relationship between the drug
intake and the patient-reported ADE. For inconsistent
results, a third clinical pharmacist was invited to deter-
mine the results.

Statistical analysis

IBM SPSS 21.0 was applied for statistical analysis, and
the data were statistically described using means, stan-
dard deviations, medians, percentages, and rates. The
data between two groups with and without adverse
events were compared, and the t-test was used for mea-
surement data obeying normal distribution and the rank
sum test for those obeying non-normal distribution; the
count data were analyzed by x2 test or Fisher’s exact test.
Univariate analysis was applied to screen variables with
P<0.2, and further binary logistic regression analysis was
applied to determine the risk factors for the occurrence
of “probable and certain” adverse drug events in elderly
co-morbid patients, and the OR values together with
95% confidence interval (CI) of each factor were counted.
The Hosmer-Lemeshow goodness-of-fit test was used to
evaluate the calibration of the model, and the area under
the subject operating characteristic curve (AUROC) was
used to evaluate the discrimination. Sensitivity and speci-
ficity, and Youden’s Index were also calculated on the
data.

Results

Characteristics of the subjects

A total of 340 questionnaires were distributed and data
collection was interrupted by 11 people due to discom-
fort (n=6) or the need for physical examination (n=5).
329 elderly co-morbid patients with an age ranging from
61 to 90 years, (mean 72.67 +8.233 years), 169 (51.4%)
were female, 156 (47.4%) had a BMI of >24 kg/m? 126
(38.3%) had been hospitalized within 3 months, and 26
(7.9%) had fall history within 1 year. Based on the Frail
Scale and Barthel index assessment, 41.03% were in the
frailty stage with a score of 23, and 21.28% had limited
ability to perform daily activities. The characteristics
were shown in Table 1. The analysis of the disease sta-
tus of the study population revealed that the number of
chronic conditions was 2—11 /subject (the median num-
ber was 4). The five most common chronic diseases were
hypertension (n=234, 71.1%), coronary heart disease
(n=232, 70.5%), hyperlipidemia (n =151, 45.9%), diabetes
mellites (n=127, 38.6%) and stroke (n=117, 35.6%).
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Table 1 Characteristics of ADEs in older comorbidity
patients(N=329)

Variable min-max/N(%) Variable Min-max/N(%)
Age 61-90Y Use of
alcohol
60-69Y 141(42.9) No 282(85.7)
70-79Y 108(32.8) Drinking 47 (14.3)
>80Y 80 (24.3) Smoking
Gender No smoker 273(83.0)
Female 169(51.4) Smoker 56(17.0)
Male 160(48.6) BMI
Marital status <184 26(7.9)
Married 218(66.3) 18.5-239 147(44.7)
Divorced/widowed 111(33.7) >24 156(47.4)
Educational level Fall within 1
year
Primary school 158(48.0) N 303 (92.1)
or less
Junior high school  93(28.3) Y 26(7.9)
High school 35(10.6) Admission in
preceding 3
months
College or above 43(13.1) N 203(61.7)
Living status Y 126(38.3)
With spouse 172(52.3) ADL
With daughter/son 64 (19.5) No 259(78.7)
assistance
With spouse and 46(14.0) Assistance 70 (21.3)
daughter/son with >1 ADL
Frailty
Alone 42 (12.8) No 58(17.6)
With others 5(1.5) Pre-frailty ~ 136(41.3)
(1-2)
Medical payment Frailty (=3) 135(41.0)
Medical insurance  286(86.9) Medication
compliance
Self-paying 5(1.5) Poor 203(61.7)
Free 38(11.6) Fair 67(20.4)
Pre-retirement Good 59(17.9)
occupation
Doctor/nurse 11 (3.3) Use of TCM
Teacher 37(11.2) No 104(31.6)
Worker 85 (25.8)
Farmer 69(21.0) Yes 225(684)
Other 127(38.6) Types of 1-17
daily drug
Family income, CNY <5 82(24.9)
<5000 166(50.5) 5-10 210(63.8)
5000-9999 99(30.1) >10 37(11.2)
10,000-14,999 48(14.6) Numbers of ~ 1-51
daily drug
>15,000 16(4.9) <12 162(49.2)
Numbers of chronic 2-11 >12 167(50.8)
conditions
2-5 299(69,6) Time interval
6-9 94(28.6) No 200(60.8)
>10 6(1.8) Yes 129(39.2)
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Adverse drug events and related drugs

Polypharmacy is common among older persons, with
up to 75% of older persons taking five or more medica-
tions. Older people have a complex medication regimen,
taking prescription medications, as well as OTC, propri-
etary Chinese medicines and herbal remedies. The maxi-
mum number of pills taken per day was 51 (median 12.5),
60.8% of older people took multiple medications without
time intervals, and 225 participants (68.4%) took TCM.
Poor adherence to medication was reported by 206 sub-
jects (61.7%).

One clinical pharmacist and one geriatrician deter-
mined that 205 participants (62.3%) had 462 “possible-
probable-certain” adverse drug events, among which 167
were “probable-certain” adverse drug events. 156 par-
ticipants experienced two or more symptomatic adverse
drug events concurrently. As shown in Table 2, the most
common patient-reported adverse drug events were diz-
ziness/headache, fatigue, palpitations, dyspepsia, loss of
appetite, nausea/vomiting and insomnia.

Risk factors for adverse drug events in the elderly
Univariate analysis of risk factors for ADEs shows that
gender, BMI, health insurance, living status, pre-retire-
ment occupation, family income per month, function in
activity of daily living, numbers of comorbidities, num-
bers of daily drugs and medication compliance were asso-
ciated with increased risk of ADEs, with P-value<0.05.
Then, binary logistic regression analysis was performed
with the presence of “certain and probable” ADE as the
dependent variable and those variables with P-value<0.2
in univariate analyses as independent variables. The
results showed that gender (female), number of daily
drug (<12), history of fall within 1 year, and medication
noncompliance were independent risk factors for ADEs
in elderly co-morbid patients (Fig. 1).

Hosmer-Lemeshow test was used to evaluate the
goodness of fit of the model, with X*=6.276, P=0.616
(P>0.05), indicating no evidence of statistically signifi-
cant difference between the observed and expected val-
ues. As Fig. 2 showed, the apparent discrimination of
the model was AUC 0.718 (95% CI 0.649 to 0.788). The
Youden’s index (YI), which is the cut-off point when (sen-
sitivity + specificity-1) is maximum, was chosen as the
cut-off value. By calculation, when the Youden’s index
was 0.431, the sensitivity and the specificity were 64.4%
and 78.7% respectively.

Discussion

In this descriptive study, the prevalence of patient-
reported adverse drug events in older co-morbidity
patients was 62.3%, which is higher than the report
issued by the National Adverse Drug Reaction Moni-
toring Center. The National Adverse Drug Reaction
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Table 2 The common patient-reported ADEs in the last 4 weeks

Page 5 of 9

ADE N (%) Main Therapeutic drug associated with ADE
Dizzy, headache 54 (16.41) Calcium channel blockers (e.g., nifedipine)
Beta-blocking agents (e.g., bisoprolol, atenolol, metoprolol)
Psycholeptics (e.g., benzodiazepine derivatives)
Antianginal agent (e.g., trimetazidine, isosorbide mononitrate)
Fatigue, tiredness 40(12.16) Beta-blocking agents (e.g., bisoprolol, atenolol, metoprolol)
ARBs (e.g., valsartan)
Loss of appetite, indigestion or heartburn 30(9.12) Antithrombotic agents (e.g., aspirin, warfarin)
Anti-inflammatory and antirheumatic products (e.g., ibuprofen)
Anti-diabetes agents (e.g., acarbose, metformin)
Nausea, vomiting, 25 (7.60) Diuretics (e.g., furosemide)
Magnesium supplementation
Alkaloid (e.g., colchicine)
Anti-diabetes agents (e.g., metformin)
Unstable blood sugar level 21 (6.38) Anti-diabetes agents (e.g., insulin)
Bruise easily 18 (547) Antithrombotic agents (e.g., aspirin, warfarin)
Low blood pressure 17 (5.17) Antihypertensives
Dry mouth 17 (5.17) Diuretics (e.g., furosemide)
variables OR (95% CI) P value
Numbers of daily drug( >12) —+—e—
2.257 (1.254-4.061) 0.007
Gender (Female) -j-—e— 2.194 (1.281-3.760) 0.004
Medication compliance (poor) - ¢ . 4 3.768 (1.535-9.249) 0.004
History of fall within 1 year . { 3.106 (1.112-8.674) 0.031
L s S e S N

OR (95% Cl)

Fig. 1 Forest plot for binary logistic regression of risk factors for ADE

Monitoring Annual Report (2020) showed that in 2020,
30.3% of the reports were related to the elderly in the
national ADR monitoring network [26]. Additionally, in
this study, nearly a half of the elderly patients had two
or more potential adverse drug events concurrently and
the most common patient-reported adverse drug events
were subjective symptoms, such as dizziness/headache,
fatigue, palpitations, dyspepsia, loss of appetite, nausea/
vomiting and insomnia. Adverse drug events experienced
by patients, especially subjective symptomatic adverse
drug events, are often underestimated or underreported
[27]. Healthcare professionals tend to pay more attention
to serious adverse drug events; however, “non-alarm-
ing” adverse drug events often have greater impacts on
patients’ daily lives [28] and may lead to poor medication

adherence and discontinuation of their medications,
which can seriously affect the safety of medication and
therapeutic outcomes [16, 29]. Therefore, it is essential
for patients to participate in the monitoring and report-
ing the adverse drug events, which not only enables
healthcare professionals to be more well-informed about
their patients’ medication use, but also improves patients’
medication literacy.

Further investigation was performed to identify risk
factors associated with patient-reported ADEs in comor-
bidity elder patients, and found that the main risk factors
were numbers of chronic medical conditions, numbers
of daily drugs, female, medication noncompliance, and
history of fall within 1 year. These risk factors consisted
of sociodemographic-related factor, medication-related
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Fig. 2 Receiver operating characteristic (ROC) curve for logistic regression

factors and health condition factor, which manifested
that the complexity of the adverse drug events in the
elderly population. In spite of the fact that it is impos-
sible to change socio-demographic characteristics (e.g.,
gender), patient-related factors (e.g., numbers of medica-
tion taken, medication compliance, and fall) can be inter-
vened to prevent the risk of adverse drug events and to
protect medication safety in elderly patients.

Both pharmacokinetics and pharmacodynamics
undergo significant changes with advancing age. Pharma-
cokinetic changes include decreased renal excretion and
hepatic clearance as well as an increase in the volume of
distribution of fat-soluble drugs (and therefore a prolon-
gation of the elimination half-life), while pharmacody-
namic changes involve changes in sensitivity to several
classes of drugs, such as anticoagulants, cardiovascular

medications, and psychotropic medications [5]. At the
same time, the pharmacokinetics and pharmacody-
namics of drugs likewise show gender differences [30].
Compared to males, females have greater risk of adverse
events, which is consistent with many studies [15, 20,
31-33]. Biological differences between males and females
affect the pharmacodynamics and pharmacokinetics of
drugs, especially for the latter [32]. Gender can affect
the bioavailability, distribution, metabolism and excre-
tion of drug through different mechanisms, resulting in
gender differences in pharmacokinetics [30]. Therefore,
for older adults on long-term medications, especially at
the initial stages of the treatment and drugs with narrow
therapeutic index, sex-related differences should be fully
considered to improve the effectiveness and safety of the
medications.
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The number of daily drug was a risk factor for reported
ADE in older co-morbid patients, as supported by previ-
ous studies worldwide [20, 34, 35]. Older people are tak-
ing multiple medications for several chronic conditions,
thereby increasing the risk of adverse drug interactions
that lead to adverse drug events. Studies showed that
participants with potentially inappropriate prescribing
were more likely to have an ADE [3, 14, 36]. To reduce
potentially inappropriate prescribing, healthcare pro-
viders were recommended to monitor patients’ current
medication lists and eliminate unnecessary medications
to reduce the risks of adverse drug events, as well as the
financial hardship [6, 37]. Registered nurses (RNs) were
not only drug distributors, but also “vigilant interme-
diaries” in drug therapy [38]. In other words, RNs may
prompt conversations with patients and their families
to clarify medication lists and assess potential adverse
events, with the aim of encouraging patients to partici-
pate in medication safety [6, 39]. Furthermore, effective
communication with other healthcare workers could pro-
mote information sharing within multidisciplinary team
members to deprescribe and ensure medication safety
[6].

Medication noncompliance can increase the risk of
adverse drug events, which is matched with previous
studies [20, 40, 41]. To improve medication adherence
in older adults, several studies have been conducted to
examine the effects of behavioral interventions, includ-
ing reminder devices, large-print labels, and individual or
group education sessions [42]. Additionally, medication
compliance was associated with medication knowledge
[40, 43]. Previous qualitative studies indicated that both
the elderly and their families lacked knowledge about
drug indicators, actions and potential adverse events,
which impeded their ability to recognize adverse drug
events during medication use and engage in shared deci-
sion-making processes regarding their treatment [44—46].
RNs could build effective communication with patients
and their families, for hearing their needs and providing
education on medication knowledge, which may promote
understanding of and compliance to medications.

The presence of fall history may increase the risk of
adverse drug events for elder patients, which agreed with
the findings of other studies [11, 47]. In this study, fall
history is an independent risk factor for the occurrence
of adverse drug events, and fall is also one of the items in
the list of the patient-reported symptomatic ADE ques-
tionnaire. Published literatures have shown a significant
association between the risk of fall and fall risk increas-
ing drugs (FRIDs) [48-51], which are commonly used in
the elderly, such as hypnotics, antipsychotics, antipar-
kinsonian medications, antidepression, antihypertensive
drugs, antiarrhythmic drugs and glucose control medi-
cations. Additionally, a previous fall is also recognized as
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one of predictors of falls [47, 52, 53]. Nurses play impor-
tant roles in implementing fall prevention programs [39,
51, 52, 54, 55], which include patient assessment, com-
municating with interdisciplinary team of healthcare
workers, conducting fall preventing education to pro-
mote fall risk awareness and knowledge for the older
individuals and their families, instructing older adults in
exercise and vitamin D supplementation, and enhanc-
ing monitoring for the patients taking FRIDs, to secure
a safer environment for the older adults and achieve fall
prevention goals.

This study had some limitations. Firstly, the sample size
was relatively small and from one single medical center,
which may have resulted in selection bias that limits the
generalizability of the findings. Further investigations will
be conducted at different regions in Liaoning Province.
Additionally, patient-reported ADE relies on patients’
accurate recall of events and patients’ knowledge on
medication use, which will help them to self-monitor
for the potential ADEs and to discriminate effectively
between ADEs and their medical conditions. Healthcare
professional should educate the patients on their medica-
tions use and identifying ADEs, to improve the awareness
of patient participation in medication safety monitoring.

Conclusions

Patient-reported adverse drug events are more prevalent
in older co-morbid patients in Liaoning province. Female,
numbers of daily drugs, fall history with 1 year and poor
medication compliance were significantly and indepen-
dently associated with adverse drug events. These find-
ings may provide informative interventions for nurses
who work with interdisciplinary team to secure medica-
tion safety for elderly patients living with multimorbidity.
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