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ABSTRACT
Objective: Polypharmacy, an important geriatric syndrome, has been shown to be an independent risk factor for falling. However, the 
data about effects of polypharmacy on balance is lacking. We aimed to evaluate the effects of polypharmacy and inappropriate drug 
usage on balance in older adults.
Patients and Methods: Fifty-one patients using ≥ 5 drugs and 50 patients using < 5 drugs were included in the study. Inappropriate 
drug usage of the patients was evaluated by Beers criteria. Postural stability and risk of falling was investigated by using Biosway 
Portable Balance System (BPBS). Activities and functional status of the patients were assessed by using Short Physical Performance 
Battery (SPPB) and Activities Specific Balance Confidence Scale (ABC). All patients underwent comprehensive geriatric assessment.
Results: Age, gender, hand grip strength, SPPB scores of the patients were similar between polypharmacy and control groups (all had 
p>0.05). ABC score was higher in polypharmacy group than control (p<0.01). Overall, anterior-posterior, medial-lateral stability 
index and eyes closed firm surface scores detected in BPBS were higher, indicating worse stability in the polypharmacy group than 
control (p<0.05). Limit of stability score was lower in the polypharmacy group than control (p=0.03). Rates of polypharmacy and 
inappropriate drug usage were higher in patients with a history of falling than without (p<0.01, p<0.01, respectively). In multivariate 
analysis model, polypharmacy was found to be an independently correlated parameter for impaired balance (OR 24.31; 95%CI 3.05-
193.91; p<0.01).
Conclusion: This study has demonstrated that polypharmacy might be a related factor for impaired balance. Struggling with 
polypharmacy and inappropriate drug usage should be one of the most important part of comprehensive geriatric assessment.
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1. INTRODUCTION

Approximately one third of the patients over 65 years have 
experienced at least one falling every year and about 10% of 
the cases result in serious injury causing major morbidity and 
mortality in this population [1, 2]. The health expenditures 
due to fall-related injuries are progressively increasing [3, 4]. 
Polypharmacy is generally defined as using 5 or more drugs and 
a number of drugs have been shown to be associated with an 
increased risk of falling in geriatric population [5-7]. As well 
as the number of the drugs, inappropriate medications are also 
important in older adults that may lead to increased risk of 
drug-drug interactions and various side effects [8-10].
Postural stability is a complex process that requires the 
combination of multiple neurological sensory and motor 
components to maintain the body balance [11]. Maintaining 

postural stability diminishes with age and this facilitates falls in 
older adults [12]. Biosway Portable Balance System (Biodex Inc. 
Shirley, New York) (BPBS) is a device that assesses balance and its 
sub-parameters such as postural stability, limit of stability (LOS) 
and risk of fall via modified Clinical Test of Sensory Integration 
and Balance (m-CTSIB). The system provides valid, reliable, 
and repeatable objectives measures of a patient’s neuromuscular 
control and ability to balance on a firm and/or unstable surface. 
There are some studies showing the predictive effect of BPBS 
on risk of falling for elderly population in literature [13]. This 
system enables the objective assessment of the balance and 
consists of a balance platform connected to computer software. 
Performances of the patients were assessed and the computer 
gives automatically goal values for each person.
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Although, the association between polypharmacy and falling 
risk is well known, the data about the association between 
polypharmacy and balance problems detected with BPBS is 
lacking. In the light of this knowledge, this study was carried out 
to evaluate the effects of polypharmacy and inappropriate drug 
usage on balance problems detected by using BPBS and falls in 
elderly patients.

2. PATIENTS and METHODS

Patients aged 65 years and over who applied to the geriatric 
outpatient clinic at a university hospital between 2015 and 
2016 were included in this study. The participants were divided 
into two groups as 51 patients using 5 or more drugs as study 
group and 50 patients using less than 5 drugs as control group. 
All patients underwent comprehensive geriatric assessment 
including Mini Nutritional Assessment – Short Form [14], 
Katz activities of daily living [15], Lawton Brody instrumental 
activities of daily living [16], Mini Mental State Examination 
[17], Yesavage Depression Scale [18] and clock drawing 
tests. Hand grip strength was measured by grip strength 
dynamometer, (Grip D produced by Takei / Made in Japan) with 
dominant hand. Measurements were repeated for three times 
after 10 second intervals and maximum hand grip strength 
value was recorded. The number of drugs and the comorbidities 
of the participants were also recorded. Inappropriate medication 
usage was identified by using Beers criteria [8-10]. All patients 
were included in the study after their informed consents were 
obtained. The exclusion criteria were history of orthopedic 
surgery (presence of prosthesis), vestibular, neurological and 
rheumatologic diseases, diabetic neuropathy documented both 
symptoms and electromyography, bone fracture due to falls 
in the last 6 months, having severe joint deformity and not 
cooperating to BPBS measurement.

Assessment of risk of falling, postural stability and limit of 
stability

Risk of falling, postural stability and LOS were assessed by using 
BPBS (Biodex Inc. Shirley, New York) [19]. This system enables 
the objective assessment of the balance and consists of a balance 
platform connected to computer software. Each participant was 
given the information about the test and one trial evaluation was 
performed before recording the results. The patients participated 
in the balance assessment with bare feet. The position of the foot 
was determined by adjusting the position in which an individual 
can stand in balance with minimal effort. The coordinate 
location on the platform, age and height of the participants 
were recorded to the device. The risk of fall was assessed with 
m-CTSIB test, in 4 conditions as standing on a firm and foam 
surface with eyes open and closed (preferred test protocol: eyes 
open firm surface, eyes closed firm surface, eyes open foam 
surface and eyes closed foam surface). The duration of each 
condition was 20 seconds. The higher Sway Index score points 
out the more unstable patients. Postural stability was evaluated 
by the assessment of the patients’ ability to keep a moving point 
on the screen of the BPBS. The test was repeated for three 

times with each part taking 20 seconds. Overall stability index 
(OSI), anterior-posterior stability index (APSI) and medial-
lateral stability index (MLSI) scores were measured. Higher 
values indicate worse stability. LOS was measured by assessment 
of ability of patient moving through a blinking ball and back 
to the screen by shifting the body weight on the platform. 
Performances of the patients were assessed according to the 
LOS scores. The test was repeated three times. The computer 
gives automatically goal values for each person’s LOS test. The 
system reliability for postural stability and LOS were tested with 
25 healthy elderly volunteers in bilateral standing (two sessions 
on consecutive weeks).

Assessment of physical activity and fear of falling

Activities and functional status of the patients were assessed 
by using Short Physical Performance Battery (SPPB) [20]. 
The scores ranged from 0 (worst performance) to 12 (best 
performance). Activities Specific Balance Confidence Scale 
(ABC) was also performed. Patients were asked 16 questions 
in this scale to indicate their level of confidence in doing the 
activity without losing their balance or becoming unsteady. 
They selected one of the percentage points on the scale from 
0% to 100% [21]. Arithmetic mean of the total score was taken.

Biochemical evaluation

Fasting plasma glucose, high density lipoprotein, low density 
lipoprotein, total cholesterol, triglyceride, blood urea nitrogen, 
creatinine, sodium, potassium, calcium, total protein, albumin, 
thyroid stimulating hormone, free t4, alanine aminotransferase, 
aspartate aminotransferase, gamma-glutamyl transferase, 
alkaline phosphatase, bilirubin, vitamin B12, folic acid, 25 (OH) 
vitamin D, C reactive protein levels, erythrocyte sedimentation 
rate and complete blood count were measured.

Ethics

Ethical approval for the research was obtained from the Ethics 
Committee of Kecioren Training and Research Hospital, 
Ankara, in 2015 and informed consent was obtained from each 
participant conforming to the Helsinki Declaration.

Statistical Analysis

Statistical analysis was performed by using Statistical Package 
for Social Sciences (SPSS) for windows 15.0 software. Numerical 
parameters were assessed by histogram and Kolmogorov – 
Smirnov test to evaluate whether the variables had normally 
distribution or not. Categorical variables were presented 
as frequencies and percentage. Comparison of continuous 
numerical parameters between two groups was done by 
using Student’s T or Mann-Whitney U tests according to the 
distribution of the parameters as normal or skew distribution, 
respectively. Categorical parameters were compared with Chi-
square test. Detection of the independent associated factors 
affecting falls in geriatric patients was made by binary logistic 
regression analysis. In the regression analysis model, the 
parameters that were different (p value lower than 0.05) between 
patients with and without history of falling in the previous year 
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before the study conducted were included. Receiver Operating 
Characteristic (ROC) analysis was applied to detect the optimum 
drug number which may increase the falling in geriatric patients. 
P value < 0.05 was considered as statistically significant.

3. RESULTS

Median age of the study population was 72 years (min-max: 
65-86) and 55.4 % of patients were female. Age, sex, hand grip 
strength and usage of walking aid were similar between groups. 
Mean body mass index (BMI) of patients in the polypharmacy 
group was higher than control group (p<0.01). SPPB total 
scores were similar between groups. ABC scores were lower 
in the polypharmacy group (p=0.01). The demographic 
characteristics, clinical features and laboratory parameters of 
patients are summarized in Table I.

Table I. Demographic characteristics, co-morbidities and baseline 
laboratory findings of the patients

	 All groups 
n=101

Polypharmacy 
group 
n=51

Control group 
n=50

p 
value

Age, years 72 (65-86) 72 (65-86) 71(65-85) 0.09
Sex (%Female) 55.4 52.9 58 0.61
BMI, kg/m2 29.6 ± 4.4 30.8 ± 4.1 28.5 ± 4.5 <0.01
Handgrip 
strength, kg 24.8 ± 8.8 23.9 ± 9.5 25.6 ± 8.1 0.35

Mobilization (% 
walking aid) 5.9 5.9 6 1.00

History of falling 
(%) 18.8 35.3 2.0 <0.01

SPPB score 8.4 ± 1.7 8.1 ± 1.5 8.7± 1.8 0.08
ABC score 85.3 (0-100) 91.83 (40-100) 80.67 (0-100) <0.01
Co-morbidities, 
n (%)
     Hypertension 68 (67.3) 47 (92.2) 21 (42.0) <0.01
    Diabetes mellitus 35 (34.7) 35 (68.6) 0 (0.0) <0.01
   Coronary artery 
   disease 12 (11.9) 11 (21.6) 1 (2.0) <0.01

Biochemical 
parameters
   Fasting plasma 
   glucose(mg/dL) 100 (70-294) 113 (78-294) 94 (70-198) <0.01

   Hb (g/dL) 13.3 ± 1.6 13.04 ± 1.4 13.60 ± 1.8 0.08
   Vitamin B12 (pg/     
   mL) 376 (117-1887) 376 (117-1887) 359 (164-1823) 0.82

   25 OH vitamin D 
   (µg/L) 21.4 (5.9-79.6) 22.3 (5.9-79.6) 19.1 (9.0-44.7) 0.32

  TSH (mIU/mL) 1.8 (0.5-14.0) 1.8 (0.5-9.7) 1.8 (0.5-14.0) 0.90
BMI: Body Mass Index, SPPB: Short Physical Performance Battery, ABC: Activities 
Specific Balance Confidence Scale, Hb: Hemoglobin, TSH: Thyroid stimulating 
hormone. The numerical parameters are shown as mean ± standard deviation or 
median (min-max) according to the distribution pattern of the variables.  

The rate of inappropriate drug usage according to the Beers 
criteria was 22.8% in the study population and only 4% of the 
study population was using at least one drug that may increase 
the risk of falling. Rate of previous history of falling was higher 

in the polypharmacy group compared to control (35.3% versus 
2%, p<0.001). Comprehensive geriatric assessment scores are 
shown in Table II.

Table II. The results of comprehensive geriatric assessment test parameters 
between study and control groups
	 Polypharmacy group 

n=51
Control group 

n=50 p value

Katz ADL 6 (5-6) 6 (5-6) >0.05
Lawton-Brody IADL 8 (5-8) 8 (4-8) >0.05
MNA-SF 14 (10-14) 14 (5-14) 0.046
MMSE 30 (25-30) 29 (25-30) 0.014
YDS 0 (0-8) 2 (0-11) <0.001
6 m gait speed, m/sn 5 (3.1-13.2) 7 (3.5-28.1) <0.001
Hand grip strength, kg 25.6 ± 8.1 23.9 ± 9.4 >0.05

ADL: Activities of daily living, IADL: Instrumental activities of daily living, 
MNA-SF: mininutritional assessment-short form, MMSE: minimental state 
examination, YDS: Yesavage depression scale, The numerical parameters are 
shown as mean ± standard deviation or median (min-max) according to the 
distribution pattern of the variables.

When the patients were classified according to the history of 
falling, the rate of polypharmacy was seen to be higher in the 
patients with history of falling than without (94.7% versus 
the 40.2%, p <0.01). The incidence of hypertension, diabetes 
mellitus and hypothyroidism were found to be higher in patients 
with a history of falling than without (p = 0.02, p <0.01 and p = 
0.04, respectively). Inappropriate drug usage, according to Beers 
criteria was also more frequent in patients with history of falling 
than without (52.6% versus 15.9%, p <0.01).
Impaired balance and increased risk of falling were observed 
in the polypharmacy group. Eyes closed firm surface score was 
higher in the polypharmacy group than control (p=0.042). All 
postural stability index scores were found to be higher in the 
polypharmacy group compared to control (p<0.01, p=0.03, 
p<0.01, respectively). LOS score was significantly lower in the 
polypharmacy group (34 min-max: 15-81 vs. 39 min-max: 18-
60, p=0.03). Results of BPBS are shown in Table III.

Table III. Comparison of BPBS results between polypharmacy and control 
groups 
	 Polypharmacy group Control group P value
EOFS 0.53 (0.26-1.81) 0.50 (0.25-1.13) 0.19
ECFS 0.82 (0.45-2.58) 0.70 (0.30-1.87) 0.04
EOSS 1.23 (0.72-4.14) 1.16 (0.75-2.65) 0.50
ECSS 2.96 (1.87-4.73) 2.94 (1.42-5.52) 0.66
OSI 0.50 (0.20-4.30) 0.40 (0.20-1.0) <0.01
APSI 0.40 (0.10- 3.10) 0.30 (0.10- 1) 0.03
MLSI 0.20 (0.0-2.90) 0.20 (0.0-0.70) <0.01
LOS 34 (15-81) 39 (18-60) 0.03

EOFS: eyes open firm surface ECFS: eyes closed firm surface EOSS: eyes open 
soft surface ECSS: eyes closed soft surface OSI: overall stability index APSI: 
anterior-posterior stability index MLSI: medial-lateral stability index LOS: limits 
of stability. All the variables are shown as median (min-max) according to the 
distribution pattern.
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In multivariate analysis model, polypharmacy was found to 
be an independently correlated parameter for falling (OR 
24.31; 95%CI 3.05-193.91; p<0.01) (Table IV). As a result of 
ROC analysis, > 2 drugs use was identified as a cut-off for fall 
risk (94.7% sensitivity and 59.76% specificity, 35.3% positive 
predictive and 98% negative predictive value, AUC 0.747, 
p<0.05).

Table IV. The independently related factors of impaired balance are shown 
in these multivariate analysis models.
 
Parameters

 
OR

95% Confidence Interval  
p valueLower limit Upper limit

Model 1*
Polypharmacy 24.31 3.05 193.91 0.003
Model 2**
Diabetes mellitus 7.89 1.99 31.34 0.003
Inappropriate drug usage 11.05 2.39 51.10 0.002

*Model 1: The parameters those had p value lower than 0.05 when comparing 
between patients with and without falling history were included in this 
multivariate model. The parameters were polypharmacy, hypertension, diabetes 
mellitus, hypothyroid, body mass index, walking speed, eyes closed firm surface, 
overall stability, anterior-posterior stability, medial-lateral stability and limits 
of stability indexes, mini-nutritional assessment-short form, mini-mental state 
examination, Yesavage geriatric depression scale and fasting blood glucose.  
** Model 2: Instead of polypharmacy, inappropriate drug usage according to Beers 
criteria was included in this multivariate analysis model. 

4. DISCUSSION

In this study, we have found that polypharmacy would be a 
related factor for impaired balance and falling in the geriatric 
population regardless using of a drug that may increase the risk 
of falling. Additionally, rate of polypharmacy and incidence of 
inappropriate drug usage were higher in patients with falling 
history. To our knowledge, this is the first study examining the 
relationship between polypharmacy and balance with BPBS in 
older adults.
Falls are one of the major health issues among the older 
population. Falls are often accompanied by complications such 
as fractures, long term disability, loss of independence and 
increased risk of mortality. Polypharmacy is one of the most 
significant fall risk factor in the older adults [22]. Recently, 
Zaninotto, et al., showed that the risk of hospitalization due to 
a fall increased with polypharmacy [23]. In this study, similar 
with the literature, we have found a positive correlation between 
polypharmacy and falling risk. Kojima, et al., mentioned that 
taking 5 or more drugs was a significant risk for falls [24]. Our 
results have shown that taking two or more drugs is significantly 
related with increased fall risk in geriatric patients. Additionally, 
in our study, it has been found that behind the polypharmacy, 
inappropriate drug use is also an important related factor for falls 
in elderly population. Especially, serotonin reuptake inhibitors, 
tricyclic antidepressants, neuroleptics, benzodiazepines, 
anticonvulsants, class 1A antiarrhythmic drugs, digoxin and 
diuretics are associated with increased falls [6, 25]. We could 

not find a relation between drug subclasses and fall risk. This 
finding may be derived from small sample size of the study.
We found that, in the polypharmacy group ABC scores were 
lower and rate of previous history of fall was higher than control. 
Previously, researchers found an inverse relation between 
balance confidence and impaired balance [2]. Also, community-
dwelling older adults with fear of falling have demonstrated 
decreased performance on measures of balance and gait [27]. 
Lajoie, et al., showed that those individuals with a fall history 
were more affected by the fear of falling and more restricted in 
daily activities [28]. Similar to the literature, we found impaired 
balance and low gait speed in the polypharmacy group.
Body mass index values were higher in the polypharmacy group. 
Obesity prevalance was increased among geriatric population in 
recent years. Both aging and obesity could result in multiorgan 
dysfuntion that leads to increased chronic diseases and 
polypharmacy.
Multimorbidities are common in the elderly and these lead 
to increase in the risk of polypharmacy and related adverse 
drug reactions. The incidence of chronic diseases such as 
hypertension, diabetes mellitus and hypothyroidism were 
found to be higher in polypharmacy group and patients with 
a history of falling. Although, diabetes mellitus incidence was 
higher, diabetic neuropathy documented both by symptoms 
and electromyography did not exist in the polypharmacy 
group. Additionally, model 1 shows that the polypharmacy 
is an independently associated factor for impaired balance in 
the elderly patients irrespective of having diabetes mellitus, 
hypertension, body mass index, etc.
In older adults, polypharmacy effects many disease processes, 
with balance function being one of the most susceptible. 
Evaluation of the older patients with a balance disorder is 
critical for these patients [29]. To assess balance situation, 
postural stability of the patients was evaluated by BPBS [19]. In 
our study, OSI scores were found to be higher in patients with 
polypharmacy. OSI is believed to be the most reliable indicator 
of postural stability and higher scores indicate poorer stability 
[19]. Hsieh, et al., previously reported that, patients with knee 
osteoarthritis displayed higher OSI than controls, therefore 
displayed lower postural stability [30]. In the polypharmacy 
group, also, sway index, measured at a condition eyes closed firm 
surface, was higher than control group demonstrating that firm 
surface might be related with impaired balance. However, in 
previous studies, soft foam surface has been shown to be related 
with poor balance assessment results that challenges with our 
results [31]. This finding may be due to the eyes condition (open 
or closed) while using the device [32]. In our study, no impaired 
balance was detected in patients using BPBS device while their 
eyes open regardless of the characteristics of the surface.
Additionally, our results showed that limits of stability scores 
were worse in the polypharmacy group. Limit of stability is 
defined as the maximum angle a person’s body can achieve from 
vertical position without losing balance [19]. Lower LOS values 
point out the unstable patient. It has been demonstrated that hip 
muscles strength that contributes to balance is reduced with ankle 
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dysfunction. Also, fatigue of ankle plantar flexors and dorsi-
flexors have shown to significantly influence sway parameters 
and postural control [33]. Additionally, these authors mentioned 
that, due to the impairment in the large muscles of the ankle, 
the smaller muscles of the foot compromise for maintaining the 
stability. In the elderly as well as polypharmacy, these findings 
may be due to the sarcopenia in the lower extremity muscles.
The study had several limitations. The information about the falls 
of the patients was evaluated retrospectively. Prospective analysis 
including falls history of the patients should be performed with 
larger studies. This study was not in a longitudinal manner. 
Secondly, falls were self-reported. Because of that, some of the 
patients may have not remembered the all fallings. Thirdly, the 
underlying causes of previous falls history of our patients had 
not been exactly explored. The reason for that is the assessment 
of falls was made retrospectively.
In conclusion, polypharmacy is a remarkable problem leading 
to balance problems and falls in geriatric population. Falls 
related injuries take great place in health care expenditures. In 
evaluation of the older adults presenting with balance problems, 
polypharmacy and inappropriate drug usage should be kept in 
mind and questioned separately.
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