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Abstract

Background Managing medication use in older orthopedic patients is imperative to extend their healthy life
expectancy in an aging society. However, the actual situation regarding polypharmacy, the intake of potentially
inappropriate medications (PIMs), and fall risk-increasing drugs (FRIDs) among older orthopedic patients is not well
characterized. This study aimed to investigate the medication-based profiles of older orthopedic patients to highlight
the critical points of concern.

Methods We retrospectively reviewed the clinical data of consecutive patients aged > 65 years who underwent
orthopedic surgery at two acute care hospitals between April 2020 and March 2021. The cutoff number of prescribed
drugs for polypharmacy was set at 6. According to the specified guidelines, 19 categories of drugs were identified as
PIMs, and 10 categories were classified as FRIDs.

Results A total of 995 older patients with orthopedic surgery were assessed, of which 57.4% were diagnosed with
polypharmacy, 66.0% were receiving PIMs, and 41.7% were receiving FRIDs. The prevalence of FRID intake did not
significantly differ among patients with degenerative spinal disease (n=316), degenerative disease of extremities
(n=331), and fractures (n=272). Compared with patients with degenerative disease of the extremities, the
multivariable-adjusted prevalence ratios (PRs) of polypharmacy and PIM intake were significantly higher in patients
with degenerative spinal disease (1.26 [confidence intervals (Cl): 1.11-1.44] and 1.12 [Cl: 1.00-1.25]), respectively. Use
of antiemetic drugs (adjusted PR, 13.36; 95% Cl: 3.14-56.81) and nonsteroidal anti-inflammatory drugs (adjusted PR,
1.37;95% Cl: 1.05-1.78) was significantly higher in patients with degenerative spinal disease. Among patients with
degenerative spinal disease, the prevalence of antiemetic drug intake was 8.7% in lumbar spinal patients and 0% in
cervical spinal patients.
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Conclusions More than half of the orthopedic patients in this study were affected by polypharmacy, and
approximately two-thirds were prescribed some form of PIMs. Patients with degenerative spinal disease showed a
significantly higher prevalence of polypharmacy and PIM use compared with other orthopedic diseases. Particular
attention should be paid to the high frequency of antiemetic drugs and nonsteroidal anti-inflammatory drugs intake
among patients with degenerative lumbar spine conditions.

Keywords Orthopedic surgery, Polypharmacy, Potentially inappropriate medications, Fall risk-increasing drugs,
Antiemetic drugs, Nonsteroidal anti-inflammatory drugs, Degenerative spinal disease, Fracture, Older people

Background

Globally, the increased life expectancy in recent decades
has contributed to a progressive increase in the propor-
tion of older adults in the population [1]. Increasing
healthy life expectancy is one of the key objectives in
an aging society to improve overall societal productiv-
ity and mitigate social burdens such as rising healthcare
costs [2]. The progressive population aging has also con-
tributed to an increased incidence of orthopedic condi-
tions, such as osteoarthritis, low back pain, and fragility
fractures, which significantly reduce the quality of life of
older adults [3, 4]. Therefore, the prevention and manage-
ment of orthopedic conditions are imperative to extend
healthy life expectancy.

The practice of taking multiple medications (referred
to as polypharmacy) is a significant problem in an aging
society which has both medical and socio-economic
repercussions [5]. Polypharmacy increases the risk of
adverse drug events with the increase in the frequency of
potentially inappropriate medications (PIMs) [5, 6]. PIMs
refer to the potential drugs that pose more risks than ben-
efits, especially in older adults [6]. These medications are
often identified using criteria such as the Beers Criteria
or the STOPP/START criteria, which list specific drugs
or drug classes that may be inappropriate for use in older
populations because of their high risk of causing adverse
drug reactions, drug-disease interactions, or unnecessary
duplication in drug therapy [7-9]. Therefore, identify-
ing and reducing the use of PIMs is a crucial aspect of
geriatric care to improve patient safety and overall health
outcomes. In addition, fall risk-increasing drugs (FRIDs)
are a category of medications that can increase the risk
of falls, particularly in older adults [10, 11]. These drugs
may increase the likelihood of a fall by affecting balance,
cognition, or blood pressure [10, 11]. Common examples
of FRIDs include hypnotics, antipsychotics, antidepres-
sants, and some classes of antihypertensive drugs [10,
11]. Since falls are a leading cause of injury and morbidity
in older adults, identification and management of FRIDs
is an essential aspect of care in this population.

To extend healthy life expectancy, managing the medi-
cation of older orthopedic patients is extremely impor-
tant. In a previous study, the prevalence of polypharmacy
in older patients with musculoskeletal disorders was
reported to be >50% [12]. Among older orthopedic

patients, polypharmacy is significantly more prevalent
in those with hip fractures or lumbar spine disorders [12,
13]. Furthermore, older fracture patients are expected
to have a high frequency of FRID intake. However, the
actual situation regarding polypharmacy, intake of PIMs,
and FRIDs among older orthopedic patients is not well
characterized. Considering that previous studies sug-
gested that polypharmacy negatively influenced the out-
comes of fracture treatment [14, 15], understanding the
pharmacological profile of these patients is beneficial.
Therefore, this study conducted a comprehensive medi-
cation survey among older patients who had undergone
orthopedic surgery in two acute care hospitals. The
objective was to assess the medication-based profiles of
older orthopedic patients and highlight the critical points
of concern in these patients.

Methods

Subjects

We retrospectively collected the clinical data of consecu-
tive patients aged>65 years who underwent orthopedic
surgery at two acute care hospitals between April 2020
and March 2021. One hospital has approximately 400
beds with 800 orthopedic surgeries per year, while the
other hospital has approximately 1300 beds with 1700
orthopedic surgeries per year.

Ethics approval and consent to participate

This study was approved by the institutional ethics com-
mittee. Informed consent with the ethics committee was
obtained in the form of opt-out. All study methods were
conducted in accordance with the principles set out in
the Declaration of Helsinki.

Data acquisition

The following data were retrieved for analysis: age; body
mass index (BMI); sex; diagnosis; surgical procedure;
medical history (including hypertension, dyslipidemia,
diabetes, stroke, heart disease, and malignancy); pre-
operative prescribed drugs; and serum albumin levels.
Decline in physical function, nutrition, oral function,
activities of daily living (ADL), memory, and mood
were diagnosed based on the responses to 10 questions
extracted from the Kihon Checklist upon admission [16].
This checklist of 10 questions was used as a standard
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procedure at the time of admission of all older orthope-
dic patients in these two hospitals (Supplementary Table
S1). Patients who responded “no” to Q1 or “yes” to Q2
were determined to have physical function decline. Those
who responded “yes” to Q3 were considered to have a
decline in nutrition. Those who responded “yes” to Q4
or “yes” to Q5 were considered to have a decline in oral
function. Those who responded “no” to Q6 were consid-
ered to have ADL decline. Those who responded “yes”
to Q7 or “yes” to Q8 were considered to have memory
decline. Those who responded “yes” to Q9 or “yes” to
Q10 were determined to have a mood decline. In addi-
tion, the Charlson Comorbidity Index (CCI) for each
patient was investigated.

Polypharmacy, potentially inappropriate medications, and
fall risk-increasing drugs

The preoperative prescribed drugs were primarily inves-
tigated by pharmacists as part of the home therapy when
the patients were admitted. Polypharmacy was defined
as six or more medications [5, 12, 13]. According to the

A) Polypharmacy

c) FRIDs
N=995

o = N
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guidelines [7-9], the following 19 categories were con-
sidered PIMs requiring special caution when prescrib-
ing: antipsychotics, hypnotics, antidepressants, sulpiride,
antiparkinsonian drugs, steroids, antithrombotic drugs,
digitalis, diuretics, B-blockers, a-blockers, first-genera-
tion antihistamines, H,-receptor antagonists, antiemetic
drugs, laxatives, antidiabetic drugs, insulin, overactive
bladder medications, and nonsteroidal anti-inflammatory
drugs (NSAIDs). Among the 19 categories of PIMs, the
following were considered FRIDs based on guidelines
[9]: antipsychotics, hypnotics, antidepressants, sulpiride,
antiparkinsonian drugs, diuretics, a-blockers, antiemetic
drugs, antidiabetic drugs, and insulin.

Statistical analyses

Continuous variables are expressed as meanzstandard
deviation, while categorical variables are expressed as
frequency (percentage). Between-group differences
were assessed for statistical significance using the ¢-test,
analysis of variance, or chi-square test, as appropriate.
The prevalence of polypharmacy, intake of PIMs, FRIDs,

B) PIMs

N=995

Fig. 1 Distribution of the numbers of total prescription drugs (A), potentially inappropriate medications (PIMs) (B), and fall risk-increasing drugs (FRIDs)

(C€) among older orthopedic patients
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Cases aged 265 years who underwent orthopedic surgery
in two institutions
from April 2020 to March 2021

Excluded cases other than
degenerative diseases and
fractures (ex. tumor, infection)

N=76
4
Degenerative Degenerative disease of Fracture
spinal disease extremities
316 cases 331 cases 272 cases
S group E group F group
[
Excluded thoracic cases and deformity cases
N =40
2
Degenerative
cervical disease
57 cases
C group
Degenerative
lumbar disease
219 cases
L group

Fig. 2 Flow diagram showing the patient classification for each analysis
in this study

and each category of PIMs among two or three groups

Table 1 Comparison of baseline characteristics among three groups
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were compared using Poisson regression models, and
the results were reported as prevalence ratios (PRs) and
95% confidence intervals (CIs). The models were adjusted
for baseline characteristics whose distributions differed
among the three groups in the univariate analysis. Pois-
son regression was performed using STATA16 software
(Stata Corporation, College Station, TX, USA). P val-
ues of <0.05 were considered indicative of statistical
significance.

Results

A total of 995 older patients who underwent orthope-
dic surgery were included in this study. Figure 1A shows
the distribution of the number of prescribed drugs in all
patients. Among them, 22.2% were prescribed >10 drugs,
35.2% were prescribed 6-9 drugs, 29.4% were prescribed
3-5 drugs, and 13.2% were prescribed <2 drugs (Fig. 1A).
The distribution of the number of categories of PIMs and
FRIDs prescribed to the patients is shown in Fig. 1B and
C, respectively.

Orthopedic conditions can be broadly divided into
injuries and illnesses. Among injuries, fractures often
require surgical treatment, while among illnesses, osteo-
arthritis and spondylosis are representative conditions
frequently treated with surgery. Therefore, out of the
total 995 patients, 76 patients with tumors and infections
were excluded (Fig. 2). The remaining 919 cases were cat-
egorized into three groups: degenerative spinal disease
(S group, n=316), degenerative disease of extremities (E
group, n=331), and fractures (F group, n=272) (Fig. 2).
The distribution of patients according to their surgical

Degenerative spinal dis- Degenerative disease Fracture (F group, P
ease (S group, n=316) of extremities (E group, n=272) value
n=331)
Age 759463 752+58 80.6+8.1 <0.001
Sex Male 165 (52.2%) 83 (25.1%) 74 (27.2%) <0.001
Female 151 (47.8%) 248 (74.9%) 198(72.8%)
BMI (kg/mz) 238432 245+4.2 214+41 <0.001
Medical history Hypertension 198 (62.3%) 207 (62.5%) 155 (57.0%) 0.28
Dyslipidemia 120 (38.0%) 107 (32.3%) 47 (17.3%) <0.001
Diabetes 92 (29.1%) 62 (18.7%) 7 (21.0%) 0.005
Stroke 39 (12.3%) 42 (12.7%) (1 4.0%) 0.83
Heart disease 61 (19.3%) 63 (19.0%) 7 (13.6%) 0.13
Malignancy 55 (17.4%) 54 (16.3%) 42 (15.4%) 0.81
Functional decline Physical function 145 (45.9%) 146 (44.1%) 208 (76.5%) <0.001
Nutrition 12 (3.8%) 8 (2.4%) 14 (5.1%) 0.21
Oral function 14 (4 4%) 19 (5.7%) 27 (9.9%) 0.02
Activities of daily living 8 (8.9%) 9 (5.7%) 51 (18.8%) <0.001
Memory 6 (5.1%) 14 (4.2%) 71 (26.1%) <0.001
Mood (2.2%) 8 (2.4%) 12 (4.4%) 0.23
Serum albumin levels (g/dL) 40+0.5 39+04 35+06 <0.001
Charlson comorbidity index 52+17 48+13 54+15 <0.001

*Analysis of variance (ANOVA), **Chi-square test
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procedures is shown in Supplementary Table S2. First,
baseline characteristics were compared among the three
groups. Age was significantly higher in the F group, the
proportion of males was significantly higher in the S
group, and BMI was significantly higher in the E group
(Table 1). In terms of medical history, the frequency of
dyslipidemia and diabetes was significantly higher in the
S group (Table 1). In the survey using the Kihon Check-
list [14], the frequency of decline in physical function,
oral function, and memory was significantly higher in the
F group (Table 1). Additionally, compared to the other
two groups, the F group had the lowest serum albumin
level and the highest CCI (Table 1). The Poisson regres-
sion model was used to compare the prevalence of poly-
pharmacy and the intake of PIMs and FRIDs among the
three groups. After adjusting for age, sex, BMI, albumin,
dyslipidemia, diabetes, physical function, oral function,
ADL, and memory, the PRs of polypharmacy and PIM
intake were significantly higher in the S group at 1.26 (CL:
1.11-1.44) and 1.12 (CI: 1.00-1.25), respectively, when
using the E group as a reference (Table 2). Meanwhile,
the prevalence of FRID intake did not significantly dif-
fer among three groups (Table 2). In addition, for each
category of PIMs, the prevalence of hypnotics and laxa-
tives was lower in the F group (multivariable-adjusted
PR for hypnotics, 0.67; 95% CI: 0.45-0.99; multivari-
able-adjusted PR for laxatives, 0.58; 95% CI: 0.38—0.90),
whereas that of antiemetic drugs and NSAIDs was higher
in the S group (multivariable-adjusted PR for antiemetic
drugs, 13.36; 95% CI: 3.14-56.81; multivariable-adjusted
PR for NSAIDs, 1.37; 95% CI: 1.05-1.78) (Table 3).
Among the three groups, we focused on the S group,
which was characterized by polypharmacy and PIMs.
After excluding patients who had thoracic and spinal
deformity cases, it was divided into two subgroups: cer-
vical spinal cases (C group, n=57) and lumbar spinal
cases (L group, n=219) (Fig. 2). On comparing the base-
line characteristics between the two groups, BMI was
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significantly higher in the L group, while the frequency
of functional decline in memory was significantly higher
and the serum albumin level was significantly lower in
the C group (Table 4). However, there was no significant
difference in CCI between the groups. The prevalence of
polypharmacy and the intake of PIMs and FRIDs did not
differ between the two subgroups (Table 5). Among the
categories of PIMs, antidiabetic drugs had a significantly
lower PR in the L group than in the C group (multivari-
able-adjusted PR for antidiabetic drugs, 0.38; 95% CI:
0.20-0.73) (Table 6). For antiemetic drugs, the preva-
lence of prescriptions was 8.7% in the L group and 0% in
the S group (Table 6).

Discussion

Our findings underline the need to exercise caution
against polypharmacy and the intake of PIMs and FRIDs
among older patients undergoing orthopedic surgery due
to its high prevalence. Among older orthopedic condi-
tions, hip fractures, which particularly cause dysfunction
and poor vital prognosis [17, 18], have been reported to
be associated with polypharmacy-related postopera-
tive delirium and mortality [14, 15]. Therefore, special
attention should be given to older patients with hip frac-
tures. Meanwhile, although the results suggested that
the prevalence of FRIDs intake does not depend on the
disease, contrary to our expectations, the significantly
higher frequency of polypharmacy and PIMs intake
among patients with degenerative spinal disease indicates
the need for close monitoring of adverse drug events
in these patients. In a previous study of older patients
with degenerative musculoskeletal disorders, those with
degenerative lumbar disorders had a significantly higher
proportion of analgesic usage, which is consistent with
our current findings [12]. The frequent prescription of
NSAIDs to patients with degenerative lumbar spinal dis-
ease is likely due to the severe pain associated with these
conditions. However, considering the well-known side

Table 2 Poisson regression model of polypharmacy, PIMs, and FRIDs among three groups

Degenerative spinal dis- Degenerative disease Fracture
ease (S group, n=316) of extremities (E group, (F group,
n=331) n=272)
Polypharmacy Number of polypharmacy 214 169 134
Prevalence of polypharmacy (%) 67.7 511 493
Prevalence ratio (95% confidence interval)* 1.26 (1.11-1.44) Reference 0.90 (0.76-1.07)
PIMs Number of PIMs 232 210 160
Prevalence of PIMs (%) 734 634 58.8
Prevalence ratio (95% confidence interval)* 1.12 (1.00-1.25) Reference 0.88(0.77-1.01)
FRIDs Number of FRIDs 143 125 105
Prevalence of FRIDs (%) 453 378 386
Prevalence ratio (95% confidence interval)* 1.09 (0.91-1.30) Reference 0.88(0.71-1.10)

*Adjusted for age, sex, body mass index, serum albumin levels, dyslipidemia, diabetes, physical function, oral function, activities of daily living and memory

PIMs, potentially inappropriate medications; FRIDs, fall risk-increasing drugs
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Table 3 Poisson regression model of each category in PIMs among three groups
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Degenerative spinal
disease (S group,
n=316)

Degenerative disease
of extremities (E
group, n=331)

Fracture (F
group, n=272)

Antipsychotics
Hypnotics
Antidepressants
Sulpiride
Antiparkinsonian agents
Steroids
Antithrombotic drugs
Digitalis

Diuretics

-Blockers

a-Blockers
First-generation
antihistamines
H2-receptor antagonists
Antiemetic drugs
Laxatives

Antidiabetic drugs
Insulin

Overactive bladder

medications
NSAIDs

Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*
Prevalence of prescription (%)
Prevalence ratio (95% confidence interval)*

19 2.1 44

0.88 (0.29-2.66) Reference 1.14(043-3.01)
215 19.9 16.9
1.13(0.83-1.54) Reference 0.67 (0.45-0.99)
22 2.1 15

1.00 (0.37-1.70) Reference 0.54(0.18-1.61)
0.6 0.6 04

2.26 (0.28-18.38) Reference 2.33(0.18-30.38)
03 0 0.7

na. Reference na.

48 4.2 20

1.19 (0.55-2.59) Reference 0.55 (0.22-1.39)
8.2 33 7.0

1.67 (0.75-3.68) Reference 1.68(0.76-3.72)
0.6 0 0.7

na. Reference na.

48 7.0 10.7
0.61(0.32-1.18) Reference 1.10 (0.60-2.01)
0 0.9 04

n.a. Reference 0.52 (0.04-6.96)
32 27 1.8
0.91(0.30-2.79) Reference 0.34(0.10-1.23)
0.6 0.6 0

0.98 (0.21-4.46) Reference na.

35 7.0 40

0.44 (0.20-0.94) Reference 0.49 (0.20-1.22)
6.7 0.6 1.1

13.36 (3.14-56.81) Reference 1.65 (0.26-10.67)
15.8 154 14.0

0.95 (0.65-1.39) Reference 0.58 (0.38-0.90)
139 9.7 103

1.00 (0.69-143) Reference 1.14(0.79-1.67)
29 0.9 22

1.89 (0.51-7.00) Reference 1.45 (0.35-5.98)
4.1 39 26

1.20 (0.55-2.61) Reference 0.50 (0.19-1.33)
304 233 14.0

1.37 (1.05-1.78) Reference 0.73 (0.49-1.07)

*Adjusted for age, sex, body mass index, serum albumin levels, dyslipidemia, diabetes, physical function, oral function, activities of daily living and memory

PIMs, potentially inappropriate medications; NSAIDs, non-steroidal anti-inflammatory drugs

effects of NSAIDs, such as gastrointestinal disorders and
renal dysfunction, unnecessary or long-term prescrip-
tions should be avoided [7-9]. Furthermore, patients
with degenerative lumbar spinal disease showed a partic-
ularly high prevalence of taking antiemetic drugs. Some
pain relief medications, such as tramadol formulations,
may cause nausea, necessitating the concurrent use of
antiemetic drugs [19, 20]. However, antiemetics, includ-
ing metoclopramide and prochlorperazine, have been
shown to be associated with the emergence or worsening

of Parkinsonian symptoms [7-9]. Therefore, their use
should also be minimized as much as possible. The fre-
quent use of antiemetic drugs in patients with degen-
erative lumbar diseases may be attributed to the high
prevalence of tramadol formulation intake, which in turn
is associated with the frequent use of pain relief medica-
tion [21]. Older patients with kyphotic deformities tend
to have a high incidence of gastroesophageal reflux dis-
ease due to postural abnormalities [22, 23]. Similarly,
patients with degenerative lumbar disease tend to adopt a
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Table 4 Comparison of baseline characteristics among two groups
Cervical spine (C group, n=57) Lumbar spine (L group, n=219) Pvalue
Age 770+65 758+6.0 0.18
Sex Male 30 (52.6%) 116 (53.0%) 0.96
Female 27 (47 4%) 103 (47.0%)
BMI (kg/mz) 229432 240431 0.02
Medical history Hypertension 38 (66.7%) 137 (62.6%) 057
Dyslipidemia 7 (29.8%) 92 (42.0%) 0.09
Diabetes 7 (29.8%) 9 (26.9%) 0.66
Stroke 7 (12.3%) 27 (12.3%) 0.99
Heart disease 12 (21.1%) 46 (21.0%) 0.99
Malignancy 7 (12.2%) 7 (16.9%) 04
Functional decline Physical function 34 (59.6%) 85 (38.8%) 0.005
Nutrition 3(5.2%) 6 (2.7%) 0.34
Oral function 0 (0%) 8 (3.7%) 0.14
Activities of daily living 8 (14.0%) 17 (7.8%) 0.14
Memory 7 (12.3%) 7 (3.2%) 0.005
Mood 0 (0%) 4(1.8%) 03
Serum albumin levels (g/dL) 39405 41+04 0.01
Charlson comorbidity index 50+12 50114 0.81

T-test or Chi-square test

Table 5 Poisson regression model of polypharmacy, PIMs, and FRIDs among two subgroups

Cervical spine (C group, n=57)

Lumbar spine (L group, n=219)

Polypharmacy Number of polypharmacy

Prevalence of polypharmacy (%)
Prevalence ratio (95% confidence interval)*
Number of PIMs

Prevalence of PIMs

Prevalence ratio (95% confidence interval)*
Number of FRIDs

Prevalence of FRIDs

PIMs

FRIDs

Prevalence ratio (95% confidence interval)*

36 151

632 69.0

Reference 1.14(0.91-141)
41 161

719 735

Reference 1.11 (0.91-1.35)
27 99

474 452

Reference 1.03 (0.74-1.45)

*Adjusted for age, sex, body mass index, serum albumin levels, dyslipidemia, diabetes, physical function, oral function, activities of daily living and memory

PIMs, potentially inappropriate medications; FRIDs, fall risk-increasing drugs

forward-leaning posture [24]. Considering these previous
reports, the frequent use of antiemetic drugs in patients
with degenerative lumbar diseases may in part be attrib-
utable to nausea due to postural abnormalities. Consid-
ering that it has been reported that surgery for lumbar
spinal stenosis, one of representative degenerative lum-
bar diseases, improved polypharmacy in older patients
by reducing analgesic usage and the concomitant use of
gastrointestinal medications [25], orthopedic surgeries as
a whole may also have the potential to improve polyphar-
macy and the intake of PIMs in older patients.

In this study, we identified distinct differences between
each pathological condition with respect to patient back-
ground as well as medication use. Compared to patients
with degenerative spinal disease or degenerative disease
of the extremities, patients with fractures were found
to have the lowest BMI, and exhibit the greatest decline
in physical function, oral function, ADL, and memory.
Moreover, the serum albumin level was also lowest in

patients with fractures, suggesting that among these
three conditions, patients with fractures are more likely
to exhibit frailty [26]. Considering that previous reports
have stated that frailty affected surgical outcomes in
older patients with fractures [27, 28], it is advisable to
assess frailty before performing fracture surgery on older
patients. Meanwhile, patients with degenerative spi-
nal disease had the highest proportion of males, higher
BM]I, and highest frequency of dyslipidemia and diabe-
tes. Especially, patients with degenerative lumbar spinal
disease had a higher BMI, and although not statistically
significant, a higher frequency of dyslipidemia compared
to those with degenerative cervical spinal disease. Our
results align with earlier research that has identified a
link between degenerative lumbar disease and lifestyle-
related diseases [29, 30]. Summarizing these findings,
degenerative lumbar spine diseases are more closely
associated with metabolic syndrome among orthopedic
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Table 6 Poisson regression model of each drug in PIMs among two subgroups

Cervical spine
(Cgroup, n=57)

Lumbar spine
(L group, n=219)

Antipsychotics Prevalence of prescription (%) 35 18

Prevalence ratio (95% confidence interval)* Reference 1.07 (0.19-6.15)
Hypnotics Prevalence of prescription (%) 24.6 21.5

Prevalence ratio (95% confidence interval)* Reference 0.88 (0.49-1.57)
Antidepressants Prevalence of prescription (%) 0 2.7
Sulpiride Prevalence of prescription (%) 0 09
Antiparkinsonian agents Prevalence of prescription (%) 0 0.5
Steroids Prevalence of prescription (%) 35 55

Prevalence ratio (95% confidence interval)* Reference 1.74 (0.50-6.11)
Antithrombotic drugs Prevalence of prescription (%) 10.5 6.9

Prevalence ratio (95% confidence interval)* Reference 0.78 (0.32-1.89)
Digitalis Prevalence of prescription (%) 35 0
Diuretics Prevalence of prescription (%) 7.0 5.0

Prevalence ratio (95% confidence interval)* Reference 0.62 (0.20-1.92)
-Blockers Prevalence of prescription (%) 0 0
a-Blockers Prevalence of prescription (%) 35 27

Prevalence ratio (95% confidence interval)* Reference 1.11(0.23-5.39)
First-generation antihistamines Prevalence of prescription (%) 1.8 0.5

Prevalence ratio (95% confidence interval)* Reference 0.16 (0.01-3.27)
H2-receptor antagonists Prevalence of prescription (%) 1.8 32

Prevalence ratio (95% confidence interval)* Reference 2.59(0.36-1842)
Antiemetic drugs Prevalence of prescription (%) 0 8.7
Laxatives Prevalence of prescription (%) 17.5 13.7

Prevalence ratio (95% confidence interval)* Reference 0.87 (044-1.71)
Antidiabetic drugs Prevalence of prescription (%) 228 10.5

Prevalence ratio (95% confidence interval)* Reference 0.38 (0.20-0.73)
Insulin Prevalence of prescription (%) 18 2.7

Prevalence ratio (95% confidence interval)* Reference 2.11(0.68-6.53)
Overactive bladder medications Prevalence of prescription (%) 35 3.7

Prevalence ratio (95% confidence interval)* Reference 1.08 (0.23-5.06)
NSAIDs Prevalence of prescription (%) 21.1 320

Prevalence ratio (95% confidence interval)* Reference 145 (0.83-2.55)

*Adjusted for age, sex, body mass index, serum albumin levels, dyslipidemia, diabetes, physical function, oral function, activities of daily living and memory

PIMs, potentially inappropriate medications; NSAIDs, non-steroidal anti-inflammatory drugs

conditions, suggesting that managing metabolic syn-
drome may be important for older patients with these
conditions.

Some limitations of this study should be considered
while interpreting the results. First, the two hospitals
included in this study were both high-volume centers for
acute care. Despite the similar distribution of diseases in
these hospitals, our findings may not necessarily be gen-
eralizable to orthopedic patients treated in other types
of hospitals. Second, orthopedic patients who did not
undergo surgery were not included in this study. How-
ever, a large proportion of orthopedic diseases are treated
conservatively. Therefore, the findings of this study are
based on orthopedic patients who required surgery and
hospitalization. Third, we used 10 questions extracted
from the Kihon Checklist for functional evaluation of
the patients on admission [16]. Although the selection of

these questions generally does not deviate from the origi-
nal intent, this may have introduced an element of bias.
Fourth, because we had scare information on the propor-
tion of polypharmacy among older orthopedic patients,
a sample size calculation was difficult. Therefore, we
performed an exploratory analysis using all data within
the available time frame. Nevertheless, to the best of our
knowledge, this study is the first to provide a detailed
profile, including medication information, of older ortho-
pedic patients who underwent surgery in acute care hos-
pitals. We believe that this study will shed new light on
the characteristics of orthopedic patients through the
filter of medication information. Establishing a stan-
dard approach to polypharmacy and the intake of PIMs
and FRIDs in older orthopedic patients is still challeng-
ing. However, we advise that orthopedic surgeons should
recognize that polypharmacy and the intake of PIMs
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and FRIDs are common among older patients undergo-
ing orthopedic surgery. Moreover, we recommend that
they make an effort to reduce medications when possi-
ble using their own judgment and, for those medications
that cannot be reduced, be aware of the potential adverse
drug events that each medication might cause. Such
interventions may improve surgical outcomes for older
orthopedic patients. To demonstrate this, it is important
to prospectively compare surgical outcomes between
patients who receive preoperative interventions and
those who do not. This remains a future research task.

In conclusion, more than half of the older orthope-
dic patients undergoing surgery were on polypharmacy,
and approximately two-thirds were taking PIMs. Among
these patients, those with degenerative spinal disease
showed a significantly higher prevalence of polyphar-
macy and PIM use than those with other diseases. In
particular, attention should be paid to the high frequency
of antiemetic drugs and NSAIDs intake among patients
with degenerative lumbar spine conditions.
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