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Abstract
Background and aim  The aim of this prospective observational cohort study was to verify the relationship between number 
of drugs used and functional outcome in hip fracture patients undergoing rehabilitation.
Methods  This study was conducted on 139 patients with hip fracture who underwent a rehabilitation program. Efficiency 
rate in the Functional Independence Measure (FIM) and Berg Balance Scale (BBS), and length of stay (LOS) were the 
outcome measures.
Results  At the end of rehabilitation, 66.1% of patients showed an increase in number of drugs used, while 33.9% used the 
same or lower number of drugs than at admission. At the end of rehabilitation patients with increased pharmacotherapy took 
a higher total number of drug classes (p = 0.001), had longer LOS (p = 0.009) and lower Berg efficiency (p = 0.048) than 
patients with the same or lower pharmacotherapy. The number of drugs used at discharge was an independent determinant 
of LOS (beta = 0.19, p = 0.022) and FIM efficiency (beta = − 0.20, p = 0.025). Age was a determinant of LOS (beta = 0.17, 
p = 0.044) and BBS efficiency (beta = − 0.23, p = 0.009), while CIRS severity was a determinant of BBS efficiency only 
(beta = − 0.22, p = 0.016).
Discussion  Findings of study indicate that in hip fracture patients, the number of drugs prescribed at discharge is an important 
indicator of LOS and rehabilitation efficiency.
Conclusions  These findings can help the physician to better plan the rehabilitation of hip fracture patients who require 
polypharmacy.
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Introduction

Hip fractures are one of the most common orthopedic inju‑
ries affecting the elderly and a common cause of disabil‑
ity and mortality. Of all diseases of the lower limbs, hip 
fracture is considered to be the one involving the highest 
costs, whether from a medical, surgical or insurance point 
of view [1]. Surgery is the definitive treatment for almost all 
hip fractures, but evidence indicates that a return to optimal 
functional levels after surgery is not determined so much by 
the type of operation as by preoperative comorbidities and 
perioperative (postoperative) complications [2, 3]. Among 
them, infection, delirium, pressure sores, deep vein throm‑
bosis and hardware failure are considered to be negative 
prognostic factors [2].

On account of comorbidities and postoperative complica‑
tions, people with hip fracture are often treated with multiple 
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drugs [4]. However, despite the numerous studies on drugs 
in patients undergoing surgery for hip fracture [4–9], the 
effect of drugs on the rehabilitation of these patients has 
not yet been clearly defined. Research interest has mainly 
focused on the effects that specific single drugs or drug cat‑
egories have on rehabilitation. Studies have analyzed pain‑
killers, minor tranquillizers and antipsychotics and found 
that scheduled analgesic intake can improve the functional 
outcomes of patients with hip fractures after surgery [6], 
while use of antipsychotics and anticholinergics have a nega‑
tive effect on functional outcomes of these patients [9, 10]. 
However, few studies have analyzed the total number of 
drug classes prescribed [4, 11] and those that did so, did not 
clearly define correlations between rehabilitation outcome 
and the number of drugs prescribed at admission to rehabili‑
tation, during rehabilitation, and at discharge. Knowledge 
of this could be useful for physicians managing the drug 
therapy and planning rehabilitation of hip fracture patients.

The aim of this prospective observational cohort study 
was to verify relationships between number of drugs and 
functional outcome in hip fracture patients undergoing 
rehabilitation.

Materials and methods

Patients

This prospective cohort study was carried out at Rehabili‑
tation Department of Fondazione Salvatore Maugeri (now 
Istituti Clinici Scientifici Maugeri IRCCS). All consecutive 
patients with primary diagnosis of hip fracture admitted to 
our Rehabilitation Unit between January 2015 and Decem‑
ber 2016 were considered for inclusion. Patients referred 
from other departments outside our district for concomitant 
acute events, patients having complications related to the 
surgery during rehabilitation and patients who died or were 
transferred back to acute care during the course of rehabilita‑
tion were excluded.

Patients who did not give informed consent or were not 
able to walk prior to fracture or perform basic activities 
without assistance, were not living at home at the time of 
the fracture, were aged < 66 years, or who had pathological 
fractures were also excluded.

The Technical Scientific Committee of our Institute 
approved the study protocol and all patients gave their writ‑
ten informed consent to participate. The study was con‑
ducted in accordance with the principles of the Declaration 
of Helsinki.

Mode of assessment

Clinical evaluation of all patients was performed at admis‑
sion and at the end of rehabilitation by a qualified team of 
physiatrists plus geriatrician by means of scales of dem‑
onstrated reliability, validity and sensitivity that have been 
used in previous studies concerning hip fracture recovery. 
Patient demographic characteristics and comprehensive 
clinical data including orthopedic treatment (arthroplasty, 
osteosynthesis, other), time from fracture to admission 
for rehabilitation (days), and length of stay in hospital 
(days) (LOS) were also recorded. The instruments used 
for assessment were:

•	 The Anatomical Therapeutic Chemical (ATC) classi‑
fication was used to measure drug use in hip fractures 
patients [12]. In the ATC system, drugs are divided into 
several groups according to the target organ, the mecha‑
nism of action and chemical and therapeutic characteris‑
tics. The ATC system has 14 main groups. In this study, 
we recorded only the number of chemical substance 
(drug classes) and principal therapeutic groups.

•	 The Berg Balance Scale (BBS) was used to measure 
balance among hip fracture patients by assessing the 
performance of functional tasks [13]. It is a 14-item 
ordinal scale with four levels ranging from 0 (lowest 
level of function) to 4 (highest level of function). The 
maximum total score is 56.

•	 The Cumulative Illness Rating Scale (CIRS) was used 
at admission to evaluate comorbidities [14]. In this 
study, we considered the average severity of all comor‑
bidities (severity index).

•	 The Functional Independence Measure (FIM) was used 
to assess the patients’ degree of independence and need 
of assistance in performing basic activities of daily liv‑
ing (ADLs) [15]. It is an 18-item ordinal scale with 
seven levels ranging from 1 (total dependence) to 7 
(total independence). The FIM can be subdivided into 
a 13-item motor subscale (motor-FIM) and a five-item 
cognitive subscale (cognitive-FIM). Motor-FIM scores 
range from 13 to 91 and cognitive-FIM from 5 to 35 
with a maximum total score of 126.

•	 The Katz ADL scale was used to assess patients’ func‑
tional status at admission [16]. It is a six-item scale 
assessing bathing, dressing, toileting, transferring, con‑
tinence, and feeding. Katz scores range from 6 (severe 
functional impairment) to 0 (full function).

•	 Hip pain intensity was measured using an 11-point 
Visual Numeric Scale (VNS) from 0 (no pain) to 10 
(intolerable pain) [17].

•	 The Muscle Strength Grading Scale (Oxford Scale) 
[18] was used to assess hip muscle strength. The 
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score ranged from 0 to 5 (where 0 = no movement and 
5 = muscle contracts against full resistance). In the cur‑
rent study, the sum of strength of flexor and abductor 
muscles of hip and strength of quadriceps was consid‑
ered.

•	 A manual goniometer was used to measure the range of 
motion (ROM) of the hip joint. The sum of ROM in flex‑
ion (0–120°), abduction (0–45°) was considered.

Outcome measures

Efficiency in total FIM and BBS and LOS were the outcome 
measures. Efficiency is the improvement in the rating score 
of each scale divided by the duration of rehabilitation. It 
represents the average increase per day obtained by the reha‑
bilitation program [19].

Rehabilitation program

Rehabilitation commenced the day after admission. It con‑
sisted of an average of 330 min/week of motor rehabilita‑
tion (6 days/week) and, in the last 2 weeks of hospital stay, 
150 min/week of occupational therapy (5 days/week). Each 
patient’s needs, specific goals of rehabilitation and progress/
outcomes were discussed at admission and bi-monthly by the 
rehabilitation team (composed of physicians, physiothera‑
pists, and an occupational therapist). The motor rehabili‑
tation program was based on hip ROM, strengthening and 
conditioning exercises, and bed to chair mobility, wheelchair 
skills, pre-gait (sit to stand, standing balance) and gait (par‑
allel bars, walker, crutches) activities, bathroom skills, and 
ADL training. Patients were discharged when, in the opinion 
of the rehabilitation team, no further in-hospital improve‑
ment with rehabilitation was expected.

Statistical analysis

All statistical analyses were performed with the software 
application Statistica Version 6 (StatSoft, Tulsa, OK, 2001). 
Statistical analysis was performed using Shapiro–Wilk test, 
descriptive statistic tests (mean ± SD, percentage), χ2 tests 
(Fisher exact or Pearson as appropriate) and Student’s t test 
to examine differences within and between groups. Sample 
size was calculated on BBS improvement by a two-sided 
hypothesis test (type I error rate = 0.01 and a type II error 
rate = 0.10, 90% power) according to our previous experi‑
ence in a similar cohort of patients. Postulating a difference 
in BBS improvement at T1 of 100%, a sample of 27 patients 
was required.

Spearman’s rank correlation coefficient was used to 
assess correlations between variables and pre-select the 
set of independent variables to be used in forward stepwise 

multiple regression analyses to identify determinants of out‑
come measures.

Only significant variables at the univariate analysis 
underwent multivariate analysis. Age, gender, orthopedic 
treatment, time from fracture to admission for rehabilita‑
tion, CIRS severity index, pain VNS, hip ROM, hip mus‑
cle strength, Katz ADL score, and pharmacotherapy (drug 
classes prescribed at admission, discharge, and during reha‑
bilitation) were independent variables investigated in uni‑
variate analysis.

Multiple regression analysis was performed and residual 
distribution and homoscedasticity were checked on effi‑
ciency in total FIM and BBS and in LOS as dependent vari‑
ables. Among dependent variables, LOS only had a normal 
(Gaussian) distribution. On the contrary, efficiency in total 
FIM and BBS had not, but could be analyzed with the mul‑
tiple regression analysis thanks to their unimodal and sym‑
metrical distributions and to the large number of cases (139 
patients).

Results

During the study period, 167 patients with primary diag‑
nosis of hip fracture were admitted to our Rehabilitation 
Unit. During in-hospital rehabilitation, two patients died, 14 
were transferred back to acute care hospitals, and 12 patients 
were aged < 66 years. Thus, 139 patients were eligible for 
the outcome analysis.

Table 1 shows the demographic and clinical characteris‑
tics of the study population.

The average number of drug classes used by hip frac‑
ture patients was 7.26 ± 3.8 (range 1–23) at admission and 
8.87 ± 3.9 (range 2–20) at discharge and was significantly 
higher at discharge with respect to admission (p < 0.001). 
The mean change in drug classes was 1.60 ± 2.3.

At the end of rehabilitation, 66.1% of patients showed an 
increase in the number of drug classes used, 22.30% had the 
same number, and 11.6% a lower number. Table 2 reports the 
characteristics of patients who at discharge had an increased 
pharmacotherapy (n = 92) vs. those who did not (n = 47). 
The table shows that patients with increased pharmacother‑
apy had at admission a higher CIRS comorbidity burden 
(p = 0.006), while at the end of rehabilitation they received 
a higher number of total drug classes (p = 0.001) and had a 
longer LOS (p = 0.005) and lower BBS efficiency (p = 0.048) 
compared to patients without increased pharmacotherapy.

At admission, patients with increased pharmacotherapy 
also had a lower use of mineral supplements compared to 
patients without increased pharmacotherapy (0.08 ± 0.31 
vs. 0.23 ± 0.52, p = 0.036). At discharge, they had a higher 
use of vitamin supplements (1.01 ± 0.48 vs. 0.63 ± 0.48, 
p < 0.001), antianemic preparations (0.51 ± 0.70 vs. 



52	 Aging Clinical and Experimental Research (2020) 32:49–57

1 3

0.23 ± 0.52, p = 0.019), analgesics (0.50 ± 0.60 vs. 
0.28 ± 0.50, p = 0.036), and psychoanaleptic drugs 
(0.57 ± 0.60 vs. 0.35 ± 0.52, p = 0.041).

After adjusting for psychoanaleptic drugs, there were 
no differences between groups in LOS (p = 0.069), FIM 
(p = 0.495) and BBS (p = 0.199) efficiency. During the hos‑
pital stay for rehabilitation, 22% of patients with increased 
pharmacotherapy vs. 13% of those without increased phar‑
macotherapy (p = 0.127) took drugs short-term for chest 
and urinary tract infections.

Tables 3 and 4 report relationships between drugs, out‑
come measures and clinical and demographic characteristics 
of study patients, assessed by Spearman’s correlation.

Table 3 shows that drugs used at admission had relation‑
ships only with drugs taken at discharge (rho 0.80, p < 0.01), 
while drugs taken at discharge had relationships both with 
drugs used at admission (rho 0.80, p < 0.01) and with those 
prescribed during rehabilitation (rho 0.40, p < 0.01).

In addition, the table shows that the number of drugs used 
at admission (rho 0.38, p < 0.01), drugs prescribed during 
rehabilitation (rho 0.31, p < 0.01), and drugs taken at dis‑
charge (rho 0.54, p < 0.01) were related to CIRS severity.

Table 5 shows the results of multivariate linear regression 
analyses on outcome measures.

The number of drug classes prescribed at discharge 
was an independent determinant of final total FIM effi‑
ciency score (beta − 0.20 p = 0.025). The number of 
drug classes at discharge (beta 0.19, p = 0.022) and age 
(beta = 0.17, p = 0.044) were independent determinants of 
LOS, while CIRS severity (beta = − 0.22, p = 0.016) and age 
(beta = − 0.23, p = 0.009) were independent determinants of 
final BBS efficiency score. The R2 of models was 0.10, 0.06 
and 0.20, respectively.

Discussion

The aim of this study was to verify relationships between 
number of drug classes used during rehabilitation and out‑
come measures in hip fracture patients. The main finding 
was that, among the number of drug classes used at admis‑
sion, during rehabilitation and at discharge, drugs at dis‑
charge had the strongest relationship with the outcome meas‑
ures and were independent determinants of LOS and FIM 
efficiency.

Relationships between drugs at discharge and LOS were 
positive, while relationships between drugs at discharge and 
FIM were negative. Hence, the LOS was longer and the FIM 
efficiency was lower when the number of drugs prescribed 
at discharge was higher.

The drugs at discharge were the sum of those at admis‑
sion plus those added during rehabilitation and, therefore, 
reflected the comorbidities and clinical picture of discharge 
in hip fracture patients. This may explain why drugs at dis‑
charge had more important associations with outcome meas‑
ures than either those at admission or those added during 
rehabilitation (considered separately).

Relationships between drugs and functional recovery 
have been verified in a few studies [11, 20]. Heltne et al. 
[20] found a significant negative association between 
the number of drug changes during the hospital stay 
and mobility and function 4 months later in hip frac‑
ture patients. Laboni found that the use of two or more 

Table 1   Demographic and clinical characteristics of study patients 
(n = 139)

Data are expressed as mean and SD, absolute numbers and confi‑
dence interval (CI); where not specified, the unit of measure was 
score
CIRS cumulative illness rating scale-geriatrics, VNS visual numeric 
scale, FIM functional independence measure, ROM range of motion. 
Comparison among groups was performed by Student t test and chi 
square

Mean SD IC% 95 IC% 95

Age, (years) 82.32 10.39 80.63 84.02
Male/female 108/31
Orthopedic treatment (arthro‑

plasty, osteosynthesis, other)
75/54/10

Time from fracture to admission 
for rehabilitation, (days)

33.17 31.13 27.85 38.49

CIRS severity 6.12 2.66 5.68 6.57
Admission
 Pain VNS 5.81 2.41 5.40 6.22
 Motor-FIM 34.24 12.38 32.16 36.32
 Cognitive-FIM 25.10 6.65 23.98 26.21
 Katz ADL 4.78 1.34 4.54 5.01
 Total FIM 59.05 17.36 56.13 61.96
 Berg balance scale 8.89 8.07 7.47 10.30
 Hip ROM (°) 85.32 24.50 81.20 89.45
 Hip muscles strength 5.11 1.44 4.87 5.36
 Drug classes 7.27 3.81 6.63 7.91

Discharge
 Length of hospital stay, (days) 36.80 11.25 34.91 38.69
 Pain VNS 2.87 1.82 2.56 3.19
 Motor-FIM 59.10 17.45 56.18 62.03
 Cognitive-FIM 25.69 6.54 24.59 26.78
 Katz ADL 2.26 2.34 1.861 2.668
 Total FIM 84.37 23.05 80.50 88.24
 Total FIM efficiency 0.71 0.40 0.64 0.78
 Berg balance scale 22.77 13.33 20.43 25.11
 Berg balance scale efficiency 0.41 0.35 0.35 0.48
 Hip ROM (°) 117.7 20.77 114.1 121.2
 Hip muscles strength 6.93 1.43 6.69 7.18
 Drug classes 8.87 3.95 8.21 9.54
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potentially inappropriate medications at baseline was 
associated with a longer time to achieve full functional 
recovery in older adults with hip fracture [11]. Our find‑
ings are in line with these two studies, although the aim 
and methodology of our study was different.

Conversely, drug classes used at admission and during 
rehabilitation were not determinants of outcomes. They 
had positive relationships with drug classes at discharge, 
indicating that, in hip fracture patients, the number of 
drugs classes at discharge is higher in patients who take 
a higher number of drug classes at admission and have a 
higher number of drug changes during rehabilitation.

In the study, associations between drugs used at discharge 
and outcome measures were present also when we compared 
patients with vs. without increased pharmacotherapy. At the 
end of the rehabilitation period patients with increased phar‑
macotherapy received a higher number of total drugs and 
demonstrated a longer LOS and lower BBS efficiency. This 
indicates that a higher use of drugs at discharge is associated 
with a longer rehabilitation stay and lower average increase 
in BBS per day obtained by the rehabilitation program.

At admission patients with increased pharmacotherapy 
differed in CIRS severity score from those with unchanged 
pharmacotherapy. This finding might have influenced the 

Table 2   Demographic and 
clinical characteristics of 
patients with an increase of new 
drug classes prescribed (n = 92) 
vs. those with the same or a 
lower number of drug classes at 
discharge (n = 47)

Data are mean, SD, absolute numbers and confidence interval (CI); Where not specified, the unit of meas‑
ure was score
CIRS cumulative illness rating scale-geriatrics, VNS visual numeric scale, FIM functional independence 
measure, ROM range of motion, LOS length of hospital stay days. Comparison among groups was per‑
formed by Student t test and chi square

Increase of pharmacotherapy 
(n = 92)

Same or lower pharmacotherapy (n = 47)

Media DS IC% 95 IC% 95 Media DS IC%95 IC%95 p value

Age, (years) 84.06 6.44 82.73 85.39 84.04 5.75 82.35 85.73 0.983
Male/female 67/25 41/7 0.142
Time from fracture to admis‑

sion for rehabilitation, 
(days)

33.14 32.9 26.16 40.12 33.23 27.87 25.01 41.46 0.987

Orthopedic treatment 
(arthroplasty, osteosynthe‑
sis, other)

48/38/6 27/16/4 0.281

CIRS severity 6.56 2.68 6.00 7.12 5.27 2.42 4.56 5.98 0.006
Pain VNS 5.79 2.42 5.28 6.30 5.84 2.42 5.11 6.57 0.916
Motor-FIM 32.85 11.6 30.45 35.26 36.95 13.47 33.00 40.91 0.064
Cognitive-FIM 25.08 6.31 23.77 26.39 25.12 7.34 22.97 27.28 0.972
Katz ADL 4.89 1.09 4.66 5.12 4.54 1.74 4.01 5.07 0.158
Total FIM 57.53 16.2 54.17 60.89 62.02 19.24 65.37 67.67 0.150
Berg balance scale 8.30 7.92 6.56 10.04 9.93 8.33 7.46 12.40 0.275
Hip ROM (°) 84.34 25.9 78.94 89.73 87.23 21.63 80.88 93.58 0.519
Hip muscles strength 8.03 1.96 7.62 8.44 8.33 2.04 7.72 8.94 0.410
Drug classes 6.84 3.67 6.08 7.60 8.10 3.98 6.93 9.27 0.065
LOS 38.55 10.7 36.33 40.77 33.38 11.6 29.97 36.19 0.009
Pain VNS 2.76 1.83 2.37 3.16 3.09 1.81 2.53 3.64 0.341
Motor-FIM 57.96 17.9 54.24 61.68 61.34 16.38 56.59 66.15 0.281
Cognitive-FIM 25.80 6.15 24.54 27.07 25.46 7.30 23.32 27.61 0.775
Katz ADL 2.32 2.37 1.82 2.83 2.13 2.30 1.43 2.83 0.657
Total FIM 83.15 23.2 78.33 87.97 86.76 22.68 80.10 93.42 0.383
Total FIM efficiency 0.68 0.43 0.59 0.77 0.77 0.35 0.67 0.88 0.234
Berg balance scale 22.06 13.0 19.18 24.93 23.06 13.84 19.90 28.22 0.419
Berg balance scale efficiency 0.37 0.30 0.30 0.43 0.50 0.42 0.37 0.63 0.048
Hip ROM (°) 118.33 21.6 113.79 122.87 116.44 19.02 110.72 122.16 0.620
Hip muscles strength (score) 10.67 1.95 10.26 11.08 10.91 1.72 10.39 11.43 0.499
Drug classes 9.64 4.09 8.79 10.48 7.38 3.23 6.43 8.33 0.001
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Table 3   Relationships between 
drug classes and demographic 
and clinical characteristics of 
study patients (n = 139)

CIRS cumulative illness rating scale-geriatrics, VAS visual analog scale, FIM functional independence 
measure, ROM range of motion
*p < 0.05; **p < 0.01

Drugs at admission Drugs at discharge Drug 
change
(discharge-
admission)

rho rho rho

Age − 0.06 − 0.04 0.04
Gender 0.07 0.15 0.15
Orthopedic treatment − 0.05 − 0.04 − 0.03
Time fracture-rehabilitation 0.25** 0.21* − 0.02
CIRS severity 0.38** 0.54** 0.31**
At admission
 Katz ADL 0.05 0.15 0.13
 Pain VNS 0.01 0.00 0.04
 Total FIM − 0.06 − 0.20* − 0.22**
 Berg balance − 0.02 − 0.11 − 0.11
 Hip ROM − 0.01 − 0.08 − 0.10
 Hip muscles strength − 0.15 − 0.22** − 0.16
 Drugs at admission 1.00 0.80** 0.16

At discharge
 Length of hospital stay 0.07 0.17* 0.20*
 Katz ADL 0.15 0.24** 0.10
 Pain VNS 0.13 0.14 0.01
 Total FIM − 0.12 − 0.23** − 0.15
 Total FIM efficiency − 0.11 − 0.21* − 0.12
 Berg Balance Scale − 0.09 − 0.17* − 0.14
 Berg balance scale efficiency − 0.11 − 0.22* − 0.18*
 Hip ROM − 0.05 − 0.07 − 0.00
 Hip muscles strength − 0.09 − 0.18* − 0.13
 Drugs at discharge 0.80** 1.00 0.40**
 Drug change − 0.16 0.40** 1.00

Table 4   Relationships between 
outcomes measures and 
demographic and clinical 
characteristics of study patients 
(n = 139)

*p < 0.05; **p < 0.01

Length of hospi‑
tal stay

Total FIM efficiency Berg balance 
scale efficiency

rho rho rho

Age 0.19* − 0.25** − 0.21*
Gender 0.14 − 0.02 − 0.01
Orthopedic treatment − 0.16 − 0.04 − 0.02
Time fracture-rehabilitation − 0.11 − 0.11 − 0.08
CIRS severity at admission 0.18* − 0.05 − 0.22*
Pain VNS at admission 0.09 − 0.07 − 0.02
Hip ROM at admission − 0.14 − 0.16 − 0.15
Hip muscles strength at admission − 0.06 0.23** 0.22*
Katz ADL at admission 0.16 − 0.17* − 0.27**
Drugs at admission 0.07 − 0.11 − 0.11
Change in drugs 0.20* − 0.12 − 0.18*
Drugs at discharge 0.17* − 0.21* − 0.22*
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results observed in patients with increased pharmacotherapy. 
However, drugs and comorbidities are closely associated fac‑
tors [10, 19] (the consumption of drugs is higher in patients 
with higher comorbidity and comorbidity is more severe in 
patients taking a higher number of drug classes) and either 
can slow down the rehabilitation program [3, 4, 21–27] 
even if in different ways: severe comorbidities can be more 
frequently complicated by adverse clinical events (as chest 
infection and heart failure), [3, 21] while single drug can 
cause adverse effects on muscles, balance, cognitive func‑
tions and vigilance [4, 22–27].

Therefore, the results observed in patients with increased 
pharmacotherapy can be influenced by both drugs and 
comorbidities.

At the end of rehabilitation, patients with increased 
pharmacotherapy had a higher use of vitamins, antianemic 
preparations, analgesics, and psychoanaleptic drugs com‑
pared to patients without increased pharmacotherapy. These 
drug classes were added to the drugs prescribed at admis‑
sion to treat the clinical worsening of pre-existing chronic 
diseases or new clinical manifestations occurring during the 
rehabilitation.

Patients with increased pharmacotherapy showed 
a longer LOS and lower BBS efficiency, but when we 
adjusted patients with increased pharmacotherapy for 
psychoanaleptic drugs there were no differences between 
groups in LOS, FIM and BBS efficiency, showing the pres‑
ence of negative associations between psychoanaleptic 
drugs and outcome measures. This is in line with findings 
of previous studies. Hye–Young Jung et al. found that, 
in patients with no evidence of delirium symptomatology 
on admission, those who received antipsychotics during 
hospital stay had an increased likelihood of death prior to 
discharge, were more likely to stay longer in the nursing 
home, and had less functional improvement [9]. Hershk‑
ovitz at al. [10] showed that a high admission Anticho‑
linergic drug burden is significantly associated with less 
favorable discharge functional status in post-acute hip-
fractured patients. Moreover, psychoanaleptic drugs are 
considered “fall-risk increasing drugs” (FRIDs), which 

can cause adverse effects on muscles, balance, cognitive 
functions and vigilance of hip fracture patients [4, 22–27] 
and so interfere with the rehabilitation program and slow 
down functional recovery.

In patients with increased pharmacotherapy the BBS 
efficiency was lower than that of patients without increased 
pharmacotherapy. Efficiency represents the average increase 
per day obtained by the rehabilitation program and is meas‑
ured dividing the final FIM and BBS score by LOS. At the 
end of rehabilitation, patients with increased pharmacother‑
apy differed from those without in LOS but not in final BBS 
score, indicating that the lower BBS efficiency of patients 
with increased pharmacotherapy was mainly due to longer 
LOS.

Our study found that also CIRS severity was a determi‑
nant outcome. It was related to LOS and Berg efficiency, 
but was an independent determinant of Berg efficiency only. 
This is in line with previous studies demonstrating negative 
associations between comorbidities and rehabilitation results 
[3, 28–30].

Summarizing, the study shows that in hip fracture patients 
the number of drugs used at discharge is an important indi‑
cator of the duration of rehabilitation and rehabilitation 
efficiency. These findings can help the physician to better 
plan the rehabilitation of hip fracture patients who require 
polypharmacy.

The knowledge that in hip fracture patients the use of a 
high number of drugs is associated to longer LOS and lower 
efficiency in total FIM, can help the physician to better plan 
the rehabilitation of hip fracture patients who require poly‑
pharmacy. In these patients, the physician has to plan more 
intensive rehabilitation programs if he wants to achieve the 
pre-established objectives within the scheduled times.

Despite these positive considerations, our study has some 
limitations.

The main limitation of the study is that patients with 
increased pharmacotherapy also had a higher CIRS sever‑
ity scores at admission and this may have influenced some 
results of the study. The size and characteristics of the sam‑
ple of this study and the close relationships between drugs 

Table 5   Forward stepwise 
multivariate regression analyses 
performed on the outcome 
measures in study patients 
(n = 139)

Beta indicates standardized regression coefficient. Only significantly independent variable were reported, 
starting from the set of variables selected, for each outcome, through univariate analysis
B unstandardized regression coefficient

Multiple regression analysis

Dependent variable Independent variables Beta B p value R2

Length of hospital stay Total drugs at discharge 0.19 0.545 0.022 0.06
Age 0.17 0.306 0.044

Total FIM efficiency Total drugs at discharge − 0.20 − 0.020 0.025 0.10
Berg Balance Scale efficiency CIRS severity − 0.22 − 0.155 0.016 0.20

Age − 0.23 − 0.013 0.009
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and comorbidities do not allow to discriminate the role of 
drugs from that of comorbidity.

Moreover, it was not a population-based study (patients 
were referred from general hospitals) and, therefore, it does 
not represent all hip fracture patients. Our patients were 
admitted to a specific rehabilitation program and, therefore, 
the results may not apply to other programs with different 
entry criteria. The study analyzed only therapeutic groups 
classified by the ATC classification but not specific drug 
classes or dosage. Finally, we did not include in the regres‑
sion analysis all possible predictors (i.e., complications 
related to the surgery were considered exclusion criteria in 
this study, or reasons for the modification of the pharmaco‑
therapy), but only those independent variables that in previ‑
ous studies showed to be important predictors of outcome 
in hip fracture patients [29, 31].

Conclusions

The study showed that in hip fracture patients the number of 
drugs used at discharge is an important indicator of duration 
and efficiency of rehabilitation. These findings can help the 
physician to better plan the rehabilitation program of hip 
fracture patients who require polypharmacy.
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