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ABSTRACT
Background: Age-associated multimorbidity and polypharmacy, predispose individuals to falls and consequent hip fractures. We examined the impact of polypharmacy (≥4 drugs daily), including anticholinergic agents, on hospital length of stay (LOS), mobility within 1-day of hip surgery and pressure ulcers in adults ≥60yr admitted with hip fractures.
Methods: In this retrospective observational study, information on medications at admission was obtained to calculate the total number of drugs taken, including those imposing an anticholinergic burden (ACB). Associations between variables were examined by logistic regression; adjusted for age, sex, co-morbidities, pre-fracture functional limitations and alcohol consumption.
Results: There were 787 women and 318 men of similar mean age (±SD): 83.1yr (±8.6) and 82.5yr (±9.0), respectively. Compared to patients with an ACB score=0 and taking <4 drugs daily, those with an ACB score ≥1 and taking ≥4 drugs daily had greater risk of prolonged LOS (≥2weeks), OR=1.8 (1.2-2.7); failure to mobilise within 1-day of surgery, OR=1.9 (1.1-3.3); and pressure ulcers, OR = 3.0 (95%CI: 1.2-7.9). LOS was further prolonged by failure to mobilise within 1-day of surgery and/or pressure ulcers. Those with either an ACB score ≥1 or the use of ≥4 drugs daily had intermediate risks.
Conclusions: Anticholinergic agents and polypharmacy in patients with hip fractures are associated with longer LOS in hospital, further accentuated by failure to mobilise within 1-day after surgery and pressure ulcers. This study provides further evidence of the impact of polypharmacy, including those with an ACB, on adverse health outcomes and lends support to reduce potentially inappropriate prescribing.

KEY POINTS
· Age-associated multimorbidity and polypharmacy/anticholinergics predispose individuals to falls and consequent hip fractures.
· Patients receiving polypharmacy, including an anticholinergic burden score of ≥1, had a longer stay in hospital.
· Patients also had a reduced ability to mobilise within 1-day of surgery and a greater risk of developing pressure ulcers.

INTRODUCTION
[bookmark: _Hlk125215897][bookmark: _Hlk125215973][bookmark: _Hlk125216029]There are currently many more people in the world living to an older age than ever [1] and ageing is associated with multimorbidity and polypharmacy [2, 3]. Age-related frailty and chronic ill-health, as well as too many drugs, particularly anticholinergic agents, predispose individuals to frequent falls that result in injuries, including bone fractures. The majority of hip fractures in older adults occur as a result of a fall and are one of the highest causes of all hospital admissions, incurring a huge cost to patients and healthcare services [3, 4]. The total cost of hip fractures to health and social services is approximately £1 billion each year in the UK [5], which is about 1% of the entire National Health Service budget. The largest share of the cost arises from the length of stay (LOS) in hospital [6]. At any one time, 3,600 hospital beds are occupied by patients admitted with hip fractures, equivalent to 1 in 45 beds in England and Northern Ireland, and 1 in 33 beds in Wales, totalling 1.5 million hospital bed days per year in the UK [7]. 

It is well recognised that many medications on regular prescription, especially in older adults, are not required – and termed “potentially inappropriate prescribing” [8]. This phenomenon is increasingly more widespread [9] and incurs unnecessary additional use of healthcare resources and poses avoidable harm to the individual [10]. Studies of general populations have shown that individuals who take too many medications, particularly anticholinergic agents, have increased risk of hospital admissions [11, 12], early readmissions [13, 14] and mortality [14, 15]. These adverse effects may be enhanced amongst patients admitted with hip fractures, but this particular sub-group has not been specifically examined. In addition, the impact of polypharmacy that includes anticholinergic agents on health outcomes, such as the LOS in hospital, has not been explored in detail. Hospital LOS is an important health-quality indicator; the longer the LOS, the greater the risk to the patients. For each additional day in hospital, approximately 5% of muscle strength is lost [16] and the risk of nosocomial infections and mortality is augmented [17, 18]. 

In this study of adults ≥60 years of age admitted with hip fractures, we assessed the impact of polypharmacy, including those with an anticholinergic burden (ACB), on hospital LOS. In addition, we assessed in this same group other factors that may also accentuate LOS including failure to mobile within 1-day of hip surgery and hospital-acquired pressure ulcers.

METHODS
Study design, participants and setting
This cross-sectional study comprised 1,105 patients admitted to a single NHS hospital from their own home with hip fractures between April 2009 and June 2019. This hospital in South-West Surrey, UK serves a population of more than 430,000 people.

Data collection
Data were prospectively collected by a Trauma Coordinator, as part of our participation in the National Hip Fracture Database [7, 19], comprising clinical characteristics and care-quality indicators during hospital admission including LOS, mobility within 1-day of hip surgery and pressure ulcers. Patients’ co-morbidities were identified from electronic record databases by disease codes categorised by the International Classification of Diseases [20], and pre-fracture mobility status was assessed by a standardised tool [7, 21].

Categorisation of variables
Polypharmacy was defined as ≥4 different types of medications taken daily [4,9]. The ACB score was based on the list of medications developed by the Aging Brain Program [22]. Three levels of medication status were created according to different combinations of ACB scale and the number of daily drugs. Level-1: ACB score =0 and <4 drugs a day, Level-2: ACB score ≥1 or ≥4 drugs a day, and Level-3: ACB score ≥1 and ≥4 drugs a day. Pre-fracture mobility status was recorded as: freely mobile without aids; mobile outdoors with one aid; mobile outdoors with two aids or frame; some indoor mobility but never goes outside without help; and no functional mobility of lower limbs [7]. The last two groups were considered as a “limited to indoors” category [21].

Statistical analysis
Kruskal-Wallis tests assessed differences in LOS (as a continuous variable) between more than two categories (i.e. three levels of medication status). Chi-squared tests assessed differences between categorical outcome variables including hospital LOS ≥1 week or ≥2 weeks, failure to mobilise within 1-day of surgery, pressure ulcers and levels of medication status.

Multivariable logistic regression assessed the association of levels of medication status with clinical outcome measures. The results are presented in three models; model 1 – unadjusted; model 2 – adjusted for age and sex; model 3 – adjusted for age, sex and confounding factors including co-morbidities, pre-fracture mobility and alcohol consumption. Individual co-morbidities (dementia, stroke, ischaemic heart disease, and diabetes) were entered into model 3 as binary variables (presence or absence of each condition). Results are presented as odds ratio (OR) and 95% confidence interval (CI). All analyses were performed using IBM SPSS Statistics, v28.0 (IBM Corp., Armonk, NY).  The statistical significance threshold was accepted as P <0.05. Multiplicity-adjusted P values were computed using the Bonferroni correction method.

RESULTS
A total of 1,105 patients was admitted with hip fractures, comprising 787 (71.2%) women and 318 (28.8%) men of similar mean (±SD) ages of 83.1yr (±8.6) and 82.5yr (±9.0), respectively. The mean age (83.1 years ±8.8) and sex distribution (70.2% women and 29.8%men) of a sub-sample of 541 patients who failed to mobilise within 1-day of hip surgery were also similar to those of the entire sample. The peak hospital admissions occurred amongst the 80.0-89.9 year group. Polypharmacy (≥4 drugs a day) were identified in 74.8% and ACB score ≥1 in 38.8% of patients. There were 22.0% of patients with level-1, 42.2% with level-2, and 35.7% with level-3 of medication status. Arthroplasty (50.0%) was the most common surgical technique, followed by an intramedullary nail (30.2%) and a sliding hip screw (14.6%); a small proportion received a hybrid total hip replacement (3.9%). Antiresorptive agents were taken by 4.1% of patients prior to admission, and newly prescribed for 81.1% of patients before discharge, with 14.5% whilst waiting for dual x-ray absorptiometry results in the outpatient clinic (Table 1). There were significantly higher proportions of patients with an ACB score ≥1 amongst those taking ≥4 drugs a day than amongst taking <4 drugs a day (47.6% vs 12.6%, P <0.001).

Co-morbidities including dementia, stroke, ischaemic heart disease and diabetes were present in 20.2, 14.2, 10.3, 12.9% respectively. There were 20.0% of patients who had pre-fracture mobility limited to indoors and 5.3% reported consumption of >14 alcohol units a week. There were 72.9% and 31.0% of patients staying hospital ≥1 week and ≥2 weeks respectively, and 35.3% who failed to mobilise within 1-day of hip surgery (Table 1). 

Table 2 shows that generally, the proportions of patients within any level of medication status rose with age up to 89.9 years, and then declined in the oldest group (≥90 years). Amongst the younger age groups (60.0-79.9 years), there were proportionally more patients with level-1 or level-2 medication status than with level-3. This trend was reversed in older ages and reached a peak in the 80.0-89.9 year group: rising from 34.6% in patients with level-1 medication status, to 47.6% in those with level-2, and highest (51.1%) amongst those with level-3.

In addition, co-morbidities (dementia, stroke, ischaemic heart disease, and diabetes), pre-fracture mobility limited to indoors and pressure ulcers all increased with increasing level of medication status. The corresponding proportions of patients staying in hospital ≥1 week rose from 55.1%, to 76.6% and 80.9%, and patients staying in hospital ≥2 weeks rose from 19.8%, to 31.5% and 38.1%, those who failed to mobilise within 1-day of surgery rose from 23.2%, to 36.2% and 43.2%, and those who acquired a pressure ulcer rose from 0.4 to 1.3% and 3.6% (Table 2).

Compared to patients who were not taking an antiresorptive agent before hip fractures, the proportions of those who were taking an antiresorptive agent prior to hip fractures did not differ for LOS ≥1 week: 73.2% vs 80% (P = 0.202), and for ≥2 weeks in hospital: 30.8% vs 42.2% (P = 0.076); failure to mobilise within 1-day of hip surgery: 34.9% vs 44.4% (P = 0.374); and significantly higher for hospital-acquired pressure ulcers: 1.7% vs 6.7% (P = 0.017).

Patients with level-1 medication status had the shortest median (IQR) LOS: 7.5 days (5.3-12.1), rising to 10.3 days (7.3-15.6) in those with level-2, and 11.6 days (7.5-18.3) amongst those with level-3 (Figure 1). Within each of these three medication status levels, LOS was significantly longer amongst those who failed to mobilise compared with those who were able to  mobilise within 1-day of hip surgery (Figure 2A). Within those with level-2 or level-3 medication status, LOS in hospital was longer amongst those who acquired a pressure ulcer in hospital compared to those who did not (Figure 2B).

Multivariable logistic regression analysis with adjustment for age, sex, dementia, stroke, ischaemic heart disease, diabetes, pre-fracture mobility, and alcohol consumption showed that, compared to those with level-1 medication status, those with level-2 were more likely to stay in hospital ≥1 week: OR = 2.5 (95%CI: 1.7-3.7) and ≥2 weeks: OR = 1.8 (95%CI: 1.21-2.7), and failure to mobilise within 1-day of hip surgery: OR = 1.9 (95%CI: 1.1-3.3). Due to the lower prevalence of pressure ulcers, only two categories of medication status were compared with each other. The risk of pressure ulcers was increased in patients with level-3 compared to all those with level-1 and level-2: OR = 3.1 (95%CI: 1.2-7.9) (Table 2).


DISCUSSION
Summary of findings
The present study observed that the LOS in hospital and failure to mobilise within 1-day of hip surgery increased with polypharmacy and/or ACB in a stepwise manner, being highest amongst patients with a combination of an ACB score ≥1 and polypharmacy (level-3 medication status). Level-3 medication status also associated with pressure ulcers acquired in hospital. In addition, the LOS was further prolonged in those who failed to mobilise within 1-day of surgery or those who acquired a pressure ulcer in hospital. These associations were independent of confounding factors including age, sex, co-morbidities and pre-fracture mobility limitations. As far as we are aware, this analysis had not been previously reported.

The association between drugs used to treat health conditions and adverse effects is complex due to many factors including drug-drug interactions, adherence to treatment and underlying health. The majority of previous studies often considered ACB and polypharmacy as distinct entities; however, these indices are not mutually exclusive. Our study revealed that there were higher proportions of patients with an ACB score ≥1 amongst those taking ≥4 drugs than those taking <4 drugs daily. It is therefore important to compare different combinations of medication status based on ACB scores and the number of drugs. Through this procedure, we demonstrated that LOS was increased by two and a half days from level-1 to level-2 medication status, and a further one and a half days from level-2 to level-3. Level-3 was also related to a greater risk of failure to mobilise within 1-day of surgery and development of pressure ulcers. These findings highlight the importance of reduction, where possible, of both the number of medications as well as ACB. At our hospital, medications are routinely reviewed by doctors and pharmacists for all patients at admission and reduced where necessary. Further research is being planned to prospectively examine the impact of a greater reduction in the number of drugs and anticholinergic agents on outcome measures. Despite a body of existing evidence on the adverse effects from polypharmacy, success in reducing the number of drugs has been mixed. A recent review reported that pharmacists were able to help reduce anticholinergic agents in only two out of four studies [23], whilst another study showed medication review by pharmacists was ineffective in reducing the anticholinergic/sedative load over a period of three months [24]. There is therefore a need to increase awareness on a national scale to improve clinical practice, involving healthcare professionals at all levels, to regularly review patients’ medications and omit surplus drugs or modify them to a less toxic treatment regimen where possible.

The rate of polypharmacy of 74.8% amongst patients with hip fractures in our study is higher than that observed in general populations [4]. This suggests that patients who sustained a hip fracture were at a greater risk of a fall as a consequence of polypharmacy. A greater number of drugs can lead to many detrimental eventualities including: drug-drug interactions, organ damage including renal, hepatic and cerebral impairment, as well as loss of appetite and gastrointestinal disturbances [25, 26]. These adverse effects are likely to be most detrimental in older adults who are most commonly prescribed a high number of drugs including those with anticholinergic effects. The distribution pattern of level-3 medication revealed in this study - increasing with age up to 89.9 years, with a drop in the oldest group (≥90 years), is consistent with previous reports [11]. It is important to note that the impact of medications on outcomes may be underestimated since between 50-80% of patients with multiple medications may not be compliant to treatment, particularly those in older age groups [4]. This issue not only results in poor treatment of the underlying disease, but also increases the cost to avoidable spending for medical care. The observation that only 4.1% of patients were taking an antiresorptive agent prior to admission, whilst 81.1% needed treatment after hip fractures suggest a widespread lack of bone protection amongst high-risk older adults in the community setting. Routine detection such as vitamin D levels and treatment should therefore be offered to older individuals to prevent bone fractures. The observation that hospital-acquired pressure ulcers were greater amongst patients who were treated with an antiresorptive agent prior to hip fractures than those who did not receive was surprising, but consistent with a previous study [27]. It is plausible that those who received an antiresorptive agent had a history of severe osteoporosis or a previous bone fracture. It would be of interest to further examine the impact of vitamin D status and clinical outcomes in this group of patients. However, we did not routinely collect data for vitamin D levels in this project.

The observation that LOS was further prolonged in those who failed to mobilise within 1-day of surgery or pressure ulcers for any given level of medication status (except level-1 for pressure ulcers) provides further insights on the impact of polypharmacy and anticholinergic agents on prolonging the duration of hospitalisation for different reasons. It is plausible that the association of LOS with pressure ulcers and possibly failure to mobilise within 1-day of hip surgery is bidirectional, i.e. longer LOS results in pressure ulcers and failure to mobilise whilst the latter two factors could lead to an increase in LOS.

The strengths of this study lie in its relatively large number of participants whose data were gathered using standardised protocols [7, 19]. To minimise bias from individuals living in residential/nursing care who were likely to have poorer health, only patients admitted from their own homes were selected for this study. The analysis was robustly adjusted for potential confounding factors including major chronic conditions including dementia, stroke, ischaemic heart disease and diabetes as well as functional limitations prior to a hip fracture. 

Limitations
This study is limited by its observational design. Polypharmacy and ACB were determined from drugs at the time of hospital arrival. Because some drugs were discontinued on admission, therefore some of the outcome measures may reflect the frailty of the patient rather than any lingering effects of drugs. We recognise that there remained other potential residual unmeasured confounders, including pre-admission frailty, that could have additional bearing on our findings. However, our study included pre-admission mobility limitation as a confounding factor and is likely to reflect pre-admission frailty [21]. Interpretation of the findings should be taken carefully and should not be extrapolated to general populations since these findings were derived from data in a single centre and for a particular group of patients undergoing surgery for a hip fracture. Further large-scale prospective studies are necessary to assess the impact of a reduction in the number of drugs and those with anticholinergic effects on care-quality outcomes, including the prevention of falls and hip fractures, avoidance of hospital admission, reduction of hospital LOS, acquisition of hospital-acquired complications, as well as early readmissions. 

In conclusion, a longer LOS is associated with in hospital polypharmacy and ACB, and further accentuated by failure to mobilise within 1-day after surgery and pressure ulcers. This study provided further evidence of the impact of polypharmacy and ACB on adverse health outcomes, and lent support for a reduction of potentially inappropriate prescribing, especially amongst older adults.
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LEGENDS
Figure 1. Length of stay in hospital (as a continuous variable) according to levels of medication status.

Figure 2. Comparison of length of stay in hospital (as a continuous variable), according to levels of medication status, between patients who: A; mobilised within 1-day of surgery against those who did not; B, developed pressure ulcers in hospital against those who did not.
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[bookmark: _Hlk124414531][bookmark: _Hlk124414497]Table 1. Distribution of 1,105 patients of mean age 83.1 years (SD 8.8) admitted to hospital with hip fractures.

	
	Distribution (n = 1,105)

	
	n
	%

	Sex
	
	

	Women
	787
	71.2

	Men
	318
	28.8

	Age
	
	

	60-69.9
	108
	9.8

	70-79.9
	251
	22.7

	80-89.9
	510
	46.2

	≥90
	236
	21.4

	Medication status
	
	

	Polypharmacy (≥4 drugs a day)
	827
	74.8

	ACB score ≥1
	429
	38.8

	Level-1
	243
	22.0

	Level-2
	468
	42.4

	Level-3
	394
	35.7

	Co-morbidities
	
	

	Dementia
	223
	20.2

	Stroke
	157
	14.2

	Ischaemic heart disease
	114
	10.3

	Diabetes
	143
	12.9

	Pre-fracture mobility limited to indoors
	221
	20.0

	Alcohol intake >14 units a day
	58
	5.3

	Surgical techniques
	
	

	Arthroplasty
	552
	50.0

	Intramedullary nail
	334
	30.2

	Sliding hip screw
	161
	14.6

	Hybrid total hip replacement 
	43
	3.9

	Antiresorptive agents
	
	

	Before admission for hip fractures
	45
	4.1

	After discharge for hip fractures
	896
	81.1

	Wating for dual x-ray absorptiometry results
	160
	14.5

	Outcomes
	
	

	≥1 week
	805
	72.9

	≥2 weeks
	343
	31.0

	Failure to mobilise within 1-day of surgery
	191
	35.3

	Hospital acquired pressure ulcers
	21
	1.9


ACB, anticholinergic burden; Subsample of 541 patients. Level-1: ACB score =0 and <4 drugs a day; Level-2: ACB score ≥1 or ≥4 drugs a day; Level-3: ACB score ≥1 and ≥4 drugs a day.
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Table 2. Distribution of patients of different ages, gender and morbidities according medication status.
	
	Level-1 (n = 243)
	Level-2 (n = 468)
	Level-3 (n = 394)
	Group differences

	
	%
	%
	%
	2
	P

	Age
	
	
	
	
	

	60-69.9
	17.7
	6.6
	8.6
	52.3
	0.001

	70-79.9
	32.1
	23.3
	16.2
	
	

	80-89.9
	34.6
	47.6
	51.5
	
	

	≥90
	15.6
	22.4
	23.6
	
	

	Co-morbidities
	
	
	
	
	

	Dementia
	12.8
	22.6
	21.8
	10.7
	0.003

	Stroke
	4.1
	16.0
	18.3
	26.8
	<0.001 

	IHD
	2.9
	9.2
	16.2
	30.1
	<0.001

	Diabetes
	3.7
	14.5
	16.8
	24.5
	<0.001

	Pre-fracture mobility limited to indoors
	14.8
	19.7
	23.6
	7.3
	0.007

	Alcohol intake >14 units a day
	3.7
	5.6
	5.9
	1.6
	0.460

	Outcomes
	
	
	
	
	

	LOS ≥1 week
	55.1
	76.6
	80.9
	55.2
	<0.001 

	LOS ≥2 weeks
	19.8
	31.5
	38.1
	23.5
	<0.001

	Failure to mobilise within 1-day of surgery
	23.2
	36.2
	43.6
	14.3
	<0.001

	Hospital acquired pressure ulcers
	0.4
	1.3
	3.6
	9.6
	0.003


Level-1: ACB score =0 and <4 drugs a day; Level-2: ACB score ≥1 or ≥4 drugs a day; Level-3: ACB score ≥1 and ≥4 drugs a day.


Table 3. Logistic regression analysis of the association between ACB and polypharmacy with adverse outcomes.

	
	Model-1: Unadjusted
	Model-2: Age- and sex-adjusted
	Model 3: Adjusted for age, sex and co-morbidities*

	
	OR
	95 CI
	P
	OR
	95 CI
	P
	OR
	95 CI
	P

	Hospital LOS ≥1 week
	
	
	
	
	
	
	
	
	

	Level-1 (reference)
	1
	--
	--
	1
	--
	--
	1
	--
	--

	Level-2
	2.7
	1.9-3.7
	<0.001
	2.3
	1.7-3.3
	<0.001
	2.0
	1.4-2.9
	<0.001

	Level-3
	3.5
	2.4-4.9
	<0.001
	3.0
	2.1-4.3
	<0.001
	2.5
	1.7-3.7
	<0.001

	Hospital LOS ≥2 weeks
	
	
	
	
	
	
	
	
	

	Level-1 (reference)
	1
	--
	--
	1
	--
	--
	1
	--
	--

	Level-2
	1.9
	1.3-2.7
	<0.001
	1.6
	1.1-2.3
	0.017
	1.4
	0.9-2.1
	0.103

	Level-3
	2.5
	1.7-3.7
	<0.001
	2.1
	1.4-3.1
	<0.001
	1.8
	1.2-2.7
	0.004

	Failure to mobilise within 1-day of surgery
	
	
	
	
	
	
	
	
	

	Level-1 (reference)
	1
	--
	--
	1
	--
	--
	1
	--
	--

	Level-2
	1.9
	1.2-3.0
	0.010
	1.8
	1.1-2.9
	0.017
	1.5
	0.9-2.4
	0.136

	Level-3
	2.6
	1.6-4.2
	<0.001
	2.4
	1.5-4.0
	<0.001
	1.9
	1.1-3.3
	0.014

	Hospital acquired pressure ulcers
	
	
	
	
	
	
	
	
	

	Level-1 and level-2 (reference)
	1
	--
	--
	1
	--
	--
	1
	--
	--

	Level-3
	3.7
	1.5-9.3
	0.005
	3.4
	1.4-8.6
	0.009
	3.0
	1.2-7.9
	0.019


*Co-morbidities: dementia, stroke, ischaemic heart disease, diabetes, limited pre-fracture mobility and alcohol consumption. Due to a low prevalence of pressure ulcers, the first two categories of medication status were used as reference group. Level-1: ACB score =0 and <4 drugs a day; Level-2: ACB score ≥1 or ≥4 drugs a day; Level-3: ACB score ≥1 and ≥4 drugs a day.
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