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ABSTRACT
Objectives: Falls are associated with several negative outcomes. Early identification of those who are at risk of falling is of importance in geriatrics and comprehensive geriatric assessment (CGA) seems to be promising in this regard.  Therefore, the present study investigated whether the multidimensional prognostic index (MPI), based on a standard CGA, is associated with falls in the Osteoarthritis Initiative (OAI).  
Design: Longitudinal, 8 years of follow-up. 
Setting and participants: Community-dwelling older people (> 65 years) with knee OA or at high risk for this condition. 
Methods: A standardized CGA including information on functional, nutritional, mood, comorbidities, medications, quality of life and co-habitation status was used to calculate a modified version of the MPI, categorized as MPI-1 (low), MPI-2 (moderate) and MPI-3 (high risk). Falls were self-reported and recurrent fallers were defined as >2 in the previous year. Logistic regression was carried out and results are reported as odds ratio (ORs), with their 95% confidence intervals (CIs).
Results: The final sample consisted of 885 older adults (mean age 71.3 years, females=54.6%). Recurrent fallers showed a significant higher MPI than their counterparts (46.1±17.2 vs. 38.2±15.8; p<0.001). Compared to those in MPI-1 category, participants in MPI-2 (OR=2.13; 95%CI: 1.53-2.94; p<0.001) and in MPI-3 (OR=5.98; 95%CI: 3.29-10.86; p<0.001) reported a significant higher risk of recurrent falls over the  8-years of follow-up. Similar results were evident when using an increase in 0.1 points in the MPI or risk of falls after one year.  
[bookmark: _Hlk513320970]Conclusions and implications: Higher MPI values at baseline were associated with an increased risk of recurrent falls suggesting the importance of CGA in predicting falls in older people.  

Keywords: multidimensional prognostic index; comprehensive geriatric assessment; falls; Osteoarthritis initiative. 

INTRODUCTION
Falls are a major public health concern in older people, significantly associated with adverse quality of life, increased physical comorbidity, healthcare use and early mortality.1 It has been estimated that approximately 1 in 3 people aged 65 years or older fall every year in the United States.2 It has been reported that falls are a frequent cause of disability, institutionalization, and mortality, and are  among the primary causes of traumatic injury in older people in the United States.1-3

Several conditions are known as potential risk factors for falls, including reduction in muscle strength4, gait imbalance5, visual and hearing deficits6, osteoarthritis7, dementia8 and depression.9 The early identification of older adults who are at risk of  falling is important in order to develop tailored interventions to prevent falls 10. However, the prediction of such a risk of falling remains a challenge in geriatric medicine.11 

Indeed,  fall risk assessment tools currently used in geriatric medicine have not shown  sufficiently high predictive validity for differentiating high and low fall risks.12 For example, the timed up and go, a common test for assessing the risk of falls, has only limited specificity (0.49) to predict falls in community dwelling older people and, therefore, should not be used alone for identifying individuals at high risk of falls.13 Other tools commonly used for assessing falls risk, e.g. the Berg Balance scale and Mobility Interaction Fall chart, the Downton Fall Risk Index and the Tinetti Balance scale, showed contrasting results, particularly in terms of sensitivity. 12 As summarized by a recent systematic review and meta-analysis12, rather than a single measure, two assessment tools used together would better evaluate the characteristics of falls and therefore indicating that  comprehensive geriatric assessment (CGA) could be used for better predicting fall risk in older people.
The Multidimensional Prognostic Index (MPI)14 is a well-calibrated tool with a good discrimination and accuracy for short and long-term mortality, both in a hospital setting15 and in older adults at the population level.16 Among all prognostic indexes available in geriatric medicine, the MPI is the only one based on information obtained from a CGA that explores comprehensively health, functional, cognitive, and nutritional domains, as well as social aspects, using standardized and extensively validated rating scales17, usually known by the clinicians with an optimal accuracy in identifying negative outcomes, such as mortality, (re)hospitalization and institutionalization.14, 15, 18-23

Given this background, the present study aimed to investigate the association between MPI scores at baseline and risk of recurrent falls in a large cohort of North American adults followed up over 8 years, participating to the Osteoarthritis Initiative (OAI). 

MATERIALS AND METHODS

Data source and subjects
[bookmark: _Hlk532668298]Data were obtained from the Osteoarthritis Initiative (OAI) database. Participants were recruited across four clinical sites in the United States of America (Baltimore, MD; Pittsburgh, PA; Pawtucket, RI; and Columbus, OH) between February 2004 and May 2006. Participants were included if they: (1) had knee osteoarthritis (OA) with knee pain for a 30-day period in the past 12 months or (2) were at high risk of developing knee OA (e.g. overweight/obese (body mass index, BMI ≥25kg/m²), family history of knee OA).24 The data of this longitudinal cohort study were collected at baseline and during subsequent evaluations, with a follow-up of 8 years. All participants provided written informed consent. The OAI study was given full ethics approval by the institutional review board of the OAI Coordinating Center, at the University of California in San Francisco.

Calculation of the MPI
The MPI was calculated as established in previous studies, with some modification based on availability of data. Six of the original MPI domains were assessed by using standardized CGA scales: 1) physical functioning was assessed through the Western Ontario and McMaster Universities Osteoarthritis (WOMAC) Index 25; 2) physical activity was  measured through the Physical Activity Scale for the Elderly scale (PASE) 26; 3) nutritional aspects were evaluated using  Body Mass Index (BMI); 4)  comorbidity was assessed by the Charlson Comorbidity Index score27; 5) the number of medications used were reported; and 6) cohabitation status was reported, i.e. living alone (yes vs. no). Moreover, instead of cognitive status, the following was included in the multidimensional model: 7) the assessment of depressive symptoms by using the Center for Epidemiologic Studies Depression Scale (CES-D)28, and 8)  quality of life assessed through a specific subscale of the Knee injury Osteoarthritis Outcome Score (KOOS).29 Full details are reported in Figure 1. 

When a categorization was not available from literature, the optimal number and location of cutoff points were determined using an iterative algorithm that maximizes the relative area under the curve  (AUC).30 For each potential predictors according to the outcome in order to define different risk groups and quantify the weight of each of them in a creation of a multidimensional index from the estimates of a multivariate logistic regression (Table 1). 
This modified MPI, obtained as weighted sum of each domain, ranged from 0.0 (low risk of recurrent fall) to 1.0 (highest risk of recurrent fall). Moreover, as for the individual covariates that explore each domain, also MPI was categorized into three statistically different risk groups of recurrent falls: low risk 0-0.41, moderate risk 0.42 – 0.67 and severe risk 0.68 – 1.0 (Supplementary Table 1). 

Definition of “recurrent fallers”
A fall is traditionally defined as “an event which resulted in a person coming to rest inadvertently on the ground or floor or other lower level.”31 
The assessment of the outcome was made at baseline and during the follow-up visits at 12, 24, 36, 48, 72 and 96 months. At the end of each wave, including baseline evaluation, participants reported the number of falls experienced in the preceding year by answering this question: “Did you fall during the past year?”. The number of falls was also recorded. On the contrary, no information was available regarding the date of falling.  The primary outcome for this study was categorized as: recurrent fallers (i.e. falls > 2 in the previous year) vs. no recurrent fallers (0-1 falls in the previous year). 
We considered as outcomes both long-term recurrent falls (i.e. any recurrence of falls during follow-up period) and short-term recurrence of falls (i.e. in the first year after the baseline evaluation). 

Statistical analyses
Data on continuous variables were normally distributed according to the Kolmogorov-Smirnov test. Data were presented as means and standard deviation values (SD) for quantitative measures (if normally distributed) or as medians and interquartile ranges (if not normally distributed), and percentages for all categorical variables by recurrence of falls during follow-up period (yes vs. no). P-values were calculated with the Fisher’s Exact test for frequencies, Mann-Whitney test for medians and t-Test for means.
Logistic binary regression analysis was run, taking the MPI at admission (in categories or as increase in 0.1 points) as the exposure variable and recurrence of falls (during follow-up and after one year) as the outcome variable. The strength of the association between MPI at admission and the outcomes of interest were reported as odds ratios (ORs) with their 95 % confidence intervals (CIs). For all the outcomes, receiver operator characteristic (ROC) curves were analyzed to compare the sensitivity and specificity of MPI in predicting recurrence of falls, measuring the relative area under the curve (AUC), with the correspondent 95%CI.
A p<0.05 was deemed statistically significant.  Analyses were performed using STATA® software version 14.1 (Stata Corp LP, College station, Texas).

RESULTS

Sample selection
The OAI dataset initially included a total of 4,796 individuals. At the baseline, 2974 individuals were excluded because they were not defined as older people (i.e. they were younger than 65 years), 279 since they were not White or Caucasian (race could be a possible confounder that we could not take into account for a lower number of individuals of other races) and 507 people with previous falls at baseline. Moreover, 151 subjects were excluded because they had missing data for one or more domains of interest in the creation of the MPI.  Finally, 885 people were included in this analysis. 

Baseline characteristics 
The cohort included 483 women (54.6%), with a mean age of 71.3 years (±4.0 years; range: 60-79 years). The mean MPI at baseline was 0.40±0.16 (range: 0.0 – 1.0). 

Table 2 illustrates the baseline characteristics by recurrence of falls during follow-up and in the sample as a whole. During the 8 years of follow-up, 223 participants (=25.2% of the baseline population) were classified as recurrent fallers. As shown in Table 2, no significant differences between recurrent fallers (n=223) and no recurrent fallers (n=662) were observed in terms of sex (p=0.816), mean age (p=0.458) or co-habitation (p=0.173). On the contrary, recurrent fallers were more disabled, had a higher rate of comorbidities, used more medications and were more depressed with a poorer quality of life than their counterparts (Table 2). Finally, recurrent fallers showed a significant higher MPI than non-fallers (0.46±0.17 vs. 0.38±0.16; p<0.001) (Table 2). 

Table 3 shows the logistic regression analysis and the prediction capability of the MPI in predicting recurrence of falls during the 8 years of follow-up. An increase of 0.1  on the MPI scale was associated with a significant higher risk of recurrence of falls during follow-up of 34% (OR=1.34; 95%CI: 1.22-1.48; p<0.001). We observed that those subjects in moderate (MPI-2) and severe risk (MPI-3) reported overall incidence of recurrent falls almost doubled and tripled compared to those with the lowest values of MPI-1 as reference (30.9% and 55.8% vs. 17.4%, respectively). Compared to those in MPI-1 category, participants in MPI-2 (OR=2.13; 95%CI: 1.53-2.94; p<0.001) and in MPI-3 (OR=5.98; 95%CI: 3.29-10.86; p<0.001) reported a significant higher risk of recurrent falls. The AUC of the MPI in predicting recurrent falls during the 8 years of follow-up was 62.7%, 95%CI: 58.5-66.9. 

Table 3 shows similar analyses, taking recurrence of falls after one year as the outcome. Again, MPI significantly predicts the risk of falls, using this tool as a continuous measure since an increase in 0.1 points corresponds to an increase risk of falls of 48% (increase in 0.1 point; OR=1.48; 95%CI: 1.25-1.76; p<0.001) or using groups (MPI-2: OR=2.73; 95%CI: 1.38-5.38; p<0.001; MPI-3: OR=8.39; 95%CI: 3.47-20.28; p<0.001) (Table 3). The accuracy in terms of AUC for this outcome was 68.5%; 95%CI: 60.8 – 76.2%.

DISCUSSION
In this longitudinal study, over eight years of follow-up, we found that a modified version of the MPI is able to predict the onset of recurrent falls in older people living in the community and affected by OA or at high risk for this condition. These data are confirmed both over a short- (after one year from baseline evaluation) and in long-term follow-up (up to eight years). 

We observed that a high proportion of people fell during the follow-up period and  about a quarter of the participants fell more than two times every year. We know that, from an epidemiological perspective, falls are the second leading cause of injury deaths worldwide, particularly in older people. 31 The present  study further reinforces this epidemiological evidence. 

The topic of frailty and risk of falls is of great interest in geriatric medicine. A systematic review and meta-analysis in 102,130 community-dwelling older adults found that compared with robust older adults, frail older persons demonstrated the greatest risk for falls (OR=2.50; 95%CI: 1.58-3.96), followed by prefrail older adults (OR=1.47; 1.22-1.79), being similar, also in strength, to the present findings.32 This evidence was also confirmed by a previous meta-analysis regarding this topic.33 Of importance, in these meta-analyses, frail older adults also demonstrate higher risk for recurrent falls 32, 33 and also of fractures, particularly of hip fractures. 34

[bookmark: _Hlk523858031]The MPI has been validated in over 12,000 patients suffering from acute and chronic conditions35, 36, demonstrating in a multicentre study a significant higher mortality predictive accuracy than three other frailty instruments.37 More recently another multicentre international study  confirmed that the MPI was significantly associated with a higher risk of mortality and even  with re-hospitalization, higher necessity of home-care needs and institutionalization in hospitalized older patients.38 The research proposed in this work further reinforces the utility of the MPI in predicting another negative outcome in older people, i.e. falls.  Overall, the current findings suggest the importance of CGA in predicting the risk of falls. 

[bookmark: _Hlk19364636]However, the CGA seems to be important not only for the detection of future falls, but also for the management of this frequent condition, particularly when interventions include nutritional and physical activity programs.39 A recent large randomized controlled trial, for example, has reported that a home-based exercise program is able to decrease the incidence of falls in older people.40 Therefore, the present findings can add further evidence of the importance of carrying out  CGA in older people in order to early identify the risk of falls in this population and to tailor specific interventions for frail older adults, if needed. In this regard, our study reported that MPI has a discrete accuracy, having an AUC of 60-70% in predicting falls during follow-up and after one year, being similar to other tools commonly used in geriatric medicine for predicting falls risk.12 

The findings from this study should be interpreted in light of its limitations. First, the OAI is a cohort that includes only individuals who already have or are at high risk of knee OA. Thus, our results are not applicable to the general population. Second, falls were self-reported by the patients and not recorded with standardized diaries. It is largely known that retrospective recall of falls is not a reliable way to ascertain falls and the agreement between recall of falls and diaries is often poor since the patients often underestimate falls. 41, 42 Third, our analysis should be considered as preliminary in the context of the OAI. For example, MPI was validated only in Whites and, consequently, if our results can be applied in other populations is still to be explored that, according to the literature, have a different falls’ risk.43

CONCLUSIONS AND IMPLICATIONS
Our data suggest that, in this cohort of people affected by knee osteoarthritis or at high risk for this condition, higher MPI values at baseline may be associated with an increased risk of recurrent falls suggesting the importance of comprehensive geriatric assessment in predicting this condition in older people. Future longitudinal studies (also in other settings) are needed to confirm our findings.  
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Figure 1. Domains and weights of multidimensional prognostic index (MPI) used in the Osteoarthritis Initiative. 

Notes:
(1) CES-D:  Center for Epidemiologic Studies – Depression; WOMAC: Western Ontario and Mc Master University; PASE: Physical Activity Scale for Elderly; KOOS: Knee Injury and Osteoarthritis Outcome Score; QoL: quality of life; BMI: body mass index; MPI: Multidimensional Prognostic Index.
(2) round brackets “(“ or “)” stay for excluded value, square brackets “[“ or “]” stay for included value.































Table 1. Multivariate logistic model for recurrent fallers and weight for a multidimensional score (adjusted for age and sex).

	
	OR (95%CI)
	p-value
	Weights for MPI

	Living alone
	no
	ref.
	0.280
	0.00

	
	Yes
	1.23 (0.85 – 1.78)
	
	0.07

	CES-D
	[0 – 1]
	ref.
	0.001
	0.00

	
	(1 – 11]
	1.70 (1.15 – 2.50)
	
	0.18

	
	(11 – 60]
	2.82 (1.65 – 4.83)
	
	0.35

	WOMAC-mean
	[0 – 3]
	ref.
	0.247
	0.00

	
	(3 – 68] 
	1.27 (0.85 – 1.90)
	
	0.08

	PASE
	> 230
	ref.
	0.412
	0.00

	
	(147 – 230]
	1.34 (0.65 – 2.77)
	
	0.10

	
	[0 – 147]
	1.53 (0.76 – 3.09)
	
	0.14

	Comorbidity
	[0 – 1]
	ref.
	0.082
	0.00

	
	>1
	1.48 (0.95 – 2.30)
	
	0.13

	Number of Drugs
	[0 – 4]
	ref.
	0.478
	0.00

	
	[5 – 7]
	1.10 (0.76 – 1.60)
	
	0.03

	
	> 7
	1.39 (0.81 – 2.40)
	
	0.11

	KOOS – QoL
	(76 – 100]
	ref.
	0.770
	0.00

	
	(63 – 76]
	1.10 (0.70 – 1.73)
	
	0.03

	
	[0 – 63]
	1.19 (0.75 – 1.88)
	
	0.06

	BMI
	< 30
	ref.
	0.301
	0.00

	
	≥ 30
	1.20 (0.85 – 1.69)
	
	0.06




Abbreviations: CES-D:  Center for Epidemiologic Studies – Depression; WOMAC: Western Ontario and Mc Master University; PASE: Physical Activity Scale for Elderly; KOOS: Knee Injury and Osteoarthritis Outcome Score; QoL: quality of life; BMI: body mass index; MPI: Multidimensional Prognostic Index 




Table 2. Descriptive statistics of patients’ characteristics according to fall risk.
	
	Recurrent fallers
	p-value

	
	Overall
885 (100.0%)
	No
662 (74.8%)
	Yes
223 (25.2%)
	

	Sex, n(%)
	F
	483 (54.6)
	363 (54.8)
	120 (53.8)
	0.816

	
	M
	402 (45.4)
	299 (45.2)
	103 (46.2)
	

	Age, mean(sd)
	71.3 (4.0)
	71.3 (4.0)
	71.5 (3.9)
	0.458

	Living alone, n(%)
	No
	674 (76.2)
	512 (77.3)
	162 (72.6)
	0.173

	
	Yes
	211 (23.8)
	150 (22.7)
	61 (27.4)
	

	CES-D, median (IQR)
	4 (1 – 8)
	3 (1 – 7)
	5 (2 – 9)
	0.002

	CES-D, n(%)
	[0 – 1]
	260 (29.4)
	216 (32.6)
	44 (19.7)
	< 0.001

	
	(1 – 11]
	528 (59.6)
	388 (58.6)
	140 (62.8)
	

	
	(11 – 60]
	97 (11.0)
	58 (8.8)
	39 (17.5)
	

	WOMAC-mean, median(IQR)
	3.2 (0.0 – 10.5)
	3.0 (0.0 – 10.0)
	4.8 (0.5 – 12.5)
	0.008

	WOMAC-mean, n(%)
	[0 – 3]
	438 (49.5)
	345 (52.1)
	93 (41.7)
	0.016

	
	(3 – 8]
	164 (18.5)
	121 (18.3)
	43 (19.3)
	

	
	(8 – 68] 
	283 (32.0)
	196 (29.6)
	87 (39.0)
	

	PASE, median(IQR)
	
	129 (93 – 168)
	131 (93 – 170)
	126 (92 – 162)
	0.305

	PASE, n(%)
	[0 – 147]
	551 (62.2)
	403 (60.9)
	148 (62.3)
	0.257

	
	(147 – 230]
	274 (31.0)
	210 (31.7)
	64 (28.7)
	

	
	> 230
	60 (6.8)
	49 (7.4)
	11 (4.9)
	

	Comorbidity, n(%)
	[0 – 1]
	763 (86.2)
	583 (88.1)
	180 (80.7)
	0.009

	
	>1
	122 (13.8)
	79 (11.9)
	43 (19.3)
	

	Number of Drugs median(IQR)
	
	3 (2 – 5)
	3 (2 – 5)
	4 (2 – 5)
	0.116

	Number of Drugs, n(%)
	[0 – 4]
	604 (68.2)
	465 (70.2)
	139 (62.3)
	0.050

	
	[5 – 7]
	206 (23.3)
	148 (22.4)
	58 (26.0)
	

	
	> 7
	75 (8.5)
	49 (7.4)
	26 (11.7)
	

	KOOS – QoL, median(IQR)
	75.0 (56.3 – 87.5)
	75.0 (62.5 – 87.5)
	68.8 (56.3 – 87.5)
	0.020

	KOOS – QoL, n(%)
	[0 – 63]
	332 (37.5)
	235 (35.5)
	97 (43.5)
	0.045

	
	(63 – 76]
	209 (23.6)
	155 (23.4)
	54 (24.2)
	

	
	(76 – 100]
	344 (38.9)
	272 (41.1)
	72 (32.3)
	

	BMI, n(%)
	< 30
	627 (70.9)
	480 (72.5)
	147 (65.9)
	0.073

	
	≥ 30
	258 (29.1)
	182 (27.5)
	76 (34.1)
	

	MPI, mean(sd)
	
	0.40 (0.17)
	0.38 (0.16)
	0.46 (0.17)
	< 0.001

	MPI
risk group, n(%)
	Low
(0-0.41)
	471 (53.2)
	389 (58.8)
	82 (36.8)
	< 0.001

	
	moderate 
(0.42-0.67)
	362 (40.9)
	250 (37.8)
	112 (50.2)
	

	
	severe 
(0.68-1.0)
	52 (5.9)
	23 (3.4)
	29 (13.0)
	


Notes: p-values were referred to Fisher’s Exact test for frequencies, Mann-Whitney test for medians and t-Test for means.

Abbreviations: CES-D:  Center for Epidemiologic Studies – Depression; WOMAC: Western Ontario and Mc Master University; PASE: Physical Activity Scale for Elderly; KOOS: Knee Injury and Osteoarthritis Outcome Score; QoL: quality of life; BMI: body mass index; MPI: Multidimensional Prognostic Index



































 
Table 3. Logistic regression and prediction capability of MPI on a continuous scale and stratified by several groups of risk, taking recurrent fallers during 8 years of follow-up as the outcome.

	Recurrent fallers (during follow-up)

	
	Recurrent fallers
(%)
	OR 
(95%CI)
	p-value

	MPI (x 0.1 increase)
	223/885 (25.2%)
	1.34
(1.22 – 1.48)
	< 0.001

	MPI
	Low
(0-0.41)
	82/471
(17.4%)
	ref.
	< 0.001

	
	moderate 
(0.42-0.67)
	112/362
(30.9%)
	2.13
(1.53 – 2.94)
	

	
	severe 
(0.68-1.0)
	29/52
(55.8%)
	5.98
(3.29 – 10.86)
	

	Recurrent fallers at one year

	
	Recurrent fallers 
at 1 year
(%)
	OR 
(95%CI)
	p-value

	MPI (x 0.1 increase)
	49/885 
(5.5%)
	1.48
(1.25 – 1.76)
	< 0.001

	MPI
	Low
(0-0.41)
	13/471
(2.8%)
	ref.
	< 0.001

	
	moderate 
(0.42-0.67)
	26/362
(7.2%)
	2.73
(1.38 – 5.38)
	

	
	severe 
(0.68-1.0)
	10/52
(19.2%)
	8.39
(3.47 – 20.28)
	



Abbreviations: MPI: Multidimensional Prognostic Index; OR: odds ratio; CI: confidence interval
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