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HIGHLIGHTS 
· Frailty is associated with higher CVD risk, even if the definition of frailty was made only using physical activity criteria.
· This the first study showing the multidimensional frailty is associated with a higher CVD risk.
· Our study reinforces the importance of CGA in predicting CVD risk in older people.
· 

ABSTRACT
Background: Cardiovascular diseases (CVDs) are the most important cause of mortality and an important cause of disability. Frailty seems to be associated with higher cardiovascular risk, but limited research has been done using a multidimensional approach to frailty. Thus, the present study aimed to investigate whether the multidimensional prognostic index (MPI), based on comprehensive geriatric assessment (CGA), is associated with CVD risk in the Osteoarthritis Initiative (OAI) study.  
Methods: Community-dwellers affected by knee OA or at high risk for this condition were followed for 8 years. 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 (range 0-1), with higher scores representing greater risk of mortality. CVDs were recorded using self-reported information. Logistic regression analyses, adjusting for potential confounders, were conducted.
Results: The final sample consisted of 4,211 individuals (mean age 60.8 years, females=58.6%). People with incident CVD had a significant higher baseline MPI value than those without CVD (0.44± 0.17 vs. 0.39±0.17). People with an MPI between 0.34 and 0.66 (OR=1.31; 95%CI: 1.03-1.67) and over 0.66 (OR=1.91; 95%CI: 1.26-2.89) experienced a higher risk of CVD (vs. MPI score <0.34). A 0.10 points increase in the MPI score at baseline was associated with a 1.16 (95%CI: 1.09-1.24) times higher odds for incident CVD.
[bookmark: _Hlk513320970]Conclusions and implications: Higher MPI values at baseline were associated with an increased risk of CVD, reinforcing the importance of CGA in predicting CVD risk in older people.  
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INTRODUCTION
Frailty is typical in older people, with an estimated prevalence of 10% in community-dwellers.1 Cardiovascular diseases (CVDs) have been found to be strongly associated with frailty. Research addressing this topic has suggested a bidirectional relationship between these two conditions.2 In this sense, some CVD risk factors such as obesity3 and physical inactivity in healthy midlife4 are each associated with frailty. Furthermore, since frailty and CVD share some common pathways, e.g., low-grade inflammation and insulin-resistance5, recent epidemiological research proposed that frailty could be considered a potential CVD risk factor.6 However, to date, literature regarding frailty as a potential CVD risk factor has defined  of frailty using a  the physical activity criteria, such as those proposed in the seminal paper of Fried et al.7 For example, in a systematic review and meta-analysis regarding frailty as a potential CVD risk factor, only three , out of 21 included studies, used a different definition of frailty6 than that proposed by Fried et al. 7 

In particular, no study so far has explored the potential association between frailty, defined using a multidimensional approach, and CVD risk. According to the multidimensional model, the identification of frailty could be approximated by a comprehensive geriatric assessment (CGA), in particular, if a tool may convey information on several domains.8 The Multidimensional Prognostic Index (MPI)9 is a product of the CGA that leads to a multidimensional definition of frailty. MPI is a well-calibrated tool with a relevant discrimination and accuracy for short/long-term mortality, both in hospital10 and in primary care settings.11 Among all indexes available in geriatric medicine for clinical-decision making, the MPI is the only index obtained from a CGA exploring comprehensively several domains, including health, functional, cognitive, and nutritional parameters, as well as social aspects, using standardized and extensively validated rating scales.12 A large body of literature has shown that MPI is significantly and strongly associated with several negative outcomes in older people, such as mortality and (re)hospitalization9,10,13-19, but also other conditions, such as poor quality of life20 and depression.21

However, to the best of our knowledge, no study has explored the relationship between MPI values and  risk of CVD. Given this background, the present study aimed to investigate the association between MPI scores (at baseline) and risk of CVD in a large cohort of North American adults followed over 8 years, participating in the Osteoarthritis Initiative (OAI). 

MATERIALS AND METHODS

Data source and subjects
[bookmark: _Hlk532668298]Data from the Osteoarthritis Initiative (OAI) database were used for this research. The participants were included 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. Inclusion criteria were: (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).22 For the aims of this research, the data were collected at baseline and during the follow-up evaluations, with the last follow-up after 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 a previous study in the OAI.23 Six domains were assessed by using standardized CGA scales: 1) physical functioning was assessed through the Western Ontario and McMaster Universities Osteoarthritis (WOMAC) Index24; 2) physical activity was measured through the Physical Activity Scale for the Elderly scale (PASE)25; 3) nutritional aspects were evaluated using  Body Mass Index (BMI); 4)  comorbidity was assessed by the Charlson Comorbidity Index score26; 5) the number of medications used; and 6) cohabitation status was reported, categorized as living alone (yes vs. no); 7) the assessment of depressive symptoms by using the Center for Epidemiologic Studies Depression Scale (CES-D)27, and 8) quality of life assessed through a specific subscale of the Knee injury Osteoarthritis Outcome Score (KOOS).28
This modified MPI, obtained as a weighted sum of each domain, ranged from 0.0 (low risk) to 1.0 (highest risk). Moreover, MPI was categorized into three different risk groups of CVD [low risk 0-0.33 (MPI group 1), moderate risk 0.34-0.66 (MPI group 2) and severe risk >0.66 (MPI group 3)], similar to the original division of this score.29

Outcome: cardiovascular disease incidence
The main outcome of interest was the onset of CVD during the follow-up period of eight years. The presence of CVD was recorded through self-reported information. We defined the development of CVD as the presence of heart attack, heart failure, unclog or bypass arteries in legs, and stroke, cerebrovascular accident, or transient ischemic attack. The presence of CVD in the OAI was recorded, other than baseline, after 24, 48 and 96 months.30

Covariates
Other than age and sex, we identified several potential confounders in the possible relationship between MPI and incident CVD. These included: (1) smoking habits, categorized as previous/current vs. never; (2) ethnicity, categorized as whites vs. others; (3) educational level, categorized as degree vs. others; (4) yearly income, divided as < vs. > 50,000 $ or missing data; (5) presence of hypertension defined as systolic blood pressure values over 140 and/or diastolic over 90 mmHg 31, as this was not included in the Charlson comorbidity index; and (6) the use of non-steroidal anti-inflammatory drugs (NSAIDs) that are associated with higher CVD risk.32 The presence of diabetes was reported descriptively since this condition was already included in the Charlson comorbidity index. 



Statistical analyses
After removing those with CVD at the baseline, 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 and absolute numbers (and percentages) for the discrete variables, by MPI categories (<0.33; 0.34-0.66; >0.66). Levene’s test was used to test the homoscedasticity of variances and, if its assumption was violated, Welch’s ANOVA was used. P values for trends were calculated using the Jonckheere-Terpstra test for continuous variables and the Mantel-Haenszel Chi-square test for categorical ones. 

Logistic binary regression analysis was performed, taking the MPI at the baseline (in categories or as increase in 0.10 points) as the exposure variable and incident CVDs as the outcome variable, reporting the data as odds ratios (ORs) with their 95 % confidence intervals (CIs), adjusted for age, sex, ethnicity, education, smoking status, monthly income, use of NSAIDs, and presence of hypertension. 

All the analyses were performed using the SPSS 21.0 for Windows (SPSS Inc., Chicago, Illinois). All statistical tests were two-tailed and statistical significance was assumed for a p-value <0.05. 

RESULTS
Sample selection
The OAI dataset included, at the baseline evaluation, a total of 4,796 individuals. After removing 313 people with a diagnosis of CVD already at the baseline, 172 without data during follow-up regarding CVD and 100 for which no sufficient data regarding MPI at the baseline were available, 4,211 participants were finally included. 

Baseline characteristics 
The participants included were mainly women (58.6%), with a mean age of 60.8 years (±SD 9.1 years; range: 45-79 years). The mean MPI at baseline was 0.40±SD 0.17 (range: 0.0 – 1.0). 

Table 1 illustrates the sample characteristics by MPI values. Participants in the highest MPI category (MPI group 3) (n=282) were significantly more likely to be female, older, non-white, smokers and less educated than those in the lowest category (MPI group 1) (n=1,565). People in MPI 3 group used more frequently NSAIDs and were more frequently affected by hypertension and diabetes than their counterparts. 

During the 8 years of follow-up, 411 participants (=9.8%) experience a CVD for a global incidence of 13 events per 1,000-year (95%CI: 12-14). People with incident CVD had a significant higher MPI baseline value than those without CVD (0.44±SD 0.17 vs. 0.39±SD 0.17, p<0.0001). Table 2 shows the logistic regression analysis taking MPI at baseline as the exposure and incident CVD during the 8 years of follow-up as the outcome. People in MPI 3 group had an incidence of CVD more than doubled than those in MPI 1 group (10 events in MPI 1 group and 24 events in MPI 3 group per 1,000-year). After adjusting for 8 potential confounders, people in MPI 2 group (OR=1.31; 95%CI: 1.03-1.67; p=0.03) and MPI 3 group (OR=1.91; 95%CI: 1.26-2.89; p=0.009) experienced a higher risk of CVD (vs. MPI group 1). A 0.10 points-point increase in MPI score corresponded to an increase in CVD risk by 16% (OR=1.16; 95%CI: 1.09-1.24; p<0.001) (Table 2). 

DISCUSSION
In this longitudinal study, during eight years of follow-up, we found that MPI at baseline predicts the onset of CVD in community-dwellers affected by OA or at high risk for this condition. The incidence of CVD was more than doubled in people with higher MPI values and these findings remained substantially unaltered after analytical adjustment for eight potential confounders.  

In the present study, people having higher MPI values at baseline had a significantly higher presence of several potential CVD risk factors than people with lower values, such as lower educational level and higher presence of smoking, hypertension, and higher use of NSAIDs. All of them are traditional and well-known risk factors for CVD. However, also after adjusting for these potential confounders, the association between MPI and incident CVDs remained significant. Several explanations may underlie our finding. First, it has been reported that frail people might have relevant sub-clinical vascular and cardiac alterations.33,34 Moreover, frail people report several cellular (such as deoxyribonucleic acid damage and shorter telomere length)35,36 and bio-humoral alterations (e.g. higher oxidative stress and inflammatory levels)37,38 that can increase CVD risk.6 Finally, frail people seem to have a pro-thrombotic profile39, higher oxidative stress levels37 and some endocrine dysregulations40 which are important CVD risk factors. In this sense, MPI seems to be associated to several of these alterations such as higher inflammatory and thrombotic levels indicating a bio-humoral signature of frailty as demonstrated in other studies.41

The present findings are of importance since this is the first report showing that multidimensional frailty may be associated with CVD and since CGA is an essential step in CVD management. For example, MPI is a strong predictor of mortality in older people affected by acute myocardial infarction42 or heart failure.43 In particular, a sensitive measure of the multidimensional impairment, such as MPI, might be useful for clinicians in older people at higher risk of CVD for tailored interventions, e.g., reduction of unnecessary medications or for increasing physical activity levels people affected by high MPI values.   

The findings from this study should be interpreted within its limitations. First, the OAI study includes only people who already have or are at high risk of knee OA. Thus, whether our results can be applied to the general population is not yet demonstrated. Second, CVDs were self-reported by the patients and not validated by a specialist in cardiology. This may lead to an under-representation of these conditions44, particularly in the case of chronic stable conditions, such as heart failure or angina pectoris.45 Finally, data regarding cause-specific mortality are not available, but this information could modify the strength of the association between MPI and incident CVD. 

In conclusion, findings from this study suggest that higher MPI values at baseline might be associated with an increased risk of CVD over eight years of follow-up suggesting the importance of comprehensive geriatric assessment in predicting these conditions that are particularly relevant in older people. Our study suggests that people identified as frail by a geriatrician through a multidimensional assessment should be early screened from a cardiovascular point of view, in order to avoid the consequences of CVD in older people. Other longitudinal studies conducted in the general population are needed to confirm our findings.  
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Table 1. Descriptive statistics of patients’ characteristics according to their baseline MPI value.
	
	MPI 1
(0.00-0.33)
(n=1,565)
	MPI 2
(0.34-0.66)
(n=2,382)
	MPI 3
(0.67-1.00)
(n=282)
	p-values 
for trend

	Sex, n(%)
	F
	809 (51.7)
	1492 (62.6)
	194 (73.5)
	<0.0001

	
	M
	756 (48.3)
	890 (37.4)
	70 (26.5)
	

	Age, mean(sd)
	60 (9)
	61 (10)
	62 (9)
	<0.0001

	Whites,  n(%)
	1383 (88.4)
	1866 (78.4)
	162 (61.4)
	<0.0001

	College or higher education,  n(%)
	601 (38.4)
	674 (28.3)
	39 (14.8)
	<0.0001

	Smoking status, n(%)
	
	639 (41.0)
	1154 (48.7)
	143 (58.4)
	<0.0001

	Use of NSAIDs,  n(%) 
	
	114 (7.3)
	297 (12.5)
	49 (18.6)
	<0.0001

	Presence of hypertension,  n(%)
	
	265 (16.9)
	526 (22.1)
	69 (36.1)
	<0.0001

	Presence of diabetes,  n(%)
	
	36 (2.3)
	193 (8.3)
	57 (22.5)
	<0.0001

	Living alone, n(%)
	
	1417 (90.5)
	1768 (74.2)
	101 (38.3)
	<0.0001

	CES-D,  mean(sd)
	2.5 (3.0)
	7.7 (6.5)
	17.4 (9.0)
	<0.0001

	WOMAC-mean,  mean(sd)
	5.4 (10.3)
	13.2 (15.1)
	27.5 (21.7)
	<0.0001

	PASE,  mean(sd)
	
	197 (85)
	148 (74)
	106 (53)
	<0.0001

	Comorbidity,  mean(sd)
	
	0.1 (0.4)
	0.3 (0.7)
	1.1 (1.3)
	<0.0001

	Number of Drugs  mean(sd)
	
	2.7 (1.7)
	3.7 (2.4)
	5.8 (3.4)
	<0.0001

	KOOS – QoL,  mean(sd)
	78 (19)
	64 (21)
	47 (21)
	<0.0001

	BMI,  mean(sd)
	
	26.8 (3.9)
	29.2 (4.8)
	31.8 (5.4)
	<0.0001



Notes: p-values for trends were calculated using the Jonckheere-Terpstra test for continuous variables and the Mantel-Haenszel Chi-square test for categorical ones. 

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

Table 2. Association between MPI and incident cardiovascular diseases during 8 years of follow-up.

	
	CVD
(incidence rate,
per 1,000-year)
	Unadjusted
OR
(95%CI)
	OR1
(95%CI)

	MPI (per 0.10 increase)
	13
(12-14)
	1.19
(1.12-1.26)
(p<0.0001)
	1.16
(1.09-1.24)
(p<0.0001)

	MPI
	MPI 1
(0.00-0.33)
	10
(8-12)
	1
[reference]
	1
[reference]

	
	MPI 2
(0.34-0.66)
	15
(13-15)
	1.47
(1.17-1.85)
(p=0.001)
	1.31
(1.03-1.67)
(p=0.03)

	
	MPI 3
(0.67-1.00)
	24
(17-32)
	2.32
(1.58-3.41)
p<0.0001
	1.91
(1.26-2.89)
(p=0.009)



1 Odds ratios are adjusted for: age, sex, ethnicity, education, smoking status, monthly income, use 
of non-steroidal anti-inflammatory drugs, and presence of hypertension

Abbreviations: MPI, Multidimensional Prognostic Index; OR, odds ratio; CI, confidence intervals; CVD, 
cardiovascular disease
1

