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Relation of Frailty to Outcomes in Percutaneous Coronary Intervention
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Abstract
There is growing awareness that frailty may be an important marker of adverse outcomes in PCI but there is no literature from national cohorts. This study examines a national cohort of patients who underwent percutaneous coronary intervention (PCI) regarding the prevalence of frailty, changes over time, and associated outcomes. The National Inpatients Sample was used to identify adults who underwent PCI procedures between 2004 and 2014. Frailty risk was measured using a validated Hospital Frailty Risk Score (HFRS) using the cutoffs <5, 5-15 and >15 for low, intermediate and high HFRS. From 7,306,007 admissions, a total of 94.58% of admissions were for patients who had a low HFRS(<5), 5.39% had an intermediate HFRS(5-15) and 0.03% had a high HFRS(>15). The prevalence of intermediate or high frailty risk patients has increased over time from 1.9% in 2004 to 11.7% in 2014. The incidence of in-hospital death increased from 1.0% with low HFRS to 13.9% with high HFRS. Mean length of stay also increased from 2.9 days to 17.1 days from low to high HFRS. High frailty risk was independently associated with an OR 9.91 95%CI 7.17-13.71 for in-hospital death, OR 4.99 95%CI 3.82-6.51 for bleeding complications and OR 3.96 95%CI 3.00-5.23 for vascular complications as compared to patients with low risk of HFRS. While rare in frequency overall, frailty is increasing in prevalence in recent years and intermediate and high HFRS associated with increased odds of mortality compared to low risk of frailty. 
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Introduction
The proportion of elderly patients undergoing percutaneous coronary intervention (PCI) is increasing. Currently, more than one in five patients undergoing PCI is aged ≥75 years [1] and this aging population has an increasing burden of comorbid conditions. Registry analyses suggest that at least 75% of patients undergoing PCI have at least 1 comorbid condition [2] with comorbidity burden independently associated with peri-procedural complications, unplanned readmissions, and mortality [2-6]. 
Frailty is an emerging concept in clinical science. Frailty is defined as an age-related decline in the resilience to stressors caused by deterioration in multiple physiological systems [7]. There is growing awareness that frailty may be an important marker of adverse outcomes in the elderly population across a number of cardiovascular conditions and interventions, although until recently tools that can be used to quantify frailty have been suboptimal [8]. In the context of PCI, there are currently only single center studies evaluating frailty. In the United Kingdom, frailty has been reported to affect 11% of patients in a single center study of 745 PCI patients that used the Canadian Study of Health and Aging Clinical Frailty Scale [9]. This analysis also found that frailty was associated with prolonged length of stay and both 30-day and 1-year mortality. A study conducted at the Mayo Clinic on 428 elderly patients who underwent PCI found that 21% were of high frailty according to the Fried criteria while 54% had intermediate frailty [10]. Frail patients had a higher all-cause mortality compared to non-frail patients with greater cardiac mortality. These single center studies are limited in sample size, reflect local case mix and do not provide information around temporal trends or outcome data for other clinically relevant endpoints. 
Prior single center studies have used frailty measures such as the Fried score that incorporates clinical assessment of unintentional weight loss, self-reported exhaustion, grip strength weakness, slow walking speed and low physical activity [11] or the Canadian Study of Health and Aging Clinical Frailty Scale, a descriptive frailty scale which ranges from “very fit” to “terminally ill” [12]. Both frailty scores cannot be evaluated using routinely collected parameters in electronic healthcare records that form the basis of many contemporary risk scores that guide PCI practices and are used for benchmarking [13-16]. Due to these limitations, the Hospital Frailty Risk Score (HFRS) has therefore been developed. It uses International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10) diagnostic codes from electronic healthcare records to identify frailty. The score was derived from over 1 million patients and has been validated against two prominent clinical measures of frailty: the Fried Phenotype and the Rockwood Frailty Index [17]. 
Our aims were to determine: (i) the prevalence of frailty as defined by the HFRS; (ii) how this has changed over time in a national cohort of patients who undergo PCI in the United States; (iii) the association of HFRS with in-hospital mortality, peri-procedural complications, length of stay and cost.
Methods
	A retrospective cohort study was undertaken on national United States hospital data from the National Inpatient Sample (NIS), the largest all-payer inpatient health care database, produced by the Agency for Healthcare Research and Quality (AHRQ). In this study, data from 2004 to 2014 were used, encompassing information from 7 to 8 million hospital discharges per year [18]. This dataset contains patient demographic variables, AHRQ comorbidity measures, hospital variables, ICD-9 diagnostic codes (15 between 2004 and 2008, 25 between 2009 and 2013 and 30 in 2014) as well as 15 procedure codes.
	All individuals aged 18 years or over with PCI procedures between January 2004 and December 2014 were included. For all years, PCI procedures were defined by ICD-9 procedural codes 0066 (percutaneous transluminal coronary angioplasty), 3606 (insertion of non-drug eluting coronary artery stent(s)) and 3607 (insertion of drug-eluting coronary artery stent(s). For years 2004 to 2005 additional codes of 3601 (single vessel percutaneous transluminal coronary angioplasty or coronary atherectomy without mention of thrombolytic agent), 3602 (single vessel percutaneous transluminal coronary angioplasty or coronary atherectomy with mention of thrombolytic agent) and 3605 (multiple vessel percutaneous transluminal coronary angioplasty or coronary atherectomy performed during the same operation for years 2004 and 2005). We excluded patients with missing data for age, sex and in-hospital death.
	Frailty was defined by the Hospital Frailty Score.17 While the score was previously derived from ICD-10 codes, only ICD-9 codes were available in the 2004 to 2014 NIS dataset. Our exact mapping of the codes from ICD-10 to ICD-9, along with the weights applied for each variable, are shown in Supplementary Table 1.
	Data were collected on patient demographics, which included age, sex, ethnicity, elective admission, weekend admission and median household income defined by ZIP code. The AHRQ comorbidities measures were defined by the Elixhauser comorbidity software.18 They included alcohol misuse, hypertension, diabetes, obesity, congestive heart failure, peripheral vascular disease, chronic lung disease, renal failure, liver disease, rheumatoid arthritis/collagen vascular disease, peptic ulcer disease, tumor, lymphoma, paralysis and acquired immune deficiency syndrome. Additionally, ICD-9 diagnostic codes were used to define smoking (V1582, 3051), hypercholesterolemia (2720/2724), coronary artery disease (41400/41407), previous myocardial infarction (412), previous PCI (V4582), previous coronary artery bypass graft surgery(CABG) (V4581), atrial fibrillation (42731), previous stroke (V1254 438*), dementia (290* 2941* 2942* 2948 3310/3312 33182 797) and cardiogenic shock (78551). Leukemia was defined by CCS code 39. Hospital characteristics including urban compared to rural designation and number of beds per hospital were also collected. Additional data were derived from ICD-9 procedure codes on the presence of multivessel disease (0041 0042 0043) and bifurcation disease (0044) as well as the use of LV assist devices (376* 9744), fractional flow reserve (0059), intravascular ultrasound (0024), and drug eluting stents (3607). Finally, the Charlson Comorbidity Index, derived according to previous published methodology, was used as a measure of comorbidity.5
The main outcomes of interest were periprocedural bleeding (diagnostic codes 5789 4590 56881 4329 431*, procedure codes 990*), vascular complications (diagnostic codes 900/904 9982 447 86804 9997, procedural code 3931 3941 3949 3952 3953 3956/3959 3979 990*), cardiac complications (diagnostic codes 9971 (cardiac complication not elsewhere classified) 4230 (hemopericardium) 4233 (cardiac tamponade), procedure codes 370* (pericardiocentesis) 361* (bypass anastomosis for heart revascularization) 362 (heart revascularization by arterial implant) 3631 (open chest transmyocardial revascularization) 3632 (other transmyocardial revascularization) 369* (other operations on vessels of heart)), stroke/transient ischemic attack (TIA) (diagnostic codes 99700/99703 4300/4379), length of stay, cost of admission and in-hospital death. Cost was determined by multiplying the charge-to-cost ratio by the total charge.
Statistical analysis
	Statistical analysis was performed using Stata v14.0 (College Station, TX). Sample sizes were estimated by applying the discharge weight (DISCWT) and using Stata’s survey estimation command. As well as analyzing as the Hospital Frailty Risk Score as a continuous variables, we also divided the Frailty score into 3 groups: low risk (HFRS <5), intermediate risk (HFRS 5-15) and high risk of frailty (HFRS >15) as defined by Gilbert et al17. A histogram was used to examine the distribution of frailty scores. The percentage of patients in each frailty score group was plotted graphically according to year of the PCI procedure. Further age-standardized frailty was determined using Stata’s “DSTDIZE” function and these results were plotted graphically. Descriptive statistics for baseline characteristics and outcomes were presented by the frailty group. For continuous variables, the mean and standard deviation were determined, while for categorical variables, percentages were determined. Unadjusted and adjusted logistic regressions were performed to examine the associations between HFRS group membership and adverse outcomes after PCI, with the reference group being the low HFRS group. A sensitivity analysis was performed only considering patients >75 years of age. We conducted an additional analysis examining the effect of ethnicity on frailty. Only patients of white, black or Hispanic race were included because other ethnic groups represented a very small portion of the sample (6.4%).
Results
There were a total of 7,311,339 admissions for PCI between 2004 and 2014 (Figure 1). After exclusion of patients with missing data, there were 7,306,007 patients included in this analysis. Major contributors to frailty in the PCI cohort appear to be chronic kidney disease (8.88%), fluid and electrolyte disorder (8.43%), anemia (5.33%), acute kidney failure (5.29%) and hypotension (4.15%) (Supplementary Table 2). Overall, 94.58% of patients had a low HFRS (<5), 5.39% of patients had an intermediate HFRS (5-15) and 0.03% had a high HFRS (>15). The distribution of non-zero HFRS is shown in Supplementary Figure 1. The prevalence of markers of frailty are shown in Supplementary Table 1.
Patients with intermediate or high risk of frailty increased from 1.9% in 2004 to 11.7% in 2014; over the same period patients with the highest level of frailty increased from 0.001% to 0.098% (Figure 2). The age standardized rate of frailty according to year (either intermediate or high HFRS) is shown in Supplementary Figure 2.
Patients were older with increasing HFRS (mean age 64.2, 70.2 and 71.7 years for low, intermediate and high HFRS, respectively) (Table 1). Similarly, an increase in the proportion of female patients was observed (33.1%, 42.5% and 39.7% for low, intermediate and high HFRS, respectively). The proportion of patients with elective admission also decreased from 28.5% in the low HFRS group to 7.8% in high HFRS group. 
Increasing frailty was associated with a greater prevalence of a number of different comorbid conditions such as heart failure (which increased from 0.5% to 15.3%), atrial fibrillation (which increased from 9.3% to 29.2%), chronic lung disease (which increased from 14.8% to 22.3%) and renal failure (which increased from 7.7% to 49.9%). The use of drug eluting stents declined from 74.1% to 55.2% with increasing risk of frailty.
The outcomes for patients according to frailty status are shown in Figure 3 and Table 2. All complications significantly increased in frequency with increasing HFRS (2.6% to 20.6% for bleeding complications, 2.6% to 20.6% for vascular complications, 2.9% to 4.3% for cardiac complications, 2.6% to 37.5% for stroke/TIA comparing low to high HFRS). In-hospital death increased from 1.0% with low HFRS to 13.9% with high HFRS. Length of stay also increased from 2.9 days to 17.1 days for low HFRS and high HFRS. There was a cost difference; $17,743, $38,824 and $56,119 for low, intermediate and high HFRS, respectively.
The unadjusted and adjusted odds ratios for in-hospital adverse outcomes, after adjustment for differences in baseline covariates and comorbidity burden are shown in Figure 4 and Table 3. The high compared to low HFRS category was associated with an adjusted OR of 9.91 (95%CI: 7.17-13.71) for in-hospital death, adjusted OR of 4.99 (95%CI: 3.82-6.51) for bleeding complications, adjusted OR of 3.96 (95%CI: 3.00-5.23) for vascular complications, and adjusted OR of 10.49 (95%CI: 8.28-13.29) for stroke or TIA. Similar relationships were reported for the intermediate HFRS category (Table 3). Considering the HFRS as a continuous variable, there was a significant increase in odds of all outcomes with each point in the frailty score associated with an adjusted ORs of 1.44, 1.32, 1.27, 1.17 and 1.17 the outcomes in-hospital death, periprocedural bleeding, vascular complications, cardiac complications and stroke/TIA, respectively. 
The sensitivity analysis only including patients age 75 years or greater is shown in Supplementary Table 3. In this subgroup, those presenting with a high HFRS have a 4.62-fold increase in odds of in-hospital mortality and 3.61-fold increase in odds of bleeding complication while those with intermediate HFRS had increased odds of 5.88-fold and 3.44-fold increase in odds of in-hospital mortality and periprocedural bleeding, respectively.  
Additional analysis considering the independent effect of frailty on different ethnic groups is shown in Supplementary Table 4. Greater frailty was associated with greater numerical odds of mortality among Hispanic patients and frailty among black patients had the greatest association with stroke or TIA amongst ethnicities studied.
Those presenting with a high HFRS have an associated increase in mean length of stay by more than 10 days and a consequent increase in associated cost by nearly $40,000 compared to patients with low HFRS. For patients with intermediate HFRS, there was an associated increase in the mean length of stay by 7 days and a consequent increase in associated cost by $20,000 compared to patients with low HFRS.
Discussion
	Our analysis of over 7 million patients suggests that an intermediate or high HFRS is present in nearly 1 in 20 patients who undergo PCI. High risk of frailty, as estimated by the HFRS >15, is associated with an increased length of stay (on average, more than 10 days) and increased cost by nearly $40,000 compared to low frailty (HFRS <5). Furthermore, frailty adds important prognostic information, independent to that provided by comorbidity burden via the Charlson score. While low in prevalence, patients with intermediate or high HFRS have greater odds of in-hospital death, bleeding and vascular complications compared to low HFRS. Importantly, we demonstrate that as PCI is increasingly undertaken in the frail population, and frailty appears to be a marker of poor outcome in PCI. Measures of frailty may be useful in identifying patients at elevated risk of peri-procedural complications and death, that are relevant to both informed consent around potential risks and benefits associated with the PCI procedure, and might influence procedural aspects of the PCI such as access site choice, stent platform, pharmacotherapy and anti-platelet type and duration to minimize the risk of bleeding complications in frail patients deemed to be at high risk of bleeding complications
	Our study highlights the increasing prevalence and associated clinical significance of frailty in recent years. For all cause hospitalizations in the United States, data from the National Health and Aging Trends Study suggests that 15% of patients in the United States are frail which increases from 9% in persons aged 65-69 to 38% in those aged 90 or older [19]. In the United Kingdom, the overall prevalence of coded frailty in all hospital admissions increased by more than double between 2005 to 2013 [20]. In the context of PCI specifically, only single center studies have evaluated frailty and adverse outcomes have so far been published [9,10,21]. Furthermore, meta-analysis of these together with studies of patients with acute coronary syndromes [22-26], suggests that frailty leads to a significantly higher mortality in patients undergoing PCI and that alternatives to an invasive strategy should at least be considered to manage frail patient with symptomatic coronary artery disease or acute coronary syndromes [27]. The prevalence and trends of frailty depends on the type of assessment used and the population that is studied. While there could be an actual increase in frail patients, one potential contribution to greater frailty is more granular coding of conditions used to define frailty in the recent years. To the best of our knowledge this is the first report of frailty in PCI in a contemporary and nationally representative cohort that did not restrict the population to higher age groups or patients from specific healthcare payers such as Medicare.
	These data support the observation that frailty has value as a predictor of adverse outcomes. Using the National Inpatient Sample, even the highest level of comorbidity (≥3 as measured by the Charlson Comorbidity Index (CCI) score compared to 0) was only associated with a 2-fold increase in odds of in-hospital mortality [3]. In the current study, after adjustment for comorbidity burden as defined by the CCI score, high HFRS was still associated with an increase in odds of in-hospital mortality compared to low risk and an adjusted odds ratio of 1.44 for each unit increase in hospital frailty score. This suggests that frailty may provide additional independent prognostic information to comorbidity. Frailty may be useful in guiding practice to identify patients at high risk of bleeding, so that bleeding avoidance strategies can be incorporated into patient management. This includes less aggressive antithrombotic regimes, stent platforms that allow an abbreviated dual antiplatelet therapy duration [28] and adoption of radial access [29,30]. In addition, it can be used to guide decisions regarding whether PCI should be undertaken according to this risk-benefit ratio. The availability of such a tool should be used to inform discussions with patients and their relatives about the pros and cons of considering their candidacy for PCI on an individual basis. While it may be challenging to routinely implement frailty assessments which require multiple variables, different weights for each variable and the requirement of complex assessments, it may be an area of future research to simplify frailty scores in order to increase their clinical utility and to evaluate of their potential additive value to existing PCI risk stratification tools.
	Our analysis evaluating frailty risk and its association with length of stay has not been previously studied. A previous analysis of the CathPCI registry suggests that between 2005 and 2009, patients with primary PCI with a longer length of stay were older age and more likely to have had an intra-aortic balloon pump, cardiogenic shock, blood transfusions and post-primary PCI complications [31]. Another prospective observational study suggests that low left ventricular ejection fraction, high age, female sex, previous myocardial infarction, heart failure on admission, and TIMI flow 0 before PCI are associated with prolonged hospital stay [32]. Frailty, on the other hand, is more complex as it can be considered to be a long-term condition, which often remains subclinical [33]. The HFRS used includes many variables which are markers of cognitive decline, poor mobility or loss of independence such as delirium, dementia, falls and dependence on machines or devices. These variables are typically not considered in models which are derived from basic patient demographics, comorbidities and in-hospital complications. 
While prolonged hospital admission results in greater hospital costs, frailty and cost for PCI has not been formally evaluated before. In all cause hospital admission, frailty has been reported to increase total healthcare costs in a prospective cohort study in Germany [34]. In a similar general setting, it was reported that frailty has an incremental effect on ambulatory health expenditures of €750 additional euros for pre-frail individuals and €1500 for frail individuals [35]. We have shown here that the high risk of frailty compared to a low risk of frailty is more than double the cost of PCI (low risk $17,743 compared to high risk $56,119). 
An important issue related to frailty is whether the benefits of a PCI procedure outweigh the risks in patients who are classified as high risk of frailty. Our dataset does not capture outcomes of patients that are managed medically for stable angina and so outcomes in comparison to those patients in whom PCI is undertaken for elective indications is not possible. In patients that present with ACS, we have shown in our previous work that the outcomes of those patients that are at high risk of frailty who are managed medically are worse than those in whom a PCI procedure is undertaken [36]. Whilst there may be an element of selection bias that underlie these observations, our observations would suggest that ACS patients with high frailty risk may have better outcomes if managed invasively, although definitive conclusions can only be derived from a randomised controlled trial. A further consideration is that PCI operators may have varying degrees of the willingness to offer PCI to high risk patients which depends on a number of factors such as experience, skill and other factors. More research is needed to understand how to better optimize patient care in this high risk frailty group.
Our study highlights the importance of frailty assessment in patients with PCI, which has several implications. First, in contemporary PCI, scrutiny on the interventionalist for post-procedural mortality and adverse outcomes is high and avoidance of procedures on an aging population wishing to remain and maintain independent lifestyles conflicts strongly in light of known higher risk. While this study does not answer if optimal medical therapy is superior to PCI in these frail patients, it does highlight the issue of whether patients may benefit if they are at high risk of frailty. The HFRS includes assessments of dementia and cognitive decline; therefore, one might argue that it may not be in the best interest to treat all patients with high HFRS, given the substantial increase in the risk of mortality and major complications demonstrated in this study. This may be particularly relevant for patients with elective indications in whom there may be no prognostic benefit associated with PCI. Secondly, although we show the value of frailty assessment, there may be practical issues with routinely implementing complex frailty scores. The HFRS has over 100 variables with different weights, which therefore makes it unwieldy and potentially challenging for physicians to implement quickly and accurately. However, examination of the prevalence of variables in the score in the PCI cohort suggests that only a few variables are common in this cohort and perhaps a simplified frailty score or use of the HFRS in only high risk groups should be performed.
Our study has several limitations. First, the NIS is constructed with a patient identifier and the data is analyzed from hospital episodes. It is therefore possible that patients may appear more than once and there is no way of knowing to what extent a patient is counted more than once. Second, for the current dataset only ICD-9 codes were available so we had to map the codes from ICD-10 to ICD-9. While differences between coding versions for some conditions exist, there is evidence that ICD-9 and ICD-10 administrative data in recording clinical conditions is similar [37]. Third, for any observational data, there is the potential for residual confounding and we cannot prove causality in our associations between frailty and outcome. Most importantly, treating physicians may have exerted a certain degree of reluctance to perform invasive procedures such as PCI in frail patients who were admitted to the hospital, so that patients in our “high frailty risk” group may have been biased towards a more critical clinical situation and, hence, higher mortality and complication risk. Fourth, the NIS does not have some important variables such as those related to angiographic findings or PCI approaches and periprocedural medications used. In addition, frailty is complex and it is unlikely that the HFRS will entirely capture the complex patient characteristics including the dynamic functional states and fluctuations influenced by acute illness. Also, the HFRS was derived from English subpopulation and may be issues related to whether it is generalizable to the United States population. Finally, we cannot exclude the possibility of coding errors and underreporting of secondary and comorbid diagnoses in this large administrative database.
In conclusion, we have demonstrated that the HFRS is a prognostic marker of clinical outcomes in patients who undergo PCI. Using this score, we show that the prevalence of intermediate or high frailty risk patients has strikingly increased over time from 1.9% in 2004 to 12% in 2014. Patients with intermediate and high HFRS represent 5% of patients in the United States. Both high and intermediate HFRS are associated with increased odds of in-hospital mortality, bleeding complications, prolonged length of stay and cost compared to low HFRS. Although frailty is relatively rare it is clinically important and increasing in prevalence and may be considered as part of the risk assessment and clinical decision-making process of patients with PCI in order to provide tailored care.
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Table 1: Characteristics of patients according to frailty risk
	Variable
	Low Risk Frailty Score (<5) (n=6,910,316)
	Intermediate Risk Frailty Score (5-15) (n=393,855)
	High Risk Frailty Score >15 (n=1,836)
	p-value

	Age (year)
	64.2±12.3
	70.2±12.1
	71.7±12.6
	<0.001

	Female
	33.1%
	42.5%
	39.7%
	<0.001

	Race
White
Black
Hispanic
Asian or Pacific Islander
Native American
Other
	
79.1%
7.9%
6.7%
2.2%
0.5%
3.6%
	
74.9%
10.3%
8.4%
2.6%
0.6%
3.3%
	
71.3%
11.5%
9.2%
3.3%
0.3%
4.4%
	<0.001

	Elective PCI admission
	28.5%
	10.9%
	7.8%
	<0.001

	Weekend admission
	15.6%
	23.5%
	23.1%
	<0.001

	Diagnosis acute myocardial infarction
	42.5%
	67.6%
	74.5%
	<0.001

	Primary expected payer
Medicare
Medicaid
Private insurance
Self-pay
No charge
Other
	
50.2%
5.7%
35.7%
5.0%
0.5%
2.9%
	
69.9%
6.6%
17.6%
3.5%
0.3%
2.1%
	
75.3%
8.0%
13.1%
1.9%
0.5%
1.1%
	<0.001

	Median household income
0th-25th
26th-50th
51th-75th
76th-100th 
	

26.5%
26.8%
24.6%
22.1%
	

29.1%
26.8%
24.4%
19.7%
	

28.7%
29.3%
21.3%
20.7%
	<0.001

	Year
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
	
10.8%
11.1%
13.5%
10.4%
10.4%
9.1%
7.2%
7.6%
7.2%
6.7%
6.1%
	
3.6%
4.2%
6.3%
6.7%
8.2%
10.4%
9.9%
12.0%
12.2%
12.6%
13.9%
	
0.5%
0.5%
1.1%
1.6%
2.2%
10.0%
13.6%
13.8%
13.3%
18.7%
24.7%
	<0.001

	Smoking
	35.5%
	28.0%
	21.7%
	<0.001

	Alcohol abuse
	1.9%
	3.9%
	4.6%
	<0.001

	Hypercholesterolemia
	66.7%
	50.0%
	48.0%
	<0.001

	Hypertension
	69.5%
	70.3%
	76.9%
	<0.001

	Diabetes
	32.6%
	44.4%
	43.7%
	<0.001

	Obesity
	12.0%
	14.3%
	13.9%
	<0.001

	Congestive heart failure
	0.5%
	8.9%
	15.3%
	<0.001

	Coronary artery disease
	95.1%
	84.9%
	84.5%
	<0.001

	Previous myocardial infarction
	13.3%
	11.1%
	10.5%
	<0.001

	Previous PCI
	19.1%
	12.8%
	7.2%
	<0.001

	Previous CABG
	7.4%
	5.7%
	2.7%
	<0.001

	Atrial fibrillation
	9.3%
	22.4%
	29.2%
	<0.001

	Previous stroke
	3.4%
	10.1%
	17.4%
	<0.001

	Peripheral vascular disorders
	9.9%
	18.1%
	14.8%
	<0.001

	Chronic lung disease
	14.8%
	27.2%
	22.3%
	<0.001

	Renal failure
	7.7%
	43.2%
	49.9%
	<0.001

	Liver disease
	0.8%
	2.3%
	2.4%
	<0.001

	Rheumatoid arthritis/collagen vascular disease
	1.7%
	2.8%
	2.7%
	<0.001

	Peptic ulcer disease
	0.03%
	0.05%
	0.27%
	<0.001

	Tumor
	1.1%
	2.5%
	2.1%
	<0.001

	Lymphoma
	0.3%
	0.6%
	0.5%
	<0.001

	Leukemia
	0.3%
	0.5%
	0.3%
	<0.001

	Paralysis
	0.5%
	4.2%
	24.4%
	<0.001

	Acquired immune deficiency syndrome
	0.1%
	0.2%
	0%
	<0.001

	Dementia
	1.0%
	8.2%
	34.3%
	<0.001

	Charlson Comorbidity Index
	1.0±1.2 
	2.4±1.7
	3.6±1.8
	<0.001

	Urban hospital
	94.5%
	93.6%
	95.1%
	<0.001

	Hospital bed size
Small
Medium
Large
	
8.2%
20.7%
71.1%
	
7.7%
21.6%
70.7%
	
5.6%
24.1%
70.2%
	<0.001

	Multivessel disease
	17.7%
	19.4%
	20.4%
	<0.001

	Bifurcation disease
	1.7%
	2.2%
	1.9%
	<0.001

	Cardiogenic shock
	1.9%
	18.4%
	20.6%
	<0.001

	Need for LV assist device
	2.6%
	15.6%
	14.2%
	<0.001

	Measurement of fractional flow reserve
	0.7%
	1.1%
	1.3%
	<0.001

	Intravascular ultrasound
	4.8%
	4.8%
	2.7%
	0.16

	Placement of at least one drug eluting stent
	74.1%
	58.1%
	55.2%
	<0.001


p-value from one-way analysis of variance for continuous variables and Chi2 test for categorical variables



Table 2: Crude in-hospital outcomes according to frailty risk
	Variable
	Low Risk Frailty Score (<5) (n=6,910,316)
	Intermediate Risk Frailty Score (5-15) (n=393,855)
	High Risk Frailty Score >15 (n=1,836)

	Periprocedural bleeding
	2.3%
	16.6%
	23.9%

	Periprocedural Vascular complication
	2.6%
	14.9%
	20.6%

	Periprocedural cardiac complication
	2.9%
	6.9%
	4.3%

	Periprocedural stroke/TIA
	2.6%
	9.4%
	37.5%

	In-hospital death
	1.0%
	12.7%
	13.9%

	Mean length of stay during index PCI
	2.9±3.3
	10.2±10.2
	17.1±15.5

	Mean cost of index PCI
	$17,743±11,059
	$38,824±34,809
	$56,119±42,772


TIA=transient ischemic attack, PCI=percutaneous coronary intervention



Table 3: Frailty risk as a predictor of in-hospital adverse outcomes
	Outcome
	Unadjusted odds ratio (95%CI)
	Adjusted odds ratio (95%CI)*

	In-hospital death
Intermediate vs Low Risk of Frailty
High vs Low Risk of Frailty
Frailty as continuous variable
	
14.82 (14.43-15.22)
16.47 (12.28-22.09)
1.49 (1.48-1.49)
	
9.60 (9.27-9.94)
9.91 (7.17-13.71)
1.44 (1.43-1.44)

	Periprocedural bleeding
Intermediate vs Low Risk of Frailty
High vs Low Risk of Frailty
Frailty as continuous variable
	
8.61 (8.43-8.80)
13.61 (10.72-17.27)
1.42 (1.42-1.42)
	
4.33 (4.22-4.45)
4.99 (3.82-6.51)
1.32 (1.32-1.33)

	Periprocedural vascular complications
Intermediate vs Low Risk of Frailty
High vs Low Risk of Frailty
Frailty as continuous variable
	

6.46 (6.32-6.61)
9.61 (7.48-12.35)
1.35 (1.35-1.35)
	

3.59 (3.49-3.69)
3.96 (3.00-5.23)
1.27 (1.26-1.27)

	Periprocedural cardiac complications
Intermediate vs Low Risk of Frailty
High vs Low Risk of Frailty
Frailty as continuous variable
	

2.48 (2.41-2.56)
1.49 (0.91-2.47)
1.18 (1.17-1.18)
	

2.13 (2.06-2.21)
1.18 (0.67-2.06)
1.17 (1.17-1.18)

	Periprocedural stroke or TIA
Intermediate vs Low Risk of Frailty
High vs Low Risk of Frailty
Frailty as continuous variable
	
3.87 (3.77-3.97)
22.48 (18.22-27.73)
1.25 (1.25-1.26)
	
2.27 (2.20-2.34)
10.49 (8.28-13.29)
1.17 (1.17-1.18)


*Adjusted for age, sex, ethnicity, admission weekend, diagnosis acute myocardial infarction, payer, income, year and Charlson Comorbidity index.




Figure 1. Flow diagram of patient inclusion. 
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Figure 2. Rate of intermediate and high risk of frailty over time. 
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Figure 3. Rate of adverse outcomes according to risk of frailty. 
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Figure 4. Adjusted odds of adverse outcome according to risk of frailty. 
[image: ]
Supplementary Table 1: Frailty score ICD-10 and ICD-9 codes
	ICD-10
	ICD Description
	Weight
	ICD-9
	ICD-9 Description

	F00
	Dementia in Alzheimer's disease
	7.1
	331.0 AND 290* OR
331.0 AND 294.2
	Alzheimer’s disease and dementia and dementia unspecified

	G81
	Hemiplegia
	4.4
	342*
	Hemiplegia and hemiparesis

	G30
	Alzheimer's disease
	4
	331.0
	Alzheimer's disease

	I69
	Sequelae of cerebrovascular disease
	3.7
	438.9
	Late effects of cerebrovascular disease

	R29
	Other symptoms and signs involving the nervous and musculoskeletal systems (R29.6 Tendency to fall)
	3.6
	781.9
	Other symptoms and signs involving the nervous and musculoskeletal systems (R29.6 Tendency to fall)

	N39
	Other disorders of urinary system (including urinary tract infection and urinary incontinence)
	3.2
	599.1* 599.2* 599.3* 599.4* 599.5* 599.6* 599.8* 599.9*
	Other disorders of urethra and urinary tract

	F05
	Delirium, not induced by alcohol and other psychoactive substances
	3.2
	290.11 290.3 290.41 293.0 293.1 293.89
	Presenile dementia with delirium, senile dementia with delirium, vascular dementia with delirium, delirium not classified elsewhere, subacute delirium, other transient mental disorder

	W19
	Unspecified fall
	3.2
	E888*
	Fall striking sharp object, fall striking object NEC, fall NEC, fall NOS

	S00
	Superficial injury of head
	3.2
	910.0 910.1 910.8 910.9
	Abrasion head, abrasion head-infected, superficial injury head NEC, superficial injury head NED-infected

	R31
	Unspecified haematuria
	3
	599.7*
	Haematuria

	B96
	Other bacterial agents as the cause of diseases classified to other chapters (secondary code)
	2.9
	041*
	Bacterial infections in conditions classified elsewhere and of unspecified site

	R41
	Other symptoms and signs involving cognitive functions and awareness
	2.7
	799.5*
	Signs and symptoms involving cognition

	R26
	Abnormalities of gait and mobility
	2.6
	781.2
	Abnormality of gait

	I67
	Other cerebrovascular diseases
	2.6
	437
	Other and ill-defined cerebrovascular disease

	R56
	Convulsions, not elsewhere classified
	2.6
	780.39
	Convulsions NEC

	R40
	Somnolence, stupor and coma
	2.5
	780.0*
	Alteration of consciousness

	T83
	Complications of genitourinary prosthetic device, implants and grafts
	2.4
	997.70
	Other complications due to unspecified device, implant, and graft

	S06
	Intracranial injury
	2.4
	850* 851* 852* 853* 854*
	Intracranial injury, excluding those with skull fracture

	S42
	Fracture of shoulder and upper arm
	2.3
	810 811 812
	Fracture of clavicle, fracture of scapula, fracture of humerus

	E87
	Other disorders of fluid, electrolyte and acid-base balance
	2.3
	276.0 276.1 276.2 276.3 276.5 276.6* 276.7 276.8 276.9
	Disorders of fluid, electrolyte and acid-base balance

	M25
	Other joint disorders, not elsewhere classified
	2.3
	719.9*
	Unspecified disorder of joint

	E86
	Volume depletion
	2.3
	276*
	Volume depletion

	R54
	Senility
	2.2
	797
	Senility without mention of psychosis

	Z50
	Care involving use of rehabilitation procedures
	2.1
	V57
	Care involving use of rehabilitation procedures

	F03
	Unspecified dementia
	2.1
	290.0* 290.1* 290.2* 290.8* 290.9* 294.2 excluding Alzheimer’s disease (331.0)
	Dementia, unspecified

	W18
	Other fall on same level
	2.1
	E885 E886
	Fall on same level from slipping, tripping, or stumbling, fall on same level from collision, pushing, or shoving by or with other person

	Z75
	Problems related to medical facilities and other health care
	2
	V63.2 V63.8 V63.9
	Person awaiting admission adequate facility elsewhere, reasons unavailability medical facilities, unspecified reason unavailability medical facilities

	F01
	Vascular dementia
	2
	290.4*
	Vascular dementia

	S80
	Superficial injury of lower leg
	2
	916*
	Superficial injury of hip, thigh, leg, and ankle

	L03
	Cellulitis
	2
	681* 682*
	Cellulitis and abscesses of finger and toe, other cellulitis and abscess

	H54
	Blindness and low vision
	1.9
	369*
	Blindness and low vision

	E53
	Deficiency of other B group vitamins
	1.9
	266*
	Deficiency of B-complex components

	Z60
	Problems related to social environment
	1.8
	V62.9
	Unspecified psychosocial circumstance

	G20
	Parkinson's disease
	1.8
	332*
	Parkinson's disease

	R55
	Syncope and collapse
	1.8
	780.2
	Syncope and collapse

	S22
	Fracture of rib(s), sternum and thoracic spine
	1.8
	807.0* 807.1* 807.2 807.3 807.4  805.2 805.4
	Closed fracture of rib(s), open fracture of rib(s), closed fracture of sternum, open fracture of sternum, flail chest, closed fracture of dorsal (thoracic) vertebra without mention of spinal cord injury, open fracture of dorsal (thoracic) vertebra without mention of spinal cord injury

	K59
	Other functional intestinal disorders
	1.8
	564.89
	Other functional disorders of intestine

	N17
	Acute renal failure
	1.8
	584
	Acute kidney failure

	L89
	Decubitus ulcer
	1.7
	707.0*
	Pressure ulcer

	Z22
	Carrier of infectious disease
	1.7
	V02*
	Carrier or suspected carrier of infectious disease

	B95
	Streptococcus and staphylococcus as the cause of diseases classified to other chapters
	1.7
	041.0* 041.1*
	Streptococcus infection in conditions classified elsewhere and of unspecified site, streptococcus, unspecified, staphylococcus infection in conditions classified elsewhere and of unspecified site, staphylococcus, unspecified.

	L97
	Ulcer of lower limb, not elsewhere classified
	1.6
	707.10
	Ulcer of lower limb, unspecified

	R44
	Other symptoms and signs involving general sensations and perceptions
	1.6
	781.1 782.0
	Disturbances, smell and taste, sensory disturbance skin

	K26
	Duodenal ulcer
	1.6
	532*
	Duodenal ulcer

	I95
	Hypotension
	1.6
	458*
	Hypotension

	N19
	Unspecified renal failure
	1.6
	586
	Renal failure, unspecified

	A41
	Other septicaemia
	1.6
	038.9
	Unspecified septicaemia

	Z87
	Personal history of other disease and conditions
	1.5
	V12.60 V12.69
	Personal history of unspecified disease of respiratory system, personal history of other disease of respiratory system

	J96
	Respiratory failure, not elsewhere classified
	1.5
	518.81 518.84 518.51 518.83
	Acute respiratory failure, acute and chronic respiratory failure, acute respiratory failure following trauma and surgery, chronic respiratory failure

	X59
	Exposure to unspecific factor
	1.5
	E928.9
	Unspecific accident

	M19
	Other arthrosis
	1.5
	715*
	Osteoarthrosis and allied disorders

	G40
	Epilepsy
	1.4
	345*
	Epilepsy and recurrent seizures

	M81
	Osteoporosis without pathological fracture
	1.4
	733.0*
	Osteoporosis

	S72
	Fracture of femur
	1.4
	820* 821*
	Fracture of neck of femur, fracture of other and unspecified parts of femur

	S32
	Fracture of lumbar spine and pelvis
	1.4
	805.4 805.5 808*
	Closed fracture of lumbar vertebra without mention of spinal cord injury, open fracture of lumbar vertebra without mention of spinal cord injury, fracture of pelvis

	E16
	Other disorders of pancreatic internal secretion
	1.4
	251*
	Other disorders of pancreatic internal secretion

	R94
	Abnormal results of function studies
	1.4
	794*
	Nonspecific abnormal results of function studies

	N18
	Chronic renal failure
	1.4
	585*
	Chronic kidney disease

	R33
	Retention of urine
	1.3
	788.2*
	Retention of urine

	R69
	Unknown and unspecified causes of morbidity
	1.3
	799.9
	Other unknown and unspecified cause of morbidity and mortality

	N28
	Other disorders of kidney and ureters, not elsewhere classified
	1.3
	593*
	Other disorders of kidney and ureter

	R32
	Unspecified urinary incontinence
	1.2
	788.30
	Urinary incontinence, unspecified

	G31
	Other degenerative disease of the nervous system, not elsewhere classified
	1.2
	331.11 331.19 331.2 330.8 330.8 331.82 331.83 331.6 331.89 331.9
	Pick's disease, other frontotemporal dementia, senile degeneration of the brain, other specified cerebral degenerations in childhood, dementia with Lewy bodies, mild cognitive impairment, corticobasal degeneration, other cerebral degeneration, cerebral degeneration unspecified

	Y95
	Nosocomial condition
	1.2
	136.9
	Unspecified infectious and parasitic diseases

	S09
	Other and unspecified injuries of head
	1.2
	959.01
	Head injury, unspecified

	R45
	Symptoms and signs involving emotional state
	1.2
	308.0
	Predominant disturbance of emotions

	G45
	Transient cerebral ischaemic attacks and related syndromes
	1.2
	435*
	Transient cerebral ischemia

	Z74
	Problems related to care-provider dependency
	1.1
	V60.9
	Unspecified housing or economic circumstance

	M79
	Other soft tissue disorder, not elsewhere classified
	1.1
	729.99
	Soft tissue disorder NEC

	W06
	Fall involving bed
	1.1
	E884.4
	Fall from bed

	S01
	Open wound of head
	1.1
	870*/873*
	Open wound of ocular adnexa, open wound of eyeball, open wound of ear, other open wound of head

	A04
	Other bacterial intestinal infections
	1.1
	008.49
	Bacterial enteritis NEC

	A09
	Diarrhoea and gastroenteritis of presumed infectious origin
	1.1
	009.3
	Diarrhoea of presumed infectious origin

	J18
	Pneumonia, organism unspecified
	1.1
	486*
	Pneumonia, organism unspecified

	J69
	Pneumonitis due to solids and liquids
	1
	507.0
	Pneumonitis due to inhalation of food or vomitus

	R47
	Speech disturbances, not elsewhere classified
	1
	784.59
	Other speech disturbance

	E55
	Vitamin D deficiency
	1
	268*
	Vitamin D deficiency

	Z93
	Artificial opening status
	1
	V44
	Artificial opening status

	R02
	Gangrene, not elsewhere classified
	1
	785.4
	Gangrene

	R63
	Symptoms and signs concerning food and fluid intake
	0.9
	783.9
	Other symptoms concerning nutrition, metabolism, and development

	H91
	Other hearing loss
	0.9
	389.9
	Unspecified hearing loss

	W10
	Fall on and from stairs and steps
	0.9
	E880.9
	Accidental fall on or from other stairs or steps

	W01
	Fall on same level from slipping, tripping and stumbling
	0.9
	E885
	Fall on same level from slipping, tripping and stumbling

	E05
	Thyrotoxicosis (hyperthyroidism)
	0.9
	242*
	Thyrotoxicosis with or without goitre

	M41
	Scoliosis
	0.9
	737.3*
	Kyphoscoliosis and scoliosis

	R13
	Dysphagia
	0.8
	787.2*
	Dysphagia

	Z99
	Dependence on enabling machines and devices
	0.8
	V46
	Other dependence on machines and devices

	U80
	Agent resistant to penicillin and related antibiotics
	0.8
	V09.1
	Infection with microorganisms resistant to cephalosporins and other B-lactam antibiotics

	M80
	Osteoporosis with pathological fracture
	0.8
	733.0* AND 733.1 V13.51
	Pathological fracture, history of pathological fracture

	K92
	Other diseases of digestive system
	0.8
	570*/579*
	Other disease of digestive system

	I63
	Cerebral infarction
	0.8
	434.91* 434.11 434.01 V12.54 997.02
	Cerebral artery occlusion, unspecified with cerebral infarction, cerebral embolism with cerebral infarction, personal history of transient ischemic attack, and cerebral infarction without residual deficits, iatrogenic cerebrovascular infarction or haemorrhage

	N20
	Calculus of kidney and ureter
	0.7
	592*
	Calculus of kidney and ureter

	F10
	Mental and behavioural disorders due to use of alcohol
	0.7
	291* 303*
	Alcohol-induced mental disorders, alcohol dependence syndrome

	Y84
	Other medical procedures as the cause of abnormal reaction to the patient
	0.7
	E878 E879
	Surgical operation and other surgical procedures as the cause of abnormal reaction of patient or later complication without mention of misadventure at time of operation, cardiac catheterization as the cause of abnormal reaction to patient, or of later complication, without mention of misadventure at time of procedure

	R00
	Abnormalities of heart beat
	0.7
	785.1
	Palpitations

	J22
	Unspecified acute lower respiratory infection
	0.7
	465.9
	Acute upper respiratory infection NOS

	Z73
	Problems related to life-management difficulty
	0.6
	V695 V4985
	Behavioural insomnia of childhood, dual sensory impairment

	R79
	Other abnormal findings of blood chemistry
	0.6
	790.6
	Abnormal blood chemistry NEC

	Z91
	Personal history of risk factor, not elsewhere classified
	0.5
	V15*
	Other personal history presenting hazards to health

	S51
	Open wound of forearm
	0.5
	881.00
	Open wound of forearm

	R32
	Depressive episode
	0.5
	296.20/296.26 296.30/296.36 331
	Major depressive disorder, single episode, major depressive disorder, recurrent episode, depressive disorder, not elsewhere classified

	M48
	Spinal stenosis (secondary code only)
	0.5
	724.0* 723.0
	Spinal stenosis, other than cervical, cervical spinal stenosis

	E83
	Disorders of mineral metabolism
	0.4
	275
	Disorders of mineral metabolism

	M15
	Polyarthrosis
	0.4
	7165*
	Unspecified polyarthropathy or polyarthritis

	D64
	Other anaemias
	0.4
	285.8 285.9
	Anaemia NEC, Anaemia NOS

	L08
	Other local infections of skin and subcutaneous tissue
	0.4
	686
	Other local infections of skin and subcutaneous tissue

	R11
	Nausea and vomiting
	0.3
	787.0*
	Nausea and vomiting

	K52
	Other noninfective gastroenteritis and colitis
	0.3
	558*
	Other and unspecified noninfectious gastroenteritis and colitis

	R50
	Fever of unknown origin
	0.1
	780.60
	Fever NOS


NEC=not elsewhere specified, NOS=not otherwise specified

Supplementary Table 2: Prevalence of markers of frailty in the PCI cohort based on the Hospital Frailty Score
	Variable
	Prevalence
	Weight

	Dementia
	0.01%
	7.1

	Hemiplegia and hemiparesis
	0.15%
	4.4

	Alzheimer’s disease
	0.34%
	4.0

	Late effects of cerebrovascular disease
	0.02%
	3.7

	Other symptoms and signs involving the nervous and musculoskeletal system
	0%
	3.6

	Other disorders of urethra and urinary tract
	0.07%
	3.2

	Delirium
	0.18%
	3.2

	Superficial injury to the head
	0.02%
	3.2

	Hematuria
	0.83%
	3.0

	Bacterial infections in conditions classified elsewhere and of unspecified site
	0.97%
	2.9

	Signs and symptoms involving cognition
	<0.01%
	2.7

	Abnormal gait
	0.12%
	2.6

	Other and ill-defined cerebrovascular disease
	0%
	2.6

	Convulsions not elsewhere classified
	0.60%
	2.6

	Alteration of consciousness
	0.26%
	2.5

	Other complications due to unspecified device, implant, and graft
	0%
	2.4

	Intracranial injury, excluding those with skull fracture
	0.04%
	2.4

	Fracture of clavicle, scapula or humerus
	0%
	2.3

	Disorders of fluid, electrolyte and acid-base balance
	8.43%
	2.3

	Unspecified disorders of joint
	<0.01%
	2.3

	Volume depletion
	1.05%
	2.3

	Senility without mention of psychosis
	0.02%
	2.3

	Care involving use of rehabilitation procedures
	0%
	2.1

	Dementia, unspecified
	0.08%
	2.1

	Fall from same level
	0%
	2.1

	Person awaiting admission to adequate facility elsewhere
	<0.01%
	2.0

	Vascular dementia
	0.06%
	2.0

	Superficial injury of hip, thigh, leg and ankle
	0.02%
	2.0

	Cellulitis
	0.59%
	1.9

	Blindness or low vision
	0.40%
	1.9

	Deficiency of B-complex components
	0.22%
	1.8

	Unspecified psychosocial circumstance
	<0.01%
	1.8

	Parkinson’s disease
	0.48%
	1.8

	Syncope and collapse
	0.91%
	1.8

	Fracture of ribs
	0.10%
	1.8

	Other functional disorders of the intestine
	<0.01%
	1.8

	Acute kidney failure
	5.29%
	1.8

	Pressure ulcer
	0.27%
	1.7

	Carrier or suspected carrier of infectious disease
	0.11%
	1.7

	Staphylococcus or streptococcus infection of unspecified site
	0.34%
	1.7

	Ulcer of the lower limb, unspecified
	0.07%
	1.6

	Disturbances of smell and taste and sensory disturbance of skin
	0.15%
	1.6

	Duodenal ulcer
	0.10%
	1.6

	Hypotension
	4.15%
	1.6

	Renal failure, unspecified
	0.05%
	1.6

	Unspecified septicemia
	0.63%
	1.6

	Personal history of unspecified disease of the respiratory system
	0.01%
	1.5

	Respiratory failure
	3.94%
	1.5

	Unspecified accident
	0%
	1.5

	Osteoarthrosis and allied disorders
	5.20%
	1.5

	Epilepsy and recurrent seizures
	0.66%
	1.5

	Osteoporosis
	1.32%
	1.4

	Fracture of femur
	0.08%
	1.4

	Fracture of lumbar spine
	0.03%
	1.4

	Other disorder of pancreatic internal secretions
	0.07%
	1.4

	Nonspecific abnormal results of functional studies
	1.75%
	1.4

	Chronic kidney disease
	8.88%
	1.4

	Retention of urine
	0.52%
	1.3

	Other unknown and unspecified cause of morbidity and mortality
	<0.01%
	1.3

	Other disorders of kidney and ureter
	2.76%
	1.3

	Urinary incontinence, unspecified
	0.21%
	1.2

	Degenerative disease including Pick’s disease and frontotemporal dementia
	0.07%
	1.2

	Unspecified infectious and parasitic diseases
	<0.01%
	1.2

	Head injury, unspecified
	0.02%
	1.2

	Predominant disturbance of emotions
	0.01%
	1.2

	Transient cerebral ischemia
	0.21%
	1.2

	Unspecified housing or economic status
	<0.01%
	1.1

	Soft tissue disorder not elsewhere specified
	0%
	1.1

	Fall from bed
	0%
	1.1

	Open wound of head
	0.10%
	1.1

	Bacteria enteritis not elsewhere specified
	<0.01%
	1.1

	Diarrhea of presumed infectious origin
	<0.01%
	1.1

	Pneumonia, organism unspecified
	2.04%
	1.1

	Pneumonitis due to inhalation of food or vomitis
	0.74%
	1.0

	Other speech disturbance
	0.03%
	1.0

	Vitamin D deficiency
	0.25%
	1.0

	Artificial opening status including stoma
	0%
	1.0

	Gangrene
	0.06%
	1.0

	Other symptoms concerning nutrition, metabolism and development
	<0.01%
	0.9

	Unspecified hearing loss
	0.44%
	0.9

	Accidental fall on or from other stairs or steps
	0%
	0.9

	Fall on same level from slipping, tripping or stumbling
	0%
	0.9

	Thyrotoxicosis with or without goiter
	0.21%
	0.9

	Kyphoscoliosis and scoliosis
	0%
	0.9

	Dysphagia
	0.42%
	0.8

	Other dependence on machines or devices
	0%
	0.8

	Infections with microorganisms resistant to cephalosporins and other β-lactam antibiotics
	<0.01%
	0.8

	Pathological fracture or history of pathological fracture
	<0.01%
	0.8

	Other disease of digestive system
	3.29%
	0.8

	Cerebral infarction
	2.68%
	0.8

	Calculus of kidney and ureters
	0.26%
	0.8

	Alcohol-induced mental disorders including alcohol dependence syndrome
	0.68%
	0.7

	Surgical operation and other surgical procedures as the cause of abnormal reaction of patient or later complication
	0%
	0.7

	Palpitations
	0.19%
	0.7

	Acute upper respiratory tract infection, not otherwise specified
	0.16%
	0.7

	Behavioral insomnia of childhood, dual sensory impairment
	<0.01%
	0.6

	Abnormal blood chemistry, not elsewhere classified
	0.43%
	0.6

	Other personal history presenting hazards to health
	16.97%
	0.5

	Open wound to forearm
	<0.01%
	0.5

	Depression
	0.29%
	0.5

	Spinal stenosis
	0.41%
	0.5

	Disorders of mineral metabolism
	0%
	0.4

	Unspecified polyarthropathy or polyarthritis
	0.01%
	0.4

	Anemia, not elsewhere specified
	5.33%
	0.4

	Other local infections of skin and subcutaneous tissue
	0%
	0.4

	Nausea and vomiting
	0.63%
	0.3

	Other and unspecified non-infectious gastroenteritis and colitis
	0.14%
	0.3

	Fever, not otherwise specified
	0.22%
	0.1





Supplementary Table 3: Sensitivity analysis of outcomes for patients age ≥75 years
	Periprocedural event
	Rate in low HFRS (%)
	Rate in intermediate HFRS (%)
	Rate in high HFRS (%)
	Adjusted OR for intermediate vs low HFRS*
	Adjusted OR for high vs low HFRS*
	Adjusted OR for incremental increase in HFRS*

	In-hospital death
	1.9%
	13.5%
	11.9%
	5.88 (5.58-6.19)
	4.62 (2.80-7.62)
	1.34 (1.33-1.35)

	Bleeding complication
	3.9%
	18.0%
	23.2%
	3.44 (3.30-3.58)
	3.61 (2.47-5.28)
	1.27 (1.26-1.27)

	Vascular complication
	4.3%
	16.3%
	21.5%
	2.96 (2.84-3.08)
	3.19 (2.16-4.71)
	1.23 (1.22-1.24)

	Cardiac complication
	2.9%
	6.2%
	4.0%
	1.98 (1.87-2.10)
	1.25 (0.55-2.83)
	1.14 (1.13-1.15)

	Stroke or TIA
	4.4%
	10.0%
	36.7%
	1.86 (1.77-1.95)
	8.14 (5.86-11.32)
	1.14 (1.13-1.14)


*Adjusted for age, sex, ethnicity, admission weekend, diagnosis acute myocardial infarction, payer, income, year and Charlson Comorbidity index.
HFRS=Hospital frailty risk score, OR=odds ratio, TIA=transient ischemic attack


Supplementary Table 4: Sensitivity analysis of outcomes for according to White, Black and Hispanic ethnicity
	Periprocedural event
	Adjusted OR for White ethnicity compared to low frailty (95%CI)
	Adjusted OR for Black ethnicity compared to low frailty (95%CI)
	Adjusted OR for Hispanic ethnicity compared to low frailty (95%CI)

	
	Intermediate frailty
	High frailty
	Intermediate frailty
	High frailty
	Intermediate frailty
	High frailty

	In-hospital death
	9.50 (9.14-9.89)
	9.49 (6.46-13.94)
	9.07 (8.01-10.27)
	8.33 (2.88-24.06)
	10.36 (9.10-11.80)
	11.12 (3.75-33.02)

	Bleeding complication
	4.36 (4.22-4.49)
	4.35 (3.13-6.05)
	3.99 (3.67-4.34)
	5.30 (2.50-11.24)
	4.31 (3.93-4.71)
	9.49 (4.47-20.15)

	Vascular complication
	3.57 (3.46-3.68)
	3.52 (2.50-4.97)
	3.54 (3.25-3.86)
	5.45 (2.57-11.55)
	3.62 (3.31-3.97)
	5.93 (2.70-13.03)

	Cardiac complication
	2.13 (2.05-2.22)
	0.96 (0.47-1.95)
	2.28 (2.02-2.58)
	1.96 (0.47-8.19)
	2.24 (1.97-2.54)
	-

	Stroke or TIA
	2.11 (2.03-2.19)
	8.81 (6.63-11.69)
	3.42 (3.08-3.80)
	27.18 (14.14-52.24)
	2.62 (2.32-2.97)
	8.64 (3.89-19.22)


*Adjusted for age, sex, admission weekend, diagnosis acute myocardial infarction, payer, income, year and Charlson Comorbidity index.
No cases of cardiac complications among the small sample of Hispanic group with high frailty.
HFRS=Hospital frailty risk score, OR=odds ratio, TIA=transient ischemic attack
 

Supplementary Figure 1. Distribution of non-zero frailty scores 
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Supplementary Figure 2. Age-standardized rate of frailty according to year of percutaneous coronary intervention	
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