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Abstract

Despite the nexus between cardiovascular health and frailty, the relevance of high-sensitivity 

cardiac troponin I (hs-cTnI), a biomarker of myocardial injury, to frailty is poorly understood. 

We examined whether hs-cTnI concentrations were associated with frailty in a well-

characterised cohort of older women. A total of 1,151 community-dwelling women from the 

Perth Longitudinal Study of Aging Women (mean age±SD = 75.2±2.7 years) were included. 

Frailty was operationalised using a validated Frailty Index (FI) of cumulative deficits, and a 

modified Fried phenotype. Plasma hs-cTnI were categorised into quartiles. Cross-sectional 

associations between hs-cTnI quartiles and frailty were assessed using multivariable-adjusted 

logistic regression models. A total of 235 (20.4%) women were classified as frail using the FI, 

while 74 (6.4%) were considered frail by Fried’s phenotype. In a multivariable-adjusted model, 

compared to women in the lowest hs-cTnI quartile (Q1), those in Q3 and Q4 had 1.38 (95%CI 

1.00-1.90) and 1.79 (1.20-2.67) greater odds for frailty when classified by the FI. When 

classified according to Fried’s phenotype, women in Q2, Q3, and Q4 had 2.25 (1.10-4.09), 2.64 

(1.19-5.21), and 2.44 (1.10-5.33) greater odds for frailty, compared to Q1. Associations 

remained largely unchanged when further adjusted for daily protein intake or systemic 

inflammation (lipocalin-2) and restricted to those with subclinical hs-cTnI levels (<15.6ng/L). 

Higher hs-cTnI levels are associated with greater odds for frailty, classified using a FI or 

Fried’s phenotype, amongst older women. hs-cTnI may have applications beyond its typical 

use in cardiology, offering insight into the implications of underlying cardiovascular 

dysfunction relating to frailty. 

Keywords: frailty, cardiovascular disease, biomarkers, screening, public health
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Introduction

Societal ageing will impose an increasingly heavy burden globally, with the proportion 

of adults aged 65 years or over projected to double, increasing by one billion people by 2050 

(1). Amongst the most burdensome consequence of population ageing, on economies, primary 

care centres, and patients, is the occurrence of geriatric syndromes, such as frailty (2,3). Frailty 

is often referred to as a multidimensional clinical syndrome characterised by cumulative 

impairment across several physiological systems (i.e., musculoskeletal, neurological, 

cardiovascular), that reflects the mental (including psychosocial) and physical resilience of an 

individual (4). 

Although there is no global consensus on a standard frailty classification system, the 

two most used concepts are the Rockwood and Mitnitski’s cumulative deficit model [i.e., frailty 

index (FI), based upon 30-40 variables spanning several health domains] (5), and the Fried 

physical frailty phenotype (i.e., based upon five pre-defined health variables) (6). Establishing 

which concept is most effective for clinical practice has been a topic of significant debate, and 

although a level of ambiguity remains, both are accepted measures of frailty (7).  However, the 

FI is reported to be more effective in identifying individuals at risk of poor health outcomes 

associated with frailty, given that 20% and 29% of older men and women are typically 

considered frail by the FI, in comparison to 15% and 11% by a physical frailty phenotype (8).

Importantly, the presence of frailty, whether determined using a FI or Fried’s phenotype 

is associated with increased vulnerability to several adverse health outcomes, including falls 

and fractures (9,10), physical disability (10), hospitalisation (11), and mortality (9,10). 

Increasing efforts are being directed to better understand the clinical manifestation of frailty 

with a view to improve the effectiveness of screening and therapeutic practices. Biomarker 

research has been proposed as a promising avenue for establishing an accessible means of 

identifying people with frailty, for inclusion in interventions (4). Moreover, biomarkers may 
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highlight important physiological mechanisms underpinning the development of frailty, that 

may allow for the establishment of targeted preventative strategies which focus on maintaining 

physical and cognitive health.

Cardiovascular health is a central underlying component of frailty, with strong positive 

associations shown between cardiovascular disease (CVD) and risk of frailty (12,13). 

Moreover, frailty is prevalent in up to 90% of people living with heart failure with preserved 

ejection fraction, and consequently, considerable efforts are being directed towards better 

managing frailty amongst this patient population (14). Therefore, circulating cardiac 

biomarkers may offer valuable insights into frailty. In particular, cardiac troponin I (cTnI) and 

cardiac troponin T (cTnT) are well-established markers of myocardial injury, with higher 

circulating concentrations indicating a greater extent of tissue damage (15). Notably, cTnI is 

primarily expressed by cardiac muscle, and so its circulating concentrations are particularly 

informative against myocardial injury, and are recognised as a clinically relevant indicator of 

CVD progression (16). High-sensitivity cTnI (hs-cTnI) concentrations may be particularly 

useful for population-based assessments, given that concentrations in the general population 

are generally much lower than those observed in clinical settings (15). 

Despite the link between CVD and frailty, the relationship between hs-cTnI 

concentrations and frailty in community-dwelling adults is poorly understood. Existing studies 

have shown hs-cTnI concentrations to be associated with frailty in older adults with diabetes 

(17) and suspected myocardial infarction (18). Whether similar observations are recorded in 

the general population remain unknown. This would be especially relevant to community-

dwelling older women who have a particularly high risk of frailty (8). Due to the multifactorial 

aetiology of frailty, it is also important to consider whether any potential relationship between 

hs-cTnI and frailty is independent of other known risk factors, such as systematic inflammation 

and daily protein intake. For example, chronic systemic inflammation can increase endothelial 
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dysfunction, myocardial injury, and impair physical resilience [21-24], while low daily protein 

intake is associated with reduced muscle mass, strength, and physical function, which are 

especially pertinent to physical frailty [19, 20].

Accordingly, the primary aim of this study was to determine whether circulating hs-

cTnI concentrations were cross-sectionally associated with frailty, operationalised using a 

validated FI (9), in community-dwelling older women. The secondary aim was to determine 

whether a similar relationship would be observed using Fried’s phenotype to operationalise 

frailty. 

Materials and methods

Participants

Baseline (1998) data from the Perth Longitudinal Study of Ageing Women (PLSAW) 

was used in the present study. A total of 1,500 women from Western Australia who were ≥70 

years of age and had an expected survival of five years were originally recruited to the Calcium 

Intake Fracture Outcome Study (CAIFOS), which was a 5-year, double-blind, randomised 

controlled trial of the effect of calcium supplementation on fracture prevention (19). For the 

present study, 349 women were excluded due to missing data required to compute a FI (n=83), 

no hs-cTnI measurement (n=250), and missing covariates (socioeconomic position, n=7, 

smoking status, n=4 and alcohol intake, n=5). As such, 1,151 women were included in this 

study. Ethical approval was granted by the Human Research Ethics Committee of The 

University of Western Australia, written informed consent was obtained from each participant, 

and the study complied with the Declaration of Helsinki. The trial was retrospectively 

registered at the Australian New Zealand Clinical Trials Registry (#ACTRN12615000750583). 

Use of data linkage was approved by the Western Australian Department of Health Human 

Research Ethics Committee (project #2009/24).
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Primary outcome: operationalisation of frailty using the frailty index 

Frailty was classified at baseline according to a FI using a standard framework 

consisting of health deficits which span several health domains, as described by Searle et al 

(20). These variables include disability in activities of daily living (ADL), instrumental ADL, 

restricted activity, physical function (e.g., impaired walking, impaired grip strength) and 

general cognition, depression/mood, self-rated health, and co-morbidity. Our FI consisted of 

33 variables across these domains, determined through questionnaires such as the short form-

36 and Barthel index, in addition to quantitative assessments of body composition, grip 

strength, timed-up-and-go performance, and blood pressure performed at baseline (9). Disease 

prevalence (e.g., coronary heart disease, chronic heart failure, cerebrovascular disease, cancer, 

diabetes, arthritis and chronic lung disease) was established via primary discharge diagnoses 

from 18-year hospital records (1980–1998) obtained through the Western Australian Data 

Linkage System (Department of Health Western Australia, East Perth, Australia) and the 

Western Australia Hospital Morbidity Data Collection. International Classification of Diseases 

(ICD) coded diagnosis data were used to reference diseases from public and private inpatient 

admissions in Western Australia. Each variable was coded with a ‘1’ or a ‘0’ indicating either 

the presence or absence of the health variable deficit. To calculate the FI the total score across 

variables was calculated, and divided by 33, with the final score ranging between 0 to 1. 

Women were categorised as either non-frail (FI <0.25) or frail (FI ≥0.25) according to previous 

data (5). A full list and corresponding scoring criteria of the variables used to calculate the FI 

in this cohort have been reported previously (9). Notably, our FI identifies women in this cohort 

who are at increased risk of fall- and fracture-related hospitalisation, as well as all-cause 

mortality (9).
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High-sensitivity cardiac troponin I 

Plasma concentrations of hs-cTnI were determined using an Abbott ARCHITECT 

i2000SR STAT 2-step chemiluminescent microparticle hs-cTnI immunoassay from samples 

collected at baseline (1998) and stored at -80°C until analysis in 2013. The assay had a 

coefficient of variation of 10% at a concentration of 4.7 ng/L, and a detection limit of 1.9 ng/L, 

with some data below this limit being included in the results (n=5; range, 1.4-1.9 ng/L). Plasma 

hs-cTnI concentrations were categorised into approximate quartiles for data analyses, reducing 

the impact of extreme values and the skewed nature of the hs-cTnI distribution.

Assessments

Body mass was measured with a digital scale while participants were dressed lightly 

and without shoes, and height was measured with a stadiometer. Body mass index (BMI) was 

calculated as weight divided by height squared (kg/m2). Socioeconomic position (SEP) was 

determined by matching participants’ residential postcodes with the Australian Bureau of 

Statistics Index of Relative Socioeconomic Advantage and Disadvantage , which ranked 

postcodes according to relative socio-economic advantage and disadvantage (21). Subsequently, 

participants were coded into six groups, ranging from the top 10% most disadvantaged to the top 

10% least disadvantaged. Smoking history was assessed by self-reported questionnaire, with 

women who had smoked more than one cigarette per day for over three months at any point in 

their life classified as either a current smoker or an ex-smoker, depending on current smoking 

status. Alcohol and protein intake was determined using a validated semi-quantitative food 

frequency questionnaire (FFQ) established by the Cancer Council of Victoria (DQES V2.0) 

(22-24). The FFQ assessed typical frequency of food and alcohol intake over the past 12 

months and was completed under the supervision of a research assistant using food models, 

cups, spoons, and charts to improve accuracy. Plasma LCN2 concentrations were measured 

using a two-step chemiluminescent microparticle monoclonal immunoassay on an automated 
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platform (Abbott Diagnostics, Longford, Ireland). The inter-assay coefficient of variation over 

a 6-week period was 9.3% and 4.6% at concentrations of 19 ng/L and 190 ng/L respectively 

(25).

Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics for Windows (V24.0 

IBM Corp., Armonk, NY, USA) and R (V3.4.2, R Foundation for Statistical Computing, 

Vienna, Austria). Participant characteristics were presented according to hs-cTnT quartiles. To 

allow associations to be non-linear, restricted cubic splines within logistic regression models 

were used to examine the relationship between hs-cTnI (exposure) and the presence of frailty 

(outcome, derived from the FI) using the ‘rms’ R package (26). Odds ratio (OR) estimates were 

relative to a reference value being the median hs-cTnI of women with the lowest hs-cTnI 

concentration quartile (Q1) and were plotted against the respective outcomes with 95% 

confidence bands provided. Wald tests were used to obtain p-values. For visual simplicity only, 

the x-axis was truncated at two standard deviations (SD) above the mean. For all primary 

analyses, two models of adjustment were adopted including age-adjusted (Model 1) and 

multivariable-adjusted models (Model 2) including age, smoking history, SEP and alcohol 

intake. Importantly, as the FI includes multiple comorbidities (e.g., prevalent CVD, diabetes, 

arthritis) in addition to physical activity, muscle function (e.g., timed-up-and-go, grip strength) 

and body composition metrics (BMI), these were not added to Model 2.

Further analyses

Given that physical frailty is also commonly assessed in clinical practice, we assessed 

the relationship between circulating hs-cTnI and a modified Fried phenotype. Typically, the 

Fried phenotype considers a set of five pre-defined domains to identify the absence or presence 

of frailty (27,28), including  (i) unintentional weight loss, (ii) muscle weakness, (iii) fatigue, 
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(iv) slowness, and (v) physical inactivity. If three or more of the aforementioned symptoms 

were present, an individual was classified as frail (6). We adopted a modified operational 

definition of Fried’s phenotype, similar to previous work (29), with specific criteria detailed in 

Table S1 (6,29). Subsequently, we assessed the cross-sectional relationship between hs-cTnI 

concentrations (exposure) and Fried’s phenotype (outcome) using restricted cubic splines 

within logistic regression models. Considering women in Q4 had higher prevalent CVD, we 

included prevalent CVD as an additional covariate to Model 2 for the primary analysis when 

considering the Fried Phenotype. This was not undertaken for the FI as clinical CVD 

contributes to the calculation of the FI (9). To examine whether hs‐cTnI concentrations even 

below the diagnostic threshold for acute coronary syndrome (ACS) were related to frailty, we 

excluded 50 women with hs-cTnI levels ≥15.6 ng/L (11). We re-ran the primary analysis 

between hs-cTnI and frailty, derived from either a FI or Fried phenotype, using restricted cubic 

splines within logistic regression models in this sub-group of 1,101 women. Although systemic 

inflammation is a known risk factor for frailty and poor cardiovascular health (30-33), previous 

work suggests that the relationship between hs-cTnT and frailty may be independent of 

inflammation (34). To explore this, we undertook further analyses where lipocalin-2 (LCN2, 

also known as neutrophil gelatinase-associated lipocalin; available in 1,149 women), a marker 

of systemic inflammation, was added as an additional covariate to the multivariable-adjusted 

model when examining the relationship between hs-cTnI and frailty, assessed using the FI as 

well as Fried’s phenotype. Finally, as a higher protein intake is associated with lower risk for 

frailty (35), we performed additional analyses where total protein intake (g/d; available for all 

1,151 women) was added to the multivariable-adjusted model. 

Results

Baseline characteristics of participants according to quartiles of hs-cTnI is presented in 

Table 1, with the mean ± SD age of this cohort being 75.2 ± 2.7 years. Compared to women 
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11

with the lowest hs-cTnI concentrations (Q1), those with the highest hs-cTnI concentrations 

(Q4) were slightly older (~1.3 years), had a higher BMI (~1.9 kg/m2) and prevalence of CVD 

(21%). The proportion of women identified as frail by the FI was substantially higher in women 

with the highest hs-cTnI concentrations (Q4; 28.4%) compared to those with the lowest hs-

cTnI concentrations (Q1; 16.3%) (Table 2). A diagrammatic representation of the relationship 

between hs-cTnI and the FI is presented in Figure 1A. Compared to women with the lowest 

hs-cTnI concentrations (Q1), those with higher hs-cTnI concentrations in Q3 (OR 1.38, 95%CI 

1.00-1.90) and Q4 (OR 1.79, 95%CI 1.20-2.67) had significantly greater odds for frailty (Table 

2).

Further analyses

Physical frailty was identified in 74 (6.4%) women, which was substantially lower than 

when frailty was identified using the FI (n=235, 20.4%). A diagrammatic representation of the 

relationship between hs-cTnI and physical frailty is presented in Figure 1B. Compared to 

women with the lowest hs-cTnI concentrations (Q1), those with higher hs-cTnI concentrations 

in Q2 (OR 2.25, 95%CI 1.15-4.38), Q3 (OR 2.64, 95%CI 1.25-5.59), and Q4 (OR 2.44, 95%CI 

1.14-5.52) had significantly greater odds for physical frailty in the multivariable-adjusted 

analysis (Table 2). When prevalent CVD was included as an additional covariate to Model 2, 

compared to Q1, the relationship between hscTnI and the Fried phenotype remained 

comparable (Q2; OR 2.12, 95%CI 1.10-4.11; Q3 OR 2.47, 95%CI 1.17-5.18; Q4 OR 2.35, 

95%CI 1.07-5.18).

After excluding 50 individuals with clinically elevated hs-cTnI concentrations, the 

proportion of women identified as frail by the FI was 19.7%, with the greatest proportion being 

recorded in women with the highest hs-cTnI concentration (Q4; 25.6%). The proportion of 

women identified as frail by the Fried phenotype was 6.4%, with the greatest proportion again 

being shown in women with the highest hs-cTnI concentration (Q4; 10.3%). A diagrammatic 
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representation of the relationship between hs-cTnI levels (below the clinical threshold) and 

frailty, assessed using either the FI or Fried phenotype, is presented in Figure S1A and S1B, 

respectively. When considering the FI, compared to women with the lowest hs-cTnI 

concentrations (Q1), those with higher hs-cTnI concentrations in Q3 (OR 1.49, 95%CI 1.05-

2.12) and Q4 (OR 1.93, 95%CI 1.25-2.98) had greater odds for frailty in the age-adjusted 

analysis (Table S2). In the multivariable-adjusted model, greater odds for frailty were only 

observed when comparing women with the highest (Q4; OR 1.79, 95%CI 1.16-2.77) compared 

to the lowest hs-cTnI concentration (Q1). When considering Fried’s phenotype, women in Q2 

(OR 2.18, 95%CI 1.03-4.60), Q3 (OR 2.95, 95%CI 1.32-6.60), and Q4 (OR 3.36, 95%CI 1.46-

7.72) of hs-cTnI levels had greater odds for physical frailty in the age-adjusted analysis, 

compared to individuals with the lowest levels (Q1) (Table S2). In the multivariable-adjusted 

model, greater odds for physical frailty were shown in women in Q3 (OR 2.73, 95%CI 1.22-

6.12) and Q4 (OR 3.09, 95%CI 1.34-7.13), compared to women with the lowest hs-cTnI levels 

(Q1).

When LCN2 was added to the multivariable-adjusted analysis, only individuals with 

the highest hs-cTnI levels (Q4; OR 1.67, 95%CI 1.12-2.50) recorded higher odds for frailty, 

classified by FI, when compared to those with the lowest hs-cTnI levels (Q1) (Table S3). When 

considering Fried’s phenotype, individuals in Q2 (OR 2.06, 95%CI 1.04-3.96) and Q3 (OR 

2.34, 95%CI 1.12-4.89) of hs-cTnI levels recorded greater odds for frailty, when compared to 

the lowest hs-cTnI levels (Q1). This relationship was no longer statistically significant in those 

with the highest hs-cTnI levels (Q4; OR 2.16, 95%CI 0.98-4.75) (Table S3). When protein 

intake was added to the multivariable-adjusted model, women in Q3 (OR 1.38, 95%CI 1.00-

1.90) and Q4 (OR 1.80, 95%CI 1.21-2.68) of hs-cTnI levels showed greater odds for frailty, 

classified by FI, compared to women with the lowest hs-cTnI levels (Q1) (Table S4). When 

classified by Fried’s phenotype, women in Q2 (OR 2.11, 95%CI 1.09-4.07), Q3 (OR 2.48, 
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95%CI 1.18-5.19), and Q4 (OR 2.44, 95%CI 1.12-5.34) of hs-cTnI levels showed greater odds 

for frailty compared to women with the lowest hs-cTnI levels (Q1) (Table S4).

Discussion

This study demonstrates that higher hs-cTnI concentrations are associated with 

increased odds for frailty amongst community-dwelling older women. Specifically, women 

with higher circulating hs-cTnI concentrations (Q3 - Q4) were 38% to 79% more likely to be 

frail, classified by FI, than women within the lowest hs-cTnI quartile. Notably, the associations 

between hs-cTnI and frailty were present regardless of whether frailty was operationalised 

according to a FI or Fried’s phenotype. Indeed, when classified by Fried’s phenotype, women 

with higher circulating hs-cTnI concentrations (Q2 - Q4) were 125 - 164% more likely to be 

frail, than women within the lowest hs-cTnI quartile. Notably, these associations were evident 

at hs-cTnI concentrations far below the diagnostic threshold for acute coronary syndrome. In 

fact, there were clear plateaus in the associations between hs-cTnI and frailty, at 10ng/L for the 

FI, and 5ng/L for Fried’s phenotype, further supporting the relevance of sub-clinical hs-cTnI 

as a biomarker of frailty in older community-dwelling women. 

Until now, the relationship between cardiac troponins and frailty has been largely based 

on hs‑cTnT (17,36-38). Our findings strengthen existing literature supporting the nexus 

between cardiac health and frailty, while also highlighting the potential role of hs‑cTnI in frailty 

research. The few available studies relating to hs-cTnI have focussed on cohorts with 

comorbidities (i.e., diabetics, or suspected myocardial infarction patients) (17,18), and as such, 

their findings may not be transferable to the general population. This is especially relevant as 

such populations are more likely to present with frailty, especially when assessed using a FI. 

Our study is the first to demonstrate strong positive associations between circulating hs-cTnI 

and frailty; irrespective of whether frailty was assessed using a multidimensional FI or Fried’s 
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phenotype. We also show that the associations between hs-cTnI and frailty are robust to 

adjustment for daily protein intake, a known risk factor for frailty (35).

Although the physiological mechanisms underpinning the observed associations are not 

fully understood, a few plausible hypotheses exist.  For example, chronic inflammation is a 

strong risk factor for endothelial dysfunction and myocardial injury (30,31), as well as  reduced 

skeletal muscle mass and physical resilience (32,33). We found that the relationship between 

hs-cTnI and frailty derived from the FI, remained comparable when a marker of inflammation, 

LCN2, was added to our analysis. When considering physical frailty, statistical significance 

was only attenuated in women with the highest hs-cTnI levels (Q4), but not in Q3, after 

adjustment of LCN2, indicating a potential influence of inflammation. Such findings tend to 

support previous work in older men reporting comparable relationships between hs-cTnT, 

inflammatory biomarkers (i.e., C-reactive protein (CRP) and interleukin-6 (IL-6)), and 

physical frailty (34). Future studies should build upon these data by incorporating a broader 

panel of inflammatory biomarkers, such as LCN2, IL-6, CRP, and TNF-α, to better delineate 

the potential mediating effect of inflammation on the association between hs-cTnI and frailty. 

In addition to inflammation, elevated hs-cTnI may also reflect microvascular dysfunction and 

myocardial remodelling (38). Such changes may contribute towards low-grade cardiac damage, 

progressively reducing cardiovascular reserve and the individuals overall physiological 

resilience over time. Clearly, such hypotheses warrant further investigation.

Associations between circulating hs-cTnI and different frailty classifications (i.e., the 

FI and Fried’s phenotype) are particularly noteworthy, as they demonstrate the implications of 

underlying cardiac, vascular and metabolic abnormalities, as reflected by elevated hs-cTnI 

levels, on frailty in older women. This supports the relevance of circulating hs-cTnI to multiple 

dimensions of frailty; encompassing both the systemic physiological decline captured by the 

FI, and the physical and functional decline captured by Fried’s phenotype. Given the lack of 
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harmonisation amongst existing frailty definitions, identifying biomarkers that reflect shared 

physiological pathways may advance our understanding of the biological underpinnings of 

frailty, particularly in the context of CVD (4). Notably, irrespective of how frailty might be 

characterised (i.e., FI or physical frailty phenotype), the Australian Cardiovascular Alliance 

(ACvA) National Taskforce on the Management of Frailty in Heart Failure also recently raised 

the importance of identifying clinically relevant biomarkers that may be especially useful in 

understanding potential biological mechanisms (14). Such biomarkers may also be useful when 

assessing treatment efficacy and/or developing prevention strategies for frailty (39). Indeed, 

our findings provide evidence that hs-cTnI may have value beyond its typical use in diagnosing 

ACS or aiding CVD risk stratification (40), offering insights into the role that cardiac stress 

and systemic dysfunction, may have in the development of frailty. 

We observed plateaus in the strength of the association between frailty and pre-clinical 

hs-cTnI levels, at approximately 10 ng/L for the FI and 5 ng/L for Fried’s phenotype, providing 

potential thresholds for future studies considering incident frailty. This is an important 

consideration due to the cross-sectional design of our study which limits any inference 

regarding temporal associations between hs-cTnI and frailty. Longitudinal studies should also 

examine if changes in hs-cTnI over time are related to frailty progression. Noteworthy, 

evidence from existing longitudinal studies support a temporal relationship between cardiac 

troponins and frailty, with higher baseline hs-cTnT concentrations shown to be associated with 

incident frailty amongst community-dwelling older men and women (36,41). Interestingly, 

increases in circulating hs-cTnT over a 6-year period have also been linked with incident frailty 

assessed 15 years later (36). There is also evidence that higher baseline concentrations of N-

terminal pro B-type natriuretic peptide (NT-proBNP), a biomarker of cardiac strain, is 

associated with incident frailty amongst community-dwelling populations (36), although 

conflicting findings have been shown (41). Whether a similar pattern is shown for hs-cTnI and 
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incident frailty remains to be determined. From a clinical perspective, the application of our 

findings may lie less in using hs-cTnI as a screening tool, and more in recognising its role as a 

marker of underlying cardiac dysfunction contributing to frailty. An important next step may 

be to determine whether interventions that improve frailty status, such as exercise or nutrition, 

also lead to reductions in hs-cTnI levels. Given that interventions targeting frailty can reduce 

systemic inflammatory markers, albeit not consistently (42), it is plausible that improving 

frailty status may lower CVD risk and, therefore, reduce circulating hs-cTnI. If so, hs-cTnI 

may offer value as a marker of intervention efficacy, particularly in the context of integrated 

care models targeting both frailty and cardiovascular health in older populations.

 The main strength of this study is the large, well-characterised cohort of community-

dwelling older women, a population with a particularly high risk for frailty (8). This is 

demonstrated in our findings, where ~1 in 5 women were classified as frail based upon the FI, 

despite recruitment criteria requiring participants to be generally healthy, free from major 

disease, and with an estimated survival beyond 5 years (19). As such, even within a relatively 

healthy cohort of older women, those with slightly elevated hs-cTnI levels (>4.7 ng/L) 

presented with significantly greater odds for frailty, demonstrating the strong interplay between 

cardiac health and frailty in this population. Furthermore, frailty was assessed using both the 

FI and Fried’s phenotype, two of the most common operational concepts of frailty. There are 

several limitations to acknowledge, the most important of which is the cross-sectional design 

of this observational study, which precludes the establishment of causality and could be 

affected by residual confounding. As a longitudinal measure of the FI is not available in this 

cohort, there remains a need to assess the associations prospectively. Although the present 

study focussed solely upon older white women, known sex- and ethnic-specific differences in 

frailty and hs-cTnI warrant further investigation. For example, in the general population, 

women generally have lower hs-cTnI levels than men, yet its prognostic value for 
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cardiovascular events is stronger amongst women (43,44). Ethnic differences have also been 

reported with white men and women having higher hs-cTnI concentrations than south asian 

populations (45). Regarding frailty, beyond its well-established higher incidence amongst 

women compared to men (8), ethnic differences have also been shown, with black and south 

asian populations exhibiting higher incidence and progression of frailty in comparison to white 

populations (46). Collectively, these data highlight the need for future studies integrating more 

diverse cohorts to determine the extent by which our findings can be generalised across sex 

and ethnic groups. Finally, it is possible that the higher prevalence of CVD in the highest hs-

cTnI quartile may confound the observed associations between frailty and hs-cTnI. To examine 

this further, supplementary analyses were undertaken demonstrating that the associations with 

both measures of frailty persisted even when women with clinically elevated hs-cTnI 

concentrations (≥15.6 ng/L) were excluded. Additionally, when adjusted for prevalent CVD, 

the relationship between hs-cTnI and Fried’s phenotype remained comparable. Combined, 

these data suggest that the link between hs-cTnI and frailty may, in part, be driven by chronic 

lower-grade myocardial stress or injury. This is consistent with existing evidence suggesting 

that frailty and cardiovascular multimorbidity are independently associated with elevated hs-

cTnI (18).

In conclusion, higher hs-cTnI concentrations are associated with greater odds for 

frailty, assessed using either a FI or Fried’s phenotype, in community-dwelling older women. 

Our findings show that hs-cTnI may have applications beyond its conventional use in 

cardiology. Going forward, examining whether hs-cTnI levels respond to clinical intervention, 

such as lifestyle modification and exercise, may improve our understanding of the relationship 

between cardiac troponins, frailty, and therapeutic strategies, and ultimately help to optimise 

programmes to support cardiovascular health and physical resilience amongst older 

populations. 
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Figure legends

Figure 1. Odds ratios from multivariable-adjusted logistic regression models with restricted 

cubic spline curves describing the association between high-sensitivity cardiac troponin-I (hs-

cTnI) and the presence of frailty, based upon either the Frailty Index (A) or modified Fried 

phenotype (B). Odds ratios are based on models adjusted for age, smoking history, 

socioeconomic position and alcohol intake (Model 2). The odds ratio compares hs-cTnI levels 

(horizontal axis) to the median hs-cTnI level of the lowest quartile (3.2 ng/L). Shading 

represents 95% confidence regions. The rug plot along the bottom of each graph depicts an 

observation
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Table 1. Baseline characteristics in all participants by quartiles of high-sensitivity cardiac troponin-I (hs-cTnI)1.

Quartiles of hs-cTnI

All Participants Quartile 1

<3.8 ng/L

Quartile 2

3.8 to <4.7 ng/L

Quartile 3

4.7 to <6.3 ng/L

Quartile 4

≥6.3 ng/L

Number 1151 307 274 288 282

Age, years 75.2 ± 2.7 74.6 ± 2.4 75.0 ± 2.8 75.5 ± 2.7 75.9 ± 2.8

Body mass index (BMI), kg/m2 27.1 ± 4.7 26.3 ± 4.3 26.4 ± 4.5 27.3 ± 4.5 28.2 ± 5.0

Smoked ever, yes n (%) 429 (37.3) 115 (37.5) 98 (35.8) 100 (34.7) 116 (41.1)

Total protein intake, (g/d) 76.5 (61.3-94.9) 77.3 (60.9-95.2) 75.0 (60.2-92.7) 77.5 (62.1-95.9) 75.0 (61.5-95.2)

Alcohol intake, g/d 1.8 (0.3-10.0) 2.2 (0.3-11.6) 2.2 (0.3-10.7) 1.3 (0.2-8.9) 1.0 (0.2-8.8)

Socioeconomic position, n (%)

Top 10% most highly disadvantaged 53 (4.6) 10 (3.3) 17 (6.2) 16 (5.6) 10 (3.6)

Highly disadvantaged 137 (11.9) 31 (10.1) 31 (11.3) 39 (13.5) 36 (12.8)

Moderate-highly disadvantaged 188 (16.3) 55 (17.9) 40 (14.6) 41 (14.2) 52 (18.4)

Low-moderately disadvantaged 181 (15.7) 47 (15.3) 41 (15.0) 54 (18.8) 39 (13.8)

Low disadvantaged 243 (21.1) 56 (18.2) 70 (25.6) 57 (19.8) 60 (21.3)
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Top 10% least disadvantaged 349 (30.3) 108 (35.2) 75 (27.4) 81 (28.1) 85 (30.1)

Prevalent cardiovascular disease, 

yes n (%)
269 (23.4) 53 (17.3) 51 (18.6) 57 (19.8) 108 (38.3)

Prevalent diabetes, yes n (%) 67 (5.8) 16 (5.2) 7 (2.6) 15 (5.2) 29 (10.3)

hs-cTnI, ng/L 4.6 (3.7-6.2) 3.2 (2.8-3.5) 4.2 (4.0-4.4) 5.3 (4.9-5.7) 8.5 (6.9-12.3)

LCN2, mg/L2 76.5 (62.0-95.1) 71.8 (58.5-90.0) 73.8 (60.9-91.2) 79.2 (64.5-99.9)
82.1 (67.2-

102.1)

Timed-up-and-go, sec 9.5 (8.2-11.1) 9.1 (8.1-10.6) 9.3 (8.1-10.5) 9.5 (8.3-11.2) 10.3 (8.8-11.9)

Handgrip strength, kg 20.4 (4.8) 20.7 (4.7) 20.5 (5.1) 20.3 (4.9) 20.0 (4.7)

1 Data presented as mean ± SD, median (interquartile range) or n (%) where appropriate; LCN2: lipocalin-2; 2n=1149
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Table 2. Odds ratio (95%CI) for the presence of frailty, based upon either the Frailty Index (FI) or modified Fried phenotype, 

by quartiles of high-sensitivity cardiac troponin-I (hs-cTnI).

Quartiles of hs-cTnI1

Quartile 1

<3.8 ng/L

Quartile 2

3.8 to <4.7 ng/L

Quartile 3

4.7 to <6.3 ng/L

Quartile 4

≥6.3 ng/L

FI, n (%) 50 (16.3) 44 (16.1) 61 (21.2) 80 (28.4)

Model 1 Ref. 1.22 (0.92-1.63) 1.46 (1.06-2.00) 1.94 (1.33-2.91)

Model 2 Ref. 1.18 (0.88-1.58) 1.38 (1.00-1.90) 1.79 (1.20-2.67)

Fried phenotype, n (%) 12 (3.9) 16 (5.8) 20 (6.9) 26 (9.2)

Model 1 Ref. 2.22 (1.16-4.27) 2.68 (1.29-5.58) 2.71 (1.25-5.88)

Model 2 Ref. 2.25 (1.15-4.38) 2.64 (1.25-5.59) 2.44 (1.14-5.52)

1Estimated odds and 95%CI from logistic regression analysis comparing the median hs-cTnI level from each quartile (Q) 

compared to Q1. Median Q1, Q2, Q3 and Q4 for hs-cTnI was 3.2, 4.2, 5.3 and 8.5 ng/L, respectively. Model 1: adjusted for age. 

Model 2: Model 1 + smoking history, socioeconomic position and alcohol intake. Bolded indicates p<0.05 compared to Q1.
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Figure 1. Odds ratios from multivariable-adjusted logistic regression models with restricted cubic spline 
curves describing the association between high-sensitivity cardiac troponin-I (hs-cTnI) and the presence of 
frailty, based upon either the Frailty Index (A) or modified Fried phenotype (B). Odds ratios are based on 
models adjusted for age, smoking history, socioeconomic position and alcohol intake (Model 2). The odds 

ratio compares hs-cTnI levels (horizontal axis) to the median hs-cTnI level of the lowest quartile (3.2 ng/L). 
Shading represents 95% confidence regions. The rug plot along the bottom of each graph depicts an 

observation 
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