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ABSTRACT 
 

This study aimed to explore the biological features and mortality risk of intrinsic capacity (IC) and functional 
ability (FA). Based on data from 1839 participants from the I-Lan Longitudinal Aging Study, multivariable Cox 
proportional hazard models were used to evaluate the predictive ability of IC (range 0–100) and FA (range 0–
100) on 10-year mortality. Of 2038 repeated measurements for IC within a 7-year observational period, 
multivariable logistic regression was used to compare biological features of participants with maintained, 
improved and rapidly deteriorated IC. A 1-point increased IC value was associated with a 5% (HR 0.95, 95% CI 
0.93–0.97, p < 0.001) decrease in mortality risk. Low IC (HR 1.94, 95% CI 1.39–2.70, p < 0.001) was associated 
with higher mortality risk. Hyperglycemia (OR 1.40, 95% CI 1.09–1.81, p = 0.010), low serum levels of DHEA-S 
(OR 3.33, 95% CI 1.32–8.41, p = 0.011), and high serum levels of C-reactive protein (OR 1.45, 95% CI 1.05–2.00, p 
= 0.023) were associated with low IC at baseline. Low serum levels of DHEA-S (middle tertile OR 1.84, 95% CI 
1.15–2.95, p = 0.012; lowest tertile OR 2.25, 95% CI 1.34–3.77, p = 0.002) and vitamin D deficiency (OR 1.82, 95% 
CI 1.02–3.27, p = 0.044) were associated with rapid deterioration of IC. IC and FA predicted 10-year mortality, 
whereas chronic inflammation, hyperglycemia, and low DHEA-S were associated with low IC status. Low DHEA-
S and vitamin D deficiency may be considered as potential biomarkers of rapid IC declines, which implies 
underlying biological mechanisms of healthy aging. 
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INTRODUCTION 
 

The World Health Organization (WHO) published the 

World Report on Aging and Health in 2015 and the 

Integrated Care for Older People (ICOPE) in 2017, 

which has transformed health services from the 

traditional disease-focused approach into a function-

centered one in the scheme of healthy aging. Healthy 

aging is defined as the process of developing and 

maintaining functional ability to ensure wellbeing in 

later life; IC and FA are proposed to describe and 

estimate the state of healthy aging [1, 2]. IC, defined as 

a composite measure for all physical and mental 

capacities of an individual, is conceptualized as a 

dynamic construct to serve as the potential functional 

reserve in the aging process [3]. Interacting with 

environmental factors, such as facilitators or barriers, IC 

may be a proxy to estimate the FA of an individual and 

the status of healthy aging [1]. Notably, as 

conceptualized, IC declines occur earlier before clinical 

manifestations of FA declines, so it is critical to capture 

IC declines in the life course for healthy longevity [4]. 

 

In the WHO Integrated Care for Older People, IC 

consists of five elements, i.e., locomotion, sensory, 

vitality, psychological, and cognition, which represent 

the physiological competence of individuals to support 

their FA [1]. Although there are strong theoretical and 

consensual bases to support this multidomain 

conceptualization of IC [5–8], most empirical studies 

have focused on the associations between IC and 

disability [4, 9], falls [10], quality of life [11], and 

mortality [12–14]. Unique diet, lifestyle, culture and 

policy may interact with IC, and contribute to FA, 

particularly in Asia [8]. In this context, functioning 

was used as a target to build an IC model instead of 

exploring the role of FA on health outcomes. 

Nevertheless, questions remained as there might be a 

gap between IC and FA against mortality due to their 

different conceptualization regarding a person’s 

competency and ability. To the best of our knowledge, 

no study has examined the impacts of these two 

distinct constructs on mortality in parallel to 

distinguish their potential impacts on clinical 

outcomes. A systemic review exploring possible 

biomarkers related to aging showed that lipids, 

glucose, inflammatory biomarkers, dehydro-

epiandrosterone sulfate (DHEA-S), growth hormone 

and insulin-like growth Factor 1 (IGF-1) were 

candidate biomarkers [15, 16]. Other studies indicated 

that elevated systemic inflammatory biomarkers, such 

as high-sensitivity C-reactive protein (hsCRP) and 

homocysteine, were associated with slow gait speed, 

weak muscle strength, and low IC [17, 18]. However, 

conflicting results have been reported regarding the 

associations between specific biomarkers and IC or 

FA. Although the underlying biological mechanisms 

of healthy aging remain unclear, identifying the 

biological features of healthy aging helps to capture 

the heterogenicity of aging over time [19]. Moreover, 

assessing the biological features of IC enables 

researchers and clinicians to understand potential 

pathophysiological mechanism, and to design 

personalized intervention programs to promote healthy 

aging. 

 

To address the abovementioned knowledge gaps, the 

study aimed 1) to examine the association between 

declines in IC or FA and 10-year mortality risk and 2) 

to further explore the biological features of IC based on 

its longitudinal changes. 

 

RESULTS 
 

Demographic characteristics of participants 

stratified by IC and FA status 

 

The demographic characteristics of the participants 

(mean age 63.9 ± 9.3 years, 47.5% men) are shown in 

Supplementary Table 1. Compared to the high IC 

group (n = 1190), those with low IC (n = 649) were 

older (70.0 ± 8.8 vs. 60.6 ± 7.7 years old), mainly 

women (63.0% vs. 46.8%), had fewer years of 

education (2.5 ± 3.4 vs. 8.2 ± 4.5 years), were less 

likely to consume alcohol (23.0% vs. 38.5%), and had 

a higher disease burden (CCI 1.6 ± 1.4 vs. 0.7 ± 1.1). 

Compared to the high FA group (n = 1769), those with 

low FA (n = 70) were older (76.0 ± 9.9 vs. 63.5 ± 8.9 

years old), had fewer years of education (2.9 ± 4.1 vs. 

6.4 ± 4.9 years), were less likely to consume alcohol 

(15.7% vs. 33.7%) and had a higher disease burden 

(CCI 2.3 ± 1.6 vs. 1.0 ± 1.2). Comparisons of 

subcategories of IC were shown in Supplementary 

Table 2. The distributions of IC and FA were left-

skewed (Supplementary Figure 1). Overall, IC 

declined progressively from 86.0 ± 5.1 to 80.5 ± 5.1 

points, and FA declined from 99.9 ± 1.3 to 99.3 ± 4.1 

points in a mean follow-up period of 6.5 ± 0.8 years. 

 

Survival analysis for IC and FA status 

 

There were 238 deaths in a mean follow-up period of 

8.5 ± 1.5 years. Kaplan–Meier analysis showed that low 

FA (Figure 1A, log-rank test, p < 0.001) and low IC 

(Figure 1B, log-rank test, p < 0.001) were significantly 

associated with mortality. A one-point (percent) 

increase in IC score decreased the odds of mortality by 

5% (HR 0.95, 95% CI 0.93–0.97, p < 0.001), and those 

with low IC had a greater risk of mortality (HR 1.94, 

95% CI 1.39–2.70, p < 0.001). The associations 

between FA and mortality were attenuated after 

adjusting for relevant confounders (Table 1). 
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Table 1. Relationship between Intrinsic capacity, functional ability and mortality. 

 Model Ia 
p 

Model IIb 
p 

HR (95%CI) HR (95%CI) 

Intrinsic capacityc  0.94 (0.92–0.96) <0.001 0.95 (0.93–0.97) <0.001 

Functional abilityc  0.97 (0.94–1.00) 0.025 0.97 (0.94–1.00) 0.089 

Low Intrinsic capacityd  2.19 (1.58–3.04) <0.001 1.94 (1.39–2.70) <0.001 

Low Functional abilityd  1.53 (1.00–2.33) 0.049 1.29 (0.84–1.97) 0.248 

Components of intrinsic capacityc     

Locomotion 0.97 (0.96–0.98) <0.001 0.97 (0.96–0.98) <0.001 

Cognition 0.99 (0.98–1.00) 0.010 0.99 (0.98–1.00) 0.018 

Psychology 0.99 (0.97–1.00) 0.022 0.99 (0.98–1.00) 0.139 

Vitality 0.97 (0.95–0.98) <0.001 0.98 (0.96–0.99) 0.006 

Sensory 0.98 (0.95–1.00) 0.047 0.98 (0.96–1.01) 0.182 

aCox proportional hazards model adjusted for age, gender, and education years. bCox proportional hazards model adjusted 
for age, gender, education years, smoke, drink and charlson comorbidity index. cnumerical variables. dcategorical variables. 

 
Biomarkers associated with low IC 

 

The results of adjusted logistic regression analysis for 

the associations between biomarkers and low IC are 

shown in Figure 2. Participants with higher levels of 

fasting glucose had higher odds of having low IC (OR 

1.40, 95% CI 1.09–1.81, p = 0.010), but those with 

higher levels of cholesterol (OR 0.60, 95% CI 0.47–

0.79, p < 0.001) and LDL-C (OR 0.72, 95% CI 0.55–

0.94, p = 0.015) were less likely to have low IC. Those 

in the lowest tertile of DHEA-S had higher odds for low 

IC (OR 3.33, 95% CI 1.32–8.41, p = 0.011). Of the 

inflammatory biomarkers, higher levels of hsCRP (OR 

1.45, 95% CI 1.05–2.00, p = 0.023) and neutrophil-to-

lymphocyte ratio (NLR, highest tertile OR 1.77, 95% CI 

1.29–2.43, p < 0.001) were significantly associated with 

low IC (Figure 2). 

 

Biomarkers associated with longitudinal 

preservation or deterioration of IC 

 

Adjusted logistic regressions showed that predictors for 

rapid deterioration of IC were lower levels of 

dehydroepiandrosterone sulfate (DHEA-S, middle 

 

 
 

Figure 1. Kaplan–Meier survival plots for (A) functional ability and (B) intrinsic capacity. 
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tertile OR 1.84, 95% CI 1.15–2.95, p = 0.012; lowest 

tertile OR 2.25, 95% CI 1.34–3.77, p = 0.002) and 

vitamin D deficiency (OR 1.82, 95% CI 1.02–3.27, 

p = 0.044) (Figure 3). Inverse probability weighting 

regressions were used to reduce potential selection bias 

from excluded participants, and findings were similar 

(OR 1.41, 95% CI 1.09–1.83, p = 0.008 for lowest 

tertile of DHEA-S; OR 1.06, 95% CI 1.01–1.12, 

p = 0.030 for vitamin D deficiency). Supplementary 

Figure 2 shows adjusted logistic regression to explore 

potential biomarkers for maintained or improved IC. All 

biomarkers showed insignificant associations. 

 

 
 

Figure 2. Logistic regression to explore biomarkers associated with low intrinsic capacity at baseline. 
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DISCUSSION 
 

The WHO conceptualized the scheme of healthy aging 

and addressed the importance of IC and FA in the life 

course that shifted health care services from disease-

centric models to function-centric ones, as well as the 

focus on positive attributes of health. This study used a 

longitudinal cohort to compare the 10-year mortality 

risk between IC and FA. Unlike IC, the mortality risk of 

FA attenuated after adjustment for smoking, drinking, 

and disease burden, which supports the idea that 

environmental factors modify health outcomes in older 

 

 
 

Figure 3. Logistic regression to explore biomarkers associated with rapidly deteriorated intrinsic capacity at a 7-year follow-up 
period. 
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age. However, the constant mortality risk of IC clearly 

reflects its adverse impacts on health outcomes in the 

aging process. In addition, this study found that 

hyperglycemia, proinflammatory status of hsCRP and 

NLR, and low serum levels of DHEA-S were associated 

with low IC. In particular, lower serum levels of 

DHEA-S and vitamin D deficiency were associated 

with rapid deterioration of IC. These findings suggest 

the potential roles of inflammation and endocrine and 

musculoskeletal systems in healthy aging through their 

influences on IC. 

 

Based on the conceptual framework of healthy aging, 

the impacts of environmental or modifiable factors, 

including interventions on diseases and healthy 

behaviors, were emphasized to constitute FA instead of 

focusing on age-related declines in IC. The results of 

the current study completely support the conceptual 

framework of healthy aging. In contrast to frailty 

characterized by increased vulnerability to stressors 

from disrupted homeostasis of multiple physical 

systems, IC aimed to capture the nature of physiological 

reserves and residual capacities in aging, which is 

particularly suitable for longitudinal assessments [3]. 

Although frailty and IC are two interrelated but distinct 

constructs, both of them focus on function-centric 

health services with comprehensive assessment and are 

provided in a multidisciplinary fashion. Our previous 

study indicated that multidomain interventions 

combined with integrated primary care significantly 

improve physical function, cognitive performance, and 

quality of life among older adults with multimorbidity, 

which supported the core concepts of healthy aging [20, 

21]. Nevertheless, the importance of FA should be 

addressed as well because of the significant modifying 

effects of environmental factors in older age. 

 

By examining associations between IC and bio-

markers, this study disclosed the multidimensional 

nature of biological mechanisms in the process of 

healthy aging. In this study, low IC status was 

associated with glucose metabolism, chronic 

inflammation, and neuroendocrine diseases. Previous 

studies have suggested associations between hsCRP, 

NLR, poor locomotion and vitality [17, 22]. This study 

further extended these associations from two specific 

domains (locomotion and vitality) to the whole 

composite IC, which strengthens the roles of 

inflammation in the aging process. On the other hand, 

cholesterol and LDL-C are well-known cardiovascular 

risk factors, but the associations are attenuated in late 

life [23]. A systemic review concluded that lower 

serum cholesterol levels were associated with greater 
mortality risk in older adults [24], which is in line with 

our study that lower cholesterol and low-density 

lipoprotein cholesterol (LDL-C) increased the risk of 

poor IC. These data justified the debates on statin 

treatment in older adults that routine statin use was not 

encouraged for those aged 75 years old and older. In 

addition, deprescription of statin therapy in those who 

have developed frailty is usually recommended [25]. 

Hyperglycemia is also a factor contributing to incident 

frailty and disability [26], which explained its 

association with low IC in our study. 

 

DHEA-S is being widely used in the general public to 

prevent age-related disease. However, oral 

supplementation with DHEA-S failed to demonstrate a 

positive impact on the improvement of cognitive 

performance in healthy older people [27], whereas it 

preserved bone health [28]. Vitamin D is crucial to 

musculoskeletal health [29], but a systemic review of 81 

randomized controlled trials reported disappointing 

results on falls, fracture preventions, or meaningful 

effects on bone mineral density [30]. Previous studies 

have suggested potential associations between DHEA-S 

and inflammatory [31] as well as the benefits  

for DHEA-S supplement administration on libido 

improvement and bone turnover biomarkers improve-

ment [32]. In this study, low DHEA-S and vitamin D 

deficiency were both associated with rapid deterioration 

of IC but were not associated with maintained or 

improved IC in a follow-up period of up to 7 years. 

These findings highlight the importance of 

musculoskeletal health in preventing IC decline but also 

reflect the fact that neither monodimensional factor 

could counter the effects of age-related IC decline 

stemming from deficits in multiple physiological 

systems. Further interventional studies to explore the 

effects of oral supplementation with DHEA-S and 

vitamin D on IC are needed to further guide the optimal 

use of these supplements. 

 

Despite all efforts made in this study, there are some 

limitations to note. First, environmental factors such as 

access to health facilities or means of transportation, 

etc., could not be adjusted for FA due to the limitation 

of data availability. Nevertheless, FA measured by the 

Functional Autonomy Measurement System (SMAF) 

considered available resources and environmental 

factors to compensate for functional impairment. 

Second, information regarding the cause of death could 

not be available in this study, which precludes cause-

specific analysis. Further biological marker analysis 

could provide information on IC decline and potential 

mechanisms. Third, those excluded from the second 

part of this study might introduce selection bias. 

However, we have conducted an inverse probability 

weighting analysis to adjust for such potential selection 
bias and yields similar results. Fourth, as the 

participants from ILAS were community-dwelling 

adults, they are relative healthy. That is why the cutoff 
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value of functional ability was quite high. Last, 

subdomains of vision and hearing were obtained from 

self-report questionnaires, which may probably 

underestimate the prevalence of vision and hearing 

impairment. 

 

In conclusion, IC and FA predicted 10-year mortality, 

whereas the association for FA diminished after 

adjusting for smoking, drinking, and disease burden. 

Chronic inflammatory markers of hsCRP and NLR, 

hyperglycemia, and low DHEA-S were associated with 

low IC status. DHEA-S and vitamin D deficiency 

aggravated IC deterioration, which implies the 

importance of musculoskeletal health in healthy aging. 

 

MATERIALS AND METHODS 
 

Participants and study design 

 

Data from the first and third waves of the I-Lan 

Longitudinal Aging Study (ILAS) were collected for the 

baseline cross-sectional (wave 1) and longitudinal 

cohort analyses (wave 1 and 3). ILAS was a prospective 

cohort study focused on interactions between 

sarcopenia, frailty, and cognitive functioning through-

out the aging process. The details of the study design, 

participant recruitment, and data collection of ILAS 

have been reported previously [33]. Briefly, ILAS 

recruited community-dwelling adults aged ≥50 years 

without severe disability, dementia or communication 

difficulties, limited life expectancy due to major illness 

or being institutionalized. The first part of this study 

was a survival analysis of a 10-year follow-up, and the 

second part was a 7-year longitudinal study to capture 

biological features based on the status of IC changes 

(maintained, improved and rapidly deteriorated). In the 

first part of the study, data from 1,839 participants from 

the ILAS wave 1 survey in 2011 were used to evaluate 

the 10-year mortality risk of IC and FA (Figure 4A). In 

the second part of the study, 1019 participants who 

recruited in ILAS wave 1 and completed the ILAS wave 

3 survey since 2018 (216 participants died before wave 

3 survey and 604 participants declined to participate in 

wave 3 survey) were enrolled (Figure 4B). Compared to 

those enrolled in the second part of this study, those 

excluded were older (67.5 ± 10.0 vs. 61.1 ± 7.5 years, 

p < 0.001), less educated (4.5 ± 4.5 vs. 7.6 ± 4.8 years, 

p < 0.001), higher disease burden of Charlson 

comorbidity index (1.4 ± 1.4 vs. 0.7 ± 1.1, p < 0.001), 

but similar sex proportions. 

 

 
 

Figure 4. Study flowcharts of (A) survival analysis and (B) longitudinal study for biological features of intrinsic capacity. Abbreviations: IC: 

denotes intrinsic capacity; FA: denotes functional ability. 
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This study was designed and conducted in accordance 

with the principles of the 1964 Declaration of Helsinki 

and later amendments. The institutional review board of 

National Yang Ming University (YM103008) and 

Taipei Veterans General Hospital (2018-05-003B) 

approved the study protocol, and written informed 

consent was obtained from each individual before 

inclusion. The observational design and reporting 

format followed the STROBE guidelines [34]. 

 

Intrinsic capacity (IC) 

 

The five IC elements, i.e., cognition, locomotion, 

vitality, psychology, and sensory, were selected based 

on the principle proposed by WHO ICOPE [5]. 

 

Cognition was evaluated by the Chinese version of the 

Mini-Mental State Examination (MMSE), with scores 

ranging from 0 to 30, and a higher score on the 

MMSE indicated better cognition [35]. Locomotion 

was assessed by a timed 6-meter gait speed at the 

usual pace in meters/second based on a consensus 

recommended by the Asian Working Group for 

Sarcopenia (AWGS) [36]. Vitality was assessed by 

the Mini Nutritional Assessment (MNA), with scores 

ranging from 0 to 30, and a higher score indicated 

better nutrition [37]. Psychology was measured with 

the Center for Epidemiologic Studies—Depression 

scale (CESD) with scores ranging from 0 to 60, and a 

higher score denoted a greater level of depressive 

symptoms [38]. Psychological scores were obtained 

by multiplying the original CESD scores by −1 in this 

study. The reason why we would like to adopt this 

approach is mainly because IC was constructed based 

on positive capacity for physical and mental reserves. 

However, we used CESD to measure mental reserve, 

but a higher CESD score indicates the higher level of 

depression. We thus rescale our CESD by multiplying 

the original CESD by −1. Sensory impairment was 

assessed through a self-reported score comprising 

visual and hearing impairments based on a previous 

study [12]. A sensory score was built from two 

questions of vision and hearing: score from 0 

(independent), −1 (need supervision), −2 (need help), 

and −3 (dependent), yielding a total score ranging 

from −6 to 0. We further used the percent of 

maximum possible method - calculated by [100 × 

(observed − minimum)/(maximum − minimum)]- to 

rescale all individual variables with a ranging from 0 

(minimum possible) to 100 (maximum possible) [39] 

to make the composite values of IC comparable 

longitudinally [40]. Psychological scores were 

obtained by 100 minus the rescaled CESD scores. For 

each study participant, we calculated their IC scores 

as the mean of the sum of subscores obtained in each 

of five elements. 

Functional ability (FA) 

 

Functional ability (FA) was measured by SMAF 

through the percent of maximum possible method to 

rescale the original score with the range from 0 to 100. 

SMAF is a 29-item four-level measurement scale based 

on WHO’s classification of impairments, disabilities, 

and handicap with consideration of available resources 

and environmental factors to compensate for functional 

impairment [41]. The SMAF assessed functional ability 

in 5 areas: activities of daily living (ADL) [7 items], 

mobility [6 items], communication [3 items], mental 

functions [5 items] and instrumental activities of daily 

living (IADL) [8 items]. For each item, the disability 

was scored on a 4-level scale: 0 (independent), −0.5 

(with difficulty), −1 (needs supervision), −2 (needs 

help), −3 (dependent). Resources available to 

compensate for the disability were also evaluated, and a 

handicap score was deducted. The stability of the 

resources was also assessed. A disability score (on −87) 

can be calculated, together with subscores for each 

dimension. Given the involvement of environmental 

factors, the SMAF evaluated a person’s FA rather than 

their IC alone [42]. 

 

Acquisition of mortality 

 

All participants in ILAS received a phone call by 

research nurses every 3 months to check their health 

conditions and survival status. These survival data were 

calculated from the index interview day until the last 

phone contact before 31 March 2022. 

 

Other variables 

 

Potential confounding variables were identified from 

previous literature, which included age, sex, education 

years, smoking and alcohol consumption in the past six 

months (yes versus no). The burden of disease was 

assessed by Charlson’s comorbidity index (CCI) [43]. 

Venous blood samples were collected from all ILAS 

participants after a 10-hour overnight fast. Biomarkers 

related to cardiometabolic health, hormones and 

biochemistry were tested for all participants, including 

fasting glucose, total cholesterol, triglycerides, LDL, 

insulin level, and homeostasis model assessment-insulin 

resistance (HOMA-IR)-insulin resistance. Inflammatory 

biomarkers (NLR, platelet-to-lymphocyte ratio, 

homocysteine, and hsCRP), age-related hormones 

(growth hormone, IGF-1, DHEA-S, testosterone, sex 

hormone binding globulin (SHBG), intact parathyroid 

hormone, and micronutrients (vitamin B12, folic acid 

and vitamin D, measured by 25-OH vitamin D) were 

also tested for all participants. Details of the machine, 

limit of detection, and intra- and inter-assay coefficients 

of variation for serum biomarkers are shown in the 
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appendix (Supplementary Table 3). The free androgen 

index (FAI) was calculated from testosterone and 

SHBG [44]. 

 

Statistical analysis 

 

Numerical variables were expressed as the mean ± 

standard deviation, and categorical variables were 

expressed as numbers with percentages. Comparisons 

of baseline characteristics between different IC or FA 

groups were performed by Student’s t test for 

continuous variables and chi-square tests or Fisher’s 

exact test for categorical variables. In the first part of 

this study, IC (≥82.7 vs. <82.7) and FA (≥98.9 vs. 

<98.9) at baseline were assigned to high IC/FA or low 

IC/FA groups according to the abovementioned cutoff 

values. Receiver operating curve (ROC) analysis and 

Youden’s index maxima were used to determine the 

optimal cutoff values that achieved optimal 

discrimination (Supplementary Table 4). Sub-

categories of IC as mobility (≥39.8 vs. <39.8), 

cognition (≥86.7 vs. <86.7), psychological (≥96.7 vs. 

<96.7), vitality (≥88.3 vs. <88.3), and sensory (≥83.3 

vs. <83.3) were categorized into high and low for 

comparisons of baseline characteristics. Multivariable 

logistic regression was used to assess the associations 

between identified biomarkers and low IC. Cox 

proportional hazard regression was used to evaluate 

the association between IC, FA, and mortality. 

Schoenfeld residuals were used to test proportionality 

assumptions in Cox proportional hazard models. 

Kaplan–Meier survival plots and log-rank tests were 

applied to investigate the association between IC, FA, 

and mortality. In the second part of this study, 

multivariable logistic regressions were used to identify 

biomarkers associated with maintained or improved IC 

or rapidly deteriorated IC. The rapidly deteriorated IC 

group was defined as those with a decline in IC score 

>10% (equal to the 1 standard deviation (SD) lower 

than the group mean of decline in IC score) between 

wave 1 and 3 survey. 

 

Biomarkers were dichotomized based on definitions 

used in previous literature: HOMA-IR (≥2 vs. <2) [45], 

high cholesterol (≥200 or taking lipid lower drugs vs. 

<200 mg/dL) [46], high triglycerides (≥150 or taking 

lipid lower drugs vs. <150 mg/dL) [46], high LDL-C 

(≥130 or taking lipid lower drugs vs. <130 mg/dL) [46], 

high fasting blood glucose (≥100 or taking oral anti-

diabetic drugs vs. <100 mg/dL) [46], hyper-

homocysteinemia (>15 vs. ≤15 μmol/L), and hsCRP 

(≥0.3 vs. <0.3 mg/dL) [47]. All other biomarkers, 

including the FAI, were tertilized [44]. Vitamin D 

insufficiency and deficiency were defined by 25-OH 

vitamin D <20 and <10 ng/mL, respectively [29]. 

A p value from two-sided tests <0.05 and 95% CIs not 

spanning the null hypothesis values were considered to 

be statistically significant. All analyses were performed 

using the SAS statistical package version 9.4 (SAS 

Institute, Inc., Cary, NC, USA). 
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lipoprotein cholesterol; HOMA-IR : homeostasis model 

assessment-insulin resistance -insulin resistance; NLR: 

neutrophil-to-lymphocyte ratio; FAI: free androgen 

index; ROC: Receiver operating curve. 
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SUPPLEMENTARY MATERIALS 
 

Supplementary Figures 
 

 
 

Supplementary Figure 1. Distribution of baseline and 7-year intrinsic capacity and functional ability. 
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Supplementary Figure 2. Logistic regression to explore biomarkers associated with maintained and improved intrinsic capacity 
at a 7-year follow up period. 
 

 



www.aging-us.com 763 AGING 

Supplementary Tables 
 

Please browse Full Text version to see the data of Supplementary Table 2. 

 

Supplementary Table 1. Basic characteristics of participants by intrinsic capacity and functional ability. 

Characteristics: mean ± 
SD or number (%) 

 Intrinsic capacity Functional ability 

Total 
(n = 1839) 

High 
(n = 1190)  

Low  
(n = 649) 

p 
High 

(n = 1769)  
Low  

(n = 70) 
p 

Age (years) 63.9 ± 9.3 60.6 ± 7.7 70.0 ± 8.8 <0.001 63.5 ± 8.9 76.0 ± 9.9 <0.001 

Sex (Men) 873 (47.5) 633 (53.2) 240 (37.0) <0.001 835 (47.2) 38 (54.3) 0.244 

Education (years) 6.2 ± 5.0 8.2 ± 4.5 2.5 ± 3.4 <0.001 6.4 ± 4.9 2.9 ± 4.1 <0.001 

Current tobacco smokera 336 (18.3) 220 (18.5) 116 (17.9) 0.745 320 (18.1) 16 (22.9) 0.311 

Current alcohol consumera  607 (33.0) 458 (38.5) 149 (23.0) <0.001 596 (33.7) 11 (15.7) 0.001 

Charlson comorbidity index 1.0 ± 1.3 0.7 ± 1.1 1.6 ± 1.4 <0.001 1.0 ± 1.2 2.3 ± 1.6 <0.001 

Walking speed (m/s) 1.5 ± 0.5 1.7 ± 0.4 1.1 ± 0.3 <0.001 1.5 ± 0.5 1.0 ± 0.4 <0.001 

MMSE 25.6 ± 4.0 27.6 ± 2.1 22.0 ± 4.2 <0.001 25.8 ± 3.8 21.1 ± 5.9 <0.001 

CESD 2.4 ± 4.5 1.2 ± 2.2 4.5 ± 6.5 <0.001 2.2 ± 4.3 7.1 ± 7.4 <0.001 

Mini-nutrition assessment 27.2 ± 1.8 27.7 ± 1.4 26.2 ± 2.1 <0.001 27.2 ± 1.7 25.7 ± 2.6 <0.001 

Sensory score 0.0 ± 0.2 0.0 ± 0.1 0.0 ± 0.3 <0.001 0.0 ± 0.0 −0.5 ± 0.7 <0.001 

SMAF −0.2 ± 1.6 0.0 ± 0.1 −0.5 ± 2.7 <0.001 0.0 ± 0.0 −4.6 ± 7.0 <0.001 

Intrinsic capacity 84.2 ± 6.2 87.8 ± 3.4 77.7 ± 4.8 <0.001 84.6 ± 5.7 73.5 ± 8.4 <0.001 

Functional ability 99.8 ± 1.9 100.0 ± 0.1 99.4 ± 3.1 <0.001 100.0 ± 0.0 94.7 ± 8.1 <0.001 

aAny use during 6 months preceding enrollment. Abbreviations: MMSE denotes: Mini-Mental State Examination; CESD 
denotes: Center for Epidemiologic Studies—Depression scale; SMAF denotes: Functional Autonomy Measurement System. 
 

 

Supplementary Table 2. Basic characteristics of participants by subcategories of intrinsic capacity. 

 

 

Supplementary Table 3. Details of measurement devices for serum biomarkers. 

Biomarkers Unit Methods Machine Company Country 
Limit of 
detection 

Intra- assay 
coefficients 

of variation 

Inter-assay 
coefficients 

of variation 

Fasting glucose mg/dL Hexokinase 
ADVIA Chemistry 

XPT 
SIEMENS Germany 70 1.46 1.19 

Insulin mU/L Chemiluminescence ADVIA CentaurXPT SIEMENS Germany 3 4.79 4.17 

Cholesterol mg/dL Enzymatic 
ADVIA Chemistry 

XPT 
SIEMENS Germany 0 1.51 0.92 

Triglycerides mg/dL Enzymatic GPO 
ADVIA Chemistry 

XPT 
SIEMENS Germany 0 2 1.22 

LDL mg/dL 
Direct Homogenous 

Surfactant 
ADVIA Chemistry 

XPT 
SIEMENS Germany 0 2.54 1.68 

Homocysteine μmol/L Chemiluminescence ADVIA CentaurXPT SIEMENS Germany 6.5 5.52 5.24 

IGF-1 ng/mL 
Chemiluminescence 

Immunoassay 
DOC Immulite 2000 

Xpi 
SIEMENS Germany 0 5.11 5.73 

DHEA-S μg/dL 
Electrochemiluminescense 

immunoassay (ECLIA) 
Cobas e411 Roche  Germany 9.4 3.95 2.74 

GH ng/mL Chemiluminescence Access 2 
Beckman 
Coulter 

USA 0.1 3.444 2.429 

hsCRP mg/dL 
Latex enhanced 

immunoturbidimetric 
ADVIA Chemistry 

XPT 
SIEMENS Germany 0 2.898 1.251 

White blood cell 103/μL Microscopy XN-9000 SYSMEX Japan 3.5 1.21 1.19 

Platelet 10³/μL Microscopy XN-9000 SYSMEX Japan 150 2.96 1.09 

Neutrophil % Microscopy XN-9000 SYSMEX Japan 39 2.36 1.24 
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Lymphocyte % Microscopy XN-9000 SYSMEX Japan 19 3.36 1.76 

Testosterone ng/dL Chemiluminescence ADVIA CentaurXPT SIEMENS Germany 10 6 4.48 

SHBG nmol/L 
Electrochemiluminescense 

immunoassay (ECLIA) 
Cobas e411 Roche Germany 0.35 3.99 3.6 

Vitamin B12 pg/mL Chemiluminescence ADVIA CentaurXPT SIEMENS Germany 247 3.84 3.66 

Folic acid ng/mL Chemiluminescence ADVIA CentaurXPT SIEMENS Germany 5.39 8.06 7.95 

25-OH vitamin D ng/mL Chemiluminescence LIAISON DiaSorin Italy 30 3.77 4.01 

iPTH  pg/mL Chemiluminescence ADVIA CentaurXPT SIEMENS Germany 18.5 5 2.86 

Abbreviations: LDL denotes: low density lipoprotein cholesterol; IGF-1 denotes: insulin-like growth factor 1; DHEA-S denotes: 
dehydroepiandrosterone sulfate; GH denotes: growth hormone; hsCRP denotes high sensitive C reactive protein; SHBG denotes: sex 
hormone-binding globulin; iPTH denotes: intact parathyroid hormone. 

 

 

Supplementary Table 4. ROC analysis to determine the cut-off values of intrinsic capacity and functional ability. 

 Intrinsic capacity Functional ability 

c-statistics 0.710 0.546 

Estimated coefficient −0.114 −0.136 

Standard Error 0.011 0.038 

Odds Ratios (95% Confidence intervals) 0.89 (0.87,0.91) 0.87 (0.81,0.94) 

Cutoff values 82.7 98.9 

Sensitivity 0.634 0.122 

Specificity 0.690 0.974 

 

 


