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Abstract
IMPORTANCE: Intrinsic capacity (IC), defined by the World Health 
Organization’s Integrated Care for Older People (ICOPE) framework, 
is crucial for promoting healthy aging. Understanding the associations 
between IC impairments and age-related biomarkers can provide 
insights into the underlying pathophysiological mechanisms and 
potential interventions.
OBJECTIVE: To investigate the associations between IC impairments 
(ICOPE step 1 and step 2, respectively) and aging-related biomarkers, 
including inflammatory and cardiometabolic markers, in community-
dwelling middle-aged and older adults.
DESIGN, SETTING, AND PARTICIPANTS: Cross-sectional analysis 
of data from 755 participants (aged 50-64 years, n=212; 65-74 years, 
n=357; ≥75 years, n=186) enrolled in the Gan-Dau Healthy Longevity 
Plan, a community-based survey in Taipei City, Taiwan, from 2022.
EXPOSURES: IC impairments assessed by ICOPE Step 1 (screening) 
and Step 2 (in-depth assessment) across six domains: locomotion, 
vitality, vision, hearing, cognition, and psychological well-being.
MAIN OUTCOMES AND MEASURES: Levels of inflammatory 
biomarkers (albumin, white blood cell count, neutrophils, lymphocytes, 
monocytes, neutrophil-to-lymphocyte ratio [NLR], lymphocyte-
to-monocyte ratio [LMR], platelet-to-lymphocyte ratio [PLR]) and 
cardiometabolic biomarkers (low-density lipoprotein cholesterol 
[LDL-C], high-density lipoprotein cholesterol [HDL-C], total 
cholesterol, fasting glucose, triglycerides, triglyceride-glucose [TyG] 
index).
RESULTS: Of the 755 participants, the mean age was 68.5 years, 
and 68.2% were women. The proportion of participants with any IC 
impairment increased with age: 63.2% for those aged 50-64, 65.8% for 
those aged 65-74, and 74.7% for those aged ≥75 years based on ICOPE 
Step 1. For ICOPE Step 2, the proportions were 59.9%, 56.9%, and 
64.0%, respectively. Impairments in locomotion and cognition were 
significantly higher in the oldest age group (≥75 years). Adjusted for 
covariates, IC impairment (ICOPE Step 2) was associated with higher 
levels of neutrophil count (β = 3.17, p = 0.015) and NLR (β = 0.34, p = 
0.021) in those aged 50-64 years, and higher levels of monocyte count 
in those aged 65-74 years (β = 0.65, p = 0.001) and ≥75 years (β = 0.68, 
p = 0.037).
CONCLUSIONS AND RELEVANCE: In conclusion, IC impairments 
were associated with alterations in specific inflammatory biomarkers, 
suggesting potential interactions between IC, age, and inflammatory 
processes. Longitudinal studies are warranted to establish causal 

relationships and elucidate the underlying mechanisms linking IC 
impairments, immune dysregulation, and the aging process.

Key words: Intrinsic capacity, Integrated Care for Older People 
(ICOPE), cardiometabolic risk, immune resilience, healthy longevity.

Introduction

Population aging, a global phenomenon marked by 
a shift in demographics towards older populations, 
presents a multifaceted challenge for developed 

and developing countries alike, and Taiwan is no exception 
(1). In response to the multidimensional challenges posed 
by population aging, the World Health Organization (WHO) 
published the World Report on Aging and Health, advocating 
for healthy aging as a new paradigm to support healthcare 
systems and societies. Subsequently, the WHO introduced the 
Integrated Care for Older People (ICOPE) framework, which 
operationalizes the measurement of intrinsic capacity (IC) 
and systematically promotes healthy aging (2). At its core, the 
ICOPE strategy seeks to uphold optimal functional abilities 
among older adults while mitigating or compressing care 
dependency as much as possible. Central to this approach is the 
concept of IC, which encompasses an individual’s physical and 
mental capabilities crucial for promoting healthy aging (3).  

To effectively identify individuals at risk of care 
dependency, the ICOPE healthcare pathway begins with ICOPE 
Step 1 (4, 5), which involves screening for failing tasks across 
six domains of IC: locomotion, vitality, visuality, hearing 
loss, cognitive function, and psychological well-being. It is 
important to note that these identified failing tasks do not 
constitute clinical diagnoses; rather, they serve as indicators 
that may stem from underlying health conditions. Following 
the screening process, the results act as triggers for subsequent 
steps within the ICOPE pathway. This includes conducting 
more in-depth assessments (Step 2) to pinpoint the root causes 
of IC decline and establishing personalized care plans tailored 
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to the individual’s specific needs and circumstances. Existing 
studies have reported that each of these elements, alone or 
in combination, significantly predicts subsequent disability, 
dementia, and other adverse health outcomes (4, 6-9).

Among all health outcomes and pathophysiological 
characteristics investigated, the link between IC and biomarkers 
has attracted attention but remained limited and inconclusive 
(10, 11). During the aging process, the cardiometabolic risk, 
as assessed by serum lipid and glycemic profiles, exhibits 
significant alterations that profoundly impact on healthy 
longevity. With advancing age, alterations in lipid metabolism 
often present with an increase in total cholesterol, low-density 
lipoprotein cholesterol (LDL-C), and triglycerides, alongside a 
decline in high-density lipoprotein cholesterol (HDL-C) levels. 
These changes accelerate the development of atherosclerosis 
and cardiovascular disease, which are major contributors 
to morbidity and mortality in older adults (12). Similarly, 
glycemic regulation becomes less efficient with age, resulting 
in a higher prevalence of impaired glucose tolerance and type 
2 diabetes among older individuals (13, 14). These metabolic 
changes are closely intertwined with age-related conditions, and 
the triglyceride-glucose index has garnered extensive research 
interest due to its associations with metabolic health and insulin 
resistance (14). 

Complementing the well-known metabolic alterations, age-
associated dysregulation of the immune system, including 
immunosenescence and inflammaging, has emerged as a 
critical area of research. Immunosenescence, marked by a 
dampened responsiveness to antigens and/or cellular immunity, 
and inflammaging, characterized by a chronic propensity for 
low-grade inflammation, represent distinct but interconnected 
facets of age-related immune dysfunction (10, 11, 15-17). 
Recognizing the heterogeneity of aging, the concept of immune 
resilience has recently emerged, highlighting individual 
potentials in immune reserve, particularly the ability to resist 
environmental challenges (18). Specifically, the neutrophil-to-
lymphocyte ratio (NLR) and lymphocyte-to-monocyte ratio 
(LMR) are identified as biomarkers of changes in the innate and 
adaptive immunity during aging(19, 20). 

Despite established links between IC and inflammatory 
biomarkers,  elucidating the interplay between IC, 
immunological dysfunction, and metabolic alterations during 
aging remains crucial for promoting overall health resilience 
and facilitating a more active and fulfilling late-life experience 
in older adults. Therefore, the aim of this study is to investigate 
the associations between IC (both ICOPE Step 1 and Step 
2) and aging-related biomarkers (including inflammatory, 
cardiometabolic biomarkers and immune resilience) in 
community-dwelling middle-aged and older adults.

Methods

Study subjects

Data extracted from 755 participants enrolled in The Gan-
Dau Healthy Longevity Plan (21-24), a community-based 
survey overseen by the Taipei Municipal Gan-Dau Hospital 

and situated within the Gan-Dau community of the Beitou 
District in Taipei City, were accessed for analytical purposes. 
The Gan-Dau locality is home to an estimated population of 
55,000 individuals, characterized notably by a demographic 
composition where individuals aged 65 years and older 
constitute more than 18.5% of the population as of 2022. The 
primary objective of The Gan-Dau Healthy Longevity Plan 
is to implement the ICOPE strategies with well-evidenced 
interventions and enhance IC and well-being of the community, 
in accordance with the principles delineated in the "UN Decade 
of Healthy Ageing". Employing tailored methodologies, the 
plan is designed to realize its goals effectively (25).” Based 
on the “ICOPE: guidance for person-centred assessment and 
pathways in primary care” released by the WHO (26), which 
adopted a life-course approach, the IC assessment is applied 
mainly but not limited to older adults. To better capture the life-
course risk of IC impairments, the Gan-Dau Healthy Longevity 
Plan included community-dwelling people aged 50 years and 
older to promote healthy aging (21-24).

The cohort in this study was identified from the 2022 Gan-
Dau Healthy Longevity Plan survey, in which 810 participants 
were enrolled. Data in the survey were collected via face-
to-face interviews that included demographics, household 
information, chronic medical conditions, and assessments of 
physical, functional, and mental health. Among them, we 
excluded participants with incomplete data in demographics 
(n=16) and each domain of IC measurements (n=39). As we 
planned to examine how IC impairments and their associations 
varied during the aging process, study participants were further 
stratified by age (50–64, 65-74, 75+ years old).  

Ethics statement

The design and implementation of this study adhered to the 
ethical principles outlined in the 1964 Declaration of Helsinki 
and its subsequent amendments. The study protocol was duly 
sanctioned by the institutional review board of National Yang 
Ming Chiao Tung University (No. YM110149F), and the 
participants provided their written informed consent prior to 
their enrolment in the study.

Domains of Intrinsic capacity: ICOPE Step 1

We operationalized an IC screening tool similar to the 
ICOPE Step 1 (26), based on the detection of IC impairments 
(fail tasks). Specifically, we adhered closely to the definition of 
the ICOPE Step 1 tool for three domains:

Locomotion: To assess mobility, participants were instructed 
to perform a 6-meter timed walk, aiming for a speed of less than 
1.0 meters per second. This definition is also accordant to the 
Asian Working Group for Sarcopenia (AWGS) 2019 consensus 
(27). Since the Gan-Dau Healthy Longevity Plan survey cohort 
included participants under 65 years old, the cutoff for defining 
task failure in the locomotion domain for participants aged 
50-64 years was defined as the lowest 20 percentiles of the 
group’s 6-meter timed walk performance. For men, the cutoff 
for people aged 50-64 years was set at less than 1.08 meters per 
second, and for women, it was less than 1.04 meters per second.
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Vitality: Self-reported indicators of weight loss or appetite 
loss were utilized to gauge vitality and nutritional status. 

Cognition: Time and space orientation plus word recall (28).
Due to data  avai labi l i ty ,  we had to  adapt  the 

operationalization of vision, auditory, and psychological 
domains.

Vision: For participants answering "yes" to any of the 
question: 1) "(Even if wearing glasses), do you have visual 
problems in seeing far or reading, 2) or eye diseases?"; 

Hearing: For participants answering "yes" to the question 
"When talking to someone, the other person often needs to 
speak louder or speak again?"

Psychological well-being: We used the Geriatric Depression 
Scale (GDS-5), a widely recognized and validated instrument 
for detecting depression in older adults (29). For participants 
answering "yes" to the item 2 of GDS-5, "Do you feel bored 
most of the time?", or responding "yes" to the item 5 of the 
GDS-5 "Do you feel hopeless most of the time?". Three experts 
(two geriatricians, one general practitioner, and one researcher 
in clinical gerontology) judged these GDS items as the closest 
ones to the ICOPE screening. 

Domains of Intrinsic capacity: ICOPE Step 2

For ICOPE Step 2, the following definitions were adopted. 
The definitions of locomotion, vision and auditory were the 
same as ICOPE Step 1 in this study, but eventually, the Step 2 
assessment were used based on clinical scenarios.

Vitality: MNA-SF score: 0–16, with higher scores indicative 
of better nutrition. The MNA-SF < 12 was selected as a cut-off 
(30).

Cognition: Mini-mental status examination (MMSE) (31). 
The cut-off point of the MMSE for people with any level of 
education is 24, and for those who have never attended school 
is 14 (32).

Psychological well-being: Geriatric Depression Scale (GDS-
5). Participants were asked to answer “yes” (scored as “1”) 
or “no” (scored as “0”) for each item. Their responses were 
summed to create an overall depression score ranging from 0 
to 5, with a higher score indicating a higher level of depression. 
The GDS-5 >= 2 was selected as a cut-off (29).

Age-related biomarkers

After a 10-hour overnight fast, venous blood samples were 
obtained from all participants to assess age-related biomarkers, 
including immune biomarkers (albumin, white blood cell 
(WBC) count, neutrophil, lymphocyte, platelet, neutrophil-to-
lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR)
and platelet-to-lymphocyte ratio (PLR)) and cardiometabolic 
biomarkers LDL-C, HDL-C, total cholesterol, fasting glucose, 
triglycerides, and triglyceride-glucose (TyG) index (TyG index 
= ln [Fasting triglyceride (mg/dl) × fasting glucose (mg/dl)]/2).

 

Table 1. Demographics of study participants, stratified by age
Demographics 50-64

(n=212)
65-74

(n=357)
75+

(n=186)
p-value

Sex 0.500
  Male 67 (31.6%) 108 (30.3%) 65 (35.0%)
  Female 145 (68.4%) 249 (69.7%) 121(65.0%)
Educational years <.0001
  <6 12 (5.7%) 95 (26.6%) 91 (48.9%)
  7-9 30 (14.2%) 49 (13.7%) 33 (17.7%)
  >10 170 (80.2%) 213 (59.7%) 62 (33.33)
Marital status <.0001
  Married 172 (81.1%) 272 (76.2%) 117 (62.9%)
  Divorced/separated/widowed 40 (18.9%) 85 (23.8%) 69 (37.1%)
Living status 0.003 
  Alone 6 (2.8%) 27 (7.6%) 19 (10.2%)
  With spouse or family member 206 (97.2%) 330 (92.4%) 167 (89.8%)
Religion belief 162 (76.4%) 304 (85.2%) 171 (91.9%) <.0001
Currently employed 95 (44.8%) 46 (12.9%) 8 (4.3%) <.0001
Current smoker 12 (5.7%) 11 (3.1%) 7 (3.8%) 0.309 
Current drinking 40 (18.9%) 37 (10.4%) 12 (6.5%) 0.0001 
Chronic condition, No. <.0001
  0 51 (24.1%) 48 (13.5%) 19 (10.2%)
  1 44 (20.8%) 68 (19.1%) 31 (16.7%)
  2+ 117 (55.2%) 241 (67.5%) 136(73.1%)
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Demographic characteristics 

The following demographic characteristics for each study 
participant were collected: sex (male, female), age (categorized 
as 50-64, 65-74, and 75+ years), educational years (<6, 7-9, 
>10), marital status (married and others), living status (alone, 
with spouse or other family members), religion belief (yes/no), 
employment status (yes/no), lifestyle behaviors (current smoker 
and current drinking), and number of self-reported chronic 
medical conditions (0, 1, 2+).

Statistical analysis

All analyses in this study were stratified by age. 
Comparisons of demographics between those with and 
without IC impairments (ICOPE Step 1 and Step 2) were 
performed with the chi-square or Fisher’s tests for categorical 
variables and t-tests for continuous variables when appropriate. 
Multivariate generalized linear model (GLM) was further 
used to examine the association between IC impairments 
(ICOPE Step 1 and Step 2) and changes in biomarkers, with 
the adjustment of sex, educational years, marital status, living 
status, religion belief, employment status, lifestyle behaviors 
(current smoker and current drinking), and number of self-
reported chronic medical conditions (0, 1, 2+). For all tests, a 
two-tailed p value <0.05 was considered statistically significant. 
All data were analyzed using SAS, version 9.4 (SAS Institute, 
Inc., Cary, NC).

 
Results

Study cohort and demographics

Table 1 summarizes the demographic characteristics of the 
study participants stratified by three age groups (aged 50-64, 
65-74 and 75+). In total, 755 participants (aged 50-64 (n=212), 
65-74 (n=357) and, 75+ (n=186)) were included in the study. 
The sex distribution was comparable within each age strata, 
with female as the dominant gender (aged 50-64 (68.4%), 65-74 
(69.7%) and, 75+ (65.0%), p=0.500).

The proportion of married participants decreased with 
age (aged 50-64 (81.1%), 65-74 (76.2%) and, 75+ (62.9%), 
p<0.001) and percentage of people living alone increased 
with age (aged 50-64 (2.8%), 65-74 (7.6%) and, 75+(10.2%), 
p=0.003). Study participants in the highest age strata had the 
highest proportion of having religion belief (91.9%, p<0.001). 
The employment rate decreased by age, with only 4.3% of those 
aged 75+ being currently employed (p<0.001). Those aged 75+ 
were less likely to be current drinkers (aged 50-64 (18.9%), 
65-74 (10.4%) and, 75+ (6.5%), p<0.001).

Intrinsic capacity (IC) impairments by ICOPE Step 
1 and Step 2

Table 2 revealed the IC impairments across different age 
groups. Overall, the proportion of IC impairments increased 

with age. For ICOPE Step 1 screening, the proportion of 
any IC impairment was 63.2%, 65.8%, and 74.7% for those 
aged 50-64, 65-74, and 75+, respectively. Those with any IC 
impairment identified by ICOPE Step 2 were 59.9%, 56.9%, 
and 64.0% for those aged 50-64, 65-74, and 75+, respectively.

For locomotion impairment (measured by the 6-meter 
walking speed in both Step 1 and Step 2), the highest proportion 
was found in those aged 75+ (39.8%) versus approximately 
20% in those aged 50-64 and 65-74. For most of the IC 
domains, the proportion of impairments (screened based on 
ICOPE Step 1) increased with age. These include vision (aged 
50-64 (37.3%), 65-74 (40.3%) and, 75+ (45.2%)), and cognition 
(aged 50-64 (9.4%), 65-74 (11.5%) and, 75+ (21.0%)), 
although only cognition domain reached statistical significance 
(p<0.001). Similar findings were found in the cognition domain 
identified by the ICOPE Step 2 (MMSE, aged 50-64 (1.9%), 
65-74 (3.9%) and, 75+ (8.1%), p=0.003). 

Despite not reaching statistical significance, we noticed that 
those aged 50-64 had the highest impairment in psychological 
well-being identified by ICOPE Step 1 (18.9%) and Step 2 
(13.2%). Noteworthy, those aged 50-64 also had the highest 
impairment in vitality (16.0%) identified by the ICOPE Step 2 
(MNA-SF), which deserves further investigation. 

The association between IC and biomarkers

Table 3 (a) reveals the association between IC (ICOPE 
Step 1) and biomarkers. The levels of biomarkers were all 
comparable between those who failed task (ICOPE Step 1) and 
those who did not. Unadjusted and multivariate GLM also yield 
no statistically significant associations between IC (ICOPE Step 
1) and biomarkers (Table 4 (a)). 

Table 3 (b) reveals the association between IC impairment 
(ICOPE Step 2) and biomarkers. Among those aged 50-64, a 
higher level of neutrophil count (56.8% vs. 54.4%, p=0.026) 
and NLR (1.8 vs. 1.6, p=0.011) were found in those with IC 
impairments (ICOPE step 2). Those with IC impairments 
(ICOPE Step 2) also had higher level of TyG index (median 8.5 
(IQR 8.2-8.9) vs. 8.3 (8.0-8.7), p=0.046). Multivariate GLM 
indicated that IC impairment (ICOPE Step 2) was associated 
with higher level of neutrophil count (β: 3.17, p=0.015) and 
NLR (β: 0.34, p=0.021). (Table 4 (b))

Among those aged 65-74, a higher level of lymphocyte 
count (34.8% vs. 32.9%, p=0.031) and monocyte count (7.4% 
vs. 6.8%, p=0.003) were found in those with IC impairments 
(ICOPE Step 2) (Table 3 (b)). Multivariate GLM indicated 
that IC impairment (ICOPE Step 2) was associated with higher 
level of monocyte count (β: 0.65, p=0.001). (Table 4 (b)) 
Among those aged 75+, multivariate GLM also indicated that 
IC impairment (ICOPE Step 2) was associated with higher 
levels of monocyte count (β: 0.68, p=0.037).

Discussion

This study found an age-dependent trend of IC impairments 
in both ICOPE Step 1 and 2. For example, over 74% of those 
aged 75+ had limitations in at least one domain of IC, compared 
to 63% of those aged 50-64. Examining specific areas, the 
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prevalence of impairments in locomotion and cognition were 
significantly higher in the oldest age group. We also looked 
at associations between IC and various biomarkers. While 
no significant connection was found for people in all age 
groups combined, further analysis revealed some interesting 
trends. Among the oldest participants (aged 75+), those 
with IC impairments had higher levels of monocyte count. 
Similarly, for people between 65-74, IC impairment was linked 
to elevated monocyte count. In the youngest group (aged 
50-64), individuals with IC limitations showed increased levels 
of neutrophil count and NLR. A recent study reported that 
higher NLR and MLR were associated with transitions from 
healthy to pre-frail/frail states and increased mortality risk, 
independent of other factors (20). The observed association 

between NLR/MLR and health outcomes may reflect impaired 
immune resilience rather than chronic low-grade inflammation. 
This interpretation aligns with the observed IC impairments in 
participants with high NLR/MLR. 

Our study offers a comprehensive IC screening (ICOPE Step 
1) and assessment (ICOPE Step 2) in a community-dwelling 
middle-aged and older adult, which is seldom reported in 
existing literatures. The ICOPE framework is envisioned to 
function in a multiple-tiered approach. Step 1 offers self-
assessment tools, empowering older adults to gain insights 
into their IC. Conversely, Step 2 is geared towards clinical 
settings. Here, healthcare professionals can employ more 
specific assessments tailored to individual needs, enabling a 
more comprehensive evaluation of IC to inform subsequent 

Table 2. Intrinsic capacity impairments (ICOPE step 1 and step 2), stratified by age
50-64

(n=212)
65-74

(n=357)
75+

(n=186)

Intrinsic capacity (IC) step 1(fail task)/   step 
2 (impairment)

step 1(fail task)/   step 
2 (impairment)

step 1(fail task)/   step 
2 (impairment)

p-value

Step 1 (Fail task in any IC) 63.2% 65.8% 74.7% 0.016

Step 2 (Any IC impairment) 59.9% 56.9% 64.0% 0.446

Subdomain

  Locomotion 

    Step 1

      6 meters walking speed 21.2% 21.6% 39.8% <0.001

    Step 2

      6 meters walking speed 21.2% 21.6% 39.8% <0.001

  Vitality

    Step 1

      Severe/moderate appetite loss or weight loss in the past 3 months 6.1% 7.6% 7.5% 0.578

    Step 2

      MNA-SF; <12 16.0% 14.6% 12.4% 0.301

  Vision

    Step 1

      Difficulties in seeing far or reading 37.3% 40.3% 45.2% 0.112

    Step 2

      Self-reported visual impairment resulting in difficulties in daily life 33.0% 27.7% 26.3% 0.135

  Hearing

    Step 1

      When talking to someone, the other person often needs to speak louder or speak again 4.7% 9.2% 9.1% 0.093

    Step 2

      Self-reported hearing impairment resulting in difficulties in daily life 2.4% 3.1% 3.8% 0.415

  Psychological

    Step 1

      Life is hopeless or feeling bored most of the time 18.9% 12.5% 15.6% 0.322

    Step 2

      GDS>=2 13.2% 8.1% 10.8% 0.376

  Cognition

    Step 1

      Time disorientation, place disorientation, or three words recall 9.4% 11.5% 21.0% <0.001

    Step 2

      MMSE; illiterate <14; literate<24 1.9% 3.9% 8.1% 0.003

IC= intrinsic capacity, MNA-SF= Mini Nutritional Assessment-short form, GDS= Geriatric Depression Scale, MMSE= Mini-mental status examination
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care plans. To the best of our knowledge, very few programs 
are promoting ICOPE in the real-world community instead 
of findings from existing research cohort and the Gan-Dau 
Healthy Longevity Plan (Taiwan) is one of them (21). In 
addition, only few studies with limited, non-generalizable 
samples have compared ICOPE Step 1 and 2 assessment results 
(33). Prior investigations explored the relationship between IC 
impairment and associated biomarkers are also very limited.

A study in Singapore used a relatively small sample 
comparing ICOPE Steps 1 and 2 assessments for IC in older 
adults. Both steps found a high prevalence of IC impairments 
(over 66%), but Step 2 offered a more detailed picture, in which 
locomotion and cognition were the most commonly affected 
domains (around 40% and 25%, respectively) compared to 
the general screening of Step 1 (34). Rodríguez-Laso, et al 
evaluated the clinical efficacy of ICOPE screening tool and 
found that individual IC domain (e.g. locomotion domain), but 
not the overall IC, predicted dependence and hospitalization 
over 3 years. In particular, the cognition domain showed 
weaknesses in predicting adverse outcome (35). However, 
another study investigated whether ICOPE Step 1 cognition 
assessment could predict dementia in older adults, and found 
that forgetting the weekday (time disorientation) tripled the risk 
of dementia within 5 years (hazard ratio (HR) 3.11, 95% CI: 
1.18-8.17), while mistakes recalling words also significantly 
increased the risk of dementia (HR for two mistakes = 3.50, 
95% CI: 1.49-8.26; HR for three mistakes = 4.28, 95% CI: 
1.60-11.46) (36). Our findings mirrored previous observations 
that ICOPE Step 1 detected a higher prevalence of overall 
IC impairment, while Step 2 identified individuals with 
potentially specific disease risks requiring further workup. 
Locomotion and cognition were the most commonly affected 
domains, exhibiting an age-related decline. While prior ICOPE 
research has primarily focused on older adults, our findings in 
participants aged 65 and above align with existing literature. 
However, the middle-aged group showed a higher prevalence 
of vitality and psychological well-being impairments compared 
to older groups, suggesting potential factors like unidentified 
psychological stress, depressive moods, or intake issues specific 
to this age range. In this age group of our study, females 
significantly outnumber males and they did show stronger 
worries about life, less resilient and less happiness (24, 37), 
which might be an explanation regarding the phenomenon we 
revealed. However, it needs further study to provide proper 
answer.

A study using the data of UK Biobank indicated that 
lower IC significantly predicted higher risk of cardiovascular 
disease (CVD) and even death from CVD over 10 years (38). 
Moreover, in a study of over 1,200 older adults, researchers 
found that higher levels of inflammatory markers in the blood 
(CRP, IL-6, TNFR-1, MCP-1, GDF-15) were associated with 
both lower baseline IC and a faster decline in IC over 4 years 
(39). The same research group further demonstrate that while 
IC exhibits heterogeneous longitudinal trajectories, higher 
concentrations of inflammatory markers (IL-6, TNFR-1) and 
the mitochondrial dysfunction marker GDF-15 are associated 
with an increased risk of accelerated decline in overall physical 

and mental health among older adults (11). These findings 
suggest a potential link between cardiometabolic risk, chronic 
inflammation and reduced physical and mental capacity in the 
aging process. Our previous study found that people with lower 
IC had higher levels of inflammatory markers (IL-6), lower 
levels of albumin and folate, and were more likely to carry the 
APOE ε4 gene (especially those 60 and older) (9). 

In the aging process, some individuals exhibit a remarkable 
ability to maintain optimal immune resilience throughout their 
lives, even in the face of aging and inflammatory stressors. 
They preserve and rapidly restore immune functions that 
promote disease resistance and control inflammation. The 
balance between CD8+ and CD4+ T-cell levels, as well as 
gene expression signatures tracking immunocompetence versus 
inflammation, may represent indicators of immune resilience. 
In other words, maintaining the optimal ratio of these T-cell 
types and monitoring gene expression patterns related to 
immune function and inflammation could be crucial markers 
of a robust and adaptable immune system (18). In addition 
to the aforementioned items, the NLR and MLR have been 
reported as markers of immune resilience that higher NLR 
and MLR significantly predicted frailty and death (18). In this 
study, NLR was higher in individuals with IC impairment 
(Step 2) compared to those without in the 50-64 and 65-74 age 
groups, but not in the 75+ age group. However, there was no 
consistent association between IC impairment and the levels of 
immune biomarkers across age groups in the regression model. 
These findings suggest that the relationship between immune 
resilience and IC impairment may not be straightforward 
and may vary with age. The association between immune 
resilience and IC impairments over time may be influenced by 
additional, yet unidentified, confounding factors. Nonetheless, 
these findings suggest that aging and IC impairments are not 
solely attributable to chronic inflammation. Rather, a complex 
interplay between these factors and immune resilience appears 
to underlie the observed associations.

While this study offers valuable insights, inherent limitations 
associated with the study design and data limited the ability to 
definitively establish causal links between IC and outcomes of 
interest. First, the cross-sectional nature of the study precludes 
the determination of causality between IC impairments and 
age-related biomarkers. Follow-up studies are warranted to 
further validate our findings. Second, the age strata employed 
in the cross-sectional design might not adequately capture 
the longitudinal effects, as middle-aged individuals may 
be undergoing specific life-course environmental stressors 
not accounted for. However, one recent study building IC 
throughout adulthood (aged 20-102) and their association with 
clinical outcomes (5) has found higher IC levels in young 
and middle age and markedly lower levels after the age of 
65 years. In this study, all assessments of IC (including self-
reported ones) were operationalized exactly the same for 
those aged 20-49, 50-69, 70+, which support the operational 
definitions of our study. Nevertheless, future studies may be 
warranted to investigate the validity of these assessments in 
different age groups. Third, while the absence of T-cell subset 
data precluded a comprehensive assessment of standardized 
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immune resilience, NLR and MLR have been established as 
effective and practical markers in community-based studies. 
Acknowledging the methodological limitations, this study 
presents a novel investigation into the association between IC 
impairment and immune resilience. This finding paves the way 
for further research exploring the potential for balancing the 
detrimental effects of immune senescence and inflammaging 
during the aging process.

Conclusion

In conclusion, this study revealed a significant association 
between IC impairments and alterations in specific 
inflammatory biomarkers, but not cardiometabolic risk 
profiles. This finding suggests a potential interplay between 
IC, chronic inflammation and immune resilience. To establish 
causal relationships and illuminate the intricate mechanisms 
linking IC impairments, immune dysregulation, and the aging 
process, future longitudinal studies and intervention studies are 
warranted. 
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