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Purpose: Intrinsic capacity (IC) reflects the overall health status of older adults and has great public health significance. But few
studies described the related biomarkers for IC. The aim of this study was to investigate the association between homocysteine (Hcy)
and IC in older adults.
Participants and Methods: This cross-sectional study included 1927 community-dwelling Chinese older adults aged 60–98 years
from May 2020 to December 2020. Data were collected through interviews, physical examinations, and laboratory tests. IC involved
five domains of cognition, locomotion, sensory, vitality, and psychology evaluated by the Mini-cog scale, 4-m walk test, self-reported
visual and hearing conditions, MNA-SF scale, and GDS-4 scale, respectively. The score of each domain dichotomized as 0 (normal)
and 1 (impaired) was added together to an IC total score. Low IC was defined as a score of 3–5, and high IC as 0–2. Hcy was measured
by a two-reagent enzymatic assay. A restricted cubic spline regression model was used to explore the non-linear relationship between
Hcy and low IC.
Results: Hcy was higher in the low IC group than in the high IC group. Restricted cubic spline analysis revealed a J-shaped nonlinear
association between Hcy and low IC. The risk of IC decline was slowly decreased until 8.53 µmol/L of Hcy (OR=0.753, 95%
CI=0.520–1.091, P=0.132), and increased with elevations of per 5 µmol/L Hcy afterwards (OR=1.176, 95% CI=1.059–1.327,
P=0.005). Among the five domains of IC, Hcy had ORs of 1.116 (1.009–1.247) for cognition impairment, 1.167 (1.055–1.305) for
vitality, and 1.160 (1.034–1.303) for psychology per 5 µmol/L increase in Hcy above the change point. Additional sensitivity analysis
also demonstrated the nonlinear association between Hcy and low IC.
Conclusion: Hcy had a J-shaped association with low IC. Higher Hcy (Hcy ≥8.53µmol/L) might provide clinical implications for
early identifying the risk of low IC.
Keywords: homocysteine, intrinsic capacity, older adults, frailty

Introduction
At present, “healthy aging” has become a major public health concern globally. The goal of healthy aging is to develop
and maintain function ability needed for healthy life in older adults. The World Health Organization (WHO) released the
“World report on aging and health”, and the concept of intrinsic capacity (IC) was first proposed in the report.1 IC plays
an crucial role in promoting healthy aging because IC can determine the functional ability of older adults in combination
with the environmental factors.2 IC is defined as the sum of mental and physical strength in individuals, reflecting the
basis of what old people can do. Five domains were proposed for IC screening: cognition, locomotion, sensory, vitality,
and psychology by the WHO in 2017.3 IC embodies the overall state of older adults, which penetrates the entire life over
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time, instead of an observation indicator at a given moment.4,5 The statistics data of IC is relatively limited. Based on the
small amount of literature, the proportion of IC impairment in one domain or more is about 64.5%-89.3%,6–11 indicating
that the decline in IC is prevalent among older adults. Due to the differences in included populations and IC assessments,
IC status still requires more exploration and research to know for certain. Constructing the health system with IC as the
core to provide monitoring, evaluation, and interference in IC can promote a shift from a disease-centered model to
a human-centered model to satisfy the health needs of older adults.12

Homocysteine (Hcy) is a sulfur-containing amino acid metabolite involved in methionine metabolism.13

Hyperhomocysteine is characterized by a high level of Hcy, and can result in cardio-cerebrovascular disorders through
damage to vascular endothelial cells and oxidative stress, which promote thrombosis.14 Hcy is an independent risk factor
for stroke and a high risk factor for cardiovascular disease, chronic kidney disease, cognitive impairment, and macular
degeneration, which are particularly prevalent in older adults.15 Hcy concentration levels vary in gender and ethnicity.
Hcy was significantly higher in men than in women due to the gender difference in creatine biosynthesis, vitamin status,
life styles, and so on.16,17 The China Stroke High-risk Population Screening Program of 110551 residents from 31
provinces showed that the median Hcy level was 10.9µmol/L,18 which was similar to other Asian countries,19,20 but
higher than European and American countries,21,22 resulting from a higher genotype frequency of the methylenetetrahy-
drofolate reductase (MTHFR) C677T mutation and no full implementations of folic acid supplementation in Asian
countries compared with European and American countries.

Previous clinical studies have found that Hcy is associated with a decline in physical function,23 increased bone
resorption,24 sarcopenia,25 and frailty.26 On the molecular level, high Hcy induces senescence through multiple mechan-
isms, including mitochondrial dysfunction, oxidative stress, endoplasmic reticulum stress, inflammatory responses, and
DNA methylation.14,27 Moreover, mouse models have shown that high Hcy levels might cause skeletal muscle atrophy
and decreased skeletal muscle mass, leading to a decline in muscle contractions, easy fatigue, and frailty.28

The proposal of IC and frailty is based on the common goal of healthy aging. Compared with the focus of frailty on
deficits, IC pays more attention to existing function in the old, which provides a positive and comprehensive
connotation.29 IC has great public health significance in strategies for older adults with different health status.
However, research in the IC field is still at a preliminary stage, and relatively few studies have described biomarkers
associated with IC. On the basis of biological experiments and clinical studies on Hcy and senescence, we examined the
association between Hcy and low IC to explore the biomarker for the decline of IC.

Materials and Methods
Participants
This cross-sectional study was conducted at the Fuzhou Wenquan Community Health Service Center, recruiting 2046
subjects from May 2020 to December 2020. There were three inclusion criteria: (1) aged 60 years or older; (2) negative
nucleic acid detection for COVID-19; (3) provided written informed consent. The exclusion criteria were as follows: (1)
acute, critical or terminal stages of chronic disease; (2) acute infection within one week (acute respiratory infection,
gastrointestinal infection, skin infection, and so on induced by the virus, bacteria, fungus or parasite); (3) serious
psychiatric or neurological disorders; (4) motor disability of upper and lower limbs; (5) unable to complete the study
due to severe visual, hearing impairments, or language difficulties; (6) Hcy testing not completed; (7) severe renal failure
(eGFR <30 mL/min•1.73 m2); (8) participants who have used drugs affecting Hcy metabolism, such as vitamin B6,
vitamin B12, folate, and so on. A total of 1927 participants aged 60–98 years were included in the analysis finally. The
study obtained approval from the ethics committee of Fujian Provincial Hospital (K2020-05-008). The protocol
(ChiCTR2000032949) can be found on the Chinese Clinical Trial Register Network (www.chictr.org.cn/index.aspx).

Assessment of IC
IC is composed of five domains: cognition, locomotion, sensory, vitality, and psychological capacity based on the WHO
guideline.3 Our study was based on the comprehensive assessment of older adults, and we adopted screening tools that
have been widely used or proven to be convenient and reliable in each domain. The score of each domain dichotomized
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as 0 (normal) and 1 (impaired) was added together to an IC total score. IC total score ranged from 0–5. Low IC was
defined as a score of 3–5, and high IC as 0–2 (the reference group).

Cognition
Cognition was evaluated using the Mini-cog, which comprises three-word recall and clock drawing tests. The Mini-cog
has been validated for identifying dementia in community-dwelling older adults with high diagnostic performance.30 The
Mini-cog score ranged from 0 to 5. Impairment in cognition was recognized as a Mini-cog score ≤ 3. Older adults with
cognition impairment received one score, and those with normal cognition received no score.

Locomotion
Locomotion was assessed by a 4-m walk test, which was used in several articles.7,31–34 Participants started from the same
position and ended when the first whole foot crossed over the 4-m line. The average time of the two trials was taken as
gait speed. An impairment in locomotion was defined as a gait speed < 1.0 m/s based on the 2019 Asian Working Group
for Sarcopenia consensus.35 Older adults with locomotion impairment received one score, and those with normal
locomotion received no score.

Sensory
The sensory capacity domain included vision and hearing impairments. Most IC-related articles applied the self-report by
participants to evaluate the sensory impairment,8,10,31,34,36–40 and we also adopted this method. Participants were asked to
choose the most appropriate answer for their vision and hearing conditions: (1) normal; (2) slight decrease; (3) daily life
limited; (4) vision or hearing disability. We defined the slight decreased or more severe conditions as an impairment in
sensory capacity. Older adults with sensory impairment received one score, and those with normal sensory capacity
received no score.

Vitality
Vitality was measured by the Short-Form Mini Nutritional Assessment (MNA-SF), which was commonly used to assess
the vitality domain in previous IC articles.7,8,31 The MNA-SF has also been verified to have diagnostic consistency with
the MNA scale in malnutrition and the risk of malnutrition among older adults.41,42 The MNA-SF score ranged from 0 to
14. Malnutrition risk was considered a score ≤11, representing an impairment in the vitality domain. Older adults with
vitality impairment received one score, and those with normal vitality received no score.

Psychology
Psychology was measured using the Geriatric Depression Scale-4 (GDS-4). Its diagnostic performance for depression in
older populations has also received recognition.43,44 Participants were asked four questions: “Do you feel satisfied with
your life?” (yes/no, 0/1), “Do you often feel empty?” (yes/no, 1/0), “Do you often feel that something bad is about to
happen?” (yes/no, 1/0), and “Do you feel happy most of the time?” (yes/no, 0/1). An impairment in the psychological
domain was defined as a score of 2 or more out of 4. Older adults with psychology impairment received one score, and
those with normal psychology received no score.

Hcy Detection
Fasting peripheral venous blood samples (5 mL) were collected by venipuncture in the morning, which were centrifuged
for 15 min at 2500 r/min at room temperature. Serum and plasma samples were both collected in separate EP tubes and
stored in a refrigerator at −80°C. Serum Hcy was measured by a two-reagent enzymatic assay using an Hcy kit (AxIS-
Shield, Norway). All operations were performed strictly followed the detection instructions in DxC800 biochemical
detector (Beckman Coulter, USA). Hcy was analyzed as continuous variable in this study.
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Covariates
Participants were interviewed for demographic data including age (continuous variable), sex (female vs male), marital
status (widowed vs others), education (high school or above vs less than high school), smoking (current or former vs
never) and drinking (current or former vs never). Comorbidity was defined as the coexistence of two or more chronic
diseases. Polypharmacy was defined as taking five or more long-term medications. The covariates were selected based on
clinical relevance.

Statistical Analysis
Continuous variables are presented as the mean and standard deviation (SD) for normal distribution, and the median and
interquartile range (IQR) for non-normal distribution. Categorical variables are presented as frequencies and percentages
(%). Independent sample t-tests were applied for two-group comparisons of continuous variables with a normal
distribution, and non-parametric tests were applied for two-group comparisons of continuous variables with a non-
normal distribution. The differences in categorical variables were analyzed by the chi-squared test or Fisher’s exact test.

The primary dependent variable in the study was low IC (dichotomic variable), using high IC as the reference group.
The independent variable was Hcy (continuous variable). Considering that the low level of Hcy should also be a health
risk factor similar to the high level of Hcy,14 we supposed that the association between Hcy and low IC might be non-
linear. Therefore, we used restricted cubic spline models with three knots at the 10th, 50th, and 90th percentiles of Hcy to
test for potential non-linearity association of Hcy with low IC and impairments in IC five domains. The spline models
were adjusted for age, gender, widowed, education, drinking, smoking, comorbidity, and polypharmacy. Additionally,
piecewise linear regression was used to quantify the odds ratio (OR) per 5 µmol/L Hcy increase below and above the
change point. We also performed sensitivity analyses for the association between Hcy and low IC. First, we examined the
shape of Hcy-IC relation after excluding Hcy outliers. Second, the excluded population was later included for
a reanalysis, the missing values of Hcy among them imputed by multiple imputation. Third, analysis was performed
on log-transformed Hcy and low IC. Lastly, we redefined the low IC as a score of 4–5 to explore whether the relations
between Hcy and low IC still existed.

All statistical analyses were conducted using R language (version 3.6.1) and SPSS (version 22.0). The hypothesis test
was conducted by a two-sided test, and statistical significance was set at P < 0.05.

Results
Baseline Characteristics
The study included 1927 subjects (mean 72.0±7.2 years); 40.1% of them were male. As shown in Table 1, the median
(IQR) for Hcy, Mini-cog score, gait speed and MNA-SF score in the older population were 8.45 (5.84, 11.25) μmol/L, 4.0
(3.0, 5.0), 0.84 (0.74, 0.94)m/s and 13.0 (12.0, 14.0). Supplementary Figure 1 presented the distribution of Hcy by
gender. The Hcy level was 7.87(5.42, 10.42) in females and 9.44 (6.59, 12.71) in males. All participants were grouped
into low IC and high IC. Compared with participants with high IC, those with low IC were older, more female, fewer
smokers and drinkers, more likely to be widowed, less educated, with higher Hcy, lower gait speed, lower scores on the
Mini-cog and MNA-SF, and vision or hearing impairments and depression, which had statistical significance. There was
no statistically significant difference in comorbidity and polypharmacy between the low IC and high IC groups.

Association of Hcy with Low IC and Impairments in IC Domains
As shown in Figure 1, the association between Hcy and low IC was non-linear (P for non-linearity <0.05). In the
restricted cubic spline models, a J-shaped non-linear association was observed. The change point, which was recognized
as the nadir for risk of low IC, was estimated from piecewise linear models to be at a Hcy of 8.53 µmol/L. The OR of IC
gently decreased until the Hcy change point and increased rapidly afterwards. Among the five domains of IC, Hcy also
had a J-shaped non-linear association with impairments in cognition, sensory, vitality, and psychology, except for
locomotion (P >0.05) in Figure 2.
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The piecewise linear regression analysis showed that (Table 2), the estimated OR of the IC per 5 µmol/L increase in
Hcy was 0.753 (95% CI: 0.520–1.091) below 8.53 µmol/L and 1.176 (95% CI: 1.059–1.327) above this point. The risk of
cognition, vitality, and psychology increased per 5 µmol/L increase in Hcy above the change point, with ORs of 1.116

Table 1 General Characteristics of Participants at Baseline

Characteristics Total
(n=1927)

Low IC
(n=647)

High IC
(n=1280)

P

Age (years), mean (SD) 72.0 ± 7.2 74.3 ± 7.8 70.9 ± 6.5 <0.001

Men, n (%) 773 (40.1) 214 (33.1) 559 (43.7) <0.001

Widowed, n (%) 381 (19.8) 182 (28.1) 199 (15.5) <0.001

High school or above, n (%) 1028 (53.3) 269 (41.6) 759 (59.3) <0.001

Smoking, n (%) 306 (15.9) 83 (12.8) 223 (17.4) 0.009

Drinking, n (%) 278 (14.4) 70 (10.8) 208 (16.3) 0.001

Comorbidity, n (%) 1098 (57.0) 361 (55.8) 737 (57.6) 0.456

Polypharmacy, n (%) 548 (28.4) 195 (30.1) 353 (27.6) 0.239

Hcy (µmol/L), median (IQR) 8.45 (5.84, 11.25) 9.00 (5.96, 12.23) 8.08 (5.79, 10.82) <0.001

Mini-cog score, median (IQR) 4.0 (3.0, 5.0) 3.0 (2.0, 3.0) 4.0 (4.0, 5.0) <0.001

Gait speed (m/s), median (IQR) 0.84 (0.74, 0.94) 0.79 (0.67, 0.90) 0.87 (0.77, 0.97) <0.001

Vision or hearing impairment, n (%) 1335 (69.3) 586 (90.6) 749 (58.5) <0.001

MNA-SF score, median (IQR) 13.0 (12.0, 14.0) 11.0 (10.0, 12.0) 14.0 (12.0, 14.0) <0.001

Depression, n(%) 166 (8.6) 147 (22.7) 19 (1.5) <0.001

Note: Continuous variables were reported as mean (SD) or median (IQR), and categorical variables as percentages (%).
Abbreviations: SD, standard deviation; IQR, interquartile range; Hcy, homocysteine; IC, intrinsic capacity; MNA-SF, the Short-
Form Mini Nutritional Assessment.

Figure 1 Association between Hcy and low IC based on the restricted cubic spline model. The solid lines represent OR, and the dashed line represent 95% CI. Hcy was
modeled as a continuous variable with splines having 3 knots placed at the 10th, 50th, and 90th percentiles. A 95% CI for the OR that did not span 1.00 was considered
P <0.05, and a 95% CI for the OR that did span 1.00 was considered P ≥0.05. The adjusted factors were age, gender, widowed, education, smoking, drinking, comorbidity, and
polypharmacy.
Abbreviations: Hcy, homocysteine; IC, intrinsic capacity.
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(1.009–1.247), 1.167 (1.055–1.305), and 1.160 (1.034–1.303). Hcy had a negative correlation with sensory below the
Hcy change point (OR: 0.679, 95% CI: 0.470–0.976), and no significant association was found between Hcy and sensory
above the Hcy change point.

Sensitivity Analyses
We performed restricted cubic spline analysis in participants excluding Hcy outliers (n=1850), which showed a U-shaped
non-linear association between Hcy and low IC (P for non-linearity <0.05, Figure 3A). After including the initially

Figure 2 Association between Hcy and impairments in IC domains based on the restricted cubic spline model. The graphs indicate the associations of impairments in
cognition domain (A), locomotion domain (B), sensory domain (C), vitality domain (D), and psychology domain (E) with Hcy separately among older adults. The solid lines
represent OR, and the dashed line represent 95% CI. Hcy was modeled as a continuous variable with splines having 3 knots placed at the 10th, 50th, and 90th percentiles.
A 95% CI for the OR that did not span 1.00 was considered P <0.05, and a 95% CI for the OR that did span 1.00 was considered P ≥0.05. The adjusted factors were age,
gender, widowed, education, smoking, drinking, comorbidity, and polypharmacy.
Abbreviations: Hcy, homocysteine; IC, intrinsic capacity.
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excluded population and conducting multiple imputation for the missing values of Hcy, the reanalysis was performed on
2046 participants. Figure 3B indicates that Hcy had a J-shaped non-linear association with low IC (P for non-linearity
<0.001). Thus, log-transformed for Hcy or using a different definition of low IC did not qualitatively alter the result of
non-linear relation between Hcy and low IC (P for non-linearity <0.001, Figure 3C and D).

Discussion
Our study showed that males had higher Hcy levels than females, which was consistent with previous researches.16,17

Hcy levels in older adults were higher in the low IC group than in the high group. A nonlinear association between Hcy
and low IC was verified, and Hcy was also associated with cognition, sensory, vitality, and psychology among the five
domains of IC. We confirmed that the risk of IC decline increased with elevations in Hcy levels when Hcy reached 8.53
µmol/L and above. However, once Hcy was lower than 8.53 µmol/L, the negative correlation between Hcy and low IC
was of no statistical significance. Furthermore, a sensitivity analysis was performed to strengthen the results of the
nonlinear relation between Hcy and low IC.

IC can reflect the physiologic reserve of individuals, and has been used as a predictor of frailty, disability, and other
adverse outcomes in recent studies involving different populations. Among older hospitalized patients, Chen et al found
a predictive value of IC for new disability and one year after hospital discharge.31 Alexia et al completed a three-year
follow-up in a cohort of Belgian 28 nursing homes, indicating that the locomotion and nutrition domains of IC were
associated with the risk of mortality and falling.34 The INCUR study found a relationship between higher IC levels and
lower risk of adverse outcomes in nursing home residents.45 Focusing on community-dwelling older adults, a number of
cross-sectional and longitudinal studies showed that the decline in IC had a positive association with an increased risk of
incident disability, frailty, and other negative health outcomes.6,33 There have also been several studies from the
perspective of the trajectory in IC change to discuss the connection between IC and frailty8 or mortality.46 Chew et al
used cluster analysis to conclude that the evaluation of IC could be complementary to the prognosis risk stratification in
prefrail individuals.47 Screening for IC impairments might provide better predictability of disability compared to the
comorbidity status, which means that the function-centered geriatric concept should receive more emphasis.10

By virtue of the close correlations between IC and multiple adverse outcomes, there is an increased need for the early
identification of related factors to prevent the decline in IC. Currently, a few scholars have investigated the effects of
various exercises and dietary patterns on IC. A single-blind randomized controlled trial suggested that a 26-week aerobic
training course and resistance training plus self-paced home training could lead to improvements in IC in older adults

Table 2 Association of Hcy with Low IC and Impairments in IC Domains Below and Above the
Change Point Among Older Adults Based on Piecewise Linear Regression

OR per 5 µmol/L Hcy
Increase Below Change Point

(95% CI)

P OR per 5 µmol/L Hcy
Increase Above Change

Point (95% CI)

P

Low IC 0.753 (0.520–1.091) 0.132 1.176 (1.059–1.327) 0.005

Impairments in IC

domains

Cognition 0.749 (0.516–1.089) 0.129 1.116 (1.009–1.247) 0.042

Locomotion 0.841 (0.537–1.306) 0.444 1.213 (0.998–1.591) 0.112

Sensory 0.679 (0.470–0.976) 0.038 1.075 (0.966–1.230) 0.235

Vitality 0.990 (0.644–1.531) 0.964 1.167 (1.055–1.305) 0.004

Psychology 0.683 (0.372–1.266) 0.221 1.160 (1.034–1.303) 0.009

Note: The adjusted factors were age, gender, widowed, education, smoking, drinking, comorbidity, and polypharmacy.
Abbreviations: Hcy, homocysteine; IC, intrinsic capacity.
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with subjective memory concerns, but the effects were weakened later.48 Huang et al identified that “fruits and
vegetables” and “protein-rich” dietary patterns were positively associated with high IC by using the food frequency
questionnaire.36 Moreover, Yeung proposed the view that there might be sex differences in the association between
dietary patterns and IC.49

Except for lifestyle modifications, IC-related biomarkers have also been explored. N-terminal pro-B-type natriuretic
peptide (NT-proBNP) was found to be associated with a decline in IC.9 A secondary analysis of CRELES indicated that
allostatic load was an independent risk factor of IC, even after adjusting for socioeconomic factors and chronic diseases. The
allostatic load was a multi-system comprehensive index reflecting disorders of physiological systems by using ten biomar-
kers of five biological systems (hypothalamic-pituitary-adrenal axis, sympathetic nervous system, inflammatory system,
metabolic system, and cardiovascular system), which applied the sex-specific parameters and was calculated as a composite
score.50 Besides, biomarkers that can reflect chronic inflammatory states, such as tumor necrosis factor receptor 1
(TNFR1),37 C-reactive protein (CRP),51 and Hcy, have been found to be related to the impairment of IC domains. In the
MAPT study, the IC score decreased among participants with hyperhomocysteine during the five-year follow-up, but the
group difference between normal Hcy and hyperhomocysteine on IC score did not persist after adjusting for confounders,
and only handgrip strength remained significant.51 Our study is the first study on the correlation between Hcy and IC in
a Chinese population, which obtained a similar result to the MAPT study that high Hcy was associated with a decline in IC.

Figure 3 Sensitivity analyses of association between Hcy and low IC based on the restricted cubic spline model. The graphs indicate the associations of low IC with Hcy
after the exclusion of Hcy outliers (A), multiple imputations for the missing values (B), log transformation for Hcy (C), and the change for low IC definition (D) separately
among older adults.The solid lines represent OR, and the dashed line represent 95% CI. Hcy was modeled as a continuous variable with splines having 3 knots placed at the
10th, 50th, and 90th percentiles. A 95% CI for the OR that did not span 1.00 was considered P <0.05, and a 95% CI for the OR that did span 1.00 was considered P ≥0.05.
The adjusted factors were age, gender, widowed, education, smoking, drinking, comorbidity, and polypharmacy.
Abbreviations: Hcy, homocysteine; IC, intrinsic capacity.
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But there are still some discrepancies between the two studies. The MAPT study was a longitudinal study to examine the IC
score change in different Hcy groups targeting community-dwelling populations aged ≥70 years with spontaneous memory
complaints. Our study was conducted to explore the association of Hcy (a continuous variable) with low IC (a dichotomous
variable) among older people aged ≥60 years residing in the community.

Two potential explanations may be proposed for the correlation between Hcy and IC. On the one hand, elevated Hcy
promotes inflammatory reactions and mitochondrial malfunction,14,27 which are crucial mechanisms of aging at the biomo-
lecular level. These underlying changes may ultimately influence IC and the expression of functional ability when individuals
are faced with various stressors.12 On the other hand, Hcy is closely related to the cognitive and physical reserve of
individuals, and are the main domains of IC. For instance, numerous studies have revealed that high Hcy might have
a negative effect on cognitive function among older adults.52,53 Regarding sensory aspects, Gopinath found that participants
with elevated tHcy (>20 mmol/L) had an increased prevalence of age-related hearing dysfunction in a cross-sectional study,
but the correlation did not hold up in a longitudinal study.54 Martínez demonstrated that the correlation between hyperhomo-
cysteinemia induced by folate deficiency and premature hearing dysfunction involved the impairment of cochlear Hcy
metabolism.55 Some studies have reported that Hcy might be associated with cataracts and age-related macular degeneration,
which are major causes of vision loss in older adults, but the relevance is still in dispute.14,15 Moreover, Hcy is strongly related
to nutrition, due to the fact that Hcy is an intermediate product of methionine metabolism, which can be affected by vitamin
B6, folate, and vitamin B12, especially in older adults with insufficient nutrient intake.13,14 At the psychological level, a meta-
analysis summarized that subjects with hyperhomocysteinaemia had a higher probability of depression.56 The result of our
study shows that elevated Hcy is associated with impairments in cognition, sensory, vitality, and psychology, accordance with
the studies described above. However, the heterogeneity of the diagnostic tools was non-negligible. Some earlier studies
discussed the effect of high Hcy on the decline in gait speed,23 but this study was not powered to draw such an inference.

There are some strengths that need to be acknowledged. Our study is one of the early researches investigating the related
biomarkers of IC and the first to explore the association between Hcy and IC in the older Chinese population. Hcy has
attracted much attention in the fields of cardiology and neurology due to its predictive effect on cardiovascular and
cerebrovascular diseases. In recent years, more and more studies have explored the relationship between Hcy and aging
diseases. This study indicated that Hcy might be associated with the decline of IC among older adults, suggesting more
necessity to regard Hcy as a routine health examination item for the senior population. Meanwhile, we also revealed that Hcy
might be developed as a potential biomarker of IC. The increase of Hcy (Hcy>8.53umol/L) may have important implications
for clinicians to identify the decline of IC earlier. Besides, the abnormally low level of Hcy needs concern. Although we did
not obtain a statistical association between low Hcy and low IC, it deserves more studies to investigate and verify in the
future. In addition, this study presents a certain degree of precision. Restricted cubic spline models were performed to explore
the nonlinear relationship of Hcy and the low IC in order adults, and the sensitivity analysis confirmed the robustness.

Several limitations should also be considered. Firstly, this was a cross-sectional study that only evaluated an
association but could not prove a causal effect of elevated Hcy on the decline in IC. Future longitudinal research is
warranted to establish the IC trajectory and further test this hypothesis. Moreover, the generalizability of our findings to
older adults of different ethnicities or older adults of Chinese ancestry not living in China is uncertain. It needs further
prospective study with multiple populations and larger sample size to explore because Hcy is influenced by many factors
such as heredity, diet, and lifestyles, which vary in different ethnicities and living environments.

Conclusion
In conclusion, Hcy was associated with low IC, as well as impairments in cognition, sensory, vitality, and psychology,
even after adjusting for demographic status, comorbidity, and polypharmacy. Hcy may be considered as an IC-related
biomarker, but its predictive effect needs further longitudinal studies for confirmation.

Abbreviations
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