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Abstract

Objective This study aimed to evaluate the relationships of white blood cell (WBC) count, platelet
(PLT) count, and PLT-to-WBC ratio (PWR) with muscle mass in Chinese older adults.

Methods This cross-sectional analysis involved 4,033 Chinese older adults aged > 65 years from the
Healthy Ageing and Biomarkers Cohort Study. Muscle mass and total skeletal muscle mass index (TSMI)
were measured by bioelectric impedance analysis. WBC, PLT, and PWR were measured using standard
methods. Multivariate linear regression was used to examine the associations of WBC count, PLT count,
and PWR with TSMI.

Results High WBC count, PLT count, and PWR were associated with low TSMI, with coefficients of
-0.0091 (95% confidence interval [Cl]: -0.0142 to -0.0041), -0.0119 (95% CI: —0.0170 to -0.0068), and
-0.0051 (95% CI: —0.0102 to -0.0001). The associations between the three inflammatory indices and
TSMI were linear. Stratified analyses indicated that the relationship between inflammatory markers and
TSMI was more evident in male participants and in individuals aged < 80 years than in their
counterparts.

Conclusion Elevated WBC count, PLT count, and PWR correlated with muscle mass loss. This study
highlights the importance of regular monitoring of inflammatory markers as a potential strategy for the
screening and management of sarcopenia in older adults.
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INTRODUCTION detrimental effects on the older populationm.

Sarcopenia is a progressive disease characterized by

onsidering the dramatic increase in global a widespread reduction in skeletal muscle mass

C population, sarcopenia, a condition associated with aging, accompanied by diminished
associated with aging, has emerged as a muscle strength and/or compromised physical

critical concern owing to its rising prevalence and function®. Sarcopenia has been linked to various
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physiological and clinical consequences, including
mobility limitations®, physical disabilities',
depression[s], and increased mortality[el, which
contribute to a heightened economic burden on
healthcare systems and pose significant challenges
to public health.

As one of the primary components for evaluating
sarcopenia, skeletal muscle mass constitutes
approximately 40% of an individual’s total body mass
and exhibits the capacity for adaptation, changing
dynamically in response to physical activity, load,
disease, and aging”’gl, A pronounced decrease in
muscle mass can be observed after the age of 60"
The molecular mechanisms that mediate the process
of muscle mass reduction remain inadequately
defined. Various factors may participate in the
pathogenic mechanisms underlying the reduction in
muscle  mass, including  oxidative  stress,
mitochondrial damage, endocrine abnormalities,
undernutrition, and hormonal fluctuations®**.
Chronic low-level inflammation, commonly observed
in the older population, significantly contributes to
the progression of muscle mass reduction, among
the diverse pathological mechanisms associated with
this condition™**.

Different inflammatory cytokines have been
identified as being linked to the reduction of muscle
mass, including C-reactive protein, interleukin-6 (IL-
6), and tumor necrosis factor alpha (TNF-a), which
have also been recognized as predictive biomarkers
for a common chronic conditions and mortality rates
among older individuals™®*". However, these
inflammatory markers are not typically identified in
community health centers when patients exhibit no
indications of inflammation, and their use in clinical
and research environments remains constrained.
White blood cell (WBC) count, platelet (PLT) count,
and their derivatives such as the PLT-to-WBC ratio
(PWR) are recognized as valuable and economical
markers of low-grade chronic inflammation and are
frequently evaluated in diverse clinical settings.
Recent evidence indicates that WBC count, PLT
count, and PWR correlate with low muscle mass!#2,
However, prior studies concerning the older
population in China present several limitations,
including small sample sizes, controversial results, a
restricted geographical scope, and a significant lack
of studies specifically targeting the population aged
> 80 years™??,

According to the data from Healthy Ageing and
Biomarkers Cohort Study (HABCS), a representative,
nationwide cross-sectional study, the present study
aimed to evaluate the association between systemic

inflammatory indices (WBC count, PLT count, and
PWR) and muscle mass loss among community-
dwelling older adults in China aged > 65 years.

METHODS

Study Design and Participants

The HABCS is a dynamic, community-based
cohort study initiated in 2008 that has expanded
from nine longevity regions in 2008 to 18 longevity
regions by 202172 This study included data from a
comprehensive cohort of participants in 2021 (n =
6,421). Participants aged < 65 years (n = 37), those
lacking muscle mass or presenting invalid values (n =
1,567), those with missing or invalid anthropometric
measurements (height or weight) (n = 66), and those
with missing or invalid values for WBC and PLT
counts (n = 667) were excluded. Additionally, 51
participants who self-reported a cancer diagnosis
were excluded, resulting in a total sample size of
4,033 participants (Figure 1).

Anthropometric Measurements and Laboratory
Indicators

Trained medical personnel and physicians
conducted anthropometric measurements, including
height and weight, of all participants before
breakfast. Height was measured to the nearest
centimeter (cm) and weight to the nearest kilogram
(kg) with participants dressed in light clothing. Body
mass index (BMI) was calculated using the following
equation: BMI = body weight/height’ (kg/m?).
Systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured twice using a
Baumanometer (Omron HEM-7211, Omron
Healthcare Co., LtD, Matsusaka, Japan) on the right
arm while the participants were seated. WBC and
PLT counts were assessed from blood samples
collected after a fasting period of > 8 h, using a fully
automatic blood analyzer. PWR was calculated
using the following equation: PWR = PLT/WBC.
Participants were categorized by sex and
subsequently divided into tertiles according to WBC
counts, PLT counts, and PWR as follows: T;, < 5.19;
T, 5.19-6.51; and T, > 6.51 (10°/L) for WBC counts
in men; Ty, < 5.02; T,, 5.02-6.30; and T;, 2 6.30
(109/L) for WBC counts in women; T;, < 158; T,,
158-210; and T3, 2 210 (10°/L) for PLT counts in men;
T, < 172; T,, 172-227; and T3, 2 227 (10°/L) for PLT
counts in women; T;, < 26.84; T,, 26.84-35.81; and
T3, 2 35.81 for PWR in men; and T;, < 29.80; T,,
29.80-39.58; and T3, 2 39.58 for PWR in women.
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Assessment of Muscle Mass

Muscle mass was evaluated using bioelectric
impedance analysis (BIA) with InBodyDial H20
(InBody Co., LtD., Cheonan-si, South Korea), a home-
based body composition measurement device
developed in South Korea. This instrument assesses
the impedance value of the entire body, which
represents the vector sum of resistance and
reactance, and computes various metrics including
total muscle mass and fat mass. Muscle mass, when
adjusted for BMI, is a more accurate predictor of
adverse clinical outcomes in older populations than
unadjusted muscle mass™™. Therefore, in the current
study, the total skeletal muscle mass index (TSMI), a
relative index, was determined by dividing the total
skeletal muscle mass by the BMI.

Assessment of Covariates

The sociodemographic indicators utilized in this
study included age, sex, marital status (married or
unmarried), and occupation (differentiating between
farming and other professions). The lifestyle
variables included smoking status, alcohol
consumption, and BMI. The term “married” refers to
individuals who are legally married regardless of
cohabitation  status. The  category  “other
occupations” includes a range of professions, such as
healthcare providers, educators, administrative
personnel, service workers, laborers, military

A total of 6,421 older adults were surveyed from 18
longevity centersin China, 2021

personnel, and those who are unemployed. Current
smoking or alcohol consumption status was defined
as active smoking or alcohol consumption.
Additionally, we accounted for the presence of
chronic diseases including hypertension, diabetes,
ischemic heart disease, stroke, cerebrovascular
disease, chronic respiratory diseases (such as
bronchitis, emphysema, pneumonia, and asthma),
arthritis, and dementia. Hypertension is defined as
an SBP > 140 mmHg or a DBP > 90 mmHg, or as self-
reported by individuals diagnosed with
hypertension. Information regarding the
aforementioned chronic diseases was obtained
through self-reports from individuals who indicated
that they had been diagnosed by a medical
professional. The number of chronic diseases was
classified into three categories: 0, 1, and 2.

Statistical Analysis

Categorical variables are presented as numbers
and percentages, and chi-square tests were used to
compare the differences between groups by sex.
Prior to conducting the analysis, the normality of
continuous variables was assessed using the
Shapiro—Wilk test. Thus, for continuous variables,
the data are presented as medians (interquartile
ranges [/IQRs]), and differences between groups were
evaluated using the Mann-Whitney U test.
Bonferroni correction was applied to adjust the
significance level for pairwise comparisons. The

Older individuals aged > 65 years with complete data
from the survey (n = 4,084)

\4

Excluded (n = 2,337)

Younger than 65 years (n = 37)

Missing muscle mass or invalid values (n = 1,567)
Missing anthropometric measurements (height or
weight) or invalid values (n = 66)

Missing or invalid values forwhite blood cells and
platelet counts (n = 667)

A final sample size of 4,033 participants was included
in the analysis.

A 4

Participants who self-reported cancer were further
excluded (n =51).

Figure 1. Flowchart of participant enrollment.



696

Biomed Environ Sci, 2025; 38(6): 693-705

distributions of WBC count, PLT count, and PWR in
older adults across various age groups were analyzed
using generalized additive models for location, scale,
and shape. Additionally, percentile curves (Ps, Py,
P,s, Psq, Pys, Pgo, and Pgs) for WBC count, PLT count,
and PWR were developed to illustrate age-related
variations. To investigate the potential nonlinear or
irregular relationships between TSMI and the three
inflammatory markers, a restricted cubic spline (RCS)
function was used with four knots located at the 5th,
35th, 65th, and 95th percentiles of WBC counts, PLT
counts, and PWR. Multiple linear regression models
were used to evaluate the associations between the
three inflammatory indices and TSMI after
controlling for various covariates. Inflammatory
markers were examined as continuous (per SD
increase) and categorical (utilizing tertile cutoff
points) variables. Model 1 was adjusted for sex, age,
occupation, and marital status. Model 2 included
model 1 plus smoking status, alcohol consumption,
and BMI. Model 3 included model 2 plus the number
of chronic diseases. Effects were characterized by
the coefficient of 8 and 95% confidence intervals
(CIs) for muscle mass. A stratified analysis was
performed to assess the potentially modifiable
effects based on age (< 80 vs. > 80 years), and sex
(male vs. female). All analyses were conducted using
the R software (version 4.3.0, Auckland, New
Zealand), and two-tailed P < 0.05 were considered
significant.

RESULTS

Table 1 provides an overview of the participants’
characteristics. Among the 4,033 older adults, the
median (/QR) age was 81 (74-91) years, and 47.24%
were male. The majority of participants were
married (54.78%), and a significant proportion were
farmers (83.32%). Smoking was reported by 762
participants (18.96%), whereas alcohol consumption
was noted by 826 participants (20.62%). The median
serum WBC count, PLT count, and PWR were 5.72
(IQR, 4.80-6.90) x 10°/L, 193.00 (/QR, 150.00—
235.00) x 10°/L, and 33.06 (/QR, 25.76-40.94) x 10°/L,
respectively. Overall, the male participants in our
study demonstrated lower PLT count, PWR and
higher WBC count than their female counterparts
(Table 1).

Figure 2 presents the TSMI in older men and
women, categorized by tertiles of WBC count, PLT
count, and PWR. TSMI was significantly lower in the
highest tertile of WBC count than in the lowest
tertile, with this association achieving statistical

significance in both sex. Among male participants,
the median TSMI (/QR) was 1.039 (0.913-1.150) at T;
and 0.999 (0.889-1.111) at T; (P < 0.001), whereas
female participants demonstrated median TSMI
values (/QR) of 0.805 (0.695-0.910) at T; and 0.783
(0.690-0.884) at T; (P = 0.032). Interestingly, the
lowest TSMI value was observed in the highest
tertile of PLT count, although this trend was
statistically significant only in male participants.
Males exhibited a median TSMI value (IQR) of 1.027
(0.913-1.139) at T, compared to 1.003 (0.883-1.122)
at T; (P =0.023).

The percentile curve indicated that PLT count
decreased at a rapid rate with advancing age both in
older men and women. Conversely, WBC count and
PWR exhibited a slower rate of decline with age in
both sexes (Figure 3). The RCS curves showed linear
associations between TSMI and WBC, PLT count, and
PWR in both sexes (Figure 4).

Table 2 presents the linear associations of WBC
count, PLT count, and PWR with TSMI, as assessed
using multi-factor linear regression models. WBC
count, PLT count, and PWR were inversely associated
with TSMI, with coefficients of -0.0091 (95%
Cl = -0.0142 to -0.0041, P < 0.001), -0.0119 (95%
Cl = -0.0170 to -0.0068, P < 0.001), and -0.0051
(95% C/ = -0.0102 to -0.0001, P = 0.047), after
controlling for variables including age, sex, marital
status, occupation, smoking status, alcohol
consumption, BMI, and the number of chronic
diseases. Additionally, WBC count, PLT count, and
PWR were analyzed as categorical variables,
demonstrating a consistent trend. In the adjusted
model, individuals in the T; of the WBC count, PLT
count, and the T, of PWR categories showed a
markedly increased probability of experiencing a
reduction in muscle mass (Table 2).

Sex-specific analyses indicated an inverse
relationship between the inflammatory makers
(WBC count, PLT count, and PWR) and TSMI in older
male participants. By contrast, among older female
participants, only the WBC count demonstrated a
significant association with TSMI (Table 3).
Moreover, we conducted age group-specific
analyses, classifying participants into younger old
group (65-79 years) and the oldest old group (> 80
years). WBC count, PLT count, and PWR levels
showed significant associations with TSMI in both
the younger-old group and the oldest-old group of
male participants. Conversely, none of these three
markers demonstrated a significant association with
TSMI among the oldest old women aged > 80 years
(Table 4).
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Table 1. Characteristics of study participants from the Healthy Ageing and Biomarkers Cohort Study
survey in 2021 according to sex

Characteristics Total population (n = 4,033) Men (n = 1,905) Women (n = 2,128) P value
Age (years) 81 (74-91) 81 (74-89) 82 (74-92) <0.001
Age group (years), n (%) 0.156
65— 1,746 (43.29) 881 (46.25) 865 (40.65)
280 2,287 (56.71) 1,024 (53.75) 1,263 (59.35)
Marital status, n (%) <0.001
Married 2,208 (54.78) 1,285 (67.45) 923 (43.41)
Single 1,823 (45.22) 620 (32.55) 1,203 (56.59)
Occupation, n (%) <0.001
Farmer 3,248 (83.32) 1,377 (76.46) 1,871 (89.22)
Other 650 (16.68) 424 (23.54) 226 (10.78)
Smoking, n (%) <0.001
Yes 762 (18.96) 673 (35.46) 89 (4.19)
None 3,258 (81.04) 1,225 (64.54) 2,033 (95.81)
Alcohol, n (%) <0.001
Yes 826 (20.62) 633 (33.42) 193 (9.14)
None 3,179 (79.38) 1,261 (66.58) 1,918 (90.86)
Hypertension, n (%) <0.001
Yes 1,784 (45.38) 770 (41.53) 1,014 (48.82)
No 2,147 (54.62) 1084 (58.47) 1,063 (51.18)
Diabetes 0.036
Yes 376 (9.69) 157 (8.60) 219 (10.65)
No 3,506 (90.31) 1,668 (91.40) 1,838 (89.35)
Dschemic heart disease, n (%) 0.004
Yes 438 (11.41) 177 (9.81) 261 (12.83)
No 3,401 (88.59) 1,627 (90.19) 1,774 (87.17)
Stroke or CVD, n (%) 0.304
Yes 345 (8.97) 172 (9.50) 173 (8.50)
No 3,500 (91.03) 1,638 (90.50) 1,862 (91.50)
Chronic respiratory diseases, n (%) <0.001
Yes 333(8.62) 210 (11.56) 123 (6.00)
No 3,532 (91.38) 1,606 (88.44) 1,926 (94.00)
Arthritis, n (%) 0.003
Yes 545 (14.24) 223 (12.42) 322 (15.86)
No 3,281 (85.76) 1,573 (87.58) 1,708 (84.14)

Anthropometrics

Muscle mass (kg) 20.50 (17.30-23.90) 23.40 (20.50-26.30) 18.30 (15.80-20.80) <0.001
Height (m) 1.54 (1.47-1.61) 1.61 (1.56-1.66) 1.49 (1.43-1.54) <0.001
Weight (kg) 55.40 (47.30-64.00) 60.30 (52.50-67.90) 50.70 (43.70-59.30) <0.001

BMI (kg/m?’) 23.15 (20.65-25.77) 23.18 (20.77-25.62) 23.11 (20.49-25.93) 0.839




698 Biomed Environ Sci, 2025; 38(6): 693-705
Continued
Characteristics Total population (n = 4,033) Men (n =1,905) Women (n = 2,128) P value
Biochemistry
WBC (10°/L) 5.72 (4.80-6.90) 5.82 (4.90-7.02) 5.63 (4.73-6.80) <0.001
PLT (10°/L) 193.00 (150.00-235.00) 185.00 (146.00-224.00) 200.00 (154.00-245.00) <0.001
PWR (10°/L) 33.06 (25.76-40.94) 31.31 (24.49-38.89) 34.85 (27.22-43.14) <0.001

Note. Values are expressed as the median (/QR) for continuous variables, and as numbers with
corresponding percentages for categorical variables. CVD, cerebrovascular disease; BMI, body mass index;
WBC, white blood cell; PLT, platelet; PWR, PLT-to-WBC ratio.
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Figure 2. TSMI based on the tertiles of PLT count, WBC count, and PLT-to-WBC ratio.TSMI, total skeletal
muscle mass divided by body mass index; WBC, white blood cell; PLT, platelet; PWR, PLT-to-WBC ratio.
Bonferroni correction was applied to adjust the significance level for pairwise comparisons.

DISCUSSION

Among community-dwelling older adults in China
in this study, WBC count, PLT count and PWR were
negatively  associated  with muscle  mass.
Furthermore, this association varied according to sex
and age. Regularly monitoring serum inflammatory
markers may be an effective strategy for evaluating
and managing sarcopenia in older individuals in
China, with the exception of women aged > 80 years.
To the best of our knowledge, this study is the first
to investigate the correlation between inflammatory
markers and muscle mass specifically within the
oldest old population, defined as individuals aged >

80 years.

WBC count is a widely utilized biomarker for
assessing systemic inflammation and reflects the
activity of the innate immune system. Numerous
studies have established a strong association
between elevated WBC counts and various
pathological conditions, including coronary heart
disease, cerebrovascular events, viral infections, and
increased mortality rates”®®. A cross-sectional
study among community-dwelling older women has
further demonstrated that higher WBC counts were
negatively correlated with frailty, suggesting a link
between systemic inflammation and age-related
functional decline®®. Our findings, which revealed a
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significant association between WBC and muscle
mass in older adults, align with those of prior
research highlighting the role of WBC in muscle
homeostasis™®*". Although our data confirm the
predictive value of the WBC count for muscle mass,
the pathophysiological mechanisms underlying
leukocytosis-mediated muscle loss remain unclear.
Current evidence suggests that elevated circulating
leukocyte levels drive systemic inflammation
through enhanced secretion of pro-inflammatory
cytokines (e.g., IL-6)[32]. Increased inflammatory
marker levels can activate skeletal muscle
proteolysis and promote insulin resistance, thus
lowering the inhibition of protein catabolism by
insulin and eventually causing muscle atrophy[16‘33’34].
Additionally, neutrophils may mediate skeletal
muscle pathology through the coordinated release
of inflammatory mediators, proteolytic enzymes, and
neutrophil extracellular trap (NET)®*. Moreover,
aging shifts macrophages toward a pro-inflammatory
M1 phenotype, reducing the regenerative capacity
of skeletal muscles®®.

PLT is implicated not only in hemostasis and
arterial thrombosis, but also serves as a reliable
biomarker characterized by minimal intra-individual
variability and plays a significant role in
inflammatory processes®”. PLT count decreased in
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older adults, with a reduction of approximately 10%
observed after the age of 60 years; this decline is
particularly pronounced in men®¥. Although PLT
counts decreased after the age of 65 years, the
reduction in PLT levels was uniform among the
participants regardless of sex. The observed PLT
reduction in older populations may arise from the
progressive depletion of hematopoietic stem cell
reserves or represent an evolutionary adaptation
favoring individuals with attenuated PLT production
to mitigate age-associated thrombotic
complicationsBs]. Nevertheless, these propositions
remain speculative, and additional research is
necessary to elucidate the mechanisms that
contribute to age-related alterations.

After controlling for relevant confounders, the
PLT count demonstrated a significant correlation
with a reduction in muscle mass in older people in
our study. This finding is consistent with those of the
previous studies. For instance, in a cross-sectional
study involving postmenopausal women, elevated
PLT counts were negatively associated with
sarcopeniam]. Although the impact of PLT on muscle
mass loss is significant, the specific mechanisms by
which PLT contribute to this decline are uncertain.
Emerging evidence has redefined the multifaceted

roles of PLT beyond their classical hemostatic
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Figure 3. Trends in WBC, PLT, and PWR with age in older men and women (> 65 years). WBC, white blood
cell; PLT, platelet; PWR, PLT-to-WBC ratio. The 5th (green), 10th (blue), 25th (cyan), 50th (magenta), 75th
(yellow), 90th (gray) and 95th (black) percentiles of WBC, PLT and PWR across age (years) are presented

for male (left) and female (right) participants.



700

Biomed Environ Sci, 2025; 38(6): 693-705

functions, positioning them as critical mediators of
inflammatory regulation and immunomodulatory
pathways™. PLT serve as dynamic coordinators of
leukocyte trafficking by facilitating endothelial rolling
and firm adhesion via surface receptor interactions,
subsequently initiating a cascade of proinflammatory
signaling events™®. Of particular significance is the
PLT-monocyte cellular crosstalk, which induces the
phenotypic polarization of circulating monocytes,
characterized by upregulated pro-inflammatory
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surface markers and enhanced cytokine secretion
profiles[“]. PLT-leukocyte interplay has been
implicated in NET generation through chromatin
decondensation mechanisms, potentially mediating
cross-tissue effects on musculoskeletal cellular
componentsm]. Furthermore, studies have identified
vitamin D receptor-mediated pathways through
which PLTs may modulate bone remodeling and
muscle metabolism, suggesting their participation in
the bidirectional regulation of tissue formation and
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Figure 4. Relationships of WBC, PLT, and PWR with TSMI in Chinese older adults aged > 65 years. TSMI,
total skeletal muscle mass divided by body mass index; WBC, white blood cell; PLT, platelet; PWR, PLT-to-

WBC ratio.
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resorption processes[‘m. This expanded
understanding of PLT functionality establishes their
dual capacity as hematopoietic elements and
systemic regulators of the inflammatory-immune
axis coordination.

Blood cell count ratio can function as an
inflammatory index, providing a comprehensive
reflection of the balance between innate and
adaptive immunity[44’45]. The PWR is a novel, readily
qguantifiable, and economically viable marker that
assesses the impact of PLT and WBC concurrently[46].
Considering the significant functions of PLT and WBC
in the inflammatory response, PWR has been
identified as a crucial indicator of systemic
inflammation. Several studies have indicated that
the PWR is associated with numerous pathological
conditions, including ischemic stroke[‘m, poor
functional outcomes[48], and hepatitis B virus-
associated decompensated cirrhosis™*. Moreover,
our results also indicated a significant negative
correlation between PWR and TSMI among
individuals aged > 65 years in China, which is
consistent with findings from previous studies™.

In the current study, after stratifying participants

by sex, significant associations were identified
between PLT count, PWR, and decline in muscle
mass exclusively in male participants. The observed
differences in sex may also be associated with age-
associated reductions in sex hormones and various
physiological processes, particularly in menopausal

women, who experience a more significant
. . 50

reduction than their male counterparts[ I

Moreover, a decrease in estrogen levels in

postmenopausal women may correlate with loss of
muscle mass. This may be linked to the regulatory
influence of estrogen on pro-inflammatory
cytokines, as well as its direct protective effects on
muscle tissue, both of which are significantly
reduced in postmenopausal women®". Additionally,
the associations between the three inflammatory
indices and muscle mass were not significant among
the oldest women (> 80 years). The underlying
mechanisms contributing to the observed age-
related variations remain unclear and may be linked
to the reduction in stem cell reserves associated
with aging[szl.

This study had several strengths. First, we
comprehensively investigated the older population

Table 2. Associations of PLT, WBC, and PWR with TSMI

Model 1

Model 2 Model 3

Inflammatory markers

B (95% CI) P value

B (95% CI) P value B (95% CI) P value

WBC

WBC (per SD increase) —0.0137 (-0.0187, —0.0086) < 0.001 -0.0100 (-0.0149, -0.0052) < 0.001 -0.0091 (-0.0142,-0.0041) < 0.001

T, Ref Ref Ref Ref Ref Ref

T, —-0.0176 (-0.0300, -0.0052) 0.005 -0.0127 (-0.0246,-0.0008) 0.036 -0.0148 (-0.0271,-0.0025) 0.018

T3 —0.0300 (-0.0423,-0.0176) <0.001 -0.0208 (-0.0327,-0.0090) 0.001 -0.0202 (-0.0325,-0.0078) 0.001
PLT

PLT (per SD increase)

-0.0133 (-0.0184, -0.0082) <0.001 -0.0120 (-0.0169, -0.0072) <0.001 -0.0119 (-0.0170,-0.0068) < 0.001

T, Ref Ref Ref Ref Ref Ref

T, -0.0127 (-0.0251,-0.0003)  0.045 -0.0130 (-0.0249,-0.0012) 0.031 -0.0144 (-0.0267,-0.0021) 0.021

T3 -0.0304 (-0.0428, -0.0180) < 0.001 -0.0279 (-0.0397,-0.0161) <0.001 -0.0281 (-0.0404,-0.0158) < 0.001
PWR

PWR (per SD increase) -0.0024 (-0.0075,0.0027)  0.353 -0.0044 (-0.0093, 0.0004) 0.074 -0.0051 (-0.0102,-0.0001) 0.047

T, Ref Ref Ref Ref Ref Ref
T, —-0.0176 (-0.0300, -0.0051) 0.006 -0.0163 (-0.0281,-0.0044) 0.007 -0.0179 (-0.0303,-0.0055) 0.005
T3 —-0.0058 (-0.0181, 0.0065)  0.357 -0.0096 (-0.0214,0.0022) 0.110 -0.0114 (-0.0237,0.0008) 0.067

Note. Model 1 was adjusted for sex, age, occupation, and marital status; Model 2 included model 1 plus
smoking status, alcohol consumption, and BMI; Model 3 included model 2 plus the number of chronic diseases;
TSMI, total skeletal muscle mass divided by body mass index; C/, confidence interval; WBC, white blood cell
count; PLT, platelet; PWR, PLT-to-WBC ratio; SD, standard deviation; T,—T;, participants were divided into

tertiles according to WBC counts, PLT counts, and PWR.
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using the HABCS dataset, which is distinguished by
its extensive representation of older adults in China.
This dataset demonstrated homogeneity across all
18 study centers regarding protocol adherence and
data quality control. Second, to the best of our
knowledge, this study represents the first
investigation into the relationship between
inflammatory markers and muscle mass, specifically
within the oldest old population. Finally, our findings
indicate that the three inflammatory markers, which
are cost-effective and readily obtainable through
routine blood tests, can be used to evaluate muscle
health in clinical settings.

Nevertheless, some limitations must be
recognized when interpreting the findings of this
study. First, owing to the study’s cross-sectional
design, a causal relationship could not be
established. Second, muscle mass was evaluated
using BIA, which is subject to inherent measurement
errors associated with this technique. We exclusively

measured total skeletal muscle mass without
differentiating the weights of the limb bones. Lastly,
the inflammatory indices were assessed using a
single measurement, which may compromise the
accuracy of the findings owing to possible
inaccuracies in laboratory measurements and
inherent biological variability. Future studies should
investigate the relationship between longitudinal
variations in inflammatory biomarkers and muscle
mass in older adults in China.

CONCLUSION

Elevated WBC count, PLT count, and PWR levels
were significantly associated with reduced muscle
mass among Chinese community-dwelling older
individuals. Relationships between the three
inflammatory indices and muscle mass were more
pronounced in male participants as well as in female
participants aged < 80 years. Regular follow-up of

Table 3. Associations of PLT, WBC, and PWR with TSMI in different sex groups [ (95% Cl)]

Inflammatory Men Women
markers Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
WBC
WBC (per SO —0.0144 (-0.0224, -0.0121(-0.0197, -0.0117 (-0.0197, -0.0127(-0.0191, —0.0085 (-0.0146, —0.0079 (-0.0143,
increase) -0.0065)"" -0.0045)" -0.0036)" -0.0064)""" -0.0023)" -0.0015)"
T, Ref Ref Ref Ref Ref Ref
. -0.0285(-0.0482, -0.0222(-0.0410, -0.0275(-0.0471, _0 0091 (-0.0245, -0.0056 (~0.0205, —0.0051 (~0.0203,
2 -0.0088) -0.0033) —0.0079) 0.0064) 0.0092) 0.0102)
—0.0394 (-0.0590, —0.0304 (-0.0493, -0.0304 (-0.0503, —0.0205(-0.0359, _0.0122 (-0.0270, —0.0113 (-0.0267,
Ts -0.0197)"" -0.0116)" -0.0079)" -0.0052)" 0.0025) 0.0040)
PLT
PLT (per SO —0.0190 (-0.0274, -0.0187 (-0.0267, -0.0215(-0.0299, -0.0093 (-0.0154, -0.0073 (-0.0132, _ 0049 (~0.0111,
increase) -0.0106) " -0.0106)"" -0.0131)"" -0.0032)" -0.0014)" 0.0013)
T, Ref Ref Ref Ref Ref Ref
I -0.0189 (-0.0387, -0.0178 (-0.0366, —0-0212(-0.0408, _0.0105 (-0.0260, -0.0116 (-0.0264, —0.0112 (~0.0265,
2 0.0008) 0.0010) -0.0017) 0.0050) 0.0033) 0.0041)
—0.0449 (-0.0646, —0.0443(-0.0630, -0.0511(-0.0707, -0.0187 (-0.0342, _( 0145 (~0.0293, —0.0093 (~0.0246,
Ts -0.0252)"" -0.0255)"" -0.0315)"" -0.0033)" 0.0003) 0.0060)
PWR
PWR (per SD  -0.0064 (-0.0147, —0.0084(-0.0164, -0.0123(-0.0207, _0.0002 (~0.0060, -0.0015 (~0.0074, —0.0001 (~0.0059,
increase) 0.0020) —0.0004) —0.0039) 0.0063) -0.0044) 0.0062)
T, Ref Ref Ref Ref Ref Ref
. -0.0349 (-0.0546, -0.0307 (-0.0495, -0.0352(-0.0549, _0,0026 (~0.0181, —0.0030 (~0.0178, —0.0022 (~0.0176,
2 -0.0152) -0.0119) —0.0155) 0.0129) 0.0118) 0.0132)
—0.0196 (-0.0393, —0.0224 (-0.0412, -0.0308 (-0.0504,
T, <0.0001) -0.0037) ~0.0111) (-0.0102, 0.0205)  (-0.0130,0.0164) (~0.0097, 0.0206)

Note. Model 1 was adjusted for sex, age, occupation, and marital status; Model 2 included model 1 plus
smoking status, alcohol consumption, and BMI; Model 3 included model 2 plus the number of chronic diseases;
TSMI, total skeletal muscle mass divided by body mass index; C/, confidence interval; WBC, white blood cell;
PLT, platelet; PWR, PLT-to-WBC ratio. P < 0.05; p < 0.01; ™p < 0.001. SD, standard deviation; T;—T3,
participants were divided into tertiles according to WBC counts, PLTcounts, and PWR.
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Table 4. Associations of PLT, WBC, and PWR with TSMI in different sex and age groups [ (95% CI)]

Men Women
Variables
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
65-79 years
WBC
WBC (perSp  —0.0172(-0.0289, -0.0133 (-0.0241, _00115(~0.0231, —0.0181(-0.0277, -0.0122(~0.0211, -0.0099 (-0.0192,
increase) -0.0056) -0.0024) 0.0002) -0.0085) -0.0033) -0.0007)
T, Ref Ref Ref Ref Ref Ref
- -0.0194 (-0.0477, —-0.0073 (-0.0336, —0.0122 (-0.0397, —0.0043 (-0.0280, —0.0023 (-0.0242, —0.0011 (-0.0235,
2 0.0088) 0.0190) 0.0154) 0.0194) 0.0196) 0.0213)
- -0.0420 (-0.0701, -0.0278 (-0.0541, -0.0284 (~0.0565, -0.0257 (-0.0487, -0.0165(~0.0378, —0.0129 (~0.0349,
3 -0.0137) -0.0013) -0.0003) -0.0027) 0.0047) 0.0090)
PLT
PLT (persp  —0.0164(-0.0283, —0.0147 (-0.0257, -0.0178(-0.0295, -0.0162(-0.0252, -0.0117(~0.0200, —0.0097 (~0.0184,
increase) -0.0045) -0.0037) -0.0062) -0.0073) -0.0034) -0.0009)
T, Ref Ref Ref Ref Ref Ref
- -0.0170 (-0.0464, -0.0172 (-0.0443, -0.0176 (-0.0457, —0.0146 (-0.0386, —0.0111(-0.0334, —0.0124 (-0.0353,
2 0.0123) 0.0098) 0.0105) 0.0095) 0.0112) 0.0105)
-0.0448 (-0.0732, —0.0420 (-0.0683, —0.0491 (-0.0766, —0.0394 (-0.0623, —0.0280 (-0.0491, —0.0228 (-0.0447,
T3 -0.0164) -0.0157) -0.0216) -0.0166) -0.0068) -0.0010)
PWR
PWR (per SO —0.0032 (-0.0154, —0.0054 (-0.0167, —0.0090 (-0.0208, —0.0030 (-0.0123, —-0.0036 (-0.0121, —-0.0085 (-0.0304,
increase) 0.0089) 0.0058) 0.0028) 0.0062) 0.0050) 0.0135)
T, Ref Ref Ref Ref Ref Ref
T —0.0450 (-0.0736, -0.0362(-0.0628, -0.0397(-0.0676, _0.0185 (-0.0421, —-0.0137 (-0.0355, —0.0122 (-0.0347,
2 -0.0163) —0.0096) -0.0118) 0.0051) 0.0081) 0.0103)
- -0.0241 (-0.0525, —0.0267 (-0.0530, -0.0356 (-0.0632, _0 0118 (-0.0348, —0.0101 (-0.0314, —0.0085 (—0.0304,
3 0.0042) —0.0004) —0.0080) 0.0112) 0.0113) 0.0135)
> 80 years
WBC
WBC (per SO 0.0108 (-0.0219, —0.0093 (-0.0201, -0.0097 (-0.0212, —0.0086 (-0.0170, _0 0048 (-0.0131, —0.0053 (~0.0140,
increase) 0.0003) 0.0015) 0.0018) —0.0002) 0.0035) 0.0034)
T
. —0.0331(-0.0610, -0.0302(-0.0573, -0.0365(-0.0650, _0.0118(-0.0322, —-0.0075 (-0.0276, —0.0068 (-0.0276,
2 -0.0053) -0.0030) —0.0080) 0.0086) 0.0125) 0.0141)
- —0.0328 (-0.0606, _0.0269 (-0.0540, —0.0264 (-0.0550, —0.0151 (-0.0356, —0.0064 (-0.0266, —0.0073 (-0.0285,
3 —0.0051) 0.0003) -0.0022) 0.0054) 0.0139) 0.0138)
PLT
PLT (per SO —-0.0176 (-0.0297, —0.0181(-0.0297, -0.0202(-0.0325,  _0.0035 (-0.018, —-0.0021(-0.0102, 0.0004 (-0.0081,
increase) -0.0055) —0.0063) —0.0078) 0.0048) 0.0061) 0.0090)
T
- —0.0129 (-0.0401, _0.0102 (-0.0367, —0.0142 (-0.0420, —0.0078 (-0.0280, —-0.0104 (-0.0302, —0.0094 (-0.0299,
2 0.0144) 0.0163) 0.0135) 0.0124) 0.0094) 0.0112)
. —0.0381(-0.0715, -0.0390 (-0.0660, -0.0445(-0.0731, _0.0029 (-0.0237, —-0.0001 (-0.0210, 0.0045 (-0.0167,
3 -0.0103) -0.0119) —0.0158) 0.0179) -0.0197) 0.0257)
PWR
PWR (per SO —0.0067 (-0.0184, —0.0086 (-0.0200, -0.0120 (-0.0241, —0.0024 (-0.0058, —0.0007 (-0.0074, 0.0032 (—0.0051,
increase) 0.0050) 0.0028) 0.0001) 0.0107) 0.0088) 0.0116)
T
- -0.0306 (-0.0583, -0.0310 (-0.0579, -0.0375(-0.0659, ~0.0080 (-0.0124, 0.0064 (-0.0136, 0.0071 (~0.0138,
2 -0.0030) -0.0041) -0.0091) 0.0284) 0.0264) 0.0280)
- -0.0121 (-0.0398, —-0.0153 (-0.0422, -0.0227 (-0.0511, —0.0160 (-0.0045, 0.0110 (-0.0092, 0.0164 (-0.0046,
3 0.0156) 0.0117) 0.0057) 0.0366) 0.0312) 0.0374)

Note. Model 1 was adjusted for sex, age, occupation, and marital status; Model 2 included model 1 plus
smoking status, alcohol consumption, and BMI; Model 3 included model 2 plus the number of chronic diseases;
TSMI, total skeletal muscle mass divided by body mass index; C/, confidence interval; WBC, white blood cell;
PLT, platelet; PWR, PLT-to-WBC ratio. P<0.05;  P<0.01;  P<0.001.
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WBC count, PLT count, and PWR may be an
inexpensive, easy, and effective strategy for the
screening and management of sarcopenia.
Additional prospective studies are required to
determine whether interventions aimed at reducing
these markers can effectively prevent muscle mass
decline. In clinical practice, WBC count, PLT count,
and PWR should be considered potential predictors
of sarcopenia in older adults.

Funding This work was supported by the National
Natural Science Foundation of China (grant nos.
82025030, 82222063, and 82388102) and the
National Key Research and Development Program of
China (grant no. 2023YFC3603400).

Competing Interests  All authors state that there is
no conflict of interest to this manuscript.

Ethics Approval and Consent to Participate This
study was approved by the Ethics Committee of the
National Institute of Environmental Health, Chinese
Center for Disease Control and Prevention (protocol
code: 201922). All participants or their proxy
respondents provided informed consent.

Author  Contributions Conceptualization and
design: Zhang Zhenwei, Zhao Yuming, and Chen
Hongzhou; Data acquisition: Zhang Zhenwei, Qi Li,
Chen Chen, and Wang Jun; Data analysis: Zhang
Zhenwei and Zhao Yuming; Original draft writing:
Zhang Zhenwei; Manuscript revision:Shi Wenhui, Lyu
Yuebin, and Shi Xiaoming.

Received: January 21, 2025;
Accepted: April 14, 2025

REFERENCES

1. Cruz-Jentoft AJ, Sayer AA. Sarcopenia. Lancet, 2019; 393,
2636-46.

2. Anker SD, Morley JE, von Haehling S. Welcome to the ICD-10
code for sarcopenia. J Cachexia Sarcopenia Muscle, 2016; 7,
512-4.

3. Syddall HE, Martin HJ, Harwood RH, et al. The SF-36: a simple,
effective measure of mobility-disability for epidemiological
studies. J Nutr Health Aging, 2009; 13, 57-62.

4. Janssen |, Baumgartner RN, Ross R, et al. Skeletal muscle
cutpoints associated with elevated physical disability risk in
older men and women. Am J Epidemiol, 2004; 159, 413-21.

5. Brooks JM, Titus AJ, Bruce ML, et al. Depression and Handgrip
Strength Among U. S. Adults Aged 60 Years and Older from
NHANES 2011-2014. J Nutr Health Aging, 2018; 22, 938-43.

6. Celis-Morales CA, Welsh P, Lyall DM, et al. Associations of grip
strength with cardiovascular, respiratory, and cancer
outcomes and all cause mortality: prospective cohort study of
half a million UK Biobank participants. BMJ, 2018; 361, k1651.

7. Goodman CA, Mayhew DL, Hornberger TA. Recent progress
toward understanding the molecular mechanisms that
regulate skeletal muscle mass. Cell Signal, 2011; 23, 1896-906.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

26.

Buckinx F, Landi F, Cesari M, et al. Pitfalls in the measurement
of muscle mass: a need for a reference standard. J Cachexia
Sarcopenia Muscle, 2018; 9, 269-78.

Deschenes MR. Effects of aging on muscle fibre type and size.
Sports Med, 2004; 34, 809-24.

Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised
European consensus on definition and diagnosis. Age Ageing,
2019; 48, 16-31.

Tay L, Leung BP, Wee S, et al. Association of nutrition and
immune-endocrine dysfunction with muscle mass and
performance in cognitively impaired older adults. Arch
Gerontol Geriatr, 2018; 75, 20-7.

Garcia-Fernandez M, Puche JE, Delgado G, et al. 149 Insulin-
like growth factor-l (IGF-1) reduces the impact of age in
oxidative liver damage and restores insulin resistance and lipid
metabolism. J Hepatol, 2008; 48, S65-6.

Malafarina V, Uriz-Otano F, Iniesta R, et al. Sarcopenia in the
elderly: diagnosis, physiopathology and treatment. Maturitas,
2012; 71, 109-14.

Bano G, Trevisan C, Carraro S, et al. Inflammation and
sarcopenia: A systematic review and meta-analysis. Maturitas,
2017; 96, 10-5.

Schaap LA, Pluijm SM, Deeg DJ, et al. Inflammatory markers
and loss of muscle mass (sarcopenia) and strength. Am J Med,
2006; 119, 526.e9-17.

Visser M, Pahor M, Taaffe DR, et al. Relationship of
interleukin-6 and tumor necrosis factor-alpha with muscle
mass and muscle strength in elderly men and women: the
Health ABC Study. J Gerontol A Biol Sci Med Sci, 2002; 57,
M326-32.

Tuttle C, Thang L, Maier AB. Markers of inflammation and their
association with muscle strength and mass: A systematic
review and meta-analysis. Ageing Res Rev, 2020; 64, 101185.
Chung TH, Shim JY, Lee YJ. Association between leukocyte
count and sarcopenia in postmenopausal women: The Korean
National Health and Nutrition Examination Survey. Maturitas,
2016; 84, 89-93.

Park WJ, Jung DH, Lee JW, et al. Association of platelet count
with sarcopenic obesity in postmenopausal women: A
nationwide population-based study. Clin Chim Acta, 2018;
477,113-8.

Gholizade M, Farhadi A, Marzban M, et al. Association
between platelet, white blood cell count, platelet to white
blood cell ratio and sarcopenia in community-dwelling older
adults: focus on Bushehr Elderly Health (BEH) program. BMC
Geriatr, 2022; 22, 300.

Zhao WY, Zhang Y, Hou LS, et al. The association between
systemic inflammatory markers and sarcopenia: Results from
the West China Health and Aging Trend Study (WCHAT). Arch
Gerontol Geriatr, 2021; 92, 104262.

Tang T, Xie L, Tan L, et al. Inflammatory indexes are not
associated with sarcopenia in Chinese community-dwelling
older people: a cross-sectional study. BMC Geriatr, 2020; 20,
457.

Lv Y, Mao C, Yin Z, et al. Healthy Ageing and Biomarkers
Cohort Study (HABCS): a cohort profile. BMJ Open, 2019; 9,
e026513.

Zeng Y, Feng Q, Hesketh T, et al. Survival, disabilities in
activities of daily living, and physical and cognitive functioning
among the oldest-old in China: a cohort study. Lancet, 2017;
389, 1619-29.

. Baker JF, Long J, Leonard MB, et al. Estimation of Skeletal

Muscle Mass Relative to Adiposity Improves Prediction of
Physical Performance and Incident Disability. J Gerontol A Biol
Sci Med Sci, 2018; 73, 946-52.

Lee CD, Folsom AR, Nieto FJ, et al. White blood cell count and


https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.1002/jcsm.12147
https://doi.org/10.1007/s12603-009-0010-4
https://doi.org/10.1093/aje/kwh058
https://doi.org/10.1007/s12603-018-1041-5
https://doi.org/10.1016/j.cellsig.2011.07.013
https://doi.org/10.1002/jcsm.12268
https://doi.org/10.1002/jcsm.12268
https://doi.org/10.2165/00007256-200434120-00002
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1016/j.archger.2017.11.008
https://doi.org/10.1016/j.archger.2017.11.008
https://doi.org/10.1016/j.maturitas.2011.11.012
https://doi.org/10.1016/j.maturitas.2016.11.006
https://doi.org/10.1016/j.amjmed.2005.10.049
https://doi.org/10.1093/gerona/57.5.M326
https://doi.org/10.1016/j.arr.2020.101185
https://doi.org/10.1016/j.maturitas.2015.11.011
https://doi.org/10.1016/j.cca.2017.12.004
https://doi.org/10.1186/s12877-022-02954-3
https://doi.org/10.1186/s12877-022-02954-3
https://doi.org/10.1016/j.archger.2020.104262
https://doi.org/10.1016/j.archger.2020.104262
https://doi.org/10.1186/s12877-020-01857-5
https://doi.org/10.1136/bmjopen-2018-026513
https://doi.org/10.1016/S0140-6736(17)30548-2
https://doi.org/10.1093/gerona/glx064
https://doi.org/10.1093/gerona/glx064

Linking inflammatory markers to muscle mass in aging

705

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

incidence of coronary heart disease and ischemic stroke and
mortality from cardiovascular disease in African-American and
White men and women: atherosclerosis risk in communities
study. Am J Epidemiol, 2001; 154, 758-64.

Margolis KL, Manson JE, Greenland P, et al. Leukocyte count as
a predictor of cardiovascular events and mortality in
postmenopausal women: the Women's Health Initiative
Observational Study. Arch Intern Med, 2005; 165, 500-8.
Willems JM, Trompet S, Blauw GJ, et al. White blood cell count
and C-reactive protein are independent predictors of mortality
in the oldest old. J Gerontol A Biol Sci Med Sci, 2010; 65,
764-8.

Wang WJ, Feng SQ, He F, et al. The Viral Load of Epstein-Barr
Virus in Blood of Children after Hematopoietic Stem Cell
Transplantation. Biomed Environ Sci, 2022; 35, 804-10.

Leng SX, Xue QL, Tian J, et al. Inflammation and frailty in older
women. J Am Geriatr Soc, 2007; 55, 864-71.

Lee HS, Koh IH, Kim HS, et al. Platelet and white blood cell
count are independently associated with sarcopenia: A
nationwide population-based study. Thromb Res, 2019; 183,
36-44.

Melani C, Mattia GF, Silvani A, et al. Interleukin-6 expression in
human neutrophil and eosinophil peripheral blood
granulocytes. Blood, 1993; 81, 2744-9.

Xia Z, Cholewa J, Zhao Y, et al. Targeting Inflammation and
Downstream Protein Metabolism in Sarcopenia: A Brief Up-
Dated Description of Concurrent Exercise and Leucine-Based
Multimodal Intervention. Front Physiol, 2017; 8, 434.

Cleasby ME, Jamieson PM, Atherton PJ. Insulin resistance and
sarcopenia: mechanistic links between common co-
morbidities. J Endocrinol, 2016; 229, R67-81.

Torres-Ruiz J, Alcald-Carmona B, Alejandre-Aguilar R, et al.
Inflammatory myopathies and beyond: The dual role of
neutrophils in muscle damage and regeneration. Front
Immunol, 2023; 14, 1113214.

De Maeyer R, Chambers ES. The impact of ageing on
monocytes and macrophages. Immunol Lett, 2021; 230, 1-10.
Franco AT, Corken A, Ware J. Platelets at the interface of
thrombosis, inflammation, and cancer. Blood, 2015; 126,
582-8.

Biino G, Santimone I, Minelli C, et al. Age- and sex-related
variations in platelet count in Italy: a proposal of reference
ranges based on 40987 subjects' data. PLoS One, 2013; 8,
e54289.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Koenen RR. The prowess of platelets in immunity and
inflammation. Thromb Haemost, 2016; 116, 605-12.

Thachil J. Platelets in Inflammatory Disorders: A
Pathophysiological and Clinical Perspective. Semin Thromb
Hemost, 2015; 41, 572-81.

Nording HM, Seizer P, Langer HF. Platelets in inflammation
and atherogenesis. Front Immunol, 2015; 6, 98.

Kim SJ, Jenne CN. Role of platelets in neutrophil extracellular
trap (NET) production and tissue injury. Semin Immunol, 2016;
28, 546-54.

D'Amelio P, Cristofaro MA, De Vivo E, et al. Platelet vitamin D
receptor is reduced in osteoporotic patients. Panminerva
Med, 2012; 54, 225-31.

Fest J, Ruiter R, lkram MA, et al. Reference values for white
blood-cell-based inflammatory markers in the Rotterdam
Study: a population-based prospective cohort study. Sci Rep,
2018; 8, 10566.

van der Willik KD, Fani L, Rizopoulos D, et al. Balance between
innate versus adaptive immune system and the risk of
dementia: a population-based cohort  study. J
Neuroinflammation, 2019; 16, 68.

Chen Z, Huang Y, Li S, et al. Platelet-to-White Blood Cell Ratio:
A Prognostic Predictor for 90-Day Outcomes in Ischemic
Stroke Patients with Intravenous Thrombolysis. J Stroke
Cerebrovasc Dis, 2016; 25, 2430-8.

Amalia L, Dalimonthe NZ. Clinical significance of Platelet-to-
White Blood Cell Ratio (PWR) and National Institute of Health
Stroke Scale (NIHSS) in acute ischemic stroke. Heliyon, 2020; 6,
e05033.

Wang K, Li R, Chen X, et al. Platelet-to-white blood cell ratio: A
feasible predictor for unfavorable functional outcome in
patients with aneurysmal subarachnoid hemorrhage. J Clin
Neurosci, 2023; 115, 108-13.

Zhang J, Qiu Y, He X, et al. Platelet-to-white blood cell ratio: A
novel and promising prognostic marker for HBV-associated
decompensated cirrhosis. J Clin Lab Anal, 2020; 34, e23556.
Xing Y, Wei C, Chu C, et al. Stage-specific gender differences in
cognitive and neuropsychiatric manifestations of vascular
dementia. Am J Alzheimers Dis Other Demen, 2012; 27, 433-8.
Messier V, Rabasa-Lhoret R, Barbat-Artigas S, et al.
Menopause and sarcopenia: A potential role for sex
hormones. Maturitas, 2011; 68, 331-6.

Montenont E, Rondina MT, Campbell RA. Altered functions of
platelets during aging. Curr Opin Hematol, 2019; 26, 336-42.


https://doi.org/10.1093/aje/154.8.758
https://doi.org/10.1001/archinte.165.5.500
https://doi.org/10.1111/j.1532-5415.2007.01186.x
https://doi.org/10.1016/j.thromres.2019.09.007
https://doi.org/10.1182/blood.V81.10.2744.2744
https://doi.org/10.3389/fphys.2017.00434
https://doi.org/10.1530/JOE-15-0533
https://doi.org/10.3389/fimmu.2023.1113214
https://doi.org/10.3389/fimmu.2023.1113214
https://doi.org/10.1016/j.imlet.2020.12.003
https://doi.org/10.1371/journal.pone.0054289
https://doi.org/10.1160/TH16-04-0300
https://doi.org/10.1055/s-0035-1556589
https://doi.org/10.1055/s-0035-1556589
https://doi.org/10.1016/j.smim.2016.10.013
https://doi.org/10.1038/s41598-018-28646-w
https://doi.org/10.1186/s12974-019-1454-z
https://doi.org/10.1186/s12974-019-1454-z
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.06.015
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.06.015
https://doi.org/10.1016/j.heliyon.2020.e05033
https://doi.org/10.1016/j.jocn.2023.07.019
https://doi.org/10.1016/j.jocn.2023.07.019
https://doi.org/10.1002/jcla.23556
https://doi.org/10.1177/1533317512454712
https://doi.org/10.1016/j.maturitas.2011.01.014
https://doi.org/10.1097/MOH.0000000000000526

	INTRODUCTION
	METHODS
	Study Design and Participants
	Anthropometric Measurements and Laboratory Indicators
	Assessment of Muscle Mass
	Assessment of Covariates
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	Funding
	Competing Interests
	Ethics Approval and Consent to Participate
	Author Contributions
	References

