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Abstract

Background The ZJU index is an innovative computational method which integrates BMI, FBG, TG, and ALT to
AST ratio. It strongly correlates with measures of lipid metabolism and glucose intolerance. No researches have yet
explored the relationship between the ZJU index and sarcopenia.

Methods We analyzed NHANES data from 2011 to 2018, dividing the ZJU index into quartiles. The association was
investigated by adjusting for confounders using multivariable linear and logistic regression analysis. Results were
visualized through RCS regression and threshold effect analyses. We conducted various subgroup and sensitivity
analyses and plotted ROC curves to assess prediction efficacy, with the AUC as the measure of accuracy.

Results As the ZJU index increases, the prevalence of sarcopenia also rises. Following the control of potential
confounders via logistic regression analysis, our research identified a distinct relationship between the ZJU index
and sarcopenia, which was statistically significant (P<0.001), with higher ZJU index values associated with increased
risk (OR=12.40, 95% Cl: 8.46—-18.17). Interaction analysis suggests that the relationship between the ZJU index and
the risk of developing sarcopenia varies significantly between males and females across different ZJU index levels.
ROC analysis for the ZJU index shows an AUC of 0.749. Conclusions: The ZJU index significantly correlates with a
heightened risk of sarcopenia in Americans, suggesting its potential as a predictive marker for sarcopenia.
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Introduction

Sarcopenia is described as a gradual and pervasive con-
dition that primarily affects skeletal muscles, particularly
in older adults [1]. Worldwide, the incidence of sarco-
penia among the general population is thought to range
between 5% and 10% [2]. In recent months, the Global
Leadership Initiative in Sarcopenia (GLIS) developed
a worldwide standard that addresses the limitations of
previous definitions specific to continents and regions.
This new definition includes critical components such
as muscle mass, strength, and muscle-specific strength,
with input from experts across major sarcopenia
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organizations worldwide [3]. Sarcopenia impairs daily
activities, increases the likelihood of falls, and diminishes
autonomy. Additionally, it is linked to negative health
outcomes, including fractures, osteoporosis, obstruc-
tive sleep apnea (OSA), prediabetes, stroke, and cancer
[4-10]. The appendicular lean mass (ALM), assessed via
the Dual-energy x-ray absorptiometry (DEXA) method,
serves as a key indicator in evaluating muscle mass [11].
The ratio of ALM to BMI (ALMy,) is essential in assess-
ing muscle health. The skeletal muscle system is the foun-
dation of normal functioning in the human body. Thus,
obtaining clinically relevant information is essential
to the early identification and mitigation of low muscle
mass.

The ZJU index is an innovative metabolic parameter
which integrates multiple indicators, including triglyc-
erides (TG), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), BMI, and fasting blood glucose
(FBG) [12]. This index offers a comprehensive meta-
bolic health assessment, capturing patterns of metabolic
dysfunction and related health risks more effectively
than isolated biochemical indicators. Research findings
have shown that the ZJU index is associated with lipid
regulation, insulin resistance, and obesity, as well as the
risks of non-alcoholic fatty liver disease (NAFLD) and
obstructive sleep apnea (OSA) syndrome [13—-15]. It has
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been established that the development of sarcopenia
shares similar metabolic pathways with NAFLD [16].
Lipid metabolism intermediates and fatty acids are cru-
cial in regulating skeletal muscle mass and function [17].
Abnormal lipid levels could heighten the likelihood of
damaging muscle through pathways involving impaired
insulin sensitivity, chronic inflammation, and increased
oxidative stress [18]. Despite its significance, the relation-
ship between the ZJU index, which provides for lipids,
blood sugar levels, and hepatic function, and sarcopenia
has not been thoroughly examined, and its connection to
overall muscle mass remains uncertain. To fill this gap,
we evaluated information from the National Health and
Nutrition Examination Survey (NHANES). We hypoth-
esized that elevated ZJU index levels would be associated
with reduced muscle mass and an increased occurrence
of sarcopenia. This research seeks to assess the potential
of the ZJU index as an innovative predictor of muscle
mass.

Materials and methods

Data collection and study sample

The research evaluated NHANES data covering four
survey cycles between 2011 and 2018 to explore the
relationship between the ZJU index and the prevalence
of sarcopenia. Figure 1 outlines the process of selecting
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Fig. 1 Flowchart of participant selection
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participants. Initially, individuals without ZJU index
records (n=14,818) and those with incomplete ALMpy;
data (#=10,259) were excluded. Furthermore, individu-
als younger than 20 were excluded from the analysis. In
addition, 1,285 individuals were excluded due to missing
essential data, which included demographic information
(education attainment, marital status, poverty-income
ratio), health conditions (hypertension, diabetes, trouble
sleeping, cancer), lifestyle factors (current drinker, cur-
rent smoker, physical activity), and dietary intake (energy,
protein, carbohydrate, and fat intake). The resulting data-
set comprised 9,016 individuals with full information.
All subjects completed evaluations of their health and
medical status through health assessments conducted in
mobile units and structured home interviews. The ethi-
cal application of NHANES involving human subjects
was approved by the NCHS Research Ethics Review
Board, and informed consent was provided by each par-
ticipant. We adhered to the recommendations of the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines in conducting this
cross-sectional study [19].

Definition of ZJU index

ZJU index = FBG (mmol/L)
+ BMI (kg/m*) + TG (mmol/L) + 3x
ALT(U/L)JAST(U/L)ratio(+2if female)

(12)

Evaluation of appendicular lean mass and sarcopenia
Between 2011 and 2018, participants received DEXA
scans, an extensively acknowledged and verified method
for evaluating lean body mass. The ALMy,, was deter-
mined by taking the arms’ and legs’ total lean mass
(excluding bone mineral content) and dividing it by BML
Sarcopenia was diagnosed following guidelines from the
Foundation for the National Institutes of Health (FNIH),
with ALMg,,; being less than 0.789 for males and less
than 0.512 for females [11].

Covariables

To reduce potential confounding in the analysis of the
relationship between the ZJU index and ALMpy,, mul-
tivariable adjustment models were employed. The study
accounted for various covariates, which included demo-
graphic information (education attainment, marital
status, PIR), health conditions (hypertension, diabetes,
cancer, trouble sleeping), dietary intake (energy, protein,
carbohydrate, and fat intake), and lifestyle factors (cur-
rent drinker, current smoker, physical activity). Partici-
pants reported their leisure-time physical activity using
the Global Physical Activity Questionnaire (GPAQ).
We calculated total physical activity by multiplying the
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frequency and duration of moderate physical activities
(MPA) and vigorous physical activities (VPA), noting that
1 min of VPA is equivalent to 2 min of MPA [20].

Statistical analysis

Details regarding the missing covariates can be found in
Supplementary Table (1) To address potential multicol-
linearity, we calculated the variance inflation factor (VIF)
for each predictor, using a threshold of 5. These results
are detailed in Supplementary Table (2) Additionally, we
used Cook’s distance to identify statistical outliers, with
those exceeding 0.005 noted in Supplementary Fig. 1. The
results of our analyses are derived from complete case
data. ZJU index levels were segmented into four quartiles.
Medians and interquartile ranges (IQR) summarized
continuous variables, whereas categorical variables were
reported as percentages. To assess differences among
groups, the Kruskal-Wallis rank-sum test was used for
continuous variables, and the Rao-Scott chi-squared
test was applied for weighted proportions of categorical
variables, providing a comprehensive description of the
study population. Multivariable linear and logistic regres-
sion analyses were performed to investigate the associa-
tions between the ZJU index and ALMp); or sarcopenia
across three progressively adjusted models. Results were
reported as regression coefficients (p) and odds ratios
(OR), with corresponding 95% confidence intervals (CI).
Restricted cubic splines (RCS) were employed to explore
potential nonlinear relationships between changes in the
ZJU index and ALMp,;, using 4 knots at the 5th, 35th,
65th, and 95th percentiles, with the aim of identifying
inflection points. The P-value of less than 0.05 indicated
statistical significance. Subgroup analyses examined
the relationship between the ZJU index and sarcopenia
across different gender and age groups. To minimize the
error rate from multiple comparisons, a Bonferroni cor-
rection was applied to the p-values. Given that there are
four groups, based on gender and age, we adjusted the
significance level by dividing 0.05 by four, resulting in a
final significance p-value of 0.0125. If a significant inter-
action were observed, an exploratory analysis would be
carried out to identify a potential threshold at which the
ZJU index could effectively identify patients who might
benefit. The predictive ability of the ZJU index for sarco-
penia was assessed through receiver operating charac-
teristic (ROC) curves, with the findings presented as the
area under the curve (AUC). To validate this predictive
factor, participants were randomly divided into training
and validation cohorts at a 7:3 ratio. We evaluated per-
formance using ROC and calibration curves and con-
ducted decision curve analysis (DCA) to determine the
net benefit threshold. These analyses are detailed in the
Supplementary materials. To reduce the impact of miss-
ing variables, we employed multiple imputations with



Hao et al. Lipids in Health and Disease (2024) 23:389

five replications using a chained equations approach, and
sensitivity analyses assessed the robustness of results.
We used R software (version 4.2) and applied com-
plex sampling weights to ensure the study population’s
representativeness.

Results

Characteristics of participants

In this study, 9,016 participants were divided into four
categories according to their ZJU index quartiles. Sig-
nificant differences were identified across the quartiles
with respect to age, gender, race, education attainment,
marital status, PIR, and various health status. There were
noticeable differences by ZJU index groups for BMI,
ALT, AST, fasting plasma glucose, and triglycerides.
Moreover, Q4 had the highest prevalence of hyperten-
sion (37.4%) and diabetes (16.5%), alongside a greater
incidence of sleep disturbances (34.5%). Physical activity
levels decrease from Q1 to Q4. Dietary intake, including
energy, protein, and fats, is also with variations across
the groups. Importantly, those in Q4 exhibited the low-
est ALMg,,; values and the highest rate of sarcopenia
(17.0%). Further detailed comparisons between the quar-
tiles can be found in Table 1.

Relationship between ZJU index and skeletal muscle mass
Table 2 illustrates the association between the ZJU
index, segmented into quartiles, and the outcome vari-
able across three progressively adjusted models. In the
completely adjusted model (Model 3), the ZJU index
shows a strong association with the outcome variable.
Q1 serves as the reference group. In comparison to Ql,
Q4 exhibits the strongest association, with a beta of -0.13
(95% CIL: -0.14, -0.13). All quartiles have p-values<0.001,
indicating significant differences across groups. The
trend analysis reveals a dose-response relationship (p for
trend <0.001), where higher ZJU quartiles are progres-
sively linked to a stronger negative effect on the outcome
variable.

Table 3 presents the relationship between the ZJU
index and sarcopenia. Utilizing Q1 as the reference, Q4
shows the strongest association, with an OR of 12.40
(95% CI: 8.46, 18.17), indicating individuals in Q4 have
about 12.4 times higher odds of having sarcopenia com-
pared to those in Q1. Q3 has an OR of 4.96 (95% CI: 3.37,
7.32), and Q2 has an OR of 2.73 (95% CI: 1.82, 4.11). All
quartiles have p-values<0.001, showing significant dif-
ferences between groups. The p-value for the trend is
<0.001, confirming a dose-response relationship, where
higher ZJU quartiles are associated with increasing odds
of sarcopenia.
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Nonlinear relationship between the ZJU index and
sarcopenia

The findings examined the nonlinear relationships
among the ZJU index, ALMp);, and the likelihood of sar-
copenia, as depicted in Figs. 2 and 3. The RCS analysis in
Fig. 2 demonstrated a significant nonlinear relationship
between the ZJU index and ALMg,,, with a p-value of
<0.001 for both the overall association and nonlinearity.
The analysis pinpointed a turning point at a ZJU index
of 44. Below this value, each standard deviation increase
in the ZJU index was associated with a decrease of 0.14
in ALMg,; (B = -0.14, 95% CI: -0.16 to -0.12, p<0.001).
Above an index of 44, with each standard deviation
increase in ZJU associated with a decrease of 0.14 (B =
-0.14, 95% CI: -0.19 to -0.10, p<0.001) (Table 4). Simi-
larly, Fig. 3 illustrates the nonlinear association between
the ZJU index and the risk of sarcopenia. An inflection
point was found at a ZJU index of 33. Below this value,
the relationship was not significant (OR: 1.08, 95% CI:
0.91 to 1.28, p=0.40). However, above a ZJU index of 33,
each unit increase in the ZJU index was associated with
an 8% increase in the risk of sarcopenia (OR: 1.08, 95%
CI: 1.07 to 1.09, p<0.001) (Table 5), indicating a signifi-
cant rise in risk as the ZJU index exceeds this threshold.

Subgroup analysis

The stability of the link involving the ZJU index and sar-
copenia underwent evaluation via subgroup analysis, as
specified in Table 6. Significant associations were found
across age and gender subgroups. Based on the Bonfer-
roni-corrected p Value, we found that the interaction
P-value for gender is 0.011, indicating significant dif-
ferences in effect between genders. Specifically, males
showed a slightly stronger association (OR: 1.12, 95% CI:
1.10-1.13) compared to females (OR: 1.08, 95% CI: 1.07—
1.10), with a significant interaction.

Subgroup analysis revealed a significant interaction
between gender and the association of the ZJU index
with sarcopenia, prompting further investigation. Fig-
ure 4 depicts a spline curve showing the adjusted ORs
for the risk of sarcopenia, comparing females with males,
modeled using RCS with knots at the 5th, 35th, 65th, and
95th percentiles of the ZJU index. The graph demon-
strates a notable peak in the OR at a ZJU index of around
40. As the ZJU index continues to rise beyond this point,
the OR gradually decreases, indicating a lower relative
risk for females at higher ZJU index values.

As presented in Fig. 5. The overall adjusted OR for sar-
copenia in females compared to males was 1.00 (95% CI:
0.86-1.16), with a p-value of 0.964, indicating no substan-
tial statistical distinction between genders in the over-
all population. However, when stratified by ZJU index
values, the analysis revealed more specific findings. For
individuals with a ZJU index below 35, the prevalence of
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Table 1 Weighted characteristics of the study population based on ZJU quartiles
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Characteristic ZJU index groups p-value
Q1 Q2 Q3 Q4
Weighted Weighted Weighted Weighted
N=112,347,294 N=115,108,515 N=108,715,831 N=103,476,318
Unweighted n=2,254" Unweighted n=2,254" Unweighted n=2,254" Unweighted n=2,254'
Age (years) 33 (25,45) 40 (30, 50) 42 (32,51) 42 (32,50) <0.0012
Gender <0.0013
Male 37.7% 54.8% 58.8% 49.3%
Female 62.3% 45.2% 41.2% 50.7%
Race <0.0013
Mexican American 52% 8.3% 12.6% 14.4%
Other Hispanic 5.7% 6.0% 8.6% 7.4%
Non-Hispanic White 67.4% 65.7% 60.5% 59.0%
Non-Hispanic Black 9.8% 9.7% 10.0% 13.3%
Other Race -Including 12.0% 10.2% 8.3% 5.9%
Multi-Racial
Education attainment <0.0013
“High school 10.0% 10.1% 14.0% 13.8%
High school 18.1% 20.3% 23.7% 25.0%
College 71.9% 69.6% 62.3% 61.3%
Marital status <0.0013
Married or living with a partner ~ 53.6% 65.2% 65.5% 65.8%
Divorced, separated, or 10.9% 13.1% 15.4% 13.9%
widowed
Never married 35.5% 21.7% 19.1% 20.3%
PIR groups <0.0013
<13 24.5% 19.4% 22.7% 26.1%
1.3-35 32.1% 33.0% 35.3% 39.1%
>35 43.5% 47.6% 42.0% 34.8%
Hypertension <0.0013
Yes 8.8% 17.5% 27.2% 37.4%
No 91.2% 82.5% 72.8% 62.6%
Diabetes <0.0013
Yes 1.0% 1.8% 4.3% 16.5%
No 98.2% 96.9% 93.8% 80.4%
Borderline 0.7% 1.3% 1.8% 3.1%
Cancer 0.469°
Yes 4.8% 4.7% 4.3% 5.7%
No 95.2% 95.3% 95.7% 94.3%
Trouble sleeping <0.0013
Yes 22.9% 23.8% 26.2% 34.5%
No 77.1% 76.2% 73.8% 65.5%
Current drinker <0.0013
Yes 33.7% 33.0% 29.5% 20.7%
No 66.3% 67.0% 70.5% 79.3%
Current smoker 0.156>
Yes 38.7% 40.3% 42.9% 42.6%
No 61.3% 59.7% 57.1% 57.4%
PA (min/week) 180 (0,422) 120 (0, 420) 60 (0, 300) 0 (0, 240) <0.0012
Energy intake(kcal) 2,005 (1,520, 2,697) 2,134 (1,589, 2,762) 2,147 (1,623,2,781) 2,120 (1,568, 2,863) 0.004?
Protein intake (g) 75(52,101) 81(57,108) 82 (60, 113) 80 (57,108) <0.0012
Carbohydrate intake (g) 242 (178,324) 244 (175, 324) 242 (175, 330) 247 (178, 336) 0.680°
Fat intake (g) 74 (52, 106) 82(57,111) 82 (55, 115) 82 (57,117) <0.0012
BMI (kg/mz) 22 (21,23) 26 (25,27) 30 (29,32) 37 (34, 40) <0.0012
ALT(U/L) 16(13,21) 20 (15, 26) 24(18,33) 27(19,39) <0.0012
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Table 1 (continued)
Characteristic ZJU index groups p-value

Q1 Q2 Q3 Q4

Weighted Weighted Weighted Weighted

N=112,347,294 N=115,108,515 N=108,715,831 N=103,476,318

Unweighted n=2,254" Unweighted n=2,254" Unweighted n=2,254" Unweighted n=2,254'
AST(U/L) 21(18,25) 22(18,27) 23(19,27) 23(19,29) <0.0012
Fasting plasma glucose 4.77 (449, 5.05) 4.94 (4.66,5.33) 5.11(4.83,5.55) 544 (5.00, 6.33) <0.0012
(mmol/L)
Triglycerides (mmol/L) 0.88(0.64,1.22) 1.22(0.85,1.75) 1.59 (1.06, 2.30) 1.92(1.27,2.97) <0.0012
ZJU index 30(29,32) 36 (34,37) 41 (39,42) 49 (46, 53) <0.0012
ALMgy, 0.81(0.70,1.02) 0.85 (0.67, 1.03) 0.84 (0.64,0.96) 0.71(0.59,0.88) <0.0012
sarcopenia <0.0013
Yes 0.9% 3.3% 7.9% 17.0%
No 99.1% 96.7% 92.1% 83.0%
"Median (IQR); %
2Kruskal-Wallis rank-sum test for complex survey samples
3chi-squared test with Rao & Scott’s second-order correction
Table 2 The association between ZJU and ALMgy,
Characteristic Model 1 Model 2 Model 3

Beta 95% CI' p-value Beta 95% CI' p-value Beta 95% CI' p-value

ZJU index (quartile)
Q1 reference reference reference
Q2 -0.02 -0.03,-0.01 <0.001 -0.06 -0.06,-0.05 <0.001 -0.06 -0.06,-0.05 <0.001
Q3 -0.07 -0.08,-0.06 <0.001 -0.10 -0.10,-0.09 <0.001 -0.09 -0.10,-0.09 <0.001
Q4 -0.13 -0.14,-0.12 <0.001 -0.14 -0.15,-0.13 <0.001 -0.13 -0.14,-0.13 <0.001
P for trend <0.001 <0.001 <0.001

'Cl = Confidence Interval

Model 1: no covariates were adjusted

Model 2: adjusted for Age, Gender, Race, Education attainment, Marital status, and PIR

Model 3: adjusted for Age, Gender, Race, Education attainment, Marital status, PIR, Hypertension, Diabetes, Trouble sleeping, Cancer, Current drinker, Current
smoker, PA (min/week), Protein intake (g), Carbohydrate intake (g), and Fat intake (g)

Table 3 The association between ZJU and Sarcopenia

Characteristic Model 1 Model 2 Model 3

OR! 95% CI' p-value OR! 95% CI' p-value OR! 95% CI' p-value
ZJU index (quartile)
Q1 reference reference reference
Q2 332 2.23,4.96 <0.001 2.77 1.84,4.16 <0.001 273 1.82,4.11 <0.001
Q3 7.02 4.82,10.24 <0.001 517 352,761 <0.001 496 337,732 <0.001
Q4 15.90 11.04,22.90 <0.001 13.08 9.00,19.02 <0.001 1240 846,18.17 <0.001
P for trend <0.001 <0.001 <0.001

'OR = 0dds Ratio, CI=Confidence Interval

Model 1: no covariates were adjusted

Model 2: adjusted for Age, Gender, Race, Education attainment, Marital status, and PIR

Model 3: adjusted for Age, Gender, Race, Education attainment, Marital status, PIR, Hypertension, Diabetes, Cancer, Trouble sleeping, Current drinker, Current
smoker, PA (min/week), Protein intake (g), Carbohydrate intake (g), and Fat intake (g)

sarcopenia was 2.1% in males and 1.7% in females, with a
p-value of 0.32, indicating the absence of statistically sig-
nificant gender difference in this range. In the ZJU index
range of 35-55, the prevalence of sarcopenia was simi-
lar between males (9.8%) and females (11.7%), with an
adjusted OR of 1.25 (95% CI: 1.06—-1.49) and a p-value of
0.01, indicating a markedly different risk of sarcopenia in

females and males. Moreover, for individuals with a ZJU
index of 55 or higher, males had a much higher preva-
lence of sarcopenia (39.8%) compared to females (22.2%),
with an adjusted OR of 0.43 (95% CI: 0.28-0.66) and a
p-value of <0.001, indicating a significantly lower risk in
females. The p-value for interaction (<0.001) indicates a
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Fig. 3 Association between ZJU index and sarcopenia with the RCS func-
tion. Model with 4 knots located at 5th, 35th, 65th and 95th percentiles

Table 4 Effect of standardized ZJU index level on ALMg:
adjusted coefficients from segmented linear regression analysis

Characteristic Adjusted Beta per SD 95% Cl1 p-value
ZJU index (< 44) -0.14 -0.16,-0.12 <0.001
ZJU index (= 44) -0.14 -0.19,-0.10 <0.001

Table 5 Effect of ZJU index level on Sarcopenia: adjusted
coefficients from segmented linear regression analysis

Characteristic Adjusted OR 95% Cl1 p-value
ZJU index (< 33) 1.08 091,1.28 0.40
ZJU index (=33) 1.08 1.07,1.09 <0.001

significant overall difference in how the ZJU index levels
relate to sarcopenia risk between males and females.

ROC curve

The ZJU index is a composite index that incorporates
several factors. We plotted the ROC curves for these indi-
cators against sarcopenia individually. Figure 6 displays

Page 7 of 11

Table 6 Subgroup analysis of the association between ZJU and

Sarcopenia
Subgroup N Adjusted OR Pvalue Pfor
(95% Cl)’ interaction

Age groups 0.303

<40 4600 1.11(1.09-1.13) <0.001

>40 4416 1.09 (1.08-1.11) <0.001

Gender 0.011

Male 4430 1.12(1.10-1.13) <0.001

Female 4586 1.08 (1.07-1.10) <0.001

! adjusted for Race, Education attainment, Marital status, PIR, Hypertension,

Diabetes, Trouble sleeping, Cancer, Current drinker, Current smoker, PA (min/
week), Carbohydrate intake (g), Protein intake (g), and Fat intake (g)

-
o
1

-
o
1

JUCLICN

OR (Female group vs. Male group)
o
o
L

0.0

30 60 90
ZJU

Fig. 4 Spline figures plotted adjusted ORs with females compared with
males for the risk of sarcopenia. A model with 4 knots at 5th, 35th, 65th,
and 95th percentiles

these findings. The areas under the ROC curve, listed
from highest to lowest, are the ZJU index (AUC=0.749),
fasting plasma glucose (AUC=0.621), TG (AUC=0.620),
ALT (AUC=0.590) and AST (AUC=0.533). Figure 7
display the ROC curves comparing the ZJU index with
sarcopenia across different sexes. The analysis revealed
an AUC value of 0.750 (95% CI: 0.724—0.776) for males
in this study, whereas the AUC value for females was
0.746 (95% CI: 0.724—0.768). The sensitivity and speci-
ficity were 82.4% and 87.9%, as well as 50.1% and 50.0%,
respectively. The ideal cut-off values were 37.82 and
36.93.

Discussion

Sarcopenia is described as a widespread and advanc-
ing condition of the skeletal muscles, marked by a rapid
decline in both muscle mass and function. While it is
commonly linked to the aging process, it is not exclu-
sive to this process and is observed across various spe-
cies, including humans [21]. This condition poses a
major public health challenge, leading to considerable
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Subgroup Male* Female* OR (95% Cl) P value P for interaction
Overall 375/4,430 (8.5) 387/4,586 (8.4) —e— 1.00 (0.86, 1.16) 0.964
ZJu i <0.001

<35  31/1,403(2.2) 30/1,747 (1.7) — e 0.77(0.47,1.28) 0.32

35-565 272/2,846 (9.6) 305/2,605 (11.7)

>55  72/181(39.8) 52/234 (222) ——e——

—e— 1.25 (1.06, 1.49) 0.01
0.43(0.28,0.66) <0.001

I
0.4

— [ _

* no. of events / total no. (%)

Fig. 5 Adjusted ORs for sarcopenia across ZJU index subgroups, stratified by gender
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Fig. 7 Identification of ROC curves sarcopenia using the ZJU index in males (A) and females (B)
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the condition effectively. Clinically, Sarcopenia can be
assessed through different techniques, including DEXA,
bioelectrical impedance analysis (BIA), and computed
tomography (CT) [26]. Each technique has distinct
assessment standards and effectively evaluates muscle
mass. Despite the effectiveness of techniques like BIA,
DEXA, and CT in assessing sarcopenia, their practical
application is restricted by the time required, the expense
of the tests, the necessity for patient cooperation, and the
potential risks from radiation exposure. Consequently,
there is a need to identify cost-effective, accessible, and
reliable biomarkers for the prompt identification of meta-
bolic disorders and predicting the risk of sarcopenia.

Although no direct research has specifically explored
the connection between sarcopenia and the ZJU index, a
wealth of metabolic studies has uncovered links between
sarcopenia and a range of contributing factors. Multiple
meta-analyses have demonstrated a positive correlation
between elevated TG levels and the onset of sarcope-
nia. In contrast, high levels of high-density lipoprotein
cholesterol (HDL-C) in older adults are significantly
linked to an increased risk of muscle strength decline
and the development of sarcopenia [27-29]. Further-
more, various studies conducted in China and Korea
with middle-aged and older adults have revealed an
inverse relationship between the TG/HDL-C ratio and
sarcopenia [30—32], and this index is negatively associ-
ated with grip strength [33]. Sarcopenia correlates with
diminished glucose disposal at skeletal muscle sites [34].
During the euglycemic hyperinsulinemic clamp experi-
ments, skeletal muscle is responsible for roughly 80% of
glucose uptake [35]. It acts as a protective buffer against
hyperglycemia following a glucose intake, notably dur-
ing the post-prandial phase under normal physiological
conditions [36]. The preservation of skeletal muscle mass
is crucial for preventing the onset of prediabetes and its
progression to type 2 diabetes since robust, insulin-sensi-
tive skeletal muscle plays a vital role in managing glucose
disposal [37]. The loss of muscle mass can lead to insulin
resistance, a significant risk factor for NAFLD [38]. Sev-
eral common pathogenetic mechanisms, such as insulin
resistance, hormonal imbalances, systemic inflammation,
dysregulation of myostatin and adiponectin, nutritional
deficiencies, and physical inactivity, link sarcopenia and
NAFLD. These shared factors suggest a bidirectional rela-
tionship between sarcopenia and NAFLD [39]. Devel-
oped initially to identify NAFLD [12], the ZJU index has
also proven highly effective in predicting NAFLD in over-
weight women in Western countries, according to cohort
studies [40]. While these risk factors are closely associ-
ated with sarcopenia, no study has explored the relation-
ship between the ZJU index level and sarcopenia.

The study identified a negative association between the
ZJU index and ALMpy. It seems that a rise in the ZJU
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index could increase the risk of sarcopenia. Additional
analyses employing RCS and threshold effects uncovered
a curvilinear relationship. Suitable turning points were
determined at ZJU index values of 44 and 33. It is impor-
tant to note that when the ZJU index exceeded 33, each
unit increase in the ZJU index resulted in an 8% increase
in the risk of developing sarcopenia. Subgroup analysis
indicated that the association between the ZJU index and
sarcopenia varied significantly by gender. Spline curve
analysis also revealed distinct risk patterns across dif-
ferent ZJU index values, especially between genders at
higher index levels. ROC curves demonstrate that the
ZJU index possesses high identification power and effec-
tive screening capability for detecting sarcopenia in both
males and females. Therefore, assessing the ZJU index
value to identify individuals at an early risk of sarcopenia
is beneficial, as it enables the timely initiation of preven-
tive measures and treatments before the disease devel-
ops. Blood biochemistry tests, commonly performed in
clinical environments, make the ZJU index an accessible
and cost-effective option for broad application. Future
research should include more extensive, multicenter
cohort studies to establish its efficacy in diagnosing sar-
copenia further. Additionally, the molecular mecha-
nisms associated with these findings need more in-depth
investigation.

Advantages and limitations

The primary advantage of our study lies in its empha-
sis on the nonlinear relationship between the ZJU index
and sarcopenia. Subgroup analysis highlighted signifi-
cant interactions between gender and the ZJU index’s
correlation with sarcopenia, prompting further investi-
gation. Utilizing RCS, our spline curve analysis also iden-
tified distinct risk patterns across different ZJU index
values, particularly notable between genders at higher
levels. Moreover, our findings are credible and represen-
tative due to the extensive sample size and meticulous
adjustment for covariates. However, there are several
limitations to this study. Firstly, it is a cross-sectional
observational study and does not establish causality
between the ZJU index and sarcopenia. Secondly, the
inability to access complete data that constitutes the ZJU
index from other mainstream databases prevents the val-
idation of its efficacy using other publicly available data-
bases. This issue awaits further research in larger medical
centers in the future. Additionally, although many con-
founding factors were adjusted based on clinical practice
and previous studies, the impact of unknown variables on
our findings cannot be entirely dismissed.
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Conclusions

The results suggest a positive association with the
increased prevalence of sarcopenia, indicating that the
ZJU index could serve as a novel predictor of sarcopenia.
Clinicians could promote self-regulation through health
education and targeted interventions, guiding patients
to maintain their body weight, care about blood glucose,
control blood lipids, and examine liver function to lower
the risk of sarcopenia. Further validation of these findings
will require additional prospective studies, randomized
controlled trials, and more research to understand the
underlying mechanisms.
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