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Association between lipid ratios
and sarcopenia and the mediating
roles of inflammatory biomarkers
In a cross-sectional study from
NHANES 2011-2018
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Sarcopenia, which leads to reduced quality of life and increased medical burden, is challenging to
diagnose in a timely manner. Lipid metabolism plays a role in sarcopenia, and this study explored the
associations between blood lipid profile parameters and sarcopenia. Using data from the National
Health and Nutrition Examination Survey 2011-2018, we conducted weighted multivariate logistic
regression to investigate the associations between lipid ratios and sarcopenia, including non-high-
density lipoprotein cholesterol (non-HDL-C) to HDL-C, triglyceride (TG) to HDL-C, low-density
lipoprotein cholesterol (LDL-C) to HDL-C, and remnant cholesterol (RC) to HDL-C ratios. We performed
subgroup analyses to assess interactions with other covariates and used mediation models to evaluate
the mediating roles of inflammatory biomarkers. We included a total of 9500 non-sarcopenic and

849 sarcopenic participants aged 18-59 years. While we observed modest correlations between
individual lipid components and sarcopenia, we obtained significant positive associations for lipid
ratios. Specifically, non-HDL/HDL-C (OR=1.09; 95% CI 1.03-1.15; P =0.003), TG/HDL-C (OR=1.02;
95% Cl 1.02-1.04; P=0.014), LDL/HDL-C (OR=1.27; 95% Cl 1.11-1.45; P <0.001), and RC/HDL-C

ratios (OR=1.55; 95% Cl 1.16-2.07; P =0.004) showed strong associations with sarcopenia. These
associations were more pronounced in younger participants, those with lower family economic status,
and those without self-reported diabetes. Furthermore, there were significant mediation effects of
inflammatory biomarkers on the association between non-HDL/HDL-C, LDL/HDL-C, and RC/HDL-C and
sarcopenia risk, with proportions ranging from 2.90 to 6.36%. In conclusion, our study demonstrated
the positive associations between lipid ratios and sarcopenia in middle-aged adults, suggesting the
potential of these lipid ratios for improving sarcopenia case identification. Further research is required
to explore the underlying mechanisms.
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LDL-C Low-density lipoprotein cholesterol

MLR Monocyte-to-lymphocyte ratio

NHANES  National Health and Nutrition Examination Survey
NLR Neutrophil-to-lymphocyte ratio

NMLR Neutrophil-monocyte to lymphocyte ratio
OR Odds ratio

PIR Ratio of family income to poverty

RC Remnant cholesterol

RCS Restricted cubic spline

SII Systemic immune-inflammation index
SIRI Systemic inflammatory response index
TC Total cholesterol

TG Triglyceride

Sarcopenia, a progressive and generalized musculoskeletal disorder characterized by the loss of muscle mass and
function!, is a major public health concern, particularly among middle-aged and older adults. This condition is
associated with a range of adverse health outcomes, including diminished quality of life, increased healthcare
utilization, higher medical costs, and elevated mortality risk?3. While sarcopenia was once considered an
inevitable consequence of aging, recent research has identified it as a multifactorial syndrome. Its development is
influenced by both intrinsic and extrinsic factors?, including prolonged inactivity, inadequate nutritional intake,
and chronic diseases such as diabetes and cancer>®. These findings have heightened considerable interest in
sarcopenia among researchers and clinicians.

Increasing evidence suggests that lipid metabolism may play a critical role in sarcopenia”®. A typical
cellular change in sarcopenic is the reduction in muscle fiber quality with age, replaced by intramuscular and
intermuscular fat accumulation or myosteatosis®?. Excessive myosteatosis not only disrupts muscle architecture
and decreases mechanical function, but also negatively affects the metabolic mechanisms of muscle tissues.
Changes in lipid metabolism in muscle tissues impair the muscle tissue microenvironment by promoting
local or systemic inflammation and increasing insulin resistance (IR)!°. Conventional blood lipid profiles
typically measure individual lipid components, including total cholesterol (TC), triglyceride (TG), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), non-HDL-C, and remnant
cholesterol (RC). A cross-sectional study observed negative associations between TC, TG, LDL-C, HDL-C levels
and sarcopenia®, and Jang et al.!! reported a positive association between RC and the risk of low muscle mass in a
Korean population. However, lipid ratios may provide additional insights into metabolic alternations and better
reflect interactions among lipid components'>13. These ratios are increasingly used to investigate associations
with lipid-metabolism-related diseases. In particular, the TG/HDL-C ratio is closely related to IR!, suggesting
a potential association with sarcopenia. However, few studies have investigated the association between lipid
ratios and sarcopenia.

Currently, timely diagnosis of sarcopenia remains challenging, as case identification typically begins with
self-reported symptoms or clinical suspicion?’. The SARC-F questionnaire, a recommended screening tool
for sarcopenia, assesses the patients’ perception of the daily performance in areas such as strength, assistance
walking, rising from a chair, stair climbing, and falls>!®>. While SARC-F has high specificity, its sensitivity is
limited'®. Exploring the role of blood lipid profile in sarcopenia may offer quantitative indicators for early case
identification, helping to refine the selection of high-risk individuals and improve the efficiency of SARC-F or
other diagnostic tools. In this study, we aimed to comprehensively investigate the associations between serum
lipid profile and sarcopenia risk using data from the 2011-2018 National Health and Nutrition Examination
Survey (NHANES) in the US following a cross-sectional design.

Results

Characteristics of participants

A total of 10,349 participants were included in the study, aged from 18 to 59 years (Fig. 1), whose characteristics
were shown in Table 1. While the diagnosis of sarcopenia based on cross-sectional single-point data of body
condition has some limitations, the classification of sarcopenic and non-sarcopenic groups in this study followed
guidelines established and recommended by the National Institutes of Health. The median age was 37.00 years
for non-sarcopenic participants, and 45.00 years for sarcopenic cases (P<0.001). Sex (P=0.334) between the
two groups showed no significant difference. Compared to non-sarcopenic participants, sarcopenic cases were
more likely to be Mexican American (P<0.001), married (P<0.001), non- or former- smokers (P=0.002), had
a lower education level (P<0.001), a lower ratio of family income to poverty (PIR, P<0.001), higher alcohol
consumption (P=0.030), shorter sedentary time (P=0.002), higher body mass index (BMI, P<0.001), and more
self-reported diabetes, hypertension, cardiovascular diseases (CVDs, P<0.001) and cancer (P=0.028). Notably,
there were significant differences between the two groups in lipid indicators (all P<0.001, Table 1) and five
inflammatory biomarkers (Table S1): neutrophil-to-lymphocyte ratio (NLR), derived neutrophil-to-lymphocyte
ratio (ANLR), neutrophil-monocyte to lymphocyte ratio (NMLR), systemic inflammatory response index (SIRI),
and systemic immune-inflammation index (SII).

Lipid parameters and sarcopenia risk

We first examined the associations between conventional lipid parameters and sarcopenia using weighted
logistic models (Table S2). The number of participants included in each model varied depending on the missing
values for the outcomes and adjusted covariates. With each 1 mg/dL increase in LDL-C and remnant cholesterol
(RC), the estimated odds for sarcopenia increased by 0.5% (95% confidence interval [CI], 1.001-1.009) and

Scientific Reports |

(2025) 15:6617 | https://doi.org/10.1038/s41598-025-90131-y nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Participants from the NHANES 2011-2018
(N=39156)

| o |
[O=/ Participants missing outcomes
(N=21277)

Participants (N=17879)

@ Daily energy intake <800 kcal or
>5000 kcal (N=1615)

—_—

|O=]| <18 years old (N=5448)
Participants (N=10816)

{O=| Participants missing information of
total cholesterol and HDL-C
(N=467)

Participants (N=10349)

Non-sarcopenia (N=9500) Sarcopenia(N=849)

@ non-HDL/HDL-C ratio (N=9500) E non-HDL/HDL-C ratio (N=849)

TG/HDL-C ratio (N=4448) =) TG/HDL-C ratio (N=403)
LDL/HDL-C ratio (N=4386) LDL/HDL-C ratio (N=390)
RC/HDL-C ratio (N=4386) RC/HDL-C ratio (N=390)

Fig. 1. Flowchart of participant selection process from the NHANES, 2011-2018.

1.4% (95% CI 1.005-1.023), respectively, after adjusting for age, sex, race, education level, marital status, PIR,
smoking status, sedentary time, self-reported diabetes, self-reported hypertension, self-reported CVDs, self-
reported cancer, and glycohemoglobin. Non-HDL-C (odds ratio [OR] =1.002; 95% CI 1.000-1.005; P=0.049)
showed a borderline significance. However, HDL-C (OR =0.986; 95% CI 0.976-0.996; P=0.008) was negatively
associated with the risk of sarcopenia.

Four lipid ratios were analyzed (Table 2). Results across the three logistic models were generally consistent. In
model 3, the estimated odds for sarcopenia were 9% greater for each unit increase in non-HDL/HDL-C (95% CI
1.03-1.15; P=0.003), 2% greater for each unit increase in TG/HDL-C (95% CI 1.02-1.04; P=0.014), 27% greater
for each unit increase in LDL/HDL-C (95% CI 1.11-1.45; P<0.001), and 55% greater for each unit increase
in RC/HDL-C (95% CI 1.16-2.07; P=0.004). Similarly, compared to the first quartile, a positive association
with sarcopenia was observed for non-HDL/HDL-C (P, , ,=0.001), TG/HDL-C (P, ,<0.001), LDL/HDL-C
(P,,,q=0.004), and RC/HDL-C ratio (P, ,<0.001) in the higher quartiles when treated as categorical variables.

To assess potential non-linear associations between lipid ratios (non-HDL/HDL-C, TG/HDL-C, LDL/
HDL-C, and RC/HDL-C) and sarcopenia risk, we used restricted cubic spline (RCS) logistic regression
(Fig. 2). After adjusting for all covariates, a linear association was observed for LDL/HDL-C (P, ,<0.001,

nanrlinearity:0.067), while non-linear associations were observed for non-HDL/HDL-C, TG/HDL-C, and RC/
HDL-C ratios (P <0.001, P <0.001) with sarcopenia risk.

overall non-linearity

Subgroup analysis

The subgroup analysis (Fig. 3) identified that significant associations between non-HDL/HDL-C, TG/HDL-C
ratios and sarcopenia risk were more likely to occur in those with PIR<1.3 (Pimem“.on, 0.043 and 0.034,
respectively), and no self-reported diabetes (P, .. . 0.023 and 0.008, respectively). Significant associations
between LDL/HDL-C ratio, RC/HDL-C ratio, and sarcopenia risk were more likely to occur in those with age
between 18 and 39 (P, 0.042 and 0.041, respectively). Besides, an interaction between the RC/HDL-C

) interaction’
ratio and self-reported diabetes was also observed (P, =0.041).

interaction
Mediation and sensitivity analysis

We further explored the mediation roles of NLR, dNLR, monocyte-to-lymphocyte ratio (MLR), NMLR, SIRI,
and SII in the association between lipid parameters and sarcopenia (Figure S1). NLR, dNLR, NMLR and SII
significantly mediated the association between non-HDL/HDL-C and sarcopenia after adjusting for all covariates,
with the mediation proportion of 2.90%, 4.90%, 3.42% and 3.74%, respectively (Fig. 4). Furthermore, dNLR and
SII explained 5.75% and 4.59% of the association between LDL/HDL-C and sarcopenia, while dNLR and SIRI
explained 6.36% and 4.14% of the association between RC/HDL-C and sarcopenia, respectively. Although the
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Variables Non-sarcopenia (n=9500) | Sarcopenia (n=_849) P-value
Age, (years) 37.00 (26.00, 48.00) 45.00 (33.00, 54.00) <0.001
Sex, n (%) 0.334
Male 4692 (49.39) 434 (51.12)

Female 4808 (50.61) 415 (48.88)

Race/ethnicity, n (%) <0.001
Mexican American 1332 (14.02) 302 (35.57)

Non-Hispanic White 3389 (35.67) 227 (26.74)

Non-Hispanic Black 2094 (22.04) 55 (6.48)

Other races 2685 (28.26) 265 (31.21)

Education level, n (%) <0.001
Middle school or lower 1402 (16.13) 254 (31.05)

High school 1830 (21.05) 210 (25.67)

College or more 5461 (62.82) 354 (43.28)

Missing 807 (0.00) 31 (0.00)

Marital status, n (%) <0.001
Never married 2316 (26.64) 166 (20.29)

Married 4199 (48.30) 435 (53.18)

Other 2179 (25.06) 217 (26.53)

Missing 806 (0.00) 31 (0.00)

PIR, (no units) 2.16 (1.07, 4.14) 1.59 (0.89, 3.16) <0.001
Missing 713 (0.00) 75 (0.00)

Smoking status, n (%) 0.002
Never 5807 (62.61) 545 (64.42)

Current 1999 (21.55) 142 (16.78)

Former 1469 (15.84) 159 (18.79)

Missing 225 (0.00) 3(0.00)

Alcohol drinking, n (%) 0.030
<3 4026 (58.60) 271 (53.66)

>3 2844 (41.40) 234 (46.34)

Missing 2630 (0.00) 344 (0.00)

Sedentary time (minutes) 360.00 (240.00, 480.00) 300.00 (180.00, 480.00) | 0.002
Missing 44 (0.00) 7 (0.00)

Self-reported diabetes, n (%) <0.001
Yes 574 (6.05) 132 (15.55)

No 8920 (93.95) 717 (84.45)

Missing 6 (0.00) 0(0.00)

Self-reported hypertension, n (%) <0.001
Yes 2016 (21.24) 265 (31.32)

No 7477 (78.76) 581 (68.68)

Missing 7 (0.00) 3(0.00)

Self-reported CVDs, n (%) <0.001
Yes 292 (3.37) 61 (7.50)

No 8375 (96.63) 752 (92.50)

Missing 833 (0.00) 36 (0.00)

Self-reported cancer, n (%) 0.028
Yes 314 (3.61) 42 (5.14)

No 8379 (96.39) 775 (94.86)

Missing 807 (0.00) 32 (0.00)

BMI (kg/mz) 27.10 (23.50, 31.60) 33.40 (29.00, 39.00) <0.001
Glycohemoglobin (%) 5.40 (5.10, 5.70) 5.60 (5.30, 6.00) <0.001
Missing 10 (0.00) 0 (0.00)

Total cholesterol (TC, mg/dL) 184.00 (160.00, 211.00) 192.00 (169.00, 220.00) | <0.001
Triglyceride (TG, mg/dL) 87.00 (59.00, 133.00) 123.00 (89.50, 172.00) <0.001
Missing 5052 (0.00) 446 (0.00)

LDL-C (mg/dL) 108.00 (87.00, 132.00) 117.00 (98.00, 143.00) <0.001
Missing 5114 (0.00) 459 (0.00)
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Variables Non-sarcopenia (n=9500) | Sarcopenia (n=_849) P-value
HDL-C (mg/dL) 50.00 (42.00, 61.00) 45.00 (39.00, 54.00) <0.001
non-HDL-C (mg/dL) 131.00 (105.00, 159.00) 144.00 (120.00, 174.00) | <0.001
Remnant cholesterol (RC, mg/dL) | 17.00 (12.00, 26.00) 24.00 (18.00, 33.00) <0.001
Missing 5114 (0.00) 459 (0.00)
non-HDL/HDL-C ratio (no units) | 2.56 (1.85, 3.53) 3.17 (2.38, 4.09) <0.001
TG/HDL-C ratio (no units) 1.68 (1.02, 2.92) 2.65 (1.73, 4.09) <0.001
Missing 5052 (0.00) 446 (0.00)
LDL/HDL-C ratio (no units) 2.09 (1.55,2.77) 2.52(1.89, 3.25) <0.001
Missing 5114 (0.00) 459 (0.00)
RC/HDL-C ratio (no units) 0.33 (0.20, 0.57) 0.52 (0.34, 0.76) <0.001
Missing 5114 (0.00) 459 (0.00)

Table 1. Basic characteristics of participants between non-sarcopenia and sarcopenia groups among the

US population, NHANES, 2011-2018. The continuous variables were presented as median (interquartile
range, IQR), and the categorical variables were presented as numbers and percentages. BMI body mass index,
CVDs cardiovascular diseases, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein
cholesterol.

direct effects in other mediation models were all significant, no mediation effects were detected (Fig. 4). Finally,
the sensitivity analysis after further adjusting for alcohol drinking and propensity score matching (Figure S2)
both showed no substantive changes (Table S3, S4).

Discussion

We investigated the associations between blood lipid profile and sarcopenia risk using data from the 2011-2018
NHANES. We obtained modest correlations between conventional parameters and sarcopenia risk in US adults
aged 18-59 years. However, we obtained stronger positive associations between all four lipid ratios, i.e., non-
HDL/HDL-C, TG/HDL-C, LDL/HDL-C, and RC/HDL-C ratios, and sarcopenia risk. These findings support the
potential use of these lipid ratios for the identification of sarcopenia cases.

The blood lipid profile is a widely used test, and its relationship with sarcopenia has garnered increasing
attention from researchers. In terms of conventional lipid parameters, a hospital-based study reported that
TG was negatively associated with sarcopenia risk, while HDL-C was positively associated'”. Recently, a
bidirectional Mendelian randomization analysis highlighted the genetic risks of HDL-C, LDL-D, TC, and TG
for sarcopenials. However, a meta-analysis reported that TG, TC, and LDL-C increased sarcopenia risk, while
HDL-C had protective effects'®. Our findings align with this meta-analysis for HDL-C and LDL-C, but we did not
observe significant associations between TC, TG, and sarcopenia. Additionally, we observed a stronger positive
association between RC and sarcopenia, consistent with a Korean study'!. These individual lipid parameters
may have limitations for screening sarcopenia, as they might overlook the combined effects of different lipids.

Compared to the traditional lipid profile, lipid ratios may exhibit more robust relationship with sarcopenia.
The TG/HDL-C ratio, an indicator for IR0, suggests a potential link to sarcopenia. Several studies have
explored these associations, but their findings have been inconsistent. Three studies involving Chinese
participants reported a negative association between the TG/HDL-C ratio and sarcopenia risk!”?!?2, whereas
a study based on the Korean NHANES reported the opposite result?>. One possible reason for these conflicting
results is differences in study populations. Genetic variants and lifestyle factors influencing lipid traits may vary
across racial groups**%, resulting in differences in blood lipid levels. Although previous studies have explored
the relationships between other lipid ratios and sarcopenia in the U.S. population, with baseline imbalances of
race, marital status, smoking status, and some other characteristics?®?’, there has been no research examining the
association between the TG/HDL-C ratio and sarcopenia. Only Huang et al.?%, using NHANES data, identified
a negative correlation in older adults between the TG/HDL-C ratio and relative grip strength, a robust measure
of sarcopenia, even after adjusting for race and other covariates.

Moreover, we conducted an investigation into the roles of the non-HDL/HDL-C, LDL/HDL-C, and RC/
HDL-C ratios, finding that higher levels were associated with an increased risk of sarcopenia. These findings
support the hypothesis that imbalances in lipid metabolism are closely linked to muscle health. The non-
HDL/HDL-C ratio is a common and reliable indicator of lipid metabolism, which has been reported to be
positively associated with sarcopenia®®?’, while RC/HDL-C ratio demonstrated the strongest association in
our study. Emerging evidence suggests that elevated RC increases the risk of cardiovascular disease?’, which is
bidirectionally associated with sarcopenia®. RC may impact human health by promoting chronic inflammation
and lipid infiltration3®3!. Our mediation analysis supported this, revealing the mediating roles of dNLR and
SIRI in the RC/HDL-C-sarcopenia relationship. Both dNLR and SIRI are recognized risk factors for sarcopenia
incidence and mortality®>. Even though HDL-C is generally considered beneficial due to its role in reverse
cholesterol transport®, the RC/HDL-C ratio provides a more comprehensive measure of blood cholesterol
balance, highlighting its potential to reveal significant associations with sarcopenia.

Sarcopenia is commonly considered an age-related disorder!, underscoring the importance of investigating
the interaction between age and lipid ratios. This study showed that the association between lipid ratios and
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Model 1 Model 2 Model 3
Variables Non-sarcopenia (n=9500) | Sarcopenia (n=849) | OR (95% CI) P-value | OR (95%CI) P-value | OR (95%CI) P-value
non-HDL/HDL-C ratio 119(1.13,1.26) | <0.001 | 1.16(1.10,122) | <0.001 | 1.09 (1.03,1.15) | 0.003
(continuous)
non-HDL/HDL-C ratio (quartile)
<1.85 2387 (25.13) 98 (11.54) Ref Ref Ref
(1.85,2.56] 2354 (24.78) 155 (18.26) 1.49 (0.98, 2.28) 0.064 | 1.42(0.93,2.16) 0.103 | 1.25(0.77,2.04) 0.362
(2.56, 3.53] 2384 (25.09) 256 (30.15) 2.25(1.55,3.26) | <0.001 |2.03(1.39,2.95) | <0.001 | 1.66 (1.08,2.54) 0.021
>3.53 2375 (25.00) 340 (40.05) 3.12(2.14,4.54) | <0.001 |2.73(1.85,4.04) | <0.001 | 1.96 (1.22,3.14) 0.007
P for trend <0.001 <0.001 0.001
TG/HDL-C ratio (continuous) 1.05 (1.03,1.08) | <0.001 | 1.05(1.02,1.07) | <0.001 | 1.02(1.01,1.04) | 0.014
TG/HDL-C ratio (quartile)
<1.02 1106 (24.87) 38 (9.43) Ref Ref Ref
(1.02, 1.68] 1119 (25.16) 58 (14.39) 2.07 (1.07,4.03) | 0.032 | 1.96 (1.00,3.84) | 0.050 | 1.67(0.82,3.40) | 0.151
(1.68,2.92] 1107 (24.89) 136 (33.75) 4.20(2.43,7.27) | <0.001 | 3.86(2.23,6.68) | <0.001 |2.86 (1.49,5.48) 0.002
>2.92 1116 (25.09) 171 (42.43) 5.76 (3.44,9.62) | <0.001 | 5.09(3.02,8.58) | <0.001 |3.25(1.84,5.75) | <0.001
Missing 5052 (0.00) 446 (0.00)
P for trend <0.001 <0.001 <0.001
LDL/HDL-C ratio (continuous) 1.42 (1.27,1.58) | <0.001 |1.34(1.19,1.49) | <0.001 | 1.27(1.11,1.45) | <0.001
LDL/HDL-C ratio (quartile)
<1.55 1102 (25.13) 50 (12.82) Ref Ref Ref
(1.55, 2.09] 1096 (24.99) 76 (19.49) 1.65 (0.93, 2.94) 0.088 | 1.52(0.85,2.70) 0.156 | 1.50(0.79,2.87) 0.211
(2.09, 2.77] 1091 (24.87) 108 (27.69) 217 (1.30,3.62) | 0.004 | 1.89 (1.11,3.23) | 0.021 | 1.55(0.86,2.79) | 0.142
>2.77 1097 (25.01) 156 (40.00) 3.00(1.93,4.66) | <0.001 |2.55(1.61,4.03) | <0.001 |2.15(1.23,3.77) 0.008
Missing 5114 (0.00) 459 (0.00)
P for trend <0.001 <0.001 0.004
RC/HDL-C ratio (continuous) 2.26 (1.82,2.80) | <0.001 |2.03 (1.62,2.53) | <0.001 | 1.55(1.16,2.07) | 0.004
RC/HDL-C ratio (quartile)
<0.20 1075 (24.51) 37 (9.49) Ref Ref Ref
(0.20, 0.33] 1115 (25.42) 57 (14.62) 1.87 (0.96,3.63) | 0.063 |1.79(0.92,3.48) | 0.085 | 1.50(0.75,3.01) | 0.245
(0.33,0.57] 1104 (25.17) 135 (34.62) 3.86 (2.22,6.70) | <0.001 | 3.57(2.05,6.21) | <0.001 | 2.65(1.41,4.99) 0.003
>0.57 1092 (24.90) 161 (41.28) 5.35(3.20,8.97) | <0.001 | 4.78 (2.85,8.03) | <0.001 |3.05(1.71,5.44) | <0.001
Missing 5114 (0.00) 459 (0.00)
P for trend <0.001 <0.001 <0.001

Table 2. Associations between the lipid ratios and sarcopenia among the US population, NHANES, 2011-
2018. Model 1: without any adjustment. Model 2: adjusted for age and sex. Model 3: adjusted for age, sex,
race, education level, marital status, PIR, smoking status, sedentary time, self-reported diabetes, self-reported
hypertension, self-reported CVDs, self-reported cancer, and glycohemoglobin. CI confidence interval,

CVDs cardiovascular diseases, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein
cholesterol, OR odd ratio, PIR family poverty income ratio, RC remnant cholesterol, TG triglyceride.

sarcopenia is stronger in younger participants compared to older adults. Consequently, young populations may
benefit more from the application of lipid ratios in sarcopenia case-finding. Our subgroup analysis revealed that
these ratios perform better in individuals with higher economic status or those without diabetes. Socioeconomic
status has been linked to blood lipid levels, likely through behavioral and psychological factors*-. Additionally,
diabetes is often associated with abnormal blood lipid metabolism'?, which may influence the utility of these
ratios. When using lipid ratios, it is essential to consider the target population carefully. Further studies are
required to refine and validate the specific populations where these ratios are most effective.

This study had several strengths. First, we investigated four lipid ratios rather than focusing on the individual,
conventional components. Second, the data were derived from the large-scale and accurate NHANES database,
allowing for adjustment of numerous confounding variables to enhance the reliability and stability of our
results. However, the study had some limitations. First, the lipid profile measurements and sarcopenia diagnoses
were based on cross-sectional data, which restricts the causal inference. Sarcopenia is a progressive disorder
characterized by the loss of muscle mass and function, which cannot be fully captured in a single cross-sectional
snapshot. Therefore, we cautiously interpreted our findings, focusing only on the observed associations.
Nonetheless, these associations suggests that lipids ratios could be valuable in identifying potential sarcopenia
cases. Furthermore, blood lipid levels may vary across different ethnic groups, and there are potential limitations
using calculated estimates of lipid parameters. These factors may reduce the generalizability of our findings to
other populations.
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Fig. 2. Associations between the non-HDL/HDL-C (A), TG/HDL-C (B), LDL/HDL-C (C), RC/HDL-C

(D) ratios, and sarcopenia among the US population, NHANES, 2011-2018. Restricted cubic spline logistic
regression was used after adjusting for age, sex, race/ethnicity, education level, marital status, PIR, smoking
status, sedentary time, self-reported diabetes, self-reported hypertension, self-reported CVDs, self-reported
cancer, and glycohemoglobin. The solid blue lines represented the central estimates, and the light blue-shaded
regions represented the 95% Cls. CI confidence interval, CVDs cardiovascular diseases, HDL-C high-density
lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, OR odd ratio, PIR family poverty income
ratio, RC remnant cholesterol, TG triglyceride.

Methods

Study design and population

Our cross-sectional study utilized data from the 2011-2018 NHANES database. NHANES employs a complex,
multi-stage probability sampling process to collect information from a representative sample of Americans®.
Its primary goal is to evaluate the health and nutritional status of adults and children in the US. Further details
about the NHANES are available on the official website (https://www.cdc.gov/nchs/nhanes/about_nhanes.htm).
The NHANES protocol was vigorously reviewed and approved by the National Center for Health Statistics Ethics
Review Board to ensure ethical compliance. All participants provided written informed consent before their
participation.

The selection criteria for participants in this study from the 2011-2018 NHANES database were as follows: (1)
availability of the dual-energy X-ray absorptiometry (DXA) examination results with corresponding voluntary
consents; (2) availability of relevant data on TC, HDL-C, and BMI; (3) daily energy intake between 800 and
5,000 kcal; and (4) age of 18 years or older®®%°.

Detection and definitions of lipid profile and sarcopenia

Sarcopenia was identified based on the criteria established by the National Institutes of Health, specifically
tailored to the characteristics of our research population®*+%. Using results from DXA, appendicular skeletal
muscle mass (ASM) was calculated by adding the bone-free lean mass measurements of the limbs. Sarcopenia
was diagnosed if the ASM adjusted for BMI was below 0.512 for females or 0.789 for males*+*.

The lipid profile includes both conventional parameters and lipid ratios, providing a comprehensive
assessment of an individual’s lipid status. The conventional lipid profile focuses on six key parameters (mg/
dL): TC, TG, HDL-C, LDL-C, non-HDL-C, and RC. TC, HDL-C, and TG were measured using the Roche
Modular P Chemistry Analyzer and the Roche Cobas 6000 Chemistry Analyzer!. LDL-C was calculated using
the Friedewald formula: TC-HDL-C-TG/5 (applicable when TG <400 mg/dL)*"*2. Non-HDL-C was defined
as TC-HDL-C***4, and RC was calculated as TC - HDL-C-LDL-C!#>%>, Lipid ratios were determined using
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the following formulas: non-HDL/HDL-C ratio = non-HDL-C/HDL-C*6, TG/HDL-C ratio=TG/HDL-C*+,
LDL/HDL-C ratio = LDL-C/HDL-C***¢, and RC/HDL-C ratio=RC/HDL-C**.

Definition of covariates and mediators

Our analysis included the following demographic variables: age at screening (continuous), sex (male or female),
race/ethnicity (Mexican American, Non-Hispanic White, Non-Hispanic Black, or other races), education level
(middle school or below, high school graduation, and college degree or higher), marital status (never married,
married, and other statuses such as being widowed, divorced, separated, or living with a partner), and PIR
(continuous). Behavioral habits were captured using variables for smoking status, alcohol consumption, and
sedentary time behavior duration (continuous). Smoking status was categorized into three groups: current
smokers (=100 lifetime cigarettes, currently smoking daily/occasionally), past smokers (= 100 lifetime cigarettes,
not currently smoking), and never-smokers (< 100 lifetime cigarettes). Alcohol consumption was dichotomized
based on the average daily intake over the past 12 months: < 3 drinks per drinking day and > 3 drinks per drinking
day. Chronic health conditions, including diabetes, hypertension, CVD, and cancer, were ascertained through
self-reported physician diagnoses. For CVD specifically, participants were interviewed using a standardized
questionnaire that inquired about diagnoses of congestive heart failure, coronary heart disease, angina pectoris,
myocardial infarction, and stroke by a doctor or health professional. Confirmation of any of these conditions
indicated the presence of CVD. Additionally, laboratory data on glycohemoglobin (continuous) were included
in the analysis.

Based on the complete blood count results from the NHANES database (measured in 1000 cells/
uL), we used indices of chronic inflammation to evaluate potential mediation effects. These indices were
calculated using the following formulas: NLR=neutrophil/lymphocyte; dNLR =neutrophil/(white blood
cell-lymphocyte); MLR=monocyte/lymphocyte; NMLR =(monocyte + neutrophil)/lymphocyte  counts;
SIRI = neutrophil x monocyte/lymphocyte; and SII = platelet x neutrophil/lymphocyte.

Statistical analyses

The study participants were categorized into two groups: non-sarcopenia and sarcopenia. To ensure population
representativeness, the analysis incorporated survey sampling weights in accordance with NHANES guidelines.
The Kolmogorov-Smirnov tests were applied to test the normality of continuous variables. Subsequently, we
reported the median and interquartile range (IQR) for these variables. Categorical variables were summarized
as frequencies and percentages. Comparisons between the two groups were conducted using the Wilcoxon Rank
Sum tests for continuous variables and the Chi-squared tests for categorical variables.

ORs and 95% ClIs for sarcopenia risk associated with lipid ratios were determined using weighted
multivariable logistic regression models. These lipid ratios were analyzed as both continuous variables and
categorical variables, with quartiles based on the distribution in the non-sarcopenic group. We used three
models to ensure the stability of the results and accounted for baseline discrepancies through statistical methods:
unadjusted model, minimally-adjusted model (adjusted for age and sex), and fully-adjusted model (adjusted
for age, sex, race/ethnicity, education level, marital status, PIR, smoking status, sedentary behavior duration,
glycohemoglobin, and self-reported diabetes, hypertension, CVD, and cancer). Multicollinearity was tested for
the fully-adjusted model (Table S5). To further explore the associations between lipid ratios and sarcopenia, we
adopted a multivariate-adjusted RCS logistic regression approach. Specifically, we employed restricted triple
spline analysis for a comprehensive examination of these relationships.

Subgroup analyses were conducted to examine the consistency of the findings. Subgroup factors included
age (18-39 years old or 40-59 years old), sex, race/ethnicity, education level, marital status, PIR (<1.3, 1.3-
3.49, or>3.5)%, smoking status, sedentary behavior duration (<360 min or>360 min, based on the median),
self-reported diabetes, hypertension, CVD, cancer, and glycohemoglobin (<5.4 or > 5.4, based on the median).
Likelihood ratio tests were conducted between the models with and without interaction terms, producing
P-values to assess the statistical significance of interactions. Furthermore, we conducted non-parametric
bootstrapping (n=1000) to evaluate the direct effects, indirect effects, total effects, and the proportion of
mediation by inflammatory indices in the relationship between lipid ratios and sarcopenia. The mediation
models were adjusted for the same covariates included in the fully-adjusted model.

For sensitivity analysis, we initially integrated alcohol consumption (<3 or>3 drinks per day) into the fully
adjusted model to address its high missing rate (28.74%). Subsequently, we used propensity score methods to
balance covariates between the non-sarcopenia and sarcopenia groups. The propensity scores were calculated
from a logistic regression, including all variables in the adjusted model. A 1:2 propensity score-matched subset
was generated with a caliper of 0.02, ensuring acceptable balance (standardized mean difference, SMD <0.1).
Finally, conditional logistic regression was applied to assess the associations within the matched subset.

We conducted the statistical analyses using R software (version 4.3.2, R Foundation for Statistical Computing,
Vienna, Austria), with statistical significance set as P<0.05 (two-tailed).

Conclusions

Our study revealed that non-HDL/HDL-C, TG/HDL-C, LDL/HDL-C, and RC/HDL-C ratios were positively
associated with sarcopenia risk, with RC/HDL-C ratio demonstrating the strongest association in middle-aged
American adults. Our findings underscore the potential of these indicators for the identification of sarcopenia
cases. It is important to acknowledge the applicability of these indicators in populations with different family
economic status, ages, and diabetes history. Further multi-center population or clinical experimental studies are
warranted to examine these associations.
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Data availability
Data can be obtained from the NHANES Questionnaires, Datasets, and Related Documentation website: https:/
/wwwn.cdc.gov/nchs/nhanes/Default.aspx.
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