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Abstract
Background  The ratio between non-high-density lipoprotein cholesterol and high-density lipoprotein cholesterol 
(NHHR) is a reliable marker for assessing the risk linked to lipid metabolism disorders. Sarcopenia, characterized by 
age-related loss of muscle mass and strength/function, includes the assessment of muscle mass, muscle strength, and 
muscle-specific strength. However, research into NHHR’s relationship with low muscle mass risk remains unexplored.

Methods  Our study utilized a cross-sectional approach, examining data derived from the National Health and 
Nutrition Examination Survey (NHANES) from 2011 to 2018. Through multivariable linear and logistic regression, we 
investigated the relationships of the NHHR with muscle mass and low muscle mass. We visualized the results using 
smoothing curves and assessed threshold effects. We also performed various subgroup and sensitivity analyses.

Results  This research encompassed 9,012 participants and demonstrated significant nonlinear associations between 
NHHR and ALMBMI or low muscle mass risk in a generalized additive model (GAM), pinpointing critical NHHR values 
(3.328 and 3.367) where changes in NHHR significantly impacted ALMBMI and low muscle mass risk.

Conclusions  The NHHR demonstrates a significant association with an increased risk of low muscle mass among 
middle-aged Americans. This ratio has potential as a predictive marker for low muscle mass. Further exploration of 
NHHR is expected to aid in advancing preventive and therapeutic measures for this condition.
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Introduction
Sarcopenia, characterized as a progressive and wide-
spread disorder, predominantly impacts skeletal muscle, 
especially in the elderly population [1]. Previous defini-
tions were continent- and region-specific. Recently, the 
Global Leadership Initiative in Sarcopenia (GLIS) has 
established the first global conceptual definition of sar-
copenia, which includes muscle mass, strength, and 
muscle-specific strength as key components, through a 
rigorous and transparent International Delphi Consen-
sus process involving experts from all major sarcopenia 
societies worldwide [2]. Globally, the estimated preva-
lence of sarcopenia within the general population ranges 
from 5–10% [3]. It affects daily functioning, increases the 
risk of falls, and reduces independence. Moreover, sarco-
penia is linked to negative health consequences, such as 
fractures, osteoporosis, and cancer [4–7]. Dual-energy 
x-ray absorptiometry (DEXA) is a validated and com-
monly employed method for measuring skeletal muscle 
mass [8]. The appendicular lean mass to body mass index 
(ALMBMI) is acknowledged as a crucial indicator for eval-
uating muscle mass. The musculoskeletal system is essen-
tial for the human body to function normally. Therefore, 
having access to clinically relevant data is crucial for the 
early identification and prevention of sarcopenia. Sev-
eral factors contribute to muscle mass reduction and the 
onset of sarcopenia, including aging, physical inactivity, 
neuromuscular dysfunction, energy intake, macronu-
trient and micronutrient intake, and changes in several 
hormones (insulin, sex hormones, thyroid hormones, 
glucocorticoids) [9–12].

Fatty acids and lipid metabolism intermediates play 
a vital role in the regulation of skeletal muscle mass 
and function [13]. The buildup of these lipids and their 
byproducts in muscle cells and surrounding spaces can 
induce lipid toxicity. Such accumulation triggers oxi-
dative stress, impairs mitochondrial function, causes 
inflammation, and induces insulin resistance, all of which 
negatively impact muscle health [14]. Recent studies have 
recognized sarcopenia as a standalone risk factor for 
non-alcoholic fatty liver disease (NAFLD), which is often 
associated with various metabolic conditions, particu-
larly dyslipidemia [15]. Patients with this condition often 
exhibit hypertriglyceridemia and reduced HDL choles-
terol levels [16]. Elevated levels of LDL and homocyste-
ine are recognized as risk factors for sarcopenia [17]. A 
prominent study conducted by Sunyoung Kang and col-
leagues in South Korea identified a strong inverse asso-
ciation between muscle strength and the prevalence of 
dyslipidemia and obesity; as muscle strength increased, 
the incidence of these conditions significantly declined 
[18]. Dyslipidemia may intensify the risk of sarcope-
nia via mechanisms that include insulin resistance, the 
inflammatory response, and oxidative stress. A recently 

discovered marker, the ratio of non-HDL to HDL cho-
lesterol (NHHR), can independently predict the risk of 
NAFLD [19]. As an essential component of sarcopenia, 
low muscle mass can partially indicate the onset of this 
condition. Nevertheless, the connection between NHHR 
and low muscle mass remains unexplored, and the link 
between NHHR and muscle mass is yet to be determined. 
Consequently, we conducted a study utilizing NHANES 
data spanning from 2011 to 2018. We proposed that 
elevated NHHR levels would result in decreased muscle 
mass and a higher prevalence of low muscle mass. This 
study explored a newly identified area regarding the 
potential application of NHHR as a predictor for muscle 
mass.

Materials and methods
Data source and study population
This research utilized data from the NHANES across 
four cycles from 2011 to 2018 to investigate the associa-
tion between NHHR and muscle mass, along with the 
prevalence of low muscle mass. The methodology for 
selecting participants is depicted in Fig. 1. Initially, indi-
viduals lacking limb lean body mass data (n = 21,230) and 
those with incomplete NHHR records (n = 1,381) were 
excluded. Furthermore, participants under the age of 20 
were not included in the study. An additional 2259 sub-
jects missing other crucial variables were also excluded. 
The final analysis encompassed 9,012 adults who had a 
complete dataset. All participants underwent evaluations 
for their physical and medical status via health screenings 
performed at mobile facilities and standardized home 
interviews. The survey was overseen and implemented 
by the NCHS. The NCHS Research Ethics Review Board 
approved the ethical application of NHANES involving 
human subjects, and each participant provided informed 
consent.

Assessment of NHHR
In the exposure assessment, NHHR was calculated as the 
dependent variable using the participants’ lipid profiles. 
The formula applied was NHHR = non-HDL-C/HDL-C, 
where non-HDL-C was derived by subtracting HDL-C 
from total cholesterol.

Assessment of appendix lean mass and low muscle mass
From 2011 to 2018, DEXA scans were administered to 
participants aged 20 to 59. Exclusion criteria included 
pregnancy, recent barium contrast imaging (within the 
last week), a body weight exceeding 450 pounds, or a 
height greater than 6 feet 5 inches. ALM for eligible par-
ticipants was calculated by deducting bone mineral con-
tent from the total lean mass of the limbs. ALMBMI was 
subsequently computed by dividing ALM by the BMI. 
Following the criteria from the FNIH, low muscle mass 
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was characterized by an ALMBMI of less than 0.789 kg for 
males and less than 0.512 kg for females.

Covariables
To mitigate potential confounding effects in the associa-
tion between NHHR and ALMBMI, multivariable adjust-
ment models were employed. Covariables included in the 
analysis were gender, age, race, hypertension, diabetes, 
PIR, cancer, sleep disorders, and education level. In addi-
tion, the parameters of interest in our study include daily 
intake measurements of energy, protein, carbohydrates, 
and fat, along with alcohol intake. Smoking is assessed 
through the measurement of cotinine levels in the blood 
(ng/ml). The methods for collecting these variables are 
extensively documented in the NHANES Survey Meth-
ods and Analysis.

Statistical analysis
For statistical analysis in this study, we utilized Empow-
erStats 4.1 and R software (version 4.2.3). All analyses 
were conducted using the recommended weighting pro-
cedures for NHANES data to ensure representativeness. 

We used the Rao-Scott chi-square test for categorical 
variables and one-way ANOVA for continuous variables 
to account for the complex survey design. We established 
statistical significance at a p-value of less than 0.05. We 
divided the NHHR into four quartiles, ranging from the 
lowest (Q1) to the highest (Q4). Continuous variables 
were summarized using means and standard devia-
tions (SDs), and categorical variables were presented as 
proportions. Multivariable linear and logistic regres-
sion analyses were conducted to explore the associations 
between NHHR and ALMBMI or low muscle mass using 
three progressive models. To assess the nonlinear rela-
tionship between NHHR and the outcomes, smoothed 
curves were fitted using the generalized additive model 
(GAM). In evaluating the model’s fit, the effective degrees 
of freedom (edf ) for each predictor were carefully exam-
ined. An edf value closer to 1 suggests a nearly linear 
relationship, whereas higher values indicate increased 
nonlinearity and complexity in the relationship. Model 
1 was unadjusted. Model 2 included adjustments for 
gender, age, and race. Model 3 further adjusted for edu-
cational attainment, hypertension, diabetes, cancer, and 

Fig. 1  Flowchart of participant selection
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sleep disorders. Results were expressed as regression 
coefficients (β) and odds ratios (OR), both with 95% con-
fidence intervals (CI). After adjusting for all confound-
ers, we utilized smooth curve fitting and threshold effect 
analysis to assess the relationship between NHHR and 
ALMBMI, aiming to identify critical inflection points. Fur-
thermore, subgroup analyses were executed to investi-
gate the association between NHHR and ALMBMI or low 
muscle mass across various demographics and health sta-
tuses. Protein, fat, energy, and carbohydrate intakes were 
categorized into low and high groups, and we conducted 
interaction tests to examine the consistency of the asso-
ciations across these subgroups.

Results
Characteristics of participants
Table  1 displays the participant characteristics, sorted 
by NHHR quartiles. The quartile ranges for NHHR 
were 36.69 ± 11.84, 38.39 ± 11.82, 40.45 ± 11.24 and 
41.10 ± 10.51. Significant age differences were noted 
among the groups (one-way ANOVA, p < 0.001) with 
average ages spanning from 36.69 to 41.10 years. Sig-
nificant differences in gender distribution were also 
observed (Rao-Scott chi-square test, p < 0.001) with the 
percentage of males increasing from 32.49% in Q1 to 
67.36% in Q4. The smoothed curves indicated a non-
linear relationship between NHHR and the outcomes. 
Therefore, we reported the results using NHHR quar-
tiles instead of treating NHHR as a continuous variable. 
Marked racial and educational attainment disparities 
were observed (p < 0.001). Notably, the proportion of 
Mexican Americans rose from 10.74% in Q1 to 18.38% in 
Q4, while the percentage of participants with education 
beyond high school decreased from 68.53 to 55.09% over 
the same interval. Health status indicators also showed 
significant variation: the prevalence of hypertension 
increased from 16.42% in Q1 to 28.43% in Q4 (p < 0.001), 
and diabetes rates varied significantly (p < 0.001). No 
significant differences were observed in cancer preva-
lence (p = 0.557). Furthermore, significant increases in 
the PIR were noted from the first to the fourth quartile 
(p < 0.001). Notably, dietary intake metrics increased 
significantly; energy intake escalated from 2188.86  kcal 
in Q1 to 2333.88  kcal in Q4 (p < 0.001), protein intake 
increased from 84.43 g to 89.55 g (p < 0.001), and carbo-
hydrate intake rose from 251.52 g to 284.14 g (p < 0.001). 
Although changes in fat intake were not statistically sig-
nificant (p = 0.077), indicating stability, there was a sub-
stantial decrease in alcohol consumption, from 15.52  g 
in Q1 to 10.24 g in Q4 (p < 0.001). Additionally, cotinine 
levels increased from 53.62 ng/ml in Q1 to 80.26 ng/ml 
in Q4 (p < 0.001), reflecting potential changes in smok-
ing behaviors or exposure. The prevalence of low muscle 

mass escalated significantly, from 4.39% in Q1 to 12.13% 
in Q4 (p < 0.001).

Relationship between NHHR and skeletal muscle mass
The results revealed a statistically significant negative 
association between elevated NHHR and ALMBMI. For 
sensitivity analysis, NHHR was categorized into quar-
tiles; in the fully adjusted model (Model 3), the effect size 
for the fourth quartile was notably negative (β = -0.068, 
95% CI: -0.074 to -0.061, P < 0.00001) compared to the 
first quartile. Concerning low muscle mass incidence, 
the study identified a positive relationship between an 
increase in NHHR and the likelihood of developing low 
muscle mass. Additionally, further analysis indicated 
that participants in the Q4 were at a 1.981-fold greater 
risk of developing low muscle mass compared to those 
in the Q1 in the fully-adjusted model (95% CI: 1.538 to 
2.551, P < 0.00001), reinforcing the observed association 
between higher NHHR and increased low muscle mass 
risk. These findings highlight the impact of NHHR on 
ALMBMI and the risk of low muscle mass, emphasizing 
the importance of considering NHHR in clinical assess-
ments and potential interventions aimed at mitigating 
these risks.

Nonlinear association between the NHHR and skeletal 
muscle mass
These results investigated the nonlinear associations 
between NHHR and ALMBMI and the risk of sarcopenia, 
as illustrated in Figs. 2 and 3. The majority of the samples 
in this study are concentrated within the 0–10 range of 
the NHHR (Figs. 2B and 3B). A significant edf of 5.6482 
indicates a non-linear fit between NHHR and ALMBMI, 
and an edf of 4.6307 indicates a non-linear relation-
ship with the occurrence of low muscle mass (Table 
S1). Detailed analyses of smooth curves demonstrated 
a nonlinear relationship between ALMBMI and NHHR 
(Fig. 2A). Similarly, nonlinear patterns were observed in 
the analyses concerning the risk of developing low mus-
cle mass (Fig.  2B). The association between NHHR and 
ALMBMI and the risk of sarcopenia was statistically sig-
nificant, with p < 0.00001.

Utilizing a biphasic linear model and recursive algo-
rithms, the research identified critical turning points at 
NHHR values of 3.328 and 3.367 (Tables 4 and 5). Below 
an NHHR of 3.328, each unit increase in NHHR was 
linked to a decrease of 0.036 in ALMBMI (β = -0.036, 95% 
CI: -0.039 to -0.032). No significant changes were noted 
in ALMBMI above this NHHR value. Moreover, when 
NHHR was less than 3.367, each unit increase resulted 
in a 45.3% increase in the odds of low muscle mass onset 
(OR: 1.453, 95% CI: 1.281 to 1.649). Conversely, above 
an NHHR of 3.367, the relative risk of low muscle mass 
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remained unchanged, indicating a plateau in effect at 
higher NHHR levels.

Subgroup analysis
The detailed subgroup analysis in the data reveals distinct 
patterns across various demographic and health-related 

variables. Gender-specific results indicate a beta coef-
ficient of -0.015 (95% CI: -0.017, -0.013) for males and 
− 0.012 (95% CI: -0.014, -0.009) for females. Age analysis 
suggests stronger associations in individuals aged 40 and 
above (-0.019; 95% CI: -0.022, -0.017) than those below 
40 (-0.010; 95% CI:-0.012,-0.007). Educational attainment 

Table 1  The baseline characteristics are based on quartiles of the NHHR: National Health and Nutrition Examination Survey, United 
States, 2011–2018

Q1 Q2 Q3 Q4 P-value
N 2253 2253 2248 2258
Age (years) 36.69 ± 11.84 38.39 ± 11.82 40.45 ± 11.24 41.10 ± 10.51 < 0.001
Gender < 0.001
Male 732 (32.49%) 963 (42.74%) 1219 (54.23%) 1521 (67.36%)
Female 1521 (67.51%) 1290 (57.26%) 1029 (45.77%) 737 (32.64%)
BMI 25.74 ± 6.14 28.47 ± 6.80 30.25 ± 6.74 31.14 ± 6.15 < 0.001
Waist circumference 88.03 ± 14.66 95.63 ± 15.94 101.08 ± 15.46 104.51 ± 14.38 < 0.001
Race < 0.001
Mexican American 242 (10.74%) 299 (13.27%) 361 (16.06%) 415 (18.38%)
Other Hispanic 188 (8.34%) 201 (8.92%) 237 (10.54%) 271 (12.00%)
Non-Hispanic White 807 (35.82%) 815 (36.17%) 853 (37.94%) 844 (37.38%)
Non-Hispanic Black 606 (26.90%) 514 (22.81%) 409 (18.19%) 315 (13.95%)
Other Race - Including Multi-Racial 410 (18.20%) 424 (18.82%) 388 (17.26%) 413 (18.29%)
Educational level < 0.001
Below high school 291 (12.92%) 347 (15.40%) 385 (17.13%) 491 (21.74%)
High school grad/GED 418 (18.55%) 485 (21.53%) 534 (23.75%) 523 (23.16%)
Above high school 1544 (68.53%) 1421 (63.07%) 1329 (59.12%) 1244 (55.09%)
Hypertension < 0.001
Yes 370 (16.42%) 502 (22.28%) 612 (27.22%) 642 (28.43%)
No 1883 (83.58%) 1751 (77.72%) 1636 (72.78%) 1616 (71.57%)
Diabetes < 0.001
Yes 115 (5.10%) 134 (5.95%) 194 (8.63%) 227 (10.05%)
No 2113 (93.79%) 2082 (92.41%) 2008 (89.32%) 1973 (87.38%)
Broadline 25 (1.11%) 37 (1.64%) 46 (2.05%) 58 (2.57%)
Cancer 0.557
Yes 82 (3.64%) 79 (3.51%) 96 (4.27%) 88 (3.90%)
No 2171 (96.36%) 2174 (96.49%) 2152 (95.73%) 2170 (96.10%)
Sleep disorder 0.005
Yes 493 (21.88%) 541 (24.01%) 574 (25.53%) 589 (26.09%)
No 1760 (78.12%) 1712 (75.99%) 1674 (74.47%) 1669 (73.91%)
Family PIR < 0.001
< 1.3 685 (30.40%) 695 (30.85%) 718 (31.94%) 800 (35.43%)
1.3–3.5 799 (35.46%) 822 (36.48%) 818 (36.39%) 813 (36.01%)
≥ 3.5 769 (34.13%) 736 (32.67%) 712 (31.67%) 645 (28.57%)
Energy intake(kcal) 2188.86 ± 1003.00 2195.56 ± 1011.28 2245.37 ± 1057.23 2333.88 ± 1077.74 < 0.001
Protein intake (g) 84.43 ± 45.43 84.63 ± 46.10 86.23 ± 44.76 89.55 ± 46.71 < 0.001
Carbohydrate intake (g) 251.52 ± 124.04 259.87 ± 124.74 270.39 ± 137.06 284.14 ± 138.77 < 0.001
Fat intake (g) 84.85 ± 48.01 84.75 ± 49.08 86.47 ± 48.71 88.07 ± 51.62 0.077
Alcohol intake (g) 15.52 ± 36.06 11.52 ± 28.84 9.54 ± 27.96 10.24 ± 28.37 < 0.001
Cotinine (ng/ml) 53.62 ± 117.62 55.21 ± 120.87 62.18 ± 133.81 80.26 ± 147.81 < 0.001
ALMBMI 0.80 ± 0.21 0.80 ± 0.21 0.80 ± 0.20 0.82 ± 0.18 < 0.001
Low muscle mass < 0.001
Yes 99 (4.39%) 161 (7.15%) 226 (10.05%) 274 (12.13%)
No 2154 (95.61%) 2092 (92.85%) 2022 (89.95%) 1984 (87.87%)
Data were expressed as mean ± standard deviations or counts (weighted percentages). GED: general equivalent diploma; PIR: family income to poverty ratio. NHHR: 
non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio
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also demonstrates variations, with the most significant 
effect observed in those above high school (-0.017; 95% 
CI:-0.019,-0.015). The PIR analysis yields no significant 
interactions, with coefficients remaining relatively stable 
across categories. Health conditions such as hyperten-
sion, diabetes, and sleep disorders also influence the out-
comes. Additionally, dietary intake variables like energy, 
protein, carbohydrate, and fat intake exhibit slight varia-
tions in their associations with the studied outcomes.

The stability of the link between NHHR and low mus-
cle mass was examined via subgroup analysis, detailed 
in Table 6. Despite comprehensive scrutiny, the p-values 
for interactions (P > 0.05), except in the diabetes sub-
group, showed no significant association, indicating that 
factors such as age, gender, race, education level, family 

PIR, hypertension, cancer status, and sleep disorders did 
not markedly affect this connection between NHHR and 
the occurrence of low muscle mass. The findings indicate 
that this association remains consistent across various 
demographic groups.

Discussion
This cross-sectional study involved 9,012 participants. 
A negative association between NHHR and ALMBMI 
was observed. It appears that an increase in NHHR may 
elevate low muscle mass risk. Further analyses using 
smoothed curve fitting and threshold effects revealed a 
nonlinear association between NHHR and muscle mass. 
These findings imply that managing NHHR, a widely 
accessible clinical measure, could enhance muscle mass 

Table 2  The association between NHHR and ALMBMI

Model 1 Model 2 Model 3
β(95%CI) P-value β(95%CI) P-value β(95%CI) P-value

NHHR (quartile)
Q1 reference reference reference
Q2 -0.007 (-0.019, 0.005) 0.23710 -0.033 (-0.040, -0.027) < 0.00001 -0.031 (-0.037, -0.025) < 0.00001
Q3 -0.002 (-0.014, 0.010) 0.73502 -0.057 (-0.064, -0.051) < 0.00001 -0.053 (-0.059, -0.047) < 0.00001
Q4 0.019 (0.007, 0.031) 0.00148 -0.074 (-0.080, -0.067) < 0.00001 -0.068 (-0.074, -0.061) < 0.00001
Model 1 adjusted for: None. Model 2 adjusted for Age, Gender, and Race. Model 3 adjusted for Age, Gender, Race, PIR, Educational level, Hypertension, Diabetes, 
Cancer, and Sleep disorder. NHHR: non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio. p < 0.05 was considered statistically 
significant

Table 3  The association between NHHR and low muscle mass
Model 1 Model 2 Model 3
OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value

NHHR (quartile)
Q1 reference reference reference
Q2 1.674 (1.294, 2.166) 0.00009 1.499 (1.152, 1.950) 0.00259 1.430 (1.097, 1.865) 0.00823
Q3 2.432 (1.906, 3.103) < 0.00001 1.925 (1.495, 2.478) < 0.00001 1.766 (1.369, 2.279) 0.00001
Q4 3.005 (2.369, 3.811) < 0.00001 2.235 (1.738, 2.874) < 0.00001 1.981 (1.538, 2.551) < 0.00001
Model 1 adjusted for: None. Model 2 adjusted for Age, Gender, and Race. Model 3 adjusted for Age, Gender, Race, PIR, Educational level, Hypertension, Diabetes, 
Cancer, and Sleep disorder. NHHR: non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio. p < 0.05 was considered statistically 
significant

Fig. 2  The dose-response relationship between NHHR and ALMBMI (A) and Concentration of Samples (B)
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and decrease low muscle mass incidence. In our study of 
the relationship between NHHR and low muscle mass, 
we identified significant discrepancies in the definitions 
and diagnostic criteria for sarcopenia. These discrepan-
cies have a considerable impact on research outcomes. 
Most definitions of sarcopenia focus on the loss of mus-
cle strength, muscle mass, and function. However, there 
is a lack of consensus on the exact diagnostic criteria 
for sarcopenia. Clinically, there are various methods to 
measure sarcopenia, including bioelectrical impedance 
analysis (BIA), DEXA, and computed tomography (CT). 
Each of these methods has its own diagnostic criteria and 
effectively assesses muscle mass and strength. Addition-
ally, grip strength and timed up-and-go tests are used 
to assess muscle functionality to determine the impact 
of sarcopenia. Depending on the method, criteria, and 
population used, the results may vary significantly. Dur-
ing our research period, these standards were updated. 
The GLIS has recently developed a unified global con-
ceptual definition of sarcopenia, which includes muscle 
mass, muscle strength, and muscle-specific strength as 
key components [20]. This new definition aims to har-
monize the various existing definitions and improve 

the comparability of research findings across different 
studies.

Sarcopenia represents a significant public health issue, 
incurring substantial healthcare costs and adding to 
the annual disease burden. The combination of resis-
tance exercise and adequate protein intake as a clini-
cal intervention effectively prevents the development 
of sarcopenia [21]. Recent studies indicate that changes 
in lipid metabolism and fatty infiltration in muscle tis-
sues are key characteristics of sarcopenia and aging [22]. 
These alterations contribute to muscle insulin resistance 
and ceramide accumulation [23]. During aging, oxida-
tive damage and the accumulation of intracellular lipid 
droplets in muscle tissue impair mitochondrial oxida-
tive phosphorylation. This impairment leads to mus-
cle metabolic disorders and adversely affects muscle 
function [24]. The research examined the connection 
between NHHR, muscle mass, and the likelihood of low 
muscle mass development. Notably, appropriate inflec-
tion points were identified at NHHR values of 3.328 and 
3.367. It is important to highlight that when NHHR was 
below 3.367, each unit increase in NHHR resulted in a 
45.3% increase in the likelihood of developing sarcope-
nia. Increasing evidence suggests that NHHR accurately 
predicts the risk of lipid metabolism-related disorders 
[19, 25]. Despite the absence of direct studies investigat-
ing the link between sarcopenia and NHHR, numerous 
studies on lipid metabolism have identified associations 
between low muscle mass and various lipid-related fac-
tors. Several meta-analyses have confirmed that serum 
triglyceride levels are positively associated with the 
development of sarcopenia, whereas HDL-C levels are 
negatively associated. Additionally, these associations 
are influenced by factors such as gender and age [26, 27]. 
Moreover, numerous studies involving middle-aged and 
older adults in China and Korea have identified a negative 
association between the TG/HDL-C ratio and sarcopenia 

Table 4  Threshold effect analysis of NHHR on ALMBMI by the 
two-piecewise linear regression
Inflection point Adjusted β (95% CI) P-value
< 3.328
≥ 3.328
Log-likelihood ratio

-0.036 (-0.039, -0.032) < 0.0001
-0.001 (-0.003, 0.001) 0.3721
< 0.001

Table 5  Threshold effect analysis of NHHR on low muscle mass 
by the two-piecewise linear regression
Inflection point Adjusted OR (95% CI) P-value
< 3.367
≥3.367
Log-likelihood ratio

1.453 (1.281, 1.649) < 0.0001
0.987 (0.924, 1.054) 0.6974
< 0.001

Fig. 3  The dose-response relationship between NHHR and low muscle mass (A) and Concentration of Samples (B)
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[28–30]. This ratio also exhibits a negative association 
with grip strength [31]. Furthermore, research involving 
older adults has indicated that sarcopenia development 
is linked to lipid metabolism disorders, especially those 
involving VLDL and RLP-C [32]. Dyslipidemia may ele-
vate the risk of developing sarcopenia through pathways 
including insulin resistance, inflammation, and oxidative 
stress. Research has shown that in sarcopenia patients, 
increased oxidative stress and higher plasma levels of 
7-ketocholesterol and 7β-hydroxycholesterol corre-
late with elevated secretion of inflammatory indicators 
such as TNF-α and IL-8 [33]. Our study demonstrated 

a significant association between elevated NHHR and 
low muscle mass, a key component of sarcopenia. The 
NHHR was initially developed to assess the extent of 
atherosclerosis, going beyond conventional lipid param-
eters [34]. It has been strongly associated with insulin 
resistance [35], NAFLD [36], metabolic syndrome [37], 
and both the occurrence and recurrence of kidney stones 
[38], showcasing its superior predictive capabilities. 
Given that blood biochemistry tests are a standard pro-
cedure in clinical practice, NHHR is both accessible and 
cost-effective, making it highly beneficial for widespread 
application.

Table 6  Subgroup analysis of the association between NHHR and ALMBMI and low muscle mass
β(95% CI) P for interaction OR (95% CI) P for interaction

Gender 0.0353 0.3660
Male -0.015 (-0.017, -0.013) 1.108 (1.051, 1.168)
Female -0.012 (-0.014, -0.009) 1.060 (0.979, 1.148)
Age < 0.0001 0.1578
< 40 -0.010 (-0.012, -0.007) 1.071 (1.011, 1.134)
≥ 40 -0.019 (-0.022, -0.017) 1.138 (1.066, 1.215)
Educational level 0.0003 0.2309
Below high school -0.011 (-0.015, -0.008) 1.140 (1.049, 1.240)
High school grad/GED -0.010 (-0.013, -0.007) 1.037 (0.955, 1.126)
Above high school -0.017 (-0.019, -0.015) 1.111 (1.035, 1.194)
Family PIR 0.6811 0.1713
< 1.3 -0.014 (-0.017, -0.012) 1.139 (1.067, 1.215)
1.3–3.5 -0.013 (-0.015, -0.010 1.033 (0.952, 1.119)
≥ 3.5 -0.014 (-0.017, -0.011) 1.087 (0.985, 1.200)
Hypertension < 0.0001 0.1459
Yes -0.008 (-0.011, -0.005) 1.041 (0.963, 1.126)
No -0.016 (-0.018, -0.014) 1.116 (1.060, 1.174)
Diabetes < 0.0001 0.0085
Yes -0.002 (-0.006, 0.002) 0.947 (0.843, 1.064)
No -0.016 (-0.017, -0.014) 1.137 (1.081, 1.196)
Broadline -0.009 (-0.018, 0.001) 1.000 (0.774, 1.291)
Cancer 0.2317 0.9607
Yes -0.010 (-0.017, -0.003) 1.089 (0.881, 1.346)
No -0.014 (-0.016, -0.012) 1.095 (1.047, 1.146)
Sleep disorder < 0.0001 0.6983
Yes -0.009 (-0.012, -0.006) 1.082 (1.011, 1.158)
No -0.016 (-0.018, -0.014) 1.101 (1.039, 1.166)
Energy intake 0.0423 0.2977
Low -0.012 (-0.014, -0.010) 1.068 (1.003, 1.137)
High -0.015 (-0.017, -0.013) 1.118 (1.051, 1.189)
Protein intake 0.5479 0.3228
Low -0.013 (-0.015, -0.011) 1.066 (0.997, 1.141)
High -0.014 (-0.016, -0.012) 1.114 (1.052, 1.180)
Carbohydrate intake 0.1173 0.7615
Low -0.013 (-0.015, -0.011) 1.103 (1.038, 1.172)
High -0.015 (-0.017, -0.013) 1.088 (1.023, 1.158)
Fat intake 0.0465 0.5263
Low -0.012 (-0.014, -0.010) 1.078 (1.013, 1.148)
High -0.015 (-0.017, -0.013) 1.109 (1.043, 1.178)
Each stratification adjusted for Age, Gender, Race, PIR, Educational level, Hypertension, Diabetes, Cancer, and Sleep disorder, except the stratification factor itself
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Strengths and limitations
The main strength of our research lies in its focus on the 
nonlinear relationship between NHHR and low muscle 
mass, with our findings gaining credibility and represen-
tativeness from substantial sample size and meticulous 
adjustment for covariables. Additionally, the diagnosis of 
myasthenia gravis and the acquisition of NHHR data were 
based on DEXA scans and laboratory tests, minimizing 
subjectivity and avoiding recall bias. Nonetheless, our 
study faces several limitations. The cross-sectional nature 
of our study limits the ability to determine causality, 
highlighting the need for prospective studies for further 
clarification. Moreover, despite adjusting for numerous 
confounders, as suggested by prior research and clinical 
practice, the influence of unmeasured or unknown vari-
ables on our results cannot be fully excluded.

Conclusions
In conclusion, the results of this study indicate a negative 
association between NHHR and muscle mass, as well as a 
positive association with the increased prevalence of low 
muscle mass. This implies that NHHR could function as 
a new predictor of low muscle mass which is a key com-
ponent of sarcopenia. Clinicians could utilize the NHHR 
to identify individuals at risk for low muscle mass and to 
implement appropriate interventions as needed. Further 
research, including prospective studies and randomized 
controlled trials, is necessary to substantiate these con-
clusions. Furthermore, additional research is necessary to 
clarify the underlying mechanisms.
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