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Abstract 

Background Relative handgrip strength (RHGS) was positively correlated with healthy levels of cardiovascular 
markers and negatively correlated with metabolic disease risk. However, its association with hyperlipidemia remains 
unknown. The present study investigated the link between RHGS and hyperlipidemia, utilizing data from the National 
Health and Nutrition Examination Survey (NHANES) and further examined the hypothesis that inflammation may 
serve a mediating role within this relationship.

Methods Data were extracted from 4610 participants in the NHANES database spanning 2011–2014 to explore 
the correlation between RHGS and hyperlipidemia using multivariate logistic regression models. Subgroup 
analyses were conducted to discern the correlation between RHGS and hyperlipidemia across diverse popula-
tions. Additionally, smooth curve fitting and threshold effect analysis were conducted to validate the association 
between RHGS and hyperlipidemia. Furthermore, the potential mediating effect of inflammation on this association 
was also explored.

Results According to the fully adjusted model, RHGS was negatively correlated with hyperlipidemia [odds ratio 
(OR) = 0.575, 95% confidence interval (CI) = 0.515 to 0.643], which was consistently significant across all populations, 
notably among women. Smooth curve fitting and threshold effect analysis substantiated the negative association 
between RHGS and hyperlipidemia. Moreover, the mediating effects analysis indicated the white blood cell (WBC) 
count, neutrophil (Neu) count, and lymphocyte (Lym) count played roles as the mediators, with mediation ratios 
of 7.0%, 4.3%, and 5.0%, respectively.
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Background
Hyperlipidemia is a metabolic disorder characterized 
by abnormally elevated lipid components in the blood, 
particularly cholesterol and triglyceride (TG). Hyper-
lipidemia poses a considerable threat to human health, 
including cardiovascular and cerebrovascular incidents, 
such as coronary heart disease and stroke, as well as 
digestive disorders, such as fatty liver and pancreati-
tis [1, 2]. Notably, low-density lipoprotein cholesterol 
(LDL-C) in the plasma, a pivotal contributor to ather-
osclerotic disease, was identified as the eighth leading 
cause of mortality in 2019 worldwide and it accounted 
for 4.4  million deaths (95% uncertainty interval = 2.35 
to 3.76 million), which was 1.4 times greater than that 
in 1990, according to the Global Burden of Disease 
Study [3, 4]. However, the high prevalence contin-
ues to exert a substantial healthcare burden, despite 
breakthroughs in therapeutic interventions for hyper-
lipidemia facilitated by lipid-lowering drugs. This draw-
back necessitates the early detection of hyperlipidemia 
and the innovation of preventative measures.

Muscle strength has emerged as a substantial indica-
tor for assessing physical function and forecasting dis-
ease risk and has attracted increasing scholarly interest 
[5]. Handgrip strength (HGS) has been recommended 
as a reliable measure of muscle strength because of its 
cost-effectiveness, convenience, and high sensitivity [6, 
7]. Studies have demonstrated that decreased HGS was 
correlated with an increased risk of severe nonalcoholic 
fatty liver disease, cognitive decline, hospital-associ-
ated disability, psychiatric disorders, and osteoporo-
sis [8–12]. However, the physical size of the individual 
may affect the assessment of health status solely based 
on HGS [13]. Therefore, researchers have proposed the 
concept of relative HGS (RHGS), which utilized the 
body mass index (BMI) to correct the absolute HGS 
(AHGS), to objectively reflect the combined effects of 
muscle strength and obesity on health [14, 15]. Elevated 
RHGS has been positively correlated with healthier lev-
els of cardiovascular markers and negatively correlated 
with metabolic disease risk [14, 16]. However, RHGS 
and hyperlipidemia warrant more studies. Neverthe-
less, it can be tentatively hypothesized that RHGS may 
also serve as a protective factor against hyperlipidemia.

Inflammation is both a consequence and a trigger of 
numerous diseases. In a cohort of healthy young adults, a 
Lifestyle, Biomarkers, and Atherosclerosis study explored 
the correlation between RHGS and lipid levels, alongside 
inflammatory markers, and demonstrated that RHGS 
was negatively correlated with TG (β = -0.15) and high-
sensitivity C-reactive protein (CRP) (β = -0.22), sug-
gesting it may affect lipid and inflammation levels [17]. 
Another cross-sectional study demonstrated a remark-
able nonlinear connection between systemic immune-
inflammation index and hyperlipidemia [18]. Notably, 
Ma et al. [19] evaluated systemic inflammation via CRP 
levels in the context of exploring the nexus between uri-
nary copper and lipids and observed that urinary copper 
was positively correlated with CRP levels, which in turn 
was positively correlated with lipid levels, thereby con-
firming an inflammation-mediated association between 
copper and lipids. This study also investigated whether 
inflammation would play a mediating role in the putative 
negative correlation between RHGS and hyperlipidemia.

Consequently, in light of the predictive implication and 
protective capacity of RHGS against various health chal-
lenges and the intricate interplay among inflammation, 
muscle strength, and lipid metabolism, the present study 
aimed to thoroughly investigate the correlation between 
RHGS and hyperlipidemia through data derived from 
the National Health and Nutrition Examination Survey 
(NHANES), a comprehensive health database, and to elu-
cidate the mediating role of inflammation in the associa-
tion, thus developing new predictors of hyperlipidemia 
and providing explanations of underlying mechanisms.

Methods
Survey description
The NHANES extensively assesses the health and nutri-
tional statuses across the U.S. demographic spectrum, 
with the approval obtained from the Ethical Review 
Board of the National Center for Health Statistics. 
Known for the intricate, multi-stage, stratified, and meth-
odologically rational sampling techniques, alongside the 
extensive data garnered from a substantial sample size, 
the NHANES has been pivotal in evaluating popula-
tion health dynamics and identifying the protective and 
risk factors associated with diseases over the last decade 
[20–22]. It has garnered substantial scholarly interest in 

Conclusions This study identified a prominent negative correlation between RHGS and hyperlipidemia. Elevated 
RHGS may serve as a protective factor against hyperlipidemia, potentially through mechanisms underlying the modu-
lation of inflammatory processes.
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Inflammation, Mediation analysis
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public health and epidemiological research. Access to 
the NHANES dataset is facilitated via its online portal, 
available at no cost to researchers, which also provides 
detailed elucidation of data collection methodologies.

Study population
Nineteen thousand nine hundred thirty-one partici-
pants were enrolled from the two NHANES cycles 
spanning from 2011 to 2014 in this study. Initially, 
5190 and 114 participants were excluded owing to 
incomplete AHGS and BMI data, respectively, which 
were essential for the computation of the RHGS. Sub-
sequently, 9109 and 80 participants were excluded 
because of incomplete TG and LDL-C data, respec-
tively. The remaining participants all had TG, LDL-C, 
high-density lipoprotein cholesterol (HDL-C), and 
total cholesterol (TC) data, which were required for 
the diagnosis of hyperlipidemia. Give that this study 
also sought to explore the role of inflammation in the 
association between RHGS and hyperlipidemia, par-
ticipants without data on inflammatory markers failed 
to participate in this study, including one lacking white 
blood cell (WBC) count data and 12 lacking neutrophil 

(Neu) count data. Additionally, 815 minors were not 
considered for this study. Ultimately, a total of 4610 
participants participated in this cross-sectional study 
(Fig. 1).

Assessment of RHGS
The NHAENS provides the protocol and procedure 
for measuring HGS with an isometric meter. The par-
ticipants who lost both arms, both hands, or both 
thumbs or who suffered from paralysis affecting both 
hands were excluded from the test of HGS. Addition-
ally, the participants that had undergone either wrist 
or hand surgery within the past 3 months were tested 
for HGS in the unaffected hand only. The participants 
were instructed to stand and exert maximal force on 
the dynamometer with each hand alternately, repeating 
three times, with a 60-second interlude between suc-
cessive measurements on the same side to ensure suffi-
cient recovery. AHGS was calculated as an aggregate of 
the maximal HGS for each hand. Subsequently, RHGS 
was calculated as the AHGS divided by the BMI, con-
sistent with the previous research [14].

Fig. 1 Flowchart of the participant selection from NHANES 2011–2014
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Assessment of the diagnosis of hyperlipidemia
Consistent with the previous research, in accordance with 
the Adult Treatment Panel III guidelines of the National 
Cholesterol Education Program, individuals were diag-
nosed with hyperlipidemia under one of the following 
conditions: (1) TG ≥ 150  mg/dL; (2) LDL-C ≥ 130  mg/
dL; (3) HDL-C ≤ 40  mg/dL in men and ≤ 50  mg/dL in 
women; or (4) TC ≥ 200 mg/dL [23]. Furthermore, indi-
viduals reporting current use of cholesterol-lowering 
medications were also considered to have hyperlipidemia 
[18, 24]. In conclusion, hyperlipidemia was utilized as a 
dichotomous outcome variable in this study.

Assessment of inflammatory markers
This present study also investigated the mediating role 
of inflammatory markers of interest in the relationship 
between RHGS and hyperlipidemia. Based on previous 
studies, WBC count, Neu count, and lymphocyte (Lym) 
count reflect the level of inflammation, and, thus, were 
included in the mediation analysis as inflammation mark-
ers [25, 26]. The NHANES official website explains the 
laboratory sample processing methods. Briefly, an auto-
matic dilution and mixing device was utilized for sample 
processing, and Beckman Coulter method of counting 
and sizing were utilized to measure the complete blood 
counts. While the Volume, Conductivity and Scatter 
technology was used to classify the whole blood cells. A 
Beckman Coulter MAXM was utilized in the 2011–2012 
cycle but the equipment changed to Beckman Coulter 
DXH 800 in the 2013–2014 cycle.

Covariate definitions
The following variables were considered as the covariates: 
gender, age, race, education level, household poverty-to-
income ratio (PIR), physical activity level, smoking sta-
tus, drinking status, hypertension status, diabetes status, 
heart failure status, coronary heart disease status, angina 
status, heart attack status, stroke status, liver condi-
tion, and cancer status. Notably, PIR was categorized 
into three groups using 1.3 and 3.5 as the thresholds 
[27]. Similarly, physical activity levels were assessed by 
the metabolic equivalent (MET) scores. They were cat-
egorized into inactive, moderate, and active groups with 
thresholds of 600 MET-minutes/week and 3000 MET-
minutes/week, respectively [28]. Smoking status was clas-
sified into never, former, and current groups by inquiring 
the participants whether they had smoked 100 cigarettes 
in their lifetime and whether they were currently smok-
ing. Likewise, the participants were assigned to two cat-
egories based on whether they had consumed 12 cups of 
alcohol in their lifetime [29]. Disease condition data were 
collected through questionnaires; the participants were 

requested to respond to whether they had been informed 
about a disease by a doctor or other health professional. 
Moreover, the participants with missing covariate data 
were included in the “Unclear” group.

Statistical analysis
For this cross-sectional study, first, the mean ± standard 
deviation was used to describe the continuous variables; 
a Kruskal–Wallis test was conducted to assess the dif-
ferences. The frequencies and percentages were used to 
describe the categorical variables, and the chi-square test 
was conducted to assess the differences. Subsequently, 
multiple regressions were utilized to examine the cor-
relation between RHGS (the continuous exposure vari-
able) and hyperlipidemia (the binary outcome variable). 
Three adjusted models were constructed to progres-
sively control for the effects of confounders as follows: 
an unadjusted crude Model 1; Model 2 adjusted for 
gender, age, race, education, and PIR; and a sufficiently 
adjusted Model 3 incorporating all covariates under con-
sideration. Subsequently, a threshold effect analysis and 
smooth curve fitting were applied to further validate the 
association between RHGS and hyperlipidemia [30, 31]. 
Additionally, interaction effect tests were conducted in 
different subgroups to explore the effects of RHGS on 
hyperlipidemia in different populations. Finally, statis-
tical mediation effect models centered on three inflam-
matory markers were developed to explore the role of 
inflammation in the association between RHGS and 
hyperlipidemia [32–34]. A two-sided P-value < 0.05 was 
considered to indicate statistical significance. All statisti-
cal analyses were conducted via using R software (version 
4.2.2) and EmpowerStats (version 4.2).

Results
Population baseline characteristics
The detailed baseline characteristics of 4610 participants 
are presented in Table 1. Within this cohort, 3177 partici-
pants were diagnosed with hyperlipidemia, equating to a 
prevalence of 68.92%. Notably, the prevalence of hyper-
lipidemia was diminished among men, young adults, 
Mexican Americans, non-Hispanic Blacks or other races, 
and participants with higher education levels. Con-
versely, an elevated prevalence of hyperlipidemia was 
observed in participants with physical inactivity, along 
with those who engaged in smoking. Moreover, partici-
pants with hypertension, diabetes, heart failure, coronary 
heart disease, angina, heart attack, stroke, liver condition, 
or cancer were more likely to suffer from hyperlipidemia. 
Furthermore, it warrants special attention that partici-
pants with hyperlipidemia exhibited prominently higher 
levels of inflammatory markers and markedly lower 
AHGS and RHGS than the controls.
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Table 1 The characteristics of participants

ALL Non-Hyperlipidemia Hyperlipidemia P-value
N = 4610 N = 1433 N = 3177

Gender 0.004

 Male 2282 (49.50%) 755 (52.69%) 1527 (48.06%)

 Female 2328 (50.50%) 678 (47.31%) 1650 (51.94%)

Age (year) < 0.001

 18–44 2166 (46.98%) 965 (67.34%) 1201 (37.80%)

 45–59 1073 (23.28%) 215 (15.00%) 858 (27.01%)

 ≥ 60 1371 (29.74%) 253 (17.66%) 1118 (35.19%)

Race < 0.001

 Mexican American 519 (11.26%) 176 (12.28%) 343 (10.80%)

 Other Hispanic 439 (9.52%) 109 (7.61%) 330 (10.39%)

 Non-Hispanic White 1947 (42.23%) 565 (39.43%) 1382 (43.50%)

 Non-Hispanic Black 1006 (21.82%) 347 (24.21%) 659 (20.74%)

 Other Race 699 (15.16%) 236 (16.47%) 463 (14.57%)

Education level 0.010

 Below high school 1027 (22.28%) 277 (19.33%) 750 (23.61%)

 High school/GED or equivalent 1015 (22.02%) 316 (22.05%) 699 (22.00%)

 Above high school 2565 (55.64%) 839 (58.55%) 1726 (54.33%)

 Unclear 3 (0.07%) 1 (0.07%) 2 (0.06%)

Family PIR 0.308

 ≤ 1.29 1491 (32.34%) 490 (34.19%) 1001 (31.51%)

 1.30–3.49 1487 (32.26%) 442 (30.84%) 1045 (32.89%)

 ≥ 3.50 1274 (27.64%) 391 (27.29%) 883 (27.79%)

 Unclear 358 (7.77%) 110 (7.68%) 248 (7.81%)

Physical activity < 0.001

 Inactive 1721 (37.33%) 413 (28.82%) 1308 (41.17%)

 Moderate 1485 (32.21%) 495 (34.54%) 990 (31.16%)

 Active 1394 (30.24%) 519 (36.22%) 875 (27.54%)

 Unclear 10 (0.22%) 6 (0.42%) 4 (0.13%)

Smoking` < 0.001

 Never 2599 (56.38%) 862 (60.15%) 1737 (54.67%)

 Former 1002 (21.74%) 263 (18.35%) 739 (23.26%)

 Now 895 (19.41%) 253 (17.66%) 642 (20.21%)

 Unclear 114 (2.47%) 55 (3.84%) 59 (1.86%)

Drinking 0.965

 < 12 cups in life 663 (14.38%) 209 (14.58%) 454 (14.29%)

 ≥ 12 cups in life 3633 (78.81%) 1127 (78.65%) 2506 (78.88%)

 Unclear 314 (6.81%) 97 (6.77%) 217 (6.83%)

Hypertension < 0.001

 Yes 1599 (34.69%) 291 (20.31%) 1308 (41.17%)

 No 3006 (65.21%) 1140 (79.55%) 1866 (58.73%)

 Unclear 5 (0.11%) 2 (0.14%) 3 (0.09%)

Diabetes < 0.001

 Yes 513 (11.13%) 76 (5.30%) 437 (13.76%)

 No 3982 (86.38%) 1335 (93.16%) 2647 (83.32%)

 Borderline 113 (2.45%) 21 (1.47%) 92 (2.90%)

 Unclear 2 (0.04%) 1 (0.07%) 1 (0.03%)

Heart failure < 0.001

 Yes 148 (3.21%) 22 (1.54%) 126 (3.97%)



Page 6 of 13La et al. Lipids in Health and Disease          (2024) 23:159 

Association between RHGS and hyperlipidemia
The association between RHGS and hyperlipidemia 
was delineated in Table  2. All three models indicated 
that continuous RHGS was negatively correlated 
with hyperlipidemia, particularly in the well-adjusted 
Model 3, where the risk of hyperlipidemia decreased by 
42.5% for each unit augmentation in RHGS [odds ratio 
(OR) = 0.575, 95% confidence interval (CI) = 0.515 to 
0.643]. Moreover, RHGS was segmented into quartiles 

to scrutinize the inverse correlation between RHGS and 
hyperlipidemia. The results from all models uniformly 
indicated that the association between elevated RHGS 
and a diminished risk of hyperlipidemia was statisti-
cally significant, and this relationship persisted across 
groups (P for trend < 0.001). Notably, in the group Q4 
after adjusting for all covariates, the risk of hyperlipi-
demia was 31.8% of the previous risk with an increase 
of each RHGS unit. In addition, the multiple regres-
sion results for the association between RHGS and the 

Table 1 (continued)

ALL Non-Hyperlipidemia Hyperlipidemia P-value
N = 4610 N = 1433 N = 3177

 No 4214 (91.41%) 1267 (88.42%) 2947 (92.76%)

 Unclear 248 (5.38%) 144 (10.05%) 104 (3.27%)

Coronary heart disease < 0.001

 Yes 165 (3.58%) 17 (1.19%) 148 (4.66%)

 No 4187 (90.82%) 1269 (88.56%) 2918 (91.85%)

 Unclear 258 (5.60%) 147 (10.26%) 111 (3.49%)

Angina < 0.001

 Yes 102 (2.21%) 16 (1.12%) 86 (2.71%)

 No 4257 (92.34%) 1273 (88.83%) 2984 (93.93%)

 Unclear 251 (5.44%) 144 (10.05%) 107 (3.37%)

Heart attack < 0.001

 Yes 170 (3.69%) 16 (1.12%) 154 (4.85%)

 No 4191 (90.91%) 1273 (88.83%) 2918 (91.85%)

 Unclear 249 (5.40%) 144 (10.05%) 105 (3.31%)

Stroke < 0.001

 Yes 152 (3.30%) 23 (1.61%) 129 (4.06%)

 No 4209 (91.30%) 1265 (88.28%) 2944 (92.67%)

 Unclear 249 (5.40%) 145 (10.12%) 104 (3.27%)

Liver condition < 0.001

 Yes 175 (3.80%) 40 (2.79%) 135 (4.25%)

 No 4184 (90.76%) 1248 (87.09%) 2936 (92.41%)

 Unclear 251 (5.44%) 145 (10.12%) 106 (3.34%)

Cancer < 0.001

 Yes 385 (8.35%) 87 (6.07%) 298 (9.38%)

 No 3978 (86.29%) 1202 (83.88%) 2776 (87.38%)

 Unclear 247 (5.36%) 144 (10.05%) 103 (3.24%)

WBC count (1000 cells/uL) 6.78 ± 2.24 6.45 ± 1.97 6.92 ± 2.34 < 0.001

Neu count (1000 cells/uL) 3.96 ± 1.67 3.73 ± 1.59 4.06 ± 1.69 < 0.001

Lym count (1000 cells/uL) 2.04 ± 1.03 1.98 ± 0.63 2.07 ± 1.17 0.002

AHGS (kg) 70.53 ± 21.76 73.03 ± 21.51 69.41 ± 21.79 < 0.001

BMI (kg/m2) 28.66 ± 6.97 26.21 ± 5.99 29.77 ± 7.10 < 0.001

RHGS (kg/kg*m−2) 2.57 ± 0.92 2.89 ± 0.95 2.43 ± 0.87 < 0.001

TG (mg/dL) 113.24 ± 65.03 73.97 ± 28.81 130.95 ± 68.95 < 0.001

LDL-C (mg/dL) 111.72 ± 35.39 92.47 ± 19.86 120.40 ± 37.38 < 0.001

HDL-C (mg/dL) 53.88 ± 15.48 58.79 ± 11.77 51.67 ± 16.42 < 0.001

TC (mg/dL) 188.25 ± 40.64 166.05 ± 21.49 198.26 ± 43.19 < 0.001
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four kinds of serum lipids (continuous variables) were 
shown in the Supplementary Table 1.

Subgroup analyses
Subgroup analyses were conducted to elucidate the 
connection between RHGS and hyperlipidemia in dif-
ferent populations (Fig.  2). Overall, the negative asso-
ciations between RHGS and hyperlipidemia were all 

statistically significant across various subgroups. Age, 
race, and physical activity had no interaction effect on 
the association between RHGS and hyperlipidemia, 
whereas sex exerted a modifying effect (P for interac-
tion < 0.001). Moreover, the inverse correlation between 
elevated RHGS and decreased risk of hyperlipidemia 
was markedly pronounced in women (OR = 0.384, 95% 
CI = 0.317 to 0.465).

Table 2 The relationship between RHGS and hyperlipidemia

a Model 1: No covariates were adjusted
b Model 2: Adjusted for gender, age, race, education level, family PIR
c Model 3: Adjusted for gender, age, race, education level, family PIR, physical activity, smoking status, drinking status, hypertension status, diabetes status, heart 
failure status, coronary heart disease status, angina status, heart attack status, stroke status, liver condition, cancer status

OR (95% CI), P-value

Model  1a Model  2b Model  3c

Hyperlipidemia

RHGS (continuous) 0.582 (0.543, 0.624), < 0.001 0.534 (0.480, 0.593), < 0.001 0.575 (0.515, 0.643), < 0.001

Q1 (0.502–1.884) 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

Q2 (1.885–2.444) 0.500 (0.409, 0.612), < 0.001 0.548 (0.443, 0.678), < 0.001 0.604 (0.485, 0.751), < 0.001

Q3 (2.444–3.176) 0.333 (0.273, 0.405), < 0.001 0.317 (0.251, 0.399), < 0.001 0.370 (0.291, 0.469), < 0.001

Q4 (3.176–7.019) 0.274 (0.226, 0.333), < 0.001 0.256 (0.196, 0.336), < 0.001 0.318 (0.239, 0.422), < 0.001

P for trend 0.579 (0.535, 0.627), < 0.001 0.550 (0.488, 0.620), < 0.001 0.606 (0.535, 0.687), < 0.001

Fig. 2 Forest plot of subgroup analyses for the associations between RHGS and hyperlipidemia: adjusted for gender, age, race, education level, 
family PIR, physical activity, smoking status, drinking status, hypertension status, diabetes status, heart failure status, coronary heart disease status, 
angina status, heart attack status, stroke status, liver condition, and cancer status
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Smooth curve fitting and threshold effect analysis
The smooth curve fitting model demonstrated a negative 
correlation between RHGS and hyperlipidemia (Fig.  3). 
Moreover, the threshold effect analysis also suggested an 
inverse correlation between RHGS and hyperlipidemia, 
despite there was an inflection point of 2.611, both before 
and after which RHGS was negatively associated with 
hyperlipidemia as well (Table 3).

Mediation analysis
The present study further investigated the role of inflam-
matory markers in the association between RHGS and 
hyperlipidemia via a mediation analysis. The results 
suggested that the WBC, Neu, and Lym counts played 
remarkable mediating roles (P-values for mediation 
effects were 0.002, 0.006, and < 0.001, respectively), with 
mediating ratios of 7.0%, 4.3%, and 5.0%, respectively 
(Fig. 4).

Discussion
The present study enrolled 4610 participants from the 
NHANES spanning from 2011 to 2014 to investigate the 
correlation between RHGS and hyperlipidemia through 
a cross-sectional study. A total of 3177 participants were 
diagnosed with hyperlipidemia, suggesting a prevalence 
of 68.92% within the cohort, similar to previous findings 
[35]. Multiple logistic regression analysis, smooth curve 

fitting, and threshold effect analysis indicated and further 
confirmed the inverse correlation between RHGS and 
hyperlipidemia, with the subgroup analyses suggesting a 
continuity of the association. Ultimately, the mediation 
analysis indicated inflammation as one of the mecha-
nisms underlying the association between RHGS and 
hyperlipidemia. In summary, this study demonstrated the 
great potential of enhancing muscle strength in affecting 
hyperlipidemia, which deserves more investigation.

The high prevalence and risk of hyperlipidemia war-
rant additional research for predictive and preventive 
methods to minimize the threat to cardiovascular and 

Fig. 3 Smooth curve fitting for RHGS and hyperlipidemia: adjusted for gender, age, race, education level, family PIR, physical activity, smoking 
status, drinking status, hypertension status, diabetes status, heart failure status, coronary heart disease status, angina status, heart attack status, 
stroke status, liver condition, and cancer status. The red line in the center represents the OR and the blue lines on either side of it represent the 95% 
CI.

Table 3 Threshold effect analysis of RHGS and hyperlipidemia

 Adjusted for gender, age, race, education level, family PIR, physical activity, 
smoking status, drinking status, hypertension status, diabetes status, heart 
failure status, coronary heart disease status, angina status, heart attack status, 
stroke status, liver condition, cancer status.

Hyperlipidemia Adjusted  OR (95% CI), P -value

RHGS

 Linear regression model 0.575 (0.515, 0.643), < 0.001

Two-segment piecewise linear regression model

 Inflection point 2.611

 RHGS < Inflection point 0.451 (0.363, 0.560), < 0.001

 RHGS > Inflection point 0.652 (0.565, 0.754), < 0.001

 Log-likelihood ratio 0.009
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cerebrovascular health. Several epidemiological studies 
have demonstrated the risk factors for hyperlipidemia by 
incorporating metallic elements, snoring, and depression, 
and protective factors, such as a healthy lifestyle, includ-
ing, the supplementation of folate, fruits, and vegetables 
as well as physical activity, weight control, and reduced 
alcohol consumption [24, 36–42]. Particularly, RHGS can 
be enhanced by physical activity and weight control. It 
appears to be an effective tool for predicting and improv-
ing hyperlipidemia.

RHGS is emerging as a research hotspot, particularly in 
disease prediction. First, a prospective cohort study based 
on the UK Biobank suggested that RHGS was negatively 
associated with endometrial, liver, gallbladder, kidney, 
esophageal, pancreatic, colorectal, breast, and all-cause 
cancers; furthermore, it outperformed AHGS in predict-
ing gastric cancer [43]. Moreover, a cross-sectional study 
demonstrated that RHGS was negatively associated with 

the Patient Health Questionnaire-9 scores used to assess 
depression, in the adjusted model for Korean adults (β 
for right RHGS = -0.76; β for left RHGS = -0.83) [44]. 
Another prospective study also validated that the RHGS 
can predict the risk of depression among middle-aged 
and elderly individuals in China [45]. Furthermore, high 
RHGS also plays a prominent role in coping with chronic 
health problems. Reduced RHGS levels increase the risk 
of prediabetes in men [46]. Moreover, elevated RHGS 
levels decrease the risk of diabetes in women [47]. More 
importantly, researchers have recognized the great sig-
nificance of enhancing RHGS in maintaining cardiovas-
cular safety. Improved RHGS has been correlated with a 
reduced risk of hypertension in Chinese as well as Korean 
populations, while RHGS diminishes with age, suggesting 
the need for improved muscle strength in prevention and 
treatment of hypertension in the aging population [48, 
49]. Existing studies have also comprehensively reviewed 

Fig. 4 Mediation effect of inflammatory markers for the association between RHGS and Hyperlipidemia: adjusted for gender, age, race, education 
level, family PIR, physical activity, smoking status, drinking status, hypertension status, diabetes status, heart failure status, coronary heart disease 
status, angina status, heart attack status, stroke status, liver condition, and cancer status
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the relationship between RHGS and cardiovascular 
health markers; RHGS was positively associated with 
beneficial HDL-C and apolipoprotein (Apo) A1 and nega-
tively associated with harmful waist circumference, body 
fat percentage, TG, and Apo B [17]. These results strongly 
support the importance of increasing RHGS in reducing 
the risk of cardiometabolic disorders. Enlightened by the 
above studies, this work probed the association between 
RHGS and hyperlipidemia, and indicated similar protec-
tive effects originating from RHGS, which are applicable 
in different populations, particularly in women. Moreo-
ver, these findings paralleled those of a previous study 
that suggested that RHGS, despite being lower in women 
than in men, improved lipid levels more remarkably, indi-
cating a greater benefit of RHGS in limiting the risk of 
hyperlipidemia in women [14]. This phenomenon may 
be attributed to the role of increasing muscle strength, 
such as exercise training, in promoting the expression of 
aromatase, a key enzyme in estrogen synthesis, in skel-
etal muscles as well as in increasing estrogen which can 
improve lipid metabolism in women [50, 51]. Thus, the 
protective effect of muscle strength against hyperlipi-
demia was amplified in women.

Despite the present study confirmed a marked nega-
tive association between RHGS and hyperlipidemia, the 
reasons underlying this phenomenon remain unclear. 
On the one hand, it needs to be emphasized that the 
present study confirmed the mediating effect of inflam-
mation in the link between RHGS and hyperlipidemia, 
which was a bright spot in explaining the mechanism 
involved. Previous researches have examined the rela-
tionship between muscle status and inflammation. Tan 
et  al. [52] calculated the skeletal muscle mass index, 
which was negatively associated with interleukin-6 
(IL-6) levels. Besides, another study with a similar 
design to the current study, explored the relationship 
between RHGS and nonalcoholic fatty liver disease and 
the mediating role of inflammation therein. It dem-
onstrated a negative correlation between RHGS and 
CRP, and nonalcoholic fatty liver disease [53]. Volaklis 
et al. [54] investigated the association between muscle 
strength and inflammatory markers in patients with 
heart disease and obtained similar results, where low 
muscle strength was correlated with increased CRP. 
These findings highlight the anti-inflammatory prop-
erties of high RHGS. In turn, inflammation affects the 
development of hyperlipidemia as well [18]. Moreover, 
patients with both inflammatory bowel disease and 
spondyloarthritis suffer from dyslipidemia, suggesting 
the impact of long-term chronic inflammation on lipid 
levels [55, 56]. Therefore, it is reasonable to hypothe-
size that inflammation is a bridge between RHGS and 
hyperlipidemia. It would make sense to adjust RHGS to 

modify the level of inflammation to reduce the risk of 
hyperlipidemia. On the other hand, skeletal muscles are 
not only motor organs but also endocrine organs that 
secrete myocytokines. A high level of RHGS also indi-
cates that the muscle remains in a healthy state and can 
function well, secreting adequate amounts of beneficial 
myocytokines. IL-15 is a typical representative which 
both acts on the skeletal muscle and maintaining its 
metabolic homeostasis by reducing muscle protein deg-
radation, and reduces lipid deposition in adipocytes to 
reduce fat mass [57]. Irisin is another well-known myo-
cytokine modulating lipid levels by increasing adipo-
cyte energy expenditure to reduce lipid accumulation 
while regulating oxidative metabolism in the myocytes 
[57]. In addition, myocytokines are central to amelio-
rating insulin resistance, which is one of the indirect 
pathways involved in regulating lipid metabolism. Myo-
cytokines augment insulin sensitivity, which increases 
the uptake and utilization of glucose and prevents its 
excessive conversion to lipids, thus maintaining stable 
lipid levels [58]. In summary, complex mechanisms 
govern the association between RHGS and hyperlipi-
demia and involve multiple aspects, such as inflam-
mation and endocrinology, thus warranting additional 
detailed studies in the future.

Strengths and limitations
Encouragingly, the present study first explored the rela-
tionship between RHGS and hyperlipidemia. It dem-
onstrated a negative correlation between RHGS and 
hyperlipidemia, thus indicating high RHGS as a poten-
tial protective factor against hyperlipidemia. Moreover, 
this study utilized a mediation analysis to investigate 
the role of inflammation in the relationship between 
RHGS and hyperlipidemia, partly explaining the mech-
anism underlying this association. Furthermore, the 
present study offered insights into the future preven-
tion of hyperlipidemia by improving muscle strength.

However, the current study also contains some limi-
tations. First, the present study is cross-sectional, 
proposing the hypothesis that RHGS may affect hyper-
lipidemia partly by changing the inflammatory lev-
els and evaluating the plausibility of this hypothesis. 
Nonetheless, it still fails to obtain a clear causality, thus 
warranting confirmation by future prospective and 
experimental studies. In addition, there are still many 
factors not included in the consideration of covariates, 
which may have affected the results. Furthermore, this 
study utilized data from only the U.S. population, which 
affected the reliability of the results. Future inclusion of 
other races is strongly required to improve the applica-
bility of the findings.
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Conclusion
In conclusion, the present study confirmed the strong 
association between elevated RHGS and reduced risk 
of hyperlipidemia, and explained that the one of the 
potential mechanism of linking RHGS and hyper-
lipidemia was the mediation of inflammation, which 
broadens the horizons for the prevention of hyper-
lipidemia. The enhancement of muscle strength to 
modulate inflammation may be an effective measure to 
prevent hyperlipidemia in the future. More researches 
are required to further elaborate the latent mechanisms 
and validate the causal associations to compensate for 
the limitations of this cross-sectional study.
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