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ABSTRACT
Background: This study aimed to investigate the association between handgrip strength (HGS) and cardiovascular disease 
(CVD) in individuals with metabolic dysfunction- associated steatotic liver disease (MASLD) using data from the UK Biobank 
cohort.
Methods: A total of 201 563 participants were enrolled in this study. The HGS was measured using a Jamar J00105 hydraulic 
hand dynamometer. MASLD was defined as the presence of hepatic steatosis accompanied by one or more cardiometabolic cri-
teria. Hepatic steatosis was identified using a fatty liver index ≥ 60. Advanced liver fibrosis was defined by a fibrosis- 4 (FIB- 4) 
score > 2.67. To examine the differences in the incidence of CVD, male and female participants were divided into non- MASLD, 
MASLD with high HGS, MASLD with middle HGS, and MASLD with low- HGS groups.
Results: Of the study participants, 75 498 (37.5%) were diagnosed with MASLD, with a mean age of 56.5 years, and 40.6% were 
male. The median follow- up duration was 13.1 years. The frequency of incident CVD events increased significantly across groups: 
10.9% in non- MASLD, 13.3% in MASLD with high HGS, 14.8% in MASLD with middle HGS, and 18.4% in MASLD with low HGS 
for males (p < 0.001). In females, the frequency of incident CVD events was 6.1% in non- MASLD, 9.2% in MASLD with high HGS, 
10.7% in MASLD with middle HGS, and 13.3% in MASLD with low HGS (p < 0.001). Using the non- MASLD group as a reference, 
multivariate- adjusted hazard ratios (HRs) (95% confidence intervals [CI]) for CVD varied according to HGS in individuals with 
MASLD. In males with MASLD, HRs (95% CI) were 1.03 (0.96–1.10) for high HGS, 1.14 (1.07–1.21) for middle HGS, and 1.38 
(1.30–1.46) for low HGS; in females with MASLD, they were 1.07 (0.97–1.18) for high HGS, 1.25 (1.14–1.37) for middle HGS, and 
1.56 (1.43–1.72) for low HGS. The incidence of CVD events increased as HGS decreased in participants with MASLD, regardless 
of the presence or absence of advanced liver fibrosis (all p < 0.001).
Conclusions: This large prospective cohort study using the UK Biobank showed that in MASLD, a decrease in HGS was asso-
ciated with increased CVD risk.
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1   |   Introduction

Metabolic dysfunction- associated steatotic liver disease 
(MASLD), previously referred as non- alcoholic fatty liver dis-
ease (NAFLD), has a rapidly increasing prevalence, now affect-
ing nearly one in three individuals worldwide [1]. This surge is 
expected to persist in the forthcoming years, propelled by es-
calating obesity rates, an aging demographic, unhealthy diet, 
and the widespread adoption of sedentary lifestyles [2]. MASLD, 
while inherently posing a risk of progressing to more severe liver 
conditions such as metabolic dysfunction- associated steatohep-
atitis, liver cirrhosis, and hepatocellular carcinoma, also extends 
its influence beyond the liver, increasing the risk of cardiovas-
cular diseases (CVD) and extrahepatic cancers, among other 
complications [3].

Emerging research underscores a robust association between 
MASLD and an elevated CVD risk [4, 5]. MASLD serves as 
an independent risk factor for CVD, comparable to other well- 
recognized risk factors such as hypertension, dyslipidaemia, 
and diabetes mellitus; most importantly, CVD- related mortality 
is the leading cause of death among those affected by MASLD 
[6]. This underscores the relationship between MASLD and car-
diovascular complications.

Identifying high- risk groups among individuals with MASLD 
for potential onset of CVD is crucial. However, reliance on con-
ventional metrics such as smoking, hypertension, dyslipidaemia, 
and diabetes mellitus might not paint a complete picture  [7]. 
Muscle tissue, a vital metabolic organ, plays a crucial role in reg-
ulating glucose and lipid metabolism [8]. Moreover, enhanced 
muscle strength is positively correlated with improved cardiac 
function [9]. Thus, recent findings indicate that decreased mus-
cle strength could emerge as a significant indicator of CVD risk 
[10–12]. However, the longitudinal studies examining whether 
and how much the CVD risk in MASLD varies according to 
muscle strength are scarce.

Considering the existing knowledge gap, this study used exten-
sive data from the UK biobank database to explore how the risk 
of incident CVD varies among individuals with MASLD based 
on muscle strength as measured by handgrip strength (HGS).

2   |   Methods

2.1   |   Data Source

The UK Biobank is an extensive prospective cohort based on the 
population. More than half a million men and women visited 
one of the 22 centres throughout the UK from 2006 to 2010 [13]. 
The UK Biobank received ethical clearance from the North West 
Multi- Centre Research Ethics Committee (16/NW/0274). The 
research was carried out under UK Biobank application 85 037. 
The study was conducted in accordance with the Declaration 
of Helsinki and Istanbul guidelines, and every participant pro-
vided written informed consent before participation. Each par-
ticipant completed a questionnaire on a touchscreen device, 
underwent physical assessments, and provided blood, urine, 
and saliva samples when they joined the study. Further details 

of the UK Biobank protocol are available on its official website 
(http:// www. ukbio bank. ac. uk).

2.2   |   Study Population

We identified 502 396 adults who participated in the UK 
Biobank Cohort Study between 2006 and 2010. The follow- up 
period began on the day of the baseline examination, which 
was also the index date when HGS was measured. After exclud-
ing participants with missing fatty liver index (FLI) variables 
(n = 35 557), missing HGS data (n = 603), significant alcohol 
use (n = 134 776), missing alcohol use data (n = 115 382), previ-
ous CVD (n = 13 092), other liver diseases (n = 852), or alcohol 
or drug use disorders (n = 571), a final analytical population of 
201 563 participants was included (Figure  1). Significant alco-
hol use was defined as > 210 g per week for men and > 140 g per 
week for women [1, 14, 15]. Individuals diagnosed with other 
liver diseases or alcohol or drug- use disorders were defined 
based on International Classification of Diseases (ICD)- 10 codes 
(Table  S1) [16]. Past disease at baseline was defined as self- 
reported or physician diagnosis (Table S2).

2.3   |   MASLD and Advanced Liver Fibrosis

MASLD was defined as the presence of hepatic steatosis accom-
panied by one or more cardiometabolic criteria: (1) body mass 
index (BMI) ≥ 25 kg/m2 (23 in Asian) or waist circumference 
> 94 cm (for males) or 80 cm (for females); (2) fasting serum 
glucose ≥100 mg/dL or type 2 diabetes or treatment for type 2 
diabetes; (3) blood pressure ≥ 130/85 mmHg or specific antihy-
pertensive drug treatment; (4) triglycerides ≥ 150 mg/dL or lipid- 
lowering medication; (5) and high- density lipoprotein (HDL) 
cholesterol < 40 mg/dL for males and < 50 mg/dL for females or 
lipid- lowering medication [1, 14, 15].

According to other epidemiological studies, hepatic steatosis 
identification was based on FLI ≥ 60 [17–19]. In extensive epide-
miological research, the European Clinical Practice Guidelines 
recognize FLI as a viable substitute for imaging techniques 
[20]. Advanced liver fibrosis was defined by a fibrosis- 4 score 
(FIB- 4) > 2.67 [17, 21]. The definition of hepatic steatosis and ad-
vanced liver fibrosis was described in Table S3.

FIGURE 1    |    Study flow chart. Abbreviations: BMI, body mass index; 
CVD, cardiovascular disease; GGT, gamma- glutamyl transferase.

http://www.ukbiobank.ac.uk
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2.4   |   Handgrip Strength

HGS assessment was conducted using a Jamar J00105 hydraulic 
hand dynamometer. We used only the highest measurements 
recorded from each hand [10]. HGS varied significantly based 
on sex and age. Thus, we first divided the participants into 
groups based on age within each sex: < 50 years, 50–60 years, 
60–70 years, and > 70 years. Then, the z- scores for HGS for the 
participants were calculated based on the mean and standard 
deviations of each age group [22, 23]. Subsequently, HGS was 
categorized as follows: low HGS with a z- score below −0.5, mid-
dle HGS with a z- score between −0.5 and 0.5, and high HGS with 
a z- score > 0.5.

2.5   |   Outcomes

Previous and incident CVD events in the present study were 
defined using two main diagnostic approaches. The first diag-
nostic approach was through ICD- 10 codes, where CVD encom-
passes acute myocardial infarction (I21), subsequent myocardial 
infarction (I22), certain current complications following acute 
myocardial infarction (I23), angina pectoris (I20), other acute 
ischemic heart diseases (I24), chronic ischemic heart disease 
(I25), and stroke not specified as haemorrhage or infarction 
(I64) [24]. Second, CVD is defined algorithmically via specific 
fields capturing the date of myocardial infarction (Field 42000), 
the date of STEMI (Field 42002), the date of NSTEMI (Field 
42004), the date of stroke (Field 42006), and the date of ischemic 
stroke (Field 42008) [24].

2.6   |   Statistical Analysis

Baseline characteristics are presented as frequency, per-
centage, or mean values with the corresponding standard 
deviations. The study participants were stratified into two 
groups based on the presence of MASLD, which were further 
stratified into three groups according to HGS: non- MASLD, 
MASLD with high HGS, MASLD with middle HGS, and 
MASLD with low HGS. The incidence of CVD events based 
on HGS was compared using the chi- square test. The cumula-
tive incidence of CVD events was analysed using the Kaplan–
Meier approach. Hazard ratios (HRs) and 95% confidence 
intervals (CIs) were determined using a Cox proportional haz-
ards model. The HRs were adjusted for BMI, smoking status, 
diabetes mellitus, hypertension, dyslipidaemia, and physi-
cal activity. Physical activity was presented as the metabolic 
equivalent of task minutes per week.

Participants with missing values for variables essential to the 
primary analysis were excluded according to predefined exclu-
sion criteria (Figure  1). Specifically, we excluded participants 
missing values for any component of the FLI, including BMI, 
waist circumference, gamma- glutamyl transferase, or triglycer-
ide (n = 35 557), as well as those missing HGS data (n = 603). For 
other variables, we retained missing values as ‘not available’ due 
to minimal missing rates; most variables had a completion rate 
over 97%, with only four variables (albumin, glucose, haemoglo-
bin A1c, and HDL cholesterol) having completion rates between 
90% and 94%. Physical activity data, collected via self- reported 

touchscreen responses in the UK Biobank, had a completion 
rate of 84% for male participants and 77% for female partici-
pants, with missing values for 12 992 males and 27 348 females. 
Given that physical activity (measured as metabolic equivalent 
of task (MET) minutes per week) was not a primary focus of our 
analysis, we retained these missing values without imputation 
to prevent potential bias and maintain dataset size. In addition, 
to address baseline differences between the non- MASLD and 
MASLD groups and to achieve a balanced comparison, sensi-
tivity analyses were conducted, and an exact propensity score 
matching (PSM) approach was employed. In the PSM approach, 
participants from the non- MASLD and MASLD groups were 
matched based on key categorical variables, including age (cate-
gorized), ethnicity, smoking status, diabetes mellitus, hyperten-
sion, and dyslipidaemia. Analyses were conducted using the R 
version 4.1.2 (R Foundation for Statistical Computing, Vienna, 
Austria).

3   |   Results

3.1   |   Baseline Characteristics

The baseline characteristics of the study participants, differ-
entiated by sex and the presence of MASLD, are demonstrated 
in Table 1. The study finally enrolled 201 563 participants with 
a mean age of 56.5 years and 40.6% being male. Among these, 
75 498 (37.5%) were diagnosed with MASLD. The median fol-
low- up duration was 13.1 years. Participants with MASLD were 
generally older than those with non- MASLD. They also exhibit 
a higher prevalence of diabetes mellitus, hypertension, and dys-
lipidaemia. These individuals had an increased BMI and waist 
circumference. Regarding lifestyle factors, the participants with 
MASLD were less engaged in physical activities. Clinically, these 
participants demonstrate higher systolic and diastolic blood 
pressures, elevated platelet counts, and increased aspartate 
aminotransferase, alanine aminotransferase, gamma- glutamyl 
transferase, creatinine, and glucose levels. Haemoglobin A1c 
levels were also elevated. Regarding lipid profiles, the partici-
pants with MASLD had higher levels of total cholesterol, low- 
density lipoprotein (LDL) cholesterol, triglycerides, and lower 
HDL cholesterol levels. Baseline characteristics according to 
HGS are described in Table  S4. As noted, participants in the 
high, middle, and low HGS groups exhibited distinct character-
istics. Among males, those in the middle and low HGS groups 
were more likely to be current smokers, and had a higher prev-
alence of diabetes mellitus, hypertension, and dyslipidaemia 
compared to those in the high HGS group. Additionally, partic-
ipants in the middle and low HGS groups had lower BMI values 
and a more sedentary lifestyle. Similar patterns were observed 
among females.

3.2   |   CVD Risk According to HGS

Differences in incident CVD events according to HGS are pre-
sented in Table 2 and Figure 2. In both male and female cases, 
the incidence of CVD events increased in the following group 
order: non- MASLD, MASLD with high HGS, MASLD with mid-
dle HGS, and MASLD with low HGS. The frequency of incident 
CVD events in male participants was 10.9% for non- MASLD, 
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13.3% for MASLD with high HGS, 14.8% for MASLD with 
middle HGS, and 18.4% for MASLD with low HGS (p < 0.001). 
Similarly, in female cases, the frequency of incident CVD events 
was 6.1%, 9.2%, 10.7%, and 13.3% for non- MALSD, MALSD with 
high HGS, MASLD with middle HGS, and MASLD with low 
HGS, respectively (p < 0.001).

In men and women, the cumulative incidence of CVD events 
increased in the following sequence: non- MASLD, high, mid-
dle, and low HGS in MASLD (Figure  3). In the unadjusted 
models (model 1, Table 3), the HRs for incident CVD varied 
according to the HGS in individuals with MASLD. For males, 
in comparison with the non- MASLD group, the MASLD 
group had HRs of 1.23 (95% CI, 1.16–1.30) for high HGS, 1.39 
(1.32–1.46) for middle HGS, and 1.77 (1.68–1.86) for low HGS. 
For females, the corresponding HRs in the MASLD group 
were 1.52 (1.42–1.63) for high HGS, 1.81 (1.70–1.92) for mid-
dle HGS, and 2.28 (2.14–2.42) for low HGS in comparison to 
the non- MASLD group. Even after further adjusting for BMI, 
smoking, diabetes mellitus, hypertension, dyslipidaemia, and 
physical activity as covariates, statistical significance was 
maintained, except for MASLD with high HGS for both men 
and women. The adjusted HRs for incident CVD events in 
male MASLD participants were 1.03 (0.96–1.10) for high HGS, 
1.14 (1.07–1.21) for middle HGS, and 1.38 (1.30–1.46) for low 
HGS compared with the non- MALSD group. Among female 
MASLD participants, the adjusted HRs for incident CVD 
events were 1.07 (0.97–1.18) for high HGS, 1.25 (1.14–1.37) for 
middle HGS, and 1.56 (1.43–1.72) for low HGS compared with 

the non- MASLD group (model 4, Table 3). We further explored 
the differences in mortality risk among these groups and found 
that mortality risks followed trends similar to those observed 
for CVD events. For males, the mortality rates were as follows: 
MASLD with high HGS (7.9%), non- MASLD (8.2%), MASLD 
with middle HGS (10.4%), and MASLD with low HGS (13.9%). 
For females, a similar pattern was observed, aligning more 
closely with the trend seen for CVD incidence. Mortality rates 
in females increased as follows: non- MASLD (5.5%), MASLD 
with high HGS (8.0%), MASLD with middle HGS (8.5%), and 
MASLD with low HGS (10.7%) (Table S5). The cumulative in-
cidence curve for mortality further illustrates the diverging 
patterns of mortality based on HGS (Figure S1).

3.3   |   CVD Risk According to the Presence 
of Advanced Liver Fibrosis and HGS

The incidence of CVD events increased in the following group 
order: non- MASLD, MASLD without advanced liver fibrosis, 
and MASLD with advanced liver fibrosis (Table S6, Figure S2). 
A tendency for a higher occurrence of CVD events with de-
creasing HSG was noted regardless of the presence or absence 
of advanced liver fibrosis in both male and female participants 
with MASLD (Table 4, Figure 4). The incidence of CVD events 
according to the presence or absence of advanced liver fibrosis 
in each HGS group is shown in Figure S3. In the low- , middle-  
and high- HGS groups in the MASLD group, the presence of ad-
vanced liver fibrosis increased the incidence of CVD events.

TABLE 2    |    Number and proportion of incident cardiovascular disease events by handgrip strength.

Male (n = 81 915) CVD events p Female (n = 119 648) CVD events p

Non- MASLD (n = 39 670) 4329 (10.9%) < 0.001 Non- MASLD (n = 86 395) 5229 (6.1%) < 0.001

MASLD MASLD

High HGS (n = 12 640) 1675 (13.3%) High HGS (n = 10 763) 987 (9.2%)

Middle HGS (n = 16 815) 2489 (14.8%) Middle HGS (n = 12 813) 1377 (10.7%)

Low HGS (n = 12 790) 2353 (18.4%) Low HGS (n = 9677) 1287 (13.3%)

Abbreviations: CVD, cardiovascular disease; HGS, handgrip strength; MASLD, metabolic dysfunction- associated steatotic liver disease.

FIGURE 2    |    Incidence of cardiovascular events according to handgrip strength in male (a) and female (b) participants. Abbreviations: CVD, car-
diovascular disease; HGS, handgrip strength; MASLD, metabolic dysfunction- associated steatotic liver disease.
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3.4   |   Sensitivity Analysis

The baseline characteristics after the exact PSM process are pre-
sented in Table S7. After the exact PSM, the incidence of CVD re-
mained consistent in the following order: non- MASLD, MASLD 
with high HGS, MASLD with middle HGS, and MASLD with 
low HGS (Table S8). In both unadjusted and fully adjusted mod-
els of the matched cohorts, the risk of CVD events showed an 
increasing trend with lower HGS in both males and females 
(Table S9).

To determine whether low HGS increases CVD risk in the 
non- MASLD group, a stratified analysis was performed. This 
analysis examined the incidence of CVD events based on HGS 
levels within the non- MASLD group. The results indicated 

that, as in the MASLD group, lower HGS was associated with 
a higher risk of CVD. For males in the non- MASLD group, 
the incidence of CVD increased as follows: high HGS (9.2%), 
middle HGS (10.6%), and low HGS (12.9%). A similar pattern 
was observed among females, with CVD incidence increas-
ing from high HGS (5.3%) to middle HGS (6.1%) and low HGS 
(6.8%) (Table S10). In the fully adjusted model, these associ-
ations remained consistent, with high HGS as the reference 
group. For male participants, the HRs were 1.35 (1.24–1.45) 
for low HGS and 1.14 (1.05–1.23) for middle HGS. Similarly, 
for female participants, the HRs were 1.25 (1.17–1.34) for low 
HGS and 1.15 (1.08–1.23) for middle HGS (Table S11). These 
findings demonstrate that low HGS is a significant predictor of 
CVD risk even in the absence of MASLD. An additional sensi-
tivity analysis was conducted to further assess the association 

FIGURE 3    |    Cumulative incidence of cardiovascular disease events according to handgrip strength in male (a) and female (b) participants. 
Abbreviations: CVD, cardiovascular disease; HGS, handgrip strength; MASLD, metabolic dysfunction- associated steatotic liver disease.
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between HGS and CVD risk across both MASLD and non- 
MASLD populations. The results, presented in Table  S12, 
showed a consistent trend in which lower HGS was associated 
with a higher risk of CVD in both groups. Among males, the 
risk of CVD increased as HGS decreased, and this trend was 
more evident in individuals with MASLD. A similar pattern 
was observed among females, where lower HGS was linked 
to a progressively higher CVD risk. The highest CVD risk 
was observed in individuals with both MASLD and low HGS, 

indicating that the combination of these factors contributes to 
a greater risk than either condition alone.

4   |   Discussion

In this large- scale, longitudinal follow- up study, we further 
confirmed that the incident CVD risk might differ according to 
HGS in participants with MASLD, demonstrating that CVD risk 

TABLE 3    |    Cardiovascular disease risk according to handgrip strength in male and female participants.

Male participants 
(n = 81 915) Events

Model 1 Model 2 Model 3 Model 4

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Non- MASLD 
(n = 39 670)

4329 Reference Reference Reference Reference

MASLD with high 
HGS (n = 12 640)

1675 1.23 (1.16–1.30) 1.09 (1.03–1.16) 1.02 (0.95–1.08) 1.03 (0.96–1.10)

MASLD with middle 
HGS (n = 16 815)

2489 1.39 (1.32–1.46) 1.21 (1.15–1.27) 1.12 (1.06–1.19) 1.14 (1.07–1.21)

MASLD with low HGS 
(n = 12 790)

2353 1.77 (1.68–1.86) 1.47 (1.39–1.54) 1.36 (1.28–1.45) 1.38 (1.30–1.46)

Female participants 
(n = 119 648) Events

Model 1 Model 2 Model 3 Model 4

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Non- MASLD 
(n = 86 395)

5229 Reference Reference Reference Reference

MASLD with high 
HGS (n = 10 763)

987 1.52 (1.42–1.63) 1.21 (1.13–1.29) 1.11 (1.02–1.21) 1.07 (0.97–1.18)

MASLD with middle 
HGS (n = 12 813)

1377 1.81 (1.70–1.92) 1.42 (1.34–1.51) 1.31 (1.22–1.42) 1.25 (1.14–1.37)

MASLD with low HGS 
(n = 9677)

1287 2.28 (2.14–2.42) 1.72 (1.61–1.83) 1.58 (1.46–1.71) 1.56 (1.43–1.72)

Note: Model 1 was unadjusted. Model 2 was adjusted for diabetes mellitus, hypertension, and dyslipidaemia. Model 3 was adjusted for body mass index, smoking, 
diabetes mellitus, hypertension, and dyslipidaemia. Model 4 was adjusted for body mass index, smoking, diabetes mellitus, hypertension, dyslipidaemia, and physical 
activity.
Abbreviations: CI, confidence intervals; HR, hazard ratios; HSG, handgrip strength; MASLD, metabolic dysfunction- associated steatotic liver disease.

TABLE 4    |    Number and proportion of incident CVD events by handgrip strength in MASLD with or without advanced liver fibrosisa.

MASLD without advanced liver 
fibrosis CVD events p

MASLD with advanced 
liver fibrosis CVD events p

Male (n = 39 463) Male (n = 1417)

High HGS (n = 11 878) 1556 (13.1%) < 0.001 High HGS (n = 356) 64 (18.0%) < 0.001

Middle HGS (n = 15 706) 2301 (14.7%) Middle HGS (n = 576) 124 (21.5%)

Low HGS (n = 11 879) 2143 (18.0%) Low HGS (n = 485) 130 (26.8%)

Female (n = 31 555) Female (n = 515)

High HGS (n = 10 221) 926 (9.1%) < 0.001 High HGS (n = 167) 18 (10.8%) < 0.001

Middle HGS (n = 12 194) 1313 (10.8%) Middle HGS (n = 178) 27 (15.2%)

Low HGS (n = 9140) 1204 (13.2%) Low HGS (n = 170) 28 (16.5%)

Abbreviations: CVD, cardiovascular disease; HGS, handgrip strength; MASLD, metabolic dysfunction- associated steatotic liver disease.
aThere are 1365 male and 1183 female MASLD participants for whom the FIB- 4 calculation is impossible due to missing data.
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increased in the following order: non- MASLD, MASLD with 
high HGS, MASLD with middle HGS, and MASLD with low 
HGS. Even in the model fully adjusted for confounders, individ-
uals without MASLD and those with MASLD and high HGS ex-
hibited similar and relatively low CVD risks. This was followed 
by MASLD with middle HGS and then those with low HGS, in 
ascending order of incident CVD risk.

A large prospective study demonstrated that low muscle 
strength increases CVD risk in the general population [10], and 
other studies corroborated this result [11, 12]. HGS is a represen-
tative method that allows the measurement of muscle strength 
in a cost- effective, easy, and rapid manner [16]. In the present 
study, using HGS values, we revealed that in participants with 
MASLD, the CVD risk increases as HGS decreases. Recently, 
the importance of sarcopenia in predicting MASLD prognosis 
has been emphasized, and several studies have shown that low 
muscle mass in patients with NAFLD increases the atheroscle-
rotic cardiovascular disease (ASCVD) risk score [17, 21]. A re-
cent study has also revealed that low HGS increases the ASCVD 
risk score in metabolic dysfunction- associated fatty liver disease 
[25]. However, these studies were cross- sectional in design, and 
notably, there is almost no longitudinal data on how incident 
CVD events change according to HGS in MASLD, where HGS is 
a reflection of muscle strength.

The connection between HGS and CVD can be attributed to 
the role of HGS as a marker of systemic health, where dimin-
ished muscle strength is linked to higher levels of inflammatory 
markers and insulin resistance, which are critical factors in 
CVD development [26]. Furthermore, as a measure of sarcope-
nia and metabolic health, HGS might reflect vascular function 
and arterial stiffness, factors that remarkably increase CVD risk 
[10]. We noted a clear gradient in the incidence of CVD events, 
with the lowest risk noted in the non- MASLD, followed by the 
MASLD with high HGS, MASLD with middle HGS, and the 
highest risk in the MASLD with low HGS. This indicates that 
while MASLD increases the risk of CVD, the risk of CVD var-
ies according to HGS. Furthermore, CVD risk was comparable 
between individuals without MASLD and those with MASLD 
who had a high HGS across fully adjusted models, irrespective 

of sex. This suggests that enhancing muscle strength may serve 
as a preventive strategy for individuals with MASLD. However, 
this hypothesis warrants further investigation through inter-
ventional studies.

Owing to diet changes and the increase in sedentary lifestyle 
habits, the prevalence of MASLD is rising [27, 28]. The acceler-
ation of aging society and escalation of such chronic metabolic 
diseases can lead to an increase in CVD incidence [29], render-
ing CVD in patients with MASLD a significant public health 
threat [5]. Thus, identifying the high- risk group for CVD within 
MASLD is critical, not only at individual levels but society lev-
els. The ASCVD risk score, which is widely employed to pre-
dict CVD risk, has been developed for the general population 
[17, 21]. The ASCVD risk score includes age, diabetes mellitus, 
sex, smoking, cholesterol, HDL cholesterol, systolic blood pres-
sure, hypertension treatment, and race, and has been criticized 
for possibly overestimating CVD events [30]. In our study, HGS 
appeared to be an independent risk factor for CVD in MASLD, 
indicating that if a CVD risk prediction model is developed spe-
cifically for MASLD in the future, HGS, which can reflect mus-
cle strength, is expected to play a crucial role.

Our study further elucidates the intricate relationship between 
HGS, advanced liver fibrosis, and CVD risk in MASLD. This re-
inforces the notion that a lower HGS is a significant predictor of 
CVD risk, irrespective of advanced liver fibrosis. The presence of 
advanced liver fibrosis amplifies this risk, even among individu-
als with comparable HGS levels, which is consistent with recent 
findings that verify the role of liver fibrosis in elevating CVD risk 
[31, 32]. This indicates a multifaceted impact on cardiovascular 
health, where both HGS and liver fibrosis might independently 
and synergistically contribute to CVD risk via mechanisms such 
as endothelial dysfunction, exacerbated by factors such as vascu-
lar impairment and inflammatory responses [33].

One of the strengths of this study is its longitudinal nature via 
a large prospective cohort to examine the relationship between 
muscle strength and CVD in patients with MASLD with vali-
dated tools for measuring muscle strength; however, but it also 
has several limitations. First, hepatic steatosis was defined using 

FIGURE 4    |    Incidence of cardiovascular disease events according to HGS in MASLD with or without advanced liver fibrosis in male (a) and 
female (b) participants. Abbreviations: CVD, cardiovascular disease; HGS, handgrip strength; MASLD, metabolic dysfunction- associated steatotic 
liver disease.
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the FLI, a non- invasive score, instead of histology or imaging. 
However, this method is thoroughly validated [34], and interna-
tional guidelines indicate non- invasive indicators, such as the 
FLI, are considered acceptable substitutes for identifying hepatic 
steatosis in epidemiological research [20, 35]. Furthermore, in 
recent studies utilizing large cohorts, hepatic steatosis has also 
been defined using the FLI [4, 5, 19]. Second, owing to the ab-
sence of liver biopsy data, FIB- 4 was used to define advanced 
liver fibrosis. Liver biopsy is the gold standard for the diagnosis 
of liver fibrosis. However, liver biopsy is an invasive procedure 
and can have complications; thus, it is not commonly per-
formed solely for the diagnosis of liver fibrosis [36]. Although 
it is known to be less accurate than non- invasive methods such 
as transient elastography or magnetic resonance elastography, 
FIB- 4 is a non- invasive scoring system recommended by most 
guidelines as the first step to differentiate advanced liver fibro-
sis [37]. Furthermore, in practice, numerous studies have used 
FIB- 4 to diagnose advanced liver fibrosis in NAFLD [17, 31, 32]. 
Third, while HGS serves as a simple and valuable measure of 
muscle strength, it does not encompass all dimensions of muscu-
loskeletal health. It primarily evaluates the strength of the upper 
extremities and may not reflect an individual's overall muscular 
condition or functional capabilities. Fourth, although the anal-
yses were stratified by age and sex, which significantly affect 
HGS, and adjusted for various covariates, other factors that may 
influence HGS, such as nutritional status, psychological factors, 
and environmental conditions, were not assessed. This omission 
may have introduced bias into our analyses [38–40].

In conclusion, this large prospective cohort study utilizing 
UK Biobank data demonstrated that in MASLD, low muscle 
strength was associated with an increased risk of CVD, re-
gardless of disease severity. This observation indicates the im-
portance of investigating whether interventions for enhancing 
muscle strength could effectively decrease CVD risk in patients 
with MASLD. However, further prospective studies are required 
to explore this potential.
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