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Hand Strength Differences Across Cardiometabolic 
Conditions: A Cross-Sectional Comparative Study 

ABSTRACT 
 
INTRODUCTION: Handgrip and pinch strength are critical indicators of upper 

limb function and health, and may be affected by cardiometabolic conditions 

such as type 2 diabetes mellitus (T2DM), hypertension (HPT), and 

hyperlipidemia (HPL). This study aimed to compare handgrip and pinch 

strength among healthy adults, individuals with T2DM+HPT, and those with 

T2DM+HPT+HPL in a Malaysian population. MATERIALS AND METHODS: 

A cross-sectional study was conducted with 204 adults (n=68 per group), 

matched by age, gender, and health condition. Handgrip and pinch strength 

were assessed using the Jamar Hydraulic Dynamometer and Pinch Gauge 

following the American Society of Hand Therapists (ASHT) protocol. 

Statistical analyses included One-way ANOVA and Pearson correlation. 

RESULTS: Hand strength differed significantly across groups (p<0.001). 

Healthy adults demonstrated higher grip and pinch strength than participants 

with T2DM+HPT and T2DM+HPT+HPL. Strength measures showed         

strong bilateral correlations (0.85-0.92, p<0.001). Weak positive associations 

were observed between random blood sugar and grip/pinch strength                    

(r=0.239-0.271), while diastolic blood pressure showed weak associations with 

grip strength only (r=0.239-0.265). HbA1c was not significantly associated with 

hand strength. CONCLUSION: Cardiometabolic conditions are associated            

with reduced hand strength, particularly when T2DM coexists with HPT               

and HPL. Grip and pinch strength may serve as accessible functional markers 

for clinical assessment and early intervention in at-risk populations. 
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ORIGINAL ARTICLE 

INTRODUCTION 
 
Hand function plays a critical role in daily living, enabling 

both fine and gross motor activities. In particular, 

handgrip and pinch strength are essential for prehensile 

and precision tasks.1,2 Beyond their mechanical role, 

handgrip strength also serves as a biomarker that reflects 

the integrity of various physiological systems and is 

associated with chronic disease risk and premature 

mortality.3 Biomarkers, as defined by the World Health 

Organization, are objective indicators of medical status 

based on body function, structure, or participation.4  

 

Adults aged 18-65, whether healthy or living with 

conditions such as Type 2 Diabetes Mellitus (T2DM), 

hypertension (HPT), or hyperlipidemia (HPL), may 

exhibit varying levels of handgrip and pinch strength. 

These measures are predictive of future morbidity, 

functional disability, and mortality.5 Individuals with 

T2DM often experience muscle weakness, particularly in 

handgrip and pinch strength, due to impaired glucose 

regulation and insulin resistance.6 Similarly, hypertension 

has been associated with reduced muscle strength, likely 

due to the effects of elevated blood pressure on vascular 

and muscular function.7 In contrast, individuals without 

T2DM or HPT tend to have stronger hand strength, 

which may reflect better overall muscle function.8   
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Previous studies have primarily compared handgrip 

strength between healthy and diabetic individuals or 

between healthy and hypertensive individuals, with 

limited research examining the combined effects of 

T2DM, HPT, and HPL, particularly within the Malaysian 

population.7,9 Therefore, this study aimed to compare 

handgrip and pinch strength across cardiometabolic 

groups, and examine correlations with biomarkers 

including random blood sugar, HbA1c, and blood 

pressure. 

 

MATERIALS AND METHODS 
 
A total of 204 participants were recruited using purposive 

sampling and divided equally into three groups: healthy 

controls (n=68), adults with Type 2 Diabetes Mellitus and 

hypertension (T2DM+HPT, n=68), and adults with 

T2DM, HPT, and hyperlipidemia (T2DM+HPT+HPL, 

n=68). Participants with cardiometabolic conditions were 

recruited from Sungai Buloh Health Clinic while healthy 

controls were recruited in Kuantan area. Participants 

were matched based on age group, gender, and health 

condition to minimize potential confounding factors. 

 

Exclusion criteria included individuals with current or 

previous hand injuries, Type 1 Diabetes Mellitus 

(T1DM), upper limb pain, cardiovascular disease, or 

other comorbidities beyond the specified group 

classifications. Demographic data, body weight, and 

height were recorded prior to strength testing. 

Additionally, relevant clinical parameters such as random 

blood sugar (RBS), fasting blood sugar (FBS), HbA1c, 

and blood pressure readings were obtained from medical 

records or measured at the clinic to profile the 

cardiometabolic status of participants. 

 

Handgrip and pinch strength were assessed using a Jamar 

Hydraulic Hand Dynamometer and a Jamar Hydraulic 

Pinch Gauge. All measurements adhered to the American 

Society of Hand Therapists (ASHT) protocol, with 

participants seated upright, shoulders adducted and 

neutrally rotated, elbows flexed at 90°, forearms in a 

neutral position, and wrists positioned between 0° and 

30° extension. Three trials were performed for each 

hand, with a 30-second rest between trials, in accordance 

with standardized testing protocols. The mean of the 

three trials was used for analysis. 10  

 

Data were analyzed using IBM SPSS Statistics version 

28.0. Descriptive statistics were calculated, followed by 

One-Way Analysis of Variance (ANOVA) to compare 

group differences, and Pearson correlation tests to 

examine relationships between strength measures and 

physiological markers. 

 

RESULTS  
 
Out of 204 participants who met the inclusion criteria, 

three equal groups were formed: healthy controls  

(n=68), individuals with Type 2 Diabetes Mellitus          

and hypertension (T2DM+HPT, n=68), and individuals 

with T2DM, hypertension, and hyperlipidemia 

(T2DM+HPT+HPL, n=68). Table I summarizes the 

demographic and clinical characteristics of each group. 

Participants were matched by age and gender. Clinical 

variables such as body mass index (BMI), blood  

pressure, random blood sugar (RBS), fasting blood sugar 

(FBS), and HbA1c were collected to describe the 

cardiometabolic profile of each group. 

Characteristics 
Healthy Controls 

(n=68) 
T2DM + HPT 

(n=68) 
T2DM + HPT + 

HPL (n=68) 

Age (years) 44.75 ± 12.70 51.09 ± 10.72 51.65 ± 9.96 

Gender - Female 24 (35.3%) 24 (35.3%) 24 (35.3%) 

Gender - Male 44 (64.7%) 44 (64.7%) 44 (64.7%) 

Dominant Hand - 
Right 

61 (89.7%) 59 (86.8%) 53 (77.9%) 

Dominant Hand - 
Left 

7 (10.3%) 9 (13.2%) 15 (22.1%) 

BMI - 
Underweight 

4 (5.9%) 0 (0.0%) 0 (0.0%) 

BMI - Normal 25 (36.8%) 23 (33.8%) 26 (38.2%) 

BMI - Overweight 32 (47.1%) 26 (38.2%) 24 (35.3%) 

BMI - Obese 7 (10.3%) 19 (28.0%) 18 (26.5%) 

RBS (mmol/L) - 7.83 ± 3.84 8.31 ± 3.94 

FBS (mmol/L) - 7.02 ± 3.43 6.92 ± 2.83 

HbA1c (%) - 6.84 ± 1.82 6.95 ± 1.54 

Table I: Demographic and Clinical Characteristics of Participants by Group 
(N=204) 

Descriptive Measurements of Grip and Pinch Strength 
 
Table II shows handgrip and pinch strength by age group 

in the healthy control group. Among young adults (18-39 

years), the mean right-handgrip strength was 33.58 kgf 

(SD=12.76), while the left-handgrip strength was 30.86 

kgf (SD=10.86). Right and left pinch strengths were 5.83 

kgf (SD=1.65) and 5.02 kgf (SD=1.57), respectively. 
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Table III shows the hand strength levels in the 

T2DM+HPT group. Young adults showed lower strength 

than their healthy counterparts, with right-handgrip 

strength averaging 26.67 kgf (SD=10.41) and left-

handgrip 24.62 kgf (SD=10.94). Pinch strength was also 

reduced. Middle-aged participants demonstrated further 

declines, with slightly reduced grip and pinch strength on 

both sides. Among older adults (60-65 years), hand 

strength remained relatively low and showed limited 

variation. 

Differences in Hand and Pinch Strength Between 
Groups 
 
One-way ANOVA revealed statistically significant 

differences in hand strength across the three groups.         

For right-handgrip strength, the F-statistic was 20.224 

with a p-value of less than 0.001. Left-handgrip strength 

also showed a significant difference with an F-value of 

12.365 (p<0.001). Differences in pinch strength were 

even more obvious, with the right lateral pinch showing 

an F-value of 64.931 and the left lateral pinch an F-value 

of 51.232, both statistically significant at p<0.001. 

 

Post hoc Tukey tests indicated that healthy individuals 

had significantly greater handgrip and pinch strength than 

participants with T2DM and hypertension 

(T2DM+HPT), who in turn had higher strength levels 

than those with additional hyperlipidemia 

(T2DM+HPT+HPL). These findings confirm a clear, 

graded decline in hand strength corresponding with 

increasing cardiometabolic burden. Figure 1 displays 

boxplots of handgrip and pinch strength (right/left) 

across groups, illustrating the group differences. 

Middle-aged adults (40-59 years) showed slightly lower 

grip strength values, with 32.85 kgf (SD=11.58) on the 

right and 30.25 kgf (SD=11.95) on the left. However, 

their pinch strength was slightly higher than that of the 

younger group. Older adults (60-65 years) demonstrated 

the lowest grip and pinch strength across all measures. 

Age Group 
Strength 
Measure 

Female (n, %) Male (n, %) Mean ± SD 

Young  
(18-39) 

Grip Right 7 (43.75%) 9 (56.25%) 33.58 ± 12.76 

  Grip Left 7 (43.75%) 9 (56.25%) 30.86 ± 10.86 

  
Pinch Right 

(Lateral) 
7 (43.75%) 9 (56.25%) 5.83 ± 1.65 

  
Pinch Left 
(Lateral) 

7 (43.75%) 9 (56.25%) 5.02 ± 1.57 

Middle-aged  
(40-59) 

Grip Right 14 (31.82%) 30 (68.18%) 32.85 ± 11.58 

  Grip Left 14 (31.82%) 30 (68.18%) 30.25 ± 11.95 

  
Pinch Right 

(Lateral) 
14 (31.82%) 30 (68.18%) 6.62 ± 1.89 

  
Pinch Left 
(Lateral) 

14 (31.82%) 30 (68.18%) 6.16 ± 1.89 

Older  
(60-65) 

Grip Right 3 (37.50%) 5 (62.50%) 26.88 ± 5.88 

  Grip Left 3 (37.50%) 5 (62.50%) 25.67 ± 8.56 

  
Pinch Right 

(Lateral) 
3 (37.50%) 5 (62.50%) 4.85 ± 2.07 

  
Pinch Left 
(Lateral) 

3 (37.50%) 5 (62.50%) 5.02 ± 2.52 

Table II: Handgrip and pinch strength by age group in healthy controls 

Age Group 
Strength 
Measure 

Female (n, %) Male (n, %) Mean ± SD 

Young  
(18-39) 

Grip Right 7 (43.75%) 9 (56.25%) 26.67 ± 10.41 

  Grip Left 7 (43.75%) 9 (56.25%) 24.62 ± 10.94 

  
Pinch 
Right 

(Lateral) 
7 (43.75%) 9 (56.25%) 4.01 ± 1.36 

  
Pinch Left 
(Lateral) 

7 (43.75%) 9 (56.25%) 3.54 ± 1.11 

Middle-aged  
(40-59) 

Grip Right 14 (31.82%) 30 (68.18%) 21.10 ± 8.54 

  Grip Left 14 (31.82%) 30 (68.18%) 21.71 ± 8.54 

  
Pinch 
Right 

(Lateral) 
14 (31.82%) 30 (68.18%) 3.41 ± 1.17 

  
Pinch Left 
(Lateral) 

14 (31.82%) 30 (68.18%) 3.57 ± 1.21 

Older  
(60-65) 

Grip Right 3 (37.50%) 5 (62.50%) 22.75 ± 5.72 

  Grip Left 3 (37.50%) 5 (62.50%) 20.25 ± 8.06 

  
Pinch 
Right 

(Lateral) 
3 (37.50%) 5 (62.50%) 3.63 ± 0.83 

  
Pinch Left 
(Lateral) 

3 (37.50%) 5 (62.50%) 3.27 ± 1.05 

Table III: Handgrip and pinch strength by age group in adults with T2DM and 
hypertension (T2DM+HPT) 

Table IV shows hand strength values for the 

T2DM+HPT+HPL group. Young adults in this group 

showed slightly higher grip strength than those in the 

T2DM+HPT group, but still below healthy controls. 

Middle-aged participants displayed a decline in both grip 

and pinch strength. Interestingly, older adults showed 

slightly better strength than middle-aged participants in 

some measures, though the differences were small and 

within the margin of variation. 

Age Group 
Strength 
Measure 

Female (n, %) Male (n, %) Mean ± SD 

Young (18-39) Grip Right 7 (43.75%) 9 (56.25%) 27.17 ± 10.85 

  Grip Left 7 (43.75%) 9 (56.25%) 26.71 ± 10.52 

  
Pinch Right 

(Lateral) 
7 (43.75%) 9 (56.25%) 3.64 ± 1.65 

  
Pinch Left 
(Lateral) 

7 (43.75%) 9 (56.25%) 3.41 ± 1.30 

Middle-aged (40-
59) 

Grip Right 14 (31.82%) 30 (68.18%) 22.10 ± 8.20 

  Grip Left 14 (31.82%) 30 (68.18%) 21.87 ± 8.47 

  
Pinch Right 

(Lateral) 
14 (31.82%) 30 (68.18%) 3.57 ± 1.34 

  
Pinch Left 
(Lateral) 

14 (31.82%) 30 (68.18%) 3.40 ± 1.34 

Older (60-65) Grip Right 3 (37.50%) 5 (62.50%) 25.17 ± 5.14 

  Grip Left 3 (37.50%) 5 (62.50%) 21.08 ± 4.77 

  
Pinch Right 

(Lateral) 
3 (37.50%) 5 (62.50%) 4.19 ± 1.23 

  
Pinch Left 
(Lateral) 

3 (37.50%) 5 (62.50%) 3.96 ± 0.62 

Table IV: Handgrip and pinch strength by age group in adults with T2DM, hypertension, 
and hyperlipidemia (T2DM+HPT+HPL) 
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DISCUSSION 
 
This study aimed to compare handgrip and pinch 

strength across different cardiometabolic conditions, 

assess age-related differences, and examine correlations 

with clinical biomarkers, including random blood sugar 

(RBS), HbA1c, and blood pressure (BP). The findings 

demonstrate that cardiometabolic disease status 

significantly affects hand strength, with greater functional 

decline observed in individuals with combined T2DM, 

hypertension, and hyperlipidemia. Descriptive patterns 

also suggested age-related differences in strength, 

consistent with prior literature.11,12 Additionally, random 

blood sugar demonstrated weak positive associations with 

both grip and pinch strength, while diastolic blood 

pressure showed weak associations with grip strength 

only. 

 

Age-related reductions in hand strength were most 

evident among healthy controls, whereas patterns were 

less consistent in participants with cardiometabolic 

conditions. While age-related decline in strength has been 

well documented in previous literature, our study 

observed a similar trend across age strata.11,12 This trend 

may be more evident in individuals with chronic 

conditions such as Type 2 Diabetes Mellitus (T2DM) and 

hypertension (HPT), where aging is compounded by 

metabolic and vascular impairments.13 

 

In addition to age, disease status significantly influenced 

hand strength. Participants with both T2DM and HPT 

demonstrated lower grip and pinch strength compared to 

healthy controls, while those with additional 

hyperlipidemia (T2DM+HPT+HPL) exhibited the most 

pronounced deficits. These findings suggest a cumulative 

negative effect of comorbid cardiometabolic conditions 

on muscle function. Specifically, hyperlipidemia may 

exacerbate insulin resistance, impairing glucose uptake in 

skeletal muscle and reducing cellular energy availability, 

thereby weakening contractile ability.14 Furthermore, 

elevated lipid levels can accelerate atherosclerotic 

processes, restricting blood flow and oxygen delivery to 

muscle tissues. This ischemia may result in muscle fatigue 

and reduced function, contributing to the strength 

impairments observed in this group.14  

Figure 1: Boxplots of handgrip and pinch strength (right/left) across groups (p<0.001). 

Correlation with Clinical Biomarkers 
 
HbA1c showed no significant correlations with right-

handgrip strength (r=0.129, p=0.297), left-handgrip 

strength (r=0.157, p=0.205), left pinch strength (r=0.073, 

p=0.559), or right pinch strength (r=0.094, p=0.451). 

 

RBS demonstrated weak but statistically significant 

positive correlations with right-handgrip strength 

(r=0.251, p=0.039), left-handgrip strength (r=0.239, 

p=0.049), left pinch strength (r=0.260, p=0.032), and 

right pinch strength (r=0.271, p=0.025). SBP was not 

significantly correlated with any grip or pinch strength 

measure. Correlations were weak and non-significant          

for right grip strength (r=0.006, p=0.962), left grip 

strength (r=-0.052, p=0.673), right pinch strength 

(r=0.029, p=0.815), and left pinch strength (r=-0.113, 

p=0.359). In contrast, diastolic blood pressure (DBP) 

demonstrated weak but statistically significant positive 

correlations with right-handgrip strength (r=0.265, 

p=0.029) and left-handgrip strength (r=0.239, p=0.049). 

No significant associations were observed between   DBP 

and left pinch strength (r=0.130, p=0.290) or right pinch 

strength (r=0.206, p=0.093). Figure 2 provides a visual 

summary of these correlations. 

Figure 2: Pearson’s correlations (r) between hand strength measures and cardiometabolic 
biomarkers (n=68) (**p < 0.01). 
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These findings are consistent with previous studies 

reporting lower grip strength in individuals with T2DM 

and HPT compared to healthy counterparts. For 

example, significantly reduced hand strength has been 

observed in diabetic adults, as well as in individuals with 

hypertension.9,15,16 Muscle strength reduction in T2DM 

has been attributed to both metabolic dysfunction and 

neuromuscular impairment, further supporting this 

study’s results.17,18  Moreover, the underutilization of 

hand function assessments in diabetes care has                 

been highlighted in recent literature, highlighting the 

importance of incorporating grip and pinch evaluations 

into routine practice to detect functional decline early.19 

This aligns with emerging research emphasizing that 

diabetic peripheral neuropathy can significantly 

compromise hand function and daily activity 

performance.20  Therefore, integrating simple hand 

strength measures may complement existing clinical  

tools to assess disability risk and functional impairment  

in people with DM and related comorbidities. 

 

Beyond group comparisons, this study also examined 

correlations between hand strength and physiological 

markers. Strong bilateral correlations were observed 

between right and left hand strength measures, indicating 

substantial symmetry in upper limb strength 

performance. Notably, random blood sugar (RBS) 

demonstrated weak positive correlations with both grip 

and pinch strength, whereas diastolic blood pressure 

(DBP) showed weak positive correlations with grip 

strength only. In contrast, HbA1c, which reflects              

long-term glycemic control, showed no significant 

association with grip or pinch strength. This aligns with 

findings that HbA1c may not be a reliable indicator of 

muscle performance in diabetic populations.8 These 

results suggest that acute metabolic and vascular factors, 

rather than chronic glycemic levels, may have a more 

modest influence on hand strength. The positive 

correlations between RBS and strength were weak and 

should be interpreted cautiously, as they do not imply             

a beneficial effect of hyperglycaemia on muscle function. 

Residual confounding, treatment effects, or variability             

in acute glucose measurements may explain these 

associations. 

 

Clinically, these findings highlight the importance of 

evaluating hand strength in individuals with T2DM, HPT, 

and HPL. Reduced grip and pinch strength not only 

reflect musculoskeletal decline but may also indicate 

broader metabolic and cardiovascular dysfunction. Early 

detection of hand strength deficits can support timely 

rehabilitation planning, guide functional goal setting, and 

potentially improve long-term outcomes. Routine hand 

strength assessment may offer a practical, non-invasive 

method for identifying individuals at elevated risk of 

disability, enabling targeted intervention to preserve 

independence and enhance quality of life. 

 

CONCLUSION 
 
This study demonstrated that healthy adults exhibited 

significantly greater handgrip and pinch strength 

compared to individuals with T2DM+HPT and those 

with T2DM+HPT+HPL. RBS was weakly and positively 

correlated with both grip and pinch strength, whereas 

diastolic blood pressure showed weak positive 

correlations with grip strength only. HbA1c was not 

significantly associated with hand strength measures. 

These findings highlight the impact of cardiometabolic 

conditions on upper limb strength and support the utility 

of grip and pinch strength as functional indicators in 

clinical assessments. Although limited by the small 

number of young adults with comorbidities, the study 

provides important reference data for clinicians in 

evaluating and managing patients with diabetes and 

hypertension. Future research should adopt longitudinal 

designs and recruit more diverse populations to validate 

hand strength as a biomarker for chronic disease burden 

and functional decline. 
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