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Abstract 

Introduction  Hand grip strength (HGS) is one of the methods to help early identification of physical frailty and sar‑
copenia, the major concerns in the aging societies. It is also crucial to evaluate its impact on mortality. However, 
the available evidence regarding such impact among specific age cohorts (65 to 74 years and above) is limited. This 
study tried to investigate the relationship between HGS and mortality among specific cohorts of the community-
dwelling older individuals in Yilan, Taiwan.

Methods  A seven-year longitudinal follow-up study was conducted involving 2,468 community-dwelling older 
individuals in Yilan. The participants were divided into two groups based on their quartiles of hand grip strength: 
with poor HGS and with good HGS. The association between HGS and mortality was examined using Cox propor‑
tional hazards models.

Results  The analysis revealed that age, HGS, gender, medical history of cardiovascular diseases, body mass index, 
and wrist-hip ratio had significant impacts on seven-year survival. Specifically, individuals with poor HGS exhibited 
increased mortality, with an adjusted hazard ratio (HR) of 1.87 (95% CI: 1.52–2.30). Furthermore, the adverse effect 
of poor HGS on mortality was more pronounced in males aged 65–74 years (adjusted HR 4.12, 95% CI: 2.16–7.84), 
females aged 75 years or older (2.09, 1.43–3.04) and males aged 75 years or older (1.49, 1.07–2.07).

Conclusion  Poor hand grip strength is an independent risk factor for mid-term mortality among community-
dwelling older individuals in Yilan. The assessment of HGS can serve as a valuable tool in identifying older individuals 
at higher risk of death.
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Introduction
In societies experiencing rapid aging, the impacts of 
noncommunicable diseases (NCDs) and subsequent 
mortality become increasingly significant, particularly 
in the aftermath of a pandemic infectious disease. How-
ever, even with aggressive and huge efforts, Murray et al. 
reported that the record for reducing exposure to harm-
ful risks, such as high fasting glucose and high body mass 
index (BMI), of the world over the past three decades 
was still poor. Besides, high systolic blood pressure with 
subsequent hypertension has accounted for 10.8 million 
deaths in 2019 [1]. Therefore among those vulnerable 
groups, such as the older people, physical frailty [2, 3] and 
sarcopenia [4, 5] emerge as crucial concerns because of 
their possible preventability and reversibility. To address 
this issue, researchers have explored several simple and 
easily assessed methods, including hand grip strength 
(HGS), as indicators of physical frailty and sarcopenia. 
Besides, being one of the components of diagnostic crite-
ria of these syndromes, the impacts of HGS on the health 
outcomes will also provide more information for further 
effective health strategies making.

Studies have demonstrated the value of HGS in pre-
dicting mortality risk in various contexts, such as cardio-
vascular disease (CVD) [6–10], cancer [11–13], and hip 
fracture [14–16]. Besides, inverse associations between 
HGS and overall mortality have been identified in 
patients with non-alcoholic fatty liver disease (NAFLD) 
[17], type-2 diabetes (T2D) and advanced heart failure 
(HF) [18, 19]. Moreover, a longitudinal study based on 
the Osteoporotic Fractures in Men (MrOS) USA Study 
found that each 1-SD annual decrement in the change 
in HGS was associated with an increased post-fracture 
mortality, with a HR of 1.15 (95% CI, 1.01–1.33) [16].

In the field of community medicine and preventive 
medicine, HGS has also emerged as a suitable measure-
ment for large-scale screening of strength and weakness 
among community-dwelling older individuals. In sev-
eral large-scale studies, such as the longitudinal surveys 
conducted in Eastern and Western countries, the rela-
tionship between HGS and mortality risk has been inves-
tigated [7, 20–23]. Notably, studies based on the China 
Health and Retirement Longitudinal Study (CHARLS) 
have revealed that lower HGS is an independent pre-
dictor of mortality among middle-aged and older indi-
viduals in China [24, 25]. Similarly, the Survey of Health, 
Ageing and Retirement in Europe (SHARE) has shown 
an inverse linear dose–response association between 
objectively measured HGS and all-cause mortality risk 
in older adults [26, 27]. Besides, several systematic 
reviews and meta-analyses have also been conducted to 
assess the association between HGS and mortality risk. 
Even with various and heterogeneous protocols, these 

studies consistently supported HGS as a reliable predic-
tor of mortality risk [28–30]. However, Gómez-Campos 
et al. have demonstrated there was a nonlinear relation-
ship between chronological age with HGS from infancy 
to senescence, with men experiencing an accelerated and 
continuous reduction of HGS and women with a smaller 
reduction of HGS after the age of 40  years [31]. Riviati 
et al. have also suggested that age over 75 years old alone 
increased the risk of low HGS in older people [32]. As 
lower HGS have been shown to be associated with higher 
mortality risk [33, 34] and the absolute values of HGS of 
various genders were different [35], it was reasonable to 
estimate that while we stratified older population into 
more specific age and gender cohorts, the impacts of 
HGS on mortality might be distinct. But the available evi-
dence was still limited because the majority of studies did 
not specifically analyze the age cohorts of 65–74  years 
and 75 years and above [8–10, 24, 27], and some studies 
did not separate the analysis by gender as well [7, 10].

The present community-based survey in Taiwan aimed 
to address this research gap. The study had two primary 
objectives: (1) to investigate the relationship between 
HGS and mortality risk and to estimate mortality rates, 
and (2) to estimate the hazard ratios (HRs) of HGS on 
mortality of specific age and gender cohorts in the older 
population. By establishing this link and taking different 
life styles and comorbidities into consideration in vari-
ous population cohorts, the study tried to offer valuable 
insights that could help to design future interventions, 
esp. aiming at management of physical frailty and sar-
copenia in older people in Taiwan, more effective and 
efficient.

Methods
Study design
As part of the Yilan study series, a cluster of studies 
focused on HGS have been implemented with standard-
ized procedures as well [35–38]. The target population 
for the study consisted of randomly selected residents 
aged 65 years or older from Yilan City, located in north-
eastern Taiwan. The present study duration with HGS 
measurement spanned from February 2013 to the end of 
2016. Participants who expressed willingness to take part 
in were enrolled, while those who declined were excluded 
from the study. In the context of the HGS-related studies, 
individuals who had preexisting health problems, such 
as previous cerebrovascular disease with limb weakness, 
various kinds of arthritis, hand trauma or previous hand 
surgery, with resultant difficulty in hand movements were 
additionally excluded from the HGS measurement. The 
study followed the enrolled individuals for a period of 
7 years, with data collection concluding in August 2020.
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Data collection
Data collection involved trained project assistants con-
ducting face-to-face interviews with the enrolled par-
ticipants at their respective homes. After obtaining the 
participant’s consent, that assistants would ask the older 
adult to rest for 5 min and proceeded the interview using 
the designed questionnaire (including basic demographic 
information, such as age, gender, educational level, life 
style, and the self-reported medical history). Following 
that, the HGS of both hands were checked. Finally, the 
participant’s body weight, height, waist and hip circum-
stance were also measured.

Measurement of handgrip strength and mortality status
HGS was measured using a hydraulic hand dynamometer 
(JAMAR® Hydraulic Hand Dynamometer, Model 5030J1; 
Performance Health Supply, Inc., USA). During the 
measurement, we asked the participants to sit in the neu-
tral position with the elbow at their sides flexed at right 
angles. Because sometimes it was not easy to identify 
the dominant hands in these older adults, therefore each 
participant would undergo two trials for each hand at the 
interval of 15–30 s, and the best performance from each 
hand was recorded. The average of the best performances 
was then calculated and utilized as the final estimate of 
hand grip strength [21, 35–37, 39]. In this study, poor 
HGS was operationally defined as a grip strength fall-
ing below the 25th percentile for a given age and gender. 
For the 65–74 age cohort, grip strength below 23.5 kg for 
men and 14.2 kg for women were classified as poor grip 
strength. For the 75 and older age cohort, grip strength 
below 16.6 kg for men and 10.0 kg for women were con-
sidered indicative of poor grip strength.

Mortality events were identified by referring to death 
registries. Mortality status was determined based on 
whether an individual was recorded as having died dur-
ing the follow-up period. Vital records were utilized as 
the primary source of information for establishing an 
individual’s mortality status.

Covariates
In this study, factors that were available in Yilan study 
and were well-established risk indicators for mortality 
were specified as potential confounders for the relation-
ship between HGS and mortality risk.

Measurement of waist and hip circumference
We measured the participants’ waist and hip circum-
ferences according to the guidelines from the Health 
Promotion Administration of Ministry of Health and 
Welfare of Taiwan. By asking them to stand in neutral 
position at first, the project assistants measured the waist 

circumference at the level just in the middle between the 
lower margin of the rib and the upper margin of the ilium 
of the participants at the end of their expiration. We also 
measured the circumference of the widest part of buttock 
as their hip circumference. The waist-hip ratio (WHR) 
was derived from the waist circumference divided by the 
hip circumference.

Lifestyles and morbidities
The participants’ education status has been categorized 
into illiterate, primary school, secondary school and 
above. Lifestyle factors, including smoking and drinking 
status, were obtained through self-report. The medical 
history of chronic diseases, including CVD, hyperten-
sion, diabetes, and hyperlipidemia, has been obtained by 
first asking the participant whether she or he has been 
diagnosed with such disease. If the answer was yes, she 
or he would be asked another question: Have you ever 
received any kind of treatment for such disease? Only 
those who reported “yes” to these 2 questions were coded 
as having a “presence” of this specific disease. All others 
were coded as having an “absence” of this disease.

Ethical approval
The Yilan cohort study has been conducted by the Com-
munity Medicine Research Center of the National 
Yang Ming Chiao Tung University and the National 
Yang Ming Chiao Tung University Hospital in Taiwan, 
with the objective of assessing community health. The 
study protocol has underwent evaluation and received 
approval from the Institutional Review Board (IRB) of 
National Yang Ming Chiao Tung University Hospital (IRB 
Approval No.: 2011A016, 2014A004, and 2017A014), 
which holds certification from the Ministry of Health and 
Welfare, Taiwan. Additionally, the questionnaire utilized 
in the Yilan study obtained approval from the same IRB. 
Written informed consent forms were obtained from all 
enrolled participants, indicating their voluntary agree-
ment to participate in the study. Furthermore, all inter-
views and measurements were conducted in compliance 
with the applicable guidelines and regulations in Taiwan.

Statistics
Descriptive statistics were presented as frequencies and 
percentages, and the chi-square test was employed to 
assess significant differences among groups. To conduct 
multivariable analyses, hazard ratios (HR) with corre-
sponding 95% confidence intervals (CI) were calculated 
using the Cox proportional regression method. Pro-
portional hazards assumption was tested to ensure the 
validity of the Cox regression analysis. The assumption 
was evaluated through graphical methods, such as log–
log survival plots and Schoenfeld residuals plots, which 
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showed parallel lines. These findings collectively support 
the fulfillment of the proportional hazards assumption. 
In this study, a full model with all covariates forcedly 
entered the model as potential confounders was specified 
to examine the independent impact of HGS on mortal-
ity risk. In addition, a stepwise method was employed for 
variable selection with the aim of identifying the most 
influential predictors or features that significantly con-
tribute to the predictive power of the model. In variable 
selection, variables with p-values < 0.05 were added, while 
those with p-values > 0.10 were considered for removal. 
This method aimed to balance meaningful predictors’ 
inclusion while preventing less significant ones, reducing 
overfitting risks. By utilizing the stepwise method, varia-
bles were prioritized based on their statistical significance 
and their impacts on the outcome. This approach enables 
us to gain insights into the importance of the rank of 
HGS in relation to mortality. Additionally, adjusted HRs 
and survival curves based on the Kaplan–Meier estima-
tor were calculated and graphically depicted, specifically 
stratified by age and gender.

Results
Enrolled population
The present study employed a cohort design to investi-
gate the association between HGS and all-cause mor-
tality with a total follow-up period of 7  years. A total 
of 2,468 participants from the Yilan cohort study was 
enrolled, consisting of 1,436 females (58.2%) and 1,032 
males (41.8%). Among these participants, 609 individuals 
(24.7%) were classified as having poor HGS, falling below 
the 25th percentile for their respective age and gender. 
The remaining 1,859 participants were categorized as 
having good HGS. Participants were followed up over 
time to determine the incidence of mortality using death 
registries. During the average 4.5  years follow-up time, 
498 death events were recorded.

Baseline characteristics
Table  1 presents the baseline characteristics of all the 
subjects included in the study. The majority of the studied 
participants were female, accounting for 57.8% and 58.3% 
in the poor and good HGS groups, respectively. Similarly, 
a large proportion of participants in both groups were 
aged 75  years or older, with percentages of 60.1% and 
60.5%, respectively. These differences in gender distribu-
tion and age between the two groups were not statisti-
cally significant. However, the poor HGS group exhibited 
significantly higher proportions of individuals with an 
illiterate education level, underweight status, abnormal 
WHR, and a non-alcohol drinking lifestyle compared 
to the good HGS group (35.0% vs. 28.0%, 6.6% vs. 3.5%, 
60.0% vs. 52.9%, and 86.2% vs. 80.5%; p = 0.003, 0.005, 

0.004, and 0.001, respectively). Additionally, a signifi-
cantly higher prevalence of CVD and diabetes, based on 
medical history, was observed in the poor HGS group 
compared to the good HGS group (40.6% vs. 31.1%, 
p < 0.001, and 29.1% vs. 23.1%, p = 0.003, respectively).

Association between handgrip strength and mortality
A multivariable Cox proportional hazard model (full 
model) was utilized to assess the factors associated with 
mortality among the community-dwelling older partici-
pants, as shown in Table 2. For the overall sample, death 
was significantly associated with older age (75  years or 
more), poor HGS status, male gender, a medical history 
of CVD, underweight (BMI < 18.5), and abnormal WHR. 
The hazard ratios (HRs) for these factors were 2.67 (95% 
CI: 2.09–3.41), 1.85 (95% CI: 1.50–2.28), 1.73 (95% CI: 
1.30–2.29), 1.66 (95% CI: 1.35–2.03), 1.82 (95% CI: 1.25–
2.65), and 1.29 (95% CI: 1.03–1.62), respectively. Further-
more, compared to individuals with normal body weight, 
those who were overweight (BMI 24–26.9) and obese 
(BMI ≥ 27) exhibited a lower risk of mortality, with HRs 
of 0.70 (95% CI: 0.54–0.90) and 0.75 (95% CI: 0.57–0.98), 
respectively. Furthermore, a stepwise Cox proportional 
hazard model was conducted, with age, HGS, and gender 
entered as the first, second, and third variables, respec-
tively. Subsequently, CVD medical history, BMI, and 
WHR were included. Focusing on HGS status, poor HGS 
was associated with an increased risk of mortality, with 
an adjusted HR of 1.87 (95% CI: 1.52–2.30).

Subgroup analysis
Table 3 displays the estimated mortality rates among dif-
ferent subgroups. For individuals with good HGS status, 
the mortality rates per 100 person-years were 1.68 for 
men and 1.40 for women aged 65–74 years, and 7.29 for 
men and 3.80 for women aged 75 years or older. In con-
trast, for individuals with poor HGS status, the mortal-
ity rates were significantly higher, with values of 7.08 for 
men and 2.25 for women aged 65–74  years, and 14.16 
for men and 10.53 for women aged 75 years or older. The 
survival curves over a 7-year follow-up period for the 
community-dwelling Taiwanese population, stratified by 
age group and HGS status, are illustrated in Fig. 1A and B 
for females and males, respectively.

Additionally, stratified Cox regression analyses were 
performed for men and women in both age groups (65–
74 years and 75 years or older). The results demonstrated 
that older Taiwanese individuals with poor HGS status 
had significantly higher mortality rates among men aged 
65–74 years (adjusted HR 4.12, 95% CI: 2.16–7.84), men 
aged 75 years or older (adjusted HR 1.49, 95% CI: 1.07–
2.07), and women aged 75  years or older (adjusted HR 
2.09, 95% CI: 1.43–3.04).
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Discussions
Our study results suggested that poor HGS status inde-
pendently increased the risk of middle-term all-cause 
mortality of the community-dwelling older popula-
tion in Taiwan. Our previous investigations conducted 
in the Yilan region have also demonstrated an asso-
ciation between lower HGS and various unfavora-
ble health outcomes, including slower walking speed 
and increased incidence of falls [37, 38]. These find-
ings highlight the importance of considering HGS as 

a valuable indicator for assessing risk and mortality 
among older individuals residing in the community.

In the field of community medicine and preventive 
medicine, our study results also disclosed those com-
munity-dwelling older adults with poor HGS had signifi-
cantly higher mortality rate. This result was compatible 
with those studies conducted in Asian regions, such as 
in Singapore (target population were aged 65  years and 
above) [22], Korea (middle and older adults) [21], and 
Japan (aged 65–89 years) [7].Similar results had also been 

Table 1  Characteristics of study subjects by hand grip strength

Variables Hand grip strength

Good Poor P-value

(n = 1859) (n = 609)

n (%) n (%)

Gender 0.824

  Female 1084 (58.3) 352 (57.8)

  Male 775 (41.7) 257 (42.2)

Age (years) 0.855

  65–74 734 (39.5) 243 (39.9)

   ≥ 75 1125 (60.5) 366 (60.1)

Education level (missing = 4) 0.003

  Illiterate 521 (28.0) 212 (35.0)

  Primary school 724 (39.0) 224 (37.0)

  Secondary school and above 613 (33.0) 170 (28.1)

BMI (kg/m2) (missing = 146) 0.005

   < 18.5 63 (3.5) 34 (6.6)

  18.5–23.9 699 (38.7) 212 (41.0)

  24–26.9 579 (32.1) 140 (27.1)

   ≥ 27 464 (25.7) 131 (25.3)

Waist-hip ratio (missing = 137) 0.004

  Normal 854 (47.1) 207 (40.0)

  Abnormal (> 0.95 for male; > 0.85 for female) 959 (52.9) 311 (60.0)

Lifestyle

  Smoking 0.517

    Never 1380 (74.2) 453 (74.4)

    Current smoker 181 (9.7) 51 (8.4)

    Quit 298 (16.0) 105 (17.2)

  Alcohol drinking 0.001

    Never 1496 (80.5) 525 (86.2)

    Current drinker 264 (14.2) 52 (8.5)

    Quit 99 (5.3) 32 (5.3)

Medical history

  Cardiovascular diseases (missing = 1) 577 (31.1) 247 (40.6) < 0.001

  Hypertension 1085 (58.4) 373 (61.2) 0.209

  Diabetes 430 (23.1) 177 (29.1) 0.003

  Hyperlipidemia (missing = 26) 421 (22.9) 137 (22.6) 0.890
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Table 2  Unadjusted and multivariable Cox proportional hazard models of death

Unadjusted Models Full model Stepwise model

Variables Hazard ratio 95%CI P-value Hazard ratio 95%CI P-value Step Hazard ratio 95%CI P-value

Age (years) 1st

  65–74 1.00 –- 1.00 –- 1.00 –-

   ≥ 75 3.57 2.85–4.49  < 0.001 2.67 2.09–3.41  < 0.001 2.76 2.17–3.51  < 0.001

Hand grip strength 2nd

  Good 1.00 –- 1.00 –- 1.00 –-

  Poor 2.28 1.91–2.73  < 0.001 1.85 1.50–2.28  < 0.001 1.87 1.52–2.30  < 0.001

Gender 3rd

  Female 1.00 –- 1.00 –- 1.00 –-

  Male 1.87 1.57–2.24  < 0.001 1.73 1.30–2.29  < 0.001 1.96 1.60–2.41  < 0.001

Medical history

  Cardiovascular diseases 1.97 1.66–2.35  < 0.001 1.66 1.35–2.03  < 0.001 4th 1.71 1.40–2.07  < 0.001

  Hypertension 1.24 1.03–1.48 0.022 1.13 0.91–1.41 0.273 –-

  Diabetes 1.09 0.90–1.34 0.381 0.98 0.78–1.24 0.879 –-

  Hyperlipidemia 0.87 0.70–1.08 0.210 0.93 0.72–1.19 0.566 –-

BMI (kg/m2) 5th

   < 18.5 2.09 1.48–2.95  < 0.001 1.82 1.25–2.65 0.002 1.78 1.23–2.58 0.002

  18.5–23.9 1.00 –- 1.00 –- 1.00 –-

  24–26.9 0.67 0.53–0.85  < 0.001 0.70 0.54–0.90 0.005 0.69 0.54–0.89 0.004

   ≥ 27 0.74 0.58–0.95 0.018 0.75 0.57–0.98 0.033 0.75 0.58–0.98 0.033

Waist-hip ratio 6th

  Normal 1.00 –- 1.00 –- 1.00 –-

  Abnormal 1.01 0.84–1.23 0.893 1.29 1.03–1.62 0.026 1.33 1.07–1.67 0.011

Education level –-

  Illiterate 1.00 –- 1.00 –-

  Primary school 0.82 0.67–1.02 0.070 0.88 0.69–1.12 0.299

  Secondary school and above 0.82 0.66–1.03 0.085 0.86 0.66–1.13 0.289

Lifestyle

  Smoking –-

    Never 1.00 –- 1.00 –-

    Current smoker 1.87 1.43–2.43  < 0.001 1.36 0.97–1.90 0.079

    Quit 1.91 1.54–2.37  < 0.001 1.21 0.89–1.65 0.225

  Alcohol drinking –-

    Never 1.00 –- 1.00 –-

    Current drinker 0.90 0.68–1.19 0.474 0.86 0.62–1.17 0.331

    Quit 1.89 1.38–2.59  < 0.001 1.35 0.93–1.95 0.111

Table 3  Mortality rates and adjusted hazard ratios of hand grip strength for death by age and gender

Gender Age
(years)

Mortality rate
(1/100 person-year)

Adjusted hazard 
ratio

95%CI P-value

Good hand grip 
strength

Poor hand grip 
strength

Male 65–74 1.68 7.08 4.12 2.16–7.84  < 0.001

 ≥ 75 7.29 14.16 1.49 1.07–2.07 0.017

Female 65–74 1.40 2.25 1.27 0.65–2.48 0.490

 ≥ 75 3.80 10.53 2.09 1.43–3.04  < 0.001
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Fig. 1  A and B are survival curves by gender, age and HGS



Page 8 of 11Hsu et al. BMC Public Health         (2023) 23:2194 

noted in non-Asian regions. For instance, a pooled anal-
ysis involving 5,250 nondependent community-dwell-
ing older individuals aged 60  years and above in Chile 
revealed that the lowest quantile of HGS was associated 
with an increased risk of all-cause mortality [23]. From 
the results of SHARE study, it was estimated that a 5 kg 
increase in HGS was associated with a reduced risk of 
all-cause mortality in adults aged 50 years or older [20]. 
These findings from diverse populations and regions 
emphasized the relevance and significance of HGS meas-
urements in assessing mortality risk, and also provided 
valuable insights into the potential utility of HGS as a 
predictor of health outcomes. However, even with these 
efforts, the information about the impacts of HGS on 
the mortality in more specific age and sex cohorts of the 
older people was still limited.

After subdividing the older community-dwelling pop-
ulation into more specific age and gender cohorts, our 
study results disclosed that the risk of death was signifi-
cantly higher in people aged 75 years and older with poor 
HGS, and also in men aged 65–74 years with poor HGS. 
But the difference was not significant in women aged 
65–74 years. Though the underlying causes of the differ-
ences needed further investigation, we believed that life 
style might be one of the underlying causes. Because in 
Yilan, which has been a rural environment and older peo-
ple have closely followed the tradition, usually women 
would serve for the household and farming work, and 
men, except for farming work, would go outside serving 
for the factory or government work. Therefore, around 
the age of 65 years, men would face the retirement issues. 
Several previous studies had suggested that retirement, 
which might lead to loneliness and social isolation, 
would have negative impacts on the health outcomes 
[40, 41].This life style might partly explain the difference 
of the risk of mortality between men and women aged 
65–74  years and needed to be further investigated. But 
this result also supported our estimation that we need 
to stratify the older population into more various and 
specific cohorts in order to provide more appropriate 
strategies to prolong their life and increase their qual-
ity of life (QoL). Besides, the higher mortality rates for 
men, especially in male with 75 years or older, might be 
due to shorter life expectancy for men in Taiwan and 
relatively short following-up period of this study. How-
ever, this estimation still needs further observation and 
investigation.

Our study results also suggested that additional vari-
ables, including CVD medical history, BMI, and WHR, 
were also found to significantly influence 7-year sur-
vival, in addition to age, gender, and HGS. Because CVD 
usually represented the consequence of many other 
chronic diseases (such as diabetes, hypertension and 

hyperlipidemia) and bore the possible fatal sequelae, it 
would not be surprising that CVD would increase the 
mortality risk. However, it was also interesting that both 
overweight and obese older population had lower HR’s 
of mortality as compared to that of the population with 
normal weight. Several studies have suggested the limita-
tions of BMI as an index of obesity, as so-called the obe-
sity paradox [42, 43]. Han SY et  al. also proposed that 
because of the inability of BMI to distinguish between 
lean body mass and body fat, which were important in 
the differentiation of sarcopenia and frailty, and of the 
important role of abdominal and visceral fat in the patho-
genesis of adverse outcomes of many chronic diseases, 
waist circumference (WC) might be a more appropri-
ate indicator of the risks of myocardial infarction in the 
older population [44]. In one of our previous studies, we 
also found that overweight older individuals had better 
mental health-related quality of life (HRQoL), self-rated 
health (SRH) and happiness [45]. The results of this study 
provided evidence that after controlling the impacts 
of abdominal and visceral fat (represented by WHR), 
higher level of BMI (in the range of overweight and obe-
sity)  might disclose the protective effects (such as the 
positive influence on prothrombotic factors or the pro-
duction of certain cytokines) against the risk of mortality 
[42, 44]. Further investigations are still needed to validate 
the theory. Our findings also highlighted the multifacto-
rial nature of survival outcomes in older individuals, as 
the results from the UK Biobank [39].

It has been noted that the poor HGS group had higher 
proportions of individuals with a non-alcohol drink-
ing lifestyle as compared to the good HGS group. But 
the association disappeared after the Cox proportional 
regression analysis. It seemed that there might be some 
confounding factors and one of them might be the higher 
proportion of women. The proportion of women with 
an alcohol drinking lifestyle has been relatively low and 
some of them might get chronic diseases early in life and 
therefore be prevented from drinking. This estimation 
also needed to be further studied.

Furthermore, there is growing evidence suggesting that 
HGS may serve as a valuable tool for predicting cogni-
tive decline among older adults [46, 47], a factor that 
has been associated with subsequent mortality [48, 49]. 
Given this potential link, future studies could explore the 
predictive capacity of HGS for cognitive decline and its 
subsequent impact on mortality outcomes. Additionally, 
further investigations could be designed and conducted 
based on the data obtained from the Yilan study, allowing 
for a more comprehensive understanding of the associa-
tions between HGS, cognitive decline, and mortality [50].

The present study has several strengths. First, the 
study conducted a seven-year longitudinal follow-up 
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and included 2,468 community-dwelling older individu-
als, which allowed for a more comprehensive analysis of 
the relationship between HGS and mortality. Longitudi-
nal studies provide valuable insights into the long-term 
effects of variables on outcomes and a large sample size 
increases the statistical power. Second, the current inves-
tigation was conducted by proficiently trained assistants 
using a standardized protocol. Comprehensive assess-
ments of physical activities or performances were chal-
lenging to administers, necessitating the implementation 
of home visits to reach the participants. Third, this study 
identified specific subgroups that are more vulnerable to 
the adverse effects of poor hand grip strength on mortal-
ity. It highlighted the increased mortality risk in males 
aged 65–74 years and females and males aged 75 years or 
older with poor HGS. This information helps to design 
target interventions and to allocate resources more 
effectively. The limitations of this study included lim-
ited generalizability of the findings to other populations, 
potential unknown confounding factors, and the absence 
of long-term measurement of HGS variation. Further 
research is necessary to investigate whether similar asso-
ciations exist in different regions and diverse groups, and 
to provide more comprehensive evaluations of the impact 
of HGS on mortality risk. Long-term interventions could 
be valuable in determining whether improvements in 
HGS lead to decreased mortality rates among the older 
individuals.

Conclusion
The current investigation utilized a longitudinal meth-
odology, tracking a cohort of older adults residing in the 
community. The findings revealed a significant associa-
tion between decreased HGS and mortality, indicating 
an increased risk of death among male individuals aged 
65–74 years and both female and male individuals aged 
75 years and above. Our study contributes to the grow-
ing body of evidence on the role of HGS as a predictor 
of mortality among the older people, and underscores the 
needs for further stratification of older people into spe-
cific age and gender cohorts for more adequate and suit-
able management of their health.
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