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Abstract OBJECTIVE: The objective of this study was to examine the relationship between 
handgrip strength (HGS) and the prevalence of type 2 diabetes mellitus (T2DM) 
among older adults residing in community settings in Nanjing, China. 
METHODS: In this cross-sectional study, 279 participants aged 60 years 
and older were assessed using a questionnaire, and T2DM diagnosis was 
confirmed through a review of medical records, defined as a documented 
physician diagnosis of type 2 diabetes and/or current use of antidiabetic 
medication. Participants were categorized into three groups based on HGS 
tertiles: low HGS group (<12.0 kg, n = 92), middle HGS group (12.0–26.5 kg, 
n = 94), and high HGS group (>26.5 kg, n = 93). Data analysis was conducted 
using analysis of variance, the χ² test, and multivariable logistic regression.
RESULTS: The mean age of participants was 72.43 ± 6.38 years, and 38.0% were 
male (n = 106). The average body mass index (BMI) was 23.40 ± 3.14 kg/m², 
and the prevalence of T2DM, hypertension, and heart disease was 15.1%, 44.8%, 
and 19.8%, respectively. No significant differences were observed among the three 
groups in BMI, systolic blood pressure, diastolic blood pressure, or the prevalence 
of hypertension and heart disease, whereas the prevalence of T2DM was highest 
in the low HGS group (21.7%) and lowest in the high HGS group (8.6%). In the 
fully adjusted model, each 1 kg increase in HGS was associated with a 3.3% lower 
odds of T2DM (odds ratio 0.967, 95% confidence interval 0.944–0.989).
CONCLUSIONS: Higher HGS was associated with a lower prevalence of T2DM 
among community dwelling older adults in Nanjing. These findings indicate that 
HGS may serve as a potential target for intervention and as a simple indicator for 
identifying older individuals at increased risk of T2DM in community settings. 
In Chinese community health centers, incorporating HGS into routine check ups 
for older adults could help prioritize individuals for further glucose testing and 
counseling about strength building physical activity.
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Abbreviations:
HGS - handgrip strength 
T2DM - type 2 diabetes Mellitus
BMI - body mass index 
IDF - The International Diabetes Federation 
SBP - Systolic Blood Pressure
DBP - Diastolic Blood Pressure

INTRODUCTION
Decreased muscle strength and reduced muscle mass 
are common physiological changes associated with 
aging in older adults and are linked to adverse outcomes, 
including functional decline and reduced quality of life 
(Ukegbu et al. 2014). In older adults, reduced muscle 
strength is a stronger predictor of morbidity and 
mortality than loss of muscle mass, and higher strength 
appears protective for cardiovascular and metabolic 
health, including diabetes risk (Newman et  al. 2006; 
Lauretani et al. 2003; Evans 1997; Dominguez & 
Barbagallo 2007; Baumgartner et al. 2004) 

Handgrip strength (HGS), a widely used measure 
of muscle strength, may therefore provide a practical 
marker for identifying individuals at risk of developing 
type 2 diabetes mellitus (T2DM) in clinical and public 
health settings (van der Kooi et al. 2015).

Diabetes has emerged as a critical public health 
concern globally (Chen et al. 2011; Roglic & Unwin 
2010; Wild et al. 2004; Shaw et al. 2010). According 
to the International Diabetes Federation (IDF), the 
number of individuals with diabetes is projected 
to  reach 380 million by 2025 (International Diabetes 
Federation, 2006). In China, the prevalence of T2DM 
among adults aged 20 years and older has already 
reached approximately 10% (Yang et al. 2010). With 
China accounting for nearly 20% of the global popu-
lation, the number of older adults aged 60 years and 
above surpassed 200 million in 2013 and this number 
is expected to exceed 300 million by 2025 (Wang et al. 
2016). Furthermore, older adults with diabetes are 
anticipated to constitute over 10% of the total Chinese 
population. These trends underscore the urgent need 
for healthcare professionals to identify high-risk 
diabetic populations. However, few studies have exam-
ined whether handgrip strength can help identify older 
Chinese adults at increased risk of T2DM in routine 
community health settings, and no data are available 
from Nanjing.

Prior studies have established an association 
between HGS and the prevalence of T2DM (Peterson 
et al. 2016a; Mainous et al. 2015; Peterson et al. 2016b). 
Reduced HGS has been identified as a risk factor for 
mortality from various chronic conditions, including 
hyperglycemia and T2DM (Timpka et al. 2014; Kalyani 
et al. 2015; Moore et al. 2014). As a non-invasive, cost-
effective, and reliable measure of muscle strength, HGS 
has been proposed by international studies as a poten-
tial tool for the early screening of T2DM (Eckman et al. 
2016; Kunutsor et al. 2020). Few studies have examined 

the association between HGS and T2DM in community 
dwelling older adults in China, and no data are avail-
able from Nanjing. Therefore, we investigated whether 
higher HGS is independently associated with lower 
T2DM prevalence in community dwelling older adults 
in Nanjing after adjustment for age, sex, BMI, smoking, 
and drinking. We hypothesized that higher HGS would 
be associated with lower odds of T2DM and that HGS 
could serve as a simple, feasible screening marker in 
community health practice.

METHODS 
Study design and participants
The present study was conducted using a cross-
sectional design. Participants residing in the Gulin 
community of Nanjing, Jiangsu Province, China, were 
recruited by convenience sampling through a local 
community health service center. Nanjing, the capital 
of Jiangsu Province, serves as a significant political, 
economic, and cultural hub in eastern China, covering 
an area of 6,587  km². The sample size was calculated 
based on the estimated population proportion, with 
a 95% confidence interval (α = 0.05) and a margin 
of error set at 5%. To account for potential losses and 
refusals, an additional 10% was added to the sample 
size. Ultimately, 279 residents aged 60 years or older 
were consecutively enrolled.

Exclusion criteria were: (1) patients with impaired 
communication abilities; (2) patients with acute 
diseases or recent trauma; and (3) patients with neuro-
logical disorders, such as Parkinson's disease, or other 
conditions that would hinder grip strength measure-
ments. The study was approved by the Medical Ethics 
Committee of the Jiangsu Province Official Hospital and 
was conducted in accordance with applicable guidelines 
and regulations. Informed consent was obtained from 
all participants prior to their inclusion in the study.

Data collection
Data were collected by trained researchers and included 
information on sex, weight, height, smoking status, 
drinking habits, SBP, DBP, disease history, and HGS. 
Height, weight, and blood pressure measurements 
were obtained following standard protocols. Height 
and weight were recorded to the nearest 0.1 cm and 
0.1 kg, respectively, and BMI was calculated using these 
measurements. Smoking status was classified as current 
smoking or non-smoking, while drinking habits were 
categorized as current drinking or non-drinking.

Sitting blood pressure was measured using a stan-
dardized mercury sphygmomanometer. Handgrip 
strength was assessed using a handheld dynamometer 
according to the National Constitutional Measurement 
Standards Manual (Older Part). Participants stood with 
feet shoulder-width apart and arms relaxed at the sides, 
then were instructed to squeeze with maximal effort 
while avoiding arm swinging, squatting, or contact 
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between the device and the body. HGS was measured 
twice on the dominant hand to the nearest 1 kg, and the 
higher of the two values was used in the analysis.

Statistical analysis
Statistical analyses were conducted using SPSS version 
23.0. Continuous variables were expressed as means 
± standard deviations, while categorical variables were 
presented as numbers (percentages). To examine the 
relationship between HGS and T2DM, participants 
were categorized into three groups based on overall 
HGS tertiles: low HGS group (<12.0 kg, n = 92), 
middle HGS group (12.0–26.5 kg, n = 94), and high 
HGS group (>26.5 kg, n = 93). We first used ANOVA 
to compare normally distributed continuous variables 
and the χ² test to compare categorical variables across 
HGS groups. We then fitted multiple logistic regression 
models with T2DM as the dependent variable and HGS 
entered as a continuous predictor. Model 1 adjusted for 
age, sex, and BMI, and Model 2 additionally adjusted 
for smoking and drinking, which were selected a priori 
as potential confounders based on prior evidence and 
biological plausibility.

RESULTS
Participant characteristics
A total of 279 participants were included, with a mean 
age of 72.43 ± 6.38 years Among the participants, 
106 (38%) were male, and 173 (62%) were female. The 
average BMI was 23.40 ± 3.14 kg/m². The prevalence 
rates of T2DM, hypertension, and heart disease were 
15.1%, 44.8%, and 19.8%.

Participant characteristics by HGS tertile
No statistically significant differences were observed in 
BMI, SBP, DBP, or the prevalence of hypertension and 
heart disease across the three HGS groups. However, 
the prevalence of T2DM was highest in the low-HGS 
group (21.7%) and lowest in the high-HGS group 
(8.6%), indicating that lower HGS was associated with 
a higher prevalence of T2DM (Table 1).

The relationship between HGS and T2DM
Lower HGS was associated with older age and a higher 
prevalence of T2DM (Table 2). In Model 1 (adjusted 
for age, sex, and BMI), each 1 kg increase in HGS was 

Tab. 1. Descriptive Characteristics of the Participants Stratified by HGS (n=279) 

Low HGS group
(HGS<12kg) 

(n = 92)

Middle HGS group
(12kg ≤HGS ≤26.5kg)

(n = 94)

High HGS group (HGS 
>26.5kg)
(n = 93)

F/χ2 p

Age(years) 73.95 ± 6.52 71.35 ± 6.99 72.03 ± 5.28 4.22 0.016

Male (n/%) 6/6.5 21/22.3 79/84.9 120.57 <0.001

BMI (kg/m2) 23.53±3.05 23.53±3.04 23.14±3.33 0.47 0.627

Smoking (n/%) 10/10.9 10/10.6 37/39.8 23.85 <0.001

Drinking (n/%) 4/4.3 4/4.3 22/23.7 18.05 <0.001

Hypertension (n/%) 41/44.6 49/52.1 35/37.6 0.91 0.341

Heart disease(n/%) 1/1.1 0/0 0/0 0.79 0.373

T2DM(n/%) 20/21.7 14/14.9 8/8.6 6.22 0.013

SBP (mmHg) 130.53 ± 19.0 130.70 ± 15.70 134.84 ± 19.63 1.67 0.190

DBP (mmHg) 71.68 ± 9.24 73.78 ± 9.25 74.86 ± 10.23 2.62 0.074

Descriptive characteristics of 279 community dwelling older adults in Nanjing, China, stratified by handgrip strength (HGS) tertiles: low 
HGS (<12.0 kg, n = 92), middle HGS (12.0–26.5 kg, n = 94), and high HGS (>26.5 kg, n = 93). Continuous variables are presented as mean 
± standard deviation and categorical variables as number (percentage). p values are from analysis of variance (continuous variables) and 
χ² tests (categorical variables). BMI, body mass index; HGS, handgrip strength; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
T2DM, type 2 diabetes mellitus.

Tab. 2. The Association of Handgrip Strength and Type 2 Diabetes Mellitus

variable B Wald c2 OR (95% CI) p

Model 1 HGS (kg) -0.028 6.62 0.972 (0.953-0.993) 0.010

Model 2 HGS (kg) -0.033 8.05 0.967 (0.944-0.989) 0.005

Association between handgrip strength (HGS) and type 2 diabetes mellitus (T2DM) in 279 community dwelling older adults in Nanjing, 
China, based on multivariable logistic regression. HGS (kg) is included as a continuous predictor, and odds ratios (ORs) are expressed per 1 
kg increase in HGS with T2DM as the outcome. Model 1: adjusted for age, sex, BMI; Model 2: additionally adjusted for smoking and drinking. 
B, regression coefficient; Wald χ², Wald chi square statistic; OR, odds ratio; CI, confidence interval; HGS, handgrip strength; BMI, body mass 
index; T2DM, type 2 diabetes mellitus.
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associated with a 2.8% lower odds of T2DM (odds 
ratio 0.972, 95% confidence interval 0.953–0.993). 
In Model  2 (additionally adjusted for smoking and 
drinking), each 1 kg increase in HGS was associated 
with a 3.3% lower odds of T2DM (odds ratio 0.967, 95% 
confidence interval 0.944–0.989) HGS was modeled as 
a linear continuous predictor on the log odds scale, 
and we did not formally assess interactions, including 
potential sex specific effects.

DISCUSSION
Muscle mass and strength gradually decline with 
advancing age, contributing to reduced ability 
to perform daily activities, reduced quality of life, and 
an increased risk of chronic metabolic diseases. The 
objective of this study was to examine the relation-
ship between HGS and T2DM among older adults in 
a community setting.

The findings indicated that lower HGS was associ-
ated with advancing age, consistent with the natural 
aging process. Additionally, the proportions of males, 
smokers, and individuals who consumed alcohol were 
higher in groups with greater HGS, which may be 
attributed to the generally better HGS performance 
observed in males compared to females.

Our primary finding is that higher HGS is indepen-
dently associated with lower odds of T2DM among 
community dwelling older adults in Nanjing. In our 
fully adjusted model, each 1 kg increase in HGS corre-
sponded to a 3.3% reduction in the odds of T2DM, and 
the prevalence of T2DM declined from 21.7% in the 
low HGS group to 8.6% in the high HGS group. This 
effect size is broadly consistent with previous studies 
from other populations, including Mexican, Japanese 
American, and multi-ethnic cohorts, which have also 
reported an inverse association between muscle strength 
and T2DM. (Peterson et al. 2016a; Peterson et al. 2016b; 
Mainous et al. 2015; Wu et al. 2023; McGrath et al. 2017; 
Wander et al. 2011).

Anne-Lotte et al. further examined whether ethnic 
variations in HGS could contribute to ethnic disparities 
in T2DM prevalence, and their study similarly identi-
fied a consistent relationship between HGS and T2DM 
prevalence (van der Kooi et al. 2015).

HGS is a key indicator of overall muscle strength and 
is closely related to muscle cross sectional area. Declines 
in HGS typically reflect loss of muscle mass and quality, 
which may increase susceptibility to insulin resis-
tance and T2DM through age related changes in body 
composition (reduced muscle mass and increased fat 
infiltration), impaired skeletal muscle glucose storage, 
and chronic low grade inflammation (McGrath et al. 
2017; Park et al. 2006; Tonks et al. 2016; Srikanthan 
et al. 2010; Theuma & Fonseca 2004).

The findings from this and previous studies provide 
three practical recommendations for healthcare 
professionals: Healthcare providers should prioritize 

assessment of HGS among older adults in community 
settings, as this non invasive and cost effective measure 
may help identify individuals at risk for T2DM (Chen 
et al. 2011). Recent studies have examined the relation-
ship between muscle strength and diabetes in adults 
and have proposed low strength thresholds for risk 
detection, and future research should focus on defining 
these parameters for the Chinese population, where 
such thresholds have not yet been established (Chen 
et al. 2011). Monitoring glucose levels in older adults 
with low HGS is essential, as they may be at increased 
risk of T2DM. Prior research has also demonstrated 
that resistance exercises can enhance insulin sensitivity 
in skeletal muscle, improve glucose tolerance, and lower 
glycated hemoglobin levels, so older adults in commu-
nity settings should be encouraged to engage in physical 
activities that preserve muscle mass and increase muscle 
strength (Tresierras & Balady 2009). Such interventions 
could improve glucose metabolism and reduce the risk 
of diabetes.

This study has several limitations that should be 
considered. First, the cross sectional design precludes 
causal inference, and we cannot determine whether 
low HGS leads to T2DM or whether T2DM contrib-
utes to reduced muscle strength. Complications such 
as neuropathy, vascular disease, or reduced physical 
activity associated with T2DM could also lower HGS, so 
longitudinal studies are needed to clarify the temporal 
relationship. Second, although we adjusted for age, sex, 
BMI, smoking, and drinking, we did not measure phys-
ical activity, dietary patterns, socioeconomic indicators, 
or medication use, so residual confounding may remain. 
Third, T2DM was identified from medical records, and 
undiagnosed cases may have been missed, potentially 
attenuating the observed association. Fourth, partici-
pants were recruited from a single community using 
convenient sampling, which may limit generalizability 
to other regions or to rural populations. Fifth, there 
was a marked imbalance in sex distribution across HGS 
tertiles, only 6.5% of participants in the low HGS group 
were men compared with 84.9% in the high HGS group, 
whereas most women were in the low and middle HGS 
groups, which may have influenced observed associa-
tions even after adjustment for sex. Finally, thresholds 
for using HGS as a predictive marker for diabetes in 
older Chinese adults have not yet been determined, and 
future studies should establish and validate such cut 
offs.

CONCLUSION
In this cross sectional study of community dwelling 
older adults in Nanjing, higher HGS was associated with 
a lower prevalence of T2DM, suggesting that HGS may 
be a simple, noninvasive marker to identify older adults 
at increased diabetes risk in community settings. While 
longitudinal studies are needed to confirm causality 
and define optimal thresholds, incorporating HGS 
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measurement into routine assessments and promoting 
muscle strengthening activities may support strategies 
to prevent or delay T2DM in this population.

DECLARATIONS
Ethics approval and consent to participate
The study was approved by the Medical Ethics 
Committee of the Jiangsu Province Official Hospital 
(the Affiliated Geriatric Hospital of Nanjing Medical 
University) [No. (2021) Yuan Lun Shen Zi No. 002]. 
This study was conducted in accordance with the decla-
ration of Helsinki. Informed consent was obtained from 
all participants prior to their inclusion in the study.

Competing interests
The authors declare that they have no conflict of interest 
regarding this work.

Funding
1.School-level Scientific Research Project of Jiangsu 
Health Vocational College (No .JKC202042);

Data Availability
The datasets used or analyzed during the current study 
are available from the corresponding author on reason-
able request.

Authors’ Contributions
Conception and design of the research: Jie Wang, 
Yongzhen Mo
Acquisition of data: Yan Guo, Jie Wang
Analysis and interpretation of the data: Jie Wang, Yan 
Guo
Statistical analysis: Jie Wang
Obtaining financing: Jie Wang, Yongzhen Mo
Writing of the manuscript: Jie Wang
Critical revision of the manuscript for intellectual 
content: Jie Wang, Yongzhen Mo
All authors read and approved the final draft.

Acknowledgements
This paper was supported by the Jiangsu Government 
Scholarship for Overseas Studies and two Jiangsu 
Provincial Cadre Health Care Research Grants (grant 
numbers BJ15025 and BJ16024). The authors express 
their gratitude to the individuals who participate in 
the study, and are grateful to all the investigators for 
carrying out the study. The authors thank Professor 
Chong Shen (School of Public Health, Nanjing Medical 
University) for assistance with the statistical analysis.

REFERENCES

1  Baumgartner RN, Wayne SJ, Waters DL, Janssen I, Gallagher 
D, Morley JE (2004). Sarcopenic obesity predicts instrumental 
activities of daily living disability in the elderly. Obes Res. 12(12): 
1995–2004. doi: 10.1038/oby.2004.250.

2  Chen L, Magliano DJ, Zimmet PZ (2012). The worldwide epidemiol-
ogy of type 2 diabetes mellitus--present and future perspectives. 
Nat Rev Endocrinol. 8(4): 228–236. doi: 10.1038/nrendo.2011.183.

3  Dominguez LJ, Barbagallo M (2007). The cardiometabolic syn-
drome and sarcopenic obesity in older persons. J Cardiometab 
Syndr. 2(3): 183–189. doi: 10.1111/j.1559-4564.2007.06673.x.

4  Eckman M, Gigliotti C, Sutermaster S, Butler PJ, Mehta K 
(2016). Using handgrip strength to screen for diabetes in 
developing countries. J Med Eng Technol. 40(1): 8–14. doi: 
10.3109/03091902.2015.1112855.

5  Evans W (1997). Functional and metabolic consequences 
of  sarcopenia. J Nutr. 127(5 Suppl): 998S–1003S. doi: 10.1093/
jn/127.5.998S.

6  International Diabetes Federation (2006). Diabetes Atlas. 3rd ed. 
Brussels: International Diabetes Federation.

7  Kalyani RR, Metter EJ, Egan J, Golden SH, Ferrucci L (2015). Hyper-
glycemia predicts persistently lower muscle strength with aging. 
Diabetes Care. 38(1): 82–90. doi: 10.2337/dc14-1166.

8  Kunutsor SK, Voutilainen A, Laukkanen JA (2020). Hand-
grip strength improves prediction of type 2 diabetes: 
a  prospective cohort study. Ann Med. 52(8): 471–478. doi: 
10.1080/07853890.2020.1815078.

9  Lauretani F, Russo CR, Bandinelli S, Bartali B, Cavazzini C, Di Iorio 
A, et al. (2003). Age-associated changes in skeletal muscles and 
their effect on mobility: an operational diagnosis of sarcope-
nia. J Appl Physiol (1985). 95(5): 1851–1860. doi: 10.1152/jap-
plphysiol.00246.2003.

10  Mainous AG 3rd, Tanner RJ, Anton SD, Jo A (2015). Grip strength as 
a marker of hypertension and diabetes in healthy weight adults. 
Am J Prev Med. 49(6): 850–858. doi: 10.1016/j.amepre.2015.05.025.

11  McGrath R, Vincent BM, Al Snih S, Markides KS, Peterson MD 
(2017). The association between muscle weakness and incident 
diabetes in older Mexican Americans. J Am Med Dir Assoc. 18(5): 
452.e7–452.e12. doi: 10.1016/j.jamda.2017.01.017.

12  Moore AZ, Caturegli G, Metter EJ, Makrogiannis S, Resnick SM, 
Harris TB, et al. (2014). Difference in muscle quality over the adult 
life span and biological correlates in the Baltimore Longitudinal 
Study of Aging. J Am Geriatr Soc. 62(2): 230–236. doi: 10.1111/
jgs.12653.

13  Newman AB, Kupelian V, Visser M, Simonsick EM, Goodpaster BH, 
Kritchevsky SB, et al. (2006). Strength, but not muscle mass, is 
associated with mortality in the Health, Aging and Body Composi-
tion study cohort. J Gerontol A Biol Sci Med Sci. 61(1): 72–77. doi: 
10.1093/gerona/61.1.72.

14  Park SW, Goodpaster BH, Strotmeyer ES, de Rekeneire N, Harris TB, 
Schwartz AV, et al. (2006). Decreased muscle strength and quality 
in older adults with type 2 diabetes: the Health, Aging, and Body 
Composition Study. Diabetes. 55(6): 1813–1818. doi: 10.2337/
db05-1183.

15  Peterson MD, McGrath R, Zhang P, Markides KS, Al Snih S, Wong R 
(2016). Muscle weakness is associated with diabetes in older Mexi-
cans: the Mexican Health and Aging Study. J Am Med Dir Assoc. 
17(10): 933–938. doi: 10.1016/j.jamda.2016.06.007.

16  Peterson MD, Zhang P, Choksi P, Markides KS, Al Snih S (2016). 
Muscle weakness thresholds for prediction of diabetes in adults. 
Sports Med. 46(5): 619–628. doi: 10.1007/s40279-015-0463-z.

17  Roglic G, Unwin N (2010). Mortality attributable to diabetes: esti-
mates for the year 2010. Diabetes Res Clin Pract. 87(1): 15–19. doi: 
10.1016/j.diabres.2009.10.006.

18  Shaw JE, Sicree RA, Zimmet PZ (2010). Global estimates of the 
prevalence of diabetes for 2010 and 2030. Diabetes Res Clin Pract. 
87(1): 4–14. doi: 10.1016/j.diabres.2009.10.007.

19  Srikanthan P, Hevener AL, Karlamangla AS (2010). Sarcopenia 
exacerbates obesity-associated insulin resistance and dysglyce-
mia: findings from the National Health and Nutrition Examina-
tion Survey III. PLoS One. 5(5): e10805. doi: 10.1371/journal.
pone.0010805.

20  Theuma P, Fonseca VA (2004). Inflammation, insulin resistance, 
and atherosclerosis. Metab Syndr Relat Disord. 2(2): 105–113. doi: 
10.1089/met.2004.2.105.

21  Timpka S, Petersson IF, Zhou C, Englund M (2014). Muscle strength 
in adolescent men and risk of cardiovascular disease events and 
mortality in middle age: a prospective cohort study. BMC Med. 
12: 62. doi: 10.1186/1741-7015-12-62.



164 Copyright © 2026 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

Wang et al: Handgrip strength and type 2 diabetes in older adults

22  Tonks KT, Coster AC, Christopher MJ, Chaudhuri R, Xu A, Gagnon-
Bartsch J, et al. (2016). Skeletal muscle and plasma lipidomic sig-
natures of insulin resistance and overweight/obesity in humans. 
Obesity (Silver Spring). 24(4): 908–916. doi: 10.1002/oby.21448.

23  Tresierras MA, Balady GJ (2009). Resistance training in the 
treatment of diabetes and obesity: mechanisms and out-
comes. J Cardiopulm Rehabil Prev. 29(2): 67–75. doi: 10.1097/
HCR.0b013e318199ff69.

24  Ukegbu U, Maselko J, Malhotra R, Perera B, Ostbye T (2014). Cor-
relates of handgrip strength and activities of daily living in elderly 
Sri Lankans. J Am Geriatr Soc. 62(9): 1800–1801. doi: 10.1111/
jgs.13000.

25  van der Kooi AL, Snijder MB, Peters RJ, van Valkengoed IG (2015). 
The association of handgrip strength and type 2 diabetes mellitus 
in six ethnic groups: an analysis of the HELIUS Study. PLoS One. 
10(9): e0137739. doi: 10.1371/journal.pone.0137739.

26  Wander PL, Boyko EJ, Leonetti DL, McNeely MJ, Kahn SE, Fuji-
moto WY (2011). Greater hand-grip strength predicts a lower risk 
of  developing type 2 diabetes over 10 years in leaner Japanese 
Americans. Diabetes Res Clin Pract. 92(2): 261–264. doi: 10.1016/j.
diabres.2011.01.007.

27  Wang T, Feng X, Zhou J, Gong H, Xia S, Wei Q, et al. (2016). Type 
2 diabetes mellitus is associated with increased risks of sarcope-
nia and pre-sarcopenia in Chinese elderly. Sci Rep. 6: 38937. doi: 
10.1038/srep38937.

28  Wild S, Roglic G, Green A, Sicree R, King H (2004). Global prevalence 
of diabetes: estimates for the year 2000 and projections for 2030. 
Diabetes Care. 27(5): 1047–1053. doi: 10.2337/diacare.27.5.1047.

29  Wu H, Gu Y, Wang X, Meng G, Rayamajhi S, Thapa A, et al. (2023). 
Association between handgrip strength and type 2 diabetes: 
a prospective cohort study and systematic review with meta-anal-
ysis. J Gerontol A Biol Sci Med Sci. 78(8): 1383–1391. doi: 10.1093/
gerona/glac241.

30  Yang W, Lu J, Weng J, Jia W, Ji L, Xiao J, et al. (2010). Prevalence 
of  diabetes among men and women in China. N Engl J Med. 
362(12): 1090–1101. doi: 10.1056/NEJMoa0908292.


