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Abstract
Background: Diabetes is a major concern for the global health burden. This study aimed to investigate the
relationship between handgrip strength (HGS) and the risk of new-onset diabetes and to compare the predictive
abilities between relative HGS and dominant HGS.
Methods: This longitudinal study used data from the Survey of Health, Ageing and Retirement in Europe (SHARE),
including 66,100 European participants aged 50 years or older free of diabetes at baseline. The Cox proportional
hazard model was used to analyze the relationship between HGS and diabetes, and the Harrell’s C index, net
reclassification index (NRI), and integrated discrimination improvement (IDI) were calculated to evaluate the
predictive abilities of different HGS expressions.
Results: There were 5,661 diabetes events occurred during follow-up. Compared with individuals with lowest
quartiles, the hazard ratios (95 % confidence intervals) of the 2nd-4th quartiles were 0.88 (0.81–0.94), 0.82 (0.76–0.89)
and 0.85 (0.78–0.93) for dominant HGS, and 0.95 (0.88–1.02), 0.82 (0.76–0.89) and 0.60 (0.54–0.67) for relative HGS.
After adding dominant HGS to an office-based risk score (including age, gender, body mass index, smoking, and
hypertension), the incremental values of the Harrell’s C index, NRI, IDI of relative HGS were all slightly higher than
those of dominant HGS in both training and validation sets.
Conclusions: Our findings supported that HGS was an independent predictor of new-onset diabetes in the middleaged and older European population. Moreover, relative HGS exhibited a slightly higher predictive ability than
dominant HGS.
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Background
Diabetes has long been a major concern for global
health systems [1]. As obesity rates rise, the population ages and urbanization accelerates, the prevalence
of diabetes continues to increase [2]. According to
the latest version of the International Diabetes Federation (IDF), the global prevalence of diabetes is estimated to be 9.3 % (463 million people) in 2019 and
will rise to 10.9 % (700 million people) by 2045 [2].
In addition, about 4.2 million adults aged 20–79 years
died of diabetes globally in 2019, with the global direct healthcare expenditure for diabetes estimated at
$760 billion in the same year [3, 4]. Furthermore, the
growth rate of diabetes in Western European countries is higher than the global average [5]. These unfavorable statistics highlight that diabetes remains a
serious public health issue, which calls for effective
prevention and control measures.
Handgrip strength (HGS), as a simple anthropological
measurement and an indicator of upper body muscle
strength, is considered to be related to insulin action
and the risk of the onset and death of diabetes [6–8].
Strong muscle strength can effectively increase the content of glucose transporter and various myokines, which
regulate glucose metabolism and insulin resistance [9,
10]. Data from several longitudinal cohort studies involving adults in the US, UK, and China have shown that
low HGS is positively associated with the risk of diabetes
[6, 11]. However, the results were not totally consistent.
The Prospective Urban-Rural Epidemiology (PURE)
study reported that there was no association between
HGS and the incidence of diabetes after surveying 17
countries with different income levels [12]. Moreover,
the CoLaus (Cohorte Lausannoise) study came to the
same conclusion with PURE after applying the multivariate adjustment model [13]. In addition, varied HGS
measurement methods, including dominant HGS and
relative HGS, were applied to explore their associations
with diabetes. There are studies pointed out that relative
HGS might have an advantage in predicting the risk of
cardiovascular biomarkers, metabolic profile, and other
cardiometabolic disorders [14–16]. Moreover, a Basque
study emphasized the need for more in-depth research
to help determine whether relative or absolute indicators
have more practical applications [17]. Therefore, the real
relationship between HGS and diabetes and the predictive potential of different HGS expressions on diabetes
risk remain to be clarified.
In the present study, we explored the longitudinal association between HGS and diabetes based on a nationally representative cohort study of middle-aged and
older adults across Europe. In addition, we also assessed
and compared the predictive values of different HGS expressions on diabetes risk.
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Methods
Study design and population

The present study used data from the Survey of Health,
Ageing and Retirement in Europe (SHARE). The respondents of SHARE are individuals over the age of 50 and
their spouses or partners in 29 European countries [18].
The survey began in 2004, and the main goal was to provide information about demographics, income, assets,
health, cognition, family structure and relationships,
health care use and costs, and expectations. Participants
were then followed up approximately every 2 years. Details of the study design of SHARE can be found in previous literatures [18, 19]. SHARE has obtained approval
from the Ethics Council of the Max Planck Society and
Ethics Committee of the University of Mannheim, and
all participants signed an informed consent form.
We excluded the respondents who did not meet all of
the following criteria at baseline: (1) aged at least 50; (2)
successful measurement of HGS; (3) not suffering from
diabetes; (4) at least one complete follow-up record. Finally, 66,100 participants in SHARE were eligible for
subsequent analysis. The detailed screening procedure of
study subjects was shown in Fig. 1.
Measurement of HGS

HGS was measured with the aid of the same type of
dynamometer (Smedley, S Dynamometer, TTM,
Tokyo, 100 kg) [20]. Before the measurement, participants were asked if they were in a safe state. If the
respondents had surgery, any swelling, inflammation,
severe pain, or injury on one or both hands in the
past six months or refused to accept the measurement, the measurement was given up. The test was
performed with elbows at 90°angles on both sides in
a standing (preferably) or sitting position. Keeping the
wrist in a neutral position and adjusting the inner
lever of the dynamometer to fit the hand. Both hands
were measured alternately twice. In the present study,
the body mass index (BMI, kg/m2) was defined as the
weight (kg) divided by the square of height (m).
Dominant HGS was regarded as the maximal value
between two measurements of the dominant hand,
and absolute HGS was defined as the sum of the
maximum HGS values measured by both hands. Relative HGS was computed as absolute HGS divided by
BMI [21, 22]. The HGS data we used were all measured at baseline when participants entered the study.
Assessment of new-onset diabetes

In this study, the diagnosis of diabetes was ascertained
from two aspects. On the one hand, participants were
asked whether a doctor has told them they had or currently has diabetes or high blood sugar at the baseline
survey and each follow-up. On the other hand, the
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Fig. 1 The flow chart of the selection of the study population

respondents would be asked to reply whether they are
taking any medication for diabetes right now. If one of
the affirmative answers was given, they were regarded as
diabetes cases. The new-onset diabetes cases were defined as those developing diabetes during follow-up but
without diabetes history at baseline. And we also determined the onset time of diabetes from two aspects: (1) If
the age first diagnosed with diabetes was reported, the
age was defined as the onset time of diabetes; (2) If the
age first diagnosed with diabetes was unavailable, we
used the midpoint of the interval between the previous
wave and the latest wave with diagnosing information as
the onset time. The included participants in our study
needed to have complete diabetes data from at least two
time points (in addition to the baseline record, an extra
follow-up time point was required).

than upper secondary education, upper secondary and
vocational education, tertiary education. Lifestyle factors
included self-reported drinking and smoking status.
Smoking status was categorized as never smoking and
ever smoking. Drinking was classified as drinking and
non-drinking during the last 7 days. BMI (kg/m2) was
incorporated in a continuous manner. Self-reported history of chronic diseases included high blood pressure,
cancer, lung disease, heart problems, stroke, arthritis,
high cholesterol, Parkinson’s disease, hip fracture, and
ulcer. History of chronic diseases was recorded at baseline and classified as YES vs. NO. The aim of including
both common and rare chronic diseases was to eliminate
the effects of known and potential confounding factors
wherever possible.
Statistical analysis

Covariates

The covariates in this study included sociodemographic
characteristics, lifestyle factors, and self-reported history
of chronic diseases. Sociodemographic characteristics
covered age (years, continuous), gender (man/woman),
residence, country, and self-reported education attainment. The residence was classified as urban vs. rural.
Education attainment was divided into three levels: less

In the baseline survey, the Wilcoxon rank sum test was
applied to compare continuous data, and the chi-square
test was used to compare categorical data. In the main
analysis, the relationship between HGS (in quartiles or
continuous forms) and diabetes was investigated following three steps.
First, we used the Cox proportional hazards regression
model to estimate the hazard ratio (HR) and 95 %
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confidence interval (95 % CI) for the association between
HGS and diabetes in SHARE. We ran a total of four
models: model 0 (unadjusted) only included HGS indicators; Model 1 was adjusted for age and gender; Model 2
was adjusted for office-based risk factors (such as age,
gender, BMI, hypertension, and smoking) which is often
used to predict cardiovascular and other health events
[23]; Model 3 was adjusted for all potential confounders,
including age, gender and country, residence, education,
BMI, smoking, and drinking status, history of chronic
diseases.
Second, to validate the predictive ability of HGS, we
randomly divided the whole dataset into training and
validation sets of equal size, with stratification by gender
to ensure the same ratio of men and women in both
sets. The Harrell’s C index, net reclassification index
(NRI), and integrated discrimination improvement (IDI)
were calculated in both sets to evaluate the incremental
predictive values of dominant HGS and relative HGS for
new-onset diabetes beyond office-based risk factors [23–
25]. We set the truncation time at the median follow-up
time in both sets [24].
Finally, we presented the main results using the combined quartiles (synthesizing standards for men and
women) because HGS levels differ significantly between
the two genders. In addition, we investigated whether
there were interactions between HGS and age or gender,
and then performed stratified analyses by gender and
age (< 60 years old or ≥ 60 years old).
The statistical analysis was performed using SAS 9.4
(SAS Institute Inc, Cary, NC, USA) and R 4.0.1. Twosided P < 0.05 was deemed as statistically significant.

Results
Among 66,100 participants included in this study, a total
of 5,661 individuals developed diabetes during follow-up.
The incidence of diabetes was 15.1 per 1000 personyears. Participants who suffered from diabetes tended to
be older and male, possessed higher BMI, and had lower
education levels (all P < 0.01). The prevalence of hypertension, lung problems, arthritis, high cholesterol, and
ulcer in the diabetes group was significantly higher than
that in the non-diabetic group (P < 0.01) (Table 1).
Based on the unadjusted model, compared with the
lowest quartile, the HR (95 % CI) values of the 2nd-4th
quartiles of dominant HGS were 0.72 (0.67–0.77), 0.65
(0.60–0.70) and 0.60 (0.55–0.64), respectively; and as
expressed by relative HGS, the HR (95 % CI) values were
0.69 (0.65–0.74), 0.48 (0.45–0.51) and 0.26 (0.24–0.29),
respectively. If adjusted by age and gender, similar associations were exhibited. The HR (95 % CI) values of the
2nd-4th quartiles of dominant HGS for developing diabetes were 0.79 (0.74–0.85), 0.75 (0.70–0.81) and 0.74
(0.69–0.81) compared to the lowest quartile. And for

Page 4 of 9

Table 1 Characteristics of the participants at baseline
Characteristics

Non-diabetes

Diabetes

P value

N

60,439 (91.44)

5,661 (8.56)

-

Age (years)

61 (15)

64 (14)

<0.01

Male (%)

26,996 (44.67)

2,789(49.27)

<0.01

Education I (%)

23,592 (39.03)

2,889 (51.03)

<0.01

Education II (%)

22,891 (37.87)

1,909 (33.72)

Education III (%)

13,956 (23.09)

863 (15.24)

BMI (kg/m2)

25.88 (5.15)

28.26 (5.78)

<0.01

Current smoke (%)

11,851 (19.64)

1,096 (19.39)

0.65

Current drink (%)

30,368 (50.33)

2,306 (40.79)

<0.01

Rural (%)

24,182 (30.36)

1,517 (28.05)

<0.01

Dominant HGS (kg)

-

-

-

Men

44 (14)

43 (15)

<0.01

Women

27 (9)

25 (10)

<0.01

Relative HGS (m2)

-

-

-

Men

3.21 (1.17)

2.89 (1.00)

<0.01

Women

2.00 (0.81)

1.71 (0.74)

<0.01

Heart problems (%)

6,047 (10.01)

909 (16.06)

<0.01

Stroke (%)

1,748 (2.89)

229 (4.05)

<.001

Hypertension (%)

26,988 (32.43)

2,732 (48.26)

<0.01

Lunge problems (%)

2,995 (4.96)

361 (6.38)

<0.01

Cancer (%)

3,390 (5.51)

301 (5.32)

0.36

Arthritis (%)

12,271 (20.30)

1,308 (23.11)

<0.01

High cholesterol (%)

12,131 (20.07)

1,612 (28.48)

<0.01

Parkinson’s disease (%)

236 (0.39)

34 (0.60)

0.02

Hip fracture (%)

1,112 (1.84)

126 (2.23)

0.04

Ulcer (%)

3,537 (5.85)

393 (6.94)

<0.01

Note: Education I — Less than upper secondary; Education II — Upper
secondary and vocational; Education III — Tertiary education. Values were
presented as n (%), median (interquartile range). Dominant HGS: maximum
HGS of the dominant hand; Relative HGS: the sum of the maximum HGS of
both hands divided by BMI

relative HGS, they were 0.71 (0.67–0.76), 0.50 (0.46–
0.54) and 0.28 (0.25–0.31), respectively. In the model adjusted for office-based risk factors (age, gender, BMI,
smoking and hypertension), compared with the bottom
quartile, the HR (95 % CI) values of the 2nd-4th quartiles
of dominant HGS were 0.81 (0.75–0.87), 0.75 (0.69–
0.81) and 0.71 (0.66–0.77), and they were 0.88 (0.82–
0.94), 0.72 (0.66–0.78) and 0.49 (0.44–0.54) for relative
HGS (Table 2).
After applying the multi-variable adjustment model
(model 3), we observed a positive association between
low HGS and diabetes. Compared with the bottom quartile, the HR (95 % CI) values of the 2nd-4th quartiles of
dominant HGS were 0.88 (0.81–0.94), 0.82 (0.76–0.89),
and 0.85 (0.78–0.93), respectively. As measured by relative HGS, HR (95 % CI) values of the 2nd-4th quartiles
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Table 2 Associations of two HGS expressions with follow-up diabetes
Dominant HGS

Relative HGS

Gender Q1

Q2

Q3

Q4

Men

<
37

37 to 44

44 to 51

≥51

Women <
22

22 to 27

27 to 31

≥31

Continuous
(Per SD)

Q1

Q2

Q3

Q4

<
2.6

2.6 to 3.2

3.2 to 3.7

≥3.7

<
1.6

1.6 to 2.0

2.0 to 2.4

≥2.4

Continuous
(Per SD)

Model
0

1

0.72 (0.670.77)

0.65 (0.600.70)

0.60 (0.550.64)

0.93 (0.910.96)

1

0.69 (0.650.74)

0.48 (0.450.51)

0.26 (0.240.29)

0.73 (0.710.75)

Model
1

1

0.79 (0.740.85)

0.75 (0.700.81)

0.74 (0.690.81)

0.85 (0.820.89)

1

0.71 (0.670.76)

0.50 (0.460.54)

0.28 (0.250.31)

0.56 (0.540.58)

Model
2

1

0.81 (0.750.87)

0.75 (0.690.81)

0.71 (0.660.77)

0.83 (0.800.86)

1

0.88 (0.820.94)

0.72 (0.660.78)

0.49 (0.440.54)

0.73 (0.700.76)

Model
3

1

0.88 (0.810.94)

0.82 (0.760.89)

0.85 (0.780.93)

0.92 (0.880.96)

1

0.95 (0.891.02)

0.82 (0.760.89)

0.60 (0.540.67)

0.81 (0.770.85)

Note: Q1=the first quartile (lowest); Q2=the second quartile; Q3= the third quartile; Q4= the fourth quartile; Dominant HGS: maximum HGS of the dominant hand;
Relative HGS: the sum of the maximum HGS of both hands divided by BMI. Model 0: unadjusted; Model 1 was adjusted for age and gender. Model 2 was adjusted
for the office-based risk factors (age, gender, BMI, smoking, and hypertension); Model 3 was adjusted for age, gender, residence, country, BMI, education, drinking
and smoking, high blood pressure, cancer, lung disease, heart problems, stroke, arthritis, high cholesterol, Parkinson’s disease, hip fracture, and ulcer

for diabetes were 0.95 (0.88–1.02), 0.82 (0.76–0.89) and
0.60 (0.54–0.67), respectively. In addition, we treated
HGS as continuous variables and calculated HR (95 %
CI) values per standard deviation through the above four
models, and all associations were statistically significant
(all P < 0.01, Table 2).
The capacities of the two HGS expressions for predicting new-onset diabetes were further evaluated. The
addition of dominant HGS and relative HGS to the
office-based risk score significantly improved the discriminatory power. In the training set, the Harrell’s C
statistics were significantly higher for dominant HGS
(0.6845, 95 % CI: 0.6744–0.6947) and for relative HGS
(0.6872, 95 % CI: 0.6770–0.6973) than that for the officebased risk score (0.6800, 95 % CI: 0.6699–0.6903). The
increases in NRI after the office-based risk score were
5.63 % (95 % CI: 2.80–8.21 %) for dominant HGS and
9.75 % (95 % CI: 7.47–12.60 %) for relative HGS; and the

augmenters in IDI upon the office-based risk score were
0.15 % (0.06–0.28 %) for dominant HGS and 0.35 %
(0.22–0.51 %) for relative HGS. The results of the validation set were all consistent with those of the training
set (Table 3). The incremental values of Harrell’s C
index, NRI, IDI of relative HGS were all slightly higher
than those of dominant HGS in both training and validation sets.
We fitted the HGS*gender and HGS*age interaction
terms to our multi-variable model to investigate whether
the associations differed with gender or age. And we
found no significant interactions for the effects of two
HGS expressions on diabetes by gender (both P > 0.05).
Among men, compared to the lowest quartiles, the HR
(95 % CI) values of the 2nd-4th quartiles of dominant
HGS for diabetes were 0.91 (0.82–1.02), 0.80 (0.72–
0.90), and 0.83 (0.73–0.94), respectively. When we used
relative HGS, HR (95 % CI) values decreased, which were

Table 3 Reclassification and discrimination statistics for new-onset diabetes by HGS
Training set

Validation set

Harrell’s C index

NRI

IDI

Harrell’s C index

NRI

IDI

Estimate
(95% CI)

P

Estimate
(95% CI)

P

Estimate
(95% CI)

P

Estimate
(95% CI)

P

Estimate
(95% CI)

P

Estimate
(95% CI)

P

Office-based
risk factors

0.6802
(0.66990.6903)

-

-

-

-

-

0.6837
(0.67370.6938)

-

-

-

-

-

Plus dominant
HGS

0.6845
(0.67440.6947)

<
0.0563
0.01 (0.02800.0821)

<
0.0015
0.01 (0.00060.0028)

<
0.6877
0.01 (0.67780.6976)

<
0.0442
0.01 (0.01800.0678)

<
0.0013
0.01 (0.00040.0024)

<
0.01

Plus relative
HGS

0.6872
(0.67700.6973)

<
0.0975
0.01 (0.07470.1260)

<
0.0035
0.01 (0.00220.0051)

<
0.6899
0.01 (0.68000.6998)

<
0.0883
0.01 (0.06350.1143)

<
0.0038
0.01 (0.00250.0059)

<
0.01

Note: office-based risk factors included age, gender, BMI, hypertension, and smoking
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0.94 (0.85–1.04), 0.83 (0.74–0.93) and 0.55 (0.47–0.64)
for the 2nd-4th quartiles, respectively. Among women,
individuals in the highest quartile of dominant HGS possessed 0.86 (0.77–0.97) times the risk of diabetes than
that in the lowest quartile, and the risk was 0.66 (0.57–
0.78) times when expressed by relative HGS. The P
values were 0.3092 for the interaction between dominant
HGS and age, and 0.0018 for the interaction between
relative HGS and age. Among individuals aged younger
than 60, compared to the lowest quartiles, the HR (95 %
CI) values of the 2nd-4th quartiles of dominant HGS for
diabetes were 0.78 (0.67–0.92), 0.69 (0.59–0.80), and
0.72 (0.62–0.83), respectively. When measured by relative HGS, the risks were 0.91 (0.79–1.04), 0.76 (0.65–
0.87) and 0.57 (0.48–0.67) for the 2nd-4th quartiles, respectively. Among people over 60, participants in the
highest quartile of dominant HGS possessed 0.84 (0.76–
0.92) times the risk of diabetes than that in the lowest
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quartile, and the risk was 0.65 (0.58–0.73) times when
expressed by relative HGS (Fig. 2).

Discussion
Through a prospective cohort study involving 29 European countries, we found the dose-response relationship
between baseline HGS and future diabetes: the higher
the HGS level, the lower the risk of diabetes. In addition,
the ability of relative HGS to predict new-onset diabetes
was slightly higher than that of dominant HGS.
The negative association between HGS and diabetes
has been widely reported in previous studies [26–30]. A
research based on the Korea National Health and Nutrition Examination Survey (KNHANES) suggested that
diabetes was inversely related to HGS in younger women
and men [30]. A similar phenomenon was observed in
the older population in the UK as well [29]. Likewise, we
also observed that there was a clear negative relationship

Fig. 2 Stratified analyses by gender and age for the association between baseline HGS and follow-up diabetes (Note: Group 1 = the first quartile
(lowest); Group 2 = the second quartile; Group 3 = the third quartile; Group 4 = the fourth quartile)
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between increasing HGS and the risk of diabetes among
middle-aged and older people across Europe. However,
there were some exceptions. For example, the PURE
study reported that HGS was not significantly associated
with the incidence of diabetes in low- and middleincome countries [12]. This study did not include populations from major European countries, and the followup time was only four years. Pedro Marques-Vidal et al.
also demonstrated that there was no association between
HGS and incident type 2 diabetes mellitus in healthy
adults. However, only 62.6 % of participants were included from the initial cohort, resulting in a relatively
small sample size (N = 2,318) [13].
In addition, a study from the UK Biobank involving
418,656 participants pointed out that whether HGS was
expressed in absolute or relative values, lower HGS was
associated with a higher risk of diabetes after adjusting
for factors such as age and education [31]. Although
this study involved a European population, it was a
cross-sectional study and did not further compare the
classification potential of different HGS measurements.
Ho et al. pointed out that the relationship between
HGS and health outcomes would not be altered by
changing how it is expressed, but the endpoint events
in this study did not include new-onset diabetes [23].
Moreover, several studies have also shown that higher
relative HGS rather than dominant or absolute HGS
was associated with lower cardiometabolic risk [14, 15,
32]. Remarkably, our research introduced the Harrell’s
C index, NRI, and IDI to compare the abilities of two
HGS expressions in predicting diabetes. The results of
the three statistics were consistent in our study, indicating that relative HGS exhibited a slightly higher predictive ability than dominant HGS. One of the possible
reasons for this phenomenon may be that relative HGS
can adjust the degree of the quality confounding and
accompanying health risks of increased body size compared with dominant HGS, and the tight link between
body type and diabetes has been reported in many studies [33–35].
The potential mechanisms for the connection between
HGS and diabetes remain to be clarified. One of the possible mechanisms is that individuals with stronger
muscle strength have increased insulin action and lower
blood sugar, which may help reduce the risk of diabetes
[11]. Muscle strength training has been shown to increase the protein content of glucose transporter
(GLUT-4) and improve insulin resistance [9, 36]. Moreover, a variety of myokines (e.g., IL-6) were secreted by
contractile skeletal muscle to regulate glucose metabolism [10, 37]. In addition, some studies have pointed out
that HGS is closely related to metabolic profiles,
markers, and prediabetes [15, 16, 37]. For example,
muscle strength, reflected by HGS, is related to
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metabolic markers such as HbA1c, which is originally an
auxiliary diagnostic indicator of diabetes [38].
This study used a large-scale population cohort to investigate the association between HGS and the risk of
diabetes. To the best of our knowledge, this study is the
first to compare the predictive values of different HGS
expressions on future diabetes. However, some limitations in this study are worth noting. First, the definition
of chronic diseases uses self-reported information. However, a report involving 26,162 patients verified the coherence between self-reported and actual medical
information [39]. Second, since the hematology information of the participants was not available, the diagnosis
of diabetes was limited to the self-reported history of
diabetes and medication information, which might
underestimate the new-onset diabetes cases. Nevertheless, the self-reported doctor’s diagnosis of diabetes has
been proven to be reasonably effective [40]. Third, some
individuals were excluded due to incomplete information
on baseline HGS or diabetes, which may introduce potential bias and limit the generalisability of our findings
to some extent. Finally, when the accurate onset time of
some diabetes patients was unavailable, we approximated the onset time using the midpoint time. Although
this method has been adopted by many studies [41, 42],
the accuracy of the onset time could not be fully guaranteed and the measurement error might be introduced.

Conclusions
Among middle-aged and older people in Europe, there
was a significant negative correlation between HGS and
the risk of new-onset diabetes. In addition, the results
suggest that relative HGS exhibited a slightly higher predictive ability on future diabetes than dominant HGS,
and further researches are needed to explore the clinical
significance of this modest difference. Our findings highlight that screening lower HGS in people aged 50 years
or older may be worthwhile for diabetes prevention.

Abbreviations
HGS: Handgrip strength; BMI: Body mass index; HR: Hazard ratios; 95%
CI: 95% confidence interval; SHARE: The Survey of Health, Ageing and
Retirement in Europe International Diabetes Federation (IDF); NRI: Net
reclassification index; IDI: Integrated discrimination improvement; PURE: The
Prospective Urban-Rural Epidemiology; CoLaus: Cohorte Lausannoise; KNHA
NES: Korea National Health and Nutrition Examination Survey
Acknowledgements
Not applicable.
Author’ contributions
CFK and XC conceived and designed the research; GCL and YNQ wrote the
manuscript; YQL, SYL and YD performed the data analysis. All authors
contributed to the interpretations of the findings. CFK, YD, GCL and YQL
revised it critically for important intellectual content. All authors reviewed the
manuscript.

Li et al. BMC Geriatrics

(2021) 21:445

Funding
The development of the Harmonized SHARE was funded by the National
Institute on Ageing (R01 AG030153, RC2 AG036619, R03 AG043052). This
work was supported by National Natural Science Foundation of China
(81703316), Scientific Research Project of Jiangsu Health Committee
(M2020051) and A Project Funded by Priority Academic Program
Development of Jiangsu Higher Education Institutions (PAPD).

Page 8 of 9

9.
10.
11.

12.
Availability of data and materials
The datasets generated and/or analysed during the current study are
available in the Harmonized SHARE dataset and Codebook, Version E as of
October 2019 developed by the Gateway to Global Aging Data, http://www.
share-project.org/home0.html.

Declarations
Ethics approval and consent to participate
Informed consent was signed by all participants. The protocol of SHARE was
approved by the Ethics Committee of the University of Mannheim and Ethics
Council of the Max Planck Society.

13.

14.

15.

16.
Consent for publication
Not applicable.
Competing interests
The authors have no conflict of interest to declare.

17.

Author details
1
Department of Epidemiology and Biostatistics, School of Public Health,
Medical College of Soochow University, 215123 Suzhou, China. 2Department
of Preventive Medicine, College of Clinical Medicine, Suzhou Vocational
Health College, 215009 Suzhou, China. 3Department of Children Health Care
Affiliated, Suzhou Hospital of Nanjing Medical University, No.26, Dao Qian
Road, 215000 Suzhou, China.

18.

Received: 27 January 2021 Accepted: 2 July 2021

20.

References
1. L’Heveder R, Nolan T. International Diabetes Federation. Diabetes Res Clin
Pract. 2013;101(3):349–51.
2. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, Colagiuri
S, Guariguata L, Motala AA, Ogurtsova K, et al. Global and regional diabetes
prevalence estimates for 2019 and projections for 2030 and 2045: results
from the International Diabetes Federation Diabetes Atlas, 9(th) edition.
Diabetes Res Clin Pract. 2019;157:107843.
3. Saeedi P, Salpea P, Karuranga S, Petersohn I, Malanda B, Gregg EW, Unwin
N, Wild SH, Williams R. Mortality attributable to diabetes in 20–79 years old
adults, 2019 estimates: results from the International Diabetes Federation
Diabetes Atlas, 9(th) edition. Diabetes Res Clin Pract. 2020;162:108086.
4. Williams R, Karuranga S, Malanda B, Saeedi P, Basit A, Besancon S, Bommer
C, Esteghamati A, Ogurtsova K, Zhang P, et al. Global and regional estimates
and projections of diabetes-related health expenditure:&nbsp;results from
the International Diabetes Federation Diabetes Atlas, 9th edition. Diabetes
Res Clin Pract. 2020;162:108072.
5. Khan MAB, Hashim MJ, King JK, Govender RD, Mustafa H, Al Kaabi J.
Epidemiology of Type 2 Diabetes - Global Burden of Disease and
Forecasted Trends. J Epidemiol Glob Health. 2020;10(1):107–11.
6. Peterson MD, Duchowny K, Meng Q, Wang Y, Chen X, Zhao Y. Low
Normalized Grip Strength is a Biomarker for Cardiometabolic Disease and
Physical Disabilities Among U.S. and Chinese Adults. J Gerontol A Biol Sci
Med Sci. 2017;72(11):1525–31.
7. Wander PL, Boyko EJ, Leonetti DL, McNeely MJ, Kahn SE, Fujimoto WY.
Greater hand-grip strength predicts a lower risk of developing type 2
diabetes over 10 years in leaner Japanese Americans. Diabetes Res Clin
Pract. 2011;92(2):261–4.
8. Beleigoli AM, Appleton SL, Gill TK, Hill CL, Adams RJ. Association of
metabolic phenotypes, grip strength and diabetes risk: The 15-year followup of The North West Adelaide Health Study, Australia. Obes Res Clin Pract.
2020;14(6):536–41.

21.

19.

22.

23.

24.

25.

26.

27.

28.

29.

Richter EA, Hargreaves M. Exercise, GLUT4, and skeletal muscle glucose
uptake. Physiol Rev. 2013;93(3):993–1017.
Pedersen BK, Akerstrom TC, Nielsen AR, Fischer CP. Role of myokines in
exercise and metabolism. J Appl Physiol (1985). 2007;103(3):1093–8.
Yeung CHC, Au Yeung SL, Fong SSM, Schooling CM. Lean mass, grip
strength and risk of type 2 diabetes: a bi-directional Mendelian
randomisation study. Diabetologia. 2019;62(5):789–99.
Leong DP, Teo KK, Rangarajan S, Lopez-Jaramillo P, Avezum A, Orlandini A,
Seron P, Ahmed SH, Rosengren A, Kelishadi R, et al. Prognostic value of grip
strength: findings from the Prospective Urban Rural Epidemiology (PURE)
study. Lancet. 2015;386(9990):266–73.
Marques-Vidal P, Vollenweider P, Waeber G, Jornayvaz FR. Grip strength is
not associated with incident type 2 diabetes mellitus in healthy adults: The
CoLaus study. Diabetes Res Clin Pract. 2017;132:144–8.
Hao G, Chen H, Ying Y, Wu M, Yang G, Jing C. The Relative Handgrip
Strength and Risk of Cardiometabolic Disorders: A Prospective Study. Front
Physiol. 2020;11:719.
Lee WJ, Peng LN, Chiou ST, Chen LK. Relative Handgrip Strength Is a Simple
Indicator of Cardiometabolic Risk among Middle-Aged and Older People: A
Nationwide Population-Based Study in Taiwan. PLoS ONE. 2016;11(8):
e0160876.
Li D, Guo G, Xia L, Yang X, Zhang B, Liu F, Ma J, Hu Z, Li Y, Li W, et al.
Relative Handgrip Strength Is Inversely Associated with Metabolic Profile
and Metabolic Disease in the General Population in China. Front Physiol.
2018;9:59.
Rio X, Larrinaga-Undabarrena A, Coca A, Guerra-Balic M. Reference Values
for Handgrip Strength in the Basque Country Elderly Population. Biology
(Basel). 2020;9(12):414.
Borsch-Supan A, Brandt M, Hunkler C, Kneip T, Korbmacher J, Malter F,
Schaan B, Stuck S, Zuber S, Team SCC. Data Resource Profile: the Survey of
Health, Ageing and Retirement in Europe (SHARE). Int J Epidemiol. 2013;
42(4):992–1001.
Lubs L, Peplies J, Drell C, Bammann K. Cross-sectional and longitudinal
factors influencing physical activity of 65 to 75-year-olds: a pan European
cohort study based on the survey of health, ageing and retirement in
Europe (SHARE). BMC Geriatr. 2018;18(1):94.
Andersen-Ranberg K, Petersen I, Frederiksen H, Mackenbach JP, Christensen
K. Cross-national differences in grip strength among 50 + year-old
Europeans: results from the SHARE study. Eur J Ageing. 2009;6(3):227–36.
Patel SM, Duchowny KA, Kiel DP, Correa-de-Araujo R, Fielding RA, Travison T,
Magaziner J, Manini T, Xue QL, Newman AB, et al. Sarcopenia Definition &
Outcomes Consortium Defined Low Grip Strength in Two Cross-Sectional,
Population-Based Cohorts. J Am Geriatr Soc. 2020;68(7):1438–44.
Jang SK, Kim JH, Lee Y. Effect of relative handgrip strength on
cardiovascular disease among Korean adults aged 45 years and older:
Results from the Korean Longitudinal Study of Aging (2006–2016). Arch
Gerontol Geriatr. 2020;86:103937.
Ho FKW, Celis-Morales CA, Petermann-Rocha F, Sillars A, Welsh P, Welsh C,
Anderson J, Lyall DM, Mackay DF, Sattar N, et al. The association of grip strength
with health outcomes does not differ if grip strength is used in absolute or
relative terms: a prospective cohort study. Age Ageing. 2019;48(5):684–91.
Celis-Morales CA, Welsh P, Lyall DM, Steell L, Petermann F, Anderson J,
Iliodromiti S, Sillars A, Graham N, Mackay DF, et al. Associations of grip
strength with cardiovascular, respiratory, and cancer outcomes and all cause
mortality: prospective cohort study of half a million UK Biobank participants.
BMJ. 2018;361:k1651.
Uno H, Tian L, Cai T, Kohane IS, Wei LJ. A unified inference procedure for a
class of measures to assess improvement in risk prediction systems with
survival data. Stat Med. 2013;32(14):2430–42.
Mainous AG 3, Tanner RJ, Anton SD, Jo A. Grip Strength as a Marker of
Hypertension and Diabetes in Healthy Weight Adults. Am J Prev Med. 2015;
49(6):850–8.
Li JJ, Wittert GA, Vincent A, Atlantis E, Shi Z, Appleton SL, Hill CL, Jenkins AJ,
Januszewski AS, Adams RJ. Muscle grip strength predicts incident type 2
diabetes: Population-based cohort study. Metabolism. 2016;65(6):883–92.
Loprinzi PD, Loenneke JP. Evidence of a Link Between Grip Strength and
Type 2 Diabetes Prevalence and Severity Among a National Sample of U.S.
Adults. J Phys Act Health. 2016;13(5):558–61.
Cuthbertson DJ, Bell JA, Ng SY, Kemp GJ, Kivimaki M, Hamer M. Dynapenic
obesity and the risk of incident Type 2 diabetes: the English Longitudinal
Study of Ageing. Diabet Med. 2016;33(8):1052–9.

Li et al. BMC Geriatrics

(2021) 21:445

30. Chong H, Choi YE, Kong JY, Park JH, Yoo HJ, Byeon JH, Lee HJ, Lee SH.
Association of Hand Grip Strength and Cardiometabolic Markers in Korean
Adult Population: The Korea National Health and Nutrition Examination
Survey 2015–2016. Korean J Fam Med. 2020;41(5):291–8.
31. Ntuk UE, Celis-Morales CA, Mackay DF, Sattar N, Pell JP, Gill JMR. Association
between grip strength and diabetes prevalence in black, South-Asian, and
white European ethnic groups: a cross-sectional analysis of 418 656
participants in the UK Biobank study. Diabet Med. 2017;34(8):1120–8.
32. Kawamoto R, Ninomiya D, Kasai Y, Kusunoki T, Ohtsuka N, Kumagi T, Abe M.
Handgrip strength is associated with metabolic syndrome among middleaged and elderly community-dwelling persons. Clin Exp Hypertens. 2016;
38(2):245–51.
33. Lawman HG, Troiano RP, Perna FM, Wang CY, Fryar CD, Ogden CL.
Associations of Relative Handgrip Strength and Cardiovascular Disease
Biomarkers in U.S. Adults, 2011–2012. Am J Prev Med. 2016;50(6):677–83.
34. Maggio CA, Pi-Sunyer FX. Obesity and type 2 diabetes. Endocrinol Metab
Clin North Am. 2003;32(4):805–22.
35. Wei J, Liu X, Xue H, Wang Y, Shi Z. Comparisons of Visceral Adiposity Index,
Body Shape Index, Body Mass Index and Waist Circumference and Their
Associations with Diabetes Mellitus in Adults. Nutrients. 2019;11(7):1580.
36. Croymans DM, Paparisto E, Lee MM, Brandt N, Le BK, Lohan D, Lee CC,
Roberts CK. Resistance training improves indices of muscle insulin sensitivity
and beta-cell function in overweight/obese, sedentary young men. J Appl
Physiol (1985). 2013;115(9):1245–53.
37. Hu S, Gu Y, Lu Z, Zhang Q, Liu L, Meng G, Yao Z, Wu H, Bao X, Chi VTQ,
et al. Relationship Between Grip Strength and Prediabetes in a Large-Scale
Adult Population. Am J Prev Med. 2019;56(6):844–51.
38. Weykamp C. HbA1c: a review of analytical and clinical aspects. Ann Lab
Med. 2013;33(6):393–400.
39. St Sauver JL, Hagen PT, Cha SS, Bagniewski SM, Mandrekar JN, Curoe AM,
Rodeheffer RJ, Roger VL, Jacobsen SJ. Agreement between patient reports
of cardiovascular disease and patient medical records. Mayo Clin Proc. 2005;
80(2):203–10.
40. Margolis KL, Lihong Q, Brzyski R, Bonds DE, Howard BV, Kempainen S, Simin
L, Robinson JG, Safford MM, Tinker LT, et al. Validity of diabetes self-reports
in the Women’s Health Initiative: comparison with medication inventories
and fasting glucose measurements. Clin Trials. 2008;5(3):240–7.
41. Qiao Y, Liu S, Li G, Lu Y, Wu Y, Ding Y, Ke C. Role of depressive symptoms in
cardiometabolic diseases and subsequent transitions to all-cause mortality:
an application of multistate models in a prospective cohort study. Stroke
Vasc Neurol. 2021;svn-2020-000693. https://doi.org/10.1136/svn-2020000693.
42. Ayers E, Verghese J. Motoric cognitive risk syndrome and risk of mortality in
older adults. Alzheimers Dement. 2016;12(5):556–64.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

