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Abstract
We investigated whether ethnic differences in handgrip strength, a marker of poor muscle

strength and quality, is a potential cause of ethnic disparities in type 2 diabetes mellitus. We

included 2086 Dutch, 2216 South Asian Surinamese, 2084 African Surinamese, 1786 Gha-

naian, 2223 Turkish and 2199 Moroccan origin participants from the HELIUS study. We

analyzed ethnic differences in handgrip strength, and its association with type 2 diabetes

mellitus using logistic regression analyses adjusted for socio-demographic factors, body

composition and lifestyle factors. Additionally, we investigated whether handgrip strength

explained the ethnic differences in type 2 diabetes mellitus. We found that handgrip strength

differed significantly across ethnic groups. After full adjustment, we found an inverse associ-

ation with type 2 diabetes mellitus (OR 0.95; 95% CI 0.92–0.97) that did not differ substan-

tially between ethnic groups, men and among women, and lean and overweight individuals.

The association was not affected by the measure used to define type 2 diabetes mellitus,

but was attenuated by exclusion of people with known diabetes. The ethnic differences in

type 2 diabetes mellitus were not explained by handgrip strength (e.g. the OR for the South

Asian Surinamese vs. Dutch changed from 5.03; 3.69–6.68 to 4.87; 3.57–6.65). In conclu-

sion, we found large ethnic differences in handgrip strength and a consistent association of

low handgrip strength with prevalent type 2 diabetes mellitus. This suggests that handgrip

strength may be investigated as a target for intervention or a marker to identify people at

risk of type 2 diabetes mellitus.

Introduction
Given the association of type 2 diabetes mellitus with high morbidity and mortality, the persis-
tent expansion of the type 2 diabetes mellitus epidemic is a major public health challenge [1–
4]. Studies show that specific ethnic groups are disproportionally affected by type 2 diabetes
mellitus even when exposed to similar environmental challenges [5–8]. For instance, in a study
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in the Netherlands, the prevalence of type 2 diabetes mellitus in South-Asian Surinamese, Afri-
can Surinamese and Dutch origin participants was 25.6%, 12.7% and 6.8% respectively [8].
These ethnic differences can only in part be explained by conventional risk factors, such as obe-
sity. Therefore, other risk factors may contribute to the complex development of type 2 diabetes
mellitus and could possibly support the early detection and prevention of the disease.

Previous studies have shown that handgrip strength, a marker of muscle strength and qual-
ity is a risk factor for mortality due to cardiovascular disease, type 2 diabetes mellitus and other
diseases [9–15]. In addition, studies have demonstrated an association between muscle mass
and muscle function and the glucose metabolism [16–18]. Resistance exercise training to
increase muscle mass and improve muscle function has been shown to enhance insulin action
in skeletal muscle, improve glucose tolerance, and decrease glycated hemoglobin concentra-
tions [16].

However, as has recently been stressed by others [15], little evidence on the association of
handgrip strength with type 2 diabetes mellitus is available from populations with varying eth-
nic backgrounds in different settings within one region or country. The available evidence is
mainly from North American studies on Hispanic, African Americans or American Japanese
populations [11, 12, 14, 19]. Evidence on the association in other high risk populations, such as
those of South-Asian, Turkish and Moroccan origin, is lacking [15, 19]. How ethnicity may
affect this association seems particularly important as handgrip strength may differ signifi-
cantly across ethnic groups [20]. Handgrip strength could, therefore, possibly explain ethnic
differences in the prevalence of diabetes type 2. Evidence for this association could provide a
lead for preventive interventions in high-risk populations or input for algorithms to identify
people at risk of type 2 diabetes mellitus.

The aim of this study is therefore to investigate the association between handgrip strength
and type 2 diabetes mellitus in a population-based sample of 18–70 year old men and women
of six ethnic origins, living in Amsterdam the Netherlands. We will first describe the differ-
ences in handgrip strength between Dutch, South-Asian Surinamese, African Surinamese,
Ghanaian, Turkish and Moroccan origin groups. Secondly, we will determine the association
of handgrip strength with type 2 diabetes mellitus and whether this association is similar across
ethnic groups. Finally, we will determine to what extent handgrip strength is associated with
ethnic differences in type 2 diabetes mellitus.

Materials and Methods
The current study is based on baseline data from the HELIUS (Healthy Life in an Urban Set-
ting) study. The aims and design of the HELIUS study have been described before [21]. In
brief, HELIUS is a large-scale prospective cohort study, which aims to unravel the causes of the
unequal burden of disease among the largest ethnic groups in Amsterdam. The study started in
2011 and is carried out by the Academic Medical Center (AMC) Amsterdam and the Public
Health Service of Amsterdam. Subjects were randomly sampled, stratified by ethnicity, from
those aged 18–70 years listed in the AmsterdamMunicipal Register [21, 22]. Data were col-
lected by questionnaire and a physical examination, and biological samples were obtained dur-
ing the physical examination. The study protocols were approved by the AMC Ethical Review
Board, and all participants provided written informed consent.

Study population
Baseline data collection is still on going. For the present analysis, we used the baseline data col-
lected until June 2014, including 13316 participants for whom both questionnaire and physical
examination data were available. Individuals with an unknown Surinamese origin or
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unknown/other ethnicity (n = 251) were excluded from our sample. Individuals with missing
data on handgrip strength (n = 339) or type 2 diabetes mellitus (n = 74) were also excluded.
Moreover, we excluded 58 people with a body fat percentage< 4% as this was considered a
likely measurement error [23]. This resulted in a total study sample of 12.594 individuals: 2086
Dutch, 2216 South Asian Surinamese, 2084 African Surinamese, 1786 Ghanaian, 2223 Turkish
and 2199 Moroccan origin participants.

Measures and Definitions
Ethnicity. Ethnicity was defined according to the country of birth of the participant as

well as that of his/her parents [21, 22]. Specifically, a participant is considered as of non-Dutch
ethnic origin if he/she fulfils either of the following criteria: 1) he or she was born abroad and
has at least one parent born abroad (first generation); or 2) he or she was born in the Nether-
lands but both his/her parents born abroad (second generation, [22]). The Surinamese group
was further classified according to self-reported ethnic origin into ‘African’, ‘South Asian’, or
other. Participants were considered of Dutch ethnicity if they and both parents were born in
the Netherlands.

Type 2 diabetes mellitus. Prevalent type 2 diabetes mellitus was determined according
self-reported physician diagnosis and/or or use of anti-diabetic medication and/or a fasting
glucose level of�7.0 mmol/L (53 mmol/mol,[24]).

Handgrip Strength. Handgrip strength was assessed using a Citec handheld dynamome-
ter (CIT Technics, Haren, the Netherlands). Subjects were seated in a chair without armrests
and asked to sit up straight with their arms hanging loosely at their sides. On a verbal sign, sub-
jects were asked to squeeze the handle as hard as possible. Two measurements of strength (in
Newton) of both hands were taken with an interval of 1 minute. The highest of these four mea-
surements was used in our analysis.

Other Factors. Data on body composition were obtained by measurement of height, body
weight, hip circumference and waist circumference. These measurements were obtained in
duplicate and the mean was used for analysis. However, a third measurement was taken if the
difference between the two measurements was greater than 0.5 cm (height), 0.5 kg (weight), or
1.0 cm (hip and waist circumference). In that case the mean of the two measurements that
were closest together was calculated. We calculated BMI as weight/height2, and waist-hip ratio
as waist circumference/hip circumference. In addition, Body fat percentage (BFP) was assessed
using arm-to-leg bioelectrical impedance analysis measuring impedance, resistance and reac-
tance in Ohm at 50 Hz using a Bodystat 1500 analyzer (Bodystat Ltd, Isle of Man, UK). BFP
was calculated using the proposed formula by Kyle et al [25].

Education was classified by the highest obtained educational degree in the Netherlands or
the country of origin as: ‘No school’ (never been to school or elementary schooling only),
‘Lower education’ (lower vocational schooling or lower secondary schooling), ‘Intermediate
education’ (intermediate vocational schooling or intermediate/higher secondary schooling) or
‘Higher education’ (higher vocational schooling or university).

Smoking was reported as current smoking or non-smoking.
Alcohol use was based on the first two questions of the Alcohol Use Disorders Identification

Test (AUDIT): “How often do you drink alcoholic beverages?”, and “How many glasses of
alcohol do you drink on a typical day that you drink?”. We used these two questions to classify
alcohol use as ‘Abstinate’, ‘Moderate drinking’ (on average a maximum of 2 units alcohol a
day, never more than 6 units a day) and ‘Excessive drinking’ (on average more than 2 units
alcohol a day or more than 6 units a day).
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Physical activity score was assessed with the Short Questionnaire to Assess Health-Enhanc-
ing Physical Activity (SQUASH) that has been validated in European-Dutch populations and
has been used previously in multi-ethnic populations [26, 27]. The resulting SQUASH score
(min/week) was divided into quartiles.

Statistical analyses
The characteristics of our study population were reported as mean values with standard devia-
tions for continuous variables and percentages for categorical variables. The mean handgrip
strength was calculated separately for men and women [10–12, 14]. We used logistic regression
to analyze the association between handgrip strength and type 2 diabetes mellitus, adjusted for
socio-demographic variables (age, sex, ethnicity, height (as a proxy of childhood circumstances
[28]) and education; Model 1). We report the association for every 10-point (in Newton)
increase of handgrip strength. In Model 2 we further adjusted for BMI, percentage body fat,
waist circumference and waist-hip ratio, hypothesizing that each variable discloses distinctive
information on different aspects of body composition. We then added lifestyle factors (physical
activity, smoking and alcohol use) in Model 3. In Model 4, we subsequently examined whether
ethnicity modified the relationship between handgrip strength and type 2 diabetes mellitus by
including an interaction term for ethnicity�handgrip strength into the model. The Likelihood
Ratio test was used to assess interaction.

We performed several sensitivity analyses. First, we examined the consistency of the associa-
tions in subsets of the population in Models 5–8; men only, women only, to assess whether
there would not only be a difference in mean handgrip strength but also a difference in associa-
tion [10, 11, 13]. Normal weight (BMI = /< 25 kg/m2) or overweight (BMI> 25 kg/m2), to
enable the comparison of findings with previous studies that have found association in specific
subgroups (e.g. study among men [11, 12] or association among lean people only [14]). We
also assessed interaction with Likelihood Ratio tests. Second, we repeated the analysis with type
2 diabetes mellitus defined by HbA1c in Model 9. Third, we repeated the analyses with newly
identified diabetes, i.e. after excluding all people with self-reported type 2 diabetes mellitus
hypothesizing that duration of type 2 diabetes mellitus could influence the association (Model
10).

Finally, we used logistic regression analysis to calculate the fully adjusted ethnic differences
in type 2 diabetes mellitus. We examined to what extent handgrip strength explained ethnic
differences by comparing the estimates of this model with the estimates of the model that addi-
tionally included handgrip strength. We considered a change of>10% in the odds ratio (OR)
as potentially relevant.

All analyses were performed with SAS version 9.2 (SAS Institute Inc., Cary, NC, USA). A p
value� 0.05 was considered statistically significant.

The data underlying the analyses are available from the HELIUS study Executive Board. For
details, we refer to http://www.heliusstudy.nl/nl/researchers/collaboration/.

Results
The mean age was lowest among Moroccan participants and highest among the African Suri-
namese (Table 1). On average 42% of the participants were men. Education was highest in the
Dutch origin population (60.2% attained higher education) and lowest in the Turkish popula-
tion (34.2% reported no schooling). Body composition also varied across ethnic groups. BMI
and waist circumference were highest in Turkish participants and BFP in Moroccan partici-
pants, while the Dutch participants had the lowest mean on all of these three variables. In all
ethnic groups, the mean handgrip strength was higher for men than for women. Handgrip
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strength differed significantly between the ethnic groups (ANOVA p< 0.05). Among both
sexes, handgrip strength was higher among Dutch than among the other ethnic groups. The
lowest handgrip strength was found among South-Asian Surinamese men and women. Finally,
we found that the prevalence of type 2 diabetes mellitus differed across the ethnic groups, rang-
ing from 3.7% in the Dutch origin population to 19.5% in the South-Asian Surinamese
(Table 1).

In all ethnic groups, handgrip strength was higher in the group without type 2 diabetes mel-
litus than in the group with type 2 diabetes mellitus (S1 Fig). After adjusting for socio-demo-
graphic factors, a ten point Newton increase in handgrip strength was associated with a 0.95
(95% CI: 0.93–0.97) lower odds of type 2 diabetes mellitus (Table 2, Model 1). Further

Table 1. Characteristics of the study population.

Dutch South Asian
Surinamese

African
Surinamese

Ghanaian Turkish Moroccan

N/mean %/sd N/mean %/sd N/mean %/sd N/mean %/sd N/mean %/sd N/mean %/sd

N = 2086 16.1 2216 17.6 2084 16.5 1786 14.2 2223 17.7 2199 17.5

Mean age (years) 46.5 14.0 45.9 13.1 47.7 12.5 45.3 11.1 40.4 12.0 40.3 12.9

Sex (men) 960 46.0 991 44.7 754 36.2 730 40.9 1021 45.9 844 38.4

Education*- No school 62 3.0 352 16.0 148 7.2 529 30.2 755 34.2 732 33.6

Education* - Lower 302 14.6 745 33.8 716 34.6 675 38.5 544 24.7 396 18.2

Education*-Intermediate 462 22.3 628 28.5 726 35.1 439 25.0 606 27.4 699 32.1

Education*- Higher 1250 60.2 480 21.8 478 23.1 110 6.3 303 13.7 350 16.1

Mean BMI (kg/m2) 24.7 4.1 26.4 4.8 27.9 5.6 28.4 4.9 28.7 5.8 27.6 5.2

Mean Waist circumference (cm) 89.2 12.6 91.8 12.8 92.8 13.9 93.3 12.1 94.6 14.0 92.9 13.4

Mean BFP 29.0 7.4 32.1 8.3 32.5 8.8 32.5 8.9 32.2 8.3 32.9 8.5

Mean WHR 0.89 0.09 0.93 0.09 0.90 0.08 0.91 0.08 0.91 0.09 0.89 0.09

Mean height (in cm) 175.4 9.6 164.3 9.3 168.3 8.8 165.7 7.9 165.2 9.4 166.0 9.1

Alcohol use † - Abstinate 127 6.1 792 36 515 24.8 610 34.5 1504 68.2 1838 83.9

Alcohol use † - Moderate 1260 60.5 1302 59 1436 69.2 1067 60.4 672 30.5 344 15.7

Alcohol use † - Excessive 697 33.5 112 5 123 5.9 90 5.1 30 1.4 9 0.4

Current smoking 523 25.1 623 28 640 30.8 81 4.6 755 34.1 285 13.0

Activity‡-Lowest quartile 193 9.3 495 22 377 18.1 570 31.9 831 37.5 678 30.9

Activity‡-25 to50th percentile 495 23.7 584 26 521 25.0 397 22.2 544 24.5 603 27.5

Activity‡-50 to75th percentile 809 38.8 595 27 555 26.7 305 17.1 405 18.3 474 21.6

Activity‡-Highest quartile 588 28.2 539 24 628 30.2 513 28.7 438 19.8 442 20.1

Mean HGS Among men 143.5 34.0 121.6 30.6 137.0 36.3 124.1 35.1 137.2 34.3 141.1 34.3

Mean HGS Among women 87.6 21.6 68.0 18.6 80.0 22.9 76.8 23.6 76.8 22.4 78.5 20.8

Type 2 diabetes mellitus§ 77 3.69 432 19.49 254 12.19 219 12.26 236 10.62 252 11.46

SD = standard deviation; BMI = body mass index; BFP = Body fat percentage measured with bioelectrical impedance [24]; WHR = waist-hip ratio;

HGS = handgrip strength, the highest measurement of handgrip strength (in Newton)

* Highest obtained educational degree: ‘No school’ (never been to school or elementary schooling only), ‘Lower education’ (lower vocational schooling or

lower secondary schooling), ‘Intermediate education’ (intermediate vocational schooling or intermediate/higher secondary schooling) or ‘Higher education’

(higher vocational schooling or university)

† Alcohol use based on the first two questions of the Alcohol Use Disorders Identification Test (AUDIT), classified as ‘Abstinate, ‘Moderate drinking’ (on

average a maximum of 2 units alcohol a day, never more than 6 units a day) and ‘Excessive drinking’ (on average more than 2 units alcohol a day or more

than 6 units a day)

‡ Physical activity score (min/week) assessed with the Short Questionnaire to Assess Health-Enhancing Physical Activity (SQUASH)

§Type 2 diabetes mellitus determined by a self-reported physician diagnosis, medication use or a fasting glucose level of �7.0 mmol/L (53 mmol/mol).

doi:10.1371/journal.pone.0137739.t001
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adjustment for body composition and lifestyle factors only minimally changed this association
(Models 2 and 3). Moreover, we did not find evidence for a difference in the association by eth-
nicity (Model 4).

The estimated association between handgrip strength and type 2 diabetes mellitus did not
differ substantially between men and women (Table 2), despite the interaction being significant
(p = 0.0269). The association also appeared similar when we studied only overweight or only
normal weight subjects (Models 7 and 8; interaction BMI p = 0.6645). Moreover, the analyses
with HbA1c defined type 2 diabetes mellitus were in line with the analysis based on fasting
plasma glucose (Model 9). However, exclusion of all people with known type 2 diabetes melli-
tus attenuated the estimated association between handgrip strength and type 2 diabetes melli-
tus (OR 0.99, 95% CI: 0.94–1.04; Table 2, Model 10).

Finally, ethnic differences in type 2 diabetes mellitus were not explained by adjustment for
handgrip strength (Table 3). For instance, the odds ratio for South-Asian Surinamese versus
the Dutch changed from 5.03 (95% CI 3.69–6.86) in the fully adjusted model to 4.87 (95% CI
3.57–6.65) after adjustment for handgrip strength. The changes in the association for the other
ethnicities showed a similar pattern.

Discussion
The ethnic differences in hand grip strength in our study and the consistent finding of an asso-
ciation with type 2 diabetes mellitus among all ethnic groups, among both sexes, and among
lean and overweight individuals suggests that handgrip strength may be a relevant marker to

Table 2. The association of maximum handgrip strength and type 2 diabetes mellitus.

OR 95%-CI

Total population Model 1: Adjusted for age, sex, ethnicity, height and education 0.95 0.93 0.97

Model 2: Model 1 + BMI, percentage bodyfat, waist circumference and waist-hip ratio 0.95 0.92 0.97

Model 3: Model 2 + physical activity score, smoking and alcohol use 0.95 0.92 0.97

Model 4: Model 3 + interaction by ethnicity

Dutch 1 *

South Asian Surinamese 0.97 0.90 1.04

African Surinamese 0.95 0.88 1.02

Ghanaian 1.01 0.93 1.09

Turkish 0.96 0.89 1.04

Moroccan 0.97 0.90 1.05

Within subset of population Model 5: Model 3 in Men 0.98 0.95 1.01*

Model 6: Model 3 in Women 0.91 0.87 0.95

Model 7: Model 3 in BMI � 25 kg/m2 0.96 0.90 1.02*

Model 8: Model 3 in BMI > 25 kg/m2 0.94 0.92 0.97

With alternative outcomes Model 9: Model 3 with HbA1c-defined type 2 diabetes mellitus† 0.97 0.94 1.99

Model 10: Model 3 with Newly identified type 2 diabetes mellitus only‡ 0.99 0.94 1.04

BMI = body mass index; OR = odds ratio given for every 10 Newton increase in handgrip strength, with type 2 diabetes mellitus determined by a self-

reported physician diagnosis, medication use or a fasting glucose level of �7.0 mmol/L (53 mmol/mol); CI = confidence interval; p-value: p value of the

likelihood ratio test for handgrip strength

* p-value of the likelihood ratio test for the interaction by ethnicity was non-significant, by sex p = 0.0269 and by BMI (continuous) p = 0.6645. For sex and

BMI the stratified analyses are shown in the table.

† HbA1c-defined type 2 diabetes mellitus

‡Participants with self-reported diabetes excluded.

doi:10.1371/journal.pone.0137739.t002
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investigate further among high-risk populations. For instance, since handgrip strength is a
non-invasive, low-cost measure, it may be a useful marker to help identify people at risk of
type 2 diabetes mellitus in clinical or public health practice. Moreover, if the consistency and
causality of the association is confirmed, muscle mass and muscle strength may potentially be a
target for risk reduction in multi-ethnic populations at high-risk of type 2 diabetes mellitus
through focused training [16]. We focused only on the static measure of handgrip strength.
The dynamic measure involving training and improvement of muscle mass and muscle quality
was not part of our study, but shows enhancement of insulin sensitivity and improvement of
body fat composition [16].

However, the value of strategies for risk stratification or the prevention of type 2 diabetes
mellitus in multi-ethnic populations remains to be determined. Importantly, our results also
show that a focus on handgrip strength alone may not reduce the disparities between groups.

We found that the mean handgrip strength varied widely across ethnic groups. A greater
handgrip strength was associated with a lower prevalence of type 2 diabetes mellitus in all eth-
nic groups with no difference in association across the ethnic groups. Further analyses within
subsets of the population did not significantly change our results. However, exclusion of people
with known type 2 diabetes mellitus did attenuate the association. Finally, despite ethnic differ-
ences in handgrip strength and an association of handgrip strength with type 2 diabetes melli-
tus, we found that these differences in handgrip strength did not explain the differences in the
prevalence of type 2 diabetes mellitus across ethnic groups.

Our finding of large differences in handgrip strength between ethnic groups seemed in line
with a previous study [20]. However, while in our study particularly South-Asian Surinamese
men and women had a low handgrip strength as compared to their Dutch counterparts, previ-
ous work only included people of Hispanic, African American and European origin. Moreover,
African Americans had a higher handgrip strength compared to people of European origin,
while in our study the groups of African origin (African Surinamese and Ghanaian) did not
have a greater handgrip strength than their Dutch counterparts. The differences between ethnic
groups and between studies may not only reflect differences predisposition, but also differences
in environmental or lifestyle influences (e.g. through epigenetics [29]).

Despite the differences between ethnic groups, the differences between men and women
within the groups were consistent in both studies and also in line with previous studies that
showed large variations between the two sexes [10, 11, 13].

Table 3. Ethnic differences in type 2 diabetesmellitus, adjusted for known risk factors and handgrip strength.

Fully adjusted* Fully adjusted* + handgrip strength

OR 95%-CI OR 95%-CI

Dutch 1.00 1.00

South Asian Surinamese 5.03 3.69 6.86 4.87 3.57 6.65

African Surinamese 2.72 2.01 3.68 2.69 1.99 3.65

Ghanaian 2.92 2.11 4.05 2.82 2.03 3.91

Turkish 2.57 1.81 3.66 2.58 1.81 3.67

Moroccan 3.29 2.33 4.65 3.35 2.37 4.72

OR = odds ratio for type 2 diabetes mellitus determined by a self-reported physician diagnosis, medication use, or a fasting glucose level of �7.0 mmol/L

(53 mmol/mol); CI = confidence interval

*Adjusted for age, sex, ethnicity, height and education, BMI, waist circumference, waist-hip ratio, percentage body fat, physical activity score, smoking

and alcohol use.

doi:10.1371/journal.pone.0137739.t003
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The association between maximum handgrip strength and type 2 diabetes mellitus among
different ethnic groups living in the same country has not been studied extensively. However,
the negative association in our multiethnic population seems in line with the recently reported
association of the maximum HGS with incident diabetes in the cross-country comparative
PURE study [30]. The negative association of handgrip strength and type 2 diabetes mellitus
among both men and women in our study seems consistent with the finding in previous studies
that muscle quality is lower in men and women with diabetes than those without diabetes, and
that lower grip strength is associated with a higher cardiovascular mortality [10, 11, 13–15, 19].
Our findings also are also consistent with a prospective study among Japanese Americans that
reported an association between a higher handgrip strength and a lower risk of developing type
2 diabetes mellitus over the course of 10 years, in particular among lean individuals [14]. In
contrast to that study, we did not find evidence for a different association among normal
weight as compared with overweight individuals. We hypothesize that this may be because, in
the long term, the enduring negative effect of overweight overshadows the potential benefit of a
great handgrip strength, particularly showing in new onset of type 2 diabetes mellitus that the
Japanese study focused on, and less in the prevalence that our study focused on.

One important limitation of our study is that, due to the cross sectional design of our study,
we were not able to study the temporal association between handgrip strength and new onset
of type 2 diabetes mellitus as was done in previous studies [14, 30]. However, we did evaluate
whether exclusion of those with known type 2 diabetes mellitus affected the analyses. Although
the effect on the reported association may simply reflect an effect on the power of the analyses,
it could also imply a lack of a causal relation in our population. Those with known type 2 diabe-
tes mellitus were arguably the cases with longer diabetes duration. Park et al. found that a lon-
ger duration of diabetes or poor glycemic control were with poorer muscle quality [11]. In
addition to being insulin insensitive, excess visceral adipose tissue up-regulates the inflamma-
tory response [31, 32] which may lead to catabolism and may consequently contribute to fur-
ther decline in muscle mass and quality. This emphasizes the importance of further work in
multi-ethnic populations living under similar circumstances with more specific, mechanistic
analyses in a longitudinal setting.

A second limitation of our results is the measurements used in our study. We used a single
measurement of fasting plasma glucose and HbA1c to define type 2 diabetes mellitus. Although
our definition was based on the WHO criteria and is in line with previous epidemiological
studies, we may have missed cases that would have been identified if an oral glucose tolerance
test had been used [24, 33]. Because the overlap between measures may vary between ethnic
groups the relative differences between groups may have been attenuated [34, 35].

Furthermore, several of the measures were (partially) defined based on self-reported data.
Self-reported data are subject to recall bias and may be affected by social desirability. For
instance, the self-reported physical activity may not fully capture differences in activity pat-
terns, duration and intensity [27]. This may be relevant as exercise is associated with a greater
handgrip strength and at the same time improves glycemic control and lowers visceral adipose
tissue [36]. Additionally, as in previous epidemiological studies, we were not able to include
measures reflecting the different types of fat, e.g. the amount of visceral and subcutaneous adi-
pose tissue. Several more complex methods are necessary to measure these, such as magnetic
resonance images, computed tomography, and dual-energy X-ray absorptiometry [37–40].
This omission may have led to incomplete adjustment and to overestimation of the associa-
tions in the study.
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Conclusions
In conclusion, we found large ethnic differences in handgrip strength, a marker of muscle
strength and muscle quality. A lower handgrip strength was consistently associated with a
higher prevalence of type 2 diabetes mellitus in all ethnic groups, but handgrip strength did not
explain ethnic differences in the prevalence of type 2 diabetes mellitus. If these findings are
confirmed in prospective studies among multi-ethnic populations, muscle strength and quality
may be considered as a possible additional target for preventive intervention or handgrip
strength as a marker to help identify people at risk of type 2 diabetes mellitus in clinical or pub-
lic health practice. Clearly, the value of such strategies should be evaluated.

Supporting Information
S1 Fig. Mean handgrip strength (in Newton) among people with or without type 2 diabetes
mellitus in the different ethnic groups, adjusted for age and sex. Errorbars indicate the 95%-
confidence interval. HGS = handgrip strength, the highest of four measurements of handgrip
strength (in Newton); Type 2 diabetes determined by a selfreported physician diagnosis, medi-
cation use or a fasting glucose level of�7.0 mmol/L (53 mmol/mol); p< 0.05 differences
between people with and without type 2 diabetes in all groups.
(TIFF)

Acknowledgments
We are most grateful to the participants of the HELIUS study and the management team,
research nurses, interviewers, research assistants and other staff who have taken part in gather-
ing the data of this study.

Author Contributions
Conceived and designed the experiments: ALFvdK IGMvVMBS. Analyzed the data: ALFvdK
IGMvVMBS. Wrote the paper: ALFvdK IGMvVMBS RJGP. Involved in the acquisition of the
data: MBS RJGP.

References
1. Chen L, Magliano DJ, Zimmet PZ. The worldwide epidemiology of type 2 diabetes mellitus—present

and future perspectives. Nat Rev Endocrinol. 2012; 8: 228–36.

2. Roglic G, Unwin N. Mortality attributable to diabetes: Estimates for the year 2010. Diabetes Res Clin
Pract. 2010; 87: 15–9. doi: 10.1016/j.diabres.2009.10.006 PMID: 19914728

3. Wild S, Roglic G, Green A, Sicree R, King H. Global Prevalence of Diabetes: Estimates for the year
2000 and projections for 2030. Diabetes Care. 2004; 27: 1047–53. PMID: 15111519

4. Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes for 2010 and 2030.
Diabetes Res Clin Pract. 2010; 87: 4–14. doi: 10.1016/j.diabres.2009.10.007 PMID: 19896746

5. Abate N, Chandalia M. The impact of ethnicity on type 2 diabetes. J Diabetes Complications. 2003; 17:
39–58. PMID: 12505756

6. Lear SA, Humphries KH, Kohli S, Chockalingam A, Frohlich JJ, Birmingham CL. Visceral adipose tis-
sue accumulation differs according to ethnic background: results of the Multicultural Community Health
Assessment Trial (M-CHAT). Am J Clin Nutr. 2007; 86: 353–9. PMID: 17684205

7. Satman I, Yilmaz T, Sengül A, Salman S, Salman F, Uygur S, et al. Population-Based Study of Diabe-
tes and Risk Characteristics in Turkey: Results of the Turkish Diabetes Epidemiology Study (TURDEP).
Diabetes Care. 2002; 25: 1551–6. PMID: 12196426

8. Bindraban N, van Valkengoed I, Mairuhu G, Holleman F, Hoekstra J, Michels B, et al. Prevalence of dia-
betes mellitus and the performance of a risk score among Hindustani Surinamese, African Surinamese
and ethnic Dutch: a cross-sectional population-based study. BMC Public Health. 2008; 8: 271. doi: 10.
1186/1471-2458-8-271 PMID: 18673544

Handgrip Strength and Type 2 Diabetes Mellitus

PLOS ONE | DOI:10.1371/journal.pone.0137739 September 14, 2015 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0137739.s001
http://dx.doi.org/10.1016/j.diabres.2009.10.006
http://www.ncbi.nlm.nih.gov/pubmed/19914728
http://www.ncbi.nlm.nih.gov/pubmed/15111519
http://dx.doi.org/10.1016/j.diabres.2009.10.007
http://www.ncbi.nlm.nih.gov/pubmed/19896746
http://www.ncbi.nlm.nih.gov/pubmed/12505756
http://www.ncbi.nlm.nih.gov/pubmed/17684205
http://www.ncbi.nlm.nih.gov/pubmed/12196426
http://dx.doi.org/10.1186/1471-2458-8-271
http://dx.doi.org/10.1186/1471-2458-8-271
http://www.ncbi.nlm.nih.gov/pubmed/18673544


9. Timpka S, Petersson I, Zhou C, Englund M. Muscle strength in adolescent men and risk of cardiovascu-
lar disease events and mortality in middle age: a prospective cohort study. BMCMed. 2014; 12: 62. doi:
10.1186/1741-7015-12-62 PMID: 24731728

10. Gale CR, Martyn CN, Cooper C, Sayer AA. Grip strength, body composition, and mortality. Int J Epide-
miol. 2007; 36: 228–35. PMID: 17056604

11. Park SW, Goodpaster BH, Strotmeyer ES, de Rekeneire N, Harris TB, Schwartz AV, et al. Decreased
Muscle Strength and Quality in Older Adults With Type 2 Diabetes: The Health, Aging, and Body Com-
position Study. Diabetes. 2006; 55: 1813–8. PMID: 16731847

12. Rantanen T, Volpato S, Luigi Ferrucci MD, Eino Heikkinen MD, Fried LP, Guralnik JM. Handgrip
Strength and Cause-Specific and Total Mortality in Older DisabledWomen: Exploring the Mechanism.
J AmGeriatr Soc. 2003; 51: 636–41. PMID: 12752838

13. Sasaki H, Kasagi F, Yamada M, Fujita S. Grip Strength Predicts Cause-Specific Mortality in Middle-
Aged and Elderly Persons. Am J Medicine. 2007; 120: 337–42.

14. 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. Diabe-
tes Res Clin Pract. 2011; 92: 261–4. doi: 10.1016/j.diabres.2011.01.007 PMID: 21281974

15. Lopez-Jaramillo P, Cohen DD, Gómez-Arbeláez D, Bosch J, Dyal L, Yusuf S, et al. Association of hand-
grip strength to cardiovascular mortality in pre-diabetic and diabetic patients: A subanalysis of the ORI-
GIN trial. Int J Cardiol. 2014; 174:458–61. doi: 10.1016/j.ijcard.2014.04.013 PMID: 24768457

16. Tresierras MA, Balady GJ. Resistance Training in the Treatment of Diabetes and Obesity: Mechanisms
and Outcomes. J Cardiopulm Rehabil Prev. 2009; 29: 67–75. doi: 10.1097/HCR.0b013e318199ff69
PMID: 19305230

17. Castaneda C, Layne JE, Munoz-Orians L, Gordon PL, Walsmith J, Foldvari M, et al. A Randomized
Controlled Trial of Resistance Exercise Training to Improve Glycemic Control in Older Adults With Type
2 Diabetes. Diabetes Care. 2002; 25: 2335–41. PMID: 12453982

18. Baldi JCS, Snowling N. Resistance Training Improves Glycaemic Control in Obese Type 2 Diabetic
Men. Int J Sports Med. 2003; 24: 419–23. PMID: 12905089

19. Artero EG, Lee D-c, Lavie CJ, España-Romero V, Sui X, Church TS, et al. Effects of Muscular Strength
on Cardiovascular Risk Factors and Prognosis. J Cardiopulm Rehabil Prev. 2012; 32: 351–8. doi: 10.
1097/HCR.0b013e3182642688 PMID: 22885613

20. Haas SA, Krueger PM, Rohlfsen L. Race/Ethnic and Nativity Disparities in Later Life Physical Perfor-
mance: The Role of Health and Socioeconomic Status Over the Life Course. J Gerontol B Psychol Sci
Soc Sci. 2012; 67B: 238–48.

21. Stronks K, Snijder M, Peters R, Prins M, Schene A, Zwinderman A. Unravelling the impact of ethnicity
on health in Europe: the HELIUS study. BMC Public Health. 2013; 13: 402. doi: 10.1186/1471-2458-
13-402 PMID: 23621920

22. Stronks K, Kulu-Glasgow I, Agyemang C. The utility of ‘country of birth’ for the classification of ethnic
groups in health research: the Dutch experience. Ethn Health. 2009; 14: 255–69. doi: 10.1080/
13557850802509206 PMID: 19052941

23. Friedl KE, Moore RJ, Martinez-Lopez LE, Vogel JA, Askew EW, Marchitelli LJ, et al. Lower limit of body
fat in healthy active men. J Appl Physiol. 1994; 77: 933–40. PMID: 8002550

24. World Health Organization. Definition and Diagnosis of Diabetes Mellitus and Intermediate Hypergly-
caemia. 2006 Jan. Available: http://apps.who.int/iris/bitstream/10665/43588/1/9241594934_eng.pdf.
Accessed 2015 Aug 28.

25. Kyle UG, Genton L, Karsegard L, Slosman DO, Pichard C. Single prediction equation for bioelectrical
impedance analysis in adults aged 20–94 years. Nutrition. 2001; 17: 248–53. PMID: 11312069

26. Wendel-Vos GCW, Schuit AJ, Saris WHM, Kromhout D. Reproducibility and relative validity of the short
questionnaire to assess health-enhancing physical activity. J Clin Epidemiol. 2003; 56: 1163–9. PMID:
14680666

27. de Munter J, van Valkengoed I, Stronks K, Agyemang C. Total physical activity might not be a good
measure in the relationship with HDL cholesterol and triglycerides in a multi-ethnic population: a cross-
sectional study. Lipids Health Dis. 2011; 10: 223. doi: 10.1186/1476-511X-10-223 PMID: 22128756

28. Silventoinen K, Lahelma E, Rahkonen O. Social background, adult body-height and health. Int J Epide-
miol. 1999; 28: 911–8. PMID: 10597991

29. Kuzawa CW, Sweet E. Epigenetics and the embodiment of race: Developmental origins of US racial
disparities in cardiovascular health. Am J Hum Biol. 2009; 21: 2–15. doi: 10.1002/ajhb.20822 PMID:
18925573

Handgrip Strength and Type 2 Diabetes Mellitus

PLOS ONE | DOI:10.1371/journal.pone.0137739 September 14, 2015 10 / 11

http://dx.doi.org/10.1186/1741-7015-12-62
http://www.ncbi.nlm.nih.gov/pubmed/24731728
http://www.ncbi.nlm.nih.gov/pubmed/17056604
http://www.ncbi.nlm.nih.gov/pubmed/16731847
http://www.ncbi.nlm.nih.gov/pubmed/12752838
http://dx.doi.org/10.1016/j.diabres.2011.01.007
http://www.ncbi.nlm.nih.gov/pubmed/21281974
http://dx.doi.org/10.1016/j.ijcard.2014.04.013
http://www.ncbi.nlm.nih.gov/pubmed/24768457
http://dx.doi.org/10.1097/HCR.0b013e318199ff69
http://www.ncbi.nlm.nih.gov/pubmed/19305230
http://www.ncbi.nlm.nih.gov/pubmed/12453982
http://www.ncbi.nlm.nih.gov/pubmed/12905089
http://dx.doi.org/10.1097/HCR.0b013e3182642688
http://dx.doi.org/10.1097/HCR.0b013e3182642688
http://www.ncbi.nlm.nih.gov/pubmed/22885613
http://dx.doi.org/10.1186/1471-2458-13-402
http://dx.doi.org/10.1186/1471-2458-13-402
http://www.ncbi.nlm.nih.gov/pubmed/23621920
http://dx.doi.org/10.1080/13557850802509206
http://dx.doi.org/10.1080/13557850802509206
http://www.ncbi.nlm.nih.gov/pubmed/19052941
http://www.ncbi.nlm.nih.gov/pubmed/8002550
http://apps.who.int/iris/bitstream/10665/43588/1/9241594934_eng.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11312069
http://www.ncbi.nlm.nih.gov/pubmed/14680666
http://dx.doi.org/10.1186/1476-511X-10-223
http://www.ncbi.nlm.nih.gov/pubmed/22128756
http://www.ncbi.nlm.nih.gov/pubmed/10597991
http://dx.doi.org/10.1002/ajhb.20822
http://www.ncbi.nlm.nih.gov/pubmed/18925573


30. Leong DP, Teo KK, Rangarajan S, Lopez-Jaramillo P, Avezum A Jr, Orlandini A, et al. Prognostic value
of grip strength: findings from the Prospective Urban Rural Epidemiology (PURE) study. Lancet. 2015;
386: 266–73. doi: 10.1016/S0140-6736(14)62000-6 PMID: 25982160

31. Despres J-P, Lemieux I. Abdominal obesity and metabolic syndrome. Nature. 2006; 444: 881–7. PMID:
17167477

32. Ibrahim MM. Subcutaneous and visceral adipose tissue: structural and functional differences. Obes
Rev. 2010; 11: 11–8. doi: 10.1111/j.1467-789X.2009.00623.x PMID: 19656312

33. Seino Y, Nanjo K, Tajima N, Kadowaki T, Kashiwagi A, Araki E, et al. The committee of the japan diabe-
tes society on the diagnostic criteria of diabetes mellitus: report of the committee on the classification
and diagnostic criteria of diabetes mellitus. J Diabetes Invest. 2010; 1:213–228.

34. Vlaar E, Admiraal W, Busschers W, Holleman F, Nierkens V, Middelkoop B, et al. Screening South
Asians for type 2 diabetes and prediabetes: (1) comparing oral glucose tolerance and haemoglobin
A1c test results and (2) comparing the two sets of metabolic profiles of individuals diagnosed with these
two tests. BMC Endocr Disord. 2013; 13: 8. doi: 10.1186/1472-6823-13-8 PMID: 23442875

35. Christensen DL, Witte DR, Kaduka L, Jørgensen ME, Borch-Johnsen K, Mohan V, et al. Moving to an
A1C-Based Diagnosis of Diabetes Has a Different Impact on Prevalence in Different Ethnic Groups.
Diabetes Care. 2010; 33: 580–2. doi: 10.2337/dc09-1843 PMID: 20009099

36. Thomas D, Elliott E, Naughton G. Exercise for type 2 diabetes mellitus. Cochrane Database Syst Rev.
2006:CD002968. PMID: 16855995

37. Sobol W, Rossner S, Hinson B, Hiltbrandt E, Karstaedt N, Santago P, et al. Evaluation of a newmag-
netic resonance imaging method for quantitating adipose tissue areas. Int J Obes. 1991; 15: 589–99.
PMID: 1960010

38. Tokunaga K, Matsuzawa Y, Ishikawa K, Tarui S. A novel technique for the determination of body fat by
computed tomography. Int J Obes. 1983; 7: 437–45. PMID: 6642855

39. Stewart KJ, DeRegis JR, Turner KL, Bacher AC, Sung J, Hees PS, et al. Usefulness of Anthropometrics
and Dual-energy X-ray Absorptiometry for Estimating Abdominal Obesity Measured by Magnetic Reso-
nance Imaging in Older Men andWomen. J Cardiopulm Rehabil Prev. 2003; 23: 109–14.

40. Snijder M, van DamR, Visser M, Seidell J. What aspects of body fat are particularly hazardous and
how do we measure them? Int J Epidemiol. 2006; 35: 83–92. PMID: 16339600

Handgrip Strength and Type 2 Diabetes Mellitus

PLOS ONE | DOI:10.1371/journal.pone.0137739 September 14, 2015 11 / 11

http://dx.doi.org/10.1016/S0140-6736(14)62000-6
http://www.ncbi.nlm.nih.gov/pubmed/25982160
http://www.ncbi.nlm.nih.gov/pubmed/17167477
http://dx.doi.org/10.1111/j.1467-789X.2009.00623.x
http://www.ncbi.nlm.nih.gov/pubmed/19656312
http://dx.doi.org/10.1186/1472-6823-13-8
http://www.ncbi.nlm.nih.gov/pubmed/23442875
http://dx.doi.org/10.2337/dc09-1843
http://www.ncbi.nlm.nih.gov/pubmed/20009099
http://www.ncbi.nlm.nih.gov/pubmed/16855995
http://www.ncbi.nlm.nih.gov/pubmed/1960010
http://www.ncbi.nlm.nih.gov/pubmed/6642855
http://www.ncbi.nlm.nih.gov/pubmed/16339600

