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ABSTRACT

Introduction Grip strength has been associated with
chronic diseases and mortality. However, current evidence
of the association between grip strength and incident type
2 diabetes mellitus (T2DM) is controversial. The aim of
this study was to investigate the associations of absolute
and relative grip strength with incident T2DM and whether
these associations differ by sociodemographic, lifestyle
and adiposity-related factors.

Research design and methods This was a prospective
cohort study of 166 894 participants in the UK Biobank
(mean age 56.5 years, 54.4% women). The outcome was
T2DM incidence and the exposure was grip strength,
expressed in absolute (kg) and relative (kg per kg of body
weight) values. The association between grip strength and
T2DM incidence was investigated using Cox-proportional
regression.

Results The median follow-up was 5.3 years (IQR:
4.7-6.1). During this time, 3713 participants developed
T2DM. Lower grip strength was associated with a higher
risk of T2DM in both sexes. Those in the lowest quintile

of absolute grip strength had a 50% higher risk in men
(HR: 1.50 (95% CI: 1.30 to 1.73)) and 25% higher risk in
women (HR: 1.25 (95% CI: 1.06 to 1.47)) compared with
those in the highest quintile. For relative grip strength,
risk of diabetes was more than double for men (HR: 2.22
(95% Cl: 1.84 to 2.67)) and 96% higher for women (HR:
1.96 (95% Cl: 1.52 to 2.53)) in the lowest compared with
highest quintiles.

Conclusions Grip strength is associated with a higher risk
of T2DM incidence in both men and women independent of
important confounding factors including age, deprivation,
adiposity and lifestyle. However, the associations were
stronger when grip strength is expressed relative to body
weight, which could reflect the importance of muscle
quality.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a common
but complex disease which is associated with
elevated cardiovascular risk.! Identifying
predictors for the development of T2DM as
well as modifiable risk factors is, therefore,

" Jill P Pell,2 Naveed Sattar @ |’
Jason Martin Regnald GiII,1 Frederick K Ho

2 Stuart Robert Gray © '

Significance of this study

What is already known about this subject?

» Type 2 diabetes mellitus (T2DM) incidence has in-
creased worldwide.

» Lower grip strength has been associated with a
higher risk of T2DM and other chronic diseases.

What are the new findings?

» The association of grip strength with incident T2DM
differed if grip strength was expressed in absolute
or relative terms.

» A1 SD lower relative grip strength was associated
with a 12% and 20% higher T2DM risk in women
and men, respectively.

How might these results change the focus of

research or clinical practice?

» Assessing grip strength is a simple and cheap meth-
od that could be used in clinical practice to identify
people who have muscle weakness and therefore
have a high risk of developing T2DM.

of great interest. Several lifestyle factors such
as cardiorespiratory fitness,” physical activity®
and muscle strength® *° have been shown
to be associated with T2DM incidence and
involved in the aetiology of the disease.

Grip strength is an easy, low-cost measure-
ment that has strong clinical and prognostic
value for chronic diseases and mortality.® ”
Low levels of grip strength have been asso-
ciated with a higher risk of cardiovascular
diseases (CVDs), respiratory disease, cancer,
and premature mortality in middle age and
older adults.” Although there is increasing
evidence regarding the association between
grip strength and T2DM from prospective
studies, current evidence is controversial and
has some major limitations.” ° '%'* A recent
meta-analysis conducted by Tarp et al,” which
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included 13 prospective studies (n=1713468 partici-
pants), reported thata 1 SD higher absolute grip strength
was associated with a 13% lower risk of T2DM. This study
also highlighted the high heterogeneity between existing
studies, differences in the number of confounding factors
accounted for and a lack of sensitivity analyses to reduce
the possible effect of reverse causation. In addition, this
meta-analysis was based on summary statistics and not on
individual participant’s data, which limit its capacity to
account for confounder factors in a harmonized manner
across different studies.

This study will address these limitations by using data
from the UK Biobank, a large prospective cohort study.
The aim of this study, therefore, is to investigate the asso-
ciations between grip strength, expressed in absolute and
relative units, and incident T2DM and to explore whether
these associations differ by key sociodemographic, life-
style and adiposity-related factors.

RESEARCH DESIGN AND METHODS

Study design

At baseline, the UK Biobank recruited >502000 partici-
pants between 2006 and 2010 (5.5% response rate, men
and women were aged 37-73 years) from the general
population.'* Participants attended 1 of 22 assessment
centers across England, Wales, and Scotland.' '° At the
assessment centers, participants completed an electron-
ically signed consent, a touch screen questionnaire and
physical measurements such as hand grip measurement,
and collected biological samples, including blood, urine,
and saliva, as previously described.'® 1 Analyses for the
current study were conducted in 166894 participants of
the UK Biobank cohort, who had available records from
primary care, the exposure (grip strength) and covari-
ates. Participants with prevalent diabetes and undiag-
nosed diabetes (n=29 765), as well as those with prevalent
CVD and cancer (n=67776) at the baseline assessment,
were excluded from the study (online supplemental
figure 1).

Outcome

Incident T2DM was derived from linkage to primary care
data in UK Biobank. Records were extracted for 45%
of the UK Biobank cohort (228495 participants). The
end of coverage (extract date) was May 2017 for Scot-
land, September 2017 for Wales and August 2017 for
England. Detailed linkage procedures are available at
http://biobankndphoxacuk/showcase /showcase/docs/
primary_care_datapdf. Incident T2DM was defined as
primary care diagnosis with ICD-10 (International Clas-
sification of Diseases, 10th revision) code E11. ICD codes
were converted to read codes using UK Biobank’s look-up
table. All participants with T2DM from primary care data
and who were diagnosed before their UK Biobank base-
line assessment visit were excluded from the analyses.

Exposure

Grip strength was measured using a Jamar J00105
hydraulic hand dynamometer. Isometric grip force was
assessed from single 3s maximal grip efforts of the right
and left sides with participants seated upright with their
elbow by their side flexed at 90° so that their forearm was
facing forward and resting on an armrest. The dynamom-
eter was adjusted to the participant’s hand size. More-
over, if participants could not perform the grip strength
test due to existing health issues, then these data were
excluded from the analyses. The average value recorded
from the right and left hand was expressed in absolute
(kilograms) and relative units (kilogram of grip strength
divided by kilo%ram of body weight) and used for subse-
quent analyses.” ® 7

Covariates

Sex was self-reported at baseline, age was calculated from
date of birth and baseline assessment; ethnicity was self-
reported at baseline and was categorized as white, South
Asian, mixed, Chinese, or other. Deprivation index, an
area-based measure of socioeconomic status, was derived
from the postal code of residence by using the Townsend
deprivation score."” Education was self-reported at
baseline.

Anthropometric measurements were obtained by
trained personnel following standard operating proce-
dures and using calibrated equipment.’ Weight was
measured, without shoes and outdoor clothing, using
the Tanita BC 418 body composition analyzer. Height
was measured, without shoes, using the wall-mounted
SECA 240 height measure. Body mass index (BMI) was
calculated from weight (in kilograms) divided by square
of height (in meters). The WHO's criteria were used to
classify BMI into categories of underweight (<18.5kg/
m®), normal weight (18.5-24.9kg/m%), overweight
(25-29.9 kg/m2) and obese (=30 kg/mQ).20 Waist circum-
ference (WC) was measured midway between lowest rib
margin and the iliac crest, in a horizontal plane, using
a non-elastic SECA 200 tape measure. A WC >88cm for
women and >102 cm for men were used to define central
obesity. Further details can be found in the UK Biobank
protocol."

Smoking status was categorized into never, former, and
current. Fruit and vegetable, red meat, and processed
meat intake was recorded by using a touch screen ques-
tionnaire asking the reported frequency of consumption
at baseline. Alcohol intake was self-reported and catego-
rized into daily/almost daily, three to four times a week,
once or twice a week, one to three times a month, special
occasions only and never. Sedentary behavior was self-
reported, and a discretionary screen time variable was
derived to combine TV viewing and leisure personal
computer screen time in hours per day®' Physical
activity was based on the International Physical Activity
Questionnaire short form,” with participants reporting
the frequency and duration of walking, moderate and
vigorous activity undertaken in a typical week. Total
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physical activity was computed as the sum of walking,
moderate and vigorous activity, measured as metabolic
equivalent task (MET, hours/week). Total physical activity
<600 MET-min/week was defined as being physically inac-
tive. Sleep duration was self-reported and categorized as
short sleep <7hours/day, normal sleep 7-9hours/day
and long sleep >9 hours/day.

Prevalent diseases that were medically diagnosed were
self-reported at baseline. Additional details about these
measurements can be found in the UK Biobank online
protocol."

Statistical analysis

Cox-proportional hazard models were used to investi-
gate the associations between grip strength (in absolute
and relative units) and incident T2DM with follow-up as
the timeline variable. The results are reported as HRs
together with 95% CIs. The analyses were conducted
using a 2-year landmark period and excluded all partici-
pants with prevalent type 1 and type 2 diabetes mellitus,
unknown T2DM, CVD and cancer at baseline (n=30592).

Grip strength was treated as a continuous variable and
calculated HRs per 5 kg lower grip strength and 0.05kg/
kg lower relative grip strength, for men and women
separately. In addition, both absolute and relative grip
strength were standardized and expressed as 1 SD lower
grip strength. HRs were also calculated for age-specific
and sex-specific quintiles of absolute and relative grip
strength, with participants in the highest quintile of grip
strength used as the reference group (cut-off points are
presented in online supplemental table 1).

Moderator analyses were conducted to investigate
whether the association between grip strength and T2DM
differed by moderating factors. Therefore, Cox-regression
analyses using 5bkg and 0.05kg/kg grip strength as expo-
sures were stratified by age (£55vs >55 years), deprivation
(below and above the median), ethnicity (white, South
Asian and black participants), BMI (normal weight vs
obesity), central obesity (normal vs central obesity), and
physical activity (active vs inactive). An interaction term
between grip strength and the moderator was fitted into
the model to test whether the association between grip
strength and T2DM incidence differed by these factors.

Rate advancement periods (RAPs) were used to esti-
mate the number of additional chronological years that
would be required to yield the equivalent risk rate of
T2DM incidence among individuals in the lowest quin-
tile for grip strength compared with the highest quintile.
The coefficient of incidence for those individuals in the
lowest quintile for grip strength referent to individuals
in the highest quintile was divided by the coefficient for
incidence associated with each yearly increase in age, as
described elsewhere.”

Four models were conducted with an increasing
number of covariates: model 0 (minimally adjusted)
included age, ethnicity, deprivation index, and educa-
tion. Model 1 was adjusted as in model 0 butalso included

smoking, fruit and vegetable intake, red meat intake,
processed meat intake, alcohol intake, total sedentary
time and sleep time. Model 2 (sensitivity analyses) was
adjusted as in model 1 but also included BMI to investi-
gate whether the association of grip strength and T2DM
was independent of overall adiposity. Similarly, model 3
was adjusted for model 1 but BMI was replaced for WC
to investigate whether the associations were independent
of central adiposity. The Pearson correlation of absolute
and relative grip strength with BMI was 0.044 and -0.414,
respectively. Therefore, collinearity assumptions were
not violated when relative grip strength was adjusted for
BMI or WC in the models.

The proportional hazard assumption was checked by
tests based on Schoenfeld residuals. Statistical analyses
were performed using the statistical software STATA V.16
(StataCorp). Significance was accepted at p<0.05.

RESULTS

The analyses were conducted in 166894 (73 100 men
and 93794women) participants with full data available
for T2DM incidence, grip strength and covariables. The
median follow-up period was 5.4 years (IQR: 4.7-6.1)
after excluding the first 2years in the landmark analysis.
Over the follow-up, 3713 participants developed T2DM
(2073 men and 1640 women).

The primary cohort characteristics by grip strength
quintiles are presented in table 1. In summary, partici-
pants with the highest levels of grip strength were more
likely to be individuals with low deprivation, from a white
or black ethnic background, those with college or univer-
sity degree, overweight, previous smokers and normal
sleepers (7-9hours/day). Those in the highest quintile
of grip strength also reported a higher fruit and vege-
table intake, and total physical activity, but also had a
higher systolic blood pressure when compared with the
lowest grip strength quintile. Cohort characteristics by
sex are presented in online supplemental tables 2 and 3.

As shown in figure 1, lower grip strength was associ-
ated with a higher risk of incident T2DM for men and
women with the associations stronger when grip strength
was expressed in relative units (kg per kg of body weight).
In the minimally adjusted model (model 0), 5kg lower
grip strength was associated with an 8% higher T2DM
risk for both men and women and a 0.05kg/kg lower
relative grip strength was associated with a 10% and 15%
higher risk of T2DM for men and women, respectively
(figure 1). The magnitude and direction of the associa-
tions were similar when the analyses were adjusted for life-
style factors (model 1). However, when the analyses were
further adjusted for BMI or WG, the associations were
attenuated, although remained statistically significant.
The risk of T2DM for the fully adjusted model (model
3) was 4% and 6% higher per 5kg lower grip strength in
women and men, respectively, and per 0.05kg/kg lower
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MODEL 0 - Sociodemographic
Absolute Grip strength, per 5-kg
Relative Grip strength, per 0.05 kg/kg
Absolute Grip strength, per 1-SD
Relative Grip strength, per 1-SD
MODEL 1 - Lifestyle
Absolute Grip strength, per 5-kg
Relative Grip strength, per 0.05 kg/kg
Absolute Grip strength, per 1-SD
Relative Grip strength, per 1-SD
MODEL 2 - BMI
Absolute Grip strength, per 5-kg
Relative Grip strength, per 0.05 kg/kg
Absolute Grip strength, per 1-SD
Relative Grip strength, per 1-SD
MODEL 3 - Central adiposity
Absolute Grip strength, per 5-kg
Relative Grip strength, per 0.05 kg/kg
Absolute Grip strength, per 1-SD
Relative Grip strength, per 1-SD

.
s

HR [95% CI]
1.08 [1.03; 1.12] <0.0001
1.15[1.13; 1.16] <0.0001
1.21[1.10; 1.32] <0.0001
1.92 [1.82; 2.02] <0.0001

1.05[1.00; 1.09] 0.027
1.13[1.12; 1.15] <0.0001
1.12[1.03;1.23]  0.011
1.79 [1.70; 1.89] <0.0001

1.05[1.01; 1.09] 0.026
1.05 [1.04; 1.06] <0.0001
1.12[1.03; 1.23]  0.009
1.26 [1.18; 1.34] <0.0001

1.04 [1.00; 1.08] 0.046
1.03 [1.02; 1.05] <0.0001
1.11[1.02; 1.21] 0.017
1.12[1.05; 1.20] 0.001

p-value

0809101112131415161.71.81.92.02.122

Lower hazard Higher hazard
Men
MODEL 0 - Sociodemographic : HR[95%CI]  p-value
Absolute Grip strength, per 5-kg HEH 1.08 [1.05; 1.11] <0.0001
Relative Grip strength, per 0.05 kg/kg | 1.10 [1.09; 1.10] <0.0001
Absolute Grip strength, per 1-SD — 1.14 [1.07; 1.20] <0.0001
Relative Grip strength, per 1-SD —a— 1.77 [1.69; 1.85] <0.0001
MODEL 1 - Lifestyle
Absolute Grip strength, per 5-kg HH 1.07 [1.04; 1.10] <0.0001
Relative Grip strength, per 0.05 kg/kg | 1.09 [1.08; 1.10] <0.0001
Absolute Grip strength, per 1-SD N 1.11[1.05; 1.18] <0.0001
Relative Grip strength, per 1-SD —— 1.70 [1.63; 1.78] <0.0001
MODEL 2 - BMI ;
Absolute Grip strength, per 5-kg HIH 1.08 [1.05; 1.11] <0.0001
Relative Grip strength, per 0.05 kg/kg | 1.04 [1.03; 1.05] <0.0001
Absolute Grip strength, per 1-SD : i 1.16 [1.10; 1.23] <0.0001
Relative Grip strength, per 1-SD - 1.30 [1.24; 1.37] <0.0001
MODEL 3 - Central adiposity :
Absolute Grip strenght, per 5-kg HH 1.06 [1.03; 1.09] <0.0001
Relative Grip strength, per 0.05 kg/kg l 1.03 [1.02; 1.04] <0.0001
Absolute Grip strength, per 1-SD - 1.11[1.05; 1.17] <0.0001
Relative Grip strength, per 1-SD —— 1.20 [1.14; 1.27] <0.0001

08 09 10 1112 13 14 1516 1.7 1.8 1.9 20

Lower hazard Higher hazard

Associations between grip strength and type 2 diabetes mellitus incidence in women and men. Data are presented
as HR and 95% CI. HRs were estimated for absolute units (per 5kg lower grip strength), relative units (0.05kg/kg of body
weight), and per 1 SD lower grip strength. Model 0 was adjusted for age, deprivation, ethnicity and education; model 1 was
adjusted for all covariates included in model 0 plus lifestyle variables (smoking, fruit and vegetable intake, red meat intake,
processed meat intake, alcohol intake, total sedentary time and sleep time); and model 2 was adjusted for all covariates
included in models 0 and 1 plus BMI categories. Model 3 was like model 2 but BMI was replaced for waist circumference. All
analyses were conducted using 2-year landmark analyses and excluding participants with comorbidities at baseline (type 1
and type 2 diabetes mellitus, unknown diabetes, cardiovascular diseases and cancer). For absolute grip strength, 1 SD was
equivalent to 6.15 and 8.70kg for women and men, respectively. For relative grip strength, 1 SD was equivalent to 0.10 and
0.11kg per kg of body weight for women and men, respectively. BMI, body mass index.
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relative grip strength the risk of T2DM was 3% higher for
both men and women (figure 1).

When associations were investigated per 1 SD lower
grip strength, the risk observed in the minimally adjusted
model was higher for relative grip strength (77% and
92% per 1 SD lower grip for men and women, respec-
tively) compared with absolute grip strength (14% and
21% per 1 SD lower grip for men and women, respec-
tively). However, when the analyses were fully adjusted
(model 3, adjusted by WC instead of BMI), differences in
T2DM risk betweeen absolute and relative grip strength
were smaller. A 1 SD lower absolute grip strength was
associated with an 11% higher risk for both men and

Absolute grip strength (Women)
MODEL 0 - Sociodemographic HR [95%Cl p-value
Highest (Ref.) n

1.00 (Ref.)
Higher-Middle ——a— 1.11[0.93; 0.32] 0.237
Middle —a— 1.02[0.86; 1.21] 0.834
Lower-Middle . 1.19[1.01; 1.39] 0.038
Lowest —a— 1.34[1.14;1.58] 0.001
HR-trend HH 1.07 [1.03; 1.11] <0.0001
MODEL 1 - Lifestyle :
Highest (Ref.) l 1.00 (Ref.)
Higher-Middle ——.— 1.10[0.93; 1.31] 0.277
Middle I—I—I 0.99[0.83; 1.18] 0.911
Lower-Middle H—a— 1.13[0.96; 1.33] 0.129
Lowest —a— 1.21[1.03; 1.43] 0.022
HR-trend Fr 1.05[1.01; 1.08] 0.020
MODEL 2 - BMI
Highest (Ref.) | | 1.00 (Ref.)
Higher-Middle —— 1.20[1.01; 1.43] 0.038
Middle —.— 1.08[0.91;1.28] 0.404
Lower-Middle e 1.22[1.04; 1.44] 0.014
Lowest - 1.25[1.06; 1.47] 0.008
HR-trend HH 1.05[1.01;1.09] 0.012
MODEL 3 - Central adiposity
Highest (Ref.) [ ] 1.00 (Ref.)
Higher-Middle —a— 1.22[1.03; 1.45] 0.024
Middle = 1.12[0.94; 1.33] 0.201
Lower-Middle —a— 1.24[1.06; 1.45] 0.009
Lowest P —a— 1.24[1.05; 1.46] 0.010
HR-trend - 1.04[1.01;1.08] 0.018
0.6 0.8 1.0 1.2 1.4 16 1.8 2.0

Lower Hazard Higher Hazard

Relative grip strength (Women)

MODEL 0 - Sociodemographic HR [95% Cl p-value

Highest (Ref) M 1.00 (Ref.)
Higher-Middle ~ : Ha— 2.12[1.64;2.76] <0.0001
Middle & . 3.13[2.44; 4.02] <0.0001
Lower-Middle —a— 5.52[4.35;7.00] <0.0001
Lowest  : I S 7.83[6.19; 9.90]  <0.0001
HR-trend i m 1.61[1.54; 1.68] <0.0001
MODEL 1 - Lifestyle  :
Highest (Ref.) @ 1.00 (Ref.)
Higher-Middle ~  +m— 2.03[1.56; 2.64] <0.0001
Middle i —m—i 2.92([2.28;3.75] <0.0001
Lower-Middle  : —a— 4.91[3.87;6.23] <0.0001
Lowest  : - 6.56 [5.18; 8.30] <0.0001
HRtrend i m 1.54[1.48; 1.60] <0.0001
MODEL2-BMI
Highest (Ref.) m 1.00 (Ref.)
Higher-Middle ~ HaH 1.29[0.99;1.68]  0.062
Middle  HmH 1.39[1.07;1.80]  0.012
Lower-Middle .- 1.81[1.41;2.33] <0.0001
Lowest  : HmH 1.96[1.52;2.53] <0.0001
HR-trend  ® 1.17[1.12;1.23] <0.0001
MODEL 3 - Central adiposity i
Highest (Ref.) [ ] 1.00 (Ref.)
Higher-Middle ~ HEH 1.41[1.08;1.83]  0.010
Middle - 1.53[1.19;1.98]  0.001
Lower-Middle - 1.94[1.52; 2.49] <0.0001
Lowest - 1.72[1.33;2.22] <0.0001
HRtrend  ® 1.11[1.06; 1.16] <0.0001
0 1 2 3 4 5 6 7 8 9 10 11

Lower Hazard Higher Hazard

women; and a 1 SD lower relative grip strength was asso-
ciated with a 12% and 20% higher T2DM risk in women
and men, respectively (figure 1).

The associations between age-specific and sex-specific
quintiles of absolute and relative grip strength are
presented in figure 2. For the minimally adjusted models
(model 0), there were clear differences in T2DM risk
between absolute and relative quintiles of grip strength.
One quintile lower absolute grip strength was associ-
ated with an 8% and 7% higher risk of T2DM in men
and women, respectively. However, the T2DM risk per 1
quintile lower relative grip strength was 50% and 61%
higher for men and women, respectively (figure 2). The

Absolute grip strength (Men)
MODEL 0 - Sociodemographic HR [95%Cl p-value
Highest (Ref.) n

1.00 (Ref.)
Higher-Middle —a— 0.99[0.86; 1.15]  0.945
Middle ——a— 1.06 [0.91; 1.22]  0.450
Lower-Middle —a— 1.03[0.89; 1.20]  0.685
Lowest —a— 1.40[1.21; 1.61] <0.0001
HR-trend HH 1.08 [1.05; 1.12] <0.0001
MODEL 1 - Lifestyle :
Highest (Ref.) l 1.00 (Ref.)
Higher-Middle —a— 1.00[0.86; 1.15]  0.972
Middle i—~l—1 1.05[0.91;1.21] 0.512
Lower-Middle —a— 1.01[0.87; 1.18]  0.849
Lowest g —a— 1.34[1.17; 1.55] <0.0001
HR-trend }Il 1.07 [1.03; 1.10] <0.0001
MODEL 2 - BMI
Highest (Ref.) L} 1.00 (Ref.)
Higher-Middle ——— 1.08 [0.93; 1.25]  0.309
Middle —a— 117[1.01;1.35]  0.034
Lower-Middle l—l—| 1.15[0.99; 1.33]  0.068
Lowest : —a— 1.50[1.30; 1.73] <0.0001
HR-trend : HE 1.10[1.06; 1.13] <0.0001
MODEL 3 - Central adiposity
Highest (Ref.) [ ] 1.00 (Ref.)
Higher-Middle I—l—| 1.05[0.91;1.21]  0.545
Middle i 1.10[0.95; 1.27]  0.195
Lower-Middle — 1.07 [0.92; 1.24]  0.371
Lowest g I — 1.35[1.17; 1.56] <0.0001
HR-trend D 1.07 [1.04; 1.10]  <0.0001

o6 08 10 12 14 16 18 20

Lower Hazard Higher Hazard

Relative grip strength (Men)
3 HR [95%Cl p-value
1.00 (Ref.)

MODEL 0 - Sociodemographic g
Highest (Ref.) | |

Higher-Middle Do 1.82[1.50; 2.20] <0.0001
Middle = 2.70[2.25; 3.25] <0.0001
Lower-Middle g - 3.45[2.89; 4.13] <0.0001
Lowest —a— 5.81[4.89;6.91] <0.0001

1.50 [1.45; 1.55] <0.0001

HR-trend ‘.
MODEL 1 - Lifestyle :

Highest (Ref) M 1.00 (Ref.)

Higher-Middle i HEH 1.79[1.48;2.18] <0.0001
Middle | 2.62[2.18; 1.36] <0.0001

Lower-Middle ¢ - 3.28[2.74;3.92] <0.0001
Lowest om 5.31[4.47;6.31] <0.0001
HRtrend  : m 1.47[1.42; 1.52] <0.0001

MODEL2-BMI

Highest (Ref.)  m 1.00 (Ref.)

Higher-Middle ~ iHH 1.32[1.09;1.61]  0.005
Middle  : HEH 1.58[1.31;1.91] <0.0001

Lower-Middle ~ © HmH 1.68[1.39;2.03] <0.0001
Lowest i +mH 2.22[1.84;2.67] <0.0001
HRtrend  m 1.20[1.15;1.24] <0.0001

MODEL 3 - Central adiposity

Highest (Ref.) L} 1.00 (Ref.)

Higher-Middle HH 1.40[1.15;1.70]  0.001
Middle : HH 1.70[1.41;2.04] <0.0001

Lower-Middle Do 1.78 [1.47; 2.14] <0.0001
Lowest g [ = 2.00[1.65; 2.42] <0.0001

HRtrend  ®
001 2 3 4 5 6 7 8 9 10
Lower Hazard

1.15[1.11;1.20] <0.0001

Higher Hazard

Figure 2 Association of age-specific and sex-specific quintiles of grip strength with type 2 diabetes mellitus incidence for
men and women. Data are presented as HR and 95% CI. HRs were estimated for absolute (expressed in kg) and relative
(expressed per kg of grip per kg of body weight) quintiles of grip strength. The reference group was those in the highest quintile
for grip strength. Model 0 was adjusted for age, deprivation, ethnicity and education; model 1 was adjusted for all covariates
included in model 0 plus lifestyle variables (smoking, fruit and vegetable intake, red meat intake, processed meat intake,
alcohol intake, total sedentary time and sleep time); and model 2 was adjusted for all covariates included in models 0 and 1
plus BMI categories. Model 3 was like model 2 but BMI was replaced for waist circumference. All analyses were conducted
using 2-year landmark analyses and excluding participants with comorbidities at baseline (type 1 and type 2 diabetes mellitus,
unknown diabetes, cardiovascular diseases and cancer). BMI, body mass index.
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magnitude of associations remained similar when anal-
yses were adjusted for lifestyle factors (model 1) but was
considerably attenuated when the analyses were adjusted
for BMI or WC (models 2 and 3). For the fully adjusted
model (model 3), the diabetes risk per 1 quintile lower
absolute grip strength was 4% and 7% higher for women
and men, respectively. However, the risk per 1 quintile
lower relative grip strength was 11% and 15% higher in
women and men, respectively.

The RAP analysis revealed that individuals with the
lowest grip strength (quintile 1) experience the same
diabetes incidence as those among the highest fifth for
grip strength who were 23.0 years (95% CI: 20.7 to 27.5)
and 34.5 years (95% CI: 35.2 to 34.0) older, for women
and men, respectively. The RAP estimates for each quin-
tile of relative grip strength compared with those in the
highest fifth of grip are presented in online supplemental
table 4.

Figure 3 shows the associations between grip strength
and diabetes risk stratified by sociodemographic, life-
style and adiposity levels. For absolute grip strength, 1
SD lower grip strength was associated with a 24% higher
risk in individuals <55 years compared with a 13% higher
risk of diabetes observed in individuals aged >b55 years
(p-interaction=0.033). No significant differences were
observed for any other moderators when absolute grip
strength was used as the exposure. However, the risk of
T2DM per 1 SD lower relative grip strength was different
by age groups and ethnicity (figure 3). T2DM risk was
39% higher per 1 SD lower relative grip strength in indi-
viduals aged <55 years compared with a 23% higher risk
observed in individuals aged >55 years (p-interaction
<0.0001). The association of relative grip strength and
T2DM also differed by ethnicity (p-interaction=0.005).
White European participants had the highest T2DM risk
(29% per 1 SD lower relative grip strength) compared
with South Asians (16%), however, no associations were
observed for individuals of a black ethnic background
(figure 3).

For adiposity, higher T2DM risk was observed for indi-
viduals with normal weight (19%) versus their obese
counterparts who had an 8% higher T2DM risk per
1 SD lower absolute grip strength. Similar results were
observed for central obesity per 1 SD increment on
absolute grip strength, those with normal WC had a
22% higher T2DM risk compared with 10% observed
for those centrally obese (figure 3). However, when grip
strength was expressed in relative terms, no differences
were observed within normal weight and obese individ-
uals (figure 3).

DISCUSSION

The main finding of this study is that lower grip strength
was associated with a higher incidence of T2DM in
both men and women, independent of anthropometric
measurements, diet, and measures of physical activity.
However, the association differed if grip strength was

expressed in absolute or relative, that is in relation to
body weight, terms. These findings have important public
health relevance as grip strength is easy to use, quick to
conduct, cheap® and it is the simplest measurement of
muscle function possible in clinical practice.” ** Lower
grip strength was found to have a stronger dose-response
association with risk of T2DM when expressed relative
to body weight, whereas for absolute grip strength only
those in the lower fifth were at higher risk. Therefore,
relative grip strength may be a practical method to iden-
tify people who have muscle weakness, who are at high
risk of developing T2DM.*

Our findings partially agree with existing evidence
regarding the association of muscle strength and T2DM
risk.> "7 2% A recent meta-analysis conducted in 39233
incident T2DM cases and 1713468 participants without
diabetes from 13 studies reported that 1 SD higher abso-
lute grip strength was associated with a 24% lower risk of
T2DM when the analyses were not adjusted for adiposity
(mainly BMI), however, the association was attenuated
but remained significant when the analyses were adjusted
for adiposity (13% lower risk of T2DM per 1 SD higher
grip strength).” This study also observed that the magni-
tude of the associations was higher when grip strength
was normalized by body weight (relative grip strength),
similar to the finding observed in our study. However,
some of the limitations highlighted by this meta-analysis
were the high heterogeneity within studies as well as
the lack of approaches to reduce the effect of reverse
causation.”? Furthermore, this meta-analysis also reported
that not all studies included reported a protective effect,
with some of them reporting a detrimental association.”’

This agrees with other international studies such as
the PURE, which was undertaken across 17 countries
including 139691 adults of whom 2939 (2.1%) devel-
oped T2DM over a median of 4.0 years of follow-up,
reported no significant association between grip strength
and T2DM, although a trend was evident (HR: 1.03 per
5kg lower grip strength (95% CI: 0.99 to 1.06))."* This
borderline association could be explained by the diver-
sity of the PURE cohort, as grip strength was substantially
different between low-income (30.2kg), middle-income
(37.3kg) and high-income (38.1kg) countries, especially
for men. Moreover, the analyses conducted by the PURE
Study did not stratify by sex, which is surprising due to
the large differences in grip strength between men and
women.'? Another study conducted in the Michigan site
of the Study of Women’s Health Study, which included
424 participants (60% black, 40% white participants)
and who were followed up for 16 years, reported that a
0.1 unit increment in relative grip strength (kg of grip
strength divided by kg of body weight) was associated
with a 19% lower risk of incident T2DM after adjustment
for age, race/ethnicity, economic strain, smoking, meno-
pause status, hormone use, physical activity and waist-hip
ratio. This study also reported that when the associations
were stratified by ethnicity, for each 0.1 increment in
relative grip strength there was a 54% lower hazard of

8

BMJ Open Diab Res Care 2021;9:e001865. doi:10.1136/bmjdrc-2020-001865

"ybuAdoa Aq parosioid 1sanb Aq zz0z ‘ST aung uo jwod [wqg aip//:dny woly papeojumod “TZ0zZ 1SNBny G uo G98T00-0202-24pWg/9ETT 0T Se paysiignd 1si1 :a1ed say qelq uado rINg


https://dx.doi.org/10.1136/bmjdrc-2020-001865
https://dx.doi.org/10.1136/bmjdrc-2020-001865
http://drc.bmj.com/

Absolute grip strength

HR[95%CI]  p-value

Sex P-interaction: 0.787
Women D —a— 1.12[1.03; 1.23] 0.009
Men : —— 1.16 [1.10; 1.23] <0.0001
Age P-interaction: 0.033
<=55 —a— 1.24 [1.16; 1.33] <0.0001
>55 Yo 1.13[1.06; 1.20] <0.0001
Deprivation P-interaction: 0.764
Affluent —a— 1.17 [1.09; 1.26] <0.0001
Deprived N 1.15[1.08; 1.22] <0.0001
Ethnicity : P-interaction: 0.338
Whites T 1.13[1.08; 1.19] <0.0001
South Asians — - 1.17[0.95; 1.45] 0.147
Black -— i 0.92[0.71; 1.18] 0.498
BMI P-interaction: 0.244
Normal = 1.19[0.98; 1.45] 0.080
Obese e 1.08[1.02; 1.15] 0.013
Central Obesity : P-interaction: 0.939
Normal —a— 1.22[1.12; 1.33] <0.0001
Central obese D 1.10[1.04; 1.16] 0.001
Physical activity P-interaction: 0.638
Inactive : —a— 1.20 [1.12; 1.29] <0.0001
Active D —— 1.12[1.04;1.22] 0.005

06 0.7 0.8 09 10 11 12 13 14 15 16 1.7

Lower Hazard

Relative grip strength

Higher Hazard

HR [95% CI] p-value

Sex P-interaction: 0.873
Women —a— 1.26 [1.18; 1.34] <0.0001
Men —a— 1.30 [1.24; 1.37] <0.0001
Age P-interaction: <0.0001
<=55 —a— 1.39 [1.31; 1.48] <0.0001
>55 —a— 1.23 [1.17; 1.30] <0.0001
Deprivation P-interaction: 0.307
Affluent —a— 1.34 [1.26; 1.43] <0.0001
Deprived —a— 1.26 [1.19; 1.32] <0.0001
Ethnicity P-interaction: 0.005
Whites —a— 1.29 [1.24; 1.35] <0.0001
South Asians ; = | 1.16[0.98; 1.37] 0.080
Black = i 1.06 [0.85; 1.32] 0.628
BMI P-interaction: 0.388
Normal —a— 1.27 [1.12; 1.45] <0.0001
Obese —a— 1.27 [1.20; 1.34] <0.0001
Central Obesity P-interaction: 0.098
Normal —a— 1.21[1.13; 1.30] <0.0001
Central obese —a— 1.22[1.16; 1.28] <0.0001
Physical activity P-interaction: 0.883
Inactive —a— 1.32[1.24; 1.40] <0.0001
Active —a— 1.27 [1.18; 1.36] <0.0001

0.6 0.7 08 09 10 11 12 13 14 15 16 1.7

Lower Hazard Higher Hazard

Association of grip strength with type 2 diabetes mellitus incidence by sociodemographics, lifestyle and adiposity.
Data are presented as HRs and 95% CI per 1 SD lower grip strength expressed in absolute and relative units. Analyses were
adjusted for sex, age, deprivation, ethnicity, education, lifestyle variables (smoking, fruit and vegetable intake, red meat intake,
processed meat intake, alcohol intake, total sedentary time and sleep time) and BMI except when the covariate was used as
the moderator in the analyses. 1 SD grip strength was equivalent to 11.0kg for absolute grip and to 0.12kg per kg of body
weight for relative grip strength. BMI, body mass index.
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incident T2DM among white but not black women."

This agrees with our findings where grip strength was
associated with incident T2DM in white but not black
participants. However, it is also likely that the lack of asso-
ciation is explained by the low number of participants of
black ethnicity included in our study (n=1775). There-
fore, future studies with longer follow-up and a larger
representation of non-white ethnic groups are needed.
The current study corroborates some of the findings
reported from previous studies'' ™ and extends them by
being able to explore these associations stratified by sex
in a large prospective cohort study. Moreover, this study
also provides novel evidence on whether the association
between grip strength and incident T2DM differs by
sociodemographic and lifestyle factors. Previous studies
have reported the magnitude of associations between
some risk factors such as adiposity and grip strength with
diabetes risk differs by ethnic groups.***’ Although some
of the mechanisms suggested for adiposity are linked to
higher levels of ectopic fat in non-white ethnic groups,
especially South Asians, the mechanism for grip strength
has not been elucidated yet. The association between low
grip strength and risk of diabetes was stronger in individ-
uals aged <55 years, those who were normal weight, as
measured by BMI, and white people. The higher risk of
diabetes observed in individuals aged <55 years could be
attributable to health-related factors, as below the age of
55 years the decline in grip strength is relatively modest,
with this decline becomes more rapid after 55 years.
Having a low grip strength at age <55 years is, therefore,
likely to be indicative of future poor health outcomes and
is thus could explain why a stronger association between
diabetes and grip strength was observed in individuals
aged <55 years. Risk differences among normal weight
and obese individuals were only observed for absolute
grip strength but not for relative strength, suggesting that
the ratio between strength and body mass plays a role, as
we know that individuals with higher body weight tend to
have higher levels of grip strength compared with those
who have lower body weight. Therefore, although individ-
uals could be classified as normal weight, their low levels
of strength put them at higher risk of diabetes. However,
the association between grip strength and T2DM did not
differ by sex, deprivation or physical activity levels. This
is particularly of interest as people with lower socioeco-
nomic status were also more vulnerable to risk factors.™
These findings have important clinical implications.
Previous studies have suggested that grip strength is a
strong predictor of cardiovascular risk and premature
mortality.”*' However, evidence regarding the prediction
ability of grip strength for diabetes is limited. A recent
study conducted in 5108 participants aged 20-80 years
from the National Health and Nutrition Examination
Survey has derived new grip strength cut-off points that
could be used as a screening tool for diabetes risk in
apparently healthy adults.”> However, future studies are
needed to formally assess whether grip strength improves
the prediction ability of the current risk score for T2DM.

Moreover, this study has provided evidence that diabetes
incidence rates for those with the lowest levels of relative
grip strength are equivalent to someone in the highest
quintile of grip strength but who were 23.0 and 34.5 years
older, for women and men, respectively.

Strengths and limitations

The strengths of the present study include the large
number of participants, which allow us to explore the
associations between grip strength and T2DM risk as well
as investigate potential interactions with other key socio-
demographic and lifestyle-related factors. An extensive
list of confounder factors in comparison with previous
studies was also considered. Grip strength has a low cost
and would, therefore, be relatively simple to implement
into clinical practice. However, the present study is not
exempt from limitations. The UK Biobank is not repre-
sentative of the general population of the UK, including
sociodemographic, physical, lifestyle and health-related
characteristics of the general population. Although
the evidence showed healthy volunteer selection bias,
exposure—disease risk estimate should be generalized
to the broader population.”” ** Reverse causation may
still be possible even though a 2-year landmark analysis
was conducted and individuals with chronic diseases at
baseline were excluded. While our study cannot prove
causality due to the observation nature of it, existing
evidence from a Mendelian randomization study has
reported a potential causal link of grip strength (genet-
ically predicted) with insulin concentrations and insulin
resistance.”

CONCLUSIONS

This study provides evidence that low grip strength is asso-
ciated with a higher risk of incident T2DM in both men
and women, independent of major confounding factors.
Therefore, grip strength may be a practical approach to
identify people who are at high risk of developing T2DM.
However, further work is needed to define how to use
grip strength in this manner.
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