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Abstract
Introduction—The aim of this study was to determine whether there is a relationship between
grip strength and features of the metabolic syndrome.

Methods—A cross-sectional study within a cohort design was used and data were collected on
grip strength, fasting glucose, triglycerides and HDL cholesterol, blood pressure, waist
circumference and 2 hour glucose after an oral glucose tolerance test in a population based sample
of 2677 men and women aged 59 – 73 years.

Results—In men and women combined, a standard deviation (SD) decrease in grip strength was
significantly associated with higher: fasting triglycerides (0.05 SD unit increase [95%CI 0.02,
0.09], p=0.006); blood pressure (odds ratio [OR] 1.13 [95%CI 1.04, 1.24], p=0.004); waist
circumference (0.08 SD unit increase [95%CI 0.06, 0.10], p<0.001); 2 hour glucose (0.07 SD unit
increase [95%CI 0.03, 0.11], p=0.001) and HOMA resistance (0.05 SD unit increase [95%CI 0.01,
0.09], p=0.008) after adjustment for gender, weight, age, walking speed, social class, smoking
habit and alcohol intake. Furthermore lower grip was significantly associated with increased odds
of having the metabolic syndrome according to the ATPIII (OR 1.18 [95%CI 1.07, 1.30],
p<0.001) and IDF definitions (OR 1.11 [95%CI 1.01, 1.22], p=0.03).

Conclusion—Our findings suggest that impaired grip strength is associated with the individual
features as well as with the overall summary definitions of metabolic syndrome. The potential for
grip strength to be used in the clinical setting needs to be explored.
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Introduction
Recent work has shown that sarcopenia, the loss of muscle mass and strength with age, is
significantly associated with type 2 diabetes in older people1;2 in addition to the well
documented relationships with falls, fractures, disability and mortality3-6. Furthermore the
findings suggested a graded association between increased glucose level and weaker muscle
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strength in those with impaired glucose tolerance and normal levels of blood glucose. This is
important because it suggests that there may be a link between the mechanical and metabolic
functions of ageing muscle. The mechanism is unclear but sarcopenia and insulin resistant
states share common cellular and molecular changes. For example both are associated with
the accumulation of myofibre lipids7;8 which may affect the insulin-signalling pathway9. In
addition, an impaired synthesis rate of key structural muscle proteins such as the myosin
heavy chain10, for example in response to anabolic post-prandial stimuli11, is seen with
both ageing and insulin resistance.

The link between impaired mechanical and metabolic function may extend to other
important insulin resistant glucose intolerant states such as central obesity and the metabolic
syndrome. Metabolic syndrome is defined as a clustering of inter-related metabolic risk
factors for atherosclerotic cardiovascular disease and type 2 diabetes and it has an estimated
world-wide prevalence of 16% in adults over the age of 20 years12. The objective of this
study was to determine whether there is a relationship between sarcopenia as characterised
by grip strength13 and the constellation of risk factors of metabolic origin that constitute the
metabolic syndrome.

Methods
In 1998, 3822 men and 3284 women born in Hertfordshire United Kingdom between 1931
and 1939 were traced with the aid of the National Health Service central registry in
Southport and confirmed as currently registered with a family doctor in Hertfordshire.
Permission to contact 3126 (82%) men and 2973 (91%) women was obtained from their
General Practitioners. 1684 (54%) men and 1541 (52%) women agreed to take part in a
home interview and provided information on medical and social history, including self-
reported customary walking speed (unable to walk, very slow, stroll at an easy pace, normal
speed, fairly brisk, fast) as a marker of physical activity14, smoking habit, alcohol
consumption and current use of prescribed medications.

1579 (94%) of the men and 1418 (92%) of the women interviewed at home subsequently
attended a clinic. Those who were not previously known to be diabetic (1471 men and 1344
women) attended after an overnight fast. Fasting plasma samples were taken for triglyceride,
HDLc, total cholesterol, calculated LDLc, glucose and insulin concentrations. Plasma lipids
and glucose were measured by standard methods on an Advia 1650 autoanalyser (Bayer
Diagnostics, Newbury, UK). Intact insulin was measured by an in-house
immunofluorimetric two-site assay (‘DELFIA’ system) based on published methods15. An
index of insulin resistance was derived using the HOMA formula16. An oral glucose
tolerance test was performed using the equivalent of 75g anhydrous glucose, with blood
samples for plasma glucose and insulin obtained at 30 and 120 minutes. Diabetes mellitus
and impaired glucose tolerance were classified on 1454 men and 1317 women using WHO
criteria i.e. 2 hour glucose concentration of ≥11.1mmol/l and 7.0-11.0mmol/l respectively
(17 men and 27 women were unclassified due to missing data).17

Height was measured to the nearest 0.1cm using a Harpenden pocket stadiometer, and
weight to the nearest 0.1kg on a SECA floor scale. Body mass index (BMI) was calculated
as weight divided by height2 (kg/m2). Waist circumference was measured to the nearest 0.1
cm. Skinfold thickness (SFT) was measured with Harpenden skinfold calipers in triplicate at
the triceps, biceps, sub-scapular and supra-iliac sites on the non-dominant side18. Average
measures were used to derive body fat percentage19. Fat mass was derived by multiplying
body weight by body fat percentage, and non-fat mass by subtracting fat mass from body
weight. Systolic and diastolic blood pressures were measured three times in the right arm
using an automated Dinamap recorder with the participant in a seated position after having
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rested for five minutes. The average of the three readings was taken and high blood pressure
was defined as average systolic pressure ≥160mmHg and/or diastolic pressure ≥90mmHg, or
current use of prescribed anti-hypertensives. Presence or absence of the metabolic syndrome
was identified for each individual on the basis of the International Diabetes Foundation
(IDF) and Adult Treatment Panel III (ATPIII) definitions of the metabolic syndrome. These
definitions require differing cut-offs and combinations of increased body weight, increased
triglyceride and decreased HDL-cholesterol levels, raised blood pressure and increased
glucose levels12. Grip strength was measured three times on each side using a Jamar
handgrip dynamometer20. The best of the six grip measurements was used to characterise
maximum muscle strength. 1438 men and 1239 women had data available for grip strength
and all of the data items required to code HOMA resistance and the IDF and ATPIII
definitions of the metabolic syndrome; these 2,677 men and women comprised the sample
for this study. The study had ethical approval from the North and East Hertfordshire Local
Research Ethics Committee and all subjects gave written informed consent.

Statistical methods
Normality of variables was assessed and weight, BMI, fat mass, fasting glucose,
triglycerides, HDL cholesterol, 2 hour glucose, and HOMA resistance were loge transformed
for statistical analyses. Variables were summarised for men and women separately using
means and standard deviations or frequency and percentage distributions. Means and
standard deviations for loge-transformed variables were back transformed to geometric
means and standard deviations on the original scale of measurement. All subsequent
analyses were conducted for men and women combined with adjustment for gender.

Relationships between anthropometry (weight, height, BMI and fat mass) and components
of the metabolic syndrome, insulin resistance and grip strength were analysed using partial
correlation coefficients and analysis of variance (ANOVA). These analyses enabled an
assessment of the potential confounding influence of anthropometric status on the
relationships between grip strength and components of the metabolic syndrome and insulin
resistance.

Sex-specific standard-deviation (SD) scores were calculated for grip strength and fasting
glucose, triglycerides, HDL cholesterol, waist circumference, 2 hour glucose and HOMA
resistance. The relationships between an SD decrease in grip strength and each of these SD
scores were explored using multiple linear regression. These regression models yielded
estimated changes (and 95% confidence intervals) in SD units for each component of the
metabolic syndrome or insulin resistance per SD decrease in grip strength. The relationships
between an SD decrease in grip strength and the binary variables representing high blood
pressure and the ATPIII and IDF definitions of the metabolic syndrome, were analysed
using multiple logistic regression. These logistic regression models yielded odds ratios (and
95% confidence intervals) for high blood pressure, or each definition of the metabolic
syndrome, per SD decrease in grip strength. We tested for homogeneity of the association
between grip strength and each component of the metabolic syndrome or insulin resistance
in men and women, by including an interaction term for gender and grip strength SD score
in each linear or logistic regression model.

All statistical analyses were carried out using Stata, release 8 (StataCorp, 2003).

Results
The characteristics of the study group are displayed in Table 1. Average grip strength was
44.3kg for men and 26.7kg for women. Prevalence of the metabolic syndrome was 31.1%
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for men and 33.6% for women according to the ATPIII definition, and was 50.3% for men
and 49.6% for women according to the IDF definition.

The associations between anthropometric status (weight, height, BMI and fat mass) and
components of the metabolic syndrome, insulin resistance and grip strength are shown in
Table 2. Weight was positively associated with grip strength and components of the
metabolic syndrome and insulin resistance; it therefore had the potential to negatively
confound (i.e. to mask) any relationship between lower grip strength and the metabolic
syndrome and insulin resistance. Fat mass showed a similar pattern of associations and of
the two closely related anthropometric measures, weight was used in the final multiple
regression analysis as it was more strongly related to grip strength. Height was strongly and
positively associated with grip strength but not consistently with components of the
metabolic syndrome or insulin resistance. Conversely, BMI was strongly associated with
components of the metabolic syndrome or insulin resistance but not with grip strength.
Therefore, neither height nor BMI were likely to act as confounders of the relationship
between grip strength and the metabolic syndrome and insulin resistance and were not
included in the final multiple regression analysis.

The associations between grip strength and components of the metabolic syndrome and
insulin resistance are presented in Table 3. The table presents results from two sets of linear
and logistic regression models: firstly, models adjusted for gender only (Model 1) and
secondly, models adjusted for the potential confounding influences of gender, weight, age,
walking speed as a marker of physical activity, social class, smoking habit and alcohol
intake (Model 2). We tested for homogeneity of the association between grip strength and
each component of the metabolic syndrome or insulin resistance in men and women, by
including an interaction term for gender and grip strength in the first set of models (Model
1). In general, the associations were homogenous in men and women and it was therefore
appropriate to have pooled men and women (p-values for homogeneity: p=0.02 for fasting
glucose; p=0.36 for triglycerides; p=0.36 for HDL; p=0.35 for high blood pressure; p=0.04
for waist circumference; p=0.96 for 2 hour glucose; p=0.88 for HOMA resistance; p=0.75
for ATPIII metabolic syndrome and p=0.71 for IDF metabolic syndrome).

Only high blood pressure, waist circumference and 2 hour glucose were related to grip
strength in gender-adjusted analyses (Model 1). However, also adjusting for weight (which
was expected to act as a negative confounder as described above), age, walking speed, social
class, smoking habit and alcohol intake (Model 2) revealed associations between lower grip
strength and a wide range of components of the metabolic syndrome and insulin resistance
(Figure 1). Specifically, a standard deviation (SD) decrease in grip strength was significantly
associated with higher: fasting triglycerides (0.05 SD unit increase [95%CI 0.02, 0.09],
p=0.006); blood pressure (odds ratio [OR] 1.13 [95%CI 1.04, 1.24], p=0.004); waist
circumference (0.08 SD unit increase [95%CI 0.06, 0.10], p<0.001); 2 hour glucose (0.07
SD unit increase [95%CI 0.03, 0.11], p=0.001); HOMA resistance (0.05 SD unit increase
[95%CI 0.01, 0.09], p=0.008) and with increased odds of having the metabolic syndrome
according to the ATPIII (OR 1.18 [95%CI 1.07, 1.30], p<0.001) and IDF definitions (OR
1.11 [95%CI 1.01, 1.22], p=0.03).

Discussion
We have demonstrated that lower grip strength as a marker of sarcopenia is associated with
individual features of the metabolic syndrome including higher fasting triglycerides, blood
pressure and waist circumference as well as with the overall ATPIII and IDP summary
definitions. Furthermore lower grip strength was associated with insulin resistance in terms
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of higher 2 hour glucose levels and HOMA resistance. These findings were independent of
weight, level of physical activity and age within the narrow age range studied.

Few studies to date have examined loss of muscle mass and strength with insulin resistance,
although a large number of studies have described the loss of muscle mass and strength with
age. At the cellular level, this is explained by a reduction in both the number and size of
myocytes. This has potential for adverse metabolic consequences in terms of reduced
glucose uptake and hyperglycaemia because the transporter protein GLUT4 expression at
the plasma membrane is related to fibre volume in human skeletal muscle fibres21. It has
been proposed that hyperglycaemia has a direct adverse effect on muscle contractile
function and force generation22;23. For example it has been proposed that a
hyperglycaemia-driven increase in flux through the polyol pathway with increased
production of sugar alcohols results in slowing of muscle fibre contraction and relaxation24.

Furthermore prolonged hyperglycaemia can result in non-enzymatic glycosylation of
intracellular and extracellular proteins. Glycation of myosin, the molecular motor protein in
skeletal muscle that converts chemical energy into mechanical work, has been associated
with altered structural and functional properties of the protein25. Our study is cross-
sectional therefore it is not possible to ascertain the direction of the association between
muscle strength and metabolic function but it is possible that influences in both directions
are important. Longitudinal and interventional studies are required to investigate this further.

Age-related processes such as impaired mitochondrial function may also be important.
Mitochondrial dysfunction has recently been related to the development of insulin
resistance26, type 2 diabetes and obesity27. A key master regulator of metabolism is PGC-1
that is a co-activator of the insulin sensitising nuclear factor PPARg. PGC-1 also regulates
mitochondrial biogenesis by directly associating with the orphan nuclear receptor estrogen-
related receptor-alpha (ERR-alpha). PGC-1alpha and ERR-alpha are both present at high
levels in skeletal muscle28. PGC 1a is not only key to mitochondrial biogenesis and function
but also enhances slow twitch oxidative muscle fibres in rodents by cooperating with
transcription factors Mef2 and FKHR to enhance calcineurin signalling and terminal muscle
differentiation29;30.Thus insulin resistant states are closely linked with key regulators of
mitochondrial function and muscle structure.

We have considered potential caveats to the interpretation of our findings. Losses to follow
up occurred and response bias may have been introduced. However we were able to
characterise those who did not take part in the study in a number of ways and demonstrate
that with the exception of smoking participants and non-participants were similar. Also
comparisons were internal, therefore unless the relationship between glucose concentration
and adult grip strength differed between those who did and did not come to clinic, no bias
should have been introduced. The relationships were more consistent between grip strength
and metabolic syndrome defined by the ATPIII than the IDF criteria. The reasons are
unclear but may reflect the narrower inclusion criteria for the ATPIII definition as evidenced
by the lower prevalence for metabolic syndrome defined this way.

In conclusion, grip strength is significantly associated with major features of the metabolic
syndrome as well as insulin resistance in this population-based study of older men and
women. The underlying mechanisms require investigation and our results need to be verified
in younger populations and different ethnic groups. Our study provides evidence that
impaired grip strength is associated with an adverse metabolic profile in addition to loss of
physical function and the potential for grip strength to be used in the clinical setting needs to
be explored. Furthermore these data suggest that interventions should be tested that are
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designed to improve muscle strength per se . These interventions may have wider
advantages than previously appreciated to attenuate the impact of metabolic syndrome.
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Figure 1. Relationships between grip strength and components of the metabolic syndrome and
insulin resistance
All estimates adjusted for gender, weight, age, walking speed, social class, smoking habit
and alcohol intake. SD=standard deviation; 95%CI=95% confidence interval.
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Table 1

Summary characteristics of study participants

Characteristic
Mean (SD) unless stated otherwise

Men
(n=1438)

Women
(n=1239)

Age (years) 65.7 (2.9) 66.6 (2.7)

Grip strength (kg) 44.3 (7.4) 26.7 (5.7)

N (%) Non-manual social classa 567 (39.4) 523 (42.2)

N (%) Moderate/high alcohol consumptionb 631 (43.9) 204 (16.5)

N (%) Current smoker 223 (15.5) 116 (9.4)

Walking speed N (%)

Slow 58 (4.0) 75 (6.1)

Average 905 (63.0) 802 (64.7)

Fast 474 (33.0) 362 (29.2)

Weight (kg)c 81.1 (1.2) 69.7 (1.2)

Height (cm) 174.2 (6.5) 160.8 (5.9)

Body mass index (kg/m2)c 26.8 (1.1) 27.0 (1.2)

Body-fat percentage 28.6 (5.3) 39.7 (4.8)

Fat mass (kg)c 22.8 (1.4) 27.5 (1.3)

Non-fat mass (kg) 58.1 (6.7) 42.3 (5.9)

Fasting glucose (mmol/l)c 6.0 (1.2) 5.8 (1.1)

Fasting triglycerides (mmol/l)c 1.45 (1.62) 1.46 (1.56)

Fasting HDL cholesterol (mmol/l)c 1.32 (1.27) 1.66 (1.28)

N(%) high blood pressured 540 (37.6) 488 (39.4)

Waist circumference (cm) 100.2 (10.4) 91.6 (12.3)

2 hour glucose (mmol/l)c 6.8 (1.4) 7.4 (1.4)

HOMA Resistancec 2.79 (2.07) 2.56 (1.92)

N(%) ATPIII Metabolic Syndrome 447 (31.1) 416 (33.6)

N(%) IDF Metabolic Syndrome 723 (50.3) 614 (49.6)

a
Classes IIIM, IV and V of the 1990 OPCS Standard Occupational Classification scheme for occupation and social class.

b
11 units or more per week for men, and 8 units or more per week for women.

c
Geometric means and SDs.

d
Defined as high measured blood pressure (systolic pressure ≥160mmHg or diastolic ≥100mmHg) or use of antihypertensive therapy
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Table 2

Relationships between grip strength, components of the metabolic syndrome and anthropometric
characteristics of study participants

Partial correlation coefficienta

 or average differenceb (95%CI)
in anthropometric characteristic

Weight (kg) Height (cm) BMI (kg/m2) Fat mass (kg)

Grip strength (kg) 0.19
p<0.001

0.35
p<0.001

0.03
p=0.12

0.13
p<0.001

Fasting glucose (mmol/l) 0.24
p<0.001

−0.00
p=0.84

0.27
p<0.001

0.25
p<0.001

Fasting triglycerides (mmol/l) 0.30
p<0.001

−0.01
p=0.53

0.33
p<0.001

0.33
p<0.001

Fasting HDL cholesterol (mmol/l) −0.32
p<0.001

−0.03
p=0.14

−0.34
p<0.001

−0.34
p<0.001

High blood pressure (yes vs no) 5.8 (4.4,7.1)+
p<0.001

−0.6 (−1.1,−0.1)
p=0.02

6.5 (5.3, 7.7)+
p<0.001

11.6 (9.0, 14.2)+
p<0.001

Waist circumference (cm) 0.87
p<0.001

0.12
p<0.001

0.89
p<0.001

0.85
p<0.001

2 hour glucose (mmol/l) 0.22
p<0.001

−0.10
p<0.001

0.29
p<0.001

0.27
p<0.001

HOMA Resistance 0.42
p<0.001

0.01
p=0.73

0.45
p<0.001

0.46
p<0.001

ATPIII Metabolic Syndrome
(yes vs no)

17.4 (16.0,18.8)+
p<0.001

0.4 (−0.1, 0.9)
p=0.15

16.9 (15.7, 18.2) +
p<0.001

34.0 (31.1, 36.9)+
p<0.001

IDF Metabolic Syndrome
(yes vs no)

16.0 (14.7,17.3)+
p<0.001

0.1 (−0.3, 0.6)
p=0.54

15.8 (14.6, 17.0)+
p<0.001

32.3 (29.6, 35.1)+
p<0.001

a
Partial correlations adjusted for gender

b
Average differences and 95% confidence intervals adjusted for gender

+
Weight, BMI and fat mass were loge transformed for analyses. Percentage differences are therefore presented for these variables according to

high blood pressure, ATPIII, and IDF metabolic syndrome
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Table 3

Relationships between grip strength and components of the metabolic syndrome and insulin resistance

Change in Met S or IR component
(in SD units, 95%CI) per SD
decrease in grip strength

Model 1 Model 2

Fasting glucose (SDS) −0.01 (−0.05, 0.03)
p=0.63

0.02 (−0.02, 0.06)
p=0.38

Fasting triglycerides (SDS) 0.01 (−0.02, 0.05)
p=0.49

0.05 (0.02, 0.09)
p=0.006

Fasting HDL cholesterol (SDS) 0.02 (−0.02, 0.06)
p=0.37

−0.02 (−0.06, 0.01)
p=0.20

High blood pressure (yes vs no)* 1.15 (1.07, 1.25)
p<0.001

1.13 (1.04, 1.24)
p=0.004

Waist circumference (SDS) −0.05 (−0.09, −0.01)
p=0.01

0.08 (0.06, 0.10)
p<0.001

2 hour glucose (SDS) 0.07 (0.03, 0.11)
p=0.001

0.07 (0.03, 0.11)
p=0.001

HOMA Resistance (SDS) −0.01 (−0.05, 0.03)
p=0.58

0.05 (0.01, 0.09)
p=0.008

ATPIII Metabolic Syndrome*
(yes vs no)

1.00 (0.92, 1.09)
p=0.97

1.18 (1.07, 1.30)
p<0.001

IDF Metabolic Syndrome*
(yes vs no)

0.96 (0.89, 1.04)
p=0.32

1.11 (1.01, 1.22)
p=0.03

SDS = standard deviation score; Met S = metabolic syndrome; IR = insulin resistance; 95%CI = 95% confidence interval

Model 1: adjusted for gender

Model 2: adjusted for gender, weight, age, walking speed, social class, smoking habit and alcohol intake

*
Values are odds ratios (95%CI) for high blood pressure, or metabolic syndrome, per kg decrease in grip strength
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