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OBJECTIVE — Lower-limb muscle strength is reduced in many people with diabetes. In this
study, we examined whether quadriceps muscle strength is reduced in relation to insulin resis-
tance in well-functioning ambulatory nondiabetic individuals.

RESEARCH DESIGN AND METHODS — Participants (age �70 years) underwent
dual-energy X-ray absorptiometry (DEXA) scanning to ascertain muscle and fat mass, tests of
quadriceps strength, computed tomography scanning of the quadriceps to gauge muscle lipid
content, and fasting insulin and glucose level measurements from which homeostasis model
assessment of insulin resistance (HOMA-IR) was derived.

RESULTS — In regression analysis, quadriceps strength per kilogram of muscle mass was
negatively associated (P � 0.0001) with HOMA-IR independent of other factors negatively
associated with strength such as increased age, female sex, low-physical activity, impaired fasting
glucose, and increased total body fat. Muscle lipid content was not associated with strength.

CONCLUSIONS — A small decrease in quadriceps muscle force is associated with increased
HOMA-IR in well-functioning nondiabetic adults, suggesting that diminished quadriceps mus-
cle strength begins before diabetes.
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In a recent analysis of the Cardiovascu-
lar Health Study, an observational
study of cardiovascular disease risk fac-

tors in people aged �65 years, insulin re-
sistance was found to predict frailty in
nondiabetic individuals (1). Frailty in that
study was defined, in part, by slowness of
gait and low exercise tolerance, both of
which characterize lower-limb muscle
weakness. At follow-up, individuals who
were found to have developed frailty were
also twice as likely to have developed
new-onset diabetes as those who did not
develop frailty. From these results, it is

possible to hypothesize that diminished
lower-limb strength is related to insulin
resistance.

In this study, we conducted a cross-
sectional analysis of a nondiabetic healthy
cohort from the Health, Aging, and Body
Composition (Health ABC) Study to ex-
amine whether decreased quadriceps
muscle strength is associated with insulin
resistance. The analysis accounts for fac-
tors that affect muscle function, such as
inflammation and muscle fat, and for fac-
tors associated with insulin resistance,
such as fat mass and physical activity.

RESEARCH DESIGN AND
METHODS — The Health ABC Study
is an ongoing prospective cohort study of
older adults that examines declines in
physical functioning in relation to mea-
sures and changes in body composition
(2). The present study cohort consists of
2,006 well-functioning adults (age 70–79
years) who self-reported no difficulty
with walking one-quarter mile or walking
up 10 steps without stopping, who un-
derwent dual-energy X-ray absorptiom-
etry (DEXA) and computed tomography
scans, who had fasting blood testing for
glucose, insulin, and inflammation factor
levels, and who do not have diabetes (use
of hypoglycemic agents and/or a fasting
glucose level �125 mg/dl). Lean quadri-
ceps muscle mass was derived from DEXA
scanning (2). Axial computed tomogra-
phy scans at the mid-thigh level were
done to obtain the mean attenuation co-
efficient of the quadriceps muscle, an in-
dicator of muscle fat infiltration (2).
Quadriceps strength was measured using
an isokinetic dynamometer (Kin-Com dy-
namometer, 125 AP) for knee extension.
Maximal voluntary concentric isokinetic
torque was assessed in newton meters (3).
Insulin resistance was calculated using
the homeostasis model assessment
(HOMA): fasting glucose � fasting insu-
lin level/22.5 (4), a validated measure of
insulin resistance (5).

Pearson’s correlation was used to in-
vestigate the association of HOMA of in-
sulin resistance (HOMA-IR) with
quadriceps strength, mass, and strength
per kilogram of muscle mass. Linear re-
gression was done to examine the rela-
tionship of quadriceps strength per
kilogram of muscle mass with HOMA-IR
with adjustment for age, activity level, to-
tal body fat, race, sex, quadriceps attenu-
ation coefficient, and presence of
impaired fasting glucose (IFG).

RESULTS — There were no statisti-
cally significant differences across
HOMA-IR quartiles with regard to age,
sex, height, current smoking, race, and
statin use, as well as A1C, interleukin-6,
and tumor necrosis factor levels. Subjects
with higher HOMA-IR values were
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heavier, had higher total body fat mass,
and had higher insulin and fasting glu-
cose levels compared with those in sub-
jects with lower scores. Groups did not
differ with regard to chronic disease prev-
alence or energy expenditure, with the ex-
ception of higher creatinine levels and
lower energy expenditure in the highest
quartile of HOMA-IR.

Correlation coefficients of quadriceps
strength, mass, and strength per kilogram
of muscle mass with HOMA-IR can be
found in Table 1. There was no significant
association between quadriceps strength
and HOMA-IR; however, there was a sig-
nificant association of quadriceps muscle
mass with HOMA-IR. Strength per kilo-
gram of muscle mass was negatively asso-
ciated with HOMA-IR. There were 9 and
13% differences in mean quadriceps
strength per kilogram of muscle mass be-
tween women and men in the lowest
HOMA-IR quartile (women: 12.66 �
4.66; men: 19.97 � 7.48 Nm/kg) and
women and men in the highest HOMA-IR
quartile (women: 10.95 � 3.85; men:
17.40 � 5.94 Nm/kg), respectively.

Linear regression modeling of quad-
riceps strength per kilogram of muscle
mass showed a strong negative relation-
ship with HOMA-IR (P � 0.001). In-
creased age (P � 0.0001) and total body
fat (P � 0.0001), IFG (P � 0.006), female
sex (P � 0.0001), and decreased activity
level (P � 0.016) were also negatively as-
sociated with quadriceps strength per ki-
logram of muscle mass. The quadriceps
attenuation coefficient was not signifi-
cantly associated with strength. Thirty-
one percent of strength variation was
accounted for in this model.

CONCLUSIONS — In the present
study, the evidence shows that mildly di-
minished quadriceps muscle strength per
kilogram of muscle mass is associated
with increased HOMA-IR in ambulatory

well-functioning adults without diabetes.
This association is independent of total
body fat mass, level of physical activity,
increased age, IFG, and quadriceps mus-
cle fat content. Even though these cross-
sectional findings cannot be used to
impute a causal association, they do sug-
gest that diminished quadriceps strength
and insulin resistance are related. Because
the participants in this study reported no
ambulatory impairments, the observed
decreases in quadriceps strength are sub-
clinical. This conclusion is consistent
with prior Health ABC analyses, which
showed that people with diabetes (a stage
of illness that follows insulin resistance)
had more subclinical functional limita-
tions in the lower extremities than people
without diabetes (6). It should be noted
that the Health ABC Study does not have
a measure of participant fitness (VO2max),
so we are unable to adjust our findings for
this important covariate that is also re-
lated to insulin resistance/sensitivity (7).

Our results are consistent with the ef-
fects of insulin on muscle function. Insu-
lin helps regulate protein metabolism in
muscle. In vitro studies (8) show that in-
sulin stimulates the production of muscle
proteins. In vivo studies (9) suggest that
the effect of insulin on muscle is to pre-
vent muscle protein breakdown. There is
an age-related decrease in response to in-
sulin (10) that is likely related to declines
in insulin receptor substrate-1 function
(11). Other studies of muscle tissue sug-
gest that mitochondrial proteins influ-
enced by insulin are impaired with aging
(12).

Our results support the hypothesis
that relatively small decreases in quadri-
ceps muscle strength may be related to
insulin resistance in older adults, in addi-
tion to other well-established factors such
as increased fat mass or decreased physi-
cal activity (13). In this regard, the Diabe-
tes Prevention Program showed that the

greatest reduction in progression to dia-
betes in people with insulin resistance
was in older adults who exercised (14).
Likewise, a study by Nair and colleagues
(15) demonstrated that older adults who
exercised more than 1 h per day had in-
sulin sensitivity similar to trained younger
adults. A prospective analysis of the
Health ABC Study is planned to test
whether quadriceps strength indepen-
dently predicts increases in glucose levels.
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