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OBJECTIVE — 1t has been shown that adults with either long-standing type 1 or type 2
diabetes had lower skeletal muscle strength than nondiabetic adults in cross-sectional studies.
The aim of the study was to investigate longitudinal changes of muscle mass and strength in
community-dwelling older adults with and without type 2 diabetes.

RESEARCH DESIGN AND METHODS — We examined leg and arm muscle mass and
strength at baseline and 3 years later in 1,840 older adults aged 70—79 years in the Health, Aging,
and Body Composition Study. Regional muscle mass was measured by dual energy X-ray ab-
sorptiometry, and muscle strength was measured using isokinetic and isometric dynamometers.

RESULTS — Older adults with type 2 diabetes (n = 305) showed greater declines in the leg
muscle mass (—0.29 = 0.03 vs. —0.23 = 0.01 kg, P < 0.05) and strength (—16.5 * 1.2 vs.
—12.4 £0.5Nm, P = 0.001) compared with older adults without diabetes. Leg muscle quality,
expressed as maximal strength per unit of muscle mass (Newton meters per kilogram), also
declined more rapidly in older adults with diabetes (—1.6 = 0.2 vs. —1.2 = 0.1 Nm/kg, P <
0.05). Changes in arm muscle strength and quality were not different between those with and
without diabetes. Rapid declines in leg muscle strength and quality were attenuated but re-
mained significant after controlling for demographics, body composition, physical activity,
combined chronic diseases, interleukin-6, and tumor necrosis factor-a.

CONCLUSIONS — 1n older adults, type 2 diabetes is associated with accelerated loss of leg
muscle strength and quality.
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n industrialized countries, the major
increase in the number of people
with diabetes is attributed to the ag-
ing of the population (1,2). In older
adults, diabetes is associated with a
two- to threefold increased risk of inju-
rious falls (3) and physical disability
(4-8). Several factors have been identi-
fied as contributors to diabetes-related
disability including obesity (4,5), coro-
nary heart disease (4,5,7), stroke (4),
arthritis (4,5), depression (7), and vi-
sual impairments (4,5), but still a large
portion of the diabetes-disability rela-
tionship is not explained by these fac-
tors. Alterations in muscular function in
diabetes, which can be a potential path-
way, have not yet been explored.
Muscle weakness in diabetes has
been considered a rare manifestation as-
sociated with severe diabetic neuropa-
thy (9). However, recent studies using
quantitative assessments of muscular
function showed that skeletal muscle
strength, especially in the lower extrem-
ity, is generally lower in adults with di-
abetes than in nondiabetic subjects
(10-12). The Health, Aging, and Body
Composition Study (Health ABC) was
designed to investigate the impact of
changes in body composition and
health conditions on age-related physi-
ological and functional status among
adults from 70 to 79 years of age. In this
cohort, we have reported that older
adults with type 2 diabetes had lower
skeletal muscle strength and quality
(12). However, it is still unclear
whether lower muscle strength in dia-
betes is a consequence of diabetes or
just a coincidence because previous
studies were cross-sectional observa-
tions. To address this question, we re-
examined knee extensor and hand grip
strength and body composition 3 years
after the initial examination in the
Health ABC Study. We hypothesized
that older adults with type 2 diabetes
would show a greater decline in skeletal
muscle strength and quality than older
adults without diabetes.
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Muscle strength loss in type 2 diabetes

RESEARCH DESIGN AND
METHODS — The Health ABC Study
included well-functioning, community-
dwelling older adults aged 70—79 years.
The Health ABC Study was described in
detail elsewhere (12). Among 2,618 par-
ticipants who had completed baseline as-
sessments for skeletal muscle mass and
strength, 1,840 (70.3%) were reexamined
3 years later. The reasons for not having
follow-up data were death (n = 146), de-
velopment of disability and/or institu-
tionalization (n = 302), missed contact
(n = 77), withdrawal of the participants
(n = 11), inability to perform a knee
strength test (n = 191), and missing data
on body composition (n = 51). All par-
ticipants provided informed consent be-
fore participating in the study. The
consent forms and study protocols were
approved by the institutional review
boards at each field center.

Diabetes assessment

Participants were considered to have type
2 diabetes if they had 1) a report of having
the diagnosis of diabetes with onset after
age 25 and/or 2) current use of oral hypo-
glycemic medications or insulin, or 3) a
fasting plasma glucose concentration
=7.0 mmol/l at baseline. Plasma glucose
was measured using an automated glu-
cose oxidase reaction (Vitros 950 ana-
lyzer; Johnson & Johnson, Rochester,
NY), and A1C was measured by an enzy-
matic method (Bio-Rad, Hercules, CA).

Body composition

Lean masses of the upper and lower ex-
tremities and the total body were assessed
using dual-energy X-ray absorptiometry
(QDR 4500, software version 8.21; Ho-
logic, Bedford, MA). The validity and re-
producibility of the body composition
data in the Health ABC Study may be
found elsewhere (13,14). Quality assur-
ance measures included the use of a body
composition phantom for calibration and
annual assessment for potential site differ-
ences or drift over time.

Strength assessments

Strength was measured using an isoki-
netic dynamometer (125 AP; Kin-Com,
Chattanooga, TN) for knee extension and
isometric dynamometer (Jaymar; JLW In-
struments, Chicago, IL) for hand grip
strength. For knee extension, maximal
voluntary concentric isokinetic torque
was assessed in Newton meters at an an-
gular velocity of 60°/s. At least three, but
no more than six, maximal efforts were

allowed to produce three overlying
curves, and the mean maximal torque was
recorded and used for the analysis. The
right leg was used unless contraindicated
by pain or history of joint replacement.
For validation of the knee strength assess-
ments, we performed a reliability study in
63 participants. The interexaminer coef-
ficient of variation (CV) was 4.85% with
no significant differences between exam-
iners. The intraparticipant CV was
10.68%, and the CV for combined effect
of examiner and participant was 11.73%.

Isometric grip strength was assessed
for each hand. Participants with severe
hand pain or recent surgery were ex-
cluded. The vast majority of participants
(96%) who had leg strength testing also
had grip strength testing. For these anal-
yses, we used the maximum of the force
from two trials for the right upper extrem-
ity. A measure of muscle quality (leg-
specific torque [Newton meters per
kilogram] and arm-specific force [kilo-
grams per kilogram]) was created by tak-
ing the ratio of strength to the entire
corresponding leg or arm muscle mass in
kilograms measured by dual-energy X-ray
absorptiometry.

Other covariates

Sociodemographic characteristics in-
cluded age, sex, race, and education.
Combined chronic diseases such as coro-
nary heart disease, congestive heart fail-
ure, stroke, peripheral artery disease,
knee osteoarthritis, depression, and can-
cer were identified by self-report and con-
firmed by treatment and medication use.
Self-reported poor eyesight was consid-
ered as impaired vision. Renal insuffi-
ciency was defined by serum creatinine
level >1.5 mg/dlin men and 1.2 mg/dlin
women (15). The ankle-arm index was
calculated, and subclinical peripheral ar-
tery disease was defined by ankle-arm in-
dex <0.9. Health-related behaviors
including smoking, alcohol drinking, and
level of physical activity (kilocalories per
week) were determined by using a stan-
dardized questionnaire (16). Interleu-
kin-6 (IL-6) and tumor necrosis factor-a
(TNF-a) were measured in duplicate us-
ing an ultrasensitive enzyme-linked im-
munosorbent assay (R&D Systems,
Minneapolis, MN). The lower limit of de-
tection was <0.10 pg/ml for IL-6 and
0.18 pg/ml for TNF-a, with CVs of 6.3
and 16.0%, respectively.

Statistical analyses

Baseline characteristics of the cohort are
presented separately for those with and
without diabetes. x~ tests were calculated
for categorical variables, and a Student’s t
test was used for continuous variables to
test for any statistical differences between
the two groups. Longitudinal changes of
muscle strength and quality were calcu-
lated in both absolute terms and relative
terms (percent change from baseline).
Differences between older adults with
and without diabetes were assessed by
general linear models controlling for sex,
race, age, and clinic site (model 1). Addi-
tional adjustments were made for BMI,
baseline strength or quality, changes in
muscle mass, and physical activity (model
2), plus combined chronic diseases and
diabetes-related complications (model 3)
and inflammatory cytokines (log-
transformed IL-6 and TNF-« in model 4).
P < 0.05 was accepted as statistically sig-
nificant. All of the analyses were per-
formed using SPSS software (version
12.0.0; SPSS, Chicago, IL).

RESULTS — Among the 1,840 older
adults with complete assessments of base-
line and follow-up skeletal muscle mass
and strength tests, 305 (16.6%) had type
2 diabetes at baseline. Older adults with
type 2 diabetes were more likely to be
men and black and to have a lower level of
education (Table 1). Those with diabetes
had greater body weight, BMI, and total
fat mass as well as higher total lean mass
than their nondiabetic counterparts. As
expected, combined chronic conditions
such as coronary heart disease, peripheral
artery disease, impaired vision, and renal
insufficiency were more prevalent in
those with type 2 diabetes. 1L-6 and
TNF-a levels were significantly higher in
older adults with diabetes (Table 1).
Both diabetic and nondiabetic older
adults lost significant amounts of initial
muscle strength in 3 years. However, older
adults with type 2 diabetes lost their knee
extensor strength more rapidly than those
without diabetes (P = 0.001) (Table 2).
Older adults with type 2 diabetes also lost
greater amounts of leg lean mass than those
without diabetes (P < 0.05). Furthermore,
muscle quality (maximal strength per unit
of muscle mass in Newton meters per kilo-
gram) declined more rapidly in older adults
with type 2 diabetes (P < 0.05). When ex-
pressed in relative changes, older adults
with type 2 diabetes showed ~50% more
rapid declines in knee extensor strength
(—=9.0vs. —13.5%, P = 0.002) and muscle
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Table 1—Characteristics of participants by baseline diabetes status in the Health ABC Study

Without diabetes With diabetes P value*
n 1,535 305
Sociodemographic
Age (years) 73428 73.5*27 0.772
Men (%) 47.7 59.1 <0.001
Blacks (%) 32.7 51.9 <0.001
Education <12 years (%) 19.8 30.9 <0.001
Anthropometric (body
composition)
Height (cm) 166.6 = 9.2 167.0 = 9.3 0.312
Weight (kg) 752 * 144 81.0 = 14.1 <0.001
BMI (kg/m?) 27.1 =44 29.0 = 44 <0.001
Total body fat (%) 33.6 7.6 343*+74 0.050
Total fat mass (kg) 255+ 8.0 27.9 +8.2 <0.001
Total lean mass (kg) 475+ 10.1 50.7 = 9.9 <0.001
Chronic diseases (%)
Coronary heart disease 15.2 23.7 <0.001
Congestive heart failure 1.5 29 0.094
Stroke 1.8 1.9 0.860
PAD 3.0 5.8 0.014
Knee osteoarthritis 8.4 6.8 0.347
Depression 11.6 9.7 0.337
Cancer 21.0 16.6 0.079
Impaired vision 16.7 25.7 <0.001
Renal insufficiency 6.0 11.5 0.001
Subclinical PADT 9.5 19.1 <0.001
Behavioral factors
Current smoking (%) 8.5 6.5 0.243
Alcohol drinking (%) 55.4 38.3 <0.001
Physical activity 548 (119-1,446) 403 (57-1,235) 0.024
(kcal/week)F
Biochemical
Fasting glucose (mmol/l) 52*0.5 84x29 <0.001
A1C (%) 6.0 £0.5 79+ 1.6 <0.001
IL-6 (pg/mD# 1.63 (1.12-2.44) 2.16 (1.47-3.08) <0.001
TNF-a (pg/mD+ 3.03 (2.35-3.86) 3.41 (2.57-4.37) <0.001

Data are means = SD, proportions, or median (interquartile range). *P values are from age/sex/race-adjusted
logistic regression or linear models comparing participants with and without diabetes. ¥Subclinical periph-
eral artery disease (PAD) was defined as ankle-arm index <0.9. ¥Wilcoxon rank-sum test for comparison of

medians.

quality (—6.2 vs. —10.0%, P = 0.01) in 3
years than those without diabetes. How-
ever, the changes in hand grip strength and
arm muscle quality were not different be-
tween those with and without diabetes al-
though older adults with diabetes lost
greater amounts of arm muscle mass (Table
2). There was no indication of an interaction
effect (P < 0.10) of sex or race with diabetes
on the changes in muscle strength or muscle
quality.

Table 3 presents the changes in knee
extensor strength and muscle quality with
controls for potential confounders. A
greater decline of knee extensor strength
in older adults with type 2 diabetes was
not changed by adjustments for sex, race,
age, clinic site, BMI, baseline strength,

changes in leg muscle mass, and physical
activity (models 1 and 2). The association
of diabetes and loss of knee extensor
strength was slightly attenuated by addi-
tional adjustments for combined chronic
diseases and inflammatory cytokines
(models 3 and 4).

A greater decline of leg muscle quality
in older adults with type 2 diabetes was
also evident, even after adjustments for
demographics, BMI, baseline muscle
quality, changes in leg lean mass, and
physical activity (P = 0.001, model 2).
Further adjustments for combined
chronic diseases and inflammatory cyto-
kines attenuated the association of diabe-
tes and declines in muscle quality.
However, the greater declines in muscle

Park and Associates

strength and quality in older adults with
type 2 diabetes remained significant
throughout the adjustment models (Table
3).

CONCLUSIONS — In this study,
older adults with type 2 diabetes lost
13.5% of their knee extensor strength,
whereas those without diabetes lost 9.0%
of initial strength in 3 years. An ~50%
more rapid decline in the knee extensor
strength in older adults with diabetes was
not accounted for by a greater loss of leg
muscle mass. Muscle quality also declined
more rapidly in older adults with type 2
diabetes, suggesting that diabetes may re-
sult in functional impairments in muscu-
lar function of the lower extremities, not
necessarily accompanied by loss of mus-
cle mass.

Sarcopenia, a status of decreased skel-
etal muscle mass, is commonly observed
in older adults as a result of age-related
loss of muscle mass (17-21). In general, it
is frequently accompanied by lower skel-
etal muscle strength. However, determi-
nants or risk factors for sarcopenia and
low muscle strength in older adults have
not been well identified (22). This is the
first epidemiological study showing that
type 2 diabetes is associated with rapid
loss of skeletal muscle mass and strength
in older adults. It confirms the previous
cross-sectional finding of lower muscle
strength in individuals with diabetes (10—
12). It is also consistent with the finding
of Andreassen et al. (23) who showed a
rapid decline in ankle strength in patients
with symptomatic diabetic neuropathy.
The findings of this longitudinal study
strongly suggest that low muscle strength
in adults with type 2 diabetes is a conse-
quence of rather than just a coincidence
with type 2 diabetes.

We found discordance between the
upper and lower extremities for diabetes
and changes in muscle strength. A relative
preservation of upper extremity strength
has been observed in the process of aging
(21,24). Our findings are, in fact, consis-
tent with previous cross-sectional studies
showing decreased skeletal muscle
strength at the ankle and knee but not at
the wrist and elbow in patients with type
2 diabetes (10). Andersen et al. (11) re-
ported that upper extremity strength was
preserved even in long-standing type 1
diabetic patients. They also found that
muscle strength was related to the pres-
ence and severity of peripheral neuropa-
thy in both type 1 and type 2 diabetic
patients (10,11). It is well known that the
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Muscle strength loss in type 2 diabetes

Table 2—Three-year changes in skeletal muscle strength, mass, and quality by baseline diabetes status in the Health ABC Study

Without diabetes With diabetes
Baseline 36 months Change Baseline 36 months Change P value*

n 1,535 305
Knee extensor

Maximal torque (Nm) 109.1 £ 0.7 96.8 £ 0.7 —12.4 £ 0.57 1113 * 15 948 £ 1.5 —16.5 £ 1.2% 0.001

Leg lean mass (kg) 7.52 =0.03 729003 —0.23 £0.01% 7.96 * 0.077 7.66 £ 0.07f —0.29 *0.03F 0.035

Specific torque (Nmvkg)  14.4 = 0.1 132 £0.1 —-1.2 £0.1% 14.0 £ 0.2+ 124 £0.2% —-1.6£0.2%  0.034
Hand grip

Maximal force (kg) 326 0.2 313202 —13*x0.1% 32.1 £04 30.8 £ 0.4 —13 = 0.3% 0.964

Arm lean mass (kg) 275+0.01 270*0.01 —0.06=*0.01¥ 292*0.03% 2.83*0.03f —0.08*0.01% 0.025

Specific force (kg/kg) 120 £0.1 11.8 £ 0.1 —0.2 £ 0.1% 112 £ 0.17 11.0 £ 0.17 —02*=0.1 0.757

Data are adjusted means =+ SE from linear models controlling for age, sex, race, and clinic site. *P values for comparison of 3-year changes between two groups. P <
0.01 versus those without diabetes at the same time period. ¥P < 0.001 between baseline and 36 months within the same group.

lower extremities are predominantly in-
volved in diabetic neuropathy presum-
ably because of a length-dependent
degeneration of nerve fibers (25,26). If
neuropathy is a factor, skeletal muscle
function is more likely to be affected in
the lower extremities than in the upper
extremities.

The exclusion of many participants
for follow-up knee extensor strength test
may have potentially biased the results to
the null because proportionally more
subjects with diabetes were excluded be-
cause of high mortality and other reasons
(see Table 1 of the online appendix, avail-
able at http://dx.doi.org/10.2337/dc06-
2537). We identified 47 participants with
diabetes and 181 without diabetes who
were excluded from the knee strength test
but had the grip strength test at the fol-

low-up examination. Among them, de-
clines in hand grip strength were greater
in older adults with diabetes than in those
without diabetes (=3.3 = 6.7vs. —1.1 =
6.2 kg, P < 0.05), suggesting that strict
criteria for knee strength testing might se-
lect stronger individuals and actually ob-
scure the true declines in muscle strength,
particularly in those with diabetes (see
Table 2 of the online appendix).

Lower extremity strength is essential
for maintaining basic physical function,
especially mobility such as walking and
climbing stairs. It is well known that
lower knee extensor strength is associated
with an increased risk of incident mobility
limitations (27-29). Although it is un-
clear whether there is a certain threshold
level of leg strength to maintain physical
function, lower muscle strength is defi-

Table 3—Adjusted 3-year changes in knee extensor strength and muscle quality by baseline

diabetes status in the Health ABC Study

Without diabetes With diabetes P value
n 1,535 305
Muscle strength (maximal
torque, Nm)
Model 1 —124 05 —165*12 0.001
Model 2 —125%0.5 —-162 £ 1.1 0.001
Model 3 —125%£05 —157%1.1 0.008
Model 4 —12.7£05 —156 £ 12 0.026
Muscle quality (specific
torque, Nm/kg)
Model 1 —1.22 £0.07 —1.57 £0.15 0.034
Model 2 —1.20 £ 0.06 —1.69 £0.14 0.001
Model 3 —1.21 £0.06 —1.64 £0.14 0.006
Model 4 —1.24 £ 0.06 —1.64 £0.15 0.018

Data are adjusted means = SE. Model 1: adjusted for sex, race, age, and clinic site. Model 2: additionally
adjusted for BMI, baseline strength or quality, changes in leg lean mass, and physical activity. Model 3:
additionally adjusted for coronary heart disease, stroke, congestive heart failure, peripheral artery disease,
knee osteoarthritis, cancer, depression, impaired vision, renal insufficiency, and subclinical peripheral artery
disease (ankle arm index <0.9). Model 4: additionally adjusted for cytokines (log-transformed IL-6 and

TNF-a).

nitely a risk factor for physical disability,
independent of lower muscle mass itself
(29).

Several studies suggested that the
combination of sarcopenia and obesity
(“sarcopenic obesity”) was more strongly
associated with disability than either body
composition type alone (30,31). It is pos-
sible that the rapid decline in muscle
strength in older adults with type 2 dia-
betes may be associated with sarcopenic
obesity. However, to our knowledge there
is no study examining the changes in
muscle strength in relation to sarcopenic
obesity.

The mechanisms for the rapid loss of
skeletal muscle strength, in older adults
with diabetes are not known. Neuro-
pathic processes involving motor neurons
could affect muscle strength, as evidenced
by the close association of muscle
strength and severity of diabetic neurop-
athy in the previous cross-sectional obser-
vations (10,11). Electrophysiological
studies showed that muscle strength in
diabetic patients correlated with fiber
density and amplitude of the macromotor
unit potential, suggesting incomplete re-
innervation after axonal loss (32). Longi-
tudinal studies suggest an average loss of
compound muscle action potential am-
plitude at a rate of ~3%/year in patients
with type 2 diabetes over a 10-year period
(33). Further research should identify the
role of the decrease in motor amplitudes
on skeletal muscle strength and quality in
subjects with diabetes.

In our study, adjustments for comor-
bid conditions such as cardiovascular dis-
ease, stroke, congestive heart failure,
peripheral arterial disease, depression,
impaired vision, and renal insufficiency
slightly attenuated the declines in muscle
strength. These results suggest that
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chronic complications of diabetes have a
limited role in declines in skeletal muscle
strength in older adults with diabetes.
However, we had no reliable assessment
of nerve function in our study at baseline.
It is possible that declines in muscle func-
tion may indeed be the result of diabetic
neuropathy (23).

Another potential mechanism is in-
creased levels of inflammatory cytokines
in subjects with diabetes. It has been re-
ported that systemic inflammatory cyto-
kines such as TNF-a and IL-6 have
detrimental effects on muscle mass,
strength, and physical performance in
older adults (34,35). In our study, rapid
declines in muscle strength and quality in
older adults with diabetes are attenuated,
albeit still significant, after adjusting for
IL-6 and TNF-a. These findings may sug-
gest a potential role of inflammatory cyto-
kines on the muscular function in
diabetes.

Our study has several limitations. The
study participants were well-functioning,
community-dwelling older adults who
were relatively healthier than other indi-
viduals in the typical population of the
same age. There were many dropouts, and
only ~70% of participants completed fol-
low-up assessments. However, we believe
that the loss to follow-up may produce an
underestimation of the true decline in
muscle function in those with diabetes
(see Tables 1 and 2 of the online appen-
dix). The questionnaire to assess physical
activity in the Health ABC Study has not
been validated in older diabetic subjects.
It may not be sensitive enough to detect
the influence of different physical activity
level on the changes in muscle strength
and quality in our study. We also lacked
information about neuropathy at base-
line, which would be related with muscu-
lar function in those with type 2 diabetes.

In summary, the present study dem-
onstrates an accelerated loss of knee ex-
tensor strength and quality in older adults
with type 2 diabetes.
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