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Background. There is little information regarding the effects of strength training on intermuscular fat (IMF). This study
examines changes in IMF in response to strength training in carriers of the adrenergic receptor (ADR) b2Glu27
polymorphism versus noncarriers and between carriers of ADRa2b Glu9 polymorphism versus noncarriers.

Methods. Midthigh IMF and muscle area were measured by computed tomography (CT) before and after 10 weeks of
single-leg strength training in healthy, sedentary middle-aged and older (50–83 years) men (n¼46) and women (n¼52) in
both their trained and untrained (control) legs.

Results. The strength training program resulted in a substantial increase in one-repetition maximum strength (p , .001)
and muscle area (p , .001), but no significant changes in IMF in the whole group. However, IMF was significantly reduced
with strength training in participants carrying ADRb2 Glu27 (�2. 3 6 1.0 cm2, p ¼ .028), but no significant change
was observed with ADRb2 Glu27 noncarriers. The decrease in IMF in ADRa2b Glu9 carriers (�1.9 6 1.0 cm2, p¼ .066)
was significantly different (�2.9 6 1.5 cm2, p¼ .043) from a nonsignificant increase in ADRa2b Glu9 noncarriers. ADRb2
Glu27 carriers who also carried ADRa2b Glu9 significantly lost IMF with strength training (�3.8 6 1.5 cm2, p¼ .018).

Conclusion. ADR genotype influences IMF response to strength training.

SARCOPENIA is the age-associated loss of muscle mass.
The loss is associated with a decrease in muscle strength,

deterioration in health status, and adverse effects on functional
abilities in the elderly population (1). Aging adversely affects
the quantity, as well as the composition, of skeletal muscle.
For example, fat infiltration of muscle increases with age
(2,3), leading to the accumulation of intermuscular fat (IMF).
Elevated levels of thigh IMF has been linked to insulin
resistance in muscle and to the development of type 2 diabetes
(4,5). In addition, fat infiltration is associated with lower
muscle strength (6), with poorer leg function (7), and with
greater incidence of mobility limitations in elderly persons (8).

Although strength training is thought to be the intervention
of choice for delaying the adverse consequences of sarcopenia
(9), little or no information is available on the effects of
strength training on limb IMF. In this regard, Sipila and
Suominen (10) reported a reduced percentage of thigh IMF in
response to strength training, but no information on absolute
IMF change was provided. The reduced percentage of fat may
have been due to the increase in thigh muscle mass alone,
which would lower the percentage of fat tissue, even in the
absence of changes in total fat mass. Estimated fat infiltration
is reduced as a result of a combination of aerobic exercise
training and strength training (11), and strength training
combined with a low-calorie diet reduces thigh IMF (12).
However, no information is available on the independent
effects of strength training on IMF.

Strength training increases sympathetic nerve activity
(13,14), and norepinephrine derived from sympathetic

nerves regulates lipolysis by binding to stimulatory (b1, 2,
or 3), primarily b2 in skeletal muscle (15), and inhibitory
adrenergic receptors (ADRa2b). The balance between
ADRb2 and ADRa2b can at least partially determine the
relative efficacy of norepinephrine (16). ADRb2 Gln27Glu
polymorphisms have been associated with fat reduction
induced by exercise training in some (17,18) but not all
studies (19). The combined effects of ADRb2 Gln27Glu
and ADRa2b Glu12/Glu9 polymorphisms on the body fat
reduction induced by aerobic exercise training have been
reported (18). Although one cross-sectional study has
examined the association of genotype, reported physical
activity levels, and thigh IMF (20), no studies have reported
genotype influences on strength training effects on IMF.
Thus, we hypothesized that strength training will signifi-
cantly reduce IMF and that ADRb2 Glu27 carriers and
ADRa2b Glu9 gene noncarriers will experience significant-
ly more IMF reduction than will ADRb2 Glu27 noncarriers
and ADRa2b Glu9 carriers, respectively.

METHODS

Participants
Relatively healthy, sedentary, Caucasian (n ¼ 67) and

African American (n ¼ 31) men (n ¼ 46) and women
(n ¼ 52) aged 50–83 years served as participants in this
study. They were nonsmokers and were free of significant
cardiovascular, metabolic, or musculoskeletal disorders.
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Those who were already taking medications for . 3 weeks
prior to the start of the study were permitted into the study as
long as medications and dosages were not changed. After all
procedures were explained, participants read and signed
a consent form, which was approved by the Institutional
Review Board of the University of Maryland, College Park.
All participants maintained stable body weight and were
asked to maintain their regular physical activity levels and
dietary habits.

Genotyping
Genomic DNA was prepared from EDTA-anticoagulated

whole-blood samples by standard salting-out procedures
(Puregene DNA Extraction; Gentra Systems, Inc., Minne-
apolis, MN). A restriction fragment length polymorphism
(RFLP) procedure (21) was used to genotype for ADRb2
Gln27Glu polymorphisms using the Fnu4H restriction
enzyme. ADRa2b polymorphisms were analyzed directly
on 3% agarose gel for 3 hours at 100 V for maximum sepa-
ration and clarity. The genotype procedures were validated
by direct sequencing of a random collection of samples.

Body Composition Assessment
Body composition was estimated by dual-energy x-ray

absorptiometry (DXA) using fan-beam technology (model
QDR 4500A; Hologic, Waltham, MA) and procedures we
described previously (22).

Computed Topography of the Midthigh
An axial 10 mm-thick computed tomography (CT) scan

of the trained and untrained leg was obtained (GE Light-
speed Qxi; General Electric, Milwaukee, WI) at the
midpoint of the most distal point of the ischial tuberosity
to the most proximal part of the patella, while participants
were in a supine position. CT scans were analyzed using
Medical Image Processing, Analysis, and Visualization
(MIPAV) software (National Institutes of Health, Bethesda,
MD). Briefly, IMF was segmented from the subcutaneous
fat by manual drawing of a line along the deep fascial plane
surrounding the thigh muscles with the exclusion of bone
marrow fat (5). The IMF was distinguished from normal
density muscle based on the range of Hounsfield Units
(HU), that is, IMF ¼�190 to �30 vs 31 to 100 for normal
density muscle, as previously described (5,23). Coefficient
of variation of repeated measurements was ,5% for both.

Strength Testing
One-repetition maximum strength tests were assessed for

the knee extensors before and after the strength training
program using air-powered resistance knee-extension ma-
chines (Keiser Co. Inc., Fresno, CA), using standardized
procedures as we described previously (22). Two familiar-
ization training sessions were performed prior to the base-
line 1-repetition maximum test and to the training program
(19). This procedure helps to control for inflated increases in
strength due to initial changes in motor unit recruitment
pattern (i.e., skill acquisition) and reduces risk of injury
during testing and training.

Training Program
The training program consisted of unilateral (one-leg)

training of the knee extensors of the right leg, three times
per week, for ;10 weeks. Training was performed on a
Keiser A-300 air-powered leg extension machine. The un-
trained control leg was kept in a relaxed position throughout
the training program. Following the two familiarization
training sessions previously described, the training consisted
of five sets of knee extension exercise for those aged ,75
years and four sets for those aged �75 years, as described
by Delmonico and colleagues (22). We chose not to require
participants aged �75 years to perform the last set because
of the concern that overtraining in this age group might
result in a reduction in strength gains with training (24).

Statistical Analysis
ADR genotypic distributions were evaluated for confor-

mity with Hardy–Weinberg equilibrium using the chi-square
test with two degrees of freedom. Differences between pre-
and posttraining physical characteristics were tested by
paired t test. The influences of genotype on the effects of
strength training on IMF and muscle area were determined
by analysis of covariance (ANCOVA). The change in IMF
and muscle area was calculated by subtracting the difference
between the changes (pretraining to posttraining) of the
untrained leg from those of the trained leg. The ADRb2
genotype was categorized as ADRb2Glu27 carriers (Gln27Glu
and Glu27Glu) and Glu27 noncarriers (Gln27Gln). The
ADRa2b genotype was categorized as ADRa2b Glu9

carriers (Glu12/Glu9 and Glu9/Glu9) and Glu9 noncarriers
(Glu12/Glu12). The initial linear model for IMF included the
two genotype groups, ethnicity, and sex hormone re-
placement as class variables, while age, change in body
fat, and baseline values were covaried. Muscle area was
covaried for age and baseline values only. Interactions were
tested and found to be nonsignificant. Means were weighted
for sex-hormone replacement, ethnicity and genotype dis-
tributions. The significance was set as p , .05.

RESULTS

Participant Characteristics
The physical characteristics of participants at baseline and

after training are shown in Table 1. Men significantly
increased their fat-free mass and total body mass, whereas
women showed no significant change in fat-free mass or
total body mass in response to strength training. There was
no significant change in body fat or percent body fat in
either men or women with strength training. The 1-repetition
maximum strength values increased significantly by 28.4%
in men (þ9.1 kg) and 27.8% in women (þ5.2 kg).

Genotype
The ADR genotype frequencies as shown in Table 2

were comparable to those reported previously (18), and fit
the expectation of Hardy–Weinberg equilibrium for each
polymorphism (ADRb2 Gln27Glu, v2 ¼ 0. 068, p ¼ .967;
ADRa2b Glu12/Glu9, v2 ¼ 0. 357, p ¼ .836). This was
also true within African American (ADRb2 Gln27Glu,
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v2¼ 1.977, p¼ .372; ADRa2b Glu12/Glu9, v2¼ 0. 285, p¼
.867) and Caucasian groups (ADRb2 Gln27Glu, v2¼0.524,
p¼ .770; ADRa2b Glu12/Glu9, v2 ¼ 0. 349, p¼ .840).

IMF and Muscle Area
IMF and normal density muscle (NDM) areas before and

after training are shown in Table 3. IMF was not
significantly changed with strength training in the group
as a whole (0.35 6 0.68 cm2, p ¼ .611). However, there
were significant training-induced reductions in IMF in the
ADRb2 Glu27 carriers (�2. 3 6 1.0 cm2, p ¼ .028; Figure
1), which were significantly different (�3. 8 6 1.5 cm2, p¼
.014) from the increased nonsignificant values observed in
the ADRb2 Glu27 noncarriers. The ADRb2 Gln27Glu poly-
morphism explained 5.6% of the variation in change in IMF.
The training-induced decrease in IMF in the ADRa2b Glu9

carriers approached significance (�1.9 6 1.0 cm2, p¼ .066;

Figure 2), and was significantly different (�3.0 6 1.4 cm2,
p ¼ .043) from the increased nonsignificant values in
ADRa2b Glu9 noncarriers. The ADRa2b Glu12/Glu9 poly-
morphism explained 3.7% of the variation in change in IMF.

Carriers of ADRb2 Glu27 who also carried ADRa2b
Glu9 alleles (Glu27þ/Glu9þ) showed a significant decrease
in IMF with strength training (�3.8 6 1.6 cm2, p ¼ .018;
Figure 3), which was significantly different (�6.8 6 2.3
cm2, p¼ .004) from a significant increase in IMF (3.0 6 1.5
cm2, p ¼ .046) in participants who did not carry either of
these two alleles (ADRb2 Glu27�/ADRa2b Glu9�). The
ADRb2 and ADRa2b genotypes combined explained 7.4%
of the variation in the change in IMF.

The significant increase in midthigh muscle area (19.3 6
2.2 cm2, p , .001) was consistent for all genotypes with
strength training.

DISCUSSION

To our knowledge, this is the first study to examine the
effects of strength training and the influence of ADR geno-
types on IMF. These results support our hypothesis that
ADR genotypes influence the responses of IMF to strength
training, but do not support our hypothesis that strength

Table 1. Physical Characteristics at Baseline and

After Strength Training

Participant Characteristics Baseline After Strength Training

Men (n ¼ 46)

Age, y 64.4 6 1.2

Height, cm 173.8 6 1.0 —

Total body mass, kg 84.0 6 1.8 84.5 6 1.9*

Body fat, kg 23.4 6 1.0 23.3 6 1.0

Percent body fat, % 27.4 6 0.8 27.2 6 0.7

FFM, kg 60.6 6 1.1 61.2 6 1.1y

1-repetition maximum, kgz 32.4 6 1.2 41.5 6 1.6y

Women (n ¼ 52)

Age, y 62.7 6 1.2

Height, cm 162.5 6 0.8 —

Total body mass, kg 73.2 6 1.7 73.3 6 1.8

Body fat, kg 28.9 6 1.1 28.7 6 1.1

Percent body fat, % 38.8 6 0.7 38.5 6 0.7

FFM, kg 44.3 6 0.7 44.6 6 0.8

1-repetition maximum, kgz 18.7 6 1.0 23.9 6 1.0y

Notes: Values are mean 6 standard error.

*p , .05.
yp , .01.
zThere were two women and one man who had missing 1-repetition

maximum data.

FFM¼ fat-free mass.

Table 2. Adrenergic Receptor (ADR) Gene Polymorphisms:

Alleles, Genotype Frequencies, and Sample Sizes

ADR Gene Polymorphisms

Alleles and Genotypes Frequency Sample Size

ADRa2b Glu12 0.73 0

ADRa2b Glu9 0.27 0

ADRa2b Glu12/Glu12 0.52 51

Glu12/Glu9 0.42 41

Glu9/Glu9 0.06 6

ADRb2 Gln27 0.72 0

ADRb2 Glu27 0.28 0

ADRb2 Gln27/Gln27 0.52 51

Gln27/Glu27 0.41 40

Glu27/Glu27 0.07 7

Table 3. Intermuscular Fat (IMF) and Normal Density Muscle

(NDM) at Baseline and After Strength Training

Baseline After Strength Training

Trained Leg Untrained Leg Trained Leg Untrained Leg

IMF, cm2 48.33 6 1.8 49.26 6 1.7 47.39 6 2.3 48.14 6 2.1

NDM, cm2 344.01 6 8.7 334.96 6 8.5 368.49 6 9.0* 340.10 6 8.3

Note: Values are mean 6 standard error.

*p , .01.

Figure 1. Change of intermuscular fat (IMF) with strength training in

adrenergic receptor (ADR) b2 Glu27 carriers and noncarriers. Values of p
connecting two bars represent tests of differences between genotypes, and

those associated with a single bar represent change due to training effects

in the designated genotype group. All other differences and changes were

nonsignificant.
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training reduces IMF in the sample group as a whole,
independent of genotype. The data demonstrate that strength
training reduces IMF in those who are ADRb2 Glu27
carriers and Glu27 carriers who also carry the ADRa2b Glu9

allele, but not in other genotype carriers.
It has been reported that strength training decreases both

total and regional fat (25,26). ADRs, especially ADRb2,
have been shown to play a major role in lipolysis of skeletal
muscle (15). Moreover, ADR genetic variants have been
associated with adipose tissue deposition and catabolism
(27,28). In this context, ADR genotypes may influence
exercise training–induced fat reductions. For example,
Phares and colleagues (18) reported a greater loss in total
percent fat and in trunk fat in ADRb2 Glu27 carriers than
in noncarriers, in response to aerobic exercise training. In
addition, ADRa2b Glu9 noncarriers who also carried
ADRb2 Glu27 lost greater fat mass than did noncarriers
of either variant in their study. The results of the current
study extend the results of Phares and colleagues (18) to
strength training, by showing that strength training–induced
IMF reduction is influenced by the ADRb2 and ADRa2b
gene polymorphisms.

Maintaining a low level of muscle fat could be important
for elderly persons because of its association with metabolic
disorders and functional disabilities (5–8). Nevertheless, it
cannot be determined whether the magnitude of IMF loss
with strength training in the present study is enough to result
in improved functions or metabolic state. However, these
results do suggest that reversing some of the age-related
muscle loss is not the only potential value of strength
training as an intervention for sarcopenia, at least for those

of a specific genotype (e.g., carriers of ADRb2 Glu27 allele
alone or together with ADRa2b Glu9).

It is unclear why the strength training program did not
result in a significant reduction in IMF in the entire group,
independent of genotypes. A possible explanation may be
that the energy expenditure of our training program was
likely too low to account for a significant loss in IMF in
the nonresponder genotype group. Only a single exercise
that incorporates a single muscle group was used.
Although multiple sets of this exercise were performed,
the total exercise time (excluding rest periods) was , 5
minutes per training session, which constitutes a low level
of energy expenditure. In addition, this type of heavy
resistance, short duration exercise requires anaerobic
metabolism as the primary energy pathways (29). Al-
though increased intramuscular lipid oxidation has been
observed in electrically induced contraction of isolated
skeletal muscle (30) and after 5 hours of continuous knee
extensor exercise (31), these studies used a very different
experimental stimulus than was used in the present
investigation.

However, despite the low energy expenditure of the
training program, we found significant strength training–
induced reductions in midthigh IMF in those participants
who carry either the ADRb2 Glu27 allele alone or both
the ADRb2 Glu27 and ADRa2b Glu9 alleles. In this
regard, Green and colleagues (32) reported that the presence
of the ADRb2 Glu27 allele is protective against the
agonist-induced decreases in ADRb2 expression, although
other studies claimed the opposite (33). On the basis of the
Green and colleagues (32) study, we postulated that ADRb2

Figure 2. Change of intermuscular fat (IMF) with strength training in

adrenergic receptor (ADR) a2b Glu9 carriers and noncarriers. Values of p
connecting two bars represent tests of differences between genotype groups,

and those associated with a single bar represent changes due to training effects

in the designated genotype group. All other differences and changes were

nonsignificant.

Figure 3. Change of intermuscular fat (IMF) with strength training in carriers

of adrenergic receptor (ADR) b2 Gln27Glu and ADRa2b Glu12/Glu9 poly-

morphisms combined. Values of p connecting two bars represent tests of dif-

ferences between designated genotype groups, and those associated with a single

bar represent changes due to training effects for the designated genotype group.

All other differences and changes were nonsignificant.
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Glu27 allele carriers may have more ADRb2 receptors than
ADRb2 Glu27 allele noncarriers in response to strength
training–induced catecholamine stimulation, thereby result-
ing in more hydrolysis of triglycerides in IMF. Small and
colleagues (34) reported that the presence of ADRa2b Glu9

resulted in a decreased inhibition of adenyl cyclase by
ADRa2b. Thus, we postulated that the presence of ADRa2b
Glu9 favors lipolysis stimulated by ADRb2, resulting in
a greater likelihood of significant reductions in IMF in
persons who carry both ADRb2Glu27 and ADRa2b Glu9

alleles. Nevertheless, lipolysis is not a perfect predictor of
fat loss because free fatty acids released from lipolysis can
be re-esterified back to triglyceride, if not oxidized by
muscle. Thus, it is the total amount of fatty acids actually
oxidized, not just the level of lipolysis stimulated, that
becomes the important biochemical step for explaining
exercise training–induced fat loss. This issue was not
addressed in this or any previous studies and will require
further study.

There were several limitations to the present study.
Although our sample size is considered relatively large
when compared to previously published strength-training
studies, it is small for genotype comparisons. Therefore, we
limited our comparisons to ADRb2 Glu27 carriers versus
Glu27 noncarriers, instead of comparing all genotype
groups. Another possible limitation is that the identified
genotype effect in this study could be due to the linkage
disequilibrium with other genes. For example, a linkage
equilibrium effect may take place between the ADRb2
Glu27 and ADRa2b Glu9 and any other nonfunctional
polymorphism, such as ADRb3 Tryp64Arg (19) or poten-
tially functional alleles, such as ADRb2Gly16Arg (35). In
addition, the sample size of this investigation precludes
sufficient statistical power for a multilocus approach. Also,
the age range of participants in this study was quite large
(50–83 years). However, we did covary age in our analysis
to account for this heterogeneous age group. Although
the inclusion of seven women who were taking hormone
replacement medication in this study should be considered
a limitation, we included these women as a separate group
in the statistical analysis, and there were no significant
differences in IMF response to strength training between
the seven women who were taking medication and those
who were not. Finally, our IMF assessments did not sep-
arate IMF changes in the quadriceps from those in the
hamstrings.

Conclusion
To our knowledge, this is the first study to report that

ADR genotype can influence the effects of strength training
on IMF in middle-aged and older adults. The data indicate
that persons who carry the ADRb2 Glu27 allele alone or
with the ADRa2b Glu9 allele experience a reduction in IMF
as a result of strength training. The results of the present
study also provide support for new hypotheses to investigate
other gene polymorphisms, such as ADRb3. This should be
done using larger scale investigations with a focus on
examining functional or metabolic improvements associated
with the strength training-induced reductions in IMF.
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