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Abstract

Genetic variation in myostatin, a negative regulator of skeletal muscle, in cattle has shown remarkable
influence on skeletal muscle, resulting in a double-muscled phenotype in certain breeds; however,
DNA sequence variation within this gene in humans has not been consistently associated with skeletal
muscle mass or strength. Follistatin and activin-type Il receptor B (ACVR2B) are two myostatin-
related genes involved in the regulation and signaling of myostatin. We sought to identify associations
between genetic variation and haplotype structure in both follistatin and ACVR2B with skeletal
muscle-related phenotypes. Three hundred fifteen men and 278 women aged 19-90 yr from the
Baltimore Longitudinal Study of Aging were genotyped to determine respective haplotype groupings
(Hap Groups) based on HapMap data. Whole body soft tissue composition was measured by dual-
energy X-ray absorptiometry. Quadriceps peak torque (strength) was measured using an isokinetic
dynamometer. Women carriers of ACVR2B Hap Group 1 exhibited significantly less quadriceps
muscle strength (shortening phase) than women homozygous for Hap Group 2 (109.2 £ 1.9 vs. 118.6
+ 4.1 N-m, 30°/s, respectively, P = 0.036). No significant association was observed in men. Male
carriers of follistatin Hap Group 3 exhibited significantly less total leg fat-free mass than noncarriers
(16.6 £ 0.3 vs. 17.5 = 0.2 kg, respectively, P = 0.012). No significant associations between these
haplotype groups were observed in women. These results indicate that haplotype structure at the
ACVR2B and follistatin loci may contribute to interindividual variation in skeletal muscle mass and
strength, although these data indicate sex-specific relationships.
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Differences in muscle mass and strength among individuals are due to both environmental and
genetic factors. Muscle mass and strength are highly heritable phenotypes with genetic factors
contributing significantly to the variation in lean body mass and muscle strength. For example,
Huygens et al. (13) reported that heritable factors accounted for up to 90% of the interindividual
variation in muscle mass and ~60% in strength, while Seeman et al. (27) estimated the genetic
component of lean body mass explained 80% of the total variance. Despite the strong evidence
for the importance of genetic factors in regulating muscle phenotypes, the identification of
specific genes and allelic variants contributing to these phenotypes is in its infancy, and few
specific genes have been identified as contributing factors (30).
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Despite its relatively short history, myostatin has quickly become a prime candidate to study
as a mechanism of muscle development and as a potential therapy for muscle-related disorders.
First reported in 1997 by McPherron et al. (23), myostatin (growth and differentiation factor-8)
was identified in mice as a transforming growth factor-p (TGF-) family member that acts as
a negative regulator of skeletal muscle growth. Soon after the initial report of myostatin's
discovery, several groups identified mutations in the myostatin gene in naturally bred “double-
muscled” cattle breeds (10,24), providing additional evidence for a critical role for myostatin
in muscle development.

Following up their initial discovery, Lee and McPherron (17) established putative myostatin
receptors (activin-type Il receptors A and B; ACVR2A and ACVR2B) and negative regulators
(the myostatin propeptide and follistatin) and formalized a basic model of myostatin regulation.
With the identification of ACVR2B as the primary myostatin receptor, and the myostatin
propeptide (32,39) and follistatin as negative regulators of myostatin activity, Lee and
McPherron (17) put forth a model in which the myostatin COOH-terminal dimer remains in a
latent complex with the inhibitory propeptide. This latent complex can be further negatively
regulated by binding with follistatin, and on release of the negative regulators, myostatin is
free to signal through its receptors, primarily ACVR2B. Lee and McPherron (17) demonstrated
that myostatin binding to ACVR2B receptors was specific and saturable. They also
demonstrated increased muscle expression of a dominant negative form of ACVR2B increased
muscle weights up to 125% more than those of control animals.

Several studies have shown that follistatin can function as a potent myostatin antagonist and
plays an important role in vivo. First, follistatin is capable of blocking myostatin activity in
both receptor binding and reporter gene assays (17,40). Second, genetic studies in mice have
shown that overexpression of follistatin in muscle can cause dramatic increases in muscle
growth. Lee and McPherron (17) generated transgenic mice in which the myaosin light chain
promoter/enhancer was used to drive the expression of follistatin, and muscle weights were
increased by 194-327% relative to control animals. Thus follistatin appears to be a potent
myostatin antagonist (17).

Despite the remarkable influence of myostatin on skeletal muscle and the well-established
effect of myostatin gene mutations in double-muscled cattle breeds, studies of myostatin
genetic variation in humans have shown little association with muscle phenotypes (4,6,14,
28). Scheulke and colleagues (26) recently reported a novel loss-of-function mutation in the
myostatin gene of a young child who, when born, appeared extraordinarily muscular, with
protruding muscles in his thighs and upper arms; however, that mutation is considered rare.
Recent linkage analysis work has focused instead on genetic variation in myostatin pathway
genes (11,12), specifically genes involved in the signaling cascade downstream of the
myostatin receptor; genes upstream of this signaling cascade have yet to be examined.
Therefore, the purpose of this study was to examine the association of genetic variation in the
follistatin gene (gene symbol: FST) and the primary myostatin receptor gene, ACVR2B, with
skeletal muscle mass and strength in men and women across the adult age span.

The subjects included in this study were white and came from the Baltimore Longitudinal Study
of Aging (BLSA), an ongoing National Institute on Aging-funded investigation of normal
aging. Details of the BLSA recruitment methodology are described elsewhere (29). All BLSA
subjects received a complete medical history and physical examination. Those with clinical
cardiovascular or musculoskeletal disorders that could be adversely affected by exercise testing
were excluded. Also, subjects were excluded if they had active neck and back pain, frequent
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and severe joint pain, any surgery in the past 6 mo, or an abnormal bone scan. Before the study,
all subjects received a complete explanation of the purpose and procedures of the investigation
and gave their written informed consent. The experimental protocols were approved by the
Institutional Review Boards for Medstar Research Institute, Johns Hopkins Bayview Medical
Center, and the University of Maryland.

Body composition assessment

Data collected for body composition variables were obtained using methods previously
approved by the BLSA (18). Body mass and height were measured to the nearest 0.1 kg and
0.5 cm, respectively, using a Detecto medical beam scale. Total body fat and soft tissue fat-
free mass (FFM) and total leg fat and FFM (both legs combined) were assessed by dual-energy
X-ray absorptiometry (DEXA) (model DPX-L, Lunar Radiation, Madison, WI) using
previously described methods (18). Soft tissue FFM was used as a valid indicator of muscle
mass based on previous work (8,38). Reliability was assessed by performing two total body
scans, 6 wk apart, on 12 older men (>65 yr). The difference between the two scans was ~0.01%
for fat and FFM. The scanner was calibrated daily before testing.

Peak torque assessment

Peak torque (PT) (strength) was measured using the Kinetic Communicator isokinetic
dynamometer (Kin-Com model 125E, Chattanooga Group, Chattanooga, TN). Shortening-
phase PT was measured at angular velocities of 0.52 rad/s (30°/s) and 3.14 rad/s (180°/s) for
the dominant knee extensors. The terms “shortening” and “lengthening” are substituted
throughout the present study for the more commonly used terms “concentric” and “eccentric,”
respectively, on the basis of the recommendations of Faulkner (5). For each test, subjects
performed three maximal efforts, separated by 30-s rest intervals, from which the highest value
of the three trials was accepted as the PT. PT was assessed by using the Kin-Com computer
software (version 3.2). Detailed procedures regarding subject positioning and stabilization,
gravity correction, Kin-Com calibration, and test-retest reliability are described elsewhere
(18,21).

Haplotype determination

A graphical genome browser maintained by the International HapMap Project website
(http://www.hapmap.org) was used to identify the genomic regions surrounding the candidate
genes of interest and retrieve HapMap genotype data for all genotyped markers in the selected
regions. A 20-kb region, including the ~5,500 bases containing the follistatin gene, were
downloaded, and a 40-kb region, including the ~29,000 bases containing the ACVR2B gene,
were downloaded from HapMap Public Release no. 19. Genotype data were downloaded from
the samples of northern and western European ancestry [Centre d'Etude du Polymorphisme
Humain (CEPH) cohort] for each region and imported into Haploview (2). Haploview was
used to calculate pairwise measures of linkage disequilibrium (LD) and identify haplotype
blocks among the polymorphisms in each region (7). LD plots were constructed using all
polymorphisms with a minor allele frequency greater than 5%, and haplotypes were
constructed using the method of Gabriel et al. (7) using pairwise r? values >0.8 for establishing
block structures. Block structures, haplotypes, and specific single-nucleotide polymorphisms
(SNPs) for each gene are described in resuLts, as are the tag polymorphisms used to categorize
the major haplotypes for each gene.

Although haplotypes may be more informative than single gene variants, the potentially large
number of haplotypes that are present in large haplotype blocks reduces the power of haplotype
analysis. The follistatin gene falls within a very large and complex haplotype block. Thus we
minimized the haplotype data to include only the four polymorphisms within the follistatin

gene, which reduced the number of haplotypes to five. The rationale for inclusion of these four
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SNPs is that all four fall within the follistatin gene; therefore any true causal variants within
the follistatin gene would be linked to one of the five haplotypes analyzed.

DNA was isolated from EDTA-anticoagulated whole blood using standard methods.
Genotyping of SNPs was performed using the 5’ nuclease allelic discrimination or TagMan
assay (20) for high-throughput genotyping. Each 12.5 ul PCR contained 1.5 ul (10-20 ng) of
genomic DNA, 0.625 pl of 20x diluted SNP mix (SNP rs numbers are shown in resuts), 4.125
ul DNase-free H,0), and 6.25 5 pl of 2x TagMan Universal PCR master mix (Perkin-Elmer,
Applied Biosystems Division), which is a solution containing buffer, uracil-N-glycosylase,
deoxyribonucleotides, uridine, passive reference dye (ROX), and TagGold DNA polymerase.
The PCR cycling protocol consisted of the following: 50° for 2 min, 95° for 10 min, 70 cycles
of 92° for 15 s and 60° for 1 min. Fluorescence in each well was measured using an ABI 7300
Real Time PCR System machine (Perkin Elmer, Applied Biosystems Division). Analysis of
raw data to determine genotypes was performed by the ABI 7300 Sequence Detection System
software. Control samples with sequence-verified genotypes were used for each assay.

Statistical analysis

Results

ANOVA models were used to test for differences in physical characteristics among

ACVR2B and follistatin haplotype groups. Physical characteristic data are presented as means
+ SE. Analysis of covariance was used to compare means among haplotype groups (Hap
Groups) for all outcome variables. Significant covariates, as determined for each analysis, were
included in all models and are listed in the legends to Tables 1-6. Analyses were performed
within each sex group. Data presented are least squares means * SE, except where specified.
We did not analyze gene x gene interactions or the combined effect of these haplotype groups
after determining that statistical power was severely limited for such an analysis. Statistical
significance was defined as P < 0.05. For all nonsignificant results, the omnibus P value is
shown in Tables 1-6; for all significant results, the specific contrast P values are reported.

ACVR2B haplotype

Figure 1 shows the haplotype block and haplotype frequency information for the genome
sequence containing the ACVR2B gene from the HapMap CEPH database. Haplotypes were
grouped to minimize analysis of rare haplotypes and improve statistical power. Genotyping
rs2268757, located in intron 1 of the ACVR2B gene, captured the majority of the information
of this haplotype block and created two related haplotype groups. Haplotype 1 (frequency,
62%) along with haplotype 4 (frequency, 3%) were considered one group (Hap Group 1)
because of their high degree of similarity, sharing eight of nine alleles across the block.
Haplotype 2 (frequency, 27%), haplotype 3 (frequency, 5%), and haplotype 5 (frequency, 1%)
were grouped as Hap Group 2, sharing a minimum of five of nine alleles to a maximum of
eight of nine alleles across the block. Our overall haplotype group frequencies were 54% for
Hap Group 1 and 46% for Hap Group 2, which differed somewhat from the frequencies
expected as calculated by Haploview using the CEPH data (expected: 65% Hap Group 1; 33%
Hap Group 2).

Subject characteristics are shown by ACVR2B haplotype group in Table 1. No significant
differences existed by ACVR2B haplotype group for any physical characteristic. As shown in
Table 2, women heterozygous for Hap Groups 1 and 2 exhibited significantly less quadriceps
shortening strength than women homozygous for Hap Group 2 (108.7 +2.2 vs. 118.6 £ 4.1
N-m, 30°/s, respectively, P = 0.036). In a combined analysis of carriers of Hap Group 1 vs.
homozygous Hap Group 2, the same association was observed (109.2 £ 1.9 vs. 118.6 £ 4.1
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N-m, 30°/s, respectively, P = 0.039). These associations were also significant when leg FFM
was included as a covariate (P = 0.001). No significant strength differences were observed
among ACVR2B haplotype groups in men. Also, no significant differences were observed in
total body FFM or total leg FFM in either men or women by ACVR2B haplotype group (Table
1).

Follistatin haplotype

HapMap database research into the haplotype structure of the genome sequence surrounding
the follistatin gene revealed haplotype block and haplotype frequency details as shown in Fig.
2. SNPs rs3797297, rs3756498, rs12152850, and rs12153205 comprise all of the SNPs within
the follistatin gene within this block, and these were selected for haplotype determination to
minimize the total number of haplotypes under analysis. Within this specific subblock,
haplotypes were grouped according to similarity of structure to minimize analysis of the rarest
haplotypes. By genotyping rs3797297 and rs12152850 as tag SNPs, the five haplotypes within
this region could be identified. Genotyping rs3797297 separated haplotype 3 (Hap Group 3;
frequency, 20%) from the rest of the haplotypes. Genotyping rs12152850 separated haplotype
2 (Hap Group 2; frequency, 22%) from the remaining haplotypes. The final group (Hap Group
1; frequency, 54%) consisted of haplotypes 1, 4, and 5, which share a minimum of four of six
alleles. Our overall haplotype group frequencies were 62% for Hap Group 1, 17% for Hap
Group 2, and 20% for Hap Group 3, which were similar to the frequencies expected as
calculated by Haploview using the CEPH data (expected: 54% Hap Group 1, 22% Hap Group
2,20% Hap Group 3). In some analyses, different combinations of these three haplotype groups
were collapsed to improve statistical power and assess unique haplotype associations.

Subject characteristics are shown by follistatin haplotype group in Table 3. Men homozygous
for Hap Group 1 were significantly younger than men heterozygous for Hap Groups 1 and 2

(P =0.015) and men heterozygous for Hap Groups 1 and 3 (P = 0.004). Women homozygous
for Hap Group 1 weighed significantly less than women heterozygous for Hap Groups 1 and
2 (P =0.005), while noncarriers of Hap Group 1 also weighed significantly less than women
heterozygous for Hap Groups 1 and 2 (P = 0.045).

As shown in Table 4, men homozygous for Hap Group 1 exhibited significantly more total leg
FFM than men heterozygous for Hap Groups 1 and 3 (17.8 + 0.2 vs. 16.7 £ 0.4 kg, respectively,
P =0.007). They also exhibited significantly greater leg FFM than noncarriers of Hap Group
1(17.8+£0.2 vs. 16.5 £ 0.5 kg, respectively, P = 0.023). Moreover, when men homozygous
for Hap Group 1 were compared with men heterozygous for Hap Groups 1 and 3, higher values
of total body FFM were indicated (57.4 + 0.4 vs. 56.1 + 0.5 kg, respectively, P = 0.06). No
significant differences were observed for muscle strength phenotypes in men or for FFM or
strength in women for follistatin haplotype groups (data not shown).

In examining the results from Table 4, we observed that the bulk of noncarriers of Hap Group
1 were carrying haplotype 3 (Hap Group 3). Of the noncarriers of Hap Group 1, only four of
these subjects were also not a carrier of Hap Group 3. This led us to perform a subsequent
subanalysis focused on Hap Group 3 by collapsing all carriers of Hap Group 3 into one group
and all noncarriers of Hap Group 3 into a second group. Subject characteristics for this
subanalysis are shown in Table 5. As shown in Table 6, male carriers of Hap Group 3 exhibited
significantly less total leg FFM than noncarriers of Hap Group 3 (16.6 £ 0.3 vs. 17.5 + 0.2 kg,
respectively, P = 0.012) and approached a significantly lower total body FFM (56.3 + 0.5 vs.
57.4 £ 0.3 kg, respectively, P = 0.055). No significant differences were observed in either men
or women for muscle strength for the Hap Group 3 subanalysis (data not shown).
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Discussion

The present study is one of the first to explore haplotype structure of candidate genes and their
associations with skeletal muscle phenotypes and shows for the first time that the ACVR2B
and follistatin loci may contribute to interindividual variation in muscle mass and strength.
The results show that follistatin haplotype 3 is associated with lower skeletal muscle mass in
men and that ACVR2B Hap Group 1 is associated with lower skeletal muscle strength in women.
Although these associations cannot be verified as causal from the present data, the use of
haplotype structure in the present study accounts for a greater fraction of genetic variation than
single-polymorphism studies. The results of the present study can be used to generate specific
hypotheses regarding the genetic influence of the target genes on muscle phenotypes, and
subsequent studies can be aimed at identifying the causal variant(s) associated with each
haplotype as well as its mechanism of action (31).

The strong role of myostatin in both muscle development and the maintenance of muscle mass
in adults (22) provides a rationale to address whether genetic variation in members of its
pathway (e.g., ACVR2B and follistatin) influence muscle phenotypes. The molecular basis for
the haplotype associations observed for the ACVR2B and follistatin genes with skeletal muscle
phenotypes is uncertain and cannot be addressed by the present study; however, we speculate
that these associations may be the result of altered ACVR2B (myostatin receptor) activity,
either directly through genetic influence on ACVR2B itself or indirectly through the influence
of follistatin. Follistatin has been shown to have a strong affinity for myostatin and can
completely prevent myostatin receptor activation and downstream phosphorylation of Smad3
(1). Phosphorylation of Smad3, a key step in the myostatin cascade in negatively regulating
skeletal muscle, induces binding of Smad3 to MyoD and represses the activity of the MyoD
family of transcription factors, resulting in inhibition of myoblast differentiation (16,19). On
the basis of these relationships, it can be hypothesized that a causal mutation, yet to be identified
within the target genes, leads to either increased activity of myostatin (via lower follistatin
inhibition) or greater ACVR2B activation, which would result in greater phosphorylation of
Smad3. Such influences could be envisioned to affect either total muscle mass or fiber-type
composition, the latter of which would have relevance to muscle strength or muscle quality.
The soleus muscle of myostatin null mice displays a larger proportion of fast-twitch type Il
fibers and a reduced proportion of slow-twitch type | fibers compared with wild-type animals
(9). Thus higher receptor activation (e.g., due to genetic variation in follistatin haplotype 3, or
ACVR2B Hap Group 1) would be envisioned to result in lower muscle mass and/or lower type
Il fiber proportions. Obviously, further studies will be required to test these hypotheses, but
the present results do provide support for the generation of such hypotheses.

There is no obvious explanation for the sex differences observed in the present study (i.e., a
relationship between follistatin and muscle mass in men, and a relationship between
ACVR2B and muscle strength in women). Previous candidate gene association studies
involving skeletal muscle phenotypes by our group (25,36) and others (3,33,34) have also
observed sex-specific differences. Although speculative, perhaps the sex differences that have
been observed in several studies are partially due to sex-specific gene x hormonal environment
interactions.

The genetic analysis performed here may prove important for helping to explain the
interindividual variation in muscle mass and strength. Differences in muscle mass and strength
may have important implications for sarcopenia, a disorder that affects an estimated 45% of
the older population (>60 yr old) with an estimated 18.5 billion dollars in direct healthcare
costs in the year 2000 (15). Walston and Fried (37) have argued that higher baseline levels of
muscle mass may protect men from reaching a threshold of weakness, while muscle mass loss
may put them into a category of frailty. Such a functional threshold has also been suggested
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by Visser et al. (35), who showed that lower leg strength was independently associated with
poorer lower extremity performance. The results from this project and others may eventually
provide the data needed for the early identification of individuals genetically susceptible to
low levels of muscle mass and strength (i.e., arguably closer to this functional threshold), thus
allowing the introduction of more targeted interventions before the onset of associated
infirmities.

The present study has several limitations. Because of statistical power limitations regarding
the follistatin haplotype analysis, specific haplotype groupings needed to be collapsed. We did
not correct for multiple statistical testing, as we view this as an exploratory analysis meant to
generate specific hypotheses for future investigations; we recognize the increased chance of
false-positive results but argue that false-negative results are more problematic in exploratory
investigations. Moreover, this study examines the relationship between only two genes with
skeletal muscle phenotypes, and sample size limitations prevented a combined analysis to
investigate possible interactions of the two genes. Skeletal muscle mass and strength are
complex phenotypes that are likely influenced by multiple genes, environmental factors, and
gene x environment interactions. The present study adds the ACVR2B and follistatin genes to
a growing list of genes that have been tentatively identified as contributing to interindividual
variation in skeletal muscle phenotypes. The importance of all of these genes will need to be
confirmed and the interactions among them will also need to be examined in future studies,
although the techniques required to perform such a comprehensive analysis are still being
established.

In conclusion, this is the first study to explore associations between the haplotype structures
of the ACVR2B and follistatin genes with skeletal muscle mass and strength phenotypes. These
data indicate that the ACVR2B and follistatin loci may contribute to the interindividual variation
in skeletal muscle mass and strength, although these data indicate sex-specific relationships.
These results will help generate hypotheses for future studies and, in combination with previous
and future studies, will contribute to the growing understanding of the role of genetic variation
and its influences on skeletal muscle mass and strength.
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Fig. 1.

Activin-type 1l receptor B (ACVR2B) haplotype structure. The tagged polymorphism,
rs2268757, is shaded. Haplotypes 1 and 4 were combined to form Haplotype Group 1 (Hap
Group 1), while haplotypes 2, 3, and 5 were combined to form Hap Group 2 for the analysis
of ACVR2B haplotype structure. *Frequency data from the Centre d'Etude du Polymorphisme
Humain (CEPH) cohort within the International HapMap Project database.
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Fig. 2.

Follistatin (gene symbol: FST) haplotype structure. The shaded region shows the 4
polymorphisms within the follistatin coding region, which were selected for haplotype analysis.
The tagged polymorphisms were rs3797297 and rs12152850. Polymorphisms not shaded are
outside of the follistatin coding region. Haplotypes 1, 4, and 5 were combined to form Hap
Group 1; both haplotype 2 and haplotype 3 were analyzed separately as Hap Group 2 and Hap
Group 3, respectively, for the analysis of follistatin haplotype structure. *Frequency data from
the CEPH cohort within the International HapMap Project database.
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Table 1
Subject characteristics by ACVR2B haplotype for men and women
Homozygous Hap Heterozygous Hap Homozygous Hap
Group 1 Groups 1 and 2 Group 2 P Value
Men
n 78 (25.1%) 181 (58.4%) 51 (16.5%)
Age, yr 64.6+1.9 62.1+1.2 59.4+2.4 0.23
Height, cm 176.6+0.8 176.2+0.6 176.1+1.0 0.92
Weight, kg 86.2+1.5 83.6x1.0 83.9+1.8 0.34
Total body FFM, kg~ 57.8+0.5 56.5£0.3 57.8+0.7 0.09
Total leg FFM, kg™ T 17.7¢0.3 16.920.2 17.5:0.4 0.15
Women
n 70 (23.7%) 172 (58.1%) 54 (18.2%)
Age, yr 59.4+1.9 55.0£1.2 59.4+2.1 0.06
Height, cm 163.3+0.8 163.3£0.5 163.4+£0.9 0.99
Weight, kg 68.4+1.5 67.5+0.9 65.7+1.7 0.48
Total body FFM, kg™ 40.10.4 39.420.2 39.10.5 0.19
Total leg FFM, kg™ T 11.3+0.2 11.30.1 11.240.3 0.89

Data are means + SE. ACVR2B, activin-type Il receptor B gene. Hap Group 1 and Hap Group 2 are haplotype groups.

*
Data are least squares means + SE.

7"Sample size for total leg fat-free mass (FFM) data are 76, 157, and 42 for the men, and 70, 172, and 54 for the women, respectively.
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Table 2
Knee extensor PT (shortening phase) values by ACVR2B haplotype in men
and women
Homozygous Hap Heterozygous Hap Homozygous Hap
Group 1 Groups 1 and 2 Group 2 P Value
Men
n 80 184 49
PT (30°/s), N-m 175.7+4.5 167.7£3.0 172.845.8 0.31
PT (180°/s), N-m 117.6+2.9 114.2+2.0 118.0+3.7 0.50
Women
n 61 158 48
PT (30°/s), N-m 110.5+3.6 108.7+2.2% 118.6+4.1° 0.036 (a vs. b)
PT (180°/s), N-m 72.8+2.4 70.4+1.5 75.4+2.7 0.25

Data are least squares means + SE. Age and height were included in the model as significant covariates. PT, peak torque.
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Table 5
Subject characteristics for follistatin Hap Group 3 carriers and noncarriers
in men and women
Carriers of Hap Group 3 Noncarriers of Hap Group 3 P Value
Men
n 111 (35.2%) 204 (64.7%)
Age, yr 64.3+1.6 61.3+1.1 0.12
Height, cm 176.3+0.7 176.2+0.5 0.88
Weight, kg 83.8+1.2 84.5 0.9 0.64
Women
n 107 (38.5%) 171 (61.5%)
Age, yr 56.2+1.5 57.9+1.2 0.39
Height, cm 162.740.7 163.740.5 0.24
Weight, kg 67.8+1.2 67.3+0.9 0.72

Data are means + SE.
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Table 6
Total body and leg FFM in carriers and noncarriers of Hap Group 3 in men
and women
Carriers of Hap Group 3 Noncarriers of Hap Group 3 P Value
Men
Total body FFM, kg 56.3+0.5 (111) 57.4+0.3 (204) 0.055
Total leg FFM, kg 16.6+0.3 (93) 17.5+0.2 (187) 0.012
Women
Total body FFM, kg 39.7+0.3 (107) 39.3+0.3 (171) 0.46
Total leg FFM, kg 11.5+0.2 (97) 11.240.2 (158) 0.28

Data are least square means + SE; (n), sample size. Age and height were included in the model as significant covariates.
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