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Abstract

Background: Hypoxia within the plateau has a negative effect on skeletal muscle
and may play a role in the development of sarcopenia in humans. Tibetans having
lived in the Qinghai-Tibet Plateau for thousands of years, are a high-risk group for
sarcopenia; however, they have a distinctive suite of genetic traits that enable them to
tolerate environmental hypoxia and are genetically significantly different from Han
Chinese and other lowland populations. Sarcopenia has been consistently found to be
associated with single-nucleotide polymorphisms, but few studies have investigated
the role of single-nucleotide polymorphisms in a range of muscle phenotypes and
sarcopenia in Tibetan peoples.

Methods: Our study aimed to investigate the skeletal muscle mass and fat mass of
160 Tibetans (80 men and 80 women) from Lhasa (altitude of 3600 meters) and an-
alyze the association between the polymorphisms of fat mass and obesity protein
(FTO) 1s9939609, FTO 1s9936385, activin type IIB receptor (ACVR2B) 152276541,
insulin receptor substrate 1 (/RS7) 2943656 and sarcopenia.

Result: F70 rs9939609 and rs9936385 polymorphisms were associated with lower
limb skeletal muscle mass and sarcopenia for Tibetan women, and TT homozygotes
had a higher risk for sarcopenia. But ACVR2B rs2276541 and IRS1 2943656 polymor-
phisms were unassociated with sarcopenia in Tibetan.

Conclusion: In Tibetans, FTO 1s9939609 and rs9936385 polymorphisms were as-
sociated with sarcopenia, and ACVR2B 152276541 and IRS1 2943656 polymorphisms

were unassociated with sarcopenia.
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1 | INTRODUCTION
Hypoxia has a negative effect on skeletal muscle, as it can
cause hypoxia-induced muscle loss (Pasiakos et al., 2017).
Changes in body composition, such as loss of skeletal mus-
cle mass, frequently occur when humans are exposed to hy-
poxic environments (Dunnwald et al., 2019; Fusch et al.,
1996; Wandrag et al., 2017). Hypoxia can increase the levels
of circulating proinflammatory cytokines, leading to inflam-
mation (Eltzschig & Carmeliet, 2011); it also causes an in-
crease in reactive oxygen species, leading to oxidative damage
(McGarry et al., 2018). Therefore, it may play a role in the
development of sarcopenia in humans. In previous research,
the incidences of sarcopenia in Tibetans over 60 were 17.2%
in men and 36.0% in women, significantly higher than those in
the plain population (Ye et al., 2020). Tibetans are an archaic
ethnicity (Lu et al., 2016), have lived at very high altitudes for
thousands of years, and have a distinctive suite of genetic traits
that enable them to tolerate environmental hypoxia (Simonson
et al., 2010; Song et al., 2020), which make them significantly
different from the Han and other plain populations genetically
(Beall et al., 2010). Recently, the association between single-
nucleotide polymorphisms (SNPs) and sarcopenia was found,
and some risk genotypes have been determined (Khanal et al.,
2020; Roth et al., 2004), but few studies have investigated the
role of SNPs in muscle phenotypes and sarcopenia in Tibetans.
Therefore, we investigated whether the identified risk-
genotypes for sarcopenia were equally applicable to Tibetans.
The fat mass and obesity-associated protein (F70) gene
has been shown to be related to obesity (Loos & Yeo, 2014).
Its polymorphisms have been associated with obesity, fat
mass, and obesity-related indicators, such as body mass index
(BMI) in adults and children (Hinney et al., 2007; Livshits
et al., 2012), which have been studied in various groups of
people such as Europeans (Merra et al., 2020; Sdllman Almén
etal., 2013), Americans (Grant et al., 2008; Wing et al., 2009),
and Mexicans (Villalobos-Comparan et al., 2008). The FTO
gene has been associated not only with fat mass but also with
lean mass (Ran et al., 2020; Sonestedt et al., 2011). C-allele
carriers at r$9936385 have greater lean mass and the T allele
is associated with sarcopenia (Karasik et al., 2019; Zillikens
et al., 2017). A-allele carriers at rs9939609 have lower lean
mass and AA homozygotes are more than 3-fold higher risk
for sarcopenia compared to T-allele carriers (Khanal et al.,
2020). ACVR2B codes for a receptor for a negative regulator
of skeletal muscle, myostatin, and deletion in ACVR2B causes
skeletal muscle hyperplasia (an increase in the number of skel-
etal muscle fibers) and hypertrophy (an increase in the size
of skeletal muscle fibers) (Lee & McPherron, 2001; White &
LeBrasseur, 2014). It has previously been identified as a gene
of skeletal muscle mass and strength (Klimentidis et al., 2016;
Walsh et al., 2007), A-allele carriers at rs2276541 have greater
lean mass. Insulin receptor substrate 1 (/RS/) is a signaling

adapter protein, it is downstream of the Insulin-like growth
factor 1 (/IGF1) receptor, IGFI induces skeletal muscle hy-
pertrophy by activating the IGF1/IRS1/PI3K/Akt pathway (Z.
Li et al., 2019), and loss of IRSI can limit the /GF1 pathway
and negatively affect skeletal muscle mass (Shi et al., 2011).
IRS1 is essential for skeletal muscle growth and protein ho-
meostasis, and polymorphism of rs2943656 is associated with
total body lean mass and appendicular lean mass (Zillikens
et al., 2017). There is no research which has investigated the
association between polymorphisms of FTO rs9939609, FTO
1$9936385, ACVR2B 152276541, IRS1 2943656 and sarcope-
nia in Tibetans.

2 | MATERIALS AND METHODS

2.1 | Study population

The survey was carried out via health examinations in August
2016 in Lhasa (altitude of 3600 m), China (Figure 1). Native
Tibetans over 40 years of age participated in this study. A total of
1447 subjects (604 men and 843 women) were investigated, in-
cluding 438 sarcopenia participants (200 men and 238 women)
and 1009 healthy participants (404 men and 605 women). We
randomly selected 160 adults (80 men and 80 women) from
the sarcopenia group and healthy control group with an aver-
age age of 53.19 years. The following subjects were excluded
from the study: (1) individuals under long-term bed rest, with
sedentary lifestyles, or those who experienced extreme weight
loss; (2) individuals with heart, lung, liver, kidney, or brain dis-
eases, inflammatory reaction diseases, malignant tumors, or
endocrine diseases; (3) individuals with an absorption disorder,
gastrointestinal disease, anorexia, or drug use. The interview-
ers were trained before the survey. The study was approved by
the Research Ethics Committee of Jinzhou Medical University
in accordance with the Declaration of Helsinki. Verbal and
written informed consent were obtained from all participants.

2.2 | Measurement

2.2.1 | Height
Height was measured using a portable stadiometer (HM200P,
American Charder Company, America) and recorded to the
nearest 0.1 cm. Body mass index (BMI) was calculated from
weight and height.

2.2.2 | Handgrip strength (HS)

HS was measured using a handheld dynamometer based
on strain gauge sensors (CAMRY EH101) to the nearest
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FIGURE 1 The map of sample collection place

0.1 kg. Both hands were tested with the participant seated,
the elbow flexed at a 110° angle, wrist placed in a neutral
position, and the interphalangeal joint of the index finger
positioned at a 90° angle. Two readings were obtained for
each hand, and the highest value for either hand was used
for the analyses.

2.2.3 | Gait speed (GS)

According to the criteria of the Asian Working Group for
Sarcopenia (AWGS) (Chen et al., 2014), the physical perfor-
mance was assessed using the usual GS metric. To measure
the GS, the participants were asked to walk a 6 m distance at
their usual speed. Timing commenced when the participants
started foot movement and stopped when the foot contacted
the ground after completely crossing the 6 m mark. Canes or
walkers were allowed if necessary.

224 |

Weight, fat mass, and muscle mass

A bioelectrical impedance analyzer (MC-180, Bailida) was
used to measure weight, fat mass (FM), skeletal muscle mass
(SMM), trunk skeletal muscle mass (TSM), left upper limb
skeletal muscle mass (LUSM), right upper limb skeletal
muscle mass (RUSM), left lower limb skeletal muscle mass
(LLSM), right lower limb skeletal muscle mass (RLSM),
trunk fat mass (TFM), left upper limb fat mass (LUFM),
right upper limb fat mass (RUFM), left lower limb fat mass
(LLFM), and right lower limb fat mass (RLFM).

2.3 | Sarcopenia diagnosis

According to the recommended diagnostic AWGS algorithm,
GS, HS, and skeletal muscle mass index (SMI) were the pri-
mary indicators for sarcopenia diagnosis (Chen et al., 2014).
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The cutoff values for SMI measurements were 8.07 kg/m2
for men and 6.62 kg/m2 for women (Ye et al., 2020). Low
physical performance was defined as a GS less than 0.8 m/s
(Ye etal., 2020). The cutoff values for HS were <26.7 kg for
men and <15.8 kg for women (Ye et al., 2020).

2.4 | DNA extraction

First, 2 ml of venous blood was collected from all participants
and DNA was extracted from the whole peripheral blood
sample using a DNA extraction kit (Blood DNA Extraction
Kit, Elibio™). DNA samples were stored at —80°C before
genotyping. After DNA extraction, the concentration of the
extracted material was obtained using a spectrophotometer
(BioPhotometer plus).

2.5 | PCR and genotyping

The primer information of DNA fragments containing the
FTO 159939609, FTO rs9936385, ACVR2B 132276541 and
IRS1 152943656 was uploaded as supplementary material
1. For all polymorphism samples, the reactions were car-
ried out in a 30 pl volume of 1 pl of DNA, 15 pl of 2XPCR
MIX (TAKARA), 12 pl of DDW, and 1 pl of each primer.
The PCR conditions were as follows: initial denaturation
at 95°C for 3 min, followed by 35 cycles of denaturation
at 94°C for 20 s, annealing at 58°C for 20 s and extension
at 72°C for 40 s, and then a final extension at 72°C for
5 min. Genotypes for the FTO rs9939609 (TT/AT/AA),
FTO 159936385 (TT/CT/CC), ACVR2B rs2276541(AA/
AG/GG), and IRSI 152943656 (AA/AG/GG) polymor-
phism were determined using a 3730 XL Gene Sequencer
(ABI).

2.6 | Statistical analyses

The Hardy—Weinberg equilibrium (HWE) was calculated to
determine the variation in the distribution of alleles and gen-
otypes within the population. The data are expressed as the
mean =+ standard deviation. The association between geno-
types and anthropometric indices and body composition was
analyzed via analysis of variance. The chi-square test was
used to analyze the differences in genotype and allele fre-
quency between the sarcopenia group and the control group.
Logistic regression analyses were used to analyze the odds
ratio (OR) and 95% confidence interval (95% Cl) of sarcope-
nia among the genotypes. All analyses were performed using
SPSS (ver.25.0, IBM Company). The map of China was plot-
ted by QGIS (https://www.qgis.org/).

3 | RESULTS

The basic characteristics of the samples are listed in Table
1. There were no significant differences in age and height
between the sarcopenia and control groups in men and
women (p > 0.05). Comparisons of the FTOs rs9939609,
FTO 1s9936385, ACVR2B 152276541, and IRS] 152943656
polymorphism between the sarcopenia and healthy groups
are given in Tables 2-5, respectively. The genotypes in the
healthy control and sarcopenia cohorts were in HWE. The
genotype and allele frequencies of FTO were significantly dif-
ferent between the groups (p < 0.05), particularly for women.
The frequency of the T allele was higher in the sarcopenia
group than in controls for both SNPs. FT0 rs9939609TT ho-
mozygotes exhibited a 2.414-fold higher risk for sarcopenia
compared to A-allele carriers (OR = 2.414, CI: 1.270-4.586,
p = 0.007), and FTO rs9936385 TT homozygotes exhibited
a 2.414-fold higher risk for sarcopenia compared to C-allele
carriers (OR = 2.414, CI: 1.270-4.586, p = 0.007). There
was no difference of genotype and allele frequencies between
health group and sarcopenia group in ACVR2B 1s2276541
and IRS1 rs2943656.

The associations among genotypes of FTO, ACVR2B
and /RSI, body composition and anthropometric indices
are listed in Tables 6-9, respectively. Both rs9939609 and
rs9936385 were associated with lower limb skeletal muscle
mass in Tibetan women, and genotypes AA/CC and AT/CT
had higher lower limb skeletal muscle mass compared to TT,
but there was no association between F70O genotypes and fat
mass. And ACVR2B rs2276541 and IRS1 rs2943656 were un-
associated with body composition in Tibetans.

4 | DISCUSSION

Skeletal muscle strength and mass are strongly determined
by genetics (Tan et al., 2012), and inter-individual variation
in muscle phenotype may be attributed to genetic factors, en-
vironmental factors, and/or gene—environment interactions
(Pratt et al., 2019). Previous studies have reported that skel-
etal muscle development is impaired and lean mass is sig-
nificantly reduced in FTO-deficient mice (McMurray et al.,
2013; Wang et al., 2017). Changes in FTO gene expression
are associated with changes in skeletal muscle percentage
(Doaei et al., 2019), but it has remained unclear how FTO
affects skeletal muscle mass. FTO gene polymorphism in
China has only been found in the Han (Huang et al., 2011)
and Mongolian (Zhang et al., 2018) Chinese, but no research
has involved the Tibetans. We found that the F70 rs9939609
and rs9936385 polymorphisms of Tibetan women were as-
sociated with lower limb skeletal muscle mass and sarco-
penia. TT homozygotes were at higher risk for sarcopenia
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TABLE 1 Anthropometric indices and body composition characteristics of the Tibetan people
Male (80) Female (80)
Sarcopenia Sarcopenia

Index Control (40) (40) p Control (40) (40) P

Age 53.73 +7.48 51.38+7.20 0.156 52.45 +8.53 55.20 + 8.08 0.143
Height 167.59 + 6.38 169.40 + 7.76 0.257 159.00 + 5.08 157.38 + 5.66 0.180
Weight 70.28 +£9.42 57.44 + 6.54 0.000 66.40 + 9.15 53.19 + 8.04 0.000
BMI 24.97 +£2.67 19.98 + 1.41 0.000 26.24 + 3.39 21.42 +£2.73 0.000
FFM 53.64 +5.38 47.48 £5.08 0.000 42.07 +3.25 37.51 +£3.20 0.000
FM 16.68 + 5.27 9.99 +3.28 0.000 24.34 +7.18 15.70 £ 5.73 0.000
SMM 50.85+5.12 45.00 + 4.82 0.000 39.56 +2.97 3538 £2.94 0.000
TSM 28.11 +2.56 25.57 +2.59 0.000 22.55 +1.53 21.13 + 1.87 0.000
LUSM 2.75 +£0.37 2.38 +0.31 0.000 2.05+0.24 1.67 +0.15 0.000
LLSM 8.56 + 1.05 7.27 +0.95 0.000 6.38 + 0.69 5.42 +0.50 0.000
RUSM 2.85+0.38 2.48 +£0.30 0.000 2.15+0.24 1.74 £ 0.17 0.000
RLSM 8.70 £ 1.13 7.41 +0.95 0.000 6.54 + 0.66 5.54 £ 0.46 0.000
TFM 9.77 + 3.30 5.74 £2.26 0.000 13.91 +4.58 8.75 +£4.04 0.000
LUFM 0.64 +0.23 0.34 +0.13 0.000 1.17 £ 0.48 0.61 +0.28 0.000
LLFM 2.89 +0.81 1.86 +0.44 0.000 4.08 +0.88 2.90 +0.58 0.000
RUFM 0.60 +0.21 0.33 +0.12 0.000 1.15 +0.48 0.59 +0.28 0.000
RLFM 2.89 +0.82 1.83 +0.43 0.000 4.18 +0.89 2.98 +0.59 0.000
HS 31.95 +8.73 30.64 + 6.88 0.460 21.41 +7.14 17.52 +4.77 0.005

Abbreviations: BMI, body mass index; FFM, fat-free mass; FM, fat mass; HS, handgrip strength; LLFM, left lower limb fat mass; LLSM, left lower limb skeletal
muscle mass; LUFM, left upper limb fat mass; LUSM, left upper limb Skeletal muscle mass; RLFM, right lower limb fat mass; RLSM, right lower limb skeletal
muscle mass; RUFM, right upper limb fat mass; RUSM, right upper limb skeletal muscle mass; SMM, skeletal muscle mass; TFM, trunk fat mass; TSM, trunk skeletal

muscle mass.

TABLE 2 Comparison of FTO rs9939609 polymorphism between healthy controls and the sarcopenia group

Genotype (%) Allele (%)
Group TT AT AA P 1 A T I P
Sarcopenia 54 (67.5) 23(28.75) 3(3.75) 7.343 0.024 29 (18.125) 131 (81.875)  6.174 0.013
S-Male 28 (70.0) 10(25.0)  2(5.0) 2.198 0.370 14 (17.5) 66 (82.5) 1.345 0.246
S-Female 26 (65.0) 13(32.5) 1(2.5) 6.143 0.046 15 (18.75) 65 (81.25) 5.375 0.020
Control 37 (46.25)  38(47.5)  5(6.25) — — 48 (30.0) 112 (70.0) — —
C-Male 22 (55.0) 16 (40.0) 2 (5.0) — — 20 (25.0) 60 (75.0) — —
C-Female 15 (37.5) 22(55.0)  3(7.5) — — 28 (35.0) 52 (65.0) — —

(OR = 2.414, CIL: 1.270-4.586, p = 0.007) (Figures 2 and
3). This risk genotype is in line with the results of Sonestedt
et al., (2011), Karasik et al., (2019), Zillikens et al., (2017),
and Khanal et al., (2020), but different from those of Khanal
et al., (2020) and Heffernan et al. (2017). These apparent dif-
ferences in genotypic associations could reflect genetic and
environmental differences. The minor allele (A) frequency
of 1$9939609 was 24.06% for the total Tibetan population,
18.1% in the sarcopenia group, and 30.0% in the healthy
control group. It was significantly diverse among different
populations, being the highest in Turks (40.2%) and lowest

in Mongolians (12.0%) (Table 10). Few studies have consid-
ered the F70 rs9936385 polymorphism, and the differences
in allele frequency among populations are still unknown. In
this study, the C allele frequency was 18.1% in the Tibetan
sarcopenia group and 30.0% for healthy controls.

FTO is an upstream regulator of the mammalian target
of rapamycin (mTOR) pathway, FTO linked amino acid
availability and mammalian target of rapamycin complex 1
(mTORC1) signaling, which regulates growth and transla-
tion; cells lacking FTO display decreased activation of the
mTORCI1 pathway and increased autophagy (Gulati et al.,
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TABLE 3 Comparison of FTO rs9936385 polymorphism between healthy controls and the sarcopenia group
Genotype (%) Allele (%)
Group TT CT cC Va P C T Va P2
Sarcopenia 54 (67.5) 23 (28.75) 3 (3.75) 7.343 0.024 29 (18.125) 131 (81.875) 6.174 0.013
S-Male 28 (70.0) 10 (25.0) 2 (5.0) 2.198 0.370 14 (17.5) 66 (82.5) 1.345 0.246
S-Female 26 (65.0) 13 (32.5) 1(2.5) 6.143 0.046 15 (18.75) 65 (81.25) 5.375 0.020
Control 37 (46.25) 38 (47.5) 5(6.25) — — 48 (30.0) 112 (70.0) — —
C-Male 22 (55.0) 16 (40.0) 2 (5.0 — — 20 (25.0) 60 (75.0) — —
C-Female 15 (37.5) 22 (55.0) 3(7.5) — — 28 (35.0) 52 (65.0) — —
TABLE 4 Comparison of ACVR2B rs2276541 polymorphism between healthy controls and the sarcopenia group
Genotype (%) Allele (%)
Group AA AG GG P P A G P P2
Sarcopenia 24 (30.0) 36 (45.0) 20 (25.0) 0.436 0.804 84 (52.5) 76 (47.5) 0.050 0.823
S-Male 12 (30.0) 17 (42.5) 11 (27.5) 1.310 0.519 41 (51.25) 39 (48.75) 0.100 0.752
S-Female 12 (30.0) 19 (47.5) 9 (22.5) 0.857 0.651 45 (56.25) 35 (43.75) 1.601 0.206
Control 21(26.25) 40 (50.0) 19 (23.75) — — 82 (51.25) 78 (48.75) — —
C-Male 12 (30.0) 21(52.5) 7 (17.5) — — 43 (53.75) 37 (46.25) — —
C-Female 9 (22.5) 19 (47.5) 12 (30.0) — — 37 (46.25) 43 (53.75) — —
TABLE 5 Comparison of /IRS1 152943656 polymorphism between healthy controls and the sarcopenia group
Genotype (%) Allele (%)
Group AA AG GG 27 P A G Ve P2
Sarcopenia 2 (2.5) 26 (32.5) 52 (65.0) 0.709 0.807 30 (18.75) 130 (81.25) 0.313 0.576
S-Male 1(2.5) 14 (35.0) 25 (62.5) 2.175 0.328 16 (20.0) 64 (80.0) 0.040 0.841
S-Female 1(2.5) 12 (30.0) 27 (67.5) 1.600 0.670 14 (17.5) 66 (82.5) 0.954 0.329
Control 4(5.0) 26 (32.5) 50 (62.5) — — 34 (21.25) 126 (78.75) — —
C-Male 3(7.5) 9(22.5) 28 (70.0) — — 15 (18.75) 65 (81.25) — —
C-Female 1(2.5) 17 (42.5) 22 (55.0) — — 19 (23.75) 61 (76.25) — —

2013; Loos & Yeo, 2014). According to Wang et al., (2017),
the expression of PGC-1a and mitochondrial biogenesis with
mTOR dependency is regulated by F70, and skeletal muscle
differentiation and development are influenced by the mTOR-
PGC-1a-mitochondria axis. In skeletal muscle, F7TO mRNA
expression is negatively associated with lipid accumulation
and positively correlated with glucose oxidation rates and the
expression of genes involved in oxidative phosphorylation
including PGC-1a (Grunnet et al., 2009; Wu et al., 2017).
FTO mRNA abundance in skeletal muscle is significantly re-
duced in elderly subjects compared to younger ones (Grunnet
et al., 2009). In the elderly, the decrease in F70O mRNA may
reduce mTOR signaling, leading to impairment of skeletal
muscle differentiation and development, and increasing auto-
phagy; it may also reduce the expression of PGC-1a, impair

mitochondrial function, accelerate muscle atrophy, increase
lipid accumulation in skeletal muscle cells, and have a nega-
tive impact on muscle mass, leading to sarcopenia. According
to Mehrdad et al. (2020), the FTO 1s9939609 polymorphism
is associated with serum levels of leptin, and the homozy-
gotes for the F7T0 rs9939609 minor allele (A) have higher
levels than the TT genotype. Appendicular skeletal muscle
mass is negatively correlated with leptin, and compared to
non-sarcopenic subjects, serum levels of leptin are signifi-
cantly higher in sarcopenic patients (C. W. Li et al., 2019;
Waters et al., 2008). The increase in leptin may play a key
role in the development of age-related sarcopenia (Morley,
2001; Ng et al., 2018). Therefore, further investigation is
needed to determine the association between F70O polymor-
phisms with serum levels of leptin in Tibetans.
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TABLE 10 Comparison of FT0 rs9939609 polymorphism among different populations

Group Reference n TT AT AA A T

Tibetan (Control) — 80 37 (46.25) 38 (47.5) 5(6.25) 48 (30.0) 112(70.0)
Tibetan (Sarcopenia) — 80 54 (67.5) 23 (28.75) 3 (3.75) 29 (18.1) 131 (81.9)
Han (Hubei) Huang et al., (2011) 1200 450 (37.5) 545 (45.4) 205 (17.1) 955 (39.8) 1445 (60.2)
Mongolians Zhang et al., (2018) 200 156 (78.0) 40 (20.0) 4(2.0) 48 (12.0) 352 (88.0)
Taiwanese Chang et al. (2008) 1525 1158 (75.9) 347 (22.8) 20 (1.3) 387 (12.7) 2663 (87.3)
Kazakh Sikhayeva et al. (2017) 767 436 (56.8) 274 (35.7) 57 (7.4) 388 (25.3) 1146 (74.7)
Mexican Villalobos-Comparan 424 297 (70.0) 114 (26.9) 13 (3.1 140 (16.5) 708 (83.5)

et al., (2008)
Russian Guilherme et al. (2019) 754 320 (42.4) 333 (44.2) 101 (13.4) 535 (35.5) 973 (64.5)
Brazilian Guilherme et al. (2019) 652 261 (40.0) 297 (45.6) 94 (14.4) 485 (37.2) 819 (62.8)
Indian Ningombam et al. (2018) 521 381 (73.1) 138 (26.5) 2 (0.4) 142 (13.6) 900 (86.4)
Swede Gustavsson et al. (2014) 4402 1629 (37.0) 2066 (46.9) 707 (16.1) 3480 (39.5) 5324 (60.5)
Japanese Karasawa et al. (2010) 2639 1680 (63.7) 837 (31.7) 122 (4.6) 1081 (20.5) 4197 (79.5)
Turkish Agagiindiiz and Gezmen- 200 77 (38.5) 85 (42.5) 38 (19.0) 161 (40.2) 239 (59.8)
Karadag (2019)
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FIGURE 2 Comparison of the lower limb muscle mass (in men) among three genotypes (a,c: left lower limb, b,d: right lower limb,

mean + SD)

Previous studies have reported that the polymorphisms
of ACVR2B 152276541 and IRSI 1s2943656 were associ-
ated with lean mass, but we found there was no association
between polymorphisms of ACVR2B rs2276541 and IRS1
1$2943656 and sarcopenia and body composition in Tibetans,
it may be attributed to genetic differences. This proves that
the identified risk genes cannot be applied to all populations.
Both ACVR2B and IRS1 code for a receptor, and further in-
vestigation is needed to research the association between

polymorphisms of upstream gene (MSTN, IGF1) and sarco-
penia in Tibetans. Interestingly, we found that the rs9939609
polymorphism was associated with the rs9936385 polymor-
phism in Tibetans. The A allele at rs9939609 and C allele at
1s9936385 appeared concurrently, and further investigation is
needed to determine the relationship between the two SNPs.
And the previous study has found that the FTO mRNA level
correlated positively with gene expression levels of hypoxia-
inducible factor-la(HIF-1a) related to hypoxia in adipose
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FIGURE 3 Comparison of lower limb muscle mass (in women) among three genotypes (a,c: left lower limb, b,d: right lower limb,

mean + SD)

tissue (Lappalainen et al., 2010). We speculate that the si-
multaneous mutation of the two SNPs in Tibetan people was
caused by long-term exposure to the plateau environment,
and it may have a protective effect on their skeletal muscle
mass. The main limitation of our study was the limited sam-
ple size, which may have led to a certain deviation in the
association between sarcopenia and gene polymorphisms.

5 | CONCLUSION

To the best of our knowledge, this is the first study to in-
vestigate the association between FTO 159939609, FTO
1$9936385, ACVR2B 152276541, and IRSI 1s2943656 poly-
morphisms with sarcopenia in the Tibetan population. Our
study provides evidence for an association between FTO
polymorphisms and lower limb muscle mass and sarcopenia
in Tibetan women, TT homozygotes had a higher risk for
sarcopenia. And we found there is no association between
polymorphisms of ACVR2B rs2276541, IRS1 152943656 and
sarcopenia and body composition in Tibetans.
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