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ABSTRACT
Introduction: There is a strong correlation between the skeletal muscle mass index (SMI) and handgrip
strength as indicators of sarcopenias. Multivariate methods can be exploited statistical power in determining
the association between these correlated heritable indicators.
Methods: We conducted a multivariate candidate-gene study based on data collected from the ongoing
Bushehr Elderly Health (BEH) cohort, which evaluated the prevalence of musculoskeletal disorders in 2772
Iranians over 60 years old with 663377 single nucleotide polymorphisms (SNPs). We chose genetic variants
on IL10 (chromosome 1: 206940947, 206945839), a strongly associated gene known to cause muscle diseases,
as candidate regions, which included 27 independent SNPs with LD<0.4 (MAF>0.01 and p-valuehwe >0.05).
MultiPhen uses a linear combination of genotypes, including SMI and handgrip, to obtain stronger statistical
power. To outperform and confirm the MultiPhen results, it combined with a summary statistics level genebased association test, GATES.
Results: Among the participants, 1138 men (48%) and 1205 women (52%) aged 69.2±6.35 and 69.56±6.45,
were present respectively. 27 SNPs with a maximum MAF of 0.488 and a minimum of 0.0098, p-value hwe=0.3
were selected on Interleukin 10 (IL10). In the joint model MultiPhen test, 3 intronic variants (rs11119603,
rs3950619, rs57461190) were associated with IL10 with effect sizes between 0.178 and 0.883 (p-value<0.05).
We used the GATES model to assess the multivariate aggregated effect of IL10 on the phenotypes. Using this
method, the gene's effect was significant (0.046), showing that it is a risk gene for sarcopenia.
Conclusion: This study examined the association of handgrip, SMI, with IL10, as demonstrated in previous
studies as risk factors for muscular diseases, using multivariate methods that utilized a joint model to achieve
a high level of statistical power.
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Introduction
As people get older, they gradually lose muscle
mass, which is known as sarcopenia. The result is
a decline in strength and physical performance.
There are a variety of adverse health outcomes
associated with this disease, such as metabolic
disorders, falls, and loss of independence. As a
result of these adverse effects of this disease, a
research study to find the causes and symptoms
of sarcopenia is imperative.1 Sarcopenia's
etiology, pathophysiology, and risk factors
have steadily been revealed in the last 20 years.
In addition, sarcopenia is associated with
poorer health status and adverse outcomes, so
new strategies have emerged to improve older
people's health and care.2 Aging population
is causing an increase in diseases associated
with aging. Sarcopenia was estimated to affect
23 percent of Iranian men and 24 percent of
Iranian women who participated in the Bushehr
Elderly Health program (BEH).1, 3, 4
Variations in muscle phenotypes are caused by
genes, environments, or interactions between
genes and environments.5, 6 The environment is
known to affect muscle phenotypes by factors
such as physical activity, protein intake,7
sleep quality,8 smoking status,5, 9 and alcohol
consumption,10 but genetic factors play a major
role in inter-individual differences. Variations
in muscle strength are mainly determined by
genes, accounting for 46-76 % of fat-free mass
and 32-67 % of muscle mass.11, 12 According to
the previous study, sarcopenia in Iranian society
is associated with old age, gender, low body
mass index, and smoking.3 Other longitudinal
studies have shown that the change in muscle
strength with aging is 64% heritable. The
genetic mechanisms underlying skeletal muscle
heritability remain unclear despite heritability

being well established.
A genome-wide association study (GWAS)
is an essential tool for identifying genetic
associations with phenotypes is a genomewide association study (GWAS).13-16 There
has been success applying GWAS to a
variety of complex diseases and identifying
genetic factors underlying them.17, 18 It is still
difficult for conventional GWAS to explain
the heritability of complex diseases.19-22 One
of the reasons for unexplained heritability is
the genetic architecture of complex diseases,
which are associated with many variants
with low penetrance (i.e., small effect on the
inheritance pattern).19 In order to overcome
genetic heterogeneity, gene-based analysis, in
which multiple genic variants are considered
in a single test, is an alternative.23, 24 The
conventional GWAS may also be limited by
phenotypic heterogeneity.20, 25, 26 For GWAS,
the outcome is usually a univariate clinical
outcome (e.g., disease diagnosis or a composite
score of many disease-related traits). Variants
in some genes may influence multiple traits
related to complex diseases, but in a GWAS
model we may not detect those associations.27
As a result, multi-phenotypic analysis,
including multivariate and gene-based
analyses, which simultaneously consider more
than one phenotype pathologically or clinically
associated with the disease, may help uncover
additional disease-related genetic associations.
Association studies with candidate genes have
been widely used for the study of complex
diseases.28-30 We also note that we use a
candidate-gene in this study instead of GWAS.
In the previous study, simulation data were used
to compare three multivariate association tests
(O'Brien method, TATES, and MultiPhen) with
two gene-based association tests (GATES and
196
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VEGAS). In most scenarios, MultiPhen and
GATES were better than other combinations of
multivariate gene-based associations, indicating
that the pairing of GATES and MultiPhen is an
omnibus approach for multivariate gene-based
association testing.31
Sarcopenia is characterized by loss of skeletal
muscle mass and poor functional ability in the
muscles.32-34 MultiPhen uses single nucleotide
polymorphism (SNP) associations with
sarcopenia-related quantitative components
(skeletal muscle mass index and muscle
strength) to uncover hidden effects that
single phenotype studies cannot capture. This
approach has significant advantages in terms
of a more straightforward interpretation (given
a linear relationship between the phenotypes),
faster computation, and stronger resistance to
the first type of error (False Positive). With
a multivariate approach, we will be able to
identify effective and hidden relationships
between some SNPs when phenotypes are
combined. The fact that all SNPs in this study
pertain to specific genes that have been linked
to sarcopenia in previous studies is noteworthy.
As a final step, GATES calculations are used
in order to determine the overall p-value for
genes related to all significant SNPs from the
MultiPhen method.
The IL-10 gene has been verified in some
studies, such as,35 as a genetic risk factor for
muscle disorders. Those who suffer from
sarcopenia are older, have more fat tissue in
their abdomens, and exhibit higher levels of
IL-6 and IL-10. IL-6, IL-10, and IL-6/IL-10
ratios are positively correlated with sarcopenia.
It has been shown that inflammatory cytokines
are associated with sarcopenia, but antiinflammatory cytokines are unknown. IL-10,
an anti-inflammatory cytokine, inhibits the

production of pro-inflammatory cytokines such
as IL-6.35 This gene was used for our analysis
in this study.
Multivariate methods, which used joint models
to obtain a high level of statistical power, were
employed in this study in order to examine the
association between IL10, which confirmed
by previous studies the importance of muscle
diseases, and a linear combination of two
heritable indicators, handgrip, and SMI.
The structure of the paper is as follows: in
section 2, the data are explained along with the
proposed approaches and methods. The results
of the methods are discussed in section 3, and
the discussion is presented in section 4.
Methods
Study design, population, and setting
In Bushehr, a province in southern Iran, a
population-based prospective cohort study is
being conducted. The first stage of the Bushehr
Elderly Health (BEH) cohort involved 3000
older adults over the age of 60, of whom
2772 were eligible to participate in the second
stage.36, 37 BEH evaluated the prevalence of
musculoskeletal disorders in these participants
with 663377 single nucleotide polymorphisms
(SNPs).38, 39
Measurements
Sarcopenia is defined as low muscle strength
plus a reduction in skeletal muscle mass by
the European Working Group on Sarcopenia
in Older People 2 (EWGSOP-2).40 Also,
the EWGSOP and Asia Working Group for
Sarcopenia (AWGS)2 determine the cut-off
points for muscle mass based on reference
data of the same population. In order to detect
197
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sarcopenia, we chose to use reference data from
a normative Iranian population. These data
indicate that low skeletal muscle mass index
(SMI) levels are 7.0 kg/m2 for men and 5.4 kg/
m2 for women.41 Handgrip strength of <26 kg
and <18 was the cut-off value for low muscle
strength for men and women, respectively,
while walking speed <0.8 m/s was the cutoff value for low physical performance.2 We
identified sarcopenic individuals based on
these cut-off points.42

when considering a quantitative phenotype,
Y, on genotype, X. For each individual i,
Yij={Yi1,Yi2,…,Yik}
is the phenotype data corresponding to K
phenotypes, and Xi is their genotype data at
G SNPs, with Xi equal to 0,1,2. To test for
associations between SNP genotypes and
phenotypes, regression is conducted with an
SNP, g, and a phenotype, k, as follows:

Gene selection

Where εigk represents a residual error that is
assumed to be normally distributed. A t-test can
be used to test the null hypothesis that there is
no association between SNPs and genotypes.
As a result of the MultiPhen approach, the
phenotypes become the predictor variables,
while the SNP genotypes become the dependent
variables. Genotyping data is an allele count
(0, 1, and 2), and so ordinal regression is used,
whereas proportional odds logistic regression
is used. We use phenotypic variables (SMI and
handgrip) as predictor variables in our study.
We define likelihood classes as follows.

Various studies have identified genes affecting
musculoskeletal
diseases,
particularly
43-48
sarcopenia.
Due to the purpose of this
study to implement two multivariate methods
(MultiPhen is an SNP-based method and GATES
is a gene-based method) simultaneously, one
gene has been selected to assess the results
using these two methods simultaneously. We
selected genes 50 kb higher and lower than
their chromosomal positions based upon the
selected gene from 445034 variants of data
after removing ones with lower quality. Next,
it is necessary to identify the chromosome
regions that contain this gene. A P-value for
each selected independent SNPs (with LD <
0.4) is calculated using the MultiPhen method
based on the additive models (0, 1, and 2)
derived from the selected areas. The GATES
R package is used to determine the overall
p-value for selected gene.
Statistical methods
Multivariate Association test (MultiPhen)
Linear regression analysis is typically
performed in the standard GWAS approach

Yik=αk+βgk Xig+εigk

We use a likelihood ratio test at each SNP
g=1,2,…,G to test the null hypothesis
βg1=βg2=...=βgk=0. Hardy-Weinberg equilibrium
is not assumed in this test.49
Gene-based method (GATE)
A genome-wide association study used SNPs
as the basic unit of analysis and has led to the
discovery of many important genetic loci for
human diseases.50 However, the studies used
198
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stringent p-value thresholds, which led to a
lack of statistical power.51 One way to improve
the power of GWASs is by shifting from SNPbased to gene-based analysis. When a gene is
used as the unit of analysis, the results can be
replicated, and the multiple-testing burden can
be reduced.23 Many methods to test if a gene is
responsible for a trait have been proposed, such
as linear regression, logistic regression, and
principal component analysis. All require the
availability of the raw, individual phenotype,
and genotype data.52, 53 Methods to combine
SNP-based test statistics or p values in a gene or
a variant have been proposed based on Fisher's
combination test. These methods are timeconsuming and require the use of permutation
procedures if empirical statistical significance
is to be obtained.54, 55
Gate is a test that uses the functional information
of single nucleotide polymorphisms in a gene to
determine the overall p-value of the association
of the entire gene is a powerful way to identify
additional disease-susceptibility genes from
large genome-wide association studies[56].
The p-values and pair-wise correlation
coefficients for all the SNPs within a gene have
been tested for association between the disease
and each of the available SNPs within a gene.
By combining these available p values using
GATES, which is a modification of Simes' test,
we are able to create a gene-specific p-value.
Assume that p(1), … ,p(m) are the ascending p
values of each m SNPs within a gene. In order
to obtain an overall p-value for the gene, this
method suggests combining all the SNP-based
p values as follows:

Where me is considered to be the number of

independent p values for each of the m SNPs
and me(j) is the effective number of independent
p values among the top j SNPs. In this genebased test, the null hypothesis is that there is
no association between any SNP within the
gene with the disease, while the alternative
hypothesis is that one or more SNPs within the
gene are associated with the disease.56
It is a combination of GATES and MultiPhen
that offers an omnibus method for multivariate
gene-based association testing that, in contrast
to scenarios with uncorrelated phenotypes,
is more accurate in situations with positively
correlated phenotypes.31
Result
Among the participants, there were 1138 men
(48%) and 1205 women (52%) with the ages
of 69.26 6. 6.35 and 69.56 45 6.45 years,
respectively. Sarcopenia sufferers have a BMI
of 23.997, while healthy people have a BMI
of 28.533. Since age and gender are two very
important variables alongside genetic variables
in this study, Table 1 are broken down into
separate sections for people with and without
sarcopenia and the whole population. In table
1, people with sarcopenia are older than those
who are healthy. The sarcopenia frequency is
similar between men and women, as seen from
the sex table 2.
According to the European Working Group
in 2018, sarcopenia refers to cases in which
skeletal muscle mass is also reduced in addition
to a decrease in muscle strength. According
to a study conducted in Iran, the rate of mass
muscle reduction in men is less than 7 kg/
2
and in women less than 5.4 kg/m2. Hand
strength of less than 26 kg in men and less than
18 kg in women is considered a decrease in
199
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muscle strength.3 In the present study, a twostate variable is considered that people with
sarcopenia or severe sarcopenia are considered
as sarcopenia group, and people without
sarcopenia are considered as healthy people. It
is also notable that the correlation between SMI
and Hardgrip is 0.521(p-value =0.000).
27 SNPs with a maximum MAF of 0.488 and

a minimum of 0.0098, p-value hwe=0.3 were
selected on Interleukin 10 (IL10). In the joint
model MultiPhen test, 3 intronic variants
(rs11119603, rs3950619, rs57461190) were
associated with IL10 with effect sizes between
0.178 and 0.883 (p-value<0.05). For the IL10
gene, we extract the position (206940947,
206945839) ± 50 kb of chromosome 1. The

Table 1. Descriptive statistics for age by sarcopenia and sex
Sarcopenia
sex
Mean
SE Mean
Female
72.031
0.406
Yes
Male
74.532
0.466
Female
68.208
0.190
No
Male
68.007
0.174

SD
6.873
7.555
5.748
5.146

Q1
66.000
68.000
64.000
64.000

Table 2.P-value of SNPs in IL-10 gene affecting both SMI and handgrip
SNP
CHR
A1 (Risk Allele)
A2
MAF
rs11119603
1
C
T
0.2924
rs11583394
1
C
T
0.2854
rs11583398
1
A
C
0.09914
rs115894423
1
A
G
0.009898
rs12042283
1
C
T
0.488
rs12145973
1
T
C
0.08248
rs13376708
1
A
G
0.2275
rs1518111
1
A
G
0.2568
rs1800871
1
A
G
0.2659
rs1800872
1
A
C
0.2662
rs1800894
1
T
C
0.02194
rs1800896
1
G
A
0.3505
rs3024493
1
T
G
0.1252
rs3950619
1
C
T
0.4416
rs4240847
1
C
A
0.158
rs4390174
1
G
A
0.2913
rs4844553
1
T
C
0.08116
rs4845140
1
T
C
0.0632
rs57461190
1
T
C
0.2924
rs6667202
1
C
A
0.2471
rs6683473
1
T
C
0.1002
rs6692511
1
T
C
0.2567
rs73084739
1
A
G
0.02592
rs7540516
1
C
A
0.1473
rs75944240
1
C
T
0.03384
rs78132462
1
A
G
0.01023
rs80227522
1
C
T
0.3553
rs885334
1
G
A
0.3679

Median
71.000
75.000
66.000
67.000

NCHROBS
6060
6062
6062
6062
6062
6062
6062
6060
6062
6060
6062
6062
6062
6058
6062
6062
6062
6060
6060
6062
6060
6062
6056
6062
6058
6058
6062
6054

Q3
77.000
80.000
70.000
71.000

P-value
0.003843
0.518925
0.336772
0.071536
0.277086
0.539815
0.326632
0.866829
0.858201
0.851826
0.229908
0.911827
0.811488
0.036412
0.972142
0.513463
0.858637
0.948214
0.004113
0.57772
0.666415
0.524853
0.315737
0.548266
0.10449
0.411353
0.313004
0.917467
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following step, using MultiPhen (joint model),
the P-value for SNPs in this gene of SMI
and handgrip gene was calculated (Table 2).
Linkage Disequilibrium (LD) plot of SNPs in
this gene is shown in the heat map in Figure 1.
Next, those only that have in low to moderate
LD (r2≤0.4) were extracted. They are used as
input of the GATES method to calculate the
overall P-value (0.046). Due to the fact that this
value is less than 5%, it is clear that this gene
has been effective in sarcopenia in the elderly
population of Iran.
Discussion
Based on data collected from the Iranian

population, this study is a self-conducted
candidate-gene that examines musculoskeletal
disorders in Iranians. The results of this research
could also be applied to clinical experiments
in the future. It is also important to note that
the results of this study can be conducted
based on genetically independent individuals,
which eliminates environmental influences.
There are, however, a few ways that this study
could be improved. Our model can be more
accurate if there are a large number of SNPs; as
an example, if one study uses imputed SNPs,
high-order interactions will not be possible.
Additionally, machine learning algorithms can
be applied to find the risk score of a gene with
a complex model that considers all interactions

Figure 1. Linkage Disequilibrium (LD) plot of IL10 gene
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among multiple phenotypes GWAS is a
principal tool for identifying genes-phenotype
association.13, 57 Genetic factors underlying
complex diseases have been identified using
GWAS in a variety of complex diseases.17, 18
A common problem with conventional GWAS
is that they are unable to explain a significant
amount of heritability.19, 20 Genetic architecture
can explain unexplained heritability in complex
diseases, such as sarcopenia, due to many
common variants with low penetrance (i.e.,
small effect).20 It is possible to overcome the
genetic heterogeneity issue by considering the
aggregate effect of multiple genic variants in
a single test, which is known as gene-based
analysis.23 In a model with a broad outcome,
it may not be possible to detect association of
some variants with multiple traits associated
with a single complex disease.27 Thus, multiphenotypic analysis, which simultaneously
considers more than one pathology or clinical
phenotype, may be helpful in identifying
additional disease-related genetic associations.
In accordance with the definitions provided
for sarcopenia, methods are used in which
both muscle strength and mass index are
simultaneously measured with each SNP,
optimizing both errors type I and II. This
study employed the MultiPhen multi-outcome
method to analyze the relationship between the
linear composition of quantitative sarcopeniarelated phenotypes (mass index and muscle
strength) with each SNP. As well as being
easy to interpret (given the linear relationship
between phenotypes), computationally fast,
and robust in comparison to the first kind
of error (False Positives), this approach has
greater accuracy than other approaches. With
the multivariate approach, we will be able to
determine some SNPs' hidden and effective

association in combining phenotypes.58
Unlike other medical data, such as ECGs or
radiology, which a physician can examine by
merely looking at an image, genetic data cannot
be examined by a physician simply by looking
at it. This is both due to the nature of the data
and the very large volume of the data. Complex
computational models are required to examine
these data. In view of the above explanations,
the results of this research may be directly
applied to medical research. In a sense, the
study's goal is to provide health professionals
with logical results without having to examine
genetic information.
Apart from the uniqueness of the data and
the study population (GWAS in the Iranian
geriatric population), the use of the MultiPhen
approach to measuring the linear correlation of
phenotypes (mass index and muscle strength)
with each sarcopenia-related SNP was a first in
this study.
Given the fact that there are few genetic studies
conducted on the Iranian population, especially
that of the elderly in an aging country such
as Iran, in addition to presenting all the steps
required to implement two methods (MultiPhen
and GATES), the gene IL10 in our dataset,
which was known in numerous studies to be
effective in musculoskeletal diseases, was
confirmed in the Iranian population to be an
effective gene in sarcopenia.
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