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Abstract
Background Sarcopenia and sarcopenic obesity are emerging public health issues. True prevalence rates are unknown and
estimates differ substantially between studies. No large‐scale single study has compared prevalence rates between
whites, blacks, Asians, and Hispanics, as we intend to do here. This study also examined the effects of race and
socioeconomic factors on sarcopenia and sarcopenic obesity.
Methods This study included 10,325 participants from Louisiana. Appendicular lean mass (ASM), measured through dual
energy x‐ray absorptiometry (DXA) scans, was divided by height squared (ASM/h2) to define sarcopenia. Sarcopenic
obesity was defined as sarcopenia plus obesity (waist‐to‐hip ratio).
Results Overall sarcopenia and sarcopenic obesity rates were 17.6% and 7.0% for males, and 13.7% and 2.5% for females,
respectively. The highest sarcopenia and sarcopenic obesity rates were found in Asian males (40.6%, 14.4%) and females
(30.1%, 8.0%). The lowest sarcopenic obesity rates were observed in black males (3.7%) and females (0.9%). We found
significant associations with sarcopenic obesity in males for age, race, and income; in females, for age, race, and
education.
Conclusions Under one diagnostic definition, the prevalence of sarcopenia and sarcopenic obesity is highest among Asians
and lowest amongst blacks. Income and education had significant associations with sarcopenia and sarcopenic obesity, in
males and females, respectively.
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Introduction
As the first of the “baby boomer” generation started
turning 65 in 2011 [1], the elderly population in the United
States is expected to increase from 35 million in 2000 [2],
to 74 million (20.6% of the population) in 2030 [3].
Sarcopenia – generally defined as the age‐related decrease
in skeletal muscle mass [4‐5] – has been found to be
associated with many adverse health outcomes, including
metabolic issues [6‐8] and physical disability [4, 9].
Sarcopenic obesity – generally defined as the co‐
occurrence of sarcopenia and obesity [10‐11] – has a
combined effect that increases the severity of both health
conditions [12‐13], leading to worse functional declines,

more physical disabilities, and poorer health outcomes [14‐
17].
The true prevalence rates of sarcopenia and
sarcopenic obesity are unknown. Due to the use of
different definitions, reported prevalence rates for
sarcopenia and sarcopenic obesity differ substantially
among studies [12, 18]. While six major “consensus”
definitions have been published by various international
special interest and working groups, there is no real
consensus for a diagnostic definition of sarcopenia and
sarcopenic obesity [19‐24].
Race and ethnicity may explain some of the high
variation of prevalence rates for sarcopenia and sarcopenic
obesity. It is well‐established that body composition differs
between major races [25‐28], and the discussion about
race‐specific cutoffs is building. For example, the World
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Health Organization (WHO) has proposed lowering body
mass index (BMI) cutoffs for Asian populations, from
normal standards of overweight: 25‐29.9 kg/m2 and obese:
≥30 kg/m2 to adjusted standards of overweight: 23‐27.4
kg/m2 and obese: ≥27.5 kg/m2 [28‐29].
In our literature review, we did not find any
publication that compared the prevalence of sarcopenic
obesity between whites, blacks, Asians, and Hispanics from
one large‐scale study using a representative young
reference population. Additionally, other studies have
shown that socioeconomic factors may also play a role in
sarcopenic and sarcopenic obesity, but no associations are
reliably found [30‐33]. The aim of this study is to examine
the race/ethnicity and socioeconomic effects on the
prevalence rates of sarcopenia and sarcopenic obesity.
Better understanding of these effects on sarcopenia and
sarcopenic obesity will contribute to the discussions on
specific cutoffs for different ethnicities, provide guidelines
for measuring true prevalence rates, and help promote
better prevention and management of sarcopenia and
sarcopenic obesity.

Methods
Study participants
This study used collected data from the
Louisiana Osteoporosis Study (LOS), which has been
ongoing since 2011 [34]. The study was approved by
the IRB of Tulane University and all participants
signed an informed consent form.
LOS had recruited 10,475 random human subjects at
the preparation of this paper. We excluded 150
participants from the data analysis due to missing
anthropometric or incomplete dual energy x‐ray
absorptiometry (DXA) scan results. The final dataset
contained 10,325 subjects, who had complete
race/ethnicity, anthropometric data information, and valid
muscle mass data.
Measurements
Research staff measured height, weight, waist
circumference, and hip circumference for each LOS
participant. Height and weight were measured using a
Health‐O‐Meter Professional height and weight scale, in
centimeters and kilograms, respectively. Waist and hip
circumferences were measured at maximal circumferences
in centimeters. Whole body composition, including lean
mass in both arms and legs, was measured using a DXA
machine (Hologic Discovery A system, Hologic Inc.,
Bedford, MA, USA). Subjects self‐reported as African‐
American/Black,
Asian,
Caucasian/White,
and
Hispanic/Latino. Participants who didn’t fit one of these

categories were designated “other” for ethnicity. Personal
annual income and education were optionally self‐reported
with categorized selections in the LOS medical
questionnaire.

Definitions
We divided the 10,325 subjects into two groups
according to their ages at the time of the DXA scan,
calculated from reported date of birth and scan date.
Those under the age of 40 constituted the young reference
group, totaling 2,663 participants (1,024 males, 1,639
females). The analyzed sample, at least 40 years old, has a
total of 7,662 subjects (2,971 males, 4,691 females).
In most published studies [35], sarcopenia was
defined using height‐adjusted appendicular skeletal muscle
mass (ASM/h2), with ASM calculated as the sum of the lean
mass of the arms and legs. In order to compare the
prevalence of sarcopenia for different racial/ethnic groups,
we calculated the means of ASM/h2 in males and females
for the entire young reference population. We defined
sarcopenia as one standard deviation below the gender‐
specific means (males: <7.8 kg/m2, females: <5.88 kg/m2).
For this study, we selected both body mass index
(BMI) and waist‐to‐hip ratio (WHR) to categorize obesity in
order to examine how obesity rates differ by index. BMI
was calculated as weight in kilograms divided by the square
of height in meters. BMI cutoff values are: <25 = normal,
25‐29.9 = overweight, and ≥30 = obese [36]. WHR was
calculated as ratio of the circumference of the waist to that
of the hips. The WHR cutoff values for defining central
obesity are: ≥0.90 for males and ≥ 0.85 for females [37].
Sarcopenic obesity was defined as sarcopenia plus
obesity as defined by WHR. We chose WHR over BMI to
reduce the possibility of overall weight misrepresenting fat
mass, and to sustain the use of gender‐specific thresholds,
similar to sarcopenia.
Statistical Analyses
All analyses were conducted in SAS versions 9.3 and
9.4.
Data were analyzed in sex‐specific sets. Univariate
analyses were conducted to calculate demographic and
prevalence data across five race/ethnicity groups. Income
and education were the only two optional data points, with
rates of missing data ranging from 17.1% to 39.1%.
Analysis of variance (ANOVA) and group t tests were
used to determine group differences in the anthropometric
data. Multinomial stepwise regression, a variation of
forward selection regression, was used to test associations
between socioeconomic factors and sarcopenic obesity, as
well as to calculate individual odds ratios in the analyzed
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population. For this last set of analyses, race/ethnicity had
to be condensed into three groups due to insufficient
distribution of participants (combining “Hispanic”, “Asian”,
and “Other” into one “Other” group) in testing the
associations of social determinant factors with sarcopenia,
obesity, and sarcopenic obesity by gender. Statistical
significance was defined as p‐value < .05.

Results
Demographics
Race, income, and education levels of the 10,325
participants can be found in Table 1. The majority of our
LOS subjects were white (54.3%) and black (32.2%) in both
the study population (56.1% white; 32.4% black) and the
young reference population (48.9% white; 31.5% black). In
the female group, there were more white people in the
study group (64.3%) compared to the young reference
group (50%). In the male group, there were more black
subjects in the study population (45.5%) compared to that
in the young reference group (35.6%). The distribution of
the subjects was similar for other races in the study and
young reference populations.
Anthropometrics
Anthropometric data of the study population
(n=7,662) can be found in Table 2. All data were grouped
by gender and examined in separate race/ethnicity groups.
Each measure, which included age, BMI, WHR, and
ASM/h2, had significant group differences across the five
race/ethnicity groups and the differences are listed in the
group differences column.
Prevalence rates for obesity, sarcopenia, and sarcopenic
obesity
Prevalence rates for obesity, sarcopenia, and
sarcopenic obesity in subject study population can be
found in Table 3.
Considering both BMI and WHR results, the highest
obesity rates by race were Hispanic males (35.4% by BMI,
69.2% by WHR) and black females (54.6% by BMI, 55.4% by
WHR). The lowest obesity rates by race/ethnicity using BMI
were Asian males (4.8%) and Asian females (6.9%).

The overall sarcopenia rates were 17.6% for males
and 13.7% for females. The highest sarcopenia rates by
race/ethnicity were Asian for both males (40.6%) and
females (30.1%). The lowest sarcopenia rates by
race/ethnicity were Hispanic males (10.8%) and black
females (3.6%).
Overall sarcopenic obesity rates were 7.0% in males
and 2.5% in females. The highest sarcopenic obesity rates
by race/ethnicity were Asian males (14.4%) and Asian
females (8.0%). The lowest sarcopenic obesity rates by
race/ethnicity were black males (3.7%) and black females
(0.9%).
Associations of socioeconomic factors with obesity,
sarcopenia, and sarcopenic obesity
We tested the effects of age, race, personal annual
income, and education on sarcopenic obesity, sarcopenia
only, and obesity only. All examined factors, with the
exception of education level in males, were found to be
significant (at least p < .05) for at least one outcome
(sarcopenia only, obesity only, or sarcopenic obesity). The
odds ratios are presented in Table 4.
For males, age had the largest associations with
sarcopenic obesity, with odds ratios increasing with age,
from 3.54 (p < .001) in the 50s to as high as 18.33 (p < .001)
for 70+ years of age, as compared to the 40s. Significant
associations for race/ethnicity were found for blacks (as
compared to white) with an odds ratio of 0.21 (p < .001) for
sarcopenic obesity, 0.38 (p < .001) for sarcopenia only, and
0.46 (p < .001) for obesity only. Income was found to be
significant only for sarcopenic obesity – males with a
personal annual income less than $20,000 were 2.78 times
more likely (p < .01) to have sarcopenic obesity than males
with an annual income of $60,000 or more.
For females, age also had the largest associations
with sarcopenic obesity, with odds ratios increasing from
2.26 (p < .05) in the 50s to 4.96 (p < .001) for 70+ years of
age, as compared to the 40s. Significant associations for
race/ethnicity were found for blacks (as compared to
whites) with an odds ratio of 0.19 (p < .001) for sarcopenia
only and 1.60 (p < .001) for obesity only. Looking at
education levels, females with a high school degree and/or
some college were 2.68 times more likely (p < .01) to have
sarcopenic obesity compared to females with at least a
college degree.
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Table 1 Demographic characteristics of study and reference populations by gender.

Male

Race
White
Black
Asian
Hispanic
Other
Salary
Less than $20,000
$20,000‐$59,999
$60,000 or more
Missing
Education
< H.S. degree
H.S. degree – some college
College graduate or above
Missing

Female

Study
Population

Young
Reference

Study
Population

Young
Reference

n = 2971

n = 1024

n = 4691

n = 1639

43.2%
45.5%
6.3%
2.2%
2.9%

47.1%
35.6%
10.5%
3.0%
3.9%

64.3%
24.2%
7.2%
2.7%
1.6%

50.0%
29.0%
12.9%
4.3%
3.8%

38.0%
12.8%
10.1%
39.1%

47.0%
14.3%
3.6%
35.2%

17.5%
26.2%
22.6%
33.8%

34.5%
27.8%
8.7%
29.0%

13.9%
38.5%
17.6%
30.0%

13.6%
37.0%
23.3%
26.1%

7.8%
34.3%
37.6%
20.3%

7.2%
30.0%
45.6%
17.1%

Table 2 Anthropometric characteristics of study population by gender.

Male
White

Black

Asian

Hispanic

Other

n=1283

n=1351

n=187

n=65

n=85

ANOVA
(p‐value)

56.99±11.11

52.38±6.58

57.56±10.50

52.26±7.82

51.37±6.96

<.0001

[W,A] > [B,H,O]

26.36±5.47
27.70±5.02
0.93±0.07

23.85±6.20
27.07±5.54
0.89±0.07

25.56±4.06
24.69±2.99
0.89±0.05

26.25±5.19
28.53±4.29
0.92±0.06

23.33±5.53
25.49±4.59
0.91±0.07

<.0001
<.0001
<.0001

8.84±1.27

9.36±1.46

8.11±0.98

9.15±1.22

8.66±1.22

<.0001

[W,H,A] > [B,O]
[H,W] > B > [O,A]
[W,H] > [B,A]
W>O
B > [H,W,O] > A

White

Black

Asian

Hispanic

Other

n=3018

n=1135

n=336

n=125

n=77

ANOVA
(p‐value)

Age (yrs)
Body fat
(%)
BMI

58.70±10.55

54.26±8.49

55.13±9.27

55.14±9.73

53.60±8.39

<.0001

W > [H,A,B,O]

37.73±6.42
27.22±6.36

39.72±6.26
31.69±7.48

36.24±4.74
24.24±4.04

37.32±5.59
27.33±4.87

38.59±6.07
29.02±6.72

<.0001
<.0001

WHR

0.82±0.07

0.86±0.07

0.84±0.07

0.84±0.07

0.84±0.07

<.0001

6.93±1.19

8.21±1.53

6.36±0.91

6.99±0.88

7.43±1.38

<.0001

[B,O] > W > [H,A]
B > O,H,W > A
O>W
[B,H],A > W
B > A,[O,W]
B>O>H>W>A

Age (yrs)
Body fat
(%)
BMI
WHR
ASM/h

2

Group

Differences

Female

ASM/h

2

Group

Differences
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Table 3 Prevalence rates of obesity, sarcopenia, and sarcopenic obesity by gender.

Men

BMI
Normal
Overweight
Obese
WHR
Normal
Obese
Sarcopenia
Normal
Sarcopenic
Sarcopenic Obesity
Sarcopenic Obesity
Sarcopenia Only
Obesity Only
Normal

Women

Total

White

Black

Asian

Hispanic

Other

Total

White

Black

Asian

Hispanic

Other

n=2971

n=1283

n=1351

n=187

n=65

n=85

n=4691

n=3018

n=1135

n=336

n=125

n=77

38.3%
36.8%
25.0%

32.7%
39.8%
27.4%

40.6%
33.8%
25.5%

58.8%
36.4%
4.8%

16.9%
47.7%
35.4%

55.3%
29.4%
15.3%

39.2%
28.7%
32.2%

44.4%
29.0%
26.6%

18.0%
27.4%
54.6%

66.7%
26.5%
6.9%

36.0%
37.6%
26.4%

31.2%
27.3%
41.6%

46.2%
53.9%

33.9%
66.1%

56.9%
43.1%

52.9%
47.1%

30.8%
69.2%

56.5%
43.5%

59.5%
40.5%

65.6%
34.4%

44.6%
55.4%

56.9%
43.2%

54.4%
45.6%

61.0%
39.0%

82.4%
17.6%

81.0%
19.0%

87.1%
13.0%

59.4%
40.6%

89.2%
10.8%

76.5%
23.5%

86.3%
13.7%

84.1%
15.9%

96.4%
3.6%

69.9%
30.1%

90.4%
9.6%

90.9%
9.1%

7.0%
10.6%
46.9%
35.6%

9.3%
9.7%
56.8%
24.2%

3.7%
9.3%
39.4%
47.7%

14.4%
26.2%
32.6%
26.7%

6.2%
4.6%
63.1%
26.2%

9.4%
14.1%
34.1%
42.4%

2.5%
11.2%
38.0%
48.4%

2.5%
13.4%
31.9%
52.2%

0.9%
2.7%
54.5%
41.9%

8.0%
22.0%
35.1%
34.8%

1.6%
8.0%
44.0%
46.4%

3.9%
5.2%
35.1%
55.8%

Table 4 Associations of various social determinant factors with obesity, sarcopenia, and sarcopenic obesity.

Sarcopenic
Obesity
Age
40‐49 years old
50‐59 years old
60‐69 years old
70+ years old
Ethnicity
White
Black
Other
Salary
Less than $20,000
$20,000‐$59,999
$60,000 or more
Education
< H.S. degree
H.S. degree – some college
College graduate or above

Male (n=2971)
Sarcopenia
Only

Obesity
Only

Sarcopenic
Obesity

Female (n=4691)
Sarcopenia
Only

Obesity
Only

‐
3.54***
7.45***
18.33***

‐
1.27
2.88***
2.93**

‐
1.67***
2.79***
3.09***

‐
2.26*
2.86*
4.96***

‐
1.42*
2.17***
2.23***

‐
1.46***
1.82***
1.72***

‐
0.21***
0.85

‐
0.38***
1.60

‐
0.46***
0.49***

‐
0.58
3.44***

‐
0.19***
1.83**

‐
1.60***
1.31

2.78**
1.29
‐

2.31*
1.03
‐

1.07
1.22
‐

1.65
1.24
‐

1.49*
0.85
‐

1.92***
1.26*
‐

1.26
1.52
‐

1.51
1.34
‐

1.15
1.30
‐

2.48
2.68**
‐

1.02
0.87
‐

1.51**
1.17
‐

Key: * p < .05; ** p < .01; *** p < .001

Journal of Cachexia, Sarcopenia and Muscle ‐ Clinical Reports| Volume 3| Issue 2|e00027|Page 5

Race and socioeconomic effect on sarcopenia and sarcopenic obesity

Discussion
One of the key findings of this study is the
prevalence rates of sarcopenia and sarcopenic obesity
across the different races/ethnicities. Asians had the
highest rates of both sarcopenia and sarcopenic obesity,
and almost all of the lowest rates of sarcopenia and
sarcopenic obesity were found in blacks. Personal
annual income and education level had significant
associations with sarcopenia and/or sarcopenic obesity.
The overall sarcopenic obesity prevalence rates
are the lowest in both black men and black women in
our study. This finding is consistent with previous
findings from Batsis et al. [12]. Interestingly, our finding
that Asians have the highest rates of sarcopenia and
sarcopenic obesity is opposite to other studies,
particularly those done in Asian countries, where the
use of an Asian reference population showed very low
rates of sarcopenia and sarcopenic obesity [22, 31, 38].
Because there is no consensus on a definition for
sarcopenic obesity and different studies use different
reference groups, it is difficult to compare the
prevalence rates found here to other studies.
Additionally, most studies in the United States have not
had enough diversity in their study populations to
examine prevalence rates beyond whites and blacks.
Studies from Asian countries have used Asian young
reference populations to define sarcopenia and
sarcopenic obesity, making those results difficult to
compare to most other non‐Asian studies, which tend to
have more diverse young reference populations.
However, studies outside of Asia typically include very
few, if any, Asians, meaning that no conclusions about
Asian populations can be made in comparison to the
other included races/ethnicities. Our finding that Asians
had the highest prevalence rates of sarcopenia and
sarcopenic obesity is significant and unique in that it is
the first study to identify a local Asian population as
having the highest prevalence rates of sarcopenia and
sarcopenic obesity compared to local whites, blacks, and
Hispanics, all under the same diagnostic criteria and
definitions. Further studies should be done with more
diverse populations to better understand the effect of
race and ethnicity on sarcopenic obesity.
Age is an established factor of sarcopenia [4, 7,
11] and, to some extent, sarcopenic obesity [10, 11, 35].
It proved to have the strongest positive associations in
our study. However, the strength of association is
difficult to compare across studies because there is no
consensus about how to define age groups. In our study,
age had the strongest effect on sarcopenic obesity,
compared to sarcopenia alone and obesity alone. The
socioeconomic effects of income and education level
that are found in this study are similar to findings from
other studies. Alexandre et al. found that low income

was a risk factor for sarcopenia [33]. In our study, low
income was associated with sarcopenic obesity only in
males, and sarcopenia only and obesity only in females.
Hwang et al. found that having a middle school
education or lower was associated with sarcopenic
obesity in a Korean male population [31]. In our study,
lower educational level was associated with sarcopenic
obesity only in the female group. Clearly, much more
research is needed in this area.
There were some design issues in our study
regarding the definition of sarcopenic obesity. First, we
selected WHR to define obesity in our study for two
reasons: one, it provided gender‐specific cutoffs; and
two, it was the least contested across different
races/ethnicities. However, there is no clear consensus
for which index of obesity is the most useful, so any
chosen index may not necessarily reflect the true
prevalence of obesity. Second, we chose to define
sarcopenia as <1SD below the young reference
population mean, based on Janssen’s definition of class I
sarcopenia [9]. Most studies use <2SD below the young
reference population mean, which is class II sarcopenia
by Janssen’s definition [12]. We selected <1SD for two
reasons: one, the reference population data was too
clustered that there were no participants classified as
sarcopenic using the <2SD definition; and two, there are
studies validating the use of <1SD, particularly as a way
to diagnose less severe sarcopenia [39‐41]. Additionally,
we did not have enough data variety to use any multi‐
pronged definitions of sarcopenia, like the FNIH
definition [23].
This study had several strengths, including: the
large sample size used, the diversity of races/ethnicities
examined, and the use of a local, combined, young
reference population to calculate the cutoff points for
defining sarcopenia. There were also several limitations
to this study, including the expected high percentages of
missing data for personal annual income and education
level. Despite the large sample size, the distribution of
outcomes across race/ethnicity groups was insufficient
for complete association analysis across all five
categories. As the LOS progresses, it is hoped that more
data will allow for more diverse race/ethnicity‐specific
analyses. Second, the subjects for LOS are recruited in
New Orleans and Baton Rouge and surrounding areas.
Conclusions from this study may not be able to be
generalized in other populations. Finally, it is hoped that
future differentiation between class I and class II
sarcopenia can be applied in future research in order to
examine associations on multiple outcome levels.
In conclusion, under the same diagnostic criteria
and definitions, our study shows that the prevalence of
sarcopenia and sarcopenic obesity is highest amongst
Asian men and women. Black men and women have the
lowest prevalence rates of sarcopenic obesity. More
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studies with diverse populations need to be done to
replicate the finding. Additionally, both income and
education level had significant associations with
sarcopenia and/or sarcopenic obesity. This study reflects
the need for current research to more specifically
identify, define, and measure sarcopenia and sarcopenic
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