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Objective: Sarcopenic obesity is an emerging geriatric syndrome among elderly indivi-
duals. Studies revealed a complicated pathogenesis between sarcopenia and obesity. Leptin,
a proinflammatory adipokine, has been implicated in the mechanism of sarcopenic obesity.
This study investigated the relationship between serum leptin level and sarcopenic obesity.
Methods: The study included 4063 participants aged 60 years and older from the NHANES
III database. Sarcopenia was defined as a skeletal muscle index (SMI) less than one standard
deviation below the young adult value. Obesity was defined as a body mass index (BMIF)
over 30 kg/m®. Multivariate regression analysis was performed to examine the association
between serum leptin level and sarcopenic obesity.

Results: In adjusted models, serum leptin level was positively correlated with BMI (B: 1.33,
p value < 0.001) and negatively correlated with SMI (B: —0.091, p value = 0.001).
A significant association between serum leptin level and sarcopenic obesity was found in
multivariate analysis (B: 4.011, p value=0.014).

Conclusion: Our study demonstrated that serum leptin level was related to an increased risk
of sarcopenic obesity. This epidemiologic finding suggests that leptin may play a role in
sarcopenic obesity.
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Introduction
Adipose tissue, an endocrine organ, secrets various adipokines that modulate energy
hemostasis and neuroendocrine function.' Leptin, a kind of adipokine, is secreted by
white adipose tissue and is correlated with total fat mass.” Leptin acts on the hypotha-
lamus to regulate appetite and food consumption.” Moreover, leptin exerts effects on
peripheral organs such as pancreatic beta cells, immune cells and muscle cells which
are involved in glucose metabolism, inflammatory processes and insulin resistance.*
Tilg et al demonstrated that leptin stimulates the production of proinflammatory
cytokines, including tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), and inter-
leukin-12 (IL-12).° The presence of an inflammatory response has been proposed to be
associated with diabetes mellitus, obesity, atherosclerosis and sarcopenia.®®

Obesity, well recognized as a systemic inflammatory disorder, is correlated with
numerous chronic diseases, such as hypertension, diabetes mellitus and cardiovascular
diseases.” An increased prevalence of obesity among elderly individuals in the US was
shown by Flegal et al.'® Obesity-associated conditions have been found to contribute to
the occurrence of sarcopenia.'' Sarcopenia, a geriatric syndrome, is an age-associated
decline in muscle mass, quality and physical performance.'” The rising prevalence of

sarcopenia has been reported worldwide.'® The combination of obesity and sarcopenia,
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called sarcopenic obesity, was initially proposed by RN.
Baumgartner.'* Sarcopenic obesity is associated with ele-
vated risks of disability, frailty, hospitalization and mortality
in the older population.'? Sarcopenia and obesity have com-
plex interactions and share a common etiology, including
oxidative stress, proinflammatory cytokines, insulin resis-
tance, hormonal alteration and functional impairment.'
The inflammatory state contributed to by cytokines and adi-
pokines plays a crucial role in the development of sarcopenic
obesity. '

Due to the proinflammatory properties of leptin, previous
studies have investigated the relationship between serum leptin
level and sarcopenic obesity, but they have come to contra-
this
a cross-sectional analysis of 4062 participants to examine the

dictory conclusions. In study, we performed

association between serum leptin level and sarcopenic obesity.

Methods

Study Population

The National Center for Health Statistics (NCHS) of the
Centers for Disease Control and Prevention conducted the
third National Health and Nutrition Examination Survey
(NHANES III) between October 1988 and October 1994.
NHANES III was designed as a stratified multistage sam-
ple of noninstitutionalized US civilian representative of
the US population. It contained sociodemographic infor-
mation, medical examination and records and laboratory
data. The Institutional Review Board of the NCHS
approved the NHANES study protocols. Written informed
consent was obtained from all subjects. All data analyzed
in this study are de-identified information and publicly
available on the NHANES website (https://wwwn.cdc.
gov/nchs/nhanes/nhanes3/datafiles.aspx). We performed
a cross-sectional analysis of the NHANES III database.
We excluded subjects who were less than 60 years old,

subjects without laboratory data (leptin, C-reactive protein
(CRP) and insulin), and subjects without information on
body mass index (BMI), waist circumference, thigh skin-
fold, skeletal muscle index (SMI) and gait speed. A total
of 4063 eligible participants were enrolled in this study.

Leptin Measurement

Serum leptin specimens were collected in the morning
after an 8-hour fast and stored at —70°C. Serum leptin
measurement was conducted by Linco Research, Inc. by
radioimmunoassay. The detectable levels of leptin were
0.5 to 100 mg/L. (coefficients of variations: 3.4 to 8.3%)

Body Composition

Body weight was measured in kilograms using a digital
scale, and body height was measured in centimeters (cm)
using a stadiometer. Waist circumference was measured to
the nearest 0.1 cm around the horizontal level at the high
point of the iliac crest. The thigh skinfold was measured to
the nearest 0.1 millimeters (mm) using Holtain calipers
(Holtain Ltd, Crymych, United Kingdom) at the midpoint
of the thigh. Body measurements were conducted accord-
ing to a standardized protocol. BMI was calculated as the
body weight in kilograms divided by the square of the
body height in meters (kg/m?). We defined obesity as BMI
over 30 kg/m>.

In NHANES III, bioelectrical impedance was mea-
sured by using a Valhalla 1990B Bio-Resistance Body
Composition Analyzer (Valhalla Scientific, San Diego,
CA, USA). We used bioelectrical impedance to estimate
skeletal muscle mass based on the equation by Janssen
et al:'” skeletal muscle mass (kilogram) = [(height* (cm)/
bioelectrical resistance (ohms) x 0.401)+ (sex x 3.825) +
(age (years) x —0.071)] + 5.102, where for sex, men = 1
and women = 0. Skeletal muscle mass was divided by
body weight to obtain SMI. We used the definition of
Janssen et al'® who set the SMI values of participants
aged 18-39 years from the NHANES III database as the
reference value and classified sarcopenia when the SMI
values of a subject were below one standard deviation
(SD) less than young adult values. Participants with BMI
over 30 kg/m? and SMI below the one standard deviation
cutoff were classified as having sarcopenic obesity.

Gait speed was recorded as a 20-foot timed walk test in
the mobile exam center following the NHANES standar-
dized protocol. Gait speed was calculated as 6.15 meters
(20 feet) divided by time (seconds).

Covariates

Demographic covariates were acquired from a self-report
questionnaire that included age, sex, race, smoking history
and comorbidities. Participants were considered smokers if
they had smoked at least 20 cigarettes in their lives.
Comorbidities were defined from self-report diagnoses,
including diabetes, asthma and arthritis.

CRP was measured by latex-enhanced nephelometry.
Fasting glucose was measured by a modified enzyme assay.
Insulin was measured by radioimmunoassay. Total protein,
total cholesterol, high-density lipoprotein (HDL) cholesterol
and total triglyceride levels were quantified by a Hitachi
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Model 737 multichannel analyzer (Boehringer Mannheim
Diagnostics, Indianapolis, IN). Low-density lipoprotein
(LDL) cholesterol was computed by the Friedewald equation.

Statistical Analyses

We classified the study participants into 4 groups: group
N (normal BMI population), group S (sarcopenia), group
O (obesity)
Continuous measures, including age, BMI, SMI, gait

and group SO (sarcopenic obesity).
speeds and laboratory data, are expressed as mean + SD.
Comparison of continuous measures among participants in
4 groups was performed using one-way ANOVA.
Categorical measures, including race, sex, smoking history
and comorbidities, are expressed as percentages.
Comparison of categorical measures among the 4 groups
was performed using the chi-square test. The 4 groups
were treated as independent variables and serum leptin
level was used as the dependent variable. To assess the
relationship between serum leptin level and sarcopenic
obesity, we used multivariate regression analysis and
developed 4 models to adjust for confounding variables.
Model 1 was unadjusted. Model 2 included age, sex and
race/ethnicity. Model 3 included Model 2 and BMI, serum
C-reactive protein and fasting glucose. Model 4 included
Model 3 and smoking history, arthritis, asthma and dia-
betes mellitus. All statistical analysis was done by using

SPSS version 18 (SPSS Inc., Chicago, IL, USA).

Results

Characteristics of the Study Population

A total of 4063 participants were enrolled in the study: 178
(4.3%) were classified as sarcopenia, 882 (21.7%) as obe-
sity and 75 (1.8%) as sarcopenic obesity (Table 1). The
mean age of group N was 72.0148.15 years and 48.6%
were male. For groups S, O and SO, the mean ages were
71.85+8.05 years, 69.3+6.68 years and 69.47+7.51 years,
respectively. Compared to group N, the SMls of group
S and group SO were 19.83+2.99% and 14.21+2.6%,
respectively. Higher serum leptin level was found in
group O and group SO than group N (p value < 0.001).

Association Between Serum Leptin Level

and Components of Sarcopenic Obesity

As shown in Table 2, we used multivariate regression
models to investigate the association between serum leptin
levels and components of sarcopenic obesity. A positive
relationship between serum leptin levels and BMI was

demonstrated in adjusted model (B coefficient: 1.02, 95%
confidence interval (95% CI): 0.79 to 1.24, p value
<0.001). Serum leptin level was inversely associated with
SMI in the adjusted model (B coefficients: —0.1, 95% CI:
—0.17 to —0.02, p value=0.009).

Association Between Serum Leptin Level
and 4 Groups (Normal BMI Population,
Sarcopenia, Obesity and Sarcopenic
Obesity)

We explored the relationship between serum leptin level
and 4 groups by performing multivariate regression mod-
els (Table 3). After adjustment for covariates, serum leptin
level was positively associated with group O (B coeffi-
cients: 1.99, 95% CI: 0.16 to 3.83, p value=0.032) and
group SO (B coefficients: 6.95, 95% CI: 2.59 to 11.32,
p value=0.002).

Discussion

In this study, serum leptin level was significantly posi-
tively correlated with sarcopenic obesity risk. We also
found a positive association between serum leptin
levels and BMI. In contrast, serum leptin level was
negatively correlated with SMI in multivariate regres-
sion models.

Our results corroborate the findings of previous
studies.'”?! In the US study reported by Waters et al,
baseline leptin level was higher in participants with
sarcopenia, obesity and sarcopenic obesity.?! A cross-
sectional study from Japan revealed that serum leptin
level was negatively associated with thigh muscle cross-
sectional area and positively correlated with visceral
obesity, after adjusting for age, body weight and visceral
fat area.'” A positive link between serum leptin levels
and sarcopenic obesity has also been found in osteoar-
thritis patients.”’ Higher levels of leptin and inflamma-
tory cytokines (eg, IL-6 and TNF- o) have been
correlated with a greater risk of sarcopenia.® However,
previous studies of leptin impacts on sarcopenia and
obesity have been conflicting. The study of Goémez
et al revealed that serum leptin level was positively
associated with fat-free mass.?* In a single-center obser-
vational study of hemodialysis patients, Lin et al noted
an inverse association between serum leptin level and
sarcopenia.”> Compared to healthy participants, frail
hospitalized patients with a lower mid-arm muscle area
had lower leptin.®* The cause of the discrepancies in
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Table | Characteristics of the Study Population

Characteristic Normal Population Sarcopenia (N=178) | Obesity (N=882) Sarcopenic Obesity P
(N=2928) (N=75)
Socio-demographic variables
Age (yearstSD)* 7201 (8.15) 71.85 (8.05) 69.3 (6.68) 69.47 (7.51) <0.001
Male sex (%)* 1423 (48.6) 70 (39.3) 534 (60.5) 41 (54.7) <0.001
Race-ethnicity (%)" <0.001
Non-Hispanic White 1832 (62.6) 100 (56.2) 466 (52.8) 37 (49.3)
Smoker (%) | ever smoke >20 cigars in life 516 (17.6) 37 (20.8) 131 (14.9) 10 (13.3) 0.104
BMI (kg/m2£SD)* 25.02 (3.07) 25.18 (2.67) 33.92 (3.83) 34.51 (4.71) <0.001
Waist circumference (cmzSD)* 93.08 (10.02) 94.53 (8.94) 111.36 (9.48) 113.66 (10.62) <0.001
Thigh skinfold (mm+SD)* 246.69 (1307.95) 547.94 (2082.28) 1475.25 (2630.89) 1310.61 (2667.74) <0.001
Skeletal muscle index (%xSD)* 48.07 (7.17) 19.83 (2.99) 38.55 (5.56) 14.21 (2.6) <0.001
Gait speed (m/stSD)* 0.72 (0.21) 0.69 (0.23) 0.68 (0.2) 0.64 (0.23) <0.001
Laboratory variables*
Leptin (mg/dL+SD) 10.03 (8) 8.12 (6.56) 23.09 (14.72) 27.08 (18.04) <0.001
CRP (mg/dL +SD) 0.53 (0.99) 0.58 (1.02) 0.65 (0.89) 0.67 (1.1) 0.009
Fasting Glucose (mg/dL+SD) 107.72 (42.81) 106.79 (44.26) 118.96 (49.33) 119.92 (50.09) <0.001
Insulin (UU/mL%SD) 59,597.74 (222,362.02) 71,144.12 (242,354.44) | 63,105.75 (228,496.1) | 77,304.91 (253,227.57) | 0.909
Total protein (g/dL+SD) 7.3 (0.48) 7.3 (0.52) 7.35 (0.47) 7.33 (0.56) 0.061
LDL cholesterol (mg/dL+SD) 139.92 (38.75) 137.99 (38.67) 146.3 (40.61) 140.7 (45.88) 0.042
Comorbidities’
Asthma (%) 175 (6) 7 (3.9) 68 (7.7) 8 (10.7) <0.001
Arthritis (%) 1212 (41.4) 75 (42.1) 468 (53.1) 38 (50.7) <0.001
DM (%) 368 (12.6) 26 (14.6) 187 (21.2) 12 (16) <0.001
Notes: *Continuous variables are presented as mean (standard deviation). TCategorical variables are presented as number (percentage).
Abbreviations: SD, standard deviation; BMI, body mass index; CRP, C-reactive protein; DM, diabetes mellitus; LDL, low-density lipoprotein.
Table 2 Regression Coefficients for Serum Leptin Levels and Components of Sarcopenic Obesity
Model | Model 2 Model 3 Model 4
B (95% CI) P B (95% CI) P B (95% CI) P B (95% CI) P
BMI 1.35 (1.23,1.46) <0.001 1.25 (1.15,1.35) <0.001 1.01 (0.79,1.23) <0.001 1.02 (0.79,1.24) <0.001
Skeletal muscle index —0.67 (—0.74,-0.6) <0.001 —0.52 (—0.59,-0.45) <0.001 —0.1 (-0.17,-0.02) 0.009 —0.1 (-0.17,-0.02) 0.009
Gaitspeed —-8.94 (—12.71,-5.18) <0.001 —7.19 (-10.68,-3.69) <0.001 —0.05 (-2.76,2.65) 0.966 —0.23 (—2.95,2.48) 0.866
Notes: Adjusted covariates: Model |= unadjusted, Model 2= age, gender, race/ethnicity, Model 3= Model 2+ BMI, serum C-reactive protein, fasting glucose, waist

circumference, thigh skinfold, serum insulin, total protein and low-density lipoprotein cholesterol, Model 4= Model 3+ (smoking, arthritis, asthma and diabetes mellitus).
Abbreviation: BMI, body mass index.

Table 3 Regression Coefficients for Serum Leptin Levels and 4 Groups

Model | Model 2 Model 3 Model 4
B (95% CI) P B (95% CI) P B (95% CI) P B (95% CI) P
Normal Reference(-,-) Reference(-,-) Reference(-,-) Reference(-,-)
Sarcopenia —0.89 (—4.98,3.2) 0.669 0.07 (—3.43,3.57) 0.969 —0.32 (—3.41,2.75) | 0.834 | —0.3 (—3.39,2.78) | 0.849
Obesity 13.78 (12.21,15.35) | <0.001 12.14 (10.77,13.51) | <0.001 2.05 (0.23,3.87) 0.027 | 1.99 (0.16,3.83) 0.032
Sarcopenic obesity | 19.22 (13.72,24.72) | <0.001 17.12 (12.41,21.83) | <0.001 6.97 (2.61,11.33) 0.002 | 6.95 (2.59,11.32) | 0.002
Notes: Adjusted covariates: Model |= unadjusted, Model 2= age, gender, race/ethnicity, Model 3= Model 2+ BMI, serum C-reactive protein and fasting glucose, waist

circumference, thigh skinfold, serum insulin, total protein and low-density lipoprotein cholesterol, Model 4= Model 3+ (smoking, arthritis, asthma and diabetes mellitus).
these studies may be disparate effects of leptin on dif- The circulating leptin level reflects the amount of adi-
ferent populations such as obese individuals, hemodia-  pose tissue, so there are higher levels of leptin in obese

lysis subjects, elderly people, Europeans and Asians. subjects.”> Nevertheless, high leptin levels did not

https:

3484

Journal of Inflammation Research 2021:14
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Yang and Chen

represent better efficacy of leptin, including affecting food

consumption, lipid metabolism and glucose
hemostasis.”>*® The impairment of leptin function, as
leptin resistance, was found to be associated with
obesity.”*?” Previous studies shown that exogenous leptin
administration to obese subjects was unable to affect
weight loss.>® 2® Obesity was correlated with reduced lep-
tin receptors.>”*® This evidence indicated leptin resistance
in obese individuals.?® Furthermore, increased leptin levels
may induce the production of inflammatory cytokines,
such as IL-6 and TNF- a.>' Elevated inflammatory cyto-
kines are known to be a pivotal factor of insulin resistance
which is detrimental to muscle mass, quality and
strength.*>** Insulin resistance is a key pathway of sarco-
penic obesity.'*> High levels of leptin were proven to
impact intramuscular fatty acid oxidation and lipid meta-
skeletal

dysfunction."'** Impaired fatty acid oxidation and intra-

bolism, thereby leading to muscle

myocellular  lipid  accumulation may  promote
lipotoxicity.'*> Taken together, these studies and our
findings suggest leptin may play a potential role in the
mechanism of sarcopenic obesity.

Prior studies have proposed several definitions of sar-
copenic obesity.>® Baumgartner defined sarcopenia as an
appendicular skeletal muscle mass divided by height
squared lower than 2 SD less than the sex-specific means
and defined obesity as a percentage body fat higher than
27% in men and 38% in women.'* Davison et al defined
sarcopenia as the lower two quintiles of full body skeletal
muscle mass and obesity as the upper two quintiles of
body fat.>” Recent studies have combined individual defi-
nitions of sarcopenia and obesity to define sarcopenic
obesity.'? The European Working Group for the Study of
Sarcopenia stated a definition for sarcopenia that included
low muscle mass and function (handgrip strength or gait
speed).®® The World Health Organization defines obesity
as BMI >30 kg/m2 and visceral fat surrogate as waist
circumference (men >102 c¢m and women >88 cm).*
The American Association of Clinical Endocrinology sug-
gests obesity as the percentage body fat >25% for men and
>35% for women.*® A cross-sectional study by Batsis et al
using eight definitions of sarcopenic obesity revealed
a high degree of variation in prevalence rates in an older
population.*' A Korean study also reported that different
definitions of sarcopenic obesity affect prevalence
estimates.*” A consensus definition of sarcopenic obesity
is needed for future observational studies or interventional

trials.

Our study clearly has some limitations. First, the cross-
sectional design of the study does not allow us to assume
a causal relationship between serum leptin level and sar-
copenic obesity. Second, the observational nature of our
study might be affected by uncontrolled covariates. We did
not adjust for relevant proinflammatory cytokines and
adipokines in sarcopenic obesity due to lack of data in
NHNAES III database. Third, there is no universal stan-
dard definition of sarcopenic obesity.'?> We used SMI < 1
SD based on the Janssen definition of sarcopenia. We did
not incorporate muscle strength or gait speed into the
definition of sarcopenia which is commonly used.

Conclusion

In this study, we demonstrated that serum leptin level was
positively associated with BMI and negatively associated
with SMI in multivariate regression models. We also found
a positive relationship between serum leptin levels and
sarcopenic obesity in female subjects. Our findings pro-
vide epidemiologic evidence that leptin may be a risk
factor for sarcopenic obesity. Prospective studies are war-
ranted to address the causative relationship between serum
leptin level and sarcopenic obesity.

Abbreviation

SMI, skeletal muscle index; BMI, body mass index; IL-6,
interleukin-6; IL-12, interleukin-12; TNF-a, tumor necro-
sis factor-a; N, normal BMI population; S, sarcopenia; O,
obesity; SO, sarcopenic obesity; NCHS, National Center
for Health Statistics; NHANES III, the third National
Health and Nutrition Examination Survey; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; CRP,
C-reactive protein.
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