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Abstract

Introduction: Low skeletal muscle strength (SMS) in individuals with obesity is a key component of sarcopenic obesity, con-
tributing to functional decline and adverse metabolic outcomes. �is study aimed to identify predictive factors of low SMS
among demographic, anthropometric, adiposity, and body composition variables in adults with obesity receiving outpatient
care.

Material and Methods: �is cross-sectional study included 100 Brazilian adults with grades I-II obesity attending public
health outpatient clinics. Anthropometric measurements and central adiposity indices were obtained. Handgrip strength
(HGS) was assessed the SMS using a handheld hydraulic dynamometer. Low HGS, de�ned as sex- and age-speci�c values be-
low the 50th percentile of a healthy reference Brazilian adult population, indicated muscle weakness. Skeletal muscle mass
(SMM), fat mass (FM) and fat-free mass (FFM) were estimated by multifrequency bioelectrical impedance analysis. Physical
performance was assessed via a 4-m gait speed test. Associations between low HGS and independent variables were ana-
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lyzed using binary logistic regression.

Results: Both waist circumference (WC) and calf circumference (CC) were independent predictors of low muscle strength
among the 100 adults with obesity evaluated (mean age 42.8 ± 11.7 years; 61% women). Each 1-cm increase in WC was asso-
ciated with higher odds of low SMS by 7% (OR=1.07; 95% CI: 1.02–1.12), whereas each 1-cm increase in CC decreased the
odds of low SMS by 16% (OR=0.84; 95% CI: 0.73–0.97).

Conclusion: Simple and low-cost anthropometric measures, especially waist and calf circumferences, allow rapid identi�ca-
tion of adults with obesity who are at risk of low muscle strength. Incorporating these measures into routine clinical screen-
ing may improve early detection of sarcopenic obesity and guide preventive strategies in public healthcare settings.

Keywords: Adults; Anthropometry; Muscle Strength; Obesity; Public Health; Sarcopenia; Screening

Abbreviations: SMS, skeletal muscle strength; HGS, handgrip strength; WC, waist circumference; CC, calf circumference;
FM, fat mass; FFM, fat-free mass; SMM, skeletal muscle mass.

Introduction

Obesity is a multifactorial, systemic, chronic metabolic disease characterized by excessive fat mass accumulation in adipose tis-
sue, both subcutaneously and within speci�c organs, resulting from an imbalance between energy intake and expenditure [1].
Clinically, obesity is de�ned as a body mass index (BMI) ≥30 kg/m2. It arises from complex interactions among genetic, epige-
netic, behavioral, and environmental factors, including socioeconomic status, excessive caloric intake, low physical activity, and
disturbances in the gut microbiota [2]. Individuals with obesity are at increased risk of developing chronic diseases such as hy-
pertension, type 2 diabetes mellitus, nonalcoholic fatty liver disease, dyslipidemia, metabolic syndrome, sarcopenia, osteoarticu-
lar disorders, obstructive sleep apnea, and several types of cancer, contributing to reduced quality of life,  higher comorbidity
burden, and elevated all-cause mortality [3]. �e management of obesity imposes signi�cant economic burdens on families and
public health systems worldwide [4].

Disturbances in body composition, referring to the relative proportions of muscle, fat, bone, and other tissues, are associated
with aging and pathological conditions such as obesity [5, 6]. Over the life span, individuals with obesity are at increased risk of
progressive skeletal muscle loss manifested as declines in strength, mass, and performance resulting in functional impairment.
Probable sarcopenia, de�ned primarily by low muscle strength, is a key geriatric syndrome but can also a�ect adults with exces-
sive adiposity [7]. �e co-occurrence of sarcopenia and obesity, termed sarcopenic obesity (SO), elevates the risk of adverse clin-
ical  outcomes,  including premature mortality [8,  9].  �us, timely identi�cation and management of individuals with SO is  a
strategic priority in public healthcare [10].

Handgrip strength testing is a simple and reliable means of assessing isometric muscular strength and is recognized as an im-
portant indicator of overall functional status [11, 12]. Anthropometric and obesity-related indices are extensively utilized to esti-
mate both the total amount and body distribution of adiposity in individuals with obesity [13-16]. �ere is ongoing interest in
the adoption of simple, cost-e�ective, and noninvasive anthropometric tools as proxies for obesity-related health risk in adults
[17]. While the association between obesity and low muscle strength has been extensively studied in older adults, this relation-
ship remains underexplored among adults with obesity. Particularly in primary care settings, e�cient and accessible screening
measures for probable sarcopenic obesity are highly valuable.

Accordingly, the present study aimed to identify predictors of low skeletal muscle strength among demographic, anthropomet-
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ric,  adiposity,  body composition,  and physical  performance variables,  using binary logistic  regression models,  in a  sample of
adults with obesity receiving outpatient health care in public health system.

Methods

Study Design and Population

�is single-center, observational, cross-sectional study was conducted in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines [18]. One hundred adults (age >18 and <60 years) with a clinical
diagnosis of grade I (BMI 30.0–34.9 kg/m2), grade II (35.0–39.9 kg/m2), or grade III (≥40.0 kg/m2) obesity were recruited be-
tween April 2020 and December 2023 from a public outpatient clinic in Vitória da Conquista, Bahia, Brazil. �e overall sample
comprised 100 participants (mean age: 42.8 ± 11.7 years; male/female ratio = 1:1.5). A separate sample of 100 healthy-weight
adults (BMI 18.0–24.9 kg/m2) was investigated for comparative reference only.

All participants were physically independent and demonstrated preserved cognitive function. Data were collected using validat-
ed questionnaires, anthropometric examinations, body composition assessments, handgrip dynamometry, and gait speed mea-
surement.

Inclusion and Exclusion Criteria

Inclusion criteria were adulthood (age >18 and <60 years); any sex; obesity grades I–III; ability to complete questionnaires and
participate in clinical examinations. Exclusion criteria included: diagnosis of acute in�ammatory disease, uncontrolled comor-
bidities, history of locomotor disease or limb sequelae, or cancer treatment within the previous �ve years.

Anthropometric Measurements and Adiposity Indices

Anthropometric measurements were obtained by trained professionals following international protocols [19]. Height was deter-
mined using a �xed stadiometer (Cescorf, Porto Alegre, Brazil). Body weight was measured to the nearest 0.1 kg using a cali-
brated scale (Omron® HBF222-T, Kyoto, Japan). BMI was calculated as weight (kg)/height (m) 2 [20].

Waist circumference (WC) was measured midway between the iliac crest and the lowest rib with a nonelastic tape (to the near-
est 0.1 cm); hip circumference was measured at the widest part of the hips. Abdominal obesity (AO) was de�ned as WC ≥88
cm for women or ≥102 cm for men [21]. Waist-to-height ratio (WHtR) was calculated as WC/height.

Waist-corrected  BMI (wBMI)  was  calculated  as  WC (m) ×  BMI (kg/m2)  [22].  A body shape  index  (ABSI)  was  calculated  as
WC/ (BMI^ (2/3) × height^ (1/2)) [23]. Body roundness index (BRI) was also calculated [24]. Conicity index (CI) was deter-
mined as WC/ (0.109 × √ [body weight/height]) [25]. Calf circumference (CC) was measured at the point of greatest circumfer-
ence on each leg, averaged over two measures [26].

Body Composition Assessments

Bioelectrical  impedance analysis  (BIA) (InBody120, Seoul,  South Korea) was used to estimate total  body water,  fat-free mass
(FFM), fat mass (FM), and percentage fat mass (%FM). �e examination was performed a�er overnight fasting, with partici-
pants avoiding alcohol and strenuous activity before assessment [27].

Muscle Mass Estimative

Skeletal muscle mass (SMM) was estimated via BIA, and the skeletal muscle mass index (SMI) calculated as SMM/height2 [28].
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Muscle Strength Assessment

Skeletal muscle strength (SMS) was evaluated as the maximum handgrip strength (HGS) measured in kgf, using a hydraulic dy-
namometer (Jamar® PC5030J1, Brazil). Each participant performed three trials with each hand; the highest value was selected.
Low  muscle  strength  was  de�ned  as  HGS  below  the  sex-,  age-,  and  hand-dominance-adjusted  50th  percentile  for  a  healthy
Brazilian population [29].

Physical Performance

Physical performance (PP) was assessed by the 4-meter gait speed (4m-GS) test. Gait speed <0.8 m/s was classi�ed as poor per-
formance [30].

Data Analyses

Descriptive statistics were computed for all variables. �e normality of continuous data was evaluated using the Shapiro-Wilk

test. Between‑group comparisons were performed using Student’s t‑test for independent samples (or Mann–Whitney U test

when normality was not assumed) and Pearson’s chi‑square or Fisher’s exact tests for categorical variables. E�ect sizes were esti-
mated using Hedges’ g (for mean di�erences) and Cramer’s V (for categorical associations). Variables associated with low hand-
grip strength at p < 0.20 in bivariate analysis were entered into a binary logistic regression model using a backward likelihood

ratio method (p‑out > 0.10). Multicollinearity was assessed through Spearman’s correlation matrix (ρ > 0.80), variance in�ation

factor (VIF > 10) and tolerance (< 0.1). Model calibration and �t were veri�ed using the Hosmer–Lemeshow goodness ‑of‑�t
test and Nagelkerke’s R2. All analyses were performed in SPSS® so�ware (version 25.0; IBM®, Armonk, NY, USA), using a

two‑sided signi�cance level of p < 0.05.

Results

Sample Characteristics

Table 1: summarizes the anthropometric and adiposity indices, body composition, and physical performance parameters
(n=100). �e cohort was predominantly female (n=40; 60%) and mean age was 42.8±11.7 years. Mean body weight was

93.9±16.3 kg and mean height was 1.66±0.10 m. By BMI classi�cation, 69% were grade I, 25% grade II, and 6% grade III obesi-
ty. Mean skeletal muscle mass was 31.3±8.0 kg (men: 38.7±6.6 kg; women: 26.3±4.1 kg). Mean HGS was 33.2±9.0 kgf (range

20.0–50.0). Abdominal obesity was present in all participants; excessive visceral fat was identi�ed in 91%.

Parameters Mean ± SD P25 P50 P75

Anthropometric and adiposity indices

Weight (Kg) 93.9 ± 16.3 81.4 91.3 103.8

Height (m) 1.65 ± 0.11 1.58 1.65 1.72

BMI (Kg/m
2

) 34.2 ± 3.8 31.0 33.2 36.0

Hip (cm) 110.3 ± 11.2 100.9 109.9 120.4

WC (cm) 109.2 ± 10.1 100.0 108.0 117.8

CC (cm) 39.9 ± 3.6 38.0 40.0 42.0

ABSI (m
11/6

 kg
2/3

) 0.08 ± 0.01 0.08 0.08 0.09

WHtR (cm) 0.66 ± 0.04 0.63 0.66 0.69
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CI 1.3 ± 0.1 1.3 1.3 1.4

wBMI 3.2 ± 0.4 2.9 3.2 3.5

BRI 6.9 ± 1.2 6.1 6.9 7.6

Body composition (BIA)

FFM (Kg) 56.1 ± 13.2 44.6 53.8 65.6

FM (Kg) 37.9 ± 8.6 31.9 36.2 43.6

%FM 40.7 ± 7.4 35.5 41.2 46.7

SMIheight 18.7 ± 3.7 15.7 18.2 21.4

Physical performance

4-mGS (m/s) 1.21 ± 0.48 1.01 1.19 1.30

Bivariate Associations

Associations between HGS and selected demographic,  anthropometric and adiposity indices,  body composition and physical
performance variables were analyzed among participants classi�ed as having normal or low muscle strength.

Table 2: Bivariate analysis between handgrip strength (HGS) and anthropometric, adiposity indices, body composition, and
physical performance parameters in adults with obesity.

Parameters Adults with Obesity

HGSNormal (n = 60) HGSLow (n = 40) p gHedges

Anthropometric and adiposity indices

Weight (Kg) 93.7 ± 16.7 93.9 ± 16.0 0.98 0.01

Height (m) 1.64 ± 0.1 1.66 ± 0.1 0.42 0.17

CC (cm) 40.2 ± 3.7 39.3 ± 3.2 0.18 0.26

Hip (cm) 108.5 ± 11.0 112.9 ± 11.1 0.054 0.40

WC (cm) 107.4 ± 9.8 111.7 ± 10.1 0.04 0.42

ABSI (m
11/6

 kg
2/3

) 0.07 ± 0.0 0.08 ± 0.0 0.01 0.51

WHtR (cm) 0.65 ± 0.0 0.67 ± 0.1 0.04 0.43

CI 1.3 ± 0.1 1.3 ± 0.1 0.01 0.58

wBMI 3.1 ± 0.4 3.3 ± 0.4 0.02 0.50

BRI 6.6 ± 1.1 7.1 ± 1.3 0.048 0.41

Body composition

FFM (Kg) 54.7 ± 12.7 58.1 ± 13.8 0.21 0.26

FM (Kg) 39.2 ± 8.6 35.7 ± 8.3 0.047 0.41

%FM 42.0 ± 6.7 38.4 ± 7.9 0.02 0.49

SMM 30.7 ± 8.0 32.1 ± 8.0 0.39 0.18
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SMIheight: 18.4 ± 3.9 19.0 ± 3.5 0.42 0.16

Physical performance

4-mGS (m/s) 1.24 ± 0.6 1.15 ± 0.2 0.37 0.18

Legend: Data are presented as mean ± SD. Group comparisons were tested using independent Student's t- test; e�ect sizes are

Hedges’ g. Bold values indicates p < 0.05.Abbreviations: HGS: handgrip strength, WC: waist circumference, WHtR: waist-to-
height ratio, ABSI: A body shape index, CI: conicity index, wBMI: waist-body mass index, BRI: body round index, CC: calf cir-
cumference, FFM: fat-free mass, FM: fat mass %FM: fat mass/body weight percentage, SMM: skeletal mass muscle, SMI height:

skeletal muscle mass index, 4-mGS: 4-meters gait speed.

Reduced HGS occurred in 51.3% of men and 32.8% of women (χ2 = 3.39; p = 0.07; V = 0.18). A signi�cant association emerged
between age group and HGS classi�cation (χ2 = 16.70; p < 0.001; V = 0.41). Participants aged 20–29 years had the highest preva-
lence  of  normal  strength  (92.9%),  whereas  reduced  strength  was  more  frequent  among  those  aged  30-39  years  (61.5%)  and
50–60 years (51.5%).

BMI category (obesity I–II) was not signi�cantly associated with HGS classi�cation (χ2 = 4.03; p = 0.13; V = 0.20). Visceral fat
levels  were likewise not  signi�cantly  associated with muscle  strength status (χ2  = 1.00;  p = 0.32;  V = 0.10).  Participants  with
higher visceral fat showed a slightly greater prevalence of reduced muscle strength (61.5%) compared with those with desirable
levels (44.4%).

CC measurement was categorized according to national reference cut o�s, also showed no signi�cant association with HGS (χ2
=  0.88;  p  =  0.35;  V  =  0.09).  Individuals  with  reduced  CC  demonstrated  a  slightly  higher  frequency  of  low  muscle  strength
(60.0%) compared with those with normal CC (38.9%).

�e Table 2 displays the bivariate analysis assessing the association between handgrip strength status and continuous indepen-
dent variables.

Multivariable Analysis

Table  3  summarizes  binary  logistic  regression  for  prediction  of  low  HGS  in  adults  with  obesity.  �e  �nal  model  (Hos-
mer-Lemeshow p=0.572, Nagelkerke R2=0.134) indicated that higher WC increased the odds of low muscle strength (OR=1.07,
95%CI  1.02–1.12,  p=0.01),  while  higher  CC  decreased  odds  of  muscle  weakness  in  adults  with  obesity  (OR=0.84,  95%CI
0.73–0.97,  p=0.02).  In this way, a 1-cm increase in WC increased the risk of low muscle strength by 7%, whereas a 1-cm in-
crease in CC reduced risk of low muscle strength by 16%.

Table 3: Binary logistic regression analyses for prediction of low handgrip strength (HGS) in adults with obesity.

Parameters Low handgrip strength in adults with obesity

Crude Model OR (IC95%) p Adjusted Model OR (IC95%) p

Gender (female) 0.85 (0.18-4.03) 0.84 n.s n.s

Age (years) 1.02 (0.98-1.06) 0.23 n.s n.s

CC (cm) 0.88 (0.75-1.04) 0.14 0.84 (0.73-0.97) 0.02

WC (cm) 1.02 (0.92-1.14) 0.60 1.07 (1.02-1.12) 0.01

FM (%) 0.95 (0.86-1.05) 0.34 n.s n.s

BRI 1.21 (0.64-2.29) 0.54 n.s n.s
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Binary logistic regression model of low HGS adjusted for gender, age, CC and WC measurements, FM, BW, and BRI. Odds Ra-

tio (OR) was signi�cant with p<0.05 (bold). Abbreviations:HGS: hand grip strength,WC: waist circumference,CC: calf circum-
ference, FM: fat mass, BW: body weight, BRI: body round index.

Discussion

In this cross-sectional study, low skeletal muscle strength was diagnosed in 40% of adults with obesity. Two simple anthropo-
metric measurements waist  and calf  circumference- were identi�ed as independent predictors of  low muscle strength in this
population. Obesity progression is o�en accompanied by reductions in muscle strength and quality, which exacerbate function-
al  limitations  and  increase  the  risk  of  disabilities  [8].  Although  individuals  with  obesity  may  exhibit  higher  absolute  muscle
strength compared to healthy-weight peers, strength relative to body mass is typically reduced [31-33]. Our results are consis-
tent with prior studies indicating an age- and sex-dependent decline in HGS [34-36].  Prevalence of low muscle strength was
substantial in adults with obesity (51.3% in men, 32.8% in women), although prevalence was higher among men, the di�erence
was not statistically signi�cant, and the small e�ect size indicated a weak association between sex and muscle strength.

Several pathophysiological mechanisms account for the link between obesity and muscle wasting, including chronic low-grade
in�ammation, hormonal dysregulation, oxidative stress, and ectopic fat deposition within muscle tissue [37-40]. �ese mech-
anisms are thought to promote the development of sarcopenic obesity, particularly with advancing age [41, 10]. Among anthro-
pometric measures, BMI is widely used but does not re�ect body fat distribution [20]. WC is recognized as a superior predictor
of visceral adiposity [42]. A larger WC is strongly linked to low-grade, systemic chronic in�ammation, which is caused by in-
�ammatory markers produced by the excess of abdominal fat [43]. It has been shown that larger WC is associated with a high
risk of metabolic and cardiovascular comorbidities and many poor health outcomes, including mortality [44]. Our �ndings de-
monstrate that higher WC is a signi�cant risk factor for skeletal muscle weakness in adults with obesity, supporting previous re-
search  [45-47].  Further,  indices  such  as  WHtR,  ABSI  and  CI  also  capture  aspects  of  fat  distribution  and  visceral  adiposity
[48-51]. Importantly, CC emerged as a novel protective factor, with higher values associated with reduced risk of low muscle
strength.  �is  measure  is  recognized  as  a  surrogate  for  skeletal  muscle  mass  and  has  shown  value  in  sarcopenia  screening
among older adults [52, 53]. Our study is among the �rst to demonstrate its predictive role for low muscle strength in adults
with obesity. �e integration of CC and WC measurement into routine clinical assessment could re�ne screening for individu-
als at risk of sarcopenic obesity.

Study limitations include the cross-sectional design (precluding causal inference), modest sample size from a single center, con-
venience sampling, and the use of BIA rather than gold-standard imaging techniques for body composition. Future multicenter
studies with larger, population-based samples and longitudinal design are warranted to validate these �ndings.

Conclusion

Low muscle strength is common among Brazilian adults with obesity. Waist and calf circumferences, as simple, noninvasive an-
thropometric  measures,  can facilitate  the  early  identi�cation of  individuals  at  higher  risk  for  sarcopenic  obesity  in  all  public
health care settings. �e integration of these anthropometrical measures into routine screening may contribute to the applica-
tion of earlier intervention strategies targeting metabolic health and skeletal muscle preservation in adults with obesity.

Acknowledgments

�is  study  was  supported  by  the  Foundation  for  Supporting  Research  of  the  Minas  Gerais  State  (FAPEMIG,  processes
RED-00031-21  and  APQ-01412-23);  the  National  Council  for  Scienti�c  and  Technological  Development  (CNPq,  processes



8 Journal of Nutrition and Obesity

ScholArena | www.scholarena.com Volume 5 | Issue 1

441306/2023-3 and 308987/2021-7); and the Coordination for the Improvement of Higher Education Personnel (CAPES). �e
funders had no role in study design, data collection, analysis, or manuscript preparation. �e content is solely the responsibility
of the authors and does not necessarily represent the views of the funding agencies.

Ethical Considerations

�e study was approved by the Institutional Ethics Committee of the Faculdade Independente do Nordeste (Fainor), Vitória da
Conquista. Brazil (CAAE: 50251721.0.0000.5578. Protocol No: 4.931.111). All participants provided written informed consent.

Con�ict Of Interest

�e authors declare no con�icts of interest.

Authors' Contributions

All authors contributed signi�cantly to the development of this manuscript. Santa-Júnior, V: investigation, methodology, data
curation, manuscript editing. Pereira, L.M.B: methodology, statistical analysis, data curation. Ruas, H.M.S: investigation, data
curation. Benitez, JFD: investigation, data curation. Dias, K.S.P.A: investigation, methodology, data curation. Bittencourt, F.O:
investigation, methodology, data curation. Duarte, S.F.P: formal analysis, review, manuscript editing. Monteiro-Junior, RS: in-
vestigation, methodology, writing – review, editing. Santos, SHS: investigation, methodology, writing – review, editing. Haikal,
DS: methodology, statistical analysis, formal analysis, writing – review, editing. De Paula, A.M.B: conceptualization, methodolo-
gy, writing – original dra�, funding, project administration. All authors approved the �nal manuscript.



9 Journal of Nutrition and Obesity

ScholArena | www.scholarena.com Volume 5 | Issue 1

References

1. Blüher M (2019) Obesity: global epidemiology and pathogenesis. Nature Reviews Endocrinology. 15: 288–98.

2. Martinez JA (2000) Body-weight regulation: causes of obesity. Proceedings of the Nutrition Society. 59: 337–45.

3. Abdelaal M, le Roux CW and Docherty NG (2017) Morbidity and mortality associated with obesity. Annals of Translational
Medicine. 5: 161.

4.  Okunogbe A, Nugent R,  Spencer G, Ralston J  and Wilding J  (2021) Economic impacts of  overweight and obesity:  current
and future estimates for eight countries. BMJ Global Health. 6: e006351.

5. Van Asselt D and de Groot L (2017) Aging and changes in body composition. In: Food for the Aging Population. Elsevier:
171–84.

6. Oh YH, Choi S, Lee G, Son JS, Kim KH, et al. (2021) Changes in body composition are associated with metabolic changes
and the risk of metabolic syndrome. Journal of Clinical Medicine. 10.

7. Cruz-Jento� AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, et al. (2019) Sarcopenia: revised European consensus on de�nition
and diagnosis. Age and Ageing. 48: 601.

8. Tomlinson D, Erskine R, Morse C, Winwood K and Onambélé-Pearson G (2016) �e impact of obesity on skeletal muscle
strength and structure through adolescence to old age. Biogerontology. 17: 467–83.

9.  Zhang  X,  Xie  X,  Dou  Q,  Liu  C,  Zhang  W,  et  al.  (2019)  Association  of  sarcopenic  obesity  with  risk  of  all-cause  mortality
among adults: an updated meta-analysis. BMC Geriatrics, 19: 1–14.

10. Roh E and Choi KM (2020) Health consequences of sarcopenic obesity: a narrative review. Frontiers in Endocrinology. 11:
332.

11.  Lee  SY  (2021)  Handgrip  strength:  an  irreplaceable  indicator  of  muscle  function.  Annals  of  Rehabilitation  Medicine.  45:
167–9.

12. Vaishya R, Misra A, Vaish A, Ursino N and D'Ambrosi R (2024) Hand grip strength as a proposed new vital sign of health:
a narrative review. Journal of Health, Population and Nutrition. 43: 7.

13. Sommer I, Teufer B, Szelag M, Nussbaumer-Streit B, Titscher V, et al. (2020) Performance of anthropometric tools to deter-
mine obesity: a systematic review and meta-analysis. Scienti�c Reports. 10: 12699.

14. Piqueras P, Ballester A, Durá-Gil JV, Martinez-Hervas S, Redón J, et al. (2021) Anthropometric indicators as a tool for diag-
nosis of obesity and other health risks: a literature review. Frontiers in Psychology. 12: 631179.

15.  Górnicka  M,  Szewczyk  K,  Białkowska  A,  Jancichova  K,  Habanova  M,  et  al.  (2022)  Anthropometric  indices  as  predictive
screening tools for obesity in adults. Applied Sciences. 12: 6165.

16. Zhou X, Zou Z, Liu Y, Yan Y, Wu J, et al. (2025) Association of anthropometric and obesity indices with abnormal blood
lipid levels in adults. Heliyon. 11: e41310.



10 Journal of Nutrition and Obesity

ScholArena | www.scholarena.com Volume 5 | Issue 1

17. Campbell-Scherer D and Sharma AM (2016) Improving obesity prevention and management in primary care in Canada.
Current Obesity Reports. 5: 327–32.

18. Vandenbroucke JP, von Elm E, Altman DG, Gøtzsche PC, Mulrow CD, et al. (2007) Strengthening the reporting of observa-
tional studies in epidemiology (STROBE). Epidemiology. 18: 805–35.

19. Stewart A, Marfell-Jones M, Olds T and De Ridder H (2011) International standards for anthropometric assessment. Inter-
national Society for the Advancement of Kinanthropometry. 115.

20. Romero-Corral A, Somers VK, Sierra-Johnson J, �omas RJ, Collazo-Clavell ML, et al. (2008) Accuracy of BMI in diagnos-
ing obesity in adults. International Journal of Obesity. 32: 959–66.

21. Ross R, Neeland IJ, Yamashita S, Shai I, Seidell J, et al. (2020) Waist circumference as a vital sign in clinical practice. Nature
Reviews Endocrinology. 16: 177–89.

22.  Moltrer M, Pala L,  Cosentino C, Mannucci E,  Rotella C, et  al.  (2022) BMI, WC, WHtR and wBMI: Which is  better? En-
docrine. 76: 578–83.

23. Krakauer NY and Krakauer JC (2012) A new body shape index predicts mortality hazard independently of BMI. PLoS One.
7: e39504.

24. �omas DM, Bredlau C, Bosy-Westphal A, Mueller M, Shen W, et al. (2013) Relationship between body roundness and vis-
ceral adiposity. Obesity. 21: 2264–71.

25. Roriz AK, Passos LC, de Oliveira CC, Eickemberg M, Moreira Pde A, et al. (2014) Accuracy of anthropometric clinical indi-
cators of visceral fat. PLoS One. 9: e103499.

26.  Lim  WS,  Lim  JP,  Chew J  and  Tan  AWK  (2020)  Calf  circumference  as  a  case-�nding  tool  for  sarcopenia.  Journal  of  the
American Medical Directors Association. 21: 1359–61.

27. Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P, Elia M, et al. (2004) Bioelectrical impedance analysis—part II: clinical
utilization. Clinical Nutrition. 23: 1430–53.

28. Han DS, Chang KV, Li CM, Lin YH, Kao TW, et al. (2016) Height-adjusted skeletal muscle mass correlates best with func-
tion in sarcopenia. Scienti�c Reports. 6: 19457.

29. Amaral CA, Amaral TLM, Monteiro GTR, Vasconcellos MTL and Portela MC (2019) Hand grip strength: reference values
for adults and elderly in Brazil. PLoS One. 14: e0211452.

30. Tabue-Teguo M, Peres K, Simo N, Le Go� M, Perez Zepeda MU, et al. (2020) Gait speed and BMI: Results from AMI study.
PLoS One. 15: e0229979.

31.  Hulens M, Vansant G, Lysens R,  Claessens AL, Muls E,  et  al.  (2001) Di�erences in peripheral  muscle strength of lean vs
obese women. International Journal of Obesity. 25: 676–81.

32. Zoico E, Di Francesco V, Guralnik JM, Mazzali G, Bortolani A, et al. (2004) Disability and strength in relation to body com-
position in elderly women. International Journal of Obesity. 28: 234–41.



11 Journal of Nutrition and Obesity

ScholArena | www.scholarena.com Volume 5 | Issue 1

33. Cava E, Yeat NC and Mittendorfer B (2017) Preserving healthy muscle during weight loss. Advances in Nutrition. 8: 511–9.

34. Tyrovolas S, Koyanagi A, Olaya B, Ayuso-Mateos JL, Miret M, et al. (2016) Factors associated with muscle mass, sarcope-
nia, and sarcopenic obesity. Journal of Cachexia, Sarcopenia and Muscle. 7: 312–21.

35. Valenzuela PL, Ma�uletti NA, Tringali G, De Col A and Sartorio A (2020) Obesity-associated poor muscle quality: preva-
lence and associations. BMC Musculoskeletal Disorders. 21: 200.

36. Silva TLD and Mulder AP (2021) Sarcopenia and poor muscle quality associated with severe obesity. Clinical Nutrition ES-
PEN. 45: 299–305.

37. Choi SJ, Files DC, Zhang T, Wang ZM, Messi ML, et al. (2016) Intramyocellular lipid and impaired myo�ber contraction.
Journals of Gerontology Series A. 71: 557–64.

38.  Kawai  T,  Autieri  MV  and  Scalia  R  (2021)  Adipose  tissue  in�ammation  and  metabolic  dysfunction  in  obesity.  American
Journal of Physiology-Cell Physiology. 320: C375–91.

39.  Bilski  J,  Pierzchalski  P,  Szczepanik  M,  Bonior  J  and  Zoladz  JA  (2022)  Multifactorial  mechanism  of  sarcopenia  and  sar-
copenic obesity. Cells. 11.

40. Shinohara I, Kataoka T, Mifune Y, Inui A, Sakata R, et al. (2022) In�uence of adiponectin and in�ammatory cytokines in de-
generative muscle. Scienti�c Reports. 12: 1557.

41. Morgan PT, Smeuninx B and Breen L (2020) Impact of obesity on skeletal muscle in older age. Frontiers in Nutrition. 7:
569904.

42. Carmienke S, Freitag M, Pischon T, Schlattmann P, Fankhaenel T, et al. (2013) Obesity parameters and mortality: a system-
atic review. European Journal of Clinical Nutrition. 67: 573–85.

43. Yang S, Zhang S, Deng J, Xie J, Zhang J, et al. (2024) Systemic immune-in�ammation index with obesity indicators in US
adults. Scienti�c Reports. 14: 22086.

44. Darsini D, Hamidah H, Notobroto HB and Cahyono EA (2020) Health risks from high waist circumference: a systematic re-
view. Journal of Public Health Research. 9: 1811.

45. Keevil VL, Luben R, Dalzell N, Hayat S, Sayer AA, et al. (2015) Obesity measures and muscle strength in adults. Nutrition,
Health & Aging. 19: 3–11.

46. Swainson MG, Batterham AM, Tsakirides C, Rutherford ZH and Hind K (2017) Prediction of whole-body fat and visceral
adipose tissue. PLoS One. 12: e0177175.

47. De Carvalho DHT, Scholes S, Santos JLF, de Oliveira C and Alexandre TDS (2019) Abdominal obesity and muscle-strength
decline in older adults. Journals of Gerontology Series A. 74: 1105–11.

48. Biolo G, Di Girolamo FG, Breglia A, Chiuc M, Baglio V, et al. (2015) Inverse association between ABSI and fat-free mass.
Clinical Nutrition. 34: 323–7.

49. Do Nascimento RA, Vieira MCA, Goncalves RS, Moreira MA, de Morais MSM, et al. (2021) Cuto� points of adiposity in-



12 Journal of Nutrition and Obesity

ScholArena | www.scholarena.com Volume 5 | Issue 1

dices for low muscle mass. BMC Musculoskeletal Disorders. 22: 713.

50. Nagayama D, Fujishiro K, Watanabe Y, Yamaguchi T, Suzuki K, et al. (2022) ABSI as a variant of conicity index not a�ect-
ed by obesity paradox. Journal of Personalized Medicine. 12: 2014.

51.  Palacio  AC,  Díaz-Torrente  X  and  Quintiliano-Scarpelli  D  (2022)  Abdominal  adiposity  and  muscle  strength  in  Chilean
adults. Frontiers in Nutrition. 9: 167.

52. Gonzalez-Correa CH, Pineda-Zuluaga MC and Marulanda-Mejia F (2020) Skeletal muscle mass by BIA and calf circumfer-
ence. Journal of Electrical Bioimpedance. 11: 57–61.

53. Kawakami R, Miyachi M, Sawada SS, Torii S, Midorikawa T, et al. (2020) Calf circumference cut-o�s for low muscle mass.
Geriatrics & Gerontology International, 20: 943–950.


