Diabetes

/

Baishideng Publishing Group Inc




/{/ (]- ﬂ Diabetes

World Journal of

Contents Monthly Volume 10 Number 5 May 15, 2019
REVIEW
269  Evolving spectrum of diabetic nephropathy

Kopel J, Pena-Hernandez C, Nugent K

280

291

MINIREVIEWS

Management of diabetic dyslipidemia: An update
Jialal I, Singh G

Novel pharmacological therapy in type 2 diabetes mellitus with established cardiovascular disease: Current

evidence
Pozo L, Bello F, Suarez A, Ochoa-Martinez FE, Mendez Y, Chang CH, Surani S

304

ORIGINAL ARTICLE
Observational Study

Association of hypoglycaemia in screening oral glucose tolerance test in pregnancy with low birth weight

fetus
Nayak AU, Vijay AMA, Indusekhar R, Kalidindi S, Katreddy VM, Varadhan L

311

META-ANALYSIS

Association between sarcopenic obesity and higher risk of type 2 diabetes in adults: A systematic review and

meta-analysis
Khadra D, Itani L, Tannir H, Kreidieh D, El Masri D, El Ghoch M

Reishidenge WJD | https://www.wjgnet.com I May 15, 2019 | Volume10 | Issue5 |


https://www.wjgnet.com

Contents

World Journal of Diabetes
Volume 10 Number 5 May 15, 2019

ABOUT COVER

Editorial Board Member of World Journal of Diabetes, Munmun
Chattopadhyay, MSc, PhD, Assistant Professor, Research Scientist, Center
of Emphasis in Diabetes and Metabolism, Paul L. Foster School of
Medicine, Texas Tech University Health Sciences Center, El Paso, TX 79905,
United States

AIMS AND SCOPE

World Journal of Diabetes (World | Diabetes, W]D, online ISSN 1948-9358, DOI:
10.4239) is a peer-reviewed open access academic journal that aims to guide
clinical practice and improve diagnostic and therapeutic skills of clinicians.

The WD covers topics concerning a, B, & and PP cells of the pancreatic
islet, the effect of insulin and insulinresistance, pancreatic islet
transplantation, adipose cells, and obesity.

We encourage authors to submit their manuscripts to WJD. We will give
priority to manuscripts that are supported by major national and
international foundations and those that are of great clinical significance.

INDEXING/ABSTRACTING

The W]D is now abstracted and indexed in Emerging Sources Citation Index (Web of
Science), PubMed, PubMed Central, Scopus, China National Knowledge
Infrastructure (CNKI), China Science and Technology Journal Database (CSTJ), and

Superstar Journals Database.

RESPONSIBLE EDITORS
FOR THIS ISSUE

Responsible Electronic Editor: Yun-Xiagiian Wu Proofing Editorial Office Director: [in-Lei Wang

NAME OF JOURNAL
World Journal of Diabetes

ISSN
ISSN 1948-9358 (onlinc)

LAUNCH DATE
June 15, 2010

FREQUENCY
Monthly

EDITORS-IN-CHIEF
Timothy R Koch

EDITORIAL BOARD MEMBERS

https:/ /www.wignet.com/1948-9358 /editorialboard.htm

EDITORIAL OFFICE
Jin-Lei Wang, Director

PUBLICATION DATE
May 15, 2019

COPYRIGHT
© 2019 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS

https:/ /www.wjgnet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS

https:/ /www.wignet.com/bpg/Gerlnfo /287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

https:/ /www.wjgnet.com/bpg/gerinfo/240

PUBLICATION MISCONDUCT

https:/ /www.wjgnet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/bpg/gerinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS

https:/ /www.wjgnet.com/bpg/Gerlnfo/239

ONLINE SUBMISSION

https:/ /www.f6publishing.com

© 2019 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

Reishidenge WJD | https://www.wjgnet.com

I May 15,2019 | Volume10 | Issue5 |



mailto:bpgoffice@wjgnet.com

w\J |0

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4239/wjd.v10.i5.311

World Journal of
Diabetes

World | Diabetes 2019 May 15; 10(5): 311-323

ISSN 1948-9358 (online)

META-ANALYSIS

Association between sarcopenic obesity and higher risk of type 2
diabetes in adults: A systematic review and meta-analysis

Dima Khadra, Leila Itani, Hana Tannir, Dima Kreidieh, Dana El Masri, Marwan EIl Ghoch

ORCID number: Dima Khadra
(0000-0002-4711-6540); Leila Itani
(0000-0003-3166-4945); Hana Tannir
(0000-0002-3420-1965); Dima
Kreidieh (0000-0001-5797-0460);
Dana El Masri
(0000-0001-9939-8116); Marwan El
Ghoch (0000-0003-4277-4752).

Author contributions: E1 Ghoch M
designed the work; Khadra D and
El Ghoch M performed research,
Itani L analyzed data, El Ghoch M,
Itani L, Khadra D Tannir H,
Kreidieh D, and El Masri D
interpreted the data; E1 Ghoch M
revised it critically for important
intellectual content; Khadra D,
Itani L, Tannir H, Kreidieh D, El
Masri D and El Ghoch M drafted
the work; all authors approved the
final version of the manuscript.

Conflict-of-interest statement: All
authors have no conflicts of
interest to report.

PRISMA 2009 Checklist statement:
The authors have read the PRISMA
2009 Checklist, and the manuscript
was prepared and revised
according to the PRISMA 2009
Checklist.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and

Raishidengs  WJD | https://www.wjgnet.com 311

Dima Khadra, Leila Itani, Hana Tannir, Dima Kreidieh, Dana EI Masri, Marwan El Ghoch,
Department of Nutrition and Dietetics, Faculty of Health Sciences, Beirut Arab University,
Beirut 11072809, Lebanon

Corresponding author: Marwan El Ghoch, MD, Academic Research, Chairman, Full Professor,
Professor, Head of Department, Department of Nutrition and Dietetics, Faculty of Health
Sciences, Beirut Arab University, PO Box 11-5020 Riad El Solh, Beirut 11072809, Lebanon.
m.ghoch@bau.edu.lb

Telephone: +961-1-300110

Abstract

BACKGROUND

The coexistence of sarcopenia and obesity is referred to as sarcopenic obesity (SO)
and it has been hypothesized that the two components of SO may synergistically
increase their negative effects. However, many uncertainties still surround this
condition especially with regard to its potential negative effects on health
outcomes.

AIM

To conduct a systematic review to determine the prevalence of sarcopenia among
adults with overweight and obesity and to investigate whether SO was associated
with a higher risk of type 2 diabetes (T2D).

METHODS

This study was conducted in adherence with the Preferred Reporting Items for
Systematic Review and Meta-Analyses guidelines. Literature searches, study
selection, methodology development and quality appraisal were performed
independently by two authors and the data were collated by means of meta-
analysis and narrative synthesis.

RESULTS

Of the 606 articles retrieved, 11 studies that comprised a total of 60118 adults with
overweight and obesity of both genders met the inclusion criteria and were
reviewed, revealing two main findings. First, the overall prevalence of sarcopenia
is 43% in females and 42% in males who are with overweight and obesity.
Secondly, the presence of SO increases the risk of T2D by 38% with respect to
those without SO (OR = 1.38, 95%Cl: 1.27-1.50).

CONCLUSION
A high prevalence of sarcopenia has been found among adults with overweight
and obesity regardless of their gender and this condition seems to be associated
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with a higher risk of T2D. Clinician should be aware of this scenario in their
clinical practice for the better management of both obesity and T2D.

Key words: Obesity; Overweight; Sarcopenia; Type 2 diabetes; Reduced lean body mass

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The coexistence of sarcopenia and obesity is referred to a phenotype termed
sarcopenic obesity, defined as the increase in body fat deposition, and the reduction in
lean mass and muscle strength. Since many uncertainties still surround this condition,
especially with regard to its potential negative effects on health outcomes, we conducted
this systematic review and found a high prevalence of sarcopenia among adults with
obesity. Moreover, this condition seems to be associated with a higher risk of type 2
diabetes (T2D). Clinicians should be aware of this scenario in their clinical practice for
better management of obesity and T2D.

Citation: Khadra D, Itani L, Tannir H, Kreidieh D, El Masri D, El Ghoch M. Association
between sarcopenic obesity and higher risk of type 2 diabetes in adults: A systematic review
and meta-analysis. World J Diabetes 2019; 10(5): 311-323

URL: https://www.wjgnet.com/1948-9358/full/v10/i5/311.htm

DOI: https://dx.doi.org/10.4239/wjd.v10.i5.311

INTRODUCTION
A condition that occurs because of the coexistence of sarcopenia and obesity has been
termed sarcopenic obesity (SO)!'7l. Many uncertainties still surround this phe-

nomenon with regard to its definition and its potential negative effects on health
outcomes, especially those related to obesity, namely the so-called cardio-metabolic
diseases!®” such as type 2 diabetes (T2D), cardiovascular diseases, dyslipidaemia and
metabolic syndromel™*'*"l, In fact, it has been hypothesized that the two components
of SO may synergistically increase their negative effects on health, however this is still
a matter of debatel*'‘l,

Several studies have been conducted with a specific focus on determining the
association between SO and T2D, however data regarding the contention that
individuals with SO are likely to have poorer glycaemic profiles (i.e., hyperglycaemia,
high HbAlc, insulin resistance, etc.,) are still contradictory and require further
clarification!'"'”*’l. Moreover, to the best of our knowledge no systematic review
posing this issue as a primary outcome has yet been conducted in order to provide an
unbiased interpretation of the evidence published to date. In light of these
considerations, we set out to systematically review the published literature with the
aim of determining the prevalence of sarcopenia among adults with overweight and
obesity and to investigate whether SO was associated with higher risk of T2D, in
accordance with the PICO processt*! as detailed below: P - population: Individuals
in the overweight or obese categories, however they were defined [i.e., body mass
index (BMI), body fat percentage, waist circumference, etc.,]*’); I - seeking treatment
(i.e., weight-loss or any other treatment if recruited from a clinical setting), otherwise
non-treated if subjects were recruited from the general population; C - comparison:
Comparison between individuals with sarcopenia and those without SO and with the
healthy control group (when available); O - outcome: (i) Prevalence of SO however it
was defined in the studies’” Methods section (i.e., low muscle mass, low muscle
strength, low physical performance, increased visceral adiposity, increased waist
circumference etc.,) and assessed [i.e., bioelectric impedance analysis (BIA), dual-
energy X-ray absorptiometry (DXA), handgrip, etc.,] among the entire obesity groups
in the two genders; (ii) The prevalence of T2D however it was defined in the studies’
Methods section (i.e., fasting plasma glucose and glycated hemoglobin Alc, oral
glucose tolerance test efc.,) in the SO and non-SO groups.

MATERIALS AND METHODS

The review conformed to the Preferred Reporting Items for Systematic Review and
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Meta-Analyses guidelines”"! and was registered in the PROSPERO Registry, No.
CRD42018111931F".

Inclusion and exclusion criteria

All studies that evaluated SO and T2D in adults were included, provided that they
met the following criteria: (i) Studies written in English; (ii) Original research with a
cross sectional or longitudinal design; and (iii) Prospective or retrospective
observational (analytical or descriptive), experimental or quasi-experimental
controlled or non-controlled studies, documenting clearly the prevalence of SO, as
well as the association or relationship between SO and T2D. No reviews or non-
original articles (i.e., case reports, editorials, “Letters to the Editor” and book chapters)
were included.

Information source and search strategy

The literature search was designed and performed independently in duplicate by two
authors, namely the principal (DK) and the senior investigator (ME). The PubMed and
Science direct databases™ were systematically screened using the MeSH terms and a
manual search was carried out to retrieve other articles that had not been identified
via the initial search strategy. Publication date was not considered an exclusion
criterion for the purposes of this review.

Study selection

Two independent authors (DK and ME) screened the articles for their methodology
and suitability for inclusion. The quality appraisal was conducted according to the
Newcastle-Ottawa Scale (NOS), which relies on a 9-star system whereby scores of 0-3,
4-6 and 7-9 are considered poor, moderate and good quality, respectively™l.
Consensus discussion was used to resolve disagreements between reviewers.

Data collection process and data items

The title and abstract of each paper were initially assessed by two independent
authors (DK and ME) for language suitability and subject matter relevance, the
selected studies were then assessed in terms of their suitability for inclusion and the
quality of the methodology. The studies that passed both rounds of screening are
presented in Table 1.

Data synthesis

The 11 studies that met the inclusion criteria have been presented as a narrative
synthesis. In addition, a meta-analysis was conducted on the included studies using
Med Calc. softwarel*l. The Mantel Haenszel fixed and random effect models were
used to estimate the overall effect size and 95%CI. The pooled estimate and 95%CI of
the prevalence of SO among males and females in the included studies was estimated
similarly.

RESULTS

The initial search retrieved 606 papers. After the first round of screening, 366 papers
were excluded for: (i) Languages other than English; (ii) Non-human studies; and (iii)
Dealing with obesity without sarcopenia, or the latter without the former. The second
round of screening excluded 229 articles due to: (i) Inappropriate paper type, not
original research articles (i.e., clinical reviews, Letters to the Editor, chapters in a book
and case reports); (ii) Descriptions of SO, but not health-related outcomes; and (iii) An
unclear definition of SO or identification of individuals with this condition.
Accordingly, following the screening process, 11 articles were included in the
systematic review and underwent narrative synthesis and meta-analysis (Figure 1).
The NOS checklist proved that the studies were of a high quality (7 = 11) (mean score
=7.36 points) (Table 2).

Narrative synthesis
In 2012, Sénéchal et al! conducted a cross-sectional evaluation in which the authors
assessed dynapenic obesity, defined as low leg muscle strength combined with
abdominal obesity, in 1963 individuals with abdominal obesity. Of these patients, 566
had dynapenic obesity (data per gender is not available). Regardless of gender the
mean age and mean BMI in the dynapenic obesity and non-dynapenic obesity groups
were 65.4 £ 9.9 years and 29.9 + 4.6 kg/m?* and 65.5 £ 9.6 years and 30.8 + 4.5 kg/m?
respectively. Furthermore, 130 of the 566 individuals with dynapenic obesity had T2D
compared to 196 of the 1397 individuals in the non-dynapenic obesity group.

One year later, Lu et all'¥l completed a cross sectional study in which they assessed
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Table 1 Studies included in the systematic review

a— Prevalence
. Definition of Body . Prevalence
Study Design " Gender Sample Meanage  Mean BMI  Sarcopenic .
SO composition . of Diabetes
Obesity
Sénéchal et Cross Dynapenic Kin- Com M-F T =1963 Non DO: 65.5 Non DO: 30.8 DO:n = T2D: Non
al®, 2012 sectional obesity, dynamometer £9.6,D0:65.4 £45,D0:29.9  566/1963 DO: n =196;
defined as +9.9 +4.6 (Did not DO: n =130
low leg distinguish in
muscle gender)
strength,
combined
with
abdominal
obesity
Lu et all'], Cross Defined by BIA M-F T=180; M= NonS0:69.9 NonS0:268 n=35/60in T2D: Non SO:
2013 sectional combination 60; F=120 +7.3;S0:61.1 +£1.6;S0:27.8 males;n= n=12/65;SO:
of total +9.9 +2.6 80/120 in n=17/115
skeletal females
muscle
mass/wt.
(100) and BMI
>25 kg/m>
Poggiogalle Cross Defined by DXA M-F T=727,M= 4649+13.73; 38.85+5.88; SO:n= Pre-diabetes
etall™, 2015  sectional ~ ASMM/h?or 141; F=586 4699+13.76 38.84+579  68/141in  or T2D: Non-
ASMM/wt. < males; n = SO: n = 69;
2SD of sex 350/586 in SO: n =155
specific mean females
combined
with
assessment of
FM and FFM
Maetall’”],  Retrospective; SO:BMI>30  Sex-specific M-F T=310; M=  718+7.6 341440 SO:n=  T2D:NonSO:
2016 Cross kg/m?and 24 24-h urinary 144; F = 166 44/144 in n=>51;50:n
sectional h-UC< creatinine males; n = =40
median excretion 52/166 in
females
Xiao et al”™], Retrospective  FMI/FFMI BIA M-F T=144;,M= NonS0:56.6 NonSO:44.0 SO:73/144in T2D:Non SO:
2017 ratio > 95 45; F =99 +12.7;50: +£7.6;50:49.1 total; (Did not n =36/71; SO:
percentile of 54.6 £10.1 +83 distinguishin 1 =34/71
sex, BMI and gender)
ethnicity
specific
population-
representative
references
Kang et al®), Cross ASM/Wt<1 DXA F T=1555  NonSO:61.05 Non SO: 26.80 SO:n = T2D: Non SO:
2017 sectional SD the mean +0.44; SO: +0.07,S0:  855/1555 (All n =105/700;
of the 6291+044 2793 +0.11 females) SO:n =
reference 165/855
group, and
BMI > 25
kg/m?
Aubertin- Cross Dynapenic Jamar M-F T=670;M= NonSO:76.3 NonSO:35.6 SO:n = T2D: Non SO:
Leheudre et sectional obesity, Handheld 213; F=457 +4.7;50:78.0 +4.8;50:349 77/213in n=133/414;
al*, 2017 definedas  Dynamometer +46 +48 males; n = SO:n =
low handgrip 179/457 in 81/256
strength (< females
19.9in
females; <
31.9 in males),
combined
with BMI > 30
kg/m?
Park et all*!], Cross SO defined by BIA M-F T=53818; M NonSO:40.5 NonSO:269 n=6513; M= T2D; Non-SO:
2018 sectional combination =38820; F= +9.2,50:40.0 +22;S0:30.7 3341;F=3172 n =2176;SO:
of SMI <2 SD 14998 +11.3 +34 n =391
and WC 290
cm for men
and > 85 cm
women
Kreidieh et Cross ALM/BMI < BIA E T =154 33.26+14.65 31.42+4.94 n=31 T2D: Non SO:
all"’], 2018 sectional 0.512 n=3/123;SO:
n=4/31
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Khazem et Cross ALM/BMI < BIA M T=72 3279+13.65 33.69+585 23.9%-69.4% T2D: Non SO:
all*l 2018 sectional 0.789, n=1/22;S0:
(ALM/Wt.) x n=23/50
100% < 25.72,
and
(ALM/Wt.) x
100% < 29.60
Scott et all*], Cross ALM/height DXA M T =525 Non SO:75.9 Non SO: 30.7 n =80 High fasting
2018 sectional <726kg/m*  Handgrip +4.7,50:80.3 +3.4;S0:27.2 glucose or
(includes a combined  strength Gait +6.5 +23 diabetes
longitudinal with speed medications:
part) handgrip Non SO: n =
strength < 30 177/445; SO:
kg and/or n=29/80
low gait
speed < 0.8
m/s. Obesity
was defined
as body fat

percentage =
30%

SO: Sarcopenic obesity; DO: Dynapenic obesity; BMI: Body mass index; M: Male; F: Female; BIA: Bioelectric impedance analysis; T2D: Type 2 diabetes;
DXA: Dual-energy X-ray absorptiometry.

SO defined as the coexistence of obesity (BMI = 25 kg/m?) and sarcopenia based on
the skeletal muscle index estimated by BIA. A sample of 180 individuals with obesity
(60 males and 120 females) was recruited. Of the 60 males included in the sample 35
had SO compared to 80 of the 120 females. Regardless of gender the mean age and
BMI in the SO group were 61.1 £ 9.9 years and 27.8 + 2.6 kg/m? and 69.9 + 7.3 years
and 26.8 £ 1.6 kg/m? in the non-SO group. Moreover, 12 of the 65 patients in the SO
group had T2D compared to 17 of the 115 patients in the non-SO group.

In early 2016, Poggiogalle et al”! conducted a cross sectional study in which the
authors assessed SO using DXA, with SO defined as the coexistence of obesity (BMI >
30 kg/m?) and sarcopenia (ASMM: height? < 6.54 and < 4.82 kg/m? for males and
females respectively) or (ASMM: weight < 0.2827 and < 0.2347 for males and females
respectively). This study enrolled a sample of 727 individuals with obesity (141 males
and 586 females), with mean ages of 45.63 + 13.53 and 45.76 + 13.58 years, and mean
BMIs of 37.56 £ 5.99 and 37.80 + 5.77 kg/m? respectively for each gender. Of the 141
male patients 68 had SO, while 350 of the 586 females had the condition. In addition,
155 of the 418 patients had pre-diabetes or T2D in the SO group compared to 70 of the
309 patients in the non-SO group.

In the same year, Ma et al”! performed a cross-sectional evaluation on SO defined
by BMI and sex-specific 24-h urinary creatinine excretion, in 310 patients (166 females
and 144 males) with obesity (BMI = 30 kg/m?). Fifty-four of the 144 males and 52 of
the 166 females had SO. The mean BMI and age of the SO group were 34.1 + 4.0 kg/m?
and 71.8 + 7.6 years, while they were 34.9 + 4.4 kg/m? and 67.8 * 6.8 years in the non-
SO group, respectively. Furthermore, 40 of the 106 patients had T2D in the SO group
in comparison to 51 of the 204 patients in the non-SO group.

In 2017, Xiao et al™! performed a retrospective study on the prevalence of SO and its
association with health outcomes in patients seeking weight loss treatment in a
bariatric surgery setting. Body composition analysis was conducted by means of BIA
and SO was defined by a fat mass:fat-free mass index (FMI: FFMI) ratio greater than
the 95" percentile of sex, BMI and ethnicity-specific population-representative
references. A sample of 144 adults with obesity (99 females and 45 males) were
enrolled, with a mean age of 55.6 + 11.5 years and a mean BMI of 46.6 + 8.4 kg/m? Of
the 144 patients included in the sample 73 had SO (data per gender is not available).
The mean age and BMI of the individuals with obesity only were 56.6 +12.7 years and
44.0 £7.6 kg/m? compared to 54.6 + 10.1 years and 49.1 £ 8.3 kg/m? in those with SO.
Furthermore, 34 of the 73 patients had T2D in the SO group in comparison to 36 of the
71 patients in the non-SO group.

In 2017, Kang et al® conducted a large cross-sectional study to assess the
association between SO and metabolic syndrome in postmenopausal women. SO was
defined by the co-existence of sarcopenia (ASM/weight < 1 standard deviation below
the mean of the reference group) and a BMI cut-off point for obesity which referred to
a score of of 25 kg/m? on the basis of the Asia-Pacific obesity criterion. The study
included 1555 females with obesity, of whom 855 had SO, with a mean age of 62.91 +
0.44 years and a mean BMI of 27.93 + 0.11 kg/m?. On the other hand, 700 did not have
SO and had a mean age of 61.05 + 0.44 years and a mean BMI of 26.80 + 0.07 kg/m?. In
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Literature Search
Database: PubMed & Science direct
Results combined using keywords and
retrieved by manual search (7 = 606)

Identification

Articles screened on basis
of tittle and abstract

Exclude (7 = 366)
Not written in English language
Not conducted in humans
Dealing with Sarcopenia only
Dealing with Obesity only

Screening

Included (7 = 240)

Articles screened by methodology
and content

Eligibility

Exclude: (7 = 229)

Inappropriate type of paper, different
than original research articles (i.e., clinical
reviews, comments, Letter to Editor,
chapters in book, and case reports)

Sarcopenic Obesity without health-
related Outcomes

Unclear definition of sarcopenic obesity

bl
[
o
=
[s)
=
=

Included studies in review (7 = 11)

Figure 1 The flowchart summarizing the study selection procedure.

addition, 165 of the 855 patients had T2D in the SO group while 105 of the 700 patients
in the non-SO group had T2D.

In the same year, a cross-sectional study by Aubertin-Leheudre ef al*! aimed to
examine the association between dynapenic obesity and metabolic risk factors in older
adults (age = 70 years). Dynapenic obesity was defined as low handgrip strength (u
19.9 in females; < 31.9 in males) combined with a BMI of > 30 kg/m?. The study
included 670 participants with obesity (213 males and 457 females), of whom 256 had
dynapenic obesity, with a mean age of 78.0 + 4.6 years and a mean BMI of 34.9 + 4.8
kg/m? and 414 did not have dynapenic obesity, with a mean age of 76.3 + 4.7 years
and a mean BMI of 35.6 + 4.8 kg/m? Furthermore, 81 of the 256 individuals in the
dynapenic obesity group had T2D while 133 of 414 individuals in the non-dynapenic
obesity group had T2D.

In 2018, Park ef al"! conducted a large cross sectional study in two sites, which
included a total of 53818 adults with overweight and obesity of both genders (38820
males and 14998 females), of whom 6513 had SO defined as below two standard
deviations of the mean of the skeletal muscle mass index for young adults assessed by
BIA and a waist circumference of 2 90 cm for men and = 85 cm for women. The mean
age and BMI of the individuals with obesity only were 40.5 £ 9.2 years and 26.9 + 2.2
kg/m? compared to those with SO who had a mean age of 40.0 + 11.3 years and a
mean BMI of 30.7 + 3.4 kg/m?* Moreover, 391 of the 6513 patients had T2D in the SO
group compared to 2176 of the 47305 patients in the non-SO group.

In 2018, Kreidieh et al*”! conducted a cross sectional controlled study in which body
composition measurements were conducted by BIA using a definition that in addition
to appendicular lean mass (ALM) also involved BMI, and patients were considered
affected by SO if ALM:BMI < 0.512. The study included 154 females with overweight
and obesity with a mean age of 33.26 + 14.65 years and a mean BMI of 31.42 + 4.94
kg/m?. Of the 154 female patients 31 had SO. Moreover, four of the 31 patients had
T2D in the SO group compared to three of the 123 patients in the non-SO group.

In 2018, Khazem el al""! performed a cross-sectional controlled study on 72 adult
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Table 2 Quality assessment of the included studies

Sénéchal Poggiogal Aubertin- Kreidieh Khazem
18] 37] i
Author et al, Lu et alls], le et alb Maetalt), Xiaoet Kanget Leheudre Parket Scottet et ali et al,

1 | | 1 I
2012 2013 2016 2016 ald, 2017 al, 2017 e;g:;‘, al1,2018 al, 2018 2018 2018

Selection

Represents 1 1 1 1 1 1 1 1 1 1 1
cases

with

independ-

ent

validation

Cases are 1 1 1 1 1 1 1 1 1 1 1
consecu-

tive or

obviously

representa

-tive

Controls 1 1 1 1 1 1 1 1 1 1 1
from the
communi-

ty

Controls 1 1 1 1 1 1 1 1 1 1 1
have no

history of

sarcopenic

obesity

Comparability

Controls 1 1 1 1 1 1 1 1 1 1 1
are

comparable

for the

most

important

factors

Control 0 0 1 0 0 1 0 1 0 0 0
for any

additional

factor

Ascertainment of exposure

Secured 1 1 1 1 0 1 1 1 1 1 1
record or

structured

interview

where

blind to

/control

status

Same 1 1 1 1 1 1 1 1 1 1 1
method of

ascertain-

ment for

cases and

controls

Cases and 0 0 0 1 0 0 0 0 1 0 0
controls

have

completed

follow up

Total 7 7 8 8 6 8 7 8 8 7 7
score

Newcastle-Ottawa Scale (NOS) for longitudinal and cross-sectional studies. Yes = 1, No (not reported, not available) = 0; Studies with scores of 0-3, 4-6, 7-9
were considered as low, moderate and high quality, respectively.

males with overweight and obesity with a mean age of 32.79 + 13.65 years and a mean
BMI of 33.69 + 5.84 kg/m?”. In this study the authors used three different definitions
proposed by Batsis et all*], Levine and Crimmins”, and Oh et al*! based on ALM:BMI
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and (ALM: weight) x 100% to define SO. Body composition was assessed by BIA.
Based on each formula the prevalence of SO varied between 23.9% and 69.4%.
However, based on the definition that was revealed to be more useful from the
clinical perspective, 50 of the 72 patients had a reduced lean body mass with a
prevalence of 69.4%. Moreover, three of the 50 patients had T2D in the SO group in
comparison to one of the 22 patients in the non-SO group.

Finally, in 2018 Scott et al*"! conducted a large sampled study that aimed to
investigate the cross-sectional association between SO and components of metabolic
syndrome in community-dwelling older men. SO was defined by the co-existence of
sarcopenia as ALM/height < 7.26 kg/m? combined with handgrip strength < 30 kg
and/or low gait speed < 0.8 m/s, while obesity was defined as a body fat percentage
of 0 30%. The study included 525 males with obesity, of whom 80 had SO, with a
mean age of 80.3 = 6.5 years and mean BMI of 27.2 + 2.3 kg/m? and 445 did not have
SO, with a mean age of 75.9 £ 4.7 years and mean BMI of 30.7 £ 3.4 kg/m?
Furthermore, 29 of the 80 individuals in the SO group had T2D in comparison to 177
of the 445 individuals in the non-SO group.

Meta-analysis

The meta-analysis estimated the overall prevalence of SO among males and females.
With high heterogeneity among the included studies, a random effect model was
considered for the estimation of the overall prevalence of SO. The forest plots in
Figures 2 and 3 show that SO affected 43% (95%CI: 28-59) of females and 42% (95%Cl:
31-53) of males. In addition, the overall odds ratios of T2D in patients with SO as
compared to those without SO are presented in Figure 4. The fixed effect weighted
pooled odds for T2D in patients with SO indicated an increased risk of T2D of
approximately 38% compared to those without SO (OR: 1.38, 95%CI: 1.27-1.50). The
heterogeneity analysis revealed moderate variability (I = 60%).

DISCUSSION

This systematic review aimed to provide benchmark data on the prevalence of
sarcopenia in individuals with overweight and obesity and to assess any potential
association between SO and T2D in this population. The major finding is that
sarcopenia seems to affect approximately 40%-45% of individuals with overweight
and obesity of both genders, and the co-existence of both conditions, namely
sarcopenia and excess weight/obesity increases the risk of T2D by nearly 38% when
compared with those who had excess weight or obesity alone. The underlying
mechanism behind this association is still unclear, however it seems that there is a bi-
directional interaction between obesity, chronic inflammation, insulin resistance and
sarcopenial’”l. In fact, the chronic inflammation plays an important role in the
pathogenesis of T2D. For this reason we speculate that coexistence of both obesity and
sarcopenia under the so-called phenotype “SO”, may have a synergistic effect with
chronic inflammation being a common “denominator” seen in both conditions, which
seems to exacerbate further glucose metabolism impairment (i.e., insulin resistance,
pre-diabetes and T2D)!""\.

The clinical implication of this review’s findings is the awareness of the high
prevalence of sarcopenia in the overweight/obese population that should be raised
among clinicians and patients. Secondly, these results reveal the importance of
screening for SO in individuals affected by excess weight and obesity, since this
condition also seems to be strongly associated with T2D.

This systematic review has certain strengths. To the best of our knowledge this is
the first systematic review to assess the overall prevalence of SO in males and females
with overweight and obesity. In fact, the studies that have been conducted on this
topic reported varying levels of prevalence that ranged between 0 and 100%,
depending on the applied definition of SO**l. Higher prevalence tends to be reported
in studies that accounted for body mass (i.e., BMI), whereas a lower prevalence is
reported in those that did not"**). A low prevalence may also be explained by the use
of definitions that have primarily been developed from studies in older cohorts and
these may not be applicable to younger adults!*’l.

However, this systematic review also has certain limitations. Foremost, our results
need to be interpreted with caution with regard to the association between SO and the
prevalence of T2D, since the cross-sectional design of the studies (i.e., non cohort),
included in our systematic review indicates only simple associations between SO and
T2D at best and does not provide solid information regarding any causal relationships
between the two conditions™"!l. In other words, these studies lack evidence to
determine if SO may lead to the onset or deterioration of T2D, since very few studies
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Figure 2 Forest plot for the pooled estimate of proportion of females with sarcopenic obesity.

have longitudinally investigated the “real” effects of SO on health!"?. These
shortcomings in the current research indicate the need to design longitudinal studies
to clarify the real effect of SO on the onset and progression of T2D.

In conclusion, a high prevalence of sarcopenia has been found among adults with
overweight and obesity regardless of their gender, and this condition seems to be
associated with a higher risk of T2D. Clinicians should be aware of this scenario in
their clinical practice for better management of both obesity and T2D.
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ARTICLE HIGHLIGHTS

Research background

The coexistence of sarcopenia and obesity has been termed as sarcopenic obesity (SO). Several
studies have been conducted in order to determine any potential association between SO
phenotype and type 2 diabetes (T2D). However, the available data are still contradictory and
require further clarification.

Research motivation

To our knowledge no systematic review on the primary outcome related to the association
between SO and T2D has been conducted yet to provide an unbiased interpretation of the
evidence published to date.

Research objectives

We set out to systematically review the published literature with the aim of determining the
prevalence of sarcopenia among adults with overweight and obesity and to investigate whether
SO was associated with higher risk of T2D.

Research methods
The review conformed to the Preferred Reporting Items for Systematic Review and Meta-
Analyses guidelines, and data were collated by means of narrative synthesis and meta-analysis.

Research results

The prevalence of SO in adult with overweight and obesity is 43% in females and 42% in males,
and the presence of this condition increases the risk of T2D by 38% with respect to those without
SO.

Research conclusions

A high prevalence of sarcopenia has been found among adults with overweight and obesity
regardless of their gender, and this condition seems to be associated with a higher risk of T2D.
The clinical implication of our findings is to raise awareness of the high prevalence of this
phenotype in the overweight/obese population, and the importance of screening for SO in
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individuals affected by excess weight, since this condition seems to be strongly associated with
T2D. However, our results need to be interpreted with caution with regard to the association
between SO and the prevalence of T2D, since the cross-sectional design of the studies included in
our systematic review indicates only associations between the two conditions and that does not
provide information regard the causal relationships.

Research perspectives

The current research indicates the need to design longitudinal studies to clarify the real effect of
SO on the onset and progression of T2D. In other words, the available studies lack in evidence to
determine if SO may lead to the onset or deterioration of T2D, since very few studies have
longitudinally investigated the “real” effects of SO on health.
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