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Relationship between fat-free mass
and metabolic syndrome in obese females
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Abstract. — OBJECTIVE: A greater fat-free
mass (FFM) could be negatively or positively
associated with metabolic syndrome (MS). The
objective of this work was to evaluate the rela-
tionship of FFM with MS, through three determi-
nations; absolute FFM, relative to body weight
FFM% and relative to squared height (FFMi).

PATIENTS AND METHODS: We conducted
a cross-sectional study on 1,008 obese Cauca-
sian females. Fat-free mass index (FFMi) was
calculated by dividing FFM by squared height
[FFM (kg)/height (m?)]. Fat-free mass percent-
age (FFM%) was calculated (absolute FFM/body
weight) x100.

RESULTS: The odds ratio adjusted by age of
having MS per tertiles were significantly high-
er in tertile 3 of FFM (OR=1.74, 95% CIl=1.26-
2.41; p=0.01) and FFMi (OR=3.38, 95% Cl=2.42-
3.72; p=0.001) and tertile 2 of FFM (OR=1.45,
95% CI=1.08-1.94; p=0.02) and FFMi (OR=2.37,
95% Cl=1.75-3.20; p=0.01) compared with its ref-
erence (tertile-1). In contrast, odds ratio adjust-
ed by age of having MS per tertiles were signifi-
cantly lower in tertile-3 of FFM% (OR=0.29, 95%
Cl=0.20-0.41; p=0.01) and tertile- 2 of FFM%
(OR=0.68, 95% CI=0.51-0.91; p=0.01) compared
with its reference (tertile-1).

CONCLUSIONS: The prevalence of MS rel-
ative to FFM varies depending on the method
used to represent it.
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Introduction

Body composition is related with metabolic
health. Adipose tissue is an important endocrine
organ that synthetizes proteins with many biolog-
ical roles, including adipokines'. Greater fat mass
(FM) significantly increases the risk of having
the metabolic syndrome (MS) and diabetes mel-
litus type 22°. Additionally, some studies** have
detected that sarcopenia, a state of reduced fat-
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free mass (FFM), is associated with insulin resis-
tance and diabetes mellitus type 2. Thus, a great-
er baseline FMM, relative to total body weight,
was associated with a better metabolic health®. In
this regard, another investigation’ reported that a
higher FFM percentage, relative to body weight
again, was a protective factor against metabolic
syndrome. This positive relationship between a
large FFM and a good metabolic health is ratio-
nalized by two physiological mechanisms. First,
a greater FFM may protect subjects from adipose
accumulation through greater resting energy ex-
penditure®, this is secondary to the bioactive na-
ture of FFM. Second, FFM has a large proportion
of glucose uptake under insulin-stimulated condi-
tions’, in this way a larger FFM regulates glucose
homeostasis'”.

Moreover, based on other investigations'!"'¢ and
in contrast with the above-mentioned hypothesis,
they have been reported that a greater FFM could
be negatively associated with metabolic syndrome
and insulin resistance. These conflicting results
could be explained from the different ways FFM
is measured in these investigations. Represent-
ing FFM in different ways (relative to height or
relative to weight) leads to different conclusions
taking to account the association with metabolic
syndrome and insulin resistance*>". For example,
odds ratio of MS was significantly reduced when
FFM was evaluated as relative to body weight®.
In contrast, representing FFM relative to squared
height (m?) led to greater FFM being associated
with higher odds ratio of MS*. Finally, Bijlsma et
al’ reported a deleterious relation of greater ap-
pendicular FFM on insulin resistance.

Metabolic syndrome (MS) is a constellation of
risk entities related with obesity, including glucose
intolerance or diabetes mellitus, abdominal obe-
sity, hyperlipidemia, and high blood pressure lev-
els'. MS is considered a polygenic and multifac-
torial disorder due to the interaction of numerous
genes with environmental factors; in this context,
body composition develops an important role in the
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presence of MS"Y. Nowadays, MS is an important
health problem in females®®. Consequently, ad-
ditional studies are needed to evaluate the role of
FFM in females and the association of this param-
eter on the presence on metabolic syndrome.

The objective of this work was to evaluate the
relationship of FFM with MS, through three deter-
minations; absolute FFM, relative to body weight
FFM% and relative to squared height (FFMi) on
Caucasian females with obesity.

Patients and Methods

Subjects

This study was a cross-sectional design includ-
ing adult Caucasian Obese females (20 to 79 years)
in a Health Area of Castilla y Leon Community in
Spain. Consecutive voluntary females with body
mass index (BMI) >30 kg/m? were included (1,008
study subjects). All participants provided written
informed consent, and the protocol complies with
the Declaration of Helsinki as well as with local in-
stitutional guidelines. It was approved by the Ethics
Committee (code of registration 06/2021).

The inclusion criterion for the protocol were
obesity assessed as body mass index >30 kg/m?
and an age in the range 20-79 years. Exclusion cri-
teria were the presence of any associated condition
(e.g., chronic kidney disease, chronic liver disease,
heart failure, uncontrolled hypothyroidism, Cush-
ing’s disease, malignant tumors and history of al-
coholism) or use of medications that potentially in-
fluenced weight or metabolic parameters (statins,
fibrates and drugs against diabetes mellitus).

The variables of the present study included so-
ciodemographic data, classical anthropometric pa-
rameters [weight, height, body mass index (BMI)
and waist circumference), anthropometric parame-
ters by bioimpedance (total fat mass (FM), fat-free
mass (FFM), fat-free mass percentage (FFM%),
fat-free mass index (FFMi)], blood pressure and bio-
chemical assessment. During the recruitment visit,
20 ml of venous blood after an 8 hour overnight fast
were aliquoted in ethylenediaminetetraacetic acid
EDTA-coated tubes for biochemical analysis.

Anthropometric Parameters and Blood
Pressure

Height, weight, and waist circumference were
measured in the morning while the subjects were
fasting and wearing only light clothing without
shoes. Waist circumference was measured at the
nearest 0.1 cm just above the ilium with a flexible

standard tape (Omrom, Los Angeles, CA, USA).
Body height (cm) was determined using a stan-
dard height measurement scale (Omrom, Los An-
geles, CA, USA) and body weight was measured
using digital scales (Omrom, Los Angeles, CA,
USA). Body mass index (BMI) was calculated
with the following equation: weight in kilograms
divided by height in squared meters.

Total fat mass and fat-free mass was obtained
by impedance with an accuracy of 50 g* (EFG
BIA 101 Anniversary, Akern, Pisa, Italy). Ab-
solute fat-free mass (FFM) was calculated di-
rectly by impedance. Then, FFMi was calculat-
ed by dividing absolute FFM by squared height
[FFM (kg)/height (m?)]. Fat-free mass percentage
(FFM%) was calculated using the following equa-
tion: (absolute FFM/body weight)x100. The ter-
tiles of these parameters were determined.

Systolic and diastolic blood pressures were
measured three consecutive times on the right
arm after 10 minutes rest, and average of the three
measures was calculated with a sphygmomanom-
eter (Omrom, LA, CA, USA).

Metabolic Syndrome

Females with three or more of the components
listed in the text were considered as having the
metabolic syndrome (MS), as defined using the
Adult Treatment Panel III (ATPII) criteria'®.
The ATPIII definition recognizes the following
cut-offs for defining MS: elevated fasting glu-
cose or treatment for diabetes mellitus, elevated
triglycerides (>150 mg/dl) or treatment for hyper-
lipidemia, high density lipoprotein (HDL) choles-
terol <40 mg/dl (males) or <50 mg/dl (females),
elevated systolic or diastolic blood pressure
(>130/85 mmHg) or antihypertensive treatment)
and increased waist circumference (>88 cm).

Biochemical Procedures

Serum biochemistry analysis for glucose, in-
sulin, C reactive protein CRP, total cholesterol,
HDL-cholesterol, triglyceride, and interleukine-6
were realized using the COBAS INTEGRA 400
analyzer (Roche Diagnostic, Basel, Switzerland).
LDL cholesterol was calculated using Friede-
wald equation (LDL cholesterol=total cholester-
ol-HDL cholesterol-triglycerides/5)*>. Based on
these parameters, homeostasis model assessment
for insulin resistance (HOMA-IR) was obtained
using these values [glucose (mml/L) x insulin
(UI/L)/22.5]%. 1IL-6 was measured by enzyme
immunoassay (ELISA) (Biovendor Laboratory,
Inc., Brno, Czech Republic).
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Statistical Analysis

Continuous data are presented as meantstan-
dard deviation. The normality of the variables
was tested using the Kolmogorov-Smirnov test.
Percentage and absolute values were used for cate-
gorical parameters. Continuous variables were an-
alyzed with Student #-test (for normally distributed
variable) or Mann-Whitney U test (for non-normal-
ly distributed variable). Differences in MS preva-
lence between tertiles of FFM, FFMi and FMM%
were assessed with Chi-square test. The odds ratio
(OR) was determined with a 95% confidence inter-
val to assess the influence of this indexes (FFM,
FFMi and FMM%) on the presence of metabolic
syndrome and its components. p-values below 0.05
were considered statistically significant. Statistical
analysis was performed using SPSS v. 23 software
(IBM Corp., Armonk, NY, USA).

Results

1,008 Caucasian females obese were enrolled
with an average age of 49.9+15.3 years (range:
27-79). 413 subjects had MS (41.0%) and 595 did
not show MS (59.0%). The anthropometric and
biochemical characteristics of the population are
showed in Table I.

Table I. Basal parameters in total group (Mean+SD).

Parameters Total Group
n=1,008
Age (years) 49.9+15.3
BMI (kg/m?) 36.9+£1.5
Weight (kg) 944+ 5.1
Fat mass (kg) 41.7+£9.1
Fat-free mass (kg) 50.6+11.9
Fat-free mass index (kg/m?) 19.6+ 3.6
Fat-free mass % (kg) 54.46+10.1
WC (cm) 111.4+14.1
SBP (mmHg) 128.4+16.0
DBP (mmHg) 81.5+10.1
Fasting Glucose (mg/dl) 101.9+£ 9.1
Total cholesterol (mg/dl) 202.2+30.8
LDL-cholesterol (mg/dl) 123.9+30.9
HDL-cholesterol (mg/dl) 54.1+14.1
Triglycerides (mg/dl) 121.2+50.0
Insulin mUI/1) 14.7+1.2
CRP (mg/dl) 6.1+2.3
IL6 (PG/MO) 2.4+0.8

BMI: body mass index DBP, diastolic blood pressure; SBP,
systolic blood pressure; WC, waist circumference.
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Table II summarizes the anthropometric pa-
rameters and blood pressure levels. A greater
level of body mass index, weight fat mass, waist
circumference and fat mass were observed with
increasing tertiles of fat-free mass (FFM) and
fat-free mass index (FFMi). In contrast, these
above-mentioned levels decreased with greater
tertiles of fat-free mass relative to body weight
(FFM%). Similar results were observed with sys-
tolic and diastolic blood pressure levels.

Table I1I shows lipid profile, glucose metabolism
parameters and inflammatory markers. A greater
level of glucose, triglycerides, C reactive protein, in-
sulin, HOMA-IR and interleukin-6 was detected in
tertile 3 of FFM and FFMi compared with tertiles 2
and 1. Unlike, a greater level of the same parameters
was detected in tertile 1 of FFM% compared with
tertiles 2 and 3. HDL-cholesterol was lower in tertile
3 of FFM and FFMi compared with tertiles 2 and 1.
In contrast, HDL-cholesterol was higher in tertile 1
of FFM% compared with tertiles 2 and 3. Total cho-
lesterol and LDL-cholesterol remained unchanged
throughout different tertiles with the three indexes.

Table IV summarizes the percentage of MS
and its components in different tertiles. A greater
prevalence of MS was detected with increasing
tertiles of FFM and FFM.i. In contrast, prevalence
of MS decreased with greater tertiles of FFM%.
The odds ratio adjusted by age of having MS per
tertiles were significantly higher in tertile 3 of
FFM (OR=1.74, 95% CI=1.26-2.41; p=0.01) and
FFMi (OR=3.38, 95% CI=2.42-3.72; p=0.001) and
tertile 2 of FFM (OR=1.45, 95% CI=1.08-1.94;
p=0.02) and FFMi (OR=2.37, 95% CI=1.75-3.20;
p=0.01) compared with its reference (tertile 1). In
contrast, odds ratio adjusted by age of having MS
per tertiles were significantly lower in tertile 3 of
FFM% (OR=0.29, 95% CI=0.20-0.41; p=0.01) and
tertile 2 of FFM% (OR=0.68, 95% CI=0.51-0.91;
p=0.01) compared with its reference (tertile 1).

Given the modified odds ratio of having the MS
with FFM, FFMi, and FFM%, we verified if the
specific component of the MS was driving these
results (Table V). The odds ratio of having an ele-
vated waist circumference, hypertriglyceridemia
percentage, low HDL-cholesterol levels percent-
age, hypertension or hyperglycemia were signifi-
cantly greater in almost every tertile of FFM and
FFMi compares tertile 1. Finally, the odds ratio
of having an elevated waist circumference, hyper-
triglyceridemia percentage, low HDL-cholesterol
levels percentage, hypertension or hyperglycemia
were significantly lower in almost every tertile of
FFM% compares tertile 1 (Table V).



[-s9+]

*T 9[1M9) PUE 7 9[T}I9) UOIMIIQ SOIUIISIIIP [EOTISTIRIS, 7 10} PUB ¢ J[1I) USOMIOq SIOUIJJIP [BONSIIEIS ¢ '] 9119} PUE ¢ [T)I9) UOIMIIq
SOOUQIYIP [eONSIIRIS, 1S3} TUOLIdJUOg 90y IS0 159} J-1009pouUS VAONY Son[eA-d “90UQIQJundIo istem ‘A amssard poojq o1j03sAs ggs ‘@inssaid poojq orjojselp ‘gg ‘xopur ssewr £poq ‘TING

€00  L60FIT &0FS'T TOFIE 00 5P O0FCY €0F6'C I'0FLT €00  .S0F8E TOFOT  €OFLT 9-7T1
€00  .S0F0€E S0FTE TOFEY 100  ¢.80F6Y LOFTE €0F6'C 00 .60FLY SOFI'E  ¥O0F0€E JdI-VINOH
00 LLTFLTI LTS T I'1F9°ST 00 s TIF6LI OTFTEl  #TTFPTI 100 .ETFIL STFLTI  T'TFITI (1/1Nw) urnsug
€00  LOTF8Y JIFTS 0TF8'L 00 s01FEL 60709 I'1F9% €00 ' TF69 $IF09  0TFIS (Ip/3W) 49D
100 I'SFTOIl  08F6SIT  TSFCEEI 100 .E8F8SET  T[9FLSIT  T'8FSOII 00  s.T8FOYEL  O6FSIT  [6F6TII (1p/Sw) sopL1ook[SiiL,
100 .0CTFI8S 46 1FI'9S I'TFL6Y 200  «LTFTOS §TF6SS  9°TFI9S 100 s I'€F98y  TIFI'SS  I'TFELS (1p/Bu) [012389[0Y2-TAH
8T0 TYFLICL  €FF6LIL  6'EFESTI §90  6€FCTCl  TEFCLIL  6EFISTI 970  6VFIOTI  THF6'TTL  TEFEITI (1p/Bu) [01038970Y2-TA'T
610  TLFL661  6VF6'SOT  €9FEE0T 950 6TFI86l  OHFLSOT  TEFHEOT 810  TY9FT661  8HFFH0T  1'9FE60T (1p/Bu) [012389[0Y2 BI0L,
W0 LJTEFLEOl  LATFI60I  TPFSTOI €00 ETFLI0I  TTFTIOL  0TFCLG 00 s EFLSOL  TEF600l  THFS 001 (1p/Bux) osooniH
d  gopnuaL  ZapMAL | dMIL d €911M3L  ZAIMJAL | dMAL d €93l ZoIMAL | 3L
wm_wucwu._w& sseuw o9lij-1ed Xopul ssew o91j-1e4 sseuwl o9lij-1ej |ejol siolauwelded

“(asFueawr) (%INAA TN ‘N:A) so[110) Aq s1ojowered [esrwayoolq “[if djqeL

"1 919} PUE 7 J[THI9) TUOIMIAq SIOUIIOIFIP [BOTISIIBIS, 7 S0} PUB ¢ I[NNI} USOMIOq SIOUAISIIIP [eONSHEIS ¢ 'T 1M} PUE ¢ J[T)I9) UOIMIOq
SOOUQIQIJIP [eON)SIILIS, 1S9} TUOLIJUOE J0U-)SOJ 159} J-1000pAUS VAONYV Son[eA-d 90UIJunoIld jstem DA ‘amssaid poojq o1j01sAs ‘ggs eimssaxd poojq o1joserp ‘ggd xopur ssew Apoq ‘TINgG

€00 .6TFT08  LI'E€FE6L  OTFLES €00  I'TF98  I'TFC08  0TF6'SL €00  0TFCHS  OEFEIS  I'TFY6L BHww) 490
€00 .OVFCOTI  EYFILTL  THFITCED Y00 wOPFITCEL  T'TFESTL  T9FIPTI €00  sOLFEIET  TSFLOTI  T6FI'STI (BHww) 49
€00 LIPFCLOL  LT9F6601  TLFYSII W00  wITFITL LTEF60IT TEFEE0I 100 ¢.I'STO0TI  LE£LF6'801 T'6FH€01 (wo) DM
00  0STOY9  JVFFSS  09FI9F 100 . TEFOSS  STFEHS  €EFOTS 100  «TSFLSS  ,STFPS  €9%70s  (001X3N/3Y) 9 ssew 92138
00  «ITFITT L0TFL6] CIFIST W00  0TFTET  H1F96I  I'TFOII 00  «OTFIET  SIFC6l  CTELYI (;w/3Y) Xopul ssew 9213-4e,]
100 . 0FF8LS  4I'€F9°0S I'v%6'Sh 100  «IS¥STO  ,0bFE6r  I'SFITH 100  s.0LFI'E9  I'vFOSy  9'ST66E (331) ssew sa1y-1eg
100 s ITFCTE  0TFCOr  [TFCES 100 .60F8vy  I'IFCIE 9°0F0'6E W00 < TTFCSY  STFCIY  CTFILS (831) ssew 1eg
100 «£TFSLS  ,'TF806 € TFI66 W00  6TFLLOI  TEFI6  6TFCHS 100 «CCFLS0T  L0TF606  I'TFLIS (1) 1ySom
1000 s.LIFVEE 417966 TIFCOb 00 G IIFIE GTIFE9E TEF6EC 100 «0TF6'6E  AI1F8°SE  €TFLYE (;w/3Y) ING
d gaomual  zamuaL | dmaL d €911143L  Z3SL | 9dL d €941  Z3SL | 3IdL
QWNHCQU‘_QQ ssew o994j-1e4 X9pul ssew 994j-1e4 ssewl 994j-1kj |ejol siolaweled

(ds ¥ ueowr) (2INAA ‘TNAA INAA) so1i191 £q amssaxd pooiq pue s1ojowered oowodoyuy *[] d|qel

aWOoJpUAS d1joqe1sw pue ssew 99ij-1e4



[esor]

*QWOIPUAS d10qeIoW (SN §0°0>dx

+¥L'0-0€°0=ID
%56 ‘Ly'0=40

1€°1-€9°0=ID
%56 ‘16°0=40

0¥ €8T T=ID
%S6 ‘1€°7=40

VI T=ID
%56 ‘1€’ 1=40

8T 0V =D
%56 ‘01't=40

*ST TS0’ T=ID
%56 ‘9T’ 1=40

BIWAA[319dAY Jo 93eIu0d10d

*17°0-61°0=ID
%56 ‘87°0=40

%*58°0-LY0=ID
%56 ‘€9'0=40

*10°C-8C'1=ID
%56 ‘9%’ 1=40

*81'C-90'I=ID
%56 ‘17’ 1=40

+V6'1-S0'I=ID
%56 ‘S€ =40

*€1'C-C0'T=ID
%56 ‘0¢'1=40

uorsualrodAY jo a3ejuadiog

%C8°0-8¢°0=ID
%56 ‘95°0=40

8S°1-19'0=ID
%56 ‘L8'0=40

*[1'7-L9T=ID
%S6 ‘€€ T=40

9¢1-69°0=ID
%56 ‘96'0=40

*60°€- ¢y 1=ID
%56 ‘60'7=40

€0°C-08°0=ID
%56 ‘91'1=40

[012)S9[0Y0 T H MO

%89°0-€7°0=ID  1€1-9%°0=ID B «C11-C8° =D  +0T6-9¢'T=ID B «10°01-29°Z=ID  «9S'L-€0'T=ID B
%S6 ‘07’ 0=40  %S6 ‘LL'0=40 %56 ‘109=40 %S6 ‘66 7=40 %56 YI'S=40  %S6 ‘T6'€=40 BIopLIdoAS1I0dAH JO a3eIusdiod
#LS'0-LT0=ID  +9L0-8€0=ID B «TTY9=ID  «I€'$-09T=ID B «1'02-99=1D  «0Lv-0%"T=1D B
%56 ‘6£°0=40 %S6 ‘¥S0=40 %S$6 ‘L'TI=40  %S6 6€+=40 %56 ‘8’ TI=40 %56 ‘9¢°¢=40 AY1S2q0 [B13USD JO 93BIUDII]
«I7'0-070=ID0  %16°0-15°0=ID «CLECTWT=ID  «0T€-SLT=ID IV T9TI=ID  «P6'1-80'T=1D
%S6 ‘670=40  %S6 ‘89'0=40 - %S6 ‘8€°¢=40 %S6 ‘LE'T=40 - %S6 VL 1=40  %S6 ‘SP'1=40 - SIA Jo a8eu0o1od
€ 9InJaL Z d1mJalL 1 2113431 € 9aL r4C][+ET ] L 1431 € 9nJaL r4C][+ET ] L 2113431
aberjuadiad ssew aauy-jeq Xapul ssew 93.j-1e4 ssew d34j-1ej |[e10L siglaweled

's9[n19} Jod sjusuodwod pue swoIpUAS JI[0qeIdIA J0J 01T SPPO “A 2Igel

"OWOIPUAS J1[0qeIAW SN | 9[1}10) PUB 7 J[1110) USIMIOq SIIUILIIP [BONISILIS, 7 9[1MA) PUB ¢ (1)1} USOMIIQ SIOUSIQIP [BONISHRIS, *| (1110} PUE ¢ O[1119) USIMIOQ SIOUIYIP [BONSIILIS,

€00 %911 +%C 0T %8°1C 200 260°9C #%9°0T %1€l 120 s L'LT AT 81 %ITI eraoA[310dA1 Jo aFeiuasiod
100 . %S€C ATTY %S'TS 100 2%0°SS %6TY %S €€ 100°0 v vy ATEY %0°6€ uo1sua)adAH Jo 23eIu00194
€00 s.2%€E8I %L'ET %LLT €00  ¢.%€6C %E'1T %6°'1T €00 .%6°0€ %9°61 %t 61 [013)53[0Y0 TQH MO
200 2%6'S %601 %9°€1 200 €91 WATET %¢E'T 200 Y69'pT %911 %€ BIuApLIROAISLIdAH Jo 9Feiuaciog
100 %99 %8'TL %¢€'€8 S000 . %9°S6 %688 %99S 100 YTH6 %€'T8 %0°8S A)1530 [B1)US JO FBIUSID]
1000  %S'T€E %8S %¢€°0S 1000 %095 T'LY %ELT 100 Yo8'LY ATEY %S b€ SN JO 95B1U013g
d gamuaL  zapmuaL | 3maaL d €931 ZIJAL | dMAL d €949 ZoIMAL | ML
UWNHCWULUQ sseuwl o9.ij-1ed Xopul ssew o94j-1e4 sseuwl o29lij-1ej |elol siolauwelded

‘(@sFueawr) (%INAT TINAA INAA) so[mId) Aq sadejudorad SN Jo BLIOIIO pue 93ejudo1ad awoIpuAks o1j0qeiojn Al d1gel

zawon) zadoT ‘[ ‘ZauUlJe 'V ‘ejoez| 'O ‘owlld ‘g ‘sin7ap 'q



Fat free mass and metabolic syndrome

Discussion

The main finding of this study is that the way
to express fat-free mass (FFM) significantly in-
fluenced the direction of its association with Met-
abolic syndrome (MS) prevalence ant its com-
ponents. This result is very important taking to
account the increased risk for DM2 and MS and
the largely purported idea that a greater FFM is
beneficial for metabolic health, with a parallel in-
crease in the use of impedanciometry to assess
body composition.

Our results explain the discrepant data pre-
viously published in the literature between the
association of FFM and MS, suggesting that the
representation of FFM can explain these contra-
dictions'""". The benefit of normalizing FFM rel-
ative to squared height is that it better considers
the impact of stature, which then allows to better
compare individuals of different size and ethnic-
ity'". While the percentage of FFM (FFM%) is a
representation of body composition.

Our present data agree with those of others*".
For example, Park and Yoon* showed opposite re-
lationships between FFM and MS relating on how
FFM was showed. These authors reported a pos-
itive association of FFM relative to height and a
negative association of FFM relative to height*".
These associations with MS among the different
representations of FFM might be explained by the
mediating role played by fat mass (FM). Scott et
al'” hypothesized that greater FFMi was positive-
ly correlated with FM and that the adipose tissue
could increase the risk of having the MS. Further-
more, representing FFM as a percentage of body
weight inherently represents FM and it is a good
indicative of tissue distribution, not FFM per se.
Thus, FFM% can assuredly predict metabolic dis-
eases, but perhaps it is not adequate to isolate the
direct role of FFM on MS. For example, Lee et
al® concluded that muscle mass plays a protective
role against future metabolic deterioration based
on FFM%. Moreover, in their investigation FFM
was similar between subjects progressing towards
an unhealthy phenotype and those remaining in a
healthy metabolic status.

Our data demonstrate a greater odds ratio of
having MS and its components in the highest
FFMi and FFM tertiles and the lowest FFM% ter-
tiles. Some previous studies****’ concluding to a
protective effect of greater FFM on metabolic sta-
tus using FFM% in their designs and a deleterious
association between FFMi and MS, specifically in
femaICSS,12-15,28—30.

The negative association between FFM and
MS could be explained by three hypotheses. First,
a greater FFM is related with higher proportions
of muscle type 2 fibers, these fibers have a low-
er oxidative ratio and a lower glucose-handling
capacity compared with muscle type 1 fibres®.
Second, lipids could infiltrate muscle, this fact
alters the insulin cascading pathways*. Finally, a
low capillary-to-fiber ratio and reduced capillary
density in subjects with a higher FFM could also
influence the association with MS secondary to
reduced exchange area and blood flow have been
linked with insulin resistance®.

In a context where the incidence of metabolic
syndrome is increasing worldwide, this present
investigation has a high interest. We need to have
accurate measurements of muscle mass to be able
to have adequate nutritional interventions that im-
prove muscle mass, since this increase in muscle
mass decreases the risk of MS progression’. MS is
a cluster of factors that include central adiposity,
hypertension, dyslipemia, low levels of HDL-cho-
lesterol and hyperglycemia, and is often accom-
panied by a proinflammatory status. This inflam-
mation environment is recognized to be involved
in the pathogenesis of insulin resistance. Skeletal
muscle comprises a large percentage of body mass
and is the most abundant insulin-sensitive tissue*.
Additionally, subjects with low FFM have a low-
grade inflammation status and it has been relat-
ed with MS*2¢. For example, Buchmann et al*
showed a negative association of interleukin-6 and
C reactive protein with FFM. In addition, when MS
progresses and type 2 diabetes mellitus appears, an
excess loss of muscle mass has been shown, thus
further worsening the metabolic situation*®.

Limitations

Our study has some limitations. Firstly, the de-
sign has been realized only in Caucasian obese fe-
males, so the data are not generalizable to males,
children, overweight subjects, or other ethnicities.
Secondly, the investigation as a cross-sectional
design does not allow producing causality. Third-
ly, selection bias is likely because our study was
single hospital based. Moreover, we measured
whole-body FFM, some observations suggest that
upper-body and lower-body FFM may not have
the same influence on metabolic status?®. Final-
ly, in our study, we have not determined muscle
functionality or strength, these parameters are
also important given the relationship detected in
some studies with worse muscle quality in pa-
tients with MS*".
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Conclusions

In summary, the prevalence of MS relative to
FFM varies depending on the method used to rep-
resent it. FFMi and FFM have a positive relation
and FFM% has a negative association. Further
studies are necessary to evaluate these indexes in
other risk populations and apply it in real clinical
practice, in order to prevent MS and sarcopenia.
These two entities adversely affect quality of life,
morbidity and mortality.
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