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General Abstract

The purpose of the present Thesis was to analyipd ttomposition through body
composition methods and alterations research awgad its associations with
cardiorespiratory fitness (CRF) and physical atti(iPA) in overweight and obese
premenopausal women. Three studies were conductddnwhe PESO program
(Promotion of Execise and Health in Obesity), advaburally-based intervention with
a strong emphasis on PA and nutrition. Study | bgesl and validated predictive
equations for thigh composition assessment, usomgpated tomography (CT) as the
reference  method and with dual-energy X-ray absormtry (DXA) and
anthropometry indicators as prediction models. $tidaimed the cross-sectional
analysis of the associations between CRF and B&ilyith thigh composition volumes
determined by CT. In Study Il a longitudinal apach allowed the investigation of the
effects of a weight-loss intervention on thigh casigon, CRF, and daily PA. Key
results show that: a) prediction equations for difeerent thigh components may be
useful in different settings where body compositibay be critical and need to be
followed longitudinally, such as in wasting illness b) women with higher levels of
CREF presented greater thigh skeletal muscle nradspendently from their PA level; c)
greater low intensity PA was associated with lotmgh subcutaneous adipose tissue;
d) maximal oxygen consumption level is associatétth wifferent thigh composition
phenotypes; e€) a 16-month weight-loss interventpasitively impacted thigh low
density SM tissue area, along with a decreasevindensity SM quality and increases
in CRF, and daily PA, suggesting the occurrencthefathlete’s paradox in overweight
and obese premenopausal women; f) beneficial clsamgge observed from 0-16
months in body composition determined by CT, DXAd anthropometry indicators

simultaneously with improvements in CRF and in haddiPA.
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Resumo Geral

O objectivo da presente Tese foi analisar a comgfosila coxa através das areas de
investigacdo dos métodos e das altera¢cbes da cam@panrporal, estudando, também,
as suas associa¢gfes com a aptidao cardiorresj@réd@R) e com a actividade fisica
(AF), em mulheres pré-menopausicas com excessestegobesas. Foram realizados
trés estudos no &mbito do programa PESO (Promoga&x@rcicio e Saude na
Obesidade) - uma intervencao comportamental comdgrénfase na AF e na nutricéo.
No Estudo | procedeu-se ao desenvolvimento e \glade equacdes preditivas para a
estimacdo da composi¢cdo da coxa, utilizando contoduéle referéncia a tomografia
axial computorizada (TAC), enquanto a densitometaidiolégica de dupla energia
(DXA) e a antropometria foram utilizadas como modegbreditivos. O Estudo Il teve
como obijectivo investigar transversalmente as @&3des entre a ACR e a AF diaria
com os volumes da composi¢cao da coxa determinaglasTAC. O Estudo Il recorreu

a uma abordagem longitudinal para investigar agosfde uma intervencao de perda de
peso na composicao da coxa, ACR e AF diaria. Oxipais resultados demonstraram
que: a) as equacoes preditivas para as diversgsoc@mies da coxa podem ser Uteis em
diferentes contextos, nos quais a composi¢cao calrpossa ser critica e necessite de ser
monitorizada longitudinalmente; b) mulheres comersvde ACR mais elevados
apresentam maior massa muscular na coxa, indegenurte do seu nivel de AF; c)
maiores niveis de pratica de AF de intensidade &stéo associados a uma menor
acumulacéo de tecido adiposo subcutaneo na coxantel de utilizagdo maxima de
oxigénio encontra-se associado a diferentes fer®tila composicdo da coxa; e) uma
intervencao de perda de pesa com a duracdo de s memoveu 0 aumento da area
de tecido muscular de baixa densidade, simultang@ntm a reducdo da qualidade

desse mesmo tecido, bem como incrementos da ACR ARddiaria, sugerindo a



ocorréncia do paradoxo do atleta em mulheres préisp@&isicas com excesso de peso e
obesas; f) dos 0-16 meses verificaram-se modifesmcbenéficas na composicdo
corporal determinada pela TAC, DXA e antropomesimultaneamente com melhorias

na ACR e na AF habitual.

Palavras-chave: Obesidade, composig&o corporal, tomografia axalputorizada,

exercicio, aptidao cardiorrespiratoria.
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Chapter 1: General Introduction

CHAPTER 1

General Introduction

“The beginning of knowledge is the
discovery of something we do not
understand.”

Frank Herbert
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Chapter 1: General Introduction

Introduction to the Thesis

With the worldwide increase of obesity epidemic #@sdassociated comorbidities, the
treatment of this population became imperative. Hoeurate assessment of body
composition changes in association with other haalficators, namely physical fithess
and physical activity (PA) levels, before and afteright loss interventions, will allow a
better understanding of the impact of different rapphes to obesity treatment. The
general aim of the current Thesis was to addressrtiportant issue within the scope of

weight loss interventions in overweight and obesenen.

More precisely, this Thesis was developed withia tontext of P.E.S.O. program
(Promotion of Exercise and Health in Obesity), reg Faculty of Human Movement,
between 2002 and 2004. P.E.S.O was a communitygrggempirically-based on the
cognitive-behavioural approach, targeted to prorhetthier lifestyles through PA and

nutrition, in overweight and obese premenopausah&ro

The present Thesis is based on independent resadrcles submitted or in press, in
peer-review scientific journals with a recognizesl limpact Factor. Despite the
advantages, this format increases the risk of maoecy throughout the written

document. So, to avoid repetition, the followingusture was adopted:

- The general introduction is presenteddhapter 1 reviewing skeletal muscle (SM)
and adipose tissue (AT) quantification by imagingtinods state of the art, with special
emphasis on thigh composition tissues, namely S8ué and quality, as well as AT
compartments, focusing methods to assess body tigooat the tissue-organ level,
such as computed tomography (CT) and magnetic agsenimaging (MRI). The

associations between thigh components and a nuofbleealth conditions, including

Faculty of Human Movement, Exercise and Health Laboratory - 2 -



Chapter 1: General Introduction

obesity, were also reviewed, in addition to relasidoetween thigh composition and,

fithess and PA indicators, in obese subjects, kedod after weight loss.

- In Chapter 2is offered a detailed description of the methodsduin the current

Thesis.

- Chapters 3, 4, and present the original research contributionsChapter 3it was
addressed body composition methodology, throughdeheelopment and validation of
predictive equations for total thigh compositionsessment, in pre-menopausal
overweight and obese women, with dual-energy X-abgorptiometry (DXA) and
anthropometry-based prediction models using CT les reference method. The
associations, at baseline, between cardiorespjrditoess (CRF) and daily PA, with
thigh composition volumes determined by CT werelyaea in Chapter 4 In Chapter

5, a longitudinal design allowed the investigatioh tbe effects of a weight-loss
intervention on thigh composition, CRF, and daikx B premenopausal overweight

and obese women.

- Based on this original scientific resear@hapter 6discusses these findings within
the range of the areas of body composition methadd alterations, and its

interrelations with fithness and PA.

- Finally, inChapter 7it is presented a summary of the main findingthtsf Thesis.

The Study of Body Composition

The living being’s composition reflects net baselaccumulation of several substrates
and nutrients acquired from the environment anaimet by the body, empowering life.
Components ranging from elements to tissues anansrgrake up the building blocks

that give mass, shape, and function to all livihqngs. Body composition analysis

Faculty of Human Movement, Exercise and Health Laboratory - 3 -



Chapter 1: General Introduction

techniques allow researchers to study how theddibgiblocks function and chanc
The science of human body composition is organinéml three interacting are{1]:
body composition rules and models (involves the pomens themselves, definitior
and interrelations between them), body compositieethodology (focuses on tl
available methods fan vivc andin vitro quantification of body components), and b
composition variation (centers on the changes tylmmmposition related to biologic
or pathological conditions), as showed in Figute

Taking into consideration these three areas, theeu Thesis, ed particularly the
research studies, are included in body compositiethodology anbody compositior

variation areas.

Body Composition
mmmmd Rules and Models

Body Composition Body Composition

Methodology Variation

Figure 1.1. The ¢udy of human body compositioldapted
from Wang et al. (1992[1].

The Five-Level Model of Body Composition

The central model in body composition researclmésfive-level model, in which bod
mass is considered as the sum of all components free distinct and separate, [
integrated, levels of increasing complexity: atommwlecular, cellular, tiss-organ,
and whole body [1]as presented in Figure 1.2. Colering this model, the thigh as t

region of interest, and CT as the main body contjprsassessment technique in
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Chapter 1: General Introduction

current Thesis, special scope will be focused attigsue-organ level, particularly on

SM tissue and AT.

Skeletal Muscle Tissue
The presence of muscle in the body occurs in tbigect forms: skeletal, smooth, and
cardiac. Whole body SM mass is influenced by séveiadifying biological factors

such as gender, age, ethnicity, physical actiaityg disease [2].
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Figure 1.2. The five levels of human body composition. Adaptesm Wang et al
(1992) [1].

In adult humans, SM, also known as striated or malty muscle, is the largest
component of body composition at the tissue-orgaml| representing approximately
30% to 40% of the body mass of a healthy 58-kg wooraa 70-kg man, as showed by

cadaver dissection [3].
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Chapter 1: General Introduction

The Visible Human Project of the National LibrafyMedicine, specifically the visibl
woman study, allowed the quantification of body gasition based on MRI segment
images of the major body tissues of a woman cac[4]. As a result of the tiss-organ
analysis, it was observed that SM was the secondrneantributor of whole bod
volume (25.6%), as well as in the upper and lowerb$ (39.2% and 37.99
respectively). In the trunk region the second g®atcomponent was remainc
(27.3%), while SM rpresented the third component (21.4%). A graplustiation of
the relations between total body SM and regional SMrithigtion is presented in Figui

1.3.
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Figure 1.3. Relations between total body SM and regic

SM distribution Adapted from Kim et al. (2002) [5], dn

from Janssen &. (2000). UL, upper limbs; LL, lower limbs
The crosssectional analysis of whole body M([6], revealed that SM mass relative
body weight was 38% in men and 31% in womere same authors observed that
what concerns SM distribution, women showed lowppear body SM, either i
absolute and relative terms when compared to mdnk@versusl14.1 kg, anc39.7%
versus42.9% respectively), while in the lower body women @mrted lower absolut
SM mass (12.2ersusl18.1 kg) but higher relative SM (57.7versu: 54.9%). These
results indicate that women have a larger proporab their total SM in their lowe
extremities in comparison to me
The discrepancies between women results in Janssen et al. [&hd Shen et a[4]

studies may be caused by the different body cortipnsassessment protocols usec
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Chapter 1: General Introduction

the researchers, and also by the sample size, $®tha data on the visible woman
represent only one subject, and as consequenes aflargement may occurred.
Traditionally, CT has been used to quantify areSM, either by planimetry or by
measuring the muscle area within a specific rarfgattenuation values (-29 to +150
HU — Hounsfield units)[7]. With this type of proag@&, CT has been able to estimate
the SM component of a region of interest excluding visible AT, in and around
muscle, providing more precise measurements [8]addition, the analysis of the
attenuation characteristics of SM has providedrmfdion on the quality of the SM: a
reduced muscle attenuation was interpreted toatefl@ increased lipid component
within muscle [9, 10]. This concept seems intuitbecause as AT is negative on CT
HU, an increase in muscle lipid content will redtice attenuation of SM. The findings
of a reduced muscle attenuation are consistent avitincreased muscle lipid content
determined histochemically [11, 12].

Accordingly to Mitsiopoulos et al. [7], consideritigsue density, two types of SM can
be distinguished, the first related to muscle tsghat includes interstitial AT,
“anatomic SM”, and the second specifically relatedAT-free SM. Based on SM
attenuation coefficients, several authors [13,d@réposed a distinction between the two
SM components: high density or normal density Sddue (from +31 to +100 HU) and
low density SM tissue (from 0 to +30 HU, represenqtiipid-rich SM, which includes
fat components between and inside the muscle jib@ther authors [7] proposed a
different HU range for low density SM which incliedelU from -29 to +30 HU.

Several changes occur in SM and its compartmentsienced by age and disease.
Increasing age is associated with the loss of SMsmaad function, and this occurrence

Is named sarcopenia (from the Greek wads< - meaning flesh, andenia- meaning
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Chapter 1: General Introduction

loss). As a consequence of individual differencegaak SM mass and the rate at which
SM decreases, SM mass varies widely in older afiLiis

Evidence from cross-sectional studies revealed ridlative SM mass reduction seems
to start in the third decade, while absolute SM snesems to be fairly stable, on
average, up to the end of the fourth decade, aftech there are accelerating rates of
loss in both genders - sarcopenia [6]. Longitudstatlies with CT measurements that
have examined changes in SM mass or size obtainathrsresults, and allowed the
estimation of a mean decrease in SM of approxim®&® per decade [16, 17].

As age progress, the rates of loss are greatdovia@r-body and thigh muscle than for
upper-body and arm muscle [6]. The greater losSifin the lower body could be
associated with the reduction in SM strength inlthveer extremities [18, 19], and with
the age related reduction in PA [20, 21], whom¢c@ssequence, may contribute for the
regional differences in sarcopenia. AccordinglyJamssen & Ross (2005) [15], it is
reasonable to assume that a decline in PA woulthgsily be associated with a
decreased use of lower body muscles, given thatingcles used for most common
activities (i.e., walking, climbing stairs) are &ied in the leg and thigh. Considering the
strong influence SM has on bone mineral density P&, the increased prevalence of
osteoporosis, particularly at the femoral neck, rhaypartially explained by the lower
SM mass [6].

Besides the elderly, sarcopenia assumes particuéest in SM wasting diseases, such
as haemodyalisis (HD) and HIV-infected patientsbj8cts who underwent dyalisis
treatment for chronic kidney disease exhibited marectionally significant SM
wasting, determined by CT, than chronic kidney assepatients who were in a previous
disease stage without HD. Furthermore, the redudhoSM cross-sectional area was

associated with significant reduction in functiorepacity, estimated by objective
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measures of physical performance [24]. Loss of Shksnand limitations in activity
have been reported in HIV patients, but Scott avitbagues [25] found that although
impaired ability to activate knee extensors wasaased with weakness and decreased
specific force, the reduced central activation wasrelated to CT SM cross-sectional
area. The authors suggest the possibility of differmechanisms contributing to SM
impairment rather than atrophy, which reinforces tteed for further research with
larger and more diverse population in order to ustded the nature and implications of
these findings. Its importance relies on the faat SM atrophy may be prevented with
targeted exercise and/or improvement of other factsuch as medication and
nutritional factors.

The exact cellular and molecular mechanisms foratheerelated loss of protein are not
yet fully elucidated, but they are probably highdpmplex and involve multiple
mechanisms, such as: impairments in neuromusculation, alterations concerning
the systemic environment (such as, testosteroogtiyrhormone/insulin growth factor-

| axis, thyroid hormones, catecholamines and cyie&), and alterations intrinsic to the
SM (myogenic regulatory factors, notch signalinghpay, myostatin and intracellular
calcium) [26].

Age-related changes also take place in the composiof SM, reflecting an
enlargement in SM lipid infiltration with increaginage, revealed through the
measurement of CT attenuation coefficients in thight region [27-30]. This was
observed even when changes in physical functiore wet detected, suggesting that
dynamic remodeling of soft tissues occurs evendalthy, ambulatory, weightstable
elderly subjects [31]. Similar findings were vegili regarding the absence of mediation
effects of several muscle parameters (including d&visity) between PA and mobility

limitation [32]. The decrease in SM density seembé implicated in the reduction of
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functional ability, as proposed by Visser et abDd2) [28], who found that a greater fat
infiltration into SM contributed to an increasedgkriof mobility loss in older men and
women.

A greater lipid infiltration of SM is also relateslith increasing obesity, and is more
relevant in obese patients with type 2 diabeteditorel(T2DM) [13, 33-35]. These
changes in lean-tissue density are due to an isede&olume of lean tissue with
attenuation values below the normal range for SM3(<HU). Despite the increase in
low density SM in obesity, the volume of normal sigp SM (>+30 HU) seems to be
unaffected, and varies relatively little among thasibjects [13, 14, 34]. This occurred
regardless of pronounced differences in body comtipnsand overall midthigh volume.
Insulin-stimulated glucose disposal was positivetyrelated with SM attenuation, in
caucasian men and women, ranging from lean to ofisly mass index -BMI 19.6-
41.0 kg/m) [9], and with insulin resistance in obese norbdiic asian-pacific subjects
[36]. Independently from total body adiposity, taea of low density SM revealed
negative associations with insulin sensitivity, tboh men and women, even after
controlling for age. Furthermore, the area of losnsity SM accounted for 30% of the
variance in insulin sensitivity, while the areanmfrmal density SM was not associated
with this parameter [13, 34]. So, it seems that &wl normal density SM might have
different metabolic implications thus requiring theer investigation in different age
groups and health conditions.

Other authors found associations indicating thaeloSM attenuation determined with
CT represents increased lipid content within mu$t®, supporting the association
between the triglyceride content of skeletal musaid insulin resistance, independent
of obesity [37]. Recently, a set of clinical expeents with T2DM and obese non-DM

subjects, supports CT as an extremely reliablenigcie for the assessment of SM lipid
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stores producing results in the soleus muscleateamoderately correlated with the use
of magnetic resonance spectroscopy as the refemmeteod [38]. However, further
testing in other SM groups, e.g., thigh SM, is wated.

In healthy individuals, bone and muscle developammony with the change in weight,
but this adaptive physiological mechanism may bpained in some older individuals
that combine SM loss with obesity, determining anbmation of excess weight and
reduced SM mass and/or strength, defined as saricopbesity [39, 40]Considering
the age-related changes in body composition, gbasil low SM mass (or strength), it
is possible that they could coexist in the samgestitsimply by chance, but it is
reasonable to hypothesize that they may be patisagbgically connected. The
imbalance between obesity and SM impairment, eileéned by low SM mass or poor
muscle strength, is associated with important negahealth outcomes in older
individuals [40, 41]. Epidemiological studies suggéhat this syndrome is related to
accelerated functional decline and high risk okdges and mortality [28, 42] and, that
when obesity and muscle impairment co-exist thdysgoergistically on the risk of
developing multiple health related outcomes [43, A¥aking the identification of these
patients an essential goal in clinical settingsaA®nsequence, early screening starting
in the fourth decade of life might be advised idesrto identify subjects at risk for
sarcopenic obesity and allowing for preventive measto be implemented, before old

age is reached.

Adipose Tissue (AT)

AT is a heterogeneous compartment consisting qioagies, extracellular fluid, nerves,
and blood vessels. These components are dispdrsaeyhout the body with varying

metabolic functions according to their anatomicatamns [45-48].
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Accordingly to Shen et al. (2003) [49], AT can beidked into several components: the
two main measurable components are subcutaneoustanagal AT. Subcutaneous AT
is defined as the layer found between the derndstla@ aponeuroses and fasciae of the
muscles, including mammary AT. Internal AT can beidkd into visceral and
nonvisceral components, and among this last compasmme small AT regions are
specially named. That is the case of intramusciilgrconsidered as the AT within SM
fascicles, and of perimuscular AT, which is the AiBide the muscle fascia. The
perimuscular AT is composed by intermuscular (betwenuscles) and paraosseal (in
the interface between muscle and bone) AT. Thesd slepots are difficult to measure:
the perimuscular AT depots are small and not alwasible when images are collected
by CT or MRI acquisition, while then vivo intramuscular layer can only be inferred
from the attenuation coefficients of SM tissue. Adaptation of the proposed
classification of AT by Shen et al. (2003) [49]i®sented in Table 1.1, and a CT image

of an axial plane of both thighs is showed in Feglir4.

Table 1.1.Classification of adipose tissue (AT) focusingrmmvisceral AT.

Adipose tissue compartment Definition
Total AT Sum of AT, usually excluding bone marromd@T in the
head, hands, and feet.
Subcutaneous AT The layer found between the deantdghe aponeuroses
and fasciae of the muscles. Includes mammary AT.
Internal AT Total AT minus subcutaneous AT.
Nonvisceral internal AT Internal AT minus visceral AT.
Intramuscular AT AT within a muscle (between fascicles).
Perimuscular AT AT inside the muscle fascia (deep fascia), exclydin
intramuscular AT.
Intermuscular AT AT between muscles.
Paraosseal AT AT in the interface between muscle and bone (e.g.,
paravertebral).

Adapted from Shen et al. (2003) [49].
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AT is distributed throughout the human body and tradtern of distribution is
influenced by many factors, including sex, age,oggpe, diet, PA level, health status,
and others conditions [13, 50-52]. As observed &yaver dissection in theference
man study [3], AT represents approximately 21%, abbbitkg of body weight of a
healthy 70-kg man. According to these authors, enrabout 11% of total body is

composed by subcutaneous AT, 7.1% is considerédthsr separable” AT, 1.4% as

interstitial AT, and 2.1% as yellow marrow (inclubeith skeleton) AT.

Figure 1.4.Axial plane of both thighs on a typical resolutiéi scan. (A) Skeletal
muscle tissue; (B) Subcutaneous adipose tissudn{€@)muscular adipose tissue.
Thevisible womarproject [4], based on whole body MRI segmentedgeseof a single
female cadaver, revealed that subcutaneous AT miexbehe largest section of body
volume (37.5%), followed by SM (25.6%), remaind2t.0%), head and neck (6.7%),
visceral AT (5.2%), and lung (3.1%). Similarly, sutaneous AT was the largest
compartment in each region: 37.4% of trunk volud®4% of upper limb volume, and

45.7% of lower limb volume. Remainder representédB% of trunk volume, while
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visceral AT and lung were the minor contributorgte$ body region volume (8.7% and
5.2%, respectively).

Sexual dimorphism was observed [53], with the dsetlmle-body MRI, indicating that
total AT was significantly smaller in men when caangd to women (18.8 + 8.1 L
versus25.2 + 11.9 L). Ethnic differences were found wiiRl assessment, indicating
that total AT was lower in African-american menrtha Asian men, after controlling
for age, height, weight and gender [54]. The satudysrevealed no ethnic differences
for total AT in women.

Different health conditions may also influence t&a, as observed by Gallagher et al.
[55], accordingly to which T2DM women presentedsldéstal AT than non-diabetic
controls, while men with T2DM showed more total &i&n controls. These results may
indicate sex-specific differences in total adippsit response to metabolic alterations.
Because total AT represents the sum of different depots, the implications of
between-group differences in total adiposity shobél considered in regard of the
differences observed in its subdepots, reinfordimg relevance of measures of AT
distribution in order to understand regional adifyosontribution.

Only in the last decades, AT distribution withire tthigh, whether it's subcutaneous or
located beneath the fascia, adjacent or inside SSdted to be investigated as ectopic
depots of AT. The specific components that have lstedied include subcutaneous AT
(TSAT), intermuscular AT (TIAT), and intramuscul&T. This last component can
only be inferred from SM density analysis, by meahshe HU values, as previously
referred, so it will be indicated as SM density qurality and it has already been
addressed.

In what concerns total subcutaneous AT, crossamgtidata indicate that, although

subcutaneous AT increases with age, subcutaneoussAd proportion of total AT
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decreases with advancing age, after approximatelyears of age [53]. Differences
between genders were observed with females pragdatiger subcutaneous AT across
the entire age range (23.7 JVersus16.5 L), representing approximately 94.0% and
87.8%, in women and men, respectively, indicatitepic gender differences in AT
partitioning. Similar results had alreadyebeobserved with a single CT slice at
midthigh, showing greater subcutaneous AT areadmen than in men [13].
Accordingly to Shen et al. [53], in both gendersnaaller slope of the regression line
between subcutaneous AT and age was found ovexgdef 50 years when compared
with younger subjects, suggesting a decreasedeimflel of the subcutaneous AT
compartment in older ages [53]. More preciselywomen, subcutaneous AT was larger
with increasing age before the age of 35 yearsragismaller with increasing age after
the age of 35 years, after adjustment for totalaf@ ethnicity.

When menopause status was taken into account,e3lan53] observed an association
between subcutaneous AT and age in premenopausanyavhile in postmenopausal
females no connection was found between the sammmbies. When pre and
postmenopausal subjects were pooled together, raesap effects were no longer
significant, either as an individual term or agmtctions with age. These results suggest
that age and subcutaneous AT relationships shoalddnsidered when screening is
performed in premenopausal women.

It is important to note that the sample used bynSéteal. [53] only included healthy
subjects and the mean BMI was of 28& kg/nf and 25.%5.4 kg/nf in adult males
and females, respectively. Whether the inclusioal@&se individuals in the study might
have induced changes in the results, particul&uyri partitioning was considered as a

function of total adiposity, is a matter that regsifurther research.
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Yim et al. [54] found ethnic differences in subawaus AT, more precisely when
Caucasians, African-americans and Asians were cadpasian men and women
revealed significantly less total subcutaneous ABnt Caucasians and African-
americans, after adjustment for age, gender, atal #T. Identical results were
observed for femoral-gluteal subcutaneous AT [54].

Subcutaneous AT in the thigh represents the mgjofitotal thigh AT area, comprising
nearly 90%, either in lean, obese glucotolerant] abese T2DM subjects [13].
Similarly to total subcutaneous AT, women showedatgr subcutaneous femoral-
gluteal AT than men [13].

Different health conditions may also be characegtiby distinct subcutaneous AT
distributions. Whole-body MRI revealed that sulgectvith T2DM presented
significantly less total subcutaneous AT, includmdesser amount of femoral-gluteal
subcutaneous AT, than control subjects [55]. Prev&tudies with obese subjects based
on a single CT slice at midthigh reported greateas of subcutaneous AT in obese
glucose tolerant and obese type 2 diabetic subieatsin their lean counterparts [13].

A negative association was found between midthigitstaneous AT area and glucose
tolerance indicators, in women, suggesting thateimged thigh AT lipid content was
associated with better glucose tolerance.

Accordingly to Kelley et al. (1991) [14], the ansily of midthigh CT scans in obese
middle-aged males, revealed that increased AT avidissue contributed two-thirds
and one-third, respectively, to increased thighunw. Furthermore, the increment in
SM verified in the obese was due to an increasédnw® of SM, with attenuation values
below the normal range for SM, which enlarged irreaiprocal relationship with
increasing obesity. Despite the increase in lowsignSM, the volume of normal

density SM seemed to be unaffected by obesity [14].
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In a multiethnic sample, femoral-gluteal subcutarseAT was inversely associated with
insulin and triglyceride concentrations, suggestngegative relationship between these
metabolic risk factors and subcutaneous AT locatetthe thigh region [54]. Previous
reports by Snijder et al. [56] indicated that largaibcutaneous thigh AT was
independently associated with more favorable biglodose (in men) and lipid levels
(in both genders), which is in agreement with thdihgs of Goodpaster et al. [57] who
found that subcutaneous AT in the thighs of obeee and women was associated with
a lower prevalence of the metabolic syndrome.

These results suggest that femoral-gluteal subeata AT may have a protective
effect on metabolic risk factors but the mechanighwught to be involved in the
protectiveness in relation to insulin resistancd eardiovascular disease are not fully
clarified. Some authors suggest that femoral-gluf€ may act as a reservoir for
circulating non-esterified fatty acid [58]. Due its lipolytic activity, with arelatively
high lipoprotein lipase activitysubcutaneous thigh AT [59, 60] is more likely thetaup
non-esterified fatty acidrom the circulation, protecting other organs agaia higher
exposure. Simultaneously, subcutaneous femorag¢g T presents a low rate of fatty
acid release [58, 61]. This way, ectopic fat steregprevented, leading to a lower risk
of insulin resistance [58, 62]. Another hypothdsighat there could be also regional
differences in adipokines secretion, namely in stdoeeous thigh AT, that might
contribute to the associations of this AT depotwvglucose and lipid levels [56].
Regarding TIAT, several research studies quantifiesl component with the use of a
single-CT slice measurement [13, 33], or by whaldyoMRI [63]. Comparisons of CT
and MRI for TIAT data with corresponding cadavealgsis showed a high correlation
(r=0.92) for leg and arm [7]. Gender comparison readathat men showed

significantly more TIAT than women (2t1.1 cnf versusl.5 0.9 cnf) [64].
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Accordingly to Goodpaster and colleagues [13], Ti&presented approximately 1.1%
(1 cnf) of thigh AT in lean subjects, 3.1% (5 &nin obese glucose tolerant individuals,
and 5.7% (9 cA) in obese diabetic patients, showing an enlargenmeIAT with
increasing BMI and in T2DM. In what concerns obeséjects, similar results were
obtained by the same authors in another studyqB8Wving TIAT absolute and relative
contributions of 4.6 cfand 3.0%, respectively.

Ethnic differences were observed in this thigh congnt revealing that with increasing
adiposity, African American women and men accuneutpkeater deposits of TIAT than
do whites or Asian females and males, and theréiftee grow across the range of total
AT [63]. Asians showed TIAT levels similar to thosé whites, but because they
present higher amounts of total AT, they obtairted, the highest proportion of total
body AT as TIAT. So, an ethnic difference occunsTAT, and because of its location
surrounding SM, it is possible that it will have pheations in glucose regulation,
suggesting that this type of AT distribution couhderact with ethnicity in metabolic
risk [63].

Concerning health implications of TIAT, it was shexvthat this distribution of AT
deposition estimated by CT was an important bodypsition determinant of insulin
resistance in obesity and T2DM. Specifically, TIA¥as highest in obese DM, and
although it accounted for only <3% of thigh AT,was a strong marker of insulin
sensitivity [13]. These results were confirmed hpde of Larson-Meyer et al. [38],
who, in addition, found that a 1-kg increase in Y&t mass (FM), either in T2DM or
in obesity, was associated with a 0.5-1.¢ @amrement in TIAT.

Findings obtained through MRI assessment perforimebe whole body corroborated
CT data, indicating that more TIAT was found in T@Dhan in healthy non-T2DM

control subjects [55], and that calf TIAT from setis at increased risk for T2DM seem
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to be involved in the pathogenesis of insulin tasise, as shown by the significant
negative correlation with the glucose infusion ratéoth women and merr=-0.43 vs.
r=-0.40, respectively) [64]. Yim et al. [65] obtathetrong independent associations of
TIAT, derived by MRI, with fasting glucoseP€0.001) and protein bound glucose
(P<0.001), suggesting that TIAT may be related tocghe metabolism in Caucasian
and African American healthy individuals; howev@&tAT was also associated with
total cholesterol in Caucasian. Furthermore, amotbsearch of the same group [45]
revealed that although femoral-gluteal TIAT distitibn varies by sex and ethnicity
(Asian and African-American men had greater femghateal TIAT than Caucasians,
adjusted for age and TAT), it presented an indepengbositive relationship with
cardiovascular disease risk factors.

Some authors consider that AT interspersed arolhan$g impair muscle blood flow,
reduce insulin diffusion capacity, or increase lagancentrations of fatty acids, all of
which have been shown to be associated with insaBistant glucose metabolism in
SM [66-68]. Further, it has been suggested thatnarease in TIAT contributes to
insulin resistance through enhanced rates of Igslwithin SM [69]. Accordingly to
other researchers, one possible explanation albeuptobable mechanism of action
linking TIAT with insulin signaling is through treylglycerol metabolites interfering
with insulin signaling transduction, thereby albgriwhole body glucose and lipid
metabolism [63]. These findings reveal that, altffowan association exists between
TIAT and insulin resistance, controversy on thesguas biological causes of these
association remain, indicating the need of futessearch.

In what concerns thigh AT location and its metabadplications, further research is
warranted, particularly with longitudinal approasheither in different ethnic groups,

as well as in several health conditions, such asiopb
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Body Composition Assessment

The demands of the scientific community to estinfafeas a useful predictor of risk
development of chronic diseases (such as ischeewdrt ldisease, and non-insulin-
dependent diabetes) has contributed to the increfasgethods to measure this body
tissue. Conversely, until recently, the assessme8M tissue has been limited, but the
increased awareness of the significance of devwafppnd maintaining SM mass has
stimulated the focus on approaches forithe@vo estimation of this metabolically active
body component, reflecting multidisciplinary intst® Nevertheless, SM mass remain a
difficult or impractical body component to accutgtguantify in living humans.

The most accurate techniques to assessivo SM and AT are the two imaging
methods: CT and MRI [70, 71], allowing the idem#tion of tissue-organ components.
MRI will not be addressed in detalil in this revieiwe to the fact that is not part of the
methods used in the present Thesis. Inversely,usecthe molecular and the whole
body levels will be analyzed through dual-energyra)- absorptiometry and
anthropometry, respectively, these methods charsiits will be referred in the current

literature review.

Computed Tomography (CT)

Originally, CT was used in body composition reska@ estimate tissue dimensions,
but this technique has been refined to allow thelysis of tissue composition [9, 34,
70, 72]. CT uses ionizing radiation and differences in t#ss¥-ray attenuation
characteristics to construct cross-sectional imagesthe body [70]. The X-ray
attenuation is expressed as the linear attenuabefficient or CT number, which is a

function of tissue density and chemical composit@raracteristics [73]. The CT
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number is expressed in Hounsfield units (HU), om blasis of a linear scale using air
and water as the reference (-1000 and 0 HU, respgot

Cross-sectional CT images are composed of pictereents or pixels, usually Imm by
1mm square, each of which has a CT number or HUevah a gray scale, that reflects
the composition of the tissue. The lower the dgrsitthe tissue, the lower will be the
HU values for the pixels that make up that tiss2# [f0, 73]. For example, AT density
is lower than that of water, and the CT numberA®rpixels ranges from -190 to -30
HU, while for SM ranges from -29 to +150 HU, and lbmne tissue from +152 to +1000
HU [7, 74, 75]. These characteristics allow theetfaination of the tissue area (Qrfor
the different tissues in each cross-sectional imaggng a computer-automated
procedure that identifies the area of the targsue, by selecting pixels within a given
HU range [74].

Through multiplying the number of pixels for a givéssue by the surface area of the
individual pixels, the area (&nof the tissue is obtained. If multiple CT image®
acquired, tissue volumes (&ntan be calculated by integrating cross-sectiared data
from consecutive slices. As tissue densities for M and organs are fairly constant
from one person to another, CT volume measurethése tissues can be converted to
mass units by means of multiplying the volume by éissumed density values for that
tissue [70]. For example, the assumed constanitiEntor AT and SM are 0.92 g/ém
and 1.04 g/crh respectively [76].

Additionally, the average HU for SM can be usedciasndex of SM lipid content: the
lower the average SM HU value (i.e., mean attepoatalue), or the greater the number
of low density SM pixels (e.g., <+30 HU), the highke SM lipid content. But, it is
important to note that, SM attenuation values by @fe not analogous to

intramyocellular lipid values obtained by SM biopsy proton magnetic resonance
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spectroscopy, because CT is not capable of disshong between these two layers.
Meaning that, SM attenuation determined by CT riefeection of both intramyocellular
and extramyocellular lipid content [70].

The validity and accuracy of area and volumeasurements from CT have been
established by comparing CT measures in human eseslavith direct measures (e.g.,
dissection, planimetry). A good agreement was folretween CT and cadaver
dissection for AT areas (correlations ranged fromv Qo 0.94) [77], SM cross-sectional
areas from the proximal thigh (correlations >0.pA], and SM and subcutaneous AT
areas in the arms and legs (correlations from @®799) [7].

For tissue quality, no comparisons have been matiwelen CT measures of tissue
composition and direct chemical extraction from lnncadavers. So, the validity of CT
has been determined by comparing the imaging methaith tissue biopsy samples in
humans. CT-determined SM attenuation charactesistiere well correlated with SM
lipid levels determined in muscle biopsy sampleggranprecisely, between SM
attenuation in the midthigh with SM triglyceridentent and oil red O staining of lipid
in muscle fibers, measured in percutaneous biopsyrdlations of 0.53 and 0.43,
respectively) [11, 12, 34]. These results indi¢htgin vivo determination of SM by CT
Is associated with muscle lipid content.

In what concerns the reproducibility of tissue ditsioy CT, in general, CT tissue area
and volume are highly reproducible, revealing lavefticient of variation for repeated
CT SM measurements in the thigh (1.4%) [79], andafbole-body AT volume (0.6%)
[74]. Very little is known regarding the reprodudily of the measurement of tissue
quality by CT. Goodpaster et al. (2000) [34] repdrthat the test-retest coefficient of

variation for SM density was 0.51% in the thigh &85% in the calf.
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CT body composition assessment is being used iiplaitomponent analysis to
guantify total body and regional AT, SM, bone, tivand other organ-tissue volumes,
across age groups, and disease states. By thissmeaallowing to study the effect of
aging, gender, ethnicity, obesity, weight loss,rese, inactivity, type 2 SM size and
guality, on associated function and metabolic icgdlons [9, 13, 28, 34, 36, 45, 56, 57,
80]. The majority of these studies have based thigservations on a single CT image,
tipically, in the case of the SM, at the midthiglel [70].

Although CT is more accessible than MRI, exposuwrgadiation limits its use for
multiple-image whole-body tissue quantification,dalimits applicability in children
and premenopausal women [81]. Thus, it is commaerrdsearchers and clinicians to
use a single image (cross-sectional area, if) éon the purpose of estimating whole
body components. Some authamsestigated how well the measurement of a single
image could provide estimates of total body SM, & intermuscular AT, in healthy
adults, whether its location was in the midthighirothe abdomen (kLs), butdue to
ionizing radiation exposure in CT, these studiessve®nducted only with MRB2-84].
Lee et al. (2004) [82], observed that thigh measofeSM resulting either from a single
image, or from a succession of 7 consecutive imaglesined by MRI, were better
predictors of whole-body SM, with smaller standartbrs of the estimate (SEE), than
abdominal SM measures. Nevertheless, SM in therabdavas also a strong marker of
whole-body SM which can be useful every time thedwinely abdominal single image
Is acquired to estimate FM in the abdomen. Sheal.e€2004) [83], obtained high
correlations between SM and AT areas from a sirgbelominal slice and the
corresponding total body SM and AT volumes, estaddity MRI. More precisely, these
authors verified that the highest correlation withole body SM volume occurred with

SM area estimated 5 cm abovells level, while the best correlation for total body A
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volume was found with AT area 5 cm belowls, with a relative small influence of
age, sex, ethnicity and prone or supine imagingpctobn position. Other authors (Ruan
et al., 2007)[84] estimated whole body IMAT volurinem single-slice IMAT areas at
different body locations, assessed by MRI, in atm@thinic population. Accordingly to
these authors, midthigh was the near best singldigior in all ethnic groups, with
adjustedR? ranging from 0.49 to 0.84. When a second and thlice were added, an
increase inR® occurred (ranging from 0.49 to 0.92), along wittregluction of the
standard error of the estimate, which ranged frobb Q to 0.36 L, independently from
menopausal status and degree of obesity. So, ghhodividual applicability of a
single-slice image is limited, the literature iraties that group studies could be
conducted economically using a single cross-sealtiSM and AT areas.

Merely a few studies have made a direct comparmween CT and MRI. Engstrom
and colleagues [78] compared SM cross-sectional rmeasurements in the midthigh of
three cadavers to corresponding MRI images, anddidhat CT and MRI measures
were highly correlated for each muscle=(.81 to 1.00). Two other studies, that
combined a total of 18 subjects, compared CT and M&asures of subcutaneous AT
and found correlation coefficients ranging from&1t9 0.99 [85, 86]. Mitsiopoulos et
al. [7] reported a strong correlation between Ca@ bRl measures for SM£0.97) and
subcutaneous ATr£0.99), obtained from an arm and leg from eachvoftadavers.
These findings indicate that additional researchetuired to compare CT and MRI
images in larger and more heterogeneous samplasdreg age, gender, ethnicity, BMI
status, among others, in order to determine theedgegf interchangeability of these
methods in the evaluation of the different tissugao components of the body. Only

after the agreement between the two techniquestableshed it will be possible to
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accept MRI findings (such as those regarding sis@ite versusmulti slice results) to

be used in CT assessments, aice-versa

Dual-energy X-ray Absorptiometry (DXA)

Another imaging method used to estimate body coitipps not at the tissue-organ
level but at the molecular level, is dual-energyy-absorptiometry (DXA). Originally,
DXA was applied to assess bone mineral contentdamdity, but technology has been
refined for the analysis of soft tissue mass [&XA assesses body composition by
measuring the attenuation of X-rays emitted usiagcg- or fan-beam technology at
two energy levels as it traverses the body [EBfA software allows the distinction
between bone mineral and soft tissue, after whaduis the soft tissue separation into
fat and lean soft tissue (LST).

Beside these estimations, DXA software permit tenition of particular regions of
interest, such as the thigh, providing specifioinfation about bone mineral, fat and
lean soft tissue. Although there is a good agre¢rbetween DXA regional body
composition assessments and whole body scansg jprétision found for bone mineral
density, fat, and lean soft tissue mass, regioredsurements (lower and upper limbs,
trunk, pelvis, and spine) seem to be less prebese total body measurements [89, 90].
Measures of total and regional fat-free soft tisswass (coefficient of variation from 1
to 7%) [5, 91, 92Jand FM (coefficient of variation from 1 to 7%) [9lking either
pencil- or fan-beam technology are highly repea&talblit results may differ between the
two methods or model types (e.g., Hologic, Lunac,)g93]. Besides to the scanner
type (pencil- or fan-beam), estimations of fat &mh soft tissue mass using DXA are
affected by the software used (algorithms), thétabdiameter, and the hydration status

of the subject [94]. Other limitations of DXA apgdibility regarding obesity studies are

Faculty of Human Movement, Exercise and Health Laboratory - 25 -



Chapter 1: General Introduction

due to the size of the subject, as obese indivedmaly exceed the weight (114 to 159
kg) and size (193-197 cm by 58-65 cm) limits of dgeiipment, depending on the
manufacturer and model [94]. Additionally, incredstessue thickness, such as that
found in obese individuals, is associated with enq@menon called beam hardening that
may induce an underestimation of the accuratediatent [91, 95].

DXA scanner is relatively easy to use in most pafans as it requires very little effort
from the participant [94]. Furthermore, DXA measuents involve less radiation
exposure than CT, are less time consuming, andlyeadailable at a significantly
lower cost, contributing to the increasing usehid technique at different settings.

To our knowledge, only a few studies in obese hugrtzave examined the ability of
DXA to predict SM as compared to criterion methoslsch as the four-compartment
model or CT and whole-body MRI. DXA estimates opeapdicular FM are strongly
associated with CT AT mass £ from 0.91 to 0.99) [95, 96]. Equally, DXA meassir
of total or appendicular lean soft tissue massayglely associated with matching values
obtained by CT or MRI (coefficient of correlatiorom 0.86 to 0.98) [5, 92, 95-97],
although in one study DXA minimally overestimatell $ healthy 2.0 kg and 5.8%)
and HIV-infected men (1.4 kg and 5.1%) [98imilarly, a close association has been
observed between total FM, as estimated by a fompartment model, and fan-beam
DXA (r = 0.98) [99]. Recently, Bredella et al. (2010) Q1CQeported thatDXA
underestimated thigh fat and overestimated thigsaleumass when compared to CT,
and this error increased with increasing weightpiemenopausal women, within the
phenotypic spectrum ranging from obesity to an@&drvosa. So, accordingly to these
authors, DXA may not accurately assess body cortippsn markedly obese women.
The same authors referred, also, that the levélydfation affected DXA estimates of

thigh fat.
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When DXA was used to evaluate changes in body ceitipo in obese subjects, it was
observed that DXA overestimates alterations in BRY underestimates modifications
in lean soft tissue mass, compared with criteriorasores, such as the four-
compartment model or CTr=0.53 to 0.55 regarding lean soft tissue changed, a
r=0.66 to 0.90 concerning FM modifications [101-10@pncerning the thigh region, in
relatively healthy older men, DXA overestimatedgthiSM before and after a strength
training intervention. Additionally, DXA was not kgbto detect small changes in this
body composition component resulting from a strertgaining intervention, because
the error associated with DXA was greater than3Me change, which did not occur
with CT results [105, 106].

So, althoughin comparison with criterion techniqud3XA has theability to detect FM
and lean soft tissue changes in subjects thabtmd weight, improvements to DXA are
needed to achieve accurate assessments of smafjeshan thigh SM mas§) order to
validate DXA as a reliable measure in that confe@7].

The discrepancies observed between DXA and tharaging reference methods may
be partially caused by the different componentsmedged by each technique: DXA
provides the proportion of fat in each pixel, estiing measures of fat rather than AT,
unlike CT and MRI. Furthermore, CT differs from DXA that pixels are allocated to
AT or to lean tissue depending on levels of HU, arelnot graded as mixtures of lean
tissue and AT [88]. Nevertheless, the strong cati@h found between DXA and CT
measures of SM and AT (as reported previously)catd that DXA provides a cheaper,
faster, and more readily available alternative 6 &d MRI, with lower radiation

exposure than CT.
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Anthropometry

Anthropometry represents a whole-body approacidoly composition estimation, that
includes measures such as weight, stature, circendes, skinfolds, and body
diameters. In the current literature review, oniycumference measures will be
addressed. The instruments needed are portableektiyely inexpensive, comprising
noninvasive procedures. Training is required by@merienced professional and quality
control, including analyses of reliability data acalibration of the equipment, should
be performed during a study, and during the coofsdinical work [108].

The interpretation of an anthropometric value isdobon the assumption that the tissues
included in the measurement are istandardstate, for example, that muscles are fully
relaxed, and soft tissues are normally hydratethel$e conditions are not full field, data
interpretation may be invalid. Almost all anthropetnic variables include a variety of
tissues, and their separate influences on recordiegs are not always clear [108]. For
example, the enlargement of SM or subcutaneousdreases girth measurements, and
standing for 1 to 2 hours, or prolonged sittingyses an accumulation of extracellular
fluid in the lower limbs, leading to increases ki@ and calf circumferences [108].
Another assumption, when anthropometry is usedoullylcomposition, referrers that
tissue composition is independent of tissue simé,this assumption may be violated
[108]. For instance, the relative fat content of Afiesents a direct association with
subcutaneous AT thickness within age groups [108;1dnd the fat content increases
with the enlargement of subcutaneous AT during ¢gincand aging [112, 113].

From the several anthropometric techniques availaskinfold thickness have been
extensively used to assess subcutaneous AT, im twdestimate total body density, as
proposed by Jackson & Pollock, or Durnin & Womeysleor men and women, of

varying age and body composition [114-116], andctwrect girth results in the
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estimation of SM mass, as developed by Martin efl1dl7], or Doupe et al. [118] in
elderly cadavers, or by Lee et al. [119] in adoltdoth genders and different weight
conditions (non-obese and obese). Neverthelesse tise some concern about the
accuracy of skinfold measurements in obese populstil20, 121], namely, anatomic
points might be difficult to identify, the entirepith of the skinfold is hard to grab, and
larger amounts of subcutaneous AT turn into a diffi task the elevation of the
skinfold with parallel sides, increasing intra- amder-observer errors. Also, the
maximum jaw opening of the calipers might makenmpossible to measure skinfold
thickness.

Studies including obese individuals should consu&ng alternative anthropometric
techniques, such as circumferences. The analydiseofssociations between multiple
skinfold thicknesses and girths revealed that tinesasures were highly correlated, and
that circumferences were fairly more reliable mdthiban skinfold thickness at the
same sites, in overweight subjects. In additior, ldw correlations between these two
techniques indicate that the sets of skinfold ainith gneasures are not interchangeable
[122-124].

Accordingly with Bellisari & Roche [108], in termsf body composition, limb
circumferences are difficult to interpret, becatisey include skin, subcutaneous AT,
muscle, bone, blood vessels, nerves, and deep Al ihterpretation of hip
circumference is uncertain since it includes laageunts of AT and SM, and it is also
affected by pelvic size and shape. Limb circumfeesn corrected for skinfold
thicknesses can be used to estimate muscular gewetd. Circumferences are assessed
with a tape while minimal tension is applied sottliae soft tissues will not be
compressed; as a consequence, an enlargement@iftaubous AT or SM caused by

edema will increase the recorded measurements.[108]
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In what regards limb composition, anthropometrynalaloes not provide the most
accurate predictions of AT and SM mass. In faagheassumptions that have been used
in anthropometric indexes of limb composition hgreven to be incorrect, such as
those concerning: cross-sections of the limbs moelar; a skinfold thickness is equal
to the thickness of subcutaneous AT at the site¢igianeous AT in a cross-section of a
limb is of constant thickness [108]. When matchpdaiMRI, a general level of fatness
IS measurable by anthropometry and MRI over a rafgebjects. However, the pattern
of fat thicknesses assessed over a number of gpesitts by one method of
measurement is unlikely to be duplicated by thesiothethod on the same individual
[125]. When compared with CT or MRI data, the aogmmetric approach
overestimates SM plus bone cross-sectional areéiseitimbs, despite SM plus bone
areas from CT or MRI include AT and connectiveuessvithin SM. In the elderly and
the obese, this overestimation is larger [126, 1@&ftly due to increases in intra- and
intermuscular AT, which are not related to the antswf subcutaneous AT [128, 129].
The functional capacity of SM can vary independeatlits volume, as occurs when its
water content increases in severe protein-caloranuatrition [130], and when an
enlargement in intra- and intermuscular AT take@)as in obesity and in the elderly.
A literature review focused on thigh SM and AT potide equations, based on
anthropometry and using imaging methods as theemde, is presented in Tables 1.2
and 1.3. The first thigh SM and AT equations argently used and their development
was based in mathematical functions derived from d@nthropometric assumptions
already mentioned. All the other equations werehmpometry based, with the
exception of Elia et al. equation [131] that estisaSM mass also from DXA
assessment. In what concerns the reference mesigall only Overend et al. [132] used

CT as the reference for several SM area and vokstmates, while the other equations
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Reference Sample Method Reference Predicted Equation SEE/R
Method Variable
Midtghigh area MTA = MTC?/ 4n
(en)
Midthigh SM plus ~ SMBA = (MTC -1tx TSF/2f x 4n
bone area (cf
Limb SM CSA TMA = (MTC?/ 4m) — (MTC x TSF/ 2) - BA
(en)
Thigh SM CSA TMA = (MTC?/ 4r) — (MTC X TSF/ 2) - 6
(cn)
Wright & Heymsfield Thigh SM area TMA = (MTC —n x TSF}/ 4n
(1984) (cr)
Overend et al. (1993) N=24 (M) Anthropometry Thigh CT Young men
[132] Young men Total quadriceps TtQA = (MB CSA x 0.31) + 28.0 R’=0.86
n=13 CSA (cnf) SEE=5.4 crh
Age=24.5+5.4y
Weight=70£10.7 kg Total quadriceps TtQV = (MB Vol x 0.45) - 51.3 R?=0.96
Old men volume (cr) SEE=58.7 crh
n=11
Age=71.0+4.6 y Quadriceps SM QSMA = (MB CSA x 0.30) + 27.6 R?=0.86
Weight=75.0%6.9 kg CSA (cnf) SEE=5.2 crh
Quadriceps SM QSMV = (MB Vol x 0.43) — 58.4 R?=0.96
volume (cr) SEE=56.5 crh
Total hamstrings TtHA = (MB CSA x 0.55) — (TtT CSA x 0.35) + 14.7 R?=0.62
CSA (cnf) SEE=4.4 crh
Total hamstrings TtHV = (MB Vol x 0.17) + 39.0 R?=0.47
volume (cr) SEE=109.6 cth
Hamstrings SM HSMA = (MB CSA x 0.53) — (TtT CSA x 0.35) + 14.7 R?=0.61
CSA (cnf) SEE=4.2 crh
Hamstrings SM HSMV = (MB Vol x 0.15) + 53.0 R’=0.43
volume (cr) SEE=107.6 cth

Faculty of Human Movement, Exercise and Health Laboratory - 31 -



Table 1.2.Thigh SM tissue prediction equatioft®ntinuing)

Chapter 1: General Introduction

Overend et al. (1993)
[132]

Housh et al. (1995) [133]

N=43 (M)
Age=2515y
Weight=81.1+12.8 kg

Anthropometry

Midthigh MRI

Total quadriceps
CSA (cnf)

Total quadriceps
volume (cr)

Quadriceps SM
CSA (cnf)

Quadriceps SM
volume (cr)

Total hamstrings
CSA (cnf)

Total hamstrings
volume (cr)

Hamstrings SM
CSA (cnf)

Hamstrings SM
volume (cr) Total
quadriceps CSA
(en)

Thigh SM CSA
(cn)

Quadriceps CSA
(cn)

Hamstrings CSA
(cn)

Old men
TtQA = (MB CSA X 0.52) —17.4

TtQV = (MB Vol x 0.39) + 12.4

QSMA = (MB CSA x 0.52) — 22.4

QSMV = (MB Vol x 0.38) — 94.4

TtHA = (MB CSA x 0.29) - 11.8

TtHV = (MB Vol x 0.13) + 196.2

HSMA = (MB CSA x 0.28) — 15.7

HSMV = (MB Vol x 0.13) + 83.0

TMA = (4.68 x MTC) — (2.09 x AntTSF) — 80.99

QA = (2.52 X MTC) — (1.25 X AntTSF) — 45.13

HA = (1.08 x MTC) — (0.64 X AntTSF) — 22.69

R?=0.82
SEE=3.8 crh

R?*=0.84
SEE=83.3 cth

R?=0.81
SEE=3.8 crh

R?=0.80
SEE=93.0 cth

R?=0.65
SEE=3.2 crh

R?=0.47
SEE=62.7 cth

R%=0.64
SEE=3.2 crh

R?=0.37
SEE=73.4 cth

R=0.86
SEE=9.5 crh

R=0.86
SEE=5.2 crh

R=0.75
SEE=3.5 crh
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Table 1.2.Thigh SM tissue prediction equatioft®ntinuing)

Knapik et al. (1996) N=18 (9M; 9F) Anthropometry Midthigh MRI Thigh SM CSA TMA = 0.649 x [(G/n — TSFf - (0.3 x @) R=0.96

[134] Age=2345y (cr?) SEE=11.3 crh
Male
n=9

Age=21.0+2.3y
Weight=81.6+7.0 kg
Female

n=9
Age=25.2455y
Weight=59.6+7.0 kg

Elia et al. (2000) [131] N=16 (8M; 8F) Anthropometry and  Thigh MRI Limb SM mass (kg) DXA Not indicated
Age=41-62 y DXA SMM = LimbM - FM - 1.82 x BAsh
Male
n=8 DXA and anthropometry
Age=43-62 y Men
BMI=28.6+5.4 kg/m SMM = (1.029 x LimbM) — (1.286 x FM) — (2.800 x B&)s—
Female (0.905 x skin)
n=8
Age=41-60y Women
BMI=25.145.4 kg/m SMM = (1.037 x LimbM) — (1.297 x FM) — (2.824 x BAs—

(0.913 x skin)

AntTSF, anterior thigh skinfold (mm); BA, bone argnt); BAsh, bone ash mass (kg);, ®tal thigh circumference; CSA, cross-sectiomabaCT, computerized axial tomography; COPD, cierobstructive
pulmonary disease; CTG, thigh circumference coeceéor the front thigh skinfold thickness (cmy; distance across the medial and lateral femoiiabagyle (cm); DXA, dual-energy X-ray absorptionyetf,

female; FM, fat mass (kg); HA, hamstrings area’jc#SMA, hamstrings skeletal muscle cross-sectianed (crf); HSMV, hamstrings volume (cfy LimbM, limb mass (kg); M, male; MB CSA, muscliug
bone cross-sectional area @nMB Vol, muscle plus bone volume (EMMRI, magnetic resonance imaging; MTA, midthigtea (cnf); MTC, midthigh circumference; QA, quadriceps afear); QSMA,

quadriceps skeletal muscle cross-sectional ared;(@8MV, quadriceps skeletal muscle volume {rBMBA, skeletal muscle plus bone area JcrB8MM, skeletal muscle mass (kg); TMA, thigh mesatea
(cnP); TMV, thigh muscle volume (cBy TSF, thigh skinfold thickness (mm); TtHA, totsmstrings cross-sectional area {ritHV, total hamstrings volume (¢ TtQA, total quadriceps area (YnTtQV,

total quadriceps volume (S TtT CSA, total thigh cross-sectional area ftm
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Reference

Sample Method

Reference
Method

Predicted Equation
Variable

SEE/R

Tothill et al. (2002) [135]

Group 1 Anthropometry
N=10 8 M; 2 F)
Age=23-49 y

Male

n=8
Age=35.0+7.3y
BMI=24.3+1.4 kg/m
Female

n=2
Age=30.3£7.8y
BMI=19.6+0.4 kg/m

Thigh MRI

Midtghigh area (A  MTA = MTC?/ 4n

Midthigh MSAT = MTA - SMBA

subcutaneous AT area
(crP)

Limb (thigh) TSATA=(MTC x TSF) /2
subcutaneous AT area

(cn)

Anterior thigh
subcutaneous AT
thickness (mm)

TSATT = [(0.40 x TSF) / 2] + 0.51

R?=0.17
SEE=2.2 mm

F, female; M, male; MRI, magnetic resonance imagM§AT, midthigh subcutaneous AT area GnMTA, midthigh area (cf); MTC, midthigh circumference (cm); SMBA, skeletaliscle plus bone area (®m
TSATA, thigh subcutaneous adipose tissue ared){aBATT, thigh subcutaneous adipose tissue thiskiimm); TSF, thigh skinfold thickness (mm).
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were MRI based. The predicted variable of the aqoatinvolving MRI were thigh SM
and several thigh SM groups (quadriceps and hamgsdricross-sectional areas, and also
subcutaneous AT thickness. One weakness of a#dbations, except in what concerns
the mathematical derived formulas, is that theyendeveloped with small samples,
thus limiting its validity and reliability. Otheirhitations concern the low Fobtained
for hamstrings cross-sectional areas and volumesoth young and old men [132], as
well as for the anterior thigh subcutaneous AT khess estimates [135], or even the
absence of this analysis [131].

Regardless of the referred limitations, anthropoynistan essential component of body
composition, and of body composition predictive a&gqns. Furthermore,
anthropometric assessment, and the body composiiloies to which they are related,
are significantly associated to health, namely witiesity and related morbidity [136-
139], and mortality [136, 140-142]. Nevertheledsidees that employ research-based
imaging methods such as CT and MRI, that quantiy major body composition
components at the tissue-organ level, and the extewhich they could be predicted
from anthropometric measures, linking body compmsitand health status, deserves
further development in future research, updatinthrapometry applicability to the
whole body and in several ectopic AT depots (sushlivaer, perivascular, kidney,
pancreatic, and SM), as well as to other body ca@mtipo components.

Based on the wide range of known body compositioodelts and measurable
properties, scientists, clinicians and trainers, @aantify several body components and,
with longitudinal assessment, can track changeblealth, disease and sports, with
implications for understanding efficacy of nutrited, clinical and training

interventions, as well as diagnosis, preventiod, ta@atment at different settings.
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Body Composition versus Physical Activity and Physical Fitness

As described previously, the analyzed thigh comptmeary influenced by several
factors such as gender, age, and health statugr @htors affecting SM and AT
changes include PA and physical fitness.

PA has been widely recognized as an important inealtributor, with a major role in
the prevention and treatment of several non-comoalnhe diseases, independently
from gender, and across lifespan, representingya&germinant to energy expenditure,
and thus fundamental to energy balance and wedatital [143-145]. Accordingly, PA

iIs recommended as a component of weight managefioremrevention of weight gain,
weight loss, and prevention of weight regain afterght loss [146]. In order to prevent
weight gain, evidence supports the effectivenesaaderate intensity PA between 150-
250 min/wk. Modest weight loss can be achieved Withsame PA dose, as long as diet
restriction is moderate, while clinically signifldaweight loss have been associated
with greater amounts of PA (>250 min/wk). Therensg¢o be a dose effect of PA, with
greater weight loss and enhanced prevention oflweegained with doses of moderate
intensity PA that approximate 250-300 min/wk (arduPO0O kcal/wk). Resistance
training does not appear to enhance weight lossnaytincrease SM mass and loss of
AT mass, contributing also to decreases in quitet &@f chronic disease risk factors.
Lifestyle approaches for increasing PA should bestategy included in weight
management efforts, although there is a need terlsdcument this association [146].

A strong direct association between PA habits dmgipal fitness is accepted. One of
the major components of health-related fithessemlac capacity or CRF, usually
indexed as peak oxygen consumption (peak)V@illy recognized as an important
health contributor. Epidemiologic studies indic#itat individuals with low CRF are

much more likely to develop hypertension [147, 148jabetes [148-150], and
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metabolic syndrome [151, 152], and to present highetes of death due to
cardiovascular disease [153, 154], cancer [155],1&&d all causes [153, 157, 158]
during follow-up. Those results were observed imthelently from gender, age, and
BMI. The relevance of these findings is enlargedthg high proportion of adults
presenting a low functional aerobic capacity, salbcialong with obesity and
sedentarism, which increases mortality risk [139Jmaximal oxygen consumption of
no greater than 18 mL/kg/min has been identifiechdating disability and is used as
a threshold value of independent living [160].

Accordingly to Fleg et al. (2005) [163] decline in peak oxygen consumption per unit
of time of 3% to 6% per decade occurs for the thimd fourth decades of life, but after
70 years of age, the rate accelerated to more2@¥mper decade. Sm both genders,
the levels of CRF tend to decline nonlinearly abaoelerated rate after 45 years of age
[161, 162]. This decrease seems to enlarge withnitrement of BMI, as reported by
Jackson et al. (2009) [162], who observed a rednabdf 0.20 metabolic equivalents
(METSs) in CRF of women, for each unit of increasethe BMI. A similar trend was
verified in men but the reduction was of 0.32 MEdiseach unit of BMI raise. In obese
subjects, an association between decreased oxadedipacity and reduced SM quality
was also found [163], indicating that SM of obesdividuals seems to be poorly
equipped for substrate oxidation, revealing a loaximal aerobic capacity [9].

Aerobic or/and resistance training have been ugmeihtervention programs, mainly,
among the elderly, in order to induce body comjpmsitchanges and, particularly,
modifications in thigh composition, with or withowveight loss. Several studies
analyzing the impact of aerobic PA on CRF and tlugimposition without weight loss
have been performed. In what regards thigh compgenemd PA, a 13-week

intervention of moderate intensity aerobic exeromghout weight loss or caloric
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restriction, revealed significant increases in rarmensity SM area and mean SM
attenuation coefficients, determined by MRI, indeand obese (glucose-tolerant and
T2DM) middle-aged men. The results indicated suttigth reductions in SM lipid
content in both obesity and T2DM groups, along V@fRF improvements, despite no
change occurred in body weight [164]. Another méettion, however in a randomized
controlled trial approach, revealed similar resgliscerning SM lipid content in older
men and women enrolled in a one year combined meeiliatervention (aerobic,
resistance, flexibility, and balance exercise), wlvempared with the control group.
These changes were depot specific, since subcutand® was not significantly
different in PA and control groups, indicating ttentribution of PA to the prevention
of the age-associated rise in SM lipid infiltratid®4, 165]. Analogous outcomes were
presented by middle-aged, overweight, HIV-infecte®@men, in a randomized
controlled trial, as a result of a 16-wk aerobierexse intervention when compared to a
control group. Besides increased midthigh SM atéon coefficients and no changes
in subcutaneous AT, these women revealed, alsin@ament in SM area alongside
with significant developments in CRF [166].

In what regards resistance exercise, recently, vahieA intervention with high intensity
progressive resistance training was implementegoumg and octogenarian women
[167], CT-measured thigh SM area significantly eased in young but not in older
women, suggesting that the ability to hypertrophthva training program diminishes
with advancing age. Previous studies with older @orhave showed different findings,
indicating significant increases in thigh SM cresstional area and volume, as a result
of resistance training interventions, with 3 sessiper week, lasting 9 to 16 weeks
[168, 169]. Decreases in thigh subcutaneous AT vedse reported [168]. Further

studies are needed to clear this controversy, artetermine whether these effects on
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SM and AT without weight loss occur also in youngemen, with a special focus on
overweight and obese conditions, as a means tepteetard sarcopenic obesity with
increasing age.

When aerobic PA interventions were combined witloroa restriction in order to
achieve weight loss, some studies refer greateghwdoss reductions found in diet
combined with aerobic exercise [51, 170, 171], whuthers revealed similar losses in
both diet only, and diet combined with aerobic el in both groups [172]. Shorter
intervention durations (16-week), combining aeralmicesistance exercise with energy
restriction, showed preservation or significantbyveér decreases of appendicular and
thigh SM tissue, compared to greater losses inggaaihts who were only dieting [51,
171-173]. In a longer intervention, no significamanges were reported in SM area in
both diet and diet plus aerobic exercise groupsil&i reductions in low density SM
tissue occurred in both groups, as well as decsemssubcutaneous AT, but with a
greater magnitude among the participants that pedd aerobic exercise [170]. These
results occurred alongside with improvements in GREhe exercising groups, and
significant decreases of this physical fithessaatbr in the groups who only underwent
diet [170, 171]. Another intervention with 6-monthksiration [174], but involving
aerobic exercise and aerobic exercise with weig@isis |groups, revealed similar
increments in CRF in both, together with identidatreases in thigh subcutaneous AT
area. In what concerned low density SM area, aeretercise alone did not altered this
thigh component, but the addition of weight losgjioated significant decrements in
midthigh low density SM area, in previously sedentalder men. A greater weight
reduction was also achieved in this group [174fSEhevidences seem to indicate that,
in weight loss interventions, the combination oémyy restriction with aerobic exercise

improves maximal functional capacity, and resuita greater weight and AT reduction,
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preservation or lessening of SM loss, and a higleerease of low density SM area. It
Is, also, important that these findings be validatea larger population, with different

age groups and health conditions.

Gaining and loosing weight are known to affectdifeerent AT and SM compartments,

at the whole body and regional levels. Changesilitigtaneous AT, intermuscular AT,
SM, and HU need further research in order to beuchented, preferably in a

longitudinal basis.

Research Goals

The aims of the original research that orientedpttesent Thesis were:

- To develop and validate predictive equations faglttcomposition based on readily
available methods, namely DXA and anthropometryn@€T as the reference, in
overweight and obese premenopausal women.

- To analyze the associations between CRF and da&lywRh thigh composition
variables determined by CT, in overweight and olpgeenenopausal women.

- To detect changes in thigh composition and whoblylmmmposition indicators from
a 16-months weight loss program, in a cohort of nemegght and obese

premenopausal women.

These research goals combined provide a compreteeasalysis of body composition
methods and alterations research areas, with fooufigh composition, as important
investigation targets in overweight and obese prapausal women. Results are
expected to contribute to a better understandinfpage scientific fields of knowledge,

providing a readily available technique to estiméigh composition, along with the
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identification of the associations between thighmponents and maximal oxygen
consumption, and PA, either in a cross-sectionah aslongitudinal approach, aiming

the important context of obesity treatment.
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“Nothing has such power to
broaden the mind as the ability to
investigate systematically and truly
all  that comes wunder thy
observation in life.”

Marcus Aurelius
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Introduction

A brief description of the methods used throughibvet current Thesis is presented in
this chapter. First, the sample will be descrilbetj then the intervention design with
the participating overweight and obese premenopausaen, followed by the body
composition, maximal aerobic capacity, and PA assest methods that were used.

Finally, the statistical analysis employed will described.

Sample
Participants were recruited from the communitythia greater Lisbon area, for a 2-year
weight management program, through announcemestsflgnd poster information

posted in health care facilities, a website, andiemessages on listservs.

Participants Eligibility and Recruitment

To be eligible for study participation, women weeguired to be25 years of age, BMI
>25 kg/nf and <39.9 kg/nf, pre-menopausal, without diagnosis of hypertension
dyslipidemia, diabetes, thyroide alterations, ¢reotdiseases, and medication that could
influence body composition. Women could not be peed, not willing to become
pregnant in the next 2 years, and had to be willinge randomly assigned to either an
intervention or comparison group. Exclusion craeconsisted of age younger than 25
years old, BMI lower than 25 kgfor higher than 39.9 kg/mbeing post-menopausal,
having any condition likely to increase risk frohetintervention or to limit life span,
presenting any condition that would likely affelsetability to conduct the intervention
as designed, or taking any medication or had angicakcondition likely to confound

the assessment of body composition.
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Eligibility Visits

Eligible women attended plenary sessions in whitkha intervention procedures and
study compliance were explained. If they were wylito participate, and agreed with
the procedures, a demographic and clinical questioa was filled out, and afterwards
were invited to attend four screening visits, dgriwhich eligibility was further
assessed. Women patrticipated with the sole inaent¥ benefiting from the
intervention, without any financial compensation.

First baseline screening visi&n informed consent approved by the Ethical Cortesit
of the Faculty of Human Movement, Technical Uniugrsf Lisbon, was signed. Body
composition was assessed after a 12-hour fast, waitthropometry, bioelectric
impedance spectroscopy, air displacement plethyspbyg, and dual- energy X-ray
absorptiometry. Questionnaires estimating habil psychosocial and quality of life
parameters were administered during the first .vAid-day food record was assigned
for return at the second visit.

Second baseline screening visfardiorespiratory fitness was assessed, and the
completion of the psychosocial questionnaires ahdhe 4-day food record was
performed.

Third baseline screening visiBiochemical assessments and body composition by CT
were performed.

Final eligibility. For each woman, a clinical consultation with thieivention physician
took place, in order to analyze the baseline resand decide if inclusion criteria were

met, or if the subject should be excluded fromithervention.

Participants

Participants number varied in each study articteabee research requirements differed,
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and only those women who completed all the assegsner/olved in each article were
included in the analysis.

In Study | (chapter 4), the sample comprised 110 pre-menopausal wome6&+28 yr,
76.9%9.7 kg, 1.6:0.1 m, 30.83.2 kg/nf). Participants who completed all initial
measurements iBtudy Il in chapter 5 were 98 pre-menopausal women (383 v,
77.249.7 kg, 1.60.1 m, 30.23.0 kg/nf). In Study Il (chapter 6), despite the fact that
at sixteen months, after the intervention, 65 wonvere evaluated with CT, only 48 of
them completed all the required assessments (39.2£576.9+9.2 kg, 1.6£0.05 m,

30.0+3.0 kg/m).

Intervention Design

Studies | and Il (chapters 4 and 5, respectivelywere performed with baseline data,
while Study Il in chapter 6 was carried out with data from the 16-month progra
The intervention was empirically-based on the ctwgmibehavioral approach to
promote the adoption and maintenance of a healf@style, with a strong emphasis on
PA and nutrition [1]. The lifestyle intervention @e were to: 1) achieve and maintain a
weight reduction between 5%-10% of initial body gfdi through healthy eating and
PA; 2) achieve and maintain a level of PA of ast€200-300 min/week (equivalent to
~1500-2000 Kcal/week), through moderate-intensityvay; 3) achieve and maintain a
reduction in total energy intake (300-500 Kcal/dess), with a reduction on fat intake
(<25% of total daily intake), an increase in compleH (>45% of total CH daily
intake), in fiber (>25 g/day), a daily protein ikéaof no more than 15% kcal/day, and
the promotion of nutrient-dense, high-volume, lowlocie foods such as fruits,

vegetables and whole grains [1].
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All the patrticipants were submitted to a 16-weetigpam, consisting of a 2-h weekly
session, aimed at promoting lifestyle changes tjnoeducation and behavioral
strategies concerning nutrition, PA and lifestylamagement, as described by others
[2]. After this 16-week program, participants weamdomized to a comparison group,
monthly meetings group, and monthly meetings ptuscgired PA group. The design
incorporates collection of outcome measures ofhal participants at baseline, and at
16-week, and 16-month follow-ups.

Comparison Group

Each participant carried on with their life, awaprh the intervention team. Support
from the intervention team could be asked by thenesm through telephone call or e-
mail during the follow-up period.

Monthly Meetings Group

In this group participants benefited from a montimgeting with the intervention staff,
during which goal setting, self-monitoring, stimsilaontrol, problem solving, relapse
prevention, social support, and motivational teghes, concerning nutrition, PA and
lifestyle management were addressed.

Monthly Meetings + Structured PA Group

Besides the monthly meetings, participants profifeain 2 weekly sessions of

structured exercise, performed between friday amdday. The exercise program
consisted of aerobic and strength training combhinedeach 300 kcal/session at the
beginning of the program, progressing graduall#@6-500 kcal/session from 2-months
on. Cardiovascular intensity was between 40%-509R Hlieart rate reserve) when the
intervention began, and progressed to 55%-70% HRIB.modified scale of perceived

exertion [3] was used by the participants, aimih@ devel between 4-8 of the scale.

Strength training was incorporated, and the intgngas based on 1-RM assessment of
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upper and lower-body. Large muscle groups wereudezd, and different muscle groups

were used in each session and between sessions.

Body Composition Assessment

Measurements of body composition using each tedenigere conducted according to
standard procedures. Subjects came to the labypratier a 12-hours fast, and 24-hours
without exercise, alcohol or stimulant beveragesXAD and anthropometry
measurements were carried out in the same mormhge CT was performed in a

different day. In brief, the procedures were abofos.

Computed Tomography (CT)

To characterize thigh composition, regarding AT &M tissue, within the thigh, an
electron-beam cross-sectional helical CT imagingen(®ns, Somaton Plus) was
performed, using the standard procedures as deddoypothers [4, 5]. I&tudies | and

Il (chapters 4 and 5, respectively) contiguous 7-mm-thick cross-sectional images of
both thighs were collected, between the inferiaidko of the ischial tuberosity and the
superior border of the patella. The tissue volufces) identified in each image were
computed as the product of the tissue are&)(bmthe image thickness (7 mm). Thigh
SM volume (litters) was converted to mass unitogtams) multiplying the volume by
the constant density assumed for SM (1.04 kg/L) T®igh AT (litters) was converted
to mass units (kilograms) multiplying the volume ttng assumed constant density for
FM (0.92 kg/L) [6]. An integrated three dimensionatpresentation of thigh
composition is showed in Figure 2.5.3tudy Il (chapter 6), a cross sectional scan, at

the medium distance between the inferior borderthef ischial tuberosity and the
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superior border of the patella, was selected tomest the different compartments of

thigh composition in each participant.

Figure 2.5. Integrated three dimensional
representation of thigh composition showing SM
tissue, TSAT and TIAT volumes.

Once accquired, the CT data were analyzed usingnaoially available software
(Slice-O-Matic; Tomovision Inc., Montreal, CanadA)combination of edge detection
filters and watershade techniques were used tmgissh different grey-level region on
the slice images, corresponding to distinct tissudsch, after their identification, were
tagged using different color codes [7]. The tissegmentation was computed using
standard HU ranges: -29 to +150 HU for SM, -19030 HU for AT, and +152 to
+1000 HU for bone tissue [7-9]. Normal density SM1 to +150 HU) and low density
SM (-29 to +30 HU) were also measured [10]. Dataemtion was needed because the

skin is hardly identifiable in CT images, and akimess of 1mm was assumed [11].
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All scans were acquired in one center under higikel¢eof quality control by a well-
trained examiner skilled in performing a protoaml body composition assessment. The
reliability for thigh CT-measured SM and AT wasadated in 30 women. Only the
intra-observer error was estimated due to the taat the same technician made all
segmentation measurements. The intra-observer sasmaljas performed on the same
iImages separated by 3 months. The CV of test-regbability for mid-thigh SM tissue
(cn?) , total mid-thigh AT (crf), subcutaneous AT (¢ and intermuscular AT (cfh

were 0.1%, 0.4%, 0.4% and 2.5%, respectively.

Dual-energy X-ray Absorptiometry (DXA)

FM, fat-free mass (FFM), and LST mass, in the whméy and in the lower limbs,
were assessed by DXA (QDR-1500; Hologic, Walthami, Mencil beam mode,
software version 7.2 enhanced whole body analy3ieg lower limbs region was
defined using the standard analysis protocol ferwole body scan, described by the
manufacturer, and thigh regions of interest wesniified, between the inferior border
of the ischial tuberosity and the superior bordethe patella. The same laboratory
technician positioned the subjects, performed ttens, and executed the analysis
according to the operator’'s manual. Based on uéjests, the coefficients of variation

in our laboratory for FM and FFM were 2.9% and 1,.Téspectively.

Anthropometry

In Study |, Study Il, and Study Il (chapters 3, 4, ard 5, respectively) body weight
was measured with an electronic scale (BOD POD®@ Measurement Instruments,
Concord, CA) to the nearest 0.1 kg, and height aatsined with the SECA scale

stadiometer, measured to the nearest 0.5 cm. BMuleted as kg/f) was defined as
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the criterion to identify overweight and obese scly in the sample, accordingly with
the criterion of NIH and WHO [1, 12].

A trained researcher measured circumferences (Waijst proximal thigh, midthigh,
and distal thigh) according to the procedures bér [1, 13]. Based on 10 repetitions,
the technical error of measurement (TEM) and imdaissc coefficient of correlation
(ICC) were, respectively, 0.41 and 1.00 for waistwmference, 0.52 and 0.99 for hip
circumference, 0.19 and 1.00 for proximal thighceinference, 0.17 and 1.00 for

midthigh circumference, and 0.37 and 0.97 for tlthigh circumference.

Maximal Aerobic Capacity

A breath-by-breath system was used to assess CBEudy Il in chapter 4, and in
Study Il in chapter 5. Airflow and volume were continuously measured ,and
simultaneously, instantaneous expired,@@d Q concentrations were also determined
during exercise (MedGraphi®sCorporation, utilizing BREEZEX Software). Maximal
aerobic power (V@nax), symptom-limited, was measured using an ineraai
protocol [14] on a motor-driven treadmill (Quintdfodel 640 Treadmill Controller and
Series 90TM Treadmills), with variable speed araldgr as described previously [15].
The criteria for V@Qmax attainment included one of the following coiutis:
respiratory exchange ratio>1.1, plateau of,(€hange <100 mL/min in the last three
20-second intervals, or with an increased worklaadevidenced by a difference in
oxygen uptake of <2 mL/kg/min), a heart rate withid beats/min of age-predicted
maximal heart rate, systolic blood pressure of &%fh Hg or more, a decrease in
diastolic blood pressure superior to 10 mm Hg, pyenal fatigue, or volitional

exhaustion [16]Reproducibility was not performed because this avasaximal test.
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Physical Activity

Daily PA was objectively measured @®tudy Il (chapter 4), while in Study Il
(chapter 5) a self-reported questionnaire was used.

Objective Assessment of PA

At baseline, accelerometry method was used to tbghg assess PA (CSA, model
7164, Shalimar, FL). This accelerometer was caeckio record uniaxial (vertical)
acceleration of human movement, detected as a cealbunction of the frequency and
intensity of the movement, with ranging magnitudesn 0.05 to 2 G. A 60-s epoch
was defined for data storage, and in each courd &#& intensity was recorded.
Biological calibration of the CSA accelerometersk@lace before the assessment was
performed. All the CSA accelerometers used in shigly produced a response within
the manufacturer’'s standards (£ 5% of the refereab@e). The accelerometers that did
not meet this criterion, or that revealed a brokeam or sensor unit, were excluded.
Each CSA was placed on the right anterior axillarg at right iliac crest of the subject,
secured tightly in nylon pouches, with velcro clesuon an elastic waist belt, supplied
by the manufacturer. The CSA activation was madeording to standard
specifications. Participants were instructed to thee CSA for the entire evaluation
week [17], seven consecutive days, during the deytexcept while bathing and during
aquatic activities. After that time period, datanfr the CSA was downloaded to a
personal computer to be processed and cleanedsibyg a macro written in Microsoft
EXCEL (Microsoft Inc, Redmond, WA). Missing data,hieh were defined as
sequences at10 consecutive zero counts, were automaticallyteélbefore analysis.
The outcome variables were daily activity countsu@s/min/day), which is an
indicator of the total volume of physical activitand time (counts/min) spent at

different physical activity-intensity categoriegdentary behavior (<100 counts/min),
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light intensity activity (100 to 1952 counts/mimhoderate intensity activity (1952 to
5724 counts/min), and vigorous intensity activiys{24 counts/min). The cut-off
points defined for each category were set accolygliiog-reedson et al. scale [18].

PA Questionnaire

At baseline and 16-mnths, PA was assessed withntieenational Physical Activity
Questionnaire [19], an instrument with a mean mrocfiterion validity of about 0.30.
The short last seven days self-administered fomaat used, considering its reasonable
measurement properties for monitoring populatimele of PA among 18- to 65-yr-old
adults in diverse settings [19], and in specialytations such as obese subjects [20].
Computation of the total score for the short foeguires summation of the duration (in
minutes) and frequency (days) of walking, modematensity and vigorous-intensity
activities [21]. The MET scores for each of theared activities were derived using
the Ainsworth et al. compendium [22], which classifas moderate intensity activities
those between 3 and 6 METSs, and as vigorous inyeastivities those greater than 6
METs. Reliability data were collected, and tesesétrepeatability was performed

within a two-week period.

Statistical Analysis

Measures of central tendency and distribution wexamined in the thre&tudies
(chapters 3, 4 and 5)or all outcome measurements, and are presentedeagtSD
(standard deviation), alongside with normality $efstr all variables, and for differences
between baseline and 16-month assessmen@tubties I, Il and Il , multiple linear
regression models were used:Study | (chapter 3), those statistical techniques were
employed to develop SMHU, SM, TTAT, TSAT, and TIAfediction equations, with

total thigh CT as the dependent variables, and thgh single slice SMHU, SM,
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TTAT, TSAT, and TIAT, DXA and anthropometry estiraat as the independent
variables; inStudy Il (chapter 4), the associations between CRF, PA, thigh SM mass,
thigh SM attenuation characteristics, and thigh Alass, were analyzed while
controlling for age and BMI; irStudy Il (chapter 5), multiple linear regression
models were used to analyze the associations betale@nges in thigh composition
variables, and alterations in other body compasitiariables, controlling for age and
BMI.

The statisticajackknifeprocedure predicted residual sum of squares (PR&SS used

in Study | (chapter 3) to cross-validate the regression equation obtainedll the
models [23]. The normality of the residuals anddbgelation of the absolute residuals
with the variables in the models were used to astesadequacy of the final prediction
models. Multicollinearity was evaluated by the gsa of the variance inflation factor
for each independent variable [24]. Intercept alupes were tested. Hopkins [25]
showed that the Bland-Altman method [26] produees incorrectly systematic
proportional bias in the relationship between tweasures, when one has been
calibrated against the other, even though no ptapal bias exists. Accordingly to this
author, only vertical error (error in predictingetleriterion) is minimized around the
regression slope, and positive proportional biaduis to the mathematical relation that
occurs when a method is calibrated against a imitessing least-squares regression.
Therefore, inStudy | (chapter 3), we used the Hopkins approach [25] which plots the
residuals (prediction errors) against predictedes;ocoming close to a standard Bland-
Altman plot, except that predicted values are ptbton the x axis rather than the
average of predicted and criterion scores.

In Study Il (chapter 4), a Z score for thigh composition was computed akistered

risk factor resulting from the mean of the sumha thigh SM mass (kg), total thigh SM
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attenuation coefficients (HU), thigh subcutaneond antermuscular AT mass (kg),
individual Z scores. The Z score distribution wamlgzed in tertiles of CRF, and in
tertiles of daily PA, using one-way ANOVA with tip@st-hoc Bonferroni correction, to
allow comparison of thigh composition risk profdenong different CRF conditions and
total daily PA levels.

In Study Il (chapter 5), changes from 0 to 16-months were analyzed wihpidured
samplest-test, and with the Wilcoxon signed ranks test wimemmality was not
verified. Differences between intervention grougisthe beginning and at the end of the
program, were tested using ANOVA (time x interventigroup). At 16-months the
analysis of covariance (ANCOVA) was completed wRA variables entered as
covariates. Due to the number of subjects in tresgmt sample (n=48), a bootstrap
resampling analysis was performed to test for gexiéic indirect (or mediated) effects
[27]. The mediation models used the interventioougras the independent variable,
while changes in thigh composition variables (SMaarand quality, and AT areas)
were tested as dependent variables. Age, BMI, agdigal activity changes were tested
as mediators. A resampling procedure (5000 boptstaaples), via the bias corrected
and accelerated (BCa) estimates and 95% confidenersals to present the indirect
effects significance were performed. If the BCa 9%%erval confidence did not
included zero, it can be concluded that there wasgaificant indirect effect (at
alpha=0.05) [27].

The Statistical Package for Social Sciences (SR&$S14.0 version, Chicago, IL, USA)
was used to perform statistical analysis, and tleelGalc statistical software (MedCalc
Software, Mariakerke, Belgium) was employed. Stiah$ significance was set as

P<0.05.
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CHAPTER 3

Predictors of total thigh composition: DXA
and  anthropometry-based  prediction

models

“Learning is not attained by
chance, it must be sought for with
ardor and attended to with
diligence.”

Abigail Adams
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Abstract

Objective: The aim of the present study was to develop armx$esyuently validate
predictive equations for total thigh compositiosessment, using the thigh composition
estimations performed by total thigh CT scans asrétfierence, and with the developed
equations based on DXA and anthropometry estinegdbe main predictor variables,
in overweight and obese women.

Methods: Subjects were 110 pre-menopausal women 883% yr, 76.99.7 kg,
1.6+0.1 m, 30.@3.2 kg/nf). Total thigh composition was assessed by CT aXd Dvas
used to assess FM, FFM and LST. Anthropometricsassent was performed through
the estimation of body circumferences at the himximal thigh, and distal thigh.
Multiple regression analysis was performed to dgvgbrediction equations for SM
mass, SM quality, TTAT, TSAT, and TIAT. PRESS «ti was used to test the
validity of the developed models, and the Hopkippraach was used to test the
agreement.

Results: SM and SMHU prediction models revealed no sigaificdifferences when
compared with the reference method (mean differefic@1 kg and a mean
difference=-0.03 HU, respectivel{?>0.05 for both), while TSAT prediction equation
produced an underestimation (mean difference=1.1§ R<0.001), and an
overestimation was observed for TTAT (mean diffeesn3.24 kgP<0.001), and for
TIAT (mean difference=-0.03 k¢<0.05) when compared with the respective reference
methods. In the agreement analysis for inter-imtligl differences, a range from -0.61
kg to 0.59 kg for SM, from -3.60 HU to 3.6 HU foM8&IU, from -4.48 kg to -2.00 kg
for TTAT, from -1.71 kg to 0.15 kg to TSAT, and mo-0.31 kg to 0.24 kg for TIAT,

were observed, with a confidence interval of 1.96.
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Conclusions: New prediction models for the different compartnseof total thigh

composition were developed and internally validatec& sample of overweight and
obese pre-menopausal women. Thigh composition stseesd can be accomplished by
using the developed models but caution should kentavhen using and interpreting its

results, namely in what concerns AT components.

Keywords: Body composition, thigh composition, computed tonaphy, prediction

models, obesity.
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Background

Estimation of different thigh components, namely, S8 quality, TTAT, TSAT, and
TIAT, is assuming increasing interest in recentryedue to its diverse applications in
physiology, nutrition, clinical medicine, and evalion of treatments and interventions
[1-4], reflecting multidisciplinary interests antet need for methods to estimate this
body region composition. The most accuratesivo methods of measuring total and
regional body composition at the tissue-organ lewel MRI and multi-scan CT [5, 6].
Although these two methods are used as refereandatds, their application in clinical
routine practice and body composition researcim#idd because of lack of access to
instruments, analysis complexity, cost, and in @k method radiation exposure. In
order to go beyond these limitations several stuti@ve used DXA as an alternative
imaging approach for body composition assessmeheanolecular level.

Four DXA models have been derived for estimating 8Mss based on imaging
methods, with two of them addressing total-body ®kks in healthy adults [7], and in
children and adolescents [8], while the other twacentrate on lower limbs SM mass
[9] and in regional SM mass assessment, includieghigh region [10]. Lee et al. [11]
derived two anthropometric-based models for totalyo SM mass, in independent
samples of non-obese and obese subjects, usingaMiREe reference method. However,
none of these studies addressed specifically tipeilaton group of adult (25-49 yr)
overweight and obese premenopausal women, with & Bge between 25-39.9
kg/m?, neither other body composition components beSilewere studied. The only
study that developed total body SM prediction eiguat for obese subjects [11],
validated those equations in a group of 80 obebgsts (39 men and 41 women), with
a large SD for age, and obtained a high standdnthagson error in both equations (2.9

kg and 3.0 kg). Additionally, only one of thosediees [10] has used CT as the reference
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method, and even in that case, image acquisitios peaformed with only four slices
obtained in the thigh region, without any infornoatiabout total thigh volume and
composition. Along with SM, other thigh componerdse relevant to know in
overweight and obese subjects. This populationegptesmore low density SM tissue
area than leaner persons. However, SM qualityosrgr due to a greater lipid
infiltration, which is more relevant in obese patgewith T2DM [12, 13]. The lower
SM attenuation coefficient is inversely and sigrafitly correlated with insulin
resistance after controlling for visceral adiposatyd overall obesity [14], and is also
associated with an increased risk of mobility losthe elderly [3, 15].

Due to the inexistence of prediction equations ttoe different thigh components
specifically addressed to overweight and obese wortee CT and MRI limitations
regarding specially cost, radiation exposure ame tiand the increasing availability of
DXA instruments, the aim of the present study wasfald: to develop predictive
equations for total thigh composition assessmeat, (M density, SM tissue mass, and
AT mass); to validate the developed equations,gusital thigh CT as the reference and
DXA and anthropometry estimates as the main predicariables, to be applied in

overweight and obese women.

Experimental Methods

Participants

The sample comprised 110 pre-menopausal womenH{33.6r, 76.99.7 kg, 1.€0.1

m, 30.@:3.2 kg/nf). All subjects were informed about the researcigteand signed a
consent form according to the regulations of thieidal Committee of the Faculty of
Human Movement, Technical University of Lisbon. &le subjects were screened for

medical conditions that could affect body compositiand those who did not met
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screening criteria were excluded from the sampleiniilar procedure was performed
concerning PA habits using as criterion that pgudicts were previously sedentary for

at least 1 year, but in this case data was setfrteg.

Body Composition Measurements

In agreement with the literature, CT was chosethascriterion method [5, 6, 16, 17].
All subjects arrived for testing in the morning esfta 12-hour fast. Additionally,

participants were asked to refrain from exercisegleol and stimulant consumption 24
h prior to testing.

Anthropometry

Body weight was measured with an electronic scBel¥f POD® Life Measurement
Instruments, Concord, CA) to the nearest 0.1 kg beight was obtained with the
SECA scale stadiometer, measured to the nearestr0.BMI calculated as kgfmwas
defined as the criterion to identify overweight asltese subjects in the sample. This
criterion was set accordingly with internationalgamizations (NIH and WHO)
guidelines for overweight and obesity, referredatoBMI over 24.9 kg/fand 29.9
kg/n?, respectively.

A trained researcher measured circumferences ggximal thigh, and distal thigh)
according to the procedures of Callaway [18]. BasedlO repetitions, the technical
error of measurement (TEM) and intraclass coefficief correlation (ICC) were,
respectively, 0.52 and 0.99 for hip circumferen@d,9 and 1.00 for proximal thigh
circumference, and 0.37 and 0.97 for distal thigtuenference.

Computed Tomography

Helical CT imaging (Siemens, Somaton plus) wasqoaréd using standard procedures
described elsewhere [19, 20]. Contiguous 7-mm-tluiclss-sectional images of both

thighs were collected between the inferior borderthe ischial tuberosity and the
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superior border of the patella. In each subjeatrass sectional scan at the medium
distance between those two anatomical points wkested to measure the different
compartments of thigh composition. The tissue valsrfcni) identified in each image
were computed as the product of the tissue ared) (@ynthe image thickness (7 mm).
Thigh SM volume (litters) was converted to masstauifkilograms) multiplying the
volume by the constant density assumed for SM (k@#) [21]. Thigh AT (litters)
was converted to mass units (kilograms) multiplyitng volume by the assumed
constant density for FM (0.92 kg/L) [21].

Once accquired, the CT data were analyzed usingneomally available software
(Slice-O-Matic; Tomovision Inc., Montreal, Canaddrdge detection filters and
watershade techniques were used to distinguiskrdiif grey-level region on the slice
images, corresponding to distinct tissues, whifier aheir identification, were tagged
using different color codes [5]. The tissue segragon was computed using standard
HU ranges: -29 to +150 HU for SM and -190 to -30 fdJAT [5, 22]. Normal density
SM (+31 to +150 HU) and low density SM (-29 to #30) were also measured [12].
Data correction was needed because the skin isyhdehtifiable in CT images, and a
thickness of 1 mm was assumed [23].

All scans were acquired in one center under higikel¢eof quality control by a well-
trained examiner skilled in performing a protoaml body composition assessment. The
reliability for thigh CT-measured SM and AT was efetined in 30 women. Only the
intra-observer error was calculated due to the flaat the same technician made all
segmentation measurements. The intra-observer samaljas performed on the same
images separated by 3 months. The CV for mid-tBightissue, and total mid-thigh AT

were 0.1% and 0.4%, respectively.
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Dual-energy X-ray Absorptiometry

DXA was used to assess FM and LST mass for bothwih@e body and specific
regions (head, trunk, upper and lower limbs, anght). The equipment (QDR-1500;
Hologic, Waltham, MA, pencil beam mode, softwaresi@n 7.2 enhanced whole body
analysis), measured the attenuation of X-rays pulbetween 70 and 140 kV
synchronously with the line frequency for each pisiethe scanned image. Following
the protocol for DXA described by the manufactueeistep phantom with 3 fields of
acrylic and 3 fields of aluminium of varying thickss and known absorptive properties
was scanned alongside each subject to serve agemad standard for the analysis of
different tissue composition. Based on ten subjebis CV in our laboratory for FM
and FFM were 2.9% and 1.7%, respectively. The dabwratory technician positioned
the subjects, performed the scans and executeahtdgsis according to the operator’s
manual, using the standard analysis protocol ferwimole body scan and a specific
protocol to define thigh compartments. These regiah interest were identified
between the inferior border of the ischial tubegosind the superior border of the

patella. All the subjects were analysed after adi2s fast.

Statistical Analysis

Multiple regression analysis was used to developH8MSM, TTAT, TSAT, and TIAT
prediction equations with total thigh CT as the efegent variable, and DXA and
anthropometry estimates as the independent vasiaBllellinearity was tested in each
prediction model.

The statistical jackknife procedure Predicted ResidcSum of Squares (PRESS) was
used to cross-validate the regression equationingatain all the models [24]. The

PRESS statistic is an internal cross-validatiorcedure alternative to data splitting that
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measures how well an equation performs when appitedndependent samples.
Validation using the PRESS procedure is similarafplying the equation to an
independent sample because the PRESS residuatamexb for the observations that
are not included in the data when the equation @sved [25]. This method is
convenient when insufficient independent data aeglable, and has the advantage of
providing a useful case diagnostic [24]. Accordiaghis procedure the following steps
must be performed: 1. Fitting a regression equatiith one observation left out of the
model in turn; 2. Obtaining the predicted value tbhé excluded observation; 3.
Calculating the residual for that predicted valwbsgrved-predicted); 4. Repeating
steps from 1 to 3 for all observations; 5. Obtagnthe sum of squares (SS) of all
residuals. The PRESS statistic replaces the ondnearduals with PRESS residuals:
PRESS = SS (PRESS residuals)
This yields modified versions of’Rand SEE:

RZPRESSZ 1-[PRESS/SS (tOtd')
SEBRrEss= (PRES$I"I)

n — number of observations.

The normality of the residuals and the correlatodrthe absolute residuals with the
variables in the models were used to assess tlypiache of the final prediction models.
Multicollinearity was evaluated by the analysistioé variance inflation factor for each
independent variable [26]. Intercept and slope wasted. Bland-Altman [27]
recommended plot the error (Method 1-Method 2) resgjathe average of the two
methods to test for proportional bias. These astldemonstrated that this procedure is
correct when considering the agreement of two iexjsinethods, but Hopkins [28]
showed that this method produces an incorrectlyesyatic proportional bias in the

relationship between two measures, when one has tadrated against the other,
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even though no proportional bias exists. Accordirtgl this author, only vertical error
(error in predicting the criterion) is minimizedoand the regression slope, and positive
proportional bias is due to the mathematical retatihat occurs when a method is
calibrated against a criterion using least-squaggsession. Therefore, in the present
study, we used plots of residuals (prediction eragainst predicted scores, which is
similar to a standard Bland-Altman plot, except thiedicted values are plotted on the
X axis rather than the average of predicted andrmn scores. The Statistical Package
for Social Sciences (SPSS inc., 14.0 version, Qoicd., USA) was used to perform
statistical analysis and the MedCalc statisticalftvere (MedCalc Software,
Mariakerke, Belgium) was used to perform the Hopkemnalysis, with statistical

significance set aB<0.05.

Results
Participants Characteristics

One hundred and thirty five overweight and obeserpenopausal women participated
in this study, but only 110 completed the studyt@eol. Age was (measD) 38.&5.3

yr, with a range of 25-49 yr. The height of thejsats ranged from 1.5 m to 1.7 m, and
was 1.60.1 m. Their weight was 76t9.7 kg, and was between 59.1 kg and 104.4 kg,
while their BMI (30.@3.2 kg/nf) ranged from 25.1 kg/mto 39.1 kg/m. Sample

characteristics and measurements are describeabie B.4.

Model Development

New models were developed for SMHU, SM, TTAT, TSARd TIAT, using the entire

sample, as presented in Table 3.5.
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Table 3.4.Subject characteristics of the whole group, witlghthcomposition results
from CT and body composition estimated by DXA.

Measurement MeantSD Range
N 110 -
Age (yr) 38.76.34 25-49
Weight (kg) 76.949.66 59.10-104.40
Height (m) 1.6€0.06 1.46-1.73
BMI (kg/nt) 30.043.17 25.10-39.14
Hipcirc (€M) 110.996.89 94.7-134.6
Pricicc (cm) 64.744.56 53.4-76.3
DistalTcirc (cm) 39.3(2.78 33.3-49.5
Total thigh CT
SMHU (HU) 41.280.47 32.80-47.38
SM (kg) 5.980.78 4.43-8.21
TTAT (kg) 8.282.04 4.02-14.77
TSAT (kg) 7.741.97 3.75-13.93
TIAT (kg) 0.780.22 0.39-1.39
Body composition DXA
FM (kg) 35.347.47 23.51-57.73
FM (%) 46.004.93 33.82-59.12
FMy (kg) 12.863.08 5.74-22.28
LST (kg) 38.484.09 28.46-49.43
LSTy (kg) 12.201.63 8.76-16.96

BMI, body mass index; FM, total body fat mass estaddy DXA; FM,, lower limbs fat mass; LST, total body lean
soft tissue mass; LT lean soft tissue of the lower limbs; SMHU, skalenuscle Hounsfield units; SM, skeletal
muscle mass; TIAT, thigh intermuscular adiposaigssiass; TSAT, thigh subcutaneous adipose tissas; MaAT,
thigh total adipose tissue mass; %FM, relativerfass.

The significant predictors of SMHU were age, totabdy FM, distal thigh
circumference (Distaldic), and the square of the product between hip cifetance
(Hipcirc) and proximal thigh circumference (Ryf). For the SM, the significant
predictor variables were lower limbs LST (L9T and also the Distakf.. TTAT was
explained by the variables FM and lower limbs FMA(F, and the product between
Hipcirc and PrEic. The prediction model of the TSAT included EMand the square of
the Priic (PrTcicd). TIAT was explained by total body relative FM (%) Hipcirc,

and LST of the entire body (LST). The developed el®dvere validated by the PRESS
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statistic method. The accuracy of the TTAT and TS#eéls excellent, and SM accuracy
was good, as indicated by the high &nd lower SEE obtained from the PRESS statistic

method, while TIAT and SMHU accuracy were considdeer (Table 3.5).

Table 3.5.Calibration models for SMHU, SM, TTAT, TSAT andAT.

Model Predictor variable B (95% CI AdjR? SEE Cros:-validatior
RZPRESS SEEPRES!
SMHU (HU) 0.425 1.873 0.425 1.863
Intercept 61.631(54.567, 68.694)
Age -0.10% (-0.172, -0.033)
FM -0.203 (-0.279, -0.127)
DistalTeic -0.318(-0.519, -0.118)
(HipcieXPrTerd®  6.24E-008(0.000, 0.000)
SM (kg) 0.843 0.307 0.840 0.309
Intercept 1.50%0.674, 2.331)
LSTy, 0.467 (0.420, 0.503)
DistalTeic -0.030 (-0.054, -0.006)
TTAT (kg) 0.945 0.479 0.941 0.493
Intercept -2.29%-3.174, -1.413)
FM 0.027 (0.006, 0.048)
FM 0.436 (0.364, 0.509)
HipcireXPr Teire 0.00f (0.000, 0.001)
TSAT (kg) 0.944 0.465 0.943 0.468
Intercept -1.88%(-2.625 -1.138)
FM,, 0.479 (0.417, 0.540)
(PrTeird)? 0.00F (0.000, 0.001)
TIAT (kg) 0.564 0.143 0.559 0.143
Intercept -1.388(-1.840, -0.935)
%FM 0.039 (0.030, 0.047)
Hipcire -0.009 (-0.016, -0.003)
LST -0.036 (0.026, 0.046)

Abbreviations: 3, beta (regression coefficient); Distgjl, distal thigh circumference; FM, total body fat gsa
estimated by DXA; FMppendiculr @ppendicular fat mass; kM lower limbs fat mass; HiacxPricic, hip

circumference multiplied by proximal thigh circurdece; LST, total body lean soft tissue mass; dsRfdicular

appendicular lean soft tissue mass LSTean soft tissue mass of the lower limbs; KT proximal thigh

circumference; R adjusted coefficient of determination; SEE, stadderror of measurement?FREss coefficient of
determination using the PRESS method; SEEs standard error of measurement using the PRESSothetbFM,

relative fat mass.

3<0.001;°p<0.01;°p<0.05.

Reference SM versus Predicted SM

SM assessment performed with the predicted modelneasignificantly different from
reference SM (mean difference=-0.01 R;0.05). Linear regression analysis shows

that predicted SM explained 84% of the variancthéreference SM, with an estimated
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error of 0.31 kg. The regression between prediced reference SM differed
significantly from the line of identityR<0.001). On an individual basis, the differences
between the reference and the predicted SM ranged 40.61 kg to 0.59 kg, showing
that error scores were homoscedastic. The neganhdepositive errors were evenly
distributed around zero across the range of predli@M scores (r=-0.003>0.05),

indicating no proportional bias (Figure 3.6).

Reference SMHU versus Predicted SMHU

Predicted SMHU was not significantly different fromeference SMHU (mean
difference=-0.03 kgP>0.05). Linear regression analysis shows that ptediSMHU

explained 43% of the variance in SMHU, with an restied error of 1.87 HU. The
regression between predicted and reference SMHidred from the line of identity

(P<0.001). On an individual basis, the differenceswbeen the reference and the
predicted SMHU ranged from -3.6 HU to 3.6 HU, rdirgaconsistency in the spread of
error scores across the range of predicted SMHultsesn addition, the lack of a slope

(r=0.001;P>0.05) indicates no proportional bias in the prestiaesults (Figure 3.6).

Reference TTAT versus Predicted TTAT

The performance of predicted TTAT revealed an ateration from the reference
TTAT by 3.24 kg P<0.001). Linear regression analysis shows thatigied TTAT

explained 95% of the variance in reference TTATthvan estimated error of 0.48 kg.
The regression between predicted and reference Tdifidred significantly from the

line of identity £<0.001). In an individual basis, the differencesaaen the reference
and the predicted TTAT ranged from -4.48 kg to 82k@, indicating the existence of
inconsistency in the spread of the error scoressacthe range of predicted TTAT

results. In addition, a negative slope was founaveen the difference of the methods
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and the predicted resultp=-0.527;P<0.001), indicating that the developed equation
produces error scores with a non-uniform distrinutaround zero, tending to a lower
overestimation of TTAT in subjects with lower pred TTAT, and to a greater

overestimation in subjects with higher predictedATT(Figure 3.7).
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Figure 3.6.Linear regression for SM and SMHU estimation ushmgreference method
(CT) and the respective calibration models with DXi#d anthropometry variables (A)
and regression between prediction errors agairestigied scores (B). The solid lines
represent the mean differences between the referemethod and the developed
equations, and the dashed lines represent (1.9@@&@mifence intervals (B).
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Reference TSAT versus Predicted TSAT

Predicted TSAT was significantly different from eefnce TSAT P<0.001), revealing
an underestimation of 1.19 kg compared with theregfce method. Linear regression
analysis shows that predicted TSAT explained 94%hefvariance in reference TSAT,
with an estimated error of 0.46 kg. The regresdietween predicted and reference
TSAT differed from the identity lineR<0.001). On an individual basis, the differences
between the reference TSAT and the predicted TShged from -1.71 kg to 0.15 kg,
indicating the existence of inconsistency in theead of the error scores across the
range of predicted TSAT results. A positive slopgsviound between the error scores
and the predicted results (r=0.33%0.001), indicating that the new model produces
error scores with a non-uniform distribution aroumzéro, tending to a lower
underestimation of TSAT in subjects with lower poteld TSAT, and to a greater

underestimation in subjects with higher predict&AT (Figure 3.7).

Reference TIAT versus Predicted TIAT

The performance of predicted TIAT revealed an ostareation from the reference
TIAT (P<0.05) by 0.03 kg. Linear regression analysis showeg predicted TIAT
explained 56% of the variance in reference TIATthwan estimated error of 0.14 kg.
The regression between predicted and reference Tif@red significantly from the
line of identity P£<0.001). In an individual basis, the differencesaeen the reference
and the predicted TIAT ranged from -0.31 kg to (kB4showing that error scores were
homoscedastic. The lack of a slope (r=-0.02:3).05) indicates no proportional bias in

the predicted TIAT results (Figure 3.7).
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Discussion

To our knowledge, this is the first study that addes the assessment of total thigh
volume components by CT consecutive slices, thrahghdevelopment of models to
apply when DXA and anthropometry are available,airspecific population group
composed by overweight and obese premenopausal nvdoe to DXA availability an
its increasing use in body composition, the devetomodels obtained may be useful in
different settings, such as exercise physiologpical medicine, nutrition, and during
treatments and interventions. In the present st8i§tHU and SM prediction models
revealed no significant differences when comparét the reference method. The use
of the developed equations produced an underestimat[15.4% for TSAT, while an
overestimation of(B89.4% for TTAT, and[(B.9% for TIAT were observed. Better
performance was found for SMHU and SM, specificallyan individual basis, showed
by the unbiased agreement between the methods. &vean individual estimation
error betweeri(-8.7%) to[(+8.7%) was found for SMHU, and betwegf:10.2%) to
[1+9.8%) for SM, when the prediction models were @€dd in relation to the total

mean value obtained with the reference method.

Model Development

New models were developed for SMHU, SM, TTAT, TSAhd TIAT (Table 3.5).
Age only explained part of the variance from thiemence SMHU, which revealed a
decrease with increasing age. SM quality of thaltdhigh was also negatively
influenced by FM and by Distat}., indicating that the higher total body adiposityda
the DistalTi, the lower would be SM quality, in overweight asltese women. LST
is the major contributor for SM. The negative asstoan between SM and Distali.

indicates that women with more SM would presentdoistalTcir, reflecting less AT
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accumulation in the thigh region. This last obsgovais in agreement with the positive
association between TTAT and the result of the pecodbetween Hig. and PrEir,
indicating that in overweight and obese women, Adtridbution affected both hip and
thigh circumferences. Direct associations were &sod between TTAT with FM and
FMy, indicating that TTAT depot becomes more prepoaatewith increasing body
fatness. The contributors to TSAT were FMand PrEi, both with a positive
influence. TIAT presented a direct association WithM, and inverse associations with
LST and Higi.. These negative associations indicate that LSTHipg . are lower in

overweight and obese women with higher AT infilmatbetween muscle fibres.

CT and DXA Soft Tissue Validity and Accuracy

CT body composition methods were designed to giyanimponents at the tissue-
organ level of body composition. In the limbs, thain components are AT, SM, and
bone. Previous studies established the validity anduracy of area and volume
measurements from CT by comparing CT measures mahucadavers with direct
measures (e.g., dissection, planimetry). A goocemgent was found between cross-
sectional area measurements of SM determined finenpitoximal thigh in cadavers, to
the corresponding CT measured cross-sectional ,angtis the correlation coefficient
between the two approaching the unity [29], andvbeh CT and cadaver AT areas,
with correlations ranging from 0.77 to 0.94 [17]s#&ong correlation was also found by
Mitsiopoulos et al. [5] between cadaver and CT ameasures for lean SM and
subcutaneous AT in the arms and legs. DXA abibtgstimate soft tissue is influenced
by the variability in soft tissue composition, whids caused by the difficulty to
distinguish between bone and soft tissue compatspnemd also by the effects of

hydration and tissue thickness [30]. A considerabler-individual and within-subject
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variability can be found in the density of FM ani@NF, particularly in the proportion of
water and mineral in FFM, affecting the accuracyDXA estimates [31, 32], and
contributing to the absolute error of this methiédod intake have only small effects on
DXA estimates of body composition, with little clggnin bone mineral content or FM
[33]. The variation oft5% in the hydration status biases DXA estimate%bM only
1% to 2.5% [34], but the ingestion of fluid and tlegional accumulation or depletion
of water and salts are significantly monitored b¥/as estimates of LST [33]. In
what concerns overweight and obese subjects, angenl FFM hydration is observed
[35]. AT consists of ~14% of water and has an editalar/intracellular ratio
(ECW/ICW) of ~3.7, while FFM consists of ~72% of teawith an ECW/ICW of
~0.82, meaning that the more AT, the larger thatiret contribution of ECW, which
may explain the difference between non-obese arebeolsubjects [35], and also
influence DXA estimates of FFM and FM. In the thighgion, this explanation is
reinforced by the findings of Goodpaster et al] \dBo found a greater lipid infiltration
within SM contributing to a decreased FFM dendlitythe current findings, predicted
SM mass and SMHU showed a better accuracy tharottmer predicted variables,
indicating an unbiased agreement between metholie whe lowest accuracy was
observed for predicted TTAT and TSAT. These ressiiggest that in overweight and
obese premenopausal women, the enlarged FFM hydratnd the larger relative
contribution of ECW might have a greater influemcddXA FM based estimates than
in DXA LST based estimates. Several authors [34, @&erved that DXA tends to
overestimate FM, and an average higaeor in obese subjects was also suggested,
indicating that DXA is less accurate in subjectsthwiarger FM [37]. DXA
overestimation of FM may have contributed to thghhoverestimation observed in the

present study with the TTAT developed modeB9.4%) when compared with the
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reference method, as well as for the elevated iddal variation observed for this

variable (-54.4% to -24.3%). Another contributorthhese results may be the fact that in
the DXA technique pixels are graded as mixturelean tissue and fat tissue, differing
from CT in which pixels are allocated to AT or ledssue, depending on level of
Hounsfield units. By providing the proportion oft fand lean in each pixel, DXA

estimates assess fat rather than AT, unlike CT. [38k of the strengths of the current
study concerns the CT data collection method peréol;, composed of consecutive

slices of the entire thigh, contributing to a maoeurate data acquisition.

Model Utility

We elected to test the validity of using predictiomdels based on DXA and
anthropometric variables to perform estimations paraed to the CT reference method.
Therefore, using these calibration models, it isgiae to correct data obtained with
DXA and anthropometry, and surpass the limitatiohgost, radiation exposure, and
analysis complexity inherent to CT equipments adgody composition assessment.
The SMHU and the SM developed models revealed goifgant differences when
compared with the reference method, while an urstienation was observed for TSAT,
and an overestimation was obtained for TTAT and Tl igrediction models. Due to
these results, caution is needed when using themedels for the AT components.
Also, the current findings are only applicable wigtimilar samples and DXA
instruments (Hologic QDR-1500, pencil-beam-mode).

These models may be useful to analyze the assmtsabetween thigh composition and
both muscle strength and metabolic indicators, @alpg when body composition in the
clinical practice and sports settings is criticatlaneed to be followed longitudinally.

That could be the case of, for example, the measemeof the nutritionally important
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SM compartmenin vivo in wasting illnesses, such as in HIV, assumingritical
importance to allow the follow-up of the diseas®lation. As obesity is a growing
problem in HIV-positive women receiving highly aatiantiretroviral therapy [39, 40],
considering a 30 year-old woman, with 1.65 m, 75vii¢h 12.3 kg of lower limbs LST,
and a Distal € of 39.0 cm, she would havé.01 kg of SM in both thighs using the
calibration model. If the goal for this woman wasrcrease 0,5 kg of SM, this would
lead to an error ofD.3 kg (b%) that would affect the correct interpretationtimfyh
composition results and thus the medical therapyritional and PA prescriptions for
the clinical follow-up.

Clinical medicine may also benefit from thigh compats estimation, by analyzing its
associations with several disease states, sualsabni resistance, metabolic syndrome
and obesity [1, 2, 4, 13, 41], and by evaluatimgtments and interventions, including
weight control [42], and sarcopenia [43]. The asgans between SM and SM lipid
content with incident mobility limitations, and lew extremity performance in the

elderly [3, 15, 41, 44, 45] may also be enrichedulgh this kind of data.

Study Limitations

There are several limitations of the present studgnsidering the specific DXA
instrument used, this study is of practical intetesa laboratory with the same model of
equipment, because each manufacturer uses diffée¢mttion, calibration and analysis
techniques in their body composition assessmebis fen for the same manufacturer,
results may vary with the DXA instrument model, tin@de of data collection (eg,
pencil-beanversusfan-beam), and the software used to analyse tiae[4i@)].

In what concerns CT data, a potential limitationolves the assumed constant density

for SM and AT (1.04 kg/L and 0.92 kg/L, respectiyelused to convert SM and AT
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volumes to mass [21]. Variability in actual SM déynsnay introduce an error in the
CT-estimated SM mass and quality.

The present empirical calibration models were dgwed in a cross-sectional analysis,
and it would be useful to establish the validity tbese models in longitudinally-
monitored samples, as well as with a larger sari@e may allow the external cross-
validation procedure. In addition, our developeddels are based on a sample of
overweight and obese pre-menopausal women, aneftihermay not be accurate when
applied to subjects with different characterist&sch as healthy subjects and patients

with other health-related disorders.

Conclusions

In summary, these new prediction models for theedkht compartments of total thigh
composition were developed and internally validatech sample of overweight and
obese pre-menopausal women. Thigh composition stseesd can be accomplished by
using the developed models for SM quality, SM massAT, TSAT, and TIAT, but
caution should be taken when using and interpretisigesults, especially in what
concerns AT components. These models can be usefdinical studies for body
composition assessment in obesity, and its appicat other health conditions such as

wasting illnesses need to be tested.
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CHAPTER 4

Cardiorespiratory fithess and physical
activity are associated with thigh
composition determined by computed
tomography in overweight and obese

premenopausal women

“What is a scientist after all? It is a
curious man looking through a
keyhole, the keyhole of nature,
trying to know what's going on.”

Jacques Yves Cousteau
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Abstract

Objective: The main purpose of this study was to analyzeassociations between
objectively measured PA and CRF with total thigh &\ AT composition determined
by CT, in overweight and obese premenopausal women.

Methods: Participants were 98 women (3825 vy, 77.29.7 kg, 1.¢0.1 m, 30.33.0
kg/n). Electron-beam cross-sectional helical CT imadBigmens, Somaton Plus) was
performed to characterize the location and amo@i®Tg along with SM tissue mass
and quality within the thigh. Daily PA was assessgdaccelerometry (CSA, model
7164, Shalimar, FL), and CRF was estimatedrddpiratory gas exchange collected
(MedGraphic® Corporation, utilizing BREEZEX Software) during @aximum
incremental exercise test, accordingly with the iived Balke protocol [1]. Multiple
linear regression models were used to analyze ghecations between PA and CRF
and thigh SM mass, thigh SM attenuation charadtesisand thigh AT mass. A Z score
(continuous variable) for thigh composition was poted, and was analyzed in tertiles
of CRF, usingone-way ANOVA with the post hoc analysis of Bonéairto investigate the
differences between tertiles.

Results: In the several models for thigh SM mass, besided, BNRF, expressed in
mL/kg/min, emerged as the only association witls thigh tissue[3=0.09; P=0.001).
Daily time spent in low intensity PA presented gatése association with TSAT tissue
mass [B=-0.03; P=0.046), even when CRF was included in the modsel-Q.03;
P=0.041). TIAT was negatively influenced by low insity PA (3=-0.003;P=0.040),
but when CRF was included in the model this assocaecame marginally non-
significant 3=-0.003;P=0.061). Inversely, daily minutes in sedentary lvarawere
positively associated with TIATBE0.003; P=0.031), however this association also

became marginally non-significant after controllifey CRF (=0.003;P=0.052). The
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mean Z score of thigh SM composition revealed alepaincrease across tertiles of
CREF, with significant differences obtained in thscbre between the first and the third
tertiles £=0.026).

Conclusions: Current results suggest that in overweight andsebgremenopausal

women, CRF is associated with thigh SM quantityjlevitow-intensity PA appears to

negatively influence AT. On the contrary, sedentagfavior positively influence thigh

AT. In these women, maximal oxygen consumption llesveassociated with different

thigh composition phenotypes. Present findings hba considered when developing
and implementing weight control interventions, mler to allow the improvement of

SM morphology via increased PA and CRF, which dara known to have a positive

impact on health-related risk factors.

Keywords: Body composition, thigh composition, computed tonapdy,

cardiorespiratory fitness, physical activity, olbesi
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Background

In the thigh region, CT allows the identificatioh ®V volume and quality, as well as
AT compartments, namely TSAT and TIAT [2-4]. SeVestudies have shown
associations between thigh components and a nuwibé&ealth conditions [5-12].
Overweight and obese subjects present more lowitgeBb tissue area than leaner
persons; however, SM quality is poorer due to atgrdipid infiltration, which is more
relevant in obese patients with type 2 diabetes g]5, Insulin-stimulated glucose
disposal is positively correlated with SM attenaatidetermined by CT, in caucasian
men and women, ranging from lean to obese (BMI-#9.6 kg/nf) [7], and with
insulin resistance in obese non-diabetic asianfipasubjects [8]. Lipid infiltration of
SM is also related with an increased risk of mopilbss in the elderly [13, 14]. TIAT
appear to be positively associated with the metabsyndrome [10], and with
cardiovascular disease risk factors [11], while TSgeems to be related to the same
variables but in the opposite direction [10-12].

Growing evidence has pointed to a possible comvelabnd causative relationship
between physical inactivity and an increase of lthigtness, and also a lower SM
quality in adultg15, 16]. In older healthy adults PA level, measluby accelerometry,
was inversely associated with the percentage ofcootractile tissue (mainly fat) in the
leg, determined by MRI [17]. In patients with pdrgpal arterial disease, higher levels
of accelerometry assessed PA, were associated gratater calf SM area and SM
density, estimated by CT [18]. Muscle atrophy of tbwer leg, obtained by MRI, was
found to be associated with poor physical perforreanletermined through gait speed,
in dialysis subjects compared with healthy sedgntantrols [19]. Nevertheless, none
of these analyses was performed with overweight @meke premenopausal women.

Other studies have addressed cross-sectional ateacmposition of the lower body
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skeletal muscles, and PA, either by accelerom@®y ¢r by questionnaire [21], but no
association was reported between these variables.

CRF has been found to be inversely associatedmitdkhigh low-density lean tissue, in
women with a wide range of total body fat (10-55f@2], but in postmenopausal
women this correlation was not verified [23]; howevthese authors found that
midthigh SM area was positively correlated with mad oxygen consumption. An
increase in CRF was observed simultaneously wighitkrement of high-density SM
area (crf), and of mean SM attenuation (HU), in lean andsebmen with and without
T2DM [24]. This was similar to the findings of Rossal. [25], concerning the increase
in SM within the exercise without weight loss groum abdominally obese
premenopausal women, and to those by Dolan e6§l\jdth HIV-infected women who
performed exercise. Nevertheless, none of thed®euteported associations between
thigh components and CRF.

Although PA and maximal oxygen uptake are advocakgedmportant contributors to
health, including obesity prevention and treatmant] considering the important role
of AT and SM involvement, the association of PA &®RF with thigh composition is
still unknown in obese women. Furthermore, only eav fstudies used the direct
measurement of PA with accelerometry. Therefdre,mhain purpose of this study was
to analyze the associations of objectively measiéd and CRF with total thigh

composition determined by CT, in overweight andsebjgeremenopausal women.

Experimental Methods
Participants
Participants were recruited from the community #or2-year weight management

program through newspaper ads, poster informatmsteg in health care facilities, a
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website, email messages on listservs, and annowmteftgers. To be eligible for the
study, subjects were required to be older than @4rsy be premenopausal and not
currently pregnant, be previously sedentary, ha®Ma higher than 24.9 kg/mand
lower than 40.0 kg/fy as well as be free from major disease. An initialt with the
study physician, along with clinical testing, ereithat participants met all medical
inclusion criteria. Participants who completed ialtial measurements for the current
study were 98 pre-menopausal women (88.2 y, 77.29.7 kg, 1.60.1 m, 30.33.0
kg/n). All participants were informed about the reshadesign and signed a consent
form approved by the Ethical Committee of the Fgcuwf Human Movement,

Technical University of Lisbon.

Body Composition Measurements

Measurements were conducted according to staneargocedures. Participants came
to the laboratory, after a 12-hour fast, and 24rbowithout exercise, alcohol or
stimulant beverages. All measurements were caaigdn the same morning. In brief,
the procedures were as follows.

Anthropometry

Body weight was measured with an electronic scBlel¥f POD® Life Measurement
Instruments, Concord, CA) to the nearest 0.1 kgl leight was obtained with the
SECA scale stadiometer, measured twice to the sie@u® cm (average was used). BMI
calculated as kg/fn was defined as the criterion to identify overiigind obese
participants in the sample. This criterion was aetordingly with international
organizations (NIH and WHO) guidelines for overwdi@nd obesity, referred to as

BMI over 24.9 kg/mand 29.9 kg/rh respectively.
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Computed TomographyTo characterize the location and amount of AT aMlItBSsue
within the thigh, electron-beam cross-sectionalda€ICT imaging (Siemens, Somaton
Plus) was performed, using the standard proceddessribed by others [27]. Scan
parameters were set at 120kVp for 1 s, 360 mA, 6522 matrix, with a 48 cm field of
view. With the subject supine, 7-mm-thick crosstiseal consecutive scans of both
thighs were obtained in each subject, between rifexior ischial tuberosity and the
superior border of the patella. The tissue voluieces) identified in each image were
computed as the product of the tissue ared)(bmthe image thickness (7 mm). Thigh
SM volume (litters) was converted to mass unitgtams) multiplying the volume by
the constant density assumed for SM (1.04 kg/L),[@8d a similar procedure was used
to convert thigh AT (litters) to mass units (kilagns), multiplying the volume by the
assumed constant density for FM (0.92 kg/L) [28].

Once accquired, the CT data were analyzed usingnemally available software
(Slice-O-Matic; Tomovision Inc., Montreal, Canadagsed on image morphology. A
combination of edge detection filters and Watersteethniques was employed. Filters
were used to distinguish different gray-level regi@n the slice images, corresponding
to diverse tissues. Once the tissue regions wenetifted, the observer could use the
software to tag them by using colour codes. Tissplame (cri) for each slice was
calculated by multiplying the slice thickness bsstie area (cfh Tissue segmentation
was made using standard HU ranges: AT (-190 toH3)) SM (-29 to +150 HU), and
bone (+152 to +1000 HU) [29]. Because the skinagly identifiable in CT images, it
was necessary to correct data, assuming that ihehskl a thickness of 1 mm [28].
Thigh AT was further distinguished by manual tragcas: TTAT, TSAT and TIAT [30],
of both the right and left thighs. Bone marrow A@siexcluded from this analysis. All

image analysis procedures were performed by thee dachnician. The CV of test-
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retest reliability for mid-thigh SM tissue (&ntotal midthigh AT (crfi, subcutaneous

AT (cm?), and intermuscular AT (cthwere 0.1%, 0.4%, 0.4% and 2.5%, respectively.

Measurement of Cardiorespiratory Fitness

Respired gas volume, flow rates and respiratory egachange were collected during
exercise (MedGraphi® Corporation, utilizihng BREEZEX Software). A bredily-
breath system measured airflow and volume contisiyowand, simultaneously,
instantaneous expired G@nd Q concentrations were also determined. The flow and
volume were measured by a pneumotachograph ca&bwith a serynge of 3 L (Hans
Rudolph, inc.TM); for gas exchange measuremengsctimcentration of C£and Q in

the expired gas must be determined. The conceoriraficarbon dioxide was measured
with an analyzer of infrared light (Type: NIDR, g 0-10%, response (0-90%):
<100msec at 100cc/min, accuraey.1%); the concentration of oxygen was measured
by electrochemical ©analyzer of Zirconia (range 0.01 to 99.99%, respof®-90%):
<100msec at 100cc/min, accurae.1%). An electrocardiograph of 12-leads was used
(Quinton Q710, version 1.00) to produce an eleetdiogram reported continuously.
These data allowed the quantification of the sulgexardiac limitation to exercise, and
also heart rate stages and maximal heart rate. Ainmian (symptom-limited)
incremental exercise test was performed on a nwigen treadmill (Quinton Model
640 Treadmill Controller and Series 90TM Treadnillsth variable speed and grade.
The modified Balke protocol [1] was used to detenwork capacity and maximal
power in concretion work situation. After a warm ap 2 minutes at 1.2 mph, the
treadmill was set at a speed of 3.4 mph and aialigitade of 0° during the first minute
of exercise. Then, the treadmill speed was maiathiconstant throughout the entire

exercise test. At the start of the second minutegitade was increased to 1°, and from
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that on, an increase of 1° was performed at thenbewy of every additional minute of
exercise, until the participants were exhaustece €hteria for VOmax attainment
included 1 of the following conditions: respiratagychange ratio>1.1, plateau of YO
(change <100 mL/min in the last three 20-seconérvwals or with an increased
workload as evidenced by a difference in oxygemkgif <2 mL/kg/min), a heart rate
within 10 beats/min of age-predicted maximal heai#, systolic blood pressure of 250
mmHg or more, a decrease in diastolic blood pressuperior to 10 mmHg, peripheral
fatigue, volitional exhaustion [31]In the present study, CRF was quantified as
estimated V@max and expressed as liters per minute and aditei$li per kilogram of
body weight. Participants were wearing sports @stand shoes. Due to the fact that

this was a maximal test, reproducibility was natf@ened.

Objective Assessment of Physical Activity
Accelerometry Method

The Computer Science and Applications, Inc. acoeteter (CSA, model 7164,
Shalimar, FL), is a very small and lightweight iithh battery-powered accelerometer
conceived to record uniaxial (vertical) accelematad human movement, detected as a
combined function of the frequency and intensity tbé movement, with ranging
magnitudes from 0.05 to 2 G. It stores data froegdiencies between 0.25 to 2.5 Hz,
allowing to filtering out movements outside thegarof normal human movement, such
as car vibrations. Data was stored in memory aacgite the defined 60-s epoch and in
each count data was recorded the PA intensity.oBiochal calibration of the CSA
accelerometers took place at the beginning andetite of the study. All the CSA
accelerometers used in this study produced a respanithin the manufacturer’s
standards (x 5% of the reference value) (Computean8e and Applications). The CSA

that did not met this criterion, revealed a broke&am or sensor unit, were excluded.
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Each subject evaluated wore a CSA placed on the agterior axillary line at right
iliac crest, secured tightly in nylon pouches witlicro closures on an elastic waist belt,
supplied by the manufacturer. The CSA activatiors waade according to standard
specifications. Participants were instructed to tiee CSA for the entire evaluation
week [32], seven consecutive days, during the deygxcept while bathing and during
aguatic activities. After that time period, datanfr the CSA was downloaded to a
personal computer to be processed and cleanedity asnacro written in Microsoft
EXCEL (Microsoft Inc, Redmond, WA). Missing data,hieh were defined as
sequences at10 consecutive zero counts, were automaticallyteélbefore analysis.
The outcome variables were daily activity countsuds/min/day), which is an
indicator of the total volume of PA, and time (ctaimin) spent at different PA-
intensity categories. Time spent in sedentary hiehalw100 counts/min), in light
activity (100 to 1952 counts/min), in moderate atti (1952 to 5724 counts/min), and
vigorous activity (>5724 counts/min) was calculatdthe cut-off points defined for
each category were set accordingly to Freedsoh @t998) [33] scale, and expressed in
percentual values. It was also possible to detegrtia time that the monitor was worn,
the number of minutes spent continuously in moeeaativity (>1952 counts), and the

number of 10 minutes periods spent at an intethsigt superior to 1952 counts.

Statistical Analysis

Measures of central tendency, distribution, andnmadity were examined for all

variables. Multiple linear regression models were used to ym®lthe associations
between CRF, PA, thigh SM mass, thigh SM attennatitaracteristics, and thigh AT
mass. A Z score for thigh composition was compuatea clustered risk factor resulting

from the mean of the sum of the thigh SM mass (kgdal thigh SM attenuation

Faculty of Human Movement, Exercise and Health Laboratory - 100 -



Chapter 4: Study Il

coefficients (HU), TSAT and TIAT mass (kg), indival Z scores. Due to the fact that
TIAT represent an unhealthier phenotype [5], itgense value (1/x) was computed in
order to be included in the Z score calculatione Zhscore distribution was analyzed in
tertiles of CRF, and in tertiles of daily PA, toloal the comparison of thigh
composition risk profile among different CRF coimalis and diverse PA levelSne-
way ANOVA with the post-hoc Bonferror@orrection was used to analyze the differences
between tertiles. Statistical analysis was perfarrasing the Statistical Package for
Social Sciences (SPSS inc., 15.0 version, Chicdgp,and MedCalc Statistical
Software (MedCalc Software, Mariakerke, BelgiumatiStical significance was set as

P<0.05.

Results

Subject characteristics for the sample, includingam SD, minimum, and maximum
values of the independent and dependent variadregresented in Table 4.6.

The women were obese (me&D, 30.%3.0 kg/nf), and abdominally obese (9+07
cm), as shown in Table 1. The participants wergattarized by a wide variation in
thigh SM mass, ranging from 4.4 to 10.3 kg, witle ttow values of thigh SM
attenuation coefficients indicating the lipid itfdition of SM mass (41#2.7 HU). High
amounts of TTAT (8.81.9 kg), and TSAT (7£2.0 kg) were observed, revealing
greater mean values than those presented by S t§6st1.0 kg). TIAT mass was the
smallest AT compartment in this body region #0& kg). Total daily PA measurement
results revealed that subjects spent the majoritytime in sedentary behavior
(144.8:12.9 min/d), while low intensity activities occugdieetween 29.2 to 86.8 min/d
of their time. Moderate and vigorous intensity atigs only contributed with a small

amount to total daily PA (5#2.8 min/d and 0.08).05 min/d, respectively). These
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as presented in Table 4.6.

Table 4.6.Subject characteristics.
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Total Sample

X£SD Range
Anthropometric measureme
Age (years 38.45.E 25-4¢
Weight (kg) 77.249.7 59.1-103.¢
Stature (Ir 1.€£0.1 1.E-1.8
BMI (kg/nt) 30.13.C 25.1-37.1
Waist circumference (cr 91.x7.7 82.5-127.:
Cardiorespiratory fitne:
VO,max (mL/kg/min) 24.+4.C 9.5-36.€
Objectively daily physical activi
Daily activity (counts/min/day) 393.:4123.¢ 98.7-838.1
Sedentary behavior (min/d) 144.&12.¢ 112.5-175.3
Low intensity PA (min/d 54.€+12.2 29.2-86.¢
Moderate intensity PA (min/d) 5.C+2.€ 0.01-13.¢
Vigorous intensity PA (min/c 0.0z+0.0¢ 0.0¢-0.20
CT thigh composition measurements
Thigh SM tissue mass (kg) 6.1+1.C 4.4-10.2
Thigh SM tissue density (HL 41.x2.7 32.7-46.5
TTAT mass (kg) 8.2t1.¢ 4.4-14.2
TSAT mass (kg 7.6+2.C 4.C-13.4
TIAT mass (kg) 0.8+0.2 0.4-1.t
Z score thigh composition -0.000+0.€ -1.4-1.4

AT, adipose tissue; BMI, body mass index; CT, coteguomography; HU, Hounsfield Units; PA,
physical activity; SD, standard deviation; SM, skal muscle; TIAT, thigh intermuscular adipose
tissue; TSAT, thigh subcutaneous adipose tissueATT Ttotal thigh adipose tissue; \(ax,
maximal oxygen consumption; X, mean.

Results for the regression models that used thahposition compartments as the
outcome variable are shown in Table 4.7. Each mowflided age (data not shown)
and BMI as covariates. In the several models faghttsM mass, besides BMI, CRF,
expressed in mL/kg/min, emerged as the only prediat this thigh tissue, even after
controlling for PA variables (low intensity PA —Meld5, and sedentary behavior —
Model 6). No associations were found between PAabéas and SM tissud®$0.05), as

shown in Models 3 and 4. Thigh SM quality and TTATass did not show any

association with CRF and PA variabl&s-0.05).
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Table 4.7. Multiple regression models examining the asscmsti between thigh
composition and CRF, and objectively measured d&fly controlling for age and BMI,
in pre-menopausal, overweight and obese women.

Variables Model 1 Model 2 Model 3 Model 4 Model 5 Mdel 6
Thigh SM (kg)
BMI (kg/m?) 0.092** 0.140**  0.091* 0.090** 0.142%*  0.141***
CRF (mL/kg/min 0.090** 0.091** 0.091**
Low Intensity PA (min/d 0.00z -0.00z
SedentarBehavio (min/d) -0.00¢ 0.001
Thigh SM Quality (HU)
BMI (kg/m?) -0.435**  -0.407*** -0.446*** -0.446*** -0.424*** -0.427***
CRF (mL/kg/min 0.05: 0.04( 0.03:
Low Intensity PA (min/d -0.02: 0.02(
SedentarBehavio (min/d) -0.02¢ -0.02:
TTAT (kg)
BMI (kg/m?) 0.432**  0.430**  0.442**  (0.438**  0.447**  0.444***
CRF (mL/kg/min -0.00¢ 0.00¢ 0.01cC
Low Intensity PA (min/d -0.01¢ -0.01¢
SedentarBehavio (min/d) 0.01¢ 0.01¢
TSAT (kg)
BMI (kg/m?) 0.423**  0.426***  0.436**  0.431**  0.450***  0.445***
CRF (mL/kg/min 0.00¢ 0.02¢ 0.02¢
Low Intensity PA (min/d -0.026° -0.027°
SedentarBehavio (min/d) 0.01¢ 0.021
TIAT (kg)
BMI (kg/m?) 0.043**  0.040***  0.045**  0.045**  0.043***  0.043***
CRF (mL/kg/min -0.00¢ -0.00¢ -0.00¢
Low Intensity PA (min/d -0.003° -0.00:
SedentarBehavio (min/d) 0.003* 0.00z

AT, adipose tissue; BMI, body mass index; CRF, icaas$piratory fitness; PA, physical activity; SM,
skeletal muscle; TIAT, thigh intermuscular adipdssue; TSAT, thigh subcutaneous adipose tissue;
TTAT, total thigh adipose tissue;

*** P<0.001; ** P<0.01; * P<0.05.

A negative association was found between daily tgpent in low intensity PA and
TSAT mass (Model 3), and this association prevaildegn CRF was included in the
model (Model 5). Minutes per day spent in sedentaepavior were marginally
associated with TSATBE0.02; P=0.098), when controlling for CRF (Model 6). Low
intensity PA was inversely associated with TIAT @b 3), but when CRF was

included in the model this association became malgi significant =-0.003;
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P=0.061), as can be observed in Model 5. Althougly dainutes in sedentary behavior
were positively associated with TIAT mass (Model 4his association became
marginally significant when controlling for CRB%0.003;P=0.052), as presented in
Model 6.

Figure 4.8 shows the mean Z score (continuous blajiaof thigh SM and AT

composition for tertiles of CRF, with the lowessZore results indicating a poor thigh

composition.
¥
2.50 7 _*

c -
o 2.00
b
(7]
o
[}
£
<]
O 150
L R
2 1
L
-
(]
1
S1.00
2 1
N
o
PN
n
o 0.50 7

0.00

T T T
1.00 2.00 3.00

Tertiles VO2 max (mL/kg/min)

Figure 4.8. Mean Z score (continuous variable) of thigh compamsifor
tertiles of maximal oxygen consumption (mL/kg/mi@ne-way ANOVA
with the post-hoc analysis of Bonferroni were usmdthe comparison of
means between tertiles’(¢s 39, * P<0.05; 2¢vs 39 ¥ P=0.061).

A graded increase was noted across tertiles of GRpressed in ml/kg/min, with
significant differences obtained between the fursd the third tertilesR=0.026), and a

marginally significant difference between the satand the third tertiled?E0.061).
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A similar increasing trend was verified for thigbneposition across tertiles of total

daily PA, but with no differences between terti{Ps0.05), as shown in Figure 4.9.
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Figure 4.9. Mean Z score (continuous variable) of thigh compasifor
tertiles of total daily PA (total counts). One-wANOVA with the post-hoc
analysis of Bonferroni revealed no differences leevtertiles>0.05).

Discussion

This study relied on thigh composition assessmémnbugh CT, PA objectively
measured with accelerometers, and CRF estimationstapdard procedures to
investigate the associations between dependermgh(ttdomposition) and independent
variables (PA and CRF), in overweight and obesenpr®pausal women.

For daily PA, and considering the Freedson et #898) [33] cut-off points to
distinguish different PA-intensity categories, #raalysis of total daily PA revealed that
the sample spent the greatest amount of time iargady behavior, while low intensity

activities occupied 26.6% of their time. Moderatg aigorous intensity activities only
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had a very small contribution to total daily PA. A®men in the present study were
previously sedentary, their moderate and vigorotsnisity activities were well below
the target of at least 200 min/week, recommendeavéight loss [34], or 60-90 min of
moderate-intensity activities per day for weightim@nance after weight-loss [35], or
even at least 30 min of moderate-intensity PA,ass than 5 d/week, in order to prevent
against chronic diseases [36]. These activity E\ake not surprising since several
studies have shown that BMI is inversely associatgti PA of at least moderate-
intensity in overweight and obese individuals, ba basis of recorded accelerometry
weekly counts [37-39].

The higher percentage of time spent in sedentanawer revealed by women in the
present study may be partially a function of thedgison et al. (1998) [33] cut points
used. Ainsworth et al. (2000) [40] observed tha thoderate-intensity cut point of
Freedson et al. [33] (1952 counts/min) was highantthose of other authors [41, 42],
and that it may be set too high to capture a braage of moderate activity. Therefore,
it is possible that Freedson et al's (1998) cuhfomay lead to a different classification
for some moderate activities [40], precisely in thaege of interest for public health
recommendations concerning PA. Therefore, the tesol the current study may
underestimate moderate-intensity PA and overestirhate spent in low-intensity PA
of these overweight and obese premenopausal women.

Activity levels for the participants are also inregment with their CRF level,
corresponding to a lower than average result [Bdhsidering the age group of these
women (25-49 years). The present results compagatinely with those obtained by
Farrell et al. [43], which showed a maximal oxygemsumption in women associated
with all-cause mortality in the Aerobics Center gdodinal Study. Additionally,

women with a moderate CRF for a given BMI or waistumference have less total
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FM and CT abdominal subcutaneous and visceral A thdividuals with low CRF, as
shown by Janssen et al. [44]. These results matyilbote to increase health risk factors
in the present sample.

The present findings indicate that, in sedentargneeight and obese premenopausal
women, although daily PA was not related with thi§iM quantity, a positive
association may exist between CRF and SM mass, aften including PA as a
covariate. Similar findings were observed in theRt al. study [23], in which CRF
was positively correlated with midthigh SM area fgnn obese postmenopausal
women, highlighting the importance of the assocratbetween maximal oxygen
consumption and SM mass. Time spent in low intgnBiA emerged as the main
predictor (with BMI) of TSAT, with an inverse relah after controlling for CRF.
Concerning TIAT, a negative association was alssepled with minutes per day in
low intensity PA, but this association became mrally significant after CRF was
included as a covariate. Sedentary behavior wagiyeg related with TIAT, but
became also marginally significant after the inidosof CRF. Current results suggest
that in overweight and obese premenopausal wonmas, 4pent in sedentary behavior
may induce a negative thigh composition profile,orpoting the increase of
intermuscular adiposity, while low intensity PA @&ssociated with lower thigh AT
deposition. No association was found between CR¥yv&iables, and TTAT mass.
Similarly, in a study with postmenopausal women,aiRyet al. [23] reported no
associations between maximal oxygen consumptionnaidthigh AT. The absence of
associations between CRF and daily PA variablel thigh SM quality may be due to
the fact that only previously sedentary women wectuded in the sample. Due to the
fact that the participants were previously sedentaeir daily PA and exercise may not

represent an effective stimulus to induce SM tisselesity modifications, which may
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require more intense activities, and, consequetitiyr participants in order to be
achieved. Other authors [23, 24, 26] demonstrated positive effects of different
exercise regimens on thigh SM quality of particigamith diverse health conditions.
The low values obtained for thigh SM attenuatiorftioients suggest lipid infiltration
of SM mass, indicative of poor SM quality in thigeoweight and obese women. Other
studies [21, 45], reported lower mean attenuat@nes, obtained with CT at midthigh,
in older women when compared with the results @& pnesent study, suggesting a
decrease in SM quality with increasing age. Invgrseurrent results are somewhat
lower than those observed by Lee et al. [24], winanfl a mean SM attenuation of
51.3t2.0 HU, in two continuous CT slices at the midthigha sample of obese men,
suggestive of a gender difference in thigh lipidiltration. In middle-aged Korean
women, Kim et al. [8] reported that the portiontlé midthigh SM composed by low
density SM area (+0 to +30 HU), seemed to be amétant of insulin resistance, while
Sakkas et al. [20] observed a positive associdigtween T2DM and lipid deposition
within SM of dialysis patients, estimated by MRhi§ may suggest that overweight and
obese women from the present study could be aeaeayrrisk for the development of
insulin resistance.

The analyses of clustered thigh composition-riskresdor tertiles of maximal oxygen
consumption revealed that women with the highesk @Resented a superior Z score,
representing higher thigh SM mass and better SMitgualong with lower AT
accumulation, than women with lowest CRF. Thisngpartant to note because this
association is present despite the very low aveGRE of study participants, indicating
that, even in previously sedentary overweight abése women, maximal oxygen
consumption level is associated with different lthigomposition phenotypes. The

positive trend observed for the Z score acrosdderof total daily PA, suggests that
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lower SM mass and density, and greater thigh adiposay be associated with less
time spent in PA in the daily routine.

The major limitation of the present study residedst$ cross-sectional design, which
does not allow establishing a cause-and-effectioalship between thigh composition
and PA or CRF measures. Future research with fellpvapproaches is needed in order
to verify or infirm present findings. One of therestigths of this study was the
assessment of PA with accelerometry, which allawsljectively quantify PA data in
terms of time and intensity [38], information whichn then be analyzed to examine
patterns of activity over the course of severalsday weeks [40]. These monitors
provide the most objective and detailed record Affé* behavioral and epidemiologic
research [46], and CSA monitors, in particular,egppo have good reliability for most
research applications [47]. Another strength of firesent study is the CT data
collection method, which was composed of conseeusiices of the entire thigh,
contributing to a more accurate data acquisitiofthduigh multi-slice imaging is
generally considered the reference for measurited smd regional AT and SM tissue
[48, 49], most studies have used a single slicghatmidthigh; this highlights the
uniqueness of our study, but also difficulties mmparing the present results with
previous findings. Nevertheless, caution is neegthdn comparisons between studies
are made because different protocols might prodiinerse results that should not be

attributed to real discrepancies.

Conclusions
The results of the current study suggest that erwegight and obese premenopausal

women, CRF is positively associated with thigh Siétity, represented by SM mass
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estimated from CT scans, while AT is negativeljyuahced by low-intensity PA. SM

quality, represented by SM attenuation coefficieptsssibly require more intense PA
stimulus in order to reduce SM lipid infiltratiohlevertheless, it is important to note
that, in these women, maximal oxygen consumptierlles associated with different
thigh composition phenotypes. The present findisgg®uld be considered when
developing and implementing weight control intetvems, leading to the improvement
of SM morphology via increased PA and CRF, whiclerall are known to have a

positive impact on health-related risk factors.
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CHAPTER 5

Impact of a weight-loss intervention on
thigh composition, cardiorespiratory
fitness, and daily physical activity:

possible athlete’s paradox effect?

Although nature commences with
reason and ends in experience it is
necessary for us to do the
opposite, that is to commence with
experience and from this to
proceed to investigate the reason.

Leonardo da Vinci
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Abstract

Objective: The current study analyzed the impact of a 16-mowgight-loss
intervention on thigh composition (SM area, SMHUd&T area), CRF, and PA, in 48
overweight and obese premenopausal women, alongsttethe investigation of the
associations between changes in the studied vasiabl

Methods: Body composition was assessed (CT, DXA, and antdmary). IPAQ was
used, and CRF was tested. All measurements wefermed at baseline and 16-
months.

Results: Changes revealed increases in low density SM aigth thtermuscular AT
(TIAT) areas, as well as for CRF and PR<(.001 for all). Decreases were observed
for low density SM quality, TAT and thigh subcutans AT (TSAT) areas,
anthropometric variables, and lower limbs FRK(.001 for all). No differences were
observed between groups (P>0.05), even after adgutfor PA. The increase of low
density SM area and the decrease of SMHU were selerassociated with the
increment in CRFR<0.001 andP<0.05, respectively), and positively related wilie t
reductions of weightR<0.001 andP<0.05, respectively), BMIR<0.001 andP<0.05,
respectively), and others body composition indiatd AT and TSAT decreases along
with TIAT increment during the 16-months were piogity associated with reductions
in weight, BMI, anthropometric variables and loietbs FM (P<0.01 for all).
Conclusions: A 16-month weight-loss intervention positively udéinced low density
SM thigh area along with a decrease in low derfSKy quality and increases in CRF,
suggesting the occurrence of the athlete’s paradoxoverweight and obese

premenopausal women.

Keywords: Obesity, body composition, computed tomographyr@se.
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Background

Obesity has rapidly become a global health proljler2], and Portugal is no exception
[3]. Moreover, obesity is a major cause of morlyidgihd mortality from coronary artery
disease, cerebrovascular, hypertension, and T2DWpboations [4-6]. Recent research
is demonstrating associations between differentylsmfjments composition and those
disease states [7-10]. These studies were madélgoby technological advances in
body composition methods, such as CT, and MRI. €limates of thigh composition
are gaining more interest due to the associationsd between AT and SM located in
the thigh and several health conditions such asM 211, 12], blood glucose and lipid
levels [13], metabolic syndrome [8], prothromboéiod atherosclerotic abnormalities
[14], and increased risk of mobility loss in thdealy [15].

Epidemiologic and experimental studies indicatat tRA reduces risk factors for
several health problems [16-21], with special ensghtor the prevention and treatment
of obesity [22-25]. However, the role of PA in daibutine is still difficult to measure
in free-living subjects [26, 27]. There are alreadyme intervention studies with low
density SM area and quality in the elderly [28}e@&ling the preservation of TIAT and
of the SM attenuation value in the midthigh, in B¥ group, while the controls showed
an enlargement of both AT indicators. Few studigehaddressed, simultaneously, PA
estimation with questionnaires and lower limbs sss®nt by CT [29], and no studies
were found addressing PA assessment with IPAQ higth tomposition with CT in
overweight and obese premenopausal women.

CRF is an important health-related fitness indicatehich can be assessed through
exercise testing, offering the unique opportundystudy simultaneously the cellular,
cardiovascular, and ventilatory system responsegruwork conditions of precisely

controlled metabolic stress. In different healtinditions, including weight loss, and in
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both genders, it was observed that subjects whiorpeed exercise presented an
increase in CRF along with a significant improvemienCT and MRI-measured SM
guantity and quality (HU), at midthigh [30-34]. Bubhone of these studies was
performed with overweight and obese premenopausalem, and none of these authors
reported associations between thigh SM and thigiwifi CRF.

Despite CT availability, is still not known the eéts of a long weight-loss intervention
on the different thigh composition compartmentspbese premenopausal women. In
addition, associations between thigh compositicangles and modifications of fithess
and PA indicators throughout weight loss intervamgi are not reported in the literature.
Hence, the primary purpose of the current study teaanalyze the effects of a 16-
month weight-loss intervention on thigh compositi@M area and quality, and AT
area), CRF, and daily PA, in overweight and obessmpnopausal women. The
secondary objective was to study the associatietsd®n thigh composition changes

and fitness and PA indicators alterations.

Experimental Methods

Participants Eligibility and Recruitment

Eligibility requirements were age25 years, BMI>25 kg/nf and <39.9 kg/nf, pre-
menopausal, without diagnosis of hypertension, ipigedmia, diabetes, thyroide
alterations, or other diseases, and medication dbakd influence body composition.
Women could not be pregnant and not willing to mee@regnant in the next 2 years,
and had to be willing to be randomly assigned tbegian intervention or comparison
group. Individuals were excluded if they were yoeinthan 25 years old, presented a
BMI lower than 25 kg/rhor higher than 39.9 kg/mwere post-menopausal, if they had

any condition likely to increase risk from the intention or to limit life span, any
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condition that would likely affect the ability t@oduct the intervention as designed, or
if they were taking any medication or had any maldeondition likely to confound the
assessment of body composition.

Eligibility Visits

Eligible women, based on return of newspaper adstep information posted in health
care facilities, a website, email messages oneliges and announcement flyers,
attended plenary sessions in which all the inteifgarprocedures and study compliance
were explained. If they agreed with the proceduassl were willing to participate, a
demographic and clinical questionnaire was filled, @and they were invited to attend
four screening visits during which eligibility wasrther assessed.

First baseline screening visitAn informed consent was signed according to the
regulations of the Ethical Committee of the FacufyHuman Movement, Technical
University of Lisbon. Body composition estimatiomsvperformed with anthropometry,
bioelectric impedance spectroscopy, air displacénmethysmography, and DXA.
Questionnaires assessing habitual PA, psychosathbuality of life parameters, were
administered during the first visit. A 4-day fooecord was assigned for return at the
second visit.

Second baseline screening vidihe completion of the psychosocial questionnaares

of the 4-day food record was performed, and CRFagasssed.

Third baseline screening visiBiochemical assessments and body composition by CT
were performed.

Final eligibility. A clinical consultation with the intervention pligian took place, in
order to analyze the baseline results and decategedch woman, if inclusion criteria

were met, or if the subject should be excluded fthenintervention.
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Participants

Participants in the present study were 48 womeno249 years old, premenopausal,
with overweight or obese conditions (25.2 to 38dInK). Participants received no

financial compensation; instead they participateth the sole incentive of benefiting

from the intervention.

Study Design

The intervention has a strong theoretical foundatiasing an empirically-based
cognitive-behavioral approach to promote the adopand maintenance of a healthy
lifestyle, with a strong emphasis on PA and nunit{35]. The lifestyle intervention
goals were to: 1) achieve and maintain a weightickdn between 5%-10% of initial
body weight through healthy eating and PA; 2) ashi@nd maintain a level of PA of at
least 200-300 min/week (equivalent to ~1500-200@&lkeeek), through moderate-
intensity activity; 3) achieve and maintain a reduc in total energy intake (300-500
Kcal/day less), with a reduction on fat intake (%26f total daily intake), an increase in
complex carbohydrates (CH; >45% of total CH dailyake), in fiber (>25 g/day), a
daily protein intake of no more than 15% kcal/dayd the promotion of nutrient-dense,
high-volume, low calorie foods such as fruits, wabées and whole grains [35]. All the
participants were submitted to a 16-week programsisting of a 2-h weekly session
aimed at promoting lifestyle changes through edocaand behavioral strategies
concerning nutrition, PA and lifestyle managemast,described by others [36]. After
this 16-week program, participants were randomipea comparison group, a monthly
meetings group and a monthly meetings plus stredtuPA group. The design
incorporates collection of outcome measures dahallparticipants at baseline and at 16-

week, at 10-, 16-, and 22-month follow-ups (Figbir®0).
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Comparison Group

Each participant carried on with their life, awaprh the intervention team. Support
from the intervention team could be asked by thenesm through telephone call or e-
mail during the follow-up period.

Monthly Meetings Group

In this group participants benefited from a montmigeting with the intervention group,
during which goal setting, self-monitoring, stimsilaontrol, problem solving, relapse
prevention, social support, and motivational teghes, concerning nutrition, PA and
lifestyle management were addressed.

Monthly Meetings + Structured PA Group

Besides the monthly meetings, participants profifeain 2 weekly sessions of
structured exercise, performed between friday amdday. The exercise program
consisted of aerobic and strength training combhinedeach 300 kcal/session at the
beginning of the program, progressing graduall#@6-500 kcal/session from 2-months
on. Cardiovascular intensity was between 40%-508%GtIrate reserve (HRR) when the
intervention began and progressed to 55%-70% HRIR.odified scale of perceived
exertion [37] was used by the participants aimih@ éevel between 4-8 on the scale.
Strength training was incorporated, and the intgngas based on 1-RM assessment of
upper and lower-body. Large muscle groups wereaided, and different muscle groups

were used in each session and between sessions.

Monitoring the Intervention
Laboratory Measurements

At baseline and 16-months, biochemical analyzeshaaty composition assessment by

CT were performed.
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Candidates after pre-selection
N=174
Candidates selected for evaluation
N=163
]
Assessed for Eligibility
N=155
0 Months (7 0 Months
Enroliment in Non-Randomized intervention
___________________________ NSW2 ..
6 — Excluded 7 — Withdrew (before the program)
2 — Hyperthyroidism 3 — Time commitments
2 — BMI 2 40kg/m2 1 — Family motives
1 — Depression 3 — Unknown cause
1 — Taking diuretics
4 Months l 4 Months
134 Randomized 94'0:/“1
participants (96.5%)
3 — Excluded: Pregnancy
5 — Withdrew: Time commitments
Group A: Comparison Group Group B: Monthly Gr_pu;&: Monthly
n Meetings + Structured
N=41 Sessions Group 5 ey
N=46 Physical Activity Group
a N=47
N=23 (67,4%) N=35 (77,8%) N=36 (85,7%)
2 — Excluded: 1 - Excluded: 3 — Excluded:
Cancer Pregnancy Pregnancy
Pregnancy 23 — Withdrew: 17 — Withdrew:
23 — Withdrew: 1 - Family motives 1 - Professional
4 — Time commitments 2 — Professional commitments
2 — Professional comitements 4 — Time commitments
commitements 5 — Time commitements 12 — Unknown cause
17 — Unknown cause 15 - Unknown cause
16 Months 1 l 1 16 Months
. " 45.8% (n=65;
Completed Intervention Completed Intervention Completed Intervention 5000(; 1 )
=1 N=22 N=27 (50.0%)
Completed Assessments Completed Assessments Completed Assessments 33.8% (n=48)
N=11 N=18 N=19

Percentages represent % adherence with the exception of participants excluded due to pregnancy (or severe disease).

Figure 5.10.Consort diagram.

Subclinical Measurements

Body composition estimation (with anthropometrygddectric impedance spectroscopy,
air displacement plethysmography, and DXA), andaaimal oxygen consumption test,
were assessed at baseline and 16-months.

Other Measurements

PA, and psychosocial and quality of life parameteese estimated by questionnaires,

and a 4-day food record was used to assess noditiotake, also at baseline and 16-

months.
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Body Composition Measurements
Anthropometry

Body weight was measured with an electronic scBel¥f POD® Life Measurement
Instruments, Concord, CA) to the nearest 0.1 kgl lagight was obtained with the
SECA scale stadiometer, measured twice to the se&& cm. Accordingly with
international organizations (NIH and WHO) guidentor overweight and obesity,
referred to as BMI over 24.9 kgfrand 29.9 kg/M respectively, BMI (calculated as
kg/n?) were used to define overweight and obese womemgrthe study participants.
Circumferences at the waist (1 cm above superioddyoof iliac crest), hip, midthigh
and distal thigh [38] were assessed by a trainsgareher. Based on 10 repetitions, the
TEM and ICC were, respectively, 0.41 cm and 1.Q0waist circumference, 0.52 cm
and 0.99 for hip circumference, 0.17 cm and 1.00rfmthigh circumference, and 0.37
cm and 0.97 for distal thigh circumference.

Dual-energy X-ray Absorptiometry

FFM and LST mass in the lower limbs were assesgeDXA (QDR-1500; Hologic,
Waltham, MA, pencil beam mode, software versionehBanced whole body analysis),
and the lower limbs region was defined using tlenaard analysis protocol for the
whole body scan, described by the manufacturer. Jdrmme laboratory technician
positioned the subjects, performed the scans aadutad the analysis according to the
operator's manual. Based on ten subjects, thdicegits of variation in our laboratory
for FM and FFM were 2.9% and 1.7%, respectively.

Computed Tomography

Helical CT imaging (Siemens, Somaton plus) wasqoaréd using standard procedures
as described by others [39], with scan parametdratsl20kVp for 1 s, 360 mA, 512 X
512 matrix, with a 48 cm field of view. The subjdéed supine, with the arms extended

above the head, and a 7-mm-thick cross sectioal et both thighs was obtained in

Faculty of Human Movement, Exercise and Health Laboratory - 122 -



Chapter 5: Study Il

each subject, between the inferior ischial tubéyoand the superior border of the
patella, to assess thigh composition. Once acadjuine CT data were analyzed using
commercially available software (Slice-O-Matic; Towsion Inc., Montreal, Canada).
Tissue segmentation was made using standard H@saAJd (-190 to —30 HU), SM (0
to +100 HU), normal density SM (+31 to +100 HU)ddow density SM (0 to +30 HU)
[40]. Because the skin is hardly identifiable in @fages, it was necessary to correct
data, assuming that the skin had a thickness ofriiL[#41]. In both the right and left
thighs, thigh AT tissue was further distinguishgdnbanual tracing as: TTAT, TSAT,
and TIAT, accordingly to Shen et al. classificatipt?], using thigh fascia lata to
subdivide this AT compartments [39]. Bone marrow ABs excluded from this
analysis. The number of pixels multiplied by theaaof one pixel equals the tissue area
for that CT slice [40].

The measurement reliability for thigh compositiorasvperformed with 3 months
interval, analyzing the same images in 30 womenly Omtraobserver error was
calculated because all the measurements were perdoby the same technician. The
intraobserver CVs were 0.1% for thigh SM tissud%®for TSAT, and 2.5% for TIAT,
as described by others [14].

Valid CT baseline measurements were performed @wiztnen but from these 77 did
not return for the second scan at 16-month, respiti 65 subjects who had CT scans at
both baseline and at the end of the interventiommFthese 65 women, 17 were
excluded from the present sample due to the absgnother assessments (CRF, PA,
anthropometry, and/or DXA measurements), and camesgty only 48 participants

remained in the study sample.
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Cardiorespiratory Fitness

To assess physical fitness at the beginning arideagénd of the intervention, a breath-
by-breath system measured airflow and volume coaotisly and, simultaneously,
instantaneous expired G@nd Q concentrations were also determined. Respired gas
volume, flow rates, and respiratory gas exchangeewmllected during exercise
(MedGraphic® Corporation, utilizing BREEZEX Software). Maximakrobic power
(VO,max), symptom-limited, was measured using an inergal protocol [43] on a
motor-driven treadmill (Quinton Model 640 Treadm@@lontroller and Series 90TM
Treadmills), with variable speed and grade, asrdest previously [44]. Due to the fact

that this was a maximal test, reproducibility was performed.

Physical Activity Questionnaire

PA was assessed with the International Physicalviict Questionnaire [45], an
instrument with a mean rho for criterion validity @bout 0.30. The short last seven
days self-administered format was used, consideriagreasonable measurement
properties for monitoring population levels of PA@ng 18- to 65-yr-old adults in
diverse settings [45], and in special populatianshsas obese subjects [46]. Information
on several PA behaviors was provided, includingkimgl, moderate-intensity and
vigorous-intensity activities, and sitting. Comgiga of the total score for the short
form requires summation of the duration (in minyi@sd frequency (days) of walking,
moderate-intensity and vigorous-intensity actigti&stimation of total PA per week
was computed by weighting each type of activityiteyenergy requirements, defined in
METS, to yield a score in MET—minutes [47]. The MEdores for each of the reported
activities were derived using the Ainsworth et @bmpendium [48]. Reliability data

were collected, and test-retest repeatability veafopmed within a two-week period.
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Statistical Analysis

Normality was tested for all variables and for elifnces between baseline and 16-
month assessments. Descriptive statistics of besaind 16-month were computed as
meanzSD, in the total sample and in each intereangroup. Changes from 0 to 16-
month (16-month measurement minus baseline measuatgwere analyzed with the
paired samplestest, and with the Wilcoxon signed ranks test whemmality was not
verified. Differences between intervention grougasthe beginning and at the end of the
intervention, were tested using ANOVA (time x intention group). At 16-months the
analysis of covariance (ANCOVA) was completed wRA variables entered as
covariates.

Due to the number of subjects in the present sarfrztd8), a bootstrap resampling
analysis was performed to test for the specificrea (or mediated) effects [49]. The
mediation models used the intervention group as itldependent variable, while
changes in thigh composition variables (SM areat @mlity, and AT areas) were
tested as dependent variables. Age, BMI, and PAgdgmwere tested as mediators. An
SPSS macro provided by Preacher and Hayes (200Hh),multiple linear regression
analysis was used to analyze the causal stepgafite mediation forwarded by others
[50]. A resampling procedure (5000 bootstrap sam)pleia the Bias Corrected and
Accelerated (BCa) estimates and 95% confidenceviaiteto present the indirect effects
significance were performed. If the BCa 95% intéoanfidence did not included zero,
it can be concluded that there was a significagit@ct effect (at alpha=0.05) [49].
Multiple linear regression models were used to ym®althe associations between
changes in thigh composition variables, and altmmatin other body composition

variables, controlling for age and BMI. Statisticahalysis was performed using the
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Statistical Package for Social Sciences (SPSS int(Q version, Chicago, IL), and
MedCalc Statistical Software (MedCalc Software, idleerke, Belgium). Statistical

significance was set &s<0.05.

Results

Mean and SD, of all the studied variables, at thgiriming (0-month) and at the end of
the intervention (16-month), are presented in Tabl8. None of the baseline
measurements differed significantli?>0.05) by intervention group (Table 5.8). On
average, participants were obese, with a mean BMB000+3.0 kg/m. The waist
circumference was large. Absolute FM was high, bottotal body, and in the lower
limbs, almost ranging LST results. CT data revedted TTAT tissue area was greater
than SM tissue area. Normal density SM area wasrier component of thigh SM
tissue, while TSAT was the greatest contributahigh AT. Low density SM and TIAT
areas were the smaller components of thigh SM ahdréspectively. SM density was
low indicating a high lipid infiltration. The low RF level was in agreement with time
spent in PA during the week.

In the total sample, all the body composition measients decreased from baseline
(P<0.001 for all), with the exception of low dens§M and TIAT areas that increased
during the interventionR<0.001). Low density SM area increased and thissment
occurred simultaneously with a reduction in SM dyakflected by decreased HU. No
significant changes were observed during the ietgren for SM and normal density

SM areas and quality, as well as for lower limbg I(B>0.05 for all).
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Table 5.8. Baseline and 16-month characteristics, in thel tséanple and by intervention group: comparison gréGomp. Group), monthly
meetings group (M.M. Group) and monthly meetingasedstired PA group (M.M.+SPA Group). P-value of th#erences from baseline to 16-
months (t-test and Wilcoxon signed ranks test).

Overall Comp. M.M. Group M.M.+SPA
Group Group
Baseline Post-16m Baseline Post- 16m Baseline Post-16m Baseline Post-16m
X£SD X+SD X£SD X+SD X+SD X+SD X£SD X+SD
N 48 48 11 11 18 18 19 19
Age (years 39.245.7 -- 38.5¢+4.€ -- 38.1+5.¢ -- 40.&46.1 --
Weight (kg 76.6+9.2 71.8+9.0%** 76.1+10.C 72.4+7.9%* 75.6+6.¢ 70.147.7%%* 78.2£10.¢ 73.1+10.7**
Stature (m 1.€+0.0¢ - 1.€+0.0¢ - 1.€+0.0¢ - 1.€+0.0¢ -
BMI (kg/m?) 30.(£3.0 28.(+3.0%** 30.(£3.2 28.€+2.9** 29.2+2.4 27.(£2.8%** 30.71+3.2 28.71+3.7**
Anthropometr
Waist circumference (cr 90.1£6.€ 85.(+8.3*** 89.645.7 85.645. 7%+ 88.6+6.1 82.6+7.9%** 91.4+8.2 86.5£9.8**
Hip circumference (cn 111.546.7 107.7#7.3**  109.%47.2 107.727.C 110.7#5.5 106.246.5*** 113.247.2 109.(x8.1**
Mi dthigh circumferenc (cm) 57.€+3.C 54 9+4 3*** 57.24.7 55.(+4.6** 57.(+2.€ 54.(£3.0%** 58.2+4.5 55.745.1**
Distal thigh circ (cm) 39.7+2.¢ 38.7+2.9*** 40.(£3.7 39.2£3.6* 39.4+1.5 38.1+1.7%** 39.6+3.2 39.(+3.%°
DXA
Lower limbs FM(kg) 13.%3.2 11.6+2.0% 13.4+4.C 11.6+3.€% 12.7+2.4 11.(+2.2% 13.6+3.4 11.6+3.2%%
Lower limbs LST (kg 12.2+1.6 12.z+1.€ 11.7+1.7 11.¢+1.8 12.z+1.€ 12.z+1.€ 12.2+1.5 12.5+1.5
ComputecTomograph
SM area (cr?) 229.4428.( 229.7+29.4 217.#422.1 223.:429.5 234.(£34.¢ 231.434.2 232.(x23.1 231.&24.¢
SM quality (HU) 44,1425 445133 43.543.C 43.7£3.€ 44742 € 45.242.€ 43.6£1.€ 44.243.F
Norma density SM area (c?) 185.424.1 187.(+x27.5 174.&£20.€ 178.5429.5 190.(+28.¢ 191.1#31.5 187.1+20.1 188.(x22.(
Norma density SM qualit (HU) 516+14 522+2.2 51.4+1.F 52.142.7 52.(+1.7 52.€+1.¢ 51.5+1.2 51.&+2.2
Low density SM area (c?) 31.7+7.5 43.0£10.8*** 30.¢+9.4 45.(£11.0%** 31.(x7.7 40.€£8.8*** 32.716.2 44,1412 4
Low density SM qualityHU) 181+0.4 11.01.(4* 17.¢+0.4 10.6+0.8*** 18.1+0.4 11.(+1.0%* 18.2+0.4 11.241.1%
TTAT area (cr?) 271.2472.z 248.4£68.8**  270.&+93.¢ 258.7£84.2 249.149.¢ 226.1£48.7**  292.£73.¢ 263.(£73.5**
TSAT area (cr?) 261.7£71.1 240.t67.3***  259.71+92. 248.5£83.1 240.44£48.¢ 218.448.3**  283.(£72.€ 255.1#71.2**
TIAT area (cr?) 3.7+2.1 8.6+3.9%** 3.1+1.2 10.5+2.9%* 3.6+2.F 8.C+4 2%+ 3.6+2.1 8.1+3.8**
Cardiorespiratory Fitnes
VO,max (ml/kg/min) 24.71+42 28.546.1°% 23.242.2¢ 27.%45.C% 26.1+4.2 29.645.2%% 24.1+4.8 28.1+7.4%
Physical Activity
TtPA (min/week 168.1+217.1 326.&240.8**  137.+147.¢  323.€+335.¢ 184.1+262.7 314.:+246.t 170.:4+211.¢  340.5£176.0**
MVPA (min/week 82.1+134.¢ 169.6+187. 49.14£85.1 175.4246.2 98.6£146.€ 156.4£189.] 85.%+148.7  177.4+156.7*

BMI, body mass index; Circ., circumference; FM, faass; HU, Hounsfield Units; LST, lean soft tissM&/PA, moderate to vigorous physical activity; Pghysical
activity; SD, standard deviation; SM, skeletal nesd IAT, thigh intermuscular adipose tissue; TSARigh subcutaneous adipose tissue; TTAT, totahttadipose
tissue; TtPA, total physical activity; \ax, maximal oxygen consumption; X, mean.
*t-test; <0.05; *P<0.01; ***P<0.001.°P=0.053.*Wilcoxon signed ranks tes<0.05;*P<0.01;¥*P<0.001.
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Maximal oxygen consumption presented a signifigaatease P<0.001), indicating a
15.4% improvement. An increase in PA performed rdythe week #<0.001) and in
time spent in moderate-to-vigorous PA (MVPRg0.01) was also observed during the
same time period. These results are similar toetlalsserved when each intervention
group was analyzed separately. Exceptions to tiisten occurred with the hip
circumference, TTAT and TSAT areas, that revealeddifferences R>0.05) from
baseline to 16-month in the comparison group, dsal a&ith total PA and MVPA, that
were only significantly higheR<0.01) in the monthly meetings + structured PA grou

(Table 5.8).

Despite the intervention design, and the changesrebd from baseline to 16-month,
once again, no differenceBX0.05) were observed between the three groupsatrttd

of the intervention, even when PA was controlledede results were confirmed by the
bootstrap analysis which showed that the total dinelct effects of the intervention

group on the thigh composition variables were mgniScant (P>0.05), indicating that

the intervention group did not influenced changethe dependent variables.

Regression models of the changes of thigh compaositariables and the other variables
are presented in Table 5.9. These results revebédhe increase of low density SM
area was positively associated with the modificetioof weight, BMI and all the
anthropometric variables: waist, hip, midthigh omderence, and distal thigh
circumference B<0.001 for all). Positive associations were alsontblbetween the
changes of low density SM area and alterationsowfeft limbs FM P<0.01). The
increase of low density SM area was inversely aatagt with changes in maximal
oxygen consumption, and this association remairfégl adjustment for total and
MVPA alterations P<0.01 for all). The significant decrease of low dgnSM quality

presented a direct association with the changeswaight, BMI, distal thigh
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circumference, and lower limbs LSP<0.05 for all), and was negatively related to
CRF modifications B<0.05), although this association became margirgtyificant

after controlling for modifications of PAE0.052 for both total PA and MVPA).

TTAT and TSAT areas decreases during the 16 maméne positively associated with
the alterations of weight, BMI, anthropometric @dles, and lower limbs FM change,
and negatively related with maximal aerobic capa@ven after adjusting for changes
in PA variables P<0.001 for all). The increase observed for TIAT nfréhe beginning

to the end of the intervention, was directly asated with the modifications of weight,
BMI (P<0.01 for both), waist, hip R<0.001 for both), midthigh circumference

(P<0.05), and lower limbs FMPK0.001). These results can be observed in Table 5.9.

Discussion

To our knowledge, this was the first study to shthat a 16-month intervention
program aimed to promote the adoption and maintmai a healthy lifestyle, with a
strong emphasis on PA and nutrition, produced Bggmt and beneficial changes in
CT-determined low density thigh SM area and qualityAT and TSAT, as well as in
CRF, PA, anthropometric, and DXA body compositioari&bles, in previously
sedentary, overweight and obese premenopausal wokmemcrease was observed in
TIAT. These results indicate that in these womebghaviourally-based intervention
can significantly impact selected body compositittlanges detected by CT along with

the increase of fithess and PA.
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Table 5.9.Linear regression analysis (unstandardized betahé alterations in the selected dependent Magand changes (Om-16m) in all the others

variables.
A SM area A SM HU A NDens. A NDens. ALDens. SM A LDens. SM A TTAT area A TSAT area A TIAT area
SM area SM HU area HU
Age (years) -0.458 -0.112 -0.786** -0.052 0.291 -0.004 .05 0.867 0.184
A Weight (kg) 0.892** -0.205* 0.014 -0.087 0.896*** 0.051 6.057*** 5.832*** 0.300**
A BMI (kg/mz) 2.254** -0.522* 0.012 -0.217 2.289*** 0.182 15.611*** 15.012*** 0.764**
A Waist (cm) 0.928** -0.217* -0.113 -0.084 1.099*** 0.048 6.303*** 6.057*** 0.452***
A Hip (cm) 0.949 -0.171 0.039 -0.040 0.995*** 0.046 6.831*** 6.594*** 0.428***
A Midthigh circumference (cm) 1.441* -0.431* -0.282 -0.218 1.833*** 0.094 0.984*** 10.629*** 0.658**
A Distal thigh circ. (cm) 2.584* -0.663* -0.072 -0.321 2.697*** 0.175* 14.285*** 13.454*** 0.669
A Lower limbs FMxa (kg) 2.057* -0.580* -0.354 -0.221 2.729*** 0.120 7.972%** 17.198*** 1.095***
A Lower limbs LSTxa (kg) 10.786*** -0.866 7.390* -0.705 4.851* 0.563* 1.858 12.611 1.475
A VO,max (ml/kg/min) -0.072 0.134 0.470 0.058 -0.534** -0.045* O@*** -2.924*** -0.159
A VO,max (ml/kg/min) Adj.ATtPA  0.011 0.132 0.440 0.058 -0.532** -0.045 -302 -2.902*** -0.153
A VO,max (ml/kg/min)Adj.AMVPA  0.020* 0.133 0.362 0.060 -0.532** -0.045 gog-* -2.791*** -0.146
A Total PA (min/week) 0.010 0.001 0.008 0.000 -0.002 0.000 -0.012 -0.011 -0.002
A Total PA Adj.AVO2 0.010 0.000 0.008 0.000 -0.001 0.000 -0.007 -0.006 -0.002
A MVPA (min/week) 0.019* 0.001 0.021** 1.17E-005 -0.003 493HE -0.040 -0.036 -0.003
A MVPA Adj. AVO2 0.019* 3.27E-005 0.019* 0.000 0.000 -0.045 0.026 -0.023 -0.002

Adj., adjusted for; BMI, body mass index; Circ.ratimference; FM, fat mass; HU, Hounsfield Units;dr3., low density; LST, lean soft tissue; MVPA, raate to
vigorous physical activity; NDens., normal dens®A, physical activity; SM, skeletal muscle; TIAfhjgh intermuscular adipose tissue; TSAT, thighcstidheous adipose
tissue; TTAT, total thigh adipose tissue; TtPAatqgihysical activity; V@max, maximal oxygen consumptiof; changes from baseline to 16-months.

*P<0.05; **P<0.01; ***P<0.001.
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An increment was verified in the low density SMarevhich is the component of SM
with higher lipid infiltration, along with a decrsa in the respective attenuation
coefficients. These findings are different from threes found in the literature [33, 34]
during weight loss interventions with aerobic exa&cin older men and women, which
showed a decrease of low density SM area. At tlléviolual level, current results
indicate that women who presented smaller low dgr$M area increments revealed
greater low density SM lipid infiltration concomitia with improvements in CRF,
during the 16 months. Conversely, the participavith greater low density SM area
increments showed lesser lipid infiltration of tI8& compartment along with minor
gains of maximal oxygen consumption. Although CThad capable of distinguishing
extramyocellular (EMCL) and intramyocellular lipmbntent (IMCL), SM attenuation
coefficients determined by CT reflect both IMCL aBMCL content [51]. Hence, even
though this is the first study to examine the d@ffeaf a weight loss intervention on
changes in thigh low density SM specifically in oveight and obese premenopausal
women, these results suggest the occurrence dfaimeng paradox [52]. Accordingly,
an increase in IMCL content has been observed, bo#ndurance training athletes and
in the insulin resistance state. However, in thstfcondition IMCL is a readily
available energy source, as long as the oxidatpadity is also increased as a result of
endurance training, while in the second conditiMCL is an outcome of high fat
availability and low fat oxidation [53]. Also, evedces have been found indicating that
probably fat oxidative capacity is more importamart IMCL content in determining
insulin sensitivity [52, 54], including in older als [55], and that the ratio between
intramuscular triacylglycerol content and SM oxidat capacity represents a more
accurate marker of insulin resistance [56]. In &ddj it was found [55] that aerobic

exercise training induced as well a shift in mugitder type toward more oxidative type
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I muscle fibers, which have been shown to havedridgCL content [57]. Therefore,
in the present study, the increase in SM lipid ltrgiion in women with greater
increments in CRF (an indicator of greater fat akike capacity) could represent an
adaptive response allowing IMCLs to serve as amggnsource for PA. Conversely,
those participants with lower improvements in CRRd lower increases in SM lipid
infiltration, probably present an impaired capacfySM mitochondria, that could have
detrimental effects on insulin sensitivity if IMClare not being used as an energy
substrate [52, 58, 59]. The greater increasesvndensity SM area were verified in
women who, in addition, showed a higher decreaseeaiht, BMI, waist, hip and thigh
circumferences, as well as in lower limbs FM. Assih body composition indicators
reflect a decrease in the whole body and lower diiM, they emphasize the greater
oxidative capacity previously referred through therease in CRF. Current results are
reinforced by those of others [60], accordinglyvisom exercise combined with weight
loss enhances postabsorptive fat oxidation, whighears to be a key aspect of the
improvement in insulin sensitivity in obesity. Béss, in the present findings, the
associations between low density SM area and CRFatibns occurred independently
from total and MVPA changes, emphasizing the cbatron of oxidation capacity
regarding that thigh SM component. Therefore, theremt study seems to extend
previous findings indicating that the increaseNMCILs might not be limited to intensive
training (as in athletes; [54]) nor to sedentaryryg men [61], but it could also be
achieved through increased habitual PA in overweighd obese premenopausal
women.

Although overall changes are noteworthy, no sigaiit modifications were observed
between intervention groups at 16-month. Theseirfgel were probably due to the

study design, accordingly to which all participamtsre first submitted to a 16-week
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lifestyle promotion program prior to randomizatitm one of the three intervention
groups: comparison group, monthly meetings groumanthly meetings+structured PA
group. This initial lifestyle program might haveoduced a contamination effect on the
comparison group that, although has lost contath whe intervention staff in the
subsequent 12 months of the study, had alreadyfilh&om a cognitive-behavioural
approach to promote the adoption of a healthytiifeghat led to behavioural changes,
concerning PA and nutrition (data not shown).

Despite the fact that no changes were observed eketwgroups at 16-months,
significant alterations were found in each inteti@ngroup from baseline to the end of
the study. Thigh SM and normal density SM areasyeal$ as their quality, were not
significantly altered during the intervention, aheése findings were reinforced by DXA
results which revealed no changes in the lower dihaBT. Two factors may have
contributed to these results: although CRF wasifgigntly increased, the maximal
aerobic capacity of these women remained low (chdram 13" percentile at baseline
to 10" percentile < CRF < 2*Opercentile at 16-months; [62]), therefore the Réseal
probably was not enough to induce total thigh SM anrmal density SM changes,
which may require more intense and greater volurogviges in order to be
accomplished, as observed by others authors [30631 These authors, in studies
evolving subjects with different health conditiombserved improvements in SM with
structured exercise, performed 3-5 d/week, 1-2ssisa, of at least moderate intensity.
Although this PA volume was not higher from the doand in the present study,
current results are self-reported and it is possibat over-reporting has occurred, as
mentioned by other studies [64], influencing PA adaBesides PA dose, another
contributor to the present results relies on tloe taat all the women lost weight and, as

reported by others [65-67], the weight loss ocainsultaneously with AT reduction,
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and also with SM decrease, as verified in differ@ge groups and weight conditions.
Therefore, the combination of weight loss with thes CRF of the participants may
have not allowed total SM increase to take place.

The decrease of TTAT and TSAT areas were only @ksgein the monthly meetings
and in the monthly meetings+structured PA grougse Tomparison group did not
revealed significant changes in the TTAT and TSAmpartments. Women that lost
more TTAT and TSAT were those who presented a egreaicrease in CRF,
independently of their PA modifications. As referiey others [68], the higher increase
in maximal aerobic capacity allowed greater AT nhbtion ability for energy
production, promoting AT decrease. CT alteratioascerning the decrease of TTAT
and TSAT were also verified simultaneously with teduction of weight, BMI, waist,
midthigh circumference and lower limbs FM in allethntervention groups. Hip
circumference decreased only in the two monthlgisesgroups, while no significant
modifications were observed in the comparison grdughlighting the differences of
the changes observed between the comparison gnolghe other intervention groups.
The literature [11] refers that TIAT determined GY presents an enlargement with
increasing BMI (1 crhversus 5 cfin lean and obese glucose tolerant individuals,
respectively), and in T2DM (9 cth Others authors [69] observed that a 1-kg incréme
in body FM, in obesity, was associated with a QB-€nf increase in TIAT. More
recently [28], it was observed that, in older passdPA combining aerobic, strength,
flexibility, and balance training, prevented TIAfcrease when compared to controls.
These findings are contradictory to our resultd ttemonstrate an increase in TIAT,
which more than doubles from baseline to 16-moimttthe three intervention groups,
despite weight loss, approaching the literatur@&iemlmentioned for T2DM condition.

Furthermore, the increment was greater in partitgpavho lost more weight and BMI,
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and who showed higher decrease of waist, hip andiainéhigh circumferences, in
addition to a major reduction of lower limbs FM. what regards CRF, a significant
increment was observed in all the three groupsclrakges throughout the intervention
were only significant in the monthly meetings+stawed PA group, but a wide
variation was observed in total PA as in MVPA.

Strengths of the present study include the body pomition assessment by CT,
allowing for thigh composition changes monitoringraughout the intervention.
Imaging methods are considered the reference &aslsessment of body composition,
but due to the high cost and the radiation expostitiee CT, most of the research refers
only to CT studies performed with a single slicéhat midthigh, as in the current study.
Another strength of this research was the intergarduration which lasted 16 months.
The major limitation of the current research wasg tse of a self-administered
guestionnaire to assess PA. Although questionnaimedow cost, ready available, and
easy to administer instruments, to date there idommal consensus on a ‘correct’
method for defining or describing levels of PA lthea self-report population surveys
[47]. The IPAQ was developed in an attempt to stadide the assessment of health-
related PA based on self-report population surjé$$ Research indicates that the
short, last 7-days, version of the IPAQ instrumsignificantly overestimated self-
reported time spent in PA, in adults [64], whil&éet results, indicate that habitual PA
report in obese subjects with the IPAQ warrantshimr evaluation against objective
assessment methods [46]. Another limitation was sheple size. However, this

limitation was somewhat offset by the bootstra@n@sling analysis [49].

Conclusions

In brief, a 16-month weight-loss intervention po&ly impacted low density SM thigh
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tissue area, along with a decrease in low dendyg8ality and increases in CRF, and
daily PA, suggesting the occurrence of the athdepsiradox in overweight and obese
premenopausal women. Significant improvements wetad in each intervention
group from baseline to the end of the study conogribody composition, maximal
aerobic capacity and PA, despite no significant iffcadions were observed between

intervention groups at 16-month.
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Main Research Findings

The general introductiorChapter 1) identified body composition components, namely
SM and AT, quantified by imaging methods state loé tart, focusing on thigh
composition. The effect of some biological fact@sch as aging, gender, and several
health conditions, on thigh SM and AT were analyZgplecial emphasis was given to
computed tomography (CT), dual-energy X-ray absonpetry and anthropometry due
to the fact that these methods were used in thelolgment of the present Thesis. The
associations between thigh composition and fitreess PA indicators, in obesity and
weight loss, were also reviewed. This Thesis aitednalyze thigh composition in
overweight and obese premenopausal women, andsitgiations with CRF and PA, at
baseline and after a 16-months weight loss intérmen Chapters 3, 4, and Sresent
the original research contributions. The three istudollected in this dissertation fall
into the areas of body composition methodologiud$® | in chapter 3) and body
composition variationtudies Il and Il in chapters 4 and 5, respectivef).

The multidisciplinary interests and the need fothods to estimate thigh components,
reflect its importance and applicability in diffetesettings, such as physiology, clinical
medicine, nutrition, and evaluation of treatmemntd aterventions [1-4]. Beside, thigh
composition vary widely in SM and AT content in éige health conditions. So, the
area of body composition methodology was addrebgeaheans of investigating, in a
cross-sectional design, the evaluation and caldraif existing techniques to be used
in thigh composition estimation. Prediction equasidor the different thigh components
(SM tissue, SM quality, TTAT, TSAT e IMAT) specifito overweight and obese
premenopausal women have never been developedwitdety used body composition
methods, DXA and anthropometry, were employed teess thigh composition

predictors with CT as the reference. This procedl@vs to surpass the high cost,
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radiation exposure and time required for image yamalby CT assessments. The SM
tissue mass and quality developed prediction mageisaled no significant differences
when compared with the reference method. In whatems TSAT, an underestimation
was observed, while overestimations were verified TTAT and TIAT. The new
models may be particularly useful in the clinicedgtice and sports settings where body
composition may be critical and need to be follow@awyitudinally, such as in wasting
illnesses.

In the area of body composition variation, the fpety of thigh composition in
previously sedentary, overweight and obese prenarsab women, and its associations
with objectively measured PA and CRF was investidaf he low values obtained for
thigh SM density showed the lipid infiltration oMS indicating a poor SM quality in
the participants. These results are in agreemeht edrlier investigations that referred
lower attenuation coefficients in obese subjects Biven compared to normalweight
condition [5-7]. Women who performed more low-irggpn PA revealed lower TSAT
and TIAT, while the time spent in sedentary behawas associated with higher AT in
this body region. Those women with greater CRF g@tbWwigher thigh SM mass, as
reported previously but in obese older women [8]ZAscore for thigh composition
showed a graded increase across CRF tertiles,seagmeg higher thigh SM mass and
quality, along with lower AT accumulation, in womewith greater oxygen
consumption. These results suggest that CRF Ievassociated with different thigh
composition phenotypes.

With the worldwide increase of obesity epidemic @sdassociated comorbidities, the
treatment of this health condition is assuming gneeelevance. The implementation of

a 16-months behaviourelly-based intervention, watrticular emphasis on PA and
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nutrition, produced beneficial changes in CT-deteed thigh composition alongside
with the increase of fithess and PA. Therement of low density SM area in
conjunction with the decrease in low density SMliguand the increase of CRF, and
daily PA, suggest the occurrence of the trainingagax in overweight and obese
premenopausal women. Accordingly, the incremerih lipid infiltration in women
with greater improvements in CRF, which is an iathc of fat oxidative capacity [9,
10], could represent an adaptive response alloW@L to serve as an energy source
for PA, as observed in earlier investigations [12]. Therefore, current research seems
to extend previous findings [13, 14] indicatingtttf@e increase in IMCL might not be
limited to intensive training but could also be iaeled through increased habitual PA in
overweight and obese premenopausal women. Ovehnalhges from baseline are
noteworthy regarding either the decrement in FM &fdindicators (weight, BMI,
body circumferences, lower limbs FM, TTAT and TSAEas), as well as CRF and PA

increases.

Interactions Between the Two Body Composition Research Areas

In the general introduction the three distinct arebody composition research were
indicated. These areas are body composition ruhes raodels, body composition

methodology and body composition variation. Dughe fact that the current Thesis
involves the body composition methodology and \emm the interrelations between
these two research areas are discussed. The gopaiblways linking these two areas
are described in Figure 6.11.

The study of body composition methodology promoties development of body

composition variation evidences. More precisely @discriptive (or type 1) body

composition methods provide the necessary techsiteharacterize and follow-up
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individual and populatiorin vivo body composition variation at different setts,
allowing the assessment of the major body compasnehthe five levels. Conversel
the knowledge of body composition particularitiesscordingly to biological an
pathological specificities, indicate strengths amditations of body compositio
assasment techniques, highlighting, also, the improset® needed foin vivo body
composition measurement. This means that the knlmeleof body compositio
variation is required in order to allow the deveteggmt of more accurate methods. A
result, body omposition variation knowledge is the basis for pregress of mor

accuraten vivo methods.

Biological Variability
-Genes - Physical activity

H Important rale of
rnder - CardiorespireRy cardiorespiratory fitness

Mathematical Aging fitness and physical activity as
function —Typel 58 G partof obesity treatment

Settings: - =
= £ . iology Body Composition
Body Compaosition z:-'ﬁ'[':':'g* F&e}:;eqrct'p"' s
T e -Clinica sedrcnAarea.
Fit.‘!:-EﬂFLIh Area: et B
— - 'N”t”tm!-' - Different thigh compositon
- Predictive equations - Evaluation of phenotypes
anthropometry and DXA- | treatments) - Lifestyle Health
basedwith CT as reference interventions _Weightloss benefits

Figure 6.11.Pathways linking body composition methodology awodybcompositior
variation areas.
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In what concerns the innovative input of the curfBmesis to this model, an example of
these interrelationships rely on the ability offeliént methods, namely, CT, DXA and
anthropometry, to detect changes in thigh companattrespectively, the tissue-organ,
molecular and whole body levels of body compositoalysis, which can be mediated
by PA and CRF, in overweight and obese premenopausaen that underwent a
weight loss program. Another original contributicefers to the fact that, besides the
biological influences of genes, gender, aging, disttase (namely, overweight and
obesity conditions), CRF and PA also added to theation observed in thigh
composition of the study participants. The assmriat established between those
biological variables and thigh components highkghtdiverse thigh composition
phenotypes, adding to the scientific research afedody composition variation.
Lifestyle habits, specifically PA and nutrition, agl an important role, affecting
biological variability and inducing body compositichanges in the thigh region, even

at the setting of a weight loss intervention.
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Summary of the Main Research Findings

The main contributions of the current Thesis apwras follows:

- In Study | (see chapter 3 thigh composition prediction equations were dieyed
and validated in overweight and obese premenopawsaken. Table 7.10, presents the

developed models for SM tissue, SM quality, TTABAT and IMAT.

Table 7.1Q The main contribution frorahapter 3.

Predictive Equations R? SEE
SMHU (HU)=61.631—(0.102 x Age)-(0.203x FM)- 0.425 1.863
(O.318xDistaI'Ei,c)+[6.24E-008x(Hi|@i,CXPrTCirC)Z]

SM (kg)=1.502+(0.462x LST)-(0.030xDistal ;o) 0.840 0.309
TTAT (kg)=-2.294+(0.436xFM)+(0.027xFM)+(0.001x Hig,XPrTc;c) 0.941 0.493
TSAT (kg)=-1.881+(0.479x FM)+[0.001X(Pr&:o)] 0.943 0.468
TIAT (kg)=-1.388+(0.039x%FM)-(0.009xHif.)-(0.036xLST) 0.559 0.143

Abbreviations: Distalg;., distal thigh circumference; FM, total body fat ssaestimated by DXA; FM lower
limbs fat mass estimated by DXA; HipxPrTg;., hip circumference multiplied by proximal thighr@imference;
LST, total body lean soft tissue mass; LSTean soft tissue mass of the lower limbs; RgTproximal thigh
circumference; R coefficient of determination using the PRESS reflSEE, standard error of measurement using
the PRESS method; %FM, relative fat mass.

- Study 1l (see chapter ¥, suggest that in previously sedentary overweggitt obese
premenopausal women, CRF is positively associateth whigh SM quantity,
represented by SM mass estimated by CT scans, WBWET is negatively influenced
by low-intensity PA. In these women, maximal oxygemsumption level is associated

with different thigh composition phenotypes. More@sely:

« Women with higher levels of CRF presented gredtgght SM area,
independently from their PA level.

» Participants who performed more low intensity PAwad lower TSAT.
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The increment of V@max (mL/kg/min) was associated with a healthier
thigh composition, derived from a Z-score combinthggh SM mass,

thigh SM quality, TSAT and TIAT.

- In Study Il (see chapter % a 16-month weight-loss intervention positivetypacted

thigh low density SM tissue area, along with a dase in low density SM quality and

increases in CRF, and daily PA, suggesting the roecae of the training paradox in

overweight and obese premenopausal women. Signiferad beneficial improvements

were observed in each intervention group, from lbeseo the end of the study,

regarding body composition, maximal aerobic capaaitd PA, although no differences

were found between groups. In particular:

Greater increments in CRF together with the enlarsge in SM lipid
content, achieved through the increase of habR#alcould represent an
adaptive response indicating the role of IMCL aseaergy source for
PA, thus implying the possibility of the athlet@aradox effect.

The intervention design did not produce differeasults among the
studied groups.

Favourable changes were observed from 0-month tondth, more
precisely concerning CT-determined thigh low densM area and
quality (+11.3 crhiand -7.1 HU, respectively), TTAT (-22.8 &nTSAT
(-21.7 cnf), simultaneously with the decrease of all anthroetic
indicators (with the exception of stature), and D¥#&imated FM in the
lower limbs, along with improvements in CRF (+3.8/kg/min) and
daily PA (+158.7 min/week for total PA and +87.5nfeek for

MVPA).
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Added Value of the Current Thesis

This Thesis was designed in the relevant contextbekity treatment with the purpose
of providing scientific knowledge on thigh compasit characteristics of overweight
and obese premenopausal women, through a compredeasalysis of body

composition methods and alterations research akaadence-based findings revealed
associations between thigh SM and quality, as a®IAT compartments, with several
health risk conditions, particularly in overweigind obese individuals highlighting the
relevance of this research aim. Alongside, the @aBons of thigh components with
maximal oxygen consumption and PA, recognized leyliterature as important health
contributors, were also addressed cross-sectigreslyvell as longitudinally, during a

weight loss intervention.

Scientific research in this field of knowledge ralezl the need for easy applicable
methods to estimate thigh components, namely, SMAdh at different settings, and
with diverse weight and health conditions. Therefothigh composition predictive
equations based on an imaging reference method, (@myl using DXA and
anthropometric indicators, specifically for overglei and obese premenopausal
women, were not available until now. Thus, the enirrThesis findings represent an
original contribution to help fulfill that gap, eahcing thigh SM and AT assessment to
be used this population. The developed procedusesadlow to surpass the high cost,

radiation exposure and time consumed for imageyaisalrequired by CT.

In the present work, a greater lipid infiltratiof 8M in obese subjects was found,
which is in accordance with the literature. Besidest, this Thesis added evidence
concerning the relevance of CRF and PA associattisthigh components, namely:

women with a higher CRF presented greater SM masd, TSAT was lesser in
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participants who performed more low-intensity PAeTimportance of CRF status was
highlighted in the present work, showing that ovaght and obese premenopausal
women with higher CRF revealed a healthier thighmjgosition phenotype, with greater

SM mass and SM quality, concurrently with lower TiSand TIAT.

Another original contribution of the current Theséd also a reinforcement of the
relevance of CRF and PA associations with thighpasition, in overweight and obese
premenopausal women, was found in the analysis ol6anonth weight-loss

intervention. More precisely, the present work ssgjg that the increase in CRF, and
daily PA, together with the increment in SM lipidntent, could be the expression of an
adaptive response, in which IMCL act as an eneogyce for PA, as observed in the
literature but for other populations, and with exsg training regimens instead of PA.
These adaptations occurred simultaneously withdiberease of the anthropometric

indicators, and lower limbs FM estimated by DXA.

In summary, predictive equations for thigh compdsenbased in DXA and
anthropometry, are now available for overweight abdse premenopausal women, to
be used at different settings and health conditi@®F and PA should be targeted in
the treatment of overweight and obese premenopamsaien, in order to induce
favorable adaptive changes in thigh compositioricivlare accompanied by weight loss
and improvements in whole body composition. It ngportant to highlight that the
health-associated benefits resulting from the memt of CRF and PA surpass their
influence on body composition and weight contrdgymg an important key-role by
improving biomarkers and related health status.sTtan active lifestyle and more
important, CRF-related improvement through modegatd vigorous PA can induce

healthier phenotypes in obese individuals.
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