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Lipid metabolism; can still be considered an ergogenic supplement. Moreover, it also aims to briefly analyze other
Skeletal muscle; potential uses, more specifically the effects on weight loss, recovery after exercise and aging.
Sports News. — A literature search, using the online scientific databases PubMed and Scopus, was con-

ducted to identify studies related to L-carnitine supplementation and athletic performance. The
discovery that skeletal muscle carnitine content can be increased through oral supplementation
in humans represented a significant progress in this area. More recently, due to this discovery,
new research has been done to investigate whether L-carnitine supplementation could have an
impact on fuel metabolism. However, the inconsistency of results led to a change in the focus of
research, shifting towards the investigation of the impact L-carnitine could have on the process
of recovery after exercise and on aging.

Prospects and projects. — In future research, this new area needs to be more explored. Never-
theless, the study of the L-carnitine supplementation impact on fuel selection during exercise
should continue and it is crucial to use athletes.
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Conclusion. — Despite some performance benefits have been demonstrated, more research
needs to be done. Presently, the available data is still not enough to widely recommend the use
of L-carnitine supplements with the aim of improving exercise performance.

© 2018 Elsevier Masson SAS. All rights reserved.

Résumé

Objectifs. — Cette revue a pour but d’analyser les données disponibles, principalement les plus
récentes, concernant U"utilisation d’un complément alimentaire en L-carnitine et la perfor-
mance sportive, afin de comprendre si la L-carnitine peut encore étre considérée comme un
complément ergogénique. En plus de cela, il vise également a analyser brievement d’autres
utilisations potentielles, plus spécifiquement les effets sur la perte de poids, la récupération
aprés U'exercice et le vieillissement.

Actualités. — Une recherche documentaire, utilisant les bases de données électroniques PubMed
et Scopus, a été menée pour identifier les études liées a compléments alimentaires en L-
carnitine et a la performance sportive. La découverte que le teneur en L-carnitine dans le
muscle squelettique peut étre augmentée chez ’homme par voie orale constitue un progres
significatif dans ce domaine. Cependant, l’incohérence des résultats a entrainé une modifi-
cation de U'objectif de la recherche, qui a commencé a examiner l’impact que la L-carnitine
pouvait avoir sur le processus de récupération apres ’exercice et sur le vieillissement.
Perspectives et projets. —Dans les études futures, ce nouveau domaine doit étre exploré davan-
tage exploré. Cependant, l’étude de l’impact d’un complément alimentaire en L-carnitine sur
le substrat énergétique utilisé pendant ’exercice doit se poursuivre et il est essentiel que les
études soient menées sur les athléetes.

Conclusion. — Malgré certains effets bénéfiques sur la performance sportive aient déja été
démontrés, d’autres études sont nécessaires. Les données disponibles ne sont pas encore suff-
isantes pour recommander largement Uutilisation de compléments alimentaires de L-carnitine

afin d’améliorer les performances sportives.
© 2018 Elsevier Masson SAS. Tous droits réserveés.

1. Introduction

The use of dietary supplements is very common not only
among athletes, but also in the general population [1]. While
athletes aim to improve their performance [1], the main
reason for the use of dietary supplements in the general
population is an overall health/wellness benefit [2]. More
specifically, with regard to the use of L-carnitine supple-
ments, a recent study with a group of Dutch competitive
athletes found that 3.9% had taken L-carnitine supplements
any time in the past and 2.1% had taken it in the four weeks
prior to the study [3]. Besides, a study with subjects who
exercise at a commercial gym found a 6.8% use of L-carnitine
supplements in those who go to the gym regularly (greater
than five times per week), 3.6% among the ones who go
occasionally (two to four times per week) and a 6.3% use
in subjects who go to the gym one or two times per week or
less [4].

L-carnitine was discovered in 1905 when was, for the first
time, isolated from muscle tissue extracts and, due to that,
its name derived from carnis, the Latin word for meat [5].
Around 20 years later, in 1927, its chemical structure was
identified (3-hydroxy-4-N,N,N-trimethylaminobutyric acid)
[6]. Carnitine is a water soluble quaternary amine [6] and
exists in two isoforms, but only the L-isomer is biologically

active [7,8]. L-carnitine is a compound that occurs naturally
within the body and exists in all mammalian species [9]. In
humans, more than 95% of the body’s total carnitine stores
exists within skeletal muscle tissue [10], not only as free
L-carnitine, the principal component of the skeletal muscle
carnitine pool, but also as short-, medium-, and long-chain
esters that are often called acyl-carnitines [9].

L-carnitine is well-known for its two important roles in
human metabolism, namely in skeletal muscle. In the mito-
chondria, L-carnitine is located in the intermembrane space
[11] and its main function and the most documented one
is to assist in the translocation of long-chain fatty acids
(acyl groups) into the mitochondria matrix, for subsequent
B-oxidation [12]. The other metabolic role is the regula-
tion of mitochondrial acetyl-coenzyme A (acetyl-CoA)/free
coenzyme A (CoASH) ratio [12].

Based on its metabolic roles, L-carnitine dietary supple-
ments gained a lot of popularity latter in the 20th century
[13]. The main premises were that if dietary L-carnitine
supplementation increased L-carnitine’s availability within
human body, it would result in increased lipid oxidation,
spared muscle glycogen stores and, thus delay the onset of
fatigue and perhaps improve exercise performance and fat
loss [12,14]. Therefore, research has been directed towards
that [12]. However, achieving the desired ergogenic effects
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in healthy humans, early from the beginning, has revealed
to be more difficult than what the theoretical basis indi-
cated [15—18]. Three previous reviews [16—18] described
early L-carnitine supplementations studies, as well as, pos-
sible limitations in the study designs. So, as a consequence of
the inconsistent results, research regarding this topic slowed
down.

More recently, although not as much as previously, new
and important research with L-carnitine supplementation
and exercise, in healthy humans, has been done, renew-
ing the interest in this supplement. With this in mind, we
thought it was time to review the available data, mainly the
most recent, to understand if L-carnitine can, indeed, be
considered an ergogenic supplement, as well as to know its
potential uses. Moreover, will also be briefly analyzed the L-
carnitine supplementation effects in weight-loss, recovery
after exercise and aging.

2. Methodology

A literature search was conducted to identify studies
related to L-carnitine supplementation and athletic per-
formance. PubMed and Scopus were the online scientific
database used from March to August 2018. A combina-
tion of the following keywords was used as search terms:
‘‘athletes’’, ‘‘L-carnitine’’, ‘‘sports’’, ‘‘supplementation’’
and ‘‘performance’’. References of retrieved articles were
used whenever they were considered relevant. Additionally,
the book Harpers Illustrated Biochemistry [11] was used
to search the role of L-carnitine in fatty acid metabolism.
Based on the titles and abstracts, the relevance of the publi-
cations was judged. Studies whose outcome was not related
to exercise performance were included whenever studies
in athletes were not available, or if necessary to describe
important research. Were only considered human trials.

3. L-carnitine absorption and biosynthesis

Healthy humans maintain L-carnitine balance by biosyn-
thesis within the body (in liver, kidneys, and brain [19]),
absorption from dietary sources (humans can obtain around
75% of L-carnitine from dietary intake [8], mainly through
the ingestion of animal-based food products [20,21]), and
through elimination and reabsorption by kidneys [22]. L-
Carnitine can be biosynthesized from two essential amino
acids, lysine and methionine, and requires vitamin C, vita-
min B1, vitamin B6 and ferrous iron as cofactors [22,23].
Cardiac and skeletal muscle, due to the impossibility of syn-
thesizing L-carnitine, have to acquire it from plasma [8]. The
quantities that can be obtained from dietary intake are very
variable and depend upon individual’s food choices [21,22].
Meats, mainly red meats, and dairy products are the main
sources, however, L-carnitine can also be found in fruits and
vegetables, but the amounts are negligible [9]. Vegans are
the ones who typically acquire less, usually less than 1 wmol
carnitine/kg body weight/day. Individuals who consume
dairy products, chicken and fish, but little or no red meat,
can acquire ~1 to 8 wmol carnitine/kg body weight/day. The
highest amounts are obtained by those who regularly con-
sume red meat and can vary from 6 to 15 pmol carnitine/kg
body weight/day [22]. Vegetarians have smaller stores com-

pared to omnivores [24], however besides also being able to
biosynthesize endogenously, seems to exist a compensatory
mechanism for the reduced ingestion with a higher bioavail-
ability of L-carnitine from food [25]. Thus, L-carnitine is
considered a conditionally essential nutrient, since in some
conditions, the individual requirements might be higher than
the amounts one can obtain from the diet and biosynthesis
[8]. L-carnitine has a very low bioavailability and absorption,
a very high renal clearance and its transport into tissues is
made by an active transport [8]. Bioavailability of oral L-
carnitine dietary supplements is around 14 to 18%, with the
unabsorbed portion being degraded in the large intestine
[22].

4, L-carnitine metabolism during exercise

L-carnitine has two main roles within skeletal muscle that
are illustrated in Fig. 1 and described below.

On one hand, in skeletal muscle, L-carnitine, as a sub-
strate for carnitine palmitoyltranferase 1 (CPT1), has an
essential role in the translocation of long-chain fatty acids
(acyl groups) into the mitochondrial matrix, for subsequent
B-oxidation [11,26,27]. CPT1, located on the outer mito-
chondrial membrane, is the protein responsible for this
process [11].

On the other, during high-intensity exercise, large quan-
tities of acetyl-CoA are produced via fast glycolysis. These
acetyl-CoA molecules enter the mitochondrial matrix and
supersede the utilization of the tricarboxylic acid (TCA)
cycle [12,28]. Therefore, L-carnitine’s second role is to
regulate the ratio of CoASH to acetyl-CoA. In this reac-
tion, catalyzed by carnitine acetyltransferase (CAT), free
L-carnitine accepts an acetyl-CoA molecule and forms
acetyl-L-carnitine. This reaction also results in an increase
in CoASH that can posteriorly be utilized in ATP generation,
for example, through TCA cycle [12]. Thus, free L-carnitine
buffers the excess acetyl-CoA production when its rate of
formation from pyruvate oxidation are higher than the TCA
cycle demand, which is what happens during high-intensity
exercise [12,28]. Consequently, skeletal muscle carnitine
content falls as acylcarnitines accumulate, monopolizing
the available free L-carnitine [29,30]. Acetyl-L-carnitine
is the dominant acylcarnitine [16]. Therefore, using free
L-carnitine to form acetyl-L-carnitine depletes skeletal mus-
cle free carnitine pool, which reduces the availability of free
L-carnitine in the reaction catalyzed by CPT1 [31]. CPT1
concentrations are regulated by exercise intensity. While its
concentrations are increased at 60% maximal oxygen con-
sumption (VO2max), when intensity rises above 75% VOzmay,
muscle free carnitine decreases progressively due to the for-
mation of CPT1 and buffering of excess acetyl-CoA [12,28].
This decrease is the reason why this protein is considered
the rate-limitation step in lipid oxidation, namely during
exercise [32,33].

In an opposite direction, if a second bound of exercise
is performed [34], or if exercise is continued for several
hours [35], the acetyl-CoA availability may be lower than the
demands of the TCA cycle. When this happens, the accumu-
lation of acetyl-L-carnitine provides a store of acetyl groups,
which via the reverse CAT reaction, become ready to be used
by the TCA cycle [12,32].
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Fig. 1  Roles of L-carnitine within skeletal muscle. L-carnitine shuttles long-chain fatty acids inside the mitochondria by forming

acylcarnitine. This molecule is then transported in to the mitochondrial matrix by carnitine acetyltransferase 1 (CPT 1) and carnitine
acetyltransferase 2 (CPT 2). Fatty acids are then broken down in B-oxidation, which results in the formation of acetyl-CoA that
can posteriorly be utilized in tricarboxylic acid (TCA) cycle, generate ATP. L-Carnitine second role is to modulate the ratio of
free coenzyme A to acetyl-CoA. Free L-carnitine combines with excess acetyl-CoA that accumulate during high-intensity exercise,
forming acetyl-L-carnitine and coenzyme A. CAT: carnitine acetyltransferase; CoA: coenzyme; CPT: carnitine palmitoyltransferase;

PDC: pyruvate dehydrogenase complex; TCA: tricarboxylic acid.

A thorough review of the L-carnitine role in fatty-acid
transport and in skeletal muscle fuel metabolism is provided
by Stephens and collaborators [12].

5. L-carnitine retention on skeletal muscle

Studies that will be presented next do not involve athletes
nor was performed any exercise, however, their results are
relevant to explain an important step taken in L-carnitine
supplementation study, mainly in muscle L-carnitine reten-
tion.

Early studies, either orally or with intravenous L-
carnitine administration per se, failed to increase skeletal
muscle carnitine content [16,17,36,37]. Besides, a recent
study that compared L-carnitine supplementation of vege-
tarians and omnivorous, reported that only the vegetarian
group, who started with fewer reserves, increased their
muscle carnitine content [24]. The difficulty in increas-
ing skeletal muscle carnitine content is, in part, caused
by the high carnitine concentration gradient between
muscle (~3.5mmol/L) and plasma (50 wmol/L) [7,38,39].
L-carnitine is transported across the sarcolemma through
the organic cation transporter 2 (OCTN2) [39,40]. The K
for this protein, in vitro, is 4.3 wmol/L [40], which sug-
gest that in basal state, skeletal muscle carnitine uptake
is saturated. Therefore, simply increasing L-carnitine inges-
tion per se is unlike to result in skeletal muscle carnitine
accumulation [12]. OCTN2 is stimulated by extracellular
Na+ and, thus through increasing the activity of the Na*/K*

pump, transport can be increased [12]. Knowing that insulin
increases sarcolemmal Na+/K+ ATPase pump activity [40,41]
and, thus intracellular Na+ flux, on an attempt to promote
skeletal muscle carnitine retention, a research group [36]
took science one step forward and tested an alternative
strategy.

Stephens et al. [36] hypothesized that insulin would aug-
ment Na+dependent skeletal muscle carnitine transport
via OCTN2 and, consequently, increase muscle carnitine
content. This study consisted in a 5 h intravenous L-carnitine
infusion (~500 wmol/L), as well as an insulin infusion main-
taining serum levels at physiologically high concentrations
(~150 mU/L). Results were in accordance with what was
expected and a 13% increase in muscle total carnitine
content as well as an increase in OCTN2 mRNA expression
were reported. An intravenous infusion of high concentra-
tion of plasma carnitine per se (insulin maintained at fasting)
was also tested and the lack of results confirmed what was
thought previously.

A second study [31], from the same group, replicated
the protocol and reported an increase of 15% on muscle
total carnitine content. Associated with this augment was
a 30% decrease in pyruvate dehydrogenase enzyme com-
plex activation (PDCa), a 40% decrease in muscle lactate
and, also, a 30% increase in muscle glycogen and a 40%
increase in long-chain acyl-CoA content. The authors sug-
gested that an increase in skeletal muscle total carnitine
results in a reduction in carbohydrate utilization under
high carbohydrate availability, which was possibly caused
by an increase in lipid oxidation, mediated by L-carnitine.
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Table 1 Summary of studies analyzing the effect of dietary L-carnitine with carbohydrates supplementation (no exercise
performed).
References Subjects Age (mean) Dose of L-carnitine/Duration Outcome
Muscle content
[39] 22 healthy, Study A: 21.9+0.6 3g/d+4x94¢g CHO (1, 2.5, 4 and Whole body
untrained, yrs 5.5h after L-carnitine) in 2 visits, carnitine
non-vegetarian 2 wks apart retention (indirect
men (8 in study A measurements)
and 14 in study B,
7 for each
group—control and
carnitine)
Study B: Control: 3g/d+2x94g CHO (1 and 4h
20.4+0.2 yrs after L-carnitine), for 2 wks
Carnitine:
20.9+0.3 yrs
[55] 7 healthy, 24.2 £ 5.0 yrs 3g L-carnitine No net uptake
non-vegetarian across the forearm
men 3g L-carnitine +80g CHO (1h 4 0.25%/d across

forearm
No net uptake
across the forearm

after L-carnitine)

3g L-carnitine+40g CHO+40g
whey protein (1 h after
L-carnitine)

CHO: carbohydrates; d: day; g: grams; h: hours; wks: weeks; yrs: years.

Together, these two studies demonstrated that muscle total
carnitine content can be increased if hypercarnitinemia
is combined with hyperinsulinemia. After, the same group
investigated the serum insulin concentration needed to pro-
duce the desired effects and concluded that it is only
possible with concentrations>90 mU/L [42]. Hereupon,
increases in skeletal muscle L-carnitine retention were
reported, however the mechanism by which it was achieved
was impractical. So, besides its importance, this work was
still far from showing an ergogenic effect. Therefore, the
next step was to investigate whether an oral co-ingestion
of L-carnitine supplementation, with an amount of dietary
carbohydrates capable of stimulating serum insulin concen-
trations to required levels, would augment muscle carnitine
content [39].

The following study, which tested this hypothesis, was
published by Stephens et al. [39]. The investigation was
divided into two separate studies, whose supplemental pro-
tocol is described on Table 1. Muscle biopsies were not
performed but based on a decrease in L-carnitine urinary
excretion, authors assumed that L-carnitine supplementa-
tion resulted in whole body L-carnitine retention. Moreover,
considering dietary L-carnitine has a poor bioavailability
(less than 15% for this dose), the authors predicted that if
the supplementation was maintained for 100 days, would be
possible to increase muscle carnitine content by 10%.

At that point in L-carnitine supplementation study, three
studies [31,36,39] reported increases in skeletal muscle
total carnitine content; however conditions in which these
results were achieved, are not nearly ideal. In the first two
[31,36], it was achieved through intravenous infusions of L-
carnitine and insulin and, in the one who used carbohydrates
to stimulate the same insulin effect, muscle biopsies were

not performed and its conclusion was based on an assump-
tion [39]. Moreover, samples size were small, untrained
individuals were recruited and, considering that the reason
why L-carnitine supplementation has been studied is due
to possible improvements in exercise performance, these
results are not enough. Therefore, although being an impor-
tant step considering past data, results in skeletal muscle
using a co-ingestion of L-carnitine and carbohydrates, per-
formed in athletes, are still needed.

6. L-carnitine supplementation and exercise

In this chapter, studies evaluating L-carnitine supplementa-
tion on exercise performance will be included and grouped
by the type of exercise performed. Tables 1 and 2 pro-
vide more details and summarizes the results of studies that
investigated a supplementation protocol of L-carnitine plus
carbohydrates.

6.1. Cycling (various exercise intensities)

One study [43] performed in five rugby players, with the pur-
pose of examining whether caffeine, carnitine or a mixture
of both, could affect exercise endurance time via carnitine
metabolism, reported not only that L-carnitine ingestion
could promote fat oxidation resulting in higher endurance
performance in athletes, but also that effects could be
higher if carnitine was co-ingested with caffeine. However,
the small sample size is a limitation.

The following three studies, from the same research
group, did not add carbohydrates to L-carnitine supplemen-
tation. The first one, by Broad et al. [44], whose exercise
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Table 2 Summary of studies analyzing the effect of dietary L-carnitine with carbohydrates supplementation.

Ref. Subjects Age (mean) Dose of L- Exercise tests Outcome
carnitine/Duration
Muscle Exercise
content/Body
composition
[47] 14 healthy, 25.9+2.1yrs 2 x(1.36g+80g 30 min cycling 21% 4 muscle 50% VOzmax:
non-smoking, CHO), at at 50% VOzmax, total carnitine 55% | glycogen
non- breakfast and 30 min at 80% content utilization; 31%
vegetarian, 4h later, for 24 VO3max, 30 min | PDCa
recreational wks. work output 80% VO2max:
male athletes performance better
trial matching of
metabolic flux
Performance
trial: 11% ¢
work output
[49] 12 healthy, Control: 2x(1.36 30 min on the 21% 1 muscle 6% 1 energy
non- 25.3+2.1yrs g +80¢g CHO), cycle total carnitine expenditure
vegetarian, Carnitine: at breakfast ergometer at a content < Skeletal
male 28.5+2.1yrs and 4h later, workload 4 Total body muscle
recreational for 12 wks. corresponding mass in Control maximal CPT1
athletes (6 for to 50% VOzmax but no in activity
each Carnitine
group—control < Lean body
and carnitine) mass
[51] 21 healthy, 23+2yrs 2x(1.5g+80g 2 x 3 min bouts 30% 1 muscle 9% 1 VO2max;
non- CHO), for 24 of cycling at free carnitine 15% 1 Wattmax;
vegetarian, wks in 100% Wattmax, at rest 23% 4 work
untrained combination with 5min of output during
males with HIIT rest (14 training in
training. repeated the Control and
Ingestions protocol Carnitine; <
occurred first following 24 Between
thing in the wks of HIIT) groups.
morning and No differences
4h later other that
those obtained
from HIIT alone
[52] 10 moderately 27 £4.83 yrs 1st bottle (3g 3 testing < skeletal J RER at
active males L-carnitine), sessions; muscle baseline;
3h prior to 40 min of carnitine J Blood lactate
exercise; 2nd cycling at 65% content. after 10 min of
bottle (94¢g VOzpeak, cycling at 65%
CHO) 2 h prior followed by VO2peak;
to exercise; 3rd cycling to < Power
bottle (94¢g exhaustion at output; <
CHO) 30 min 85% VOzpeak Time to
prior to exhaustion
exercise

CHO: carbohydrates; CPT1: carnitine palmitoyltranferase 1; g: grams; h: hours; HIIT: high-intensity interval training; PDCa: pyruvate
dehydrogenase enzyme complex activation; RER: respiratory exchange ratio; VO;max: maximal oxygen consumption; VOppeak: peak
oxygen uptake; Wattmnax: maximal workload; wks: weeks; yrs: years.

trials consisted of 90 minutes of steady-state cycling with
a subsequent 20km time trial, found no effects on sub-
strate utilization with a supplementation of 2 g of L-carnitine
during four weeks in a group of trained subjects. A later

study [45], tested the same L-carnitine dose but during half
of the time. Active subjects exercised for 90 minutes at
70% VO;max after two days of consuming a prescribed diet
before and after supplementation. Final results indicated
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that fat, carbohydrate, and protein contribution to
metabolism during cycling exercise was not affected by this
protocol [45]. A posterior one [46], still from the same
group, this time with athletes, evaluated the effects of 2g
of L-carnitine supplementation for 15 days on metabolic
responses to graded-intensity exercise [20minutes bouts
of exercise over a range of intensities (20—80% peak oxy-
gen uptake (VOypeak))] under conditions of altered substrate
availability. The authors reported that L-carnitine may
induce subtle alterations in substrate handling in metaboli-
cally active tissue when fatty acid availability is increased.
However, no effects were observed in whole-body substrate
utilization during short-duration exercise at the intensities
studies [46].

In 2011, a study by Wall et al. [47] with recreational
athletes, showed, for the first time, that muscle carnitine
content can be increased in healthy men by dietary carni-
tine supplementation. It involved 24 weeks of twice-daily
ingestion of 1.36g of L-carnitine in combination with 80g
of carbohydrates. Results showed a 21% increase on mus-
cle total carnitine. Besides, this study also demonstrated
that the influence of L-carnitine supplementation on exer-
cise metabolism depends on exercise intensity, since a 55%
reduction in muscle glycogen utilization was found during
cycling at 50% VO,max but not at 80% VOymax. According to the
authors, this spare of muscle glycogen possibly suggests an
increase in lipid oxidation during exercise (altering muscle
metabolism) caused by a dietary-mediated increase in mus-
cle total carnitine stores, which supports the suggestion that
free L-carnitine availability is limiting to the CPT1 reaction.
At 80% VO™ muscle lactate content was 44% lower and
a better maintenance of the ratio phosphocreatine to ATP
was observed. Relatively to PDCa status, it was reduced at
50% VO,max but increased at 80% VO;max. A comment on this
study [48] referred that not measuring lipid oxidation was
a limitation, since it should have been one of the primary
outcomes.

Two year later, a subsequent study [49], investigated
if twice-daily ingestion of 1.36g of L-carnitine plus 80g
of carbohydrates during 12 weeks, could modulate energy
metabolism. Similar to the previous, this study showed a
21% increase in muscle carnitine content at 50% VO;nax. The
authors referred that this augment contributed to the main-
tenance of the capacity to oxidize fat, which prevented
an increase in body fat mass in carnitine group. Unlike
this result, in the control group was observed an increase
in adiposity attributed to excess energy intake from car-
bohydrate beverage. Moreover, in the L-carnitine group, a
6% increase in energy expenditure was observed for which
authors referred it was most likely due to the greater change
in the rate of fat oxidation that happened in the L-carnitine
group, in the absence of a change in the rate of carbohydrate
oxidation [49].

However, in a review of L-carnitine and fat oxidation,
Stephens et al. [50], referred that the long-held belief that
carnitine supplementation could improve endurance perfor-
mance via augmenting its role in fat oxidation should be
revised, and that more emphasis should be given to the
major role L-carnitine plays in carbohydrate metabolism
during exercise. Therefore, in a very recent study, Shannon
et. al. [51] investigated whether increasing skeletal muscle
L-carnitine, and thereby its buffering capacity, could alter

the metabolic and physiological adaptations to 24 weeks
of high-intensity interval training (HIIT) at 100% maximal
workload (Wattmax). Results showed that L-carnitine supple-
mentation, despite the increases in muscle free carnitine
content, did not bring any benefits other than the ones
obtained from HIIT alone. Results from this study seem to
show that increasing skeletal muscle carnitine content may
not be enough to achieve results in performance, other than
in low-intensity exercise. For that reason, other supple-
mentation protocols more targeted to the second role of
L-carnitine should be investigated.

In another study, also published this year, Burrus et al.
[52] evaluated a single ingestion of 3 g L-carnitine and two
subsequent drinks with 94 g of carbohydrate each in a sam-
ple of moderately active subjects. Authors concluded that,
despite differences in some parameters, ingestion of L-
carnitine and carbohydrates in an acute approach does not
seem to influence exercise metabolism due to insufficient
changes in skeletal muscle L-carnitine content. However,
since muscle biopsies were not performed, this supposition
cannot be confirmed. Notwithstanding, considering that the
amount of carbohydrates and L-carnitine used previously
showed positive results [47,49], although the absence of
muscle biopsies, this study may be important to show that
possibly only chronic protocols work with L-carnitine, due
to its low bioavailability.

In the present chapter, were observed mixed results in
the L-carnitine supplementation effects on exercise perfor-
mance. In the three studies [44—46], in which was evaluated
an ingestion of L-carnitine per se, no positive results were
found or, if so, it was very little pronounced. In opposi-
tion, in the studies presented next [47,49,51,52], which
evaluated a co-ingestion of carbohydrates and L-carnitine,
only the ones with long-term strategies found promising
results.

6.2. Running (treadmill)

A study [53], performed in soccer players, evaluated the
effect of acute L-carnitine loading on endurance perfor-
mance. For the exercise test, athletes began running at
8km/h and then continued at 10km/h. The speed was
increased 1km/h every 3minutes until subjects chose to
quit. Regarding the results of this study, the authors reported
that a single supplementation of 3 or 4g of L-carnitine
taken before physical exercise affected performance pos-
itively in terms of running speed corresponding to specific
lactate concentrations and also reduced heart rate. More-
over, authors suggested that this amount of L-carnitine taken
before exercise prolonged exhaustion. However, seems that
final conclusions were imprudent considering the method-
ologies used.

Another study [54], aimed to investigate the acute
effects of L-carnitine supplementation on aerobic effi-
ciency and compared sedentary with athletic men. The
exercise program was performed using a treadmill. After
the warm up (3minutes at 2.3km/h on a 0% slope), the
speed and degrees of slope were changed every 3 minutes
according to the Bruce protocol. Subjects had to run con-
tinuously until 80% of their theoretical maximal heart
rate. Regarding the results of this study, despite some
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limitations mentioned by authors, they concluded that an
acute L-carnitine supplementation possibly affects exercise
performance in athletes but not in sedentary men. Here-
upon, although no conclusion on L-carnitine supplementa-
tion in athletes can be made from this study, it may be useful
to reinforce the idea that studies need to be performed
in athletes. Therefore, and at this time, little informa-
tion exists that supports the recommendation of L-carnitine
use. More research is needed, and it is crucial to include
athletes.

7. Alternative strategy to stimulate insulin
effect

As previously showed [39,47,49,51], a high carbohydrate
ingestion is able to stimulate insulin and, therefore, increase
skeletal muscle carnitine content. However, the amounts
of carbohydrates required can be impractical and when
ingested per se could alter body composition, as showed
in a control group [49]. So, the next step was to investi-
gate other ways to reduce the carbohydrate load. Shannon
et al. [55], investigated whether reducing carbohydrates by
associating it with whey protein, could achieve the same
effects. Results showed that in the group who ingested
carbohydrates and protein, despite similar elevation in
serum insulin and similar plasma flow response induced,
the supplementation protocol prohibited any increase in
net carnitine balance (NCB). Therefore, authors suggested
that the insulin-mediated increase in forearm carnitine bal-
ance observed with carbohydrate consumption was acutely
blunted by a carbohydrate plus protein beverage, which
might indicate that the mechanism by which insulin stimu-
lates carnitine transport into skeletal muscle is antagonized
by a large bolus of whey protein. As such, an alternative
strategy is still needed.

8. L-carnitine supplementation and weight
loss

The theoretical basis for L-carnitine supplementation as a
weight-loss agent is based on the assumption that increas-
ing L-carnitine ingestion, through supplementation, would
increase fat oxidation, leading to the progressive reduction
of body fat reserves [18]. However, as previously referred,
to achieve increases in skeletal muscle carnitine content, a
high dose of carbohydrates needs to be ingested.

Although not performed in athletes but mainly in obese
and diabetic women, for the comprehensive purpose of this
review it is worth to consider a recent study published on
this topic. In 2016, a systematic review and meta-analysis
by Pooyandjoo et al. concerning the effect of L-carnitine
on weight loss in adults was published [56]. Authors con-
cluded that carnitine might be effective for weight loss
in adults; however, considering the existing difficulty to
increase skeletal muscle carnitine content without ingesting
a considerable high amount of carbohydrates, this statement
was seen as surprising and a bit risky. As expected, some
methodological and practical issues can be found. Possible
incorrect aspects were commented latter [57].

9. L-carnitine supplementation on recovery
after exercise and aging

Results in the L-carnitine supplementation and exercise per-
formance studies have always been inconsistent. Therefore,
the focus of clinical research shifted toward evaluating the
impact that this dietary supplement could have on recovery
after exercise [14,20]. According to results of recent reviews
on L-carnitine supplementation and recovery [14,20], seems
that L-carnitine could reduce tissue damage and muscle
soreness and improve recovery after exercise. Moreover,
and based on current animal studies, a preventive role of
L-carnitine in age-associated muscle protein degradation
and a regulation of mitochondrial homeostasis is suggested
[20]. Additionally, a study in healthy older adults, evalu-
ated the impact that a multi-ingredient supplement with
L-carnitine, creatine, and L-leucine could have on this pop-
ulation. The authors found that it significantly enhanced
lean muscle mass and functional strength particularly in the
lower legs. According to the authors, it was likely due to
an improved protein anabolism through the mammalian tar-
get of rapamycin (mTOR) pathway. Moreover, authors also
pointed that the addition of L-leucine and creatine may have
synergistic actions in muscle protein synthesis when incor-
porated with L-carnitine [20,58]. Therefore, other potential
uses of L-carnitine supplementation should be studied, for
example in this area.

10. Critical opinion, unresolved questions and
opportunities for future research

Almost all of the published studies concerning L-carnitine
supplementation and its ability to increase skeletal mus-
cle carnitine content have come from the same laboratory.
Besides, when results in exercise performance with L-
carnitine supplementation were achieved, exercise was
performed at 50% VO,max, however, in most cases, athletes
do not compete at low intensity levels. Moreover, if the goal
is to establish a relation between a dietary supplement and
its ability to improve performance, research has to be per-
formed in athletes. However, that is not the case in the
majority of published work. Hence, research is still needed.

Another fact that cannot be forgotten is that most studies
used very small samples and, taking into account that there
is individual variability, it is not known whether the results
would be replicated in others.

In addition, further research on other alternative ways
to stimulate serum insulin concentrations orally that could
reduce the carbohydrate load is necessary. Moreover, it
seems that L-carnitine supplementation might be helpful in
older people, so research on this topic should continue.

Finally, other opportunities for future research include
the study of L-carnitine supplementation in specific popu-
lations, such as diabetic patients. In an interesting study
of Reynier et al. [59], the impact of L-carnitine associated
with lysine and methionine supplementation was evaluated
in different situations, with and without exercise. Posi-
tive results regarding a decrease in the feeling of muscular
weakness and myalgia and an increase in exercise aero-
bic performance, insulin sensitivity, basal insulin efficiency
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and in the overall glucose tolerance were only found in the
groups of subjects with impaired glucose tolerance or with
non-insulin dependent diabetes mellitus. These results were
attributed, in part, to the improvement in insulin sensi-
tivity and, in general, to the L-carnitine buffering effect,
which prevents the excess acyl-CoA accumulation. Besides,
a review on this topic by Ringseis and collaborators [60]
pointed that L-carnitine supplementation might be an effec-
tive tool for improvement of glucose utilization in obese
type 2 diabetic patients. Therefore, more research should
be done and, whenever possible, exercise testing should be
included. Additionally, it would be interesting to investigate
the impact of L-carnitine supplementation in the diabetic
athlete.

11. Conclusion

In conclusion, it was showed that increasing skeletal muscle
carnitine content, in some specific situations, could influ-
ence fuel selection during exercise and, perhaps, increase
fat utilization. However, it is likely that during high-intensity
exercise, due to its buffering role, free L-carnitine is limit-
ing the CPT1 reaction. Therefore, the problem still resides
in the ability to increase muscle carnitine content. Although
no longer being a major concerned, since it was showed
that a L-carnitine supplementation with carbohydrates can
increase skeletal muscle carnitine, it remains difficult to
achieve. No doubt that an oral co-ingestion of carbohydrates
and L-carnitine is more practical than the intravenous infu-
sion of L-carnitine and insulin, and more importantly, legal.
However, the amounts of carbohydrates required to achieve
the ergogenic effects make it still impractical on a daily
basis in the majority of the situations and could decrease
adherence. Besides that, high carbohydrate loads are incom-
patible, in most cases, with weight loss diets. Plus, it only
seemed achievable in chronic protocols (> 12 weeks), which
means that high quantities of carbohydrates need to be
ingested during long periods of time.

Therefore, despite that some performance benefits have
been demonstrated, the available data still is not enough
to widely recommend L-carnitine supplementation with the
aim of improving exercise performance.

Disclosure of interest

The authors declare that they have no competing interest.

References

[1] Garthe |, Maughan RJ. Athletes and supplements: preva-
lence and perspectives. Int J Sport Nutr Exerc Metab
2018;28(2):126—38.

[2] CRN  Consumer Survey on Dietary Supplement 2016.
https://www.crnusa.org/resources/crn-annual-survey-
dietary- supplements.

[3] Wardenaar FC, Ceelen 1J, Van Dijk JW, Hangelbroek RW, Van
Roy L, Van der Pouw B, et al. Nutritional supplement use
by dutch elite and sub-elite athletes: does receiving dietary
counseling make a difference? Int J Sport Nutr Exerc Metab
2017;27(1):32—42.

[4] Morrison LJ, Gizis F, Shorter B. Prevalent use of dietary supple-
ments among people who exercise at a commercial gym. Int J
Sport Nutr Exerc Metab 2004;14(4):481-92.

[5] Gulewitsch W, Krimberg R. Zur Kenntnis der Extraktivstoffe
der Muskeln Il Mitteilung. Uber das Carnitin. Hoppe-Seyler’s
Zeitschrift fur physiologische Chemie 1905 [p 326].

[6] Tomita M, Sendju Y. Uber die Oxyaminoverbindungen,
welche die Biuretreaktion zeigen Ill. Spaltung der -
Amino-B-oxy-buttersaure in die optisch-aktiven Komponenten.
Hoppe-Seyler’s Zeitschrift fir physiologische Chemie 1927
[p 263].

[7] Pekala J, Patkowska-Sokola B, Bodkowski R, Jamroz D,
Nowakowski P, Lochynski S, et al. L-carnitine-metabolic
functions and meaning in humans life. Curr Drug Metab
2011;12(7):667—78.

[8] Flanagan JL, Simmons PA, Vehige J, Willcox MD, Garrett Q. Role
of carnitine in disease. Nutr Metab (Lond) 2010;7:30.

[9] Evans AM, Fornasini G. Pharmacokinetics of L-carnitine. Clin
Pharmacokinet 2003;42(11):941—67.

[10] Brass EP. Pharmacokinetic considerations for the therapeu-
tic use of carnitine in hemodialysis patients. Clin Ther
1995;17(2):176—85 [discussion 5].

[11] Rodwell VW, Bender D, Botham KM, Kennelly PJ, Weil PA.
Harpers Illustrated Biochemistry. 30th Edition. McGraw-Hill
Education; 2015 [p 224].

[12] Stephens FB, Constantin-Teodosiu D, Greenhaff PL. New
insights concerning the role of carnitine in the regulation
of fuel metabolism in skeletal muscle. J Physiol 2007;581(Pt
2):431—44.

[13] Trappe SW, Costill DL, Goodpaster B, Vukovich MD, Fink WJ. The
effects of L-carnitine supplementation on performance during
interval swimming. Int J Sports Med 1994;15(4):181-5.

[14] Huang A, Owen K. Role of supplementary L-carnitine in exercise
and exercise recovery. Med Sport Sci 2012;59:135—42.

[15] Maughan RJ. Nutritional ergogenic aids and exercise perfor-
mance. Nutr Res Rev 1999;12(2):255—80.

[16] Brass EP. Supplemental carnitine and exercise. Am J Clin Nutr
2000;72(2 Suppl):618s—23s.

[17] Brass EP. Carnitine and sports medicine: use or abuse? Ann N 'Y
Acad Sci 2004;1033:67—78.

[18] Karlic H, Lohninger A. Supplementation of L-carnitine in ath-
letes: does it make sense? Nutrition 2004;20(7—8):709—15.

[19] Bremer J. Carnitine-metabolism and functions. Physiol Rev
1983;63(4):1420—80.

[20] Fielding R, Riede L, Lugo JP, Bellamine A. l-Carnitine Sup-
plementation in Recovery after Exercise. Nutrients 2018;
10(3).

[21] Seline K-G, Johein H. The determination of l-carnitine in sev-
eral food samples. Food Chem 2007;105(2):793—804.

[22] Rebouche CJ, Kinetics. pharmacokinetics, and regulation of L-
carnitine and acetyl-L-carnitine metabolism. Ann N Y Acad Sci
2004;1033:30—41.

[23] Kendler BS, Carnitine:. an overview of its role in preventive
medicine. Prev Med 1986;15(4):373—90.

[24] Novakova K, Kummer O, Bouitbir J, Stoffel SD, Hoerler-Koerner
U, Bodmer M, et al. Effect of L-carnitine supplementation on
the body carnitine pool, skeletal muscle energy metabolism
and physical performance in male vegetarians. Eur J Nutr
2016;55(1):207—17.

[25] Rebouche CJ, Chenard CA. Metabolic fate of dietary carnitine
in human adults: identification and quantification of urinary
and fecal metabolites. J Nutr 1991;121(4):539—46.

[26] Fritz IB, Mc EB. Effects of carnitine on fatty-acid oxidation by
muscle. Science 1959;129(3345):334—5.

[27] Fritz IB, Yue KT. Long-chain carnitine acyltransferase and
the role of acylcarnitine derivatives in the catalytic increase
of fatty acid oxidation induced by carnitine. J Lipid Res
1963;4:279—88.


http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0295
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0305
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0310
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0315
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0320
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0325
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0330
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0335
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0335
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0335
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0335
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0335
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0335
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0335
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0335
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0335
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0335
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0335
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0335
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0335
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0335
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0340
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0345
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0350
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0355
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0360
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0365
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0370
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0370
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0370
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0370
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0370
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0370
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0370
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0370
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0370
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0370
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0370
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0370
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0370
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0370
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0370
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0375
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0380
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0385
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0385
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0385
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0385
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0385
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0385
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0385
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0385
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0385
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0385
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0385
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0385
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0390
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0395
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0400
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0405
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0410
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0415
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0420
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0425

72

C. Oliveira, M. Sousa

[28] Jeppesen J, Kiens B. Regulation and limitations to fatty acid
oxidation during exercise. J Physiol 2012;590(5):1059—68.

[29] Hiatt WR, Regensteiner JG, Wolfel EE, Ruff L, Brass EP. Carni-
tine and acylcarnitine metabolism during exercise in humans.
Dependence on skeletal muscle metabolic state. J Clin Invest
1989;84(4):1167—73.

[30] Purdom T, Kravitz L, Dokladny K, Mermier C. Understanding the
factors that effect maximal fat oxidation. J Int Soc Sports Nutr
2018;15:3.

[31] Stephens FB, Constantin-Teodosiu D, Laithwaite D, Simpson EJ,
Greenhaff PL. An acute increase in skeletal muscle carnitine
content alters fuel metabolism in resting human skeletal mus-
cle. J Clin Endocrinol Metab 2006;91(12):5013—8.

[32] Stephens FB. Does skeletal muscle carnitine availability
influence fuel selection during exercise? Proc Nutr Soc
2018;77(1):11-9.

[33] McGarry JD, Brown NF. The mitochondrial carnitine palmitoyl-
transferase system. From concept to molecular analysis. Eur J
Biochem 1997;244(1):1—14.

[34] Campbell-O’Sullivan SP, Constantin-Teodosiu D, Peirce N,
Greenhaff PL. Low intensity exercise in humans accelerates
mitochondrial ATP production and pulmonary oxygen kinetics
during subsequent more intense exercise. J Physiol 2002;538(Pt
3):931-9.

[35] Watt MJ, Heigenhauser GJF, Dyck DJ, Spriet LL. Intramuscular
triacylglycerol, glycogen and acetyl group metabolism dur-
ing 4h of moderate exercise in man. J Physiol 2002;541(Pt
3):969-78.

[36] Stephens FB, Constantin-Teodosiu D, Laithwaite D, Simpson EJ,
Greenhaff PL. Insulin stimulates L-carnitine accumulation in
human skeletal muscle. FASEB J 2006;20(2):377—9.

[37] Wachter S, Vogt M, Kreis R, Boesch C, Bigler P, Hoppeler H, et al.
Long-term administration of L-carnitine to humans: effect on
skeletal muscle carnitine content and physical performance.
Clin Chim Acta 2002;318(1—2):51—61.

[38] Gonzalez JT, Stevenson EJ. New perspectives on nutritional
interventions to augment lipid utilisation during exercise. Br
J Nutr 2012;107(3):339—49.

[39] Stephens FB, Evans CE, Constantin-Teodosiu D, Greenhaff
PL. Carbohydrate ingestion augments L-carnitine retention in
humans. J Appl Physiol (1985) 2007;102(3):1065—70.

[40] Tamai |, Ohashi R, Nezu J, Yabuuchi H, Oku A, Shimane M,
et al. Molecular and functional identification of sodium ion-
dependent, high affinity human carnitine transporter OCTN2.
J Biol Chem 1998;273(32):20378—82.

[41] Clausen T. Na+ K+ pump regulation and skeletal muscle con-
tractility. Physiol Rev 2003;83(4):1269—324.

[42] Stephens FB, Constantin-Teodosiu D, Laithwaite D, Simpson EJ,
Greenhaff PL. A threshold exists for the stimulatory effect of
insulin on plasma L-carnitine clearance in humans. Am J Physiol
Endocrinol Metab 2007;292(2):E637—41.

[43] Cha YS, Choi SK, Suh H, Lee SN, Cho D, Li K. Effects of
carnitine coingested caffeine on carnitine metabolism and
endurance capacity in athletes. J Nutr Sci Vitaminol (Tokyo)
2001;47(6):378—84.

[44] Broad EM, Maughan RJ, Galloway SD. Effects of four weeks
L-carnitine L-tartrate ingestion on substrate utilization dur-
ing prolonged exercise. Int J Sport Nutr Exerc Metab
2005;15(6):665—79.

[45] Broad EM, Maughan RJ, Galloway SD. Carbohydrate, pro-
tein, and fat metabolism during exercise after oral carnitine

supplementation in humans. Int J Sport Nutr Exerc Metab
2008;18(6):567—84.

[46] Broad EM, Maughan RJ, Galloway SD. Effects of exercise
intensity and altered substrate availability on cardiovascu-
lar and metabolic responses to exercise after oral carnitine
supplementation in athletes. Int J Sport Nutr Exerc Metab
2011;21(5):385—97.

[47] Wall BT, Stephens FB, Constantin-Teodosiu D, Marimuthu K,
Macdonald IA, Greenhaff PL. Chronic oral ingestion of L-
carnitine and carbohydrate increases muscle carnitine content
and alters muscle fuel metabolism during exercise in humans.
J Physiol 2011;589(Pt 4):963—73.

[48] Sahlin K. Boosting fat burning with carnitine: an old friend
comes out from the shadow. J Physiol 2011;589(Pt 7):1509—10.

[49] Stephens FB, Wall BT, Marimuthu K, Shannon CE, Constantin-
Teodosiu D, Macdonald IA, et al. Skeletal muscle carnitine load-
ing increases energy expenditure, modulates fuel metabolism
gene networks and prevents body fat accumulation in humans.
J Physiol 2013;591(18):4655—66.

[50] Stephens FB, Galloway SD. Carnitine and fat oxidation. Nestle
Nutr Inst Workshop Ser 2013;76:13—23.

[51] Shannon CE, Ghasemi R, Greenhaff PL, Stephens FB. Increasing
skeletal muscle carnitine availability does not alter the adapta-
tions to high-intensity interval training. Scand J Med Sci Sports
2018;28(1):107—15.

[52] Burrus BM, Moscicki BM, Matthews TD, Paolone VJ. The effect
of acute L-carnitine and carbohydrate intake on cycling per-
formance. Int J Exerc Sci 2018;11(2):404—16.

[53] Orer GE, Guzel NA. The effects of acute L-carnitine supple-
mentation on endurance performance of athletes. J Strength
Cond Res 2014;28(2):514—9.

[54] Leelarungrayub J, Pinkaew D, Klaphajone J, Eungpinichpong
W, Bloomer RJ. Effects of L-carnitine supplementation on
metabolic utilization of oxygen and lipid profile among trained
and untrained humans. Asian J Sports Med 2017;8(1).

[55] Shannon CE, Nixon AV, Greenhaff PL, Stephens FB. Pro-
tein ingestion acutely inhibits insulin-stimulated muscle
carnitine uptake in healthy young men. Am J Clin Nutr
2016;103(1):276—82.

[56] Pooyandjoo M, Nouhi M, Shab-Bidar S, Djafarian K, Olyaee-
manesh A. The effect of (L-)carnitine on weight loss in adults: a
systematic review and meta-analysis of randomized controlled
trials. Obes Rev 2016;17(10):970—6.

[57] Del Vecchio FB, Coswig VS, Galliano LM. Comment on ‘‘The
effect of (l-)carnitine on weight loss in adults: a systematic
review and meta-analysis of randomized controlled trials’’.
Obes Rev 2017;18(2):277-8.

[58] Evans M, Guthrie N, Pezzullo J, Sanli T, Fielding RA, Bellamine
A. Efficacy of a novel formulation of L-Carnitine, creatine,
and leucine on lean body mass and functional muscle strength
in healthy older adults: a randomized, double-blind placebo-
controlled study. Nutr Metab (Lond) 2017;14(1):7.

[59] Reynier M, Brun JF, Orsetti A. Effets métaboliques de
’association L-carnitine — L-lysine — méthionine contre
placebo au cours d’exercices submaximaux. Sci Sports
1998;13(1):17—-25.

[60] Ringseis R, Keller J, Eder K. Role of carnitine in the regulation
of glucose homeostasis and insulin sensitivity: evidence from
in vivo and in vitro studies with carnitine supplementation and
carnitine deficiency. Eur J Nutr 2012;51(1):1—18.


http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0430
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0435
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0440
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0445
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0450
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0455
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0460
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0465
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0470
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0475
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0480
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0485
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0490
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0495
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0500
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0505
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0510
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0515
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0520
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0525
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0530
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0535
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0540
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0545
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0550
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0555
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0560
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0565
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0570
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0575
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0580
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0585
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590
http://refhub.elsevier.com/S0765-1597(18)30329-0/sbref0590

	The effects of L-carnitine supplementation in athletic performance
	1 Introduction
	2 Methodology
	3 L-carnitine absorption and biosynthesis
	4 L-carnitine metabolism during exercise
	5 L-carnitine retention on skeletal muscle
	6 L-carnitine supplementation and exercise
	6.1 Cycling (various exercise intensities)
	6.2 Running (treadmill)

	7 Alternative strategy to stimulate insulin effect
	8 L-carnitine supplementation and weight loss
	9 L-carnitine supplementation on recovery after exercise and aging
	10 Critical opinion, unresolved questions and opportunities for future research
	11 Conclusion
	Disclosure of interest
	References


