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KEYWORDS Abstract

Vitamin D; Objectives: To evaluate the prevalence of vitamin D deficiency in critically ill patients upon
Critical Care admission to an Intensive Care Unit (ICU) and its prognostic implications.

Medicine; Design: A single-center, prospective observational study was carried out from January to
Mortality; November 2015. Patients were followed-up on until death or hospital discharge.

Acute kidney injury Setting: The department of Critical Care Medicine of a university hospital.

Patients: All adults admitted to the ICU during the study period, without known factors capable
of altering serum 25(0OH)D concentration.

Interventions: Determination of serum 25(0OH)D levels within the first 24 h following admission
to the ICU.

Main variables of interest: Prevalence and mortality at 28 days.

Results: The study included 135 patients, of which 74% presented deficient serum 25(0OH)D
levels upon admission to the ICU. Non-survivors showed significantly lower levels than survivors
(8.14ng/ml [6.17-11.53] vs. 12ng/ml [7.1-20.30]; p=.04), and the serum 25(0H)D levels were
independently associated to mortality (OR 2.86; 95% Cl 1.05-7.86; p=.04). The area under the
ROC curve was 0.61 (95% Cl 0.51-0.75), and the best cut-off point for predicting mortality was
10.9ng/ml. Patients with serum 25(0OH)D < 10.9 ng/ml also showed higher acute kidney injury
rates (13 vs. 29%; p=.02).
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Conclusion: Vitamin D deficiency is highly prevalent upon admission to the ICU. Severe Vitamin
D deficiency (25[0OH]D < 10.9 ng/ml) upon admission to the ICU is associated to acute kidney
injury and mortality.

© 2017 Elsevier Espana, S.L.U. and SEMICYUC. All rights reserved.

La hipovitaminosis D grave al ingreso en el paciente critico se asocia a fracaso renal
agudo y mal pronéstico

Resumen

Objetivos: Determinar la prevalencia de hipovitaminosis D al ingreso en el Servicio de Medicina
Intensiva (SMI), asi como su asociacion con el prondstico del paciente critico.

Disero: Analisis observacional prospectivo llevado a cabo desde enero a noviembre de 2015.
Los pacientes incluidos fueron seguidos hasta su fallecimiento o alta hospitalaria.

Ambito: SMI polivalente de un hospital universitario.

Pacientes: Todos los individuos adultos que ingresaron en el SMI durante el periodo de estudio y
que no presentaban factores conocidos que pudieran alterar los valores sanguineos de 25(0H)D.
Intervenciones: Determinacion de los niveles séricos de 25(0H)D en las primeras 24 h de ingreso
en el SMI.

Principales variables de interés: Prevalencia de hipovitaminosis D al ingreso en UCI y mortali-
dad a los 28 dias.

Resultados: Se incluyeron 135 individuos. El 74% de los pacientes presento niveles bajos de
25(0OH)D en el momento de su ingreso en el SMI. El grupo de pacientes que fallecieron presentaba
niveles significativamente inferiores al grupo de pacientes que sobrevivieron (8,14ng/mL [6,17-
11,53] vs. 12ng/mL [7,1-20,30], p=0,04) y el valor en sangre de 25(0H)D al ingreso se mostro
como factor de riesgo independiente en el analisis multivariado (OR 2,86; IC 95% 1,05-7,86,
p=0,04). La curva ROC fue de 0,61 (IC 95% 0,51-0,75) y el mejor punto de corte para prede-
cir mortalidad fue de 10,9 ng/mL. Los pacientes con valores de 25(0H)D < 10,9 ng/mL también
presentaron mayores tasas de fracaso renal agudo (13 vs. 29%, p=0,02).

Conclusion: Existe una elevada prevalencia de hipovitaminosis D en el momento de ingreso en
el SMI. La hipovitaminosis D severa (25[OH]D < 10,9 ng/mL) al ingreso en el SMI se asocia a mayor
incidencia de fracaso renal agudo y mayor mortalidad.

© 2017 Elsevier Espana, S.L.U. y SEMICYUC. Todos los derechos reservados.

Introduction

Vitamin D is a liposoluble vitamin fundamentally produced
in the skin as a result of the action of ultraviolet B radia-
tion. Its native forms (vitamins D2 and D3) are transported
in plasma bound to albumin or to the vitamin D binding
proteins, and must undergo two hydroxylation reactions to
become active. The first reaction takes place in the liver
and produces 25(0H)D. The second reaction takes place
in the kidneys, with the mediation of the enzyme alpha-
1-hydroxylase, and produces 1,25(0OH)D, which exerts its
function by binding to the vitamin D receptors.' Although
1,25(0H)D is the metabolically active form, it is considered
that the blood 25(0H)D levels offer a better indication of
vitamin D status in the body.>® The classical functions of
vitamin D have been studied for decades, and much is known
about its effects upon mineral and bone metabolism. How-
ever, other non-classical functions have also been identified
that are related to the presence of alpha-1-hydroxylase and
of vitamin D receptors in many body tissues,” and to the
capacity of vitamin D to modulate the expression of certain

genes mediated by binding to these receptors—exerting an
effect upon the regulation of hormone secretion, control
of the innate and adaptive immune response, and on cell
proliferation and differentiation.” In this way it has been
possible to establish associations between hypovitaminosis
D and cancer” and cardiovascular diseases.’

A high prevalence of hypovitaminosis D has been observed
in the last decade in the general population, with the identi-
fication of geographical location and solar exposure as some
of the conditioning factors.®=” A number of studies have
reported a particularly high prevalence of hypovitaminosis
D in critically ill patients.'®'* However, the relationship
between vitamin D deficiency and morbidity-mortality in
terms of organ failure or infections in critical patients
remains the subject of debate.'?">-"7

Furthermore, although different recent randomized clin-
ical trials that have evaluated the administration of vitamin
D in critical patients have demonstrated normalization of
the vitamin D levels as a result of supplementing,’® dis-
cordant results have been obtained in terms of the effect
upon patient survival or duration of admission,'®-?* and two



218

A. Zapatero et al.

recent meta-analyses have even published contradictory
findings that currently preclude the recommendation of sys-
tematic supplementing in critical patients with vitamin D
deficiency.?>%

The objectives of the present study are: (a) to deter-
mine the vitamin D levels upon admission to a Department
of Intensive Care Medicine (DICM) belonging to a hospital in
the south of Europe during the course of one year; and (b)
to establish the relationship between these levels and the
prognosis of critical patients, as well as determine whether
there are total 25(0H)D levels in blood capable of predicting
increased mortality after 28 days of admission to the DICM.

Patients and methods

A prospective observational study was carried out during a
period of 11 months (from January to November 2015) in
the DICM of a university tertiary hospital (Hospital del Mar,
Barcelona, Spain). The study was approved by the Clinical
Research Ethics Committee, and written informed consent
was obtained for the processing of biological samples and
the use of clinical and laboratory test data from all the
patients (or their representatives, in the event the patients
were unable to give consent).

We included all Caucasian patients >18 years of age
admitted during the study period. Pregnant women were
excluded, as were patients with a history of admission to the
DICM in the last year, those admitted to hospital for >7 days
before admission to the DICM, patients with malabsorption
(including post-gastrectomy or bariatric surgery patients,
and individuals with inflammatory bowel disease), patients
diagnosed with hyperparathyroidism, hyperthyroidism or
chronic renal failure, and individuals with granuloma-
tous disorders. We likewise excluded patients receiving
antiepileptic or antiretroviral therapy, vitamin D, or drugs
interfering with bone metabolism (bisphosphonates).

Upon admission to the DICM, we recorded demographic
information and clinical data, including patient age, gen-
der, race, comorbidities, treatment received, the APACHE
[1?7 and SOFA scores,” and the disease indicating patient
admission. The patients were classified into three groups:
medical patients, surgical patients and trauma patients.

Within the first 24h of admission to the DICM we
recorded the serum values corresponding to 25(OH)D,
glucose, parathyroid hormone (using chemilumines-
cence-immunoassay  techniques [Siemens, Berlin,
Germany]), total and ionic calcium, albumin, prealbumin,
creatinine, sodium, potassium, phosphorus, magnesium,
C-reactive protein, procalcitonin, lactate, as well as liver
function parameters, blood count and coagulation function.
All the laboratory test parameters were determined with
the methods commonly used in the hospital, and the
25(0H)D levels were determined by radioimmunoassay
(Liaison®; DiaSorin, Stillwater, MN, USA)—the results being
expressed in ng/ml.?’

Patient stratification according to serum 25(0OH)D levels
was based on the guidelines of the United States Endocrine
Society (2011), which define vitamin D deficiency as serum
total 25(0H)D <20ng/ml, while vitamin D insufficiency is
defined as concentrations between 21 and 29ng/ml, and
normal levels are defined as >30ng/ml.>*°

Acute renal failure (ARF) was defined according to the
criteria of the Acute Kidney Injury Network,>' based on the
clinical and laboratory test data at the time of admission to
the DICM (the laboratory tests were performed within the
first 24 h of stay in the DICM).

Mortality was defined as death after 28 days of admission
to the DICM.

The univariate analysis was based on the chi-squared
test or Fisher exact test as applicable in the case of cat-
egorical variables, while the nonparametric Mann-Whitney
U-test was used in the case of quantitative variables. The
results were reported as the median and interquartile range
(IQR), or as percentages. Receiver operating characteris-
tic (ROC) curves were used to establish the best cut-off
point for vitamin D according to mortality. Lastly, binary
logistic regression analysis was performed to generate a
multivariate model, entering those variables with p<0.1 in
the univariate analysis. Variables not found to be significant
were discarded on a stepwise basis in order to establish a
final model offering the best mortality discriminating capac-
ity. Statistical significance was considered for p <0.05.

Results

A total of 481 patients were admitted to the DICM during the
study period. Of these, 314 presented exclusion criteria and
32 were excluded because plasma vitamin D had not been
determined in the first 24h of admission. Fig. 1 describes
the reasons for patient exclusion.

A total of 135 patients were finally analyzed. Table 1
shows the demographic characteristics of the patients.

The mean 25(0OH)D level upon admission was 11ng/ml
(range 7-19.8), and 13 of the patients (9.6%) had normal
vitamin D levels, while 100 patients (74%) presented vita-
min D deficiency or insufficiency (Fig. 2). No patient received
vitamin D supplements during admission. Table 2 describes
the biochemical parameters and markers of the included
patients.

Table 1 Demographic characteristics of the patients
included in the study.
Age, years 59 (49-74)
Gender
Males 89 (65.9)
Type of patient
Medical 96 (71.1)
Surgical 23 (17)
Trauma 16 (11.9)
APACHE Il score 17 (10-23)
SOFA score 5 (3-8)
Mortality after 28 days 25 (18.5)
DICM stay, days 6 (3-14)
Hospital stay, days 16 (7-27)

APACHE: Acute Physiology and Chronic Health Evaluation; DICM:
Department of Intensive Care Medicine; SOFA: Sequential Organ
Failure Assessment.

Values expressed as median (percentile 25-75) and n (percent-

age).
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All the patients
admitted during the

study period

n= 481

Serum 25(OH)D not
measured in the
first 24 h of admission

n=32

Serum 25(0H)D
measured in the first
24 h of admission

n= 449

Meet exclusion criteria

n=314

Included in the study
n=135

Hospital stay of > 7 Chronic renal failure Non-Caucasian

Antiretroviral therapy Treatment with calcium Other criteria

days (admission to or vitamin D
DICM in the last year) n=57 n=42 n=29 n=17
n=20
n= 149
Figure 1  Flow of patients admitted during the study period and causes of exclusion.

On comparing survivors versus non-survivors in the uni-
variate analysis (Table 3), no significant differences were
observed in terms of age or gender. As expected, the non-
survivors presented higher APACHE Il and SOFA prognostic
scores upon admission, and also exhibited higher lactate
concentrations. There were no differences between the two
groups in terms of other variables such as creatinine, albu-
min or ions.

The serum 25(0OH)D levels were significantly lower
in the group of non-survivors than among the sur-
vivors (8.14ng/ml [6.17-11.53] and 12ng/ml [7.1-20.30],
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Figure 2 Classification of the included patients according to

25(0OH)D levels upon admission, p=0.04.

respectively, p=0.04), as can be seen in Fig. 3. Receiver
operating characteristic (ROC) curves were plotted to deter-
mine which 25(0H)D value upon admission was associated to
increased mortality after 28 days. The area under the curve
(AUC) was 0.61 (95%CI 0.51-0.75), and the cut-off point
corresponding to maximum sensitivity and specificity was
10.9 ng/ml, with a sensitivity of 72%, a specificity of 61%, a
negative predictive value of 91%, and a positive predictive
value of 21% (Fig. 4).

The multivariate analysis included those variables with
p<0.1 in the univariate analysis (SOFA, APACHE II, lac-
tate and vitamin D; in the case of vitamin D we entered
25[0H]D < 10.9 ng/ml as variable, based on the cut-off value
obtained from the ROC curve). The analysis identified serum
total 25(0OH)D upon admission <10.9 ng/ml (OR 2.86; 95%Cl
1.05-7.86; p=0.04) and the APACHE Il score upon admis-
sion (OR 1.1; 95%Cl 1.02-1.14) as independent predictors of
mortality risk.

Table 2 Biochemical parameters and markers of the
patients included in the study.

Variable Results Normal range
25(0OH)D (ng/ml) 11 (7-19.78) 30-150
PTH (pg/ml) 83 (46-161) 14-72
Creatinine (mg/dl) 0.8 (0.6-1.26) 0.5-1.2
Lactate (mmol/L) 1.7 (1-3.2) 0.5-2.2
CRP (mg/dl) 5.1 (1.1-14) 0.0-0.5
Procalcitonin (ng/ml)  0.29 (0.05-4.48) 0-0.05
lonic calcium (mg/dl)  1.05 (1.0-1.09) 1.16-1.34
Phosphorus (mg/dl) 3 (2.4-3.7) 2.5-4.8
Magnesium (mg/dl) 1.9 (1.66-2.2) 1.6-2.5
Albumin (mg/dl) 3.1 (2.7-3.5) 3.8-5.1

CRP: C-reactive protein; PTH: parathyroid hormone; 25(0OH)D:
25-hydroxyvitamin D.

Values expressed as median (percentile 25-75).

The normal range is based on the reference values of the hospital
laboratory.
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Table 3  Univariate analysis comparing survivors versus non-survivors.

Variable Survivors Non-survivors p
Age, vears 58 (41.5-72) 63 (53.5-75) 0.10
Gender

Males 75 (68.2) 14 (56) 0.24
Type of patient

Medical 77 (70) 19 (76) 0.93

Surgical 19 (17.3) 4 (16) 0.93

Trauma 14 (12.7) 2 (8) 0.93
APACHE Il score 15 (9-22) 20 (18-26.5) 0.00
SOFA score 4 (3-7.25) 7 (5.50-10.50) 0.00
25(0H)D (ng/ml) 12 (7.15-20.31) 8.14 (6.17-11.53) 0.04
Creatinine (mg/dl) 0.77 (0.57-1.15) 0.98 (0.66-1.57) 0.12
lonic calcium (mg/dl) 1.05 (1.01-1.09) 1.04 (0.94-1.09) 0.45
Phosphorus (mg/dl) 3.00 (2.4-3.6) 3.1 (2.4-4.08) 0.65
Magnesium (mg/dl) 1.9 (1.68-2.20) 2.00 (1.63-2.30) 0.32
Albumin (g/dl) 3.15 (2.70-3.50) 3 (2.80-3.50) 0.90
CRP (mg/dl) 5.05 (0.90-13.85) 6.60 (1.9-14.55) 0.65
Procalcitonin (ng/ml) 0.19 (0.05-4.83) 0.49 (0.05-4.00) 0.80
Lactate (mmol/L) 1.6 (0.98-3.00) 2.3 (1.4-3.8) 0.01
PTH (pg/ml) 83 (46.00-162.00) 82 (43-193.50) 0.92
DICM stay, days 6 (3.00-15.00) 6 (2.00-11.50) 0.33
Hospital stay, days 18 (10.00-31.25) 6 (2.00-11.50) 0.00

APACHE: Acute Physiology and Chronic Health Evaluation; CRP: C-reactive protein; PTH: parathyroid hormone; SOFA: Sequential Organ
Failure Assessment; DICM: Department of Intensive Care Medicine; 25(0OH)D: 25-hydroxyvitamin D.

Values expressed as median (percentile 25-75) and n (percentage).

Serum vitamin D levels

Survivors (after 28 days) Non-survivors

H 25(0OH)D, ng/ml

*p=0.04

Figure 3  Serum 25(OH)D levels upon admission to the DICM
in survivors and non-survivors (after 28 days of admission to the
DICM).

Using this value of 10.9ng/ml as cut-off point, we com-
pared the 61 patients with 25(OH)D < 10.9 ng/ml versus the
74 patients with 25(0OH)D > 10.9ng/ml, and analyzed the
possible differences in terms of DICM and hospital stay,
ARF and sepsis. We only observed statistically significant
differences between the two groups in terms of the pres-
ence of ARF upon admission. Of the patients with total

25(0H)D < 10.9 ng/ml upon admission, 29% suffered ARF ver-
sus 13% of those with 25(0OH)D > 10.9ng/ml (p=0.02). As
commented, there were no differences between these two
groups in terms of DICM or hospital stay, or as regard the
diagnosis of sepsis upon admission (Table 4).

Discussion

This is the first prospective study carried out in southern
Europe covering the entire year, i.e., involving different
solar exposures, and in which a high prevalence of hypovi-
taminosis D is confirmed, as well as the association between
severe vitamin D deficiency (25[OH]D < 10.9 ng/ml) and ARF
and mortality among critically ill patients in our setting.
The results obtained show 74% of the patients admitted
to our DICM to have deficient 25(0H)D levels. The factors
historically associated to hypovitaminosis D in both the gen-
eral population and in critical patients include geographical
setting—with altitude and solar exposure being regarded as
determinant parameters in the development of vitamin D
deficiency. However, there are also studies reporting a high
prevalence of hypovitaminosis D in the general population in
areas with high solar exposure, and even in zones where sup-
plementing programs are in force.” In this regard, our study,
which is the only publication in southern Europe involving
patients included in all four seasons of the year, has recorded
hypovitaminosis D levels upon admission to the DISM iden-
tical to those reported in other geographical settings with
a climate very different to our own, in which 60-80% of all
patients presented hypovitaminosis D upon admission.'%1¢
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Figure 4 Receiver operating characteristic (ROC) curve of mortality after 28 days according to 25(0OH)D value.
Cut-off point of maximum sensitivity (72%) and specificity (61%): 10.9 ng/ml.

In the last decade, a number of studies have examined
the possible association between low vitamin D levels and
morbidity-mortality among critical patients, with contra-
dictory results.'12:16:32-34 Although the two meta-analyses
published in 201435:3¢ appear to support an association
between hypovitaminosis D and mortality, these findings
must be viewed with caution, since most of the ana-
lyzed studies were of a retrospective nature, and both
meta-analyses had important limitations in terms of the het-
erogeneity of the included publications, sample size, the
definition of hypovitaminosis D, and the prognostic varia-
bles studied. Furthermore, these studies were conducted
at an earlier date and did not take into account publica-
tions such as the FINNAKI trial 2016'"—a prospective study
involving over 600 septic critical patients that recorded no
increased mortality among patients with vitamin D defi-
ciency. In this regard, the authors considered vitamin D
deficiency to be an indicator of patient severity rather than a

direct contributing factor to patient outcome. In contrast to
the above article, our prospective study was not limited to
septic patients and did observe a clear association between
vitamin D deficiency and mortality among the critically ill,
even after risk adjustment for other mortality-associated
variables. However, in our opinion, demonstrating that vita-
min D deficiency is correlated to increased mortality is
not the only important issue: we also must determine the
degree of deficiency (i.e., the cut-off point) at which such
a correlation becomes established. In our series we iden-
tified a cut-off point of 10.9ng/ml as the best predictor
of mortality—this figure being concordant with other stud-
ies in which the critical 25(0H)D levels were seen to be
between 10 and 12ng/ml.'>'® Our study was based on
the criteria of the United States Endocrine Society®® for
grouping the patients according to their vitamin D values
upon admission, as this is currently the most widely used
classification.

Table 4 Comparative analysis between the group with vitamin D<10.9 ng/ml and the group with vitamin D> 10.9 ng/ml.

Variable Total 25(0OH)D in blood <10.9ng/ml (n=58) Total 25(0OH)D in blood > 10.9 ng/ml (n=77) p

APACHE I 19 (12-27) 16 (8-20) <0.01
SOFA 7 (4-9) 4 (2-7) <0.01
Sepsis upon admission 12 (20.7) 13(16.9) 0.36
ARF upon admission 17 (29) 10 (13) 0.02
Mortality 15(25) 10(13) 0.04
DICM stay, days 6 (2.5-14.5) 6 (2.75-14) 0.94
Hospital stay, days 16 (7-30.75) 16 (8-27) 0.96

APACHE: Acute Physiology and Chronic Health Evaluation; ARF: acute renal failure; DICM: Department of Intensive Care Medicine; SOFA:

Sequential Organ Failure Assessment; 25(0OH)D: 25-hydroxyvitamin D.
Values expressed as median (percentile 25-75) and n (percentage).
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Considering the difficulties there have always been
in adequately defining hypovitaminosis D and the results
obtained in our study, we believe that the mentioned classifi-
cation—derived from studies and recommendations referred
to the general population—is not applicable to critical
patients. This suggests the need for classifications more
closely adjusted to or specific of certain types of patients,
such as those admitted to the DICM, and which are particu-
larly important if we wish to use them as a guide in deciding
the administration of vitamin D supplements. This treatment
option—supplementing in the case of vitamin D deficiency in
critical patients—is also subject to debate. While the study
of Amrein et al. (2014)," involving 475 patients, does appear
to demonstrate that systematic supplementing in critical
patients reduces in-hospital mortality in cases of severe vita-
min deficiency, other smaller studies have only been able to
normalize serum vitamin D concentration or shorten hos-
pital stay—with no impact upon mortality.?>*¢ Even the two
recent meta-analyses on this subject have yielded contradic-
tory results.?>2¢ We believe that the disparity of findings and
the scant existing evidence are probably a consequence of
the heterogeneity of the studies regarding the type of vita-
min D prescribed, the administration route employed, and
the doses used. All this makes their analysis very difficult.

Our study also found an association between severe
hypovitaminosis D and ARF upon admission to the DICM, with
renal failure being significantly more frequent in patients
with 25(0OH)D <10.9ng/ml than in those with concentra-
tions of >10.9ng/ml (29% vs. 13%). In a retrospective study
published in 2012, Braun et al.*’ also recorded an associa-
tion between vitamin D deficiency and ARF in the critical
patient, which they attributed to the important role played
by vitamin D in the inflammation seen in ARF, in view of its
effects upon the immune system. This issue is still subject
to debate, and knowing whether the relationship between
vitamin D deficiency and mortality and ARF is of a causal
nature—playing a significant role in the physiopathology
of organ failure—or simply a marker of patient severity,
remains to be clarified. Nevertheless, taking into account
the pleiotropic actions of this vitamin, it seems logical that
it may be implicated in the pathogenesis of organ dysfunc-
tion in the critical patient, though our observational study
does not allow the drawing of conclusions in this respect.

Our study has some limitations. A first limitation is that
it is a single-center study with a relatively limited number
of patients. Furthermore, and in order to ensure a homo-
geneous sample of patients and eliminate possible external
confounding factors, we adopted very strict exclusion crite-
ria that caused us to lose part of the sample, and which
limit the possibility of reproducing the results obtained. The
other two main limitations are the same as those which
affect most studies in this field. In order to know vitamin
D status among the included patients, we determined the
total 25(OH)D levels (regarded as the gold standard to date),
and this determination was made using immunoassay tech-
niques, without taking into account that critical patients
experience changes in albumin concentration and vitamin
D binding proteins secondary to the inflammatory process,
intensive fluid resuscitation measures, and renal losses of
albumin and vitamin D binding proteins. These factors can
generate technical bias, and in this regard mass spectropho-
tometry would be more indicated for measurement purposes

in this patient population.®*° Another point of controversy
is whether the total 25(OH)D levels are truly the best indi-
cator of vitamin D status in the body. In this regard, it seems
logical that the free and albumin-bound fractions (i.e., the
genuinely bioavailable fractions) would constitute a better
indicator than total levels in blood.*

In conclusion, our series confirms the high prevalence of
hypovitaminosis D upon admission to the DICM and demon-
strates the association between severe vitamin D deficiency
and mortality and ARF in the critical patient. In addi-
tion, we have identified the cut-off point in serum total
25(0H)D that best predicts mortality in this patient popu-
lation (<10.9ng/ml), demonstrating that the definitions of
hypovitaminosis D contained in the currently most widely
used guides are not appropriate for use in the critically ill.

We consider that well designed randomized studies
involving a large number of patients are needed to evaluate
the usefulness of vitamin D supplementing in patients admit-
ted to the DICM, though the high prevalence of deficiency
and its association to ARF suggest that critical patients with
ARF would be the best candidates for supplementation of
this kind.

Authors’ contribution

All the authors have made a substantial contribution to the
conception and conduction of the study or to interpretation
of the data, as well as to the drafting, revision or definitive
approval of the manuscript.

Drs. Nolla, Zapatero and Dot have participated in the
conception and design of the study.

Drs. Nolla, Zapatero, Dot and Masclans have participated
in major drafting of the original manuscript, while Drs. Gra-
cia, Diaz and Pérez-Teran have participated in some points
of the preparation of the manuscript.

All the authors have participated in compilation of the
database and in identification of the patients, though Dr. Cli-
ment has played a particularly relevant role in this respect.

Drs. Nolla, Zapatero, Dot and Masclans have participated
in the revision indicated by the reviewers and in major draft-
ing of the manuscript and in the reply to reviewers. Drs.
Gracia, Diaz and Pérez-Teran have also participated in the
reply to reviewers.

All the authors have participated in the final approval of
the study.

Conflicts of interest

The authors declare that they have no conflicts of interest
in relation to the present study.

References

1. Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357:266-81.

2. Hossein-Nezhad A, Holick MF. Vitamin D for health: a global
perspective. Mayo Clin Proc. 2013;88:720-55.

3. Zajic P, Amrein K. Vitamin D deficiency in the ICU: a systematic
review. Minerva Endocrinol. 2014;39:275-87.

4. Giovannucci E, Liu Y, Rimm EB, Hollis BW, Fuchs CS, Stampfer
MJ, et al. Prospective study of predictors of vitamin D status


http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0205
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0210
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0215
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220

Severe vitamin D deficiency upon admission in critically ill patients

223

20.

21.

and cancer incidence and mortality in men. J Natl Cancer Inst.
2006;98:451-9.

. Gonzalez-Parra E, Rojas-Rivera J, Tundn J, Praga M, Ortiz A,

Egido J. Vitamin D receptor activation and cardiovascular dis-
ease. Nephrol Dial Transplant. 2012;27 Suppl. 4:iv17-21.

. Looker AC, Pfeiffer CM, Lacher DA, Schleicher RL, Picciano MF,

Yetley EA. Serum 25-hydroxyvitamin D status of the US popu-
lation: 1988-1994 compared with 2000-2004. Am J Clin Nutr.
2008;88:1519-27.

. Hagenau T, Vest R, Gissel TN, Poulsen CS, Erlandsen M, Mosek-

ilde L, et al. Global vitamin D levels in relation to age, gender,
skin pigmentation and latitude: an ecologic meta-regression
analysis. Osteoporos Int. 2009;20:133-40.

. Genzen JR, Gosselin JT, Wilson TC, Racila E, Krasowski MD.

Analysis of vitamin D status at two academic medical centers
and a national reference laboratory: result patterns vary by
age, gender, season, and patient location. BMC Endocr Disord.
2013;13:52.

. Cashman KD, Dowling KG, Skrabakova Z, Gonzalez-Gross M,

Valtuena J, De Henauw S, et al. Vitamin D deficiency in Europe:
pandemic? Am J Clin Nutr. 2016;103:1033-44.

. Lee P, Eisman JA, Center JR. Vitamins D deficiency in critically

ill patients. N Engl J Med. 2009;360:1912-4.

. Lucidarme O, Messai E, Mazzoni T, Arcade M, du Cheyron D.

Incidence and risk factors of vitamin D deficiency in critically ill
patients: results from a prospective observational study. Inten-
sive Care Med. 2010;36:1609-11.

. Venkatram S, Chilimuri S, Adrish M, Salako A, Patel M, Diaz-

Fuentes G. Vitamin D deficiency is associated with mortality in
the medical intensive care unit. Crit Care. 2011;15:R292.

. Braun A, Chang D, Mahadevappa K, Gibbons FK, Liu Y, Gio-

vannucci E, et al. Association of low serum 25-hydroxyvitamin
D levels and mortality in the critically ill. Crit Care Med.
2012;39:671-7.

. Amrein K, Zajic P, Schnedl C, Waltensdorfer A, Fruhwald S,

Holl A, et al. Vitamin D status and its association with sea-
son, hospital and sepsis mortality in critical illness. Crit Care.
2014;18:R47.

. Moromizato T, Litonjua AA, Braun AB, Gibbons FK, Giovannucci

E, Christopher KB. Association of low serum 25-hydroxyvitamin
D levels and sepsis in the critically ill. Crit Care Med.
2014;42:97-107.

. Moraes RB, Friedman G, Wawrzeniak IC, Marques LS, Nagel FM,

Lisboa TC, et al. Vitamin D deficiency is independently asso-
ciated with mortality among critically ill patients. Clinics (Sao
Paulo). 2015;70:326-32.

. Ala-Kokko TI, Mutt SJ, Nisula S, Koskenkari J, Liisanantti J,

Ohtonen P, et al. Vitamin D deficiency at admission is not asso-
ciated with 90-day mortality in patients with severe sepsis or
septic shock: observational FINNAKI cohort study. Ann Med.
2016;48:67-75.

. Amrein K, Sourij H, Wagner G, Holl A, Pieber TR, Smolle

KH, et al. Short-term effects of high-dose oral vitamin D3
in critically ill vitamin D deficient patients: a randomized,
double-blind, placebo-controlled pilot study. Crit Care. 2011;
15:R104.

. Amrein K, Schnedl C, Holl A, Riedl R, Christopher KB, Pachler C,

et al. Effect of high-dose vitamin D3 on hospital length of stay in
critically ill patients with vitamin D deficiency: the VITdAL-ICU
randomized clinical trial. JAMA. 2014;312:1520-30.

Leaf DE, Raed A, Donnino MW, Ginde AA, Waikar SS. Randomized
controlled trial of calcitriol in severe sepsis. Am J Respir Crit
Care Med. 2014;190:533-41.

Quraishi SA, de Pascale G, Needleman JS, Nakazawa H, Kaneki
M, Bajwa EK, et al. Effect of cholecalciferol supplementation on
vitamin D status and cathelicidin levels in sepsis: a randomized,
placebo-controlled trial. Crit Care Med. 2015;43:1928-37.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Nair P, Venkatesh B, Lee P, Kerr S, Hoechter DJ, Dimeski G,
et al. A randomized study of a single dose of intramuscular
cholecalciferol in critically ill adults. Crit Care Med. 2015;43:
2313-20.

Smith EM, Jones JL, Han JE, Alvarez JA, Sloan JH, Konrad RJ,
et al. High-dose vitamin D3 administration is associated with
increases in hemoglobin concentrations in mechanically ven-
tilated critically ill adult: a pilot double-blind, randomized,
placebo-controlled trial. JPEN J Parenter Enteral Nutr. 2016,
pii:0148607116678197. [Epub ahead of print].

De Pascale G, Vallecoccia MS, Schiattarella A, di Gravio V, Cutuli
SL, Bello G, et al. Clinical and microbiological outcome in
septic patients with extremely low 25-hydroxyvitamin D lev-
els at initiation of critical care. Clin Microbiol Infect. 2016;22:
456.e7-13.

Putzu A, Belletti A, Cassina T, Clivio S, Monti G, Zangrillo A,
et al. Vitamin D and outcomes in adult critically ill patients.
A systematic review and meta-analysis of randomized trials. J
Crit Care. 2017;38:109-14.

Weng H, Li JG, Mao Z, Zeng XT. Randomised trials of vitamin
D3 for critically ill patients in adults: systematic review and
meta-analysis with trial sequential analysis. Intensive Care Med.
2016;43:277-8.

Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE
Il: a severity of disease classification system. Crit Care Med.
1985;13:818-29.

Vincent JL, Moreno R, Takala J, Willatts S, de Mendonca A,
Bruining H, et al. The SOFA (Sepsis-related Organ Failure Assess-
ment) score to describe organ dysfunction/failure. On behalf
of the Working Group on Sepsis-Related Problems of the Euro-
pean Society of Intensive Care Medicine. Intensive Care Med.
1996;22:707-10.

Ersfeld DL, Rao DS, Body JJ, Sackrison JL, Miller AB, Parikh
N, et al. Analytical and clinical validation of the 25 OH vita-
min D assay for the LIAISON automated analyzer. Clin Biochem.
2004;37:867-74.

Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley
DA, Heaney RP, et al. Evaluation, treatment, and prevention
of vitamin D deficiency: an Endocrine Society clinical practice
guideline. J Clin Endocrinol Metab. 2011;96:1911-30.

Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock
DG, et al. Acute Kidney Injury Network: report of an initia-
tive to improve outcomes in acute kidney injury. Crit Care.
2007;11:R31.

Cecchi A, Bonizzoli M, Douar S, Mangini M, Paladini S, Gazzini B,
et al. Vitamin D deficiency in septic patients at ICU admission is
not a mortality predictor. Minerva Anestesiol. 2011;77:1184-9.
Higgins DM, Wischmeyer PE, Queensland KM, Sillau SH, Sufit AJ,
Heyland DK. Relationship of vitamin D deficiency to clinical out-
comes in critically ill patients. JPEN J Parenter Enteral Nutr.
2012;36:713-20.

De Haan K, Groeneveld ABJ, de Geus HR, Egal M, Struijs Stru-
ijs A. Vitamin D deficiency as a risk factor for infection, sepsis
and mortality in the critically ill: systematic review and meta-
analysis. Crit Care. 2014;18:660.

Zhang YP, Wan YD, Sun TW, Kan QC, Wang LX. Association
between vitamin D deficiency and mortality in critically ill
adult patients: a meta-analysis of cohort studies. Crit Care.
2014;18:684.

Han JE, Jones JL, Tangpricha V, Brown MA, Hao L, Hebbar G,
et al. High dose vitamin D administration in ventilated intensive
care unit patients: a pilot double blind randomized controlled
trial. J Clin Transl Endocrinol. 2016;4:59-65.

Braun AB, Litonjua AA, Moromizato T, Gibbons FK, Giovannucci
E, Christopher KB. Association of low serum 25-hydroxyvitamin
D levels and acute kidney injury in the critically ill. Crit Care
Med. 2012;40:3170-9.


http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0220
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0225
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0230
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0235
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0240
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0245
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0250
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0255
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0260
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0265
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0270
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0275
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0280
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0285
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0290
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0295
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0300
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0305
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0310
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0315
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0320
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0325
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0330
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0335
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0340
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0345
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0350
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0355
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0360
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0365
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0370
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0375
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0380
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0385

224 A. Zapatero et al.

38. Rousseau AF, Cavalier E. Vitamin D status in critically ill 40. Quraishi SA, Bittner EA, Blum L, McCarthy CM, Bhan I, Camargo

patients: back to basics! Crit Care. 2014;18:611. CA. Prospective study of vitamin D status at initiation of care in
39. De Pascale G, Quraishi SA. Vitamin D status in critically critically ill surgical patients and risk of 90-day mortality. Crit
ill patients: the evidence is now bioavailable! Crit Care. Care Med. 2014;42:1365-71.

2014;18:449.


http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0390
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0395
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400
http://refhub.elsevier.com/S2173-5727(18)30069-9/sbref0400

	Severe vitamin D deficiency upon admission in critically ill patients is related to acute kidney injury and a poor prognosis
	Introduction
	Patients and methods
	Results
	Discussion
	Authors’ contribution
	Conflicts of interest
	References


