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The  aim  of this  single  center  prospective  controlled  study  in  volunteers  with  obesity  and  overweight  was
to evaluate  the  effect  of a patient  therapeutic  education  program  (PTE group)  combined  with  spa  therapy
on weight,  physical  activity,  eating  habits  and  quality  of life  versus  spa therapy  alone  (control  group).
The  main  endpoint  was  weight  change  at 5  months  after  the  end  of  the  program.

The  PTE  group  of 151  subjects  with  obesity  or overweight  followed  a 3-week  program  combining
patient education  with  spa therapy  and  189  attended  a course  of  spa  therapy  alone.  At  5  months  significant
loss  was  observed  in the  PTE  group  compared  to  controls  (−2.69 kg vs −1.24 kg,  p =  0.008),  a  relative
weight loss  of −2.8%  vs  −1.3%.  At 11  months  after  spa therapy,  only  the PTE  group  maintained  a weight
loss  in  addition  to the weight  loss  obtained  during  spa therapy.  The  control  group  returned  to  the  weight
they  had  at the  end  of  spa  therapy.  In both  groups,  a significant  increase  in  physical  activity  was  observed
at  5 (p <  0.001)  and  11  months  (p  <  0.001)  with  a significant  better  improvement  in the  PTE group.  In
addition,  while  in both  groups  some  quality  of  life  parameters  and  dietary  choices  were  improved,  the

improvement  (more  fruit,  vegetables,  fish  and  water)  was  significantly  higher  in the  PTE group,  at  both
5  and  11  months  after  spa  therapy.

In conclusion,  while  spa  therapy  alone  initiated  positive  changes  in  weight  loss,  physical  activity  and
some  quality  of life  parameters,  the  PTE  program  enhanced  this  effect.

©  2019  Asia  Oceania  Association  for the  Study  of Obesity.  Published  by  Elsevier  Ltd.  All  rights
reserved.
ntroduction

Obesity is a major and increasing public health issue worldwide
1,2]. For most people it remains difficult to manage and obesity
acks a simple solution. Drug therapy once considered an answer is
o longer available or has adverse effects [3] and weight reduction
iets and lifestyle changes are usually followed by regain in weight

n the medium and long terms [4–6].

Spa therapy is a recognised non-pharmacological therapy for

eople with overweight and obesity. In France, it consists of a 3-
eek course of mineral water treatments (drinking mineral water,

∗ Corresponding author at: 1 rue du Pr Calmette, 59019 Lille Cedex, France.
E-mail address: coralie.berthier@pasteur-lille.fr (C. Schnebelen-Berthier).
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871-403X/© 2019 Asia Oceania Association for the Study of Obesity. Published by Elsevi
showering, individual and collective bathing, underwater mas-
sages, . . .), counselling in dietary change and adapted physical
activity and the promotion of a healthy lifestyle. To be reimbursed
by the French Social Security a medical prescription is required
and the spa therapy must be delivered by certified practitionners
under medical supervision. Spa therapy combined with practical
workshops have been shown to be effective in the management of
obesity in young adults [7] and metabolic syndrome in adults [8]. In
2012, Hanh et al. observed that a 3-week balneotherapy program
with individual dietary consultations and encouragement to prac-
tice a physical activity led to a significant benefit at one year for

patients with overweight or obesity compared with usual weight
management programs (oral and or written dietary advice) [9]. It
was thus relevant to investigate the respective roles of spa therapy
and patient education program.
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Patient therapeutic education can play an important role in the
reatment of chronic diseases, in particular by helping patients to
mprove their lifestyle. For children with overweight or obesity,
herapeutic education of the whole family has been shown to con-
ribute to weight reduction [10]. In the medium-term, therapeutic
ducation appears to reinforce both the effects of dietetics and the
hysical activity level [11,12].

Many reports have concluded that weight management (usually
oss) has important physical and mental health benefits with sev-
ral studies highlighting the relations between obesity and quality
f life, particularly the mental health and the risk of depression
13,14]. A study of 482 American families found body mass index
BMI) to be a significant risk factor of depression with a risk signifi-
antly increased in patients with a BMI  over 35 kg/m2 [15]. Analysis
f mental health surveys by Scott et al. confirmed this relationship
16]. Previous studies also showed the interest to combine educa-
ion based on self-managed exercise programs with spa therapy in
rder to improve fears and beliefs, anxiety and depression [17] in
atients with musculoskeletal symptoms.

In the present study, we hypothesised that a patient therapeu-
ic education program (PTE program) associated with spa therapy is

ore effective both on weight management and on some criteria of
uality of life than spa therapy alone, and that these effects might be
ore sustainable than a Spa Therapy alone. Weight loss measured

t home, at different time-points after the end of spa therapy, irre-
pective of any weight loss achieved during the spa therapy course,
ould be a relevant outcome measure of this benefit.

ubjects

thics statements

All participants gave consent after being informed of the pur-
oses, methodology and potential risks of the study. This study was
onducted in accordance with the guidelines of the Declaration of
elsinki of 1975 as revised in 2013 and was approved by the Caen
thics committee (Comité de Protection des personnes Nord-Ouest
II) (ref. 2013–15). This study was registered on the ClinicalTrials.
ov website: NTC02284776.

election of participants

Patients booked to follow a spa therapy course at Brides-les-
ains (France) thermal care facility were selected by investigators
ho proposed that they participated in the study. The inclusion cri-

eria were: male or female aged over 18 with a BMI  ≥27–40 kg/m2.
on-inclusion criteria were: current serious progressive illness

cancer, neurodegenerative disease, infectious disease, chronic
nflammatory condition), pregnancy, patient following a rheuma-
ology (RH) spa therapy program, psychiatric disorders hindering
ompliance, diagnosed severe eating disorders (bulimia, bulimia-
norexia alternation), inability to perform physical activity due to
evere musculoskeletal handicap, person on weight loss course
rior to bariatric surgery, person taking weight loss drugs (Orlis-
at: Xenical®, Alli®) and person taking desmopressin-based drugs
Minirin®).

ethods

ain and secondary endpoints
The main endpoint was weight loss over 5 month compared
rom the end of spa treatment. Secondary endpoints were weight
oss at 11th and 17th months after the end of spa treatment; reduc-
ion in weight of at least 5% at 5th and 11th months; changes in
 & Clinical Practice 13 (2019) 492–498 493

diet, physical activity, quality of life and well being at 5th and 11th
months after the end of spa treatment.

Study design

Spa therapy only (control group)
Patients attended a spa therapy program six days a week over

3 consecutive weeks in a spa center for 3 weeks. The hydrother-
mal  care program consisted of drinking about 600 ml  of mineral
water per day, and daily individual mineral water baths (10 min
at 34 ◦C), mineral water showers (3 min  at 4 bars) and underwater
massages (10 min) performed by a registered physiotherapist. The
composition of the resort’s mineral water of the resort is given in
Supplementary Table 1. During their stay at the spa resort optional
activities included (i) one dietary counselling consultation with
a dietician, (ii) practical workshops about nutrition, (iii) physical
activity with or without coaching.

Patients therapeutic education combined with spa therapy (PTE
group)

Patients benefited from the same 3-week spa therapy
(hydrothermal care program) as controls and were required to fol-
low the PTE program. The PTE program delivered during the stay
consisted of (i) two 45 min  dietary consultations with a dietician;
(ii) six 90 min  workshops about nutrition and physical activity and
(iii) six 60 mn  adapted physical activity sessions with a coach. Dur-
ing 5 months after the end of spa treatment, all patients in this
group were contacted monthly by phone or email by a dietician.

Group allocation

Before the start of spa therapy, and after being informed about
the two study groups, patients chose which study group they
wanted to participate in, bearing in mind that they had to pay for
the therapeutic education.

Patients self-assessment

Patients measured their own  weight at home always using the
same personal scales — first immediately after the end of spa treat-
ment, and then at 5, 11 and 17 months. Therefore, the weight
measurements collected during the study did not take into account
any weight loss achieved during the course of spa therapy.

Physical activity was scored using the Ricci & Gagnon (RG) self-
questionnaire with the score calculated according to the declared
daily activity: “active” 12–16; “very active” 17–25: “unactive”
0–11) before spa therapy and at 5 and 11 months after the end
of spa therapy.

Dietary change was measured using a 12 item food frequency
self-questionnaire based on the French National Nutrition and
Health Program Guidelines: (1) bread, rusks, breakfast cereals; (2)
rice, pasta, potatoes, semolina; (3) legumes; (4) dairy products; (5)
fruits; (6) vegetables; (7) meat, poultry, eggs; (8) fish; (9) fats; (10)
sweet products; (11) drink; (12) salt. A personal score was calcu-
lated from the frequency of consumption of each item before spa
therapy and at 5 and 11 months after spa therapy.

Quality of life was assessed using the 36-Item Short Form
Health Survey (SF-36 questionnaire) [18]. The eight SF-36 subscales
assess: physical functioning (PF), physical role functioning (RP),
bodily pain (BP), general health (GH), vitality (VT), social function-
ing (SF), emotional role functioning (RE) and mental health (MH).

Component analyses have shown that two  distinct concepts are
measured by the SF-36: (i) the physical dimension, expressed as the
Physical Component Summary (PCS), and (ii) the mental dimension,
expressed by the Mental Component Summary (MCS). The SF-36

http://ClinicalTrials.gov
http://ClinicalTrials.gov
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Table 1
Patients baseline characteristics.

PTE Control p

n= 151 189
Female 80% 83% 0.713
Male 20% 17%

Age  (SD) 54.7 (11.7) 58.2 (9.5) 0.003
BMI  (SD) 36.0 (5.9) 34.1 (4.7) 0.002
Weight (SD) 97.7 (17.2) 92.6 (15.7) <0.001

Socio-professional category
• Employee 20% 25%

•  Retired 29% 34%

•  Artisan, trader, business
manager

7% 3% 0.271

•  Senior manager, higher
intellectual profession

30% 16%

•  Intermediate occupation 9% 15%

•  Unemployed or students 5% 7%

Systolic blood pressure (SD) 128.4 (10.6) 131.1 (10.8) 0.018
Diastolic blood pressure (SD) 73.9 (9.4) 78.9 (5.6) <0.001

Waist, cm (SD) 119.0 (13.2) 111.9 (12.6) <0.001

Biological parameters
• Blood glucose, g/L (SD) 1.01 (0.16) 1.03 (0.22) 0.293

•  TG, g/L (SD) 1.15 (0.47) 1.22 (0.59) 0.219

•  Total cholesterol, g/L (SD) 2.05 (0.41) 2.11 (0.42) 0.224

•  HDL cholesterol, g/L (SD) 0.54 (0.12) 0.54 (0.13) 0.745

•  LDL cholesterol, g/L (SD) 1.29 (0.38) 1.35 (0.38) 0.173
94 C. Schnebelen-Berthier et al. / Obesity Re

uestionnaire was completed before spa therapy and at 5 and 11
onths after spa therapy.
Patients self-perception of well-being was assessed using a

ersonal unpublished patient overall assessment tool based on 6
isual analogue scales (VAS from 0 to 10): (1) how do you feel phys-
cally? (from very bad “0” to very good “10”); (2) how do you feel

entally? (from very bad “0” to very good “10”); (3) how do you
eel? (general feeling)(from very bad “0” to very good “10”); (4) are
ou feelling full of energy? (from not at all “0” to very much “10”);
5) do you feel anxious? (from very much “0” to not at all “10”); (6)
o you feel demeaned by your weight? (from very much “0” to not
t all “10”). Each VAS was completed before spa therapy and at 5
nd 11 months after spa therapy.

tatistics

We  used propensity score matching to address imbalance
etween the groups. The propensity-score model included age,
MI, fish consumption, and 4 VAS scores corresponding to the
uestions: (1) Are you feeling full of energy?; (2) Do you feel anx-

ous?; (3) Do you feel demeaned by your weight?; (4) How do
ou feel physically? A one-to-one nearest neighbour caliper of
idth 0.1 was used for treatment group matching (R software).
olmogorov–Smirnov (n > 50) or Shapiro–Wilks (n ≤ 50) tests were
sed to compare continuous variables between the two  groups.
or some data, intragroup comparisons were made with the initial
alues (before spa therapy, identified on tables as T0). Categori-
al variables were analyzed using Generalized Estimating Equation
ogistic models. A p value <0.05 was considered to indicate a signif-
cant difference. Variables are expressed as the mean with standard
eviation (SD) or 95% Confidence Interval (CI). Analyses were per-
ormed using SAS 9.4 software (Cary, NC).

esults

atients baseline characteristics

A total of 340 patients were included in this single-center study
etween july 2013 and june 2015. More patients chose spa ther-
py only (189 patients) than spa therapy + the patient therapeutic
ducation program (151 patients) (Fig. 1).

No adverse event related to spa therapy or the PTE program was
bserved or reported by the patients at any time during the study.

Patients characteristics at baseline are shown in Table 1. With
he exception of a significant difference in age, weight and BMI
etween the two groups, no major clinically significant difference

n biological parameters or socio-profesional category was found
etween the two groups. The characteristics of the population after
ropensity score matching are shown in Supplementary Table 2).

eight loss

Weight loss was analyzed both on the propensity score matched
opulation (Table 2) and on the total population (before propen-
ity score matching: Supplementary Table 3). Weight loss observed
uring the spa therapy was similar in both groups (−3.8 kg (SD
.8) in control group and −3.7 kg (SD 1.5) in PTE group). Mean
eight before spa therapy was 90.9 ± 15.6 kg for PTE group and

2.5 ± 15.3 kg for control group (Supplementary Table 2).
Five months after spa therapy, the PTE group showed a greater

eight loss compared to controls (−2.69 vs −1.23 kg, respectively;
 = 0.008) (Table 2), a weight loss of 2.8% in the PTE group and of 1.3%
n controls. 30.17% in the PTE group lost at least 5% of their end-spa
herapy weight compared to 16.97% in the control group (p < 0.005).
leven months after spa therapy, a significant difference between
he two groups persisted (−1.95 in the PTE group vs −0.19 kg in the
control group, p = 0.027), a weight loss of 2.0% and 0% respectively.
A loss of at least 5% of end-spa therapy weight was  30.30% in PTE
group and 10.00% in the control group (p < 0.001). Eleven months
after spa therapy, 50% of the PTE group continued to lose weight
while this was  no longer the case for controls. Seventeen months
after spa therapy, results were similar to those at 11 months (−1.79
in PTE group vs +0.55 kg in control group), but the difference was
no longer significant. Likewise at 17 months the loss of at least 5%
of end-spa therapy weight, was no longer significantly different
between the two groups (24.14% in PTE group vs 15.63% in control
group). Thus, the PTE group lost more weight than controls, and this
loss lasted over time. The PTE program helped patients to increase
their weight loss.

Changes in diet

At baseline the proportion of the study population drinking at
least 1.5 l water per day (in accordance with the French Nutritional
Guidelines) was high and similar in both groups (Supplementary
Table 4). A significant increase in daily water intake was  observed
5 months after end of spa therapy, compared too baseline, only in
the PTE group (p = 0.049).

Fish consumption was  significantly increased in the PTE group
compared to controls at both 5 (p = 0.029) and 11 months
(p = 0.036). While fruits and vegetables consumption increased in

both group, the increase was  greater in the PTE group (p = 0.035 at
5 months and p = 0.09 at 11 months).
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Fig. 1. Patient flowchart.

Table 2
Weight loss at 5, 11 and 17 months after spa therapy in control and PTE groups after PSM.

PTE [95%CI] Control [95%CI] p

At 5 months n= 99 99
Weight loss (kg) −2.69 [−3.51;−1.87] −1.23 [−2.08;−0.38] 0.008
Relative weight loss (%) −2.8 [−3.7;−1.9] −1.3 [−2.2;−0.4] 0.011

At  11 months n= 73 75
Weight loss (kg) −1.95 [−3.16;−0.74] −0.19 [−1.64;1.26] 0.027
Relative weight loss (%) −2.0 [−3.3;−0.7] +0 ±[−1.4;1.4] 0.035

At  17 months n= 70 48
Weight loss (kg) −1.79 [−3.12;−0.46] +0.55 [−5.02;6.12] NS

.8 [−3.4;−0.2] +2.8 [−3.5;9.1] NS

T spa therapy and their weight at 5, 11 or 17 months after the end of spa therapy.
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Table 3
Physical activity (Ricci&Gagnon score) at 5 and 11 months after spa therapy in
control and PTE PSM groups.

PTE Control p

0 months (before spa therapy) 14.23 14.16 NS
5  months + 3 weeks 18.01a,* 15.41a,** <0.001
11  months + 3 weeks 16.97a,* 15.91a,*** NS

PSM: propensity score matching.
a significant difference with T0 value (before spa therapy).
* p < 0.001.
Relative weight loss (%) −1

he weight loss was the difference between participants weight immediately after 

hysical activity

As measured by the Ricci & Gagnon score, five months after spa
herapy, physical activity had increased in both groups compared
o before treatment: PTE group: 18.01 vs 14.23 (p < 0.001), control
roup: 15.41 vs 14.16 (p = 0.025), the increase being significantly
reater in the PTE group (Table 3). Eleven months after spa ther-
py physical activity was  still increased in both groups: PTE group:
6.97 vs 14.23 (p < 0.001), controls: 15.61 vs 14.16 (p = 0.013) but
he difference between the PTE group and controls was  no longer
ignificant.
uality of life and well-being

Quality of life assessed using the SF36 showed significant
mprovement in both the physical and mental dimensions in both
** p = 0.025.
*** p = 0.013.

study groups at 5 and 11 months compared to baseline (Table 4).

There was  no significant difference between the study groups.

Well-being assessed through the question “How do you feel”
was also significantly and similarly improved in both groups
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Table  4
Quality of life scores of study population at 5 and 11 months after spa therapy in control and PTE program PSM groups.

PTE Control p

Physical health score (SF-36) 0 months (before spa therapy) 57.04 55.84 –
5  months + 3 weeks 65.80g,* 64.34g,* NS
11  months + 3 weeks 66.47g,* 65.90g,* NS

Mental health score (SF-36) 0 months (before spa therapy) 54.15 50.02 –
5  months + 3 weeks 60.83g,* 58.85g,* NS
11  months + 3 weeks 59.40g,** 57.06g,** NS

Physical feeling scorea 0 months (before spa therapy) 4.13 3.91 –
(visual analogue scale) 5 months + 3 weeks 6.02g,* 5.28g,* 0.014

11  months + 3 weeks 5.87g,* 5.08g,* NS

Psychological feeling scoreb 0 months (before spa therapy) 5.36 4.84 –
(visual analogue scale) 5 months + 3 weeks 6.29g,* 5.55g,** NS

11  months + 3 weeks 6.14g,** 5.44 NS

General well-beingc 0 months (before spa therapy) 4.97 4.72 –
(visual analogue scale) 5 months + 3 weeks 6.22g,* 5.58g,* 0.028

11  months + 3 weeks 6.06g,* 5.63g,* NS

Energy feelingd 0 months (before spa therapy) 4.87 4.56 –
(visual analogue scale) 5 months + 3 weeks 5.68g,* 5.11g,*** NS

11  months + 3 weeks 5.60g,*** 5.08 NS

Anxiety feelinge 0 months (before spa therapy) 4.53 4.32 –
(visual analogue scale) 5 months + 3 weeks 5.55g,* 5.00g,** NS

11  months + 3 weeks 5.49g,** 5.05g,** NS

Embarassed by weightf 0 months (before spa therapy) 2.64 2.46 –
5  months + 3 weeks 4.70g,* 3.96g,* NS
11  months + 3 weeks 4.28g,* 3.95g,* NS

* p < 0.001.
** p ≤ 0.01.

*** p < 0.05.
a How do you feel physically? (from very bad “0” to very good “10”).
b How do you feel psychologically? (from very bad “0” to very good “10”).
c How do you feel in general? (from very bad “0” to very good “10”).
d Do you feel full of energy? (from not at all “0” to very much “10”).

(
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e Do you feel anxious? (from very much “0” to not at all “10”).
f Do you feel demeaned by your weight? (from very much “0” to not at all “10”).
g Significant difference with value before spa therapy).

p < 0.001) at both 5 and 11 months after spa therapy compared to
aseline. VAS scores to the questions “physically, how do you feel?”
nd “psychologically, how do you feel” were also improved in both
roups at 5 and 11 months after spa therapy with no difference
etween the two  groups. In the controls the score of psychological
ell-being at 11 months was not significantly different from this

core before treatment. Patients of both groups declared that they
ere full of energy, less anxious and less affected by their bodily

imitations at 5 and 11 months after spa therapy. The improvement
f this score for vitality didn’t reach significance at 11 months in
ontrols.

iscussion

The main endpoint of the study was weight change at 5 months
fter the end of spa therapy. No account was taken of any weight
hange during the the 3 week spa therapy course, which was in fact
imilar with and without the added PTE program. We  observed a
ignificantly greater weight loss at 5 months and 11 months in the
TE group compared to controls. Nevertheless, controls maintained
he weight loss they had reached during the spa therapy course,
uggesting the interest of a yearly program of spa therapy. After 17
onths, there was no statistical difference between the two  groups

ut, in the PTE group the weight remained below the initial mea-
ure. It has been previously shown that spa therapy is an efficient

eight loss intervention for people with overweight or obesity [7,8]

nd is useful in the management of metabolic syndrome [9,19]. In
he present study, we observed that PTE program enhances a sig-
ificantly greater weight loss for 11 months compared to controls.
Spa therapy alone induces a significant but less important weight
loss over the following 5 months after the end of spa therapy. The
controls patients return at 11 months to their weight of the end of
spa therapy.

The greater and longer lasting weight loss in the PTE group
appears to be related to changes in dietary habits and physical activ-
ity. Although there was no significant difference between the two
groups in changes for the diet (apart from higher fish consump-
tion after 5 months in the PTE group), at 5 months there was an
improvement of the amount of water drunk each day and, at 5 and
11 months, in fish, fruits and vegetables consumption in the PTE
group compared to before spa therapy indicating a change in eating
habits in the PTE group.

Physical activity is known to help patients in their weight
management preventing several non-communicable diseases such
cardio-vascular diseases, chronic obstructive pulmonary diseases,
type 2 diabetes and cancers (mainly breast, colon, . . .), and con-
tributes to reduce the mortality [20]. In our study, physical activity,
assessed by the Ricci & Gagnon score, was  increased at 5 months
in the PTE group. The observed increase in water intake could be
linked to an increase in physical activity; thus questioning the rela-
tionship with the significant increase of water intake and physical
activity observed 5 months after spa therapy in the PTE group. These
positive changes might be a result of the PTE program.

For adult patients with a chronic disease, attending therapeu-
tic education sessions is a relevant way of improving knowledge of

the disease and increasing motivation, to make positive lifestyle
changes [21,22], particularly the changes in diet and exercise
needed to manage obesity in both the short and long term
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3,23–25]. Tanas et al. showed that a therapeutic education pro-
ram (delivered by a pediatrician) for children with overweight
r obesity and their families helped them to lose more weight
han conventional diets [10]. Encouraging results of PTE have also
een observed in people with psychiatric disorders [26]. In the
resent study, we showed the interest of adding a patient thera-
eutic education program to spa therapy so as to improve weight
anagement.
Improving the sensation of well-being for people with chronic

iseases such as obesity is a relevant therapeutic aim a s mood
isorders and depression are common in the people with obesity
13,16]. At 5 months following spa therapy the sensations of phys-
cal and general well-being were greater in the PTE group than in
ontrols. We  note that the physical health and mental health scores
rom the SF-36 questionnaire significantly improved in both group
ithout any difference between them and this from the beginning

f spa therapy. This suggests that spa therapy alone is efficacious
n improving the sensation of well-being and this persists during
he ensuing year, although it is difficult to separate the effect on
ell being from weight loss [27,28]. Furthemore, compared to drug

reatment, no serious adverse events were reported suggesting that
pa therapy is a safe approach to weight management.

A strength of this study is the relatively long duration of follow-
p, particularly as long-term weight-loss maintenance is the final
bjective [29,30], but is often difficult to achieve [3]. The mul-
idisciplinary approach used for the weight management in this
tudy could also be consider as a strengh. Indeed, as supported
y recent european guidelines, the ideal medical management of
eople with obesity includes nutrition, physical activity, eating/life
tyle behaviours and psychological aspects, as a treatment algo-
ithm in order to optimise the weight management [31].

Our study has several limitations. The first being that the
atients were not randomised. In France, patients have to con-
ribute financially if they wish to attend PTE. Thus, eligible patients
ad to be given the choice of wether they wished to pay for PTE
r not, ruling out randomisation. The choice of study arm (PTE or
ot) may  have been influenced by wiilingness/ability to pay which
an be related to a better educational level as observed in the PTE
roup. This bias is common in real life. Thus, we  overcame poten-
ial differences in baseline characteristics between the groups by
ropensity score matching allowing a statistical comparison.

Another limitation was patients lost to follow-up after 11 and
7 months. Loss to follow-up is commonly observed in studies on
eople with obesity [3] and reduces the statistical power (reducing
he possibility of obtaining significant differences) particularly at
ong follow-up time-points.

In conclusion, in the months following a 3-week course of spa
herapy, PTE induced a significantly greater weight loss at 5 and
1 months compared to controls. However, all patients had lost
eight irrespective of wether they had PTE or not. While the PTE

roup maintained the weight loss at 11 months, controls stabilised
t about their weight achieved at the end of spa therapy, support-
ng the interest of a yearly program of spa therapy for the people

ith overweight and obesity. At 5 months, PTE program induced
ignificantly positive changes in dietary habits, physical activity
nd well-being. Increased physical activity and well-being were
bserved in both groups at 11 months. A PTE program contributes
o the lasting benefits in weight control.
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Recherche Thermale — AFRETH” (Paris, France).

Appendix A. Supplementary data

Supplementary material related to this article can be found, in
the online version, at doi:https://doi.org/10.1016/j.orcp.2019.06.
005.

References

[1] Flegal KM, Kruszon-Moran D, Carroll MD,  Fryar CD, Ogden CL. Trends in obesity
among adults in the United States, 2005 to 2014. JAMA 2016;(315):2284.

[2] Équipe de surveillance et d’épidémiologie nutritionnelle (Esen). Étude
de  santé sur l’environnement, la biosurveillance, l’activité physique et la
nutrition (Esteban), 2014–2016; 2017,. [Accessed 11 June 2018] http://
invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/
Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-
biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016.

[3] Bray GA, Heisel WE,  Afshin A, Jensen MD,  Dietz WH,  Long M,  et al. The science
of  obesity management: an endocrine society scientific statement. Endocr Rev
2018;39:79–132.

[4] Field AE, Austin SB, Taylor CB, Malspeis S, Rosner B, Rockett HR, et al. Relation
between dieting and weight change among preadolescents and adolescents.
Pediatrics 2003;112:900–6.

[5] Sumithran P, Prendergast LA, Delbridge E, Purcell K, Shulkes A, Kriketos A, et al.
Long-term persistence of hormonal adaptations to weight loss. N Engl J Med
2011;365:1597–604.

[6] Beavers KM, Lyles MF,  Davis CC, Wang X, Beavers DP, Nicklas BJ. Is lost lean
mass from intentional weight loss recovered during weight regain in post-
menopausal women? Am J Clin Nutr 2011;94:767–74.

[7] Lecerf J-M, Negro N. Résultats d’une prise en charge « à point de départ thermal
»  de jeunes adultes obèses. Obésité 2009;4:44–8.

[8] Gin H, Demeaux J-L, Grelaud A, Grolleau A, Droz-Perroteau C, Robinson P,
et al. Observation of the long-term effects of lifestyle intervention during bal-
neotherapy in metabolic syndrome. Therapie 2013;68:163–7.

[9] Hanh T, Serog P, Fauconnier J, Batailler P, Mercier F, Roques CF, et al. One-
year effectiveness of a 3-week balneotherapy program for the treatment of
overweight or obesity. Evid-Based Complement Altern Med  2012;2012:1–7.

10] Tanas R, Marcolongo R, Pedretti S, Gilli G. A family-based education program
for obesity: a three-year study. BMC  Pediatr 2007;7:33.

11] McLean N, Griffin S, Toney K, Hardeman W.  Family involvement in weight con-
trol,  weight maintenance and weight-loss interventions: a systematic review
of randomised trials. Int J Obes Relat Metab Disord 2003;27:987–1005.

12] Laws R, Counterweight Project Team. Current approaches to obesity manage-
ment in UK Primary Care: the Counterweight Programme. J Hum Nutr Diet
2004;17:183–90.

13] Roberts RE, Deleger S, Strawbridge WJ,  Kaplan GA. Prospective association
between obesity and depression: evidence from the Alameda County Study.
Int  J Obes Relat Metab Disord 2003;27:514–21.

14] Herva A, Laitinen J, Miettunen J, Veijola J, Karvonen JT, Läksy K, et al. Obesity and
depression: results from the longitudinal Northern Finland 1966 Birth Cohort
Study. Int J Obes (Lond) 2006;(30):520–7.

15] Dong C, Sanchez LE, Price RA. Relationship of obesity to depression: a family-
based study. Int J Obes 2004;28:790–5.

16] Scott KM,  Bruffaerts R, Simon GE, Alonso J, Angermeyer M,  de Girolamo G, et al.
Obesity and mental disorders in the general population: results from the world
mental health surveys. Int J Obes 2008;32:192–200.

17] Gay C, Guiguet-Auclair C, Pereira B, Goldstein A, Bareyre L, Coste N, et al. Effi-
cacy  of self-management exercise program with spa therapy for behavioral
management of knee osteoarthritis: research protocol for a quasi-randomized
controlled trial (GEET one) 11 Medical and Health Sciences 1103 Clinical
Sciences 11 Medical and Health Sciences 1117 Public Health and Health
Services. BMC Complement Altern Med  2018;18, http://dx.doi.org/10.1186/
s12906-018-2339-x.

18] Lins L, Carvalho FM.  SF-36 total score as a single measure of health-related
quality of life: scoping review. SAGE Open Med 2016;4:205031211667172.
19] Sakurai R, Fujiwara Y, Saito K, Fukaya T, Kim M-J, Yasunaga M,  et al. Effects of
a  comprehensive intervention program, including hot bathing, on overweight
adults: a randomized controlled trial. Geriatr Gerontol Int 2013;13:638–45.

20] Finelli C, Sommella L, Gioia S, La Sala N, Tarantino G.  Should visceral fat be
reduced to increase longevity? Ageing Res Rev 2013;12:996–1004.

https://doi.org/10.1016/j.orcp.2019.06.005
https://doi.org/10.1016/j.orcp.2019.06.005
https://doi.org/10.1016/j.orcp.2019.06.005
https://doi.org/10.1016/j.orcp.2019.06.005
https://doi.org/10.1016/j.orcp.2019.06.005
https://doi.org/10.1016/j.orcp.2019.06.005
https://doi.org/10.1016/j.orcp.2019.06.005
https://doi.org/10.1016/j.orcp.2019.06.005
https://doi.org/10.1016/j.orcp.2019.06.005
https://doi.org/10.1016/j.orcp.2019.06.005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0005
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Environnement-et-sante/2017/Etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-Esteban-2014-2016
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0015
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0020
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0025
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0030
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0035
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0040
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0045
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0050
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0055
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0060
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0065
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0070
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0075
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0080
dx.doi.org/10.1186/s12906-018-2339-x
dx.doi.org/10.1186/s12906-018-2339-x
dx.doi.org/10.1186/s12906-018-2339-x
dx.doi.org/10.1186/s12906-018-2339-x
dx.doi.org/10.1186/s12906-018-2339-x
dx.doi.org/10.1186/s12906-018-2339-x
dx.doi.org/10.1186/s12906-018-2339-x
dx.doi.org/10.1186/s12906-018-2339-x
dx.doi.org/10.1186/s12906-018-2339-x
dx.doi.org/10.1186/s12906-018-2339-x
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0090
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0095
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0100


4 search

[

[

[

[

[

[

[

[

[

98 C. Schnebelen-Berthier et al. / Obesity Re

21] Hartmann-Boyce J, Johns DJ, Jebb SA, Aveyard P, Behavioural Weight Manage-
ment Review Group. Effect of behavioural techniques and delivery mode on
effectiveness of weight management: systematic review, meta-analysis and
meta-regression. Obes Rev 2014;15:598–609.

22] Yumuk V, Frühbeck G, Oppert JM,  Woodward E, Toplak H. An EASO posi-
tion statement on multidisciplinary obesity management in adults. Obes Facts
2014;7:96–101.

23] Jensen MD,  Ryan DH, Apovian CM,  Ard JD, Comuzzie AG, Donato KA, et al.
AHA/ACC/TOS guideline for the management of overweight and obesity in
adults. Circulation 2013;2014(129):S102–38.
24] Westenhoefer J, von Falck B, Stellfeldt A, Fintelmann S. Behavioural correlates
of successful weight reduction over 3 y. Results from the lean Habits Study. Int
J  Obes Relat Metab Disord 2004;28:334–5.

25] Lagger G, Pataky Z, Golay A. Efficacy of therapeutic patient education in chronic
diseases and obesity. Patient Educ Couns 2010;79:283–6.

[

[

 & Clinical Practice 13 (2019) 492–498

26] Provencher MD,  Bélanger M-È, Shriqui C, Lachance I, Bonneville S. Psychoeduca-
tion  for overweight patients with psychiatric disorders: The wellness program
developed in Quebec. Encephale 2016;42:201–7.

27] Byrne S, Cooper Z, Fairburn C. Weight maintenance and relapse in obesity: a
qualitative study. Int J Obes 2003;27:955–62.

28] Borg P, Fogelholm M, Kukkonen-Harjula K. Food selection and eating behaviour
during weight maintenance intervention and 2-y follow-up in obese men. Int
J  Obes Relat Metab Disord 2004;28:1548–54.

29] Anderson JW,  Konz EC, Frederich RC, Wood CL. Long-term weight-loss main-
tenance: a meta-analysis of US studies. Am J Clin Nutr 2001;74:579–84.
30] Phelan S, Hill JO, Lang W,  Dibello JR, Wing RR. Recovery from relapse among
successful weight maintainers. Am J Clin Nutr 2003;78:1079–84.

31] Durrer Schutz D, Busetto L, Dicker D, Farpour-Lambert N, Pryke R, Toplak H,
et  al. European practical and patient-centred guidelines for adult obesity man-
agement in primary care. Obes Facts 2019;12:40–66.

http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0105
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0110
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0115
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0120
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0125
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0130
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0135
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0140
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0145
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0150
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155
http://refhub.elsevier.com/S1871-403X(19)30095-X/sbref0155

	Long term effect of spa therapy combined with patient education program on subjects with overweight and obesity  A control...
	Introduction
	Subjects
	Ethics statements
	Selection of participants

	Methods
	Main and secondary endpoints
	Study design
	Spa therapy only (control group)
	Patients therapeutic education combined with spa therapy (PTE group)

	Group allocation
	Patients self-assessment
	Statistics

	Results
	Patients baseline characteristics
	Weight loss
	Changes in diet
	Physical activity
	Quality of life and well-being

	Discussion
	Conflict of interest statement
	Acknowledgements
	Appendix A Supplementary data
	References


