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Abstract
Objective Some patients fail to maintain weight loss after bariatric surgery. Weight regain (WR) disturbs the patients due to
possible reappearance of obesity-related comorbidities. This study aimed to assess WR 5 years after laparoscopic sleeve gas-
trectomy (LSG).
Patients and Methods This retrospective study included 100 adults who underwent LGS. The percentage of excess weight loss
(%EWL)was recorded.WRwas defined as an increase of at least 10% of the lowest postoperative weight. Patients withWRwere
subjected to CT gastric volumety. Eating behavior was assessed by the Three-Factor Eating Questionnaire-Revised 18-Items
(TFEQ-R18).
Results Preoperative comorbidities improved in 89.5% of the patients. Twenty-five females (32.5%) got pregnant within 3 years
after surgery. Age, maximum weight loss, and uncontrolled and emotional eating scales of the TFEQ-R18 were independently
affecting %EWL. Also, pregnancy negatively affected %EWL. Fourteen patients regain weight: 11 females and three males. CT
volumetry of the 14 patients showed a median stomach volume of 515 mL (range 172–1066 mL). CT estimated gastric volume
was negatively correlatedwith% EWL (r = − 0.674, p = 0.008). Patients who developedWRwere significantly older (p = 0.006),
with lower maximum weight loss, and having higher scores of uncontrolled and emotional eating scales of TFEQ-R18.
Conclusion Medium-term postsurgical weight regain and unsuccessful weight loss in patients who had undergone LSG is
associated with older age, maladaptive eating behavior, larger residual stomach, and pregnancy.
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Introduction

Obesity is a complex, chronic disease that is associated with
many comorbidities [1]. Bariatric surgery is currently the most
efficient and long-lasting weight loss treatment modality
available to patients [2]. Nevertheless, not all patients can
maintain weight loss after bariatric surgery. Weight regain
can be disturbing to the patient owing to the possible reap-
pearance of obesity-related comorbidities that already re-
solved with weight loss [3]. Moreover, weight regain may
have a significant psychological effect because patients feel
they failed their last chance which may lead to frustration,
annoyance, and even depression [2].

Laparoscopic sleeve gastrectomy (LSG) was introduced as
a new approach to bariatric surgery which gained increasing in
popularity to be one of the most commonly performed bariat-
ric procedures [4]. However, nearly 30% of patients require
revision surgery after LSG due to many reasons including
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inadequate weight loss or weight regain [5]. A recent system-
atic review revealed that weight-regain after LSG ranges from
5.7% at 2 years to 75.6% at 6 years [6].

This study aimed to assess weight regain (WR) after 5 years
of follow-up after laparoscopic sleeve gastrectomy and the
possible factors that may contribute to this problem.

Patients and Methods

This retrospective study included 100 patients who underwent
laparoscopic sleeve gastrostomy (LGS) for the treatment of
morbid obesity in Cairo University Hospital, KasrAlAiny, be-
tween 2011 and 2013. Adult patients 22–60 years of age of
both genders were included in the study. Patients who per-
formed other bariatric procedures or redo bariatric surgeries
for weight regain were excluded from the study.

The long-term outcomes were analyzed in terms of percent-
age of excess weight loss (%EWL) which is considered suc-
cessful if the patient achieved 50% after 5 years. %EWL =
weight loss/excess weight × 100, where excess weight = total
weight pre-bariatric surgery − ideal weight.

Weight regain (WR) was defined as an increase of at least
10% of the lowest postoperative weight [7]. Weight loss fail-
ure (WLF) was defined as the inability to achieve 50%
(%EWL) after five postoperative years. Patients with WR or
WLF were subjected to multi-detector computed tomographic
(CT) scan and CT volumetric study to measure the remaining
gastric volume.

Other analyzed outcomes included changes in comorbidi-
ties, eating behavior, and occurrence of pregnancy. These fac-
tors were tested for correlation with weight regain.

Eating behavior was described using the Three-Factor
Eating Questionnaire-Revised 18-Items (TFEQ-R18) [8]
which is a shortened and revised version of the original 51-
item TFEQ. It refers to current dietary practice and measures
three different aspects of eating behavior: restrained eating,
uncontrolled eating, and emotional eating (increase in food
intake in response to negative emotion). Higher scores are
indicative of greater cognitive restraint, uncontrolled, or emo-
tional eating [9]. Preoperative comorbidities were followed up

postoperatively and assessed if it is a motivation factor for
weight loss. CT volumetry was scheduled for patients who
regain weight and weight loss failure.

CT Volumetric Assessment of the Stomach

Plain abdominal CT was performed on a Multislice CT 64-
section detector scanner after 4-h fasting. Before the CT ex-
amination, two packs of effervescent granules were added to
10 mL of water and administered orally to each patient.
Patients were placed on the scanning in the supine position.
A scout projection was then obtained showing the stomach
fully distended by gas. If the stomach was inadequately
distended, one more pack was administered orally to ensure
adequate distension. A delay of 10–15 s was needed to ensure
complete distention of the stomach.

Images were obtained during a single breath hold from
a level 1–2 cm below the dome of the diaphragm to the
lower pole of the right kidney. The helical CT data acqui-
sition parameters were 120 kVp, 600–700 mA, 1.25-mm
collimation, 5-mm reconstruction interval, and rotation
time of 0.7 s. To complete imaging within the breath-
hold period, all image acquisition was completed within
30 to 40 s. The 1.25-mm, transverse CT, sections were
reconstructed at 0.5-mm intervals, performed at a com-
mercially available workstation.

The contours of all stomach sections were traced using
a built-in cursor. During 3D reconstruction for volumetry,
the first section started from the most proximal radiodense
staple until the pyloric ring. The manufacturer’s worksta-
tion with a specific software automatically calculated the
number of pixels included within the traced contours on
each section and provided the cross-sectional area of theTable 1 Age and clinical characteristics of the whole studied group

(n = 100)

Mean ± SD Median (range)

Age (years) 38.2 ± 9.9 36.5 (22.0–60.0)

Preoperative BMI (kg/m2) 51.8 ± 8.1 50.0 (38.0–74.0)

Maximum WL (kg) 61.7 ± 23.5 55.0 (26.0–167.0)

Current BMI (kg/m2) 35.3 ± 8.3 34.0 (23.0–64.0)

%EWL after 5 years 63.2 ± 25.2 66.0 (0.0–100.0)

Table 2 Effect of comorbidity and pregnancy on %EWL

n %EWL after 5 years
mean ± SD

p value

Comorbidity Yes 38 66.5 ± 26.1 0.314
No 62 61.2 ± 25.0

Pregnancy Yes 25 54.2 ± 24.7 0.028
No 52 64.1 ± 24.1

Table 3 Results of Three-Factor Eating Questionnaire-Revised 18-
Items for assessment of the three different aspects of eating behavior

Mean ± SD Median (range)

Cognitive restraint (%) 52.6 ± 14.1 58.0 (10.0–72.0)

Uncontrolled eating (%) 37.8 ± 13.3 35.5 (13.0–64.0)

Emotional eating (%) 42.1 ± 13.7 39.0 (19.0–80.0)
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stomach on a section-by-section basis. The circumscribed
areas were then automatically multiplied by the CT sec-
tion thickness, yielding an approximate volume for each
stomach section, and the volumes of all sections were
summed to give the selected stomach volume.

The Statistical Methods

All data were described in terms of mean± standard devi-
ation (± SD), and range, or frequencies and percentages as
appropriate. Comparison of numerical variables between
the two groups was made using Student’s t test for inde-
pendent samples of the Mann-Whitney test. Correlation
between various variables was done using Pearson prod-
uct moment correlation equation for normally distributed
variables and Spearman rank correlation for non-normal
variables. Multivariate linear regression analysis was used
to define the significant effectors of %EWL. A p value <
0.05 was considered statistically significant. Statistical
analyses were done using the computer program IBM
SPSS (IBM Corp, Armonk, NY, USA) release 22 for
Microsoft Windows.

Results

The patients’ ages ranged from 22 to 60 years with a mean of
38.2 ± 9.9 years. Out of 100 patients, 77 were females and 23
were males. Preoperative BMI ranged from 38 to 74 kg/m2

with a mean of 51.8 ± 8.1 kg/m2. Table 1 shows the age and
clinical characteristics of the studied group (n = 100).
Preoperative comorbidities were recorded in 38 patients,
namely diabetes mellitus (n = 23), hypertension (n = 18), os-
teoarthritis (n = 4), cardiovascular (n = 2), and depression (n =
1). Improvement of these comorbidities was achieved in 34
patients (89.5%). Among the studied females, 25 (32.5%) got
pregnant within a median period of 1.5 years after surgery
(range 0.5–3.0 years).

%EWL after 5 years was negatively correlated with age
(r = − 0.236, p = 0.018). It was positively correlated with
maximum weight loss (r = 0.391, p < 0.001). There was
no significant impact of the presence of preoperative co-
morbidity on %EWL after 5 years (p = 0.314). But, preg-
nancy negatively affected %EWL (Table 2). Among the
25 females who got pregnant, there is a strong positive
correlation between time of pregnancy relative to surgery
and %EWL (r = 0.419, p = 0.037).

Table 3 shows the results of the TFEQ-R18 questionnaire.
There is a strong positive correlation between cognitive re-
straint scale of the TFEQ-R18 questionnaire and %EWL,
while uncontrolled eating and emotional eating scales were
negatively correlated with %EWL (Table 4, Fig. 1).

Multivariate linear regression analysis showed that
age, maximum weight loss, and uncontrolled and emo-
tional eating scales were independently affecting %EWL
(Table 5).

After 5 years, 14 patients regain weight, 11 females and
three males. CT volumetry of the 14 patients showed a median
stomach volume of 515 mL (range 172–1066 mL). In this
small group of patients with WR, CT-estimated gastric

Table 4 Factors affecting %EWL after 5 years in the whole studied
group

r p

Age − 0.236 0.018

Maximum WL 0.391 > 0.001

Cognitive restraint (%) 0.627 > 0.001

Uncontrolled eating (%) − 0.633 > 0.001

Emotional eating (%) − 0.640 > 0.001

Fig. 1 Correlation between
%EWL at 5 years and cognitive
restraint, uncontrolled eating, and
emotional eating scales of the
TFEQ-R18 questionnaire
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volume was negatively correlated with %EWL (r = − 0.674,
p = 0.008). Patients who developed WR were significantly
older (p = 0.006), with lower maximum weight loss, and hav-
ing higher scores of uncontrolled and emotional eating scales
of TFEQ-R18 (Table 6).

Discussion

This study demonstrated that after 5 years of LSG, the fre-
quency of weight regain was 14%. Weight regain was signif-
icantly associated with older age (p = 0.006), and lower max-
imum weight loss (p = 0.010). The patients with WR had sig-
nificantly higher scores of uncontrolled and emotional eating
scales of TFEQ-R18. Weight regain was not affected by the
patient’s sex or preoperative BMI. CT gastric volumetry
showed a negative correlation between residual gastric vol-
ume and %EWL (r = − 0.674, p = 0.008). The %EWL was
independently affected by age, maximum weight loss, and
negative eating behavior.

Therefore, the factors that were associated with inadequate
weight loss or weight regain in this study were older age and
limited postoperative weight loss in addition to inferior eating

behavior. The etiology of WR is complex and multifactorial.
A combination of technical (sleeve dilation), physiological
(regulation of gut hormones), and psychological factors (nu-
tritional behavior) may interact to produce weight regain or
inadequate degrees of weight loss following LSG [10].

In a prospective study, CT gastric volumetry was used to
measure residual gastric volume (RGV) in 76 patients with
more than 2 years of follow-up after LSG. It was found that
large RGV was a significant risk factor for failure of weight
loss defined as %EWL < 50% [10]. Also, Vidal et al. reported
a negative correlation between the increase in RGV and a
weight loss after LSG [11]. In the current study, the median
stomach volume of patients with WR was 515 mL (range
172–1066 mL). However, Baumann et al. [12] found gastric
dilatation as a normal finding after LSG which was not corre-
lated with inadequate weight loss or WR. More recently, it
was shown that RGV did not affect weight loss at 1 year after
LSG [13].

Many studies previously confirmed a positive effect of
younger age on weight loss after bariatric surgery. Contreras
et al. reported higher %EBMIL in patients < 45 years of age
compared with those ≥ 45 years of age 1 year after surgery.
The older age group had a significantly higher frequency of

Table 5 Regression model for
independent factors affecting
%EWL after 5 years in the whole
studied group (n = 100)

Model Regression coefficient (B) p value 95.0% CI for B

Lower bound Upper bound

Age − 0.574 0.003 − 0.942 − 0.206
Maximum WL 0.279 0.001 0.124 0.434

Cognitive restraint % 0.180 0.320 − 0.177 0.537

Uncontrolled eating % − 0.564 0.004 − 0.943 − 0.184
Emotional eating% − 0.443 0.015 − 0.800 − 0.087

CI confidence interval

Table 6 Factors associated with
weight regain Weight regain (n = 14) Stable weight (n = 86) p value

Age (years) 44.8 ± 9.2 37.2 ± 9.5 0.006

Sex

Female 11 (14.3%) 66 (85.7%) 0.880

Male 3 (13.0%) 20 (87.0%)

Preoperative BMI (kg/m2) 49.4 ± 6.4 52.1 ± 8.3 0.249

Maximum WL (kg) 46.9 ± 12.0 64.2 ± 24.0 0.010

Presence of comorbidity

Yes 7 (18.4%) 31 (81.6%) 0.319

No 7 (11.3%) 55 (88.7%)

TFEQ-R18

Cognitive restraint (%) 45.4 ± 15.8 53.7 ± 13.5 0.094

Uncontrolled eating (%) 53.4 ± 9.1 35.2 ± 12.1 < 0.001

Emotional eating (%) 55.9 ± 15.0 39.8 ± 12.1 < 0.001
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EBMIL < 50% [14]. Another study reported similar find-
ings after 2 years of surgery [15]. Binda et al. confirmed
the beneficial effect of younger age in terms of weight
loss 12 months after surgery [16]. Other reports did not
confirm this finding [17].

There is a growing literature suggesting that postoperative
loss-of-control (LOC) eating is associated with less weight
loss after bariatric surgery [18]. In a prospective follow-up
study over 24 months, postoperative LOC significantly pre-
dicted poor weight loss after bariatric surgery [18]. A more
recent study of 234 adolescents undergoing bariatric surgery
confirmed these findings. The authors reported that rates of
LOC eating decreased from before surgery to 6 months after,
but increased after that [19]. Postoperative loss-of-control eat-
ing was shown to be associated with poorer weight loss after
sleeve gastrectomy [20]. It is emphasized in the literature that
careful assessment of loss-of-control eating following bariat-
ric surgery is an essential part of the follow-up of these pa-
tients. This may minimize the rate of weight regain with its
adverse psychosocial consequences.

However, the diagnosis of eating disorders following bar-
iatric surgery is not an easy task and, therefore, is not common
[19]. Limited attention of practitioners to the problem leads to
limited diagnosis as they are unlikely to assess the diagnostic
criteria of eating disorders [21–23].

A diagnosis of binge-eating disorder episodes requires de-
tection of eating an unusually large quantity of food in a dis-
tinct period while feeling a sense of loss-of-control [24].
Eating large amounts following surgery is quite difficult ow-
ing to surgery-induced physical restriction. Thus, there is no
recognized definition of objectively large amounts of food
after bariatric surgery [25]. In the current study, we used the
TFEQ-R18 for assessment of eating behavior of the studied
group. It is one of the most widely used measures of eating
behavior research. It was based on psychometric analyses to
test the three factors: cognitive restraint, uncontrolled eating,
and emotional eating. Uncontrolled eating denotes a tendency
to binge eating with the sense of being out of control.
Emotional eating refers to eating in response to negative emo-
tions [26]. In the current study, weight regain and diminished
loss of weight 5 years after surgery showed a definite correla-
tion with high scores of these two factors.

Different groups studied the effect of pregnancy on
weight loss following bariatric surgery with conflicting
results. Froylich et al. studied the effect of pregnancy
on weight loss 43 months following three different bar-
iatric procedures (Roux-en-Y bypass—LSG—adjustable
gastric band) and reached a conclusion that pregnancy
before bariatric surgery had a more negative effect on
weight loss compared with patients who had never been
pregnant [27]. On the contrary, Rottenstreich et al. stated
that pregnancy after LSG does not affect long-term
weight results [28]. Similarly, Quyen Pham et al.

reported that pregnancy after bariatric surgery slows
down postoperative weight loss but does not affect
weight results at 5-year follow-up [29]. In our study,
5 years after LSG, pregnancy had a forthright negative
effect on %EWL (p = 0.028); we also found a strong
positive correlation between time of pregnancy relative
to surgery and %EWL (r = 0.419, p = 0.037).

We agree with Nedelcu and colleagues that using an in-
crease of a fixed number of kilograms is not appropriate.
They found that an increase of at least 10 kg from nadir weight
does not add much to define a significant weight regain. In the
current study, we preferred a relative measure which is a 10%
increase from nadir. In conclusion, these authors found it un-
acceptable to have a large number of definitions, and there-
fore, we need standardization of the definition [30].

Therefore, we can conclude that medium-term postsurgical
weight regain and unsuccessful weight loss in patients who
had undergone LSG is correlated to older age and maladaptive
eating behavior after surgery. The enlarged residual stomach
may contribute to the development of weight regain as it was
correlated to limited weight loss after surgery. The occurrence
of pregnancy has a negative impact on weight loss; the earlier
the pregnancy, the worse its effect of weight loss. Assessment
of eating behavior after bariatric surgery is justified to be in-
cluded as an integral part of long-term postoperative follow-
up. The Three-Factor Eating Questionnaire -R18 appears to be
an efficient method to be used for this purpose.

Compliance with Ethical Standards

The study protocol was approved by the local ethical committee.

Conflict of Interest The authors declare that they have no conflict of
interest.

Ethical Approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Informed Consent Informed consent was obtained from all individual
participants included in the study.

References

1. Kyle TK, Dhurandhar EJ, Allison DB. Regarding obesity as a dis-
ease: evolving policies and their implications. Endocrinol Metab
Clin N Am. 2016;45:511–20.

2. Velapati SR, Shah M, Kuchkuntla AR, et al. Weight regain after
bariatric surgery: prevalence, etiology, and treatment. Curr Nutr
Rep. 2018;7:329–34.

3. Dayyeh BKA, Lautz DB, Thompson CC. Gastrojejunal stoma di-
ameter predicts weight regain after Roux-en-Y gastric bypass. Clin
Gastroenterol Hepatol. 2011;9:228–33.

OBES SURG (2019) 29:3508–35133512



4. Saliba C, El Rayes J, Diab S, et al. Weight regain after sleeve
gastrectomy: a look at the benefits of re-sleeve. Cureus.
2018;10(10):e3450.

5. Silecchia G, De Angelis F, Rizzello M, et al. Residual fundus or
neofundus after laparoscopic sleeve gastrectomy: is fundectomy
safe and effective as revision surgery? Surg Endosc. 2015;29:
2899–903.

6. Lauti M, Kularatna M, Hill AG, et al. Weight regain following
sleeve gastrectomy-a systematic review. Obes Surg. 2016;26:
1326–34.

7. da Silva FBL, Gomes DL, de Carvalho KMB. Poor diet quality and
postoperative time are independent risk factors for weight regain
after Roux-en-Y gastric bypass. Nutrition. 2016;32:1250–3.

8. Stunkard AJ, Messick S. The three-factor eating questionnaire to
measure dietary restraint, disinhibition and hunger. J Psychosom
Res. 1985;29:71–83.

9. Karlsson J, Persson LO, Sjöström L, et al. Psychometric properties
and factor structure of the Three-Factor Eating Questionnaire
(TFEQ) in obese men and women. Results from the Swedish
Obese Subjects (SOS) study. Int J Obes Relat Metab Disord.
2000;24:1715–25.

10. Deguines J-B, Verhaeghe P, Yzet T, et al. Is the residual gastric
volume after laparoscopic sleeve gastrectomy an objective criterion
for adapting the treatment strategy after failure? Surg Obes Relat
Dis. 2013;9:660–6.

11. Vidal P, Ramón JM, Busto M, et al. Residual gastric volume esti-
mated with a new radiological volumetric model: relationship with
weight loss after laparoscopic sleeve gastrectomy. Obes Surg.
2014;24:359–63.

12. Baumann T, Grueneberger J, Pache G, et al. Three-dimensional
stomach analysis with computed tomography after laparoscopic
sleeve gastrectomy: sleeve dilation and thoracic migration. Surg
Endosc. 2011;25:2323–9.

13. Du X, Luo R, Chen Y-Y, et al. Resected gastric volume has no
influence on early weight loss after laparoscopic sleeve gastrecto-
my. Surg Obes Relat Dis. 2018;14:129–35.

14. Contreras JE, Santander C, Court I, et al. Correlation between age
and weight loss after bariatric surgery. Obes Surg. 2013;23:1286–9.

15. Chopra A, Chao E, Etkin Y, et al. Laparoscopic sleeve gastrectomy
for obesity: can it be considered a definitive procedure? Surg
Endosc. 2012;26:831–7.

16. Binda A, Jaworski P, Kudlicka E, et al. The impact of selected
factors on parameters of weight loss after sleeve gastrectomy.
Wideochir Inne Tech Maloinwazyjne. 2016;11:288–94.

17. Eisenberg D, Bellatorre A, Bellatorre N. Sleeve gastrectomy as a
stand-alone bariatric operation for severe, morbid, and super obesi-
ty. JSLS. 2013;17:63–7.

18. WhiteMA, KalarchianMA,Masheb RM, et al. Loss of control over
eating predicts outcomes in bariatric surgery patients: a prospective,
24-month follow-up study. J Clin Psychiatry. 2009;71:175–84.

19. Goldschmidt AB, Khoury J, Jenkins TM, et al. Adolescent loss-of-
control eating and weight loss maintenance after bariatric surgery.
Pediatrics. 2018;141:e20171659.

20. Ivezaj V, Kessler EE, Lydecker JA, et al. Loss-of-control eating
following sleeve gastrectomy surgery. Surg Obes Relat Dis.
2017;13:392–8.

21. Reas DL. Public and healthcare professionals’ knowledge and atti-
tudes toward binge eating disorder: a narrative review. Nutrients.
2017;9:1267.

22. Cossrow N, Pawaskar M, Witt EA, et al. Estimating the prevalence
of binge eating disorder in a community sample from the United
States: comparing DSM-IV-TR and DSM-5 Criteria. J Clin
Psychiatry. 2016;77(8):e968–74.

23. Kornstein SG, Jr PEK, Herman BK, et al. Communication between
physicians and patients with suspected or diagnosed binge eating
disorder. Postgraduate Med. 2015;127:661–70.

24. Ivezaj V, Barnes RD, Cooper Z, et al. Loss-of-control eating after
bariatric/sleeve gastrectomy surgery: similar to binge-eating disor-
der despite differences in quantities. Gen Hosp Psychiatry. 2018;54:
25–30.

25. Goldschmidt AB, Conceição EM, Thomas JG, et al.
Conceptualizing and studying binge and loss of control eating in
bariatric surgery patients—time for a paradigm shift? Surg Obes
Relat Dis. 2016;12(8):1622–5.

26. Anglé S, Engblom J, Eriksson T, et al. Three factor eating
questionnaire-R18 as a measure of cognitive restraint, uncontrolled
eating and emotional eating in a sample of young Finnish females.
Int J Behav Nutr Phys Act. 2009;6:41.

27. Froylich D, Corcelles R, Daigle CR, et al. The effect of pregnancy
before and/or after bariatric surgery onweight loss. Surg Obes Relat
Dis. 2016;12(3):596–9.

28. Rottenstreich A, Shufanieh J, Kleinstern G, et al. The long-term
effect of pregnancy on weight loss after sleeve gastrectomy. Surg
Obes Relat Dis. 2018;14(10):1594–9.

29. Quyen Pham T, Pigeyre M, Caiazzo R, et al. Does pregnancy in-
fluence long-term results of bariatric surgery? Surg Obes Relat Dis.
2015;11(5):1134–9.

30. Nedelcu M, Khwaja HA, Rogula TG. Weight regain after bariatric
surgery-how should it be defined? Surg Obes Relat Dis. 2016
Jun;12(5):1129–30.

Publisher’s Note Springer Nature remains neutral with regard to jurisdiction-
al claims in published maps and institutional affiliations.

OBES SURG (2019) 29:3508–3513 3513


	Analysis of Medium-Term Weight Regain 5&newnbsp;Years After Laparoscopic Sleeve Gastrectomy
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Patients and Methods
	CT Volumetric Assessment of the Stomach
	The Statistical Methods
	Results
	Discussion
	References




