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Abstract

Background The disproportionate increase in the super

obese (SO) is a hidden component of the current obesity

pandemic. Data on the safety and efficacy of bariatric

procedures in this specific patient population are limited.

Our aim is to assess the comparative effectiveness of the

two most common bariatric procedures in the SO.

Methods Using the Bariatric Outcomes Longitudinal

Database from 2007 to 2012, we compared SO patients

(BMI C 50) undergoing laparoscopic Roux-en-Y gastric

bypass (RYGB) or sleeve gastrectomy (SG). Stepwise

logistic regression modeling was used to calculate a

propensity score to adjust for patient demographics and

comorbidities.

Results We identified 50,987 SO patients who underwent

RYGB (N = 42,119) or SG (N = 8868). There was no

difference in adjusted overall 30-day complication rate

comparing RYGB and SG patients (11.5 vs. 11.1 %,

p = 0.250). RYGB patients had higher adjusted rates of

30-day mortality (0.3 vs. 0.2 %, p = 0.042), reoperation

(4.0 vs. 2.4 %, p\ 0.001), and readmission (6.9 vs. 5.5 %,

p\ 0.001) compared to SG patients. The percent of total

weight loss (%TWL) was significantly higher for RYGB

patients compared to SG at 3 months (14.1 vs. 13.1 %,

p\ 0.001), 6 months (25.2 vs. 22.4 %, p\ 0.001), and

12 months (34.5 vs. 29.7 %, p\ 0.001). RYGB patients

had increased resolution of all measured comorbidities:

diabetes mellitus (61.6 vs. 50.8 %, p\ 0.001), hyperten-

sion (43.1 vs. 34.5 %, p\ 0.001), gastroesophageal reflux

disease (53.9 vs. 32.5 %, p\ 0.001), hyperlipidemia (39.7

vs. 32.5 %, p\ 0.001), and obstructive sleep apnea (42.8

vs. 40.6 %, p = 0.058) at 12 months compared to SG

patients.

Conclusions There are significant differences in comor-

bidity improvement and resolution as well as weight loss

between RYGB and SG in the SO population. There was

no difference in overall 30-day complications, but more

RYGB patients required readmission and reoperation.

However, RYGB was considerably more effective in con-

trolling obesity-related comorbidities. Our results favor

performance of RYGB in SO patients of appropriate risk.

Keywords Super obese � Bariatric surgery � Gastric
bypass � Sleeve gastrectomy � BOLD

Within the growing obesity pandemic over the last several

decades, there has been a substantial increase in the

prevalence of super obese (SO; BMI C 50) individuals in
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the USA [1–3]. Bariatric surgery has proven to be the most

effective long-term treatment for obesity [4–7]. In addition

to weight loss, multiple studies have shown a reduction in

long-term mortality, an improvement or resolution in a

wide range of medical conditions including diabetes,

hypertension, hyperlipidemia, a reduction in the prevalence

of solid cancers, and substantial quality of life improve-

ment after bariatric surgery [8–10].

SO patients present unique challenges to the healthcare

system. There are considerable differences in obesity-related

healthcare costs by degree of obesity [11]. Historically, SO

patients have been associated with increased perioperative

risk due to their greater incidence of comorbidities [12],

although more recent data seem to be less clear [13–15].

Furthermore, these patients commonly have thicker abdomi-

nal walls, greater amounts of visceral fat in the abdominal

cavity, and hepatomegaly [16]. These factors contribute to

decreased visualization, the common need of specialized

instrumentation, and pose technical challengeswhich can lead

to increased operative times and surgeon fatigue [17].

Choosing the appropriate bariatric operation for the SO

population is controversial. Both the laparoscopic Roux-

en-Y gastric bypass (RYGB) and laparoscopic sleeve

gastrectomy (SG) have been shown to result in significant

weight loss and comorbidity reduction in the morbidly

obese [17, 18]. The development of SG was based on the

premise that biliopancreatic diversion and duodenal switch

were potentially associated with significantly higher peri-

operative risk in the SO patients [19]. Therefore, patients

wound undergo staged intervention with SG first followed

by another second stage procedure at a later time. How-

ever, the second stage is uncommonly done, and SG is

offered as a final treatment [20]. In addition, SG has

recently supplanted the RYGB as the most commonly

performed bariatric operation [21, 22]. There are few

studies directly comparing RYGB and SG outcomes

specifically within SO patients. The aim of this study is to

assess the comparative effectiveness of the two most

common bariatric procedures in the SO.

Materials and methods

The Bariatric Outcomes Longitudinal Database [BOLD,

Surgical ReviewCorporation (SRC); Raleigh, NC] from2007

to 2012 was used for this study. This database was developed

for the assessment of the early and long-term outcomes of

bariatric surgery. It captured demographics, clinical and sur-

gical characteristics, details of perioperative care, and out-

comes. Data were collected by trained clinical reviewers for

all patients undergoing bariatric surgery at accredited centers

while SRC was the accrediting body. The database has been

studied to ensure high data quality [23].

Baseline patient information assessed for this study

included patient age, race, gender, BMI, insurance status,

comorbidities, history of prior bariatric surgery, and

American Society of Anesthesiologists (ASA) score.

Patient comorbidities [history of congestive heart failure

(CHF), angina, deep venous thrombosis (DVT) or pul-

monary embolism (PE), impaired functional status,

ischemic heart disease, obstructive sleep apnea (OSA),

pulmonary hypertension, and tobacco use] are recorded on

a 6-point scoring system (0–5) according to the relative

severity of the condition with a score of 0 indicating

absence of disease. These were used to assess for severity

of baseline disease. Additionally, comorbidities were used

to assess for surgery efficacy: diabetes mellitus (DM),

hypertension (HTN), gastroesophageal reflux disease

(GERD), hyperlipidemia (HLD), and obstructive sleep

apnea (OSA). These were recorded in the same scoring

system, at baseline and each follow-up visit. Comorbidity

improvement was defined as a lower score on follow-up

assessments compared to preoperative. Similarly, comor-

bidity resolution was defined as a change from any pre-

operative score C1–0 on follow-up assessment.

Information specific to the surgical procedurewas assessed

including adverse events and readmissions. Complications in

BOLD include all deaths and unfavorable occurrences

(anastomotic leakage, anastomotic stricture, DVT, myocar-

dial infarction, pneumothorax, PE, organ system failure,

sepsis, cerebrovascular accident, and bleeding requiring

transfusion) that prolonged hospitalization, required return to

the emergency department or hospital, or treatment outside of

standard postoperative care. Reoperation is defined as any

surgical intervention after the index operation as the result of a

complication. Follow-up information was aggregated: The

3 month postoperative assessment included all visits from0 to

3 months, the 6-month postoperative assessment included all

visits from 4 to 6 months, and the 12-month assessment

included all visits from 7 to 12 months after the index pro-

cedure. When multiple visits were recorded during each

interval, data were only assessed from the visit closest to the

time point of interest.

We limited our study population to patients with

BMI C 50 that underwent RYGB or SG within the study

period. Additionally, we excluded all revisional bariatric

procedures as well as cases that were not performed laparo-

scopically. The primary endpoint was percentage of total

weight loss (%TWL) at 12 months. The weight loss indices

among RYGB and SG patients within BOLD have been

studied previously; %TWL was determined to be the most

accurate and least influenced by initial weight and was sug-

gested to be used for the expression of weight loss after sur-

gery [24]. The secondary endpoints were disease resolution

for DM, HTN, GERD, HLD, and OSA at 12 months, as well

as 30-day postoperative safety. Further, we examined all the
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weight loss indices and disease resolution or improvement at

earlier time points (3 and 6 months). The entire cohort was

used for assessment of early 30-day complications, while

long-term outcomes evaluation was limited to patients that

had follow-up within each time frame (3, 6, and 12 months).

This study was deemed exempt by the East Carolina

University and Medical Center Institutional Review Board.

Using SAS (Cary, NC) version 9.4, a stepwise logistic

regressionmodel was used to calculate a propensity score and

adjust for patient demographics and comorbidities.Covariates

used in the model were age, preoperative BMI, ASA score,

race, insurance type, CHF, angina, DVT or PE, ischemic heart

disease, OSA, pulmonary hypertension, and tobacco use. The

adjusted data are presented as weighted percentage or mean

(95 % Confidence Interval) where the weights are defined as

the inverse of the propensity score of the actual group

assigned. Nominal values were compared using Chi-squared

or Fisher’s exact test. Continuous variables were compared

using Student’s t test. Results are reported as mean (95 %

Confidence Interval) for continuous variables and frequency

for nominal variables. Any p value\0.05 was considered

statistically significant.

Results

We identified 50,987 SO patients, of which 42,119

underwent RYGB and 8868 underwent SG procedures. The

mean age and BMI for the entire cohort were 43.6

(43.5–43.7) years and 57.1 (57.0–57.2) kg/m2, respectively.

The majority were females (73.1 %). The stepwise logistic

regression model resulted in very similar cohorts, with

small differences in some variables that were statistically

significant but unlikely to have a significant clinical

impact. Nevertheless, there was a small difference in age

[43.7 (43.5–43.8) vs. 43.9 (43.7–44.2), p = 0.036], BMI

[57.3 (57.2–57.4) vs. 57.8 (57.6–57.9), p\ 0.001], and

male gender [27.1 % (26.5–27.6) vs. 29.1 % (28.5–29.7),

p\ 0.001] when comparing the RYGB and SG groups

(Table 1). Patient comorbidities were also very similar

with small differences in DVT/PE history (3.6 vs. 3.9 %,

p\ 0.001) and functional status impairment (5.8 vs.

6.3 %, p = 0.002) but without any statistically significant

differences in other comorbidities.

The analysis of 30-day outcomes showed no difference

in overall complications (11.5 vs. 11.1 %, p = 0.250)

between RYGB and SG, respectively. However, RYGB

patients had higher adjusted rates of mortality (0.3 vs.

0.2 %, p = 0.042), reoperation (4.0 vs. 2.4 %, p\ 0.001),

and readmission (6.9 vs. 5.5 %, p\ 0.001) compared to

SG patients. The 90-day adjusted outcomes showed no

difference in mortality (0.4 vs. 0.3 %, p = 0.697) or

anastomotic leak (0.8 vs. 1.0 %, p = 0.129) among RYGB

and SG patients. RYGB patients had higher rates of 90-day

readmission (9.2 vs. 6.6 %, p\ 0.001), morbidity (16.0,

13.7 %, p\ 0.001), and reoperation (6.7 vs. 3.2 %,

p\ 0.001) compared to SG patients.

Overall weight loss metrics at follow-up intervals of 3,

6, and 12 months were greater for RYGB patients

Table 1 Unadjusted and

adjusted preoperative

characteristics and

comorbidities of the entire

cohort of RYGB (laparoscopic

Roux-en-Y gastric bypass) and

SG (laparoscopic sleeve

gastrectomy) patients

Unadjusted values Adjusted values

RYGB

N = 42,119

SG

N = 8868

p value RYGB

N = 42,119

SG

N = 8868

p value

Age 43.8

(43.6–43.9)

43.1

(42.9–43.4)

\0.001 43.7

(43.5–43.8)

43.9

(43.7–44.2)

0.036

BMI 56.4

(55.7–56.4)

56.8

(56.7–57.0)

\0.001 57.3

(57.2–57.4)

57.8

(57.6–57.9)

\0.001

Male gender 25.7 % 32.3 % \0.001 27.1 % 29.1 % \0.001

ASA[ 2 82.4 % 76.3 % \0.001 81.4 % 80.9 % 0.124

Caucasian 82.4 % 76.3 % \0.001 70.6 % 70.7 % 0.767

Private insurance 69.7 % 69.7 % 0.983 69.4 % 70.2 % 0.053

CHF 3.5 % 2.6 % \0.001 3.4 % 3.2 % 0.105

Angina 3.1 % 2.8 % 0.127 3.0 % 2.6 % 0.090

DVT/PE 3.7 % 3.2 % 0.031 3.6 % 3.9 % \0.001

Functional status impairment 6.0 % 4.7 % \0.001 5.8 % 6.3 % 0.002

Ischemic heart disease 4.0 % 3.5 % 0.052 3.9 % 4.1 % 0.817

OSA 56.1 % 55.3 % \0.001 55.7 % 56.3 % 0.358

Pulmonary hypertension 5.9 % 4.7 % \0.001 5.7 % 5.8 % 0.788

Tobacco use 6.5 % 6.8 % 0.272 6.4 % 6.6 % 0.586

Values represent mean (95 % Confidence Interval) or proportion

Surg Endosc (2017) 31:317–323 319
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(Table 2). There was significantly higher %TWL for SO

patients who underwent RYGB compared to SG at

3 months (14.1 vs. 13.1 %, p\ 0.001), 6 months (25.2 vs.

22.4 %, p\ 0.001), and 12 months (34.5 vs. 29.7 %,

p\ 0.001; Fig. 1). Additionally, percent of excess body

weight loss (%EBWL) was significantly higher for patients

undergoing RYGB compared to SG at 3 months (24.9 vs.

22.8 %, p\ 0.001), 6 months (42.9 vs. 38.0 %,

p\ 0.001), and 12 months (58.0 vs. 49.0 %, p\ 0.001).

At 12 months, there was a higher rate of patients with

%EBWL C 50 % [71.9 % (70.8–72.9) vs. 47.4 %

(46.1–48.7), p\ 0.001], TWL C 25 % [88.3 % (CI

87.6–89.1) vs. 69.4 % (CI 68.1–70.6), p\ 0.001], and

TWL C 30 % [72.0 % (71.0–73.0) vs. 48.0 %

(46.7–49.3), p\ 0.001] following RYGB compared to SG.

Comorbidity resolution at 3, 6, and 12 months is shown

in Fig. 2. RYGB patients had a higher resolution of all

measured comorbidities—DM, HTN, GERD, HLD, and

OSA at 3, 6, and 12 months compared to SG patients. All

differences in comorbidity resolution are statistically sig-

nificant except OSA resolution at 12-month follow-up.

RYGB patients displayed a higher rate of improvement of

all examined comorbidities (Fig. 3).

Discussion

We found significant differences in weight loss as well as

comorbidity improvement and resolution between RYGB

and SG in the SO population. Few studies have previously

compared SG and RYGB in this patient population, but

small sample size and single institution design limit the

applicability of results.

Our study shows no difference in 30-day postoperative

morbidity between RYGB and SG. However, RYGB had

higher rates of 30- and 90-day rates of reoperation and

readmission. Our results are consistent with prior analyses

comparing these procedures in the SO. In a single- centerT
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retrospective study of 359 SO patients, there was no sig-

nificant difference in the 30-day complication rates of

RYGB and SG [25]. A similar study by Zerrweck et al.

[12] involved 77 SO patients and also found no difference

in the 30-day complication rate between RYGB and SG.

Although these studies did not provide a detailed break-

down of individual complications, our results show a

higher rate of readmission and reoperation for the RYGB,

suggesting higher resource utilization compared to the SG.

The 30-day mortality in our study was slightly higher

among RYGB patients. This finding barely reached statis-

tical significance and was not retained when 90-day out-

comes were examined. Furthermore, our observed

mortality rates are similar to current published rates,

demonstrating low mortality among all bariatric patients

[26].

RYGB SO patients had significantly higher %TWL at

each time point (3, 6, and 12 months), and significantly,

more RYGB SO patients achieved commonly used

benchmarks for successful weight loss compared to SG SO

patients. This is in accordance with other studies compar-

ing RYGB and SG in this specific patient population [12,

25].

It is noteworthy that the RYGB patients in our study

displayed higher rates of improvement of all examined

comorbidities and higher rates of resolution of all but

obstructive sleep apnea. This finding verifies what There-

aux’s study has suggested in this patient population [25]. A

recent meta-analysis on the treatment of obesity-related

comorbidities after RYGB and SG in the general bariatric

population, using 62 studies with over 18,000 patients

favored the RYGB in resolution of all measured
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comorbidities [27]. There was a significantly higher reso-

lution rate after RYGB for HTN, HLD, and GERD, while

procedural effect for DM and OSA was not statistically

significant [27].

The SG and RYGB were recently compared in a ran-

domized trial among general bariatric population patients

in the Swiss Multicentre Bypass or Sleeve Study (SM-

BOSS) [28]. The results showed that among the general

bariatric population, SG and RYGB have similar outcomes.

The investigators found no significant difference in 30-day

complication rates, comorbidity improvement, or weight

loss between the two procedures. However, the results from

this important study may not be applicable to the SO. A

greater prevalence and severity of metabolic comorbidities

including diabetes, hypertension, and dyslipidemia are seen

in the SO compared to the morbidly obese [3, 29]. Fur-

thermore, SO patients have historically demonstrated dif-

ferent weight loss patterns compared to non-SO patients,

following both vertical banded gastroplasty and more

recently with RYGB [3, 30, 31]. Additionally, SO patients

can pose a technical challenge as they typically have more

visceral fat and hepatomegaly resulting in longer operative

times and surgeon fatigue compared to non-SO patients

[17, 32]. Thus, while SM-BOSS showed comparable out-

comes after RYGB and SG in morbidly obese, it should not

be surprising that our results among the SO differ. Future

studies are needed to further examine the effects of pro-

cedure type on this bariatric patient population.

We recognize that the present study has several limita-

tions. While BOLD uses prospectively collected data from

trained clinical reviewers, it was not designed to answer the

aims of this study, and it is inherent to selection bias. To

account for this, at least in part, we used propensity

matching to apply weights to the outcomes examined. We

chose the endpoint of 12 months after surgery as it repre-

sents a milestone for the postoperative bariatric care and

provides a good understanding of weight loss. The lost to

follow-up rate increases dramatically in the dataset after

12 months, and selection bias would greatly impact longer

time points. However, up to 12-month follow-up, we

observed a low rate of attrition that further validates our

results. Although the longer-term risks may be less with SG

(anastomotic ulcer, internal hernia, micronutrient defi-

ciencies), our study was not designed to assess for these

since it is limited to 12 months. Additionally, we were not

able to evaluate weight maintenance or weight regain using

this dataset. The SG was still a relatively new operation for

much of the time period studied, and some of the periop-

erative complications could be attributed to a learning

curve of the procedure.

We have shown that there are considerable differences

in comorbidity improvement and resolution as well as

weight loss after RYGB and SG in the SO population.

Overall, perioperative complications are similar between

the two groups, but RYGB patients require increased

healthcare utilization in terms of reoperation and read-

mission. The RYGB was considerably more effective in

controlling obesity-related comorbidities within the first

year from surgery. Although bariatric procedure selection

needs to be individualized based on patient risk tolerance

and long-term goals, our results favor the performance of

RYGB in SO patients of appropriate risk.
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12. Zerrweck C, Sepúlveda EM, Maydón HG, Campos F, Spaventa

AG, Pratti V, Fernández I (2013) Laparoscopic gastric bypass vs.

322 Surg Endosc (2017) 31:317–323

123

http://dx.doi.org/10.1002/14651858.CD003641.pub4
http://dx.doi.org/10.1002/14651858.CD003641.pub4


sleeve gastrectomy in the super obese patient: early outcomes of

an observational study. Obes Surg 24:712–717

13. Joshi GP, Ahmad S, Riad W, Eckert S, Chung F (2014) Selection

of obese patients undergoing ambulatory surgery. Surv Anes-

thesiol 58:57

14. Serrano OK, Tannebaum JE, Cumella L, Choi J, Vemulapalli P,

Melvin WS, Camacho DR (2015) Weight loss outcomes and

complications from bariatric surgery in the super super obese.

Surg Endosc. doi:10.1007/s00464-015-4509-y

15. Abeles D, Kim JJ, Tarnoff ME, Shah S, Shikora SA (2009) Pri-

mary laparoscopic gastric bypass can be performed safely in

patients with BMI C 60. J Am Coll Surg 208:236–240

16. Gould JC, Garren MJ, Boll V, Starling JR (2006) Laparoscopic

gastric bypass: risks vs. benefits up to two years following sur-

gery in super-super obese patients. Surgery 140:524–531

17. Zak Y, Petrusa E, Gee DW (2015) Laparoscopic Roux-en-Y

gastric bypass patients have an increased lifetime risk of repeat

operations when compared to laparoscopic sleeve gastrectomy

patients. Surg Endosc 30:1833–1838

18. Young MT, Gebhart A, Phelan MJ, Nguyen NT (2015) Use and

outcomes of laparoscopic sleeve gastrectomy vs laparoscopic

gastric bypass: analysis of the American College of Surgeons

NSQIP. J Am Coll Surg 220(5):880–885

19. Gagner M, Gumbs AA, Milone L, Yung E, Goldenberg L, Pomp

A (2008) Laparoscopic sleeve gastrectomy for the super-super-

obese (body mass index[60 kg/m2). Surg Today 38:399–403

20. Alexandrou A, Felekouras E, Giannopoulos A, Tsigris C, Dia-

mantis T (2012) What is the actual fate of super-morbid-obese

patients who undergo laparoscopic sleeve gastrectomy as the first

step of a two-stage weight-reduction operative strategy? Obes

Surg 22:1623–1628

21. Spaniolas K, Kasten KR, Brinkley J, Sippey ME, Mozer A,

Chapman WH, Pories WJ (2015) The changing bariatric surgery

landscape in the USA. Obes Surg 25:1544–1546

22. Reames BN, Finks JF, Bacal D, Carlin AM, Dimick JB (2014)

Changes in bariatric surgery procedure use in Michigan,

2006–2013. JAMA 312:959

23. Demaria EJ, Pate V, Warthen M, Winegar DA (2010) Baseline

data from American society for metabolic and bariatric surgery-

designated bariatric surgery centers of excellence using the

bariatric outcomes longitudinal database. Surg Obes Relat Dis

6:347–355

24. Sczepaniak JP, Owens ML, Shukla H, Perlegos J, Garner W

(2014) Comparability of weight loss reporting after gastric bypass

and sleeve gastrectomy using BOLD data 2008–2011. Obes Surg

25:788–795

25. Thereaux J, Corigliano N, Poitou C, Oppert JM, Czernichow S,

Bouillot JL (2015) Comparison of results after one year between

sleeve gastrectomy and gastric bypass in patients with

BMI[ 50 kg/m2. Surg Obes Relat Dis 11(4):785–790

26. Khan S, Rock K, Baskara A, Qu W, Nazzal M, Ortiz J (2015)

Trends in bariatric surgery from 2008 to 2012. Am J Surg

211:1041–1046

27. Li J, Lai D, Wu D (2015) Laparoscopic Roux-en-Y gastric bypass

versus laparoscopic sleeve gastrectomy to treat morbid obesity-

related comorbidities: a systematic review and meta-analysis.

Obes Surg 26:429–442

28. Peterli R, Borbely Y, Kern B, Gass M, Peters T, Thurnheer M,

Schultles B, Laederach K, Bueter M, Schiesser M (2013) Early

results of the Swiss Multicentre Bypass or Sleeve Study (SM-

BOSS): a prospective randomized trial comparing laparoscopic

sleeve gastrectomy and Roux-en-Y gastric bypass. Ann Surg

258(5):690–694

29. Bays HE, Chapman RH, Grandy S (2007) The relationship of

body mass index to diabetes mellitus, hypertension and dyslipi-

daemia: comparison of data from two national surveys. Int J Clin

Pract 61:737–747

30. Melton GB, Steele KE, Schweitzer MA, Lidor AO, Magnuson

TH (2007) Suboptimal weight loss after gastric bypass surgery:

correlation of demographics, comorbidities, and insurance status

with outcomes. J Gastrointest Surg 12:250–255

31. Suter M, Calmes JM, Paroz A, Romy S, Giusti V (2009) Results

of Roux-en-Y gastric bypass in morbidly obese vs superobese

patients: similar body weight loss, correction of comorbidities,

and improvement of quality of life. Arch Surg 144(4):312–318

32. Parikh MS, Shen R, Weiner M, Siegel N, Ren CJ (2005)

Laparoscopic bariatric surgery in super-obese patients

(BMI[ 50) is safe and effective: a review of 332 patients. Obes

Surg 15:858–863

Surg Endosc (2017) 31:317–323 323

123

http://dx.doi.org/10.1007/s00464-015-4509-y

	Comparative effectiveness of Roux-en-Y gastric bypass and sleeve gastrectomy in super obese patients
	Abstract
	Background
	Methods
	Results
	Conclusions

	Materials and methods
	Results
	Discussion
	References




