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Assessment of body composition 
in obese patients undergoing 
one anastomosis gastric bypass: 
cross‑sectional study
Jose‑Maria Jimenez1,2, Jaime Ruiz‑Tovar2,4*, María López1*, Artur Marc‑Hernandez3, 
Miguel‑Angel Carbajo2, Maria‑Jose Cao1, Sara Garcia1 & Maria‑Jose Castro1,2

Bariatric surgery is the most effective long‑term treatment to obesity, and it is necessary to assess 
changes in body composition and to be able to establish better follow‑up of patients. Cross‑sectional, 
observational study in patients undergoing One Anastomosis Gastric Bypass (OAGB) bariatric 
surgery. We analysed changes in weight and body composition during the first postoperative year. 
405 patients (68.9% women. 31.1% men), mean age 44 years, mean weight 110.02 kg, Body Mass 
Index (BMI) 39.76 kg/m2, height 1.66 m. The variables analyzed were substantially decreased 
compared to the preoperative values one year after surgery in every case: weight (110.02 ± 22.03 kg 
vs. 69.36 ± 13.60 kg), BMI (39.76 ± 6.65 vs. 24.52 ± 3. 76), fat free mass (61.12 ± 12.43 kg vs. 
53.61 ± 11.61 kg), fat mass (50.44 ± 14.36 kg vs. 15.74 ± 6.74 kg), bone mass (58.06 ± 11.85 kg vs. 
50.92 ± 11.06 kg) and water (45.08 ± 9.99 kg vs. 37.39 ± 9.23 kg), P < 0.001. The results show noticeable 
improvements in weight reduction and changes in body composition, and will contribute to develop a 
thorough understanding of both of them, contributing also to perform a better patients’ follow‑up.

Obesity has become a public health  challenge1. It is an epidemic that has tripled worldwide since 1975; 39% of 
adults are overweight (39% of men and 40% of women) and 13% are obese (11% of men and 15% of women)2.

It is a health issue with adverse clinical consequences in almost every system of the body; it leads to psycho-
logical problems and has a major economic impact on national health  systems1,3,4.

Nowadays, bariatric surgery is considered the most effective treatment in long-term control of obesity and 
its main associated  comorbidities5. There are different surgical techniques of restrictive and malabsorptive type, 
in which the criteria of choice depend on each patient and surgical team. The International Federation for the 
Surgery of Obesity and Metabolic Disorders (IFSO), has described bariatric surgeries worldwide in order to 
establish in the future a profile of patients undergoing  surgery6.

One Anastomosis Gastric Bypass (OAGB), is one of the bariatric surgeries of malabortive type accepted by 
IFSO with effective long-term results in weight loss and associated  comorbidities7. The results in weight reduc-
tion can be interpreted in absolute terms as weight and Body Mass Index (BMI)8. Other internationally accepted 
relative terms to describe success in weight loss after surgery are the percentage of Excess of BMI Lost (%EBMIL), 
which defines the success of a surgery in values greater than 50%8,9.

Changes in body composition determined by fat mass (FM) and fat-free mass (FFM) composition should 
become a standard outcome measure used to assess postoperative weight  loss10. The assessment of postopera-
tive weight loss is limited to weight change outcomes, not including body composition variations, which would 
facilitate better assessment of results and clinical management of  patients10,11.

Several international organisations involved in the study of obesity acknowledge the need to use, in a consen-
sus basis, tools to assess nutritional status that allow an improvement in the treatment and medical nutritional 
support, having a great potential to reduce the morbidity burden of the obese patient  population12.

The success of surgery is not only based on reaching normal weight; bariatric surgery teams must maintain 
regular multidisciplinary follow-ups of patients, assessing nutritional aspects and emotional support in this 
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important life  change13,14. It is therefore necessary to consider possible malnutrition causes related to surgery 
and to be able to establish appropriate therapeutic guidelines and nutritional supplementation to correct  them13.

The assessment of body composition after bariatric surgery has still room for improvement in the follow-up 
and in most reported cases the information is not complete. Thus, this study aims to evaluate changes in weight 
and body composition after 6 and 12 months in patients who underwent OAGB surgery.

Methods
Study design and sample. The study was cross-sectional and observational, and it was conducted in 405 
patients diagnosed with obesity who underwent the bariatric surgery of malabsorptive type ‘One Anastomosis 
Gastric Bypass (OAGB)’ between January 2015 and July 2018 at an IFSO accredited Center of Excellence.

Data collection. The preoperative protocol was conducted by a multidisciplinary team that approached 
prospective bariatric surgery patients. It included nutritional status assessment to determine dietary habits as 
well as complementary weight and anthropometry variables, psychological evaluation, analysis of cardiorespira-
tory function, and other complementary studies of associated comorbidities if necessary.

The inclusion criteria for patients followed the recommendations approved by the International Federation 
for the Surgery of Obesity and Metabolic Disorders (IFSO): BMI > 40 kg/m2, or BMI > 30–35 kg/m2 with existing 
comorbidities linked to obesity and poor metabolic control, of legal age, and willing to participate in the study 
by giving their written consent.

OAGB is a malabsorptive surgical procedure with laparoscopic access, conducted by the same surgical team 
under general anesthesia, in which it is performed a termino-lateral gastrojejunal anastomosis and the creation 
of an estimated gastric reservoir of an approximate volume of 30 ml7.

The assessment of body composition and anthropometry was conducted in the preoperative consultation and 
in the subsequent 6 and 12-month follow-ups after bariatric surgery. The variables analysed were: age, gender, 
height, weight, BMI [weight (kg)/height2(m)]. The criteria considered to evaluate weight loss were: percentage 
of excess body mass index loss (%EBMIL) and percentage of total weight loss (%TWL):

• %EBMIL = [(Preoperative BMI − current BMI)/(preoperative BMI − 25)] × 100
• %TWL = (Current weight/preoperative weight) × 100

On the other hand, the variables to assess body composition were: fat-free mass (FFM), fat mass (FM), bone 
mass (BM), muscle mass (MM) and water were measured by the TANITA BC-420MA body composition analyser. 
The TANITA BC-420MA is a body analyser with four stainless steel electrodes located on the lower platform for 
body compartment analysis. The patient is placed on them in bare feet and the results are determined within 15 s.

The accuracy of bioimpedance analysis has been validated in bariatric patients by several  studies15.

Ethical considerations. All participants agreed to the conditions of participation in the study and the use 
of their data was anonymous and confidential. The study was approved by the Ethics Committee of the Nursing 
Faculty of the University of Valladolid (identification code: 2019/JMJP71), following the protocols of the latest 
update of the Declaration of Helsinki. We obtained written consent from all subjects of the study.

Statistical analysis. The data gathered were analysed using IBM SPSS Statistics v. 25.0 software. The quan-
titative variables that followed a normal distribution were summarized as means ± standard deviations (SD), and 
medians and ranges were recorded for non-Gaussian variables. Qualitative variables were summarized by num-
ber and as percentage of cases. The paired t test or Wilcoxon rank test was used to study the differences between 
means over time, and ANOVA or the Kruskal–Wallis test for comparing changes in variables with more than two 
categories. Lastly, statistical significance was set at P < 0.05.

Results
The sample is constituted by 405 patients, 279 women and 126 men, age 44.39 ± 11.49 years. In the preoperative 
examination, the average weight was 110.02 ± 22.03 kg, BMI 39.76 ± 6.65 kg/m2, and height 1.66 ± 0.08 m.

The body composition variables analysed before surgery were: FFM = 61.12 ± 12.43 kg; FM = 50.44 ± 14.36 kg; 
BM = 3.06 ± 0.57 kg; MM = 58.06 ± 11.85 kg; Water = 45.08 ± 9.99 kg. Table 1 depicts the general characteristics 
along with the preoperative body composition variables of the sample divided by gender.

Although the mean initial weight was higher in men, the mean FM was homogeneous among women and men 
(50.13 ± 12.37 kg vs. 50.99 ± 17.49 kg respectively). FFM was higher in men (73.14 ± 11.49 kg vs. 54.71 ± 6.96 kg), 
as well as MM (69.53 ± 10.96 kg vs. 51.94 ± 6.62 kg), and water (55 ± 8.57 kg vs. 39.65 ± 5.56 kg) P < 0.001. Initial 
bone mass was significantly lower in women (2.77 ± 0.34 kg vs. 3.59 ± 0.53 kg) P < 0.001.

The evolution of weight loss and variation of body composition (Table 2) reveals the highest weight loss at 
12 months after surgery. The average weight was 69.36 ± 13.60 kg. Weight loss is positively correlated with the 
reduction of BMI in postoperative controls after 6 months (r = 0.764. P < 0.001) and after 12 months (r = 0.830. 
P < 0.001).

All body composition variables were significantly reduced after surgery, as shown in Table 2. (P < 0.001). 
The ratio of FFM to FM correlate negatively after 6 and 12 months post-surgery respectively (r = − 1.000. 
P < 0.001), thus increasing the FFM percentage and decreasing the FM percentage in the postoperative period 
up to 12 months.
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It is worth noting the significant correlation of postoperative weight loss to BM reduction at 6 months 
(r = 0.675. P < 0.001) and at 12 months (r = 0.875. P < 0.001), although the initial BM value in women was signifi-
cantly lower than in men. Figure 1 depicts a significant reduction in BM from the preoperative stage to 12 months 
postoperative in both women (2.77 ± 0.34 kg vs. 2.33 ± 0.22 kg) and men (3.59 ± 0.53 kg vs. 3.28 ± 0.38 kg) 
P < 0.001.

When assessing the evolution of weight loss and body composition by gender (Fig. 1), there was a signifi-
cant difference in every variable with the exception of preoperative FM, and the %EBMIL and %TWL at 6 and 
12 months. FFM decreased in both gender groups after surgery, although the proportion was always higher in 
men; the same applies to BM and MM. Although FM in both genders is lower after surgery, it is noted that women 
have higher mean values than men at the 6 and 12-month postoperative follow-ups.

The sample was divided into two age groups, < 65 years old and ≥ 65 years old, to describe the evolution 
of the postoperative body composition. 383 patients were < 65 years old (94.5%) and 22 patients ≥ 65 years 
old (5.5%). The initial weight was significantly higher in the < 65 years group compared to the ≥ 65 years one 
(111.03 ± 21.78 kg vs. 91.93 ± 20.02 kg) P < 0.05. Figure 2 shows the postoperative weight and body composition 
changes.

In both age groups, a significant weight reduction occurred after surgery, with the lowest midpoint of weight 
reached by the < 65 years group at 12 months (69.12 ± 13.69 kg) as opposed to the ≥ 65 years group, that reached 
it at 6 months (65.70 ± 9.84 kg). The evolution of the analysed body composition variables follows the same trend 
as the general sample studied. There were significant differences in the BM from the preoperative moment, in 
which the younger group had a higher average value, although in both the reduction of BM was substantial up 
to the 12-months follow-up (Fig. 2).

Discussion
OAGB bariatric surgery contributes to effective weight reduction and has a large impact on the change of body 
composition variables in the assessments both after 6 and 12 months. Not all bariatric surgeries achieve the same 
postoperative results in weight control: the most effective is the malabsorptive  type3,5,7. The results reported at 
the 12-month follow-up in malabsorptive surgeries such as the Roux-en-Y gastric bypass (RYGB) reach mean 

Table 1.  General characteristics and body composition of patients before bariatric surgery. Data are 
mean ± SD. BMI: Body Mass Index; FFM: Fat Free Mass; FM: Fat Mass; BM: Bone Mass; MM: Muscular Mass.

Women (n = 279) Men (n = 126) P-value

Age (years) 44.08 ± 11.96 45.07 ± 10.38 0.33

Height (m) 1.62 ± 0.06 1.74 ± 0.06  < 0.001

Weight (kg) 104.85 ± 17.78 124.23 ± 21.94  < 0.001

BMI (kg/m2) 39.48 ± 6.99 40.27 ± 5.98 0.24

FFM (kg) 54.71 ± 6.96 73.14 ± 11.49  < 0.001

FFM (%) 52.74 ± 5.15 59.65 ± 8.33  < 0.001

FM (kg) 50.13 ± 12.37 50.99 ± 17.49 0.92

FM (%) 47.26 ± 5.15 40.34 ± 8.33  < 0.001

BM (kg) 2.77 ± 0.34 3.59 ± 0.53  < 0.001

MM (kg) 51.94 ± 6.62 69.53 ± 10.96  < 0.001

Water (kg) 39.65 ± 5.56 55 ± 8.57  < 0.001

Table 2.  Evolution of weight loss and postoperative body composition. Data are mean ± SD. BMI: Body Mass 
Index; FFM: Fat Free Mass; FM: Fat Mass; BM: Bonne Mass; MM: Muscular Mass. *Significant difference from 
preoperative values, P < 0.001. **Significant difference from 6 months follow-up, P < 0.001.

Preoperative 6 months 12 months

Weight (kg) 110.02 ± 22.03 72.46 ± 11.26* 69.36 ± 13.60*

BMI (kg/m2) 39.76 ± 6.65 26.50 ± 3.84* 24.52 ± 3.76*

EBMIL (%) – 97.98 ± 29.59 119.96 ± 35.47**

TWL (%) – 36.12 ± 5.20 38.79 ± 7.68**

FFM (kg) 61.12 ± 12.43 52.61 ± 8.69* 53.61 ± 11.61*

FFM (%) 55.19 ± 7.24 73.07 ± 8.90* 77.45 ± 7.97*

FM (kg) 50.44 ± 14.36 19.84 ± 8.42* 15.74 ± 6.74*

FM (%) 44.81 ± 7.24 26.92 ± 8.90* 22.54 ± 7.97*

BM (kg) 3.06 ± 0.57 2.65 ± 0.40* 2.69 ± 0.54*

MM (kg) 58.06 ± 11.85 49.95 ± 8.28* 50.92 ± 11.06*

Water (kg) 45.08 ± 9.99 37.15 ± 6.39* 37.39 ± 9.23*
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weight values of 83.4 ± 13.6 kg16, as opposed to restrictive surgeries such as the sleeve gastrectomy (SG) with 
81.5 ± 15.6 kg17, even though the preoperative weight in the RYGB is higher than that of the SG (124.8 ± 25.6 kg 
vs. 120.9 ± 19.7 kg)16,17.

In our study the average weight after 12 months was lower (69.36 ± 13.60 kg), although it should be noted that 
the average preoperative weight of the sample was lower than in other studies (110.02 ± 22.03 kg).

Bhandari et al.18 reviewed the results of %TWL, which were significantly higher in OAGB after 6 months 
(28.75 ± 5.23%) compared to RYGB (21.54 ± 5.97%. P < 0.001). In our study, %TWL at 6 and 12 months after 
surgery was higher (36.12 ± 5.20%. 38.79 ± 7.68% respectively).

Figure 1.  Assessment of the evolution of weight loss and body composition by gender. Data are mean ± SD. 
BMI: Body Mass Index; FFM: Fat Free Mass; FM: Fat Mass; BM: Bone Mass; MM: Muscular Mass. *Significant 
difference from preoperative values, P < 0.05. †Significant difference between sex, P < 0.05.

Figure 2.  Assessment of weight loss and body composition by age group. Data are mean ± SD. BMI: Body Mass 
Index; FFM: Fat Free Mass; FM: Fat Mass; BM: Bone Mass; MM: Muscular Mass. *Significant difference from 
preoperative values, P < 0.05. †Significant difference between age group, P < 0.05.
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Other studies that start with a higher average preoperative BMI than our sample (42.7 ± 5.2  kg vs. 
39.76 ± 6.65 kg), achieve lower %EBMIL both at 6 months (61.3 ± 21.9% vs. 97.98 ± 29.59%) and at 12 months 
after surgery (78.3 ± 25.7% vs. 119.96 ± 35.47%)19.

In our study, we observed an average weight reduction at 12 months after surgery greater in men than in 
women (46.30 ± 17.75 kg vs. 41.01 ± 9.96 kg), as well as in other studies that show reductions of 36.5 ± 7.0 kg in 
men and 33.6 ± 8.4 kg in  women16. However, the initial weight of our study was higher in men, as in most other 
 works16,20,21. In contrast, %TWL at 12 months after surgery was higher in women than in men (40.35 ± 6.31 kg 
vs. 36.62 ± 9.07 kg), following the same trend found in other studies (28.8 ± 8.6 kg vs. 28.2 ± 8.3 kg)21.

There are very few studies that analyse changes in body composition after bariatric surgery. Nevertheless, 
we can compare the results obtained from OAGB with the RYGB malabortive technique because it is the most 
similar technique in terms of results on weight control and associated  comorbidities3–5.

As well as to weight reduction, the impact on changes in body composition is more evident in malabsorptive 
than restrictive surgeries, although few studies analyse changes after OAGB  surgery10.

Davidson et al.22 compare the changes after RYGB, SG and adjustable gastric band (BAND) obtaining the 
lowest mean weight results at 12 months after surgery, as in our study, in RYGB and SG (79.8 ± 16.3 kg  vs. 
104.3 ± 25.2 kg, respectively). FFM before RYGB was higher in men than in women (57.6 ± 8.4 kg vs. 74.9 ± 9.3 kg); 
these values were similar to those described in our study (54.71 ± 6.96 kg vs. 73.14 ± 11.49 kg). The mean values 
of FFM after a year of RYGB and OAGB in women (50.4 ± 7.1 kg vs. 46.03 ± 4.65 kg) and men (46.03 ± 4.65 kg vs. 
66.25 ± 8.14 kg) followed the same trend, considering that in the study by Davidson et al. the mean preoperative 
weight was lower than in the OAGB, both in women and men (123.1 ± 18.9 kg vs. 143.8 ± 17.2 kg)22.

As in Alba et al.’s  study23, in which men had a higher FFM than women before surgery, they lost a higher FFM 
compared to women 6 and 12 months after surgery (12 ± 4 kg vs. 8 ± 4 kg at 12 months, respectively; P = 0.01).

Although our results followed the same trend, there was a greater loss of FFM in both gender groups com-
pared to the study by Alba et al.23 after 6 months (6.05 ± 3.93 kg vs. 7.85 ± 6.50 kg, women vs. men; P < 0.05) and 
after 12 months (7.63 ± 2 kg vs. 8.22 ± 7.32 kg, women vs. men; P < 0.05).

Similar to this work, most authors describe a proportionally greater decrease in postoperative FM than the loss 
of  FFM17,24,25. The correlation between weight loss and body composition parameters was substantial, regardless 
of the mean preoperative  weight17.

It is essential to assess the loss of muscle and bone mass, especially due to the clinical consequences and the 
impact in the management of postoperative nutrient deficiencies. In all the studies analysed the loss of MM is 
 substantial15–17,20–22, revealing a similar trend by gender one year after surgery in women and men (5.9 kg vs. 
8 kg)22, OAGB (7.24 ± 1.92 vs. 7.83 ± 6.98 kg).

In our study, mean BM values at 12 months after surgery were 2.69 ± 0.54 kg, similar to those obtained in 
other researches 3.0 ± 0.6 kg16, 2.6 ± 0.4 kg26. Although the decrease of BM at 12 months after surgery in women 
versus men was very similar (0.38 ± 0.09 vs. 0.39 ± 0.34 kg), it is necessary to consider that preoperative BM was 
significantly lower in women (2.77 ± 0.34 kg vs. 3.59 ± 0.53 kg; P < 0.05).

Few authors have described postoperative results in ≥ 65-year-old patients. Our study sample demonstrates an 
effective weight loss control, comparable to < 65 years-old  patients27, obtaining the younger group better results 
in weight control and changes in body  composition28.

These changes in body composition are linked to a great impact on weight reduction, especially during the 
first postoperative  year7–9,17,21. It is at this point when an optimal personalized control of each patient should be 
emphasized to prevent nutrient deficiencies and improve postoperative  supplementation17,21,26.

Among the limitations of this work is the lack of randomness of the analysed sample, as well as short-term 
results. It should be completed with the supervision of long-term results and comparisons with other bariatric 
surgeries. However, these are assumable limitations and allow to accomplish the purpose of the study.

Conclusion
The changes in weight reduction and body composition of OAGB patients during the first postoperative year 
were statistically significant, showing effective results in obesity control.

Variations in body composition were correlated with changes in weight. Variations in FFM, FM, MM, BM 
were similar in both genders, with the exception of the modification of FM after 6 months, which was greater in 
women. The percentage of FM was always significantly higher in women.

The evolution of weight and body composition after surgery of ≥ 65-year-old patients, maintained the same 
trend as the < 65-year-old group, although the changes were more substantial in the younger group.

The implementation of the results obtained on the changes in weight and body composition after bariatric 
surgery will enable better follow-up of patients and more comprehensive information on weight reduction and 
changes in body composition after surgery.

Received: 8 May 2020; Accepted: 13 October 2020

References
 1. Fruhbeck, G. et al. Obesity: The gateway to ill health—An EASO position statement on a rising public health, clinical and scientific 

challenge in Europe. Obes Facts. 6, 117–120 (2013).
 2. World Health Organization (WHO). Obesity and overweight. https ://www.who.int/news-room/fact-sheet s/detai l/obesi ty-and-

overw eight , Accessed 3 Mar 2020.
 3. Flegal, K. M., Kit, B. K., Orpana, H. & Graubard, B. I. Association of all-cause mortality with overweight and obesity using standard 

body mass index categories: A systematic review and meta-analysis. JAMA 309, 71–82 (2013).

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight


6

Vol:.(1234567890)

Scientific Reports |        (2020) 10:18884  | https://doi.org/10.1038/s41598-020-75589-2

www.nature.com/scientificreports/

 4. Grieve, E., Fenwick, E., Yang, H. C. & Lean, M. The disproportionate economic burden associated with severe and complicated 
obesity: A systematic review. Obes Rev. 14, 883–894 (2013).

 5. Colquitt, J. L., Pickett, K., Loveman, E. & Frampton, G. K. Surgery for weight loss in adults. Cochrane Database Syst. Rev. 8, 
CD003641 (2014).

 6. Welbourn, R. et al. Bariatric surgery worldwide: Baseline demographic description and one-year outcomes from the fourth IFSO 
Global Registry Report 2018. Obes Surg. 29, 782–795 (2019).

 7. Carbajo, M. A. et al. Laparoscopic one-anastomosis gastric bypass: Technique, results, and long-term follow-up in 1200 patients. 
Obes Surg. 27, 1153–1167 (2017).

 8. Carbajo, M. A. et al. Evaluation of weight loss indicators and laparoscopic one-anastomosis gastric bypass outcomes. Sci. Rep. 8, 
1961 (2018).

 9. Deitel, M., Gawdat, K. & Melissas, J. Reporting weight loss 2007. Obes. Surg. 17, 565–568 (2007).
 10. Chaston, T. B., Dixon, J. B. & O’Brien, P. E. Changes in fat-free mass during significant weight loss: A systematic review. Int. J. 

Obes. 31, 743–750 (2007).
 11. Gomez-Ambrosi, J. et al. Dissociation of body mass index, excess weight loss and body fat percentage trajectories after 3 years of 

gastric bypass: Relationship with metabolic outcomes. Int. J. Obes. 41, 1379–1387 (2017).
 12. Prado, C. M., Wells, J. C., Smith, S. R., Stephan, B. C. & Siervo, M. Sarcopenic obesity: A critical appraisal of the current evidence. 

Clin. Nutr. 31, 583–601 (2012).
 13. Ruiz-Tovar, J. et al. Long-term follow-up after sleeve gastrectomy versus Roux-en-Y gastric bypass versus one-anastomosis gastric 

bypass: A prospective randomized comparative study of weight loss and remission of comorbidities. Surg. Endosc. 33, 401–410 
(2019).

 14. Sharman, M. et al. What are the support experiences and needs of patients who have received bariatric surgery?. Health Expect. 
20, 35–46 (2017).

 15. Widen, E. M. et al. Validity of bioelectrical impedance analysis for measuring changes in body water and percent fat after bariatric 
surgery. Obes. Surg. 24, 847–854 (2014).

 16. de Paris, F. G. C., Padoin, A. V., Mottin, C. C. & de Paris, M. F. Assessment of changes in body composition during the first post-
operative year after bariatric surgery. Obes. Surg. 29, 3054–3061 (2019).

 17. Sherf-Dagan, S. et al. Prospective longitudinal trends in body composition and clinical outcomes 3 years following sleeve gastrec-
tomy. Obes. Surg. 29, 3833–3841 (2019).

 18. Bhandari, M., Nautiyal, H. K., Mathur, W. & Kosta, S. OAGB vs BGBP: A retrospective comparative study of a cohort of patients 
who had bariatric surgery in 2012 at one centre by a single surgeon. Clin. Obes. 9, e12308 (2019).

 19. Vallois, A. et al. Revisional Roux-en-Y gastric bypass: A safe surgical opportunity? results of a case-matched study. Obes. Surg. 29, 
903–910 (2019).

 20. Palacio, A. et al. Changes in body composition in patients following bariatric surgery: Gastric bypass and sleeve gastrectomy. Nutr. 
Hosp. 36, 334–349 (2019).

 21. Kenngott, H. G. et al. Weight loss and changes in adipose tissue and skeletal muscle volume after laparoscopic sleeve gastrectomy 
and Roux-en-Y gastric bypass: A prospective study with 12-month follow-up. Obes. Surg. 29, 4018–4028 (2019).

 22. Davidson, L. E. et al. Fat-free mass and skeletal muscle mass five years after bariatric surgery. Obesity 26, 1130–1136 (2018).
 23. Alba, D. L. et al. Changes in lean mass, absolute and relative muscle strength, and physical performance after gastric bypass surgery. 

J. Clin. Endocrinol. Metab. 104, 711–720 (2019).
 24 Belfiore, A. et al. Short-term changes in body composition and response to micronutrient supplementation after laparoscopic 

sleeve gastrectomy. Obes. Surg. 25, 2344–2351 (2005).
 25. Friedrich, A. E. et al. Laparoscopic sleeve gastrectomy compared to a multidisciplinary weight loss program for obesity effects on 

body composition and protein status. Obes. Surg. 23, 1957–1965 (2013).
 26. Ciangura, C. et al. Dynamics of change in total and regional body composition after gastric bypass in obese patients. Obesity 18, 

760–765 (2010).
 27. Susmallian, S., Raziel, A., Barnea, R. & Paran, H. Bariatric surgery in older adults: Should there be an age limit?. Medicine 98, 

e13824 (2019).
 28. Larsson, I. et al. Body composition through adult life: Swedish reference data on body composition. Eur. J. Clin. Nutr. 69, 837–842 

(2015).

Author contributions
J.M.J., J.R.T., M.L., M.A.C and M.J.C. designed and directed the study. J.M.J. and J.R.T, wrote the main text of 
this article. J.M.J created and prepared figures and tables. All authors contributed to analyze data, written and 
edited the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.R.-T. or M.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2020

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Assessment of body composition in obese patients undergoing one anastomosis gastric bypass: cross-sectional study
	Methods
	Study design and sample. 
	Data collection. 
	Ethical considerations. 
	Statistical analysis. 

	Results
	Discussion
	Conclusion
	References


