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Abstract
Aims Bariatric surgeries induce profound weight loss (decrease in body mass index, BMI), through a decrease in fat mass 
(FM) and to a much lesser degree of fat-free mass (FFM). Some reports indicate that the weight which is lost after gastric 
bypass (RYGB) and sleeve gastrectomy (SG) is at least partially regained 2 years after surgery. Here we compare changes 
in BMI and body composition induced by four bariatric procedures in a 5 years follow-up study.
Methods We analyzed retrospectively modifications in BMI, FM and FFM obtained through Roux-en-Y gastric bypass 
(RYGB), sleeve gastrectomy (SG), biliopancreatic diversion (BPD) and a long common limb revisional biliopancreatic diver-
sion (reduction of the gastric pouch and long common limb; BPD + LCL−R). Patients were evaluated at baseline and yearly 
for 5 years. Of the whole cohort of 565 patients, a subset of 180 patients had all yearly evaluations, while the remaining had 
incomplete evaluations. Setting University Hospital.
Results In a total of 180 patients evaluated yearly for 5 years, decrease in BMI and FM up to 2 years was more rapid with 
RYGB and SG than BPD and BPD + LCL−R; with RYGB and SG both BMI and FM slightly increased in the years 3–5. At 
5 years, the differences were not significant. When analysing the differences between 2 and 5 years, BPD + LCL−R showed 
a somewhat greater effect on BMI and FM than RYGB, BPD and SG. Superimposable results were obtained when the whole 
cohort of 565 patients with incomplete evaluation was considered.
Conclusions All surgeries were highly effective in reducing BMI and fat mass at around 2 years; with RYGB and SG both 
BMI and FM slightly increased in the years 3–5, while BPD and BPD + LCL−R showed a slight further decreases in the 
same time interval.

Keywords Obesity · Bariatric surgery · Body composition · Fat mass · Fat-free mass · Total body water · Biliary pancreatic 
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Introduction

Bariatric surgeries have increased progressively during the 
last 25 years, and currently, Italy stands among the five 
leading countries for number of procedures performed in 
the last 5 years [1]. There is consensus that gastric bypass 
(RYGB) (Fig.  1) and biliopancreatic diversion (BPD) 
(Fig. 2 on the left) are the most effective, as compared to 
gastric band (LAGB) (Fig. 3) for percent excess weight 
loss (EWL%), duration of weight loss and for resolution 
of co-morbidities [2, 3]. Sleeve gastrectomy (SG) (Fig. 4) 
is somehow similar to RYGB, both in terms of EWL%, 
or percent decrease in body mass index (BMI, %EBL) 
and resolution of co-morbidities [4–11]. One of the most 
important co-morbidities in which bariatric surgery has a 
positive impact is type 2 diabetes mellitus (DM2), because 
the weight loss represents a key element in correcting the 
metabolic alterations of the obese subject with DM2 [12]. 
In particular, the abdominal visceral fat excess plays a 
significant role because induces and maintains lipotoxicity 
and insulin resistance with increased risk of macrovascular 
complications [13, 14]. In these subjects, it is difficult/
impossible to achieve a significant and lasting weight loss 

through medical treatment [15]. In addition, drugs such 
as sulfonylureas, glitazones and insulin employed in DM2 
hinder weight loss, making the goal of effective weight 
reduction even more difficult [16]. In this context, bariat-
ric/metabolic surgery has proven to be an effective option 
in morbidly obese subjects with DM2 failing with con-
ventional diets and in many cases has even resulted in the 
clinical remission of the hyperglycemia [17]. A constel-
lation of factors is likely responsible for the improvement 
or resolution of DM2 following metabolic surgery. Among 
these are noteworthy the enhancement of the neural sig-
nalling, the changes in gut hormones release (GLP1 and 
GIP), the modulation of the intestinal microbioma and bile 
composition and the acute reduction of glucoxicity/lipo-
toxicity [18, 19]. These factors improve beta cells function 
and insulin sensitivity with achievement of optimal con-
trol or remission of DM2 [20, 21]. Studies with a 4 years 
follow-up have confirmed the similarity between RYGB 
and SG, and superiority of BPD vs both RYGB and SG in 
terms of %EBL [22–24]. In addition, surgical revision of 
BPD through reduction of the gastric pouch and elonga-
tion of the common limb (long common limb revisional 
BPD, BPD + LCL−R) (Fig. 2 on the right), performed 
because of complications or of insufficient weight loss, 

Fig. 1  Roux-en-Y gastric bypass 
(RYGB). A small gastric pouch 
is created, to which a Roux-en-
Y jejunal limb is anastomized. 
The larger portion of the 
stomach, excluded from transit 
of food, is typically left in place 
in the peritoneal cavity. The 
alimentary and bibliopancreatic 
limbs are not designed to estab-
lish a malabsorptive condition
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has demonstrated a significant further decrease in BMI 
[25–27] over the classical Scopinaro BPD. However, lon-
gitudinal studies have shown that the effect of both RYGB 
and SG on %EBL decreases slightly after the first-year 
post-surgery, while BPD seems to maintain its effects on 
%EBL. Similar results have been shown in a few stud-
ies for the decrease in fat mass [6, 7, 11, 22–24, 28, 29]. 
The aim of this study was to compare longitudinally the 
effect of BPD, RYGB, SG and BPD + LCL−R on %EBL 
and body composition for 5 years post-surgery in subjects 
operated in the same Institution.

Subjects and methods

This is a retrospective study on a cohort of 565 consecutive 
obese subjects undergoing bariatric surgery at Istituto Mul-
timedica, Milan, Italy between 2010 and 2014. All subjects 
were operated by the same surgeons (V.C. and F.P.). BPD 
has been performed since 2002, employing the Scopinaro 
technique [30]; RYGB has been performed since 2003 and 
SG since 2010. The revised BPD surgery (BPD + LCL−R) 

was introduced in 2007 to reduce severe side effects and 
complications of BPD [25–27]. It consists of gastric reduc-
tion to 40 ml and elongation of the common limb to 200 cm 
at the expenses of the alimentary limb. Indications for revi-
sional surgery were various: anorectal complications, mal-
absorption, malnutrition as well as insufficient weight loss. 
The choice of bariatric surgery technique was discussed 
with the patients, based in particular on their preferences 
and expectations, and BMI; following the guidelines on 
metabolic and bariatric surgery in the period spanning from 
2000 to 2010 subjects with more severe obesity underwent 
purely malabsorptive procedures (BPD and possibly revi-
sion to LCL-R according to clinical requirements) rather 
than RYGB or SG. At all scheduled visits [baseline and at 
each year for 5 years], patients were evaluated for BMI, and 
for body composition. BMI was calculated as weight/square 
height [kg/m2]; body composition was measured by body 
impedance analysis (BIA), through a 8 electrodes Tanita BC 
418 (Tanita Impedance Balance, Tokyo, Japan) to assess fat 
mass (FM, kg and as percentage), fat-free mass (FFM, kg 
and as percentage) and total body water (TBW, absolute and 
percentage). Several studies have supported the validity of 

Fig. 2  Biliopancreatic diversion with distal gastrectomy according 
to the original model by Scopinaro (BPD) on the left; long common 
limb revisional BPD (LCL-R BPD) on the right BPD is a malabsorp-
tive procedure in which, by means of a distal gastrectomy and a long 
Roux-en-Y gastro-ileostomy, a 250-cm ileal limb is left in continuity 
and, along this, a 50-cm distal common channel is constructed, where 
the ingested nutrients could come in contact with biliopancreatic 
secretions. By diverting biliopancreatic secretions from contact with 
food along the majority of the small bowel, a condition of selective 
malabsorption for fat ensues, determining the appearance of a thresh-

old for intestinal absorption of alimentary calories. LCL-R-BPD is 
graphically presented in close linkage with BPD, owing to direct ana-
tomical and technical connections. From the original model of BPD, 
an elongationg of the common limb from 50 to 200 cm is performed, 
at the expense of the alimentary limb. Simultaneously, with the aim 
of avoiding weight regain, the gastric pouch is reduced from 500 to 
40 ml. The resulting procedure consists of a gastric pouch of 40 ml 
and a total in continuity small bowel limb of 250 cm, with a common 
channel of 200 cm.
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Fig. 3  Laparoscopic adjustable 
gastric band (LAGB). A restric-
tive bariatric procedure, consist-
ing in wrapping the subcardial 
region of the stomach with a 
silicone ring, which can be cali-
brated by injecting or removing 
fluid (e.g. sterile saline solution) 
from a connected subcutaneous 
port, thus regulating the width 
of the corresponding gastric 
lumen. In this way, a small 
upper gastric chamber is cre-
ated, which empties through a 
narrow orifice in the remaining 
of the stomach, restricting the 
amount of food that could be 
introduced at a time

Fig. 4  Sleeve gastrectomy (SG). 
A restrictive bariatric procedure 
in which the gastric fundus and 
the majority of the gastric body 
are removed, leaving in place 
the pyloric antrum and a narrow 
gastric tubule with the shape 
of a sleeve in continuity with 
the oesophagus. The procedure 
determines a reduction of the 
gastric capacity to approxi-
mately 15–25% of the starting 
values
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BIA in obese and non-obese patients [31–35]. Weight loss 
was calculated as percent BMI loss (%EBL) [36].

Statistical analysis

Data are presented as means ± SD in Tables and as 
means ± SE in Figures. For each bariatric technique, BMI, 
%EBL, FM, FFM and TBW were analyzed at each time 
interval by one-way analysis of variance (ANOVA). In 
addition, based on several reports of decrease in efficacy of 
RYGB and SG on %EBL and body composition from one-
year post-op onwards [6, 37, 38], the difference between 
values registered at 2 and 5 years was also calculated. Since 
a high proportion of subjects was unavailable after 3 years, 
we performed two analyses, one for the whole cohort of 
565 subjects, the other for the 180 subjects who attended 
the annual body composition assessment for 5 years. In the 
text, data analysis included 180 subjects who performed an 
annual over a five-year period; in the supplementary appen-
dix, data analysis included all 565 subjects. All statistical 
analyses were performed employing Stata 12 for Macintosh 
(Stata Corporation, College Station, Texas).

Results

Surgical techniques (BPD and BPD + LCL−R) have been 

previously described [25, 26, 30]. Table 1 shows body 
composition of 180 patients evaluated at all time intervals, 
and Supplemental Appendix Table 1 shows body compo-
sition of total cohort at baseline (n = 565). BMI was dif-
ferent at baseline, and changes thereafter were somewhat 

parallel, but BPD + LCL−R showed a further decrease at 
5 years, reaching values of RYGB and SG at the end of the 
observation period (Fig. 5a). In the five-years follow-up, 
RYGB and SG showed a peak of BMI and FM loss at two 
years of follow-up  followed by a slight increase in sub-
sequent years of observation (Fig. 5a, b). A similar trend 
was observed for fat mass (FM) (Fig. 5b). Also, fat-free 
mass (FFM) showed an analogous trend, with less marked 
differences among single surgeries (Fig.  5c). Finally, 
TBW showed a trend superimposable to FFM (Fig. 5d). 
With RYGB and SG, the decrease in both BMI and FM 
peaked at 1–2 years, with slight increases thereafter up 
to 5 years. This behaviour was not seen with BPD and 
BPD + LCL−R (Fig. 5a, b). Changes of BMI were similar 
for BPD, RYGB and SG (Δ BMI, Fig. 6a). BPD + LCL−R 
showed a different trend, with a slower decrease for the 
first 2 years and greater decrease at 5 years compared to 
RYGB, SG and BPD (Δ BMI, Fig. 6a). %EBL showed a 
more rapid increase in RYGB and SG than in BPD and 
BPD + LCL−R, with somehow parallel trend thereafter, 
greater for BPD + LCL−R, so that at 5 years, values were 
similar for BPD + LCL−R, RYGB and SG, and slightly 
greater than BPD (Fig. 6b). Changes of FM and FFM (Δ 
FM, Δ FFM) were not different among the four techiques 
(Fig. 6c, d). Figure 6a–d shows the differences between 
surgical techniques at each time interval. Differences in 
the four techniques between 2 and 5 years in reduction of 
BMI, FM and FFM and increase of %EBL were all slightly 

greater with BPD + LCL−R as compared to BPD, RYGB 
and SG. Also, for Δ BMI, Δ %EBL and Δ FM, the change 
peaked at 1–2 years, with a slight decrease thereafter; this 
pattern was not seen with BPD + LCL−R, which showed 
a slight further decrease (Fig. 7).   

Table 1  Details of patients 
undergoing bariatric surgery at 
baseline and evaluated yearly 
for 5 years. Absolute numbers 
and Means ± SD

BPD = biliopancreatic diversion; RYGB = gastric bypass; SG = sleeve gastrectomy; BPD + LCL−R = bili-
opancreatic diversion followed by elongation of the common limb and restriction of the gastric pouch 
(median interval 4 years) FM = fat mass; FFM = fat-free mass; TBW = total body water
* versus BPD and BPD + LCL−R; § versus RYGB

BPD RYGB SG BPD + LCL−R Significance (p)

Number (M/W) 56 (12/44) 48 (8/40) 46 (6/40) 30 (6/24) NS
Age (years) 45.2 ± 10.98 44.5 ± 10.29 43.5 ± 11.40 42.7 ± 10.86 NS
BMI (kg/m2) 49.7 ± 8.76 43.1 ± 4.57* 43.3 ± 5.68*§ 46.8 ± 7.01 0.001
Weight (kg) 128.7 ± 23.94 112.2 ± 16.02* 113.5 ± 16.94*§ 125.0 ± 23.09 0.001
Excess weight (kg) 63.5 ± 22.41 47.1 ± 12.47* 47.9 ± 14.74*§ 59.9 ± 18.86 0.001
FM (kg) 61.0 ± 13.84 51.6 ± 10.64*§ 53.7 ± 11.16* 62.0 ± 9.94 0.001
FFM (kg) 67.8 ± 13.85 60.7 ± 10.82* 60.2 ± 10.11* 61.5 ± 8.32 0.003
FM (%) 47.3 ± 5.42 45.9 ± 5.74 47.1 ± 4.85 50.1 ± 4.26 NS
FFM (%) 52.8 ± 5.27 54.1 ± 5.74 53.2 ± 5.17 49.9 ± 4.26 NS
TBW (%) 49.7 ± 10.28 44.4 ± 7.91* 43.9 ± 6.92* 45.0 ± 6.10 0.002
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The Supplemental Appendix reports data of all 565 
patients undergoing bariatric surgery; changes of BMI, 
FM, FFM, TBW and %EBL were superimposable to those 
observed in the 180 patients reported above. In addition, 
supplemental Fig. 3 shows data obtained in the current 
whole cohort in comparison with historical data of BPD 
and BPD + LCL−R (redrawn from references 26, 27). The 
180 subjects completing the 5-year observation period and 
the remaining 385 subjects were compared; there was no 
significant difference between the two groups was observed 
for age, sex distribution, initial BMI, FM, FFM, %EWL, 
%FM, %FFM and TBW (not shown). Sex differences for 
baseline conditions and for changes from year 1 are shown 
in the Supplementary Appendix, for both the 180 subjects 
and the full cohort (Tables 7–18). Women, in spite of simi-
lar BMI, had greater fat mass and lower fat-free mass and 
TBW than men. Change of BMI was similar in men and 
women; decrease in fat mass, in fat-free mass and in TBW 
was greater in men than in women, although differences pre-
sent at baseline were maintained.

Discussion

In this study, we compared changes of BMI and of fat mass 
obtained  up to 5 years after surgery in patients undergo-
ing BPD, RYGB, SG and a revisional BPD procedure 
(BPD + LCL−R). The possible short- or long-term com-
plications of the different surgeries were not reported here 
because our focus was to describe differential changes in 
body composition. As previously reported, in RYGB and 
SG, the initial fast reduction in BMI and FM reached a pla-
teau from years 1–2 to 5 years [6, 7, 11, 22–24, 28, 29]. This 
pattern was not observed with BPD and BPD + LCL−R, 
after which there was a further slight progressive decrease 
in both BMI and FM. Also, the differences between 2nd 
year and 5th year were greater for BPD + LCL−R than for 
the three other techniques. These differences were observed 
both in the whole cohort and in the 180 patients evaluated 
each year for 5 years.

Attenuation of the initial effect on BMI and FM has 
repeatedly been described also for dietetic interventions 

Fig. 5  Body mass index (BMI), fat mass (FM), fat-free mass (FFM) 
and total body water (TBW) at baseline and at yearly visits up to 
5  years in subjects undergoing the four kinds of bariatric surgery. 

Means ± SE. The red arrow indicates the median time for revisional 
surgery in subjects undergoing BPD + LCL−R
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and for lifestyle modification interventions [39, 40] and 
is known. Additional factors that could affect weight loss 
after bariatric surgery have been identified in the past, such 
as ethnic group [39], initial BMI, age, compliance to post-
surgery diet and scheduled visits [40–45].

Loss of FFM seems to be an obligate side-effect of all 
bariatric surgeries and of rapid weight losses, although it 
is usually greatly inferior to FM loss. In this study, up to 
5 years, FFM loss was similar (not exceeding 10kg) with 
all bariatric surgeries. There has been discussion on the 
effects of FFM loss on well being and strength, but it has 
been recently shown that well being and general strength 
are not compromised by weight loss after bariatric surgery 
[46].

Data from previous studies show that similar to gastric 
bypass and LAGB, the effect of BPD on glucose metabo-
lism ranged from reduction of beta cell toxicity and apop-
tosis with increased insulin sensitivity to pro-incretinic 
effect [47–53]. On the other hands, BPD has shown to 
reverse the major components of the metabolic syndrome 

for at least 10 years in subjects with severe obesity, but 
showed less efficacy in inducing remission of diabetes in 
overweight or non-morbid DM2 obesity subjects [54, 55].

Our study, conducted in a morbid obesity population, 
shows that positive changes in body composition seem 
more stable and durable with BPD than with other bariatric 
surgery techniques. Given the preponderant role that BMI 
and fat mass have in determining and maintaining DM2, 
BPD and BPD + LCL−R should always be considered an 
option to achieve a progressive and sustained weight loss 
over time also in diabetic subjects with severe obesity and 
insulin resistance failing with the usual medical and nutri-
tional therapy.

Limitations

This is a retrospective study, with surgeries performed 
in different periods (BPD since 2002, RYGB since 2003, 
BPD + LCL−R since 2007 and SG since 2010). In addition, 

Fig. 6  Excess body mass loss (%EBL), and change of BMI, FM, FFM at baseline and at yearly visits up to 5 years in subjects undergoing the 
four kinds of bariatric surgery. Means ± SE



 Acta Diabetologica

1 3

candidates were suggested different surgeries based on the 
attitudes of the years 2000–2010, and therefore, heavier 
patients preferentially received BPD and BPD + LCL−R, 
rather than RYGB or (later) SG. Finally, only 180 out of 565 
subjects had a yearly visit, comprehensive of body composi-
tion, for 5 years; this latter aspect is partly overcome by the 
fact that in terms of weight loss, the results obtained in the 
two series of subjects were virtually identical.

Conclusions

With RYGB and SG, there is somewhat more rapid 
decrease in BMI and of FM than with BPD and 
BPD + LCL−R. During the following period, from year 2 
to year 5, there is partial loss of effect on BMI and on FM 

for RYGB and SG, while loss of effect is not seen in BPD 
and BPD + LCL−R. At 5 years, BPD + LCL−R, compared 
to RYGB, SG and BPD, produces a further slight reduction 
of BMI, fat mass and fat-free mass. Longer observation 
periods in multicenter studies are necessary to corroborate 
these findings.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00592- 021- 01777-9.
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