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ABSTRACT

BACKGROUND: Since bariatric surgery results in massive weight loss, it may be associated with a disproportionate decrease in lean body
mass.

OBJECTIVE: To evaluate body composition in post-bariatric surgery patients who had a successful weight loss at 122months (>50% excess
weight loss) with comparisons to healthy controls who were matched for age, sex and BMI.

METHODS: This is an observational analytic study using data from post-bariatric surgery patients who had laparoscopic Roux-en-Y gastric
bypass (RYGB) or laparoscopic sleeve gastrectomy (SG) at King Chulalongkorn Memorial Hospital. Patients who had percentage excessive
weight loss (%EWL) >50% and achieved a BMI of <30kg/m? within 12months after the surgery were included. Non-operative healthy con-
trols matched for sex, age, and BMI (1:1) were recruited. The 12-month post-bariatric surgery BMI was used to match the BMI of the control
subjects. A single bioelectrical impedance analysis (BIA) (Inbody 770) machine was used for the entire study.

RESULTS: Sixty participants were included in this study. There are 30 post-bariatric surgery patients (female n=19, male n=11) and 30
non-operative controls (female n=19, male n=11). The 12-month post-bariatric surgery patients had lower percentage of body fat (PBF)
(30.6% vs 35.9%, P-value .001) and trunk fat mass (10.3 vs 12.4kg, P-value .04) than non-operative controls. The 12-month post-bariatric
surgery patients also were found to have more soft lean mass (SLM) (47.7 vs 39.9kg, P-value .001), fat free mass (FFM) (51.1 vs 42.3kg,
P-value .001), skeletal muscle mass (SMM) (27.5 vs 23kg, P-value .003), and trunk lean mass (21.2 vs 19kg, P-value .02).

CONCLUSION: Despite the significant reductions in all body composition variables in post-bariatric surgery patients at 12-month follow-up,
both fat free mass and skeletal muscle mass were found to be higher in the surgical patients compared to the control group.
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ID:-TCTR20200223003
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Introduction

Obesity is defined as abnormal or excessive fat accumulation
that presents a risk to health. Obesity is also associated with the
development of type 2 diabetes mellitus, cardiovascular disease,
various types of cancer, and other adverse pathological condi-
tions.! Bariatric surgery is one of the treatment methods that
can achieve long-term weight loss in individuals with severe
obesity.2 The criteria for consideration of bariatric surgery are a
body mass index (BMI) of >40kg/m? or a BMI of >35kg/m?
with comorbidities such as hypertension or dyslipidemia.

Patients with pre-diabetes or diabetes may qualify with a BMI

between 30 and 35 kg/m?2.3 The procedures that are applied in
bariatric surgery fall under the general classifications of restric-
tive and malabsorptive procedures. Maximum weight loss usu-
ally occurs within 12 to 24 months following bariatric surgery,*
and mainly due to an increase in satiety and long-term
hypophagia. Possible mechanisms include changes in taste,
food preferences, gastric emptying rates, vagal signaling, gas-
trointestinal hormone activity, circulating bile acids, and gut
microbiota.>¢ Lifelong vitamin and mineral replacement ther-
apy are often required to prevent nutritional deficiencies after

surgery, especially Roux-en-Y gastric bypass (RYGB) surgery.
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In the management of patients who are obese, the aim is to
reduce body fat content while preserving the lean component
of body mass.® Because weight loss following bariatric surgery,
particularly Roux-en-Y gastric bypass (RYGB), is much greater
than weight loss with nonsurgical methods, it may be associ-
ated with a disproportionate decrease in lean body mass
(LBM).” Research has reported that body composition changed
after bariatric surgery with both fat mass and fat free mass
decreasing significantly.® A previous study showed no signifi-
cant differences in body composition between sleeve gastrec-
tomy (SG) and RYGB at 1year after adjusting for differences
in initial BMI pre-operatively.” We are particularly interested
in patients who had a successful weight loss at 1year after bari-
atric surgery (>50%EWL and achieved BMI of <30kg/m?)
whether they would have altered body compositions. Our study
aimed to evaluate body composition in post-bariatric surgery
patients who had a successful weight loss at 12 months with
comparisons to healthy controls who were matched for age, sex,
and BMI.

Methods

This is an observational analytic study using data from post-
bariatric surgery patients who had laparoscopic Roux-en-Y
gastric bypass (RYGB) or laparoscopic sleeve gastrectomy
(SG) at King Chulalongkorn Memorial Hospital during the
period of January 2015 to December 2019. Patients aged 18 to
65years who had percentage excessive weight loss (WEWL)
>50 and achieved BMI of <30kg/m? within 12 months after
surgery were included. A total of 795 patients underwent bari-
atric surgery during the period of January 2015 to December
2019 and 90 patients had successful weight loss at 12 months
post-surgery (>50%EWL and BMI <30kg/m?). Thirty
patients had complete data to be included in the study
(Supplemental Figure 1).

Non-operative controls who were healthy (no history of
heart/liver/kidney disease, endocrine disorder, cancer, AIDS),
had not been participated in any previous weight loss interven-
tions (weight loss program, medications, bariatric surgery),
weight stable (no change of >5% of body weight within
3months) and matched for sex, age, and BMI (1:1) were
recruited from health care personals that had annual checkup
data available. The 12-month post-bariatric surgery BMI was
used to match the BMI of the control subjects. Patients taking
medications that can affect body composition were excluded
(diuretics, steroid-based, psychotropic, and diabetic medica-
tions). Written informed consent was obtained from all par-
ticipants. We used Glim criteria of The Global Leadership
Initiative on Malnutrition 2018 to evaluate malnutrition.

In the post-bariatric surgery group, data on patient history,
laboratory investigation, post-bariatric surgery body composi-
tion (baseline, 6, and 12 months after surgery) were collected
from electronic medical records. In the control group, data on
patient history and laboratory investigation were collected
from electronic medical records and body composition was

measured during the study visit. Questionnaires on dietary
intake and physical activity were collected for both groups. A
7-day dietary intake (protein intake and calories intake) at
baseline, 6-month, and 12-month post-bariatric surgery were
recorded in medical records by nutritionist at time point.
Physical activity questionnaires were obtained at the 12-month
post-bariatric surgery. Thai version of Short Format
International Physical Activity Questionnaires (IPAQ-SF)
was used for physical activity evaluation. Single bioelectrical
impedance analysis (BIA) (Inbody 770) machine was used for
the entire study.

In both groups, body composition variables collected from
BIA (at baseline, 6, and 12 months post-bariatric surgery in the
bariatric surgical patients) included body weight (kg), height
(cm), BMI (kg/m?), waist-hip ratio (WHR), soft lean mass
(SLM) (kg) (consist of bones, ligaments, tendons, internal
organs, and muscles), fat free mass (FFM) (kg) (all of body
components except fat), skeletal muscle mass (SMM) (kg) (the
total mass of body skeletal muscle), body fat mass (BFM) (kg),
percentage of body fat (PBF) (%), trunk lean mass (kg), trunk
fat mass (kg), segmental lean, and fat analysis (fat free mass/fat
mass in all body segments [Rt arm, Lt arm, trunk, Rt leg, Lt
leg]), fat free mass index (FFMI) (kg/m?) (the amount of mus-
cle mass in relation to height and weight), appendicular lean
mass (ALM) (kg) (lean tissue in arms and legs), and appen-
dicular lean mass adjusted for BMI (ALM/BMI).

Statistical Analysis

Demographic data and clinical parameters were described for
each group. Continuous variables are expressed as median
(interquartile range: IQR). Differences in continuous and cat-
egorical variables between post-bariatric surgery and control
groups were analyzed using a Wilcoxon rank sum test and Chi-
square test, respectively. The Wilcoxon signed rank test were
used to compare body composition variables between the base-
line and follow-up visit. All P-values reported are two-sided.
Statistical significance was defined as P<<.05. Stata version
15.1 (Stata Corp., College Station, Texas) was used for

analysis.

Results
Sixty participants were included in this study (30 post-bariatric
surgery patients, 30 non-operative controls). Table 1 shows
baseline characteristics of the entire study population. Nineteen
post-bariatric surgery patients were female (63.3%) with a
median age of 41years old. There were no significant differ-
ences between sex, age, BMI, total protein intake, smoking,
alcohol drinking, and physical activity between the 2 groups.
Total daily caloric intake was significantly lower in the post-
bariatric surgery group.

Table 2 shows body composition variables of post-bariatric
surgery patients at the 12-month follow-up time point com-
pared to non-operative controls. Comparison between the two
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Table 1. Baseline characteristics.

POST-BARIATRIC SURGERY (12MO)  CONTROL (N=30) P-VALUE

(N=30) RYGB=17, SG=13

Female, n (%) 19 (63.3) (RYGB=10, SG=9) 19 (63.3) .99
Age (years), median (IQR) 41 (34-45) 41 (34-47) .98
Weight (kg), median (IQR) 73.8 (68.2-83.6) 67.45 (60.2-74.5) .009
Height (cm), median (IQR) 167.5 (158-170) 158.5 (155-167) .003
BMI (kg/m?), median (IQR) 26.75 (25.2-28.6) 26.65 (25.1-28.8) .94
Total calories (kcal/d), median (IQR) 1000 (900-1400) 1656 (1285-2285) <.001
Total protein (g/d), median (IQR) 70 (50-80) 59.8 (49-69) .25
Smoking, n (%) 1(3.3) 2(6.7) .55
Alcohol drinking, n (%) 0 2(6.7) .53
IPAQ-SF, n (%) 79
Low intensity 10 (33.3) 12 (40)

Moderate intensity 12 (40) 12 (40)

High intensity 8 (26.7) 6 (20)

Abbreviations: IPAQ-SF, Short Format International Physical Activity Questionnaire; RYGB, Laparoscopic Roux-en-Y gastric bypass; SG, Laparoscopic sleeve

gastrectomy.

Table 2. Body composition variables of the 12-month post-bariatric surgery patients and non-operative controls.

VARIABLES POST-BARIATRIC SURGERY

CONTROL (N=30) P-VALUE

(12MO) (N=30)

MEDIAN (IQR)

MEDIAN (IQR)

Waist-hip ratio (WHR) 0.83(0.81-0.87) 0.9 (0.86-0.93) <.001
Soft lean mass (SLM) (kg) 47.7 (44.2-59.6) 39.9 (35.2-48.8) .001
Fat free mass (FFM) (kg) 51.1 (47.5-63) 42.3 (37.5-52) .001
Body fat mass (BFM) (kg) 20.2 (17.9-24.8) 24.1 (20-26.5) 10

Percentage of body fat (PBF) (%) 30.6 (21.5-34.3) 35.9 (29.7-39.1) .001
Skeletal muscle mass (SMM) (kg) 27.5(25.1-34.6) 23 (20.1-28.8) .003
Appendicular lean mass (ALM) (kg) 9 (7.9-11) 16.9 (15-21.5) <.001
Trunk lean mass (kg) 21.2 (20.1-27) 19 (17-22.7) .02

Trunk fat mass (kg) 10.3 (8.8-12) 12.4 (9.8-13.8) .04

Fat free mass index (FFMI) 19.1 (17.3-20.7) 17.3 (15.5-18.5) .001
ALM/BMI 0.34 (0.27-0.4) 0.63 (0.57-0.82) <.001

groups reveal that the 12-month post-bariatric surgery patients
had alowerwaist-hip ratio (WHR) (0.83 vs 0.9, P-value <.001),
lower percentage of body fat (PBF) (30.6 vs 35.9%, P-value
.001), less appendicular lean mass (ALM) (9 vs 16.9kg,
P-value <.001), less trunk fat mass (10.3 vs 12.4kg, P-value
.04) and a lower ALM/BMI (0.34 vs 0.63, P-value <.001).
Post-bariatric patients also showed higher levels of soft lean

mass (SLM) (47.7 vs 39.9kg, P-value .001), fat free mass
(FFM) (51.1 vs 42.3kg, P-value .001), skeletal muscle mass
(SMM) (27.5 vs 23kg, P-value .003), trunk lean mass (21.2 vs
19kg, P-value .02), and fat free mass index (FFMI) (19.1 vs
17.3kg/m?, P-value .001) For Glim criteria of The Global
Leadership Initiative on Malnutrition 2018 (requires at least
1 Phenotypic criteria and 1 Etiologic criteria), none of
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Figure 1. Comparisons of the median of body composition variables between the 12-month post-bariatric surgery patients and control groups. (A)
Waist-hip ratio (WHR). (B) soft lean mass (SLM). (C) Body fat mass (BFM). (D) Fat free mass (FFM). (E) Skeletal muscle mass (SMM). (F) Percentage of
body fat (PBF). (G) Appendicular lean mass (ALM). (H) Trunk lean mass. (I) Trunk fat mass. (J) Fat free mass index (FFMI). (K) ALM/BMI.

12-month post bariatric surgery patients had low body mass
index or reduced muscle mass following recommended

thresholds.

Figure 1 shows box plots comparing the median of body
composition variables between the 12-month post-bariatric

surgery patients and control groups.
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Table 3 shows the changes in body composition variables at 6
and 12 months compared to baseline levels after bariatric surgery
in the post-bariatric surgery group. At 6 and 12 month follow-
up, there were statistically significant decreased changes in the
median levels of all body composition variables including waist-
hip ratio (WHR) (-0.13 and -0.16, P-value <.001), soft lean
mass (SLM) (-4.8 and -5.25kg, P-value <.001), fat free mass
(FFM) (-4.75 and -5.25kg, P-value<<.001), body fat mass
(BFM) (-22.05 and -30.35kg, P-value <.001), percentage of
body fat (PBF) (-13.3 and -18.8%, P-value<.001), skeletal
muscle mass (SMM) (-3.3 and -3.5 kg, P-value <.001), appen-
dicular lean mass (ALM) (-12.6 and -16.7 kg, P-value <.001),
trunk lean mass (-3.75 and -4.8kg, P-value <.001), trunk fat
mass (-9.75 and -12.85kg, P-value <.001), fat free mass index
(FFMI) (-1.75vs -2kg/m?, P-value .001) and ALM/BMI (-0.2
vs 0.3, P-value <.001).

Discussion

This study showed that the 12-month post-bariatric surgery
patients had lower waist-hip ratio (WHR), percentage of body
fat (PBF), and trunk fat mass compared to controls. While no
significant difference in total protein intake and physical activ-
ity between the 2 groups were found, soft lean mass (SLM), fat
free mass (FFM), skeletal muscle mass (SMM), and trunk lean
mass were statistically higher in the bariatric group. The
12 months post bariatric surgery follow-up revealed a signifi-
cant reduction in all body composition variables.

This study produced different results compared to previous
studies regarding changes in body composition. Although body
fat mass, fat free mass and skeletal muscle mass were continu-
ously lost during the 12-month follow-up period, the 12-month
post-bariatric surgery patients yet had higher fat free mass and
skeletal muscle mass than control groups. In theory, bariatric
surgery results in very rapid weight loss from multiple mecha-
nisms including restriction of the stomach area and decreased
nutrient absorption which can lead to malnutrition, decreased
muscle mass, and sarcopenia. In our study, none of the post-
bariatric patients had malnutrition or sarcopenia, as defined by
GLIM criteria of The Global Leadership Initiative on
Malnutrition 2018.10

One key factor that may affect changes in body composition
is daily protein intake. In the first phase of active weight loss
after bariatric surgery, patients should consume at least 60 to
90g of protein per day or 1.2 to 1.5 g/kg/day!! to prevent the
breakdown of fat free mass, especially muscle mass. In this
study, the average daily protein intake in the post-bariatric sur-
gery group was 70 (50-80) g/day or 0.92 (0.41-1.59) g/kg/day
and tended to be higher than the control group, although this
was not statistically significant difference. It seemed that our
patients were able to follow the suggested daily protein intake

recommendations. In addition to higher total protein intake,
exercise programs after weight loss surgery to develop muscle
mass and nutrition counseling at obesity clinics can play an
important role for this result.

To our knowledge, this is the first study to evaluate body
composition in post-bariatric surgery patients who had a suc-
cessful weight loss at 12months (>50% excess weight loss)
with comparisons to healthy controls who were matched for
age, sex and BMI. In previous reports, controls compared to
surgery patients were either healthy normal-weight subjects!?
or weight-reduced subjects after completing medical treat-
ment.!3 Benedetti et al found that fat mass was not statistically
different between post biliopancreatic diversion (BPD) sub-
jects and controls (healthy volunteers matched for age, sex, and
height). However, post-BPD patients retained significantly
more fat free mass (FFM) than controls.”? Ciangura et al®
reported no evidence of a decrease in total, trunk, or appen-
dicular LBM in weight-reduced subjects (after RYGB) com-
pared to a nonsurgical control group of similar age and body
fat.

The strengths of this study include having a control group
that is matched by age, sex and BMI and using multiple param-
eters to evaluate body composition changes. Our matching of
BMI was done using the 12-month post-operative BMI of the
surgical patients. And we included only those with successful
weight loss after bariatric surgery (achieving BMI of less than
30kg/m? and excessive weight loss of >50% at 12 months).
Some limitations need to be addressed. We did not match for
height and weight in this study as we could only match for
BMI. There are some limitations in the use of BIA in obese
populations as it is an indirect method to evaluate body com-
positions. And for evaluation of total protein/total calories
intake and physical activity could be affected by a recall bias.
Lastly, we have a small number of subjects and power analysis
for sample size calculation was not done. Further prospective
studies should be conducted for a period greater than 12 months
or in postoperative patients with BMI >30kg/m? to evaluate
long-term changes in body composition after performing bari-
atric surgery.

Conclusion

Data from this study has provided a better understanding of
changes in body composition during weight loss following
bariatric surgery in patients who at 12-months post-surgery
have achieved a BMI <30kg/m? and excessive weight loss of
>50%. Despite the significant reductions in all body composi-
tion variables in post-bariatric surgery patients at 12-month
follow-up, both fat free mass and skeletal muscle mass were
found to be higher in the surgical patients compared to the
control group.
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Table 3. Body composition variables of bariatric surgery patients at baseline, 6-, and 12-month follow-up after bariatric surgery.

MEDIAN (IQR)
Waist-hip ratio (WHR)

e Baseline 1.01 (0.96-1.03)
e 6months 0.88 (0.83-0.93)
e 12months 0.83(0.81-0.87)
Soft lean mass (SLM) (kg)

e Baseline 53.5 (48.2-64.4)
e 6months 47.5 (44-61.4)

e 12months 47.7 (44.2-59.6)
Fat free mass (FFM) (kg)

e Baseline 56.7 (51-68.5)

e 6months 50.6 (47-65.6)

e 12months 51.1 (47.5-63)
Body fat mass (BFM) (kg)

e Baseline 50.9 (44.6-60.4)
e 6months 25.2 (22.8-32.7)
e 12months 20.2 (17.9-24.8)
Percentage of body fat (PBF) (%)

e Baseline 46.6 (40.9-51.7)
e 6months 34.3 (28.2-40.3)
e 12months 30.6 (21.5-34.3)
Skeletal muscle mass (SMM) (kg)

e Baseline 31.2 (28.1-38)

e 6months 27.4 (25.1-35.5)
e 12months 27.5 (25.1-34.6)
Appendicular lean mass (ALM) (kg)

e Baseline 24.9 (20.5-31.2)
e 6months 11.9 (9.9-15.9)
e 12months 9 (7.9-11)
Trunk lean mass

e Baseline 25.4 (23.5-30.2)
e 6months 21.9 (20.7-27.1)
e 12months 21.2 (20.1-27)
Trunk fat mass

e Baseline 23.8 (21-26.7)

MEDIAN CHANGE (IQR)

Ref

~0.13 (~0.16 to —0.05)

~0.16 (=0.21 to —-0.12)

Ref

-4.8 (-7.7 t0 -2.6)

-5.25 (-7 to —2.9)

Ref

-4.75 (7.7 to -2.5)

-5.25 (-6.9 to -2.8)

Ref

—-22.05 (-30.5 to —19.9)

-30.35 (-37.8 to —21.5)

Ref

-13.3 (-15.9 to —10.3)

-18.8 (-22.7 to —13.4)

Ref
-3.3(-5t0-2.2)

-3.5 (-4.7 to -2.4)

Ref

-12.6 (-17.3 to -9.6)

-16.7 (~20.4 to -10.4)

Ref

-3.75 (-5.2 to -3.2)

-4.8(-5.110 -3.4)

Ref

P-VALUE

Ref

<.001

<.001

Ref

<.001

<.001

Ref

<.001

<.001

Ref

<.001

<.001

Ref

<.001

<.001

Ref

<.001

<.001

Ref

<.001

<.001

Ref

<.001

<.001

Ref

(Continued)
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Table 3. (Continued)

MEDIAN (IQR)
e 6months 13.1 (11.3-16.1)
e 12months 10.3 (8.8-12)

Fat free mass index (FFMI)

e Baseline 21.3 (19.3-22.9)
e 6months 18.8 (17.6-20.5)
e 12months 19.1 (17.3-20.7)
ALM/BMI

e Baseline 0.63 (0.55-0.75)
e 6months 0.42 (0.37-0.56)
e 12months 0.34 (0.27-0.4)
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