
Vol:.(1234567890)

Obesity Surgery (2024) 34:1674–1683
https://doi.org/10.1007/s11695-024-07164-x

ORIGINAL CONTRIBUTIONS

Effects of Bariatric Surgery on Sarcopenic Obesity Outcomes: 
A One‑Year Prospective Study in Middle‑Aged Women

Pietra S. Rodrigues1 · Fernando M. Mendonça2,3   · João S. Neves2,4 · Carla Luís1,5 · Ilda Rodrigues1 · Telma Moreno2 · 
Diana Festas2,3 · Jorge Pedro2,3 · Ana Varela2,3 · Ana Fernandes6,7 · Eduardo L. Costa3 · CRIO group3 · Paula Freitas3,5

Received: 14 January 2024 / Revised: 4 March 2024 / Accepted: 6 March 2024 / Published online: 25 March 2024 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2024

Abstract
Introduction  Sarcopenic obesity (SO) is characterised by the confluence of muscle deterioration and high adiposity. When 
non-surgical interventions prove insufficient, bariatric surgery (BS) becomes the primary approach. This study aimed to 
address BS effects on SO outcomes 1 year post-surgery among middle-aged women, also considering physical exercise’s 
impact.
Methods  Prospective single-centre study of 140 patients who underwent Roux-en-Y gastric bypass or sleeve gastrectomy 
between November 2019 and December 2022. Participants were categorised into tertiles according to SO’s diagnosis and 
severity (group 1—patients with the most severe SO; group 2—intermediate; group 3—the least severe or without SO), cal-
culated considering the consensus issued by ESPEN and EASO in 2022. Evaluations of clinical and biochemical parameters 
were conducted before and 12 months after BS, and the variation was used for comparative purposes. Body composition 
was assessed using bone density scans. Linear regression analysis accounted for both surgery type and baseline body mass 
index (BMI).
Results  Before BS, SO prevalence in the overall sample was 89.3%, decreasing to 2.9% after BS. Group 1 had more body fat 
mass (56.9 vs 54.8 vs 50.7 kg, p < 0.001), total, trunk and leg fat at baseline and a significantly lower total skeletal muscle 
mass (47.2 vs 49.4 vs 51.8 kg, p < 0.001). One year post-BS, group 1 presented more weight loss (− 39.8 ± 11.4 kg, p = 
0.031), BMI reduction (− 15.9 ± 4.6 kg/m2, p = 0.005) and lost more fat mass (− 32.6 vs − 30.5 vs − 27.9 kg, p = 0.005), 
but not total skeletal muscle mass (− 5.8 vs − 5.9 vs − 6.8 kg, p = 0.130). Remission rates for comorbidities were substantial 
among all groups, but more marked among patients within group 1 (type 2 diabetes mellitus 75%, hypertension 47.1% and 
dyslipidemia 52.8%). Engagement in physical exercise of any kind has increased post-BS (33.1% vs 79.1%).
Conclusion  Despite concerns about malabsorptive mechanisms potentially worsening muscle loss, patients with the most 
severe SO undergoing BS lost more fat mass while experiencing the smallest reduction in total skeletal muscle mass. Remis-
sion rates for comorbidities following BS were notable among all groups.
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Introduction

Sarcopenic obesity (SO), a condition initially described by 
Baumgartner in 2006 [1], has garnered considerable atten-
tion from the medical community in recent years. The conflu-
ence of muscle deterioration, encompassing low muscle mass 
and/or strength loss, and high adiposity, creates a synergistic 
health impact that transcends the consequences of either of 
these conditions, and that is the main reason for its increasing 
recognition as an entity itself. Regrettably, the absence of a 
universal consensus on diagnostic criteria has compounded 
the challenges faced in approaching this condition. To answer 
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this problem, the European Society for Clinical Nutrition and 
Metabolism (ESPEN) and the European Association for the 
Study of Obesity (EASO) jointly issued a consensus state-
ment addressing SO’s definition, diagnostic procedures, and 
established cut-off values for diverse ethnic groups, sexes 
and age categories. This effort was undertaken in response 
to the limitations of the previously widely used consensus, 
the Revised European Working Group on Sarcopenia in Older 
People (EWGSOP2), which solely focused on an older popula-
tion and was designed exclusively to address sarcopenia [2–4].

SO is strongly associated with a plethora of adverse 
health outcomes and comorbidities, including atherosclero-
sis, insulin resistance (IR), type 2 diabetes mellitus (DM2), 
hypertension (HT), dyslipidemia, metabolic syndrome, non-
alcoholic fatty liver disease (NAFLD), heart failure (HF), 
osteoporosis and a higher mortality rate especially in women 
[5–7], bearing a substantial economic and biopsychological 
burden.

Studies suggest a reciprocal relationship between skeletal 
muscle and adipose tissue, exacerbated by factors like aging, 
malnutrition and sedentary lifestyle, triggering chronic 
inflammation, oxidative stress and IR in adipose tissue, 
which ultimately leads to muscle apoptosis, fat accumula-
tion [8] and compromised bone health [9].

The management of SO should be approached in a multi-
disciplinary perspective, with dietary guidance and a com-
bination of aerobic and resistance exercises constituting the 
primary intervention. However, the efficacy of these meas-
ures in the long term has, thus far, proven less than prom-
ising [10]. When both lifestyle modifications and medical 
therapies fall short, bariatric surgery (BS) emerges as the 
most viable option for morbidly obese individuals who meet 
the criteria, as it addresses the health-related comorbidities 
of SO [11]. Conversely, it has been proposed that bariat-
ric surgery may have detrimental muscle effects in obese 
patients with diminished muscle mass or function, primarily 
due to the malabsorptive mechanisms involved, which are 
risk factors to SO, although its impact in women under the 
age of 65 remains relatively underexplored [3].

Thus, this study aims to assess the effects of BS on SO 
outcomes within a 1-year follow-up period in women, 
considering their metabolic parameters, the remission of 
multiple comorbidities (such as HT, DM2 and dyslipi-
demia) and the possible impact of physical exercise in SO’s 
management.

Materials and Methods

Subjects and Study Design

This single-centre study employed a prospective design and 
involved the initial recruitment of 140 female participants 

who had undergone Roux-en-Y gastric bypass (RYGB) 
or sleeve gastrectomy (SG), consecutively selected from 
November 2019 to December 2022 during pre-operative 
evaluation by the Integrated Responsibility Center for Obe-
sity (CRIO group). The eligibility criteria for this study were 
the following: (a) women with obesity, aged 40–65 years; (b) 
meeting the criteria for BS, which included having a body 
mass index (BMI) of ≥ 35 kg/m2 with at least one comor-
bidity such as metabolic syndrome, DM2, dyslipidemia, HT 
or cardiorespiratory disease, among others, or BMI of ≥ 
40 kg/m2 despite their comorbidities; (c) at least 1 year of 
non-surgical approaches to obesity, which had not resulted 
in satisfactory weight loss; and (d) obesity not attributable 
to classical endocrine diseases.

The exclusion criteria encompassed the following: (a) 
second or revisional BS; (b) weight exceeding 140 kg, 
the maximum weight supported by our dual-energy X-ray 
absorptiometry (DXA) equipment; (c) non-stabilized psychi-
atric illnesses or narcotic or alcohol dependence; (d) phar-
macological therapy that could impact muscle mass, such as 
corticosteroids; and (e) having a severe clinical condition, 
including cardiovascular, pulmonary, hepatic, renal, osteo-
articular and malignant neoplasms.

The choice of surgery technique was determined by the 
surgical team according to the best clinical practice. The 
study received approval from the ethics committee for health 
of our hospital centre (reference no. 276/2018).

Sarcopenic Obesity Classification and Cut‑off Points

The definition and diagnosis of SO were based on the 2022 
consensus proposed by ESPEN and EASO, which provides 
specific cut-off values suitable for our study population 
[3]. Body composition was assessed using DXA, with an 
increased percentage of fat mass (FM), considered as > 43% 
for Caucasian women [3, 12]. As for the reduced muscle 
mass, it was determined by the sum of the lean mass of arms 
and legs (appendicular lean mass (ALM)) adjusted to body 
weight (W) in accordance with the consensus recommenda-
tion for Caucasian women aged 18–65 years, which stipu-
lates an ALM/W ratio < 23.47% [3, 13]. As an additional 
analysis, we also evaluated the study population according to 
tertiles of ALM/W (group 1—patients with the most severe 
SO; group 2—intermediate; group 3—the least severe or 
without SO).

Pre‑ and One Year Post‑operative Evaluation

All evaluations were conducted both before and 12 months 
after bariatric surgery. The variation between those values 
was used for comparison between groups. Body composition 
was assessed by DXA using a properly calibrated densitom-
eter (model Lunar iDXA). The studied parameters were body 
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fat, proportion of total fat mass, trunk fat mass and leg fat 
mass, arm lean mass, leg lean mass and bone mineral con-
tent (BMC). Other assessed paraments were bone mineral 
density, T score, Z score at the lumbar spine (L1–4), total 
femur, femoral neck and full body.

Anthropometric measurements were taken, including 
body weight, height, waist circumference and BMI. Blood 
pressure was measured during their Endocrinology appoint-
ments, with the patient seated for at least 5 min. Blood sam-
ples were collected after a fasting period of at least 12 h. 
Biochemical parameters analysed in our study included 
albumin, serum total protein (STP), total cholesterol (CT), 
high-density lipoprotein cholesterol (HDL), low-density 
lipoprotein cholesterol (LDL), triglycerides (TG), gamma-
glutamyltransferase (GGT), alkaline phosphatase (ALP), 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), iron, transferrin, ferritin, folic acid, vitamin B12, 
25-OH-vitamin-D, total calcium, ionized calcium, phos-
phorus, magnesium (Mg), parathyroid hormone (PTH), 
thyroid-stimulating hormone (TSH), free thyroxine (T4L), 
fasting glucose (FG), insulin, hemoglobin A1c (HbA1c) and 
microalbuminuria. IR was assessed using the homeostasis 
model assessment for insulin resistance (HOMA-IR). Esti-
mated glomerular filtration rate (eGFR) was calculated for 
all subjects using the 4-variable modification of diet in renal 
disease (MDRD) formula.

Information regarding medical history and comorbidities, 
medications in use, menopause history and supplementa-
tion prior and post-surgery was collected based on medical 
records. Physical exercise was retrospectively collected after 
surgery and included the type (aerobic, resistance training or 
both) and duration of activity (in minutes per week) before 
and after surgery.

The study also evaluated the presence of DM2, HT and 
dyslipidemia, both at baseline and after a 1-year follow-up 
period. DM2 was defined by a fasting glucose level ≥ 126 
mg/dL or HbA1c level ≥ 6.5% or antidiabetic medication. 
HT was characterized by a systolic blood pressure (SBP) ≥ 
140 mmHg and/or a diastolic blood pressure (DBP) ≥ 90 
mmHg. The current use of antihypertensive medication was 
also diagnostic. Dyslipidemia was diagnosed by LDL ≥ 130 
mg/dL, HDL ≤ 50 mg/dL, TG ≥ 150 mg/dL or CT ≥ 240 
mg/dL. Participants under medication with statins or fibrates 
were also considered as dyslipidemic.

Remission of any of these comorbidities was considered 
when a patient diagnosed with a comorbidity during the pre-
operative period no longer met the diagnostic criteria 1 year 
post-bariatric surgery.

Statistical Analysis

Continuous variables with normal distribution were pre-
sented as means and standard deviations, being compared 

using one-way ANOVA. Continuous variables with non-
normal distribution were described as medians and inter-
quartile range, being compared using Kruskal-Wallis test. 
Categorical variables were expressed as percentages, being 
compared using a χ2 test. Reported p values are two-tailed, 
and p ≤ 0.05 was considered statistically significant. Linear 
regression models unadjusted and adjusted for surgery type 
(SG vs RYBG) and baseline BMI were performed to evalu-
ate the predictors of outcomes at 12 months. Analyses were 
conducted with the use of STATA 18.0® software.

Results

A total of 140 female participants, with a mean age of 50.9 
years old, mean weight of 107.9 kg and mean BMI of 42.1 
kg/m2, were enrolled in the study. The prevalence of SO, 
determined by specific cut-offs outlined by the ESPEN 
and EASO’s consensus, was 89.3% in the overall sample 
before surgery and decreased to 2.9% 1 year post-BS. Most 
participants underwent RYGB (n = 100, 71.4%). Patient 
stratification into three groups was conducted, with group 
1 being defined as the lowest tertile of subjects (the most 
severe degree of SO). The baseline characteristics of both 
the overall sample and the three individual groups are pre-
sented in Table 1.

Only 33.1% of participants engaged in any form of physi-
cal exercise before surgery, while 79.1% were doing some 
type of exercising after the follow-up period. The duration 
of their exercise regimen, measured in minutes per week, 
exhibited an increase across all groups following surgery, 
although without statistical significance. Notably, both 
before and after BS, group 1 individuals allocated more time 
per week to augment their physical exercise levels, when 
compared to the other tertiles (Supplementary Table 1). 
However, concerning the nature of physical exercise 1 
year post-BS, only 20.1% of the total sample engaged in 
both aerobic and resistance training. This still marked an 
improvement from the baseline rate (6.5%). Remarkably, 
group 1 showed a tendency towards increased engagement 
in combined aerobic and resistance training compared to 
the other groups (23.4% vs 19.6% vs 17.4%, p = 0.090), yet 
most participants who exercised primarily focused on solo 
aerobic exercises (54.0%).

Anthropometric parameters, blood pressure and body 
composition at baseline and 1 year after BS are presented 
in Table 2. At baseline, group 1 exhibited an increased pro-
portion of total fat, trunk fat and leg fat compared to other 
groups, the same occurring with body fat mass (56.9 ± 8.8 
vs 54.8 ± 7.2 vs 50.7 ± 8.4 kg, p < 0.001). Group 1 also 
demonstrated significantly lower total skeletal muscle mass 
(47.2 ± 5.5 vs 49.4 ± 5.0 vs 51.8 ± 5.8 kg, p < 0.001). 
Regarding bone parameters on DXA, none were statistically 
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significant 1 year after BS, although group 1 displayed 
slightly diminished BMC at baseline (2.5 ± 0.3 vs 2.6 ± 0.3 
vs 2.7 ± 0.3 g, p = 0.004). One year after BS, there has been 
an anthropometric difference between groups regarding both 
their weight (p = 0.031), showing a mean reduction of 39.8 
kg in group 1, and BMI (p = 0.005), with a mean reduction 
of 15.9 kg/m2 in this same group. Although all groups exhib-
ited decreased fat-related parameters, only body fat mass, leg 
fat (%)and both arm and leg lean masses reached statistical 
significance. Notably, group 1 lost more fat mass compared 
to other groups (− 32.6 ± 8.6 vs − 30.5 ± 7.3 vs − 27.9 ± 
7.6 kg, p = 0.005), but did not experience a greater reduc-
tion in their total skeletal muscle mass. In fact, group 1 had 
a mean variation of − 5.8 kg of total skeletal muscle mass 
(vs − 5.9 vs − 6.8 kg, p = 0.130).

To mitigate potential disparities in our primary body 
composition findings that may stem from the type of surgery 
conducted, the authors conducted a comparative analysis 
of the 1-year variation in weight, BMI, fat and lean mass 
induced by restrictive and malabsorptive surgeries across the 
entire sample. Patients undergoing RYGB displayed more 
pronounced reductions in all parameters. However, statisti-
cal significance was observed solely in the differences in 
fat mass when comparing SG and RYGB (− 26.7 ± 9.1 vs 
− 31.9 ± 7.0, p ≤ 0.001) (Supplementary Table 2).

A comparison of laboratory parameters has been per-
formed at Table 3. At baseline, group 1 had a higher eGFR 
compared to the overall sample (mean difference of 5.6 mL/
min/1.73 m2, p = 0.019), and so did TSH, although within 
the physiological range (2.6 ± 3.0 vs 1.7 ± 0.8 vs 1.6 ± 0.7, 

p = 0.017). After 1 year, both Mg and TSH showed statisti-
cally significant changes, with group 1 exhibiting a larger 
decrease in TSH values (− 1.0 ± 3.0 μUI/mL, p = 0.006), 
but no differences were found regarding T4L (p = 0.610). 
There was improvement in CT, HDL, LDL and TG levels 
in all groups, with group 1 showing the most significant 
improvement in CT levels (although being non-statistically 
significant). Regarding FG, HbA1c, HOMA-IR and insu-
lin, all groups presented some metabolic improvement, but 
also not enough to be considered significant. As for iron’s 
metabolism, there has been an increase after surgery in iron 
and ferritin levels, both being slightly more pronounced in 
the most severe group. AST showed increased levels in all 
groups after surgery when compared to baseline, especially 
in group 1 (7.1 ± 15.8 vs 3.9 ± 19.1 vs 0.4 ± 12.7, p = 0.05). 
During the follow-up period, there has been an increase in 
vitamin B12 and 25-OH-vitamin-D levels within group 1.

A detailed breakdown of multivitamin and mineral sup-
plement usage is presented in Supplementary Table 3, pro-
viding a better insight into these findings. Of participants in 
group 1, 42.6% were receiving 25-OH-vitamin-D supple-
mentation following surgery, while 19.1% were under vita-
min B12 supplementation. None of the variables related to 
supplement usage exhibited statistical significance.

Table  4 presents the assessment of comorbidities 1 
year post-surgery, indicating a notable remission rate for 
DM2, HT and dyslipidemia in all groups, regardless of the 
absence of statistically significant differences between them. 
Despite this fact, there was a tendency for increased dyslipi-
demia remission in group 1, with a remission rate of 52.8% 

Table 1   Baseline characteristics of the overall sample and comparison among participants categorized into tertiles

BMI body mass index, RYGB Roux-en-Y gastric bypass, SG vertical sleeve gastrectomy, SBP systolic blood pressure, DBP diastolic blood pres-
sure, DM2 type 2 diabetes mellitus, HT hypertension
*Data are expressed as mean ± SD

Variable Overall sample (n 
= 140)

Group 1 (n = 47) Group 2 (n = 47) Group 3 (n = 46) Pvalue

Age* 50.9 ± 7.0 51.9 ± 7.3 50.7 ± 6.7 50.2 ± 7.1 0.250
Weight (kg)* 107.9 ± 13.2 109.1 ±14.7 108.6 ± 11.7 106.0 ± 13.2 0.270
BMI (kg/m2)* 42.1 ± 4.6 43.4 ± 5.6 42.1 ± 3.6 40.6 ± 3.9 0.004
Waist circumference (cm)* 118.5 ± 10.5 121.4 ± 8.2 121.2 ± 10.2 113.9 ± 11.0 0.023
Surgical procedure 0.600
  RYGB, n (%) 100 (71.4) 34 (72.3) 35 (74.5) 31 (67.4)
  SG, n (%) 40 (28.6) 13 (27.7) 12 (25.5) 15 (32.6)
Sarcopenic obesity, n (%) 125 (89.3) 47 (100.0) 47 (100.0) 31 (67.4) <0.001
SBP (mmHg) 140.3 ± 16.7 140.7 ± 20.4 140.6 ± 16.9 139.7 ± 13.3 0.830
DBP (mmHg) 86.5 ± 10.8 86.0 ± 11.3 84.8 ± 11.2 88.8 ± 9.7 0.330
Menopause, n (%) 72 (51.4) 26 (55.3) 25 (53.2) 21 (45.7) 0.360
DM2, n (%) 41 (29.3) 12 (25.5) 11 (23.4) 18 (39.1) 0.150
HT, n (%) 98 (70.0) 34 (72.3) 31 (66.0) 33 (71.7) 0.950
Dyslipidemia, n (%) 110 (78.6) 36 (76.6) 38 (80.9) 36 (78.3) 0.840
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Table 2   Comparative analysis of anthropometric parameters, blood pressure and body composition assessed by DXA at baseline and 1 year after 
BS

All data in this table are expressed as mean ± SD
BS bariatric surgery, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, BMC bone mineral content, L1–L4 lum-
bar spine from 1 to 4, BMD bone mineral density

Variable Baseline Pvalue Variation one year after BS Pvalue

Overall 
sample (n = 
140)

Group 1 (n 
= 47)

Group 2 (n 
= 47)

Group 3 (n 
= 46)

Group 1 (n 
= 47)

Group 2 (n 
= 47)

Group 3 (n 
= 46)

Weight (kg) 107.9 ± 13.2 109.1 ±14.7 108.6 ± 11.7 106.0 ± 13.2 0.270 -39.8 ± 11.4 -38.3 ± 9.6 -35.3 ± 9.1 0.031
BMI (kg/m2) 42.1 ± 4.6 43.4 ± 5.6 42.1 ± 3.6 40.6 ± 3.9 0.004 -15.9 ± 4.6 -14.8 ± 3.5 -13.6 ± 3.4 0.005
SBP (mmHg) 140.3 ± 16.7 140.7 ± 20.4 140.6 ± 16.9 139.7 ± 13.3 0.830 -7.8 ± 21.4 -9.8 ± 28.5 -17.3 ± 15.8 0.250
DBP (mmHg) 86.5 ± 10.8 86.0 ± 11.3 84.8 ± 11.2 88.8 ± 9.7 0.330 -13.0 ± 17.7 -12.1 ± 16.1 -19.3 ± 14.1 0.250
BMC (g) 2.6 ± 0.3 2.5 ± 0.3 2.6 ± 0.3 2.7 ± 0.3 0.004 -0.2 ± 0.1 -0.2 ± 0.1 -0.2 ± 0.1 0.120
Body fat mass 

(kg)
54.2 ± 8.5 56.9 ± 8.8 54.8 ± 7.2 50.7 ± 8.4 <0.001 -32.6 ± 8.6 -30.5 ± 7.3 -27.9 ± 7.6 0.005

Total body fat 
(%)

52.2 ± 3.5 54.6 ± 2.6 52.6 ± 2.8 49.3 ± 3.0 <0.001 -18.3 ± 6.6 -17.5 ± 6.2 -16.3 ± 5.9 0.130

Trunk fat (%) 55.9 ± 3.8 58.1 ± 2.9 56.3 ± 3.2 53.3 ± 3.6 <0.001 -22.5 ± 8.4 -22.1 ± 8.2 -20.8 ± 7.7 0.340
Legs fat (%) 49.2 ± 5.5 52.0 ± 5.0 49.8 ± 4.9 45.7 ± 4.8 <0.001 -14.1 ± 5.4 -12.6 ± 5.1 -11.3 ± 4.9 0.012
Total skeletal 

muscle mass 
(kg)

49.4 ± 5.7 47.2 ± 5.5 49.4 ± 5.0 51.8 ± 5.8 <0.001 -5.8 ± 2.5 -5.9 ± 3.2 -6.8 ± 2.9 0.130

Arms lean 
mass (kg)

5.5 ± 1.2 4.7 ± 0.9 5.7 ± 1.2 6.0 ± 1.0 <0.001 -0.3 ± 0.8 -0.9 ± 1.2 -0.9 ± 0.8 0.010

Legs lean 
mass (kg)

17.4 ± 2.6 16.3 ± 2.3 17.4 ± 2.1 18.7 ± 2.8 <0.001 -3.0 ± 1.2 -3.2 ± 1.4 -3.8 ± 1.6 0.006

L1-L4 BMD 
(g/cm2)

1.2 ± 0.2 1.2 ± 0.1 1.2 ± 0.2 1.2 ± 0.1 0.620 -0.0 ± 0.1 -0.1 ± 0.1 -0.1 ± 0.1 0.330

L1-L4 T-score 0.3 ± 1.2 0.3 ± 1.1 0.3 ± 1.3 0.3 ± 1.1 0.700 -0.4 ± 0.6 -0.5 ± 0.5 -0.5 ± 0.6 0.540
L1-L4 Z-score -0.0 ± 1.2 -0.0 ± 1.1 -0.1 ± 1.4 -0.1 ± 1.2 0.840 0.7 ± 0.6 0.6 ± 0.6 0.5 ± 0.6 0.090
Femoral neck 

BMD (g/
cm2)

1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 1.1 ± 0.1 0.130 -0.1 ± 0.1 -0.1 ± 0.1 -0.1 ± 0.1 0.910

Femoral neck 
T-score

0.5 ± 1.1 0.4 ± 1.1 0.2 ± 1.0 0.8 ± 1.2 0.110 -0.3 ± 0.9 -0.5 ± 1.1 0.0 ± 0.8 0.060

Femoral neck 
Z-score

0.2 ± 1.0 -0.0 ± 1.1 -0.1 ± 1.4 -0.1 ± 1.2 0.840 0.3 ± 0.9 0.0 ± 0.9 0.4 ± 0.8 0.550

Total femur 
BMD (g/
cm2)

1.2 ± 0.1 1.2 ± 0.1 1.2 ± 0.1 1.2 ± 0.1 0.220 -0.1 ± 0.1 -0.1 ± 0.1 -0.1 ± 0.1 0.570

Total femur 
T-score

1.5 ± 1.2 1.5 ± 1.2 1.3 ± 1.2 1.8 ± 1.0 0.200 -0.9 ± 0.5 -1.0 ± 0.5 -1.0 ± 0.5 0.290

Total femur 
Z-score

1.0 ± 1.1 1.0 ± 1.1 0.8 ± 1.2 1.2 ± 0.9 0.400 -0.1 ± 0.4 -0.2 ± 0.5 -0.3 ± 0.6 0.060

Total body 
BMD (g/
cm2)

1.2 ± 0.1 1.2 ± 0.1 1.2 ± 0.1 1.2 ± 0.1 0.970 -0.1 ± 0.1 -0.1 ± 0.0 -0.0 ± 0.1 0.640

Total body 
T-score

1.8 ± 1.1 1.8 ± 1.1 1.8 ± 1.1 1.8 ± 1.0 0.970 -0.5 ± 0.6 -0.6 ± 0.4 -0.5 ± 0.5 0.490

Total body 
Z-score

0.5 ± 1.0 0.6 ± 1.0 0.5 ± 1.0 0.5 ± 0.9 0.750 0.8 ± 0.6 0.7 ± 0.6 0.7 ± 0.8 0.310
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Table 3   Comparative analysis of laboratory parameters at baseline and 1 year after BS

BS bariatric surgery, STP serum total protein, FG fasting glucose, HbA1c hemoglobin A1c, HOMA-IR homeostatic model assessment for insu-
lin resistance, CT total cholesterol, HDL high-density lipoprotein cholesterol, LDL low-density lipoprotein cholesterol, TG triglycerides, GGT​ 
gamma-glutamyltransferase, ALP alkaline phosphatase, AST aspartate aminotransferase, ALT alanine aminotransferase, eGFR estimated glomer-
ular filtration rate, P+ phosphorus, Ca plasmatic calcium, Mg magnesium, PTH parathyroid hormone, T4L free thyroxine, TSH thyroid-stimulat-
ing hormone
*Data in this table are expressed as mean ± SD
**Data in this table are expressed as **median [min, max]

Variable Baseline value Variation 1 year after BS value

Overall sample 
(n = 140)

Group 1 (n = 
47)

Group 2 (n = 
47)

Group 3 (n = 
46)

Group 1 (n = 
47)

Group 2 (n = 
47)

Group 3 (n = 
46)

STP (g/L)* 70.6 ± 4.5 70.6 ± 3.9 69.8 ± 4.8 71.4 ± 4.7 0.410 -4.8 ± 3.6 -4.1 ± 4.5 -3.1 ± 4.2 0.060
Albumin (g/L)* 40.6 ± 2.5 40.4 ± 2.0 40.7 ± 3.1 40.8 ± 2.3 0.460 -0.6 ± 2.1 -0.8 ± 2.7 -0.5 ± 2.0 0.910
FG (mg/dL)** 103.0 [94.0, 

119.0]
106.0 [98.0, 

118.0]
101.0 [93.0, 

110.0]
112.0 [94.0, 

123.0]
0.660 -19.3 ± 32.3 -7.8 ± 32.0 -26.2 ± 47.7 0.410

HbA1c (%)** 5.8 [5.5, 6.0] 5.6 [5.4, 5.9] 5.9 [5.6, 6.1] 5.7 [5.5, 6.0] 0.520 -0.6 ± 0.6 -0.5 ± 0.4 -0.7 ± 1.1 0.340
HOMA-IR** 5.1 [3.1, 7.1] 5.1 [2.3, 6.5] 4.8 [3.3, 7.1] 5.2 [3.2, 9.4] 0.160 -3.4 ± 3.7 -3.6 ± 2.6 -5.7 ± 12.3 0.150
Insulin (μU/

mL)**
19.6 [13.0, 25.7] 17.9 [9.2, 23.8] 19.6 [13.1, 26.4] 20.5 [13.8, 27.6] 0.130 -11.0 ± 11.6 -13.4 ± 8.7 -16.6 ± 29.2 0.150

CT (mg/dL)* 190.8 ± 46.2 189.0 ± 38.7 188.3 ± 35.5 195.4 ± 61.8 0.520 -25.1 ± 33.2 -23.4 ± 34.8 -20.7 ± 53.9 0.620
HDL (mg/dL)* 51.6 ± 11.2 51.8 ± 9.3 51.5 ± 12.1 51.3 ± 12.3 0.810 4.0 ± 6.7 3.6 ± 7.2 6.1 ± 9.8 0.220
LDL (mg/dL)* 114.1 ± 36.6 111.0 ± 32.1 114.3 ± 26.6 117.0 ± 48.9 0.440 -19.9 ± 30.1 -21.3 ± 29.7 -17.2 ± 42.2 0.720
TG (mg/dL)** 109.0 [83.0, 

154.0]
120.0 [87.0, 

151.0]
102.0 [77.0, 

126.0]
109.0 [87.0, 

170.0]
0.920 -47.1 ± 51.9 -28.7 ± 46.2 -59.2 ± 89.0 0.400

GGT (U/L)* 25.0 [18.0, 38.0] 26.0 [18.0, 44.0] 23.5 [16.0, 34.0] 25.0 [18.0, 38.0] 0.780 -9.2 ± 43.9 -10.0 ± 10.8 -27.5 ± 98.0 0.170
ALP (U/L)* 78.0 [65.0, 95.0] 78.5 [65.0, 95.0] 79.0 [61.0, 

100.0]
75.0 [65.0, 93.0] 0.960 0.5 ± 22.4 0.2 ± 19.4 -5.4 ± 19.0 0.180

AST (U/L)* 20.0 [17.0, 26.0] 19.0 [16.0, 28.0] 21.0 [18.0, 26.0] 20.5 [16.0, 27.0] 0.430 7.1 ± 15.8 3.9 ± 19.1 0.4 ± 12.7 0.050
ALT (U/L)* 22.0 [16.0, 29.5] 19.5 [16.0, 28.0] 23.0 [19.0, 30.0] 22.0 [16.0, 30.0] 0.540 7.8 ± 23.9 5.7 ± 35.5 -0.7 ± 16.9 0.140
eGFR (mL/

min/1.73 m2)*
108.7 ± 24.4 114.3 ± 31.6 109.0 ± 18.4 102.2 ± 19.8 0.019 -5.9 ± 23.8 0.2 ± 16.9 1.5 ± 13.5 0.060

Microalbuminu-
ria (mg/L)**

8.7 [4.6 ,20.8] 13.6 [4.8, 23.0] 9.0 [4.7, 23.8] 6.8 [4.3, 15.0] 0.120 -12.0 ± 51.2 1.1 ± 66.2 -7.1 ± 28.9 0.660

Iron (μg/dL)* 77.5 ± 27.0 76.0 ± 23.8 82.0 ± 27.3 74.0 ± 30.0 0.780 8.6 ± 30.0 0.2 ± 33.8 1.5 ± 13.5 0.060
Transferrin (mg/

dL)*
275.0 ± 43.6 271.2 ± 42.5 266.6 ± 40.2 288.9 ± 46.3 0.070 -37.3 ± 34.0 -29.2 ± 34.5 -43.1 ± 63.9 0.590

Ferritin (ng/
mL)**

77.5 [39.7, 
169.9]

80.8 [50.0, 
160.1]

82.6 [40.7, 
180.8]

65.9 [29.6, 
173.5]

0.450 28.3 ± 53.7 13.7 ± 64.2 12.3 ± 66.2 0.220

Folic acid (ng/
mL)*

6.6 ± 3.5 6.8 ± 4.4 6.9 ± 3.4 6.1 ± 2.4 0.390 5.0 ± 5.5 5.0 ± 5.2 5.8 ± 4.9 0.540

Vitamin B12 
(pg/mL)*

388.0 ± 215.4 378.3 ± 270.2 387.8 ± 129.3 399.1 ± 228.0 0.650 20.9 ± 221.4 -76.3 ± 156.6 -48.8 ± 229.6 0.100

Vitamin D (ng/
mL)*

19.7 ± 8.6 19.2 ± 7.5 19.0 ± 8.2 21.0 ± 10.1 0.330 10.1 ± 13.7 9.0 ± 12.3 7.5 ± 12.4 0.330

P+ (mg/dL)* 3.3 ± 0.5 3.4 ± 0.5 3.3 ± 0.5 3.3 ± 0.4 0.590 0.4 ± 0.5 0.7 ± 0.5 0.6 ± 0.5 0.190
Total Ca 

(mEq/L)*
4.7 ± 0.2 4.7 ± 0.1 4.7 ± 0.2 4.7 ± 0.2 0.990 0.0 ± 0.2 0.0 ± 0.2 0.1 ± 0.2 0.200

Ionized Ca 
(mEq/L)*

2.5 ± 0.1 2.5 ± 0.1 2.5 ± 0.1 2.5 ± 0.1 0.810 0.0 ± 0.1 0.0 ± 0.1 0.0 ± 0.2 0.680

Mg (mEq/L)* 1.6 ± 0.1 1.6 ± 0.1 1.6 ± 0.2 1.6 ± 0.1 0.740 -0.0 ± 0.1 0.0 ± 0.1 0.1 ± 0.1 0.003
PTH (pg/mL)* 56.2 ± 21.5 54.9 ± 21.1 58.0 ± 17.6 55.6 ± 25.6 0.860 -4.0 ± 20.4 -8.3 ± 16.9 -8.4 ± 21.0 0.280
T4L (ng/dL)* 0.9 ± 0.1 0.9 ± 0.1 1.0 ± 0.1 0.9 ± 0.1 0.980 0.1 ± 0.1 0.0 ± 0.1 0.0 ± 0.1 0.610
TSH (μUI/mL)* 2.0 ± 1.9 2.6 ± 3.0 1.7 ± 0.8 1.6 ± 0.7 0.017 -1.0 ± 3.0 -0.2 ± 0.7 0.1 ± 1.2 0.006
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compared to 39.5% and 33.3% in the other two groups (p 
= 0.100).

After linear regression analysis adjustment for baseline 
BMI and type of surgery, only Mg, TSH, leg fat (%) and 
both lean masses remained statistically significant 1 year 
after BS (Table 5).

Discussion

In the present study, we aimed to evaluate the influence of 
bariatric surgery on sarcopenic obesity outcomes after a 
1-year follow-up period in middle-aged women.

The consensus by ESPEN and EASO highlights that 
severe obesity correlates strongly with chronic non-commu-
nicable diseases. This correlation significantly impacts mus-
cle anabolism and catabolism, with sedentarism being both 
a cause and a consequence of SO [3]. Managing these cases 
requires a multidisciplinary approach, where BS stands out 
for weight loss after failed non-surgical attempts. However, 
weight reduction post-BS often leads to muscle mass loss, 
especially in patients with additional health issues, which 
could worsen SO outcomes. Interestingly, the prevalence of 

SO seems consistent across different age groups, emphasiz-
ing the imperative need for universal management strategies 
[14].

To address SO after BS, careful monitoring of nutrition, 
suitable supplementation and tailored exercise programs 
are crucial. Yet, the main challenge lies in the varying defi-
nitions, thresholds and the absence of consensus on ideal 
body composition assessment methods [15–18]. This lack 
of clarity not only complicates diagnosis for physicians but 
also hampers the comparison of research findings, crucial 
for advancing global understanding and care for SO patients. 
The results of our study demonstrate that SO’s prevalence is 
enormous among participants prior to BS, decreasing sub-
stantially after surgery. Our results contrast with some previ-
ous studies. For example, Sousa-Santos et al. [19] reported 
rates of 4.4% in Portugal using EWGSOP2 criteria, primar-
ily observed in an older population. However, when compar-
ing our study results with more recent studies using the 2022 
ESPEN and EASO consensus, with cut-offs well determined 
for women within our age range and ethnicity, our results 
align more closely. An abstract published by Esposito et al. 
in April 2023, attempting to develop a valid SO screening 
tool for BS candidates, identified 99.4% of female partici-
pants as having SO [20].

Bariatric surgery did not have a deleterious impact in 
SO outcomes after a 1-year follow-up, as it could have had 
regarding worsening muscle mass loss in those patients. In 
fact, it helped induce SO remission in most participants, 
improving their body composition and metabolic param-
eters and mitigating comorbidities. Our follow-up period 
was decided based on previous research that demonstrated 
that the biggest changes in body composition following 
BS occurred in the first year [21], and the most impor-
tant changes in total skeletal muscle mass and lean mass 
occurred especially within the initial 6 months [22, 23]. Our 
results showed that group 1 had a higher body fat mass and 
a lower total skeletal muscle mass prior to surgery, which 
is in line with previous research in this field and with the 
diagnostic criteria of SO [5, 24, 25]. Our study also showed 
that there was a high weight loss and a significant reduction 
in BMI and body fat mass, while there has been no statisti-
cally significant change in total skeletal muscle mass loss 

Table 4   Assessment of 
comorbidity remission 1 year 
after BS

BS bariatric surgery, DM2 type 2 diabetes mellitus, HT hypertension
*The symbol '/' represents a fraction used to denote the ratio between the number of individuals with the 
disease at the 1-year follow-up evaluation and the baseline number

Variable Remission one-year after BS value

Group 1 Group 2 Group 3

DM2 remission, n after/n baseline (%)* 9/12 (75.0) 5/11 (45.5) 13/18 (72.2) 0.990
HT remission, n after/n baseline (%)* 16/34 (47.1) 14/31 (45.2) 23/33 (69.7) 0.070
Dyslipidemia remission, n after/n baseline (%)* 19/36 (52.8) 15/38 (39.5) 12/36 (33.3) 0.100

Table 5   Linear regression analysis adjusted to BMI and type of BS 
surgery

BS bariatric surgery, BMI body mass index, Mg magnesium, TSH thy-
roid-stimulating hormone

Variable 95.0% Confidence interval

Coefficient P value Lower bound Upper bound

Weight (kg) .206 0.802 − 1.418 1.830
BMI (kg/m2) .307 0.312 − .292 .906
Mg (mEq/L) .038 0.003 .0130 .064
TSH (μUI/mL) .580 0.007 .160 1.000
Body fat mass 

(kg)
1.212 0.090 − .190 2.615

Leg fat (%) 1.283 0.020 .200 2.364
Arm lean mass 

(kg)
− .383 <0.001 − .579 − .188

Leg lean mass 
(kg)

− .564 <0.001 − .837 − .292
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among our tertiles. This appears as an important outcome, 
since muscle mass loss was a main concern of ours, espe-
cially regarding group 1, which is the most severe group. BS 
appears as a risk factor for SO, contributing to muscle loss 
[3, 26], but our findings acknowledge bariatric surgery as a 
safe and emerging strategy in SO patients, being in line with 
previous research works [5, 23, 27]. Thus, health benefits 
of BS in weight reduction and SO outcomes seem to occur 
predominantly at the expense of fat mass alone and less by 
compromising lean mass [5, 23, 27].

However, there has been a statistically significant change 
in arm and leg lean mass in our study. Surprisingly, the most 
severe tertile (group 1) was the one that lost less lean mass 
post-surgery. The authors believe that this might be due to 
the increasing rate of the combination between aerobic and 
resistance training in that group during the follow-up period, 
and this fact may reduce nuclear FOXO1 protein level, there-
fore diminishing muscle atrophy [28]. Physical exercise is 
one of the first-line approaches to SO, since it increases 
myogenesis and interleukins 6, 10 and 15, stimulates brown 
fat tissue, while reducing white fat and inflammatory factors 
(myostatin, FOXO, leptin, resistin, NF-KB). The combined 
effect results in a decrease in adipose tissue and inflamma-
tion, and an increase in protein synthesis [29].

The surgical intervention led to improved metabolic 
markers and reduced comorbidities in women across all 
groups, aligning with earlier research [5, 25, 30, 31] that 
links significant weight loss post-surgery to reduced oxida-
tive stress, improved insulin resistance and better lipid pro-
files, potentially contributing to a substantial remission rate 
of DM2 in those with more severe SO [32–34]. BS has also 
shown superior results over medical treatments in revers-
ing dyslipidemia, significantly reducing cardiovascular risk 
[21]. However, HT remission rates were lower in group 1 
compared to the less severe groups, albeit not statistically 
significant. This aligns with previous studies linking morbid 
obesity to hypertension [35], but it shows variability in asso-
ciating SO with this condition due to inconsistent definitions 
[36, 37], leading to conflicting outcomes.

Within our study, TSH showed significance at baseline, dis-
playing higher values within group 1, and a more pronounced 
decrease post-BS, remaining within the physiological range.

Previous longitudinal studies in obese or sarcopenic pop-
ulations provide some insights, although showing conflicting 
associations between thyroid function and body composi-
tion. For instance, Itterman et al. identified a positive cor-
relation between TSH levels and increases in both BMI and 
waist circumference across adults aged 20 to 90 [38]. In 
agreement to that, other population-based studies were able 
to demonstrate that a decline in TSH levels was associated 
with a decrease in body weight [39–41]. Our findings are 
consistent with these studies.

Strengths of This Study

Our study, utilizing the ESPEN/EASO criteria, pioneers 
the longitudinal evaluation of middle-aged women regard-
ing SO post-BS, an area that remains largely unexplored. 
Moreover, our study boasts a robust sample size, enhanc-
ing the potential applicability of our findings, particularly 
among women.

In addition, this investigation used DXA as the primary 
assessment tool, as favoured by ESPEN and EASO con-
sensus given its superior accuracy when compared to bio-
electrical impedance analysis [3].

Limitations of This Study

Our study faced several limitations that warrant considera-
tion. Notably, we did not assess skeletal muscle function 
parameters. Furthermore, our study encountered notable 
missing values for certain variables, such as SBP and waist 
circumference, both displaying high missing rates at base-
line (42.86% and 60% at baseline, respectively) and during 
follow-up (69.29% missing rates for SBP variation at 1 
year follow-up). The COVID-19 pandemic significantly 
contributed to these missing values, disrupting follow-up 
appointments that were crucial for this assessment.

Another limitation is our exclusive focus on a female 
cohort due to the substantial predominance of women 
(85%) over males (15%) undergoing BS at our institution. 
However, while not fully elucidated, there is growing evi-
dence suggesting that SO may portend a more adverse 
prognosis in women [42, 43].

Conclusion

Bariatric surgery emerges as a promising approach for 
middle-aged female patients with SO. Despite concerns 
about potential suboptimal outcomes due to malabsorptive 
mechanisms that may exacerbate muscle loss and therefore 
worsen the condition, the most severe group of patients 
with SO lost more fat mass and simultaneously experi-
enced the smallest reduction in their total skeletal muscle 
mass, when compared to the less severe groups. None-
theless, remission rates for comorbidities following BS 
were notable. A comprehensive assessment is necessary 
to accurately determine the substantial impact of physical 
exercise on enhancing the management and outcomes of 
SO following BS.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11695-​024-​07164-x.
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