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Abstract

Background: Metabolic dysfunction-associated steatotic liver disease (MASLD), previ-
ously referred to as NAFLD, affects nearly one-third of the global adult population and
is a leading cause of chronic liver disease, particularly among individuals with obesity
and type 2 diabetes (T2DM). Bariatric surgery, including sleeve gastrectomy (SG), has
demonstrated a favorable impact on liver fat reduction. However, the predictive value of
early postoperative weight-loss trajectories for long-term hepatic improvement remains
uncertain, especially in Asian populations, in which MASLD remains understudied despite
its increasing prevalence. Methods: We retrospectively reviewed 198 adults who under-
went SG at a tertiary Korean center between January 2019 and April 2024. After excluding
21 who had postoperative complications or missed early follow-up, 177 patients (mean
age 37 ± 9 years; 41% male; mean body mass index (BMI) 40 kg/m2) were included in
the final analysis. The two-week total weight-loss index (TWL_2W) was calculated, and
its association with one-year hepatic steatosis resolution, defined as the normalization of
the hepatic steatosis index (HSI < 30) at one year, was assessed using receiver operating
characteristic (ROC) analysis to explore the trend toward predictive value. Optimal cut-
offs were derived using the Youden Index. Multivariable logistic regression models were
adjusted for age, sex, baseline hemoglobin A1c (HbA1c), and BMI. Subgroup analyses
were performed according to baseline HSI (35–44, 45–54, ≥55) and type 2 diabetes mellitus
(T2DM) status. Results: The mean TWL_2W was 7.9 ± 6.6%. A loss of 7.9% optimally
predicted HSI values < 30 at one year (area under the curve [AUC] 0.602; unadjusted odds
ratio [OR] 2.34; 95% confidence interval [CI] 1.16–4.73). Predictive accuracy improved in
T2DM patients (AUC 0.737, 95% CI 0.54–0.95), in whom TWL_2W ≥ 9.1% conferred an
adjusted OR 9.12 (95% CI 1.39–59.82), whereas no association was observed in non-diabetic
subjects. Stratified analysis showed a pronounced effect in moderate baseline steatosis
(HSI 45–54; OR 3.56), but absolute normalization was rare when the baseline HSI was
≥55. Early weight loss was not significantly linked to one-year HbA1c or triglyceride
targets. Conclusions: An 8–9% reduction in body weight within two weeks of SG was
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independently associated with the resolution of hepatic steatosis at one year, particularly
among patients with T2DM or moderate baseline hepatic steatosis. This simple metric may
assist in early risk stratification and guide personalized postoperative care.

Keywords: sleeve gastrectomy; early weight loss; hepatic steatosis index; type 2 diabetes
mellitus; risk stratification

1. Introduction
The prevalence of obesity has risen steeply over the past three decades. A pooled

analysis of 3663 population-based studies showed that in 2022, more than one billion
people—over 12% of the world’s population—were living with obesity [1]. A separate
global consortium report, covering adults, adolescents, and children across 200 countries,
confirmed that this rise has occurred consistently across all age groups and geographic
regions from 1990 to 2022 [1]. This global trend has fueled a parallel increase in obesity-
related comorbidities. In particular, large cohort studies have demonstrated that obesity and
diabetes exert additive effects on atherogenic biomarkers and cardiovascular mortality, with
dyslipidemia patterns worsening progressively as body mass index (BMI) increases [2,3].

Among obesity-related comorbidities, metabolic dysfunction-associated steatotic liver
disease (MASLD), formerly referred to as non-alcoholic fatty liver disease (NAFLD), has
emerged as a major public health concern. The global prevalence of MASLD now exceeds
30% among adults and continues to rise alongside obesity rates [4]. It is currently the
leading cause of chronic liver disease and is strongly linked to hepatocellular carcinoma,
cardiovascular disease, and type 2 diabetes mellitus (T2DM) [5–7]. The prevalence of
MASLD is notably high in individuals with obesity or T2DM, affecting approximately
50–90% and 47–63%, respectively [8]. Notably, NAFLD is present in over 90% of individuals
with severe obesity who are evaluated for bariatric surgery [9].

Given this substantial disease burden, metabolic–bariatric surgery (MBS) has gained
widespread acceptance as an effective treatment modality for patients with obesity and
obesity-related metabolic diseases. Current guidelines recommend MBS for adults with
BMI ≥ 35 kg/m2 regardless of comorbidity status and support its consideration in those
with BMI 30–34.9 kg/m2 who do not achieve adequate weight loss or metabolic control
through nonsurgical means. In recognition of ethnicity-specific risk thresholds, in Asian
populations, clinical obesity is recognized at BMI > 27.5 kg/m2 [10]. For adults with
T2DM, the American Diabetes Association further supports the use of MBS as a weight and
glycemic management strategy starting from BMI ≥ 30 kg/m2 (or ≥27.5 kg/m2 in Asian
individuals) in appropriate surgical candidates [11].

Among the available surgical options, sleeve gastrectomy (SG) has become the most
widely performed procedure worldwide, now accounting for up to 60% of operations
recorded in the eighth International Federation for the Surgery of Obesity and Metabolic
Disorders (IFSO) Registry, surpassing Roux-en-Y gastric bypass (RYGB) in all geographic
regions [12]. A recent randomized trial showed broadly equivalent excess BMI loss between
SG and RYGB at 5 years, though RYGB confers moderately greater total weight loss and
dyslipidemia resolution at the cost of higher minor complication rates [13].

Given the widespread adoption of SG and the variability in long-term outcomes,
researchers have increasingly investigated whether the magnitude of early postoperative
weight loss can serve as a predictor of long-term success following MBS. For example,
one large multicenter cohort demonstrated that total weight loss at 3 months strongly
correlated with weight trajectory up to 5 years [14]. Conversely, a European multicen-
ter study reported marked inter-individual variability and found that patients with the
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greatest early weight loss, especially those with the highest weight loss velocity during
the 3–6 month period, achieved the most favorable long-term outcomes, highlighting
procedure- and population-specific differences [15]. However, these studies vary in de-
sign: many include multiple surgical procedures, emphasize anthropometric rather than
metabolic endpoints, and apply inconsistent definitions of “early” ranging from preopera-
tive dieting to six-month time points.

In parallel with research on weight trajectories, a number of studies have examined
predictors of MASLD remission after bariatric surgery. Key factors associated with hepatic
improvement include baseline glycemic status, hepatic histology, improvements in insulin
resistance, and early postoperative weight loss [16,17]. Although these findings collectively
underscore the metabolic benefits of weight reduction, most outcome assessments are
conducted no earlier than 6 to 12 months after surgery, and few have investigated very
early predictors during the initial postoperative weeks.

Despite the recognized importance of early postoperative changes, clinical guidance
on how much weight loss in the immediate period should prompt additional evaluation or
intervention remains vague. While international societies mandate structured follow-up
after MBS, they do not define how much weight reduction in the immediate postoperative
window should trigger additional intervention [10]. Proof-of-concept data suggest that
physiological signals captured within two weeks, such as continuous glucose monitor
metrics, can anticipate one-year diabetes remission [18], and meta-regression shows a linear
relationship between weight loss and glycated hemoglobin (HbA1c) improvement across
interventions [19]. However, no clinically actionable cut-off for early postoperative weight
loss has been established.

To address this gap, we hypothesized that the percentage of total weight loss achieved
within the first two postoperative weeks independently predicts one-year metabolic out-
comes among adults undergoing SG, with a primary focus on hepatic steatosis improve-
ment and secondary outcomes including glycemic control and atherogenic lipid profile.
Leveraging a single-center retrospective cohort of 177 SG patients with complete two-week
and one-year follow-up data, we aimed to quantify the association between very early
weight loss and clinically relevant outcomes, identify optimal early-weight-loss thresholds
using receiver operating characteristic (ROC)-based approaches, and explore potential ef-
fect modification by baseline hepatic steatosis severity and diabetes status. We propose that
identifying a simple, early predictive marker could inform individualized postoperative
surveillance and timely adjunctive intervention.

2. Materials and Methods
2.1. Study Design and Population

This single-center retrospective cohort study was conducted at Asan Medical Center
in Seoul, Republic of Korea. Patients who underwent laparoscopic sleeve gastrectomy
(LSG) between 1 January 2019, and 30 April 2024, were retrospectively analyzed using data
from the Asan Bariatric and Metabolic Surgery Registry. Participants eligible for surgery
met at least one of the following criteria: (i) BMI ≥ 35 kg/m2 (class II obesity or greater);
(ii) BMI ≥ 30 kg/m2 with at least one obesity-related comorbidity (e.g., hypertension,
T2DM); and (iii) BMI ≥ 27.5 kg/m2 with uncontrolled type 2 diabetes mellitus despite
appropriate pharmacologic and lifestyle interventions. As part of the surgical eligibility
screening, patients with known chronic liver conditions other than MASLD, such as viral
hepatitis, autoimmune hepatitis, alcoholic liver disease, or drug-induced liver injury, were
not considered surgical candidates and were excluded during the initial preoperative
evaluation. For the purposes of this study, patients were further excluded if they did not
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attend scheduled postoperative follow-up visits, had missing laboratory or anthropometric
data, or were prescribed anti-obesity medications during the follow-up period.

This study was conducted in accordance with the Declaration of Helsinki and was
approved by the Institutional Review Board of Asan Medical Center (IRB No. S2022-
1613-0001). All patient identifiers were anonymized, and data were stored in a secure,
password-protected system with restricted access.

2.2. Perioperative Management

All patients underwent preoperative evaluation, including routine laboratory tests,
esophagogastroduodenoscopy, abdominal computed tomography (CT), and bioelectrical
impedance analysis to identify any structural or functional contraindications to surgery and
to assess obesity severity and body composition. A psychiatrist also conducted behavioral
and psychosocial assessments during outpatient visits, focusing on factors associated with
obesity. This evaluation included an assessment of the patient’s perception of their body
weight, history of previous weight-loss attempts, and sleep-related symptoms, such as
suspected obstructive sleep apnea or poor sleep quality.

Surgical eligibility was determined through a multidisciplinary evaluation involving
family medicine, endocrinology, and gastrointestinal surgery specialists. The multidisci-
plinary team confirmed surgical eligibility through a consensus-based case discussion.

The LSG procedures were performed by a consistent surgical team, with experience
of >200 annual gastrectomy cases per surgeon, to ensure standardization and minimize
inter-operator variability. The surgical procedure was initiated by using energy devices to
carefully divide the branches of the gastroepiploic vessels near the gastric wall along the
greater curvature, extending from the antrum to the angle of His. The posterior fundus
was fully mobilized by dissecting adhesions within the lesser sac and anterior to the
pancreas. The left diaphragmatic crus was exposed to evaluate the presence of a hiatal
hernia. Mobilization of the adipose tissue surrounding the gastroesophageal junction
allowed for better visualization and safe placement of the staple line. A 36-Fr bougie was
inserted trans-orally and positioned along the lesser curvature to guide stapling, which
began 4–6 cm proximal to the pylorus. The mobility of the bougie was confirmed by the
anesthesiologist before the final stapling, which was performed approximately 1 cm from
the angle of His. The gastric specimen was then removed, and the staple line was reinforced
using over-sewing techniques to reduce the risk of postoperative bleeding and leakage.

A standardized clinical pathway was implemented for postoperative inpatient care.
The patients typically resumed a liquid diet on postoperative day 2 and were discharged
without complications on postoperative day 5, following standardized institutional pro-
tocols. Routine outpatient follow-up was conducted at 2 weeks and subsequently at 3, 6,
9, 12, 18, and 24 months to monitor postoperative recovery and long-term outcomes. At
each visit, anthropometric measurements and laboratory tests were conducted to assess
metabolic and weight-related outcomes. The use of anti-obesity medications was not rou-
tinely recommended postoperatively, and patients who initiated such medications during
the follow-up period were excluded from the final analysis.

2.3. Data Collection and Variables

Patient data were retrospectively extracted from the Asan Bariatric and Metabolic
Surgery Registry. Baseline demographic and clinical characteristics included age, sex,
height, body weight, and BMI, which was calculated as weight in kilograms divided by
height in meters squared. Body weight and height were measured using calibrated digital
scales (accuracy ± 0.1 kg) and stadiometers (accuracy ± 0.1 cm), respectively.
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Comorbidities were identified based on physician diagnosis, laboratory findings,
medication used, and imaging results. Four key comorbidities were predefined for this
study and used to calculate the number of comorbid conditions per patient:

1. Hypertension, defined as systolic blood pressure ≥ 140 mmHg or diastolic blood
pressure ≥ 90 mmHg, or the use of antihypertensive medication [20].

2. Dyslipidemia, defined as total cholesterol (TC) ≥ 240 mg/dL, triglycerides
(TG) ≥ 200 mg/dL, low density lipoprotein cholesterol (LDL-C) ≥ 160 mg/dL, or
current use of statins or ezetimibe. For patients with diabetes, LDL-C ≥ 100 mg/dL
was considered sufficient for the diagnosis [21,22].

3. T2DM, defined by a documented diagnosis, HbA1c ≥ 6.5%, or the use of glucose-
lowering medications [23].

4. Fatty liver disease, defined by radiologic evidence of hepatic steatosis on abdominal
ultrasound or CT [24,25].

All measurements were performed at standardized time points: baseline (within
2 months prior to surgery) and 2 weeks (±3 days), 3, 6 months, and 1 year (±2 weeks)
postoperatively. At each time point, clinical assessments, anthropometric measurements
and laboratory tests were conducted according to our institutional follow-up protocol.

The laboratory data included fasting plasma glucose, HbA1c, fasting C-peptide, as-
partate aminotransferase (AST), alanine aminotransferase (ALT), TC, LDL-C, high-density
lipoprotein cholesterol (HDL-C), TG, serum creatinine, and the estimated glomerular filtra-
tion rate (eGFR), calculated using the chronic kidney disease epidemiology collaboration
equation. All laboratory measurements were performed after a 12 h overnight fast at the
laboratory of Asan Medical Center, following standardized hospital protocols and rou-
tine quality control procedures, using a Cobas 8000 modular analyzer (Roche Diagnostics
International Ltd., Rotkreuz, Switzerland).

The hepatic steatosis index (HSI) was calculated using the following formula [26]:

HSI = 8 × (ALT/AST) + BMI (+2 if female; +2 if diabetes present)

Early postoperative weight loss was assessed at 2 weeks, and the percentage of total
weight loss (%TWL_2W) was calculated as follows:

%TWL_2W = [(preoperative weight − weight at 2 weeks)/preoperative weight] × 100

The Fibrosis-4 (FIB-4) index was calculated as an estimate of liver fibrosis using the
following formula [27]:

FIB-4 = (age × AST)/(platelet count ×
√

ALT)

To ensure data accuracy and reliability, all extracted variables were independently
reviewed by two researchers. Discrepancies were resolved by consensus, and data entry
was cross-checked using the original electronic medical records.

2.4. Outcomes

The primary outcome was hepatic steatosis improvement, defined as an HSI < 30
at one-year after surgery, a definition that has been used in previous studies to indicate
the absence of MASLD [26,28,29]. Secondary outcomes included the attainment of the
following metabolic targets at one-year:

• HbA1c < 6.5% in patients with diabetes or <5.7% in those without diabetes [23];
• LDL-C < 100 mg/dL [22,30];
• TG < 150 mg/dL [22].

Each outcome was coded as a binary variable and used in logistic regression analyses.
In addition, a ≥ 35% relative reduction in the HSI was evaluated in an exploratory analysis.
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This threshold was not a predefined or established cut-off but approximated the mean
relative reduction observed in our cohort, and it was analyzed to provide additional insight
into the degree of steatosis improvement.

2.5. Statistical Analysis

Continuous variables were expressed as means ± standard deviations and com-
pared between groups using independent-samples t-tests (or Mann–Whitney U tests for
non-normally distributed variables). Categorical variables were presented as numbers
(percentages) and compared using Pearson’s χ2 tests or Fisher’s exact tests, as appropriate.

First, ROC curves were constructed to evaluate the predictive performance of
%TWL_2W for each outcome; areas under the curve (AUCs) were reported. Optimal thresh-
olds for %TWL_2W were identified using the Youden Index and rounded to one decimal
place to avoid spurious precision; this threshold was treated as an exploratory, data-driven
value rather than an established clinical criterion.

Next, based on this threshold, we conducted a cut-off–based analysis and logistic
regression to assess the association between early postoperative weight loss and the achieve-
ment of one-year metabolic outcomes, reporting unadjusted and adjusted odds ratios (ORs)
with 95% confidence intervals (CIs). Variables with p < 0.10 in univariable analyses and
clinically relevant covariates were included in the multivariable models. Subgroup analyses
were prespecified according to diabetes status (T2DM vs. non-T2DM) and baseline HSI
categories (35–44, 45–54, ≥55).

All statistical analyses were conducted using complete-case data in IBM SPSS Statistics
version 21. Patients with missing one-year outcome data were excluded from the corre-
sponding analyses. A post hoc power estimation was conducted to assess the detectable
effect size given the final sample size and observed outcome rate, using G*Power ver-
sion 3.1.9.7. Assuming a two-sided α = 0.05, a sample size of 177, and an outcome rate
of 33% for HSI normalization in our cohort, we estimated that the analysis had over 80%
power to detect an odds ratio of 2.0 or greater in a logistic regression model. A two-tailed
p-value < 0.05 was considered statistically significant.

3. Results
3.1. Study Population and Baseline Characteristics

A total of 198 adult patients who were enrolled in the Asan Bariatric and Metabolic
Surgery Registry between January 2019 and April 2024 were initially screened for inclusion.
Of these, five patients who developed complications were excluded at the outset of the
inclusion process (wound complication, n = 1; incisional hernia, n = 3; diabetic ketoacidosis,
n = 1). An additional 16 patients were subsequently excluded for the following reasons:
surgery canceled before admission (n = 1); underwent Roux-en-Y gastric bypass (n = 1); no
follow-up at all after surgery (n = 3), follow-up at 1 month only, followed by loss to follow-
up (n = 7); follow-up at 3 months only (n = 2); and the postoperative use of anti-obesity
medications (n = 2). As a result, 177 patients with complete two-week and 12-month data
were included in the final analysis (Supplementary Figure S1).

The patients’ baseline characteristics are summarized in Table 1. The mean age of the
cohort was 37.0 ± 9.4 years, and 41.2% were male. The mean baseline body weight and
BMI were 113.2 ± 23.7 kg and 39.9 ± 6.6 kg/m2, respectively. The mean HSI at baseline was
51.5 ± 7.9. Among the participants, 79 (44.6%) had T2DM, 141 (79.7%) had hypertension,
107 (60.5%) had dyslipidemia, and 110 (62.1%) had fatty liver.

When stratified by diabetes status, patients with T2DM showed a significantly higher
prevalence of dyslipidemia (71.8% vs. 51.5%, p = 0.006) and fatty liver (73.1% vs. 53.5%,
p = 0.008) compared with those without T2DM. Their fasting plasma glucose and HbA1c
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levels were markedly higher (both p < 0.001), as were TG and LDL-C levels (p = 0.013
and p = 0.002, respectively), whereas HDL-C levels were lower (p = 0.002) in patients with
T2DM. Other baseline parameters, including age, sex distribution, body weight, BMI, blood
pressure, and liver/kidney function tests, were not significantly different between groups.

Table 1. Baseline demographic, clinical and biochemical characteristics of the study participants in
the overall cohort and stratified by presence of type 2 diabetes.

Overall Cohort T2DM Non-T2DM p-Value

Age (years) 37.01 ± 9.38 38.03 ± 10.30 36.21 ± 8.48 0.212
Male 73 (41.2) 38 (48.7) 35 (35.4) 0.073

Comorbidities
T2DM 79 (44.6)
Hypertension 141 (79.7) 66 (84.6) 75 (75.8) 0.146
Dyslipidemia 107 (60.5) 56 (71.8) 51 (51.5) 0.006
Fatty liver 110 (62.1) 57 (73.1) 53 (53.5) 0.008

Clinical parameters
Body weight (kg) 113.23 ± 23.71 113.71 ± 23.39 112.86 ± 24.07 0.814
BMI (kg/m2) 39.91 ± 6.61 39.60 ± 6.52 40.17 ± 6.70 0.565
SBP (mmHg) 145.87 ± 16.55 146.72 ± 17.01 145.20 ± 16.23 0.549
DBP (mmHg) 88.87 ± 11.81 88.03 ± 11.16 89.54 ± 12.33 0.394

Biological parameters
FPG (mg/dL) 119.15 ± 38.40 139.21 ± 48.48 103.35 ± 15.14 <0.001
HbA1c (%) 6.37 ± 1.34 7.34 ± 1.45 5.59 ± 0.42 <0.001
C-peptide (ng/mL) 4.28 ± 2.26 4.70 ± 2.86 3.95 ± 1.54 0.043
TC (mg/dL) 180.19 ± 38.62 169.37 ± 41.66 188.70 ± 33.88 0.001
TG (mg/dL) 176.70 ± 108.63 199.50 ± 111.31 158.36 ± 103.37 0.013
HDL-C (mg/dL) 44.61 ± 9.64 42.22 ± 8.47 46.54 ± 10.12 0.002
LDL-C (mg/dL) 113.92 ± 35.18 104.58 ± 37.35 121.43 ± 31.56 0.002
AST (U/L) 36.11 ± 26.70 41.97 ± 33.01 31.50 ± 19.36 0.014
ALT (U/L) 44.23 ± 37.22 50.68 ± 43.77 39.14 ± 30.39 0.050
Creatinine (mg/dL) 0.86 ± 0.73 0.96 ± 1.09 0.79 ± 0.16 0.179
eGFR (mL/min/1.73 m2) 104.75 ± 18.74 104.18 ± 23.24 105.20 ± 14.35 0.734

HSI 51.50 ± 7.86 52.24 ± 7.22 50.92 ± 8.32 0.263
FIB-4 0.79 ± 0.55 0.92 ± 0.68 0.69 ± 0.40 0.008

Note: values are expressed as means ± standard deviations (SDs) or numbers (%), unless otherwise indicated.
p-values represent between-group differences (T2DM vs. non-T2DM). Abbreviation: T2DM, type 2 diabetes melli-
tus; BMI, body mass index; SBP, systolic blood pressure, DBP, diastolic blood pressure; FPG, fasting plasma glucose;
HbA1c, glycated hemoglobin; TC, total cholesterol; TG, triglyceride; HDL-C. high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
eGFR, estimated glomerular filtration rate; HSI, hepatic steatosis index; FIB-4, fibrosis-4 index.

3.2. Longitudinal Changes in Metabolic Parameters

Changes in clinical and biochemical parameters during the one-year follow-up period
are summarized in Table 2. Significant reductions in body weight and BMI were observed at
3, 6, and 12 months postoperatively (all p < 0.001). Glycemic parameters, including fasting
glucose and HbA1c, also improved consistently at all follow-up points (all p < 0.001). TG
levels were significantly reduced (p < 0.001), whereas TC and LDL-C showed no significant
change. In contrast, HDL-C increased significantly at both 6 and 12 months (p < 0.001).
Both AST and ALT levels decreased postoperatively, with ALT showing a more marked
reduction. AST levels did not change at 3 months but significantly declined from 6 months
onward (p < 0.001). The HSI improved significantly at all follow-up time points, decreasing
from 51.5 ± 7.9 at baseline to 33.2 ± 5.8 at one-year (p < 0.001). In contrast, the FIB-4 index
remained unchanged throughout the follow-up, with no significant differences compared
with baseline at 3, 6, and 12 months.



J. Clin. Med. 2025, 14, 7284 8 of 16

Table 2. Changes in clinical and biochemical parameters before and after sleeve gastrectomy.

Pre-OP Post-OP 2 W Post-OP 3 M p-Value Post-OP 6 M p-Value Post-OP
1 Year p-Value

Body weight 113.33 ± 23.70 104.28 ± 23.67 93.75 ± 20.35 <0.001 ** 88.17 ± 20.13 <0.001 ** 84.85 ± 19.31 <0.001 **
BMI 39.91 ± 6.62 30.92 ± 6.18 27.83 ± 5.31 <0.001 ** 26.11 ± 5.27 <0.001 ** 25.15 ± 5.03 <0.001 **

%TWL_2W 7.90 ± 6.62

FBS 119.15 ± 38.3 102.41 ± 22.77 <0.001 ** 97.53 ± 16.26 <0.001 ** 98.67 ± 23.18 <0.001 **
HbA1c 6.37 ± 1.34 5.61 ± 0.86 <0.001 ** 5.54 ± 0.74 <0.001 ** 5.59 ± 0.85 <0.001 **
TC 180.19 ± 38.61 179.60 ± 35.19 0.724 183.67 ± 39.11 0.391 181.38 ± 33.67 0.990
TG 176.70 ± 108.62 123.37 ± 54.31 <0.001 ** 113.66 ± 59.10 <0.001 ** 109.45 ± 53.34 <0.001 **
HDL-C 44.61 ± 9.63 48.75 ± 33.62 0.167 51.75 ± 10.56 <0.001 ** 57.67 ± 13.11 <0.001 **
LDL-C 113.92 ± 35.17 116.31 ± 30.74 0.199 115.46 ± 33.60 0.447 107.38 ± 29.53 0.143
AST 36.11 ± 26.69 29.02 ± 65.53 0.279 20.93 ± 7.11 <0.001 ** 20.65 ± 6.75 <0.001 **
ALT 44.23 ± 37.22 26.58 ± 73.02 0.009 * 15.41 ± 9.65 <0.001 ** 15.91 ± 10.53 <0.001 **

HSI 51.50 ± 7.85 36.22 ± 6.86 <0.001 ** 33.84 ± 6.44 <0.001 ** 33.15 ± 5.82 <0.001 **
FIB-4 0.79 ± 0.55 0.80 ± 0.47 0.761 0.83 ± 0.46 0.549 0.88 ± 0.45 0.064

Abbreviations: OP, operation; 2 W, 2 weeks; 3 M, 3 months; 6 M, 6 months; %TWL_2W, percentage of total weight
loss at 2 weeks. * p < 0.05 and ** p < 0.001 by paired t-test compared with preoperative values at 3, 6, and 12 months.

3.3. Predictive Performance of Early Postoperative Weight Loss for One-Year Outcomes

As shown in Figure 1A, early postoperative weight loss at 2 weeks demonstrated
modest discriminatory ability in predicting one-year metabolic improvements. Of the out-
comes assessed, the AUC was the highest for the HSI (HSI < 30, AUC = 0.602; 95% CI:
0.503–0.702; p = 0.044), followed by TG (TG < 150 mg/dL, AUC = 0.568; 95% CI: 0.452–0.685;
p = 0.059), LDL-C (LDL-C < 100 mg/dL, AUC = 0.554; CI: 0.452–0.656; p = 0.284), and HbA1c
(HbA1c < 6.5% for patients with DM or <5.7% for those without DM, AUC = 0.557; 95% CI:
0.407–0.706; p = 0.480) (Figure 2A). Optimal cut-offs for postoperative 2-week weight loss
were identified using the Youden Index: HSI, 7.9%; HbA1c, 7.7%; LDL-C, 8.1%; TG, 9.4%
(Supplementary Table S1). To further characterize these cut-offs, Supplementary Table S2 com-
pares baseline and one-year outcomes between patients above and below the 7.9% threshold,
which corresponded to the optimal cut-off derived for HSI, the outcome most significantly pre-
dicted by early weight loss. Patients with higher early weight loss (≥7.9%) were significantly
younger at baseline, while the other clinical characteristics were comparable. At one-year,
the high-early-weight-loss group showed greater improvement in the HSI (45.0% vs. 25.9%,
p = 0.017) and a borderline trend toward achieving LDL-C target (50.0% vs. 33.3%, p = 0.050).
In contrast, no significant group differences were observed for HbA1c or TG outcomes.

Figure 1. Receiver operating characteristic curves (ROCs) for early postoperative weight loss in
predicting one-year metabolic outcomes. (A) Predictive performance of %TWL_2W for achiev-
ing target levels of HSI < 30, glycemic control (HbA1c < 6.5% for DM or <5.7% for non-DM),
LDL-C < 100 mg/dL, and TG < 150 mg/dL. (B) Subgroup analysis of ROC curves for predicting
HSI < 30 according to diabetes status.
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Figure 2. Bar plot of area under the receiver operating characteristic curve (AUC) for early post-
operative weight loss in predicting one-year metabolic outcomes. (A) AUCs for four metabolic
outcomes: HSI < 30, HbA1c target, LDL-C < 100 mg/dL, and TG < 150 mg/dL. Error bars represent
95% confidence intervals (CIs). (B) Subgroup comparison of AUC for HSI < 30 according to diabetes
status (T2DM vs. non-T2DM). Error bars represent 95% CIs.

3.4. Association Between Early Weight Loss and One-Year Metabolic Improvements

Univariate logistic regression showed that early weight loss at or above the %TWL_2W
cut-off was significantly associated with an improvement in the HSI (OR = 2.34; 95% CI:
1.16–4.73; p = 0.018) and LDL-C (OR = 2.46; 95% CI: 1.21–5.02; p = 0.013) (Table 3). No
significant associations were observed for HbA1c or TG outcomes. Furthermore, to examine
whether HSI, the one-year outcome most strongly associated with early two-week weight
loss, showed consistent associations with improvements in other metabolic outcomes, we
compared clinical parameters at one-year between individuals above and below the one-year
HSI cut-off value of 30 (Supplementary Table S3). At one year, patients with HSI < 30
demonstrated significantly greater weight loss compared with those with an HSI ≥ 30
(one-year %TWL: 30.38 ± 7.64 vs. 22.40 ± 8.08, p < 0.001). In addition, the proportion of
patients who achieved HbA1c improvement (97.4% vs. 82.3%, p = 0.020) and TG reduction
(91.5% vs. 74.2%, p = 0.016) was significantly higher in the one-year HSI < 30 group. No sig-
nificant differences were observed between groups in LDL-C improvement (48.9% vs. 36.0%,
p = 0.142). These findings indicate that a favorable one-year HSI status was accompanied by
greater weight loss and consistent improvements in selected metabolic parameters.

Table 3. Association between early weight loss and improvement in one-year metabolic outcomes.

Outcome OR (95% CI) p-Value

HSI 2.34 (1.16–4.73) 0.0176 *
LDL-C 2.46 (1.21–5.02) 0.0131 *
HbA1c 2.31 (0.69–7.73) 0.1749

TG 3.92 (0.87–17.66) 0.0757
Note: p-values are from two-sided Wald tests of OR = 1. * p < 0.05.

3.5. Subgroup Analyses by Hepatic Steatosis Severity and Diabetes Status

To assess whether baseline steatosis severity modified the predictive value of early
weight loss, the patients were stratified by values of 35–44, 45–54, and ≥55 (Table 4).
%TWL_2W ≥ 7.9% was significantly associated with achieving HSI < 30 at one-year only
in the 45–54 group (OR = 3.56; 95% CI: 1.26–10.04; p = 0.017). No significant associations
were observed in the other groups. Notably, only three patients with a baseline HSI ≥ 55
achieved HSI < 30 at one-year, suggesting markedly limited reversibility of hepatic steatosis
in this subgroup.
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Table 4. Association between early postoperative weight loss and one-year hepatic steatosis improve-
ment, stratified by baseline HSI group.

Baseline HSI OR (95% CI) p-Value

35–44 1.52 (0.29–8.03) 0.6254
45–54 3.56 (1.26–10.04) 0.0167 *
≥55 0.94 (0.08–11.15) 0.9596

Note: p-values are from two-sided Wald tests of OR = 1. * p < 0.05.

In an exploratory analysis using a ≥35% relative reduction in HSI, greater early
weight loss was associated with higher odds of liver fat improvement in patients with
moderate and severe baseline steatosis (HSI 45–54: OR 3.83; HSI ≥ 55: OR 5.83; 95% CIs
in Supplementary Table S4). In contrast, findings were not significant in the mild stratum.
These results suggest that early postoperative weight loss relates to relative steatosis
improvement even when full normalization is infrequent in advanced disease.

A subgroup analysis based on baseline T2DM status was performed to determine
whether the effect of early postoperative weight loss on hepatic steatosis improve-
ment (defined as HSI < 30 at one-year) differed according to the presence of diabetes.
Figures 1B and 2B show that %TWL_2W had greater predictive ability for HSI < 30 in pa-
tients with T2DM (AUC = 0.737; 95% CI: 0.548–0.950; p = 0.013) than in non-T2DM patients
(AUC = 0.541; 95% CI: 0.404–0.656; p = 0.639). The difference between the two independent
ROC curves approached statistical significance (∆AUC = 0.196; 95% CI: −0.004–0.442;
p = 0.055; by Hanley and McNeil’s method). From a clinical perspective, net reclassification
analysis in the T2DM subgroup demonstrated clear utility: among patients who achieved
HSI < 30 at one-year, 80% were correctly classified by the model as having a high probabil-
ity of HSI normalization, whereas among those who did not achieve HSI < 30, 72% were
correctly classified as having a low probability of HSI normalization. As shown in Table 5,
using a cut-off of 9.1% (Youden Index), early weight loss was significantly associated with
hepatic improvement in patients with T2DM (OR = 13.42; 95% CI, 2.86–63.02; p = 0.001),
whereas no significant association was observed in patients without T2DM (OR = 1.11;
95% CI, 0.42–2.95; p = 0.839). After adjusting for age, sex, baseline HbA1c, and BMI, this
association remained significant in T2DM patients (adjusted OR = 9.12; 95% CI, 1.39–59.82;
p = 0.021) but not in non-T2DM patients (adjusted OR = 0.70; 95% CI, 0.18–2.77; p = 0.611).

Table 5. Univariate and multivariate logistic regression analyses for predicting one-year hepatic
steatosis improvement (HSI < 30) according to early postoperative weight loss (≥9.1%), stratified by
diabetes status.

Group OR (95% CI) p-Value Model

T2DM
13.42 (2.86–63.02) 0.0010 ** unadjusted
9.12 (1.39–59.82) 0.0212 * adjusted

Non-T2DM
1.11 (0.42–2.95) 0.8386 unadjusted
0.70 (0.18–2.77) 0.6108 adjusted

Note: p for interaction between early weight loss (≥9.1%) and diabetes status was 0.002 in the unadjusted model
and 0.005 in the adjusted model. * p < 0.05 and ** p < 0.001.

4. Discussion
This single-center retrospective cohort study evaluated 177 patients who underwent

LSG between January 2019 and April 2024. The primary finding was that %TWL_2W
emerged as the strongest early predictor of hepatic improvement at one-year. Specifically,
a two-week weight loss of 7.9% most accurately predicted HSI normalization to <30,
conferring an odds ratio of 2.34 compared with smaller early losses. Although ALT and AST
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showed wide variability at the 2-week time point, likely reflecting transient postoperative
fluctuations, both enzymes demonstrated consistent and significant reductions thereafter,
indicating sustained improvement in liver function. In contrast, the FIB-4 index did
not show significant longitudinal changes in our dataset, and it exhibited a different
trajectory compared with the HSI. While the HSI primarily reflects hepatic steatosis, FIB-4
is an estimator of hepatic fibrosis. In our cohort, the mean baseline HSI was elevated
(51.50 ± 7.85), consistent with substantial steatosis, while the baseline FIB-4 index was
relatively low (0.79 ± 0.55), suggesting limited fibrosis. This discrepancy likely explains
why FIB-4 remained unchanged during postoperative follow-up, indicating that the patients
had considerable steatosis but minimal fibrosis at baseline.

A dose–response relationship was also evident: patients with moderate steatosis (HSI
45–54) who achieved ≥ 7.9% early weight loss were three times more likely to normalize
their HSI, whereas only a small minority with severe steatosis (HSI ≥ 55) attained full
resolution. Predictive capacity was particularly pronounced in the T2DM subgroup, where
the AUC rose to 0.737 and ≥9.1% early weight loss conferred an adjusted OR of 9.12.
Collectively, these findings suggest that a simple two-week weight-loss milestone can
help anticipate one-year hepatic outcomes after SG, particularly in patients with T2DM
or moderate baseline steatosis. However, given the modest overall discrimination (HSI
AUC 0.602; Youden 0.207), any single two-week cut-off has limited standalone utility.
Accordingly, we report 7.9% as a provisional reference point rather than a prescriptive
decision threshold, with the strongest performance observed in those prespecified contexts.

The present data indicate that losing roughly 8% of baseline weight within the
first two postoperative weeks can serve as a pragmatic early marker for risk stratifica-
tion after SG. Patients who do not attain this threshold may benefit from intensified dietary
counseling provided at shorter intervals, coupled with the timely initiation—or dose
escalation—of adjunct pharmacotherapies such as GLP-1 receptor agonists or sodium-
glucose co-transporter 2 inhibitors. Embedding these measures within a predefined surveil-
lance framework that incorporates follow-up liver imaging at three- to six-month intervals
could help clinicians detect—and address—suboptimal hepatic responses before fibro-
sis progresses.

Patients presenting with severe steatosis (HSI ≥ 55) merit particular attention. In this
stratum, complete normalization (HSI < 30) was uncommon, indicating limited absolute
reversibility despite comparable relative weight loss. These outcome patterns are biologi-
cally plausible. Advanced steatosis is characterized by impaired mitochondrial function,
diminished β-oxidative capacity, and progressive fibrotic remodeling, all of which restrict
metabolic flexibility and the ability to clear intra-hepatic fat despite similar weight loss
percentages [31–33]. This pathophysiological ceiling is consistent with our finding that
only 3 of 49 individuals in the highest HSI stratum reached complete normalization at
12 months. Nevertheless, an exploratory analysis using a ≥35% relative reduction in the
HSI demonstrated that greater early weight loss was associated with higher odds of liver
fat improvement in both moderate and severe baseline steatosis. Thus, although complete
reversal is infrequent in advanced disease, clinically meaningful relative improvement
remains attainable.

Beyond hepatic outcomes, early weight loss also showed relevance for lipid tar-
gets. Patients with greater early postoperative weight loss were more likely to achieve
LDL-C < 100 mg/dL at one year, despite a lack of significant group-level reduction in mean
LDL-C. This observation is consistent with prior studies describing heterogeneous lipid
responses after sleeve gastrectomy and suggests that very early weight trajectories may
influence the probability of reaching lipid goals in individual patients [34]. Taken together,
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these findings highlight the broader metabolic relevance of early weight loss, extending its
prognostic value beyond hepatic outcomes.

Multiple groups have shown that the pace of weight reduction immediately after
bariatric surgery forecasts longer-term outcomes. After both SG and RYGB, early loss at
1 or 3 months explains up to 30–50% of the variance in maximal weight loss at 1–5 years
and helps flag “slow losers” who may benefit from intensified follow-up [14,35–37]. Our
finding that a two-week total weight loss of 8–9% predicts hepatic benefit therefore extends
this concept from global weight trajectories to organ-specific metabolic endpoints.

Meta-analyses consistently demonstrate marked resolution of NAFLD features after
metabolic surgery, with RYGB achieving long-term reductions in liver fat, inflammation,
and fibrosis, including steatosis resolution in up to 95% of cases, while SG provides com-
parable hepatic benefits, significantly improving steatosis and fibrosis in approximately
60% of patients [38–41]. Importantly, most pooled analyses report aggregate mean changes
without stratification by baseline steatosis severity or diabetes status. It remains unclear
whether patients with advanced disease or dysglycemia experience comparable benefit, a
critical research gap that our stratified HSI data help to fill.

During the first two postoperative weeks, patients typically consume an energy-
restricted liquid diet (≈400–600 kcal per day) and experience an abrupt drop in insulin,
creating an acute negative energy balance. In individuals with T2DM, this state appears to
mobilize intrahepatic TG more rapidly than in their euglycemic peers, likely because higher
basal hepatic fat content and insulin resistance amplify the gradient for lipid efflux [42–44].
Under hypocaloric conditions, hepatic de novo lipogenesis is sharply suppressed, while
very-low-density lipoprotein export accelerates, yielding ≈30% reductions in liver fat
within 7 days in T2DM cohorts with normalization of fasting glucose and de novo lipogen-
esis markers. In contrast, non-diabetic participants exhibit slower, smaller shifts [45,46]. In
our dataset, the hepatic response is reflected indirectly in prediction metrics: the AUC for
early weight loss increased from 0.602 in the full cohort to 0.737 in the T2DM subgroup,
suggesting that rapid postoperative weight loss confers a large hepatic benefit, particularly
in patients with diabetes. Taken together, two-week weight loss functions both as a surro-
gate of surgical efficacy and as a window into individual metabolic flexibility, especially in
the context of diabetes.

SG also elicits large, early rises in gut-derived hormones, such as glucagon-like peptide
1 (GLP-1), PYY, and FGF19, together with a two- to three-fold increase in circulating
conjugated bile acids and a shift toward bile-tolerant microbial taxa [47]. GLP-1 and FGF19
enhance hepatic β-oxidation and down-regulate SREBP-1c, whereas secondary bile acids
activate FXR and TGR, further curbing lipogenesis [48–51]. These convergent signals
magnify the lipid-lowering impact of caloric restriction and may explain why relatively
modest early weight loss translates to a pronounced hepatic dividend [52].

This study possesses several distinctive strengths. Conducted at a high-volume Korean
center, it represents one of the largest Asian series to provide uninterrupted 12-month bio-
chemical surveillance after sleeve gastrectomy, thereby complementing the predominantly
Western evidence base. By translating an easily measurable two-week weight loss mile-
stone into a clinically actionable predictor of hepatic outcome, this study offers a practical
tool for early postoperative management. Stratified analyses by baseline steatosis severity
and diabetes status further illuminate the patient subgroups most likely to benefit from
rapid early weight reduction. Finally, this study’s use of prospectively captured electronic
medical record data and multivariable modeling that adjusted for age, sex, HbA1c, and
BMI strengthens the credibility of the associations reported.

Several caveats warrant consideration. First, the retrospective, single-center design
and restriction to patients undergoing sleeve gastrectomy may limit generalizability and
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introduce selection bias. External validation in independent cohorts has not yet been
performed. Second, hepatic steatosis was assessed using the HSI, a pragmatic and widely
used surrogate in large retrospective cohorts. However, the HSI is less precise than imaging
or histologic evaluation and is not currently recommended as a standalone diagnostic or
monitoring tool by major international guidelines. Imaging-based quantification or liver
biopsy was not routinely available in our cohort, as the patients were enrolled primarily
for the management of obesity or T2DM and not for suspected liver disease. Furthermore,
liver imaging is not uniformly performed preoperatively in bariatric practice in Korea due
to limited reimbursement coverage under the national health insurance system. As a result,
comprehensive imaging or biopsy data were not consistently available for all participants,
limiting our ability to validate steatosis resolution through gold-standard methods. Third,
postoperative lifestyle and treatment adjustments such as dietary intake, physical activity,
alcohol use, and changes in concomitant medications were not systematically captured,
and information on the patients’ use of vitamin and mineral supplements was also limited,
leaving room for residual confounding. Lastly, subgroup analyses should be interpreted
with caution: among patients with severe baseline steatosis (HSI ≥ 55), only three indi-
viduals achieved HSI normalization at one year, yielding wide confidence intervals and
unstable regression estimates. This likely reflects both the biological difficulty of reversing
advanced steatosis and the statistical limitation imposed by low event counts.

In conclusion, weight loss of approximately 7.9–9.1% in the first two postopera-
tive weeks was independently associated with one-year hepatic improvement, with the
strongest associations observed in patients with T2DM. Given the modest overall discrim-
ination (HSI AUC 0.602), this early metric should be interpreted as an associative risk
indicator rather than a definitive predictor. It may assist with early risk stratification and
individualized postoperative management after SG, helping clinicians consider earlier sup-
portive measures in patients at risk of suboptimal hepatic response. Given that this 2-week
cut-off is a provisional reference, prospective external validation using imaging-based
endpoints remains warranted to establish its clinical applicability.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm14207284/s1, Figure S1: Flow diagram of study cohort selection;
Table S1: Optimal cut-off values of 2-week total weight loss for predicting one-year metabolic targets
based on receiver operating characteristics (ROC) analysis; Table S2: Baseline characteristics and
one-year outcomes according to early postoperative weight loss (%TWL_2W ≥ 7.9% vs. <7.9%);
Table S3: Comparison of metabolic outcomes at one-year in patients with HSI < 30 versus HSI ≥ 30;
Table S4: Association between early postoperative weight loss and one-year ≥ 35% reduction in HSI,
stratified by baseline HSI group.

Author Contributions: M.K.J., S.Y.Y., C.S.K. and S.H.M. conceived and designed the study. M.K.J.
and S.Y.Y. worked on data acquisition and data synthesis. M.K.J., S.Y.Y., J.A.A., J.S.K., M.-S.K., J.A.L.,
C.S.K. and S.H.M. wrote the manuscript. All authors participated in manuscript review and critical
appraisal. S.H.M. primarily composed the manuscript and takes responsibility for it as a whole. All
authors have read and agreed to the published version of the manuscript.

Funding: The study was supported by National Research Foundation of Korea (NRF), funded by the
Ministry of Science and ICT of Korea (RS-2024-00393728) and Asan Institute for Life Sciences, Asan
Medical Center, Seoul, Korea (2023IP0101). No APC funding was received.

Institutional Review Board Statement: This study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Ethics Committee of the Asan Medical
Center (number S2022-1613-0001 of 18 July 2022).

Informed Consent Statement: The requirement for informed consent was waived by the IRB due to
the retrospective design and the use of de-identified data.

https://www.mdpi.com/article/10.3390/jcm14207284/s1
https://www.mdpi.com/article/10.3390/jcm14207284/s1


J. Clin. Med. 2025, 14, 7284 14 of 16

Data Availability Statement: Datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Phelps, N.H.; Singleton, R.K.; Zhou, B.; Heap, R.A.; Mishra, A.; Bennett, J.E.; Paciorek, C.J.; Lhoste, V.P.F.; Carrillo-Larco, R.M.;

Stevens, G.A.; et al. Worldwide trends in underweight and obesity from 1990 to 2022: A pooled analysis of 3663 population-
representative studies with 222 million children, adolescents, and adults. Lancet 2024, 403, 1027–1050. [CrossRef]

2. Brown, O.I.; Drozd, M.; McGowan, H.; Giannoudi, M.; Conning-Rowland, M.; Gierula, J.; Straw, S.; Wheatcroft, S.B.; Bridge, K.;
Roberts, L.D.; et al. Relationship Among Diabetes, Obesity, and Cardiovascular Disease Phenotypes: A UK Biobank Cohort Study.
Diabetes Care 2023, 46, 1531–1540. [CrossRef]

3. Formisano, E.; Proietti, E.; Borgarelli, C.; Sukkar, S.G.; Albertelli, M.; Boschetti, M.; Pisciotta, L. The impact of overweight on lipid
phenotype in different forms of dyslipidemia: A retrospective cohort study. J. Endocrinol. Investig. 2024, 47, 3111–3118. [CrossRef]
[PubMed]

4. Younossi, Z.M.; Golabi, P.; Paik, J.M.; Henry, A.; Van Dongen, C.; Henry, L. The global epidemiology of nonalcoholic fatty liver
disease (NAFLD) and nonalcoholic steatohepatitis (NASH): A systematic review. Hepatology 2023, 77, 1335–1347. [CrossRef]

5. Younossi, Z.M.; Koenig, A.B.; Abdelatif, D.; Fazel, Y.; Henry, L.; Wymer, M. Global epidemiology of nonalcoholic fatty liver
disease-Meta-analytic assessment of prevalence, incidence, and outcomes. Hepatology 2016, 64, 73–84. [CrossRef]

6. Simon, T.G.; Roelstraete, B.; Hagström, H.; Sundström, J.; Ludvigsson, J.F. Non-alcoholic fatty liver disease and incident major
adverse cardiovascular events: Results from a nationwide histology cohort. Gut 2022, 71, 1867–1875. [CrossRef]

7. Mantovani, A.; Byrne, C.D.; Bonora, E.; Targher, G. Nonalcoholic Fatty Liver Disease and Risk of Incident Type 2 Diabetes: A
Meta-analysis. Diabetes Care 2018, 41, 372–382. [CrossRef]

8. Younossi, Z.M.; Golabi, P.; de Avila, L.; Paik, J.M.; Srishord, M.; Fukui, N.; Qiu, Y.; Burns, L.; Afendy, A.; Nader, F. The global
epidemiology of NAFLD and NASH in patients with type 2 diabetes: A systematic review and meta-analysis. J. Hepatol. 2019, 71,
793–801. [CrossRef] [PubMed]

9. Wei, L.; Li, M.; Zeng, N.; Liu, Y.; Bai, R.; Zhang, N.; Song, J.; Zhang, P.; Yao, Q.; Yang, Z.; et al. Bariatric surgery for non-alcoholic
fatty liver disease in individuals with obesity (Base-NAFLD): Protocol of a prospective multicenter observational follow-up study.
BMC Surg. 2021, 21, 298. [CrossRef] [PubMed]

10. Eisenberg, D.; Shikora, S.A.; Aarts, E.; Aminian, A.; Angrisani, L.; Cohen, R.V.; De Luca, M.; Faria, S.L.; Goodpaster, K.P.S.;
Haddad, A.; et al. 2022 American Society for Metabolic and Bariatric Surgery (ASMBS) and International Federation for the
Surgery of Obesity and Metabolic Disorders (IFSO): Indications for Metabolic and Bariatric Surgery. Surg. Obes. Relat. Dis. 2022,
18, 1345–1356. [CrossRef]

11. American Diabetes Association Professional Practice Committee. 8. Obesity and Weight Management for the Prevention and
Treatment of Type 2 Diabetes: Standards of Care in Diabetes—2025. Diabetes Care 2024, 48, S167–S180. [CrossRef]

12. Brown, W.A.; Liem, R.; Al-Sabah, S.; Anvari, M.; Boza, C.; Cohen, R.V.; Ghaferi, A.; Våge, V.; Himpens, J.; Kow, L.; et al. Metabolic
Bariatric Surgery Across the IFSO Chapters: Key Insights on the Baseline Patient Demographics, Procedure Types, and Mortality
from the Eighth IFSO Global Registry Report. Obes. Surg. 2024, 34, 1764–1777. [CrossRef]

13. Biter, L.U.; t Hart, J.W.; Noordman, B.J.; Smulders, J.F.; Nienhuijs, S.; Dunkelgrün, M.; Zengerink, J.F.; Birnie, E.; Friskes, I.A.;
Mannaerts, G.H.; et al. Long-term effect of sleeve gastrectomy vs Roux-en-Y gastric bypass in people living with severe obesity:
A phase III multicentre randomised controlled trial (SleeveBypass). Lancet Reg. Health Eur. 2024, 38, 100836. [CrossRef] [PubMed]

14. Tettero, O.M.; Monpellier, V.M.; Janssen, I.M.C.; Steenhuis, I.H.M.; van Stralen, M.M. Early Postoperative Weight Loss Predicts
Weight Loss up to 5 Years After Roux-En-Y Gastric Bypass, Banded Roux-En-Y Gastric Bypass, and Sleeve Gastrectomy. Obes.
Surg. 2022, 32, 2891–2902. [CrossRef] [PubMed]

15. Manning, S.; Pucci, A.; Carter, N.C.; Elkalaawy, M.; Querci, G.; Magno, S.; Tamberi, A.; Finer, N.; Fiennes, A.G.; Hashemi, M.;
et al. Early postoperative weight loss predicts maximal weight loss after sleeve gastrectomy and Roux-en-Y gastric bypass. Surg.
Endosc. 2015, 29, 1484–1491. [CrossRef] [PubMed]

16. Lassailly, G.; Caiazzo, R.; Ntandja-Wandji, L.C.; Gnemmi, V.; Baud, G.; Verkindt, H.; Ningarhari, M.; Louvet, A.; Leteurtre, E.;
Raverdy, V.; et al. Bariatric Surgery Provides Long-term Resolution of Nonalcoholic Steatohepatitis and Regression of Fibrosis.
Gastroenterology 2020, 159, 1290–1301.e1295. [CrossRef]

17. Navarro-Masip, È.; Mestres, N.; Zorzano-Martínez, M.; Salinas-Roca, B.; Sánchez, E.; López-Cano, C.; Herrerías, F.; de la Fuente,
M.C.; Santamaría, M.; León-Mengíbar, J.; et al. Mid-term Effects of Bariatric Surgery on Metabolic Dysfunction-Associated Fatty
Liver Disease Remission and Predictive Factors: A Prospective Study with a Focus on Non-invasive Diagnosis. Obes. Surg. 2024,
34, 841–849. [CrossRef]

https://doi.org/10.1016/S0140-6736(23)02750-2
https://doi.org/10.2337/dc23-0294
https://doi.org/10.1007/s40618-024-02368-5
https://www.ncbi.nlm.nih.gov/pubmed/38605186
https://doi.org/10.1097/HEP.0000000000000004
https://doi.org/10.1002/hep.28431
https://doi.org/10.1136/gutjnl-2021-325724
https://doi.org/10.2337/dc17-1902
https://doi.org/10.1016/j.jhep.2019.06.021
https://www.ncbi.nlm.nih.gov/pubmed/31279902
https://doi.org/10.1186/s12893-021-01296-y
https://www.ncbi.nlm.nih.gov/pubmed/34167531
https://doi.org/10.1016/j.soard.2022.08.013
https://doi.org/10.2337/dc25-S008
https://doi.org/10.1007/s11695-024-07196-3
https://doi.org/10.1016/j.lanepe.2024.100836
https://www.ncbi.nlm.nih.gov/pubmed/38313139
https://doi.org/10.1007/s11695-022-06166-x
https://www.ncbi.nlm.nih.gov/pubmed/35842505
https://doi.org/10.1007/s00464-014-3829-7
https://www.ncbi.nlm.nih.gov/pubmed/25239175
https://doi.org/10.1053/j.gastro.2020.06.006
https://doi.org/10.1007/s11695-024-07071-1


J. Clin. Med. 2025, 14, 7284 15 of 16

18. Turquetil, A.; Morello, R.; Joubert, M.; Le Roux, Y.; Reznik, Y. Early continuous glucose monitoring for predicting remission of
type 2 diabetes 1 year after bariatric surgery. Diabetes Metab. 2021, 47, 101255. [CrossRef]

19. Gummesson, A.; Nyman, E.; Knutsson, M.; Karpefors, M. Effect of weight reduction on glycated haemoglobin in weight loss
trials in patients with type 2 diabetes. Diabetes Obes. Metab. 2017, 19, 1295–1305. [CrossRef]

20. Unger, T.; Borghi, C.; Charchar, F.; Khan, N.A.; Poulter, N.R.; Prabhakaran, D.; Ramirez, A.; Schlaich, M.; Stergiou, G.S.;
Tomaszewski, M.; et al. 2020 International Society of Hypertension Global Hypertension Practice Guidelines. Hypertension 2020,
75, 1334–1357. [CrossRef]

21. Arnett, D.K.; Blumenthal, R.S.; Albert, M.A.; Buroker, A.B.; Goldberger, Z.D.; Hahn, E.J.; Himmelfarb, C.D.; Khera, A.; Lloyd-
Jones, D.; McEvoy, J.W.; et al. 2019 ACC/AHA Guideline on the Primary Prevention of Cardiovascular Disease: A Report of the
American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Circulation 2019, 140,
e596–e646. [CrossRef]

22. Mach, F.; Baigent, C.; Catapano, A.L.; Koskinas, K.C.; Casula, M.; Badimon, L.; Chapman, M.J.; De Backer, G.G.; Delgado,
V.; Ference, B.A.; et al. 2019 ESC/EAS Guidelines for the management of dyslipidaemias: Lipid modification to reduce
cardiovascular risk: The Task Force for the management of dyslipidaemias of the European Society of Cardiology (ESC) and
European Atherosclerosis Society (EAS). Eur. Heart J. 2019, 41, 111–188. [CrossRef]

23. American Diabetes Association Professional Practice Committee. 2. Diagnosis and Classification of Diabetes: Standards of Care
in Diabetes—2025. Diabetes Care 2024, 48, S27–S49. [CrossRef]

24. European Association for the Study of the Liver (EASL); European Association for the Study of Diabetes (EASD); European
Association for the Study of Obesity (EASO). EASL-EASD-EASO Clinical Practice Guidelines for the Management of Non-
Alcoholic Fatty Liver Disease. Obes. Facts 2016, 9, 65–90. [CrossRef]

25. Kang, S.H.; Lee, H.W.; Yoo, J.J.; Cho, Y.; Kim, S.U.; Lee, T.H.; Jang, B.K.; Kim, S.G.; Ahn, S.B.; Kim, H.; et al. KASL clinical practice
guidelines: Management of nonalcoholic fatty liver disease. Clin. Mol. Hepatol. 2021, 27, 363–401. [CrossRef]

26. Lee, J.H.; Kim, D.; Kim, H.J.; Lee, C.H.; Yang, J.I.; Kim, W.; Kim, Y.J.; Yoon, J.H.; Cho, S.H.; Sung, M.W.; et al. Hepatic steatosis
index: A simple screening tool reflecting nonalcoholic fatty liver disease. Dig. Liver Dis. 2010, 42, 503–508. [CrossRef]

27. Sterling, R.K.; Lissen, E.; Clumeck, N.; Sola, R.; Correa, M.C.; Montaner, J.; M, S.S.; Torriani, F.J.; Dieterich, D.T.; Thomas, D.L.;
et al. Development of a simple noninvasive index to predict significant fibrosis in patients with HIV/HCV coinfection. Hepatology
2006, 43, 1317–1325. [CrossRef]

28. Reinshagen, M.; Kabisch, S.; Pfeiffer, A.F.H.; Spranger, J. Liver Fat Scores for Noninvasive Diagnosis and Monitoring of
Nonalcoholic Fatty Liver Disease in Epidemiological and Clinical Studies. J. Clin. Transl. Hepatol. 2023, 11, 1212–1227. [CrossRef]
[PubMed]

29. Song, K.; Kwon, Y.J.; Lee, E.; Lee, H.S.; Youn, Y.H.; Baik, S.J.; Shin, H.J.; Chae, H.W. Optimal Cutoffs of Fatty Liver Index and
Hepatic Steatosis Index in Diagnosing Pediatric Metabolic Dysfunction-Associated Steatotic Liver Disease. Clin. Gastroenterol.
Hepatol. 2025, online ahead of print. [CrossRef] [PubMed]

30. Yang, Y.S.; Kim, H.L.; Kim, S.H.; Moon, M.K. Lipid Management in Korean People With Type 2 Diabetes Mellitus: Korean
Diabetes Association and Korean Society of Lipid and Atherosclerosis Consensus Statement. J. Lipid Atheroscler. 2023, 12, 12–22.
[CrossRef] [PubMed]

31. Fromenty, B.; Roden, M. Mitochondrial alterations in fatty liver diseases. J. Hepatol. 2023, 78, 415–429. [CrossRef]
32. Moore, M.P.; Cunningham, R.P.; Meers, G.M.; Johnson, S.A.; Wheeler, A.A.; Ganga, R.R.; Spencer, N.M.; Pitt, J.B.; Diaz-Arias, A.;

Swi, A.I.A.; et al. Compromised hepatic mitochondrial fatty acid oxidation and reduced markers of mitochondrial turnover in
human NAFLD. Hepatology 2022, 76, 1452–1465. [CrossRef]

33. Colosimo, S.; Mitra, S.K.; Chaudhury, T.; Marchesini, G. Insulin resistance and metabolic flexibility as drivers of liver and cardiac
disease in T2DM. Diabetes Res. Clin. Pract. 2023, 206, 111016. [CrossRef]

34. Lee, Y.; Doumouras, A.G.; Yu, J.; Aditya, I.; Gmora, S.; Anvari, M.; Hong, D. Laparoscopic Sleeve Gastrectomy Versus Laparoscopic
Roux-en-Y Gastric Bypass: A Systematic Review and Meta-analysis of Weight Loss, Comorbidities, and Biochemical Outcomes
From Randomized Controlled Trials. Ann. Surg. 2021, 273, 66–74. [CrossRef] [PubMed]

35. Chew, C.A.Z.; Tan, I.J.-W.; Ng, H.J.H.; Lomanto, D.; So, J.; Shabbir, A. Early weight loss after laparoscopic sleeve gastrectomy
predicts midterm weight loss in morbidly obese Asians. Surg. Obes. Relat. Dis. 2017, 13, 1966–1972. [CrossRef]

36. Su, Y.T.; Su, Y.H.; Tam, K.W.; Yen, Y.C.; Wang, W.; Huang, M.T.; Wang, S.Y.; Pai, F.Y.; Kuo, C.Y.; Shen, S.C. Prediction of 5-Year
Weight Loss and Weight Regain According to Early Weight Loss after Sleeve Gastrectomy. Obes. Surg. 2023, 33, 1366–1372.
[CrossRef]

37. Boustani, P.; Sheidaei, A.; Mokhber, S.; Pazouki, A. Early prediction of suboptimal clinical response after bariatric surgery using
total weight loss percentiles. Sci. Rep. 2025, 15, 33173. [CrossRef]

38. Tasabehji, D.; Saleh, S.; Mokadem, M. Impact of Bariatric Surgery and Endoscopic Therapies on Liver Health in Metabolic
Dysfunction-Associated Steatotic Liver Disease: A Review. J. Clin. Med. 2025, 14, 4012. [CrossRef] [PubMed]

https://doi.org/10.1016/j.diabet.2021.101255
https://doi.org/10.1111/dom.12971
https://doi.org/10.1161/HYPERTENSIONAHA.120.15026
https://doi.org/10.1161/CIR.0000000000000678
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.2337/dc25-s002
https://doi.org/10.1159/000443344
https://doi.org/10.3350/cmh.2021.0178
https://doi.org/10.1016/j.dld.2009.08.002
https://doi.org/10.1002/hep.21178
https://doi.org/10.14218/JCTH.2022.00019
https://www.ncbi.nlm.nih.gov/pubmed/37577225
https://doi.org/10.1016/j.cgh.2025.06.011
https://www.ncbi.nlm.nih.gov/pubmed/40582390
https://doi.org/10.12997/jla.2023.12.1.12
https://www.ncbi.nlm.nih.gov/pubmed/36761063
https://doi.org/10.1016/j.jhep.2022.09.020
https://doi.org/10.1002/hep.32324
https://doi.org/10.1016/j.diabres.2023.111016
https://doi.org/10.1097/SLA.0000000000003671
https://www.ncbi.nlm.nih.gov/pubmed/31693504
https://doi.org/10.1016/j.soard.2017.05.016
https://doi.org/10.1007/s11695-023-06527-0
https://doi.org/10.1038/s41598-025-17320-7
https://doi.org/10.3390/jcm14124012
https://www.ncbi.nlm.nih.gov/pubmed/40565758


J. Clin. Med. 2025, 14, 7284 16 of 16

39. Geerts, A.; Lefere, S. Bariatric surgery for non-alcoholic fatty liver disease: Indications and post-operative management. Clin. Mol.
Hepatol. 2023, 29, S276–S285. [CrossRef] [PubMed]

40. Seyedi, A.; Rabizadeh, S.; Reyhan, S.K.; Hobaby, S.; Afshari, S.A.; Shomalzadeh, M.; Nabipoorashrafi, S.A.; Soran, N.A.; Yadegar,
A.; Mohammadi, F.; et al. Impact of bariatric surgery on liver fibrosis indices among type 2 diabetes patients in a national cohort.
Sci. Rep. 2025, 15, 1235. [CrossRef]

41. Baldwin, D.; Chennakesavalu, M.; Gangemi, A. Systematic review and meta-analysis of Roux-en-Y gastric bypass against
laparoscopic sleeve gastrectomy for amelioration of NAFLD using four criteria. Surg. Obes. Relat. Dis. 2019, 15, 2123–2130.
[CrossRef]

42. Johansson, H.-E.; Edholm, D.; Kullberg, J.; Rosqvist, F.; Rudling, M.; Straniero, S.; Karlsson, F.A.; Ahlström, H.; Sundbom, M.;
Risérus, U. Energy restriction in obese women suggest linear reduction of hepatic fat content and time-dependent metabolic
improvements. Nutr. Diabetes 2019, 9, 34. [CrossRef] [PubMed]

43. Steven, S.; Hollingsworth, K.G.; Al-Mrabeh, A.; Avery, L.; Aribisala, B.; Caslake, M.; Taylor, R. Very Low-Calorie Diet and 6
Months of Weight Stability in Type 2 Diabetes: Pathophysiological Changes in Responders and Nonresponders. Diabetes Care
2016, 39, 808–815. [CrossRef]

44. Taylor, R.; Al-Mrabeh, A.; Zhyzhneuskaya, S.; Peters, C.; Barnes, A.C.; Aribisala, B.S.; Hollingsworth, K.G.; Mathers, J.C.; Sattar,
N.; Lean, M.E.J. Remission of Human Type 2 Diabetes Requires Decrease in Liver and Pancreas Fat Content but Is Dependent
upon Capacity for β Cell Recovery. Cell Metab. 2018, 28, 547–556.e543. [CrossRef] [PubMed]

45. Lim, E.L.; Hollingsworth, K.G.; Aribisala, B.S.; Chen, M.J.; Mathers, J.C.; Taylor, R. Reversal of type 2 diabetes: Normalisation of
beta cell function in association with decreased pancreas and liver triacylglycerol. Diabetologia 2011, 54, 2506–2514. [CrossRef]

46. Taylor, R.; Al-Mrabeh, A.; Sattar, N. Understanding the mechanisms of reversal of type 2 diabetes. Lancet Diabetes Endocrinol.
2019, 7, 726–736. [CrossRef]

47. Tu, J.; Wang, Y.; Jin, L.; Huang, W. Bile acids, gut microbiota and metabolic surgery. Front. Endocrinol. 2022, 13, 929530. [CrossRef]
48. Nevola, R.; Epifani, R.; Imbriani, S.; Tortorella, G.; Aprea, C.; Galiero, R.; Rinaldi, L.; Marfella, R.; Sasso, F.C. GLP-1 Receptor

Agonists in Non-Alcoholic Fatty Liver Disease: Current Evidence and Future Perspectives. Int. J. Mol. Sci. 2023, 24, 1703.
[CrossRef] [PubMed]

49. Katafuchi, T.; Makishima, M. Molecular Basis of Bile Acid-FXR-FGF15/19 Signaling Axis. Int. J. Mol. Sci. 2022, 23, 6046. [CrossRef]
50. Wahlström, A.; Aydin, Ö.; Olsson, L.M.; Sjöland, W.; Henricsson, M.; Lundqvist, A.; Marschall, H.U.; Franken, R.; van de Laar, A.;

Gerdes, V.; et al. Alterations in bile acid kinetics after bariatric surgery in patients with obesity with or without type 2 diabetes.
EBioMedicine 2024, 106, 105265. [CrossRef]

51. Huang, H.H.; Lee, W.J.; Chen, S.C.; Chen, T.F.; Lee, S.D.; Chen, C.Y. Bile Acid and Fibroblast Growth Factor 19 Regulation in
Obese Diabetics, and Non-Alcoholic Fatty Liver Disease after Sleeve Gastrectomy. J. Clin. Med. 2019, 8, 815. [CrossRef] [PubMed]

52. Lambert, J.E.; Ramos-Roman, M.A.; Valdez, M.J.; Browning, J.D.; Rogers, T.; Parks, E.J. Weight loss in MASLD restores the balance
of liver fatty acid sources. J. Clin. Investig. 2025, 135, e174233. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3350/cmh.2022.0373
https://www.ncbi.nlm.nih.gov/pubmed/36545709
https://doi.org/10.1038/s41598-025-85427-y
https://doi.org/10.1016/j.soard.2019.09.060
https://doi.org/10.1038/s41387-019-0100-2
https://www.ncbi.nlm.nih.gov/pubmed/31685793
https://doi.org/10.2337/dc15-1942
https://doi.org/10.1016/j.cmet.2018.07.003
https://www.ncbi.nlm.nih.gov/pubmed/30078554
https://doi.org/10.1007/s00125-011-2204-7
https://doi.org/10.1016/S2213-8587(19)30076-2
https://doi.org/10.3389/fendo.2022.929530
https://doi.org/10.3390/ijms24021703
https://www.ncbi.nlm.nih.gov/pubmed/36675217
https://doi.org/10.3390/ijms23116046
https://doi.org/10.1016/j.ebiom.2024.105265
https://doi.org/10.3390/jcm8060815
https://www.ncbi.nlm.nih.gov/pubmed/31181641
https://doi.org/10.1172/JCI174233
https://www.ncbi.nlm.nih.gov/pubmed/40309768

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Perioperative Management 
	Data Collection and Variables 
	Outcomes 
	Statistical Analysis 

	Results 
	Study Population and Baseline Characteristics 
	Longitudinal Changes in Metabolic Parameters 
	Predictive Performance of Early Postoperative Weight Loss for One-Year Outcomes 
	Association Between Early Weight Loss and One-Year Metabolic Improvements 
	Subgroup Analyses by Hepatic Steatosis Severity and Diabetes Status 

	Discussion 
	References

