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Abstract
Objectives The need for a unified definition of weight loss (WL) after bariatric surgery has recently been highlighted. We
aimed to evaluate the reliability of two clinically common WL indications including percentage of total WL (%TWL) and
percentage of excess WL (%EWL) through comparing their performances in predicting metabolic syndrome (MetS)
remission 1 year after bariatric surgery.
Methods A total of 430 individuals with obesity who underwent bariatric surgery were enrolled. Participants were evaluated
for changes in anthropometric parameters, metabolic indexes, MetS components and medications before and 1 year after
surgery. MetS was defined using the criteria of the National Cholesterol Education Program Adult Treatment Panel III
criteria for Asian-Americans.
Results The prevalence of MetS is 92.3% (397) at baseline. One year after bariatric surgery, 337 individuals (84.9%) were in
MetS remission. The multivariate adjusted ORs were 1.16 (95% confidence interval [CI] 1.10–1.22) for each 1% increase in
%TWL for MetS remission and 1.18 (95% CI 1.11–1.25) for each 5% increase in %EWL. This association with MetS
remission remained statistically significant for %TWL after additional adjustment for %EWL (P for trend 0.029), and
disappeared for %EWL. Receiver operating curve (ROC) analyses showed that the %TWL was more predictive than the
%EWL (AUC%TWL vs. AUC%EWL, 0.749 vs. 0.700, p= 0.023). The Youden index indicated that the optimal %TWL cutoff
point to identify MetS remission was 25%.
Conclusions We recommend that good responders to bariatric surgery should be defined as those exhibiting %TWL ≥ 25%.

Introduction

Over the past decades, increase in prevalence of obesity has
become a worldwide major health problem in adults.
Behavioral and pharmacotherapeutic treatments for morbid
obesity have met with limited long-term success. Bariatric
surgery is currently the most effective treatment for sub-
stantial and sustained weight loss (WL) in the patients with
morbid obesity, markedly improving obesity-related
comorbidities [1]. The main goals of bariatric surgery
include WL, quality of life improvement, comorbidity risk
reduction, and remission in metabolic disease.

Although previous reports have proposed standard defi-
nitions for outcome reporting in bariatric surgery [2], there
is no clear consensus on what metric should be used to
define a good or poor response in relation to WL. In the
search for clinically relevant outcome predictors, WL has
been characterized using a number of different metrics,
including the percentage of total WL (%TWL), the
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percentage of excess WL (%EWL), and the units body mass
index (BMI) loss. In 1998, Oria introduced the arbitrary
50%EWL criterion for a “good” WL result [3]. In another
study, patients with obesity from a non-bariatric surgery
population with averaged “30% excess weight” exhibited
markedly increased mortality [4]. Corcelles et al. suggested
that a %TWL > 20% in the first year after surgery indicated
a “good responder” [5], based on the evidence that anti-
obesity therapy is associated with a reduction in cardio-
vascular risk factors after WL of 5–10% regardless of the
type of the medication taken [6]. Formerly, the %EWL was
the most commonly used outcome metric in the bariatric
surgery related literature. It reports a percentage of WL
relative to an “ideal” BMI, and numerous studies have
arbitrarily defined suboptimal WL as %EWL less than 50%.
However, recently published studies have suggested that
%TWL yield a more accurately reflected outcome without a
need to define an ideal body weight [7, 8]. Park et al. found
that the WL outcomes expressed in %TWL did not differ
statistically between the lower and higher baseline BMI
groups, however %EWL showed significant variation with
baseline BMI [9]. Van de Laar et al. found that metabolic
outcome (T2DM) was no less successful for patients with
<50%EWL than those with >50%EWL. The %TWL metric
is the best and most commonly used alternative [10].

Nevertheless, all these above criteria or threshold are
lack of any direct association with a useful clinical endpoint
or support from that. Metabolic syndrome (MetS) usefully
identifies patients at increased risk for cardiovascular dis-
ease (CVD). In our previous study, the prevalence of MetS
in subjects with obesity was almost 90% [11]. Bariatric
surgery induces considerable and persistent MetS remis-
sion, in parallel with WL. Thus, we propose that the extent
of MetS remission might be a good “ruler” to measure
which WL indicator is better.

The primary objective of this study was to apply our
consecutive series of population with obesity and MetS who
underwent bariatric surgery to evaluate the reliability of the
%TWL and %EWL. In addition, we also sought to explore
optimal cutoff points of these indications.

Materials and methods

Study population

A retrospective review of our institution’s prospective bar-
iatric surgery registry was completed to identify all patients
who underwent laparoscopic Roux-en-Y gastric bypass
(LRYGB) or laparoscopic sleeve gastrectomy (LSG) from
February 2012 through October 2018. Patients with less
than 1 year of follow-up or incomplete data or revisional
surgery were excluded. Medical history, age, gender,

height, weight, BMI, waist circumference, blood pressure
(BP), and current medications were recorded before and
after surgery. Glucose, HbA1c, and other biochemical items
were measured pre- and 12M post-operatively.

Informed consent was obtained from all participants
before the start of the study and the Ethics Committee of our
institution approved the study, in accordance with the
World Medical Association’s Declaration of Helsinki.

The minimal number of patients is 312 to be included to
draw significant conclusions under the conditions of α=
0.05 and power= 80%.

Definitions of MetS and MetS remission

The MetS was defined according to the criteria established
by updated National Cholesterol Education Program Adult
Treatment Panel III criteria for Asian-Americans [12], by
the presence of three or more of the following abnormal-
ities: (1) Central obesity (waist circumference ≥90 cm for
male and ≥80 cm for female); (2) Elevated triglycerides
(TG) (≥1.7 mmol/L), or specific treatment for this lipid
abnormality; (3) Reduced high-density lipoprotein choles-
terol (HDL-c) (<1.03 mmol/L for male or <1.30 mmol/L for
female), or specific treatment for this lipid abnormality; (4)
Elevated BP (≥130/85 mmHg or current treatment for
hypertension), or previously diagnosed hypertension; and
(5) Elevated plasma glucose (FPG ≥ 5.6 mmol/L), or pre-
viously diagnosed diabetes mellitus (DM).

We defined patients as having MetS remission if they no
longer fulfilled criteria for MetS at the most recent eva-
luation. MetS non-remission consisted of patients who still
had ≥3 criteria of MetS at follow-up [13].

Calculation of percent excess WL and percent total
WL

%EWL= [(Initial weight)− (Postoperative weight)]/
[(Initial weight)− (Ideal weight)] (in which ideal weight is
defined by the weight corresponding to a BMI of 24 kg/m2).
This diagnostic standard of BMI 24 kg/m2 is used to define
overweight adults in China [14].

%TWL ¼ Initial weightð Þ � Postoperative weightð Þ½ �=Initial weight:

Laboratory measurements

Plasma glucose concentrations were measured using the
glucose oxidase method. HbA1c levels were determined by
high-performance liquid chromatography (Bio-Rad Inc.,
Hercules, CA, USA). Lipid profiles included serum total
cholesterol (TC), TG, HDL-c, and low-density lipoprotein
cholesterol (LDL-c), assayed with a 7600–120 Hitachi
automatic analyzer (Hitachi, Tokyo, Japan). TC and TG
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were measured by enzyme assay (Roche Diagnostics
GmbH, Mannheim, Germany). HDL-c and LDL-c con-
centrations were measured via the direct assay method
(Sekisui Medical Co. Ltd., Tokyo, Japan).

Statistical analysis

Continuous demographic, clinical, and laboratory variables
are expressed as mean ± SD, while categorical variables are
expressed as number and percent (%). Differences in con-
tinuous variables between groups were assessed using
ANOVA. The chi-square method or Fisher’s exact test was
used to test the significance of differences between pro-
portions and categorical variables.

Binary logistic regression analysis was used to estimate
odds ratios (ORs) for remission of MetS according to dif-
ferent levels of the %TWL and %EWL. The %TWL 1 year
after bariatric surgery was evaluated in the following 2
ways: (1) as categories (≤21.9% [First third, reference
group], 21.9–28.6% [Middle third], and >28.6% [Last
third]) and (2) as a continuous variable (Each 1% %TWL).
%EWL 1 year after bariatric surgery was evaluated in the
following two ways: (1) as categories (≤76.1% [First third,
reference group], 76.1–103.0% [Middle third], and
>103.0% [Last third]) and (2) as a continuous variable
(Each 5% %EWL). %TWL and %EWL data were included
in the models as a dummy variable, and the significance of
the trend across categories of the %TWL and %EWL was
tested in the same models by giving an ordinal numeric
value for each dummy variable. All analyses were carried
out in three models. Model 1 adjusted for age and gender;
Model 2 adjusted for variables of age, gender, type of
surgery, HbA1c and initial BMI; Model 3 additionally
adjusted for the %EWL or %TWL 1 year after bariatric
surgery, respectively.

The discriminative accuracy of the %EWL and %TWL
indications was examined according to the area under the
receiver operating characteristic curve (AUC), where a
larger AUC indicates better discriminatory ability. In gen-
eral, an AUC of 0.501–0.699 denotes poor discriminatory
ability, 0.700–0.799 denotes acceptable discriminatory
ability, 0.800–0.899 denotes to excellent discriminatory
ability. The Delong, Delong Clarke-Pearson method is used
to determine which curve is significantly better than the
other. The optimal AUC thresholds and cutoff scores for
each indicator, in terms of sensitivity and specificity, were
determined using Youden’s index.

P values < 0.05 (two-tailed tests) were considered sta-
tistically significant in this study. All statistical analyses
were conducted using IBM SPSS Statistics 18.0 (IBM
Corp., Armonk, NY, USA) and MedCalc (version 18.9.1;
MedCalc Software, Mariakerke, Belgium).

Results

There were 430 individuals with obesity involved in the present
study. The baseline characteristics and metabolic alterations
1 year after bariatric surgery are listed in Table 1. Among those,
397 individuals with obesity have MetS at baseline. Therefore,
the prevalence of MetS at baseline is 92.3%. One year after
bariatric surgery, BMI, waist circumference, glucose levels, and
lipid profiles improved greatly with significantly decreased use
of medicines. 337 individuals (84.9%) having 2 or less MetS
components, reached MetS remission among 397 individuals
with MetS at baseline. However, it should be noted that MetS
remission still has the potential to have 1 or 2 risk factors ele-
vated. We have not abolished the elevation in CVD risk but have
reduced it slightly—patients still have elevated risk, just not as
high as previously. Data on the 397 subjects with MetS before
surgery were further analyzed to investigate the association
between %EWL and %TWL with MetS remission, respectively.

The clinical characteristics of MetS patients are listed in
Table 2. Of the 397 subjects with MetS at baseline, 60
(15.1%) subjects did not attain MetS remission 1 year after
bariatric surgery and were considered as the MetS non-
remission group. Those who achieved remission underwent
more SG surgeries than those who did not exhibit MetS
remission. The preoperative SBP, TG, FPG, 2hPG, HbA1c
were higher and HDL-c was lower in the non-remission
group. Neither the BMI nor waist circumstance differed
between these two groups at baseline, but the %TWL and
%EWL were much higher in the remission group. The
baseline prevalence of MetS components were similar in the
two groups. However, the postoperative prevalence of five
MetS components were higher in the non-remission group.

After adjusting for age, sex, surgery type, and the initial
HbA1c level and BMI (Model 2), the ORs for MetS
remission 1 year after surgery across three different cate-
gories were 1.0, 2.5, and 17.4 for the %TWL (p for trend
<0.001) and 1.0, 4.4, and 10.1 for the %EWL (p for trend
<0.001) (Table 3). When the %TWL and %EWL were
considered as continuous variables, the multivariable-
adjusted ORs for MetS remission were 1.16 (95% con-
fidence interval [CI] 1.10–1.22) for each 1% increase in the
%TWL and 1.18 (95% CI 1.11–1.25) for each 5% increase
in the %EWL. This association remained significant for the
%TWL after additional adjustment for the %EWL (p for
trend 0.029) but disappeared for the %EWL after additional
adjustment for the %TWL (p for trend 0.335) (Table 3). We
drew receiver operator curves (ROCs), and calculated the
areas under the curves (AUCs), to compare the perfor-
mances of the %EWL and %TWL in terms of predicting
MetS remission among the 397 subjects with MetS. The
%TWL was better than the %EWL (AUC%TWL vs.
AUC %EWL, 0.749 vs. 0.700, p= 0.023) (Fig. 1). The
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Youden index indicated that a %TWL cutoff of 25% opti-
mally predicted MetS remission.

Discussion

Obesity is a major public health issue worldwide. Management
of obesity aims to achieve WL without malnutrition,

improvement of body composition and reduce the risk of
complications (e.g. type 2 DM or MetS). WL has been reported
in many ways to evaluate how a patient responds to bariatric
surgery. The best measurement should facilitate accurate
comparisons between patients with different weight and
population characteristics. Unfortunately, there is no clear
consensus as to what definitions (and cutoff values) constitute
suboptimal WL after bariatric surgery. Some authors have used
the %EWL, %TWL or even simply unit BMI loss.

In clinic, it is a difficult problem to compare the ration-
ality of these parameters. Arnold van de Laar et al. analyzed
relative and absolute outcome measurements in 168 female
subjects who underwent RYGB and found that the %EWL
were not suited for comparing different patients or non-
randomized groups [1]. In support, other subsequent pub-
lished studies have suggested that the TWL can yield a
more accurate outcome without the need for defining ideal
body weight. Hatoum et al. evaluated outcomes in 846
patients undergoing RYGB in an effort to define the WL
measure least associated with the initial BMI. Regression
analyses demonstrated that the initial BMI was not sig-
nificantly associated with the %TWL at 1 year. On the
contrary, the initial BMI was negatively strongly associated
with the %EWL and positively associated with the BMI
units lost at 1 year. It was concluded that the %TWL should
be the metric of choice when reporting WL. This was least
influenced by the initial BMI, which might be a con-
founding factor [7, 8]. Sczepaniak et al. assessed the %TWL
and %EWL values of patients whose data were logged in
the Bariatric Outcomes Longitudinal Database. It was
assumed that the lesser the parameter’s variation coefficient
(VC), the more reliable the measure is. The %TWL
exhibited the lowest VC and therefore more accurately
predicted WL after bariatric surgery [15]. Van de Laar et al.
found that metabolic outcome (T2DM) was no less suc-
cessful for patients with <50%EWL than those with >50%
EWL. The %TWL metric is the best and most commonly
used alternative [10]. However, their conclusions on pre-
ferring %TWL above %EWL are mainly based on mathe-
matical evidence, instead of clinical outcomes. A
convincing evaluation method or parameter should be
linked to clinical endpoints.

MetS is closely associated with morbid obesity,
increasing the risk of CVDs and related mortality. In our
cohort, the prevalence of MetS was 92.3%, similar to that in
a previous study [11]. One year after bariatric surgery, most
(84.9%) patients with obesity achieve MetS remission
among 397 patients who suffered MetS at baseline. Thus,
marked WL reverse all of MetS components [16]. Although
predictors for remission of MetS after surgery remain con-
troversial, most studies have found that the extent of WL is
associated with MetS remission [11, 17]. A meta-analysis
by Buchwald [18] concluded that components of MetS

Table 1 Clinical characteristics of study population before and 1 year
after bariatric surgery.

Baseline 12 months

N (M/F) 430 (166/264) –

RYGB/Sleeve 216/214 –

Age (years) 41 (31, 53) –

BMI (kg/m2) 34.7 ± 6.2 25.6 ± 3.9**

WC (cm) 111.4 ± 14.2 89.4 ± 11.5**

SBP (mmHg) 131.8 ± 14.7 121.1 ± 15.5**

DBP (mmHg) 83.0 ± 10.3 76.8 ± 9.8**

TC (mmol/L) 5.0 ± 1.2 4.4 ± 1.0**

TG (mmol/L) 1.8 (1.3, 2.5) 1.0 (0.7, 1.2)**

HDL-c (mmol/L) 1.0 ± 0.2 1.3 ± 0.3**

LDL-c (mmol/L) 3.0 ± 0.9 2.6 ± 0.8**

FPG (mmol/L) 7.6 ± 2.9 5.3 ± 1.2**

2hPG (mmol/L) 11.6 ± 4.4 6.6 ± 2.8**

C-peptide (ng/mL) 3.4 ± 1.8 2.0 ± 0.7**

HbA1c (%) 7.8 ± 2.0 5.8 ± 0.8**

EWL (%) – 89 (70, 122)

TWL (%) – 25.6 ± 7.4

MetS (N, %) 397 (92.3) 60 (14.0)**

Central obesity (N, %) 430 (100.0) 204 (47.4)**

Elevated TG (N, %) 248 (57.7) 25 (5.8)**

Reduced HDL-c (N, %) 263 (61.2) 76 (17.7)**

Elevated BP (N, %) 288 (67.0) 135 (31.4)**

Elevated glucose (N, %) 359 (83.5) 109 (25.3)**

Medications (N, %)

Oral antidiabetic agents (N, %) 322 (74.9) 74 (17.2)**

Insulin (N, %) 86 (20.0) 17 (4.0)**

GLP-1RAs (N, %) 66 (15.3) 23 (5.3)**

Diuretics (N, %) 30 (7.0) 9 (2.1)**

CCB (N, %) 137 (31.9) 42 (9.8)**

ACE-I/ARB (N, %) 189 (44.0) 52 (12.1)**

β-Blockers (N, %) 42 (9.8) 8 (1.9)**

Statins (N, %) 188 (43.7) 10 (2.3)**

Fibrates (N, %) 20 (4.7) 0**

Characteristics are presented as mean ± standard deviation (SD) or
median+ interquartile range (IQR) for normally and non-normally
distributed continuous variables.

RYGB Roux-en-Y gastric bypass, BMI body mass index, WC waist
circumstance, SBP systolic blood pressure, DBP diastolic blood
pressure, FPG fasting plasma glucose, 2hPG 2h plasma glucose, TG
total triglycerides, TC total cholesterol, HDL-c high-density lipoprotein,
LDL-c low-density lipoprotein, HbA1c hemoglobin A1C, GLP-1RA
glucagon-like peptide 1 receptor agonist, CCB calcium channel
blockers, ACE-I angiotensin converting enzyme inhibitors, ARB
angiotensin receptor blockers, MetS metabolic syndrome, %EWL
percentage of excess weight loss,%TWL percentage of total weight loss.

*p < 0.05 between group; **p < 0.01 between group.
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increased markedly with higher BMI and T2DM remission
and dyslipidemia (major components of MetS) improve-
ment after RYGB were ultimately depended on WL.
Therefore, we propose that MetS remission could be a good
“mirror” to reflect whether the extent of WL after surgery is
ideal, or at least adequate.

We compared how well the %TWL and %EWL pre-
dicted MetS remission after surgery. Regression analyses
revealed that the %TWL was significantly associated with
MetS remission, even after additional adjustment for the
%EWL. On the contrary, the association between %EWL

and MetS remission disappeared when the %TWL was co-
entered into a multivariable model. Furthermore, ROC
analyses revealed that the AUC of the %TWL was sig-
nificantly greater than that of the %EWL, which demon-
strated that the %TWL was more predictive. In line with our
study, previous studies have suggested that the %TWL can
yield a more accurate outcome without the need for defining
ideal body weight [19]. Because the %EWL is based on a
somewhat arbitrary target, or “ideal” weight, whether this is
defined according to a BMI standard (e.g., a BMI of 25 kg/m2

in Caucasian, 24 kg/m2 in Asian). It is not intrinsically clear

Table 2 Clinical characteristics
in metabolic syndrome
remission and non-remission
group before and 1 year after
bariatric surgery.

Remission No remission

Baseline 1 year Baseline 1 year

N (M/F) 337 (132/205) – 60 (27/33) –

Age (years) 41 (32, 52) – 42 (32, 58) –

RYGB/SG 168/169 – 39/21*

BMI (kg/m2) 34.9 ± 6.2 25.3 ± 3.6## 34.1 ± 4.8 27.1 ± 4.0**##

WC (cm) 112.0 ± 14.6 88.4 ± 11.3## 111.5 ± 11.9 96.2 ± 9.4**##

SBP (mmHg) 132.6 ± 14.5 120.1 ± 13.7## 139.1 ± 15.4** 133.9 ± 18.0**#

DBP (mmHg) 83.9 ± 10.4 76.1 ± 9.1## 86.0 ± 9.8 82.3 ± 10.3**#

TC (mmol/L) 5.0 ± 1.2 4.4 ± 1.1## 5.1 ± 1.1 4.3 ± 1.3##

TG (mmol/L) 1.9 (1.4, 2.6) 0.9 (0.7, 1.2)## 2.3 (1.6, 3.5)* 1.4 (1.0, 1.8)**##

HDL-c (mmol/L) 1.0 ± 0.2 1.3 ± 0.3## 0.9 ± 0.2* 1.1 ± 0.3**##

LDL-c (mmol/L) 3.0 ± 0.9 2.6 ± 0.8## 2.9 ± 1.0 2.6 ± 0.9##

FPG (mmol/L) 7.7 ± 2.9 5.2 ± 1.0## 8.5 ± 2.9* 6.3 ± 1.6**##

2hPG (mmol/L) 11.8 ± 4.2 6.2 ± 2.7## 13.3 ± 4.5* 8.4 ± 3.1**##

C-peptide (ng/mL) 3.5 ± 1.8 2.0 ± 0.7## 3.2 ± 1.9 2.3 ± 0.8*##

HbA1c (%) 7.6 ± 2.0 5.7 ± 0.8## 8.8 ± 2.3** 6.4 ± 1.1**##

EWL (%) – 96 (74, 113) – 69 (52, 89)**

TWL (%) – 26.4 ± 7.8 – 19.9 ± 5.8**

MetS (N, %)

Central obesity (N, %) 337 (100) 154 (45.7)## 60 (100) 50 (83.3)**##

Elevated TG (N, %) 205 (60.8) 8 (2.4)## 43 (71.7) 17 (28.3)**##

Reduced HDL-c (N, %) 223 (66.2) 43 (12.8)## 40 (66.7) 33 (55.0)**

Elevated BP (N, %) 240 (71.2) 92 (27.3)## 48 (80.0) 43 (71.7)**

Elevated glucose (N, %) 304 (90.2) 70 (20.8)## 55 (91.7) 39 (65.0)**##

Medications (N, %)

Oral antidiabetic agents (N, %) 279 (82.8) 50 (14.8)## 43 (71.7)* 24 (40.0)** ##

Insulin (N, %) 66 (19.6) 6 (1.8)## 20 (33.3)* 11 (18.3)**##

GLP-1RAs (N, %) 40 (11.9) 7 (2.1)## 26 (43.3)** 16 (26.7)** ##

Diuretics (N, %) 22 (6.5) 7 (2.1) 8 (13.3) 2 (3.3)

CCB (N, %) 116 (34.4) 35 (10.4) 21 (35.0) 7 (11.7)##

ACE-I/ARB (N, %) 158 (46.9) 41 (12.2)## 31 (51.7) 11 (18.3)##

β-Blockers (N, %) 30 (8.9) 3 (0.9)## 12 (20.0)* 5 (8.3)*##

Statins (N, %) 139 (41.2) 7 (2.1)## 49 (81.7)** 3 (5.0)##

Fibrates (N, %) 12 (3.6) 0## 8 (13.3)* 0##

Characteristics are presented as mean ± standard deviation (SD) or median+ interquartile range (IQR) for
normally and non-normally distributed continuous variables.

RYGB Roux-en-Y gastric bypass, BMI body mass index, WC waist circumstance, SBP systolic blood
pressure, DBP diastolic blood pressure, FPG fasting plasma glucose, 2hPG 2h plasma glucose, TG total
triglycerides, TC total cholesterol, HDL-c high-density lipoprotein, LDL-c low-density lipoprotein, HbA1c
hemoglobin A1C, GLP-1RA glucagon-like peptide 1 receptor agonist, CCB calcium channel blockers, ACE-I
angiotensin converting enzyme inhibitors, ARB angiotensin receptor blockers, MetS metabolic syndrome, %
EWL percentage of excess weight loss, %TWL percentage of total weight loss.

*p < 0.05 between group; **p < 0.01 between group; #p < 0.05 within group; ##p < 0.01 within group.
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what the “right” target should be, and the choice of target
can substantially skew the results, particularly if the initial
BMI is relatively low. In addition, the %TWL is the stan-
dard of reporting WL in nonsurgical studies, and therefore
the use of %TWL would facilitate comparison across stu-
dies of all types of obesity therapies [6, 20]. In addition,
East and South Asians differ in terms of body fat distribu-
tions and adiposities even within their lower BMI ranges,
rendering %EWL data rather inaccurate. Therefore, the %
TWL may be a better and reliable measure than the %EWL,
as revealed by most recent studies.

A threshold of 20% in TWL% to define “successful
result” after bariatric surgery was firstly proposed by Cor-
celles in 2016 [5]. This definition was based on improve-
ments in obesity-related comorbidities and cardiovascular
risk factors after moderate WL (5–10%TWL) [6, 21].
Therefore, authors artificially presume a threshold of 20%
of the TWL% as successful outcome. In our present study,
based on the best Youden index, 25% was chosen the
optimal cutoff points of the %TWL to identify MetS
remission, which is similar to but more objective than the
20% threshold. Van de Laar et al. first proposed 25%TWL
as a superior threshold, which aligns with our findings [22].

Table 3 Odds ratios of remission of metabolic syndrome 1 year after bariatric surgery by trisection of percentage of total weight loss and
percentage of excess weight loss among subjects with obesity.

%TWL P for trend As continuous variable
Each 1% %TWL increase

First third (≤21.9%) Middle third (21.9%–28.6%) Last third (>28.6%)

No. of participants 132 129 136

No. of remission of
MetS (%)

95 (72.0) 110 (85.3) 132 (97.1)

Odds ratios (95% CIs)

Model 1 1.00 2.22 (1.19–4.13) 12.09 (4.13–35.43) <0.001 1.13 (1.08–1.18)

Model 2 1.00 2.54 (1.32–4.91) 17.42 (5.39–56.26) <0.001 1.16 (1.10–1.22)

Model 3 1.00 1.49 (0.69–3.22) 6.28 (1.61–24.58) 0.029 1.11 (1.02–1.21)

%EWL P for trend As continuous variables
Each 5% %EWL increase

First third (≤76.1%) Middle third (76.1%–103.0%) Last third
(>103.0%)

No. of participants 132 133 132

No. of remission of
MetS (%)

96 (72.7) 119 (89.5) 122 (92.4)

Odds ratios (95% CIs)

Model 1 1.00 3.35 (1.69–6.64) 5.38 (2.46–11.75) <0.001 1.13 (1.07–1.19)

Model 2 1.00 4.41 (2.14–9.12) 10.13 (4.15–24.72) <0.001 1.18 (1.11–1.25)

Model 3# 1.00 1.88 (0.73–4.83) 2.48 (0.68–9.03) 0.335 1.06 (0.97–1.16)

Model 1: adjusted for age and gender.

Model 2: adjusted for age, gender, type of surgery, and preoperative BMI.

Model 3: On basis of Model 2, adjusted for additionally %EWL.

Model 3#: On basis of Model 2, adjusted for additionally %TWL.

%TWL percentage of total weight loss, %EWL percentage of excess weight loss, MetS metabolic syndrome.

Fig. 1 ROC curve of the %TWL and %EWL for the remission of
MetS 1 year after bariatric surgery. Receiver operating curve
(ROC) analyses showed that the %TWL was more predictive than the
%EWL (AUC%TWL vs. AUC%EWL, 0.749 vs. 0.700, p= 0.023). The
Youden index indicated that the optimal %TWL cutoff point to
identify MetS remission was 25%. %TWL percentage of total weight
loss, %EWL percentage of excess weight loss, MetS metabolic syn-
drome, 12 M 12 months after bariatric surgery.
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The limitations of our study include its single-center, ret-
rospective design and a fairly homogenous population. Strati-
fication by surgery type (LRYGB and LSG) were completed
only for the multivariate regression model due to relatively
limited sample size. Moreover, it is known that a subgroup of
individuals with obesity with no typical cardiometabolic risk
factors and are at lower risk of CVDs. These individuals are
termed as “metabolically healthy obesity” (MHO). The pre-
valence of MHO ranges from 7 to 74% in both youth and adult
populations, depending on the definition employed [23, 24].
We found that the MHO prevalence among our subjects was
7.7%, and such subjects were not involved in subsequent
analyses. There is a lot of evidence that nadir WL after RYGB
and SG is only reached after 18 months. In our cohort, the
follow-up intervals were 6 months and yearly (Y) after surgery,
and the maximum WL occurred at 1 year after surgery (Sup-
plementary Table 1 and Fig. 1). It should also be noted that,
while important, MetS is only one of the problems associated
with severe obesity. Issues like chronic pain, sleep apnea,
reflux, fertility, mental health, physical functioning, and/or
quality of life also reflect relevant health outcomes. Finally, as
Chinese subjects have lower BMIs than westerners, the sug-
gested threshold of 25% %TWL should be verified in larger,
multi-center databases of western population.

Patients on conservative drug treatments also gain remission
from MetS-related factors. However, patients who chose
pharmaceutical intervention alone generally have less severe
obesity compared to those who choose metabolic surgery
intervention. For patients with less severe obesity, a WL of
10–15% can significantly improve MetS, while patients with
severe obesity may require a greater WL, such as the 25%
TWL found in our study, to significantly improve MetS
components and achieve MetS remission. Thus, our findings
apply only to metabolic/bariatric surgical patients who are
clinically defined as having severe obesity.

Furthermore, our surgical cohort follow-up study will
continue and we anticipate sufficient follow-up time to
observe endpoints such as cardiovascular and cerebrovascular
events or death and to obtain more accurate indicators of WL.
Long-term randomized controlled studies with large sample
sizes are urgently required to identify effective metrics
between metabolic remission and metabolic/bariatric surgery.

To the best of our knowledge, this is the first study to
demonstrate that the %TWL better predicts MetS remission
1 year after bariatric surgery than does the %EWL. There-
fore, %TWL is a suitable metric to assess WL across bar-
iatric population. We propose that ≥25 %TWL be
considered as an optimal metric to identify individuals that
are good responders to bariatric surgery, which warrants
further validation in a larger sample.
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