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Abstract
Objective This study aimed to examine the correlation between preoperative body mass index (BMI) and adequate 
percentage of total weight loss (TWL%) outcome and present evidence of tiered treatment for patients with obesity 
in different preoperative BMI.

Methods We included patients with complete follow-up data who underwent metabolic and bariatric surgery 
(BMS). We termed optimal clinical response as TWL% >20% at one year following MBS. To investigate dose-response 
association between preoperative BMI and optimal clinical response, preoperative BMI was analyzed in three ways: (1) 
as quartiles; (2) per 2.5 kg/m2 units (3) using RCS, with 3 knots as recommended.

Results A total of 291 patients with obesity were included in our study. The corresponding quartile odds ratios 
associated with optimal clinical response and adjusted for potential confounders were 1.00 (reference), 1.434 [95% 
confidence interval (95%CI)   =  0.589–3.495], 4.926 (95%CI   =  1.538–15.772), and 2.084 (95%CI   =  0.941–1.005), 
respectively. RCS analysis showed a non-linear inverted U-shaped association between preoperative BMI and optimal 
clinical response (Nonlinear P   =  0.009). In spline analysis, when preoperative BMI was no less than 42.9 kg/m2, the 
possibility of optimal clinical response raised as preoperative BMI increased. When preoperative BMI was greater than 
42.9 kg/m2, the possibility of optimal clinical response had a tendency to decline as preoperative BMI increased.

Conclusion Our research indicated the non-linear inverted U-shaped correlation between preoperative BMI and 
adequate weight loss. Setting a preoperative BMI threshold of 42.9 is critical to predicting optimal clinical outcomes.
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Introduction
Over the past several decades, the global incidence of 
patients with obesity has rised dramatically and shows 
no signs of slowing [1–3]. A number of diseases linked to 
increased mortality is more likely to be caused by obesity. 
These diseases include type 2 diabetes mellitus (T2DM) 
[4, 5], cardiovascular disease [2], depression [6], and can-
cers [7, 8]. Diet, exercise, cognitive behavioral therapy, 
medications, and metabolic and bariatric surgery (MBS) 
are the current therapeutic alternatives for treating obe-
sity [9–11]. Among them, MBS is the most effective 
treatment for patients with obesity [12]. Laparoscopic 
Roux-en-Y gastric bypass (LRYGB) and laparoscopic 
sleeve gastrectomy (LSG) have been the most commonly 
performed obesity surgeries in the last decade [13, 14]. 
While most patients with obesity achieve optimal clinical 
response, total weight loss (TWL%), after MBS, 30-40% 
still struggle to achieve this goal [15–17]. Suboptimal 
clinical response may be the result of a combination of 
variables, including the level of the surgical team and the 
patient-level characteristics [15, 18].

The body mass index (BMI) is the most often used 
anthropometric statistic to define obesity [19]. However, 
the association between preoperative BMI and optimal 
clinical response remains contentious. Some studies have 
proposed that higher preoperative BMI is associated with 
lower weight loss [20, 21]. However, some studies have 
suggested that a larger preoperative BMI is a negative 
predictor of postoperative weight loss [22, 23]. This con-
troversial predictive result suggests that traditional linear 
analyses used to assess the relationship between baseline 
BMI and weight loss outcomes are not applicable.

Restricted cubic spline (RCS) is essential for examining 
dose-response interactions between continuous variables 
and outcomes [24, 25]. This study aimed to examine the 
association between preoperative BMI and optimal clini-
cal response using logistic regression and RCS. Provide 
personalized support by analyzing the preoperative BMI 
of patients with obesity, thereby increasing the likelihood 
of achieving optimal clinical outcomes.

Methods
Study participants
In our study, we collected data of patients with com-
plete follow-up information who underwent MBS at Bei-
jing Shijitan Hospital from April 2012 to October 2019. 
The detailed inclusion and exclusion criteria based on 
the Chinese Guidelines for Surgical Treatment of Obe-
sity and Type 2 Diabetes (2019 Edition and 2014 Edi-
tion) have been described in in our previous studies [26]. 
We termed optimal clinical response as TWL%>20% 
at one year following MBS. Then, patients were divided 
into two groups: the optimal clinical response group 
(TWL%>20%) and the suboptimal clinical response 

group (TWL%≤20%). The Institutional Review Board 
(IRB) of Beijing Shijitan Hospital approved this study 
(Approval No. sjtkyll-lx-2019-58). The study protocol 
conformed to the ethical guidelines of the 1975 Declara-
tion of Helsinki. Written informed consent was obtained 
from each participant.

Definitions

(1) Diagnostic Criteria for Hypertension: Hypertension 
was defined as systolic ≥ 140 mmHg and/or 
diastolic ≥ 90 mmHg according to the Chinese 
Hypertension Prevention Guide (2010 Revised 
Edition).

(2) Diagnostic Criteria for T2DM: According to WHO 
criteria(1999): Trough glucose oxidase method, 
FPG 7.0 mmol/L and/or 2hPG11.1 mmol/L were 
considered as diabetes.

(3) Diagnostic Criteria for Hyperlipidemia: Abnormal 
blood lipids (TC ≥ 5.18mmol/L or TG ≥ 1.70mmol/L 
or HDL-C < 1.04mmol/L or LDL-C ≥ 3.37mmol/L) 
were diagnosed as hyperlipidemia based on the 
criteria of “Chinese Guidelines on Prevention and 
Treatment of Dyslipidemia in Adults”.

(4) Diagnostic Criteria for Hyperuricemia: The 
diagnostic criteria for HUA are that under a normal 
purine diet, two fasting serum uric acid (SUA) levels 
on different days are ≥ 420 mmol/L in men and 
≥360 mmol/L in women, based on the criteria of the 
“Chinese Multidisciplinary Expert Consensus on 
the Diagnosis and Treatment of Hyperuricemia and 
Related Diseases”.

(5) BMI   =  weight in kg/(height in m)2;
(6) TWL% = (starting weight - current weight / starting 

weight) × 100%.
(7) The procedures for MBS (LSG and LRYGB) are 

described and postoperative follow-up were 
described in our previous studies [26, 27].

Grouping and models
To investigate dose-response associations between 
preoperative BMI and optimal clinical response, pre-
operative BMI was analyzed in three ways: (1) as quar-
tiles [quartile 1 (27.50–33.15  kg/m2, Q1), quartile 2 
(33.15–38.19  kg/m2, Q2), quartile 3 (38.19–43.85  kg/
m2, Q3), and quartile 4 (> 43.85  kg/m2, Q4)]; (2) per 
2.5 kg/m2 units (modeled as discrete variables as follows: 
27.5  ≤  BMI < 30.0, 30.0 ≤ BMI < 32.5, 32.5  ≤  BMI < 35.0, 
35.0  ≤  BMI < 37.5, 37.5  ≤  BMI < 40.0, 40.0  ≤  BMI < 42.5, 
42.5  ≤  BMI < 45.0, 45.0  ≤  BMI < 47.5, 47.5  ≤  BMI < 50.0, 
and 50.0   ≤  BMI) (3) using RCS, with 3 knots as recom-
mended. Initial models (Model 1) estimated odds ratios 
(ORs) of TWL% outcomes without adjustment. Model 
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2 adjusted for potential confounders (univariate logistic 
regression analysis significant factors).

Firstly, we divided patients with obesity into four 
groups according to preoperative BMI quartiles (Q1, 
Q2, Q3, and Q4) and ten groups according to per 2.5 kg/
m2 units. Then, we examined the association between 
preoperative BMI and TWL% outcomes using the logis-
tic regression analysis in both models 1 and 2 according 
to groups of quartiles and per 2.5  kg/m2 units, respec-
tively. Finally, RCS curves based on logistic regression 
with three knots at the 10th, 50th, 90th percentiles were 
used to evaluate the relationship between preoperative 
BMI and optimal clinical response. The RCS model was 
then adjusted based on variables that were statistically 
significant in the univariate logistic regression analysis. 
Subgroup RCS analysis was performed based on sur-
gery. This model was used to examine nonlinear relation-
ships between variables. For a dose-response relationship 
between variables, P overall < 0.05 indicates a relation-
ship, whereas P overall > 0.05 indicates no association. 
A nonlinear dose-response connection is shown by a P 
nonlinear < 0.05, while a P nonlinear > 0.05 indicates no 
such relationship.

Statistical analyses
Categorical variables were expressed as frequency and 
percentages and continuous variables as mean ± standard 

deviation (SD). Differences in continuous variables 
between groups were compared by the Student t-test and 
one-way ANOVA for comparing more than two groups. 
Pearson’s chi-square test or Fisher’s exact test was used 
for categorical variables. Dose-response analyses using 
RCS functions, logistic regression analysis were con-
ducted to evaluate the relationship between preoperative 
BMI and TWL% outcomes. All data were processed in 
the R version 4.2.1 software.

Results
Characteristics and groups of participants
A total of 291 patients with obesity were included in our 
study, and Table 1 showed the characteristics of the par-
ticipants grouped by TWL% outcomes (the optimal clini-
cal response group and the suboptimal clinical response 
group). Moreover, Supplementary Table S1 showed the 
participants’ characteristics grouped by preoperative 
BMI quartiles (Q1, Q2, Q3, and Q4). The median preop-
erative BMI across low-to-high quartiles of distribution 
were 30.35, 36.20, 40.40, and 48.56  kg/m2, respectively. 
Univariate logistic regression analysis indicated that age 
(OR    =   0.942, 95CI%  = 0.917–0.969, P < 0.001), surgical 
method (OR   =   0.318, 95CI%  = 0.171–0.592, P < 0.001), 
T2DM (OR    =   0.326, 95CI%  = 0.169–0.627, P    =   0.001), 
and hypertension (OR    =   0.430, 95CI%   =  0.238–0.777, 
P   =  0.005) were statistically associated with TWL% out-
comes and included as confounders for further analysis 
(Table 2).

Table 1 Characteristics of the participants between the 
adequate group and inadequate group
Characteristic Overall Suboptimal

clinical
response
group

Optimal
clinical
response
group

P

Number 291 57 234
Age 40.18±12.05 33.41±9.54 <0.001
BMI 36.10±9.37 40.35±8.39 0.001
Sex 0.873
 Female 130 26 104
 Male 161 31 130
T2DM 0.001
 No 131 14 117
 Yes 160 43 117
Surgery <0.001
 LSG 223 33 190
 RYGB 68 24 44
Hypertension 0.005
 No 166 23 143
 Yes 125 34 91
Hyperlipidemia 0.117
 No 86 12 74
 Yes 205 45 160
Hyperuricemia 0.057
 No 180 29 151
 Yes 111 28 83

Table 2 Logistic analysis of predict factor of TWL% outcomes at 
one year after MBS
Characteristic OR 95%CI P
Age 0.942 0.917-0.969 <0.001
Sex
 Female Ref
 Male 0.873 0.586-1.875 0.873
T2DM
 No Ref
 Yes 0.326 0.169-0.627 0.001
Surgery
 LSG Ref
 RYGB 0.318 0.171-0.592 <0.001
Hypertension
 No Ref
 Yes 0.430 0.238-0.777 0.005
Hyperlipidemia
 No Ref
 Yes 0.577 0.288-1.154 0.120
Hyperuricemia
 No Ref
 Yes 0.569 0.317-1.021 0.059
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Logistic regression analysis of quartiles
The results of the logistic regression analysis of quar-
tiles were shown in Fig.  1 and supplementary Table S2. 
The ORs (95% CI) for the preoperative BMI quartiles 
across low-to-high in Model 1 were 1.00 (reference), 
2.406 (1.150–5.033), 8.462 (3.041–23.547), and 4.356 
(1.875–10.118), respectively. In model 2, after adjusting 
for potential confounders, ORs (95% CI) for the preop-
erative BMI quartiles across low-to-high were 1.00 (ref-
erence), 1.434 (0.589–3.495), 4.926 (1.538–15.772), and 
2.084 (0.670–6.483), respectively.

Logistic regression analysis of ten groups according to per 
2.5 kg/m2 units
The logistic regression analysis results of the ten groups 
according to per 2.5  kg/m2 units were shown in Fig.  2 
and supplementary Table S3. In model 1, compared with 
the reference (27.5    ≤   BMI  <  30.0), the ORs (95% CI) 
with statistical significance for optimal clinical response 

were 2.917 (1.037–8.203), 16.625 (3.382–81.735), 21.000 
(2.508-175.846), 8.167 (2.034–32.789), 4.667 (1.121–
19.434), and 5.469 (1.526–19.593) for BMI categories at 
35.0   ≤  BMI < 37.5, 37.5   ≤  BMI < 40.0, 40.0   ≤  BMI < 42.5, 
42.5   ≤  BMI < 45.0, 45.0   ≤  BMI < 47.5, and 50.0   ≤  BMI, 
respectively. In model 2, compared with the refer-
ence (27.5    ≤   BMI  <  30.0), only 37.5    ≤   BMI  <  40.0 
[10.287 (1.842–57.441)] and 40.0    ≤   BMI <  42.5 [13.292 
(1.459-121.136)] worked as predictive factors of TWL% 
outcome.

Restricted cubic spline
The RCS method was used to fit a curve describing the 
association between preoperative BMI and optimal 
clinical response in model 1 (Supplementary Fig.  S1) 
and model 2 (Fig.  3). RCS analysis showed a non-linear 
inverted U-shaped association between preoperative BMI 
and optimal clinical response (Nonlinear P    =   0.005). In 
spline analysis, when preoperative BMI was no less than 

Fig. 1 Odds ratios of logistic regression for BMI quartiles associated with optimal clinical response in models 1 and 2. The x axis shows odds ratios (ORs) 
of preoperative BMI associated with optimal clinical response. Data are shown as ORs with 95% confidence intervals. Model 1 was not adjusted. Model 2 
was adjusted for potential confounders (age, surgical method, T2DM, and hyperuricemia). BMI: body mass index; T2DM: type 2 diabetes mellitus
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42.9  kg/m2, the possibility of optimal clinical response 
rose as preoperative BMI increased. When preopera-
tive BMI was greater than 42.9  kg/m2, the possibility of 
optimal clinical response had a tendency to decline as 
BMI increased. The results of the subgroup RCS analyses 
based on surgery showed similar characteristics to the 
overall trend (Supplementary Fig. S2).

Discussion
Several variables could be utilized to examine weight-loss 
outcomes after MBS, such as percent excess weight loss 
(EWL%), percent excess BMI loss (EBMIL%), and TWL% 
[28]. In our study, the TWL% outcome was chosen as the 
main observation indicator, allowing us to avoid distor-
tion that could be generated by other indicators, such 
as EWL% and EBMIL% [29, 30]. Although numerous 
relevant studies have been performed, the effect of pre-
operative BMI on postoperative weight loss remains con-
tentious. On the one hand, Al-Khyatt et al. suggested that 

preoperative factors for inadequate EWL% at 12 months 
after RYGB included higher initial BMI [31]. Not coinci-
dentally, Livhits et al. concluded in a meta-analysis that 
preoperative pre-operative BMI might be negatively asso-
ciated with weight loss [15]. Moreover, a similar opinion 
was proposed in a study by Ortega et al., who concluded 
that EWL% was negatively associated with BMI [32]. On 
the other hand, a study by Voglino et al. indicated that 
patients with TWL%≥20% had a lower preoperative BMI 
than those with TWL% < 20% [33]. Menenakos et al. also 
indicated that patients with BMI>50  kg/m2 achieved 
greater weight loss than those with BMI   ≤  50 kg/m[2 [34]]. 
Interestingly, Angrisani et al. came to a conclusion dif-
ferent from two perspectives above [35]. They found that 
the initial BMI was not associated with the EWL% at five 
years after the MBS. The differences in perspectives pro-
posed by different studies may be attributable to factors 
such as the size of the sample, the various BMI catego-
ries, and the statistical methodology.

Fig. 2 Odds ratios of logistic regression for per 2.5 kg/m2 units of BMI associated with optimal clinical response in models 1 and 2. The x axis shows 
odds ratios (ORs) of preoperative BMI associated with optimal clinical response. Data are shown as ORs with 95% confidence intervals. Model 1 was not 
adjusted. Model 2 was adjusted for potential confounders (age, surgical method, T2DM, and hyperuricemia). BMI: body mass index; T2DM: type 2 diabetes 
mellitus
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Our study tried to figure out the association between 
preoperative BMI and optimal clinical response from 
a nonlinear perspective. Using the RCS model with 3 
nodes, our study discovered the nonlinear dose-response 
association between preoperative BMI and optimal clini-
cal response. We identified an inverted U-shaped con-
nection with an inflection point of the risk function at 
42.9  kg/m2, and concluded on this premise that preop-
erative BMI was a predictive factor for optimal clinical 
response before 42.9 kg/m2, and a risk factor for optimal 
clinical response after 42.9 kg/m2. Increasing changes in 
preoperative BMI have an incremental or decremental 
influence on the expected value of TWL% outcomes and 
are linearly related in the conventional risk model [31, 32, 
34]. However, according to the results of the RCS analy-
sis, the possibility of optimal clinical response decreased 
in patients with severe obesity. To achieve optimal clini-
cal response in patients with severe obesity, non-surgical 
methods such as intragastric balloon, etc. should be a 
pioneer first. Then, we can consider performed MBS, 
which leads to the optimal clinical response. In addition, 
for those patients with low-weight obesity, MBS could 
be performed under the premise of stricter indications, 
which could improve surgical outcomes.

In our research, we used two types of segmented logis-
tic regression methods: one based on preoperative BMI 
quartiles (Q1, Q2, Q3, and Q4) for grouping, and the 
other dividing the data into 10 groups. Through logistic 

regression analysis, we observed that within each seg-
ment, the effects appeared to be standardized, with jumps 
occurring at the nodal positions, which is clearly contrary 
to reality. In contrast, RCS effectively solved this problem, 
providing a more realistic, continuous and smooth tran-
sition of the effects, avoiding the unnatural jumps at the 
node positions. To our knowledge, our research was the 
first retrospective study to assess the association between 
preoperative BMI and TWL% outcome from a non-linear 
perspective using RCS. An inverted U-shaped curve was 
observed between preoperative BMI and optimal clinical 
response. The closer the data fit is to the genuine shape 
of the association curve, the better the predictive per-
formance will be. Specifically, before the peak risk point 
42.9  kg/m2, the possibility of optimal clinical response 
rose as preoperative BMI increased. After that, the pos-
sibility of optimal clinical response decreased with a 
continued increase in preoperative BMI. Moreover, the 
participants in this study were patients with obesity from 
China. After adjusting for related confounding factors, a 
significant nonlinear dose-response relationship between 
BMI and the optimal clinical response continues to exist 
(Nonlinear P   =   0.005). Interestingly, the results of the 
subgroup RCS analyses showed similar characteristics to 
the overall trend, suggesting some consistency between 
the different surgical modalities and TWL% outcomes. 
Therefore, our research may provide Asian patients with 

Fig. 3 RCS curve of BMI and TWL% outcome in model 2. The y axis shows odds ratios (ORs) of preoperative BMI associated with optimal clinical response 
with the shaded area representing 95%CIs (nonlinear trend, P   =  0.005). Model was adjusted for potential confounders (age, surgical method, T2DM, and 
hyperuricemia). BMI: body mass index; T2DM: type 2 diabetes mellitus; TWL%: percentage of total weight loss; MBS: Metabolic and Bariatric Surgery: RCS: 
restricted cubic spline
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customized advice according to their preoperative BMI, 
increasing their possibility of optimal clinical response.

2Despite the fact that this study provided an objective 
examination of the relationship between preoperative 
BMI and optimal clinical response from a nonlinear per-
spective, there were still some shortcomings. Firstly, the 
sample size of our study was relatively insufficient, and 
a multicenter prospective study is still needed for vali-
dation. Secondly, this study investigated the association 
between preoperative BMI and optimal clinical response 
at one year, and the relationship between preoperative 
BMI and long-term optimal clinical response remains to 
be investigated. However, there are still other elements 
that may influence the optimal clinical response, so a 
thorough evaluation of the patient remains essential.

Conclusion
Our research indicated the non-linear inverted U-shaped 
correlation between preoperative BMI and adequate 
weight loss. Setting a preoperative BMI threshold of 42.9 
is critical to predicting optimal clinical outcomes.
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