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Background: The weight loss in Chinese patients after sleeve gastrectomy is different, and 
the differences can be evaluated through the trajectories of the percentage of body fat (BF%). 
Patients’ baseline psychosocial factors may be associated with these trajectories.
Materials and Methods: We selected 267 patients who received sleeve gastrectomy for the 
first time. The BF% at baseline and 1, 3, 6, 12 months after surgery and baseline psycho-
social variables were retrospectively collected. The trajectory model was established accord-
ing to BF% based on the growth mixture model. The baseline psychosocial variables were 
compared among different trajectory classes.
Results: Four types of trajectory classes were obtained. The differences in preoperative 
dietary self-efficacy, exercise self-efficacy, depression, social support, working status, alco-
hol consumption, and gender among the classes were statistically significant. The pairwise 
comparison of the above variables revealed that the differences of gender, dietary self- 
efficacy and exercise self-efficacy among classes were highly effective.
Conclusion: Female gender, low dietary self-efficacy and low exercise self-efficacy were 
predictors for poor BF% trajectory in sleeve gastrectomy patients. Health professionals can 
early identify patients who are most likely to lose weight in a not-ideal manner based on the 
above predictors.
Keywords: bariatric surgery, body fat, psychosocial aspects, sleeve gastrectomy, trajectory

Introduction
Obesity is considered an epidemic in the 21st century, accounting for 4.72 million 
deaths and 148 million disability-adjusted life-years globally.1 Sleeve gastrectomy 
(SG) is one of the most relevant bariatric procedures for treating severely obese patients 
in China.2 Patients usually have to gradually switch from a liquid diet to a light, high- 
protein diet for 3 months after surgery, and should continue to supplement vitamins and 
trace elements in order to consolidate the effect of the surgery. As regards the physical 
activity, patients should perform aerobic exercise for at least 150 minutes per week. 
However, the weight loss varies among patients3,4 because of their different behavior 
and lifestyle,5 which is mainly affected by their psychosocial factors.6,7 Therefore, the 
psychosocial factors can be considered as potential predictors of not-ideal weight loss 
outcomes.

In terms of patients’ weight loss outcomes, the percentage of body fat (BF%) was 
considered as an indicator,8 which represents the proportion of body fat weight per total 
weight. As regard the post-bariatric patients, the overall changes in body weight may 
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mask changes in body composition, thus, patients with the 
same weight may have different body fat mass. BF% is the 
key factor determining the risk of cardiovascular and meta-
bolic diseases.9 Patients with high BF% after bariatric sur-
gery show low insulin sensitivity and high central fat 
distribution independent of BMI.10 A low BF% is more 
consistent with the surgical goals. Besides, the development 
of trajectory models is a good method to identify potential 
different subpopulations within a population, helping to iden-
tify SG patients with not-ideal body fat loss effects.11,12

Therefore, a BF% trajectory model of SG patients was 
constructed, and the psychosocial data at baseline were 
compared among different trajectories, to preoperatively 
identify which patients could have unexpected body fat 
loss outcomes to provide a better management of the post-
operative behavior.

Materials and Methods
This work was a retrospective study conducted in the 
Bariatric Surgery Center of the First Affiliated Hospital 
of Nanjing Medical University. This study was conducted 
in compliance with the Declaration of Helsinki.

Research Samples and Data
This study included patients who first underwent SG between 
December 2015 and December 2019 and were subjected to the 
complete measurement of body composition at baseline, and 
at 1st, 3rd, 6th, and 12th month after surgery. Patients who did 
not complete the baseline psychosocial assessment, suffered 
serious complications (including gastrointestinal bleeding, 
anastomotic fistula, and stricture), refused to allow the use of 
their data, or were pregnant, were excluded from this study. 
Our bariatric center performed 825 SG during these four years, 
and finally, the data of 267 patients (32.4%) were retrospec-
tively collected (Supplementary Materials). Figure 1 shows 
the flowchart of patients’ selection. Patients’ BF% was 
extracted from the body composition analysis instrument 
(Version: Inbody 770, Seoul, Korea), while the baseline psy-
chosocial data were extracted from the medical records and 
previous studies. All psychosocial data were evaluated by the 
case manager on the admission day.

Measures
Demographic and Clinical Data
The following data were extracted from the patients’ med-
ical records: age, gender, education, marital status, work-
ing status, medical insurance, smoking status, alcohol 
consumption, and preoperative obesity comorbidities 

(including hypertension, type 2 diabetes, obstructive 
sleep apnea, and dyslipidemia).

Trajectory Data of BF%
The measurements were performed using an 8-point con-
tact multi-frequency impedance method by InBody770. 
During the measurement, participants should bring their 
thumbs close to each other to handle the electrodes, spread 
their hands at an angle of 15°, and should be barefoot and 
place their heels and soles on either side of the electrodes. 
The measurements included the body weight, BF%, and 
the resting metabolic rate. All patients included in this 
study completed the measurements at the 1st, 3rd, 6th, and 
12th month after surgery.13

Scale Evaluation Data
This study also collected patients’ psychosocial data eval-
uated by 5 different types of scales. (1) Weight efficacy 
lifestyle questionnaire-short form (WEL-SF)14 was used to 
assess the degree of confidence of the patients in refraining 
from overeating in different situations. (2) Self-efficacy for 
exercise (SEE) scale15 evaluated patients’ confidence in 
performing exercises in various difficult situations. (3) 
Patient health questionnaire with 9 items (PHQ-9)16 was 
used to assess patients’ depression level. (4) Generalized 
anxiety disorder 7-item scale (GAD-7)17 was used to 
screen the generalized anxiety and the evaluation of symp-
tom severity. (5) Social support rating scale (SSRS)18 

assessed the level of social support available to patients. 
All these scales were tested in the Chinese population and 
revised to obtain the Chinese version, achieving good 
reliability and validity.

Statistical Analysis
Statistical analysis was performed using IMB SPSS 
Statistics version 22.0 (IMB Corp., Armonk, NY, USA). 
BF% trajectory model in 267 patients at five time points 
was established by M-plus version 8.0 (Muthen&Muthen, 
Los Angeles, CA, USA). Growth mixture model (GMM)19 

was used to identify the subgroups with similar postopera-
tive BF% changes. Fitting indexes included Akaike infor-
mation criterion (AIC), Bayesian information criterion 
(BIC), entropy, Lo-Mendell-Rubin likelihood ratio test 
(LMR), bootstrapped likelihood ratio test (BLRT), and 
category probability. The smaller the value of AIC and 
BIC, the better the fitting model. Entropy close to 1 
implies a precise classification. LMR and BLRT values 
are less than 0.05, indicating that the model classified into 
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k classes is significantly better than k-1 classes. The cate-
gory probability of each class should be more than 5%. 
The model was fitted from 2 potential classes, and then 
fitted according to 3, 4, and 5 potential classes in turn. The 
most appropriate fitting model was finally selected by 
comparing the fitting indexes of different trajectory mod-
els and referring to the theoretical significance.

Continuous data normally distributed were expressed 
as mean ± standard deviation. Counting data were 
described by frequency. The psychosocial factors of 
patients with different trajectory classes were compared 
using the analysis of variance (ANOVA) and Chi-square 
test. Variables with significant difference were subjected to 
pairwise comparison, in which the effects of each variable 
were calculated by Cohen’s-d. An absolute value of 
Cohen’s-d >0.5 in Student’s t-test reflected a medium 

effect and >0.8 reflected a high effect. An absolute value 
of Cohen’s-d >0.3 in chi-square test reflected a medium 
effect and >0.5 reflected a high effect. A two-sided 
p value<0.05 was considered statistically significant.

Results
Among the 267 patients, 57.3% were female (n=153) with 
an average age of 30.67±10.28 years. The average score of 
WEL-SF, SEE, PHQ-9, GAD-7, and SSES at baseline was 
44.57±14.76, 48.30±17.22, 4.30±3.05, 2.65±1.96, and 
31.00±7.80, respectively. The details of the baseline socio- 
demographic characteristics and disease-related data are 
shown in Table 1.

Table 2 shows the fitting results of the candidate mod-
els with different classes. When the classes were 2, 3 and 
4, the LMR and BLRT tests were statistically significant. 

Figure 1 Flow chart of patients’ selection. Severe complications include gastrointestinal bleeding, anastomotic fistula, and stricture. 
Abbreviations: SG, sleeve gastrectomy; BF%, percentage of body fat.
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However, the LMR test result of the model with 5 classes 
was 0.072, indicating that the trajectory model of patients 
divided into 5 classes according to BF% was not signifi-
cantly better than the one into 4 classes. Thus, the model 
divided into 5 classes was not considered anymore. The 
model with 4 classes had smaller AIC and BIC values, 
entropy was closer to 1, and the proportion of all 4 classes 
was more than 5% compared with the models divided into 
2 or 3 classes. Therefore, the model with 4 classes was 

finally selected for subsequent analysis. Figure 2 shows 
the trajectories of the model.

Patients BF% in Class-1 remained low for 12 months 
and dropped relatively fast, thus, this class was called 
“Low-baseline Fast-loss”. A total of 54 patients 
belonged to the Class-1. Patients in Class-2 had the 
highest initial BF% and did not reach the optimal 
BF% at 12 months (23.83%±6.90), but they lost most 
of the body fat, thus, Class-2 was named “High-baseline 

Table 1 Data of Patients at Baseline

Variables Classifications Number or Mean ± Standard Deviation

Gender Male 114
Female 153

Age(years) 30.67±10.28

Education level Primary school or below 15
Middle school 50

High school or technical school 52

College, undergraduate or above 150
Marital status Married 133

Unmarried, divorced or widowed 134
Working status Employed 163

Retired, unemployed or at school 104

Medical insurance Yes 152
No 115

Smoking Yes 26

No or ceased 241
Alcohol consumption Yes 18

No or ceased 249

Comorbidities (hypertension, T2DM, OSA, NAFLD, etc.) Yes 198
No 69

Baseline BMI (kg/m2) 39.04±6.86

Baseline BF% 43.06±7.13
WEL-SF score 44.57±14.76

SEE score 48.30±17.22

PHQ-9 score 4.30±3.05
GAD-7 score 2.65±1.96

SSRS score 31.00±7.81

Note: Data are presented as number or mean ± standard deviation. 
Abbreviations: T2DM, type 2 diabetes mellitus; OSA, obstructive sleep apnea; NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; WEL-SF, weight efficacy 
lifestyle questionnaire-short form; SEE, self-efficacy for exercise scale; PHQ-9, patient health questionnaire; GAD-7, generalized anxiety disorder 7-item scale; SSRS, social 
support rating scale.

Table 2 Results of the Model Fitting

Number of Trajectory Classes AIC BIC Entropy LMR BLRT Proportion of Each Class

2 8533.171 8570.472 0.834 <0.001* <0.001* 0.623/ 0.371

3 8172.611 8221.102 0.815 0.016* <0.001* 0.340/ 0.269/ 0.391

4 7992.052 8051.733 0.828 0.035* <0.001* 0.202/ 0.150/ 0.551/ 0.097
5 7854.729 7925.601 0.822 0.072 <0.001* 0.038/ 0.370/ 0.101/ 0.197/ 0.293

Note: Bold*: P<0.05. 
Abbreviations: AIC, Akaike information criterion; BIC, Bayesian information criterion; LMR, Lo-Mendell-Rubin likelihood ratio test; BLRT, bootstrapped likelihood ratio test.
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Fast-loss” and was composed of 26 patients. In contrast 
to Class-2, Class-3 had the slowest decrease rate of BF 
%. Patients’ baseline BF% in Class-3 was not high, but 
their BF% was not ideal at one year after surgery 
(27.25%±7.22). Class-3 was called “Low-baseline Slow- 
loss”, and included 40 patients. Patients’ BF% in Class- 
4 decreased slowly and it remained high within 1 year 
(BF% 31.85±3.39 at 12th month). The improvement in 
body composition that patients obtained after SG was 
very limited, thus, Class-4 was named “High-baseline 
Slow-loss”, and it included most of the patients (n=147). 
Although differences in the change of the trends in BF% 
were found among different classes of patients, the 
trajectories showed overall downward trends one year 
after surgery. The details of each trajectory class are 
shown in Table 3.

The comparison of the patients’ baseline demographic 
data, body composition data, and psychosocial data 
revealed a significant difference in gender, working status, 
alcohol consumption, baseline BF%, dietary self-efficacy, 
exercise self-efficacy, depression, and social support 
among different trajectory classes (Table 4). In addition, 
no significant difference was observed in baseline BMI 
despite patients’ baseline BF% widely widely. No signifi-
cant differences in anxiety, smoking, age and other vari-
ables were found among classes.

Next, the significantly different variables were further 
subjected to pairwise comparison (Table 5). Since BF% 
was used to distinguish the trajectory classes, this variable 
was not compared. No significant difference in the seven 
variables was found between Class-1 (Low-baseline Fast- 
loss) and Class-2 (High-baseline Fast-loss), as well as 

Figure 2 Trajectories of the percentage of body fat. The graph shows the four clusters of loss of patients’ percentage of body fat after Sleeve Gastrectomy. The purple 
trajectory is Class-1 (Low-baseline Fast-loss), green one is Class-2 (High-baseline Fast-loss), Blue one is Class-3 (Low-baseline Slow-loss), and Red one is Class-4 (High- 
baseline Slow-loss).

Table 3 Detailed Information of Each Trajectory Class

Trajectory Name Detailed Information

Baseline BF% 12th Month BF% ΔBF% in 1 Year Sample Size

Class-1 Low-baseline Fast-loss 36.94±5.00 19.48±5.34 17.47 54

Class-2 High-baseline Fast-loss 47.92±6.79 23.85±6.90 24.07 26

Class-3 Low-baseline Slow-loss 36.23±6.97 27.25±7.22 8.98 40
Class-4 High-baseline Slow-loss 46.30±4.60 31.95±3.39 14.35 147

Abbreviations: BF%, percentage of body fat; ΔBF%, changes in percentage of body fat.
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between Class-3 (Low-baseline Slow-loss) and Class-4 
(High-baseline Slow-loss) except for alcohol consumption 
and dietary self-efficacy. According to Tables 4 and 5, 
a higher male ratio was present in Class-1 and Class-2, 
and the differences in gender were highly effective in 
multiple subgroups, as compared with Class-3 and Class- 
4. As regard the working status, Class-2 included patients 
with the highest proportion of employment, while Class-3 
was the only class with more non-incumbents than incum-
bents. As regard alcohol consumption, the proportion of 
drinkers in Class-1, Class-2, and Class-4 was significantly 
lower than that in Class-3, and Class-2 did not have any 
drinker.

As regard the psychological variables, dietary self- 
efficacy and exercise self-efficacy had higher effects than 
depression and social support according to the pairwise 
comparison. The level of dietary self-efficacy in the Class- 
1, Class-2 and Class-3 was significantly higher than the 
level in the Class-4, Class-1 also had a statistically higher 
WEL-SF score than Class-3, and these differences were 
highly effective. Moreover, the order of dietary self- 
efficacy of each class was consistent with the order of 
BF% at 12th month. The distribution of the differences in 
patients’ exercise self-efficacy among different classes was 
similar to the distribution of the differences in gender. The 
level of exercise self-efficacy in Class-1 and Class-2 was 

Table 4 Comparison of the Baseline Data Among Classes

Variables Trajectory Classes χ2 or F P

Class-1 
(n=54)

Class-2 
(n=26)

Class-3  
n=(40)

Class-4 
(n=147)

Gender Male 45 21 11 37 74.082 <0.001*
Female 9 5 29 110

Age (years) 31.72±11.72 32.54±7.70 31.38±13.42 29.76±9.08 0.925 0.429

Education level Primary school or below 5 0 4 6 9.175 0.421
Middle school 9 3 6 32

High school or technical 

school

11 4 6 31

College, undergraduate or 

above

29 19 24 78

Marital status Married 29 17 17 70 3.987 0.263
Unmarried, divorced or 

widowed

25 9 23 77

Working status Employed 33 21 18 91 8.630 0.035*
Retired, unemployed or at 

school

21 5 22 56

Medical insurance Yes 31 15 26 80 1.451 0.694
No 23 11 14 67

Smoking Yes 6 3 5 12 0.974 0.808

No or ceased 48 23 35 135
Alcohol consumption Yes 3 0 13 2 50.984 <0.001*

No or ceased 51 26 27 145

Comorbidities Yes 38 19 28 113 1.345 0.718
No 16 7 12 34

Baseline BMI (kg/m2) 37.32±6.04 39.22±5.43 38.49±10.22 39.79±6.15 1.819 0.144

Baseline BF% 36.94±5.00 47.92±6.79 36.23±6.97 46.30±4.60 71.029 <0.001*
WEL-SF score 60.33±13.79 56.27±11.74 51.83±13.12 35.87±16.72 9.346 <0.001*
SEE score 49.35±15.20 54.38±13.24 38.90±15.23 42.68±13.54 44.183 <0.001*
PHQ-9 score 3.46±2.31 4.77±3.78 3.78±2.57 4.67±3.21 2.741 0.044*
GAD-7 score 2.13±1.54 2.92±1.74 2.40±1.98 2.86±2.10 2.264 0.081

SSRS score 33.09±9.62 34.08±9.30 31.83±7.56 29.46±6.43 4.901 0.002*

Notes: Categorical variables were compared by Pearson chi-square test and represented by χ2 value, continuous variables were compared by analysis of variance and 
represented by F value. Bold*: P<0.05. 
Abbreviations: BMI, body mass index; WEL-SF, weight efficacy lifestyle questionnaire-short form; SEE, self-efficacy for exercise scale; PHQ-9, patient health questionnaire; 
GAD-7, generalized anxiety disorder 7-item scale; SSRS, social support rating scale.
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significantly higher than the level in Class-3 and Class-4; 
all the differences had high effects. The difference in 
exercise self-efficacy between Class-2 and Class-3 was 
the most significant, with an effective value of 1.86. 
A certain relationship between levels of exercise self- 
efficacy and decline speed of BF% was observed compar-
ing the trajectory figure The higher the level of exercise 
self-efficacy, the faster the decrease of BF%. As regard 
depression, only Class-4 had a significantly higher depres-
sion level than Class-1. Furthermore, the depression level 
of Class-1 and Class-3 was relatively low, while that of 
Class-2 and Class-4 was high. Class-1 and Class-2 
obtained a significantly more social support than Class-4.

Discussion
The construction of the trajectory model is an appropriate 
approach to identify patients subjected to bariatric surgery 
with unsatisfactory body fat loss. In this study, patients 
were divided into four trajectory classes (Class-1“Low- 
baseline Fast-loss”, Class-2 “High-baseline Fast-loss”, 
Class-3 “Low-baseline Slow-loss”, Class-4 “High- 
baseline Slow-loss”), and the results revealed that patients 
in Class-3 and Class-4 had not-ideal body fat loss trajec-
tories within one year. BF% among trajectory classes was 
significantly different, while the difference in baseline 
BMI was not significant. Therefore, BF% could be used 
as an effective indicator to identify differences in body 
composition among post-bariatric patients with similar 
BMI. BF% is highly correlated with BMI, but it is more 

accurate in identifying the individual metabolic risk, espe-
cially in patients with high or low muscle reserves.10 In 
China, some athletes undergo bariatric surgery to combat 
obesity after retirement. They have a large amount of 
muscle mass and correspondingly higher BMI, then BF% 
can better reflect their actual obesity situation than BMI. 
On the other hand, some patients focus only on their 
weight and lose muscle rapidly. They achieved BMI in 
the non-obese range but still had high metabolic risk after 
surgery.20 Although BF% is not the preferred indicator 
compared with BMI, our goal in this work was to reflect 
the value of BF% as an outcome indicator of bariatric 
surgery.

In addition, a declining trend of the BF% trajectories 
was found, indicating that SG effectively reduced patients’ 
weight and body fat in the first year after surgery. 
However, 55.1% of the patients belonged to the worst 
trajectory (Class-4), suggesting that many patients 
achieved little improvement in BF%. The difference in 
BF% was due to the differences in diet, exercise and 
other factors in the lifestyles after surgery, and patients’ 
psychosocial factors can also influence their lifestyle.21,22 

Therefore, the early identification of patients who will 
have poor BF% outcomes based on psychosocial factors 
is particularly important.

The difference in gender among different classes was 
significant. Males were predominantly present in the two 
classes (Class-1 and Class-2) with better trajectory classes, 
while the proportion of females in the classes with worse 

Table 5 Pairwise Comparison of Specific Variables

Variables Classifications of Pairwise Comparison

C1vsC2 C1vsC3 C1vsC4 C2vsC3 C2vsC4 C3vsC4

P |d| P |d| P |d| P |d| P |d| P |d|

Gender 0.777 0.03 <0.001* 0.56++ <0.001* 0.52++ <0.001* 0.52++ <0.001* 0.42+ 0.765 0.02

Working 

status

0.125 0.20 0.145 0.16 0.918 0.01 0.004 0.36+ 0.063 0.14 0.055 0.14

Alcohol 

consumption

0.221 0.14 0.001* 0.35+ 0.091 0.12 0.001 0.40+ 0.550 0.05 <0.001* 0.47+

WEL-SF 
score

0.265 0.32 0.008* 0.63+ <0.001* 1.60++ 0.248 0.36 <0.001* 1.41++ <0.001* 1.06++

SEE score 0.369 0.21 <0.001* 1.54++ <0.001* 1.37++ <0.001* 1.86++ <0.001* 1.70++ 0.134 0.26

PHQ-9 
score

0.071 0.42 0.621 0.13 0.012* 0.43 0.193 0.31 0.882 0.03 0.097 0.31

SSRS score 0.590 0.10 0.427 0.15 0.003* 0.44 0.243 0.27 0.005* 0.58+ 0.084 0.34

Notes: |d| = Cohen’s-d, indicating the effect size of difference. Bold+: medium effect (Continuous variable is >0.50, categorical variable is >0.30), Bold++: high effect 
(Continuous variable is >0.80, categorical variable is >0.50). Bold*: P<0.05. 
Abbreviations: C1, Class-1; C2, Class-2; C3, Class-3; C4, Class-4; WEL-SF, weight efficacy lifestyle questionnaire-short form; SEE, self-efficacy for exercise scale; PHQ-9, 
patient health questionnaire; SSRS, social support rating scale.
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trajectory classes was very high. Thus, females could be 
considered as predictors of poor BF% one year after sur-
gery. Gender differences in fat metabolism could be the 
reasons why BF% in female is higher and difficult to 
reduce. The basal fat oxidation is lower in females as 
compared to males, thereby contributing to a higher fat 
storage in women.23 Although the female normal range of 
BF% is originally higher than the one of males, the dif-
ference in BF% among classes was much larger than the 
difference in the normal range of BF% between men and 
women, and the trajectories of Class-3 and Class-4 
decreased more slowly. Indeed, gender is not only an 
important predictor of BF% outcomes, but it may also 
affect the interclass distribution of several other variables. 
However, the subgroup analysis of the genders was not 
performed in this study because of the smaller sample size 
that might bring a negative impact on the efficacy of the 
growth mixture model. Thus, this limitation should be 
explored in the future.

Patients’ baseline dietary self-efficacy and exercise self- 
efficacy were other two important predictors, and the pair-
wise comparisons revealed that these variables also resulted 
in high effects. The corresponding relationship between BF% 
trajectories and the patients’ dietary self-efficacy further 
emphasized that the eating behavior mainly affected the 
final BF%. This is because SG changes the physiological 
function and morphological structure of patient’s stomach, 
thus patient’s eating habits change enormously.24 However, 
the gradual recovery in the tolerance of specific food several 
months after surgery results in a change of habits by patients 
with low dietary self-efficacy who began to eat high-fat and 
high-sugar foods,25 which could promote the accumulation 
of fat mass and threat the weight control.26 Therefore, it is of 
utmost importance to perform health education to maintain 
a healthy diet in patients with low dietary self-efficacy. This 
finding is also in accordance with studies that focused on 
other bariatric surgery procedures.27 As regard exercise self- 
efficacy, a certain relationship between the confidence of 
overcoming the difficulties to perform physical exercise 
and the decline speed of BF% could be present. Exercise 
was another important factor in controlling energy balance 
except for diet. Patients often lose lean mass in body compo-
sition early after surgery due to the limited diet,28 but they 
can maintain or even increase muscle mass 3 months after 
surgery by performing aerobic-strength exercise.29 Muscle 
mass is related to the basal metabolic rate; the higher the 
basal metabolic rate, the faster the speed of fat metabolism. 
The basal metabolic rate can be increased by maintaining the 

lean mass, which can further enhance the effects of post-
operative body fat loss.30 Thus, exercise can be a virtuous 
cycle of weight control for patients. Therefore, patients who 
want to lose weight faster should be encouraged to exercise 
more. Patients with low exercise self-efficacy prior to surgery 
should be warned that the refusal to exercise could signifi-
cantly affect body fat loss.

In addition to the above-mentioned high-effect predic-
tors, the levels of social support, depression, alcohol con-
sumption, and working status might also help the early 
prediction of BF% outcomes. Class-3 patients had 
a significantly higher rate of non-working and alcohol con-
sumption at baseline than the other patients, and the most 
evident feature of Class-3 trajectory was the slowest rate in 
the decline of the BF%. This could be due to the fact that 
obese people who undergo bariatric surgery could be more 
likely to reach the target amount of exercise at work, while 
obese non-workers have less activity, thus reducing body fat 
burning.31 The gratifying aspect for the patients subjected to 
bariatric surgery is that this surgery allowed many of them to 
go back to work, further promoting their body fat loss.32 Our 
result on alcohol consumption was consistent with a 3-year 
follow-up study,33 which revealed that preoperative drinking 
is a predictor of postoperative drinking in bariatric surgery 
patients, causing poor BMI decline. Furthermore, a large 
sample cross-sectional study found that alcoholism is a risk 
factor for poor eating habits.34 All these results suggest that 
drinking must first be stopped to help patients in having a diet 
regimen effective in controlling their weight.

A total of 36.0% (n=96) of the patients in this study 
had mild depression (PHQ-9 score >4), suggesting that 
depression in severely obese people was serious, and 
patients with relatively severe depression had higher BF 
% at baseline. Differences in PHQ-9 scores among classes 
may be determined using the patient’s baseline BF% since 
severe obesity induce depression.35 Patients with high 
baseline depression had high BF% at 12th month, and the 
difference was statistically significant. Therefore, it was 
possible to conclude that the high depression at baseline 
predicted poor BF% outcome, although the predictive 
ability of this index might be weak. In addition, patients 
with significantly more social support achieved a lower BF 
% after one year, in agreement with previous evidence 
suggesting that good social support is beneficial to 
health.36 This is also important for bariatric surgery 
patients although the effect of social support was not 
high. Our finding was also in agreement with Conceião’s 
study,37 which suggested that high levels of social support 
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on patients’ prior surgery lead to less depression, 
a reduced poor eating habits and better weight loss after 
surgery. Therefore, the hospital, family and society should 
work together to provide mental and psychological support 
to patients to ensure the success of bariatric surgery.38

Among the above-mentioned variables, gender, dietary 
self-efficacy and exercise self-efficacy have gained the 
attention of many studies.39 Diet and exercise are also 
routinely managed during the follow-up.40 Thus, the sig-
nificance of other variables was more worthy of concern-
ing. After comparing the overall trends of trajectories, the 
results showed that both Class-1 and Class-3 had a relative 
lower baseline BF%. These two classes were also charac-
terized by low depression and good social support, and 
a significant difference in alcohol consumption was found 
between these classes. Besides, patients in Class-2 and 
Class-4 had high baseline BF%, and a significant differ-
ence in social support was found between them. These 
findings suggested that patients with low baseline obesity 
had favorable psychosocial status, and lifestyle behaviors 
might be the main factor to predict their body fat loss and 
metabolic risk reduction,41 as well as the main factor to 
focus on during rehabilitation, whereas interpersonal fac-
tors such as social support might also determine body fat 
loss in severely obese patients.42 Further studies should 
investigate the differences in factors affecting weight loss 
among bariatric patients with varying degree of obesity.

Previous studies used physiological indicators to pre-
dict weight loss after bariatric surgery,43,44 thus having 
limitations although physiological indicators are more pre-
cise and quantifiable. The physiological factors are incon-
venient to measure, and many of them are irreformable. 
On the contrary, psychosocial factors reflect patient’s life-
styles and they are easier to monitor. Based on the pre-
dicator level, the postoperative behavior management 
could be easier by simply assessing the psychosocial status 
to identify patients who are more likely to have adverse 
weight loss outcomes. Patients may also feel that they are 
receiving more humane care during this process.45 

Moreover, other studies on bariatric surgery explored the 
predictive effects of non-physiological factors on weight 
loss outcomes.46,47 Our results were not entirely consistent 
with these findings except for diet self-efficacy and depres-
sion probably because of the differences in surgical meth-
ods and lifestyle due to race. More importantly, our 
research classified the patients based on the trajectory 
model. The perspective focused on patient’s body fat loss 
trends, which was different from the approach used in 

other studies, giving a comprehensive understanding on 
the longitudinal effects of bariatric surgery. In addition to 
examine whether patients’ weight is in the non-obese 
range during the follow-up, the trajectories of weight loss 
and BF% reduction should be also monitored. Focusing on 
weight at a single point obscured bariatric patients’ long- 
term efforts to lose weight. Our hope was to present the 
postoperative weight loss achievement of patients more 
accurately through BF% and trajectories.

The advantage of this study is that one year BF% trajec-
tory of Chinese SG patients was analyzed by a growth mix-
ture model, identifying several classes of patients with 
different postoperative body fat loss effects. Their psychoso-
cial data at baseline were compared according to classifica-
tions, thus showing the baseline characteristics of patients 
with poor body fat loss, helping the identification of these 
patients in clinical practice. As far as we know, this study was 
the first that constructed trajectories of post-bariatric patients 
in terms of BF%, and was also the first performed in Chinese 
SG patients. However, this work also presents some limita-
tions. First, only SG patients were included. Although SG is 
the most widely performed bariatric surgery in China,48 

studies exploring the trajectories of BF% in other procedures 
such as RYGB and SG plus are needed in the future. Second, 
the baseline predictors were analyzed by differences and 
effects among trajectory classes. However, the relationship 
among predictors and BF% still need further evaluation using 
regression analysis after collecting complete data during the 
whole follow-up period. This aspect is challenging because 
the organization of the postoperative follow-up in Chinese 
bariatric centers still needs improvements. Third, the tools 
used for the measurement of the factors have their limita-
tions. Patient’s diet and exercise behaviors were not directly 
measured, but the corresponding self-efficacy scale was used 
for psychological evaluation. The patient’s BF% was mea-
sured using a multi-frequency impedance tool (InBody) 
instead of using DEXA. InBody has the advantage of con-
venience, and is accurate for measuring total BF% but not 
regional BF%.49 However, DEXA is the best method to 
analyze body composition.50 Finally, the follow up of the 
BF% in this study was one year, thus, a longer observation 
period is necessary to evaluate whether the trajectories’ 
would continue with the same trend.

Conclusion
In conclusion, the predictors for poor BF% trajectories in SG 
patients were female gender, low dietary self-efficacy, low 
exercise self-efficacy, non-working status, drinking habits, 
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severe depression and low level of social support. Differences 
in gender, dietary self-efficacy and exercise self-efficacy had 
high effects. The lifestyle predicted body fat loss in low base-
line obese patients, while body fat loss in patients with high 
baseline obesity could be influenced by the social support 
status. Healthcare professionals should early identify patients 
who tend to achieve not-ideal body fat loss outcomes based on 
the above predictors, thus helping them in strengthening the 
management of the behavior of these patients. Further studies 
should examine the predictive ability of these factors. These 
findings might potentially help the improvement of the body 
fat loss efficiency of post-bariatric patients.
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