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Abstract: 

Introduction 

Obesity is a major public health concern due to its association with the development of obesity-related comorbidities. The 

aim of this study is to identify the potential relationship between pre-operative patient-related factors with weight loss at 

1 and 3 years following Laparoscopic Roux-en-Y gastric bypass (LRYGB), Laparoscopic Sleeve Gastrectomy (LSG) or 

laparoscopic Adjustable Gastric Banding (LAGB). 

Methods 

A retrospective cohort study was carried out on 1,210 patients with obesity who underwent primary bariatric surgery at 

Chelsea and Westminster Hospital NHS Trust between September 1999 and May 2017.  

Results 

The study sample included 1210 participants. The mean age was 45.3 ± 11.3 years. Females represented 78.3% (n = 948) 

of the sample. The mean BMI at initial assessment was 47.6 ± 7.47 kg/m2. LRYGB was found to be the most effective 

followed by LSG then LAGB at 1 and 3 years as evidenced by higher number of patients having %EWL >50 (P <0.001). 

After adjusting for confounders, older age, higher initial BMI, black ethnicity, diabetes, and Obstructive Sleep Apnea 

(OSA) were associated with suboptimal weight loss. The presence of hypertension, smoking, and gender were not 

associated with %EWL or TBWL% at any time point.  

Conclusion 

Patient age, race, type of surgery, pre-operative BMI, and co-morbidity status influence weight loss after bariatric surgery, 

with older age, black ethnicity, LAGB, higher initial BMI, diabetes, and OSA predicting a lower weight loss in the short 

and medium term. Hypertension, smoking, and gender did not seem to influence weight loss in our study. The study 

findings could alert the surgeon to take more aggressive measures towards patients with risk factors, in part, by choosing 

a more effective bariatric procedure.  
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Introduction  

Obesity is a major public health concern due to its association with the 

development of obesity-related comorbidities (1, 2). Bariatric surgery is 

considered the most effective intervention for ensuring significant and 

sustained weight loss and amelioration of obesity-related comorbidities 

(3-6). Despite reported successful weight loss in the short term following 

bariatric surgery(7, 8), many patients do not reach their weight loss goals, 

and some are found to regain weight(9-11), which poses a substantial 

financial burden in the management of obesity and its related co-

morbidities(12). Weight regain has been attributed to several factors; such 

as Body Mass Index (BMI), advanced age, gender, existing co-

morbidities, and consistency and intensity of post-operative follow-

up(13-15). In fact, several studies have suggested socio-demographic, 

medical, and psychosocial factors to influence weight loss following 

bariatric surgery (16-18). The choice of surgery for each patient also plays 

a role and the type of procedure chosen should be tailored to each patient 

based on specific factors that include but are not limited to BMI, medical 

considerations, and the existence of comorbidities (19-22). The aim of 

this study is to identify patient-related factors; such as sociodemographic 

and habitual data as well as co-morbidity status, that are associated with 

worse weight loss outcomes after bariatric surgery (LRYGB, LSG and 

LAGB), helping to identify patients in need of more aggressive measures 

to achieve long-term weight loss outcomes and remission of 

comorbidities after bariatric surgery. 
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Methods 

Study Design: 

A retrospective cohort study was carried out on 1,210 patients with 

obesity who underwent primary bariatric surgery following standardized 

protocols and surgical techniques at the Bariatric and Metabolic Surgery 

unit, Chelsea and Westminster Hospital NHS Trust between September 

1999 and May 2017. Inclusion criteria were patients who entered the 

bariatric pathway, which involved an initial visit to the advanced bariatric 

nurse practitioner, bariatric dietitian, anesthesiologist, and bariatric 

psychologist, followed by weekly discussions in bariatric multi-

disciplinary team (MDT) meeting. Patients who were deemed suitable for 

surgery by the MDT were those who met the criteria for bariatric surgery 

and had successfully completed at least one year in the bariatric pathway.  

All eligible patients were referred for assessment and scheduling of 

surgery (LRYGB, LSG or LAGB) based on the MDT recommendation. 

All patients were advised to stop smoking for at least six months prior to 

surgery. Exclusion criteria included patients who had a previous bariatric 

procedure or those who had a subsequent revision bariatric intervention.  

Study variables:  

Patient information were gathered from medical records. These included 

sociodemographic data, such as age, gender, marital status 

(single/married), and ethnic background (black/white/other), and habitual 

data, such as smoking status (previous/current/never). Preoperative 

factors included initial BMI and the presence of obesity related co-

morbidities, such as type 2 diabetes, hypertension, and obstructive sleep 

apnea. Initial (preoperative) weight and height were measured using 

standard protocols by a nurse during patients’ preoperative appointment 

and BMI was calculated. Percentage Excess Weight Loss (EWL) and 

Total Body Weight Loss (TBWL)% were calculated postoperatively at 

each follow up. Co-morbidities were recorded and cross checked with 

patient hospital medical records.  

Post-operative Follow-up: 

Postoperatively patients were regularly followed-up by the bariatric 

surgeon, dietitian and specialist nurse at 2 weeks , 6 weeks, 3 months, 6 

months,  9 months, 12 months and 18 months and annually thereafter. At 

each follow-up, patients’ weight was measured and BMI and percentage 

EWL and TBWL were calculated A proton pump inhibitor (PPI) was 

routinely prescribed for all patients for the first 3 months post-surgery.  

Ethical Approval: 

Ethical approval was granted by the Institutional Review Board at Chelsea 

and Westminster Hospital Trust in London, United Kingdom. 

Statistical Analysis: 

Descriptive statistics were calculated for all study variables, using mean, 

standard deviation for continuous variables and frequencies and 

percentages for categorical variables. Variables were examined for 

missing observations prior to the analysis. Variables with 20% or fewer 

missing observations were included in the analysis. For comparison to 

investigate the association between surgery type and EWL greater than 

50% at 1 and 3 years, Chi squared test was used. Linear regression was 

used to investigate the association between preoperative factors and 

surgery type with TBWL% and %EWL at 1 and 3 year follow up. 

Univariate associations were first analyzed and significant predictor 

factors were adjusted for in the multivariate analysis. Stepwise linear 

regression with backward elimination was carried out. All statistical 

analysis was performed using SPSS v 25 and hypothesis testing was 

performed at 5 % level of significance. 

Results 

The study sample included 1210 patients. Follow up data was available 

for 1194 patients (99%) at 1 year, and 935 patients (77%) at 3 years.  

Response rate at 1 and 3 year of follow-up was 99% (1194 patients) and 

77% (935 patients). Descriptive preoperative and postoperative weight 

loss data of the study population are presented in Table 1. The mean age 

was 45.3 ± 11.3 years, of which 78.3% were female. The mean BMI at 

initial assessment was 47.6 ± 7.47 kg/m2. LAGB, LSG and LRYGB was 

performed in 31.2%, 21.4% and 47.4% of the study population 

respectively.  

 

  N 

 N=1210  

Patient's Age 1 45.3 (11.4) 1210 

Gender: 2  1210 

Male 262 (21.7%)  

Female 948 (78.3%)  

Ethnic background: 2  1210 

White 697 (57.6%)  

Black 118 (9.75%)  

Other 395 (32.6%)  

Type 2 Diabetes: 2  1144 

No 827 (72.3%)  

Yes 317 (27.7%)  

Smoking: 2  1100 

No 678 (61.6%)  

Yes/ever smoked 422 (38.4%)  

Hypertension: 2  1133 

No indication of hypertension; or on no treatment 698 (61.6%)  

Hypertension on treatment 435 (38.4%)  

Sleep Apnea: 2  1051 

No diagnosis or indication of sleep apnea 863 (82.1%)  

Sleep apnea on CPAP/BIPAP 188 (17.9%)  

BMI (Initial Assessment) 1 47.6 (7.47) 1203 

Weight (Initial Assessment) 1 132 (25.3) 1203 

Surgery Type: 2  1210 
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LAGB 377 (31.2%)  

LSG 259 (21.4%)  

RYGB 574 (47.4%)  

Table 1: Descriptive data of patient characteristics included in the study sample. 

1. Data are presented as means (standard deviations) for 

continuous variables,  

2. Data are presented as number (percentage) for categorical 

variables. 

Effectiveness of Surgery Type: 

All three surgery types resulted in significant (P <.001) weight loss 

presented as a change in weight and BMI from initial assessment at 1 and 

3 year of follow-up. Change in BMI and weight at each follow up are 

presented in Figure 1 and 2.  

 

Figure 1: Mean BMI (kg/m2) at baseline and at the three different time points. 

*Paired sample t-test of difference in means (Initial BMI versus year 1 or 3 BMI. 

All three surgery types were effective for weight loss at both time points 

 

Figure 2: Mean weight (kg) at baseline and at the three different time points. 

*Paired sample t-test of difference in means (Initial weight versus year 1 

or 3 weight. 

All three surgery types were effective for weight loss measured as change 

in weight at both time points 

In terms of effectiveness, LRYGB was the most effective bariatric 

procedure followed by LSG and then LAGB at 1 and 3 years, with the 

proportion of patients having %EWL >50% at 3 years being 77.5% as 

compared to 51.2% of those who underwent LSG, and 18.8% of those 

who underwent LAGB at a significance level of <0.001 (Table 2).  
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 LAGB LSG RYGB P 

 N=371 N=253 N=570  

EWL > 50% at year 1: 46 (12.4%) a 141 (55.7%) b 444 (77.9%) c <0.001 

EWL > 50% at year 3: 63 (18.8%) a 88 (51.2%) b 331 (77.5%) c <0.001 

Table 2: Excess Weight Loss greater than 50% according to surgery type at years 1 and 3 years. 

This was also illustrated as a change in BMI where the average BMI in 

kg/m2 before RYGB was 47.7 dropping to 32.9 (- 15.7 kg/m2) while that 

of LSG was 50.3 dropping to 37.6 (- 12.7 kg/m2) and that of LAGB was 

45.6 dropping to 39.5 (- 6.1 kg/m2) at 3 years of follow up. These results 

are not different than previously published data (3, 4, 7, 8, 13, 20).  Factors  

associated with TBWL% and %EWL Linear regression was used to 

identify independent preoperative factors associated with %TBWL and 

%EWL at 1 and 3 years of follow up. Following the adjustment for 

confounding factors in multivariate analysis, patient age, type 2 diabetes, 

sleep apnea, ethnicity, surgery type, and initial BMI were found to be 

significantly associated with TBWL% at 1 year (Table 3).  

 β SE Standardize β P 

TBWL (%) at 1 year 

Patient's Age -.062 .03 -.058 .01 

Type 2 Diabetes -1.74 .64 -.062 .007 

Sleep Apnea -1.77 -.79 -.054 .026 

BMI Initial Assessment .253 .04 .150 < 0.001 

Surgery Type LAGB Ref 

RYGB 5.68 .22 .676 < 0.001 

LSG 5.89 .40 .383 < 0.001 

Ethnicity White race Ref 

Black race -2.2 .49 -.104 < 0.001 

TBWL (%) at 3 years 

Patient Age -.064 .03 -.056 .03 

Type 2 Diabetes -1.70 .76 -.059 .026 

Initial BMI .285 .05 .165 < 0.001 

Surgery Type LAGB Ref 

RYGB 5.52 .25 .633 < 0.001 

LSG 4.98 .49 .296 < 0.001 

Ethnicity White race Ref 

Black race -2.39 .54 -.113 < 0.001 

Table 3: Linear regression analysis for total body weight loss % at 1 and 3 years. 

Age and initial BMI were inversely associated with TBWL% (p=.01). 

Significant less TBWL% was observed in patients with type 2 diabetes (-

1.74%, p=0.007) and OSA (-1.77%, p=0.026). In addition, patients of 

black ethnic background were found to have a lower TBWL% when  

compared to white patients (-2.2%, p<0.001). However, TBWL% was 

greater among patients who underwent RYGB (5.86%) or LSG (5.89%) 

as compared to LAGB (p<0.001).   We detected some differences in the 

results when the regression model was carried out with %EWL as the 

dependent variable (Table 4).  

 β SE Standardize β P 

EWL at 1 year (%) 

Patient's Age -.13 .06 -.053 .022 

BMI Initial Assessment -.56 .09 -.15 < 0.001 

Surgery type LAGB Ref 

RYGB 12.8 .49 .688 < 0.001 

LSG 13.6 .93 .401 < 0.001 

Ethnicity White race Ref 

Black race -4.4 1.1 -.094 < 0.001 

EWL at 3 years (%) 

Initial BMI -.43 0.11 -0.113 < 0.001 

Surgery type LAGB Ref 

RYGB 12.3 .58 .637 < 0.001 

LSG 11.3 1.1 .303 < 0.001 

Ethnicity White race Ref 

Black race -4.4 1.3 -.094 < 0.001 

Table 4: Linear regression analysis for % Excess Weight loss  at 1 and 3 years. 

Statistical significance set at p<0.001.  
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For example, patient age (p .02), ethnicity (p <.001), initial BMI (p 

<.001), and surgery type (p <.001) were still significantly associated with 

%EWL but type 2 diabetes and sleep apnea were not. We attribute that to 

the greater variability of %EWL as a measure of weight loss (23). Age 

and initial BMI were negative predictors of %EWL. In contrast to patients 

who underwent LAGB, those who underwent RYGB or LSG have a 

%EWL that is higher by 12.8% and 13.6%, respectively. Patients with 

black ethnic background have a lower %EWL by 4.4% when compared 

to those of white ethnic background.  The factors that were significantly 

associated with TBWL% at 1 years were also associated with TBWL% at 

3 years, except for OSA, as presented in Table 4. At 3 years after bariatric 

surgery a patient with diabetes is expected to have a TBWL% that is less 

by 1.7% when compared to a patient without diabetes. Those who 

undergo RYGB or LSG are expected to have a higher TBWL% by 5.52% 

and 4.98%, respectively, as compared to someone who underwent LAGB. 

In contrast  to patients of white ethnic background, those with black ethnic 

background are predicted to have a lower TBWL% by 2.2%.  Gender, 

smoking, and hypertension were not found to be significant predictors of 

TBWL% or %EWL at 1 or 3 years of follow-up (p > 0.1). 

Discussion 

In this study of 1210 patients undergoing primary bariatric surgery we 

report our result investigating the association of socio-demographic (age, 

gender, and ethnicity), pre-operative factors (hypertension, diabetes, 

OSA, smoking, and initial BMI), and surgery type (LAGB, LSG, RYGB) 

with TBWL% and % EWL at different 1 and 3 years following bariatric 

surgery using multivariate analysis. The negative association of initial 

BMI with TBWL% and %EWL is extensively studied and reported by 

many studies in the literature(14, 24). For example, Wood et al. have 

reported their results studying the association between preoperative 

clinical factors and long term weight loss after RYGB with a sample size 

of 726 and a median follow-up of 9.3 years and found that preoperative 

hyperlipidemia, older age, and high BMI were associated with a poorer 

TBWL % of -2.8%, -8.8%, and -4.1%, respectively (18). The present 

study replicates the negative association between higher initial BMI with 

weight loss. This association could be explained by the fact that heavier 

patients may be less active, have genetic determinants of a depressed 

energy expenditure or thermogenesis, or simply have a lot of excess 

weight to lose. Similar to the present study, a large cohort study by 

Coleman et. al with a sample size of 20,296 found that non-Hispanic white  

patients who underwent LRYGB had significantly higher %EWL (at 3 

years follow-up) than non-Hispanic black and Hispanic patients (25).  

Likewise, Lufti et al. (15) found an association between race and EWL, 

where Blacks Americans were found to have a less favorable %EWL 

compared to White Americans (60% for Blacks versus 82.9% for White 

Americans). However, they failed to find significance (p = 0.06) and 

reported it could be due to the small number of African American patients 

in their sample. Other older studies that examined the effect of race 

showed less weight loss achieved in patient with black ethnicity after 

different bariatric interventions (26, 27). The inconclusive evidence on 

race could be the result of genetic differences or lifestyle and 

socioeconomic factors. Designing bariatric surgery programs should take 

into consideration racial difference in outcomes and target certain groups 

with higher intensity follow up and support programs. Age has been 

previously reported to be negatively correlated with weight loss after 

bariatric surgery(18, 24). Chang et al. (16) investigated factors associated 

with poor weight loss after LSG and RYGB on 247 patients and found 

that age and type of surgery were associated with %EWL at 1,3, and 5 

years follow up, with younger age at time of surgery and undergoing 

LRYGB having a more favorable %EWL. Our study found a negative 

association of age with TBWL% at 1 and 3 years and with %EWL at the 

first year of follow-up.  The relationship between the presence of 

comorbidities and weight loss has contradictory results in the literature. 

For example, Chang et al. reported that although hypertension and 

diabetes seemed to affect weight loss on univariate analysis, their impact 

was negligible on multivariate analysis after adjusting for other factors 

(16). However, Melton et al, Still et al. and Ma et al. (14, 24, 28) reported 

observing suboptimal weight loss for patients with diabetes. In addition, 

Sillen et al. found both type 2 diabetes and hypertension to be significant 

predictors of weight loss at longer but not short term of follow up (17). 

Ma et al, reported hypertension and diabetes to show an inverse 

association with weight loss in bivariate analyses but the association with 

hypertension was lost after adjusting for age, and gender among others. 

De Raaf et al. have previously studied the association between having 

OSA and weight loss after bariatric surgery on 816 patients and concluded 

that after adjustment, the difference in weight loss between patients with 

OSA and those without OSA was not significant (29). We found OSA to 

be a predictor of a lower TBWL% at 1 year of follow up with the decrease 

in TBWL% being 1.77%. We also report type 2 diabetes to be associated 

with suboptimal weight loss after bariatric surgery but not hypertension. 

Although some studies report diabetes to be a negative predictor of weight 

loss after bariatric surgery, this disease tends to resolve or improve after 

surgery with a resolution rate of 83.7%(4) and the improved glycemic 

control is hypothesized to be unrelated to the effect of weight loss but due 

to the alteration in the entero-insulin axis (14) thus bariatric surgery 

remains advisable for such patients when indicated. The influence of 

gender and history of smoking on weight loss after bariatric surgery is not 

yet clear. Melton et al.(14) reported males to have a less favorable 

outcome following a bariatric intervention while Ma et al.(28) reported 

less favorable weight loss for females. Few studies investigated the effect 

of smoking on post-operative weight loss. Still et al. (28) found history 

smoking to favor more %EWL. The study found no effect for gender or 

history of smoking in multivariate analysis. 

Strengths and Limitations 

The present study has several strengths and limitations. Strengths include 

the large number of patients enrolled and the follow up period for 3 years. 

Additionally, the study investigated the influence of several preoperative 

factors on weight loss using both TBWL% and %EWL among patients 

undergoing three types of bariatric surgery and thus findings can help 

tailor procedures to patients with specific risk factors to optimize weight 

loss. However, we did not investigate the effect of other psychosocial 

factors on weight less such as marital or socioeconomic status. Another 

limitation is the single center nature of the study, making generalization 

of findings difficult. Also, grouping of ethnicity into black, white, or other 

limits the utility of this variable as other ethnicities were not taken into 

account. 

Conclusion 

In conclusion, the present study found that different bariatric surgeries 

have different effectiveness in TBWL% and %EWL with LRYGB being 

a superior bariatric procedure over LSG and LAGB in short and medium 

term of follow-up. In addition, we are able to conclude that patient age, 

race, type of surgery, pre-operative BMI, and co-morbidity status 

influence weight loss after bariatric surgery, with older age, black 

ethnicity, LAGB, higher initial BMI, diabetes, and OSA predicting a 

lower weight loss in the short and medium term. The study findings could 

alert the surgeon to take more aggressive measures towards patients with 

risk factors, in part, by choosing a more effective bariatric procedure and 

more intense postoperative follow up. Hypertension, smoking, and gender 

did not seem to influence weight loss in our study. 
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