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Abstract

Background The objective of this study was to analyze the fac-
tors associated with change in body mass index (BMI) and with
percentage of excess weight loss (%oEWL) in patients undergoing
Roux-en-Y gastric bypass (RYGB). The following factors were
analyzed: sex, age, surgical access (laparotomy vs. laparoscopy),
preoperative BMI, waist circumference (WC), type 2 diabetes
mellitus (T2DM), high blood pressure, and dyslipidemia.
Methods Retrospective cohort study using a convenience
sample of 2070 patients of both sexes, aged 18 to 65 years,
undergoing RYGB between 2000 and 2013. The outcomes of
interest were BMI and %EWL at 0, 6, 12, 18, 24, 30, 36, 42,
48, 54, and 60 months after RYGB.
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Results After 36, 48, and 60 months, approximately 50 % of
patients had BMI >30 kg/m?. As for %EWL, 60-month results
were poor for 17 % of patients (Yo EWL <50 %), good for 40 %
of patients (Y0 EWL 50-75 %), very good for 24 % of patients
(%EWL from >75-90 %), and excellent for 19 % of patients
(%EWL >90 %). The four most significant predictors of BMI
change 60 months after RYGB (in descending order of mag-
nitude) were preoperative BMI, preoperative WC, surgical
access, and age; and of %EWL, surgical access, preoperative
BMI, preoperative WC, and age.

Conclusions After 60 months of follow-up, the most relevant
predictors of weight loss after RYGB were lower preoperative
BMI and WC, videolaparoscopy as surgical access, and youn-
ger age. Further studies must be carried out to elucidate the
impact of these factors on RYGB outcomes.

Keywords Gastric bypass - Predicting factor - Weight loss -
Obesity

Introduction

Several studies have tried to identify predictors of weight loss
following Roux-en-Y gastric bypass (RYGB). Factors such as
preoperative body mass index (BMI), type 2 diabetes mellitus
(T2DM), dyslipidemia, hypertension, and waist circumfer-
ence (WC), among others [1-12], all have been linked to
RYGB results. There is evidence supporting an inverse corre-
lation between preoperative BMI and postoperative weight
loss [8, 9, 13, 14]. Other studies suggest that younger patients
tend to regain less weight after gastric bypass than older pa-
tients [15], that increasing age is associated with lower per-
centage of excess weight loss (%EWL) after gastric bypass [8,
16], and that %EWL is lower after gastric bypass in patients
older than 60 years of age [17, 18]. Conversely, other studies
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suggest that age above 50 [19] and 60 years [20] does not
influence outcome after bariatric surgery.

One limitation of most studies carried out so far to evaluate
post-RYGB weight loss is the length of follow-up—usually 1
or 2 years, and thus limited to the period during which weight
loss is more pronounced. Nevertheless, because the goal of
RYGB is sustained weight loss, longer follow-ups should be
considered. The few studies reporting long-term assessments
(at least 36 months) have shown that at least some of the
benefits of RYGB are lost or mitigated over time [21-25].

Therefore, the objective of the present study was to analyze
the behavior of BMI and %EWL over 60 months in patients
undergoing RYGB, considering the effect of sex, age, surgical
access (laparotomy vs. laparoscopy), preoperative BMI, WC,
T2DM, hypertension, and dyslipidemia.

Materials and Methods

We conducted a retrospective cohort study using a convenience
sample [26] of patients aged 18 to 65 years submitted to non-
banded RYGB between 2000 and 2013 at the Center of Obesity
and Metabolic Syndrome (COM) at a university hospital in
Brazil (Hospital Sao Lucas, Pontificia Universidade Catolica
do Rio Grande do Sul, PUCRS). The COM provides public
and private healthcare services. In all cases, RYGB was per-
formed with a 5-cm-long gastric pouch next to the lesser gastric
curve, 150-cm alimentary limb, and 100-cm biliary limb.

Exclusion criteria for the present retrospective study were
pregnancy, severe psychopathy, and major depression record-
ed at any time point between 0 and 60 months after RYGB.
Patients undergoing revisional surgery (that is, revision of a
prior bariatric procedure) during the study period were also
excluded.

The following preoperative data were obtained from the
patient charts: age, sex, proposed surgical access (laparotomy
or laparoscopy), diagnosis of type 2 diabetes (T2DM), dyslip-
idemia, and hypertension, WC (cm), height (m), and weight
(kg). Preoperative BMI was calculated based on height and
weight measured at the patient’s preoperative evaluation.

Diabetes was defined as fasting blood glucose >126 or
>200 mg/dL 2 h after a 75-g oral glucose tolerance test [27].
Hypertension was defined as systolic blood pressure
>140 mmHg and diastolic blood pressure >90 mmHg [28].
Dyslipidemia was diagnosed in the presence of total choles-
terol >200 mg/dL, high-density lipoprotein (HDL) cholesterol
<40 mg/dL for men and <50 mg/dL for women, low-density
lipoprotein (LDL) cholesterol >129 mg/dL, and triglycerides
>150 mg/dL [29].

The outcomes of interest were BMI and %EWL at 0, 6, 12,
18,24, 30, 36, 42, 48, 54, and 60 months after RYGB. %EWL
was estimated as described by Deitel et al. [30] and Bray et al.
[31] using the formula (preoperative weight [kg]—current

weight [kg])/(preoperative weight [kg]—ideal weight to pro-
duce BMI 25 kg/m*)x 100. At 60 months, %EWL was cate-
gorized as poor (<50 %), good (50 to 75 %), very good (>75 to
90 %), and excellent (>90 %).

Univariate Analysis, Mixed Linear Models, and Statistical
Analysis

To estimate the association of variables (age, sex, surgical
access, T2DM, dyslipidemia, hypertension, preoperative
BMI, and WC) with postoperative BMI and %EWL, two uni-
variate models were analyzed. For that, the minimum BMI
and the maximum %EWL measured between 6 and 60 months
were considered for each patient. The first 6 months were
excluded from this analysis because pronounced weight loss
is expected in this period, which could be a source of bias. For
univariate analysis, patients were divided into four BMI and
%EWL quartiles, with group 1 representing the best results
(lowest BMI or highest %EWL).

Variables showing significance in the univariate models
were submitted to multivariate analysis. Nevertheless, be-
cause data were missing for some time points, 60-month
BMI and %EWL were estimated using a linear mixed model
(LMM), which allows analysis of observed data without the
need to impute the missing data [32]. That allowed us to cal-
culate the difference (A) in 60-month BMI and %EWL for
each variable of interest.

Quantitative data were expressed as means and standard
deviations, followed by the minimum and maximum values.
Categorical variables were expressed as percentages. The as-
sociation between variables and lowest BMI or %EWL be-
tween 6 and 60 months was assessed using linear regression
analysis and chi-square test for linear trend. Significance level
was set at alpha («)=0.05. Data were analyzed using the
Statistical Package for the Social Sciences (SPSS) version 20.

Results

At least one BMI and one %EWL measurement were avail-
able between 0 and 60 months postoperatively for 2070 pa-
tients. These patients were included in the study. Table 1
shows the baseline characteristics of the sample.

Figures 1 and 2 show the number of BMI and %EWL
observations available at each time point (0, 6, 12, 18, 24,
30, 36, 42, 48, 54, and 60 months). The attrition rate at these
time points was as follows: 0 % at month 0, 37 % at month 6,
44 % at month 12, 58 % at month 18, 62 % at month 24, 75 %
at month 30, 81 % at month 36, 85 % at month 48, 92 % at
month 54, and 78 % at month 60.

Median follow-up was 24 months (interquartile range 9—
42 months), with minimum of 0 and maximum of 60 months.
After 36, 48, and 60 months, approximately 50 % of patients
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Table 1 Baseline characteristics of patients undergoing Roux-en-Y
gastric bypass
Variable n=2070
Age (years)

Mean+SD 37.7+£10.5

Minimum; maximum 18; 65
Male sex (%) 24.8
Videolaparoscopy (%) 375
BMI (kg/m?)

Mean+SD 47.1+7.8

Minimum; maximum 35.0;91.5
BMI class (%)

35 to 40 kg/m? 16.2

>40 to 50 kg/m? 54.6

>50 kg/m? 29.1
Waist circumference (cm)

Mean+SD 130.6+15.7

Minimum; maximum 94; 196
Type 2 diabetes mellitus (%) 21.6
Hypertension (%) 58.0
Dyslipidemia (%) 48.1

BMI body mass index, SD standard deviation

had BMI >30 kg/m?. As for %EWL, 60-month results were
poor for 17 % of patients (Yo EWL <50 %), good for 40 % of
patients (%EWL 50-75 %), very good for 24 % of patients
(%EWL >75-90 %), and excellent for 19 % of patients
(%EWL >90 %).

The original sample provided a margin of error lower than
2 percentage points to estimate surgical success rate with a
95 % confidence interval. Considering the missing observa-
tions, a 5 % error margin was reached.

Univariate Analysis

Table 2 shows the distribution of 1758 patients according to
minimum BMI 6 to 60 months after RYGP. Because of the
broad range of minimum BMIs in the sample, four quartiles
were used to categorize patients. Younger age and female sex
were more frequent in group 1, with the most pronounced
BMI reduction. Conversely, preoperative BMI, WC, T2DM,
and high blood pressure were higher or more frequent in the
least successful group (group 4). The same associations were
observed for %EWL (Table 3).

Linear Mixed Models

Sex, age, T2DM, hypertension, surgical access, and preoper-
ative BM and WC were included in this analysis. However,
because a high colinearity was detected between preoperative
BMI and WC, two LMMs were developed to test the role of
the variables under study as predictors of BMI and %EWL at
60 months. Model 1 included preoperative BMI, sex, age,
T2DM, high blood pressure, and surgical access. In model 2,
preoperative BMI was replaced with preoperative WC. Age,
preoperative BMI, and preoperative WC were analyzed as
categories (61. vs. 22 years, 55 vs. 40 kg/m?, and 160 vs.
115 cm, respectively).
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Tables 4 and 5 show the results of the LMMs. In model 1 sex. The largest impact on 60-month BMI was observed
(Table 4), including preoperative BMI as predictor, there was ~ for preoperative BMI, followed by age, and T2DM, in
no statistical difference in 60-month BMI (A) between sex  descending order. In terms of %EWL, the largest impact
and hypertension categories. Regarding %EWL, 60-month ~ was observed for preoperative BMI, surgical access, and
BMI was statistically different for all the variables except  age.

Table 2 Univariate analysis comparing the characteristics of patients undergoing Roux-en-Y gastric bypass according to the lowest BMI measured
between the 6th and the 60th month after surgery (n=1758)

Minimum BMI quartile
1 2 3 4
Range 16.9-25.9 Range 26.0-28.7 Range 28.8-326 Range 32.7-64.0
Variables n=440 n=439 n=440 n=439 p*
Age (years)
Mean+SD 35.9+10.4 37.8£10.6 38.7£10.9 39.3+10.4 <0.001
Min; Max 18; 62 18; 64 18; 65 18; 65
Male (%) 159 22.1 30.5 28.5 <0.001
Videolaparoscopy (%) 42.6 39.9 34.6 23.0 <0.001
Preoperative BMI (kg/m?)
Mean+SD 42.0+4.4 443+54 472459 55.2+8.2 <0.001
Min; Max 35.0;63.2 35.4;65.1 35.1; 82.0 35.8;91.5
Preoperative WC (cm)
Mean+SD 122+12 12714 132+14 143+15 <0.001
Min; Max 96; 184 94; 183 97; 196 103; 190
T2DM (%) 12.3 234 222 31.7 <0.001
High blood pressure (%) 48.1 54.5 61.5 73.0 <0.001
Dyslipidemia (%) 42.7 523 49.5 42.6 0.005

BMI body mass index, Min; Max: lowest and highest BMI in quartile, SD standard deviation, 72DM type 2 diabetes mellitus

*Statistical significance detected by linear trend test
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Table3  Univariate analysis comparing the characteristics of patients undergoing Roux-en-Y gastric bypass according to maximum %EWL measured

between the 6th and the 60th month after surgery (n=1758)

Maximum %EWL quartile
1 2 3 4
Range 95.4-157.5 Range 82.1-95.3 Range 67.5-82.0 Range 17.1-67.5
Variable n=441 n=436 n=441 n=440 p*
Age (years)
Mean+SD 36.5+10.6 36.9+10.2 38.8+10.9 40.0£10.5 <0.001
Min; Max 18; 62 18; 64 18; 65 18; 65
Male (%) 15.6 24.1 259 314 <0.001
Videolaparoscopy (%) 422 344 329 30.5 0.002
Preoperative BMI (kg/m?)
Mean+SD 42.4+49 46.2+6.5 48.4+7.5 51.7+9.0 <0.001
Min; Max 35.0; 65.1 35.4; 82.0 35.5;80.3 35.1;91.5
Preoperative WC (cm)
Mean+SD 123+13 129+15 133+15 138+16 <0.001
Min; Max 96; 184 94; 187 97; 196 97; 190
T2DM (%) 12.0 20.9 23.6 32.0 <0.001
High blood pressure (%) 47.8 54.1 64.4 68.4 <0.001
Dyslipidemia (%) 41.0 49.5 48.1 46.1 0.063

BMI body mass index, EWL excess weight loss, Min; Max lowest and highest BMI in quartile, SD standard deviation, 72DM type 2 diabetes mellitus,

WC waist circumference

*Statistical significance detected by linear trend test

Table 5 shows model 2 (including preoperative WC as
predictor). No statistical significance was observed for the
comparison of 60-month BMI between hypertension catego-
ries. The factors with the greatest effect on BMI were preop-
erative WC, surgical access, and T2DM. As for %EWL, the
variables with the greatest effect were surgical access, WC,
and age.

Considering both models, the factors with the greatest ef-
fect on 60-month BMI were preoperative BMI and WC
followed by surgical access, age, T2DM, hypertension, and

sex. The factors with the greatest effect on %EWL were sur-
gical access followed by preoperative BMI and WC, age,
T2DM, hypertension, and sex.

Discussion
The purpose of bariatric surgery is to promote significant and

sustained weight loss. Nevertheless, between 5 and 20 % of
patients undergoing bariatric surgery do not achieve the

Table 4 Linear mixed model

(including preoperative BMI) Factor BMI % excess weight loss

estimating the impact of selected

factors to predict BMI and Aat60 m p Aat60 m p

%EWL 60 months after Roux-en-

Y gastric bypass (n=2070) Male 0.27 0.181 -3.72 0.073
Age 61 years® 2.62 0.004 —12.81 0.001
Preoperative BMI 55 kg/m* 443 <0.001 -17.43 <0.001
T2DM 227 <0.001 -10.61 <0.001
High blood pressure 0.72 0.012 —5.04 <0.002
Videolaparoscopy® —2.55 <0.001 14.27 <0.001

A (delta) refers to the difference between groups
%EWL percentage of excess weight loss, BMI body mass index, 72DM type 2 diabetes mellitus

?vs. 22 years
bys. 40 kg/m?

“vs. laparotomy
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Table 5 Linear mixed model (including preoperative WC) estimating
the impact of selected factors to predict BMI and %EWL 60 months after
Roux-en-Y gastric bypass (n=2070)

Factor BMI % excess weight loss
Aat60m p Aat60m p
Male -0.29 0.001 -1.13 0.003
High blood pressure 1.03 0.020 —542 <0.001
Age 61 years® 2.15 0.001 -11.56 0.005
Preoperative WC 160 em® 419 <0.001 -14.04 0.002
T2DM 225 <0.001 -10.21 <0.001
Videolaparoscopy® -3.21 <0.001 17.82 <0.001

A (delta) refers to the difference between groups

%EWL percentage of excess weight loss, BMI body mass index, 72DM
type 2 diabetes mellitus, WC waist circumference

*vs. 22 years
byvs. 115 cm

€vs. laparotomy

desired weight loss (%EWL <50 %) or are unable to maintain
it even if they are submitted to a well-standardized procedure,
with regular follow-up, follow a balanced diet, and stay phys-
ically active [4, 8, 14, 21, 33, 34]. Some preoperative factors
have been associated with an unsatisfactory outcome, includ-
ing sex [2, 8, 35, 36] and some comorbidities [2, 5, 8—10].
Nevertheless, there is no consensus in the literature regarding
which factors can actually predict success after bariatric sur-
gery, despite a similarity in the characteristics of the samples
in terms of age, sex, preoperative BMI, T2DM, high blood
pressure, and dyslipidemia [1, 2, 5, 6, 37].

Our findings regarding BMI variation are similar to those
of Scozzari et al., who reported that the improvement in BMI
observed in the first year after surgery declined after 60 months
[6]. It should be noted that most studies only report BMI
results for the first year after the surgery [5, 37], with only a
few reporting a longer follow-up [21-25]. It is expected, how-
ever, that longer follow-ups are required to determine true
predictors of surgical success, since many patients regain
weight with its associated health issues after the first year.

In the present sample, the observed %EWL was also in agree-
ment with the literature [6, 23, 24, 38]. Our patients experienced
pronounced %EWL until 6 months after the surgery, with the
greatest weight loss occurring between 6 and 24 months. That
was followed by stabilization and weight regain after 24 months.
In both univariate analyses and LMMs, higher preoperative BMI
translated into more difficulty to achieving optimal weight
(BMI=25 kg/m?) after RYGB, even in the presence of signifi-
cant weight loss. Nevertheless, it is more difficult for heavier
patients to achieve the same %EWL over the same period of
time when compared to individuals with lower baseline weight.
This association between higher baseline BMI and lower
%EWL has been reported in the literature [3, 8, 9, 13, 39].

Preoperative WC was one of the most significant predictors
of 60-month BMI. A previous 1-year follow-up study [5] has
also found a significant association between preoperative WC
and %EWL. This variable deserves further investigation in
additional long-term studies.

Age was significantly correlated with BMI and %EWL in
univariate analysis and LMMs throughout the 60 months of
our study. Other authors have reported an association between
young age and greater weight loss [8, 15, 40]. Analyzing a
sample of 489 patients, Scozzari et al. [6] reported that indi-
viduals in the highest age quartile lost less weight after RY GB
than younger patients. BMI decrease was less pronounced in
patients aged >52 years vs. those younger than 52 years old 1
to 2 years after surgery. Contreras et al. observed greater BMI
reduction and higher %EWL in patients younger than 45 years
vs. those over 45 years. Again, it should be noted that follow-
up was only 1 year long and their sample included only two
age groups [1].

Male sex was associated limited success after RYGB, as
also reported in by Junior et al. [4] in a 4-year follow-up.
However, determining an effect of sex might be complicated
by the fact that the majority of studies include samples that are
made up mostly of women [41-43].

Videolaparoscopy was correlated in the present study with
a more satisfactory outcome as compared with laparotomy.
However, in Brazil, the public healthcare system (SUS) covers
laparotomy but not videolaparoscopy, which is only covered
by private health insurance plans [44]. Thus, the fact that all
laparotomies were performed in public healthcare patients and
all videolaparoscopies in private insurance patients might be
reflecting specific characteristics of these subsamples, which
were not, however, analyzed in our study.

T2DM was related to worse prognosis, which is in agree-
ment with the literature [4, 5, 12]. In a 4-year follow-up study,
Junior et al. [4] found that patients with T2DM had lower
weight loss at 18 months after RYGB. According to these
authors, the medication to control hyperglycemia that is often
taken by T2DM patients increases circulating insulin levels or
sensitivity to this hormone, promoting lipogenesis, differenti-
ation of adipocytes, and muscle synthesis, and hindering
weight loss [45-47].

Hypertension had a significant impact on RYGB outcomes
in both groups, a trend that has been found in other studies [2,
4, 5]. Dyslipidemia was the least significant predictor of
60-month BMI. Conversely, Junior et al. [4] report dyslipid-
emia, together with T2DM, as a major factor preventing
weight loss between the first and the third year after bariatric
surgery.

Some limitations of this study must be mentioned. First of
all, we employed “real world data” collected from patient
charts, which may have influenced the quality of the data.
Also, 60-month follow-up data were not available for all pa-
tients. Nevertheless, the fact that the COM follows a careful
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protocol with frequent follow-up visits and also the large num-
ber of patients in our sample served to minimize these issues.
In addition, with the use of rigorous statistical analysis, we
were able to estimate 60-month BMI and %EWL and to iden-
tify predictors of RYGB outcomes. The present findings will
thus be useful for both clinical practice and future prospective
studies. In clinical practice, a specific follow-up routine may
be proposed based on the present results for certain patient
groups, especially those who are less prone to weight loss.

Conclusion

After 60 months of follow-up, the most relevant predictors of
weight loss after RYGB were lower preoperative BMI and
WC, videolaparoscopy as surgical access, and younger age.
Further studies may help to better elucidate the role of these
predicting factors.
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