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Abstract

Background The primary purpose of this study was to assess
weight loss and occurrence of weight regain among patients
who underwent Roux-en-Y gastric bypass (RYGB) using
categorical analysis.

Methods Study participants were selected from patients who
underwent RYGB from a single institution. Participants (n=
300, mean procedure age=45.6+9.9) completed surveys for
self-reported preoperative weight, current weight, and subse-
quent weights over postoperative years. Measured weights
and confirmed procedure dates were acquired from patient
medical records. Mean preoperative weight and BMI were
140.8 kg+32.1 and 49.7+9.9, respectively, and mean years
since surgery was 6.9+4.9. Study subjects were mostly
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Caucasian (56.7 %) and female (80.3 %). Participants were
stratified a priori into four cohorts based on percent of weight
loss at 1 year, <25 % (n=39), 25-30 % (n=51), 30-35 % (n=
73), and >35 % (n=113). General linear model analyses were
conducted to assess the effect of year one weight loss on
percent weight regain.

Results The mean weight regain for all patients was 23.4 % of
maximum weight loss. Using categorical analysis, mean
weight regain in the <25, 25-30, 30-35, and >35 % weight
loss cohorts was 29.1, 21.9, 20.9, and 23.8 %, respectively.
Excessive weight regain, defined as >25 % of total lost weight,
occurred in 37 % of patients.

Conclusion Weight gain is a common complication following
RYGB surgery. Despite the percentage of weight loss over the
first year, all cohort patient groups regained on average be-
tween 21 and 29 % of lost weight. Excessive weight gain was
experienced by over one third of patients. Greater initial
absolute weight loss leads to more successful long-term
weight outcomes.

Keywords Bariatric surgery - Weight loss - Weight regain

Introduction/Purpose

Bariatric surgery is the most effective treatment for patients
with severe obesity for weight loss and reduction in comor-
bidities, although mean weight loss varies among the different
procedure types [1, 2]. Recent data from the Longitudinal
Assessment of Bariatric Surgery (LABS-2) study demonstrat-
ed that median percent weight loss for Roux-en-Y gastric
bypass (RYGB) participants was 31.5 % of baseline weight
at 3 years after surgery compared to 15.9 % for laparoscopic
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adjustable gastric banding (LAGB) patients [3]. However,
other longer-term studies have demonstrated that weight re-
gain occurs overtime depending upon the procedure per-
formed and duration of time following surgery [4, 5]. For
example, the Swedish Obese Subjects (SOS) study, the largest
nonrandomized intervention trial comparing weight loss out-
comes in a group of over 4000 surgical and nonsurgical
subjects, has previously reported 10-year data [6]. Total body
weight change was maximal after | year in the three surgical
subgroups (RYGB, —38+7 %; VBG, —26+10 %; and
banding, —21+10 %). For the RYGB and banding subgroups,
10-year weight change was —25+11 and —13.2+13 %, respec-
tively. Thus, at 10 years, subjects who underwent RYGB
experienced a mean weight regain of 12 % total body weight
and those who underwent fixed or variable banding regained
8 % total body weight. This translates into regaining 34 % (for
RYGB) and 38 % (for banding) of the maximal lost weight at
1 year. Despite the occurrence of weight gain, there is no
consensus as to what constitutes significant regain post-
bariatric surgery [7].

Though the impact of weight regain following bariatric
surgery is becoming apparent as a significant postoperative
complication, most studies in the surgical literature have only
reported mean weight values in their data analyses [8, 9]. This
is in contrast to the nonsurgical literature where reporting
categorical outcome data has become common practice. For
example, lifestyle interventions [10, 11] and pharmacological
treatment studies [12, 13] routinely report mean percent
weight loss in addition to predefined 5 and 10 % categorical
groups. The latter calculation provides additional information
for the patient regarding the odds or likelihood of achieving a
beneficial response. Additional outcome reporting may in-
clude cohort analysis, i.e., examining the trajectory patterns
of weight loss and regain among predetermined groups of
patients. This analysis allows determination of the effect of
early weight loss on longer-term success. The use of
predetermined weight trajectories and percentile charts has
recently been employed in analyzing surgical weight loss
outcomes as well [3, 14].

The primary purpose of this study was to assess weight loss
and occurrence of weight regain among patients who
underwent RYGB using categorical analysis and to determine
whether initial weight loss predicts longer-term success
among stratified cohorts of patients based on weight loss in
the first postoperative year.

Materials and Methods
Participants and Procedures

Through a search of bariatric surgery medical records at
Northwestern Memorial Hospital, the Northwestern

Enterprise Data Warchouse (EDW) identified 705 patients
who underwent RYGB between the dates of January 1,
1999, and June 30, 2009, and had postoperative follow-
up of at least 2 years. A self-report questionnaire was
created that asked potential participants to report demo-
graphic data along with current weight (i.e., weight at time
of survey completion), preoperative weight, and subse-
quent weights over postoperative years 1 to 7.
Participants were contacted by mail and asked to complete
the survey online, by telephone or on paper. Participants
who did not respond to the survey were sent two follow-
up letters. One patient was initially excluded due to death
since surgery. In total, 300 patients responded to the
survey (43 %), and 404 subjects were lost to follow-up,
including 132 return-to-senders and 272 nonresponders
(Fig. 1). Informed consent was obtained from all individ-
ual participants included in the study through the
Northwestern University Institutional Review Board (IRB).

Outcome Measures

Recorded (preoperative and yearly postoperative)
weights and confirmed procedure dates were acquired
from patient medical records via the Northwestern
EDW, the electronic medical record (EMR), and paper
chart review. Recorded weight was used as the primary
measurement, but in cases where a measured weight
was not available, participant self-reported weight was
utilized. Significant correlations, from between 0.83 at
1 year postsurgery to 0.99 at 7 years postsurgery, were
seen between recorded and self-report weights
(»<0.0001).

Data analysis of percent weight regain was first conducted
on the total study population followed by specific analysis of
predetermined cohorts. Percent weight regain was defined as
the percentage of weight regained from the nadir weight, i.e.,
[100(current weight—nadir weight)]/(preoperative weight—
nadir weight). Of the 300 study participants, 295 were includ-
ed in statistical analysis for overall percent weight regain
based on having the following criteria available for analysis:
recorded preoperative weight, lowest postoperative weight,
and current weight.

Of the 295 participants included in the statistical analysis,
276 were further selected and stratified a priori into four
predetermined cohorts based on weight loss during the first
postoperative year: <25 % weight loss (n=39, 14.1 %), 25—
30 % weight loss (n=51, 18.5 %), 30-35 % weight loss (n=
73, 26.4 %), and >35 % weight loss (n=113, 40.9 %).
Nineteen participants were excluded from stratification since
they did not have a year 1 weight. We chose the lowest value
of <25 % weight loss since successful weight loss is com-
monly defined in terms of achieving >50 % excess weight loss
(EWL) [2], a value that is equivalent to 25 % total body weight
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Fig. 1 Study subject recruitment process

loss for patients with a BMI of 45 to 50 kg/m?” [15]. Patients
were further stratified into 5 % increments to capture cohorts
who were losing less than mean weight losses as seen from the
literature. We also noted whether subjects had “excessive
weight regain” after surgery, defined as a percent weight
regain >25 % from year 1 weight. As a secondary outcome,
we preliminarily explored psychosocial items to assess the
patients’ behavioral and mental health changes since surgery.
Responses to these selected items were either collected as
dichotomous (yes/no) variables or recorded using a Likert-
type scale ranging from 1 to 5. Items of interest are listed in
Table 1.

Table 1

Statistical Analyses

Chi-squares and independent samples ¢ tests were utilized to
compare responders versus nonresponders by demographic
characteristics. To assess the association of year one weight
loss with percent weight regain, one-way ANOVA was initial-
ly conducted using Welch’s statistic to assess equality of
means. Then, to assess the effect of other potential explanatory
variables, estimates were obtained from general linear models
which each included first-year weight loss cohort and one
additional measure. These variables included demographic
(gender, age, race/ethnicity, and marital status), physical

Psychosocial items from self-administered questionnaire. Responses to questions 1 to 5 were collected using a Likert-type scale ranging from

1 to 5, while responses to questions 6 to 13 were recorded as dichotomous (yes/no) variables

. How would you rate your overall well-being since having surgery?
. How you would you rate your support system?
. How would you rate your stress level since having surgery?

. Do you experience symptoms of dumping syndrome?

O© 00 9 N U A W N —

. Have you experienced depression since having surgery?

. How would you rate your sense of control over food urges at this time?

. How would you rate your sense of control over food portion sizes at this time?

. Has there been a change in your physical activity since the first year post surgery?

. Have you started a medication that you think caused weight gain? Have you started a weight-loss medication to help you lose weight?

10. Do you currently experience binge eating (a compulsion to eat large amounts of food over a short period of time followed by a

sense of guilt or remorse)?

11. After having surgery, did you often have periods of time when you felt like you couldn’t stop eating or control how much you were eating?

12. What is your cigarette smoking status? (preoperative, postoperative)

13. Has your alcohol intake changed? (preoperative, postoperative)

14. How many days per week do you currently participate in programmed exercise? (0 through 7)

@ Springer
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activity (first year change in activity, days per week for routine
exercise, and exercise session duration), dietary (postoperative
change in diet, binge eating, control of portion size and food
urges, emotional eating, and dumping syndrome), as well as
preoperative and current smoking and drinking behaviors,
preoperative BMI, time since surgery, and postoperative
weight loss medication. For each potential explanatory vari-
able, estimates were obtained from both a main effects model
and from one in which the potential explanatory variable
interacts with first-year weight loss cohort. Next, all potential-
ly important explanatory variables (»p<0.20 from previous
models) and significant interactions were included together
with the first-year weight loss cohort in a single multivariable
model and backward selection sequentially eliminated non-
significant measures.

Results

Of the 704 potential subjects, 300 individuals (43 %) responded
to the request to complete the questionnaire (hereto referred to as
“participants”). Participants were more likely to be female (p=
0.042) and were significantly fewer years postsurgery (p=0.001)
than nonresponders. There was no significant difference in race
or procedure age between groups (Table 2). Participants ranged
in age from 21 to 67 years old at the time of the surgery (mean
45.6 years +£9.9). The majority of the sample was female (80 %)
and Caucasian (57 %). Participants also identified as Black/
African-American (21 %), Latino/a (5 %), and other/multiracial
(7 %). Race data was missing for 11 % of the participants. Mean
preoperative body weight and BMI were 140.8 kg+32.1 and
49.7 kg/m*+9.9, respectively, and mean years since surgery was
6.9+2.3. Mean weight loss in the first postoperative year was

Table 2  Response status by demographic characteristics

Responders ~ Nonresponders
(N=300) (N=272)
N (%) N (%) Xop
Race 9.11 0.06
White 170 (56.7 %) 143 (52.6 %)
Black 62(20.7 %) 74(27.2 %)
Hispanic/Latino(a) 14 (4.7 %) 11 (4.0 %)
Other 20 (6.7 %) 27.(9.9 %)
Missing 34 (11.3 %) 17 (6.3 %)
Gender 4.13  0.04*
Male 59 (19.7 %) 73 (26.8 %)
Female 241 (80.3 %) 199 (73.2 %)
M (SD) M (SD) t P
Procedure age 45.6 (9.9) 442 (11.1) 1.649 0.10
Years postsurgery 6.9 (2.3) 92 (1.4) 14.358 0.00**

*p<0.05 level; ¥**p<0.01 level

47.0 kg (22.4) or 33.1 % (9.6) of preoperative weight. Mean
percent weight regain from nadir weight was 23.4 %+20.4
(Table 3, Fig. 2).

Percent weight regain over time between the four
predefined cohorts is shown in Fig. 3. No significant differ-
ences were seen between the four groups (p=0.371).
However, on post hoc analysis, the largest difference was seen
between patients who lost <25 % of their weight and patients
who lost 30-35 % of their weight in the first postoperative
year (p=0.041) (Table 4). When we analyzed the total popu-
lation of patients (n=276), we found no overall difference
between the four groups (p=0.371), with mean percent regain
of 23.4 %. If only self-reported weights are considered, no
difference is evident between groups (p=0.971), with mean
percent regain of 21.6 % among 171 patients. And if only
measured weights are considered, no difference is evident
between groups (p=0.281), with mean percent regain of
17.2 % among 154 patients. Thus, there appears to be a slight
nonsignificant bias toward greater weight regain when self-
reported weights are utilized.

Of the 295 patients included in the total population analy-
sis, 109 (36.9 %) were found to have excessive weight regain,
defined as >25 % gain from postoperative year 1. In cohort
analysis, 38.5, 35.3, 32.9, and 38.1 % of participants regained
excessive weight in the <25 % weight loss group, 25-30 %
weight loss group, 30-35 % weight loss group, and >35 %
weight loss group, respectively.

Of the potential explanatory variables (Table 5), age at
surgery, preoperative BMI, time since surgery, first-year
change in physical activity, days per week of routine exercise,
exercise session duration, postoperative medication use caus-
ing weight gain, change in diet, binge eating, portion size
control, control of food urges, emotional eating, and inability
to stop or control intake met the «=0.20 criteria as candidate
variables. Only an interaction between food urge control and
first-year weight loss cohort was evident (p=0.042). After
backward selection, variables remaining with weight loss
cohort (p=0.241) in the model for percent weight regain
included preoperative BMI (p<0.001), time since surgery
(»<0.001), first-year change in physical activity (p=0.013),
portion size control (p<0.001), control of food urges (p=

Table 3  Clinical characteristics (study participants)

Characteristic Mean (SD)
Procedure age (years) 45.6 (9.9)
Preoperative weight (kg) 140.8 (32.1)
Preoperative BMI 49.7(9.9)
Time of survey completion (years post-op) 6.9 (2.3)
Weight lost (kg) 55.8 (23.0)
Total weight lost (%) 39.2 (8.7)
Weight regain (% of weight lost) 23.4(20.2)
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Fig. 2 Frequency distribution of
percent weight regain from nadir
weight. Mean (SD) weight regain
for all patients was 23.4 %+20.4.
Patients are further
subcategorized into six cohorts

0.001), and emotional eating (p=0.003). Additional univariate
ANOVAs were conducted to examine the differences in per-
cent of weight regain between participants based on their

Fig. 3 Frequency distribution of
percent weight regain by
categorical analysis based on
weight loss at 1 year. The four
cohorts are <25, 25-30, 30-35,
and >35 % total weight loss.
Excessive weight regain, defined
as >25 % of total weight loss, was
seen in 38.5, 35.3, 32.9 and

38.1 % of participants in the four
cohorts, respectively
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Table 4 Mean percent weight regain of weight lost among four cohorts stratified by year one weight loss

One year percent weight loss cohorts N (%)

Mean weight regain in kilograms (%) Standard deviation (kg) Standard error (kg) 95 % CI

<25 9% 39 (14.1 %) 11.0 (29.1) 114 1.8 7.3-14.7
25-30 % 51(18.5 %) 9.7(21.9) 7.7 1.1 7.5-11.9
30-35 % 73 (26.4 %) 10.8 (20.9) 8.9 1.0 8.7-12.9
>35 % 113 (40.9 %) 15.2 (23.8) 13.1 1.2 12.8-17.6
Total 276 12.4 (23.4) 11.2 0.7 11.1-13.8
Discussion gain from nadir). Our results are comparable with those found

There are two primary findings of our study that have impor-
tant patient care implications. The first is that weight regain is
a common occurrence following RYGB. Our study popula-
tion experienced a mean weight loss of 39.3 % of preoperative
body weight and a mean percent weight regain of 23.4 % over
an average of 6.9 postoperative years, with 36.9 % of partic-
ipants experiencing excessive weight regain (>25 % weight

in the literature for average percent weight regain over time,
though the range of weight regain in these studies varies
widely [4-6, 16]. The second major finding is that percentage
of weight lost in the first postoperative year was not signifi-
cantly associated with percent weight regain postoperatively.
All four weight loss cohorts regained between 21 and 29 % of
lost weight. However, losing more weight in the first postop-
erative year is predictive of better long-term absolute weight

Table 5  Effects of potential explanatory variables and first-year weight loss cohort from main-effects general linear models for percent weight regain

Covariate effect Cohort effect Model R?
F
df (num., den.) F
Gender 1,271 0.280 1.495 0.018
Race/ethnicity 3,256 0.804 1.411 0.027
Marital status 1, 256 1.146 1.505 0.021
Age 1, 260 3.927%* 1.418 0.031
Preoperative BMI 1,271 1.998 1.515 0.024
Time since surgery 1,271 26.804%*** 1.256 0.105
Change in physical activity 2,265 14.991*** 1.732 0.116
Exercise frequency 1,267 14.020%*** 1.116 0.062
Exercise session duration 1,268 10.066*** 1.497 0.052
Preoperative smoking 1,267 0.086 1.511 0.017
Current smoking 1,239 0.859 0.394 0.009
Preoperative drinking 1,265 0.855 1.832 0.024
Current drinking 1,240 1.614 0.618 0.015
Use of medication believed to cause weight gain 1,263 7.128%%* 1.094 0.041
Postoperative weight loss medication use 1,265 0.989 1.351 0.021
Postoperative change in diet 1, 266 5.078* 1.843 0.035
Current binge eating 1, 264 8.684%* 1.144 0.047
Portion size control 4,265 15.447*** 1.359 0.202
Food urge control 4,265 18.381%** 2.043 0.230
Emotional eating 2,265 15.102%** 1.520 0.117
Postoperative inability to stop or control intake 1,267 3.928* 1.089 0.029
Postoperative symptoms of dumping syndrome 1,269 1.430 1.318 0.021
Postoperative change in diet 1,266 5.078%* 1.843 0.035

*p<0.05; **¥p<0.01; ***p<0.005

#Numerator degrees of freedom=3, denominator degrees of freedom are same as those of potential explanatory variable
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loss outcomes. That is, participants who lost more weight in
the first year postsurgery had a greater absolute weight loss
over time. This observation has important implications regard-
ing early postoperative management to maximize patient
weight loss outcomes and addressing patient expectations.
Ritz et al. came to a similar conclusion after identifying
patients who lost <30 % excess weight over the first six
postoperative months [17]. Better long-term retention of
weight loss following greater initial weight loss has been
observed in nonsurgical treatments [18-21].

Presentation of outcome data using categorical analysis is
often more meaningful for patient care than mean weight loss,
allowing assessment of long-term response rates, improve-
ment in comorbidities, and associated predictive variables.
In the Look AHEAD study, categorical weight loss at year
one was found to be predictive of weight loss and metabolic
health outcomes at 4 and 8 years [20-22]. Categorical weight
loss has also been used to explore behavioral associated
contributors of success, e.g., treatment attendance, self-
reported physical activity, and caloric intake predict greater
success [23]. Analysis of clinical data and responses to our set
of psychosocial and behavioral questions yielded significant
correlations between percentage of weight regain after year 1
and self-rated level of change in physical activity, portion size
control, control of food urges, and emotional eating. Two
predictive clinical variables were preoperative BMI and time
since surgery. Furthermore, there was a statistically significant
difference in weight regain among patients who experienced
depression. Although deemed exploratory, these secondary
outcomes reaffirm the significance of psychosocial and be-
havioral factors in weight regain among bariatric surgery
patients. Other studies have confirmed the importance of these
factors in predicting weight regain [24-27].

Limitations

There are several limitations of our study that warrant com-
ment. We used self-reported weights for our data analysis
when a measured weight was not available. Although the
difference between the two weights was highly correlated, it
may represent an underreporting bias. We did not see a statis-
tical difference between groups when we analyzed subcohorts
with measured versus self-reported body weights which add
validity to our study. Recent data from the LABS-2 study
found that average degree of underreporting by self-report
versus recorded clinical weight was only 0.7 kg for women
and 1.0 kg for men [3]. Our response rate was 43 %. Although
participants did not differ from nonresponders by age or race,
average postoperative years were statistically shorter in par-
ticipants (6.9 years) compared to nonresponders (9.2 years)
and they were more likely to be female. We were unable to
compare groups based on preoperative BMI. Over the period
of this observational study, the Roux limb increased in length

@ Springer

from 75-100 to 125-150 cm. It is possible that a difference in
technique could account for some of the weight regain out-
comes; however, this was not a variable that was directly
analyzed. Lastly, we did not use validated questionnaires for
assessing the effect of behavioral and psychosocial factors on
percent weight regain. Thus, the results from these questions
should only be viewed as exploratory data.

In conclusion, weight gain is a common complication of
RYGB surgery, with over 1/3 of patients regaining excessive
weight, defined as >25 % of total lost weight. Despite the
percentage of weight loss over the first year, all cohort groups
of patients regained a mean of 21 to 29 % of lost weight
(average 23.4 %). However, greater initial absolute weight
loss leads to more successful long-term weight outcomes.
Weight regain was associated with specific psychosocial and
behaviorals factors that need further exploration. Analyzing
outcome data using categorical weight loss and stratified
groups may allow greater targeting of patients who may
benefit from earlier recognition and treatment.
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