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Abstract

Objective: Weight regain (WR) after Roux en-Y Gastric Bypass surgery (RYGB) starts to occur
two years after surgery, ultimately affecting at least 25% of patients. A limited number of studies
have evaluated the impact of anti-obesity medications (AOM) on this phenomenon.

Methods: We reviewed the electronic medical records (EMR) of 1196 patients who had RYGB
between 2004 and 2015. WR was evaluated by comparing each patient’s weight during subsequent
post-operative office visits to nadir weight (lowest weight after RYGB, n=760), taking into
consideration the interval during which WR occurred. Patients who were prescribed AOM and
came to follow-up visits were classified as adherent users, while those who missed their follow-up
visits were considered non-adherent. We used linear mixed model, Cox regression, and
generalized equation estimator to determine the impact of AOM on WR trajectory, hazards ratio
for time to event, and odds ratio for repeated event occurrence, respectively.

Results: Despite lack of a unified protocol for using AOM, the three statistical models converged
to show that phentermine and topiramate, used individually or in combination, can significantly
reduce WR after RYGB.

Conclusions: Phentermine and topiramate are effective in mitigating WR after RYGB. Further
studies are needed to help ascertain optimal use of AOM after bariatric surgery.
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Introduction

Methods

Patients

Bariatric surgery has evolved as a main treatment strategy for patients with severe obesity,
especially in the presence of chronic comorbid conditions such as Type 2 diabetes (T2D) and
obstructive sleep apnea (OSA). One attribute that has increased the popularity of surgical
management of obesity is the expectation of durable weight loss, especially for patients with
a history of weight-cycling. However, several studies have identified an increasing
prevalence of weight regain (WR) and subsequent reemergence of obesity-related
comorbidities after bariatric surgery (1, 2). The lack of a standard measure of WR after
bariatric surgery has led to different methods of literature reporting such as percentage of
pre-surgery weight, nadir weight, or maximum weight lost. It is estimated that 5 years
following Roux-en-Y Gastric Bypass surgery (RYGB), approximately one-half of patients
would have regained 15% of the nadir weight, and two-thirds would have regained more
than 20% of the weight lost (2). Given the increasing number of bariatric surgery procedures
being performed, the unfavorable impact of WR and the potential for recurrence of
metabolic sequelae are likely to be substantial.

We recently showed that, in an 11-year cross-sectional analysis of our ethnically diverse
patient population undergoing RYGB, mean WR relative to nadir was approximately 10%,
with the highest quartile showing WR in excess of 14.3% of nadir weight. These estimates,
which were based on the most recent office visit for each patient, represent a regain of more
than 24% in one-half of the patients and more than 45% of the weight lost in the highest
quartile. Significant factors affecting WR following RYGB were race, age, and pre-surgical
body mass index (BMI).(3)

This retrospective study examined the utility of anti-obesity medications (AOM) in treating
WR in the same multi-ethnic patient population after RYGB. We used linear mixed models
to evaluate trajectories of weight change relative to the patients’ nadir weight. As in our
previous study, we classified the rates of WR by quartiles and evaluated the impact of AOM
using three different statistical modeling methodologies. The results of these analyses
converge to show that AOM could play an important role in mitigating WR after RYGB.
Although WR has been shown to occur after both sleeve gastrectomy and RYGB, our center
is similar to others in that the RYGB population span a longer follow-up period since the
sleeve gastrectomy became popular more recently. Therefore, we restricted our analysis to
those patients who underwent RYGB during this time period.

This retrospective study used the electronic medical record (EMR) data of adult patients
who had undergone bariatric surgery, specifically RYGB, at Boston Medical Center (BMC)
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between 2004 and 2015. This study was approved by the Boston Medical Center and Boston
University Medical Campus Institutional Review Board under protocol H-26417.

Race and ethnicity were self-identified as white, black/African-American, Hispanic, Asian,
American Indian/Native American, Native Hawaiian/Pacific Islander, or not available/
declined information. Data were extracted by the Boston University Clinical Data
Warehouse including age at the time of surgery, date of enrollment in the bariatric program,
date of the surgery, weight, height, and BMI.

We reviewed data from all patients who had bariatric surgery at BMC during this period
(n=1516). We limited our study to patients who had RYGB from the three most common
racial and ethnic groups in our population (n=1196): African American (AA), Hispanic
(HA), and Caucasian (CA). Patients who became pregnant after surgery or underwent
surgical revisions were excluded. Pre-surgical medical ICD-9 codes were used to identify
comorbid conditions including T2D (250 and 790.29), osteoarthritis (OA) (715.9 and 716.9),
hypertension (HTN) (401.1, 401.9 and 796.2), dyslipidemia (DLD) (272), and OSA (780.57,
780.53 and 327.23).

The zip code for each patient was used to estimate the socioeconomic status (SES) based on
the zip code median income. Data on the median income by zip code in 2014 were obtained
from the United States Census Bureau (4). Patients were classified into SES quartiles based
on the zip code median income. Use of AOM was determined from the date of prescription
of any of the following medications: phentermine, topiramate, lorcaserin (Belvig®),
phentermine/topiramate (Qsymia®), and naltrexone/bupropion (Contrave®). Patients were
classified as “adherent” if they showed up for an office visit within 60 days of the date of the
prescription; those patients who did not return for an office visit within this interval were
classified as “non-adherent”, due to the likelihood that prescriptions needed to be refilled at
these missed visits.

Statistical analyses

The primary objective for this study was to determine the effect of AOM on long-term WR.
A linear mixed model (treating subjects as a random effect) was used to examine AOM,
race, sex, time, and presence of comorbid conditions as fixed effects on weight change. Age
and pre-surgery BMI were included as covariates. Seven time-intervals were used in these
analyses: pre-surgery, 1-2 years, 2-3 years, 3-4 years, 4-5 years, 5-6 years, and beyond 6
years post-surgery.

Patients who had not yet achieved nadir weight (n=436) were excluded from the following
calculations. We calculated weight loss (WL) as the difference between the pre-surgical
weight and the nadir weight for each subject (n=760). We defined WR as the difference
between the weight obtained at each subsequent office visit following the nadir date and the
nadir weight in kilograms. WR was evaluated relative to amount of weight lost (WR/WL,
expressed as %) and relative to nadir (WR/nadir, expressed as %) for each patient based on
the recorded weights at each office visit after nadir. Hence, WR/WL and WR/nadir are both
repeated measures for each subject.
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The rate of WR was calculated based on both WR/WL and WR/nadir at each subsequent
weight measurement relative to the time elapsed since nadir (reported as % per 30-day
interval). Differences in continuous variables between categorical groups were assessed by
ANOVA. Categorical outcomes were assessed by cross tabulation and chi-squared
distribution analysis. Multinomial logistic regressions were used to compare groups with
more than two categorical outcomes across groups.

The 25%, 50% and 75% of the WR/nadir weight distribution based upon the last observed
weight were used to define thresholds and group patients into quartiles of low, moderate, and
high rates of WR. We performed a Cox regression model to determine the proportional
hazard ratio (HR) of WR at each of these three thresholds. Hence, event occurrence was
defined as the time to first occurrence for a patient that WR/nadir exceeded each specific
cut-off threshold corresponding to 251, 50t and 75" WR/nadir distribution (WR/nadir of
1.49%, 6.25%, and 14.29%, respectively). Race, sex, SES, and each comorbid condition
were entered individually into the Cox regression as categorical predictors; age and weight
loss (WL) were entered as continuous predictors. The final multivariable Cox regression
included all the factors with p values <0.05. Because AOM were prescribed intermittently,
we further analyzed the rates of WR at each visit as “repeated exposures” using Generalized
Equation Estimator (GEE) with an independent correlation structure to correct within-
subject correlation. The odds ratio for occurrence of an event was determined by binomial
logistic regression analysis. We used specific WR rates as “events” based on the quartile
distribution of all WR rates for the study population, as described above. All data analyses
were performed using SPSS version 25.

A summary of the clinical characteristics of patients who achieved nadir weight and are at
risk of WR post RYGB is presented in Table 1. Of the 760 in this cohort, 350 (46.1%) were
documented users of AOM. Of the AOM users, 119 (34.0%) were prescribed phentermine
alone, 74 used topiramate alone (21.1%), and 154 (44.0 %) were prescribed a combination
of phentermine and topiramate. Only three patients (0.9%) were prescribed lorcaserin and
none were prescribed bupropion/naltrexone generic or brand name or brand name
phentermine/topiramate. Liraglutide 3.0 was not an available option at the time. There were
no significant differences in pre-surgery BMI and prevalence of the comorbidities included
in the analysis between the AOM users and non-users. There were more AOM users among
HA and AA patients than among CA. Relative to CA, the odds ratio for AA to be prescribed
AOM was 2.42 (Cl 1.74-3.36, p<0.001) and 2.85 (CI 1.85-4.39, p<0.001) for HA. Patients in
the lowest SES category were more likely to be prescribed AOM (OR 1.90, ClI 1.26-2.87,
P=0.002).

The weight trajectories for patients who used AOM are compared to non-AOM users in
Figure 1. In the mixed model analysis, patients who used AOM had achieved less weight
loss at nadir (p<0.0001) than patients who did not use AOM after bariatric surgery. Figure 1
also suggests that users of AOM had a smaller upward slope compared to non-users,
implying slower WR in the former group during the observation period up to 11 years.
However, the interaction of time x AOM use was not statistically significant, suggesting that
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the pattern of WR was similar in the two groups. Therefore, while AOM (phentermine and
topiramate) were more likely to be prescribed in patients who had sub-optimal weight loss,
their effectiveness in mitigating WR could not be determined solely from weight trajectory
of the current cohort.

In order to further evaluate the effect of AOM on WR, we determined the increase in weight
relative to nadir at the last available weight for each patient. These estimates of WR (percent
of nadir weight) were then classified by quartiles. Cutoff points for the 25!, 50t and 75t
percentiles of WR were 1.5%. 6.25%, and 14.3% relative to nadir, respectively. As a
percentage of the amount of weight lost, WR was 1.8+0.2%, 17.2+0.8%, 30.3+1.4%, and
41.1+5.1%, respectively for the four quartiles. Thus, 50% of the patients (upper two
quartiles) regained at least 1/3 of the weight they had previously lost. The clinical
characteristics of these quartiles of WR were published previously (3). Briefly, the quartiles
were similar in age and sex distribution; significant differences were noted in race, presence
of T2D, and use of AOM. The upper two quartiles were more likely to include AA than CA
(likelihood ratio, 1.553; Cl, 1.023-2.358; p= 0.039, in the 3'd quartile; and 2.154; ClI,
1.37-3.385, p = 0.001, in the 4! quartile). The quartile with highest WR was also more
likely to include patients with T2D (likelihood ratio 1.689, Cl 1.114-2.571, p=0.013) and
patients who were prescribed AOM but were identified to be non-adherent (likelihood ratio
relative to patients without AOM prescription 1.683, Cl 1.041-2.557, p=0.033).

Since WR increases with time, differences between the quartiles could be explained by the
duration of the observation period during which WR was assessed (the last office visit for
each patient). Patients in the highest quartile of total WR were more likely to have had
RYGB earlier (years post-procedure 4.3+0.2, 3.1+0.1, 4.3+0.2, and 5.5+0.2 for the lowest to
highest quartile, respectively P<0.0001). Therefore, we normalized the WR/nadir as monthly
rates. The corresponding cutoff WR rates (% per 30 days) were 0.18%, 0.58%, and 1.22%.

We used three statistical models to evaluate the impact of AOM on monthly WR rates for
each of the quartile cutoff values shown. In the first model, a linear mixed model, adjusted
for age, sex, race, and SES, was used to evaluate WR progression. Differences in WR
between AOM users and non-users were statistically significant only in the highest (most
rapid) WR quartile. The results of the subgroup of patients who regained weight relative to
nadir at a rate equal or greater than 1.22% per month (highest WR quartile) are presented in
Figure 2. Weight regain progression was smaller in the group who were prescribed AOM
and were classified as adherent when compared to the non-adherent or non-users of AOM
(p=0.012). By the end of the observation period, WR relative to nadir was approximately
10% lower among adherent AOM users in comparison to non-adherent users.

In the second model, we evaluated whether AOM can impact the occurrence of WR/nadir of
at least 1.22% per month. The results of Cox regression analysis are presented in Figure 3
showing a proportional hazards ratio of 0.729 (CI 0.556-0.957, p=0.023) for the adherent
AOM users compared to the non-users of AOM. Patients who were prescribed AOM but
classified as non-adherent had a proportional hazards ratio of 0.844 (Cl 0.659-1.081,
P=0.18). Similar analyses for the lower three quartiles of WR did not reveal statistically
significant differences.

Obesity (Silver Spring). Author manuscript; available in PMC 2021 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Istfan et al.

Page 6

It is important to note that use of AOM in this patient population was intermittent since
patients were likely to discontinue the medications and resume it at subsequent times. The
decision to prescribe and when to prescribe AOM were variable between providers and
patients. Thus, multiple exposures to AOM occurred “randomly” per patient during the
observation interval. Therefore, to further evaluate the effectiveness of AOM, we used the
GEE approach with an independent correlation structure to correct within-subject
correlation. In a binary logistic model, adjusted for age, sex, race, and SES, the odds ratio
for occurrence of WR of 1.22% per month or greater relative to nadir was 0.579 (ClI
0.371-0.877, P=0.01) in the adherent AOM group and 0.0.593-1.284, P=0.5) compared to
the non-AOM users. These results imply that AOM effectively reduced the risk of recurrent
bouts of rapid WR in our patient population.

Discussion

This large retrospective study of WR after RYGB suggests that the use of AOM and
adherence to those medications is effective in mitigating WR after RYGB. Our results relate
specifically to the use of phentermine and topiramate, either individually or in combination.
We are unable to compare the effectiveness of other AOM due to the small numbers
prescribed to this cohort at the time of analysis. The analytical approach in the current study
focuses on the progression of body weight changes throughout an 11-year observation
period in an ethnically diverse patient population. While it is conventional to evaluate the
effectiveness of AOM by the amount of weight lost, this approach was not applicable in the
current study. There were no specific clinical parameters that guided the providers’
prescriptions of AOM; and in most cases, the decision to take or withhold AOM was
effectively a random event. Therefore, to overcome this limitation, we used three
independent statistical models, which consistently demonstrated that AOM decrease
cumulative WR by about 10% relative to nadir weight and reduce the odds of rapid WR after
RYGB. As detailed elsewhere, rapid WR in our cohort is defined as a rate of increase in
body weight of 1.22% per month relative to nadir weight (3). These results take into account
that patients typically lost weight when taking AOM and regained weight during intervals
when the medications were not prescribed; and that patients in the current study started
AOM at different stages and used them over variable and intermittent periods. Therefore,
controlled prospective clinical trials are needed to further evaluate the impact of AOM on
weight loss parameters and long-term weight outcomes after bariatric surgery procedures.

Wider awareness of the clinical implications associated with obesity has increased the
acceptance of surgical interventions. The beneficial effects of RYGB on T2D are clear and
studies with only 1-2 years of follow-up have purported that RYGB is associated with long-
term weight stability. However, recent reports of WR after RYGB highlight the need for
adjunct treatment strategies to maximize the long-term benefit and reduce the recurrence risk
of comorbid conditions. Estimated proportions of patients who have “significant” WR have
varied from 17-30% two years from RYGB (5-8), to 59% in one small study with greater
than 20% WR at least one year from RYGB (9) to 79% by self-report.(10). These estimates
depend upon the definition of “significant” WR, the duration of the study, and the method of
reporting WR (11-14). Without a standard definition of WR, it is difficult to compare data
from different studies. For example, in the Swedish Obese Subjects (SOS) study, long-term
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weight outcomes are reported as weight changes relative to the pre-surgical weight. (15-18)
This approach emphasizes the beneficial long-term outcomes of bariatric surgery since it
continues to show significant “weight loss” 10 years following the surgical procedure.
However, data presented as such do not provide clear and direct measures of the amount of
WR. A discussion of the different ways of reporting WR and how they relate to clinical
outcomes is presented by King et al (2). We have previously argued that since WR is the
consequence of a specific physiological process characterized by a state of positive energy
balance, it is better evaluated in terms of actual weight increase rather than by a decrease in
previously achieved weight loss. Thus, we regard WR/nadir as a more clinically relevant
parameter of the metabolic conditions associate with WR in the post RYGB phase. Because
total WR increases with time, we determined WR/nadir as a rate per 30-days to normalize
for differences in observation intervals between groups. Further details characterizing WR in
our patient population are presented elsewhere.(3)

It is important to emphasize that the relapse of obesity is better defined by the recurrence of
clinically significant co-morbid conditions rather than WR itself. Long-term observations,
such as those from the SOS study consistently document the beneficial impact of bariatric
surgery on mortality, diabetes, and vascular disease (16, 17, 19, 20). The relationship
between WR and recurrence of specific co-morbidities remains unclear. While the SOS
study has associated diabetes remission with the degree of weight loss at 2 and 10 years after
surgery (21), it is difficult to evaluate the impact of WR from that study due to the specific
way data are reported, as noted above. However, the potential for relapse is concerning and
has prompted additional surgical procedures (“revisional surgery” (22)) aiming to increase
malabsorption (“distalization”) (23), increase the restriction at the gastro-jejunal
anastomosis (24), sclerotherapy (25) and to correct anatomical defects such as gastro-gastric
fistula (26). Unfortunately, position statements and guidelines related to the implementation
of surgical revisions continue to rely on expert opinion (27) rather than on controlled
prospective studies. Thus, non-surgical interventions remain crucial for counteracting the
growing problem of WR following bariatric surgery.

Interventions targeting disordered or maladaptive eating patterns such as night eating,
grazing, and nibbling behaviors, which are widely reported among patients following
bariatric surgery (6, 28, 29) have been effectively utilized to help mitigate WR (30).
However, utilization of AOM has been limited. One possible reason is that many patients are
more likely to be followed up by bariatric surgeons who have limited experience in the use
of anorexigenic pharmacotherapy. Additionally, guidelines for use of AOM after bariatric
surgery have not been established, thus leading to skepticism about their utility. Several
possible physiological changes could potentially impact the effectiveness of AOM after
bariatric surgery. For example, changes in the regulation of satiety and the pre-existing
history of substantial weight loss after bariatric surgery could alter the effectiveness of
AOM. The current study further confirms that AOM remain effective and are useful tools to
help temper the brunt of WR among patients with history of RYGB, and potentially other
bariatric surgery procedures. In our own experience, post-surgical AOM use in our clinic had
been very limited prior to 2009 and had increased approximately four-fold by 2015 when
more than 10% patients were prescribed phentermine, topiramate, or a combination of these
two medications during post-surgery office visits.
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Few other studies have demonstrated that AOM remain effective after bariatric surgery
(31-36). Compared to the prior studies cited, ours is the largest retrospective study to date
and one that features an ethnic underserved patient population. It is important to note the
unique setting of this retrospective study. As previously described in more detail elsewhere
(3), race is an important determinant of WR after RYGB with AA being at high risk. In our
center, we typically find that AA and HA are more likely to be prescribed AOM than CA
after RYGB, presumably because of their higher propensity to WR. Thus, it is possible that
higher rates of WR among AA and HA could have influenced decisions to prescribe AOM
in our patient population. However, these prescriptions were not based on pre-determined
criteria or algorithms, but rather were initiated by individual patient-physician interactions
during routine office visits. Differences in AOM prescription practices between providers
could further contribute to the variance in the clinical outcomes in the current study.
However, despite these drawbacks, we are able to show that AOM are important tools in the
long-term management of patients with obesity and WR following RYGB and work as
effectively as they do in medically managed patients with obesity. We also note that our
previous findings of racial disparities of WR after RYGB may have been tempered by the
higher rate of AOM prescribed to AA and HA in our patient population.

There are few prospective trials investigating “rescue” pharmacotherapy with AOM
following bariatric surgery with only six published to date with small numbers of patients
(37-43). One of the studies used an AOM which has since been withdrawn from the market,
fenfluramine (40), and two other trials used AOM after the adjustable laparoscopic gastric
band which is rarely used today (41, 42). The advent of larger randomized controlled clinical
trials evaluating the use of single and combination AOM as rescue therapy for WR after
bariatric surgery will be crucial to the development of treatment guidelines. The judicious
use of multimodal medical and surgical treatment (43) for extreme obesity will further
promote the advancement of the field of obesity medicine and mitigate the rising prevalence
of this disease worldwide.

Strengths of this study are its large multi-ethnic patient population and its duration of 11
years. Details pertaining to factors that contribute to WR after RYGB have been already
published. Its limitations include the retrospective nature of clinical observations, the lack of
a unified protocol for use of AOM, that the data pertain only two AOM, and the randomness
of decisions made by providers and patients to use or abstain from AOM.

Conclusion

Bariatric surgery is the most effective treatment strategy to combat obesity and achieve long-
term resolution and/or improvement of most cardiometabolic dysfunction associated with it.
However, as a chronic disease, obesity is subject to relapse years after bariatric surgery and
could require further medical interventions. Here we show that phentermine and topiramate
could play a role in the management of weight relapse after RYGB. However, the full
potential of these agents and newer AOM to counter weight recidivism and prevent the
recurrence of obesity-related comorbidities needs to be further explored in prospective
clinical trials. Guidelines for initiating and monitoring the potential long-term use of AOM
after bariatric surgery need to be established.
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STUDY IMPORTANCE QUESTIONS

What is already known about this subject?

. The problem of weight regain after bariatric surgery is increasingly being
recognized.

. Tools to reduce the impact of weight regain after bariatric surgery are needed.

. Anti-obesity medications have not been extensively utilized in patients with

history of bariatric surgery.

What are the new findings in your manuscript?

. Phentermine and topiramate alter the trajectory of weight regain after RYGB.
. Phentermine and topiramate reduce the occurrence of rapid weight regain
after RYGB.

How might your results change the direction of research or the focus of clinical
practice?

. Prospective clinical trials are needed to establish guidelines for use of anti-
obesity medications in patients with history of bariatric surgery.
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Figure 1:
Trajectory of changes in body weight by use of AOM. Weights are shown as percent of the

immediate preoperative weight. Numbers of patients at pre-op, 1-180 days, 181 — 365 days,
1-2 years, 2-3 years, 3-4 years, 4-5 years, 5-6 years, beyond 6 years: overall=1196, 1183,
1090, 1078, 859, 763, 515, 373, 250; adherent=159, 158, 155, 155, 142, 136, 122, 105, 87;
non-adherent=252, 250, 250, 259, 219, 203, 146, 98, 51; None=785, 775, 685, 673,498, 424,
247,170, 112.
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Figure 2:

Trajectory of total weight regain in the highest quartile. Data are shown as percent of nadir
weight. Highest quartile is defined by a rate of weight regain equivalent to 1.22% of nadir

weight per 30-day-interval.
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Figure 3:

Cox regression for WR relative to nadir normalized for a 30-day interval stratified by AOM
use. Data are for the top quartile (WR equal or greater than 1.22% of nadir weight).
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