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Abstract
Background—Prior studies suggest individuals with body mass index (BMI) above vs. below 60
kg/m2 show lower percentage of excess body weight loss (%EBWL) following bariatric surgery.

Objectives—1. Test whether conclusions drawn about the effect of preoperative BMI on
postoperative weight loss depend on the outcome measure; 2. Test for evidence of a threshold
effect at BMI=60 kg/m2 and; 3. Test the effect from surgery to 12-month, relative to 12- to 36-
month, follow-up.

Setting—Large University-affiliated hospital in New York.

Methods—Retrospective analyses of participants grouped according to preoperative BMI: 35–
39.9 (n=232); 40–49.9 (n=1166); 50–59.9 (n=429); ≥60 (n=166).

Results—As anticipated, individuals with higher vs. lower preoperative BMI showed greater
total body weight loss but lower %EBWL at all postoperative time points (all p’s<0.0005).
However, these individuals also showed lower percentage of initial body weight loss (%IBWL) at
all time points beyond 1 mo post-surgery (all p’s<0.0005). From 12- to 36-months, individuals
with BMI: 35–39.9 showed 3.2±14.3 %IBWL (p<0.0001); 40–49.9 showed 1.0±8.9 %IBWL
(p<0.0005); 50–59.9 showed −2.4±10.0 %IBWL (p<0.0005) and; ≥60 showed −3.6±11.5 %IBWL
(p<0.0005). Overall F3,1989=20.2, p<0.0005.

Conclusions—Conclusions drawn about the effect of preoperative BMI may depend on the
outcome measure. A dosage effect of preoperative BMI was apparent, with heavier individuals
showing lower percentages of initial and excess weight loss, regardless of BMI above or below
60kg/m2. Finally, this effect was particularly apparent following the initial 12-month rapid weight
loss phase, when less obese (BMI<50) individuals continued losing weight, while heavier
individuals (BMI≥50) regained significant weight.
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Obesity is increasing in prevalence (1) and is associated with a number of medical co-
morbidities. (2) Currently, bariatric surgery represents the only treatment for obesity that
demonstrates long-term effectiveness. (3, 4) Roux-en-Y gastric bypass (RYGB) is the most
common bariatric procedure, leading to losses of up to 35% initial body weight sustained for
over 15 years. (5) Despite the overall success of bariatric surgery, however, there is extreme
variation in the amount of postoperative weight loss experienced by different individuals.
For example, in a recent report on the Swedish Obese Subjects, (6) postoperative weight
change ranged from 61 kg weight gain to a 106 kg weight loss at 10 years post-surgery.
Reliable predictors of the variance in postoperative weight loss may help improve the
effectiveness of bariatric surgery, but have not yet been established.

Prior studies report that super-super obese (SSO; body mass index [BMI] ≥ 60 kg/m2) vs.
non super-super obese (non-SSO; BMI < 60 kg/m2) individuals show a lower percent excess
body weight loss (%EBWL) following bariatric surgery. (8, 9) These data likely contribute to
the general perception that SSO vs. non-SSO patients experience less benefit from bariatric
surgery. However, an important factor that is frequently overlooked in the literature is that
conclusions drawn about the impact of preoperative body weight on postoperative weight
loss may depend on the particular [weight loss] outcome measure examined. (10) Super super
obese vs. non-SSO individuals necessarily start with a greater proportion of total body
weight comprised of excess body weight; thus, SSO vs. non-SSO patients and are less likely
to achieve a high %EBWL following bariatric surgery. (11) Therefore, investigators
examining only percent excess body weight loss (%EBWL) may be more apt to conclude
that SSO vs. non-SSO individuals experience less positive weight loss outcome, even if they
lose more absolute weight. (9, 10) Conversely, examining total body weight loss (TBWL)
would likely lead to the conclusion that SSO vs. non-SSO individuals experience better
weight loss outcome, even if they were to lose a lower percent of excess body weight, given
that heavier individuals do tend to lose more absolute (total) weight with weight loss
treatment. (10, 12) Only one relevant article (8) has examined percent of initial body weight
loss (%IBWL [= %TBWL]), which may be less likely to yield a particular conclusion and
has been suggested as an alternative to reporting postoperative %EBWL. (13, 14)

Interestingly, this study found that SSO vs. non-SSO individuals showed a lower %EBWL
at both 6 and 12 mo post-surgery but did not differ in %IBWL at either time point. (8) Thus,
it remains unclear whether preoperative BMI has an effect on postoperative %IBWL.

An additional question that is inadequately addressed in the literature is whether weight
change during the initial period (~12 months) of rapid weight loss differs from weight loss
after the initial rapid weight loss period. From surgery to 12 months postsurgery, the range
of weight change is relatively restricted, as the vast majority of patients appear to lose
weight in a relatively linear fashion (i.e., steady weight loss with relatively little
variation). (5) However, from 12 to 36 months post-surgery, very large individual differences
in weight loss appear, with some individuals continuing to lose weight, while other
individuals regain significant amounts of weight. (5) Only one relevant study (15) had
adequate power for between group comparisons beyond 12 months, but did not evaluate
%IBWL. The goal of this study was to compare postoperative weight loss using three
different outcome variables (%EBWL, TBWL, %IBWL) in order to test the hypotheses that
individuals with higher vs. lower preoperative BMI would show less %EBWL and more
TBWL, but equivalent %IBWL to 36 months post-surgery.
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Methods
Participants

The sample consisted of 1,993 (1708F, 285M) patients undergoing either laparoscopic
gastric bypass (n = 1501) or laparoscopic gastric banding (n = 492) surgery from May 1,
2001 to May 1, 2011 at a large university-affiliated hospital in NYC. Participants ranged in
BMI from 35 to 96 kg/m2 and age from 18 to 70 years. Participants were retrospectively
grouped according to preoperative BMI: 35–39.9 (n=232); 40–49.9 (n=1166); 50–59.9
(n=429); ≥60 (n=166). 41.3% of the sample was Hispanic, 25.3% white, 28% African
American, 0.6% Asian and 2.8% other. All participants met the criteria proposed by the
National Institutes of Health Consensus Panel in 1991. (16) and permission to conduct this
study was granted from the Institutional Review Board. Participant demographics are
displayed in Table 1.

Design
A retrospective analysis was conducted using the surgical database established and
maintained at the Center for Bariatric Surgery at a large University-affiliated hospital in
New York, a level 1A center for excellence in bariatric surgery. Data was retrieved for
ethnicity, height (to calculate BMI), sex and age at 1 wk prior to surgery. Data was retrieved
for body weight at 1 wk pre-, 1 month post-, 3 months post-, 6 months post-, 12 months
post-, 18 months post-, 24 months post- and 36 months post- surgery. Data was included
from patients who underwent surgery in the past 10 years, had 1-month and 3-month follow
up data, and had data from at least two other time points. This inclusion criterion was
utilized in order to increase the rates of available data and reduce the amount of data that
would need to be imputed at later time points (i.e., 24- and 36- month follow-up). (18, 19) See
Table 2 for body weight and the number of patients with available data at each time point.
Participants were grouped according to preoperative BMI and between-group differences in
postoperative weight loss were tested.

Statistical Analysis
Percent excess body weight loss was calculated using the middle of the 1983 Metropolitan
Life Insurance tables for median frame + % weight lost + % excess BMI lost, with excess >
25 kg/m2. Mixed-model analyses of covariance (ANCOVAs) were used to assess
postoperative weight loss, with follow-up time point (1, 3, 6, 12, 18, 24 & 36 months post-
surgery) as the within subjects factor and BMI category (35–39.9, 40–49.9, 50–59.9, ≥60 kg/
m2) as the between subjects factor. Pairwise comparisons were Bonferroni corrected. Age,
sex, procedure type (banding vs. bypass) and ethnicity were controlled. At 1, 3, 6, 12, 18, 24
& 36 months post-surgery, data was available for 100, 100, 91, 85, 77, 67 and 56 percent of
participants, respectively. Multiple imputation was used for missing values in accordance
with established guidelines. (18, 19) Note: imputed results did not significantly differ from
non-imputed results. SPSS version 19 (IBM, Armonk, NY) was used for all analyses. All
tests were two-tailed and results were considered significant at p < 0.05. Analyses were
repeated for RYGB and banding patient individually.

Outcomes and Follow-up
Body weight was assessed using a standard physician scale, with patients in light street
clothing without shoes. Height (in order to calculate BMI) was assessed using a standard
physician stadiometer. Percent excess body weight loss (%EBWL), total body weight loss
(TBWL) and percent initial body weight loss (%IBWL) were the different weight loss
outcomes tested. Excess body weight was calculated as actual weight – ideal weight. (11)

Follow-up assessments took place at 1, 3, 6, 12, 18, 24 & 36 months post-surgery.
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Results
Individuals with higher vs. lower preoperative BMI showed lower %EBWL, overall F3,1989
= 46.6, p < 0.0005. A dosage effect was seen, with each BMI category showing significantly
lower %EBWL than the next lower preoperative BMI category at all time points (all p’s <
0.0005). See Figure 1. Individuals with higher vs. lower preoperative BMI showed greater
TBWL, overall F3,1989 = 11.8, p < 0.0005. A dosage effect was seen at most but not all time
points, with each BMI category showing greater TBWL than the next lower BMI category
between 6 and 24 months post-surgery (all p’s < 0.0005). See Figure 2.

Individuals with higher vs. lower preoperative BMI showed lower %IBWL, overall F3,1989
= 20.2, p < 0.0005. No between-group difference was seen in %IBWL at 1 mo post-surgery.
Beyond 1 mo post, however, a significant dosage effect was seen at all time points, with
each BMI category showing lower %IBWL than the next lower BMI category (all p’s <
0.0005). Although significant, this effect was relatively small up to 12 months post-surgery.
From 12 to 36 months post-surgery, however, this effect becomes more dramatic. From 12
to 36 months, individuals with BMI 35–39.9 lost 3.2 ± 14.3 %IBW (p < 0.0005), individuals
with BMI 40–49.9 lost 1.0 (8.9) %IBW (p < 0.0005), individuals with BMI 50–59.9 gained
2.4 (10.0) %IBW (p < 0.0005) and individuals with BMI ≥60 gained 3.6 (11.5) %IBW (p <
0.0005). See Figure 3. Analyses repeated for RYGB and banding patients individually
showed no significant difference in results.

Discussion
Ideally, preoperative weight would be entered as a covariate in between-subjects analyses
comparing postoperative weight loss. However, as in the current analyses testing the effect
of preoperative weight on postoperative weight loss, it is not possible to control for a
predictor variable. Thus, results generated by such analyses are necessarily influenced by
preoperative weight. Analyses in this study demonstrate how these influences may vary
depending upon the outcome measure. In calculating %EBWL, patients who were more vs.
less obese preoperatively fared less well after bariatric surgery. However it is important to
bear in mind that more vs. less obese individuals typically start with more [total] body
weight and a greater proportion of their body weight as excess. These individuals are,
therefore, less likely to achieve a high %EBWL. (11) For example, if two individuals with an
ideal body weight of 50kg both lose 50kg following RYGB, an individual weighing 100kg
preoperatively will have lost 100% of their EBW, while an individual weighing 150kg
preoperatively will have lost only 50% of their EBW (50% less weight loss).

Contrary to analyses using %EBWL, analyses using TBWL indicate that individuals who
are more vs. less obese preoperatively fare better after bariatric surgery. However, more vs.
less obese individuals typically lose more absolute weight when undergoing weight loss
treatment. (10, 12) Thus, the opposing conclusions drawn by the use of these two different
outcome measures are predictably influenced by preoperative body weight. Although
%IBWL is still affected by baseline weight, it may be affected to a lesser extent than
%EBWL. In the example above, the individual weighing 100kg preoperatively lost 50% of
their IBW, while the individual weighing 150kg preoperatively lost 33% of their IBW (17%
less weight loss). Given that heavier individuals tend to lose more weight after surgery, (10)

let us consider a more representative scenario where the individual weighing 100kg
preoperatively loses 50kg, while the individual weighing 150kg preoperatively loses 75kg,
after surgery. Here, both patients have lost 50% of their IBW; however, there is still a large
disparity in %EBWL (100% vs. 75% respectively). This may explain the seemingly
perplexing findings of Farkas et al., (8) who demonstrated significant SSO vs. non-SSO
differences in %EBWL, but no differences in %IBWL, at 6 and 12 mo post RYGB. Thus,
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despite the convention of reporting %EBWL in postoperative reports, (13) %IBWL may be a
better weight loss outcome measure in analyses of the effect of preoperative weight on
postoperative weight loss.

Contrary to our a priori hypothesis that preoperative BMI would not be related to
postoperative %IBWL, heavier vs. lighter individuals at the time of surgery showed
significantly lower %IBWL from 3 to 36 mo after surgery. Although differing from the
Farkas et al. (8) report, this finding is consistent with other prior literature. (7, 9) However, it
is important to note that we found no evidence of any specific separation between SSO and
non-SSO, as has been previously suggested. (8, 9) These data indicate a dosage effect of
preoperative BMI, with %IBWL diminishing successively as BMI category increases
(Figure 3). Thus, our findings suggest a linear inverse relationship between pre- and post-
operative BMI. It is likely that prior studies of SSO vs. non-SSO patients picked up this
linear relation but, because of the a priori dichotomous grouping of more vs. less heavy
participants into SSO vs. non-SSO patients, reported an effect of SSO vs. non-SSO.

Data from this sample also suggest that individuals experience weight loss at a relatively
uniform rate out to 12 months post-surgery, irrespective of preoperative BMI or weight loss
outcome measure assessed. Our findings indicate that the effect of preoperative BMI on
post-operative weight loss becomes particularly pertinent past the first 12 months, when the
range of weight loss increases (from −2 to 58 %IBWL at 12 months to −14 to 68 %IBWL at
36 months). There were significant between-group differences in weight loss from surgery
12 months post, as well as from 12 to 36 months post. However, between group differences
in weight loss appear much larger from 12 to 36 months vs. surgery to 12 months (Figures 1,
2 & 3). Patients with a preoperative BMI from 35–49.9 kg/m2 continued to lose weight,
while individuals with a BMI ≥ 50 kg/m2 regained significant weight, from 12 to 36 months
post-surgery. As alluded to above, this is not necessarily suggestive of a threshold effect at
BMI = 50, but rather a consequence of how groups were categorized. This finding illustrates
the need for more longitudinal data as the period of rapid weight loss may mask the effects
of significant predictors of post-operative weight loss outcome.

Finally, these findings may be relevant to the current debate about whether preoperative
weight loss should always be recommended or required of bariatric patients. Although
speculative, as preoperative weight change was not assessed in this study, these data may
suggest that entering into surgery with a lower BMI could be beneficial. This may be
particularly true for SO and SSO individuals beyond the initial rapid weight loss period, as
these individuals showed weight regain beyond 12 mo post-surgery. However, it is also
important to consider that a preoperative weight loss mandate would carry a risk of denying
surgery to patients who were unable to meet this requirement but would nonetheless benefit
from the procedure.

Limitations and Conclusion
Participant grouping and analyses in this study were retrospective in nature, limiting the
inferences that can be drawn from the results. A large amount (up to 44%) of data was
imputed at 36-month follow up; however, imputed results did not significantly differ from
non-imputed results. Further, only patients undergoing laparoscopic gastric bypass or
banding were included, limiting generalizability of findings to patients undergoing these
procedures. In addition, only patients reporting for 1- and 3- month follow-up as well as at
least two other follow-up visits were included in order to increase the percentage of
available data at each time point. This, however, may also limit the generalizability of
findings as these individuals were more likely to show up for more follow up visits. Due to
incomplete or nonexistent data, we were unable to test the effect of, or control for, other
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variables that may have influenced the relation between preoperative BMI and postoperative
weight loss, such as mobility and medications. Nonetheless, this study illustrates how prior
reports may be biased towards a particular conclusion about the effect of preoperative BMI
on postoperative weight loss, depending upon the weight loss measure chosen. For these
analyses, we suggest that %IBWL may be less influenced by preoperative weight than
%EBWL and TBWL. Further, findings in this study challenge the notion that there is a
threshold effect at the level of super super obesity (BMI = 60) and, rather, suggest a
(negative) dosage effect of preoperative BMI on postoperative weight loss when calculated
as a percent (excess or initial). Finally, findings also show great dispersion in weight loss by
BMI category after 12-month follow-up, with heavier individuals regaining weight, while
less heavy individuals continue to lose weight.
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FIGURE 1.
Percent excess body weight loss (%EBWL). Lighter vs. heavier individuals showed greater
%EBWL at all time points (all p’s < 0.0005). Note: error bars (standard error of the mean)
are included in all figures, but may not visible due to the small standard error relative to the
size of the icons denoting different BMI categories.
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FIGURE 2.
Total body weight loss (TBWL), expressed in kg. Lighter vs. heavier individuals showed
lower TBWL at all time points (all p’s < 0.0005).
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FIGURE 3.
Percent initial body weight loss (%IBWL). Lighter vs. heavier individuals showed greater
%IBWL at all time points after 3 mo post-surgery (all p’s < 0.0005).
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TABLE 1

Participant Demographics

Gastric Banding Gastric Bypass Combined

Participants 492 1501 1993

Sex (F/M) 428/64 1295/206 1712/281

Age (years) 38.92 ± 10.46 40.86 ± 10.98 39.43 ± 10.64

Preop BMI (kg/m2) 45.48 ± 6.48 48.42 ± 8.24 47.69 ± 7.95

Preop EBW (kg) 63.24 ± 18.72 71.96 ± 25.02 69.81 ± 23.94

PreopTBW (kg) 122.46 ± 10.98 131.65 ± 28.31 129.39 ± 27.09

Age and weight presented as mean ± SD.
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