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Chapter 1
Introduction and outline of the thesis

7

Prevalence of obesity and associated diseases, including type 2 diabetes mellitus (T2DM),
dyslipidemia, non-alcoholic fatty liver disease (NAFLD) and cardiovascular disease are
increasing. At the current pace, more than one billion adults will be obese by 2030 [1]. The
reasons for these global changes are obvious, especially in the western world, where people
got used to escalators, elevators, cars, sedentary work and leisure, exposed to an oversupply
of processed food, presented in increasing portions, containing increasing amounts of added
sugars. Yet, there are distinct differences that remain unexplained. Many are susceptible for
these external factors in modern society and become obese, but not all obese develop obesity
related comorbidities, and others do not develop obesity at all. Several internal factors have
been suggested to contribute both to obesity, impaired glucose control and the development
of NAFLD, such as the immune system and gut microbiota, but an overall answer has yet to be
found [2-4].
Education, diets and combined lifestyle interventions proved not effective enough in
combatting this epidemic. Only very few lose weight long enough to make a difference [5].
There are medications and endoscopic interventions that bring about some weight-loss, but
yet without significant impact. The most effective intervention against morbid obesity at time
is bariatric surgery, with the two most popular procedures laparoscopic Roux-en-Y gastric
bypass (LRYGB) and laparoscopic sleeve gastrectomie (LSG), both illustrated in figure 1.1.
Common goals of all these treatment modalities are to improve health, life expectancy and
quality of life, but the most evident effect, of course, is weight-loss.
Measuring and reporting weight-loss has its advantages and disadvantages. It is the most eyecatching and easiest to measure result of an intervention and it correlates with health
improvement. However, weight-loss results cannot easily be compared, for two reasons:
absolute overweight is not related to health burden in all cases equally and the meaning of a
weight-loss result depends heavily on the baseline characteristics.
Absolute overweight is commonly classified based on the body mass index (BMI), calculated
as body weight divided by the square of the body length. But BMI does not account for any
other factors that determine the individual health burden of overweight, such as body
composition (percentages of muscle and fat), fat distribution (central or peripheral obesity),
gender, age, or ethnicity.
Weight-loss is defined relative to the baseline state. The same weight-loss result will therefore
mean more improvement in absolute BMI in heavier persons than in lighter persons. Baseline
characteristics of especially bariatric patients vary widely. They involve both genders, all ages
between 18 and 65 years, BMI ranging from 35kg/m2 to double and more and many possible
obesity related comorbidities [6]. This makes comparing and interpreting weight-loss results
of especially bariatric surgery challenging.
Weight-loss, in general, results from a decreased uptake of calories (caused, for example, by
famine, diets, malabsorption or bariatric surgery), or an increased expenditure of calories
(caused, for example, by disease or physical activity). In case of intended weight-loss, the
8

impact on calorie uptake and expenditure can be called the effectiveness of the intervention.
The extent of weight-loss depends on this impact, and on multiple personal factors, including
baseline characteristics such as gender, age, weight, height and genetic background,
psychological and behavioral characteristics, individual metabolism and fat distribution,
satiety and craving, comorbidities, use of medication and most probably also gut microbiome.
In search of underlying mechanisms of obesity and bariatric surgery induced weight-loss, all
these personal factors should be charted by extensive phenotyping. In general, however, the
average weight-loss of a large heterogenous group of persons, each with their own personal
factors, can be a measure of the effectiveness of the intervention they underwent.
Weight-loss can be expressed as percentages of the baseline weight, with a metric called
percentage weight-loss (%WL) or percentage total weight-loss (%TWL). In bariatric surgery,
weight-loss traditionally is expressed as percentages of the excess weight, with a metric called
percentage excess weight-loss (%EWL), in which the excess weight is calculated from the
baseline weight. This means that for both measures the calculation of weight-loss is partly
determined by an important personal factor: the baseline weight. Baseline weight could
therefore influence weight-loss in two different ways: as a personal factor, being one of the
baseline characteristics, and as an algebraic factor, being part of the formula for calculating
weight-loss.
This can have implications when comparing weight-loss results of unequally heavy persons,
which is not uncommon in bariatric surgery. Differences in baseline BMI between bariatric
patients, subgroups or study cohorts can easily occur, often coincidentally and unintended, as
some examples show. Baseline weight can play a role when surgeons and patients chose the
type of bariatric procedure. Bariatric patients with baseline BMI below 40kg/m² will have
comorbidities in all cases to be eligible for primary operation, following international
guidelines, whereas patients with higher BMI may have none. Differences in mean baseline
BMI are observed between cohorts from the Americas, Europe and Asia. Patients undergoing
revisional bariatric surgery usually have a lower BMI than before their primary surgery. An
unexperienced surgeon might prefer to operate less heavy patients during the learning curve.
Obese patients treated with bariatric surgery are often heavier than those treated with
conservative measures are.
The influence of such differences in baseline weight can become relevant in different ways
[7]. First, mistakes can be made when interpreting or comparing outcomes, even if subtle
differences in baseline weight are not taken into account. Second, patients would want to
compare their own weight-loss results with those of peers, even if they had a different
baseline weight. Third, mistakes can be made when comparing the bariatric effect of an
operation (weight-loss) with its metabolic effects (for example on glucose metabolism).
Finally, weight-loss of lighter patients might be judged as successful easier than results of
heavier patients, as lighter patients can reach a lower BMI with less weight-loss than heavier
patients. The double influence of baseline weight and these possible consequences have
hardly been addressed in bariatric research. Much attention was paid to how exactly define
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excess weight in calculating %EWL [8,9]. In this thesis, evidence is presented against the use
of this metric all together. The question whether the effectiveness of a bariatric procedure is
largely independent of the patient’s baseline BMI, or not, is the focus of the first parts of this
thesis; several consequences of the findings are the subject of the other parts.
The research in this thesis focusses on weight before and after bariatric surgery; the one, an
important defining feature of morbid obesity, the other, an important defining feature of
bariatric surgery. The first aim is to investigate relations between these two. The second aim
is to find novel methods for presenting and assessing outcome after bariatric surgery. The
third aim is to investigate personal factors in morbid obese subjects that influence outcome
after bariatric surgery, in search of underlying mechanisms and pathways that could play a
role in the development of obesity.

Part I: Weight-loss metrics influenced by baseline body mass index of bariatric patients.

CHAPTER 2 investigates the deviation in nadir weight-loss results (i.e. lowest weight reached
within the first years after the operation, or peak weight-loss) using different weight-loss
metrics, by retrospectively analyzing LRYGB outcome in a cohort of 168 Belgian female
patients. If the outcome deviation can decrease, simply by using a different outcome measure,
it would indicate that additional deviation in weight-loss results is generated by the calculation
methods [10].
In CHAPTER 3, nadir weight-loss results after LRYGB are analyzed in a much larger cohort, of
7212 women from the worldwide largest bariatric database at time, the American Bariatric
Outcomes Longitudinal Database (BOLD) registry. It is observed that, on average, lighter
persons have more %EWL, but at the same time less %TWL, than heavier persons. The
formulas of these two metrics are structured similarly, but their effects on the relation
between baseline BMI and weight-loss outcome are reversed. It is investigated whether the
influence of baseline BMI on the deviation of weight-loss results could disappear if another,
similarly formulated, outcome measure is used ‘between %TWL and %EWL’. This hypothesis
is depicted in figure 1.2 [11].
CHAPTER 4 explores the linear relationship between baseline BMI and weight-loss, with nadir
weight-loss results after LRYGB, in a cohort of 8945 men and women from the BOLD registry.
The corresponding metric renders results with the smallest deviation. It is called percentage
alterable weight-loss (%AWL) and it is used in this chapter to investigate the influences of
gender and age [12].
In CHAPTER 5 the features of the %AWL-metric, as well as the influences of gender and age
on weight-loss are validated with retrospective analysis of nadir weight-loss results of 500
LRYGB patients operated in our bariatric center in Amsterdam [13].
10

Part II: Defining bariatric success, baseline weight and weight-loss in metabolic surgery.

In CHAPTER 6, results of the cohort of 8945 LRYGB patients from the BOLD registry are used
to compare actual weight-loss with popular criteria for bariatric weight-loss success 50%EWL
and BMI 35kg/m². An alternative way of defining sufficient weight-loss is introduced:
percentile charts, similar to children’s growth-charts. Instead of comparing individual weightloss results with preset goals, they are compared with results of peers [14].
In CHAPTER 7 nadir weight-loss results of 726 patients operated in our bariatric center in
Amsterdam, that either underwent primary LRYGB, or revision LRYGB with gastric band
removal, are compared retrospectively using different definitions of baseline weight: the
measurement before the revision surgery, or the one before the primary surgery. Results can
clarify whether a stable personal weight should be preferred as baseline weight for calculating
weight-loss results, or the accidental weight on the day of surgery [15].
In CHAPTER 8, bariatric metrics and criteria for success (concerning weight-loss) are compared
with metabolic improvement and treatment goals (concerning T2DM), using retrospective
one-year outcome of 449 LRYGB patients with T2DM, operated in our bariatric center in
Amsterdam, in search for the optimal weight-loss metrics for expressing outcome of metabolic
surgery [16].

Part III: Weight-loss percentile charts; relevance and use.

In CHAPTER 9 it is elaborated how to construct a weight-loss percentile chart, using weightloss results of 2880 LRYGB patients, operated in our bariatric center in Amsterdam. The
relevance of this novelty is investigated by comparing these retrospective results to different
common benchmarks and existing evidence, and by establishing their prognostic value with
outcome of a subgroup of patients [17].
In CHAPTER 10, the principles of a %AWL-based chart are used to investigate which percentile
curve should be preferred as dynamic cut-off for sufficient and insufficient weight-loss, based
on retrospective analysis of mid-term one to seven years weight-loss results of 3031 LRYGB
patients operated in our bariatric center in Amsterdam. This cut-off curve is used to calculate
the sensitivities and specificities of thirteen common bariatric weight-loss criteria [18].
In CHAPTER 11, four minimum requirements for a bariatric weight-loss percentile chart are
proposed. A chart should be based on outcome of a large (preferably multicenter) and
representative cohort. It should cover a time interval long enough to include the phase of
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weight regain after initial weight-loss. It should be based on independent data, with only one
postoperative measurement per patient. And, it should express weight-loss in a comparable
way, with the least interference of differences in baseline BMI. Two such charts are
constructed, for LRYGB and for LSG, using multicenter retrospective data of 9393 patients
operated in our bariatric center in Amsterdam and in two large centers in Rotterdam and
Eindhoven. These multicenter results are used in this chapter to validate the %AWL-metric for
LRYGB and LSG and to calculate sensitivities and specificities of four bariatric weight-loss
criteria for both bariatric procedures [19].

Part IV: Effects and underlying causes of differences between bariatric patients.

In CHAPTER 12, the weight-loss responses of 4835 LRYGB patients, operated in our bariatric
center in Amsterdam, are defined with the Dutch bariatric chart, as presented in chapter 11,
and retrospectively correlated with laboratory results of thirty routine blood tests during five
years of follow-up. Results are used to investigate the effects of weight-loss response and
postoperative time on deficiencies, obesity related inflammation, glucose and lipids
metabolism [20].
CHAPTER 13 introduces the BARIA study. The research on the distribution of results after
bariatric surgery in this thesis raises questions about the underlying causes of the differences
at baseline and in outcomes. Why do morbid obese patients show such distinct differences in
baseline characteristics and why do weight, health, quality of life, comorbidities or
cardiovascular risk improve after bariatric surgery in some individuals more than in others?
The BARIA longitudinal cohort study protocol is presented, including some preliminary results.
The study follows a systems biology approach, examining how gut microbiota and their
metabolites affect transcription in liver, adipose tissues and gut and which other personal
factors determine results after bariatric surgery. Personal factors are charted and investigated
by extensively phenotyping patients scheduled for bariatric surgery in our bariatric center,
including mixed meal tests, fecal samples, intraoperative biopsies and portal vein blood
samples, and by monitoring them for a minimum of two years. The BARIA study aims to find
diagnostic and therapeutic leads in the treatment of obesity and related diseases [21].
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Figure 1.1 Illustrations of the sleeve gastrectomy and the Roux-en-Y gastric bypass
procedures, schematically showing distal esophagus, stomach and pylorus, duodenum with
hepatopancreatic duct, small bowel and proximal colon.
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Figure 1.2 Schematic representation of the influence of baseline BMI on weight-loss results
for different weight-loss metrics percentage excess weight-loss (%EWL), percentage total
weight-loss (%TWL) and a hypothetical metric ‘between %TWL and %EWL’ (%?WL).
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Abstract
Background: Bariatric results expressed in the relative measure excess weight-loss (%EWL)
vary significantly by initial body mass index (BMI): the heavier the patient, the lower the
%EWL. We examine if this variation is caused by using a wrong outcome measure and argue
that no relative weight-loss measure can express bariatric or metabolic goals unequivocally.
Methods: Nadir weight-loss results after laparoscopic gastric bypass in 168 women with initial
BMI ≥35 to <60 kg/m² are calculated for %EWL and 61 different relative measures using the
formula 100%× (initial BMI - nadir BMI)/ (initial BMI - a), with “a” ranging from -30 to +30.
Standard deviations are compared mutually and with those reported in the literature. For each
relative measure, the significance of any variation by initial BMI is determined with the MannWhitney U-test. Results: Mean initial BMI was 44.9 ±6.7 (35.0-59.7) kg/m². Mean nadir BMI
was 28.8 ±5.8 (18.5-44.4) kg/m². Mean nadir excess BMI loss (%EBL; a=25) was 87.0 ±28.0
(19.4-155.1) %. Mean nadir (total) weight-loss (%TWL; a=0) was 35.9 ±8.5 (9.5-57.1) %. Mean
nadir %EWL was 77.3 ±22.8 (17.7-135.2) %. The smallest variation coefficient was 23.7% at “a”
ranging from -1 to +3, including %TWL (a=0). This is lower than variation coefficients of %EWL
results in our series and in the literature. Variation by initial BMI is significant using relative
measures with a≥3, including %EBL and %EWL (both p<0.0001) and not significant with a<3,
including %TWL (p=0.13). Conclusions: In contrast to their widespread use, %EBL and %EWL
are not suited for comparing different patients or nonrandomized groups. They cause
variation by initial BMI, which disappears using %TWL. In general, absolute terms should be
preferred for bariatric outcome and goals. The power of bariatric procedures is best
represented by their mean %TWL value.

Introduction
Weight-loss results are expressed in absolute terms, like kilogram or body mass index (BMI),
and relative terms, like percentage excess weight-loss (%EWL), percentage excess BMI loss
(%EBL), or percentage (total) weight-loss (%TWL). A recent multivariable study showed %EWL
to be substantially less accurate as an outcome measure for bariatric surgery than absolute
weight [1]. Absolute terms are favored by physicians in nonsurgical reports on weight-loss.
Relative measures are used mainly by surgeons [2]. They do this for three reasons.
1. 50%EWL is used as a mark between failure and success for bariatric surgery. It originates
from misquoting the 1982 Reinhold criteria [3]. But, although not evidence-based, 50%EWL
can be useful as an arbitrary milestone on the way to a bariatric goal, as long as it is not
mistaken for the goal of bariatric surgery itself. Like for all treatments of any disease, the goal
of bariatric surgery is twofold: health risk reduction and improvement of health-related quality
of live (QoL). Metabolic surgery adds a third. These three goals might be achieved at 50%EWL,
but not necessarily. First, there is a direct correlation between health risk and BMI [4]. As
%EWL depends on a patient's initial BMI, one single %EWL value can correspond with a wide
variety of possible BMI results in different patients. Therefore, %EWL is not able to express
18

health risk reduction unequivocally in different patients. Second, many factors other than
weight-loss play an important role in postoperative QoL [5]. Therefore, %EWL is not able to
express improvement of QoL unequivocally. Third, obesity in the metabolic syndrome is
measured not by weight but by waist circumference [6]. Therefore, %EWL is not able to
express metabolic improvement. The reasoning in these three deductions concerns all relative
weight-loss measures, not only %EWL.
2. Relative measures are used to express individual weight-loss. Relative measures are
dependent of a patient's initial BMI. Using them implies that the effect of bariatric surgery is
in some way dependent of a patient's initial BMI as well. If both dependencies match, bariatric
results would show an even distribution in a group of patients with different initial BMI. There
is evidence that this is not the case for %EWL. In large series reporting weight-loss outcome
of bariatric surgery in the past decade, results expressed in %EWL were found to vary
significantly if grouped by initial BMI: The heavier the patient, the smaller the %EWL (and vice
versa, the lighter the patient, the higher the %EWL). This was observed first for laparoscopic
gastric bypass in 2000, for gastric banding in 2003, and for biliopancreatic diversion in 2004
[7-9]. Although these findings were clear, they did not draw much attention, and whether this
initial BMI-driven variation is inherent to bariatric surgery or is caused by using a wrong
measure has not yet been examined.
3. The mean relative weight-loss result in a series of patients undergoing a specific bariatric
procedure, by a specific surgeon, or in a specific center, is used to indicate the power of that
procedure, or that surgeon, or that center. A higher mean relative result suggests a more
powerful procedure, a better surgeon, or a better center. However, surgeons using mean
%EWL can improve “their power” paradoxically by operating mainly on the safer, lower end
of the BMI scale, as lighter patients show higher %EWL values.
To find a relative measure best suited for bariatric weight-loss results and bariatric power, we
look at variations by initial BMI and at the size of deviations in one set of bariatric results
expressed in different relative measures.

Materials and Methods
Bariatric weight-loss results can be expressed using different relative measures. Relative
weight-loss measures express weight-loss relative to, first of all, the initial state and, in
general, to a specified reference point (a) as well. In the case of %EWL, this reference point is
the ideal weight, and in the case of %EBL, this point is BMI 25kg/m2. Many hypothetical
relative weight-loss measures can be constructed using different reference points. Using some
relative measures might lead to more deviation in results than using others. If so, some
measures would be less suited for expressing bariatric outcome than others. The size of
deviation could then be used to find the measure best suited for expressing weight-loss
results. For this purpose, we look at weight-loss results of a group of patients with a wide
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range of patient characteristics, but with similar bariatric procedure characteristics. From a
recently published single surgeon, single-center retrospective series of 2606 patients
undergoing a highly standardized laparoscopic fully stapled Roux-en-Y gastric bypass [10], a
sample of 168 patients with minimum follow-up of 2 years is selected randomly with specified
patient characteristics. All 168 subjects are Caucasian women. Subjects are distributed by
initial BMI in four groups (≥35 to <40 kg/m², ≥40 to <45 kg/m², ≥45 to <50 kg/m², and ≥50 to
<60 kg/m²) and in each BMI group by age in three subgroups (18-31, 32-45, and 46-59 years),
making 12 subgroups of 14 patients, in order to aspire an even distribution of patient
characteristics within the sample. Initial BMI and nadir BMI, defined as lowest BMI within 2
years postoperatively, are compared. These absolute data are then transformed into relative
data. We calculate different relative nadir weight-loss results with the formula derived from
%EBL: 100%× (initial BMI - nadir BMI)/ (initial BMI - a), in which the reference point “a” is any
whole number ranging from -30 to +30, resulting in 61 datasets of 168 results each. An extra
set is calculated for %EWL using mean values for medium body frame from the Metropolitan
Life Insurance Company Tables for Ideal Weight [11]. Whether one of these 62 relative
measures is more or less meaningful for use in bariatric surgery than the others depends on
the accuracy of the bariatric outcome expressed in this relative measure, compared to using
the other measures. We determine this accuracy in two ways: by comparing the deviations in
the results and by measuring the variation by initial BMI within the results. Therefore, we
perform with these 62 datasets two operations.
First, for each of these 62 datasets, mean and standard deviation (SD) are determined. As it
can be expected that these datasets of ratio variables have widely different means, we
compare variation coefficients (VC= 100%× SD/mean) instead of SD in order to interpret the
respective SD in the context of the mean. Different calculations of the same set of bariatric
outcome results are compared, not different bariatric outcome results mutually. Therefore,
any difference in VC can be considered significant. Furthermore, we searched PubMed for
studies published since 2000 reporting SD on %EWL results in laparoscopic gastric bypass
series with n≥100 patients at 1- or 2-year follow-up and compared them with our results for
historical significance.
Second, to demonstrate variation by initial BMI, the sample of 168 subjects is divided into two
groups of 84 by initial BMI: A, ≥35<45 kg/m²; and B, ≥45<60 kg/m². Statistical significance of
any difference in results between both groups is determined with the Mann-Whitney U-test,
considering a two-tailed p<0.05 significant.

Results
Initial BMI and nadir BMI are shown in figure 2.1. Results are reported as median/ mean ±1SD
(range). Age was 36/ 37.6 ±10.4 (18-59) years. Initial BMI was 44.9/ 44.9 ±6.7 (35.0-59.7)
kg/m². Nadir BMI was 28.4/ 28.8 ±5.8 (18.5-44.4) kg/m². Nadir %EBL was 85.5/ 87.0 ±28.0
(19.4-155.1) %. Nadir %TWL was 36.0/ 35.9 ±8.5 (9.5-57.1) %. Nadir %EWL was 77.2/ 77.3
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±22.8 (17.7-135.2) %. Figure 2.2 shows the VC for results expressed in relative measures with
reference point “a” ranging from -30 to +30 and %EWL. The smallest VC is 23.7% and is found
at “a” ranging from -1 to +3. The VC for %EBL (a=25) is 32.2%, for %EWL 29.4%, and for %TWL
(a=0) 23.7%. A PubMed search yielded seven studies published since 2000 reporting mean
%EWL with SD on n≥100 patients at 1- to 2-years after laparoscopic gastric bypass (Table 2.1)
[12-18]. The mean VC of the %EWL results in these reports is 29%, which equals the VC of
%EWL results in our series. The difference in results between the lower and the higher initial
BMI groups A and B (“variation by initial BMI”) is significant (p<0.05) using %EWL and relative
measures with a≥3 (including %EBL). It is not significant (p>0.05) using relative measures with
a<3 (including %TWL). For %EWL, p< 0.0001 (UA=1,244, z=7.20). For a=25 (%EBL), p< 0.0001
(UA=961, z=8.14). For a=0 (%TWL), p=0.13 (UA=3,049, z=1.52).

Discussion
1. The highly significant (p< 0.0001) variation by initial BMI of weight-loss results expressed in
%EBL and %EWL in our study confirms findings that outcome of bariatric surgery expressed in
%EWL varies if grouped by initial BMI. In our study, this variation disappears when expressing
the same results in a different relative measure. This is to our knowledge the first evidence
that this variation is caused by using the wrong bariatric measure and that it is not intrinsic to
any bariatric mechanism. It should therefore be concluded that, although %EBL and %EWL can
be used for individual weight-loss results, they are not suited for comparing patients with
different initial BMI or nonrandomized groups.
2. If using one measure causes more deviation than necessary, the size of deviation can be
used to find a better measure. In our study, results expressed in %TWL show the lowest VC of
all relative measures tested and without any significant variation by initial BMI (p=0.13). This
makes %TWL the better relative measure for reporting bariatric outcome, suited for
comparing both different patients and different series and reports. Several recommendations
for reporting weight-loss in bariatric surgery have been published since 2003 leading away
from the use of %EWL [19-21]. Main criticism was the ambiguity of %EWL using a reference
point that differs for each patient. %EBL was proposed as better alternative and scientifically
more correct as it is based on one single reference point. However, it does not solve the
problem of variation by initial BMI. This was noticed by Baltasar et al. in 2008 who suggested
to make some corrections using a sliding scale of reference points for %EBL by initial BMI [22].
Again, however, this would result in a measure with different reference points for each
patient. We show that variation by initial BMI can be avoided all together by using %TWL,
resulting in one relative measure suited for all patients. This is not only a practical
consequence of our findings. It touches the base of what bariatric surgeons are doing:
obviously, the weight-loss mechanism after bariatric surgery does not involve a reference
point.
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3. The main advantage of a new outcome measure must be simplification of the existing
international measures. %TWL does not only generate the narrowest deviation without
causing variation by initial BMI, it has some specific advantages as well, making it indeed
simpler to use than other relative measures. %TWL is easier to calculate, comprehend, and
explain to the patient than %EBL or %EWL, and the patient can easily translate the %TWL value
into actual weight, as put forward by Karmali et al. in 2009 [23]. Also, with increasing insight
in metabolic effects of bariatric surgery, it is important to improve communication with
endocrinologists, who mainly deal with outcome in absolute terms. %TWL relates better to
absolute terms than other relative measures, because no other reference point has to be
considered than the initial state of the patient. Besides, %EWL is not part of the
endocrinologist's vocabulary. Furthermore, as a person's body length does not change during
the weight-loss process, %TWL will always equal percentage (total) BMI loss (%TBL).
4. %EWL “behaves” like a relative measure with reference a=23, with comparable, significant
variation by initial BMI and VC. %EBL (a=25) causes a greater VC and is therefore not a better
alternative for %EWL.
5. No relative weight-loss measure is suited to express or define any of the goals of bariatric
and metabolic surgery. They might be useful to express, by consensus, an arbitrary level of
weight-loss success, but without claiming a goal. Absolute terms should be preferred for
bariatric and metabolic goals and for individual weight-loss results in conformity with common
practice in nonsurgical reports on weight-loss.
6. A narrower SD is observed using %TWL than found in reports using %EWL. Bariatric surgery
might therefore be more predictable than it seems. Mean %TWL of a series of patients who
underwent a specific bariatric procedure is better suited than mean %EWL to represent the
power of that procedure. Mean nadir %TWL in our series was 35.9 ±8.5%. This might be used
to advise patients in choosing a tailor-made procedure. For example, envisioning a health risk
reduction for a specific female patient aiming at a nadir BMI below 35 kg/m², we would expect
her chance to reach this goal with our laparoscopic gastric bypass to be less than one in two
if her initial BMI is above 55 kg/m², or less than one in six if it is above 60 kg/m². We might
therefore suggest more restriction or malabsorption from the beginning and discuss with her
the options of a (adjustable) banded gastric bypass or a biliopancreatic diversion as primary
procedure.
7. Our conclusion on preferring %TWL above %EBL and %EWL is based on mathematical
evidence. Our mathematical method can be applied by any surgeon on his or her own results
to come to similar conclusions. This might convince to change the way we report our outcome.

22

Table 2.1 Studies published since 2000 reporting mean %EWL including SD on n≥100 patients
at 1- to 2-years after laparoscopic gastric bypass.
Authors
Schauer et al. [12]
Sekhar et al. [13]
Jan et al. [14]
Strain et al. [15]
Christou et al. [16]
Welch et al. [17]
Kim et al. [18]
mean (7 studies)
mean (1550 subjects)

n (at 1-2 year
follow-up)
101
477
237
101
315
100
219

year of
publication
2000
2007
2007
2009
2009
2010
2010

mean
%EWL
68.8
71.3
64.9
70.4
70.4
59.1
66.2
67.3
68.4

standard
deviation
22
18.4
18
19.7
22.5
17.2
19.7
20
20

variation
coefficient
32
25.8
28
28.0
32.0
29.1
29.8
29
29

Figure 2.1 Initial BMI and nadir BMI (defined as lowest BMI within 2-years postoperatively) in
a sample of 168 Caucasian women who underwent a standardized, single surgeon, fully
stapled laparoscopic Roux-en-Y gastric bypass.
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Figure 2.2 Variation coefficient (100% × SD/mean) for results expressed in different relative
measures with formula 100%× (initial BMI - nadir BMI)/ (initial BMI - a) with reference point
“a” ranging from -30 to +30, and in percentage excess weight-loss (%EWL).
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Chapter 3
Bariatric Outcomes Longitudinal Database (BOLD) Suggests Excess Weight loss and Excess
BMI Loss to Be Inappropriate Outcome Measures, Demonstrating Better Alternatives
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Abstract
Introduction: Excess weight-loss (%EWL) results show significant variation by initial body mass
index (BMI): the heavier the patient, the lower the result. It is unclear whether this effect
originates from the arithmetic construction of this outcome measure or from any true
difference in bariatric impact on heavier and lighter patients. Outcome measures generating
inappropriate variation would actually be unsuited for bariatric reports with possible
implications on existing bariatric evidence. Methods: Nadir weight-loss results after
laparoscopic gastric bypass in 7212 women from the Bariatric Outcomes Longitudinal
Database (BOLD) are calculated for %EWL and 26 different relative measures using the
formula 100%x (initial BMI - nadir BMI)/ (initial BMI - a), with reference point 0≤ a≤ 25.
Variations by initial BMI and deviations in results using each relative measure are compared.
Results: Mean initial BMI, 47.5 kg/m². Mean nadir BMI, 28.9 kg/m². Mean nadir results of the
lighter (A) and heavier (B) halves (2x n= 3606) by reference point, a= 25 (excess BMI loss
(%EBMIL)), 95.3% (A)/ 77.2% (B); a= ideal weight (%EWL), 81.7% (A)/ 70.4% (B); a= 10, 49.6%
(A)/ 49.7% (B); a= 0 (total weight-loss (%TWL)), 37.7% (A)/ 40.2% (B). Variation by initial BMI
is significant using all relative measures, except those with a= 9 (p= 0.396) and a= 10 (p=
0.504). The smallest variation coefficient is 21.5% at 8≤ a≤ 14. Conclusions: Gastric bypass
works equally effective for all female patients, reducing the part of body mass above 10 kg/m²
by an average of 49.6%, regardless of their initial BMI. In contrast, %EWL and %EBMIL generate
variation by initial BMI, providing lighter patients inappropriately with better results,
potentially interfering with the significance of bariatric evidence. These two most widespread
used outcome measures in bariatric surgery are therefore actually unsuited for comparing
patients or groups. This BOLD data makes a strong argument for abandoning %EWL and
%EBMIL altogether and reporting bariatric relative outcome as %TWL only.

Introduction
Bariatric weight-loss results can be expressed with absolute measures like kilograms and body
mass index (BMI), or with relative measures. A 2005 review of the literature showed the
simple relative measure total weight-loss (%TWL) to be used both in surgical and nonsurgical
reports, but the two relative measures excess weight-loss (%EWL) and excess BMI loss
(%EBMIL) to be favored by surgeons only [1]. %EWL and %EBMIL presently are the two most
widespread used outcome measures in bariatric surgery, serving two purposes. First, they
implicate a goal: ideal weight for %EWL and 25 kg/m² for %EBMIL. In that sense %EWL and
%EBMIL values express to what extent these goals are reached. The 25%EWL and 50%EWL
marks (often mistaken for the 1981 Reinhold criteria [2]) are frequently used as criteria for
failure and success of treatment. Next, %EWL and %EBMIL are used to compare weight-loss,
not to a preset goal, but to the results of other patients. In that sense they have become just
outcome measures. Both applications of these measures are essentially different. %EWL and
%EBMIL serve their original purpose (implicating a goal) as long as there is consensus among
surgeons that ideal weight or 25 kg/m² are the right goals for bariatric surgery. This does not
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however make them suited automatically for their derived use as simple outcome measures.
In fact, several authors reporting on different bariatric procedures observed that outcome
expressed in %EWL varies by initial BMI: the heavier the patient, the lower the %EWL. This
was noticed first for laparoscopic gastric bypass in 2000 by Higa et al. [3], for gastric banding
in 2003 by Biertho et al. [4] and for biliopancreatic diversion in 2004 by Biron et al. [5]. These
remarks however did not draw much attention. Recently, this finding was complemented by
van de Laar et al. showing that the variation by initial BMI in %EWL results of a sample of 168
laparoscopic gastric bypass patients not only increased using %EBMIL but disappeared
altogether using different relative measures [6]. This suggests that variation by initial BMI
might not be intrinsic to bariatric outcome, but in fact caused by using specific relative
measures, including %EWL and %EBMIL. These outcome measures might therefore be less
suited for comparing patients with different initial BMI. However, the sample used by van de
Laar et al. and the scarce reports on this variation in bariatric literature are not probative for
this conclusion to be generally valid. A few questions remain. First, does variation by initial
BMI always occur if %EWL and %EBMIL are used? Second, does it always disappear using other
outcome measures? Third, is it relevant enough? If it were true that %EWL and %EBMIL
generate variations in results that are both avoidable and relevant, then all existing evidence
based on outcome expressed only as %EWL or %EBMIL could be affected and should be
scrutinized.
The purpose of the present study is to test the first two questions by using the same arithmetic
methods as described by van de Laar et al., in the largest series available, with data from the
Bariatric Outcomes Longitudinal Database (BOLD). The relevance of these findings, the third
question, is merely investigated.
In general, relative weight-loss measures express weight-loss relative to the initial BMI and to
a specified reference body mass. In the case of %EWL, this reference is ideal weight, reflecting
a patient’s ideal body mass considering weight, length, gender and body frame according to
the 1983 Metropolitan Life Insurance Company Tables for ideal weight [7]. In the case of
%EBMIL, this reference is the body mass with Quetelet index of 25 kg/m², considering only
weight and length. %TWL has no reference body mass; its reference point is zero. Many
hypothetical relative weight-loss measures can be constructed using different reference
points. Using some might lead to more or less variation by initial BMI than using others.

Materials and Methods
The Institutional Review Board approved the present study. The September 2011 BOLD
database cut is searched for all female patients that underwent a primary fully laparoscopic
Roux-en-Y gastric bypass with minimum follow-up of 2 years. BMI at first preoperative visit
(initial BMI) and age at time of surgery are determined. The nadir BMI is defined as lowest
reported BMI post-surgery. Each absolute nadir weight-loss result is transformed into 27
different relative nadir weight-loss results. They are calculated with the formula: 100%× (initial
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BMI - nadir BMI)/ (initial BMI - a) in which reference point “a” is any whole number ranging
from 0 to 25 kg/m², resulting in 26 datasets. An extra set is calculated for %EWL using mean
values for medium body frame from the Metropolitan Life Insurance Company Tables for ideal
weight. To demonstrate variation by initial BMI, the whole group is divided by initial BMI into
halves and into quarters. Statistical significance of any difference in results between these
subgroups is determined with the Mann-Whitney U-test for each of the 27 relative outcome
measures separately (considering a two-tailed p<0.05 significance). To further substantiate
variation, the deviation of the results is determined for each of these 27 data sets. For this
purpose, variation coefficients (VC= 100%x standard deviation/ mean) are used instead of
standard deviation, because these sets of ratio variables are expected to have widely different
means. It is important to note that in all of these operations, different calculations of the same
bariatric outcome results are compared, not different bariatric outcome results mutually.

Results
The September 2011 BOLD database cut yielded 7340 female patients that underwent a
primary fully laparoscopic Roux-en-Y gastric bypass with minimum follow-up of 2 years. One
hundred twenty-eight patients were excluded because of a more than 2.54 cm (1 inch or
more) difference between the reported preoperative and postoperative body length. Results
of the remaining 7212 patients are analyzed. Their mean characteristics and mean nadir
weight-loss results are presented in table 3.1, expressed in different outcome measures and
grouped by initial BMI in four quarters and two halves. Differences in initial BMI, age and body
length between both halves (subgroups A and B) are significant (p< 0.05). Median nadir results
of these subgroups A (lighter) and B (heavier) are presented in figure 3.1, expressed in relative
outcome measures with different reference points. They are, for a=25 (%EBMIL), A 95.5% and
B 76.9%; for a=ideal weight (%EWL), A 82.1% and B 70.3%; for a=10, A 50.3% and B 49.6%; and
for a=0 (%TWL), A 38.1% and B 40.1%, respectively.
Significance of Variation by Initial BMI
The difference in relative results between subgroups A and B is significant (p<0.05) using
%EWL (p<0.0001) and relative measures with a≥11, including %EBMIL (p<0.0001). This
variation has an inversed correlation to the absolute weight-loss: heavier patients show higher
absolute weight-loss but lower relative weight-loss. There is no significant variation by initial
BMI using relative measures with a=9 (p= 0.396) and a=10 (p= 0.504). With these two relative
measures, heavier and lighter patients show similar relative weight-loss results. There is a
significant variation by initial BMI (p<0.05) using relative measures with a≤8, including %TWL
(p< 0.0001). This variation is not inversed: heavier patients show both higher absolute weightloss and higher relative weight-loss.
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Influence of Initial BMI on the Deviation of Results
Variation coefficients for results expressed in different relative measures are presented in
figure 3.2. The smallest variation coefficient is 21.5% and is found at 8≤a≤14, the largest at
a=25 (%EBMIL).

Discussion
The significant (p<0.0001) variation by initial BMI of weight-loss results expressed with
%EBMIL and %EWL in 7212 patients from the BOLD database confirms previous findings that
heavier patients show smaller %EBMIL and %EWL results than lighter patients. At first sight, it
seems obvious that outcome measures based on excess weight (%EWL) or excess BMI
(%EBMIL) are responsible for at least part of this effect. After all, heavier bariatric patients,
having more absolute excess weight, need to lose more kilograms or BMI points than lighter
patients in order to reach the same relative excess weight-loss. It is however remarkable that
even in this large series this variation disappears altogether when expressing the same results
in a different relative measure (p= 0.504). This means that %EWL and %EBMIL are actually
responsible not for part of the effect, but for all variation by initial BMI: heavier patients show
smaller %EBMIL and %EWL results than lighter patients for the one reason that these specific
measures are used. In other words, variation by initial BMI is not intrinsic to bariatric surgery,
but in fact caused by using wrong outcome measures. It is unfortunate that the two most
widespread used outcome measures in bariatric surgery, %EBMIL and %EWL turn out to be
those wrong measures. The findings are supported by the clear differences in deviation using
different relative measures to the detriment of %EWL and %EBMIL.
However, although all subjects in both subgroups A and B are female and underwent the same
bariatric procedure, factors like ethnicity, eating habits or comorbidities were not taken into
account in this study. Furthermore, the differences in age and body length between both
subgroups might be very small (1.5 years in mean age and 0.8 cm in mean body length), but
they are statistically significant. But, although these shortcomings could attribute to the
variations seen in this study, they cannot explain the resolute disappearance of variation using
different weight-loss measures, which actually is the most important finding of this study.
Before concluding %EWL and %EBMIL to be unfit for comparing results of different patients
altogether, the relevance of the variation these measures generate should be assessed.
Relevance should not so much be found in the size of the variation itself, although the mean
difference between the two outer quarters for %EBMIL is no fewer than 28% (100 %EBMIL if
initial BMI is <42 versus 72 %EBMIL if initial BMI is >52), but in the impact this redundant
variation can have on the significance of conclusions. Conclusions in bariatric outcome studies
are often based on significance of any difference (or absence of any difference) between two
groups or within one. A difference in initial BMI could make a true difference in outcome look
less significant than it should if expressed in %EWL or %EBMIL. For example, if there is no
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significant difference in %EWL results between a group of sleeve gastrectomy patients and a
group of gastric bypass patients, it is still wrong to conclude that both bariatric procedures are
equally effective if the sleeve patients initially were a bit lighter than the others. Same %EWL
values in two patients with different initial BMI should in fact be interpreted as two different
weight-loss results, while two different %EWL values in two patients with different initial BMI
could well be the expression of a similar weight-loss. Mistakes could be made by neglecting
these effects when omitting absolute results to accompany the relative outcome. This warning
is not new. In 2005 Dixon et al. recommended presenting outcome in absolute terms in all
cases to be a minimal reporting requirement [1]. Eleven years earlier, the committee on
standards for reporting results of the American Society for Bariatric Surgery stated similar
recommendations [8]. The relevance of %EWL-caused variation was illustrated in a recent
systematic review examining 62 studies reporting on the potential association between
preoperative BMI and weight-loss after bariatric surgery in a total of 24326 patients. It was
noted that there appeared to be a negative association (less postoperative weight-loss in
patients with higher preoperative BMI) especially for studies using %EWL. The opposite was
true for those studies reporting weight-loss using absolute BMI instead. It seemed as if the
outcome measure used was more predictive for the postoperative weight-loss than the actual
preoperative BMI [9].
There are other reasons as well to be aware of this variation. Lighter patients will have better
%EWL and %EBMIL results, just because of this arithmetic effect. This mathematical bonus
could well make the difference if applied to the 50%EWL criterion for success for example.
Surgeons can profit from this bonus as well. Operating mainly on the safer, lower BMIs will
bring them better %EWL and %EBMIL results automatically.
The disappearance of variation by initial BMI does not only mean that it is caused only by the
relative outcome measure used but also that it is not caused by gastric bypass surgery. In other
words, initial BMI does not influence the relative nadir weight-loss result after gastric bypass:
the operation works as effectively for heavier patients as for lighter patients.
The variation by initial BMI disappears when results of the BOLD data are expressed in relative
measures with reference body mass 9 or 10 kg/m². This gives a nice insight in the underlying
mechanism of the bariatric procedure, as it means that, on average, gastric bypass potentially
reduces the part of the body mass above 10 kg/m² in all female patients by 49.6%, regardless
of their initial BMI. What could this mean? Undoubtedly, part of a person’s body mass is not
subjected to weight-loss. This is the inert body mass of bones, tendons, nervous system, blood
vessels, etc. Extrapolating weight-loss hypothetically to the extreme, it becomes evident that
losing weight is not held at ideal weight (%EWL) or at BMI 25 kg/m² (%EBMIL), nor that it can
continue to zero (%TWL). From studies on extreme starvation in anorexia nervosa [10] and
victims of famine [11], it is known that weight-loss in fact stops at a minimal viable BMI of
about 10 kg/m², which matches the optimal reference point found in this study. However, this
new relative measure probably is of no practical use for reporting bariatric outcome. Different
people will have a different inert body mass depending on gender, race, and “body frame”
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and therefore might have different optimal reference points as well. This underlines that using
relative measures in bariatric surgery is a bit like playing with fire. Probably %TWL, not having
a reference point at all, has the least disadvantages with the least chance of burning your
fingers. Of course, %EWL and %EBMIL do have a kind of emotional advantage above %TWL in
that they imply a personal goal or target to be reached (a patient’s ideal weight or normal
BMI). On an individual basis, %EWL and %EBMIL results might therefore be more meaningful
for some patients and their surgeons than %TWL results. This does not however outweigh the
presented disadvantages that arise when these outcome measures are being used to compare
weight-loss not to a preset target but to the results of other patients for scientific purposes.
For comparing patients with other patients in a scientific way, %TWL definitely is the better
alternative, for several reasons. The BOLD data show that %TWL generates the smallest
variation of the three. The differences in medians between subgroups A and B for %EBMIL and
%EWL are 18.6% and 11.8% respectively, which are in sharp contrast with the 2.0% for %TWL.
The variation by initial BMI is therefore more likely to interfere with the significance of
conclusions on bariatric outcome using %EWL and %EBMIL than using %TWL. Moreover,
unlike %EWL and %EBMIL, the variation generated by %TWL is not inversed to the variation in
absolute weight-loss: Heavier patients show more absolute weight-loss and higher %TWL
results (but lower %EWL and %EBMIL results). %TWL is used in many bariatric reports in recent
years; it is easy to comprehend and visualize and easy to calculate as well, because, as a
patient’s body length does not change during the weight-loss process, percentage total
weight-loss will always equal percentage total BMI loss. Furthermore, it can be calculated from
kilograms, pounds or BMI points alike, without the need for conversion. Finally, %TWL is
compatible with what our colleagues in metabolic medicine use. For good reasons, they would
not use %EWL or %EBMIL, as there is no connection what so ever with these outcome
measures and existing criteria for obesity related health risk and metabolic impairment.
In summary, there is now strong evidence for abandoning %EWL and %EBMIL altogether. It
should be recommended to express bariatric relative outcome only in %TWL, together with
absolute kilograms or BMI points lost in all cases.
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Figure 3.1 Variation by initial BMI. Medians of groups A (≤median initial BMI) and B (≥median
initial BMI) of the same data expressed in different relative weight-loss measures (in percent)
according to the reference point “a” (in kilograms per square meter). %TWL: percent total
weight-loss (a=0). %EBMIL: percent excess body mass index loss (a=25). NS: difference not
significant (p>0.05). The result for percent excess weight-loss (%EWL) is projected on the
curves (circles).
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Figure 3.2 Variation in deviation. Variation coefficients (in percent) as a measure of deviation
of the same results expressed in different relative weight-loss measures according to the
reference point “a” (in kilograms per square meter). %TWL: percent total weight-loss (a=0).
%EBMIL: percent excess body mass index loss (a=25). The variation coefficient for percent
excess weight-loss (%EWL) is projected on the curve (circle).
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Abstract
Background: Insight into the effects of gender and age on bariatric weight-loss can be
disturbed by the well-known influence of initial body mass index (BMI) on excess weight-loss
(%EWL). Alternative metrics can be found that eliminate this influence. Their formulas can be
used to construct an algorithm in which mean weight-loss becomes a constant value,
describing the effectiveness of the operation independent of the initial BMI. The objective of
this study was to create an algorithm describing weight-loss after LRYGB in search for a better
outcome metric to demonstrate unequivocally the influence of patient characteristics on
bariatric results. Methods: Nadir weight-loss results of Bariatric Outcomes Longitudinal
Database patients, grouped by gender and age (<40 year and ≥40 year), with ≥2 years followup after LRYGB and initial BMI ≥30 and <80 kg/m², are expressed in 26 different metrics with
formula: 100% x (initial BMI - nadir BMI)/(initial BMI - a) with “reference BMI” a= 0-25 kg/m².
For each subgroup, the “optimal reference BMI” (a) generating the smallest deviation and
without significant difference in outcome between lighter and heavier patients is used to
construct an algorithm (Mann-Whitney U-test; p<0.0002). Mean nadir relative weight-loss
results (b) are compared. Results: A total of 8945 patients met inclusion criteria (mean initial
BMI 47.7 kg/m²; median age 48 year; 20.0% male). Both female subgroups had optimal
reference BMI: a= 10 kg/m²; both male subgroups: a= 17 kg/m². LRYGB effectiveness (b) was
significantly higher for younger patients and for female patients. The %EWL-metric rendered
different significances. Conclusions: Both genders have age-independent metrics for which
nadir relative weight-loss after LRYGB is not influenced by initial BMI. The resulting algorithm
nadir BMI = a + (100% - b) x (initial BMI - a) consists of an inert part (a= 10-17 kg/m²) on which
the bariatric effectiveness (b) does not act and an alterable part (initial BMI - a) on which it
does. The proposed metric percentage alterable weight-loss (%AWL) reduces results to
constant values for bariatric effectiveness (b), facilitating research on the precise effect of
patient characteristics and surgical variables on postoperative weight-loss, better than %EWL,
a metric able to produce false conclusions. Women and younger patients had significantly
more weight-loss; initial BMI had no effect.

Introduction
Many factors influence the individual postoperative weight-loss result after bariatric surgery.
Accordingly, bariatric weight-loss outcome shows distinct deviation, ranging from excellent to
poor results. A strong predicting factor of weight-loss outcome is the type of operation used
[1]. The effects of gender and age on bariatric weight-loss are not clear from the literature.
One of the patient-related factors that is believed to influence the postoperative weight-loss
result is the initial (preoperative) body mass index (BMI). Numerous studies on gastric bypass
outcome report percentage excess weight-loss (%EWL) results to be clearly influenced by the
initial BMI: the heavier the patients, the lower their %EWL results [2-5]. A systematic review
that researched this possible association between initial BMI and weight-loss after bariatric
surgery noted that heavier patients indeed showed less postoperative weight-loss, but only if
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results were expressed in the relative metric %EWL. The opposite was true for studies
reporting weight-loss in absolute terms instead, such as kilograms or BMI. It seemed as if the
outcome metric used was more predictive for postoperative weight-loss than the actual initial
BMI [5].
Postoperative weight-loss can be expressed in absolute terms and relative terms. Relative
metrics are derived from absolute measures. Absolute weight-loss after gastric bypass
surgery, expressed in kilograms or BMI is clearly influenced by the initial weight or BMI. It is
not only a common finding, but quite obvious as well, that heavier patients can lose on
average more absolute kilograms or BMI points with the same operation than lighter patients.
Converting this absolute outcome into percentage weight-loss (%WL) results preserves this
correlation: heavier patients lose more %WL. Converting this absolute outcome into %EWL,
however, turns this correlation around: heavier patients lose less %EWL. However, these two
most used relative weight-loss metrics in bariatric surgery %WL and %EWL are not the only
possible relative measures that can be derived from absolute outcome. Recently, it was
pointed out in a study on data from the Bariatric Outcomes Longitudinal Database (BOLD) that
the apparent influence of the initial BMI on %EWL and %WL results can disappear completely
when the same outcome is expressed with a different relative metric, confirming earlier
findings in a much smaller cohort [6,7].
In general, relative weight-loss metrics express weight-loss relative to the initial state and to
a reference state with the formula:


Formula 1: relative weight-loss = 100% x (initial state - postoperative state)/ (initial state
- reference state)

The reference state for the %EWL-metric is the patient-specific ideal state. Different ways of
defining the ideal state are in use, such as BMI 25kg/m², BMI 23kg/m², or ideal weight (IBW)
from the Metropolitan Life Insurance tables [8]. The same formula applies for %WL, with
reference zero.
The aforementioned study on BOLD outcome found that a reference BMI can be found
somewhere between 0 (heavier patients lose a greater percentage) and 25 (heavier patients
lose a lesser percentage), for which relative outcome from heavier patients did not
significantly differ from that of lighter ones (heavier patients lose a similar percentage). In
other words, a reference BMI can be chosen that renders a constant mean value independent
of the initial BMI. The formula then contains 2 constant values (the reference BMI and the
mean relative outcome) and 2 variables (initial BMI and postoperative BMI), describing a linear
function between them. If the reference BMI is called “a” and the mean relative outcome is
called “b”, then formula 1 converts to:


Formula 2: b = (initial BMI - postoperative BMI)/ (initial BMI - a)

For percentage relative weight-loss multiply equations by 100%.
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This equation can be turned around: postoperative BMI = initial BMI - b x (initial BMI - a)
Which equals: postoperative BMI = a + (initial BMI - a) - b x (initial BMI - a)
Resulting in the algorithm:


Formula 3: postoperative BMI = a + (1 - b) x (initial BMI - a)

This report goes deeper into this implication in search for a linear algorithm describing weightloss after gastric bypass surgery, by looking at the influence of initial BMI on relative weightloss results in different subgroups of gender and age from the same database, and exploring
the clinical relevance of its consequences.

Methods
The Institutional Review Board approved the present study.
Data
The September 2011 BOLD database cut was searched for all patients who underwent a
primary laparoscopic Roux-en-Y gastric bypass (LRYGB) with minimum reported follow-up of
2 years and with BMI at first preoperative visit (initial BMI) ≥30 kg/m² and <80 kg/m². These
BMI limits were chosen to represent a wide range of patients, but without the excessive
extremes, thus avoiding too much skewness in the distribution. Age at time of surgery and
gender were determined. The group was divided into 4 relevant subgroups by gender (female
and male) and age (<40 year and ≥40 year). For the individual postoperative weight-loss result,
the nadir BMI was used, defined as lowest reported BMI post-surgery. For two reasons nadir
results were compared instead of results at one specified postoperative interval. Different
groups were going to be compared by their deviations in results. It can be expected that the
speed of postoperative weight-loss is subject to deviation too. Using nadir results more or less
eliminates the influence of this weight-loss speed. Also, individual best results are more
meaningful, both for patients and surgeons than a particular weight at a particular
postoperative time, although there is no evidence on clear correlations between nadir weightloss and long-term weight-loss, reduction of co-morbidities, or improvement of quality of life.
The 2-year follow-up interval was used for inclusion, based on 2 large studies on long-term
gastric bypass weight-loss results demonstrating nadir weight-loss to be reached within or at
approximately 2 years after surgery [4,9].
Calculations
For each patient, relative nadir weight-loss was calculated in 26 different ways derived from
formula 1:


Formula 4: relative nadir weight-loss = 100% x (initial BMI - nadir BMI)/ (initial BMI - a)
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in which reference BMI “a” is any whole number from 0 to 25 kg/m². The same outcome was
thus presented with 26 different relative metrics, resulting in 26 data sets per subgroup. For
each subgroup, the variation coefficients (VC = 100% x SD/mean) were determined for each
of these 26 data sets of relative nadir results and used as measures of deviation. These
methods were described by van de Laar et al. [6,7]. Furthermore, each subgroup was divided
by initial BMI into halves using their initial BMI medians and into quarters using their initial
BMI quartiles.
Analysis
Method 1. For each subgroup, the variation coefficients of the 26 data sets of relative outcome
were presented graphically in function of the used reference BMI “a”, thus visualizing the
optimal way of expressing relative outcome for each subgroup. The name “optimal reference
BMI” was used for a particular value “a” that lead to a metric generating least deviation in the
weight-loss results. Any improvement of deviation as expressed by VC was considered
significant within each subgroup only. Results were rounded to one decimal place and
compared as such and, additionally, with a margin of error of +0.2%.
Method 2. The results of the lighter and heavier halves of each subgroup were compared for
each of the 26 data sets. Statistical significance of any difference in outcome between these
halves was determined with the Mann-Whitney U-test for each metric separately. The same
was done for the outer quarters, thus comparing the extremes of each group. In total, 208 Utests were performed: 26 times per subgroup, in 4 subgroups, and for comparing halves and
outer quarters. Because of this high number of comparisons performed, increasing the chance
of a type I error, a smaller p-value than the usual p<0.05 was used for significance, considering
a two-tailed p<0.0002 significant (0.05/208). The influence of the initial BMI on the nadir
outcome then was considered absent in a particular data set, if both comparisons (halves and
outer quarters) did not show any significant difference.
Method 3. The mean true nadir BMI result of each subgroup was compared with all 26 mean
predicted nadir BMI results using the algorithm derived from formula 3:


Formula 5: predicted nadir BMI = a + (100% - b) x (initial BMI - a)

Results were rounded to one decimal place and compared as such and, additionally, with a
margin of error of 0.2 kg/m² (±0.1 kg/m²).
Algorithm
For each subgroup, an optimal reference BMI “a” was chosen, based on all 3 methods. The
mean nadir relative result (b) of the respective data set using that optimal reference body
mass “a” is presented with its SD. The algorithm is derived from formula 3:


Formula 6: nadir BMI = a + (100% - b ± SD) x (initial BMI - a)
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The resulting algorithms were used to calculate Pearson product-moment correlation
coefficients (r) as measures of their accuracy. Relative nadir weight-loss outcome, expressed
with the subgroup specific metrics based on the found optimal reference BMI, was compared
between subgroups with equal reference BMI, using the Mann-Whitney U-test. The same was
done for %EWL with a=25 kg/m² for all 4 subgroups and finally, for comparing the initial BMI
as well.

Results
The September 2011 BOLD cut yielded 8945 patients who underwent a primary fully
laparoscopic Roux-en-Y gastric bypass with at least one visit in follow-up at ≥2 years postsurgery and with BMI at first preoperative visit (initial BMI) ≥30 kg/m² and <80 kg/m². The
mean initial BMI was 47.7 kg/m², the mean nadir BMI was 29.2 kg/m²; the age at time of
surgery was mean 47.3 years and median 48 years, and 20.0% of them were male. Of all 7153
female patients, 28.6% were younger than 40 years, which was the case for 19.5% of all 1792
male patients. The mean initial BMI of the younger female subgroup was 48.2 kg/m², of the
older female subgroup was 47.1 kg/m², of the younger male subgroup was 52.5 kg/m², and of
the older male subgroup was 48.0 kg/m². These initial BMI were significantly different
(p<0.001), except for the comparison between younger female and older male patients (p =
0.49).
The variation coefficients of the 26 data sets are presented graphically for each subgroup in
figure 4.1 in function of their reference BMI “a”. For the whole group, the smallest VC found
was 21.9%, using reference BMI a= 10-14 kg/m²; the largest was 25.2%, using a= 25 kg/m².
The smallest VC found in the whole study was 20.3% for the younger female subgroup, using
the reference BMI a= 10-11 kg/m², and VC ≤ 20.3% +0.2% was found at a= 4-15 kg/m². The
smallest VC for the older female subgroup was 21.9%, found at a= 8-14 kg/m², and VC ≤ 21.9%
+0.2% at a= 4-16 kg/m². For the younger male subgroup, it was 21.7%, found at a= 13-18
kg/m², and VC ≤ 21.7% +0.2% at a= 11-20 kg/m²; for the older male subgroup, it was 22.2% at
a= 17-18 kg/m², and VC ≤ 22.2% +0.2% at a= 13-20 kg/m².
The data sets for which the influence of initial BMI was considered not significant by method
2 were for the younger female subgroup those with reference BMI a= 6-12, for the older
female subgroup those with a= 9-12, for the younger male subgroup those with a= 10-19, and
for the older male subgroup those with a= 13-19 kg/m². These findings are displayed in figure
4.1 as well. The combined comparisons of lighter and heavier halves and outer quarters of all
other 80 data sets showed significant differences (p< 0.0002), indicating a significant influence
of initial BMI.
The mean nadir BMI of the younger female subgroup was 28.6 kg/m², which equaled the mean
predicted nadir BMI using the respective algorithms based on reference BMI a= 6-12 kg/m²,
and the mean predicted nadir BMI 28.6 ±0.1 kg/m² matched those with a= 0-15 kg/m². For the
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older female group, this was 28.9 kg/m², matching with a= 9-13 and 28.9 ±0.1 kg/m² with a=
0-16 kg/m². For the younger men, it was 31.4 kg/m², matching a= 17-18 and 31.4 ±0.1 kg/m²
with a= 13-20 kg/m². For the older men, it was 30.6 kg/m², matching a= 16-18 kg/m² and 30.6
±0.1 kg/m² with a= 10-21 kg/m².
The results of these 3 methods showed clear overlap within each subgroup, allowing to choose
optimal reference BMI for constructing algorithms: a= 10 kg/m² for both female subgroups
and a= 17 kg/m² for both male subgroups. For all 4 subgroups together, a full overlap could
not be found for all 3 methods, although there was for methods 1 and 3 using a margin of
error of +0.2% and ±0.1 kg/m² respectively, at reference BMI a= 13 kg/m². For this combined
reference BMI a= 13, method 2 showed at least a partial match for each subgroup (no
significant influence of initial BMI comparing halves OR quarters, instead of halves AND
quarters). The mean nadir relative weight-loss results (b) and their SD, based on these optimal
and combined reference body masses (a) are presented for each subgroup in table 4.1,
including the p-values for halves and outer quarters from method 2.
Within each gender subgroups, the mean results expressed with gender-specific metrics (a=
10 for women, a= 17 for men) were significantly higher for both younger subgroups, compared
with ≥40 years (both p< 0.001). The same was true if combined reference BMI a= 13 was used
(also both p< 0.001). Between gender subgroups, weight-loss outcome compared using
combined reference BMI a= 13 showed significantly higher results for women, for both
younger and older subgroups (both p< 0.001), whereas there was no significant difference
between the older female subgroup and the younger male (p= 0.78).
Using reference BMI 25 for all subgroups, representing the %EWL-metric, there was significant
difference in nadir relative weight-loss outcome between all (p< 0.001), except for the
comparison between younger and older men (p= 0.25).
Table 1 includes the Pearson r values comparing true nadir BMI with predicted nadir BMI,
being slightly stronger for the female patients, +0.67 compared with +0.63 for the male.

Discussion
For each of the 4 subgroups of younger and older female and male patients, there is a specific
relative weight-loss metric for which it is true that the relative weight-loss results after gastric
bypass surgery expressed with that metric are not influenced by the initial BMI (at least within
the range of 30-80 kg/m²). These metrics differ from each other only by the reference BMI “a”
in their basic formula (initial BMI - nadir BMI)/ (initial BMI - a). This finding in this cohort of
patients is the base of the proposed algorithms describing the function between the
preoperative initial BMI and the postoperative nadir BMI. In these algorithms, the mean nadir
relative weight-loss outcome of a subgroup using the subgroup specific optimal reference BMI
“a” becomes a constant value, independent of the initial BMI and is called b. For the mean
nadir result, the algorithm is derived from formula 3:
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Formula 7: nadir BMI = a + (100% - b) x (initial BMI - a)

If the SD of the outcome is considered as well, the algorithm represents 68.3% of normally
distributed data (i.e., ±1 SD):


Formula 8: nadir BMI = a + (100% - b ±SD) x (initial BMI - a)

With the following adjustment, it represents 95% of normally distributed data (i.e., ±1.96 SD):


Formula 9: nadir BMI = a + (100% - b ±1.96 SD) x (initial BMI - a)

If b and SD are not expressed in percentages, 100% should be replaced by 1. For each subgroup
a, b, and SD are listed in table 4.1.
What is the clinical relevance of these constant values “a” and “b”? The mean nadir relative
weight-loss outcome “b” of a subgroup naturally is a measure of effectiveness of the gastric
bypass surgery within that subgroup, just like mean %EWL commonly is used for this purpose.
This “b” value, however, is more accurate and unequivocal for expressing bariatric
effectiveness, because it is rendered as an initial BMI independent constant value, whereas
mean %EWL is not. Next to this “b” value, the algorithm comprises two other elements. There
is the part of the initial BMI that is altered by the effectiveness “b” of the operation. This is
(initial BMI - a). The bariatric effectiveness “b” only acts on this part. Thus, b x (initial BMI - a)
represents the bariatric weight-loss and (100% - b) x (initial BMI - a) represents what is left of
this specific part of the initial BMI after the operative weight-loss. Second, “a” represents the
part of the initial BMI on which the bariatric effectiveness “b” does not act. In constructing
these algorithms, value “a” was called the optimal reference BMI, because it leads to a relative
weight-loss metric generating least deviation in the weight-loss results. In deconstructing the
algorithms, this reference BMI “a” turns out to be an inert part of the patient’s body mass on
which the gastric bypass does not effect. The initial BMI thus comprises an “inert part” (a) plus
an “alterable part” (initial BMI - a). Male patients turn out to have a greater inert part of body
mass (a), both for the younger and older age groups. This notion of difference in genders is
not new in bariatric surgery, as the Metropolitan Life tables, used for the %EWL-metric, reflect
the same concept of gender specific body frame, with men having a greater IBW than women
[8]. Value “a” is likely to be a true patient characteristic, just like IBW is for calculating %EWL.
They both depend on gender, not on age.
The type of bariatric procedure is known to be a strong predictor of mean weight-loss outcome
[1]. Therefore, the bariatric effectiveness (b), representing the mean weight-loss outcome, is
likely to be an important operative characteristic, expected to depend on type and details of
the operation and probably on postoperative protocols as well. It does not depend on the
initial BMI, and within each subgroup, it is a constant, but it does depend on the value for “a”
(Formula 2). This means that the effectiveness (b) of groups with different reference BMI “a”
should not be compared. As this is the case for both genders, this would mean that bariatric
effectiveness ideally should be compared within one gender group only. To overcome this
practical inconvenience, a universal-metric can be chosen for both genders based on the
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combined reference BMI a= 13 kg/m², although that is a compromise that does not meet the
full accuracy in this study.
Of course, this algorithm cannot be the all-embracing gastric bypass formula. Too many
patient characteristics like ethnicity, eating habits, physical activity, co-morbidities,
psychological factors, and social factors were not considered. This explains the rather
moderate Pearson r values, not exceeding 0.67. Further studies should be done to
differentiate for those factors and for bariatric operations other than gastric bypass as well.
Also, these findings do not prove that the effect of gastric bypass surgery actually is a linear
one. The apparent linear relationship found in this cohort with initial BMI 30-80 kg/m² might
be the approximation of a more complex function, as for example the middle part of an Scurve or the first part of a logarithmic curve both can appear almost linear too. Furthermore,
the algorithm is of no practical use for predicting outcome, as long as its predictive value is
not validated in a different cohort of gastric bypass patients.
Then what is the clinical relevance of all this? First, the algorithms allow comparing weightloss results in a more accurate and comprehensive way than with current methods, because
%WL, %EWL, BMI, and kilograms are all influenced by the initial BMI. The American Society
for Bariatric Surgery Committee on Standards for Reporting Results warned about this
problem in 1994, advising relative bariatric weight-loss outcome to be accompanied by the
absolute results at all times [10]. Even so, it is quite a hassle to interpret differences in both
type of outcome in relation to each other, not to mention scrutinizing any presented
significance of differences in relative outcome when groups of patients have different
(distribution of) initial BMI. The presented algorithms eliminate this disturbance by initial BMI,
rendering a constant value for the effectiveness of the operation ready to use for comparing
between surgeons, centers, or procedures and for research on the precise effects of variables
such as ethnicity, co-morbidities, eating habits, operative techniques, or postoperative
protocols on bariatric weight-loss. To do so, bariatric weight-loss should be presented and
compared with the initial BMI independent metric that can be derived from this algorithm,
expressing weight-loss relative to the alterable part of initial BMI. This metric, therefore, can
be called percentage alterable weight-loss (%AWL). One can use the compromise of a
universal %AWL with the alterable part (initial BMI - 13), or the more precise gender-specific
metrics %AWL(m) for male and %AWL(f) for female patients separately, with gender-specific
alterable parts (initial BMI - 17) and (initial BMI - 10), respectively:




Formula 10: %AWL = 100% x (initial BMI - postoperative BMI)/ (initial BMI - 13)
Formula 11: %AWL(m) = 100% x (initial BMI - postoperative BMI)/ (initial BMI - 17)
Formula 12: %AWL(f) = 100% x (initial BMI - postoperative BMI)/ (initial BMI - 10)

%AWL results will describe a scale of bariatric effectiveness from 0% (no blockage of calorie
in/uptake, no weight-loss) to 100% (full blockage of calorie in/uptake, starvation). Negative
%AWL values mean weight gain and weight-loss beyond 100% should not be physically
possible.
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Second, the algorithms can be used to compare patients with the mean outcome of this rather
large cohort; a simple way of using BOLD data from Table 4.1 as a reference. For example, a
35-year-old woman with BMI at first preoperative visit of 55 and a lowest BMI of 40, two years
after gastric bypass surgery, can be told that her result, compared with similar patients from
BOLD is far from average (in this case about BMI 32), but still within the 95% range (about BMI
23 to 41). One should be careful, though, to determine individual success or failure just by
comparing weight-loss with reference results, as overall bariatric success depends on overall
improvement of health or well-being, not on weight-loss only.
Third, with these new methods of eliminating possible disturbance by initial BMI, these BOLD
results distinctly prove gender and age both influencing gastric bypass weight-loss outcome,
which was not unequivocally shown previously in the literature. Older women and younger
men had similar weight-loss. They lost about 53% AWL, whereas younger women lost
significantly more (about +3% AWL) and older men significantly less (about -3% AWL).
Finally, these BOLD results are a perfect example of the corruptive effect the %EWL-metric
can have on bariatric outcome. Because of the coincidental differences in initial BMI between
these 4 subgroups, the %EWL values were distorted, resulting in a rather random, but
dramatic change in the final conclusion. In this case, %EWL outcome would have suggested
that age would not matter in male patients and that women always would have better results
than men; but this is not true. Thus, this study exposed both possible mistakes that can occur
with %EWL: a true significant difference in weight-loss would have been depicted as not
significant and a true similarity as a significant difference.

Conclusions
An algorithm can be constructed using a method for finding optimal relative weight-loss
metrics in bariatric surgery, applied on results of 8945 patients from the BOLD database,
describing a simplified relationship between nadir BMI results after gastric bypass surgery and
the initial BMI (between 30 and 80 kg/m²) before surgery. Although this linear function does
not consider any patient characteristics other than initial BMI, age, and gender, it can give
insight into the underlying mechanism of the effect of gastric bypass surgery. The procedure
seems to have no effect on the first 10 BMI points in women and the first 17 BMI points in
men. The algorithm can be used as reference for other patients or surgeons to compare their
results with this large BOLD cohort. This new method of processing bariatric weight-loss
outcome with the proposed metric %AWL reduces results to subgroup-specific constant
values for bariatric effectiveness (b). It can facilitate research on the precise influence of
different patient characteristics and surgical variables on postoperative weight-loss in a better
way than with %EWL. This study reported the %EWL-metric to produce false conclusions;
therefore, it should be abandoned. These BOLD results show that the effectiveness of gastric
bypass is higher for younger patients and for female patients.
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Table 4.1 Comparison of gastric bypass weight-loss results in 4 subgroups from BOLD.
Algorithm: nadir BMI= a + (100% - b ±SD) x (initial BMI - a). a: reference BMI; b: mean relative
weight-loss result using the outcome metric with formula 100%x (initial BMI - nadir BMI)/
(initial BMI - reference BMI); BMI: body mass index; n: number of patients per subgroup; r:
Pearson product-moment correlation coefficient; S: significant (p< 0.0002). P values are
shown comparing outcome between both halves of lighter and heavier patients and both
outer quarters.
subgroup

n

female <40 years

2049

female ≥40 years

5104

male <40 years

350

male ≥40 years

1442

a
(kg/m²)
10
13
10
13
17
13
17
13

b
(%)
51.3
55.9
49.0
53.5
59.4
53.0
56.1
49.5

SD
(%)
10.4
11.4
10.7
11.7
12.9
11.5
12.5
11.1

p
(halves)
0.87
0.004
0.40
S
0.95
0.05
0.91
0.0003

p
(quarters)
0.36
S
0.25
0.0005
0.10
0.51
0.86
0.0004

r

0.67
0.67
0.63
0.63

Figure 4.1 Comparison of deviations in gastric bypass weight-loss results generated by
different metrics. Representation of the variation coefficient (%) in function of the reference
BMI a (kg/m²), which was used to construct the individual relative weight-loss results with the
formula (initial BMI - nadir BMI)/ (initial BMI - a) in 8945 patients. Squares (□) for pa ents <40
years, circles (o) for ≥40 years. In black for each subgroup the data sets for which the influence
of initial BMI on the relative weight-loss was considered not significant.
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Abstract
Background: Percentage alterable weight-loss (AWL) is the only known weight-loss metric
independent of the initial body mass index (BMI), a unique feature ideal for use in weight-loss
research. AWL was not yet validated. The aim of the study is to validate the AWL-metric and
to confirm advantages over the excess weight-loss (EWL) metric. Methods: AWL is tested with
2-year weight-loss results of all primary laparoscopic Roux-en-Y gastric bypass patients
operated in our hospital. Nadir results of patients with higher and lower initial BMI are
compared (Mann-Whitney; p<0.05) using outcome metrics BMI, percentage weight-loss (WL),
EWL, and AWL, for the whole group, for each gender, and for <40 and ≥40 years separately.
Results: Five-hundred patients (401 female) out of 508 (98.4 %) had 2-year follow-up. Of all
four metrics, only AWL rendered results not significantly influenced by initial BMI. The AWL
outcome is initial BMI independent for both genders and age-groups. Results also confirm that
women and younger patients had significantly higher AWL outcome. Conclusion: The recently
developed AWL-metric, defined as 100%× (initial BMI - BMI)/ (initial BMI - 13), is now
validated. In contrast to the well-known outcome metrics BMI, EWL and WL, the AWL-metric
is independent of the initial BMI. It should replace the misleading EWL-metric for comparing
weight-loss results in bariatric research and for expressing the effectiveness of bariatric
procedures. This effectiveness does not act on the total body mass, or on the excess part, but
on the alterable part, defined as BMI minus 13 kg/m² for all adult patients, female, male,
young, and old.

Background
A new weight-loss metric was proposed for use in bariatric surgery, with distinct advantages
over existing outcome metrics excess weight-loss (EWL), body mass index (BMI), and
percentage weight-loss (WL). Many studies have shown that EWL should be used with caution
[1-6]. A recent study on 8945 patients after laparoscopic Roux-en-Y gastric bypass (LRYGB)
surgery from the Bariatric Outcomes Longitudinal Database (BOLD) proved that the EWLmetric actually can lead to false conclusions both ways: a true difference in weight-loss was
missed, while a true similarity was presented as a significant difference [7]. This corruptive
effect of the EWL-metric can be caused by any coincidental differences in initial BMI between
groups. Another study showed that outcome expressed as BMI and WL is influenced by
baseline BMI as well, although to a lesser extent [8]. This influence, however, is not inevitable
[5-8]. An alternative metric was found for which this disturbance by initial BMI disappears.
This is important, because only without this disturbance weight-loss can be compared in a
simple and unequivocal way.
In practical terms, this finding means that weight-loss effectiveness of a bariatric operation
works just the same for any weight and that, for example, relative weight-loss in somebody
with a BMI of 75 can be the same as in somebody with a BMI of 35. This might seem contrary
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to what is known about postoperative weight-loss in bariatric literature. If it can be confirmed,
however, it would provide a unique feature: it would be ideal for use in weight-loss research.
In search of this independent metric, it was found that LRYGB affects a much larger portion of
the patient’s body mass than the excess weight alone. This was labeled the alterable part,
defined as all body mass minus an inert part, being that portion that is not affected by a
decrease of intake or uptake of calories. From studies on starvation in anorexia nervosa and
famine, this inert part seemed to be about 10 kg/m² [9,10]. From the study on the BOLD
cohort, it was found to be 10 kg/m² for women and 17 kg/m² for men, but with a compromise
of 13 kg/m² rendering initial BMI independent results for both genders as well. Based on these
findings, the alternative relative weight-loss metric percentage alterable weight-loss (AWL)
was proposed. It is the only weight-loss metric known that is independent of the initial BMI.
The first aim of this study is to validate this metric derived from outcome of 8945 BOLD
subjects, with a different, large cohort of patients unrelated to the BOLD database.
The AWL-metric has three features that need confirmation. First, AWL outcome does not
depend on the initial BMI, while outcome based on BMI, EWL, and WL does. Second, the
compromise inert part of 13 kg/m² yields BMI-independent results for both genders, enabling
AWL results of different genders to be compared with a common metric. The formula of this
common AWL-metric is AWL=100%× (initial BMI - BMI)/ (initial BMI - 13). Third, the inert part
is age independent for adults of both genders.
The AWL results of the BOLD cohort showed that gastric bypass is as effective for lighter and
heavier patients, but significantly more effective for women and for patients younger than 40
years (with an overlap for the subgroups of older women and younger men.) Once the AWL
would be validated, the second aim of this study would be to check these findings on the
effectiveness of LRYGB with respect to gender and age.

Materials and Methods
The Institutional Review Board approved this study. Our hospital in Amsterdam is a European
Accreditation Council for Bariatric Surgery approved Center of Excellence, presently
performing approximately 900 bariatric procedures annually, predominantly LRYGB. All
patients are screened preoperatively by a multidisciplinary team and are offered lifelong
follow-up. All are operated after written informed consent. Surgery is performed by four
surgeons. All LRYGB are standardized with estimated sizes: pouch 4×8 cm, biliary limb 50 cm,
ante-colic / ante-gastric alimentary limb 150 cm. Both gastro-jejunostomy and jejunojejunostomy are linear-stapled side-to-side anastomoses, although in the early years a
handsewn end-to-side gastro-jejunostomy was performed.
Data is collected retrospectively. All patients with primary LRYGB before December 2011 are
included, allowing for a postoperative interval of at least 2 years. Data on gender, age at time
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of operation, initial BMI (defined as BMI at the first preoperative visit in our center) and BMI
at any postoperative visit are collected. Nadir BMI is defined as lowest postoperative BMI
within 2 years. Three large studies on weight-loss outcome of morbid and super obese
subjects show the lowest weight after bariatric surgery to be reached within this interval.
[8,11,12]. Significance of any difference is determined with the Mann-Whitney U-test,
considering a two-tailed p<0.05 significant.
Individual nadir relative weight-loss is calculated with three different relative metrics using
the formula 100%× (initial BMI - nadir BMI)/ (initial BMI - a), with reference BMI a=0 for WL,
a=13 for AWL as proposed by van de Laar, and a=25 for EWL as suggested by Deitel et al.
[7,13]. Thus, four datasets of the same nadir outcome are formed for EWL, WL, AWL, and BMI.
The whole group is divided by initial BMI into halves and into quarters. The results of the
lighter and heavier halves are compared for each of the four datasets. The same is done for
the outer quarters, thus comparing the extremes of the group. Outcome is then considered
not significantly influenced by the initial BMI if both comparisons of halves and outer quarters
are not significantly different. The AWL-metric should generate outcome not significantly
influenced by the initial BMI, in contrast to the other metrics.
Subsequently, for each gender subgroup, the AWL results of lighter and heavier halves and
outer quarters are compared separately. This is done both with AWL, based on the
compromise inert part a=13 kg/m² for both genders and with AWL, based on the gender
specific inert parts, a=10 kg/m² for female, and a=17 kg/m² for male. The AWL-metric should
generate outcome not significantly influenced by initial BMI for both men and women using
not only their specific inert parts a=10 kg/m² and a=17 kg/m², but also the same inert part
a=13 kg/m² for both genders as well.
Then, for each age-group of <40 and ≥40 years, the AWL results of lighter and heavier halves
and outer quarters are compared separately. The AWL-metric should generate outcome not
significantly influenced by initial BMI for both age-groups.
If these methods are able to validate all three AWL features, the metric is used to test the
influence of age and gender on weight-loss in our cohort. The group is therefore divided in
four subgroups by gender and age (<40 and ≥40 years). The AWL outcome per subgroup of
younger and older men and women is presented and compared.

Results
From the beginning of our bariatric program in 2007 to 1 December 2011, 508 patients
underwent primary LRYGB. None of those patients died within the first year. Eight patients
(1.6 %) could not be reached beyond one year and were lost out of follow-up. Two-year data
from the remaining 500 primary LRYGB patients are analyzed. Their mean initial BMI at the
first preoperative visit was 44.0 kg/m² (34.5-67.6 kg/m²); their median age at time of
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operation was 43 years (18-65 years); and 401 patients (80.0 %) were female. The median
number of postoperative visits was 5 (2-12). Mean nadir BMI was 28.7 kg/m² (18.3-49.2
kg/m²). The distribution of male and female patients by age-groups and their mean nadir
results are listed for BMI, WL, AWL and EWL in table 5.1. The difference in mean age between
female (42.0 years) and male (45.5 years) was significant. The differences in initial BMI and
nadir BMI between female and male patients were not significant. The differences in initial
BMI and nadir BMI between the 67 patients with a hand-sewn end-to side gastro-jejunostomy
and those with a linear-stapled side-to side gastro-jejunostomy were not significant.
Nadir results for the whole group per lighter and heavier halves (H1 and H2) and lightest and
heaviest quarters (Q1 and Q4) are presented for BMI, WL, AWL and EWL in figure 5.1. The data
set for which the influence of initial BMI is considered not significant by comparing both halves
and outer quarters is the one for AWL only (p=0.18 for halves and p=0.67 for quarters). The
combined comparisons of lighter and heavier halves and lightest and heaviest quarters of the
three other data sets for BMI, WL and EWL all showed significant differences, indicating a
significant influence of initial BMI (WL halves p<0.05; all five other comparisons p<0.001). For
both age-groups, the combined comparisons of halves and outer quarters showed no
significant differences in AWL results (all four comparisons p>0.3). The same is true for both
gender subgroups, not only for the common AWL-metric, based on the compromise inert part
a=13 kg/m² for both genders, but also for both gender-specific AWL-metrics based on a=10
kg/m² for women and a=17 kg/m² for men (female a=13 halves p>0.05, all seven other
comparisons p>0.3). All three features of the AWL-metric were therewith confirmed.
Nadir AWL of the female patients was significantly higher than that for the male patients.
Nadir AWL of the younger patients is significantly higher than that for the older patients. The
difference in nadir AWL between the older female subgroup and the younger male subgroup
was not significant (overlap, p=0.72). All three findings on the influence of gender and age on
the effectiveness of LRYGB from the BOLD cohort were therewith confirmed.

Conclusions
The AWL-metric is now validated. The finding of a common inert part of the body mass of 13
kg/m² rendering a weight-loss metric that is independent of the initial BMI for all adult
patients, female, male, old or young, is consistent. The formula of this metric is AWL= 100%×
(initial BMI - BMI)/ (initial BMI - 13). It is the only metric known that enables comparing weightloss free of the influence of baseline weight.
With the AWL-metric, it was already established that gastric bypass surgery is more effective
in terms of nadir weight-loss in women, compared to men and in younger patients compared
to older ones (with an overlap for older women and younger men.) These findings could be
confirmed in our cohort as well.
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The evidence for this AWL-metric from the BOLD group was stronger than from this study,
because that cohort was almost 18 times larger and the absence of influence of initial BMI
was found within a much wider range of 30-80 kg/m², compared to 35-68 kg/m² in this study.
There is a cohort in which, retrospectively, the AWL-metric was not confirmed, in a sample of
168 women that underwent LRYGB in Belgium [5]. That cohort, however, was more than 53
times smaller than the BOLD group and consisted of selected patients only, all female and with
initial BMI limited to <60 kg/m².
Is there a need for another weight-loss metric? A study on the influence of the basic baseline
patient characteristic BMI on relative weight-loss outcome showed that EWL results are
distorted by the initial BMI 2.5× more than BMI results, 4× more than WL results, and 100×
more than AWL results [8]. In our study, these differences could clearly be visualized as well.
Figure 5.1 shows distinct differences in EWL results, no less than 15% EWL between heavier
and lighter halves and even more than 20% EWL between the outer quarters. These
differences are less pronounced for BMI and WL results, while hardly visible and statistically
not significant for AWL results.
Another study demonstrated that these disturbances of EWL results can actually lead to false
conclusions [7]. These mistakes with EWL results are likely to occur if results and differences
in results are larger, which typically is the case for bariatric surgery, in contrast to non-surgical
weight-loss. To overcome these problems, it was advised to always accompany relative
weight-loss results with the absolute results as well, in order to interpret outcome and to be
able to scrutinize any conclusions [1,14]. This makes interpreting results of bariatric studies
quite cumbersome, a problem that is often overlooked. Adding a new metric could make
things more confusing, unless it would replace this misleading metric EWL altogether.
There are several important advantages of this new AWL-metric. First of all, generating
outcome free of the influence of initial BMI is ideal for weight-loss research. AWL enables
comparing weight-loss in a more straightforward and safe way than with other metrics and
without the definite need for keeping the absolute outcome at hand. Second, the fact that
AWL results were found to be initial BMI-independent for gastric bypass patients also means
that the same bariatric operation is as effective for heavier as for lighter patients, which makes
AWL the ideal-metric for expressing the effectiveness of a specific bariatric operation. It is
interesting to see that this effectiveness does not act on the whole body mass, or on the excess
part of the body mass, but on the alterable part, defined as BMI minus 13 kg/m² for all adult
patients, female, male, young and old. Furthermore, a metric generating outcome free of the
influence of the range of initial BMI can express the outcome with the smallest deviation in
results, making it best fit for predicting weight-loss outcome, for example, with the use of a
benchmark from large groups of patients. Both in our cohort (n=500) and in the BOLD group
(n=8945), the mean nadir AWL after LRYGB was about 50%. Then, it takes just a simple
calculation to predict somebody’s best result after LRYGB, being more or less “the initial BMI
minus thirteen, divided by two, plus thirteen.”
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A review on metabolic surgery showed that improvement of type 2 diabetes is clearly
correlated with the amount of relative weight-loss achieved with a type of bariatric procedure,
suggesting a direct link between the bariatric effectiveness (i.e., concerning weight-loss) of an
operation and the metabolic effectiveness [15]. As AWL now is the metric best fit for
determining the bariatric effectiveness, AWL outcome might correlate better with metabolic
effectiveness than outcome expressed with other metrics. Further research is needed to
confirm this assumption.
It is a disadvantage that the alterable part of one’s body is hard to imagine, while the ideas of
an absolute result (BMI), a percentage of the total body (WL), or even that of an excess part
(EWL) can be understood more easily. For presenting weight-loss, especially to patients, these
other metrics are therefore more understandable than AWL. The finding that WL results are
least influenced by the initial BMI of all three most widely used metrics EWL, WL, and BMI
makes it the best alternative for AWL, although this influence might still play a role when
comparing extremes, like morbid obese with super morbid obese subjects. A major
disadvantage of the WL-metric is that it does not consider the patient’s body length, thus
comparing just weight, not body mass. The absolute BMI outcome is clearly influenced by the
initial BMI as well. The clinical relevance of an absolute weight-loss result, however, outweighs
this disadvantage, as it is important to know which health risk is still present after nadir
weight-loss is reached; a risk that can only be expressed by absolute outcome.
A general disadvantage of all these metrics WL, EWL, AWL and BMI is that they inform on
change of body mass only, not on any change in body composition, waist circumference, or
hip-waist ratio, measurements more relevant for the metabolic outcome of bariatric surgery.
Any metric should match its purpose. In bariatric surgery, weight-loss metrics can have two
purposes: comparing results, either mutually, to a benchmark, or with predicted results and
presenting results, for colleagues or patients. The advantages of each metric in the light of
these two purposes are presented in table 5.2. In conclusion, EWL can generate misleading
outcome and should therefore be abandoned, WL and BMI are ideal for presenting results,
while the validated AWL-metric could be preferred for comparing results in a scientific way
and for expressing the effectiveness of bariatric operations.
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Table 5.1 Patient characteristics and weight-loss outcome. Nadir weight-loss of 500 patients
within two years after LRYGB, expressed with body mass index (BMI), percentage weight-loss
(WL), percentage excess weight-loss (EWL), and percentage alterable weight-loss (AWL) for
gender and age subgroups.
gender

n

total
female

500
401
160
241
99
25
74

male

age
(years)
all
all
<40
≥40
all
<40
≥40

initial BMI
(kg/m²)
44.0
44.0
43.9
44.2
43.7
44.2
43.5

nadir BMI
(kg/m²)
28.7
28.5
27.8
29.0
29.2
29.4
29.2

nadir WL
(%)
34.7
35.2
36.7
34.1
32.8
33.2
32.7

nadir EWL
(%)
82.9
83.8
87.5
81.3
79.6
78.2
80.0

nadir AWL
(%)
49.5
50.1
52.4
48.7
47.0
47.2
46.9

Table 5.2 Overview of weight-loss metrics. Advantages and disadvantages of common weightloss metrics body mass index (BMI), percentage weight-loss (%WL), percentage excess weightloss (%EWL), and the new metric percentage alterable weight-loss (%AWL).
metric

suited for presenting
weight-loss outcome

suited for comparing
weight-loss outcome

%EWL

+

-

%WL

++

+

+

++

++

+

%AWL
BMI
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comments
able to produce false
conclusions both ways
Less suited for comparing
morbid obese to super obese
subjects
Only metric that is
independent of initial BMI
Only metric directly
correlated to health risk

Figure 5.1 Mean nadir weight-loss results of the lightest quarter (Q1), lighter half (H1), heavier
half (H2), and heaviest quarter (Q4) of 500 patients after LRYGB, expressed with body mass
index (BMI, kg/m²), percentage weight-loss (WL, %), percentage alterable weight-loss (AWL,
%) and percentage excess weight-loss (EWL, %).
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Abstract
Background: The frequently used 35 kg/m² body mass index (BMI) and 50% excess weight-loss
(%EWL) criteria are no longer adequate for defining the success of a bariatric or metabolic
surgery. It is not clear whether they are still useful to simply determine the sufficiency of a
patient’s postoperative weight-loss. An alternative way of defining sufficient weight-loss is
presented, using weight-loss percentile charts of large representative series as a benchmark.
Methods: Gastric bypass weight-loss results from the Bariatric Outcomes Longitudinal
Database (BOLD) with ≥2 years of follow-up are presented with percentiles in function of
postoperative time and their nadir results in function of initial BMI, using different outcome
metrics. These percentiles are compared with the BMI35 and 50%EWL criteria. Results: Of
49098 patients eligible for ≥2 years of follow-up, 8945 had reported weight-loss at ≥2 years
(20.0 % male, mean initial BMI 47.7 kg/m²). They reached nadir BMI at a mean of 603 days.
Their 50th percentiles surpassed both 50%EWL and BMI35 after 135 days. More than 95%
achieved 50%EWL; more than 75% achieved BMI35. BMI and %EWL results are influenced
more by initial BMI than total weight-loss (%TWL) results. Conclusions: BOLD gastric bypass
weight-loss data are presented with percentile curves. BMI and %EWL are clearly not suited
for this purpose. Provided that follow-up data are solid, %TWL-based percentile charts can
constitute neutral benchmarks for defining sufficient postoperative weight-loss over time.
Criteria for overall success, however, should consider clear goals of health improvement,
including metabolic aspects. Frequently used criteria 50%EWL and BMI35 are inadequate for
both. Their static weight-loss components do not match the found percentiles and their health
improvement components do not match known metabolic criteria.

Introduction
In surgery, the benefit of an operation should outweigh the risk involved. In bariatric surgery,
in particular, insights in both benefit and risk have evolved tremendously in recent years. It is
now well established that it does not only offer sustainable weight-loss but can improve both
long-term mortality and metabolic impairment as well, while perioperative mortality dropped
from 1% in 1987 to 0.13% in 2010 [1-5]. The definition of success of this type of surgery should
therefore be adjusted accordingly as old bariatric criteria are still in use.
In 1981, Reinhold first defined success of bariatric surgery based on this risk-benefit principle
[6]. He used the then known correlation between absolute body weight and general health
and expressed postoperative weight as multiples of the patient’s ideal body weight (IBW),
labeling 200% IBW failure, 150% IBW success, and 125% IBW excellent. MacLean et al.
modified the Reinhold classification in 1993, converting the cumbersome multiples of IBW
into body mass index (BMI) criteria: BMI35 for success and BMI30 for excellent result [7].
However, the most widespread used definitions of bariatric failure and success became the
25% and 50% excess weight-loss (%EWL) marks (often mistaken for the Reinhold criteria). They
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were introduced by Oria in 1998 as part of an elaborate scoring system [8], but as single
weight-loss thresholds, they had no evidence-based correlation with either benefit or risk.
These BMI35 and 50%EWL marks are still used as bariatric weight-loss criteria, implying a
certain level of successful overall health improvement. However, now that metabolic benefits
of bariatric surgery are recognized, bariatric success should be redefined, above all, by
metabolic criteria. There are several definitions of the metabolic syndrome in use at present
with more or less similar criteria for glucose intolerance, hypertension, dyslipidemia, and
overweight. In none of them, however, EWL, IBW, or BMI is considered as measure for
overweight. They all use waist circumference or hip-waist ratio instead [9-13].
The BMI35 and 50%EWL criteria are therefore no longer adequate for defining success of
bariatric surgery. Whether they are still useful to simply determine the sufficiency of a
patient’s weight-loss after bariatric surgery is the first question we try to answer in this study.
The second aim of this study is to find out how an alternative for these weight-loss criteria
should look like.
Above all, sufficiency of individual weight-loss after bariatric surgery should be looked at
separately from the overall success. Indeed, patients with disappointing weight-loss might
have great metabolic improvement, while others with satisfying weight-loss might have none.
Metabolic success can be determined by means of the evidence-based criteria of the
metabolic syndrome. The sufficiency of postoperative weight-loss can be determined in two
ways: first, individual weight-loss can be compared with a preset goal, like the BMI35 or
50%EWL criteria are being used, as fixed landmarks set by consensus; second, individual
weight-loss can be compared with the weight-loss results of many other patients that
underwent the same procedure, serving as a benchmark.
Postoperative weight-loss results in large series show distinct deviation: most patients do
average, some do better or worse, and a few do excellent or bad. Results can thus be divided
into groups using percentiles. A percentile chart of weight-loss results of large representative
series can then be used as a tool to determine the sufficiency of an individual weight-loss
result, similar to the use of children’s growth-charts, for example.
A major advantage of a percentile-based benchmark is that it considers the dynamics of
postoperative weight-loss, known to show a high speed in the first year and weight regain in
later years. Therefore, percentile charts should be based on large numbers of patients from
multiple surgeons and centers with essentially solid midterm follow-up data. Another
advantage of weight-loss percentile charts is that they are neutral, not at all implying whether
a certain amount of weight-loss is good or bad for a patient’s health. Finally, different charts
can be made according to basic patient characteristics like gender, age, or baseline BMI.
Percentile information in bariatric literature however is scarce and usually limited to 25%EWL
and 50%EWL outcome.
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Materials and Methods
Data from the largest available database of bariatric weight-loss results at present, the
multicenter Bariatric Outcomes Longitudinal Database (BOLD), are used to build an example
of dynamic percentile weight-loss charts. Those charts are then compared with the static
criteria 50%EWL and BMI35. The Institutional Review Board approved the present study.
The September 2011 BOLD database cut was searched for all patients that underwent a
primary fully laparoscopic Roux-en-Y gastric bypass, with a reported postoperative follow-up
of at least 2 years and with initial BMI at first preoperative visit between 30 and 80 kg/m². The
BMI at first preoperative visit and at every reported postoperative visit of all these patients
are collected and analyzed for the whole group, differentiated by gender, and for the morbid
obese (MO, initial BMI<50 kg/m²) and the super morbid obese (SO, initial BMI≥50 kg/m²)
separately. Weight-loss is expressed in absolute BMI and in three relative terms: %EWL,
calculated as 100%× BMI loss/ (initial BMI - 25), as suggested by Deitel et al. [14]; percentage
total weight-loss (%TWL), calculated as 100%× BMI loss/ initial BMI; and percentage alterable
weight-loss (%AWL), calculated as 100%× BMI loss/ (initial BMI - 13), as described by van de
Laar [15].
For each patient, the lowest reported postoperative BMI is used as nadir weight-loss result.
Nadir results are used for two reasons: first, when it comes to determining sufficient individual
weight-loss, a best result is more meaningful than a preliminary result; second, using nadir
results eliminates the time factor, allowing for comparison with the static criteria BMI35 and
50%EWL. At least two large studies on long-term weight-loss outcome after gastric bypass
have shown that the best postoperative result is reached approximately within the first 2 years
[1,16]. Therefore, we used a minimum of 2 years of follow-up as an inclusion criterion in order
to capture the nadir results in the data.
For these nadir results, percentiles p95, p75, p50 (median), p25, and p05 are determined,
stratified by initial BMI in sections of five BMI points, with a 2.5 BMI point overlap, considering
their respective 95% confidence intervals. Thus, all nadir results from patients with initial BMI
between 30 and 35 are grouped as section initial BMI 32.5, between 32.5 and 37.5 as section
initial BMI 35, between 35 and 40 as section initial BMI 37.5, etc., resulting in 19 sections
between BMI 30 and 80 kg/m². This is done for all four outcome metrics BMI, %EWL, %TWL
and %AWL separately.
The inclination of the percentiles in these four graphs is a measure for the influence of the
initial BMI on the results. The metric with the smallest inclination (the flattest percentile
curves) out of the three most widespread used metrics BMI, %TWL and %EWL is then used for
dynamic percentile charts showing postoperative weight-loss over time.
For this dynamic percentile chart, all reported weight-loss results are used, not only the nadir
results. Their percentiles p95, p75, p50 (median), p25, and p05 are determined, stratified by
postoperative time interval in sections of 30 days post-surgery, with a 15-day overlap,
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considering their respective 95% confidence intervals. Thus, all weight-loss data reported
between day 0 and 30 are grouped as section 15 days postoperative, between 15 and 45 days
as section 30 days postoperative, between 30 and 60 days as 45 days postoperative, etc.,
resulting in 60 sections up to 900 days postoperative. This is done for both genders separately.
All these percentiles are presented including their polynomial trend lines. They are compared
graphically with the existing static criteria for bariatric success BMI35 and 50%EWL.
To assess the influence of follow-up bias on weight-loss outcome, one-year results of these
patients with 2 years of follow-up are compared with weight-loss at one year of patients that
were eligible for 2 years of follow-up but with last reported visit before those 2 years.

Results
The September 2011 BOLD database cut yielded 49098 patients who underwent a primary
fully laparoscopic Roux-en-Y gastric bypass with initial BMI ≥30 and <80 kg/m² eligible for at
least 2 years of postoperative follow-up, of which 24844 (50.6%) had at least one
postoperative visit at ≥1 year and 8945 (18.2%) at ≥2 years. The database contained 64010
reported postoperative weight-loss results on these 8945 patients, with a median longest
follow-up of 818 days, ranging from 730 to 1518 days and a median number of seven
postoperative visits per patient (mean 7.2), ranging from 1 to 45. Their characteristics and
nadir weight-loss results are presented with percentile information in table 6.1, expressed in
BMI, %EWL and %TWL. Mean and median nadir weight was reached within the 2 years of postsurgery interval, at 603 and 582 days, respectively.
Nadir weight-loss results are presented with percentiles stratified by initial BMI in figure 6.1
for BMI and %EWL. In these graphs, the BMI percentiles are compared graphically with the
BMI35 mark and the %EWL percentiles with the 50%EWL mark. Figure 6.1 thus visualizes how
these two static criteria for success relate to the nadir results of this cohort.
The nadir BMI p50 is below the BMI35 mark for patients with initial BMI up to 60 kg/m² and
above BMI35 for patients with higher initial BMI. More than 95% (p95) of all patients with
initial BMI lower than 45 kg/m² have a nadir BMI that is defined successful by the BMI35
criterion. More than 75% (p25) of all patients with initial BMI higher than 70 kg/m² are defined
unsuccessful with it.
The nadir %EWL p50 is above the 50%EWL mark for every initial BMI. More than 75% (p25) of
all patients have a nadir %EWL that is defined successful by the 50%EWL criterion. More than
95% (p05) of all patients with initial BMI lower than 50 kg/m² are defined successful with it.
In figure 6.2, the nadir weight-loss results are presented with percentiles stratified by initial
BMI for %TWL and %AWL. The inclination of the 50th percentile trend line is measured
between initial BMI 35 to 75 (40BMI points). For nadir %EWL, the inclination is -10.6 units per

65

ten BMI points; for nadir BMI, this is +4.2 units per ten BMI points; for nadir %TWL, it is +2.5
units per ten BMI points; and for nadir %AWL, it is +0.1 units per ten BMI points only.
The %TWL-metric is used for constructing the dynamic percentile weight-loss chart. All
reported postoperative weight-loss results are presented with %TWL percentiles in function
of postoperative interval and specified by gender in figure 6.3.
The median nadir %EWL result (p50) was above the 50%EWL mark in all postoperative sections
of 30 days beyond 120 days post-surgery. The median nadir BMI result (p50) was below the
BMI35 mark in all postoperative sections of 30 days beyond 135 days post-surgery. These two
findings are both represented in figure 6.3 as well. All polynomial trend lines have a coefficient
of determination r2 >0.95, except those for p05 with r2 >0.85.
The results of one patient are presented as an exemplification. This example patient is female,
with initial BMI 65.0 kg/m². Her weight was measured 14 times in a period of 755 days
postoperative. She reached a nadir BMI 38.1 kg/m², corresponding with a nadir %TWL 41.3 %,
a nadir %AWL 51.7 %, and a nadir %EWL 67.2 %. Her nadir result is marked in the graphs with
an “X”. In all four graphs of figures 6.1 and 6.2, these results are somewhere near percentile
50. In the dynamic chart of figure 6.3, her nadir result lies between p50 and p75. She never
came close to the BMI35 mark (and was therefore labeled “unsuccessful” with this criterion).
She reached her best result at 427 days but crossed the 50%EWL mark already after 188 days
(and was therefore labeled “successful” with this criterion).
Of those 40153 patients who did not have ≥2 years of follow-up, 12196 happened to have a
postoperative visit at 1-year ±1-month after surgery. Their mean %TWL at that 1-year
postoperative interval is 35.4 %. Of those 8945 patients who did have a full ≥2 years of followup, 5496 actually had a postoperative visit at 1-year ±1-month after surgery with a mean 36.3
%TWL. This difference of 0.9 %TWL is statistically significant (Mann-Whitney test, p <0.05).

Discussion
Figure 6.3 is the final result of this study. It is a percentile chart representing an example of
how a benchmark of postoperative weight-loss should look like. It clearly shows the dynamics
over time, the normal range and the outer range of results. It is easy to comprehend and
convenient for valuing or monitoring individual weight-loss.
We use these charts as a model to evaluate the frequently used criteria for bariatric success
50%EWL and BMI35. The first aim of this study is to find out whether these two landmarks are
still useful to determine the sufficiency of a patient’s weight-loss after bariatric surgery. This
can be answered by looking at how they relate to these BOLD percentiles.
The BMI35 criterion is clearly influenced by the initial BMI: it is hard to be “successful” for
heavier patients. This is visualized by the dark gray area in figure 6.1. Furthermore, both the
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BMI35 and the 50%EWL criteria “reward” a lot of patients that did worse than median (light
gray areas in figure 6.1), even long before weight-loss was completed (figure 6.3).
Another comment on these traditional landmarks is that they imply a right bariatric goal (a
healthier body mass), although they do not consider any aspect of the metabolic syndrome
like waist circumference, metabolic improvement, ethnic differences, age, and reduction of
cardiovascular risk. In other words, these frequently used criteria for bariatric success make
an effort to combine weight-loss and health improvement but fail at both: their weight-loss
components do not match the found percentiles and their health improvement components
are too superficial.
In contrast to these criteria, percentile charts are neutral, implying nothing: they just show
how a specific result of a specific procedure relates to many other results of the same
procedure. Also, they are dynamic, making it possible to monitor weight-loss over time where
the static BMI35 and 50%EWL criteria cannot.
Can these percentile charts be used not only as a model for comparing existing criteria but as
a true benchmark as well? It is questionable whether these particular charts are
representative enough to constitute a benchmark for comparing patients. Percentile charts
carry the limitations of the database they are based on and there are two clear limitations to
this cohort.
First, there is the relatively low percentage of 2 years of follow-up of less than 20%. In fact,
more than 40000 patients could not be included because of lacking ≥2 years of data. However,
the effect of this follow-up bias might not be very strong as the significant difference in results
at one year of 0.9 %TWL in favor of those with a full 2 years of follow-up is quite small.
Second, the BOLD contains data of a heterogeneous group of patient characteristics like age,
gender, ethnicity, body weight, eating behavior, physical activity, comorbidities, etc., of which
only age, gender, and body weight were specified in this study. Other variables are type of
weight (i.e., measured or self-reported), method of measurement, learning curves involved,
variation between regions, details in operative technique, or experience and volume per
surgeon and center. All these factors however will level out if the size of the database is large
enough. It is hard to tell which minimal cohort size would be ideal, although this cohort of
almost 9000 patients is by far the largest reported group of patients with 2 years of follow-up
after laparoscopic gastric bypass.
These charts are therefore not irrelevant for practical use as long as this benchmark is
considered to represent “an average BOLD patient that fulfilled 2 years of follow-up” to which
other patients can be compared. In fact, the mean nadir 38.5 %TWL of these "average BOLD
patients with 2 years of follow-up" is well within the range of other results in literature,
although studies reporting mid-term %TWL after gastric bypass in large cohorts are few.
Sugerman et al. reported 35±9 %TWL at one year after gastric bypass in 1025 patients [17];
Hatoum and Kaplan reported 38.7 nadir %TWL in 846 gastric bypass patients. [18]. From the
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report of Carlin et al., a result of 37 %TWL can be gathered, both at 1 and 2 years after gastric
bypass for 967 and 302 patients, respectively [19].
The limitations encountered using this BOLD cohort as a benchmark should encourage
bariatric surgeons worldwide to produce enough solid mid-term follow-up data to construct a
true representative set of percentile charts. Unfortunately, midterm follow-up in the BOLD
database did not improve. Two years of follow-up after gastric bypass dropped from 18.2% in
the September 2011 cut to 3% only in a more recent study, but there are other bariatric data
registries at present that might produce better follow-up data for this purpose, like the
European International Bariatric Registry or the USA-based Longitudinal Assessment of
Bariatric Surgery (LABS), the LABS-2 observational cohort of 2458 bariatric patients having a
reported follow-up percentage of over 92% at 2 years [20,21].
How should a percentile-based benchmark be used in practice? The benchmark presented
here is that of a single type of procedure, the primary fully laparoscopic Roux-en-Y gastric
bypass. Although this particular bariatric operation is considered by many bariatric surgeons
as a “golden standard”, using a single benchmark for all types of bariatric procedures is not
ideal. There should be charts for other types of bariatric operations as well, not only because
different procedures result in different weight-loss, but also because they could result in
different dynamics of weight-loss.
In general, a percentile chart benchmark can be used in two ways: for comparing an individual
patient and for expressing the result of a group of patients. Individual weight-loss can be
labeled with this benchmark, for example, as being “on the p50” or “below the p25”. Individual
weight-loss can also be monitored and scrutinized by comparing it to the benchmark. A
patient, for example, reporting to be “not able to eat anything” after the operation, but with
weight-loss below p25, can be told that he or she in fact is probably not eating little but maybe
in fact still too much, while another patient that is content with his or her result, but with
weight-loss far above p95, should be suspected to be eating not enough. The results of a whole
cohort can be compared using terms like “65% were above p50 at 1 year” or, for example,
“more than 50% had their best result below the p50”.
The second aim of this study is to present a new and convincing method for comparing weightloss to a central benchmark. There are two remarks on the methods of constructing weightloss percentile charts. First, there are other more elaborate and accurate methods for
estimating and plotting percentile curves than the presented one, like quantile regression and
LMS analysis used by the World Health Organization for constructing children’s growth-charts.
The method used in our study however is straightforward, serving its purpose of visualizing
both the range of weight-loss results over the course of time and the positions of the BMI35
and 50%EWL criteria in this large amount of weight-loss data.
Second, figures 6.1 and 6.2 clearly show how important it is to choose the right metric for
constructing dynamic percentiles. The same percentile can correspond to a range of possible
weight-loss results, depending on the initial BMI of the patient. It is therefore important to
68

keep this range as small as possible. For the %EWL-metric, this range is most outspoken, while
for the %AWL-metric this range is hardly visible, with an inclination 100 times smaller.
Furthermore, patients with different initial BMI might change percentiles during the course of
their weight-loss as some lose weight faster or slower than others. This would definitely affect
the reliability of dynamic percentile charts if they were expressed with metrics more sensitive
to initial BMI like %EWL and BMI. The four graphs of figures 6.1 and 6.2 show that out of the
three most widespread used outcome metrics, %TWL, %EWL and BMI, the %TWL-results are
least influenced by the initial BMI.
However, even %TWL is not without influence from the initial BMI, the inclination is not zero.
The dynamic %TWL percentiles (figure 6.3) are therefore slightly too low for patients with
higher initial BMI. This explains why the nadir result of the example patient is below p50 in all
four nadir graphs but appears above the p50 in the dynamic %TWL chart. This problem can be
solved. Figure 6.2 shows that the inclination in %TWL results is not inevitable as there is
another metric generating an inclination even smaller. This recently proposed relative
outcome metric %AWL could eliminate the influence of initial BMI almost completely [15,22].
The advantage of %TWL-based percentile charts over %AWL outcome however is that %TWL
curves are evidently simpler to understand.
Another solution would be to construct different dynamic %TWL percentile charts for morbid
obese and super morbid obese separately or various charts for even smaller subgroups of ten
BMI points, for example, the same way different charts should be assigned to different
genders and different bariatric procedures. A similar solution was proposed recently by Belle
et al., suggesting the use of the LABS database as a benchmark, with %TWL-results adjusted
to baseline body mass and bariatric procedure [23]. This LABS benchmark had a much higher
percentage of follow-up data than the cohort presented here, but it was based on one year of
follow-up only and it was not presented with percentiles.
In conclusion, it should be recommended to stop using the BMI35 and 50%EWL criteria for
success in bariatric surgery. They should be replaced by two alternative ways of defining
satisfying outcome. First, the overall bariatric success should consider clear treatment goals
of improvement of overall wellbeing and health. These goals should include metabolic
aspects, for which the existing evidence-based criteria of the metabolic syndrome can be used.
Second, percentile charts of %TWL or %AWL results from a large representative database
should determine the sufficiency of postoperative weight-loss, independently from the
treatment goals, merely by representing a neutral benchmark. An effort should be made to
produce solid mid-term follow-up data in a large database in order to construct postoperative
weight-loss percentile charts better than such are presented here for different baseline
patient characteristics and other types of bariatric procedures as well.
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Figure 6.1 Percentiles (p) of nadir body mass index (BMI) results and nadir percentage excess
weight-loss (%EWL) results of 8945 patients after gastric bypass surgery, stratified by initial
BMI, with 95% confidence intervals. Frequently used criteria for success 50%EWL and BMI
35kg/m² are circled.
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Abstract
Background: Bariatric weight-loss essentially is expressed with reference to the baseline
weight, for example, as relative percentages or as absolute body mass index (BMI) points lost
from baseline. A different definition of baseline weight would therefore affect all weight-loss
results. We try to determine which value to prefer for baseline weight in weight-loss surgery:
the accidental weight at time of operation or the patient-specific steady weight, reflecting a
steady personal craving for calories that is independent of the operation. Methods: Nadir
percentage alterable weight-loss (%AWL) outcome of all primary gastric bypass patients in our
hospital with a 2-year follow-up is compared twice with nadir %AWL outcome of all revision
gastric banding-to-bypass patients: relative to their BMI before their banding and before their
banding-to-bypass (Mann-Whitney; p<0.05). Results: Out of 713 gastric bypass patients with
a 2-year follow-up, 82 had revision banding-to-bypass. Total mean baseline BMI is 44.1 kg/m²;
nadir BMI is 29.2 kg/m². Difference in mean nadir weight-loss between primary (49.4%AWL)
and revision patients is not significant if compared to baseline BMI before gastric banding
(47.4 %AWL) but significant if compared to baseline BMI before revision banding-to-bypass
(37.7 %AWL). Conclusions: Revision gastric bypass with removal of gastric banding does not
affect the “new” weight after the gastric banding but the “old” weight before the banding.
Gastric bypass effectiveness was not added to the gastric banding effectiveness; it replaced it.
Therefore, the patient-specific steady weight should be preferred for baseline BMI, reflecting
an underlying personal craving for calories that remains constant over time and independent
of a bariatric procedure. Baseline BMI can be standardized by using the measured weight at
first visit before the primary bariatric procedure, also in revision cases.

Introduction
Bariatric weight-loss depends on many patient-related factors, like the individual metabolism,
dietary adherence, comorbidities, physical activity, social surroundings, eating disorders, or
psychological background. Bariatric outcome typically shows a distinct deviation in weightloss results because of these factors [1]. They are for that reason the subject of an increasing
amount of interesting research in bariatric literature. Besides these deviating factors,
however, the postoperative weight fundamentally depends on three basic variables: the
patient’s baseline weight, the procedure’s effectiveness, and time.
Concerning the third of these variables, time is well-known to be an influential factor in
postoperative weight-loss. Short and midterm bariatric results show that different patients
lose weight at a different rate [2]. Long-term outcome shows that different patients have more
or less weight regain after their initial nadir results [3].
Regarding the second basic variable, the procedure’s effectiveness, it was demonstrated that
it strongly depends on the type of bariatric procedure [4]. Different bariatric operations will
hinder calorie intake and/or uptake more or less effectively. One other factor thought to be
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of influence on this effectiveness is the weight of the patient [5]. This, however, turned out to
be not the case, although weight-loss results expressed with absolute kilograms and body
mass index (BMI), or with relative percentage weight-loss (%WL) and percentage excess
weight-loss (%EWL) are clearly influenced by it. With the development of the new relative
weight-loss metric percentage alterable weight-loss (%AWL), it nevertheless became clear,
from results of several large cohorts, that the effectiveness of gastric bypass in fact is
independent from the patient’s weight: heavier and lighter subjects have comparable weightloss [6-9].
There is not much known, however, about the first of the three basic variables, the baseline
weight. The question how to define baseline weight was raised in as early as 1994 [10]. Yet,
there is no direct research on this topic in bariatric literature and it is still unclear which value
for baseline weight to prefer: the measurement at the first preoperative visit, for example, or
the one at time of operation. This is not an unimportant question at all, because the way we
express weight-loss results in bariatric surgery would always be with reference to the baseline
weight: as kilograms, BMI points, or %WL from baseline; as %EWL from baseline minus the
ideal part of the body mass; or as %AWL from baseline minus the inert part of the body mass.
Therefore, a different definition of baseline weight would affect all weight-loss results in all
cases.
Essentially, there are two possible definitions or concepts of baseline weight to choose from,
and the aim of this study is to find out whether bariatric operations start working on the
weight at the moment of operation, reflecting a launch from an arbitrary point in time of a
patient’s life, or if they act on a weight that is more specific to the patient, reflecting a personal
craving and urge for calories that is more or less preserved over time.
There is reason to believe that there is such a thing as a characteristic steady weight in adults;
something like a personal “set point weight.” Morbidly obese persons report rapid weight
regain after losing weight with diets, the so-called yoyo effect, suggesting a tendency toward
a steady personal weight. The Swedish Obese Subjects intervention study reported
remarkably minimal changes in body weight of a control group of 2037 morbidly obese
subjects of not more than +/- 1% over a period of 20 years [3]. Finally, in our own practice, we
notice that for patients that underwent revision gastric bypass surgery with removal of an
adjustable gastric banding, weight-loss results seem to make more sense when compared to
the weight before the gastric banding than to the weight at time of the revision banding-tobypass operation.
The present study will look into these differences between primary and revision gastric bypass
results, in search for the best definition of baseline weight in bariatric surgery. Any
consideration on the metabolic effect after bariatric surgery or on the effects on quality of life
will be left out of the account in this study.
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Materials and Methods
The institutional review board approved the present study. Informed consent was obtained
from all individual participants included in the study. For this type of study (retrospective
studies), formal consent is not required. All patients that underwent primary laparoscopic
Roux-en-Y gastric bypass (“gastric-bypass”) or revision laparoscopic Roux-en-Y gastric bypass
with removal of an adjustable gastric banding (“banding-to-bypass”) in our hospital before
April 2012 are included, allowing for at least a 2-year follow-up. Our general hospital in
Amsterdam is a European Accreditation Council for Bariatric Surgery approved Center of
Excellence. At present, 900 bariatric procedures are performed annually by four surgeons,
mainly gastric bypass. All patients are screened preoperatively by a multidisciplinary team and
are offered a lifelong follow-up. All patients are operated after written informed consent. All
revision banding-to-bypass are intended as single-stage procedures in which the banding is
removed and the gastric bypass is performed in one operation. All gastric bypass procedures,
including revision banding-to-bypass, are standardized, with estimated 4×8 cm gastric pouch,
50 cm biliary limb, and 150 cm ante-colic ante-gastric alimentary limb. Both the gastrojejunostomy and jejuno-jejunostomy are stapled side-to-side anastomoses; although in early
years, a hand-sewn end-to-side gastro-jejunostomy was performed.
Patient data are collected retrospectively: gender, age at time of gastric bypass, Obesity
Surgery Mortality Risk Score (OS-MRS), presence of type 2 diabetes, BMI at first preoperative
visit before gastric bypass, and BMI at any postoperative visit after gastric bypass. Height and
weight were measured in a standardized way.
For the revision banding-to-bypass patients, weight or BMI before the gastric banding
operation is gathered from the family doctor or the institution in which the banding was
performed, or self-reported. Indications for revision to gastric bypass were both structural
(band slippage, stenosis, erosion) and functional (excessive vomiting, excessive weight regain,
tendency toward soft high-caloric food with inability to eat normal food).
For primary gastric bypass, baseline BMI is defined as BMI at first preoperative visit in our
center. For revision banding-to-bypass, two different values for baseline BMI are used: the
BMI before gastric banding and the BMI at first preoperative visit in our hospital before the
gastric bypass.
Nadir weight-loss results are compared (instead of weight-loss at a specified postoperative
interval), in order to minimize the influence of the variable time: different patients lose weight
at different rates, but their eventual nadir results will be independent of those different rates.
Four large studies showed that the lowest weight is reached within the first 2 years after
bariatric surgery [2,9,11,12]. Nadir BMI therefore is defined as the lowest postoperative BMI
within 2 years after the gastric bypass. For patients with an increase in weight instead of
weight-loss, the lowest BMI after the first postoperative year is used for nadir BMI. Nadir
%AWL is defined as 100%× (baseline BMI - nadir BMI)/ (baseline BMI - 13) [6,8]. Nadir %EWL
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is defined as 100%× (baseline BMI - nadir BMI)/ (baseline BMI - 25) [13]. Nadir %WL is defined
as 100%× (baseline BMI - nadir BMI)/ baseline BMI.
Nadir %AWL, %EWL and %WL results of the revision banding-to-bypass patients are calculated
with the two different values for baseline BMI, and both types of nadir relative outcome are
compared with the primary gastric bypass group. As it can be expected that there will be
significant differences in (both types of) preoperative BMI between different groups,
conclusions will be drawn on outcome expressed with %AWL, a metric independent of these
differences and deviations in baseline BMI.
Revision patients with weight-loss failure after their gastric banding could pose a bias, as they
might have less favorable results with their next bariatric procedure as well. The revision
banding-to-bypass patients are therefore grouped by their weight-loss results between their
banding and their bypass. The more successful half is then looked at separately, thus excluding
those who were least successful with their gastric banding.
Significance of any difference is determined with the Mann-Whitney U-test, with a two-tailed
p<0.05.

Results
Patients
From the beginning of our bariatric program in 2008 to the first of April 2012, 726 patients
underwent primary gastric bypass (89%) or revision gastric bypass with removal of gastric
banding (11 %). All procedures could be performed fully laparoscopic, and all 82 revision
banding-to-bypass operations could be performed as a single-stage procedure. There was a
median interval of 4 years between gastric banding and revision banding-to-bypass. None of
those gastric bandings had been placed in our hospital. In total, there was a mean of 5 months
between first visit and operation, without a significant difference between primary and
revision patients. Thirteen patients (1.8 %) were lost to follow-up, all primary gastric bypass
patients. There was no 30-day mortality. Patient characteristics of all included patients are
listed in table 7.1, including the significance of any differences between primary and revision
patients. Their mean baseline BMI before gastric bypass was 44.1 (±1SD 5.3) kg/m², without
significant differences between male and female patients. For most revision patients, BMI
before gastric banding could be traced from medical records; for 3 patients, we were limited
to self-reported values.
Outcome
Nadir weight-loss outcome of all patients with 2-year data is presented with median,
interquartile range (percentile 25-75), and total range in table 7.2, including the significance
of any differences between primary and revision patients. Total mean nadir BMI is 29.2 (±1SD
4.8) kg/m², without a significant difference between male and female. The differences in
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baseline BMI and in nadir BMI between the 67 patients with a hand-sewn end-to-side gastrojejunostomy and those with a stapled side-to-side anastomosis are both not significant.
Differences in weight-loss using two definitions of baseline BMI
Mean nadir weight-loss for the primary group was 49.4 %AWL. Mean nadir weight-loss for the
revision group differed significantly according to the choice of baseline BMI.
1.

Using BMI before the bypass as baseline BMI for all patients (i.e., BMI before banding-tobypass for revision patients, BMI before gastric bypass for primary patients): mean nadir
weight-loss 37.7 %AWL. With this definition of baseline BMI, differences in nadir %WL,
nadir %EWL, and nadir %AWL between the primary and revision patients are all
significant (p<0.001).
2. Using BMI before the primary procedure as baseline BMI for all patients (i.e., BMI before
gastric banding for revision patients, BMI before gastric bypass for primary patients):
mean nadir weight-loss 47.4 %AWL. With this definition of baseline BMI, differences in
nadir %WL and nadir %AWL between the primary and revision patients are not significant
(p=0.94, p=0.21), but still significant for nadir %EWL (p<0.05).
These differences are visualized for %AWL in figure 7.1.
Differences within the revision group
The revision patients had a weight-loss between banding and bypass ranging from -18.7 %AWL
to 66.2 %AWL, median 11.6 %AWL (17.9 %EWL). The less successful half lost with their banding
mean 2.3 %AWL (3.5 %EWL), the more successful half 25.0 %AWL (37.8 %EWL). If the patients
of the less successful half are excluded, the same significant difference (p<0.001) and
resemblance (p=0.134) between nadir %AWL of the primary and the revision group is found
according to the choice of baseline BMI, as for the whole revision group.
The more successful half lost in total (from before the banding until nadir after the bypass)
significantly more than the less successful half (mean 51.7 vs. 43.1 %AWL, p<0.001). However,
this more successful half lost less after their revision only (from before the bypass until nadir
after the bypass) than the less successful half (mean 33.6 vs. 41.8 %AWL, p<0.05). These
differences are visualized for %AWL in figure 7.1 as well.

Discussion
This study demonstrates that revision gastric bypass surgery with removal of gastric banding
does not add gastric bypass effectiveness to the gastric banding weight-loss. It does not affect
the new weight after the gastric banding but the old weight before the banding. The main
data for this conclusion is found on the bottom row of table 7.2, suggesting that the gastric
banding effect was not followed by the gastric bypass effect, but replaced by it.
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It is a strong clue on the existence of a steady personal set point weight that is (more or less)
constant over time in adults. It is in agreement with the so-called yoyo effect, a rapid weight
regain to baseline after rapid weight-loss with forced diets and with the finding of a
remarkably steady weight over a period of 20 years in the large control group in the Swedish
Obese Subjects intervention study.
There are four other possible explanations for the differences in outcome found in this study
that can be ruled out. First, both groups of primary and revision patients have different
baseline BMI before their primary bariatric procedure. This could not have had any influence
on the %AWL outcome though, because of the unique feature of this particular weight-loss
metric, being independent of the differences and deviation in baseline BMI. Second, the
revision group has significantly fewer male patients than the primary group. Male patients,
however, are known to have less favorable weight-loss after bariatric surgery [6,8,9]. Third,
the revision group has significantly less patients with type 2 diabetes than the primary group.
This comorbidity, however, is known to be a predictor for less favorable weight-loss after
bariatric surgery [14-17]. It is, therefore, unlikely that these differences concerning male
gender and diabetes could have resulted in the opposite findings in this study. Fourth, patients
that need revision surgery for failure after gastric banding might be prone to achieve less
favorable weight-loss in all cases. This might have been an explanation for losing less after
their gastric bypass, if not contradictory results were seen by splitting the revision group into
halves: those who lost less after their banding lost more after their subsequent bypass, while
those who lost more after their banding lost less after the bypass. The only remaining
explanation for the significant findings is, therefore, the different choices of baseline BMI.
What is the relevance of this? It is important for bariatric research, for bariatric patients, and
for the insight in the bariatric weight-loss mechanisms. First of all, as the choice of baseline
weight reflects in all weight-loss results, a different choice of baseline weight can change any
conclusions based on these results. In this study, for example, we identified a subgroup of 41
patients with a more successful weight-loss after gastric banding than the other half of our
revision group. This group had the least weight-loss after their gastric bypass of all 713 primary
and revision patients together: mean 33.6 %AWL only. Therefore, if for all patients baseline
weight before the last bariatric operation is chosen, it should be concluded that these more
successful gastric banding patients are the least successful gastric bypass patients. If, however,
the weight before the first bariatric operation is chosen for all patients, these more successful
banding patients turn out to be the most successful bariatric patients of all, with a mean of
51.7 %AWL. Quite a different conclusion indeed.
The results of this study match that second conclusion: bariatric weight-loss should be looked
at with reference to baseline weight before any bariatric intervention. Revision patients
should be informed accordingly. They should be told that their result will not depend on their
current weight, at the moment of their revision procedure, but on the old baseline weight
before their previous procedure. If their weight-loss was substantial after that previous
procedure, they should be informed that any additional weight-loss with a revision procedure
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would be far less than expected for primary patients, maybe even not enough for them to take
the risk of yet another operation.
Finally, the relevance could also be found in the insight these findings can give in the
mechanisms of overweight and bariatric weight-loss. Apparently, a personal set point weight
is maintained over time in adults, despite of a bariatric procedure like gastric banding in this
study or during a diet concerning the yoyo effect. In a normal situation, a steady weight or
body mass is maintained if calorie uptake and caloric expenditure are in balance. This balance
is determined by the individual metabolism and the personal lifestyle, the latter being a
combination of personal behaviors, toward calorie intake and toward physical activity. If the
individual metabolism and the personal physical activity are both steady over time, a steady
weight or body mass will be the result of a steady intake and uptake of calories. During a diet
or after bariatric surgery, neither this weight or body mass, nor this intake or uptake of calories
are preserved. Yet, a personal set point weight is preserved. Then, what can be the underlying
factor that determines this set point weight and is both steady over time and unchanged by
diets or bariatric procedures?
It is likely that a personal steady intake of calories is driven by a personal steady urge and
craving for calories. It is also probable that a personal urge or craving remains constant, as it
is established and shaped by very specific genetic, social, and psychological factors in an
individual’s life that are hard to change (unless with a lasting change of lifestyle). Then, if not
hindered by diets or surgery, a steady personal urge or craving will lead to a steady personal
behavior toward calories. Furthermore, within the circumstances of one individual, with its
own body composition and caloric expenditure (metabolism and physical activity), the
resulting steady flow of calories will lead to a steady BMI over time. Interfering with this chain
of action in a bariatric way (by decreasing calorie intake and/or uptake) will change the
resulting weight, but not the underlying urge and craving. The results in this study indeed
imply that our revision patients did not “learn” from their gastric banding, just like persons
gaining weight after a diet did not. This concept applied to that of the alterable part of the
body mass is visualized in figure 7.2.
If more data would support this evidence for an independent steady personal set point weight
in morbidly obese adults, it would add to a new concept of bariatric weight-loss: The weightloss effectiveness of a bariatric procedure (%AWL) is not only independent of the patient’s
baseline BMI but also vice versa; the origin of the baseline BMI (the steady personal urge or
craving for calories) remains independent of the bariatric procedure as well.
It should be duly noticed that this study also offers another example of the corruptive effect
the %EWL-metric can have on bariatric weight-loss outcome. It had been exposed as the
metric that is influenced most by the differences and deviations in the patients’ weights of all
bariatric outcome metrics [6,9,18]. Now, in this study, the conclusions drawn from the nadir
%WL and %AWL results are not supported by the nadir %EWL results. In fact, with the %EWLmetric, a truly significant similarity in outcome would have been portrayed as a significant
difference (table 7.2).
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It should be advised not to use the measurement of the accidental weight at time of operation
for baseline BMI. It does not necessarily reflect the personal steady weight, as it is prone to
have been influenced by the upcoming operation: some patients gain weight before their
operation (the so-called bachelor party effect), while on the other hand, many bariatric
centers require patients to lose weight before the operation. Instead, a measurement
reflecting a person’s steady weight should be preferred. For patients undergoing primary
bariatric surgery, the measured weight at first visit could be used for this purpose. As the
measurement at first appointment is the one furthest away in time before the eventual
operation, it most likely is the one least influenced by the upcoming lifechanging event of the
bariatric procedure. A patient’s account of a steady weight in the years prior to the first visit
might be meaningful as well but has the disadvantage of being a subjective self-reported
value. This study shows that for patients undergoing revision bariatric surgery, the measured
weight before the primary procedure should be used for baseline BMI, as it reflects the
personal steady weight better than the measured weight before revision surgery. This leads
to an unambiguous advice on a standardized measurement for baseline weight for all bariatric
patients: use the measured weight at first visit before the primary procedure, in all cases.
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Table 7.1 Patient characteristics of 726 patients that underwent primary laparoscopic Rouxen-Y gastric bypass (gastric bypass) or revision laparoscopic adjustable gastric banding to
Roux-en-Y gastric bypass (banding-to-bypass), eligible for a 2-year follow-up. OS-MRS: Obesity
Surgery Mortality Risk Score. BMI: body mass index. NS: not significant, significance MannWhitney U-test p<0.05.
baseline characteristic
n (%)
male (%)
age median (range) (years)
OS-MRS % A - B - C
Type 2 diabetes mellitus (%)
Mean BMI (range) (kg/m²)
before primary procedure
Mean BMI (range) (kg/m²)
before gastric bypass
Lost to follow-up (%)

primary
gastric bypass
644 (88.7%)
123 (19.1%)
43 (18-65)
68 - 31 - 1 %
160 (24.8%)

revision
banding-to-bypass
82 (11.3%)
7 (8.5%)
43 (24-60)
77 - 23 - 0 %
8 (9.8%)

<0.05
NS
NS
<0.005

44.1 (34.5-67.6)

48.1 (40.0-70.0)

<0.001

44.1 (34.5-67.6)

42.9 (24.8-59.0)

NS

13 (1.8%)

0 (0%)

NS

p

Table 7.2 Median, range, and interquartile range (IQR) of baseline BMI and nadir weight-loss
outcome within 2 years after primary laparoscopic Roux-en-Y gastric bypass (gastric bypass)
or revision laparoscopic adjustable gastric banding to gastric bypass (banding-to-bypass).
%WL: percentage weight-loss. %EWL: percentage excess weight-loss. %AWL: percentage
alterable weight-loss. NS: not significant, significance Mann-Whitney U-test p<0.05.
median (range)
[IQR]
nadir BMI (kg/m²)

baseline BMI (kg/m²)
nadir %WL
nadir %EWL
nadir %AWL

primary gastric bypass
n=631

revision banding-to-bypass
n=82

28.3 (18.3-49.2)
[25.5-31.5]
baseline BMI before
primary gastric bypass
43.1 (34.5-67.6)
[40.8-46.9]
35.0 (8.5-55.6)
[28.8-40.0]
82.5 (20.0-149.3)
[67.2-96.9]
49.6 (12.1-79.3)
[41.9-57.2]

31.2 (22.2-44.7)
p<0.001
[28.0-34.1]
baseline BMI before
baseline BMI before
gastric banding
revision banding-to-bypass
42.6 (24.8-59.2)
47.4 (40.0-70.0)
NS
p<0.001
[39.3-46.9]
[43.7-51.1]
27.5 (-22.6-53.4)
35.2 (11.8-53.4)
p<0.001
NS
[21.8-32.5]
[29.2-39.9]
68.0 (1.4-2800.0)
74.5 (28.7-115.0)
p<0.001
p=0.001
[53.1-83.3]
[63.3-84.6]
48.5 (17.0-71.2)
39.8 (-47.5-71.2)
NS
p<0.001
[40.2-54.4]
[30.9-47.1]
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Figure 7.1 Three comparisons of nadir percentage alterable weight-loss (%AWL) between 631
primary laparoscopic Roux-en-Y gastric bypass (LRYGB) patients (prim) and 82 revision LRYGB
patients with removal of gastric banding (rev). Significance Mann-Whitney U-test p<0.05.
NS: not significant.
- Prim/rev:
weight before LRYGB is used for baseline body mass index for all patients.
- Prim/rev’:
for the revision patients weight before the gastric banding is used instead.
- Prim/rev1/rev2: the revision group divided in halves by their weight-loss after banding,
before bypass (white bars).
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Figure 7.2 Concept of a steady calorie flow, driven by an independent personal craving and
urge for calories that is steady over time, resulting in a steady alterable part of body mass.
Visualization of three points of action, restriction, malabsorption, and long-lasting lifestyle
change, influencing the resulting body mass index (BMI).
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Chapter 8
Relationships between type 2 diabetes remission after gastric bypass and different weight
loss metrics: arguments against excess weight loss in metabolic surgery
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Abstract
Background: Percentage excess weight-loss (%EWL) outcome of bariatric surgery is distorted
by deviations in baseline body mass index (BMI). It has been reported that this can lead to
false conclusions, most likely because bariatric weight-loss in fact is baseline BMI
independent. Objectives: If the metabolic effect of bariatric surgery is baseline BMI
independent as well, could %EWL also lead to false conclusions on metabolic surgery? Setting:
Bariatric Center of Excellence, general hospital, Netherlands. Methods: Retrospective analysis
of 1-year outcome of all consecutive primary gastric bypass patients with type 2 diabetes
mellitus (T2DM). Metabolic outcome (glycated hemoglobin (HbA1c), T2DM medication) was
compared with bariatric outcome (weight-loss), using 3 different metrics: %EWL, the most
popular weight-loss metric among bariatric surgeons; percentage (total) weight-loss (%WL),
most commonly used by non-surgical professionals; and percentage alterable weight-loss
(%AWL), the only metric rendering weight-loss outcome independent of baseline BMI.
Metabolic success (HbA1c ≤6.0%, T2DM remission) was compared with different definitions
of bariatric success (≥50%EWL, BMI <35kg/m², %AWL percentiles; Mann-Whitney U-test;
p<0.05). Results: Until May 2014, 2001 patients underwent primary laparoscopic Roux-en-Y
gastric bypass (LRYGB), of whom 449 had T2DM, with baseline BMI 43.3kg/m², mean 1.6
number of T2DM medication and HbA1c 7.5%. At one year 95% follow-up, with BMI
30.5kg/m², 52.1% T2DM remission, 86.9% HbA1c <7.0%, and 63.6% without T2DM
medication. No significant differences in T2DM outcome and weight-loss were found with
different baseline-BMI, except for %EWL (p< 0.001). Weight-loss was significantly better with
better T2DM outcome, but for %EWL contradictory relationships were found in baseline BMI
subgroups. T2DM outcome was not less successful for patients with <50%EWL. Conclusion: In
T2DM patients, weight-loss after gastric bypass does not depend on BMI, HbA1c, or T2DM
medication at baseline. The popular %EWL-metric and the 50%EWL success criterion are
problematic in comparing bariatric and metabolic outcome of gastric bypass surgery. They
should be abandoned. The %WL-metric is the best and most commonly used alternative,
whereas %AWL is ideal for selected logistics in bariatric research. Weight-loss percentiles are
best suited for defining bariatric success in metabolic surgery.

Introduction
Since the early days of bariatric surgery, bariatric surgeons have expressed weight-loss with
reference to their patients’ ideal body mass. Based on that concept, Halverson et al. in 1981
were the first to publish results of gastric bypass surgery with the percentage excess weightloss (%EWL) metric and the arbitrary 50%EWL criterion for success [1]. Although body mass
by itself certainly is a valid way of expressing overweight-related health risk, %EWL has no
unequivocal relationship with health risk reduction. Indeed, in different patients, a certain
amount of %EWL (e.g. 50%EWL) can correspond with quite different amounts of body mass
reduction. Redefining the %EWL-metric in2007, introducing body mass index (BMI) 25kg/m²
as reference instead of life insurance tables, did not change anything about that [2]. Evidently
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for that reason, %EWL and 50%EWL were never adopted by non-surgical healthcare
professionals. They use percentage (total) weight-loss (%WL) instead, a simple and
straightforward concept able to deliver a quick and fair indication of health risk reduction
when presented along with the baseline BMI. However, %EWL traditionally remained the most
popular outcome metric for bariatric surgeons worldwide [3].
There is another, often overlooked argument against the excess weight concept: %EWLresults cannot easily be compared with each other. Some insight into bariatric weight-loss
explains why. Aiming at a goal (ideal weight) does not correspond with the actual weight-loss
effect of bariatric surgery. This “bariatric effect” is a result of the combined bariatric
mechanisms restriction (calorie intake reduction) and malabsorption (calorie uptake
reduction). If those mechanisms were to be carried out to the extreme, weight-loss would not
stop at the ideal weight (excess weight-loss concept), nor would it continue to zero (total
weight-loss concept), but halt at about 10-17 kg/m², a minimal body mass known from studies
on starvation [4,5]. This part of the body mass was called “inert,” the remainder “alterable”.
Weight-loss then can be expressed as a reduction of the alterable part of the body mass:
(baseline body mass - final body mass)/ (baseline body mass - inert part). This linear algorithm
of bariatric weight-loss was deducted from almost 9000 American gastric bypass patients [6].
In a validation study of 500 Dutch patients we confirmed these findings and found that for the
inert part, 13 kg/m² can be used for all adults, male and female [7]. The formula of the
resulting metric percentage alterable weight-loss (%AWL) is 100%x (baseline BMI - final BMI)/
(baseline BMI - 13).
The key point of this alterable weight-loss concept is that weight-loss expressed with %AWL is
independent of the baseline BMI. This is remarkable, because it is known that weight-loss
expressed with all other metrics is not [8,9]. This finding has two practical consequences. First,
%AWL outcome can represent the bariatric effect of an operation best, being independent of
the most important baseline characteristic in bariatric surgery, the patient’s baseline BMI.
Second, it means that other weight-loss metrics will generate an extra deviation in weight-loss
results, being influenced by the deviation in baseline BMI. This distortion of weight-loss
outcome by baseline BMI was confirmed in several studies, both for %EWL and %WL [9-13].
The %EWL-metric turned out to be especially unreliable. We repeatedly found that the extent
of the distortion of %EWL results can be clinically relevant, leading to false conclusions both
ways: With %EWL, true weight-loss differences were missed and true similarities were
portrayed as significant differences [6,14].
Others have criticized the %EWL-metric as well [3,12,15,16]. Karmali et al. were the first to
actually recommend abandoning the %EWL-metric, in this journal in 2009, “on the grounds
that it is based on a flawed and outdated concept of ideal weight, is difficult to convey and
understand, is potentially misleading, promotes weight bias, and is a barrier to comparing
surgical and non-surgical obesity data” [16]. An overview of available evidence against %EWL
is presented in table 8.1.
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With this study we want to bring forward another, important argument against %EWL. It is
not only the bariatric effect that does not depend on the patient’s BMI at baseline; there is
evidence that the metabolic effect doesn’t either. Heavier patients were reported to profit
equally from their bariatric procedure than lighter patients in terms of type 2 diabetes mellitus
(T2DM) improvement. A recent meta-analysis found that there is no correlation between
baseline BMI and T2DM remission [17]. Edelman et al. found no relationship between baseline
BMI and improvement of glycated hemoglobin (HbA1c) one year after gastric banding in 187
patients with baseline BMI ≥35 kg/m² [18]. Schauer et al. reported the same for lower BMI,
comparing T2DM medication and HbA1c one year after sleeve gastrectomy and LRYGB,
between 68 patients with baseline BMI ≥35 kg/m² and 32 with BMI <35 kg/m² [19].
Why would this have consequences for the use of %EWL in metabolic surgery? It would,
because in a group of different patients, using one metric or the other would make the
difference between finding clear relationships between bariatric and metabolic effect for all,
or finding odd subgroups of heavier patients that mysteriously show better metabolic results,
and lighter patients showing better bariatric results.
The first aim of this study therefore is to confirm that baseline BMI has no influence on the
improvement of T2DM after LRYGB. The second aim is to find out if %EWL then can corrupt
conclusions, not only on bariatric outcome, but on metabolic outcome as well. The third aim
concerns the use of the %EWL-metric in defining success. Recently, it has been reported that
the arbitrary 50%EWL criterion overestimates success in lighter patients and underestimates
it for heavier ones [9]. To put this %EWL-based criterion now to the test in metabolic surgery,
we compared it, among other criteria for bariatric success, to those for metabolic success.

Methods
Inclusion and baseline characteristics
The Institutional Review Board approved this study. We retrospectively analyzed the data
from our database of all consecutive patients who underwent primary LRYGB in our Bariatric
Center of Excellence in Amsterdam from the beginning of our bariatric program in 2007 until
May 2014, allowing for at least one-year follow-up. Revision patients were not included
because they could be less likely to improve their T2DM if they failed a previous procedure or
because their previous procedure could already have induced T2DM improvement. All
patients were screened preoperatively by a multidisciplinary team, including an
endocrinologist, and operated after written informed consent. All LRYGB procedures were
standardized, with estimated 4x8 cm gastric pouch, 50 cm biliary limb, and 150 cm alimentary
limb. At baseline, weight at first preoperative visit, body length, age, gender, obesity surgery
mortality risk score (OS-MRS), HbA1c, and fasting glucose were collected. The diagnosis T2DM
was made or confirmed according to the T2DM definitions of the American Diabetes
Association: HbA1c ≥6.5% or fasting plasma glucose ≥7.0 mmol/L [20]. For those patients with
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T2DM, BMI and use of T2DM medication at first presentation and HbA1c at first blood test
after that first consultation were linked as baseline values. If necessary, T2DM therapy then
was intensified, medication adjusted, or weight-loss achieved with diets to improve T2DM
control preoperatively, aiming at HbA1c <8.0%, although an elevated HbA1c was not a
contraindication for operation.
We used a simple 6-point score to grade T2DM severity (T2DM-score): 3 points for the therapy
(the number of T2DM medication, with a maximum of 3) plus 3 points for the effect of the
therapy (normal HbA1c ≤6.0%, 0 points; HbA1c <7.0, 1 point; HbA1c <8.5%, 2 points; HbA1c
≥8.5%, 3 points, based on the American Diabetes Association treatment goals) [20]. The
number of T2DM medications was defined as 1 point per type of medication, oral or injectable
(biguanides, sulfonylureas, thiazolidinedione, DPP-4 antagonist, GLP-1 agonist, GLP-1 analog,
α-glucosidase antagonist, insulin), plus 1 extra point for insulin therapy exceeding 80 units per
day. This T2DM-score than would range from 0, for no need for T2DM medication, to 6, for
insulin therapy that definitely needed to be intensified. We used T2DM-score 0 to define
T2DM remission. We expressed T2DM improvement in a descriptive way, by comparing
HbA1c, T2DM-score, and number of T2DM remissions at one year.
Follow-up and one-year outcome
All LRYGB patients were scheduled to have an appointment with the endocrinologist one year
after the operation, including a blood test. At one year, BMI, T2DM medication, and HbA1c
data were collected again. One-year weight-loss then was expressed with 3 different relative
weight-loss metrics. Percentage alterable weight-loss was used as reference, representing the
bariatric effect of the gastric bypass procedure, being the only weight-loss metric that is
undisturbed by the baseline BMI. It is a validated metric, calculated as described by Van de
Laar et al.: %AWL= 100%x (baseline BMI - one-year BMI)/ (baseline BMI - 13) [6,7]. Percentage
excess weight-loss, the most popular metric among bariatric surgeons and the subject of our
study, was calculated as suggested by Deitel et al.: %EWL= 100%x (baseline BMI - one-year
BMI)/ (baseline BMI - 25) [2]. Percentage (total) weight-loss, the metric most commonly used
by non-surgical health care professionals and researchers, was calculated as: %WL= 100%x
(baseline BMI - one-year BMI)/ baseline BMI.
We used basic statistical analyses, comparing 2 subgroups at a time with the non-parametric
Mann-Whitney U-test, with 2-tailed p< 0.05 for significance. Because the major aim of our
study was to test the use of the %EWL-metric in a normal metabolic surgical practice, we did
not want to exclude T2DM patients who were on specific T2DM medication. Yet parts of the
conclusions would be based on T2DM improvement. Comparing the improvement of different
T2DM patients would be more meaningful if they suffered from T2DM that was sufficiently
improvable. We therefore checked all significances again for the subgroup of patients with
assumed sufficient β-cell function, excluding those who were on insulin therapy or on
sulfonylureas at one year.
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Influence of baseline characteristics
The T2DM outcome at one year (HbA1c, T2DM-score, T2DM remission) and the weight-loss
outcome (%WL, %AWL, %EWL) of the T2DM patients were compared by dividing them by
baseline BMI (lighter and heavier halves), baseline HbA1c (<7.0% and ≥7.0%), and baseline
T2DM-score (0-2 and 3-6).
Comparing bariatric and metabolic effect
T2DM outcome at one year (HbA1c, T2DM-score, T2DM remission) was compared by dividing
the T2DM patients by one-year weight-loss (%WL, %AWL, and %EWL) in halves with more and
less weight-loss. Weight-loss outcome at one year (%WL, %AWL, and %EWL) was compared
by dividing the T2DM patients by one-year T2DM outcome (HbA1c and T2DM-score) in halves
with more and less T2DM improvement. The linear correlation between weight-loss and
HbA1c at one year was determined with the Pearson product-moment correlation coefficient.
We conducted an experiment comparing %EWL outcome to metabolic outcome, with %AWL
outcome as reference, representing the true bariatric effect of the gastric bypass surgery. We
compared weight-loss results between patients with and without T2DM remission at one year,
in subgroups with different baseline BMI. Subgroup A, containing all no-remission patients
with relatively low baseline BMI (≥35 <45 kg/m²) was compared with 3 subgroups of remission
patients with similar or higher baseline BMI: B, ≥35 <45 kg/m²; C, ≥39 <49 kg/m²; and D, ≥43
<53 kg/m². This way, we tested the interaction or counteraction of two influences on weightloss: the correlation between less successful T2DM improvement and less weight-loss and the
amplifying effect of lower baseline BMI on %EWL-results.
Comparing bariatric and metabolic success
We compared 3 ways of expressing “metabolic success” to 3 definitions of “bariatric success.”
For bariatric success, we used criteria 50%EWL, proposed by Halverson et al. in 1981, BMI
35kg/m², suggested by MacLean et al. in 1993, and the 25th percentile of the %AWL outcome,
introduced by Van de Laar and Acherman in 2014 [1,9,21]. Expressing success by means of
percentiles has the advantage that patients are compared with their peers instead of to their
surgeons’ ideal goal. Specifically, %AWL percentiles have the advantage that lighter patients
can be compared with heavier peers and vice versa, because their %AWL results are
independent of their baseline BMI. We chose the 25th percentile as a cut-off, because it marks
the lower end of the clinically relevant interquartile range (IQR).
For “metabolic success” we chose normalization of glycated hemoglobin (HbA1c ≤6.0%),
T2DM remission (T2DM-score <1), and T2DM-score <2, the latter either meaning
normalization of HbA1c with only one type of medication or reaching the therapeutic goal
HbA1c <7.0% without.
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Results
Inclusion and baseline characteristics
From 2007 until May 2014, we performed LRYGB in 2250 patients, 16.0% male, mean age 43
(range18-66) years, OS-MRS distribution 68%A, 31%B and 1%C. Two hundred forty-nine
single-stage revision procedures from gastric banding or gastroplasty to LRYGB were excluded.
Out of the remaining 2001 primary LRYGB patients, 449 (22.4%) had T2DM, of whom 20.9%
had no T2DM medication at first presentation and 33.6% were on insulin therapy. These T2DM
patients were significantly older (mean 49 years, p<0.05) than the total group of primary
LRYGB patients, with significantly more male patients (27.6%, p<0.05) and more comorbidities (59% OS-MRS B&C, p<0.05), but with comparable baseline BMI (mean 43.3, range
34.5-71.5 kg/m²). Their HbA1c at baseline was mean 7.5 ±SD1.5 %, with mean 1.6 T2DM
medication and mean 3.2 T2DM-score.
Follow-up and one-year outcome
One primary LRYGB patient died within 30 days from bowel ischemia (0.05% mortality), but
this was not a T2DM patient. Fourteen T2DM patients were lost to follow-up (3.1%) and in
another 9 cases there was no HbA1c value available at one year (2.0%). The remaining 426
primary LRYGB T2DM patients with all available data at one year follow-up had mean BMI 30.5
(range 20.5-49.2) kg/m², 29.6 (range 8.4-49.4) %WL, 42.6 (range 13.1-67.3) %AWL and 72.9
(range 25.6-144.6) %EWL. The interval between their operation and 1-year follow-up was
mean 377 ±SD29 days. At one year, 52.1% had T2DM remission; HbA1c was mean 6.1 ±SD0.8
%, with 0.5 T2DM medication and 1.0 T2DM-score. The therapeutic goal HbA1c <7.0% was
reached by 86.9%, the percentage of patients on insulin therapy dropped to 13.8%, and 63.6%
had no T2DM medication. After one year, 358 patients (84.0%) were not on insulin therapy or
sulfonylureas. The threshold of BMI 35kg/m² was passed by 85.7%, whereas 89.0% reached
50%EWL or more, and 75% (25thpercentile) had lost at least 35.4 %AWL.
Influence of baseline characteristics
Splitting the group in halves by baseline BMI did not show significant differences in
distribution of baseline characteristics gender, age, HbA1c, or T2DM-score. Splitting the group
in two parts by baseline HbA1c <7.0% or T2DM-score <3 did not show significant differences
in distribution of gender, age, or baseline BMI. Relationships between these baseline
characteristics and 1-year outcome are presented in table 8.2. The only outcome that differed
between the halves with higher and lower baseline BMI was %EWL, also for the subgroup of
358 patients not on insulin or sulfonylureas at one year.
Comparing bariatric and metabolic effect
If the 426 patients were divided in halves by more or less weight-loss, their one-year T2DM
outcome indicated significant differences in HbA1c, T2DM-score, and T2DM remission in favor
of those who lost more weight for all three metrics %WL, %AWL, and %EWL (all p< 0.05). If
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they were divided in halves by T2DM-score and HbA1c at one year, their weight-loss had
significant differences for all three metrics %WL, %AWL, and %EWL in favor of those with
better T2DM outcome (all p< 0.005). Both findings were true for the subgroup of 358 patients
not on insulin or sulfonylureas at one year as well, except for %EWL. For those, similar T2DM
outcome was found with more or less %EWL and similar %EWL results with more or less
favorable T2DM outcome.
The linear correlation (Pearson product-moment correlation coefficient) between weight-loss
and HbA1c at one year was r= -0.2 for %WL and %AWL and r= -0.1 for %EWL. Relationships
among %WL, HbA1c and T2DM-score at one year are presented in figure 8.1.
For the experiment on %EWL, the %AWL-results were significantly higher in the remission
group (p<0.001), confirming that the bariatric effect was related to the metabolic effect. There
were no significant differences in %AWL between the three experimental subgroups B, C and
D, confirming that the bariatric effect expressed with %AWL was independent of baseline BMI
within the remission group. Table 8.3 shows the %EWL results for the same experimental
subgroups. They were either higher, similar, or lower than in the no-remission group,
according to the choice of remission subgroup, and this was true for the 358 patients not on
insulin or sulfonylureas at one year as well, although for those not significant for the
experimental subgroup D.
Comparing bariatric and metabolic success
Of all six examined criteria for success, T2DM remission defined the lowest number of patients
(222, 52%) as successful and 50%EWL the highest (379, 89%). With the 50%EWL and BMI
35kg/m² criteria, HbA1c and T2DM-scores at one year were not significantly lower for the
successful patients, whereas with the 25th %AWL-percentile criterion they were (both
p<0.005). The relationships among the six criteria are presented in table 8.4, in which any
aberrant findings for the 358 patients not on insulin therapy or sulfonylureas at one year are
marked.

Discussion
This study provides four new arguments against the use of the %EWL-metric in metabolic
surgery. They concern the relationships between BMI and T2DM characteristics at baseline,
those between bariatric and metabolic outcome, the distortion of %EWL-based conclusions
on metabolic outcome, and the mismatch between %EWL success and metabolic success. On
the other hand, it shows that using weight-loss metrics %WL or %AWL instead can avoid all
these problems summed up for the %EWL-metric.
1. This study confirms that baseline BMI is not correlated either to weight-loss or to T2DM
improvement after LRYGB. It also found that the grade of T2DM at baseline (HbA1c and T2DMscore) did not influence weight-loss after LRYGB. This is remarkable, because T2DM at baseline
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(as opposed to no T2DM at baseline) is known to be an independent predictor for less
favorable weight-loss after bariatric surgery [22-24]. From our study it can be concluded that
within a group of T2DM patients, the grade of T2DM at baseline does not add to this
unfavorable weight-loss result. Then, if the metabolic outcome is influenced not by baseline
BMI and the bariatric outcome by neither baseline BMI nor baseline grade of T2DM, it would
be self-evident to choose a weight-loss metric for expressing that bariatric outcome that is
influenced by neither baseline BMI nor baseline grade of T2DM. The two metrics in our study
that meet these terms are %WL and %AWL; the only one that doesn’t is %EWL (table 8.1).
2. Although the linear correlation between weight-loss and T2DM improvement we found was
weak, the relationships between more weight-loss and more T2DM improvement are
significant. However, for the subgroup of patients with assumed sufficiently improvable T2DM
(no insulin or sulfonylureas), this was not the case if the %EWL-metric was used.
3. The experiment we conducted produced startling results. Apparently, the corruptive
influence of baseline BMI on %EWL outcome can be strong enough to counteract the rather
weak relationship with T2DM improvement. There are two reasons why this would be
clinically relevant. First, we defined two plausible groups (A and B) of patients with similar BMI
at baseline. One group (B) had markedly better metabolic improvement. That group had
better %EWL as well, as should have been expected. So far so good. Then we defined two
plausible groups (A and C) of patients with similar %EWL outcome at one year. One group (C)
had markedly better metabolic improvement. At baseline those patients had a BMI about 3
points higher. As, in this example, it looks as if all had the same bariatric result (similar %EWL);
should it be concluded that heavier patients have better β-cell function? Or that they have
more effective endocrine mechanisms boosting the metabolic effect of their LRYGB? No, the
answer simply is that these patients with better metabolic improvement had in fact better
weight-loss as well (as can be seen from their %AWL results), but that the %EWL results of the
other, lighter patients were distorted, making their less favorable weight-loss look better than
it actually was. Second, we defined two plausible groups (A and D) of patients with a more
outspoken difference in baseline BMI. Now, the effect got out of hand, the %EWL outcome
reversed, and better %EWL results were seen for the group that metabolically did worse! The
experiment therefore confirmed our hypothesis: using %EWL in metabolic surgery can
wrongfully result in finding odd subgroups of heavier patients with better metabolic than
bariatric results and lighter patients with better bariatric than metabolic results.
4. We found no clear relationships between bariatric success defined by the two most widely
used criteria, >50%EWL and BMI <35 kg/m², and metabolic success. In another study we found
that these two criteria are not appropriate for LRYGB surgery on grounds of their relationship
with weight-loss outcome in a large representative group [9]. Now we provide metabolic
arguments to affirm that finding. Instead, we suggested defining bariatric success by means
of weight-loss percentiles. This study indicates that approach to be effective in relation to
metabolic success as well, neatly matching the 25th percentile of the %AWL results.
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There are some shortcomings of this study. Although the bariatric effect can be expressed in
a quantitative way with relative weight-loss metrics, there are no relative measures available
to quantify T2DM improvement. We could only use endpoint T2DM parameters. This might
explain why the correlation found in our data between bariatric and metabolic outcome,
although significant, was quite weak. Also, other factors influencing T2DM improvement like
residual β-cell function and T2DM disease duration were not taken into account. We
compensated for that by specifying a subgroup of patients with assumed sufficient β-cell
function, excluding those still on insulin therapy or sulfonylureas at one year. Given the size
of our cohort of T2DM patients (>400), the good follow-up rate (95%), and the low percentage
of patients on insulin or sulfonylureas at one year (16%), we feel that these findings, together
with other existing evidence against the %EWL-metric (table 8.1), are convincing enough to
conclude that the %EWL-metric and the 50%EWL criterion are both so problematic in bariatric
and metabolic surgery that they should be abandoned.
Undoubtedly, %WL is the best and most commonly used alternative. Its appropriateness in
metabolic surgery is supported by the findings of this study. The %WL-metric is simple to use,
simple to understand and simple to convey, and used worldwide by researchers involved in
morbid obesity. The two most famed landmark studies in metabolic surgery, the Swedish
obese patients intervention study and the American bariatric surgery versus intensive medical
therapy in obese patients with diabetes trial used the %WL-metric [19,25]. However, it has
two flaws. The %WL-metric does not consider body mass and therefore should always be used
together with the baseline BMI. Next, %WL generates extra deviation in weight-loss outcome
as well, as was found in several studies, but to a much lesser extent than %EWL and not
inversed to the absolute weight-loss [9-11]. An experiment like ours to expose this flaw with
%WL therefore should involve differences in baseline BMI far less realistic to produce the
same effect as with %EWL.
The only metric that avoids all disadvantages of both metrics is %AWL. It does consider body
mass and it does not generate extra deviation. With that unique feature it serves as best
approximation of the “true bariatric effect”, a tool valuable for unequivocal comparing of
weight-loss outcome in metabolic surgery. A good example of using this tool is comparing
postoperative weight-loss of individual patients to that of peers with %AWL-percentiles. This
study confirmed this concept indeed to be the better way of defining bariatric success in
metabolic surgery.

Conclusion
The %EWL-metric can lead to wrong conclusions, not only on bariatric outcome (weight-loss),
but on metabolic outcome (T2DM improvement) as well. %EWL outcome does not match
metabolic outcome, whereas %WL and %AWL outcome do. The arbitrary criteria for success
of bariatric surgery, >50%EWL and BMI <35 kg/m², do not match the success of metabolic
surgery, whereas success defined by %AWL-percentiles does. All this makes clear that the
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%EWL-metric is not at all suited for bariatric and metabolic surgery. Because the corruptive
effect of baseline characteristics on %EWL outcome worsens with even lower baseline BMI,
this message will become more urgent in the near future, if T2DM patients with BMI <35kg/m²
will be eligible for metabolic surgery. It is time for guidelines warning against the side effects
of the %EWL-metric, and all existing evidence-based on %EWL outcome, both in bariatric and
metabolic surgery, should be handled with suspicion.
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Table 8.1 Summary of evidence against the percentage excess weight-loss (%EWL) metric (also
defined as excess body mass index loss (%EBMIL)). %WL: percentage (total) weight-loss.
finding

evidence

study

observation

%EWL generates deviation in weight-loss outcome,
more than %WL.

1168 gastric
bypass patients
168 gastric
bypass patients
846 gastric
bypass patients
4651 gastric
bypass patients
8945 gastric
bypass patients
500 gastric
bypass patients
149 gastric
bypass patients

The bariatric effect is baseline BMI independent;
%EWL outcome is not.
The distortion of weight-loss outcome using %EWL
is significant and unnecessary.

%EWL results are inversed to absolute weight-loss:
heavier patients lose more kg or BMI than lighter
patients, but less %EWL.
practical use

clinical
relevance

2011 Van de Laar [10]
2013 Hatoum [12]
2012 Van de Laar [11]
2014 Van de Laar [6]
2014 Van de Laar [7]
2011 Júnior [26]

%EWL is not favored by non-surgical researchers.
%EWL-outcome can only be interpreted
appropriately with the absolute weight-loss
outcome at hand.
The %EWL concept is confusing and a barrier to
comparing surgical and nonsurgical data.

systematic
review

2005 Dixon [3]

review

2009 Karmali [16]

Current recommendation to use %EWL is not
evidence-based (expert opinion only).

executive
summary

%EWL-outcome depends on baseline-BMI.

systematic
review
8945 gastric
bypass patients
726 gastric
bypass patients
449 gastric
bypass patients

2015 ASMBS Clinical
Issues Committee
[27]
2012 Livhits [8]

With %EWL, significant differences in weight-loss
can be missed.
With %EWL, similar weight-loss results can be
portrayed as significant differences.
%EWL can lead to wrong conclusions on the
metabolic effect of gastric-bypass surgery.
defining
success

year of publication,
author
2009 Dallal [13]

The 50%EWL-criterion overestimates sufficient
weight-loss for lighter patients and underestimates
it for heavier patients.
Bariatric success runs parallel to metabolic success,
but not for the 50%EWL-criterion.

102

2014 Van de Laar [6]
2015 Van de Laar [14]
present study

8945 gastric
bypass patients

2014 Van de Laar [9]

449 gastric
bypass patients

present study

Table 8.2 Relationships between baseline characteristics and one-year outcome on type 2
diabetes mellitus (T2DM) improvement and weight-loss. %AWL: percentage alterable weightloss. BMI: body mass index. HbA1c: glycated hemoglobin. %EWL: percentage excess weightloss. %WL: percentage (total) weight-loss. NS: p>0.05.

n
1 year HbA1c
1 year T2DM-score
1 year % T2DM remission
1 year %WL
1 year %AWL
1 year %EWL

baseline BMI (kg/m²)
35-42
42-72
p
213
213
6.1
6.0
NS
1.0
1.0
NS
48.8
55.4
NS
28.8
30.4
NS
43.2
41.9
NS
81.1
64.8
<0.001

baseline HbA1c (%)
<7.0%
≥7.0%
p
187
239
5.6
6.4
<0.001
0.2
1.6
<0.001
81.8
28.9
<0.001
30.0
29.3
NS
42.9
42.3
NS
72.7
73.1
NS

baseline T2DM-score
0-2
3-6
p
166
266
5.6
6.4
<0.001
0.1
1.6
<0.001
87.3
29.6
<0.001
30.2
29.3
NS
43.2
42.2
NS
73.3
72.7
NS

Table 8.3 One-year percentage excess weight-loss (%EWL) of four experimental subgroups, by
type 2 diabetes mellitus (T2DM) remission and by choice of baseline body mass index (BMI),
compared with percentage alterable weight-loss(%AWL). NS: not significant (p>0.05).

subgroup
n
baseline BMI (kg/m²)
%AWL
%EWL

no T2DM
remission
A
145
40.0
40.8
74.9

T2DM remission
B
133
40.3 NS
45.1 p<0.01
81.5 p<0.01
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C
147
43.2 p<0.01
44.4 p<0.01
74.7 NS

D
99
47.2 p<0.01
44.2 p<0.01
68.4 p<0.05
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Figure 8.1 Relationship between glycated hemoglobin (HbA1c) and percentage weight-loss
one year after gastric bypass with linear trendline (coefficient of determination r2= 0.032).
Bars: 95% confidence intervals of mean percentage weight-loss per group of type 2 diabetes
score, centered on their mean HbA1c.
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PART III
Weight-loss percentile charts; relevance and use

Chapter 9
Weight-Independent Percentile Chart of 2880 Gastric Bypass Patients: a New Look at
Bariatric Weight loss Results

Obesity Surgery - 2016 December; 26: 2891-2898
A van de Laar, M de Brauw, S Bruin, Y Acherman
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Abstract
Background: Percentile charts would be ideal for assessing sufficient weight-loss in bariatric
surgery. They allow comparing individual results to the outcome of many others, at any
postoperative time. Unfortunately, percentile charts can be problematic when comparing
unequally heavy peers, a circumstance not uncommon among bariatric patients. We
investigate the relevance of this disadvantage and combine new insights to improve the
practical use of percentile charts in bariatric surgery. Methods: Laparoscopic Roux-en-Y gastric
bypass outcome expressed with body mass index (BMI), excess weight-loss (%EWL), total
weight-loss (%TWL), and alterable weight-loss (%AWL), a new metric rendering outcome
independent of baseline BMI, is used to build percentile curves p97/ p90/ p75/ p50/ p25/ p10/
p03 with the lambda-mu-sigma method. We used the %AWL p25 curve as baseline BMI
independent reference for sufficient weight-loss and compared it to p25 curves based on
common metrics and to traditional criteria ≥50%EWL, <25 %EWL, and BMI <35 kg/m². Results:
We operated 2880 patients, with baseline BMI of 43.4 kg/m², follow-up 71%, and mean of
23.3 (0-87.6) months. Independent %AWL outcome is presented in one percentile chart.
Percentile curves p25/ p50/ p75 show 40/ 48/ 57 %AWL at nadir 15/ 16/ 19 months, 35/ 45/
54 %AWL at 3 years, and 30/ 38/ 47 %AWL at 7 years. Traditional criteria and p25 curves based
on %EWL and BMI match with most sufficient results (high sensitivities), but overlook many
insufficient results (low specificities). Conclusions: We present the first baseline BMI
independent bariatric weight-loss percentile chart. It allows comparing heavier patients to
lighter peers and vice versa, at any postoperative time, up to 7 years. With these advantages,
we compared it to traditional bariatric criteria like ≥50%EWL and found that they are weak in
recognizing insufficient weight-loss. The visual aspect of consecutive results plotted on a chart
among the percentile curves of peers conveys a strong, intuitive message on the personal
progress of postoperative weight-loss.

Introduction
Bariatric surgery can produce outstanding improvement of weight, comorbidities, and quality
of life [1-3]. Although evaluating bariatric results should involve all these aspects, the question
on sufficient postoperative weight-loss can be looked at separately as well.
Individual weight-loss can be assessed against preset goals or personal expectations.
Preferably, however, it should be assessed against the results of other individuals. A patient’s
weight-loss at a certain postoperative time then is sufficient if it is not less than that of most
other patients at the same time after the same bariatric operation. Unfortunately, comparing
bariatric weight-loss is quite challenging: postoperatively, weight-loss results show substantial
deviation, significantly changing over time, while preoperatively, bariatric patients are
extremely unequally heavy, ranging from a body mass index (BMI) of 35kg/m² to twice as
much or more [4-6].
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Traditionally, postoperative weight-loss is assessed against single benchmarks, such as mean
excess weight-loss (%EWL) values from the bariatric literature or arbitrary preset goals
suggested by different authors, like BMI <35kg/m², ≥50%EWL, or <25%EWL [7,8]. In the
meantime, bariatric research is providing more and more information on the possible
postoperative deviation to estimate sufficient weight-loss at different postoperative intervals.
Next, this information could be combined in percentile charts (similar to growth-charts in
children’s health care), delivering a direct message on sufficient weight-loss for any individual
result at any postoperative time.
Two bariatric percentile charts have been published, both, however, based on short-term data
only and with poor follow-up. Mor et al. produced a %EWL chart of 1216 laparoscopic Rouxen-Y gastric bypass (LRYGB) patients [9]. Van de Laar and Acherman published a total weightloss (%TWL) chart of 8945 LRYGB patients [4]. In both studies, the 25th percentile (p25) was
used to define sufficient weight-loss, being the lower end of the clinically relevant
interquartile range (IQR).
Although percentile charts can handle the first challenge of comparing different bariatric
weight-loss results very well, clearly showing their broad deviation at any postoperative time
in a direct way, they are very sensitive to the second challenge, comparing extremely
unequally heavy patients. An example with two subjects with baseline BMI of 35 and 55 kg/m²
can make this clear. The lighter patient might lose an equal amount of %TWL (for example
both 30 %) and at the same time lose substantially less BMI (11 vs. 17 kg/m²) and substantially
more %EWL (105 vs. 55 %). This lighter patient would be on the same %TWL-percentile curve
as the heavier one, on a lower curve on a BMI chart, and on a much higher curve on a %EWL
chart.
Several studies looked into this practicality, searching for the metric least influenced by the
usual deviation of BMI among bariatric patients at baseline, and, surprisingly, all found %EWL
to be more problematic than %TWL [10-14]. Furthermore, it was repeatedly demonstrated
how the interference of differences in baseline BMI can be clinically relevant: for unequally
heavy patients, significant differences in outcome can be missed if expressed with %EWL,
while similar outcomes can be portrayed as significantly different %EWL results [15-17]. In
combination with postoperative improvement of type 2 diabetes mellitus (T2DM), the %EWLmetric was found to lead to wrong conclusions in metabolic surgery as well [18]. All this would
rule out the use of %EWL for bariatric weight-loss charts.
Mor et al. tried to tackle this problem by presenting their %EWL data in two graphs, for
morbidly obese and super obese (SO; BMI ≥50kg/m²) separately [9]. It was never tested,
however, whether two graphs would be enough to avoid relevant interference. Also, different
graphs would be less practical, would make comparing results for some unequally heavy
patients impossible, and would affect the number of data per graph.
Recently, we found that the interference by baseline BMI is in fact not inevitable: it is caused
solely by the algebraic features of the common weight-loss metrics and disappears completely
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if weight-loss is expressed in a different way, with an uncommon metric [15]. This new metric,
alterable weight-loss (%AWL), was validated and delivers bariatric weight-loss outcome
independent of the patients’ baseline BMI [19].
A percentile chart based on representative %AWL outcome would combine two advantages.
The features of a chart would allow comparing patients to their peers at any postoperative
time, while the features of the metric would allow doing so for patients with any preoperative
body mass. Then, a %AWL chart could serve as an ideal bariatric weight-loss reference. In this
study, we elaborate how to construct such chart and investigate its relevance by comparing it
to different benchmarks based on common weight-loss metrics.

Materials and Methods
Patients
The Institutional Review Board approved this study. Informed consent was obtained from all
individual participants included in the study. For this type of study (retrospective studies),
formal consent is not required. We retrospectively analyzed data from all consecutive primary
LRYGB patients operated in our Bariatric Center of Excellence from 2007 until June 2015.
Revision LRYGB procedures were excluded, as in those cases postoperative results could be
influenced by the preceding bariatric procedure. All patients were screened preoperatively by
a bariatric surgeon, an endocrinologist, a dietician, and a psychologist and were operated after
written informed consent. All LRYGB were standardized, with a gastric pouch of 4 cm in width
and 8 cm in length, a 50-cm biliary limb, and a 150-cm alimentary limb. All patients were urged
to lose weight before the operation to improve surgical risk and were weighed on the day of
operation (day 0).
All patients received multiple appointments with our multidisciplinary team during the first
two years postoperative, and annually thereafter. At all appointments, patients were weighed
with the same type of scale. Patients not showing up were contacted and scheduled for a new
appointment. All data were collected prospectively in a central electronic database.
Weight-loss
We calculated weight-loss with four different metrics.
1.
2.
3.
4.

BMI reduction = (baseline weight (kg) - last measured weight (kg))/ (body length (m))2.
%TWL= 100%× BMI reduction/ baseline BMI.
%AWL= 100%× BMI reduction/ (baseline BMI - 13), as described by van de Laar et al.
[15,19].
%EWL= 100%× BMI reduction/ (baseline BMI - 25), as suggested by Deitel et al. [20].
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We tested the interference of the differences of BMI at baseline on these metrics by
comparing the outcomes of the two outer quarters of the heaviest and lightest patients
(Mann-Whitney test, p<0.05).
We used the measurement at first preoperative visit for baseline weight, which was
demonstrated to approximate the steady personal weight better than the measurement at
time of operation, being less influenced by the upcoming lifechanging event of the bariatric
procedure [16]. This was important for our patients especially as most of them intentionally
lost weight in the short run to their operation. The percentile curves would therefore show
the deviation of preoperative weight-loss at day 0.
We based the percentile chart solely on independent values, using for each patient the last
measured weight only. This was important as the number of postoperative measurements per
patient could depend more on the compliance to follow-up than on the postoperative interval,
thus introducing bias.
Percentile Chart
For building smooth percentile curves, we used the ‘LMS method’ (lambda-mu-sigma) used
by the World Health Organization for children’s growth-charts [21]. The changing deviation of
%AWL results over time was summarized by three curves: skewness (L), median (M), and
coefficient of variation (S). With these LMS curves, percentile curves p3, p10, p25, p50
(median), p75, p90, and p97 were drawn. We used ‘LMS-Chartmaker Pro’ software, version
2.54 (copyright 1997-2011, Medical Research Council, UK). We used the program’s Q tests for
goodness of fit to judge the model’s adequacy. With the p25, p50, and p75 curves, we
allocated a quartile number to each %AWL result, with 1 (best results) for those results at any
point in time that lie above the p75 curve and 4 (poorest results) for those below p25.
Next, these methods were used to build the p25 of the same results, now expressed with
%EWL, %TWL, and BMI reduction.
Subgroups
By comparing quartile numbers, we analyzed the distribution in the %AWL chart of gender,
age, SO, obesity surgery mortality risk score (OS-MRS), ethnicity, and T2DM (Mann-Whitney
test, p<0.05) [22]. To give an impression on how much difference in outcome actually can be
expected for these different patient characteristics, we additionally compared the mean
%AWL for relevant subgroups of those patients with last measurement in the second
postoperative year (an interval where the curves are expected to change least over time, more
or less corresponding to nadir weight-loss).
Prognostic Value
We examined the prognostic value of early weight-loss by looking at additional 1-year
measurements (335-396 days) of the patients with last measured weight >3 years. We
evaluated how often an early %AWL-based quartile number was sustained, lowered, or
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improved and assessed the correlation between earlier and later quartile numbers with the
Pearson product-moment correlation coefficient (r).
Benchmarks
We used the %AWL chart as a reference to determine the sensitivity and specificity of different
types of bariatric benchmarks based on common metrics. First, the p25 was used as a dynamic
threshold for sufficient weight-loss, as suggested by Mor et al. [9]. Results expressed with
%EWL, %TWL, and BMI reduction that were situated above their respective p25 were
compared to the %AWL results above the %AWL p25. Second, we used the %AWL p25 of the
results at ≥1 year (beyond the steep initial weight-loss) to compare to common static bariatric
thresholds of ≥50%EWL, <25 %EWL, and BMI <35 kg/m².

Results
Patients
We operated 2880 patients, of whom 16.8% were male, 10.5% were SO, and 22.7% had T2DM.
The mean age was 43 (range 18-66) years; mean baseline BMI was 43.4 (range 34.5-71.5)
kg/m²; the distribution of OS-MRS scores was 67% A, 32% B and 1% C; and the ethnicities were
7% sub-Saharan or Caribbean, 3% North African, 3% Turkish, 85% Caucasian, and 2% other.
The time between first preoperative visit and operation was mean 7 months. The numbers of
primary LRYGB per year were 7, 25, 59, 205, 401, 546, 794, and 843. The longest possible
follow-up per patient at time of data analysis in June 2015 ranged from 0 to 87.6 (mean 23.3)
months.
One patient died within 30 days from bowel ischemia (0.03% mortality). For all 2880 patients,
last measurement was at mean 71% of their longest possible follow-up. At time of data
analysis, 2000 patients were ≥1 year postoperative, of whom 83% had ≥1-year follow-up,
while 647 patients were ≥3 years postoperative, of whom 71% had ≥2-year follow-up, and 82
patients were ≥5 years postoperative, of whom 96% had ≥4-year follow-up.
Weight-loss
Weight-loss results are presented in figure 9.1. Weight-loss of the 534 patients with last
measurement at one year (335-396 days) was mean 46.3 %AWL, 32.2 %TWL, 78.9 %EWL, and
14.0 kg/m² BMI reduction.
For %TWL, %EWL and BMI reduction, we found significant differences in the mean outcome
between the 720 heaviest patients (mean baseline BMI 50.4 kg/m²) and the 720 lightest
patients (mean 38.0 kg/m²): -2.9 %TWL, 18.9 %EWL, and -4.7 kg/m² BMI reduction (all
p<0.001), but not for %AWL: 0.6 %AWL difference (p=0.51). This confirms the advantage of
%AWL, being the only metric that is baseline BMI independent.
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Percentile Chart
The %AWL chart with p3, p10, p25, p50, p75, p90, and p97 is presented in figure 9.2. For
%AWL, %EWL, %TWL, and BMI reduction, the number of results below p25 was 720. In the
%AWL chart, the number of results per quartile was 720 each. This all confirms the accuracy
of the methods used to build the smooth percentile curves.
The distributions of patient characteristics and outcome above the %AWL p25 (‘sufficient
weight-loss results’) and below the %AWL p25 (‘insufficient weight-loss results’) are presented
in table 9.1. The inclination of the %AWL p25 in the interval with apparently linear weight
regain, between 2 and 6 years, is -1.8 % AWL/year or -1.5 % TWL/year.
Subgroups
Differences in the mean quartile number were significant (all p<0.01) for gender (female, 2.47;
male, 2.66), age (<40 years, 2.38; ≥40 years, 2.57), OS-MRS (A, 2.42; B+C, 2.65), type 2 diabetes
(no T2DM, 2.44; T2DM, 2.70), and ethnicity (Caucasian, 2.43; other, 2.79), but not for super
obesity (p =0.14). The 496 Caucasian women younger than 40 years without T2DM and with
OS-MRS A had a mean quartile number of 2.25; the nine non-Caucasian men of 40 years or
older with T2DM and OS-MRS B or C had a mean of 2.67.
The 905 patients with last measurement within the second postoperative year had mean 47.5
%AWL. The 278 women younger than 40 years in that group had mean 49.7 %AWL, the 117
men 40 years or older 43.0 %AWL, while the 631 Caucasian patients without T2DM had mean
49.1 %AWL and the 25 non-Caucasian patients with T2DM 43.2 %AWL.
Prognostic Value
The 309 patients with last measurement >3 years had mean 42.6 %AWL, 29.9 %TWL, 70.9
%EWL, and 13.3 kg/m² BMI reduction at mean 4.1 years. For results expressed with %AWL,
65.0% showed weight regain between 1 year and >3 years, 36.9% stayed above p50, 37.5%
stayed below p50, 30.4% stayed within the IQR, 9.1% dropped below p25, 49.8% did not
change quartiles (15.2% stayed in Q1, 9.4% in Q2, 9.4% in Q3, and 15.9% in Q4), and 25.8%
deflected (19.4% dropped one quartile, 5.8% dropped two, and only 0.6% dropped three).
Pearson’s correlation coefficient for quartile numbers at 1 year and >3 years was r=0.6.
Benchmarks
The sensitivity and specificity of different ways of defining sufficient weight-loss based on
common metrics, with reference to the %AWL p25 are presented in table 9.2. Of the 1670
patients with last measurement ≥1 year, 24.9% had insufficient results defined with %AWL
p25, while only 10.5% did not meet ≥50%EWL, 0.9% did not meet ≥25%EWL, and 13.1% did
not meet <35BMI. If compared to the %AWL p10 instead, the sensitivity and specificity of the
static ≥50%EWL threshold would be 96.7% and 75.9% and for <35BMI 92.4% and 62.0%,
respectively.
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Discussion
We present the first bariatric weight-loss percentile chart that is baseline BMI-independent.
This exceptional feature is new to bariatric surgery. It allows heavier patients to be compared
to lighter peers and vice versa, at any postoperative time, in one single graph. The chart is
based on independent data (one result per patient) of midterm weight-loss (up to 7 years) of
a large cohort (2880) after a relevant, standardized procedure (LRYGB) with good follow-up
(71 %) and a wide range of patient characteristics.
With this chart, we added to the existing evidence on the advantages of the baseline BMI
independent %AWL-metric over baseline BMI dependent metrics %EWL, %TWL, and BMI
reduction, as summarized in table 9.3. This is not of little clinical relevance. If two patients
with BMI of 35 and 55 kg/m² would do equally well after LRYGB, with both 50%AWL, their
results would be calculated using %EWL with an unwarranted difference of almost -40%EWL
(105 %EWL vs. 67 %EWL)! (For %TWL, this difference would be 7%TWL and for BMI reduction
10kg/m².) In a different study on 449 T2DM patients, we found these differences to be
unwarranted for metabolic outcome as well: metabolic (T2DM) improvement after LRYGB
matches weight-loss if defined with %AWL, but not with %EWL [18].
Although for patients the %AWL concept might not be easy to convey, a baseline BMI
independent chart allows them to visually compare their results in an intuitive way, without
having to bother much about the metric used. This is demonstrated for one of our patients in
figure 9.3. The course of plotted results among the percentile curves of peers delivers a strong
message about the personal ongoing weight change. Patients can share their progress visually,
in a meaningful way with peers or friends, for example on social media. Unfavorable progress
can be detected and tackled in an early stage and the effect of subsequent coaching or
additional interventions can easily be monitored.
The outcome in our chart is comparable to the %AWL results of 8945 LRYGB patients from the
Bariatric Outcomes Longitudinal Database [4]. Also, 1-year %TWL results by Sugerman et al.
in 1025 patients (35%TWL) and 1- and 4-year results of the Swedish Obese Subjects study (33
and 28 %TWL) match our results (33 and 30 %TWL) well [26,27]. In contrast, our results
expressed with %EWL are superior to those in three systematic reviews and to the %EWL
percentiles reported by Mor et al. in 1216 Duke University patients [1-3,9]. In all those studies,
however, the mean baseline BMI was higher than our 43.4 kg/m², affecting the calculation of
%EWL in our favor.
We found similar influences of gender, age, ethnicity, and comorbidities on bariatric weightloss to those reported by others [28]. Unfortunately, subgroups were too small to build
separate charts for different (combinations of) characteristics. However, from the 905
patients with last measurement in the second postoperative year, we estimate that these
influences do not exceed 2.4%AWL above the presented percentile curves for favorable
characteristics female gender, age <40 years, Caucasian ethnicity and absence of
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comorbidities, and 4.5%AWL below for unfavorable ones. We illustrated this range around the
p50 in figure 9.2.
We arbitrarily chose the 25th percentile curve as a dynamic threshold for sufficient weightloss, but a less stringent criterion like the 10th percentile could be advocated as well. The
%AWL-p25 in our chart defines sufficient LRYGB weight-loss roughly as 40%AWL within 18
months, staying above 30%AWL after that.
We used this 25th percentile of our %AWL chart as a baseline BMI independent reference to
determine the sensitivity and specificity of other ways of assessing sufficient weight-loss. We
found that percentile charts based on common metrics have low specificities: with %EWL, 247
results (1 out of 12) would have been labeled wrongly either ‘sufficient’ or ‘insufficient’. We
found that static thresholds ≥50%EWL, <25%EWL, and BMI <35kg/m² have (extremely) low
specificities as well, especially underestimating the number of insufficient results.
Then, as recognizing insufficient results is essential for assessing weight regain after bariatric
surgery, a %AWL chart should be preferred above traditional bariatric criteria for that purpose
as well. All seven percentile curves in our chart show weight regain after 12-18 months: the
poorer the maximal initial (nadir) result, the earlier regain starts and the faster it goes. Weight
regain less steep than the course of the 25th percentile could be considered ‘acceptable’
because it prevents sufficient results (>p25) turning insufficient (<p25). Considering this
inclination, acceptable weight regain should therefore not exceed -1.8 %AWL/year or -1.5
%TWL/year. About two thirds of our patients with last measurement >3 years had regained
weight, more than a quarter even deflected from their quartile, but only 9% had ‘excessive’
weight regain, dropping below the %AWL p25.
The prognostic value of early weight-loss is considerable, with Pearson’s correlation
coefficient r=0.6 and half of all patients not changing quartile after their first year. This was
most outspoken for the outer quartiles.
The disadvantages of our chart are the mix of patient characteristics, with majority female and
Caucasian patients, the number of patients contributing to the chart decreasing beyond the
first 3 years and relevant subgroups being too small to build separate curves for different
patient characteristics.
In conclusion, we introduce the %AWL-based percentile chart as a new, versatile, and userfriendly tool in bariatric surgery. It allows comparing the dynamics of bariatric weight change
in a simple and intuitive way. It allows doing so for unequally heavy patients. It facilitates
assessing sufficient or insufficient weight-loss at any postoperative time. It helps predict
future results and offers guidance for judging weight regain.
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Table 9.1 Distribution of patient characteristics and outcome above and below the 25th
percentile curve (p25) of the alterable weight-loss (%AWL) results of 2880 laparoscopic Rouxen-Y gastric bypass patients. BMI: body mass index. OS-MRS: Obesity Surgery Mortality Risk
Score. %EWL: excess weight-loss. %TWL: total weight-loss. NS: not significant, Mann-Whitney
test p>0.05. % follow-up: the interval between operation and last measurement expressed as
percentage of the longest possible follow-up.

% female
mean age (years)
mean baseline BMI (kg/m²)
% super obese
% Caucasian ethnicity
% absence of diabetes mellitus
% OS-MRS class A
% follow-up
mean postoperative interval (days)
last BMI (kg/m²)
% last BMI <35 kg/m²
% >50%EWL
mean %EWL
mean %TWL
mean %AWL

total
83.2
43.5
43.4
10.5
85.4
77.2
66.5
70.6
514.6
31.2
77.7
76.8
68.5
28.1
40.3

>p25
84.4
42.8
43.3
10.3
86.7
79.1
68.6
70.5
512.6
29.8
85.0
86.1
75.6
30.9
44.4

<p25
79.6
45.5
43.8
11.1
80.9
71.5
60.4
70.8
520.6
35.2
55.6
48.9
47.3
19.6
28.1

p
<0.005
<0.001
<0.01
NS
<0.005
<0.001
<0.001
NS
NS
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Table 9.2 Sensitivity and specificity of different thresholds for sufficient bariatric weight-loss,
with reference to the baseline weight independent p25 of the %AWL results of 2880 gastric
bypass patients. p25: 25th percentile. %AWL: percentage alterable weight-loss. *: Three
dynamic thresholds based on the p25 of the same results expressed with percentage total
weight-loss (%TWL), percentage excess weight-loss (%EWL), and body mass index (BMI)
reduction. **: Three static thresholds based on the results of a selection of 1670 patients with
last measurement ≥1 year postoperative.

%TWL p25 *
%EWL p25 *
BMI reduction p25 *
≥50%EWL **
<35 kg/m² BMI **
<25 %EWL **

sensitivity (%)
97.4
94.6
92.0
99.8
96.3
100
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specificity (%)
92.2
83.8
76.3
41.3
41.3
3.6

Table 9.3 Evidence on relative weight-loss metrics percentage excess weight-loss (%EWL),
percentage total weight-loss (%TWL) and percentage alterable weight-loss (%AWL). LRYGB:
laparoscopic Roux-en-Y gastric bypass. LSG: laparoscopic sleeve gastrectomy.
evidence

study

%EWL generates deviation in weight-loss outcome more
than %TWL.

1168 LRYGB patients
168 LRYGB patients
846 LRYGB patients
2420 LRYGB patients
7212 LRYGB patients
8945 LRYGB patients
500 LRYGB patients
192 LSG patients
2880 LRYGB patients
Systematic review
Executive summary

%EWL and, to a lesser degree, %TWL both generate
deviation in weight-loss outcome, but %AWL does not.

%EWL is not favored by non-surgical researchers.
Current recommendation to use %EWL is not evidencebased (expert opinion only).
Problems with the %EWL-metric will deteriorate if patients
with BMI <35 become eligible for metabolic surgery.
With %EWL, significant differences in weight-loss can be
missed.
With %EWL, similar weight-loss results can be portrayed as
significant differences.
The metabolic effect in bariatric surgery matches %AWL.
%EWL can lead to wrong conclusions in metabolic surgery.
50%EWL overestimates sufficient weight-loss for lighter
patients and underestimates it for heavier patients.
The 50%EWL criterion has a low specificity.
The %EWL-metric is not fit for Asian subjects; the %AWLmetric is.
Only the %AWL-metric allows expressing bariatric outcome
in percentile charts.
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Figure 9.3 Weight-loss results after gastric bypass surgery of a patient plotted on our alterable
weight-loss percentile chart. Note clear weight regain after month 24, lost from follow-up
after month 31, return to follow-up with insufficient weight-loss at month 49, and subsequent
weight-loss improvement under strict follow-up.
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Abstract
Background: Criteria for bariatric weight-loss success are numerous. Most of them are
arbitrary. None of them is evidence-based. Our objective was to determine their sensitivity
and specificity. Methods: Thirteen common bariatric weight-loss criteria were compared to a
benchmark reflecting the gold standard in bariatric surgery. We used an elaborate baseline
BMI independent weight-loss percentile chart, based on retrospective data after laparoscopic
Roux-en-Y gastric bypass (LRYGB), performed between 2007 and 2017. Percentile curves p31.6
(patients’ expectation), p25 (interquartile range), p15.9 (1 standard deviation (SD) below
median), and p10.9 (surgeons’ goal) were used as possible cut-off for success to determine
true or false positive and negative results beyond one year. Results: We operated 4497
primary LRYGB patients, with mean follow-up 22 (±1SD 19; range 0-109) months, 3031
patients with last result ≥1 year, 518 ≥5 years. For all four cut-off percentile curves for success,
specificities were low (2-72%) for criteria <35 body mass index (BMI), ≥25 percentage excess
BMI loss (%EBMIL), ≥50%EBMIL, ≥15 percentage total weight-loss (%TWL), ≥20%TWL, ≥25
percentage excess weight-loss (%EWL), and high (83-96%) for <30BMI. No criterion had >80%
specificity and sensitivity for a cut-off above p15.9. For p15.9, they were both >80% for criteria
≥10BMI reduction and ≥50%EWL, both >90% for ≥25%TWL and ≥35 percentage alterable
weight-loss (%AWL). All criteria had high sensitivities for all cut-off percentile curves (87100%), except <30BMI (65-78%). Conclusions: For the first time, common bariatric criteria for
weight-loss success were systematically validated. Most criteria recognized success very well
(high sensitivities), but ≥15%TWL, ≥20%TWL, <35BMI, ≥25%EWL, ≥25%EBMIL and ≥50%EBMIL
left too many poor responders unnoticed (low specificities). Bariatric weight-loss success is
best assessed by comparing results to percentile curve 1SD below median (p15.9) in a bariatric
baseline BMI independent weight-loss percentile chart. Criteria ≥35%AWL and ≥25%TWL
came close to that curve, both with >90% sensitivity and specificity. Among others, criterion
≥50%EBMIL did not.

Introduction
Success of a bariatric procedure should be measured, both primarily and in the long term, by
postoperative weight-loss, improvement of (metabolic) comorbidities, impact on quality of
life, and complications caused by the operation. For three of these effects, success can readily
be defined, with standardized criteria for comorbidities, validated questionnaires for quality
of life, and clear classifications for postoperative complications [1-4]. For bariatric weight-loss
however, defining success remains troublesome.
Fundamentally, successful results would lay around or above the average outcome that can
be expected with a specific therapy. A criterion for success should serve as a clear cut-off
between those results below average that are still acceptable (successful because close
enough below average) and those that are not (unsuccessful because too far below average:
poor responders).
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This simple premise becomes problematic when applied to bariatric weight-loss. First of all,
there is no average weight-loss outcome in bariatric surgery. Each type of procedure yields
different results [5]. Common criteria for bariatric weight-loss success do not differentiate for
that. To validate them, a choice has to be made on a benchmark procedure to compare them
with, one that generally is accepted as gold standard in bariatric surgery. The laparoscopic
Roux-en-Y gastric bypass (LRYGB) could be considered as such. Until very recently, it was the
most performed bariatric procedure worldwide, with average outcome between that of the
increasingly popular sleeve gastrectomy and malabsorptive procedures like duodenal switch
[5,6].
Second, bariatric weight-loss is dynamic over time [7]. Early weight-loss success would
therefore look different from success after 1, 5, or 10 years. To validate weight-loss criteria,
they should be compared to a benchmark that is dynamic as well. A weight-loss percentile
chart, similar to growth-charts in children’s healthcare, would fill that need, picturing the
course and spread of weight-loss over time in one graph.
A third major problem is commonly overlooked. With common outcome metrics,
postoperative weight-loss results are influenced by differences in body mass index (BMI) at
baseline. There is strong evidence that this distorting effect can be significant in bariatric
surgery, where patients typically show a wide range of baseline BMI, from 35 kg/m² to more
than double [8]. To validate bariatric criteria, they should be compared to a benchmark that
is influenced by this effect as least as possible. Different researchers proved that outcome
metric percentage total weight-loss (%TWL) is affected less than percentage excess BMI loss
(%EBMIL) [9-13]. In 2011, Baltasar et al. described a metric that seemed to be not affected at
all [14]. It was found with results of 7410 Spanish bariatric patients and validated with
outcome of 265 different subjects [15]. In 2013, van de Laar described a less elaborate
baseline BMI independent metric called percentage alterable weight-loss (%AWL), based on a
similar algorithm found with results of 8945 American subjects and validated with outcome of
500 Dutch LRYGB patients [16,17]. It was confirmed for sleeve gastrectomy and lower BMI’s
and proven superior to other weight-loss metrics when compared to metabolic outcome after
LRYGB [18,19]. An overview of this relatively new weight-loss metric is presented in table 10.1.
These findings paved the way for constructing a new kind of bariatric benchmark; a baseline
BMI independent, time dependent percentile chart [20]. Such benchmark (provided that it is
based on outcome of a large and representative cohort of patients after the gold standard
bariatric operation) would be ideal to test criteria for bariatric weight-loss success.
With charts based on American and Dutch LRYGB data, it was already demonstrated that
popular criteria ≥50%EBMIL and <BMI35 are weak in recognizing insufficient weight-loss
[20,23]. At time, all further evidence on the validity of common bariatric criteria is expert
opinion only [24]. In this study, we updated our elaborated LRYGB percentile chart and used
this benchmark as a representation of the bariatric gold standard to systematically establish
the sensitivity and specificity of commonly used criteria for bariatric weight-loss success.
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Materials and Methods
Informed consent was obtained from all individual participants included in the study. The
Institutional Review Board approved this study. For this type of study (retrospective studies),
formal consent is not required.
Benchmark
To validate common criteria for bariatric weight-loss success, one needs a benchmark to
compare them to, preferably based on outcome of the gold standard bariatric procedure. We
chose LRYGB outcome for this purpose, expressed in a %AWL based percentile chart, being
both independent of common differences in baseline BMI among patients and taking into
account the dynamic weight changes over time. Such gold standard benchmark should be
based on a cohort that is both sufficiently large and representative. We therefore used our
own large LRYGB cohort and compared our results with outcome of landmark studies in
bariatric research. For that purpose, we searched bariatric literature for studies that reported
LRYGB outcome of at least 250 patients, with more than 1-year follow-up and expressed with
%AWL or %TWL, two metrics least influenced by differences in baseline BMI.
We retrospectively analyzed data from all consecutive primary LRYGB patients operated in our
bariatric center of excellence from the beginning of our bariatric program in 2007, until
January 2017. Revision procedures were excluded, because results could have been
influenced by preceding bariatric surgery. Patients were urged to lose weight preoperatively
to reduce the operative risk. All procedures were standardized, with 4cm × 8cm gastric pouch,
50cm biliary limb, and 150cm alimentary limb. Patients were weighed with the same type of
scale at all pre- and postoperative visits. All data were collected prospectively in a central
electronic database. We used the measurement at first preoperative visit for baseline weight
[21]. We specified age, gender, and type 2 diabetes (defined with the American Diabetes
Association criteria) as potential confounders for weight-loss, to illustrate the representability
of the cohort [1,25]. We only used the last measured weight for each patient postoperatively.
Thus, all patients contributed to the chart equally, even if lost in follow-up, with only one
result. In this way, the number of postoperative visits (and therefore the compliance to followup) could not introduce a bias. Weight-loss was calculated with five different metrics:
1.
2.
3.
4.
5.

BMI reduction= (baseline weight - last weight)/ (body length)2.
%TWL= 100%× BMI reduction/ baseline BMI.
%AWL= 100%× BMI reduction/ (baseline BMI - 13), as described by van de Laar et al.
[16,17].
%EBMIL= 100%× BMI reduction/ (baseline BMI - 25), as suggested by Deitel et al. [26].
Percentage excess weight-loss (%EWL)= 100%× (baseline weight - last weight)/ (baseline
weight - ideal weight), based on the 1983 gender-specific Metropolitan Life insurance
tables for ideal weight, using “medium frame” and subtracting 2.54 cm (the tables were
based on people wearing “shoes with 1 inch heels”) [27].
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Out of these five metrics, only %AWL was proven to render baseline BMI independent
outcome and therefore was used for the percentile chart [17,22]. We created percentile
curves using Excel (Microsoft Office 2016) by determining percentiles for results grouped by
consecutive intervals of 100 days and smoothened them using polynomial trendlines. We used
the trendline formulas to judge the adequacy of each curve.
Criteria
From a 2015 review of bariatric literature on the subject by Mann et al., we chose 11 popular
criteria for weight-loss success: ≥50%EWL, ≥25%EWL, ≥50%EBMIL, ≥25%EBMIL, ≥20%TWL,
≥15%TWL, ≥10kg/m² BMI reduction, thresholds <30BMI and <35BMI, <10% weight regain
relative to the absolute nadir weight (%WRnadir), and <25% regain of the initial maximum
weight-loss (%WRmax) [28]. We added ≥25%TWL and ≥35%AWL.
Bariatric weight-loss criteria are not very useful during the period of rapid initial weight-loss.
They are rather meant to assess the lowest (nadir) weight that results from it and the midand long-term weight thereafter. More than 95% of LRYGB patients reach their nadir weight
only after the first year [20,23]. We therefore used the benchmark chart only from one year
upward to test the 11 weight-loss criteria. For the two weight regain criteria <10%WRnadir
and <25%WRmax, we compared the nadir results of the percentile curves with the
corresponding results at 5 years, as suggested by Aminian et al. [29].
Cut-off
We looked at four %AWL-percentile curves as possible cut-off between success (true positive)
and failure (true negative). First, we asked 200 of the primary LRYGB patients preoperatively
from which weight up they would expect to be disappointed in the long run. They were
subjects taking part in a different study on expectations and preferences with respect to
bariatric surgery. With those answers and with their weight and height at baseline, we
calculated their mean “expected disappointing %AWL” and applied that to our ≥5-year
outcome to select the patients’ expectation cut-off percentile. Second, we used the 25th
percentile (p25), being the lower border of the interquartile range (IQR) as cut-off, as
suggested by Mor et al. [30]. Third, we chose percentile p15.9 as cut-off, representing 1
standard deviation (SD) below median. Finally, we applied ≥50%EBMIL, the criterion most
commonly used by surgeons, to our outcome and used the percentage of results after the first
year that were <50%EBMIL to indicate the surgeons’ goal cut-off percentile [24].
Sensitivity and Specificity
We expressed sensitivity and specificity of the 11 criteria for successful weight-loss as
percentages and calculated them with the number of false positive results (successful
according to the criterion, but below the cutoff percentile curve) and false negative results
(unsuccessful according to the criterion, but above the cutoff percentile curve), with respect
to each of the four cut-off percentiles. We considered a criterion “inadequate” for a specific
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cut-off if either sensitivity or specificity was below 60%. We considered a criterion “useful” for
a specific cut-off if both sensitivity and specificity were above 80%.

Results
Benchmark
Until January 2017, we performed 4497 primary LRYGB procedures. These patients had mean
age 43 (range 18-66) years, mean baseline BMI 43.4 (range 34.5-71.5) kg/m², and 16.7% were
male, 10.3% were super-obese (BMI ≥50 kg/m²), and 22.6% had type 2 diabetes. There was
no missing data for these variables. Time between first preoperative visit and operation was
median 5.4 months. Preoperatively, they lost mean 6.2 (±SD4.1) kg. The longest possible
follow-up per patient was median 24.3 months, mean 31.3 (range 0.0-108.9) months, while
the longest actual follow-up was mean 22.0 (±SD19.3) months. One patient died within 30
days from bowel ischemia (0.02% mortality). Of the 3535 patients that were ≥1-year
postoperative, 3031 (85.7%) had ≥1-year follow-up. Of the 518 patients that were ≥5-year
postoperative, 304 (58.7%) had ≥5-year follow-up. All 4497 last weight-loss results are
presented in figure 10.1, with percentile curves p50 (median), p+1SD, and p-1SD.
Our data came close to outcome reported in literature. We found seven studies reporting
%TWL of more than 250 patients, more than one year after LRYGB [7,31-36]. These results are
presented together with weight-loss of our patients with last results at 0.5, 1, 2, 3, 5, and 7
years in table 10.2.
Our data confirmed that %AWL was the only metric that is baseline BMI-independent. For
%TWL, %EWL, %EBMIL, BMI, and BMI-reduction, we found significant differences in mean
outcome between the heaviest 1000 patients (mean baseline BMI 50.0 kg/m²) and the lightest
1000 (mean baseline BMI 38.0 kg/m²): +3.4 %TWL, -11.8 %EWL, -19.2 %EBMIL, +6.9 kg/m²
BMI, and +5.1 kg/m² BMI reduction (all p <0.0001; Mann-Whitney U-test); but not for %AWL:
-0.1 %AWL (p = 0.896).
Cut-off
In total, 3031 patients (67.4%) had their last measurement after the first year. Of these results,
10.9% were <50%EBMIL. We therefore used p10.9 as the surgeons’ goal cut-off percentile
curve. Characteristics of the subgroup of 200 patients that were interviewed about their
expectations after bariatric surgery were mean age 45 (range 18-66) years, mean baseline BMI
42.2 (range 35.0-58.8) kg/m², 22.0% male, 8.0% super-obese, and 12.0% type 2 diabetes. The
distribution of their long-term expected disappointing weight-loss results is presented in
figure 10.2. The mean value was 34.6%AWL (or 23.9 (range 3.2-44.1) %TWL), which
corresponded with percentile p31.6 of the 304 results at ≥5 years. We therefore used p31.6
as the patients’ expectation cut-off percentile curve. Percentile curves p50 (median), p31.6
(patients’ expectation cut-off), p25 (IQR cut-off), p15.9 (1SD below median cut-off), and p10.9
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(surgeons’ goal cut-off) from 1 year up are presented in figure 10.3, together with all last
results beyond 1 year that correspond with ≥50%EBMIL. The nadir results of these four cutoff percentile curves were 42.2 %AWL at 17 months, 39.8 %AWL at 16.5 months, 36.4 %AWL
at 15.5 months, and 33.8 % at 15 months, respectively.
Sensitivity and Specificity
Sensitivity and specificity of the 11 criteria for weight-loss success based on the 3031 results
beyond 1 year and with reference to each of the four cut-off percentile curves are presented
in table 10.3. Weight-loss criteria ≥25%EWL, ≥25%EBMIL, ≥15%TWL, and <35BMI could be
considered inadequate for all four cut-offs, as their specificities were (far) below 60%. Only
four criteria ≥10kg/m², ≥50%EWL, ≥25%TWL, and ≥35%AWL could be considered useful, as
their sensitivities and specificities were all above 80%, but only for cut-offs p15.9 and p10.9.
All percentile curves showed weight regain. Compared to the <10%WRnadir criterion, at 5
years, the four cut-off percentile curves gained 7.8, 8.5, 9.2, and 9.8% from their absolute
nadir result for p31.6, p25, p15.9, and p10.9, respectively. Compared to the <25%WRmax, at
5 years, the cut-off percentile curves p31.6, p25, p15.9, and p10.9 lost 18.6, 22.1, 27.0, and
31.4% from their initial maximum weight-loss.

Discussion
For the first time, an attempt was made to systematically validate common bariatric weightloss criteria for success. We compared them to mid-term results (1-9 years), of a large cohort
(n= 3031), of a wide variety of patients (BMI 35-72 kg/m²; 18-66 years; 1/6 male; 1/5 type 2
diabetes), after the gold standard bariatric procedure (LRYGB). Results were (very)
disappointing for criteria ≥50%EBMIL, ≥25%EBMIL, ≥25%EWL, ≥15%TWL, ≥20%TWL, and
<35BMI. They all had low specificities, leaving too many poor responders unnoticed. Popular
criterion ≥50%EBMIL differentiated successful results with ease (sensitivities >96%), but
missed 28-66% of the truly unsuccessful results. This inadequate specificity is clearly visible in
figure 10.3, where many of the dots representing ≥50%EBMIL-results lay below all four cutoff percentile curves (false positive results). Remarkably, the old ≥50%EWL criterion (based on
life insurance tables for ideal weight) had better specificities, very likely because the %EBMILmetric is influenced more by differences in baseline BMI than %EWL [10,22]. This study again
proves how important this distorting effect can be in assessing bariatric weight-loss results
[8,12,16,21,23].
Criteria for weight-loss success express treatment goals. They are used as simple tools to
conveniently judge real-life results. The benchmark to test them should therefore be as close
to real-life outcome as possible. As explained before, there is strong evidence that, although
bariatric patients typically show a wide variety of BMI at baseline, their weight-loss essentially
is baseline BMI-independent. We therefore constructed a benchmark that was baseline BMIindependent as well. It might explain why the most adequate criteria found in this study
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(≥35%AWL and ≥25%TWL) were based on metrics least influenced by baseline BMI. Bariatric
weight-loss is also essentially dynamic over time. We therefore constructed a benchmark that
expressed our outcome against time, using percentile curves. This might explain why none of
the criteria were fully sensitive and specific, as they are all static over time. Still, some turned
out to be quite useful among the dynamic real-life results, like ≥50%EWL, >10kg/m² BMI
reduction, ≥35%AWL, and ≥25%TWL.
A limitation of our study is that we only used LRYGB outcome for our benchmark, while the
criteria are not meant to be procedure specific. As bariatric outcome varies for different
procedures, we needed a gold standard to compare them to and considered the LRYGB
procedure as such. Criteria commonly used in bariatric surgery are also not specified for
gender, age, ethnicity, comorbidities, or other confounders on bariatric outcome. It was
therefore important that our bariatric cohort was both large enough and sufficiently
representative to test them. The external validation with landmark studies on LRYGB outcome
showed that this was the case. It is important that other researchers confirm our findings, with
other cohorts, that are large and representative as well; and with outcome after other
procedures, like gastric banding, sleeve gastrectomy and duodenal switch. Another limitation
of this study was the disbalance between short and longer-term results. Fortunately, this was
caused more by the lower numbers of procedures performed in the earlier days of our
bariatric program than by a lack of follow-up.
As the criteria tested are widely used by bariatric professionals and researchers, they
represent a consensus. Then, they could help identify the most appropriate cut-off in a
percentile-based benchmark. Although criteria ≥25%EBMIL, ≥25%EWL, ≥15%TWL, and
<35BMI seemed to be inadequate for all four cut-off percentiles, the other weight-loss criteria
clearly returned more acceptable specificities for p15.9 and p10.9 than for p25 and p31.6.
Furthermore, the weight regain criterion <25%WRmax could be situated between p25 (22%)
and p15.9 (27%). This all suggests that the %AWL-p15.9 (1SD below median) is the most
expedient cut-off percentile curve for defining success. It would mean that at any time after
the operation, 84.1% of all bariatric patients can be categorized successful, whatever BMI they
had before the operation. In our LRYGB chart, only the ≥35%AWL and ≥25%TWL criteria came
close to that curve, both with >90% sensitivity and specificity.
Specificities of the ≥25%EBMIL, ≥25%EWL, ≥15%TWL, ≥2 %TWL, and <35BMI criteria were so
low that they should be abandoned all together. The ≥10kg/m² criterion has merits, with
better specificities than ≥50%EBMIL and sensitivities comparable to ≥35%AWL. The <BMI30
threshold had low sensitivities (<80%), but high specificities (>80%) for all four cut-offs,
including the patients’ expectation cutoff p31.6. It therefore should be useful in
preoperatively informing patients on what (not) to expect: that not reaching below 30BMI is
not exceptional. With only one postoperative measurement per patient, we could not
calculate sensitivities and specificities for the weight regain criteria. The <25%WRmax
criterion did fit the benchmark between nadir and 5 years; the <10%WRnadir criterion did not.
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Popular criteria ≥50%EBMIL, ≥25%EBMIL, ≥20%TWL, and <35BMI all had low specificities,
leaving too many unsuccessful results unnoticed. This was never demonstrated before and
calls for a radical change in how we define bariatric weight-loss success. Looking for yet
another static criterion might not be the right way to go. Our second-best static criterion
≥25%TWL had 91% sensitivity and 95% specificity, yet Wood et al. and Sjöström et al. showed
that mean LRYGB outcome can drop below 25%TWL beyond 7 years [7,35]. This suggests that
static criteria suited for mid-term outcome might not be appropriate for long-term results.
A better way to define success would be with elaborate baseline BMI independent percentile
charts, based on large, representative cohorts of bariatric patients. They present success in a
dynamic way, with a cut-off between good and poor responders (percentile curve 1SD below
median) that evolves over time. When similar charts are available for other types of bariatric
procedures, it will become possible to compare success of different patients, with different
preoperative BMIs, after different bariatric procedures, at different postoperative intervals,
in a clear and simple way. Cumbersome criteria for weight regain would become redundant.
All that patients have to do to stay successful, even if some weight regain occurs, is to keep
above the cut-off curve. Given the relative complexity of the %AWL algorithm, this all can only
be possible digitally, with applications designed to convert individual postoperative weight
results that are hard to compare, in to percentile results that can easily be compared, plotted
in a chart.

133

Table 10.1 Background information on the percentage alterable weight-loss (%AWL) metric.
The percentage alterable weight-loss (%AWL) metric in a nutshell
What?

How?

Why?

Pros

Cons

The %AWL formula is body mass index (BMI) based and resembles the formulas of
common metrics % excess BMI loss (%EBMIL) and % total weight-loss (%TWL).
%EBMIL= 100%× BMI loss / (BMI - 25)
%AWL= 100%× BMI loss / (BMI - 13)
%TWL= 100%× BMI loss / (BMI - 0 )
The %AWL algorithm was found in 2013, by analyzing nearly 9000 gastric bypass
patients from the American Bariatric Outcomes Longitudinal Database (BOLD) and
validated with outcome of over 3000 bariatric patients [16-18,20].
With %EBMIL, heavier bariatric patients appear to have (on average) lower weightloss results than lighter patients, while the opposite occurs (to a lesser extent) with
%TWL [9-13]. These little-known features lead to biased conclusions when
comparing unequally heavy subjects, favoring lighter patients with %EBMIL and
heavier with %TWL [8,21,22]. With %AWL, heavier, and lighter patients turn out to
have comparable results.
%AWL allows comparing results of heavier (groups of) patients to those of lighter
(groups of) patients without preoperative BMI bias.
%AWL allows expressing bariatric outcome in percentile charts. Percentile charts are
extremely intuitive and conceivable [20,23].
The metabolic effect on type 2 diabetes mellitus after bariatric surgery matches the
bariatric effect (weight-loss) better with %AWL, than with %EBMIL or %TWL [19].
Its rationale is not clear. The denominator (BMI-13) kg/m² might reflect the portion
of an adult human body that is affected by weight-loss (the “alterable” part: fat,
muscles, water), with 13kg/m² being the “inert” part (bone, connective tissues).
%AWL is not an intuitive metric, whereas %EBMIL and %TWL are more conceivable.
%AWL is not (yet) a well-known outcome measure.
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Table 10.2 Mean weight-loss results and standard deviation (SD) after laparoscopic Roux-enY gastric bypass (LRYGB) at 0.5, 1, 2, 3, 5, and 7 years (±10%) and compared to results from
seven landmark studies on percentage total weight-loss (%TWL) after LRYGB. Body mass index
(BMI), percentage excess weight-loss (%EWL), percentage excess BMI loss (%EBMIL),
percentage alterable weight-loss (%AWL). *: median instead of mean %TWL. **: follow-up 712 (median 9.3) years.
time interval
days
n
BMI reduction (kg/m²)
BMI (absolute) (kg/m²)
%EWL
%EBMIL
%AWL
%TWL
%TWL landmark LRYGB studies
Sjöström, 2007, n=265 [7]
Kolotkin, 2009, n=308 [31]
Nelson, 2012, n=77406 [32]
Courcoulas, 2013, n=1738 [33]
Thereaux, 2015, n=352 [34]
Wood, 2016, n=726 [35]
Ames, 2017, n=305 [36]

0.5 year
164 201
147
11.1
(±SD2.3)
31.7
(±SD4.2)
56.8
(±SD13.1)
65.0
(±SD16.3)
37.6
(±SD7.3)
26.0
(±SD4.8)

1 year
329 402
735
13.9
(±SD3.7)
29.3
(±SD4.5)
69.0
(±SD16.5)
78.8
(±SD19.8)
46.1
(±SD10.3)
32.0
(±SD7.2)

2 years
657 804
387
14.4
(±SD4.5)
28.9
(±SD4.7)
71.1
(±SD18.7)
81.3
(±SD22.4)
47.6
(±SD12.0)
33.1
(±SD8.5)

3 years
986 1205
425
13.5
(±SD4.4)
29.8
(±SD 4.6)
66.6
(±SD18.8)
75.8
(±SD22.1)
44.6
(±SD12.1)
31.1
(±SD8.6)

5 years
1644 2009
191
12.8
(±SD4.8)
31.3
(±SD 5.3)
60.3
(±SD21.0)
68.7
(±SD24.9)
41.1
(±SD14.0)
28.8
(±SD9.9)

7 years
2301 2815
45
12.0
(±SD5.3)
32.8
(±SD 5.9)
55.3
(±SD21.8)
62.2
(±SD24.5)
37.7
(±SD14.5)
26.6
(±SD10.4)

27

32

29

27

26

26

35

31
34.2
36

31.5*
27.4-29.7
22.5**
31.5*

135

31.2*

136

137

Figure 10.2 The distribution of the expected disappointing long-term weight-loss results
expressed as percentage alterable weight-loss (%AWL) of 200 bariatric patients interviewed
preoperatively about their postoperative expectations.
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Figure 10.3 Percentile curves (from top to bottom) p50 (median), p31.6 (patients’ expectation
cutoff), p25 (inter quartile range cut-off), p15.9 (1 standard deviation below median cut-off),
and p10.9 (surgeons’ goal cut-off), from 1 year up, expressed as percentage alterable weightloss (%AWL). The dots are all >1-year %AWL results that correspond with ≥50 percentage
excess body mass index loss (≥50%EBMIL).
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Chapter 11
The Dutch bariatric weight loss chart: a multicenter tool to assess weight outcome up to 7
years after sleeve gastrectomy and laparoscopic Roux-en-Y gastric bypass
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Abstract
Background: Current methods for weight-loss assessment after bariatric surgery do not meet
the high standards required to accurately judge patient outcome in a fair and evidence-based
way. Objectives: To build an evidence-based, versatile tool to assess weight-loss and weight
regain and identify poor responders up to 7 years after laparoscopic Roux-en-Y gastric bypass
(LRYGB) and laparoscopic sleeve gastrectomy (LSG), for any preoperative body mass index
(BMI). Setting: Multicenter, observational study. Methods: Bariatric weight-loss charts were
built with standard deviation (SD) percentile (p) curves p+2SD/ p+1SD/ p50(median)/ p-1SD/
p-2SD, based on all last measured weight results after primary LRYGB and LSG, performed in
3 large bariatric centers, expressed with percentage total weight-loss (%TWL) and percentage
alterable weight-loss (%AWL), a special BMI independent metric. The p-1SD %AWL curves
were compared with popular bariatric criteria 50% excess weight-loss and 20%TWL. The p50
%TWL curves were compared with %TWL outcome in literature (external validation). Results:
In total, 9393 patients (5516 LRYGB, 3877 LSG, baseline BMI 43.7 (±SD5.3) kg/m², age 43
(±SD10.9) years, 20% male, 21% type 2 diabetes) had mean follow-up 26 (range 0-109)
months, with 0.09% 30-day mortality. Independent outcome is presented in percentile charts
for %AWL and %TWL. Percentile curves p+2SD/ p+1SD/ p50/ p-1SD/ p-2SD showed for LRYGB
72/ 62/ 50/ 38/ 28 %AWL at nadir, 66/ 55/ 43/ 30/ 17 %AWL at 4 years, 64/ 52/ 38/ 25/ 11
%AWL at 7 years, and for LSG 69/ 58/ 46/ 34/ 22 %AWL, 65/ 53/ 38/ 23/ 12 %AWL, and 63/
51/ 35/ 22/ 9 %AWL, respectively. Bariatric criteria 50% excess weight-loss and 20%TWL
matched with most insufficient results for LSG, but not for LRYGB (low specificities). Both p50
%TWL curves are comparable with long-term weight-loss in bariatric literature. Conclusions:
Just as well-known growth-charts are essential for pediatrics, weight-loss charts should
become the tools of choice for bariatrics. These multicenter charts are baseline BMI
independent, superior to current bariatric criteria, and quite intuitive to use. They allow to
readily detect poor responders in any postoperative phase, monitor the effect of extra
counseling, judge weight regain, and manage patient expectations.

Introduction
The outcome of bariatric surgery is undeniably complex. It results in sustained weight-loss far
superior to nonsurgical measures, it improves health, and it positively affects both length and
quality of life [1]. The two most striking outcomes are the bariatric effect on overweight and
the metabolic effect on type 2 diabetes mellitus (T2DM). Both effects are currently assessed
with criteria for success [2].
Criteria used for the metabolic effect on T2DM are evidence-based and relate to the severity
of the diabetes. Good responders are defined as having <6.5% hemoglobin A1C with a
decrease of diabetic medication. In contrast, the criteria used for the bariatric effect are not
evidence-based and do not relate to the severity of the overweight. Good responders are
usually defined as having 50% excess weight-loss (%EWL). Recently, 20% total weight-loss
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(%TWL) was introduced as an alternative [3]. The numbers 50% and 20% of these criteria,
however, were chosen completely arbitrarily. Recently, 50%EWL and 20%TWL have been
demonstrated to be not very discriminative, overlooking more than one third of truly poor
responders (low specificities) after laparoscopic Roux-en-Y gastric bypass (LRYGB) [4]. A better
definition for good and poor bariatric response is therefore needed.
The patients could be asked which weight results would satisfy or disappoint them. Or,
correlations between body mass index (BMI) and general health could help define sufficient
weight-loss. But, using patient expectations and BMI for assessing the bariatric response
would involve absolute goals (“dream weight” or “normal BMI”) that are not realistic for the
majority of bariatric patients. Bariatric Outcomes Longitudinal Database (BOLD) data showed
that more than three quarters of all LRYGB patients never reach BMI <25 kg/m² and more than
one quarter never even BMI <30 kg/m² [5].
Instead of looking at results that patients should achieve, it would be better to look at results
that patients do achieve. An individual result then needs to be compared with results of peers
that underwent the same bariatric procedure at exactly the same time after the operation.
This is common practice in pediatrics, where infants are compared with children of the same
age using growth-charts. Introducing this method in bariatric practice makes sense. At every
postoperative visit, bariatric surgeons would want to identify the poor responders among
their patients to help them with extra counseling. A chart depicting percentile curves of
bariatric weight-loss (y-axis) against postoperative time (x-axis) would make this possible.
Some attempts have been made. A 2012 single-center study produced %EWL percentile charts
with 3-year follow-up, based on 1216 LRYGB patients [6]. In 2014, %TWL percentile charts
were published for 8945 LRYGB patients from multicenter BOLD data with 2-year follow-up
[5]. In 2016, a percentile chart was published using a new metric, percentage alterable weightloss (%AWL), based on 2880 single-center LRYGB patients with 7-year follow-up [7].
Those weight-loss charts are not ideal. A bariatric percentile chart should meet the following
4 minimum requirements: (1) it should be based on outcome of a large and representative
cohort, preferably multicenter, to minimize confounding bias; (2) it should present a
postoperative interval that is long enough to include the clinically important phase of weight
regain after the initial weight-loss; (3) the percentile curves should be based on independent
data, meaning that every patient contributes with only one postoperative measurement, to
avoid compliance to follow-up bias; and (4) weight-loss results should be expressed in a
comparable way to avoid baseline-BMI bias. The %EWL-metric is proven to be not suited for
this purpose, being influenced too much by the common differences in baseline BMI among
bariatric patients [3,5,7-11]. The %TWL-metric is less sensitive to this problem, but only the
validated %AWL-metric is sufficiently free of this type of bias [7,12-14].
This study makes an effort to present weight-loss charts that meet these 4 requirements. The
aim was to provide an evidence-based tool to assess weight-loss, weight-regain, and poor
responders after bariatric surgery, at any postoperative time up to 7 years, for any BMI at
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baseline, for both LRYGB and laparoscopic sleeve gastrectomy (LSG) and representative
enough for international use.

Methods
Inclusion and exclusion
Data from bariatric patients operated before 2017 in three large bariatric centers in the
Netherlands were analyzed retrospectively. The institutional review boards for each center
approved this study. Patients were screened preoperatively by multidisciplinary teams for
eligibility for operation, using the International Federation for the Surgery of Obesity criteria
for bariatric surgery. In a shared decision-making process, surgeon and patient decided for the
type of bariatric procedure. For this study, we looked only at LRYGB and LSG, presently the
two most popular bariatric procedures worldwide, and only at primary procedures, as results
could have been influenced by preceding bariatric surgery. Both procedure types were
standardized in the 3 centers, with approximately 4x8 cm gastric pouch, 50 to 80 cm
biliopancreatic limb, and 150 cm ante-colic, ante-gastric alimentary limb for LRYGB and a fully
non-reinforced stapled sleeve starting approximately 4 cm proximal to the pylorus with bougie
size 34 Charrière for LSG. All data were collected prospectively in local electronic databases.
As a rule in all 3 bariatric centers, all patients were urged to lose as much weight as possible
before the operation to reduce operative risk. How this was done was left up to the patients.
It could therefore be expected that on average the operative weight was lower than the
weight at first preoperative visit. Then, in general, in patients that intentionally lost weight in
the run to their operation, the weight at first preoperative visit would have been less
influenced by the upcoming lifechanging event of the bariatric procedure than the operative
weight, therefore approximating the steady personal weight better than the measurement at
time of operation [15]. The measurement at first preoperative visit was therefore used for
baseline BMI. Age, sex, and T2DM were specified at baseline as potential confounders for
weight-loss to illustrate the representability of the cohorts and to identify factors associated
with poor weight-loss response [16]. As ethnicities in modern Dutch society are often not
unambiguous and many patients have mixed ancestry, with European, African, South
American, Indian, far-east Asian, Turkish, or Arab roots, we did not specify race as confounder
for this study.
In all 3 centers, follow-up consisted of multidisciplinary education and monitoring during the
first 12 months, followed by annual checkups. Patients not showing up were contacted and
scheduled for a new appointment. No self-reported weight measurements were used. For
postoperative outcome, only the last measured weight was included for each patient. In that
way, all patients contributed to the weight-loss chart equally, even if lost in follow-up, with
only one result to assure independent data and to minimize compliance to follow-up bias. If
primary LSG or LRYGB was revised to another procedure, the weight at revision operation was
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used as the last measured weight. If no postoperative weight was reported, for example if a
patient died in an early phase, the weight at operation was used for the chart at day zero.
Weight-loss and weight-loss charts
Weight-loss was calculated with the three metrics %EWL (defined as percentage excess BMI
loss), %TWL, and %AWL. These metrics have the same formula: 100% × (baseline BMI - last
measured BMI) / (baseline BMI - a), with a= 0 kg/m² for %TWL, a= 13 kg/m² for %AWL, and a=
25 kg/m² for %EWL [12,17]. It has been demonstrated that the influence of differences in
baseline BMI among bariatric patients is very relevant for %EWL, less relevant for %TWL, and
absent for %AWL [3,5,7-14]. We tested the significance of this unwarranted disturbance in
this study again, by comparing weight-loss of the two outer quarters of the cohorts of heaviest
and lightest patients, both for LRYGB and LSG (Mann-Whitney U-test; p <0.05). We produced
percentile curves based on standard deviations (SD). We created p97.7 (p+2SD), p84.1
(p+1SD), p50 (median), p15.9 (p-1SD), and p2.3 (p-2SD), separately for LRYGB and LSG, both
for %TWL and %AWL, using Excel (Microsoft Office 2016, Redmond, WA, USA), by determining
percentiles for results grouped by consecutive intervals of 100 days and smoothened those
using polynomial (0-2 year) and logarithmic (>2 year) trendlines. As most of the patients in our
cohorts intentionally lost weight in the run to their operation, the percentile curves would not
all start at 0% weight-loss, but show the deviation of this preoperative weight-loss at day zero.
Poor responders
Percentile curve p-1SD was used as cut-off for sufficient weight-loss. This choice was rather
arbitrary although supported by some evidence [4]. Practically, it would mean that at any
postoperative time, a quota of 84.1% of the patients is labeled as good responders. The Excel
trendline formulas were used to judge the adequacy of the p-1SD curves in the LRYGB and LSG
%AWL charts. First, these p-1SD curves were used to compare baseline characteristics sex,
age, T2DM, height, BMI and adherence to follow-up between good and poor responders
(Mann-Whitney U-test; p <0.05). Next, these p-1SD curves were compared with 4 criteria for
bariatric weight-loss success: 50%EWL, 20%TWL, 25%TWL, and 35%AWL. We used the
number of false-positive results (successful according to the criterion but below p-1SD) and
false-negative results (unsuccessful according to the criterion but above p-1SD) to calculate
specificity and sensitivity for each criterion and for LRYGB and LSG separately.
External validation
Although we used multicenter outcome, all data came from one single country, which could
impact the external (international) validity of our findings. We therefore compared our
median %TWL results (percentile curves p50) to existing evidence on mean %TWL outcome.
We searched the PubMed, MEDLINE, Embase, and Cochrane databases for large studies (n
>500) reporting %TWL after LRYGB and LSG, with BMI >35 kg/m² and age ≥18 years at baseline
and with a minimum of 5-years follow-up.
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Results
Inclusion and exclusion
In the three centers, 9393 primary LRYGB and LSG procedures were performed before 2017.
These patients had median age 43 (range 18-69) years and mean baseline BMI 43.7 (±SD5.3;
range 34.0-86.9) kg/m², with 12.1% ≥50 kg/m². One of 5 was male and 20.8% had T2DM. There
was 6.7% missing data for preexisting T2DM. Average time between first preoperative visit
and operation was 5 months and 95% of all patients were operated within one year after their
first visit. The longest possible follow-up per patient (until January 1, 2017) was mean 3.1
(±SD1.9; range 0-9.3) years, while the longest actual follow-up was mean 2.2 (±SD1.6; range
0-9.1) years. In total, 1629 patients were eligible for follow-up of ≥5 years (operated before
2012). The longest actual follow-up of this group was mean 4.3 (±SD1.9) years, while 783
patients had ≥5 years follow-up. Combined in 3 centers, 5516 patients underwent LRYGB and
3877 underwent LSG. Four patients died within 30 days after LRYGB (0.07% mortality), two
from peritonitis after leakage, one from bowel ischemia, and one from pulmonary sepsis. Four
patients died within 30 days after LSG (0.10% mortality), two from peritonitis after leakage,
and two from pulmonary embolism. Baseline characteristics and follow-up for each procedure
type are presented in table 11.1.
Weight-loss and weight-loss charts
Differences in mean weight-loss between the outer quarters of the LRYGB cohort with the
lightest patients (n= 1379, mean baseline BMI 37.9 kg/m²) and the heaviest patients (n= 1379,
mean baseline BMI 49.6 kg/m²) was 19.7 %EWL (p <0.001), -3.2 %TWL (p <0.001), and 0.3
%AWL (p=0.509). Differences in mean weight-loss between the outer quarters of the LSG
cohort with the lightest patients (n= 969, mean baseline BMI 38.5 kg/m²) and the heaviest
patients (n= 969, mean baseline BMI 52.7 kg/m²) was 19.2 %EWL (p <0.001), -2.9 %TWL (p
<0.001) and 0.8 %AWL (p=0.174). This confirmed that %AWL is the only metric that is
independent of baseline BMI, both for LRYGB and LSG. All last measured BMI-loss results are
presented in figure 11.1. Percentile curves for LSG and LRYGB combined in one single chart
based on %AWL are presented in figure 11.2. The curves show the deviation of the intentional
preoperative weight-loss at day zero. The p50 curve starts at 4 %AWL for both procedure
types, which corresponds with the median preoperative weight-loss. Charts based on %TWL
are presented in figure 11.3. The curves were drawn with wide lines to remind users that
differences of approximately 3%TWL can occur between heavier and lighter patients, inherent
to the outcome metric %TWL, as demonstrated above. The p50 curves reach their peak (nadir
results) for LRYGB at 50 %AWL and 35 %TWL at 1.5 years and for LSG at 46 %AWL and 32
%TWL two months earlier.
Poor responders
Using the Excel trendline formulas, the p-1SD curves divided the %AWL results at 15.9% for
both procedure types, which confirmed their accuracy. A total of 1493 patients (15.9%) had
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their last weight-loss result below p-1SD and therefore were labeled as poor responders. The
percentage of T2DM among these poor responders was significantly higher compared with
the other patients (32.6% versus 18.6%; p <0.001). The poor responders were on average older
(45 year versus 42 year; p <0.001) and more often male (26.4% versus 19.1%; p <0.001), but
differences in body height and baseline BMI were not significant. Also, the adherence to
follow-up, expressed as the percentage of the actual last follow-up compared with the longest
possible follow-up was not significantly different, 72%, both for good and poor responders
(p=0.40). Sensitivity and specificity of bariatric weight-loss criteria 50%EWL, 20%TWL,
25%TWL, and 35%AWL, compared with the %AWL p-1SD curves are presented in table 11.2.
External validation
We found 12 studies that matched our search [18-29]. Mean %TWL outcome is compared with
the %TWL p50-curves in table 11.3 and figure 11.4. They support our findings both for LRYGB
and LSG.

Discussion
The growth-charts of the World Health Organization are iconic for billions of parents
worldwide [30]. Their strength lies in their intuitiveness. Measurements plotted as dots among
the percentile curves deliver an instant message about the growth of a child compared with
other children of the same age, and the line connecting those dots immediately reassures if it
follows the course of the curves on the chart, or alarms if it deflects. This study demonstrates
that such an intuitive tool can be used for assessing bariatric results as well. It presents
elaborate bariatric weight-loss charts, based on multicenter data, both for LRYGB and LSG.
It is important to realize that comparing growth with growth-charts is only possible because
all children start their growth (before birth) with exactly the same height (0 cm) and weight (0
kg). This is not the case for bariatric patients when they start their weight-loss. Their baseline
BMI varies heavily, from 35 kg/m² to double and more [31,32]. There is a trick to overcome
this problem. The %AWL-metric renders weight-loss independent from these differences in
baseline BMI, thus allowing to compare postoperative weight-loss of heavier patients directly
with that of lighter peers and vice versa. The %AWL-metric was introduced in 2014 and
validated for American, European, and Asian patients [12-14]. The explanation for the
differences between the 3 metrics %AWL, %EWL, and %TWL is purely mathematic. It lies in
the algorithm beneath human weight-loss, which can be approximated with a linear function
y = a + bx in which BMI after weight-loss (value y) consists of a part of the baseline BMI that is
not changed (constant “a”) and a part of the baseline BMI that is changed (value x) by weightloss factor b. This algorithm is inherent to the %EWL-metric that was introduced by Oria in
1996 and simplified by Deitel et al. in 2007 [17,33]. However, it wasn’t until 2014 that this
algorithm was tested and the ideal value for constant “a” was found [12]. The %AWL-metric,
using a= 13 kg/m², renders outcome that is baseline BMI independent, while %EWL (a= 25
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kg/m²) and %TWL (a= 0 kg/m²) do not. We were able to confirm these qualities in this study
as well, both for LRYGB and LSG. The exact meaning and mathematics behind the %AWLmetric might be difficult to comprehend, which makes it an unpractical outcome metric.
However, if it is used together with the visual, intuitive properties of an easy to comprehend
percentile chart, this is no longer important. Now, the position of the result relative to the
curves delivers the full message in a clear and simple way, without the need to understand
exactly what the %AWL value means.
For weight-loss charts to be useful, they should be superior to current bariatric criteria for
success. To test this, we used percentile curve p-1SD of the %AWL chart as a baseline BMI
independent benchmark for sufficient weight-loss. Popular criteria 50%EWL and 20%TWL
recognized most of the sufficient results quite well (sensitivities >80%), but for LRYGB they
both underestimated the number of insufficient results (specificities <60%). Alternative
criteria 35%AWL and 25%TWL recognized most of the insufficient results quite well
(specificities >80%), but for LSG they underestimated the number of sufficient results
(sensitivities <80%). This experiment demonstrated that popular criteria 50%EWL and
20%TWL are weak in recognizing a patient with an insufficient result, which, in practice, is
more important than recognizing a patient with sufficient results (the first needs extra
counseling, the latter a compliment). It also showed that, although based on a better metric,
the new 20%TWL criterion is not an improvement over 50%EWL. In fact, no criterion had a
specificity and sensitivity above 80% for both bariatric procedures. This must be due to the
static nature of simple criteria. They do not consider the important time factor in
postoperative weight-loss and weight regain.
Weight-loss charts can perfectly fill the gap of this inadequate concept of simple criteria for
bariatric success. The main advantage of weight-loss charts is that they allow to instantly
recognize sufficient and insufficient weight-loss at any postoperative time. The question
remains how high the bar should be set for insufficient bariatric weight-loss. There should be
no discussion that weight-loss results of the share of 68.2% of the patients between p+1SD
and p-1SD can be named “good” and outcome of the 13.6% of the patients between p+1SD
and p+2SD even “excellent”. Also, it is quite reasonable to label results beyond the second SD
as exceptional; for example, “excessive” for the 2.3% patients above p+2SD and “inadequate”
for the 2.3% patients below p-2SD. But what to do with patients in the critical zone between
p-1SD and p-2SD? It would be logical to label their results as “poor”, being between “good”
and “inadequate”. Yet having to call almost 16% (<p-1SD) of the patients “poor responders”
seems quite a lot. From a practical point of view however, it would not be overshooting when
special attention is given to at least 1 of 6 patients in a bariatric practice. Patients with weightloss within this critical zone should be offered extra counseling, especially if they show little
improvement of quality of life or co-morbidities as well. T2DM, age, and male sex were factors
related to unsuccessful weight-loss in this study, while (surprisingly) adherence to follow-up
was not.
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This study confirmed that bariatric outcome metric %EWL (also known as percentage excess
BMI loss) is not fit for its job. The significant differences (almost 20%EWL) between heavier
and lighter patients, both for LRYGB and LSG, are very relevant. For the %TWL-metric these
differences are significant as well, but much smaller (∼3 %TWL) and therefore clinically less
relevant. The differences for the %AWL-metric (<1 %AWL) were not significant. Weight-loss
charts based on %EWL are therefore not useful. Weight-loss charts based on %AWL are the
most accurate, but it needs quite a cumbersome calculation to plot a weight result on a %AWL
chart. They can become practical if integrated in applications or e-health software. Weightloss charts based on %TWL are less accurate, but easier to work with. They can be used with
pen and paper, with minimal calculations required.
The %AWL charts clearly show that LRYGB performs distinctly better than LSG, even after 5
years (figure 11.2). This information is presented quite visually in these charts, which can help
in informing patients when choosing a bariatric operation.
Weight-loss charts can help in bariatric research. The corruptive effects of the %EWL-metric
and the %EWL-related criterion 50%EWL can disturb comparing the outcome of heavier and
lighter patients, which, for example, can be the case when Asian bariatric patients are
compared with non-Asians. As Asians have a higher risk of developing obesity-related
metabolic syndrome at a lower BMI, they are more likely to undergo bariatric surgery at a
lower baseline BMI. In such baseline BMI-sensitive comparisons, a %AWL chart will detect
differences in weight-loss outcome more accurately than existing methods. More centers
should therefore join our efforts, from more countries and regions in the world, to improve
the power of these charts with more data.
One of the limitations of this study is that it was performed retrospectively. There was no
standardized selection process of patients and procedures. Another important limitation is
the relatively small number of patients in follow-up beyond 5 years (783 out of 1629 eligible
for ≥5 year follow-up), which could affect the representability of these cohorts. The baseline
characteristics of this Dutch multicenter cohort, however, add to the representability and
international usefulness of the charts because they were quite comparable to those reported
in the second International Federation for the Surgery of Obesity global registry report 20132015 [31]. Baseline demographic characteristics in the American BOLD database showed a
higher mean BMI (46.5 versus 43.7 kg/m²) [32]. With the special BMI-independent properties
of the %AWL-metric, this should not affect the usefulness of the %AWL charts for American
patients. The external validation of our findings with outcome of over 41000 bariatric patients
showed that our charts are very well comparable to existing data, which further supports our
assumption that they are suited for international use.
Percentile charts, like pediatric growth-charts or these bariatric weight-loss charts, show the
variability in outcome over time. Variability in results is natural, caused by numerous
inevitable differences between people and circumstances. It is therefore obvious that a
pediatrician would use a growth-chart not so much as a target to aim for, but as a guide, to
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check, compare, and inform. Bariatric surgeons should use weight-loss charts accordingly,
accepting that, inevitably, some patients will always lose more weight than others.

Conclusion
These multicenter bariatric weight-loss charts for LRYGB and LSG present a versatile tool for
postoperative weight-loss and weight regain assessment, fit for international use. Like
pediatric growth-charts, bariatric weight-loss charts can serve as a guide to monitor the course
of a long-term process, allowing to compare individual results with the outcome of many, at
any point in time. They do not present a target for patients to aim for, but merely visualize the
natural variability of results among their peers. Weight-loss charts can help in bariatric
research and provide better insight in bariatric outcome for non-bariatric professionals and
patients alike, be it on paper or integrated in software or e-health applications. They allow
detecting patients with disappointing results in any phase of their follow-up and help monitor
the effectiveness of extra counseling. Above all, they are useful for managing patient
expectations and judging individual weight-loss and weight regain results in a fair and
evidence-based way.
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Table 11.1 Multicenter baseline characteristics and follow-up of 5516 laparoscopic Roux-en-Y
gastric bypass (LRYGB) patients and 3877 laparoscopic sleeve gastrectomy (LSG) patients. BMI:
body mass index. SD: standard deviation. T2DM: type 2 diabetes mellitus. Center A:
Amsterdam, B: Eindhoven, C: Rotterdam. Follow-up: number of patients actually still in followup/number of patients possible in follow-up.
LRYGB (n= 5516)

LSG (n= 3877)

center A + B + C

n= 3879 + 1637 + 0

n= 95 + 1946 + 1836

mean baseline BMI (kg/m²)

43.0 (±SD 4.8)

44.6 (±SD 5.9)

% baseline BMI ≥50 kg/m²

8.8

16.8

mean age (years)

43.6 (±SD 10.5)

42.2 (±SD 11.4)

% male sex

16.2

26.0

% T2DM

21.4

20.1

≥1 year follow-up

n= 4220/4917 (86%)

n= 2926/3189 (92%)

≥2 year follow-up

n= 2413/3607 (67%)

n= 1892/2520 (75%)

≥5 year follow-up

n= 392/743 (53%)

n= 391/886 (44%)

Table 11.2 Sensitivity and specificity (in %) of bariatric weight-loss criteria. EWL: excess
weight-loss. TWL: total weight-loss. AWL: alterable weight-loss. LRYGB: laparoscopic Roux-enY gastric bypass. LSG: laparoscopic sleeve gastrectomy. EWL, TWL, and AWL are compared
with the percentile curve 1 standard deviation below median in %AWL-based bariatric weightloss charts for LRYGB and LSG.
criterion:
LRYGB sensitivity
specificity
LSG
sensitivity
specificity

50%EWL
92
55
84
90

20%TWL
93
48
90
85
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25%TWL
82
88
71
100

35%AWL
85
85
73
100
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Figure 11.3 Standard deviation (SD) percentile (p) curves based on the last measured weightloss results of multicenter 5516 primary laparoscopic Roux-en-Y gastric bypass patients and
3877 primary laparoscopic sleeve gastrectomy patients, expressed as percentage total weightloss (%TWL) and calculated as (BMI at first preoperative visit minus the last measured BMI)/
(BMI at first preoperative visit). The width of the curves is to remind that differences of ∼3
%TWL can occur between heavier and lighter patients, inherent to the outcome metric %TWL.
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Figure 11.4 The mean percentage total weight-loss (%TWL) outcome of 12 large (n >500)
studies on weight-loss after bariatric surgery with ≥5-year follow- up, compared with the 50th
percentile curves (medians) of the last measured weight-loss results of multicenter 5516
primary laparoscopic Roux-en-Y gastric bypass and 3877 primary laparoscopic sleeve
gastrectomy patients [18-29].
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PART IV
Effects and underlying causes of differences between bariatric patients

Chapter 12
Interpretation of laboratory results after gastric bypass surgery: the effects of weight-loss
and time on 30 blood tests in a 5-year follow-up program
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Abstract
Background: Long-term follow-up with blood-tests is essential for bariatric surgery to be a
successful treatment for obesity and related comorbidities. Adverse effects, deficiencies and
metabolic improvements need to be controlled. Objective: We investigated the effects of time
and weight-loss on laboratory results in each postoperative phase after laparoscopic Roux-enY gastric bypass (LRYGB). Setting: Bariatric center of excellence, general hospital, Netherlands.
Methods: We retrospectively evaluated results of 30 blood-tests, preoperative and at 6
months, 1 year, 2 years and 5 years after LRYGB. The 2019 Dutch bariatric chart was used to
define weight-loss responses as outstanding (>p+1SD), average (p+1SD to p-1SD) and poor
(<p-1SD). Results are presented with 5th and 95th percentile cut-off values per blood-test for
each of these three weight-loss responses at each of the four postoperative time intervals.
We used ANOVA to determine mutual relations. Results: Results of 4835 patients were
analyzed. Five-year follow-up was 58%. Blood levels of ferritin, mean corpuscular volume,
thrombocytes, vitamin D, parathyroid hormone, glycated hemoglobin (HbA1c), triglyceride,
total cholesterol, C-reactive protein, gamma-glutamyl transferase, alkaline phosphatase,
creatinine, vitamin B1 and total protein were related with weight-loss response. All thirty
blood-tests were also related with time. For several blood-tests weight-loss and time did not
only influence median results, but also 5th and 95th percentile cut-off values. Many patients
had better vitamin levels after the operation. We observed an increase of parathyroid
hormone and ongoing iron depletion up to five years post-surgery. Conclusions: Presenting
results of 30 routine blood-tests, including cut-off values based on 5th and 95th percentile,
grouped by weight-loss response and postoperative time interval after gastric bypass surgery
is new. The elaborate tables and graphs could serve as practical guide for proper
interpretation of laboratory results in post-bariatric surveillance. Results underline the need
for long-term follow-up, including blood-tests.

Introduction
Bariatric surgery is an increasingly accessible treatment for the growing problem of morbid
obesity and related comorbidities worldwide. Long-term results outdo those of lifestyle
change and diets, with incomparable weight-loss and improvement of health and quality of
life. [1] It has important drawbacks as well, including nutritional deficiencies. Lifelong
supplements of vitamins and micronutrients, as well as a long-term follow-up program,
including blood-tests are therefore recommended for all bariatric patients. [2]
For the interpretation of laboratory results after bariatric surgery, baseline factors, such as
pre-existing deficiencies, comorbidities, age, gender, body mass index (BMI), genetic
background and type of operation have to be taken into account, as well as postoperative
factors that may vary over time, such as nutrition, remission of comorbidities and the use of
(and compliance with) supplements and medication. Weight-loss is associated with at least
two of these variable factors: reduced nutrient intake and metabolic improvement. It is
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therefore essential to know the effects of time and weight-loss on routine blood-tests and,
consequently, how much weight-loss can be expected at what postoperative time. This is not
an easy task, for several reasons.
There are publications on the effects of weight-loss and postoperative time on key parameters
like glycated hemoglobin (HbA1c), lipids and vitamins. [2,3] However, studies are generally
not designed to interpret these blood-tests in clinical practice. Results are commonly
presented as mean values with standard deviations (SD), odds ratios, confidence intervals, or
other statistical quantities that are less useful to determine upper and lower limits of what
could be accepted for a blood-test, at a certain postoperative time, for a certain weight-loss
response.
Furthermore, weight-loss after bariatric surgery is quite dynamic in two ways. It changes over
time and it shows distinct inter-individual differences. It follows a typical pattern, setting out
as a free fall of 1-2 kilograms per week for 6-12 months, reaching nadir around 18 months,
and is often followed by a prolonged, slow increase of weight. At each of these postoperative
stages it shows pronounced deviations in results. For example, the quartile of patients with
the best results will already have reached a mean percentage total weight-loss (%TWL) at 6
months that is higher than what the quartile of patients with the poorest results will not even
have reached at 18 months. [4]
Another problem, often overlooked, is that most evidence on bariatric outcome is expressed
with percentage excess weight (or BMI) loss (%EWL), a metric that, in fact, is unsuited for
comparing weight-loss if differences in BMI are present at baseline. It has been repeatedly
found that this particular outcome metric, other than %TWL, can lead to misinterpretations
and wrong conclusions on bariatric and metabolic outcome, when common differences in
baseline BMI between bariatric patients and mean values from study cohorts or systematic
reviews are not taken into account. [4-12]
Finally, individual weight-loss results are commonly assessed using static thresholds, such as
20%TWL, or 50%EWL. These popular criteria have low specificities and do not account for the
significant changes over time. [10]
Recently, we developed a tool to compare weight-loss results, not to arbitrary static
thresholds, but to actual outcome of peers; a bariatric weight-loss chart with time-sensitive
percentile curves, similar to growth-charts known in pediatrics. [4,11] The aim of the present
study was to examine the effects of the individual weight-loss response and postoperative
time on routine blood-tests after gastric bypass surgery, using this novel percentile-chart
benchmark. We therefore evaluated results of thirty blood-tests in our follow-up program
after laparoscopic Roux-en-Y gastric bypass (LRYGB), at four predefined postoperative time
intervals. We assessed the changes of laboratory results for poor, average and outstanding
weight-loss response up to five years postoperatively and produced tables with median results
and cut-off values based on 5th and 95th percentile. These novel methods may be useful in
practice, such as when a clinician would like to know whether a particular laboratory result
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meets postoperative expectations, and to further investigate underlying mechanisms of
outlying responses after gastric bypass surgery.

Methods
Inclusion and perioperative protocol
We retrospectively analyzed data from all patients who underwent primary LRYGB in our
bariatric center of excellence in Amsterdam prior to 2019. Revision procedures were excluded.
Medical history, comorbidities, sex, age, weight, length and use of medication and
supplements were retrieved from patient records.
A majority of patients had white ethnicity, and about one in seven had Caribbean, North
African, Turkish or other ethnic roots. [4] Our follow-up rates were fair, as reported earlier,
with >85% beyond one year and >55% beyond five years, and our 30-day mortality rates were
low (<0.03%). [10] All patients were weighed and measured at intake and individually
screened by a bariatric surgeon, internist, dietician and psychologist for eligibility for
operation, based on the International Federation for the Surgery of Obesity (IFSO) criteria and
age limit of 18-65 years. [13] Preoperatively, supplements of iron, vitamin D, or vitamin B12
were prescribed if deficiencies were found, treatments of hypertension and diabetes were
optimized, aiming at blood pressure <155/95 mmHg and HbA1c <64 mmol/mol and all
patients were stringently advised to stop smoking. We did not routinely test for sleep apnea
preoperatively. All LRYGB procedures were standardized, with 4x8cm gastric pouch, 50cm
biliopancreatic limb, 150cm ante-colic ante-gastric alimentary limb, with closure of both
mesenteric defects, and performed by experienced bariatric surgeons (>500 cases each), as
previously described. [4,10]
Follow-up included multiple appointments during the first year and annually thereafter.
Patients not showing up were contacted and scheduled for a new appointment. All data were
collected prospectively in a central electronic database. Routine blood-tests were taken at
intake and postoperatively at six months, one year and annually thereafter. They included
hemoglobin (Hb)(mmol/l), hematocrit (Ht)(%), mean corpuscular volume (MCV)(fl),
thrombocytes (109/l), leucocytes (109/l), C-reactive protein (CRP)(mg/l), sodium (Na)(mmol/l),
potassium (K)(mmol/l), calcium (Ca)(mmol/l), magnesium (Mg)(mmol/l), iron (Fe)(μmol/l),
ferritin (μg/l), creatinine (μmol/l), glycated hemoglobin (HbA1c)(mmol/mol), triglyceride
(mmol/l), total cholesterol (mmol/l), total bilirubin (μmol/l), alkaline phosphatase (U/l),
gamma-glutamyl transferase (GGT)(U/l), alanine aminotransferase (ALAT)(U/l), aspartate
aminotransferase (ASAT)(U/l), albumin (g/l), total protein (g/l), prothrombin time (PT)(sec),
folic acid (nmol/l), vitamin B12 (pmol/l), vitamin D (nmol/l) and thyroid-stimulating hormone
(TSH)(mU/l). Vitamin B1 (nmol/l) and parathyroid hormone (PTH)(pmol/l) were included in
follow-up, but not routinely at baseline. We corrected results for calcium with 0.02 mmol/l
per gram albumin above or below 40 g/l.
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Postoperatively, all patients were advised to take one over the counter multivitamin pill daily,
containing 100% guideline daily amounts of vitamins A, B1, B2, B3, B5, B6, B12, C, D and folic
acid, and varying amounts of iron, magnesium, zinc, calcium and copper. Patients were free
to use multivitamins containing higher amounts of vitamins and micronutrients. All patients
received low molecular weight heparin (Nadroparin, 0.6 mg daily) for one week and protonpump inhibitor (Pantoprazole, 40 mg daily) for three months. Additional supplements were
prescribed in follow-up if deficiencies were found. Medications for hypertension, diabetes or
dyslipidemia were adjusted or stopped during follow-up according to metabolic
improvements, or immediately after operation if sufficient improvements were anticipated.
For this study, we defined four postoperative time intervals (±25%): six months (137-228
days), one year (274-457 days), two years (548-913 days) and five years (1370-2283 days). We
excluded patients who did not have both a weight measurement and a blood-test within one
of these intervals. We only used one follow-up moment (the latest) for each included patient.
For hemoglobin, hematocrit, iron and ferritin we analyzed results for men and women
separately. For HbA1c we analyzed results for patients with elevated baseline levels (>42
mmol/mol) separately from those with normal baseline values. The influence of age on
laboratory tests was investigated by calculating correlations between the postoperative blood
test results and the age at time of follow-up using Spearman's rank correlation coefficients.
For this type of retrospective study, formal consent is not required. However, all patients gave
written informed consent for data collection of clinical characteristics and blood assessments
related to bariatric surgery. The local Medical Ethical Committee gave approval for this data
collection.
Weight-loss response
To determine the individual weight-loss response, we used the 2019 Dutch bariatric (DB) chart
with weight-loss percentile curves of the first seven years after LRYGB and sleeve gastrectomy.
[11] It is based on multicenter weight-loss data from almost ten thousand bariatric patients in
the Netherlands, expressed as percentage alterable weight-loss (%AWL). This outcome metric
is insensitive to the common differences in BMI among bariatric patients and is calculated as
%AWL= 100%x BMI-loss/ (baseline BMI -13). [12] By plotting weight-loss as %AWL on the
chart, we corresponded each result to a specific weight-loss response. The DB-chart presents
five percentile curves: p+2SD, p+1SD, p50, p-1SD and p-2SD. For this study, we only used the
p+1SD and p-1SD curves, defining results as ‘outstanding’ (>p+1SD), ‘average’ (p+1SD to p1SD) or ‘poor’ (<p-1SD) responses. As many of our patients operated before 2017 contributed
with follow-up data to the DB-chart, we excluded them from the present study, unless they
had another follow-up more than one year after the weight measurement used for the chart.
Analysis
Since this was a retrospective study in which some degree of missing data was inherently
expected, and since it was quite probable that both weight-loss and time would have at least
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some effect on most blood-test results, we limited our statistical analyses to single factor
analysis of variance (one-way ANOVA, p=0.05), as an exploratory tool to explain our
observations. We also used it to test the distributions of baseline characteristics and
comorbidities in the four time interval subgroups (for all weight-loss responses together) and
in the three weight-loss response subgroups (for all time intervals together). We performed
for each blood-test one-way ANOVA at each time interval to test a first null hypothesis that
the means of results for each weight-loss response subgroup ‘poor’, ‘average’ and
‘outstanding’ are all equal. If the hypothesis was rejected on more than one postoperative
time interval, we considered the blood-test related with weight-loss response. Next, we
performed one-way ANOVA to test a second null hypothesis that, for all weight-loss response
subgroups together, the means of results for each time interval are all equal. We did this for
all postoperative time intervals, as well as for all time intervals including baseline. If the
hypothesis was rejected, we considered the blood-test related with time. Furthermore, we
calculated per blood-test, for each time interval and for each weight-loss response subgroup
the median result and the 5th and 95th percentile cut-off values (p5, p95). Finally, we
determined for each time interval the percentages of patients with abnormal laboratory
results using fixed thresholds (dichotomous assessment). All statistical analyses were
performed using Excel, Microsoft Office 2016.

Results
Baseline characteristics and follow-up
Until 2019, we performed primary LRYGB procedures in 5970 patients, of which 1135 had no
weight measurement matching a blood-test within one of the four predefined postoperative
intervals or, if operated before 2017, had no matching follow-up more than one year after the
weight measurement used for the DB-chart. Of the remaining 4835 included patients, 1710
had their latest matching follow-up in the six months interval, 1251 at one year, 1085 at two
years and 789 at five years. With these 789 patients, five-year follow-up was 58.2%, based on
1355 primary LRYGB procedures performed before 2014. At baseline, the 4835 included
patients had mean weight 124.0 (±SD18.6) kg, BMI 43.0 (±SD5.0) kg/m2, age 44.5 (±SD10.6)
years, and 16.9% were men. Type-2 diabetes mellitus (T2DM) was present in 17.7%, 15.9%
had a history of hypertension, 6.1% had a history of sleep apnea, 12.0% had high total
cholesterol (>6.5 mmol/l) and/or used statins, and 9.6% had a history of hypothyroidism
and/or used levothyroxine. ANOVA found that these baseline characteristics and
comorbidities were equally distributed in the four postoperative time interval subgroups.
Mean weight-loss at one and five years was 13.9 and 12.6 kg/m2, 46.4 and 41.3 %AWL, 32.2
and 28.8 %TWL, and 79.5 and 70.1 %EWL respectively. Figure 12.1 shows all 4835 weight-loss
results plotted among the p+1SD and p-1SD percentile curves of the 2019 DB-chart. This way,
we classified 17% of results as ‘poor’ weight-loss response, 68% as ‘average’ and 15% as
‘outstanding’. ANOVA found that older age, male sex and T2DM were predictive of a less
favorable weight-loss response, while the other baseline characteristics and comorbidities
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were equally distributed in the three weight-loss response subgroups. Percentage missing
data on baseline laboratory results was median 13%, ranging from 11% for hemoglobin to 26%
for vitamin D. Percentage missing data on postoperative laboratory results was median 9%,
ranging from 9% for sodium to 11% for PTH.
Correlations between postoperative blood test results and age at time of follow-up were very
weak (Spearman's rank correlation coefficient -0.1 to +0.1) for nineteen of the thirty blood
tests. Only four blood tests had correlation coefficients of 0.2 or more: triglyceride (+0.20),
vitamin B1 (+0.24), HbA1c (+0.20 for patients with baseline HbA1c >42; +0.25 for patients with
baseline HbA1c ≤42) and folic acid (+0.29).
Influences of weight-loss response and time
ANOVA found that MCV, thrombocytes, vitamin D, PTH, HbA1c (in both subgroups with
normal and elevated baseline HbA1c levels), triglyceride, total cholesterol, CRP, GGT, alkaline
phosphatase, creatinine, vitamin B1, total protein and ferritin (female patients only) were
related with weight-loss response. The developments of mean results over time of these
fourteen weight-loss related blood-tests are presented in figure 12.2. The developments of
mean results of the remaining blood-tests that were not related with weight-loss response are
presented in figure 12.3.
ANOVA found that all blood-tests were related with time, but that total cholesterol,
creatinine, GGT, ALAT, TSH, HbA1c (both subgroups), hemoglobin (male patients only) and
hematocrit (male patients only) were not time-related after the first six months.
Tables with median and cut-off values of all thirty blood-tests are presented in table 12.1. They
show that not only median levels changed over time, but also the p5 and p95 cut-off values.
For hemoglobin these changes were very subtle. For triglyceride the two-year median level
for outstanding weight-loss response was 30% lower than for poor weight-loss response (0.73
and 1.04 mmol/l), whereas this difference was almost 50% for p95 levels (1.18 and 2.30
mmol/l). A triglyceride level of 1.50 mmol/l should therefore be interpreted as an expected
result in patients with poor weight-loss, but as an abnormal finding for outstanding weightloss response.
Dichotomous assessment of deficiencies and elevated results preoperatively and at each
postoperative time interval is presented in table 12.2. The percentages of patients with
anemia, low ferritin (<20μg/l) and low vitamin B12 (<150pmol/l) increased compared to
baseline and over time, whereas percentages of elevated levels of HbA1c, total cholesterol,
triglycerides, GGT and CRP were clearly lower after LRYGB.

Discussion
We present a novel method for the interpretation of blood-test results after gastric bypass
surgery. The systematic grouping of laboratory results and their cut-off values by time interval
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and individual weight-loss response is new. It provides a practical guide for assessing whether
an individual blood-test result is within expected range, at a certain postoperative time, with
a certain amount of weight-loss, or not. To apply this method, one has to weigh the patient,
calculate the percentage of weight-loss (%TWL), estimate the response as ‘poor’, ‘average’ or
‘outstanding’ (for example with the DB-chart), consider the time interval and compare the
blood test result accordingly. For quick reference, we present a rough guide to the DB-chart,
expressed with the well-known and easy to use metric %TWL in table 12.3.
The results evidently show the effects of weight-loss on different blood tests, either as a stable
cut-off between weight-loss response subgroups, or as a steep drop from baseline. This can
be observed for glucose metabolism based on HbA1c, for lipid metabolism based on total
cholesterol and triglyceride, for steatosis hepatis based on GGT and low-grade inflammation
based on CRP and possibly thrombocytes, iron parameters and MCV trends. The early
normalization of TSH could be explained by the reduction of adipose tissue as well, as
subclinical hypothyroidism with mildly elevated TSH can occur in patients with obesity. [14]
Regarding steatosis markers, a consistent outlier in our data is alkaline phosphatase, which, in
contrast to decreasing levels of GGT and ALAT, increased after LRYGB and remained slightly
higher than baseline, as was observed by others as well. [15,16] It is not clear why the better
weight-loss response subgroup had higher levels of vitamins B12 and D, but also lower levels
of folic acid and vitamin B1. These patients may have used extra vitamins D and B12 for various
reasons, for example against symptoms of tiredness.
The effects of time are noticeable as an increase or decrease over time for all thirty bloodtests, although eight blood-tests were only affected during the first postoperative months.
The beneficial effects of supplementation and a healthier diet over time are visible as
improving mean levels for magnesium and vitamins B1, B12, D and folic acid. It must therefore
be noted that, although gastric bypass surgery is notorious for nutritional deficiencies, many
patients in this study had better vitamin levels after the operation than before. Even though
vitamin D levels generally improved in an early stage, we found an ongoing increase of PTH
during the full follow-up, possibly due to insufficient calcium intake or uptake post-surgery.
Indeed, Yu et al. observed an increased risk of non-vertebral fractures after LRYGB. [17]
The most striking change over time was iron depletion, both in men and women. Preoperatively 6% already had anemia, with 18% low iron levels. We found elevated levels of
leucocytes, CRP and thrombocytes at baseline, which could mean that some may have
suffered from anemia of chronic disease due to obesity-related low-grade inflammation, as
described by Weiss and Goodnough. [18,19] The rapid weight-loss in the first postoperative
year might have replaced this unfavorable effect on hemoglobin metabolism with the
unfavorable effects of a temporary catabolic state. Most of the postoperative anemia,
however, should be attributed to iron depletion, as we saw plasma ferritin levels fall during
the full duration of follow-up, to less than one third of baseline levels at five years. Median
vitamin B12 levels (table 12.1) decreased over time as well, although we saw the opposite for
mean values (figure 12.3). This can be explained by the percentage of patients with high
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vitamin B12 levels (>500 pmol/l) that more than doubled after two years, probably caused by
self-imposed over-supplementation, while vitamin B12 deficient levels (<150 pmol/l) almost
tripled, from 4% preoperatively to 11% five years later. In line with worsening iron and vitamin
B12 status, the proportion of patients with anemia rose from 6% preoperatively to 24% after
five years. Although this deterioration of numbers might partially be explained by selection
bias, with only 58% follow-up at five years, it still means that anemia at best more than
doubled (58.2% of 23.7% is 13.8%). It underlines the clinical relevance of monitoring and, if
necessary, additional supplementation, particularly of iron, long term after LRYGB. Concerning
hemoglobin metabolism, it must be noted that key-parameters iron, hemoglobin, hematocrit
and vitamin B12 were found to be not related with weight-loss response.
Limitations of our study due to possible selection bias have to be taken into account. Patients
complying well with medication and supplements might comply better with follow-up as well.
On the other hand, persons with average response and no noticeable deficiencies might no
longer have found it necessary to visit their bariatric team after the first two years, whereas
those with complaints or consistent deficiencies might have felt the need to follow-up more.
We minimized these effects by using results from one postoperative follow-up visit per patient
only, avoiding any influence on results of other time interval subgroups. Another limitation is
that we were not able to correct results for use of medication. Due to the retrospective design
of our study, the data did not provide for a precise account of the exact dosages of every
medication or supplement used by every patient at every postoperative point in time. This is
especially relevant for lipids, HbA1c, TSH, potassium and magnesium. We plan to repeat this
study prospectively to overcome the disadvantages of retrospective research. [20] It could
lead to some adjustments of the cut-off values described in these retrospective results,
although large changes should not be anticipated. The weak correlations found between
laboratory results and age should justify that we also did not differentiate across age groups.
The strengths of our study are the large size (n=4835), the large number of blood-tests per
timepoint investigated (30) and the reasonable follow-up (58% at five years). These large
numbers allowed us to use a set of independent data in which each patient is represented
only twice, at baseline (preoperative) and at one of four (postoperative) intervals. That way
we did not need to interpolate or presume data for missing points. Another strong point is our
use of a peer-result based benchmark to overcome critical influences of time and differences
in baseline BMI on weight-loss interpretation.
With these data we now can reconstruct a typical patient for each weight-loss response. In
the outstanding response subgroup, we could find a young woman with morbid obesity
without T2DM, whose blood-tests reveal a well-motivated patient. Her preexisting
deficiencies of iron and vitamins B12 and D improved, probably by taking her supplements
faithfully, but she might have eaten less than she should, as her total protein dropped. Her
weight-loss result benefits her well, with excellent improvements of lipids, liver and
inflammation parameters. In the poor response subgroup, we could find an older man with
morbid obesity, whose T2DM quickly went into remission, but his HbA1c, cholesterol and
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triglyceride levels could decrease more, if he would eat less. His overall health improved, but
his use of (or compliance with) supplements is inadequate. In the average response subgroup,
there might be a patient that is content with his or her results, but needs to be motivated to
long-term follow-up and supplements, as even after two years, ferritin levels keep going down
and PTH levels keep going up.

Conclusion
We present a novel method for the interpretation of routine blood-tests of bariatric patients
in follow-up after LRYGB. The tables and graphs can be used as a practical guide, accounting
for the postoperative time interval and the individual weight-loss response. They give insight
into relationships between weight-loss during the postoperative course of time and metabolic
changes, obesity related low-grade inflammation and deficiencies. The results underline the
need for long-term follow-up of at least five years after gastric bypass surgery, including bloodtests.
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Table 12.1 Results of thirty blood tests specified by weight loss response and postoperative
time after laparoscopic Roux-en-Y gastric bypass. Median, 5th and 95th percentiles (p5, p50,
p95) of blood-test results at 0.5, 1, 2 and 5 years after laparoscopic Roux-en-Y gastric bypass
surgery in 4835 patients, specified by postoperative weight-loss response ‘poor’ (<-1 standard
deviation (SD) weight-loss), ‘average’ (-1SD to +1SD) and ‘outstanding’ (>+1SD). ALAT: alanine
aminotransferase; ASAT: aspartate aminotransferase; CRP: C-reactive protein; GGT: gammaglutamyl transferase; HbA1c: glycated hemoglobin; MCV: mean corpuscular volume; PTH:
parathyroid hormone; TSH: thyroid stimulating hormone.
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INDEX
1 HbA1c (baseline ≤42)
2 HbA1c (baseline >42)
3 ALAT
4 albumin
5 alkaline phosphatase
6 ASAT
7 calcium (Ca)
8 creatinine
9 CRP
10/11 ferritin M/F
12 folic acid
13 GGT
14/15 hematocrit M/F
16/17 hemoglobin M/F
18/19 iron (Fe) M/F
2
time
interval
baseline
6 months

1 year

2 years

5 years

20 leucocytes
21 magnesium (mg)
22 MCV
23 potassium (K)
24 prothrombin time
25 PTH
26 sodium (Na)
27 thrombocytes
28 total bilirubin
29 total cholesterol
30 total protein
31 triglyceride
32 TSH
33 vitamin B1
34 vitamin B12
35 vitamin D

1 year

2 years

5 years

time
interval
baseline
6 months

1 year

2 years

5 years

HbA1c - baseline >42
(20-52 mmol/mol)
p5
p50
p95
43
50
73
33
39
61
31
38
53
32
38
66
34
41
52
31
38
50
33
37
56
32
39
53
31
37
54
29
36
42
34
39
49
32
38
55
30
37
47

3

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

albumin
(35-55 g/l)
p50
40
43
43
43
42
42
42
42
42
42
43
43
42

5

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

4
time
interval
baseline
6 months

1

p5
35
37
38
39
36
36
36
36
35
36
37
36
35

time
interval
baseline
6 months

1 year

2 years

5 years

time
interval
baseline
6 months

p95
46
48
48
48
47
46
47
47
47
46
47
47
47

1 year

2 years

5 years
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weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

HbA1c - baseline ≤42
(20-42 mmol/mol)
p5
p50
p95
31
37
42
30
34
38
28
33
38
27
32
37
29
34
38
29
33
37
28
32
37
29
33
39
28
33
37
29
32
37
27
34
37
29
32
38
27
32
38

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

p5
13
12
12
12
11
11
9
12
11
11
13
11
9

ALAT
(<40 U/l)
p50
p95
27
75
22
58
21
49
21
48
22
47
22
46
20
52
22
48
20
46
21
61
22
59
20
41
21
52

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

alkaline phosphatase
(<125 U/l)
p5
p50
p95
51
78
120
64
95
141
58
89
136
52
80
135
61
92
136
55
86
131
53
76
129
58
90
143
51
82
129
51
79
122
58
92
160
54
85
139
50
81
124

6
time
interval
baseline
6 months

1 year

2 years

5 years

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

8
time
interval
baseline
6 months

1 year

2 years

5 years

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

10
time
interval
baseline
6 months

1 year

2 years

5 years

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

p5
13
15
15
15
15
15
16
16
16
16
16
16
13

ASAT
(<45 U/l)
p50
23
21
22
21
23
23
21
23
23
23
23
23
25

7
time
interval
baseline
6 months

p95
48
37
35
36
38
38
38
40
37
46
42
36
44

1 year

2 years

5 years

creatinine
(45-100 μmol/l)
p5
p50
p95
52
68
92
50
66
85
50
64
84
48
61
79
49
65
88
50
64
82
50
62
75
48
66
84
50
63
83
48
62
76
48
65
99
48
63
85
48
63
80

9

ferritin - men
(25-250 μg/l)
p5
p50
p95
46
193
548
38
141
301
21
149
408
85
189
340
22
104
321
30
158
351
26
48
136
20
105
372
27
117
366
21
181
371
16
62
246
14
64
226
11
58
212

11

time
interval
baseline
6 months

1 year

2 years

5 years

time
interval
baseline
6 months

1 year

2 years

5 years
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weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

calcium (Ca)
(2.10-2.55 mmol/l)
p5
p50
p95
2.22
2.36
2.53
2.17
2.28
2.48
2.15
2.29
2.47
2.16
2.29
2.45
2.15
2.29
2.50
2.16
2.30
2.48
2.17
2.30
2.48
2.13
2.28
2.49
2.14
2.28
2.48
2.14
2.28
2.49
2.11
2.26
2.43
2.12
2.27
2.46
2.14
2.28
2.49

p5
1.1
0.5
0.5
0.5
0.5
0.5
0.3
0.5
0.4
0.2
0.5
0.5
0.5

CRP
(<10 mg/l)
p50
6.8
2.0
1.8
1.1
1.2
0.9
0.5
1.6
0.7
0.5
1.4
1.0
0.7

p95
25.9
9.8
12.0
11.0
11.9
7.6
7.8
8.6
6.4
4.1
9.6
6.8
5.8

ferritin - women
(20-250 μg/l)
p5
p50
p95
13
70
242
11
64
277
11
76
258
13
95
304
8
51
220
8
60
203
9
81
203
7
36
171
6
38
188
6
48
171
5
19
129
6
21
128
5
32
167

12
time
interval
baseline
6 months

1 year

2 years

5 years

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

14
time
interval
baseline
6 months

1 year

2 years

5 years

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

16
time
interval
baseline
6 months

1 year

2 years

5 years

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

folic acid
(5-23 nmol/l)
p5
p50
p95
6
13
32
7
17
38
6
17
39
6
16
37
7
20
45
7
17
40
6
16
36
6
18
46
7
19
40
6
17
37
8
19
45
7
19
44
7
18
46

13

hematocrit - men
(41-51 %)
p5
p50
p95
39
45
50
38
45
50
39
44
49
36
42
47
39
45
50
38
44
48
40
44
44
40
44
48
39
44
48
37
43
44
40
44
48
38
43
48
41
43
46

15

Hemoglobin - men
(8.5-11.0 mmol/l)
p5
p50
p95
8.2
9.5
10.5
7.6
9.3
10.0
8.0
9.1
10.2
7.4
8.8
10.1
8.0
9.3
10.6
7.9
9.0
10.2
8.1
8.8
9.3
8.5
9.1
10.2
8.0
9.1
10.2
7.6
8.8
9.1
8.2
9.1
9.9
7.7
9.0
10.1
8.3
8.7
9.7

17

time
interval
baseline
6 months

1 year

2 years

5 years

time
interval
baseline
6 months

1 year

2 years

5 years

time
interval
baseline
6 months

1 year

2 years

5 years
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weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

p5
13
9
7
7
8
7
7
8
7
8
8
7
7

GGT
(<35 U/l)
p50
p95
27
83
15
41
14
46
13
50
18
46
14
45
12
37
18
53
13
43
13
39
18
56
13
43
13
48

hematocrit - women
(36-47 %)
p5
p50
p95
36
41
46
35
40
45
35
40
45
35
40
45
35
40
44
35
40
45
35
39
44
35
40
44
33
40
44
32
40
44
32
39
44
33
39
44
29
39
44
Hemoglobin - women
(7.5-10.0 mmol/l)
p5
p50
p95
7.4
8.6
9.6
7.1
8.3
9.3
7.1
8.3
9.3
7.1
8.3
9.2
6.8
8.2
9.2
7.0
8.1
9.2
7.0
8.0
8.9
7.1
8.2
8.9
6.6
8.1
9.1
6.3
8.3
9.0
6.3
8.0
9.1
6.3
7.9
9.0
5.6
8.0
9.1

18
time
interval
baseline
6 months

1 year

2 years

5 years

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

20
time
interval
baseline
6 months

1 year

2 years

5 years

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

iron (Fe) - men
(14-35 μmol/l)
p5
p50
p95
9
16
25
10
17
25
10
18
26
10
18
25
11
19
28
11
18
29
15
17
26
10
19
28
10
19
29
13
20
26
12
18
27
9
18
28
11
20
22

19

leucocytes
(4.0-10.0 x10^9/l)
p5
p50
p95
7.9
7.5
11.7
4.7
7.0
10.2
4.6
6.8
10.7
4.5
6.9
10.4
4.6
7.2
10.7
4.3
6.5
10.1
4.2
6.2
9.4
4.2
6.6
9.8
4.2
6.5
10.1
3.8
6.3
10.3
4.5
6.5
10.3
4.4
6.6
10.4
4.2
6.7
9.9

21

MCV
(82-98 fl)
p50
88
89
89
90
88
90
92
89
90
91
89
89
91

23

22
time
interval
baseline
6 months

1 year

2 years

5 years

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

p5
79
79
81
83
80
82
84
81
80
81
75
78
77

time
interval
baseline
6 months

1 year

2 years

5 years

time
interval
baseline
6 months

1 year

2 years

5 years

time
interval
baseline
6 months

p95
94
94
96
96
96
97
98
97
98
99
97
96
100

1 year

2 years

5 years
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weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

iron (Fe) - women
(10-25 μmol/l)
p5
p50
p95
7
14
23
8
15
24
7
15
24
7
15
24
7
16
24
7
16
26
7
17
29
6
15
27
6
17
28
5
17
28
5
13
26
5
15
26
3
15
26
magnesium (Mg)
(0.7-1.0 mmol/l)
p5
p50
p95
0.7
0.8
0.9
0.7
0.8
1.0
0.7
0.8
0.9
0.8
0.8
0.9
0.8
0.9
0.9
0.7
0.8
0.9
0.8
0.9
1.0
0.7
0.8
1.0
0.7
0.8
0.9
0.8
0.9
0.9
0.8
0.9
0.9
0.7
0.9
1.0
0.7
0.9
1.0
potassium (K)
(3.5-5.0 mmol/l)
p5
p50
p95
3.7
4.3
4.8
3.7
4.2
4.8
3.6
4.2
4.7
3.6
4.1
4.6
3.8
4.3
4.8
3.7
4.2
4.7
3.6
4.2
4.8
3.8
4.2
4.8
3.7
4.2
4.8
3.7
4.2
4.9
3.8
4.2
4.9
3.7
4.2
4.8
3.8
4.2
4.7

24
time
interval
baseline
6 months

1 year

2 years

5 years

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

26
time
interval
baseline
6 months

1 year

2 years

5 years

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

28
time
interval
baseline
6 months

1 year

2 years

5 years

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

prothrombin time
(11-14 seconds)
p5
p50
p95
10
11
12
10
11
12
10
11
13
11
11
13
10
11
12
10
11
12
10
11
13
10
11
12
10
11
12
10
11
12
10
11
12
10
11
12
10
11
12
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sodium (Na)
(135-145 mmol/l)
p5
p50
p95
137
140
143
139
142
145
139
142
145
139
142
145
138
141
144
138
141
145
138
141
144
138
141
145
138
141
144
138
141
144
137
141
144
138
141
144
137
141
144
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total bilirubin
(<17 μmol/l)
p5
p50
p95
4
9
17
4
8
16
4
8
19
5
8
24
4
8
18
4
8
20
4
8
17
4
8
16
4
8
18
4
8
20
3
7
15
3
7
17
4
7
15
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time
interval
baseline
6 months

1 year

2 years

5 years

time
interval
baseline
6 months

1 year

2 years

5 years

time
interval
baseline
6 months

1 year

2 years

5 years
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weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

PTH
(2.0-7.0 pmol/l)
p5
p50
p95
2.7
4.6
10.8
2.4
4.4
9.2
2.2
3.9
7.2
2.7
5.1
11.7
2.7
4.8
11.3
2.5
4.7
11.5
2.7
5.4
15.0
2.8
5.1
12.4
2.8
5.1
12.8
3.4
5.8
14.2
2.9
5.6
13.8
3.0
5.4
14.6
thrombocytes
(150-400 x10^9/l)
p5
p50
p95
186
276
399
189
270
379
178
264
377
172
253
356
186
263
356
174
258
371
164
242
342
174
265
375
174
258
379
178
257
358
191
272
423
182
277
405
166
280
378
total cholesterol
(1.5-6.5 mmol/l)
p5
p50
p95
3.5
5.0
6.9
3.0
4.3
5.6
3.0
4.2
5.5
3.0
4.0
5.2
3.0
4.3
5.7
3.0
4.2
5.5
2.9
3.9
5.2
3.0
4.3
6.0
3.0
4.2
5.6
2.9
4.2
5.6
3.1
4.3
5.7
2.9
4.2
5.5
3.0
4.1
5.4
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time
interval
baseline
6 months

1 year

2 years

5 years

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

32
time
interval
baseline
6 months

1 year

2 years

5 years

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

34
time
interval
baseline
6 months

1 year

2 years

5 years

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

total protein
(60-80 g/l)
p50
p95
72
79
72
79
71
78
71
77
71
78
69
76
69
75
71
79
70
77
69
76
72
79
70
77
69
75
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TSH
(0.5-3.9 mU/l)
p5
p50
p95
0.7
1.9
4.6
0.6
1.6
3.6
0.5
1.5
3.8
0.5
1.5
3.8
0.6
1.6
3.6
0.6
1.5
3.4
0.6
1.4
3.7
0.5
1.5
3.7
0.6
1.5
3.4
0.6
1.5
3.1
0.8
1.6
3.6
0.6
1.6
3.2
0.2
1.5
3.2
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vitamin B12
(150-700 pmol/l)
p5
p50
p95
155
284
562
147
274
617
137
272
709
149
288
907
148
260
801
134
265
874
150
276
1227
125
263
906
126
270
995
130
280
949
115
273
798
127
270
1235
123
255
813
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p5
64
65
65
64
64
62
62
65
63
63
66
64
61

time
interval
baseline
6 months

1 year

2 years

5 years

time
interval
baseline
6 months

1 year

2 years

5 years

time
interval
baseline
6 months

1 year

2 years

5 years
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weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

weight loss
response
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding
poor
average
outstanding

triglyceride
(0.6-2.2 mmol/l)
p5
p50
p95
0.7
1.4
3.3
0.5
1.1
2.3
0.5
0.9
1.9
0.5
0.8
1.5
0.6
1.1
2.3
0.5
0.9
1.6
0.5
0.7
1.1
0.5
1.0
2.3
0.5
0.8
1.5
0.5
0.7
1.2
0.5
0.9
1.8
0.5
0.8
1.6
0.5
0.7
1.2
vitamin B1
(60-120 nmol/l)
p5
p50
p95
91
152
200
100
148
204
92
145
196
111
160
227
104
153
214
103
144
186
102
160
217
106
156
220
107
153
206
96
161
216
96
151
221
86
150
204
vitamin D
(25-100 nmol/l)
p5
p50
p95
23
52
97
25
65
107
33
75
125
39
85
138
27
62
112
30
69
122
30
73
133
26
62
108
31
68
120
24
70
125
26
60
114
27
65
126
25
70
130

Table 12.2 Deficiencies and abnormal elevated blood levels up to five years after laparoscopic
Roux-en-Y gastric bypass. Percentages of deficiencies and elevated values for hemoglobin,
iron, ferritin, vitamin B12, vitamin D, glycated hemoglobin (HbA1c), total cholesterol,
triglyceride, gamma-glutamyl transferase (GGT) and C-reactive protein (CRP), before and after
surgery, in 4835 laparoscopic Roux-en-Y gastric bypass patients. *Cut-off value 7.5 mmol/l for
women, 8.5 mmol/l for men.
blood
test

cut-off
value

Hemoglobin
Iron
Ferritin
Vitamin B12

Vitamin D
HbA1c
Total cholesterol
Triglyceride
GGT
CRP

< 7.5/8.5*
< 10
< 20
< 150
< 200
> 500
< 25
< 50
> 42
≥ 48
> 6.5
> 2.2
> 50
> 10

unit
mmol/l
μmol/l
μg/l
pmol/l
pmol/l
pmol/l
nmol/l
nmol/l
mmol/mol
mmol/mol
mmol/l
mmol/l
U/l
mg/l

baseline
n= 4835
5.6
17.5
9.1
4.1
16.4
7.9
6.8
45.6
24.9
15.6
8.6
17.7
16.6
32.4

6 months
n= 1710
12.7
12.2
10.4
7.0
24.8
12.8
2.0
16.6
5.5
3.1
0.3
2.8
4.7
6.7

1 year
n= 1251
14.8
10.6
18.1
8.3
24.6
17.0
2.7
26.0
6.5
3.2
0.5
1.8
3.9
3.8

2 years
n= 1085
16.9
11.9
26.6
10.5
26.6
21.4
2.6
23.9
5.1
2.5
0.6
1.4
3.7
2.4

5 years
n= 789
23.7
18.6
40.0
11.4
29.5
18.4
4.5
26.4
6.5
3.2
0.8
1.4
4.1
2.3

Table 12.3 Weight loss percentiles from the Dutch bariatric chart. Practical guide to
percentage total weight-loss after laparoscopic Roux-en-Y gastric bypass (gastric bypass) and
laparoscopic sleeve gastrectomy (sleeve), divided by median and standard deviation (SD)
percentile curves (p) from the Dutch Bariatric Chart (2019), rounded to five percent.
Below p-2SD: ‘non responder’. Between p-2SD and p-1SD: ‘poor result’. Between p-1SD and
p50: ‘low average’. Between p50 and p+1SD: ‘high average’. Between p+1SD and p+2Sd:
‘outstanding result’. Above p+2SD: ‘excessive weight-loss’. [11]

gastric
bypass

sleeve

6 months
1 year
2 years
5 years
6 months
1 year
2 years
5 years

poor results
non
poor
responder
result
< 15 %
< 20 %
< 20 %
< 25 %
< 15 %
< 25 %
< 10 %
< 20 %
< 10 %
< 20 %
< 15 %
< 25 %
< 10 %
< 20 %
<5%
< 15 %

average results
low
high
average average
< 25 %
> 25 %
< 30 %
> 30 %
< 35 %
> 35 %
< 30 %
> 30 %
< 25 %
> 25 %
< 30 %
> 30 %
< 30 %
> 30 %
< 25 %
> 25 %
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outstanding results
outstanding
excessive
result
weight-loss
> 30 %
> 40 %
> 40 %
> 45 %
> 45 %
> 50 %
> 40 %
> 45 %
> 30 %
> 40 %
> 40 %
> 45 %
> 40 %
> 50 %
> 35 %
> 45 %
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Figure 12.2 Mean results of 14 weight-loss response related blood-tests, specified by ‘poor’,
‘average’ and ‘outstanding’ weight-loss response, as defined by the Dutch bariatric chart, at
0.5, 1, 2 and 5 years after gastric bypass surgery in 4835 patients. MCV: mean corpuscular
volume; HbA1c: glycated hemoglobin; CRP: C-reactive protein; GGT: gamma-glutamyl
transferase; PTH: parathyroid hormone.

181

Figure 12.3 Mean results of 17 blood-tests found to be not related with weight-loss, specified
by ‘poor’, ‘average’ or ‘outstanding’ weight-loss response, as defined by the Dutch bariatric
chart, at 0.5, 1, 2 and 5 years after gastric bypass surgery in 4835 patients. ALAT: alanine
aminotransferase; ASAT: aspartate aminotransferase; TSH: thyroid stimulating hormone.
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Abstract
Background: Prevalence of obesity and associated diseases, including type 2 diabetes mellitus,
dyslipidemia and non-alcoholic fatty liver disease (NAFLD), are increasing. Underlying
mechanisms, especially in humans, are unclear. Bariatric surgery provides the unique
opportunity to obtain biopsies and portal vein blood-samples. The BARIA Study aims to assess
how microbiota and their metabolites affect transcription in key tissues and clinical outcome
in obese subjects and how baseline anthropometric and metabolic characteristics determine
weight-loss and glucose homeostasis after bariatric surgery. Method: We phenotype patients
undergoing bariatric surgery (predominantly laparoscopic Roux-en-Y gastric bypass), before
weight-loss, with biometrics, dietary and psychological questionnaires, mixed meal test
(MMT) and collect fecal-samples and intra-operative biopsies from liver, adipose tissues and
jejunum. We aim to include 1500 patients. A subset (approximately 25%) will undergo intraoperative portal vein blood-sampling. Fecal-samples are analyzed with shotgun
metagenomics and targeted metabolomics, fasted and postprandial plasma-samples are
subjected to metabolomics, and RNA is extracted from the tissues for RNA-sequencing
analyses. Data will be integrated using state-of-the-art neuronal networks and metabolic
modeling. Patient follow-up will be ten years. Result: Preoperative MMT of 170 patients were
analyzed and clear differences were observed in glucose homeostasis between individuals.
Repeated MMT in 10 patients showed satisfactory intraindividual reproducibility, with
differences in plasma glucose, insulin and triglycerides within 20% of the mean difference.
Conclusion: The BARIA study can add more understanding in how gut-microbiota affect
metabolism, especially with regard to obesity, glucose metabolism and NAFLD. Identification
of key factors may provide diagnostic and therapeutic leads to control the obesity-associated
disease epidemic.

Introduction
Obesity is on the rise. At the current pace, more than one billion adults will be obese by 2030
[1]. An increase in obesity-associated diseases will follow in its wake, including type 2 diabetes
mellitus (T2DM), dyslipidemia, non-alcoholic fatty liver disease (NAFLD) and cardiovascular
disease. However, it has been challenging to identify underlying molecular mechanisms
contributing to cardiometabolic diseases, in part because T2DM has several subclasses [2].
Several pathways have been suggested to contribute to obesity and impaired glucose control,
such as the immune system and gut microbiota [3-5]. They include short chain fatty acids, bile
acids, amino acids derived metabolites, neural pathways, and lymphoid cells. Interestingly,
these have also been shown to be involved in glucose metabolism and the development of
NAFLD, which illustrates the interconnectivity of cardiometabolic diseases. Moreover, a
chronic low-grade inflammation can be measured in individuals with obesity, possibly caused
by a disturbance in the intestinal microbiota composition. Fecal microbiota transplantation
(FMT) from human subjects to mice transferred adiposity phenotype suggesting that, in mice,
the microbiota may be a contributing factor [6]. In humans, the effect of FMT is less significant,
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yet insulin sensitivity can improve for a short while in individuals with metabolic syndrome
after infusion of intestinal microbiota from lean donors [7].
The relative contribution of different organs (liver, adipose tissue and gut) to whole body
metabolism as well as immunological tone on weight-loss in relation to improvement of insulin
sensitivity is not known. Neither are the mechanisms that trigger the innate and adaptive
(intestinal) immune system by altered intestinal microbiota, or their effects on metabolism.
Most interventions aimed at losing weight in individuals with morbid obesity have little effect,
except for bariatric surgery [8]. Bariatric surgery is also the most effective intervention to
reduce obesity-related morbidity and mortality [9]. In this regard, one of the most common
and well-studied bariatric procedures is laparoscopic Roux-en-Y gastric bypass (LRYGB). The
increased insulin sensitivity found shortly after LRYGB, even before significant weight-loss is
obtained, suggests immediate systemic changes in metabolism upon surgery, which are long
standing, as even ten years after surgery beneficial effects on glucose metabolism, lipids and
blood pressure can be seen [10,11].
Although being an important treatment for over forty years, the mechanisms behind the
beneficial effect of bariatric surgery have been elusive. They may include bile flow alteration,
reduction of gastric size, anatomical rearrangement and altered flow of nutrients, vagal
manipulation and enteric gut hormone modulation [12]. Although some studies have
demonstrated that intestinal microbiota are altered after bariatric surgery as well, the
prospective value of (baseline) intestinal microbiota composition and the relation with the
(diet derived) metabolites that these bacteria produce has never been investigated at a larger
scale [13,14].
Significant differences in the response to bariatric surgery can be observed, both in weightloss, obesity related morbidities and psychological factors, including self-esteem, risk of
addiction and quality of life [15-18]. Despite some methodological limitations, psychological
studies have shown improvements in psychopathology, eating disorders, depressive
symptoms, body image and social functioning after bariatric surgery [19]. Systems biology
models can provide an advanced reconstruction of individuals’ metabolism at different organ
levels in patients with morbid obesity. They could provide a valuable tool in predicting
individuals’ outcomes of bariatric surgery and hereby develop a personalized medicine
approach for this disease. First steps in utilizing this technique to study altered metabolism in
obesity related diseases have produced interesting results [20-23].
We aim to perform a systems biology approach, as schematically depicted in figure 13.1,
identifying gut microbial, immunological and metabolic markers in a large and well
phenotyped bariatric surgery cohort (BARIA study) to identify signaling pathways that can
affect metabolic circuits in humans. Our study aims to identify novel pathways in the
pathogenesis of obesity, T2DM and NAFLD, taking the gut-brain axis into account as well,
which may be targets for drug development. Finally, we will follow the patients prospectively
in an attempt to identify mechanisms affecting the surgical outcome.
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Methods
Study design
We include subjects that are patients with morbid obesity scheduled for bariatric surgery.
From September 2016 until the end of 2018 the study was performed at the former MC
Slotervaart (Amsterdam) and is now continued, after closure of that hospital, by the same
surgical group and research team at the Spaarne Gasthuis hospital (Hoofddorp) in the
Netherlands. The study protocols were approved by the Ethical Review Board of the Academic
Medical Center, Amsterdam, (approval code: NL55755.018.15) and all patients that have been
(and will be) included provided informed consent. Preoperative screening, surgery and followup are performed following institutional procedure protocols. All patients are screened
preoperatively by a bariatric surgeon, an internist, a dietician, and a psychologist. We aim to
include predominantly LRYGB procedures. In a shared-decision making process, surgeon and
patient decide for the bariatric procedure type: LRYGB, laparoscopic omega-loop gastric
bypass (LOGB) or laparoscopic sleeve gastrectomy (LSG), which, in our bariatric surgery center,
has resulted in more than 90% LRYGB of all surgeries in the past ten years. All LRYGB are
standardized, with approximated measurements of 4x8 cm gastric pouch, 50 cm
biliopancreatic limb, 150 cm alimentary limb [24]. The LOGB is made with a longer gastric
pouch and a longer biliopancreatic limb of approximately 200 cm. The LSG is calibrated with a
34 Charrière bougie with the staple line starting at approximately 2 cm from the pylorus.
Study Population
Patients are screened at the outpatient clinic (MC Slotervaart hospital, Spaarne Gasthuis
hospital) after being approved for bariatric surgery. Screening started in September 2016. We
aim to include 1500 patients. Subjects are considered eligible for participation if they meet
following criteria:
Inclusion






Male and female patients scheduled for primary bariatric surgery recruited from an
experienced Dutch bariatric surgery clinic.
Body mass index (BMI) ≥40 kg/m², or: BMI ≥35 kg/m² with obesity related co-morbidity.
Recent history of supervised attempts to lose weight.
Age 18 to 65 years.
Ability to provide informed consent.

Exclusion






Primary lipid disorder.
Known genetic basis for insulin resistance or glucose intolerance.
Psychiatric conditions.
Coagulation disorders (patient reported, or prolonged prothrombin time or activated
partial thromboplastin time).
Uncontrolled hypertension (blood pressure >150/95 mmHg).
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Renal insufficiency (creatinine >150 μmol/L).
Excessive alcohol intake (>14 units/week, patient reported).
Pregnancy, breastfeeding.

Outcome measures
For the characterization of subjects before surgery we have chosen variables that are linked
to obesity and obesity associated diseases. For clinical follow-up we chose variables that can
be tested minimally invasive (only venipuncture) and which can be easily reproduced, at low
cost, without extensive training in a Western hospital. The reason for this is twofold. First, we
aimed to minimize the demand of our study subjects. Second, our results need to be
reproducible and applicable in other settings without the need for major investments in
equipment or logistics. That way our project can benefit the greatest number of people while
still remain ambitious in aiming to discover new mechanisms.
The included patients undergo the repetitive measurements detailed in table 13.1. For the
physicians and researchers, we made a standard operating procedure. The psychological
measures were assessed with Dutch versions of validated questionnaires, presented in table
13.2. Tissue biopsies are obtained during operation of three adipose tissue compartments:
subcutaneous (from one of the laparoscopic incisions in the upper abdomen), greater
omentum, and visceral fat (omental appendices of the transverse colon); from the
diaphragmatic surface of segment three or five of the liver; and from the jejunum at the site
of the jejuno-jejunostomy, approximately 50 cm from the Treitz ligament. The jejunum biopsy
cannot be obtained during LOGB or LSG, as those operation techniques, unlike LRYGB, do not
involve a jejuno-jejunostomy. Blood sample of the portal vein is taken at the beginning of the
surgery, only if considered safe by the surgeon, mainly depending on the amount of fatty
tissue surrounding the hepatoduodenal ligament. Biopsies are assessed for histology (paraffin
embedded), gene regulation (RNA-sequencing) and protein expression (immunoblotting).
NAFLD status is determined in histology of liver biopsies and individually scored by members
of the Dutch Liver Pathology Panel, after training sessions, while difficult or borderline cases
are discussed during panel meetings for consensus. SAF scores are determined, separately
assessing steatosis (S), activity (A, the sum of hepatocyte ballooning and lobular
inflammation), and fibrosis (F) [25]. From the beginning of 2019 we added routine
preoperative ultrasound of the gallbladder. Hollow needle subcutaneous fat aspirate biopsy
under local anesthesia (peri-umbilical region) is optional at follow-up. Of note, the tissues
collected during surgery comprise tissue that is thought to play a crucial role in glucose
metabolism and can be biopsied with minimal risk to the patient (small intestine, adipose
tissue and liver samples.) We assess all liver biopsies for NAFLD/NASH, as it is the gold
standard for diagnosing liver disease.
Plasma metabolites are studied in portal vein blood (fasted) and in both fasted and two hours
after mixed meal test (MMT) peripheral blood samples. Intestinal immunological cells are
looked for in GALT tissue (Peyer’s patches), visceral and subcutaneous adipose tissue, liver in
relation to inflammation gene expression (IL -1β, IL-6, IL-8, IL-18, CXCR2 TNF-α and TLR 1, 2, 4,
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5 and 6 and IRX 3 and 5 and RNA-sequencing) and in specific innate lymphoid cells (ILC),
macrophages, T/B-cells and dendritic cells, and peripheral blood. Immunological parameters
assessed in small intestinal tissue and adipose tissue were selected that are linked in literature
to have an effect on glucose metabolism and with which we have experience in the analysis.
Morning fecal samples obtained at several time points will be analyzed by shotgun sequencing
(NovaSeq). Buffy coat samples of peripheral blood are taken at baseline for genomic DNA
analyses. Cardiac output and peripheral resistance are assessed using the Nexfin system,
measuring blood pressure beat-to-beat with a small cuff around the index finger [26].
In the case of a non-acute operation more than one month after primary surgery, for example
for laparoscopic cholecystectomy, new liver and adipose tissue biopsies can be obtained, as
well as gallbladder and bile from cholecystectomy patients. Gallbladder tissue will be assessed
for bile acid composition, histology, gene expression (RNA-sequencing) and protein
expression.
The two-hour, seven sample oral MMT, as described by Dalla Man et al. is repeated several
times over 2 years follow-up [27]. It consists of two Nutridrink compact 125ml (Nutricia®),
containing 23.3 grams fat, 74.3 grams carbohydrates (of which 38.5 grams sugar) and 24.0
grams protein. The patients receive this meal after fasting for a minimum of nine hours. Time
point zero is the moment the patient fully consumed the meal. Blood samples are drawn via
intravenous line at baseline, 10, 20, 30, 60, 90 and 120 minutes and analyzed for insulin
sensitivity / insulin resistance, plasma metabolites and bile acids.
Data handling and analysis
Data are collected on data collecting forms and entered after validation in a computer system
for subsequent tabulation and statistical analysis. All research and medical data are kept
strictly confidential and registered under a unique study code. Only the researchers that are
involved in this study are able to see the data and to identify a participant. Study material will
be stored for a period of 20 years after study completion. Data from the first approximately
100 patients is analyzed to check data quality and logistics (first data-freeze). A first interim
analysis will be performed on data of the first approximately 300 patients and the primary
analysis will be performed on data of 500 patients (second and third data- freeze). We intend
to continue inclusions till 1500 for additional analyses and validation of primary findings. The
data are analyzed using a range of different techniques, including metabolic modeling, and for
phenotyping the patients using machine learning algorithms.
Study integrity, monitoring, safety
The BARIA study is conducted according to the principles of the Declaration of Helsinki
(October 2013) and in accordance with the Medical Research Involving Human Subjects Act
(WMO). All adverse events reported by the patients or observed by the investigator or staff
will be recorded. All adverse events will be followed until they have abated, or until a stable
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situation has been reached. Depending on the event, follow-up may require additional tests
or medical procedures as indicated.
Validation of the mixed meal test
Next to the elaborate analysis of data focusing on the aims of the BARIA study, we used the
results of the preoperative MMT of the patients included and operated in the first two years
of the study to validate the reproducibility of the MMT-stimulated postprandial glucose,
triglycerides and insulin curves. We therefore stratified these results by classifications of
glycemic control as formulated in the American Diabetes Association (ADA) criteria:
normoglycemia (fasting glucose (FG) <100mg/dL; <5.6mmol/L), impaired FG (IFG, FG 100125mg/dL; 5.6-6.9mmol/L) and / or increased hemoglobin A1c (5.7-6.4%; 39-47mmol/mol)
and diabetes mellitus (FG ≥126mg/dL; ≥7.0mmol/L) [28]. Of all measurements during MMT in
these patients there were 2.1% missing values for glucose, 5.5% for insulin and 1.8% for
triglycerides. We repeated the preoperative MMT after one week in ten randomly selected
patients. Of all repeat measurements of those ten patients there were 2.9% missing values for
glucose, 5.7% for insulin and none for triglycerides. For validating the MMT, imputation of
predictive mean matching was performed for all missing values.

Results
Inclusion of patients in the BARIA study began in September 2016. During the first two years
of the BARIA study, portal vein sampling was performed in 32% of the surgeries. Types of
procedure were 94% LRYGB, 6% LOGB and no LSG. No serious adverse events occurred.
Baseline characteristics and MMT results of the first 170 patients included in this two-year
period are presented in table 13.3. MMT curves of ten patients assigned to the category
diabetes mellitus were excluded because of insulin use. Results of the preoperative MMT of
the remaining 160 patients are presented in figure 13.2. Individuals with different
classifications of glycemic control showed markedly different profiles for MMT-stimulated
plasma insulin, glucose and triglycerides. Triglycerides were clearly higher at baseline and all
following time points in patients with IFG, with or without increased Hba1c. HOMA2-IR and
HOMA2-B values and correlations with postprandial glucose and insulin curves are presented
in figure 13.3. The HOMA2-IR and HOMA2-B values showed a good correlation with the area
under the curve (AUC) postprandial insulin, but not with the AUC postprandial glucose.
Results of the ten patients that underwent repeated (1-week interval) preoperative MMT are
presented in figure 13.4. We found a good coefficient of variance (figure 13.4, dot-dash lines)
with a mean average of difference between two MMT measurements of 6.3% for AUC
postprandial glucose, 13.9% for AUC postprandial insulin and 7.4% for AUC postprandial
triglycerides, while most of the differences between the two measurements were well within
the 20% range of the average mean difference, underscoring reasonably good intra-individual
reproducibility.
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Discussion
The BARIA cohort study will generate a large phenomics database on the systems biology of
subjects with morbid obesity, both before and after bariatric surgery. Advanced data science,
including application of machine learning and artificial neural networks data analysis is used
to select microbiome-produced metabolites and identify their receptors in target tissue. It will
be the first large bariatric cohort study to include portal vein blood sampling in a considerable
subset of patients for untargeted metabolites, which, when also studying peripheral
metabolites, will enable to study the gradient of metabolites filtered by the liver. We aim to
include 1500 patients undergoing primary laparoscopic bariatric surgery (gastric bypass or
sleeve gastrectomy). Before surgery, they are subjected to MMT, blood and fecal sampling.
Questionnaires, including psychology and VAS lists are taken at the start of the MMT in all
patients, at all timepoints, to minimize variation. During surgery, biopsies are obtained from
three fat depots, jejunum, liver, and samples from portal and peripheral venous blood.
Thereafter, further sampling (MMT, blood and fecal samples) is performed. In the event of
another surgery (revisional surgery, cholecystectomy) further biopsies can be obtained, which
is included in the ethical protocol. We process tissues for RNA-sequencing, analyze intestinal
microbiota, and perform untargeted (postprandial) plasma metabolomics on both fasting and
postprandial (MMT) plasma samples. These metabolites will be investigated further in vitro
and in vivo to determine causality and identify receptors. After the primary analysis, the
generated database will also allow for additional secondary analyses.
The bariatric patient scheduled for primary bariatric surgery is an interesting model for several
reasons. All patients suffer from morbid obesity and generally expect to undergo
examinations, measurements and interviews both prior to surgery and in follow-up. The
laparoscopic procedures give proper access to different adipose compartments, as well as liver
and intestine for biopsy and, if the hepatoduodenal ligament is not too much embedded in
fatty tissue, to the portal vein for fine needle blood sample as well. Any hemorrhages can
readily be detected and addressed surgically, minimizing the expected adverse events. In the
hands of our surgical team, mortality of routine LRYGB is low (0.03%) and two-year follow-up
is high (71%) [24]. During the first two years of inclusion, portal vein sampling could be
performed safely in about one out of three cases. Other studies with similar bariatric surgery
cohorts with invasive assessments showed that a majority of patients remains interested in
participating during two years of follow-up [29]. Furthermore, up to 10% of bariatric surgery
patients need additional surgery within two years after primary procedure (for example
revision surgery or cholecystectomy), which opens up the possibility for renewed biopsies and
blood sampling [30].
However, studying bariatric patients has some limitations intrinsic to the surgical procedure.
Biopsies and portal vein blood are taken under general anesthesia and therefore potentially
influenced by anesthesia medication. For example, these drugs will be found in portal vein
plasma and might accumulate in fatty tissues during surgery and, most importantly, will be
metabolized by the liver. Furthermore, patients are routinely urged by their bariatric surgeon
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to lose as much weight as possible before the operation to reduce the surgical risk. It can be
expected that such forced weight-loss will influence metabolism, gene expression and gut
microbiota. Although no standardized diet is prescribed, we nevertheless choose to exclude
those patients that lose more than 5% in six months, or more than 3% in one month, prior to
surgery. Another limitation is the fact that many patients using medication for obesity related
diseases will need less or even no medication after bariatric surgery, which might be a
confounder for outcome measurements.
In a separate analysis of the MMT results in a subset of included patients we showed that the
preoperative MMT has a good intraindividual reproducibility, which makes it a better estimate
for glycemic regulation than the oral glucose tolerance test [31]. We also showed that the
MMT is able to represent the underlying metabolic dysregulation well, evident in the different
curves and the steady state model assessment. The differences observed in the curves
correspond well with the pathophysiology. First, impaired fasting glucose (IFG) is consistent
with hepatic insulin resistance as is evident, apart from the increased glucose, by increased
baseline insulin and a decreased suppression of apo B production, resulting in increased
triglycerides. An initial quick rise in glucose is followed by a steady decline of both glucose and
insulin, as peripheral insulin resistance remains largely normal [32]. Second, the increased
hemoglobin A1c (IHbA1c) group corresponds with peripheral insulin resistance, represented
by a steady increase until the 2-hour time point of both glucose and insulin with relatively
normal triglyceride levels. Finally, the group with a combination of IHbA1c and IFG (Comb) and
the T2DM group show both characteristics, with the T2DM group reaching higher glucose
levels. The HOMA2-IR and HOMA2-B values showed a good correlation with the AUC
postprandial insulin, but not with the AUC postprandial glucose, which reiterates the
suggestion that they are used best in combination with other clinical parameters [33].
With regard to the use of the MMT in postoperative follow-up, it must be noted that the
anatomical changes affecting gastric emptying and resorption might impede the comparison
of the MMT before and after surgery. However, the MMT is biologically a more relevant test
than the glucose tolerance test, as one is rarely solely exposed to glucose without fat and
proteins. Studies with a similar follow-up using intravenous glucose tolerance test and
euglycemic hyper insulinemic clamp showed an improvement in insulin sensitivity in all
patients, with least improvement for T2DM patients [34,35]. One other study assessing meal
response after a follow-up of more than one year was cross sectional, but with smaller
numbers [36]. Outcome of the MMT in our BARIA study can provide further insight in the
metabolic response following a meal after bariatric surgery. Another limitation of the MMT in
bariatric patients is that the test can provoke early dumping, a well-known side effect of LRYGB
and LOGB due to loss of pyloric regulation, which makes a heavy caloric MMT hard to endure
for some patients in the first years of their follow-up.
We believe that the different subclasses of T2DM are different paths of progression to the
disease, with, in some individuals, a simultaneous existence of several pathways [2]. The
underlying molecular mechanisms that lead to these different trajectories are probably
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different. Similarly, the reversibility and the therapeutic intervention that has the greatest
effect on their progression may vary. To the best of our knowledge there are no successful
therapeutic modalities specifically aimed at targeting short chain fatty acids (SCFA’s), bile
acids, amino acid derived metabolites, neural pathways and lymphoid cells with the aim of
improving glucose metabolism. There have been several trials using specific SCFA as
supplements to improve glucose metabolism and weight-loss [37,38]. The effects of the
intervention in these studies as well as in fecal microbiota transplantation studies are usually
limited with only few showing great improvement where other groups found less efficacy of
donor FMT (but were also using different FMT applications), but did observe the similar
relation between FMT efficacy and decreased fecal microbiota diversity at baseline [7,39]. A
better understanding of which molecular mechanisms need to be targeted in which patients
will lead to a better personalized treatment.
With the comprehensive systems approach of the BARIA longitudinal cohort study, we aim to
provide more understanding in to how the (small) intestinal microbiota affects our
metabolism, especially with regard to NAFLD and T2DM. Moreover, we aim to identify leads
that drive weight-loss and psychological improvement upon surgery, thus identifying the
causal factors connecting beneficial changes in metabolism, microbiota and immunological
tone that will be of value to find new diagnostic and therapeutic leads to control the obesity
associated disease epidemic.
Lessons learned so far
During our study we encountered a few learning points, which, we hope, future researches
planning similar research can benefit from, not running into the same problems. We based
the feasibility of our protocol on previous studies detailing MMT after LRYGB surgery [40,41].
In our study so far, a relatively large number (38 out of 134 participants) of participants
exhibited adverse effects during the MMT at the one year after bariatric surgery (nausea,
diarrhea, dizziness and weakness). We suspect these adverse effects to be related to dumping
syndrome. The symptoms were not of a severity that we found a need for extra diagnostic
tests. None of the subjects experienced loss of consciousness and there was no need for
extended stay in the hospital beyond the normal testing time. Another valuable learning point
was related to subject follow-up. In order to achieve a dropout rate of <20%, extensive contact
with participants had to be maintained. Many participants needed to be contacted via
telephone several times, for reminders to schedule every visit. The amount of manpower and
time necessary for that was greater than we anticipated.
At the 6 weeks and 6 month collection timepoints we collect blood for fasting glucose
measurement, as well as anthropometric measurements and changes in medication. Our
initial aim was to also collect blood at the 2 weeks timepoint. During our try-out phase we
discovered that having these measurements was too demanding for our patients during this
initial recovery period at 2 weeks. Nutrition questionnaires were also reported as stressful by
our patients and we have chosen to only include these in the large (1 and 2 year) collection
timepoints.
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Table 13.1 Overview of visits and measurements. BARIA longitudinal cohort study. scfa: shortchain fatty acids. *: at 5 and 10 years no mixed meal test will be performed. **: only in case
of laparoscopic Roux-en-Y gastric bypass.
visit
baseline
1 year
2 years
5 years *
10 years *

type of
measurement
demographic

biometric

blood

mixed meal test

primary
operation
re-surgery

6 weeks
6 months

dietary
questionnaire
psychological
questionnaire
morning fecal
samples
24-hour feces
gingival swab
urine
liver biopsy
subcutaneous
adipose tissue
visceral adipose
tissue
omental adipose
tissue
portal vein blood
(subset)
small intestine
biopsy **
biometric
blood

2 weeks
6 weeks
6 months

morning feces
urine

specific values

biological samples
stored in biobank

age, sex, medical history, medication use, history of
obesity, history of smoking and alcohol, education
level, employment status, anticonception use,
physical activity
height, weight, waist- and hip circumference,
temperature, blood pressure, pulse, non-invasive
hemodynamics (stroke volume, cardiac output,
systemic vascular resistance), bioelectrical
impedance measurement, electrocardiogram
hemoglobin, CRP, leukocytes, platelets, HbA1c,
glucose, electrolytes, kidney function, lipid profile,
iron, hepatic enzymes, thyroid profile, plasma
metabolites
glucose, insulin, triglycerides

stored plasma and DNA
samples (-80°c)

stored plasma samples
(-80°c)

Satiety (visual analogue scale).[42] Dietary intake
last 3 days prior to 24-hour feces collection
see table 13.2
gut microbiota composition and fecal metabolites
(scfa), bile acids and caloric bomb

stored samples (-80°c)

oral microbiota
albumin and creatinine, metabolites
snap frozen (liquid N2) and formaldehyde

stored samples (-80°c)
stored samples (-80°c)
stored samples (-80°c)
and paraffin
stored samples (-80°c)
and paraffin
stored samples (-80°c)
and paraffin
stored samples (-80°c)
and paraffin
stored plasma samples
(-80°c)
stored samples (-80°c)
and paraffin

snap frozen (liquid N2) and formaldehyde
snap frozen (liquid N2) and formaldehyde
snap frozen (liquid N2) and formaldehyde
plasma metabolites and proteomics
snap frozen (liquid N2) and formaldehyde
weight, waist- and hip circumference, blood
pressure and pulse
hemoglobin, CRP, leukocytes, platelets, HbA1c,
glucose, electrolytes, kidney function, lipid profile,
iron, hepatic enzymes, thyroid profile, plasma
metabolites
gut microbiota composition and fecal metabolites
(scfa)
albumin and creatinine, metabolites
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stored plasma samples
(-80°c)

stored samples (-80°c)
stored samples (-80°c)

Table 13.2 Psychological questionnaires. BARIA longitudinal cohort study.

number of
questions

questionnaire
Sociodemographic information: place of birth patient, father, mother; number of
children; marital status; education; occupation.
Quality of life (WHO HIV QOL)
Change in life
Professional support
Self-management after Bariatric surgery (BSSQ)
TFEQ- hunger scale
Center for Epidemiology Studies Depression Scale Revised (CES-D)
Impact of Weight on Quality of Life (IWQOL-Lite)
Body Image Scale
De Jong-Gierveld Loneliness Scale
Social Participation Scale
SCI Exercise Self-Efficacy
Stanford Exercise behavior
Weight Efficacy Lifestyle Questionnaire (WEL-Q)
G-Food Craving Questionnaire-Trait (FCQ-T)
Quality of Relationship and Relationship ladder
Experience in Close Relationships Scale (ECRR-SF)
Social Support (SSQSR)
Social Support and Diet
Social Support and Exercise
Personality NEO-FFI (neuroticism and conscientiousness subscales)
Self-compassion Scale Short Form
Rosenberg Self-esteem Questionnaire
Chronotype working day
Chronotype free day
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7
2
1
5
8
9
20
31
10
11
3
10
6
20
21
2
16
12
10
13
12 + 12
12
10
8
8

Table 13.3 Baseline characteristics and results of mixed meal test in 170 participants in the
first two years of inclusion in the BARIA longitudinal cohort study, stratified by glycemic
classification, as formulated in the American Diabetes Association criteria: normoglycemic
(Healthy), impaired fasting glucose (IFG), increased hemoglobin A1c (IHbA1c), combination of
IFG and IHbA1c (Comb) and Type-2 Diabetes Mellitus (T2DM). Categorical variables are
displayed as absolute numbers (percentage), continuous variables as means (SD). *: MDRD
(Modification of Diet in Renal Disease) ml/min/1,73m2.

n
age (years)

Healthy

IFG

IHbA1c

Comb

57

21

19

26

T2DM
47

41.4 (11.1)

46.8 (11.7)

44.6 (9.5)

49.2 (9.2)

49.5 (10.2)

female sex

45 (78.9)

20 (95.2)

17 (89.5)

16 (61.5)

31 (66.0)

BMI (kg/m²)

39.5 (3.9)

39.4 (3.1)

40.6 (7.1)

40.6 (3.6)

39.2 (4.5)

hypertension

8 (14.0)

5 (23.8)

3 (15.8)

8 (30.8)

25 (53.2)

systolic BP (mmHg)

129.5 (16.6)

130.6 (13.6)

134.2 (15.8)

133.2 (12.0)

132.1 (13.7)

diastolic BP (mmHg)

80.1 (11.3)

80.5 (8.2)

78.1 (13.2)

84.0 (7.9)

82.6 (9.4)

5.1 (0.4)

5.9 (0.2)

5.2 (0.2)

6.1 (0.4)

7.4 (1.5)

insulin (pmol/l)

84.8 (48.0)

89.4 (46.5)

79.2 (37.2)

111.2 (46.9)

180.2 (222.5)

HbA1c (%)

5.31 (0.23)

5.41 (0.19)

5.79 (0.09)

5.88 (0.17)

7.10 (1.14)

HOMA2 IR

1.60 (0.90)

1.71 (0.83)

1.48 (0.67)

2.14 (0.85)

2.44 (1.24)

HOMA2 Beta (%)

125.4 (50.9)

98.1 (37.2)

112.6 (33.9)

105.8 (38.7)

87.3 (37.2)

AUC glucose (mmol/l)

137.1 (109.5)

122.5 (85.9)

194.6 (112.9)

211.7 (105.0)

386.3 (193.7)

AUC insulin (mmol/l)

42.3 (30.4)

46.0 (29.4)

48.7 (21.4)

50.8 (20.8)

37.6 (31.5)

eGFR *

94.5 (18.0)

92.7 (19.8)

95.6 (21.7)

94.7 (19.7)

95.7 (17.6)

ASAT (U/l)

23.6 (4.9)

23.5 (6.5)

25.1 (5.5)

25.3 (4.9)

29.9 (14.0)

ALAT (U/l)

28.6 (13.4)

28.3 (14.7)

33.7 (18.5)

30.4 (10.1)

42.1 (25.8)

4.6 (1.0)

5.1 (1.2)

5.2 (1.0)

4.8 (1.1)

4.1 (0.9)

HDLc (mmol/l)

1.12 (0.29)

1.13 (0.23)

1.16 (0.16)

1.08 (0.29)

1.05 (0.23)

triglycerides (mmol/l)

1.08 (0.44)

1.58 (0.91)

1.10 (0.42)

1.79 (1.17)

1.40 (0.62)

insulin use
glucose (mmol/l)

cholesterol (mmol/l)

10 (21.3)
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Figure 13.1 A systems biology approach, identifying gut microbial, immunological and
metabolic markers in a large and well phenotyped bariatric surgery cohort: the BARIA study.
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Figure 13.2 Glucose, insulin and triglycerides measurements during 2-hour 7-sample mixed
meal test, stratified by glycemic classification, as formulated in the American Diabetes
Association criteria: normoglycemic (Healthy), impaired fasting glucose (IFG), increased
hemoglobin A1c (IHbA1c), combination of IFG and IHbA1c (Comb) and Type-2 Diabetes
Mellitus (T2DM). Values are presented as means with 95% confidence intervals. A: glucose
curves; B: insulin curves; C: triglycerides curves.

200

Figure 13.3 Area under the curve (AUC) of insulin and glucose during mixed meal test and
HOMA2 insulin resistance (IR) and beta cell function (B), stratified by glycemic classification,
as formulated in the American Diabetes Association criteria: normoglycemic (Healthy),
impaired fasting glucose (IFG), increased hemoglobin A1c (IHbA1c), combination of IFG and
IHbA1c (Comb) and Type-2 Diabetes Mellitus (T2DM). Points are individual values, solid line
represents linear regression, banded area is 95% confidence interval. A) Glucose AUC and
HOMA2 IR. B) Glucose AUC and HOMA2 B (%). C) Insulin AUC and HOMA2 IR. D) Insulin AUC
and HOMA2 B. Correlation coefficient (R) and p-values calculated with Spearman’s rank
correlation test.
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Figure 13.4 Reproducibility of mixed meal test (MMT). Bland Altman plots of MMT (repeated
within 1 week) for glucose, insulin and triglycerides. Dot-dash lines are mean of difference
between measurements. Dashed lines in A, C and E are ±1.96 SD of mean difference. Dashed
lines in B, D and F are ±20% of mean difference. A) Glucose area under the curve (AUC) in
mmol/l x time. B) Glucose AUC percent change. C) Insulin AUC in mmol/l x time. D) Insulin AUC
percent change. E) Triglycerides AUC in mmol/l x time. F) Triglycerides AUC percent change.
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PART V
Summary - Et cetera

Chapter 14
Summary, discussion and future perspectives
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Summary
In the first part of this thesis, methods are presented in search of the optimal weight-loss
metric for bariatric surgery. Chapter 2 demonstrates that weight-loss results show
significantly less deviation when expressed as percentage total weight-loss (%TWL) instead of
percentage excess weight-loss (%EWL). The finding that this deviation can decrease, simply by
using a different outcome measure proves that it is not (only) caused by an alleged influence
of the baseline weight on the effectiveness of the operation, but (at least partly) by the
calculation of the weight-loss results. This causes the deviation in baseline BMI among
bariatric patients to resonate in the weight-loss results, generating extra (unwanted) deviation
in outcome. The %TWL measure is apparently less sensitive to this algebraic effect and would
therefore be more suited for comparing results of persons or groups with different baseline
BMI, than %EWL. In chapter 3, those findings are confirmed with results of a much bigger
cohort of female LRYGB patients, and in chapter 4 with results of male patients as well.
Conventionally, postoperative weight-loss is expressed referring to the original (naïve) goal of
treating overweight: a patient’s ideal body weight. From the beginning of bariatric surgery in
the USA, in the sixties and seventies of the 20th century, outcome is presented as %EWL. There
is consensus among bariatric surgeons worldwide to use this metric for standardized reporting
in obesity surgery since [1]. The appropriateness of the %EWL-metric for comparing results,
mutually, to benchmarks or to metabolic outcome, was never tested or validated.
Early on, when publishing their bariatric outcome, surgeons noted that lighter patients had
better results (more %EWL) than heavier patients; but those remarks went largely unnoticed.
In chapters 2 and 3, this is confirmed and elaborated that this feature is not specific to bariatric
surgery, but to the use of the %EWL-metric. More importantly, it is demonstrated that this
can become problematic, as differences in outcome between unequally heavy bariatric
patients can be significant, exceeding 15%EWL. Throughout chapters 2 to 11, it is
demonstrated repeatedly how this can lead to false conclusions in four ways. Significant
differences in weight-loss outcome can be missed, similar weight-loss outcome can be
portrayed as significantly different results, correlations between postoperative weight-loss
and metabolic improvement can be misinterpreted and benchmarks based on %EWL can be
unfair. These mistakes can be avoided using different metrics.
The original %EWL-metric referred to a gender-specific ideal body mass from tables for ideal
weight, compiled by an American life insurance company [2]. In 2007, Deitel et al. proposed
to replace this cumbersome method by referring for both genders to 25kg/m2 for calculating
excess weight instead [3]. This redefined metric is now the base of almost all evidence on
bariatric outcome, although its validity was never tested. Chapters 2 and 3 show that this new
%EWL-metric in fact is not an improvement, as it renders even more redundant deviation than
the original %EWL-metric.
Chapters 3 to 5 show that the correlation between baseline BMI and weight-loss result can
reverse. Lighter persons on average have more %EWL, but at the same time less %TWL after
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the same operation, than heavier ones. This suggests that an outcome measure could be
found ‘between %TWL and %EWL’, for which the influence of differences in baseline BMI on
the deviation of weight-loss results would disappear. This hypothesis is depicted in figure 1.2.
The results in chapter 3 confirm this: figure 3.1 agrees with figure 1.2. In chapter 4 this
hypothesis is confirmed using the basic formula for both metrics, in which bariatric weightloss is approximated with a linear function y = a + bx. In this linear relation, BMI after weightloss (y) consists of a part (a) of the baseline BMI that stays inert, and a part (x) of the baseline
BMI that is altered by the bariatric weight-loss effect (b). Different metrics are tested, each
with a different value for ‘a’. For the redefined %EWL-metric a= 25kg/m2, for the %TWL-metric
a= 0kg/m2. In the two large cohorts of adult male and female LRYGB patients in chapters 4
and 5 differences in baseline BMI no longer influence weight-loss results, if they are expressed
with a metric based on a= 13kg/m2. This means that the LRYGB operation can be as effective
for heavier patients as for lighter patients. This new metric is called percentage alterable
weight-loss (%AWL). Its unique properties are validated for laparoscopic sleeve gastrectomy
(LSG) outcome as well, in chapter 11. With the %AWL-metric it is demonstrated, with results
of the American and Dutch patients in chapters 4 and 5, that mean nadir weight-loss after
LRYGB is comparable for older women (40-65 years) and younger men (18-40 years), whereas
younger women (18-40 years) lose significantly more and older men (40-65 years) significantly
less.
The %AWL-metric has distinct advantages over existing weight-loss metrics. It defines the
effectiveness of a bariatric procedure best. It is more accurate for comparing and interpreting
bariatric studies. It allows assessing outcome of unequally heavy patients with the same
benchmark. It allows patients to compare their own weight-loss results with those of
unequally heavy peers. It expresses weight-loss outcome with the smallest possible deviation,
making it most suited for predicting outcome based on evidence. In addition, Chapter 8
demonstrates that the %AWL-metric is also more accurate when comparing the bariatric
weight-loss effect of an operation with its metabolic effects on type 2 diabetes mellitus
(T2DM).
In the second part of this thesis, the new baseline BMI independent %AWL-metric is used to
investigate the definition of sufficient weight-loss (‘bariatric success’), the measurement of
baseline weight and the choice of weight-loss metric in metabolic surgery.
In 2003 and 2007, the International Federation for the Surgery of Obesity (IFSO) published
recommendations for reporting weight-loss [3,4]. These were editorials, promoting the use of
%EWL, with an expert’s opinion level of evidence. In 2015, the clinical issues committee of the
American Society for Metabolic and Bariatric Surgery (ASMBS) published recommendations
on standardized outcomes reporting in metabolic and bariatric surgery, stating that %EWL
should be used in all cases, and that the patient's weight as measured closest to the time of
surgery should be used for baseline weight when calculating weight-loss [5]. Again, no specific
evidence was provided. No guidelines have been published since by such leading authorities,
that addresses these issues. Furthermore, none of these recommendations covered the
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definition of ‘sufficient weight-loss’, although several criteria for bariatric success, failure and
weight regain are in full use in bariatric literature [6].
In chapter 6, the influences of baseline BMI on weight-loss outcome expressed as BMI-loss,
%EWL, %TWL and %AWL is demonstrated visually, with graphs showing percentile curves. This
method allows assessing popular criteria for bariatric success 50%EWL and BMI 35kg/m2. Both
thresholds are not discriminative enough, at least not for these short-term results, because
they do not account for interindividual differences in baseline BMI, or for weight-loss
differences over time. It is argued that no benchmark based on weight-loss alone should
define ‘bariatric success’, as weight-loss is not correlated to health-risk reduction for all
bariatric patients alike. It is proposed to use the wordings ‘sufficient weight-loss’ instead. In
chapters 9 to 11, these methods for testing bariatric criteria are elaborated.
In chapter 7, the special circumstances of revision bariatric surgery (redo LRYGB after failed
gastric banding) give some insight into the nature of baseline weight. Does bariatric surgery
act on the accidental BMI on the day of the operation, as a launch from an arbitrary point of
time in a person’s life, or is baseline BMI a personal factor that is independent of the
intervention? The question on defining baseline weight was first raised in 1994, but there is
no direct research on the topic in bariatric literature [1]. Nadir weight-loss of the revision
patients is compared to nadir results of primary LRYGB patients in two different ways, by
calculating their results from the baseline BMI before their primary operation (gastric
banding), or from the one before the revision operation (LRYGB). The baseline BMI
independent %AWL-metric allows investigating these comparisons best, because the second
baseline BMI (due to the effect of the first operation) is often significantly lower than the first.
Remarkably, results match best when BMI before the first operation is used as reference
baseline BMI, even if there were many years between primary and revision operation. This
supports the notion of a steady personal ‘set point’ weight that can remain stable during a
long period in a person’s life, and independent of a person’s actual weight [7]. It would
advocate the use of a stable weight as baseline weight, instead of the accidental weight on
the day of the operation, for calculating postoperative weight-loss.
The preceding chapters demonstrate that there is no clear correlation between baseline BMI
and weight-loss after bariatric surgery. There is evidence that there is also no clear correlation
between baseline BMI and T2DM improvement after bariatric surgery [8-10]. It would
therefore seem wrong to compare bariatric (weight-loss) and metabolic (T2DM improvement)
outcome of the same operation with a metric that is influenced by baseline BMI. In chapter 8,
one-year results after LRYGB confirm that baseline BMI has no influence on the improvement
of T2DM and demonstrate how the %EWL-metric can corrupt conclusions on metabolic
outcome. Postoperative improvement of T2DM correlates with weight-loss when it is
calculated with %AWL or %TWL, but not if %EWL is used. The %EWL-metric would therefore
be inappropriate for expressing weight-loss in metabolic surgery. Furthermore, the bariatric
criteria for weight-loss success 50%EWL and BMI 35kg/m2 do not correlate with metabolic
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criteria for success, defined as glycated hemoglobin (HbA1c) ≤6.0% with diabetes medication,
or HbA1c <7.0% without diabetes medication.
The third part of this thesis focusses on constructing weight-loss percentile charts and
establishing the relevance of this novelty in bariatric surgery by comparison with common
methods of weight-loss assessment. The %AWL-metric has distinct disadvantages. It is new,
not simple to calculate or easy to convey. A bariatric weight-loss percentile chart, based on
representative %AWL outcome, can overcome these drawbacks, combining the advantages of
the metric with those of a chart. It allows comparing patients to their peers at any
postoperative time in a straightforward, intuitive way and it permits an evidence-based
assessment of postoperative weight-loss and of any subsequent weight regain.
Chapter 9 is an exercise in building such chart. The visual aspect of figure 9.2 should speak for
itself as a practical alternative to conventional ways of presenting and assessing postoperative
weight-loss outcome. It clearly shows how the deviations in postoperative weight-loss results
change over time. This accuracy cannot be reached using mean results at specified
postoperative intervals from published data, or with preset static criteria for weight-loss
success. Furthermore, there is at time no consensus on how to define excessive weight-regain
after initial weight-loss. Weight-loss charts can help with that. Additionally, the prognostic
value of early weight loss is found to be considerable. In a subgroup of 309 patients, about
half did not change weight-loss quartile after their first year.
Chapter 10 searches for the percentile curve most suitable for defining insufficient
postoperative weight-loss. In chapters 6 and 9, it is demonstrated that common criteria for
bariatric success leave many patients unnoticed that probably need extra attention because
of disappointing weight-loss results. Existing evidence on bariatric weight-loss does not
provide any other tool to detect poor responders in a direct way. In this chapter, the baseline
BMI independent LRYGB weight-loss chart, presented in chapter 9, is updated with more
recent results and used to test thirteen bariatric criteria for weight-loss success or failure,
against four possible cut-off percentile curves for defining insufficient response. The ‘patients’
expectation’ cut-off percentile (p) curve corresponds with p31.6, based on patient interviews.
The ‘surgeons’ goal’ cut-off corresponds with p10.9, based on the 50%EWL criterion. Arbitrary
thresholds p25 and p -1 standard deviation (SD) (p15.9) percentile curves are used as well.
Only four criteria (10kg/m2 BMI-loss, 50%EWL (based on the Metropolitan Life Insurance
Tables for Ideal Weight), 25%TWL and 35%AWL) have good sensitivities and specificities for
midterm results after LRYGB, but only for cut-offs p15.9 and p10.9. Most criteria have better
sensitivity than specificity. They are weaker in recognizing a patient with an insufficient result,
which, of course, would be more important than recognizing a patient with sufficient results.
Popular 50%EWL criterion (based on 25kg/m2) and the recently proposed (arbitrary)
alternative 20%TWL overlook more than one third of the midterm poor responders after
LRYGB [11].
In chapter 11, three large Dutch bariatric centers join efforts to produce multicenter weightloss charts for LRYGB and LSG that meet the four minimum requirements on sufficient size
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and follow-up and on independency and comparability of data. LRYGB performs better than
LSG in terms of weight-loss, even after five years. Characteristics T2DM, age and male sex are
related to insufficient weight-loss (poor responders), while adherence to follow-up is not.
Criteria 50%EWL and 20%TWL underestimate the number of poor responders after LRYGB
(specificities <60%), but not for LSG. The p50 of the charts are comparable to mean outcome
of large studies in bariatric literature.
In the fourth part of this thesis, relations of weight-loss results with postoperative deficiencies,
metabolism and homeostasis are investigated and a protocol for an elaborate prospective
study on the underlying causes and pathways involved in obesity and postoperative weightloss is presented.
In chapter 12, a method is elaborated for demonstrating the relations of postoperative time
and weight-loss response with blood tests in a routine five-year follow-up program after
LRYGB. It includes graphs that are structured like percentile charts, with the same aim of
presenting outcome in a visual, intuitive way. The Dutch bariatric chart, as presented in
chapter 11 is used to classify weight-loss results at six months, one, two and five years after
LRYGB as ‘outstanding’ (>p+1SD), ‘average’ (p+1SD to p-1SD) and ‘poor’ (<p-1SD). For the
analysis, only one postoperative result is used per patient. For each of thirty blood tests a table
is presented with median and cut-off values p5 and p95, at baseline and for each of the four
postoperative time intervals, for each of the three weight-loss response subgroups separately.
Results underline the need for thorough follow-up after LRYGB beyond two years, including
blood tests, as many patients developed an increase of parathyroid hormone or showed
ongoing iron depletion. Results can serve as practical guide for proper interpretation of
laboratory results in post-bariatric surveillance.
In chapter 13, the design of the BARIA Longitudinal Cohort Study is presented. The study
follows a systems biology approach to understand gut microbiota and host metabolism in
morbid obese subjects undergoing bariatric surgery. The systems biology starts with microbes
in the gut, producing a vast variety of metabolites that arrive through the portal vein in the
liver. They can activate metabolic pathways in the host, by connecting to receptors in target
tissues, leading to gene regulation and protein expression, or stimulation of immunological
cells by means of inflammation gene expression. Subjects are extensively phenotyped, both
preoperatively and post-surgery, on the basis of their demographics, questionnaires, genomic
DNA analyses, metabolites and shotgun sequencing of fecal samples, and metabolomics in
both fasted and two hours after mixed meal test (MMT) peripheral blood samples [12]. In a
subgroup, plasma metabolites are studied in portal vein blood as well. Tissue biopsies are
obtained during surgery of three adipose tissue compartments, liver and jejunum, and
assessed for histology, gene regulation (RNA-sequencing) and protein expression
(immunoblotting). Pathways specific for obesity, glucose metabolism impairment and nonalcoholic fatty liver disease (NAFLD) are searched for, using state of the art analytic tools, such
as machine learning and artificial neural networks data analysis. The oral MMT is repeated
several times during follow-up. Multiple blood samples are taken before and up to two hours
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after consumption of a standardized liquid meal and analyzed for insulin sensitivity and
resistance, plasma metabolites and bile acids. In a subgroup, the results of the preoperative
MMT are used to validate the reproducibility of the postprandial glucose, triglycerides and
insulin curves. The preliminary results confirm that subjects with different classifications of
glycemic control show markedly different curves of the MMT, and with a reasonable intraindividual reproducibility.
The elaborate deconstruction of the systems biology in morbid obese patients undergoing
bariatric surgery could identify key factors that may provide diagnostic and therapeutic leads
to control the epidemic of obesity and associated diseases.

Discussion
The common goal in the first part of this thesis is to determine the need for an alternative to
the %EWL-metric. In 2009, Dallal et al. demonstrated with weight-loss results of 1168 LRYGB
patients that linear regression using mixed-effects models provided more accurate analyses
of outcomes than with the use of %EWL [13]. The statistical methods used in the first chapters
of this thesis are less elaborate. A large number of possible metrics (up to 62) are tested
individually on their practicalities, for comparability, predictability and underlying mechanism
of physiology. With these simple methods, it is confirmed that %EWL can be inaccurate, and
a better alternative is found.
The %EWL-metric is a well-meant way of expressing bariatric outcome, but its goal-oriented
concept is outdated, for two reasons. The goal itself (and even the name) of bariatric surgery
has changed. The subspecialty is now called metabolic surgery, and the objective shifted from
weight improvement to health improvement. The main conclusion of chapter 8 on T2DM
improvement indeed adds a metabolic argument against the use of the %EWL-metric and
50%EWL criterion. Second, the amount of evidence on bariatric weight-loss has increased
dramatically, which now allows to test the excess weight-loss concept. This evidence does not
support the %EWL-metric, as demonstrated in this thesis. The %EWL-metric should therefore
be abandoned.
The evidence in this thesis shows that the %TWL-metric is less susceptible for mistakes. In
addition, %TWL is a simpler concept than %EWL. The %AWL-metric is even less susceptible for
mistakes, but not simpler. This disadvantage is compensated by incorporating %AWL outcome
in weight-loss percentile charts, resulting in a new, evidence-based and simple to use practical
tool. Another way of simplifying things, based on the %AWL-metric, is presented in chapters
4 and 5. A patient’s best result after LRYGB can be predicted as ‘the baseline BMI minus
thirteen, divided by two, plus thirteen’.
The features of the %AWL-metric are not confirmed by the results in chapter 2. That cohort
of 168 patients however, was almost three times smaller than the Dutch cohort in chapter 5
(n=500), or almost fifty times smaller than the American cohort in chapter 4 (n=8945). Other
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researchers have confirmed the findings on the appropriateness of the %TWL- and %AWLmetrics [11,14-16]. Based on this new insight, Corcelles et al. proposed a %TWL-based
criterion for bariatric weight-loss success [11]. Unfortunately, this readily adopted (again
arbitrary) 20%TWL threshold is demonstrated in chapters 10 and 11 to be unsuited for
assessing LRYGB midterm outcome. Korean surgeons Park and Kim validated the %AWL-metric
for Asian subjects with results of their LRYGB patients [17]. They also confirmed that %EWL
can lead to wrong conclusions [18].
An important limitation of all this evidence on the inappropriateness of %EWL is that it is
acquired retrospectively. Another limitation is that many personal factors like genetic
background, eating habits, physical activity, co-morbidities, psychological and social factors
are not all taken into account. In addition, follow-up beyond two years generally is
disappointing, not only in our own bariatric center, with more than 40% lost to follow-up at
five years, but especially in bariatric literature. The BOLD data in chapter 6 showed more than
80% lost to follow-up at two years, and studies reporting mid- and long-term %TWL in large
cohorts were found to be scarce [19]. In chapter 13, the prospective BARIA study is introduced
that will address these three shortcomings on study design, patient characterization and
follow-up. The study has been approved in 2020 to include a follow-up of ten years.
Using nadir weight-loss results for the analyses concerning formulas and appropriateness of
weight-loss metrics in the first two parts of this thesis has two advantages. First, nadir weightloss after LRYGB and LSG is usually reached within the first two years, the time interval when
most patients are still in follow-up, which minimizes selection bias. Second, although early
weight-loss is quite dynamic, accelerating and decelerating rapidly in the first two years, the
peak value (nadir weight-loss) is meaningful regardless of the exact time it is reached within
this interval. However, nadir results are less suited for testing static criteria or thresholds for
bariatric weight-loss success. Nadir results can signal an early problem, when an individual
loses distinctly less weight from the beginning, as demonstrated in chapter 6, but the focus of
treating obesity should not be on the early effects, but on the long-term result. Morbid obesity
is a chronic disease. A bariatric operation should therefore not be labelled successful if it is
not assessed by its long-term effects. A good example of misinterpreting the success of an
operation can be found in chapters 10 and 11. In chapter 10, the two criteria for success with
the best specificities and sensitivities for midterm results are found to be 35%AWL and
25%TWL. In chapter 11, however, these two values correspond with the median (p50) of
weight-loss results at seven years postoperative. This is why all static criteria for bariatric
weight-loss are unsuited for assessing the success of the treatment. Instead, weight-loss
percentile charts with sufficient follow-up should be used, preferably with postoperative
intervals beyond ten years or more.
Results in chapter 7 on outcome after revision bariatric surgery support the hypothesis of a
body mass homeostasis or ‘set-point weight’, possibly based on a hypothalamic function
controlling urge or craving for calories [7]. Further research is needed to investigate not only
that the bariatric effectiveness (as expressed with %AWL) is independent of baseline BMI, but
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that the suspected origin of baseline BMI (a supposed hypothalamic memory for urge and
craving for calories) remains independent of the bariatric procedure as well.
The remarkable differences in baseline weight among patients eligible for bariatric surgery,
with BMI ranging from 35kg/m2 to more than double, are a noticeable feature of morbid
obesity. Yet, they do not necessarily correlate with the remarkable differences in
accompanying comorbidities. Moderately obese persons can suffer, for example, from T2DM,
NAFLD, cardiovascular disease or other comorbidities, whereas extremely obese patients
might have none. In other words, the baseline weight does not fully predict the health burden
of obesity. This thesis adds that baseline BMI also does not predict postoperative weight-loss
(chapters 2 to 8), nor postoperative improvement of T2DM (chapter 8). All these findings
suggest that obesity may not be one disease. Results from extensive phenotyping of bariatric
patients in the BARIA study might help differentiate different subtypes.
The variability in bariatric weight-loss over time, presented in percentile charts, is remarkable
as well. Obviously, some patients respond (much) better to bariatric surgery than others do,
which supports the hypothesis of different subtypes of obesity. This variability is modulated
by numerous inevitable differences between people and circumstances that cannot all be
controlled. The percentile curves should therefore be used not as a goal or target to aim for,
but merely as a guide, to check, compare and inform.
These charts are new to bariatric practice and research. They can serve different purposes:
comparing individual results with those of peers, at any point in time, in a fair and evidencebased way; detecting patients with disappointing results in any phase of follow-up; monitoring
the effects of extra counseling or additional interventions; managing patient expectations;
and judging weight-regain after initial weight-loss. The presented charts show that weight
regain is a natural part of the postoperative weight change; no percentile curve is excluded.
Acceptable weight regain can be defined by the inclination of a threshold curve in a chart. In
chapter 10, the most appropriate percentile curve for that purpose is found to be p-1SD.
With that threshold curve, the most adequate static criteria for sufficient short- to mid-term
weight-loss are found to be based on the metrics least influenced by baseline BMI: 35%AWL
and 25%TWL. However, Chapter 11 shows that popular criteria 50%EWL and 20%TWL are
adequate for assessing short- to mid-term results after LSG. The BMI30 threshold can be useful
for expectation management. Patients should be informed that not reaching below 30kg/m2
is not exceptional. Common criteria do not specify for time, procedure type, gender, age,
ethnicity, comorbidities, or other possible factors influencing bariatric outcome. The
presented percentile charts have similar limitations, except that they do specify for time and
procedure type. In chapter 11, adherence to follow-up is found to be not related to
unsuccessful weight loss. This is likely due to selection bias, as more motivated patients may
have both better results and better compliance to follow-up.
The results presented in chapter 12 are subjected to some selection bias as well. The included
subjects are predominantly native Dutch women that all underwent LRYGB. Furthermore, 42%
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of patients were lost to follow-up at five years post-surgery. The tables and graphs are
therefore not entirely suited as a reference or compendium for research or daily practice
purposes. They do present a new method for the interpretation of routine blood tests of
bariatric patients in follow-up. The novelty is the way of presenting and accounting for time
and weight-loss response.
The BARIA cohort study, introduced in chapter 13, will generate a large phenomics database
on the systems biology of morbid obese subjects. Data will be so numerous, that advanced
data science techniques are needed to select metabolites that are worth further investigations
to determine causality. This pursuit is nothing less than looking for the proverbial needle in a
haystack, which underlines the importance of characterizing each subject as extensively as
possible. The patient scheduled for primary bariatric surgery is an interesting model to do so.
The operation allows for an extensive invasive assessment with minimal risks, whereas the
patients expect a thorough screening and follow-up, including tests and questionnaires, to be
part of their standard perioperative care anyway. Yet, extensive contact with participants has
to be maintained to keep the dropout rate below 20%, requiring more man-hours than
anticipated. Further limitations are the possible interference of anesthetic medication at time
of biopsies and the intended weight-loss shortly before the operation, which both could have
an influence on metabolism, gene expression or gut microbiota.
The mixed meal test (MMT) can be considered a biologically more relevant test to routinely
examine meal response than the glucose tolerance test. One is rarely exposed only to glucose,
without fat and proteins. The preliminary results presented in this chapter demonstrate that
the MMT can distinguish different types of metabolic dysregulation quite well.

The major conclusions in this thesis are summed up as follows.


The percentage excess weight-loss (%EWL) metric provides lighter bariatric patients
inappropriately with better results, which can lead to false conclusions on outcome of
bariatric and metabolic surgery and should therefore be abandoned.



No common static bariatric weight-loss threshold, such as twenty percent total weightloss (20%TWL), fifty percent excess weight-loss (50%EWL), or body mass index 35kg/m2
(BMI35), is suited for detecting poor responders after bariatric surgery.



Baseline body mass index does not predict weight-loss after gastric bypass surgery, nor
improvement of type 2 diabetes mellitus.



Bariatric weight-loss results are least influenced by differences in baseline body mass
index when expressed as percentage alterable weight-loss (%AWL).
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The combined negative correlations of age and male gender with weight-loss after
gastric bypass surgery result in comparable nadir weight-loss outcome for younger men
(<40 years) and older women (>40 years).



A personal, stable body weight should be used as baseline weight for calculating
postoperative bariatric weight-loss, instead of the accidental weight on the day of the
operation.



In revision bariatric surgery, the personal, stable body weight before the primary
operation should be used as baseline weight for calculating postoperative bariatric
weight-loss, instead of the weight before the revision operation.



Weight-regain after initial bariatric weight-loss should be calculated from the baseline
weight, instead of the nadir weight.



Bariatric outcome supports the hypothesis of a body weight homeostasis, or set-point
weight, which can remain independent of the bariatric procedure.



Bariatric outcome predicts the minimal viable body mass index in adults.



Weight loss percentile charts (similar to children’s growth charts) based on percentage
alterable weight-loss (%AWL) outcome should be preferred to assess weight-loss, weight
regain and poor responders after bariatric surgery above existing methods.



Long-term follow-up after gastric bypass surgery, including blood tests, is essential, as
deficiencies develop especially after the first two postoperative years.



The large deviation in baseline body mass index among bariatric patients and the
independently large deviation in postoperative weight-loss results both support the
hypothesis that obesity may not be one type of disease.
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Helicopter view: two metrics, two concepts
Bariatric surgeons worldwide think of bariatric surgery as a treatment to remove the ballast
of excess weight from a potentially normal, healthy person; acting like a chisel and hammer,
chipping away the excess marble to reveal the statue inside. The logo of the IFSO, the
international federation of bariatric surgeons depicts that metaphor, showing a walking man
moving forward, with a normal body, inside two layers of excess weight (each 50%EWL?), as
shown in figure 14.1. In this excess weight-loss concept, the operation starts acting on the
problem from the moment of surgery, like the sculptor starts working on a block of marble,
no matter how big it is. Revision surgery is understood as choosing a new chisel and hammer
to continue the sculpting where it was left. In this concept, re-education and lifestyle change
are the focus of follow-up, meant to supplement the mechanisms of the operation to recover
both a healthy body and mind. The concept does not explain weight regain, because that starts
from the nadir weight, not from the excess weight.
This thesis demonstrates that this excess weight-loss concept is not supported by evidence.
First, a normal, non-obese body is an unrealistic goal for most bariatric patients. The American
data in chapter 6 show that more than three quarters of all LRYGB patients never reach a
normal BMI below 25kg/m2. The results from Amsterdam in chapter 10 show that not reaching
a BMI below 30kg/m2 is not exceptional. Second, results on revisional surgery in chapter 7
show that weight-loss of subsequent surgeries is not cumulative. Finally, the algorithm found
in chapters 3 to 5 demonstrates that patients lose weight towards a part of the body mass
that is much lighter than a normal, ideal BMI.
The evidence presented in this thesis fits a different concept, suggesting that bariatric surgery
merely hinders the flow of calories, with little effect on the underlying factors that drive it.
The anatomical and physiological alterations of the operation cause a sudden, sustained
change in this calorie flow, the way a resistor is introduced into an electrical circuit, causing
the lamp to dim, without changing the voltage of the battery. Revision surgery is nothing more
than changing the anatomical and physiological alterations, and should therefore be
understood in this electric circuit metaphor as changing one resistor for another.
The alterable weight-loss metric is a measure for this hindrance of flow, or resistance.
Maximum resistance (100%AWL) will block the flow of calories, consuming the alterable part
of the BMI (starvation), reducing the body to the inert remains of 13kg/m2. At baseline, the
flow of calories is unhindered (0%AWL), maintaining the alterable part of the BMI. Together
with the inert part of 13kg/m2, this baseline alterable part makes the baseline BMI, which thus
can be used as a measure for the underlying drive. Any resistance (>0%AWL) will hinder the
flow and, subsequently, lower the alterable part of the BMI. Together with the inert part of
13kg/m2, this lowered alterable part makes the lowered BMI, which thus can be used as a
measure for the flow. This hypothetical concept can only be valid if these two elements of
hindrance (‘resistance’) and drive (‘voltage’) are independent of each other. This thesis
demonstrates that weight-loss, expressed as %AWL (hindrance) indeed is independent of
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baseline BMI (drive) (chapters 3 to 6) and vice versa, that baseline BMI (drive) indeed can
remain independent of the surgical effect (hindrance) (chapter 7).
This alterable weight-loss concept predicts weight regain. A common type of natural response
to a sudden, sustained change in a flow is a damped oscillation, as depicted in figure 14.2. The
course of weight after bariatric surgery typically has that shape, with an initial overshoot of
weight-loss in the first two years, followed by a damped oscillation towards a new equilibrium
after ten to fifteen years. These considerations are supported by the iconic graphs of the wellknown Swedish Obese Subjects study, shown in figure 14.3, in which different bariatric
procedures (different resistances) result in different mean weight-loss outcome, all
resembling a damped oscillation response, while mean weight of the control group
(unhindered flow) remained remarkably stable over twenty years [20].
In this concept, re-education and lifestyle change would not supplement the mechanisms of
the operation, but act on the underlying factors that are independent of it. Follow-up should
therefore focus more on supporting patients with the mental and physical effects of the hefty
response, on selecting outliers that need extra help, and on monitoring side effects and
complications. The novel tools presented in chapters 11 and 12 are meant for that.

Future perspectives
1. Mapping the extent of the problems with %EWL.
Latest systematic reviews on weight-loss outcome after bariatric surgery show that, although
more and more studies report %TWL, the majority of evidence is still expressed as %EWL
[19,21,22]. Existing evidence based on %EWL should be reviewed systematically for possible
mistakes that can occur when differences in baseline BMI are not accounted for, when
bariatric outcome on weight-loss is compared with metabolic outcome, or when outcome is
assessed with static %EWL-based criteria.
2. Future eligibility criteria
In 2011, the International Diabetes Federation recommended to consider bariatric surgery in
selected cases as an alternative treatment option in T2DM patients with a BMI between 30
and 35 kg/m2 [23]. In 2018, the ASMBS updated position statement on bariatric surgery in class
I obesity identified twelve systematic reviews and meta-analyses of bariatric surgery studies
that included T2DM patients with body mass index <35kg/m2 and found no evidence to
exclude this group from surgical treatment [24]. It is quite possible that the BMI eligibility
criterion for bariatric surgery will therefore be lowered in the near future. As increasingly
lighter patients are operated, the %EWL-metric will become unacceptably impractical for
comparing bariatric outcome for two algebraic reasons. In a lower BMI range, problems with
the %EWL-metric aggravate (and even the %TWL-metric can become problematic), as
demonstrated in table 14.1. Second, with lower baseline BMI more patients will reach a BMI
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below the reference value for the %EWL-metric (25kg/m2), causing more %EWL results to
exceed 100%. Lowering the eligibility criteria for BMI then will be yet another argument to
abandon this popular metric altogether.
The linear algorithm and the resulting baseline BMI independent %AWL-metric presented in
this thesis are validated for adult bariatric patients with baseline BMI of 35kg/m2 or more only.
It is possible that this linear effect of bariatric surgery cannot be extrapolated to lower BMI’s.
If it would, the percentile charts of chapters 9 and 11 predict that one in twenty patients with
baseline BMI 30kg/m2 will be underweight (BMI <18.5kg/m2) and one in six will have a BMI
below 20kg/m2. If more weight-loss outcome after bariatric surgery in patients with BMI
<35kg/m2 becomes available, the validity of the %AWL-metric for these patients and the
extrapolated predictions of the percentile charts should be tested again.
Similar considerations apply to age criteria. Bariatric surgery will be performed more and more
on morbid obese patients of older age (>65 years), or on morbid obese children and
adolescents (<18 years). The inert part of the BMI of 13kg/m2 found in chapters 4 and 5 might
not apply to subjects with osteoporosis, or with a young, developing skeleton.
The baseline BMI independent features of the %AWL-metric and the potentially problematic
%EWL-metric should be investigated for non-surgical weight-loss as well. Weight-loss through
conservative measures (diets and lifestyle change) is more likely to involve obese patients with
lower BMI’s, which would make mistakes with the %EWL-metric more likely. Fortunately,
there is no tradition to express non-surgical weight-loss with the %EWL-metric.
3. Patient education, expectation management and social media
This thesis shows that bariatric surgery does not work wonders. Although the weight-loss
effectiveness of a bariatric operation is independent of the baseline BMI, the eventual BMI of
a single patient, of course, is not. This can be misunderstood by patients as unreasonable or
incorrect and by others as failure or demotivation. It is not easy to assess results. For a patient
with baseline BMI 60kg/m2, a result of BMI 32kg/m2 should be called outstanding (60%AWL),
although obesity is still present, whereas a result of BMI 28kg/m2 is rather poor for a patient
with a baseline BMI of 35kg/m2 (30%AWL), although he or she is no longer obese. Without
percentile charts, these seemingly unfair differences in outcome between individuals (or
between expectations and reality) cannot be conveyed to patients comprehensibly. It needs
software applications that run the maths in the background to convert individual weight
measurements to percentiles, to adjectives like ‘poor’ or ‘outstanding’, or to a visual way of
tracking progress. This would make things easier and more accessible for bariatric patients,
when they want to compare their result with peers, for example on social media. It will need
sufficient experience with this way of communicating bariatric results to investigate if this
could also improve involvement, motivation and adherence to follow-up.
An important way to avoid disappointment (and subsequently dropping out) is expectation
management in an early stage. Percentile charts are useful for all patients to explain the
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chances of reaching a particular BMI, before they decide for bariatric surgery. Especially
patients undergoing revision surgery should be explained that weight-loss might disappoint,
because the reference value for baseline BMI is not always the most obvious one.
If results of more patients become available, for instance through national registries, or from
big data gathered by patient focused applications, different weight-loss charts can be built for
other characteristics than operation type, for example for men and woman separately, or for
different regions in the world, as is the case for children’s growth-charts.
4. Rethinking weight regain
At time, weight regain is approached as a separate entity that is measured and assessed
differently than primary weight-loss. As a result, it is treated based on vague criteria and
reasoning. New operation techniques are developed continuously, adding more restriction to
standard bariatric procedures with synthetic bandings, or malabsorption with dangerous side
effects to deal with it. Percentile charts however, would qualify most weight regain as ‘normal’
or ‘within limits’. Using these charts could therefor avoid unnecessary operations, extra risks
and false hope.
In fact, in most cases weight regain should be seen more as a weight correction, because
several secondary factors that contribute to weight-loss in the first year after the operation
are no longer present after that. The first ten days or so, pain and discomfort from the recent
surgery affect appetite. The first ten weeks or more, adaptation to the altered anatomy often
involves dysphagia or other physical complaints that hamper intake of solid food. This can be
frustrating, causing stress. During the first ten months or so, weight is lost at a pace that is
unprecedented for many patients, creating a positive feedback that enforces motivation and
involvement. This so-called ‘pink cloud’ effect, together with the stress and physical
complaints in the first year add to the effect of the bariatric operation. However, after this
early phase, these factors subside: patients learn to cope with the new situation and weightloss slows down and stops. Then, all that is left to affect caloric uptake are the restrictive and
malabsorptive effects of the operation. The temporary additional secondary factors will have
caused a temporary overshoot of weight-loss. The weight correction that follows explains why
mid to long-term weight-loss results are often less impressive than short-term results.
The term weight regain implies that the nadir weight is a new reference point in the patient’s
new life. Currently, weight regain indeed is measured with reference to this nadir result.
Considering the above summed secondary factors, both nadir result and long-term result
should be measured from the same preoperative (baseline) weight instead. The best way to
assess these two phases of weight-loss is by comparing results mutually, using percentile
charts. In many cases, weight regain would be interpreted differently. If a patient, for example,
would lose exceptionally much weight in the early phase by following the dietary instructions
too strictly and later corrects to an average weight-loss response, the weight regain, measured
from nadir result would be substantial, whereas the mid and long-term result should actually
be judged as normal.
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5. Follow-up and lifestyle
In 2013, the Look AHEAD trial, the largest, longest and most costly randomized controlled trial
of intensive lifestyle intervention for obese people with T2DM was stopped based on futility
analysis. Over five thousand obese American subjects participated, in sixteen centers. The
primary endpoint, mean weight-loss at eight years, was 4.7%TWL in the treatment group,
versus 2.1%TWL in the control group. Furthermore, there were no significant differences in
cardiovascular morbidity or mortality [25]. Yet, lifestyle change remains an important focus
during postoperative follow-up in the classic excess weight-loss concept for bariatric surgery.
In the Netherlands, about 40% of all bariatric patients are offered a mandatory postoperative
two-year lifestyle intervention program. There is little evidence that such costly efforts
actually supplement the surgical weight-loss mechanism. In our bariatric center, formerly in
Amsterdam, now in Hoofddorp, follow-up focusses more on supporting patients with the
inevitable effects of intake restriction and weight-loss, on selecting outliers that need extra
help, and on monitoring side effects and complications. Yet, our weight-loss results are well
comparable with existing evidence from other centers, in other countries, as presented in this
thesis. A randomized controlled trial should clear whether additional lifestyle training after
bariatric surgery for all patients is of any complementary value, or should be considered for
selected patients only, for example based on their results on the Dutch bariatric chart.
6. Interdisciplinary approach
There is evidence that the brain controls a stable body weight. The cerebral cortex plays its
role in reasoning and behavior, the limbic system in rewards and emotions and the
hypothalamus in controlling vital functions through endocrine and nervous pathways to and
from the body. Much of the research on energy homeostasis and body weight regulation is
done on mice and on humans with normal or moderate obesity [26,27]. The simple finding
that weight-loss results after revision bariatric surgery can be predicted better when
compared to a body weight of years ago, than to the most recent preoperative weight
(chapter 7), offers new clues for these mechanisms from an unexpected source: surgery.
Since it became evident, around the turn of the millennium, that bariatric surgery has distinct
beneficial metabolic effects on T2DM and NAFLD, surgeons and endocrinologists have been
learning from each other’s field. Interdisciplinary conferences helped, although sometimes it
is hard still to understand the scientific language of the other. Using a unified weight-loss
outcome measure (preferably the combination of the relative %TWL-metric and the absolute
BMI) would help even more. This, then, is yet another argument against the %EWL-metric,
which fortunately stayed relatively unknown among other medical specialists.
The BARIA study, introduced in chapter 13, will make full use of this interdisciplinary
interaction between endocrinologists, dieticians, psychologists, scientists and surgeons.
Connections between the brain and the body, especially those involving the gut-brain axis, will
be examined with an interdisciplinary approach.
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7. Obesity subtypes
Different paths of progression can be identified in T2DM that are probably based on different
molecular mechanisms. Their reversibility and their most effective therapeutic intervention
may vary as well. A better understanding of which molecular mechanisms need to be targeted
in which patients, could therefore lead to a better personalized treatment. It is well possible
that different types of obesity will be discriminated, each needing a different approach as well.
The observation that baseline BMI is not necessarily correlated with the coexistence of
comorbidities, and the marked differences in obesity related health risk between men and
women are examples supporting this notion that obesity most probably is not one type of
disease. If so, its treatment should not be one type of treatment either. The algorithm behind
the %AWL-metric shows that the differences in weight-loss outcome between bariatric
patients are not as big as they seem when expressed with %EWL. Still, the deviation in weightloss outcome demonstrated in the weight-loss percentile charts in this thesis is remarkably
large, confirming that bariatric surgery does not work equally well for all patients. This is
played down in existing evidence by applying the 50%EWL and 20%TWL criteria, that trivialize
the poor results of many patients. The large deviation in baseline BMI and the independently
large deviation in postoperative weight-loss need to be explained, by finding determinative
factors and underlying mechanisms. The BARIA study may differentiate the etiology of obesity,
which could lead to a tailored treatment of the disease.
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Table 14.1 Examples of mistakes that occur when two unequally heavy patients with 9kg/m2
difference at baseline both lose 50 percent alterable weight-loss (%AWL) and results are
expressed as percentage total weight-loss (%TWL) or percentage excess weight-loss (%EWL).
baseline BMI
patient A
30
35
40
45

baseline BMI
patient B
39
44
49
54

difference in
%AWL results
0 %AWL
0 %AWL
0 %AWL
0 %AWL

difference in
%TWL results
5 %TWL
4 %TWL
3 %TWL
2 %TWL

difference in
%EWL results
-77 %EWL
-28 %EWL
-15 %EWL
-9 %EWL

Figure 14.1 Logo of the International Federation for the Surgery of Obesity (IFSO).
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Figure 14.2 Schematic representation of a damped oscillation response (black line) to a
sudden sustained change in a flow (dotted line) over time (t).
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Figure 14.3 Mean percentage weight change from baseline amongst patients in the control
and the three surgery groups during 20 years of follow-up in the Swedish Obese Subjects
study. Data shown for controls receiving usual care and for surgery patients undergoing gastric
banding, vertical banded gastroplasty or gastric bypass at baseline. Percentage weight
changes from the baseline examination are based on data available on 1 July 2011. Error bars
represent 95% confidence intervals [20]. From Sjöström L et al., JAMA 2012 with permission.
Copyright © (2012) American Medical Association. All rights reserved.
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Ernstig overgewicht en aanverwante aandoeningen, zoals diabetes mellitus type 2 (T2DM),
dyslipidemie, niet-alcoholische leververvetting (NAFLD) en hart- en vaatziekten komen
wereldwijd steeds vaker voor. Meer en meer mensen zijn vatbaar voor de externe factoren in
onze moderne samenleving - een overaanbod aan calorierijk voedsel en een gebrek aan
beweging - en ontwikkelen obesitas. Maar, niet alle zwaarlijvige personen krijgen ook obesitas
gerelateerde co-morbiditeiten en anderen worden juist helemaal niet te zwaar. Verschillende
interne, persoonlijke factoren lijken een rol te spelen bij het ontwikkelen van obesitas,
verminderde glucoseregulatie en NAFLD, zoals het immuunsysteem en de darmflora.
De effectiefste behandeling van morbide obesitas op dit moment is bariatrische chirurgie. De
meest uitgevoerde operaties zijn de laparoscopische maagomleiding (laparoscopic Roux-en-y
gastric bypass, LRYGB) en de laparoscopische maagverkleining (laparoscopic sleeve
gastrectomy, LSG), zoals afgebeeld in figuur 1.1. Maar, niet alle bariatrische patiënten vallen
even goed af. Ook hier spelen persoonlijke factoren een rol die meebepalen hoeveel een
zwaarlijvig persoon profiteert van een operatie. Bij het onderzoek naar obesitas en naar
uitkomsten van bariatrische chirurgie moeten daarom alle mogelijke persoonlijke factoren in
kaart worden gebracht. Een dergelijke uitgebreide fenotypering vormt het onderwerp van het
laatste hoofdstuk van dit proefschrift. Hiermee kunnen wellicht onderliggende mechanismen
worden gevonden, die een persoonlijke aanpak van overgewicht mogelijk maken.
Gezamenlijke doelen van alle behandelingsvormen van obesitas, inclusief bariatrische
chirurgie, zijn het verbeteren van de gezondheid, de levensverwachting en de kwaliteit van
leven; maar het opvallendste (en het eenvoudigst te meten) effect is natuurlijk
gewichtsverlies. Toch is juist het interpreteren van gewichtsverlies niet eenvoudig.
Op de eerste plaats wordt bij de meest gebruikte manier om overgewicht te classificeren, door
lengte en gewicht te combineren in de body mass index (BMI), geen rekening gehouden met
andere persoonlijke factoren die de gezondheidsbelasting van overgewicht bepalen, zoals het
vetpercentage, de vetverdeling, het geslacht, de leeftijd of de etniciteit. Ten tweede is een
gewichtsverlies resultaat sterk afhankelijk van het uitgangsgewicht. Gewichtsverlies wordt
meestal uitgedrukt met een relatieve uitkomstmaat die procent gewichtsverlies (percentage
weight-loss, %WL) of procent totaal gewichtsverlies (percentage total weight-loss, %TWL)
wordt genoemd. In de bariatrische chirurgie wordt het gewichtsverlies traditioneel ten
opzichte van het overgewicht uitgedrukt, met een relatieve uitkomstmaat die procent
overgewichtsverlies (percentage excess weight-loss, %EWL) wordt genoemd, waarbij het
overgewicht wordt berekend met het uitgangsgewicht. Voor beide maten kan het
uitgangsgewicht dus op twee manieren een gewichtsverlies resultaat beïnvloeden; als één van
de persoonlijke factoren van de patiënt en als een algebraïsche factor van de berekening.
Deze invloed op gewichtsverlies kan gevolgen hebben bij het vergelijken van resultaten van
personen of groepen met verschillend uitgangsgewicht. In dit proefschrift wordt aangetoond
hoe deze vaak onbedoelde verschillen relevant kunnen zijn en hoe er verkeerde conclusies
kunnen worden getrokken bij het interpreteren en vergelijken van uitkomsten van
bariatrische chirurgie. Deze invloed van het uitgangsgewicht en de mogelijke gevolgen in de
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bariatrische chirurgie zijn nauwelijks onderzocht. Een opmerkelijke conclusie in de eerste
delen van dit proefschrift is dat de effectiviteit van een bariatrische procedure (met betrekking
tot gewichtsverlies) onafhankelijk is van de uitgangs-BMI van de patiënt. Enkele
consequenties en toepassingen van die bevinding zijn het onderwerp van de overige delen.
In hoofdstuk 2 - Relatieve uitkomstmaten voor bariatrische chirurgie. Bewijs tegen procent
overgewichtsverlies en procent overtollige body mass index verlies uit een reeks
maagomleiding patiënten - wordt aangetoond, door retrospectieve analyse van uitkomsten
na LRYGB in een cohort van 168 Belgische vrouwelijke patiënten, dat de resultaten van nadir
gewichtsverlies (dat wil zeggen, met betrekking tot het laagste gewicht in de vroege fase na
de operatie) significant minder spreiding vertonen als ze worden uitgedrukt met %TWL in
plaats van met %EWL. De bevinding dat deze spreiding kan verminderen door simpelweg een
andere uitkomstmaat te gebruiken bewijst dat deze niet (alleen) wordt veroorzaakt door een
vermeende invloed van het uitgangsgewicht als persoonlijke factor op de effectiviteit van de
operatie, maar (ook) door de berekening van het gewichtsverlies. De %TWL-maat is blijkbaar
minder gevoelig voor dit algebraïsche effect. In hoofdstuk 3 - Bariatric Outcomes Longitudinal
Database (BOLD) suggereert dat procent overgewichtsverlies en procent overtollige body
mass index verlies onaangepaste uitkomstmaten zijn, waarvoor betere alternatieven
worden aangetoond - worden deze bevindingen bevestigd met retrospectieve resultaten van
een veel groter cohort, van 7212 vrouwen die een LRYGB ondergingen, uit de wereldwijd
grootste bariatrische database, de Amerikaanse Bariatric Outcomes Longitudinal Database
(BOLD). Bovendien laten deze resultaten zien dat de correlatie tussen uitgangs-BMI en
gewichtsverlies kan omkeren. Lichtere personen hadden meer %EWL, maar tegelijkertijd
minder %TWL na dezelfde operatie dan zwaardere. Dit suggereert dat er een uitkomstmaat
gevonden zou kunnen worden ‘tussen %TWL en %EWL in’, waarmee de invloed van de
uitgangs-BMI op de spreiding van gewichtsverlies resultaten zou verdwijnen. Deze hypothese
wordt uitgebeeld in figuur 1.1 en wordt bevestigd in dit hoofdstuk. Het betekent dat de LRYGBoperatie in feite even effectief kan zijn voor zwaardere als voor lichtere patiënten en dat de
invloed van de uitgangs-BMI op het gewichtsverlies puur algebraïsch is en daarom ook
potentieel problematisch.
In hoofdstuk 4 - Algoritme voor gewichtsverlies na een maagomleiding operatie gebaseerd
op body mass index, geslacht en leeftijd uit de Bariatric Outcomes Longitudinal Database
(BOLD) - wordt deze uitkomstmaat 'tussen %TWL en %EWL in' berekend, gebaseerd op een
lineaire relatie tussen uitgangs-BMI en nadir gewichtsverlies na LRYGB, in een cohort van 8945
mannen en vrouwen uit de BOLD. De gevonden lineaire functie geeft inzicht in de fysiologie
van gewichtsverlies. Een deel van het lichaam, benaderd als 13 kg/m², lijkt niet onderhevig
aan gewichtsverlies en blijft inert. De rest van de lichaamsmassa is wel onderhevig aan
gewichtsverlies en is dus ‘veranderbaar’. De uitkomstmaat wordt procent veranderbaar
gewichtsverlies (percentage alterable weight-loss, %AWL) genoemd. De maat levert
gewichtsverlies resultaten na bariatrische chirurgie op die onafhankelijk zijn van verschillen in
uitgangs-BMI tussen patiënten. Met deze %AWL-maat wordt in dit hoofdstuk aangetoond dat
het gemiddelde nadir gewichtsverlies na LRYGB voor oudere vrouwen (40-65 jaar) en jongere
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mannen (18-40 jaar) vergelijkbaar is, terwijl jongere vrouwen (18-40 jaar) significant meer
verliezen en oudere mannen (40-65 jaar) significant minder.
In hoofdstuk 5 - Validatie van de procent veranderbaar gewichtsverlies (AWL) uitkomstmaat
met twee jaar gewichtsverlies resultaten van 500 patiënten na maagomleiding - worden de
unieke eigenschappen van de nieuwe %AWL-maat gevalideerd met retrospectieve resultaten
van 500 LRYGB-patiënten geopereerd in ons bariatrisch centrum in Amsterdam. Ook de
invloeden van geslacht en leeftijd, zoals die waren gevonden in hoofdstuk 4, worden in dit
Nederlandse cohort bevestigd. In hoofdstuk 11 wordt de %AWL-maat ook voor uitkomsten na
LSG gevalideerd.
In hoofdstukken 2 tot en met 11 wordt herhaaldelijk aangetoond hoe het probleem met de
%EWL-maat tot verkeerde conclusies kan leiden: Significante verschillen in gewichtsverlies
kunnen worden gemist, vergelijkbaar gewichtsverlies kan worden voorgesteld als significant
verschillende %EWL-resultaten, correlaties tussen postoperatief gewichtsverlies en metabole
verbetering kunnen verkeerd worden geïnterpreteerd en criteria of drempelwaarden
gebaseerd op %EWL kunnen misleidend zijn.
De uitgangs-BMI onafhankelijke eigenschap van de %AWL-maat wordt in het tweede deel van
dit proefschrift gebruikt om drie fundamentele kwesties in de bariatrische chirurgie te
onderzoeken waarvoor nog geen bewijs bestond: de definitie van succesvol gewichtsverlies,
het vaststellen van het uitgangsgewicht en de meest geschikte uitkomstmaat voor
gewichtsverlies in metabole chirurgie.
In hoofdstuk 6 - Percentielgrafieken van gewichtsverlies resultaten van een grote
representatieve reeks: een maatstaf voor voldoende gewichtsverlies als alternatief voor
bestaande criteria voor succes van bariatrische chirurgie - worden korte termijn
gewichtsverlies resultaten van het BOLD-cohort van 8945 LRYGB-patiënten, zoals
gepresenteerd in hoofdstuk 4, grafisch vergeleken met populaire criteria voor bariatrisch
succes 50%EWL en BMI 35 kg/m². Beide drempelwaarden blijken ongeschikt, omdat ze geen
rekening houden met verschillen in BMI en met veranderingen van het gewichtsverlies in de
tijd. Er wordt een alternatieve manier geïntroduceerd om ‘voldoende gewichtsverlies’ te
definiëren: percentielgrafieken, vergelijkbaar met groeicurves voor kinderen. In plaats van
individuele gewichtsverlies resultaten te vergelijken met vooraf vastgestelde doelen of
drempelwaarden, worden ze vergeleken met resultaten van lotgenoten. Er wordt
beargumenteerd dat geen enkel criterium dat alleen op gewichtsverlies is gebaseerd
‘bariatrisch succes’ zou mogen definiëren, aangezien gewichtsverlies niet voor alle
bariatrische patiënten in gelijke mate correleert met gezondheidsverbetering. De term
‘voldoende gewichtsverlies’ zou daarom de term ‘succesvol gewichtsverlies’ moeten
vervangen. In de hoofdstukken 9 tot en met 11 worden deze methoden voor het testen van
bariatrische criteria verder uitgewerkt.
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In hoofdstuk 7 - Welk uitgangsgewicht heeft de voorkeur als referentie voor resultaten van
gewichtsverlies? Inzichten in mechanismen van bariatrisch gewichtsverlies door primaire en
revisie maagomleiding patiënten te vergelijken - worden aanwijzingen gevonden voor het
correct vaststellen van het uitgangsgewicht voor het berekenen van postoperatief
gewichtsverlies. Nadir resultaten van 726 patiënten die in ons bariatrisch centrum in
Amsterdam óf een primaire LRYGB ondergingen, óf een revisie LRYGB met verwijderen van
een maagband, worden retrospectief met elkaar vergeleken. Bij de revisie patiënten kan
daarbij uit twee verschillende uitgangsgewichten worden gekozen, namelijk dat van voor de
primaire operatie (maagband), of dat van voor de revisie operatie (LRYGB). Omdat de tweede
uitgangs-BMI (door het effect van de eerste operatie) vaak significant lager is dan de eerste,
wordt voor het vergelijken van de verschillende berekeningen de uitgangs-BMI onafhankelijke
%AWL-maat gebruikt. De nadir resultaten van de revisie patiënten blijken vergelijkbaar te zijn
met die van de primaire LRYGB-patiënten als de uitgangs-BMI wordt gebruikt van vóór de
eerste operatie, zelfs als er vele jaren tussen de maagband operatie en de revisie operatie
zaten. Dit zou pleiten voor het gebruik van een persoonlijk stabiel gewicht als uitgangsgewicht,
in plaats van het toevallige gewicht op de dag van de operatie. De resultaten ondersteunen
het idee van een lichaamsgewicht homeostase, waarbij een persoonlijk richtgewicht,
onafhankelijk van het daadwerkelijke gewicht, stabiel kan blijven over een langere periode in
iemands leven.
In de voorgaande hoofdstukken werd aangetoond dat gewichtsverlies na bariatrische
chirurgie niet duidelijk wordt beïnvloed door de uitgangs-BMI. Er zijn aanwijzingen dat ook de
verbetering van T2DM na bariatrische chirurgie niet duidelijk wordt beïnvloed door de
uitgangs-BMI. Het lijkt daarom onjuist om de bariatrische (gewichtsverlies) en metabole
(T2DM-verbetering) uitkomsten van een operatie te vergelijken met een maat die wél wordt
beïnvloed door de uitgangs-BMI (%EWL). In hoofdstuk 8 - Relaties tussen diabetes type 2
remissie na maagomleiding en verschillende uitkomstmaten voor gewichtsverlies:
argumenten tegen procent overgewichtsverlies in metabole chirurgie - wordt dit aan de
hand van uitkomsten van 449 LRYGB-patiënten met T2DM, geopereerd in ons bariatrisch
centrum in Amsterdam, retrospectief bevestigd. De maten %AWL en %TWL zijn beide hiervoor
wél geschikt. Ook wordt vastgesteld dat de 50%EWL en BMI 35 kg/m2 criteria voor ‘bariatrisch
succes’ (met betrekking tot gewichtsverlies) niet correleren met het ‘metabole succes’ van de
operatie, gedefinieerd volgens bestaande behandeldoelen van T2DM.
In het derde deel van het proefschrift wordt de %AWL-maat gebruikt voor het maken van
uitgangs-BMI onafhankelijke percentiel-curven van postoperatief gewichtsverlies en wordt de
relevantie van deze nieuwe toepassing in de bariatrische chirurgie nagegaan door de grafieken
te vergelijking met gangbare methoden voor het beoordelen van gewichtsverlies. Met een
dergelijke grafiek kunnen patiënten hun resultaten met die van hun lotgenoten vergelijken,
op elk postoperatief moment, op een eenvoudige en intuïtieve manier en ook bij verschillen
in uitgangs-BMI. Bovendien maken percentiel-curven een evidence-based beoordeling
mogelijk van zowel gewichtsverlies als daaropvolgende gewichtstoename.
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In hoofdstuk 9 - Gewichtsonafhankelijke percentielgrafiek van 2880 maagomleiding
patiënten: een nieuwe kijk op bariatrische gewichtsverlies resultaten - wordt uitgewerkt hoe
een dergelijke grafiek kan worden gemaakt, met behulp van middellange termijn resultaten
van 2880 LRYGB-patiënten geopereerd in ons bariatrisch centrum in Amsterdam. De curven
laten duidelijk zien hoe de spreiding in postoperatief gewichtsverlies zich in de loop van de
tijd ontwikkelt. De prognostische waarde wordt vastgesteld met resultaten van een subgroep
van 309 patiënten en blijkt redelijk te zijn, aangezien het gewichtsverlies van ongeveer de helft
van hen na het eerste jaar binnen hetzelfde gewichtsverlies kwartiel blijft.
In hoofdstuk 10 - Sensitiviteit en specificiteit van 50% overgewichtsverlies (50%EWL) en
twaalf andere criteria voor bariatrisch gewichtsverlies succes - worden de principes van een
%AWL-grafiek gebruikt om te onderzoeken welke percentiel-curve de voorkeur verdient als
dynamische grenswaarde voor voldoende of onvoldoende gewichtsverlies, aan de hand van
retrospectieve analyse van gewichtsverlies resultaten van 3031 LRYGB-patiënten geopereerd
in ons bariatrisch centrum in Amsterdam. Deze curve wordt gebruikt om dertien bariatrische
criteria voor gewichtsverlies te evalueren. De meeste van deze criteria blijken onpraktisch,
omdat zij een betere sensitiviteit hebben dan specificiteit en dus beter zijn in het herkennen
van patiënten met voldoende gewichtsverlies dan in het herkennen van tegenvallend
gewichtsverlies, wat in de praktijk natuurlijk belangrijker is dan het eerste. Ook blijkt dat de
verwachtingen van patiënten met betrekking tot het te behalen resultaat in veel gevallen
onrealistisch zijn.
In hoofdstuk 11 - De Nederlandse bariatrische gewichtsverliesgrafiek: een multicenter
hulpmiddel voor het beoordelen van gewichtsresultaten tot zeven jaar na maagverkleining
en maagomleiding - worden vier minimumvereisten voor bariatrische percentiel-curven
voorgesteld. Een grafiek zou gebaseerd moeten zijn op uitkomsten van een cohort dat groot
en representatief genoeg is, bij voorkeur multicenter. Een grafiek zou een tijdsinterval moeten
beslaan dat lang genoeg is om de fase van gewichtstoename na het aanvankelijke
gewichtsverlies te omvatten. Een grafiek zou gebaseerd moeten zijn op onafhankelijke
gegevens, met slechts één postoperatieve meting per patiënt. Een grafiek zou gewichtsverlies
op een vergelijkbare wijze moeten kunnen weergeven, zo min mogelijk beïnvloed door de
uitgangs-BMI, bij voorkeur als %AWL of %TWL. Er worden twee van dergelijke grafieken
gemaakt, voor gewichtsverlies tot zeven jaar na LRYGB en LSG, met retrospectieve gegevens
van 9393 patiënten geopereerd in ons bariatrische centrum in Amsterdam en in twee grote
centra in Rotterdam en Eindhoven. Deze multicenter resultaten worden eveneens gebruikt
om de %AWL-maat ook voor LSG te valideren en om opnieuw de sensitiviteit en specificiteit
van bariatrische criteria te berekenen, nu voor beide bariatrische procedures. Criteria
50%EWL en 20%TWL onderschatten het aantal patiënten met tegenvallend gewichtsverlies
na LRYGB (specificiteit <60%), maar niet voor LSG (specificiteit >80%). Leeftijd, mannelijk
geslacht en T2DM correleren met tegenvallend gewichtsverlies.
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In hoofdstuk 12 - Interpretatie van laboratoriumresultaten na een maagomleiding operatie:
de effecten van gewichtsverlies en tijd op dertig bloedonderzoeken in een follow-up
programma van vijf jaar - wordt het gewichtsverlies van 4835 LRYGB-patiënten, geopereerd
in ons bariatrisch centrum in Amsterdam, gekwalificeerd met behulp van de +1 en -1
standaard deviatie (SD) %AWL-percentielen (p) uit hoofdstuk 11 als ‘uitstekend’ (>p+1SD),
‘gemiddeld’ (p+1SD tot p-1SD) en ‘tegenvallend’ (<p-1SD) en vervolgens retrospectief
gecorreleerd met laboratoriumresultaten van dertig bloedonderzoeken, gedurende vijf jaar
follow-up. Voor elk bloedonderzoek wordt een tabel gepresenteerd met mediaan en
afkapwaarden (p5 en p95), gespecificeerd voor elk van de drie subgroepen en zowel
preoperatief als een half, één, twee en vijf jaar postoperatief. De resultaten onderstrepen de
noodzaak voor follow-up met bloedonderzoek gedurende meer dan twee jaar na LRYGB,
aangezien veel patiënten een verhoogd bijschildklierhormoon vertoonden of een
aanhoudende ijzerdepletie ontwikkelden. De resultaten geven inzicht in de relaties tussen
postoperatieve tijd en gewichtsverlies met deficiënties, obesitas-gerelateerde inflammatie,
glucose- en lipidenmetabolisme. Ze kunnen in de praktijk helpen voor de interpretatie van
laboratoriumresultaten in de postoperatieve controles na bariatrische chirurgie.
In hoofdstuk 13 - Een systeembiologie benadering om darm microben en
gastheermetabolisme bij morbide obesitas te begrijpen: opzet van de BARIA longitudinale
cohortstudie - wordt het protocol van de BARIA longitudinale cohortstudie gepresenteerd,
samen met enkele voorlopige resultaten. De studie onderzoekt hoe darm microben en hun
metabolieten de transcriptie in lever, vetweefsel en darmen beïnvloeden en welke andere
persoonlijke factoren de resultaten na bariatrische chirurgie bepalen. Persoonlijke factoren
worden in kaart gebracht en onderzocht door uitgebreide fenotypering van patiënten die voor
bariatrische chirurgie in ons bariatrisch centrum zijn gepland, inclusief maaltijdtesten, feces
onderzoek, intra-operatieve biopsieën en poortader puncties en door de patiënten gedurende
minimaal twee jaar te volgen. In een subgroep worden de resultaten van de preoperatieve
maaltijdtest gebruikt om de waarde en de reproduceerbaarheid van de postprandiale curves
voor glucose, triglyceriden en insuline te valideren. De resultaten bevestigen dat
proefpersonen met verschillende classificaties van glucose controle duidelijk verschillende
curven laten zien. De uitgebreide analyse van de systeembiologie bij patiënten met morbide
obesitas in de BARIA-studie heeft tot doel diagnostische en therapeutische
aanknopingspunten te vinden voor de behandeling van obesitas en aanverwante ziekten.

De belangrijkste conclusies in dit proefschrift worden als volgt samengevat:


De populaire uitkomstmaat percentage excess weight loss (%EWL) kan leiden tot
verkeerde conclusies over uitkomsten van bariatrische en metabole chirurgie en zou
daarom niet meer mogen worden gebruikt.
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Geen enkel statisch criterium voor postoperatief gewichtsverlies, zoals 20% total weight
loss, 50% excess weight loss, of 35kg/m2 body mass index, is geschikt voor het opsporen
van patiënten met tegenvallende resultaten na bariatrische chirurgie.



De uitgangs- body mass index voorspelt noch het gewichtsverlies na een maagomleiding
operatie, noch de postoperatieve verbetering van diabetes mellitus type 2.



Resultaten van gewichtsverlies na bariatrische chirurgie worden het minst beïnvloed
door verschillen in uitgangs- body mass index, als zij worden uitgedrukt als percentage
alterable weight loss (%AWL).



Door de correlaties met leeftijd en geslacht zijn de nadir gewichtsverlies resultaten na
een maagomleiding operatie van mannelijke patiënten jonger dan 40 jaar gemiddeld
vergelijkbaar met die van vrouwelijke patiënten ouder dan 40 jaar.



Het persoonlijke stabiele lichaamsgewicht vóór de primaire bariatrische operatie moet
als uitgangsgewicht worden gebruikt voor het berekenen van postoperatief
gewichtsverlies, in plaats van het toevallige gewicht op de dag van de operatie; ook bij
revisie chirurgie.



Gewichtstoename na het aanvankelijke gewichtsverlies na bariatrische chirurgie moet
worden berekend ten opzichte van het preoperatieve uitgangsgewicht, niet ten opzichte
van het laagste postoperatief behaalde gewicht.



Uitkomsten na bariatrische chirurgie ondersteunen de hypothese van een
lichaamsgewicht homeostase met een persoonlijk richtgewicht dat onafhankelijk blijft
van de bariatrische operatie.



Bariatrische uitkomsten bij ernstig overgewicht voorspellen de minimale levensvatbare
body mass index bij ernstig ondergewicht.



Percentielgrafieken voor gewichtsverlies (vergelijkbaar met de groeicurven voor
kinderen), gebaseerd op percentage alterable weight loss (%AWL) verdienen de voorkeur
voor het beoordelen van gewichtsverlies, gewichtstoename en tegenvallende resultaten
na bariatrische chirurgie, boven bestaande methoden.



Langdurige follow-up na een maagomleiding operatie, inclusief bloedonderzoek, is
essentieel, aangezien deficiënties vooral na de eerste twee postoperatieve jaren
ontstaan.



De grote spreiding in de uitgangs- body mass index onder bariatrische patiënten en,
onafhankelijk daarvan, de grote spreiding in hun postoperatieve gewichtsverlies
ondersteunen beide de hypothese dat obesitas niet één type ziekte is.
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Chapter 16
Et cetera
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