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Background. Bariatric surgery has proven to provide durable weight loss and control of comorbid
conditions, including the metabolic syndrome (MS). Existing definitions of MS have caused substantial
confusion regarding their concordance for identifying the same individuals. The aim of this study was to
assess the value of 2 different diagnostic guidelines criteria (National Cholesterol Education Adult
Treatment Panel III [ATP I1I] and International Diabetes Federation [IDF]) for the evaluation of
remission of MS after Roux-en-Y gastric bypass (RYGB).

Patients and methods. A cohort of 381 patients who underwent a primary RYGB, satisfied the criteria
for MS, and had at least ol postoperative visit were selected. Weight loss and MS remission were
analyzed 6 and 12 months after surgery by ATP III and IDF criteria.

Results. Before surgery, 381 (48.9%) and 354 (45.4 %) patients fulfilled the criteria for MS according
to the ATP III and IDE respectively. According to the ATP III definition, remission of MS after bariatric
surgery occurred in 209 of 239 (87.4%) and 98/102 (96.1%) patients at 6 and 12 months,
respectively. According to the IDF definition, this occurred in 180 of 232 (77.6%) and 54 of 64
(84.4%) at the same time periods. On the basis of different percentage of excess body weight loss cut-off
values, the area under the curve in receiver operating characteristic analysis at 12 months was slightly
better for ATP III (0.77) than IDF criteria (0.68) for remission of MS.

Conclusions. With the use of the IDF definition, the remission rate of MS was 10% more rigorous than
with use of the ATP-III criteria. This feature is attributable to a greater discrimination of patients with
high blood pressure, glycemia, and dyslipidemia. The IDF criteria seem more accurate to evaluate MS
remission. (Surgery 2015;1-H-A.)
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OBESITY IS A SYSTEMIC, CHRONIC, AND MULTIFACTORIAL DIS-
Eask.” According to the World Health Organiza-
tion, the frequency of obesity has almost doubled
since 1980.° In Mexico, its prevalence has
increased dramatically in the past decades. Among
the members of the Organization for Economic
Cooperation and Development, Mexico is the
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Table I. MS criteria based on ATP III and IDF criteria
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Diagnosis of MS by ATP III criteria
(=3 of the following criteria)

Diagnosis of MS by IDF criteria (Abnormal
waist plus any of the remaining factors)

Waist circumference >102 cm for males
>88 cm for females

Triglycerides >150 mg/dL

HDL cholesterol <40 mg/dL for males

<50 mg/dL for females

Blood pressure =130/85 mm Hg

Fasting plasma glucose =100 mg/dL

=90 cm in males

=80 cm in females

=150 mg/dL

or with specific treatment

<40 mg/dL in males

<50 mg/dL in females

or with specific treatment

=130/85 mm Hg

or specific treatment for previously diagnosed arterial
hypertension

=100 mg/dL

or previously diagnosed T2D

ATP III, National Cholesterol Education Adult Treatment Panel; HDL, high-density lipoprotein; IDE International Diabetes Federation; MS, metabolic

syndrome; 72D, type 2 diabetes.

second country, after the United States, with a
greater prevalence of obesity.”

The intra-abdominal and visceral adipose tissues
are metabolically hyperactive and linked with the
pathogenesis of insulin resistance, hypertriglycer-
idemia, and low levels of high-density lipoprotein
(HDL) cholesterol.” There is a well-established
relationship between the deposition of abdominal
fat and the development of metabolic syndrome
(MS).”" This term is a group of interconnected
components that increase the risk for having car-
diovascular events and type 2 diabetes (T2D),
which are currently the main causes of mortality
worldwide.”

Several organizations have proposed different
diagnostic criteria, causing substantial confusion
regarding their concordance for identifying the
same individuals.” Visceral adiposity, hypertrigly-
ceridemia, arterial hypertension, hyperglycemia,
and low HDL cholesterol levels are the traits
considered in the most-used MS diagnostic
criteria. Although all definitions are based on
similar principles, cutoff values and some diag-
nostic criteria differ between them. Two of the
definitions most commonly used are the ones pro-
posed by the National Cholesterol Education
Adult Treatment Panel III (ATP III)" and by the
International Diabetes Federation (IDF).'” In
contrast with the ATP IIl-based MS definition,
the IDF criteria require an abnormal waist
circumference to make the diagnosis, include
the application of different cut-off values for
waist circumference according to the ancestral
origin of the population, and take into consider-
ation the specific treatment for each MS
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Bariatric surgery has proven to induce long-
lasting weight loss and control of comorbid condi-
tions, including the traits of MS.'” The aim of this
study was to assess the value of 2 different diag-
nostic guidelines criteria (ATP III and IDF) for
the evaluation of MS remission in a longitudinal
cohort of obese patients undergoing a Roux-en-Y
gastric bypass (RYGB).

PATIENTS AND METHODS

A review of our prospectively constructed data-
base was performed. A total of 779 patients who
underwent RYGB between 2004 and 2013 were
scrutinized. All patients who fulfilled the following
3 criteria were included in this study: (1) A primary
RYGB, (2) MS criteria according to ATP III or IDF
criteria, and (3) a minimum of 1 follow-up visit
within the first year after RYGB. Data for the
analysis were obtained immediately before surgery
and at 6 and 12 months of follow-up. A range plus/
minus 3 months was allowed in all time periods.
The protocol was executed in accordance with the
Helsinki Declaration and was approved by the
Ethics Committee of the American British Cowdray
Medical Center.

According to the ATP II definition, MS was
determined with the presence of 3 or more
diagnostic criteria, whereas for the IDF criteria,
MS was diagnosed when patients displayed 2 or
more factors in addition to central obesity
(defined as an abnormal waist circumference).
Diagnostic criteria for MS according to both
definitions are shown in Table I.

Remission of MS was considered as follows:
fewer than 3 criteria for the ATP III definition;
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Table II. Demographic information of the
included patients based on MS criteria groups
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Table III. Preoperative distribution of the number
of MS criteria according to ATP III and IDF

Diagnosis of Diagnosis of

MS by ATP IIT MS by IDF
(n = 354) (m = 381)
Sex, male/female 181/173 190/191
Age, mean + SD 409 + 11.3 409 +11.3
BMI, mean + SD 43.2 + 6.3 43.2 + 6.4

Abnormal waist 355 374
circumference, n

ATP III, National Cholesterol Education Adult Treatment Panel, BMI,
body mass index; IDFE, International Diabetes Federation; MS, metabolic
syndrome; SD, standard deviation; 72D, type 2 diabetes.

700
®IDF

ATP
60,0

50,0

62,5
588
53,7
50,8
48,9
a4
43,
35 421
397
0,0
32,7 316
300 291
200
FEV 16/55 1007239 220 201/374 LIS PVl /50 o 0 PV 3541779
100
00

BMI30-34.9 BMI35-39.9 BMI 40-49.9 BMI50-59.9 8MI 260 Total

Fig 1. Prevalence of MS based on the BMI before bariat-
ric surgery.

and the normalization of waist circumference or
abnormal waist circumference plus one additional
criterion for the IDF criteria. Weight loss and
remission of MS were evaluated at 6 and 12 months
after RYGB. Excess body weight loss (EBWL) was
calculated as follows:

EBWL = (Weight at Surgery
— Weight at 6 or 12 months)
/(Weight at Surgery — Ideal Body Weight)

All biochemical and laboratory variables were
measured at the central laboratory of the Amer-
ican British Cowdray Medical Center with commer-
cially available reagents. The laboratory is certified
by the American College of Pathologists and the
ISO 9001-2000.

Statistical analysis. Microsoft Excel (Redmond,
WA) and IBM SPSS Statistics version 21.0 (IBM,
Armonk, NY) were used for statistical analysis. Data
were expressed as mean =+ standard deviation
whenever a normal distribution was determined.
Univariate analysis was used for individual variables

ATP II1 IDF*
n % n %
3 criteria for MS 201 56.8 172 45.1
4 criteria for MS 112 31.6 147 38.6
5 criteria for MS 41 11.6 62 16.3
Total patients 354 100 381 100

*All patients had an abnormal abdominal circumference plus 2, 3, or 4
additional criteria Kappa = 0.58, P < .0001.

ATP III, National Cholesterol Education Adult Treatment Panel; IDF, In-
ternational Diabetes Federation; MS, metabolic syndrome.

depending on the intrinsic variable scaling,
whereas bivariate analysis was performed to assess
potential statistical associations or correlations.
The ¢ test and analysis of variance were used to
analyze continuous variables. For categorical vari-
ables, R X C tables were used with the chi-square
and Fisher exact test, whereas Kendall’s tau was
used for ordinal variables in all statistical contrasts.
Parametric and nonparametric correlations were
performed through the use of Pearson’s, Kendall’s
tau-b for concordance paired values and Spear-
man’s tests.

RESULTS

From the 779 scrutinized patients, 381 fulfilled
the inclusion conditions. All patients met the
diagnostic criteria for MS according to ATP III
and 354 according to the IDF. Clinical follow-up
was 72.9% (278/381) at 6 months and 53.8%
(205/381) at 12 months. Demographic informa-
tion of each group is shown in Table II.

Before surgery, an abnormal waist circumference
was found in 355 (94.9%) patients according to ATP
III criterion, whereas it was abnormal in 374 (100%)
according to the IDF and in 355 according to both. A
total of 205 patients (53.8%) fulfilled diagnostic
criteria for T2D, and 129 were on oral medication.
Arterial hypertension had been documented in 222
patients (58.3%) and 158 were on treatment
(62.9%). Hypertriglyceridemia was present in 238
(63.6%), but only 27 patients (11.3%) were treated
with drug therapy and 260 (69.5%) patients had low
levels of HDL cholesterol. Preoperative prevalence
of MS according to the degree of obesity is shown in
Fig 1. More than half of our cohort of patients had a
body mass index (BMI) between 40 and 49.9 kg/m”>.
The preoperative distribution of criteria according
to each definition of MSis shown in Table III. Before
surgery, the diagnosis of MS was established in 354
patients with the use of ATP III and in 381 with the
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Table IV. Discordant cases with diagnosis of MS based on ATP III and IDF criteria before and 6 and

12 months after surgery

Before surgery 6 mo 12 mo
ATPIIn (%) IDFn (%) ATPIIn (%) IDFn (%) ATPIIn (%) IDFn (%)

Hypertension 7 (25.9) 21 (77.8) 2 (9.5) 15 (71.4) 0 1 (20)
Hyperglycemia 3(11.1) 19 (70.4) 3 (14.3) 9 (42.9) 1 (20) 2 (40)
Abnormal waist 27 (100) 27 (100) 7 (33.3) 21 (100) 0 2 (40)
Decreased HDL 10 (37) 10 (37) 16 (76.2) 16 (76.2) 1 (20) 1 (20)
Hypertriglyceridemia 4 (14.8) 6 (22.2) 8 (38.1) 8 (38.1) 1 (20) 1 (20)
Total of discordant cases 27 21 5

ATP III, National Cholesterol Education Adult Treatment Panel; HDL, high-density lipoprotein; IDF, International Diabetes Federation.

N n=136/147
n=213/245 n=244/267

n=287/342
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Fig 2. Percentage of EBWL and MS remission frequency
according to the ATP III and IDF criteria at 6 months
and 1 year postoperatively.

use of IDF (discordant diagnosis was observed in 27
patients; 3.7%). Concordance for MS criteria be-
tween ATP IIT and IDF atbasal time, 6 and 12 months
postoperatively, is displayed in Table IV. As it can be
observed, discordance is explained by the fact that
IDF criteria were superior for categorizing patients
with arterial hypertension, hyperglycemia, and
dyslipidemia.

All patients included in our analysis underwent
a primary RYGB. Major postoperative complica-
tions occurred in 9 patients (gastrointestinal
bleeding requiring transfusion in 4, intra-
abdominal bleeding requiring reoperation in 2,
gastric leaks in 2, and acute renal insufficiency in
1). All complications resolved soon after surgery,
and there were no subsequent complications or
clinical conditions that may have affected the
6-month and 12-month analysis. Fig 2 shows the
%EBWL mean + standard deviation and the per-
centage of remission of the MS at 6 and 12 months
after RYGB. Observed trends for the %EBWL and

remission of MS persisted 6 and 12 months after
surgery. The magnitude of %EBWL was associated
with the percentage of remission of MS at 6 and
12 months regardless of the applied diagnostic
criteria. On the basis of different %EBWL cut-off
values, the area under the curve in the receiver
operating characteristic analysis for MS remission
at 6 and 12 months was slightly better for ATP III
(0.77) than IDF criteria (0.69) (Fig 3). The best
cut-off values of %EBWL for predicting MS remis-
sion at 6 months using ATP III criteria was a 48.3%
(sensitivity = 70.3% and specificity = 47%) and
48.7% using IDF criteria (sensitivity = 58.2% and
specificity = 54.5).

The relationship between the number of MS
criteria and the %EBWL was specifically scruti-
nized by stratified analysis. Nevertheless, there was
no association between the number of MS traits
present before surgery and the amount of weight
loss at 6 months and 1 year. In contrast, patients
with less weight loss remained with a significantly
greater number of MS traits at 6 and 12 months
when both criteria were used (Fig 4). A more
detailed assessment of the MS components and
other metabolic traits throughout the investigated
time periods (preoperatively and at 3, 6, 9, and
12 months postoperatively) is shown in Fig 5.
RYGB exhibited a superior effect on the frequency
of T2D remission and cholesterol levels but with a
lesser impact on the waist circumference.

DISCUSSION

Obesity is associated with an increased risk for
hypertension, hyperglycemia, respiratory prob-
lems, and cardiovascular disease.'” Central obesity
is particularly associated with MS, with a resulting
increase in the mortality rate caused by cardiovas-
cular disease.'* Several definitions of MS have
been suggested; the most frequently used are
the definitions established by the ATP III and
the IDF.%'"1
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Fig 3. Receiver operating characteristic analysis estimating the

the use of ATP III and IDF criteria.

Bariatric surgery has proven to provide durable
weight loss and control of comorbid conditions,
including the MS. Buchwald et al.'® demonstrated
that with a mean excess weight loss of 61.2%, T2D
resolved in 76.8% and improved in 86% of the pa-
tients; hyperlipidemia improved in more than 70%
of patients, and high blood pressure resolved in
61.7% and improved in 78.5% of patients. Several
studies have demonstrated the remission of MS
after bariatric surgery in different populations;
however, it is difficult to compare the results
because the lack of homogeneity in terms of the
used criteria, the follow-up periods, and the opera-
tive procedures. In a study of 50 patients with MS
and a BMI between 30 and 40 kg/m® Heffron
et al.'” found a 65% remission rate 1 year after
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%EBWL sensitivity and specificity for remission of MS by

laparoscopic adjustable gastric banding. Using
the Assessment of Obesity-Related Comorbidities
Scale, Inabnet et al'® studied remission of MS after
RYGB. The remission rate of T2D diabetes at lyear
was 62%. Rossi et al.'” reported 88.6% of MS remis-
sion 6 months after RYGB when the mean excess
weight loss was 67.8%. Batsis et al”’ evaluated the
resolution of MS 3.4 years after bariatric surgery
by using the American Heart Association/National
Heart, Lung, and Blood Institute criteria. Remis-
sion of the syndrome occurred in 71% of operative
patients with a mean excess weight loss of
59% + 20. Finally, in a study similar to our study,
Nora et al*' found 69.7% remission of MS 1 year
after surgery. In our patients, maximum weight
loss 1 year after surgery was 72.1 + 26.4%, and
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Fig 4. Boxplots showing the magnitude of %EBWL associated with the persistence of abnormal metabolic syndrome

traits after 6 and 12 months.

remission of metabolic syndrome was 92.5% and
79.8%, respectively, when the ATP III and the
IDF definitions were used.

The ATP IIT and the IDF definitions for MS have
different cutoff diagnostic values. The IDF defini-
tion considers central obesity, measured by waist
circumference, as the principal element for the
diagnosis, whereas the ATP III definition assigns
the same value to all components.” Furthermore,
the IDF definition establishes a cut-off value for
waist circumference according to population
ethnicity and also takes into consideration the
treatment of each component of the MS."" These
diagnostic criteria do not identify the same individ-
uals as affected. The use of the IDF definition re-
sults is a greater prevalence and the clinical
profile of the affected subjects is less severe
compared with the results derived from other diag-
nostic criteria.”” This result is mainly attributable
to a lower waist circumference threshold,

especially in overweight individuals. Because our
population was entirely composed of obese individ-
uals with a large waist circumference, we explored
whether the lack of agreement between diagnostic
criteria persisted. As shown in Fig 1, the difference
in the prevalence was small. This observation sug-
gests that both criteria have a similar diagnostic
performance in obese candidates for bariatric
surgery.

The resolution of the MS could be used as an
outcome to assess the metabolic effect of bariatric
surgery. In our study, MS remission was greater
when we used the ATP III compared with the IDF
criteria at all time periods. This observation may be
attributable to the fact that IDF considers abdom-
inal obesity as a required abnormal trait to be
corrected or, if it remains present, only one
additional trait may persist. As a result, it will
take a greater %EBWL and/or a longer time to
achieve the remission with the IDF criteria. Thus,
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Fig 5. Prevalence of the different MS components before and after bariatric surgery.

the use of the IDF criteria as an outcome of
bariatric surgery will have the opposite effect to
that described when it is used as a diagnostic tool.
When the IDF is used, it is difficult to compare
remission of MS with other series, because it has
been used very little in patients undergoing bar-
iatric surgery.

Nora et al”' previously reported that the per-
centage of excess body mass index lost represents
a good parameter for predicting MS resolution
because they found that the area under the curve
was between 0.75 and 0.85. In a similar fashion,
Rossi et al”” evaluated the correlation of different
anthropometric indexes with MS remission. They
found that the percentage of excess body mass
index lost was the best indicator of MS remission
in morbidly obese patients after RYGB. This fact
might point out the relevance of bariatric surgery
to provide not only durable weight loss but also

metabolic improvement. It was interesting to see
in our results that %EBWL displayed a significant
negative correlation with MS remission and the
number of MS components (P =.001). This corre-
lation was demonstrated for the 2 MS criteria used
in this work (IDF and ATP III). This association
points out the importance of the %EBWL on the
number of criteria across all time points. An
EBWL of 48% had the greatest sensitivity and spec-
ificity to predict MS remission when both criteria
were used.

We recognize, among the limitations of our
study, the number of patients who were lost to
follow-up (27.1% at 6 months and 46.2% at
12 months); however, the relatively large sample
size (greater than 205 patients) allowed us to have
enough numbers to analyze our primary objective.
It is important to mention that the initial profile
(sex, age, fat mass, glycemia, blood pressure, HDL,
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triglycerides, cholesterol, and low-density lipopro-
tein) of nonfollowed patients was similar to that of
the subjects available for the l-year analysis (sepa-
rated Student ¢ tests; P = .318 for all comparisons).
Patients lost for follow-up had a BMI 3 kg/m®
greater than followed patients (Student ¢ test;
P=.001).

In conclusion, our results showed evidence that
the use of the IDF and the ATP III criteria in
morbidly obese individuals renders contrasting
conclusions depending on the purpose of the
analysis. When these definitions are used to assess
the outcome of bariatric surgery, the remission
rate of MS with the IDF definition is roughly 10%
more rigorous at 6 and 12 months compared with
the ATP-III criteria. This is explained by the fact
that IDF criteria were better to discriminate cases
with high blood pressure, glycemia, and dyslipide-
mia. On the basis of these findings, we believe that
the use of the IDF diagnostic criteria is more
accurate and meticulous to assess MS remission in
bariatric patients.
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