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Abstract
Introduction Surgical treatment of obesity has not only
resulted in weight loss, but also the control of associated
diseases in the postoperative period. The aim of this study
was to determine the post-op response of type 2 diabetes
mellitus (DM2) to gastric bypass.
Methods A historical cohort study was performed involv-
ing all the diabetic, morbid obese patients who underwent
gastric bypass during the period of May 2000 to October
2006 at the Centro da Obesidade Mórbida. Patient records
were reviewed with regard to sex, age, anthropometric
measurements, glycemia, glycosylated hemoglobin, pre-op
insulin, and DM2 outcome.
Results A total of 125 diabetic, morbid obese patients were
operated; they had a mean age of 42.6±9.7 years and body
mass index of 49±8.3 kg/m2. Of these patients, 63 (50.4%)
required medication for control of DM2, and the rest
managed only with diet.

Of these 63 patients, 43 (68.2%) achieved control of
DM2 and were discharged without the need for antidiabetic
medication, and 20 (31.7%) were discharged still on
medication. One month after surgery, seven more patients
discontinued medication for DM2, and 18 months after
surgery, 97.6% of the patients showed control of DM2.
Conclusion Gastric bypass is effective in controlling DM2
in morbid obese patients.

Introduction

Type 2 diabetes mellitus (DM2) is a disease associated with
morbid obesity in approximately 20% of patients. The
treatment of DM2 is based on diet and the use of
medications such as oral hypoglycemics and insulin.
Surgical treatment of morbid obesity has not only resulted
in weight loss but also the control of comorbidities, such as
systemic arterial hypertension, DM2, and dyslipidemia
[1, 2]. Recent studies have probed the mechanism by which
morbid obese patients control DM2 after bariatric surgery
[3–15]. The large majority of these patients are discharged
4 days after surgery without the need for antidiabetic
medication. Different responses have been observed after
restrictive surgeries, malabsorptive surgeries (Scopinaro,
duodenal switch), and combination surgeries (gastric
bypass) [8, 13, 14, 16].

Initial results suggest that the control of DM2 in
operated patients is not only related to weight loss or
change in diet. Intestinal diversion has demonstrated an
important role, where it is involved with hormonal factors
that are still poorly understood [3, 5–8, 13, 15, 17].

The aim of this study was to determine the postoperative
response of DM2 to gastric bypass.

Method

The historical cohort included 660 morbid obese patients
submitted to gastric bypass in the period of May 2000 to
October 2006. Of these, 125 (18.9%) had DM2 at the time
of surgery. All the patients had their anthropometric data
recorded at pre-op, along with fasting blood sugar and
glycosylated hemoglobin and insulin levels. The measure-
ments of intestinal diversion were taken intra-operatively.

DOI 10.1007/s11695-007-9249-1

C. C. Mottin (*) :A. Vontobel Padoin : C. E. Schroer :
F. T. Barancelli : L. Glock :G. Repetto
Centro da Obesidade Mórbida—Hospital São Lucas da PUCRS
(COM HSL/PUCRS), Porto Alegre, Brazil
e-mail: claudiomottin@terra.com.br

Present Address:
C. C. Mottin
Av. Ipiranga 6690/302, Porto Alegre, RS, Brazil 90610-000

Received: 15 May 2007 / Accepted: 29 June 2007 / Published online: 4 January 2008

OBES SURG (2008) 18:179–181



The biliary limb was considered between Treitz’s angle and
the section site, and the alimentary limb between the gastro-
entero anastomosis and the entero-entero anastomosis. The
medications utilized by the patients and their modifications
were recorded in the medical chart. The diagnostic criteria
for DM2 were defined according to the Adult Treatment
Panel III [18]. The patients had a post-op follow-up by a
multidisciplinary team. The criterion used for the resolution
(cure) of DM2 was the control of fasting glycemia in the
absence of medications.

Results

A total of 125 morbid obese patients diagnosed with DM2
were studied. Of these, 49 (39.2%) were men, and they had
a mean age of 42.6±9.7 years, body mass index (BMI) of
49±8.3 kg/m2, waist of 135.6±16 cm, and waist-to-hips
ratio of 0.99±0.1. Of the 125 patients, 63 (50.4%) needed
medication for control of DM2, and the rest managed with
only diet.

Of these 63 patients, 43 (68.2%) achieved control of DM2
and were discharged without the need for antidiabetic
medication, whereas 20 were discharged still on medication.
Of the latter 20 patients, 7 discontinued medication at
1 month after surgery, 3 at 3 months, 2 at 4 months , and 3
at 6, 8, and 10 months. One year after surgery, only 4 patients
remained on medication, where 1 interrupted use on the 17th
month. Thus, of the 63 patients on medication at pre-op, 60
(95.2%) had control of DM2. The other diabetic patients,
who were not on medication at pre-op, maintained glycemic
control after surgery. When taking into consideration all the
125 diabetic patients operated, glycemic control not requir-
ing antidiabetic medication was observed in 122 (97.6%).
None of these patients showed a return of increased glycemic
levels during post-op follow-up, where 22 patients had been

operated more than 5 years ago. The three patients who
stayed on medication did not show any differences compared
with the rest of the group with respect to the factors studied.

The patients who needed medication for DM2 after
surgery were compared with those who did not, with
respect to the pre-op characteristics and extent of the
intestinal diversion performed (Table 1). There was no
difference between these two groups with regard to sex,
age, BMI, waist, and insulin use (p>0.05), but there was a
significant difference with respect to glycemia and glyco-
sylated hemoglobin (p<0.001).

Discussion

Gastric bypass was shown to be effective in the control of
DM2 in morbid obese patients. The rapid response to
treatment observed by glycemic control even in the first
days after surgery suggests that the participation of
hormonal factors are not yet well defined [7, 15].

The patients with more than 5 years follow-up continued
with DM2 in control, which provided evidence of the
efficacy of the treatment in the long run.

In this study, only pre-op glycemia and glycosylated
hemoglobin were identified as factors that influenced the
time of response in the control of DM2.

The pathophysiology of DM2 is a subject that stills
generates many uncertainties [14]. DM2 is a disease that
affects about 150 million people in the world, and this
number is expected to grow substantially in the next
decades [19]. As it is not a disease restricted to morbid
obesity, questions are raised in regard to the effect of gastric
bypass in non-obese patients [14]. A study [20] with non-
obese diabetic rats showed the control of DM2 after gastric
bypass. Therefore, non-obese diabetic patients may also
benefit from the surgical treatment for the control of their

Table 1 Pre-operative data of patients with and without medication for DM2

Remained on antidiabetics after
discharge n=20

Discontinued antidiabetics at time
of discharge n=43

Were not on medication
of for DM2 n=62

p values

Males 7 (35.0%) 17 (39.5%) 25 (40.3%) 0.912
Age (years) 43.9±12.2 44.7±8.6 40.7±9.2 0.085
BMI (kg/m2) 48.4±8.7 48.9±8.8 49.3±8.0 0.922
Waist (cm) 133.7±16.6 135.8±16.0 136.1±16.0 0.856
Glucose (mg/dl) 205±86 191±75 137±38 <0.001
Glycosylated hemoglobin (%) 7.5±1.6 8.1±2.6 5.9±1.9 <0.001
Insulin (mU/ml)a 27.7±24.6 29.0±17.5 28.8±17.9 0.978
Biliary limb (cm) 55±5 58±10 58±9 0.425
Alimentary limb (cm) 166±32 149±43 156±45 0.349

a Patients on exogenous insulin use were excluded in the analysis of insulin levels.
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disease. Further studies area needed to test this hypothesis
and to define which patients can benefit or not from some
surgical treatment modality.

References

1. MacDonald KG Jr, Long SD, Swanson MS, et al. The gastric
bypass operation reduces the progression and mortality of non-
insulin-dependent diabetes mellitus. J Gastrointest Surg 1997;
1:213–20; discussion 20.

2. Sjostrom CD. Surgery as an intervention for obesity. Results from
the Swedish obese subjects study. Growth Horm IGF Res 2003;13
(Suppl A):S22–6.

3. Cummings DE, Overduin J, Foster-Schubert KE. Gastric bypass
for obesity: mechanisms of weight loss and diabetes resolution. J
Clin Endocrinol Metab 2004;89:2608–15.

4. Gumbs AA, Modlin IM, Ballantyne GH. Changes in insulin
resistance following bariatric surgery: role of caloric restriction
and weight loss. Obes Surg 2005;15:462–73.

5. Lima J, Helena L, Oliveira S, et al. Rapid resolution of diabetes
after gastric bypass. Obes Surg 2005;15:448–9.

6. Mason EE. Ileal [correction of ilial] transposition and enter-
oglucagon/GLP-1 in obesity (and diabetic?) surgery. Obes Surg
1999;9:223–8.

7. Mason EE. The mechanisms of surgical treatment of type 2
diabetes. Obes Surg 2005;15:459–61.

8. Patriti A, Facchiano E, Sanna A, et al. The enteroinsular axis and
the recovery from type 2 diabetes after bariatric surgery. Obes
Surg 2004;14:840–8.

9. Pinkney JH, Sjostrom CD, Gale EA. Should surgeons treat
diabetes in severely obese people? Lancet 2001;357:1357–9.

10. Pories WJ. Why does the gastric bypass control type 2 diabetes
mellitus? Obes Surg 1992;2:303–13.

11. Pories WJ, Albrecht RJ. Etiology of type II diabetes mellitus: role
of the foregut. World J Surg 2001;25:527–31.

12. Pories WJ, Swanson MS, MacDonald KG, et al. Who would have
thought it? An operation proves to be the most effective therapy
for adult-onset diabetes mellitus. Ann Surg 1995;222:339–50;
discussion 50–2.

13. Rubino F, Forgione A, Cummings DE, et al. The mechanism of
diabetes control after gastrointestinal bypass surgery reveals a role
of the proximal small intestine in the pathophysiology of type 2
diabetes. Ann Surg 2006;244:741–9.

14. Rubino F, Gagner M. Potential of surgery for curing type 2
diabetes mellitus. Ann Surg 2002;236:554–9.

15. Rubino F, Gagner M, Gentileschi P, et al. The early effect of the
Roux-en-Y gastric bypass on hormones involved in body weight
regulation and glucose metabolism. Ann Surg 2004;240:236–42.

16. Buchwald H, Avidor Y, Braunwald E, et al. Bariatric surgery: a
systematic review and meta-analysis. JAMA 2004;292:1724–37.

17. Ballantyne GH. Peptide YY(1–36) and peptide YY(3–36): Part II.
Changes after gastrointestinal surgery and bariatric surgery. Obes
Surg 2006;16:795–803.

18. Executive Summary of The Third Report of The National
Cholesterol Education Program (NCEP). Expert panel on detec-
tion, evaluation, and treatment of high blood cholesterol in adults
(Adult Treatment Panel III). JAMA 2001;285:2486–97.

19. Narayan KM, Gregg EW, Fagot-Campagna A, et al. Diabetes—a
common, growing, serious, costly, and potentially preventable
public health problem. Diabetes Res Clin Pract 2000;50(Suppl 2):
S77–84.

20. Rubino F, Marescaux J. Effect of duodenal-jejunal exclusion in a
non-obese animal model of type 2 diabetes: a new perspective for
an old disease. Ann Surg 2004;239:1–11.

OBES SURG (2008) 18:179–181 181


	Behavior of Type 2 Diabetes Mellitus in Morbid Obese Patients Submitted to Gastric Bypass
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Method
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


