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Abstract

Background Cancer gastrectomy seems to benefit type 2

diabetes; however, results are conflicting. In a prospective

protocol, including retrospective information, the aim

was assessment of changes in glucose profile in patients

with both normal and deranged preoperative glucose

homeostasis.

Methods Patients (N = 164) with curative subtotal or

total Roux-en-Y gastrectomy for gastric cancer (n = 92),

or Roux-en-Y gastric bypass for morbid obesity (RYGB,

n = 72) were preoperatively classified into diabetes

(including prediabetes) and control group. Postoperative

diabetes outcome was stratified as responsive or refractory,

and results in controls were correspondingly defined as

stable or new-onset diabetes (NOD), according to fasting

blood glucose and HbA1c. Dietary intake and biochemical

profile was documented. Statistical methods included

analysis of variance, multivariate logistic regression, and

propensity score matching according to postoperative

weight loss.

Results Age of cancer cases was 67.9 ± 11.5 years,

56.5 % males, initial body mass index (BMI) 24.7 ± 3.7,

current BMI 22.6 ± 3.8 kg/m2, and follow-up 102.1 –
51.0 months, whereas in bariatric individuals age was

51.4 ± 10.1 years, 15.3 % males, initial BMI 56.7 ± 12.2,

current BMI 34.8 ± 8.1 kg/m2, and follow-up 104.1 –
29.7 months. Refractory disease corresponded to 62.5 %

(cancer) versus 23.5 % (bariatric) (P = 0.019), whereas

NOD represented 69.2 versus 23.8 % respectively (P =

0.016). Weight loss (DBMI) was associated with diabetes

response in cancer patients but not with NOD. No difference

between subtotal and total gastrectomy was detected.

Divergent outcomes (refractory vs. responsive) were con-

firmed in BMI-similar, propensity-matched cancer gastrec-

tomy patients with preoperative diabetes, consistent with

weight-dependent and -independent benefits.

Conclusions Diabetes response was confirmed, however

with more refractory cases than in bariatric controls,

whereas high proportions of NOD occurred. Such dichot-

omous pattern seems unusual albeit consistent with previ-

ous studies.

Keywords Diabetes mellitus � New-onset diabetes �
Gastric cancer � Subtotal gastrectomy � Total gastrectomy �
Fasting blood glucose � HbA1c � Roux-en-Y gastric bypass

Gastrectomy for cancer, and particularly total gastrectomy,

has been associated with postprandial hyperglycemia and

impaired insulin response in the early postoperative period.

In one study, such derangement correlated with HbA1c

concentration, suggesting a lasting impact and possible

precipitation of diabetes mellitus [1]. Such findings are in

agreement with experimental and clinical protocols, dem-

onstrating diminished tolerance to oral glucose challenge

and insufficient insulin response in gastrectomized mice

and patients [2, 3].

In contrast, it is reported that nonobese diabetic patients

undergoing cancer and noncancer stomach resection
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exhibit diabetes alleviation. Responses comparable to, and

occasionally exceeding, those seen in bariatric interven-

tions are announced, notably with Roux-en-Y reconstruc-

tion. Lanzarini et al. [4] documented remission or

improvement in more than 95 % of the cases. Cai et al. [5]

observed 90 % success in those submitted to Roux-en-Y

reconstruction. Yang et al. [6] reported amelioration in

81 %, and 71 % of the subjects in the cohort of Zervos

et al. [7] benefited. Such effects became apparent after

periods ranging from a few months to many years.

More disappointing outcomes can be found as well, with

weak or absent diabetes amelioration after gastrectomy

[8, 9]. Most series include recently operated participants,

among which active cancer is difficult to rule out. Body

weight changes are not always recorded, therefore impli-

cations of weight loss and calorie restriction are incom-

pletely known, only extent of resection and modality of

reconstruction, with or without duodenal exclusion, being

underscored in most circumstances. Control cohorts are

rarely considered; consequently appreciation of the natural

history of diabetes in such context cannot always be

gleaned.

Given the relevance of the subject and the relatively

scarce and controversial literature, a study documenting

postoperative diabetes course was designed. The objective

was long-term assessment of changes in glucose profile in

patients submitted to gastrectomy, with both normal and

deranged preoperative glucose homeostasis.

To the best of our knowledge, this is the first protocol

simultaneously addressing diabetic and nondiabetic popu-

lations, respectively undergoing cancer gastrectomy along

with Roux-en-Y gastric bypass (RYGB) for morbid

obesity.

Mechanisms sparking attenuation of diabetes after

conventional gastrectomy were expected to be the same as

in bariatric surgery, namely weight loss combined with

remodeling of the gastrointestinal tract. Nonetheless,

weaker benefits were predicted, given the older age, hea-

vier diabetes burden, and milder weight loss. The risk of

adverse effects of cancer gastrectomy on glucose regula-

tion in nondiabetic controls also was considered a worthy

hypothesis, as anticipated before [1–3].

Methods

Experimental design and patient enrollment

This was a prospective, observational case-control study

including retrospective information, in which cancer

patients undergoing stomach resection were compared with

a control population of RYGB patients (Trial Registration

Identifier: NCT 01518023). Operated candidates in the late

follow-up period were recruited for selection and informed

consent, subsequently undergoing clinical and biochemical

assessment. Preoperative information was retrieved from

hospital files. In both the cancer and the morbid obesity

cohorts, priority was given to patients with impaired fasting

glucose to avoid underrepresentation of such category. In

this sense, this was a consecutive series within each glu-

cose homeostasis modality. Patients screened for the

presence of prediabetes or diabetes were consecutively

enrolled in the appropriate group, and the same was done

with those free from such derangements.

Population

Patients who underwent curative subtotal or total gastrec-

tomy for gastric cancer or gastric bypass for morbid

obesity, both with Roux-en-Y reconstruction, were con-

secutively recruited (N = 164). Criteria of inclusion were

age [18 years (males and females), [3 years follow-up,

stable weight in the past year, no evidence of disease (for

cancer patients), and informed consent. Criteria of exclu-

sion were additional surgical procedures or take-down of

the original operation, dumping syndrome, organ or cell

transplantation, HIV/AIDS, tuberculosis or other con-

sumptive disease, history of pancreatitis or pancreatic

surgery, organ failures, use of corticosteroids, immune

modulators, radio- or chemotherapy, malnutrition requiring

protein-calorie supplementation, pregnancy or lactation,

alcohol or drug addiction, cognitive impairment or

Alzheimer’s disease, and refusal to participate in the study.

Stratification

In the main cancer cohort, presence of prediabetes or dia-

betes was confirmed (diabetics, n = 40), whereas a second

group without derangements of glucose homeostasis

(controls, n = 52) was included.

Bariatric candidates submitted to RYGB (n = 72),

identically stratified and matched regarding follow-up

period, were studied for comparative purposes (Fig. 1).

Matching according to age was not possible because of the

demographic gap; however, bariatric cases \40 years old

were eliminated (Fig. 1).

Definitions

DM and prediabetes were diagnosed according to the 2010

criteria of the American Diabetes Association [10]. An

individual was considered to have diabetes if receiving

pharmacologic prescription, with fasting blood glucose

(FBG) C126 mg/dL, or with HbA1c C6.5 %. Prediabetes

was identified by impaired fasting glucose (100–125 mg/dL)

or HbA1c 5.7–6.4 %, with or without medication. Controls
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were those with normal biochemistry and negative clinical

history. New-onset prediabetes or diabetes (NOD) was rec-

ognized in both cancer and bariatric controls who subse-

quently developed FBG C100 mg/dL or HbA1c C5.7 %.

Because HbA1c was not registered in the preoperative

investigation of the controls, a bias in the interpretation of

current findings was possible. In this sense, two sets of NOD

results were calculated, either including or not including

HbA1c pattern.

Whenever diabetic cases converted to prediabetes or

normal, or prediabetics shifted to FBG \100 mg/dL and

HbA1c \5.7 % without medication, patients were classi-

fied as responsive. Those who failed to achieve such

improvements were reported as refractory. Except when

otherwise indicated, diabetes and prediabetes are consid-

ered as a single group in all circumstances.

Surgical technique

Curative cancer gastrectomy entailed subtotal or total

gastric ablation, with or without lymphadenectomy or

splenectomy. All procedures involving pancreatic resection

were excluded. For reconstruction, a Roux-en-Y jejunal

limb of 40 cm, with a biliopancreatic limb of 60–80 cm,

was employed. Open RYGB involved the creation of a

vertical gastric pouch of 30–50 mL, a Roux-en-Y jejunal

limb of 100 cm, and a biliopancreatic limb of 60–80 cm.

Protein and calorie intake

A validated food-frequency questionnaire was selected and

Dietsys software, version 4.0 (National Cancer Institute,

Bethesda, MD) was used for macronutrient and fiber content.

Biochemical variables

Hematologic counts, lipid fractions, FBG and HbA1c were

part of the protocol. Blood samples were collected in the

morning subsequent to overnight fast and were measured

by a modular analytical system (Roche/Hitachi Diagnos-

tics, Sao Paulo, Brazil). HbA1c was examined by immu-

noturbidimetry (Boehringer Mannheim, Sao Paulo, Brazil).

Blood cells were documented in a Coulter automatic

counter (Beckman Coulter, Sao Paulo, Brazil). The same

tests were transcribed from preoperative files.

Statistical analysis

Numerical variables were compared by analysis of vari-

ance (ANOVA) and post-hoc Bonferroni test, employing

log transformation when appropriate. Chi-square test was

used for discrete variables. Univariate and multivariate

logistic regression analysis of clinical and biochemical

variables and diabetes outcome after cancer gastrectomy

was conducted.

A nested case-control population was established to

measure association between weight loss and diabetes

response, by means of propensity scoring responsive and

refractory cancer patients. Univariate predictors of diabetes

evolution with P \ 0.001 (initial HDL cholesterol, current

LDL cholesterol) as well as multivariate significant mea-

surements [body mass index (BMI) change] were entered

into the model. A backward, stepwise elimination process

removed covariates with P [ 0.25. With the coefficients of

the final regression equation, a propensity score was cal-

culated for each patient, followed by matching to a similar

control. After all pairs were identified, individual demo-

graphic data were compared for confirmation. Statistical

Analysis Systems, version 9.1.3 (SAS Institute, Cary, NC),

was used, and differences were considered significant when

P \ 0.05.

Results

Preliminary survey encompassed 169 participants; how-

ever, three were excluded on account of renal failure

(n = 1), liver cirrhosis (n = 1), and recurrent malignancy

(n = 1) among the cancer patients. Just two exclusions

occurred in the bariatric population, both due to difficulty

to come to the hospital. Final population was 164 cases.

Total gastrectomy was performed in 45.7 % (42/92) of

the cancer cases; the remaining 54.3 % were able to keep

the proximal stomach (subtotal gastrectomy). Initial fea-

tures of these patients can be observed in Table 1. The

three subgroups were fairly comparable, with occasional

differences concerning controls. Fasting glucose was

               Index population                               Control population 

          ( Roux-en-Y Cancer gastrectomy )    (RYBP for morbid obesity) 

 Diabetics     Normoglycemic controls       Diabetics   Normoglycemic controls 

Resp   Refrct          Stable  NOD              Resp   Refrct          Stable  NOD 

_____________________________________________________________ 

Fig. 1 Experimental design. RYBP Roux-en-Y gastric bypass, Resp

responsive diabetes, Refrct refractory diabetes, Stable unchanged

glucose pattern, NOD new-onset diabetes, Obs both preoperative

diabetes and postoperative cases (NOD) include prediabetes
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numerically higher in refractory patients as expected;

however, due to scattering of the values significance was

not confirmed (Table 1).

Nearly half of the refractory patients (48 %, 12/25)

exhibited prediabetes; 26.7 % (4/15) of the responsive

cases were in this category. Only three patients (7.5 %,

3/40) were insulin-dependent (all of them refractory), and

an additional eight (seven of them refractory) were taking

oral glucose-lowering prescriptions (20 %, 8/40). All other

participants with diabetes or prediabetes (72.5 %, 29/40)

were first diagnosed when admitted to the hospital. As a

consequence, disease duration could not be calculated.

Bariatric cases had similar follow-up but were younger,

more obese, and a higher proportion were female

(Table 2). Two were insulin-dependent (3.9 %, 2/51) and

31.3 % (16/51) were managed with oral drugs. The

majority (64.7 %, 33/51) were newly diagnosed cases,

again precluding estimation of disease duration (Table 2).

Only 37.5 % of the cancer diabetics metabolically bene-

fitted after surgery, and none of them were insulin dependent,

whereas roughly twice as many responded in the obese

population. Not \69.2 % of the cancer control population

progressed to prediabetes (63.4 %, 33/52) or diabetes

(5.8 %, 3/52) during the follow-up period, significantly more

than in the bariatric cohort (P = 0.011; Table 3). Weight

change, even if negligible (4.2 ± 3.0 kg/m2, approximately

16 % of initial BMI) compared with corresponding bariatric

individuals (23.3 ± 12.7 kg/m2, approximately 39 % of

initial BMI) was associated with responsive diabetes in

cancer cases (P = 0.045), however, not with metabolic

deterioration toward NOD among cancer controls (P =

0.524; Table 3).

Table 1 Demographic and clinical characteristics of gastric cancer

patients

Variable Diabetes Controls P value

Age (year) 71.5 ± 10.2 65.1 ± 11.7 0.007

Gender (male/female) 62.5 %

(25/15)

51.9 %

(27/25)

0.194

Initial BMI (kg/m2) 27.5 ± 4.3 24.2 ± 3.5 0.219

Current BMI 22.9 ± 4 22.3 ± 3.7 0.461

Initial FBG (mg/dL) 149.4 ± 67.3 83.1 ± 10.2 \0.001

Current FBG 107.4 ± 31.8 93.4 ± 13.6 0.005

Initial WBC 9 1,000/mm3 7.4 ± 3 7 ± 2.7 0.371

Current WBC 6.5 ± 2.2 5.6 ± 1.7 0.055

Initial Hb (g/dL) 12.5 ± 1.8 13.3 ± 1.5 0.02

Current Hb 13.1 ± 1.6 13.1 ± 1.5 0.994

In Tchol (mg/dL) 188.4 ± 48.7 170.9 ± 41.4 0.286

Current Tchol 176.6 ± 42.9 187.3 ± 33.9 0.182

Follow-up (months) 95.8 ± 43.4 107 ± 56 0.295

BMI body mass index, FBG fasting blood glucose, WBC white blood

cell count, Hb hemoglobin concentration, Tchol total cholesterol

Table 2 General features of bariatric patients

Variable Responsive Controls P value

Age (year) 53.2 ± 9.3 47.1 ± 10.6 0.018

Gender (male/female) 31.3 % (16/

35)

10.5 %

(2/19)

0.061

Initial BMI (kg/m2) 57.8 ± 13.5 53.5 ± 6.6 0.197

Current BMI 36.1 ± 8.7 31.3 ± 5 0.028

Initial FBG (mg/dL) 134.1 ± 60.7 85 ± 7.7 \0.001

Current FBG 94.9 ± 24 83 ± 6.4 0.032

Initial WBC 9 1,000/

mm3
9.2 ± 3.7 8.1 ± 2.4 0.237

Current WBC 6.2 ± 1.6 5.1 ± 1.4 0.011

Initial Hb (g/dL) 13.8 ± 1.5 12.6 ± 1.9 0.008

Current Hb 12.7 ± 1.5 11.9 ± 1.4 0.03

Initial Tchol (mg/dL) 196.4 ± 45.2 168.1 ± 31.9 0.022

Current Tchol 197.6 ± 38.5 177.2 ± 27.2 0.044

Follow-up (months) 105.7 ± 30.5 100.3 ± 28 0.486

BMI body mass index, FBG fasting blood glucose, WBC white blood

cell count, Hb hemoglobin concentration, TChol total cholesterol

Table 3 Diabetes outcome and BMI change (DBMI)

Population Responsive (n) Unchanged (n) NOD (n)

Cancer diabetics 37.5 % (15/40) 62.5 % (25/40)

DBMI (kg/m2) 4.2 ± 3 0 ± 5.4 (P = 0.045)

Bariatric diabetics 76.5 % (39/51) 23.5 % (12/51) (P = 0.014a)

DBMI (kg/m2) 23.3 ± 12.7 17.3 ± 5.5 (P = 0.137)

Cancer controls 30.8 % (16/52) 69.2 % (36/52)

DBMI (kg/m2) 2.2 ± 3.6 1.3 ± 2.9 (P = 0.524)

Bariatric controls 76.2 % (16/21) 23.8 % (5/21) (P = 0.011b)

DBMI (kg/m2) 23.4 ± 8.4 21.7 ± 8.3 (P = 0.269)

Unchanged patients encompasses both refractory (prediabetes and diabetes) or stable (controls) who remained in the same category

NOD new-onset prediabetes and diabetes, DBMI body mass index loss (kg/m2)
a Difference in unfavorable outcomes between cancer and bariatric diabetics and b between cancer and bariatric controls
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Maintenance or removal of the gastric fundus could not

be linked to diabetes response or to weight loss; similar

evolution was documented in both contexts (Table 4).

Refractory outcome was associated with significantly less

weight loss after either subtotal (P = 0.049) or total gas-

trectomy (P = 0.046; Table 4).

Energy and protein consumption revealed partially

inadequate results in the NOD population and fiber con-

sumption was low in all groups; however, in most cir-

cumstances the pattern was acceptable. Reduction of

current alimentary consumption or qualitative changes

compared with the preoperative diet was not demonstrated

(Table 5).

By means of univariate and multivariate regression

analysis of cancer gastrectomy, participants preoperative

HDL cholesterol (P = 0.004), current LDL cholesterol

(P = 0.007), and BMI change (P = 0.002) correlated with

diabetes outcome. On the basis of such findings a propen-

sity-score matched group was established with 30 patients

(15 in each category), statistically comparable regarding the

three confirmed variables as well as two weaker ones,

operative technique (P = 0.094) and follow-up period

(P = 0.078). Current FBG and HbA1c were obviously

different as these were part of the defining criteria (Table 6).

Divergent outcomes persisted (responsive vs. refrac-

tory), indicating that weight loss was relevant however not

the only influence on the clinical course of diabetes. Other

factors were likely operative, such as pancreatic reserve

and beta cell function, bile acids, incretins, and gut

microbiome (Table 6).

Results in the present series were listed together with

those reported by other centers [4–9, 11], aiming to provide

an overview of the impact of cancer gastrectomy on dia-

betes. Diabetes improvement was confirmed; however,

percentage was among the lowest at the same time as high

Table 4 Impact of subtotal versus total gastrectomy

Result Total

gastrectomy

Subtotal

gastrectomy

P value

Responsive 60 % (9/15) 40 % (6/15) 0.081

DBMI 4.9 ± 2.5 3.1 ± 3.6 0.262

Refractory 48 % (12/25) 52 % (13/25) 0.659

DBMI 2.9 ± 2.3a 0.4 ± 2.9b 0.066

Controls: stable 25 % (4/16) 75 % (12/16) 0.012

DBMI 2.2 ± 2.9 2.2 ± 2.9 0.502

Diabetes

(NOD)

47.2 % (17/36) 52.8 % (19/36) 0.294

DBMI 1.8 ± 3.4 1 ± 3.1 0.647

DBMI body mass index loss (kg/m2)

Comparison of weight loss in refractory versus responsive groups

within each gastrectomy procedure: a P = 0.046; b P = 0.049

Table 5 Diet composition according to glucose homeostasis modality of patients undergoing cancer gastrectomy

Variable Responsive diabetes Refractory Stable controls NOD Preoperative

Kcal/day 1,673 ± 590 1,499 ± 562 1,518 ± 562 1,348 ± 275 1,518 ± 677

Protein (g/day) 83 ± 38.7 82.4 ± 36.5 68.5 ± 29.3 62.5 ± 20.9 86.3 ± 43.4

Carbohydrates (g/day) 195 ± 73 189 ± 88 166 ± 65 190 ± 65 164 ± 49

Lipids (g/day) 59.6 ± 27.5 56.3 ± 28.5 56.9 ± 31.9 40.8 ± 9.2 48.4 ± 32.3

Total dietary fiber (g/day) 13.8 ± 5.9 11.8 ± 6.2 12.4 ± 5.2 10.5 ± 4.5 11.2 ± 8.4

No statistical difference occurred

Advised intakes for this population: Kcal: 1,400–1,800 kcal/day; protein (20 % of total calories): 70–90 g/day; carbohydrates (50 % of total

calories): 175–225 g/day; lipids (30 % of total calories): 47–60 g/day; fiber (14 g/1,000 kcal): 20–25 g/day

Refractory nonresponsive diabetes; NOD controls progressing to prediabetes or diabetes; Preoperative baseline dietary profile of all surgical

candidates

Table 6 Propensity-matched cancer gastrectomy patients and

outcome

Variable Responsive PM refractory P value

Age (year) 73.5 ± 9.2 67.6 ± 10.6 0.028

Gender (male/female) 60 % (9/6) 66.7 % (10/15) 0.0316

Initial BMI (kg/m2) 25.9 ± 3.9 25.7 ± 3.9 0.678

Current BMI 21.7 ± 2.9 22.4 ± 3.6 0.263

DBMI 4.2 ± 3 3.3 ± 1.4 0.224

Initial FBG (mg/dL) 148 ± 49 170 ± 94 0.158

Current FBG 91 ± 9 121 ± 41 0.008

Initial HbA1c 6.7 ± 1.6 6.8 ± 1.2 0.729

Current HbA1c 5.8 ± 0.4 6.8 ± 1.3 0.011

Initial WBC 9 103/mm3 7.4 ± 3.3 6.7 ± 1.7 0.134

Current WBC 6 ± 2.4 6.2 ± 2.2 0.546

Hb (g/dL) 12.1 ± 1.6 12.8 ± 2 0.14

Current Hb 12.6 ± 1.7 12.9 ± 1.5 0.357

TChol (mg/dL) 188 ± 46 223 ± 41 0.016

Current Tchol 166 ± 30 175 ± 41 0.191

Total gastrectomy 60 % (9/15) 60 % (9/15) 1

Follow-up (months) 92.2 ± 29.2 90.5 ± 27.8 0.704

BMI body mass index, PM refractory propensity-matched refractory

cases, FBG fasting blood glucose, WBC white blood cell count, Hb

hemoglobin concentration, Tchol total cholesterol
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rates of NOD occurred. Such results can be ascribed to the

protocol design, with strict patient selection and long term

follow-up (Table 7).

Discussion

Surgical normalization of glucose homeostasis may pro-

ceed through multiple pathways. Weight loss has been

deemed crucial, and rearrangement of food transit with

subsequent shifts in incretins and other hormones, poten-

tially influencing satiety, pancreatic beta cell mass, and

insulin resistance has much to endorse it [4, 6, 7, 9, 11, 12].

Within the gastric cancer context, influence of the

malignancy itself should be one of the first concerns, as

glucose dysmetabolism is recorded in this setting [13].

Eligibility criteria therefore should focus on disease-free,

weight-stable participants with a long follow-up. Late

evaluation was selected for a balanced appreciation;

patients were interviewed after an average of 7 years.

Antidiabetic benefits of surgical operations have remained

stable along the years in some experiences, others sug-

gesting slow but unrelenting erosion because of weight

regain or age-related degeneration of pancreatic beta cell

function [11, 14, 15].

End-points (FBG and HbA1c) followed accepted rec-

ommendations [10], whereas combined utilization of pre-

diabetes and diabetes as a single modality is more debatable.

Such option stemmed from the interest in covering a wider

range of glucose homeostasis shifts induced by gastric

intervention. There is a consensus that both prediabetes and

diabetes share not only progression toward overt dysglyce-

mia but also augmentation of cardiovascular risk [10, 16].

Weight loss participation in glucose homeostasis after

cancer gastrectomy is not obvious, given the modest or

negligible BMI shifts compared with the bariatric

population. At the same time, weight regain, which has

been incriminated in diabetes relapse after antiobesity

operations [14, 15], never materialized. New-onset dia-

betics in this series exhibited no mean weight accrual;

current BMI remained lower than before the operation and

in the same range as stable controls. Propensity matched

patients with BMI reduction equivalent to the responsive

population still deteriorated toward refractory disease,

confirming that both weight-related and non-weight-related

insulin resistance pathways were responsible for the

focused phenomenons.

Duodenojejunal exclusion does not seem to enhance

glucose-lowering effects of ileal interposition [17], and its

role in RYGB has been deemed less conspicuous than

previously admitted [18]. Nevertheless, compelling evi-

dence of its impact, including patients without weight loss,

has been published [19, 20]. In contrast, no contribution

could be ascribed to gastric fundus resection, subtotal and

total modality proving irrelevant for diabetes outcome, in

agreement with a recent survey [11].

New-onset diabetes after cancer surgery substantially

exceeded the percentages observed in bariatric participants

and also those published for the general population. Epide-

miological surveys in standard middle-age or elderly cohorts

unveil 17–29 % of combined new diagnosis of prediabetes

and diabetes [12, 21, 22], or less than half current values.

Although counterintuitive because it conflicts with the posi-

tive effects in diabetic patients, a diabetogenic role for con-

ventional gastrectomy in euglycemic patients cannot be ruled

out [1, 3] and should be further ascertained in future studies.

Conclusions

Roux-en-Y cancer gastrectomy was moderately advanta-

geous for previous diabetics undergoing cancer gastrectomy;

Table 7 Comparison of current results with published series

No. of patients; follow-up period Gastrectomy procedure and diagnosis Diabetes amelioration

403; 33.7 ± 20.6 months [11] Roux Y, total, and subtotal, for cancer 43.4 % Improved

229; 1 year [9] BI, BII, and Roux Y for cancer Duodenal bypass: 67.2 % improved; BI just 49.5 %

23; 3–60 months [5] BI, BII, and Roux Y for cancer Duodenal bypass 90 % improved; BI just 23 %

24; 2–111 months [7] BII and Roux Y, cancer and benign

diseases

70.9 % Improved; 4.2 % worse

23; 1–60 months [4] Roux Y, cancer and benign diseases 95.6 % Improved

21; 6–60 months [6] Roux Y, subtotal, cancer and benign

diseases

80.9 % Improved

6; 1–77 months [8] Roux Y, total, and subtotal, for cancer 16.7 % Improved

164 (92 cancer, 72 controls);

101.9 – 50.6 months (current study)

Roux Y, total, and subtotal, for cancer;

RYGB (controls)

Cancer 37.5 % Improved (RYGB 76.5 %); cancer

69.2 % NOD (RYGB 23.8 %)

BI Billroth I operation, BII Billroth II operation, Roux Y reconstruction with Roux-en-Y loop, Subtotal subtotal gastrectomy, Total total

gastrectomy, RYGB Roux-en-Y gastric bypass for morbid obesity, NOD new-onset diabetes (including prediabetes)
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however, in euglycemic controls, the ensuing clinical course

tended to be less favorable. Weight loss was identified as

relevant for diabetes response after both partial and total

gastrectomy, however not for prevention of new-onset dia-

betes, whereas no evidence of calorie restriction or dietary

macronutrient changes was unveiled in any circumstance. It

is speculated that duodenal exclusion was beneficial in this

setting; however, no diabetes amelioration related to gastric

fundus exclusion was noticed. Studies targeting additional

populations and including the molecular basis of such phe-

nomenons are recommended.
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