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Abstract
Backround Diabetes surgery in nonobese or moderately
obese patients is an emerging topic. The identification of
preoperative factors predicting diabetes outcome following
bariatric surgery, especially for metabolic nonresponders, is
imperative.
Methods Between 2005 and 2011, 235 patients underwent
bariatric surgery for morbid obesity. Eighty-two of 235
patients had type 2 diabetes mellitus (T2DM). Data from
this subgroup were investigated with univariate and multi-
variate analyses to identify predictors for metabolic nonre-
sponse after surgery.
Results Diabetes did not improve in 17/82 patients within
3 months after surgery. No correlation between excess body
weight loss and metabolic response was detected. In univar-
iate analysis, preoperative duration of diabetes was signifi-
cantly longer in the nonresponder group (9.146 vs.
6.270 years; *p00.016), preoperative HbA1c levels were
significantly higher among the nonresponders than among
the responders (8.341 vs. 7.781 %; *p00.033), and more

patients in the nonresponder group were reliant on a
multi-drug approach preoperatively (*p00.045). In mul-
tivariate analysis, age, preoperative doses of insulin, and
preoperative oral antidiabetics showed positive correla-
tion to metabolic nonresponse after surgery (*p00.04;
*p00.021; *p00.021). Metabolic failure rate was lower
after Roux-en-Y gastric bypass compared to other bari-
atric procedures (**p00.008).
Conclusions A long history of preoperative T2DM, high
preoperative HbA1c levels, and a preoperative therapy con-
sisting of diverse approaches to diabetes treatment may be
factors predicting failure of diabetes improvement in the
early postoperative course after bariatric surgery. Age, pre-
operative insulin, and oral antidiabetic medication can be
regarded as independent, significant predictors for metabol-
ic outcome after bariatric surgery.
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Introduction

Bariatric surgery and especially Roux-en-Y gastric bypass
(RYGB) have been shown to have an impressive impact on
metabolic response and diabetes control: almost immedi-
ately postoperatively and usually long before a relevant
weight loss [1]. These effects have led to the assumption
that a diabetic condition is “curable by metabolic surgery”
[2]. There is evidence [3] that long-term remission of type
2 diabetes mellitus (T2DM) after RYGB can be expected in
about 84 % of patients. However, there is still an ongoing
discussion on how these positive effects should be defined
as several studies used different definitions of diabetes
“improvement,” “resolution,” “remission,” or “cure.” The
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problem of metabolic nonresponse is important, since 15–
20 % of diabetic obese patients undergoing bariatric sur-
gery do not show diabetes remission in the long term [4].

Due to the remarkable improvement of glycemic control
in obese patients after bariatric surgery, the question was
raised if bariatric/metabolic surgery is also applicable to
moderately obese and nonobese patients with metabolic
disorders [4]. Data from pilot studies focusing on metabolic
outcome rather than weight loss effectiveness are promising
[4] and randomized controlled trails have already been con-
ducted to gain more evidence on diabetes control in patients
with a body mass index (BMI) between 30 and 35 kg/m² [4].
Therefore, the identification of independent predictors
on diabetes outcome after bariatric/metabolic surgery is
increasingly important, especially for moderately obese
and nonobese patients.

Even when surgery has no metabolic effect, obese
patients might benefit from a clinically relevant weight loss.
Patients hoping to improve their metabolic situation need to
know about metabolic nonresponse after surgery, since these
patients otherwise undergo surgical risks without achieving
the desired health benefits.

In order to identify nonresponders, we analyzed the data
with regards to metabolic and weight loss status preopera-
tively and within the first 3 months after bariatric surgery.
Furthermore, we performed univariate and multivariate
analyses in order to detect and isolate factors predicting
metabolic outcome.

Patients and Methods

Patient Population

Between 2005 and 2011, all patients (n0235) who under-
went bariatric surgery were documented in a prospective
database. Bariatric procedures were either sleeve gastrecto-
my (SG), gastric bypass (RYGB), or laparoscopic adjustable
gastric banding (LAGB). Patients were diagnosed with
T2DM based on WHO criteria: fasting glucose levels
>126 mg/dl or a high pathological 2-h value in the oral
glucose tolerance test (>200 mg/dl) [5].

Definitions

Diabetes Improvement Failures

According to the criteria for a possible success of a nonop-
erative, purely medication-based antidiabetic treatment [6],
diabetes improvement failures were defined as:

(a) Nonresponse (metabolic failure): postoperative insulin
dose ≥1/4 of preoperative dose; example: preoperative

—90IE insulin/day–postoperative—85IE 0 no diabetes
remission (improvement failure)

(b) Nonresponse (metabolic failure): postoperative dose of
medication ≥1/2 of preoperative dose; example: preop-
erative—2,000 mg metformin/day–postoperative—
1,500 mg metformin/day 0 no diabetes remission (im-
provement failure)

(c) No effective reduction of HbA1c postoperative (less
than 0.5 % HbA1c reduction within 3 months or not
reaching HbA1c <6.5 %)

Definitions were made prior to reporting process.

Successful Weight Loss

Excess body weight is defined as preoperative weight−ideal
weight (based on a BMI of 25 kg/m2). As there is no clear-
cut definition for “successful weight loss after 3 months,”
limits were calculated as the mean value of excess body
weight loss (EBWL) after 3 months minus 1 standard devi-
ation (SD). “Successful weight loss after 3 months” was
therefore defined as an EBWL of 0.23 after sleeve gastrec-
tomy, 0.26 after gastric bypass, and 0.09 after laparoscopic
adjustable gastric banding.

Example:

& Mean excess body weight loss for RYGB patients at
3 months postoperatively—0.389 (±0.133 SD)

& Patient no. 82: preoperative excess weight 108–94 kg
(3 months postoperative excess weight)0EBWL 0.13
(<0.260weight loss failure)

Definitions were made prior to reporting process.

Statistical Analysis

Statistical analysis was done using univariate analysis of the
following: duration of preoperative diabetes, evolution of
HbA1c levels, preoperative antidiabetic therapy (insulin and
oral antidiabetic medication), weight loss failure (as defined
above), preoperative BMI, age, and type of surgery. Further-
more, a multiple regression analysis was performed regard-
ing age, BMI, operative procedure, diabetes duration,
HbA1c, and antidiabetic treatment. All data were expressed
as means ± SD and 95 % confidence interval (CI). Compar-
isons between groups were performed using chi-squared and
parametric or nonparametric tests (Student’s t test, Mann–
Whitney U, Kendall and Spearman rank correlation, Krus-
kal–Wallis one-way analysis of variance) when appropriate.
Statistical significance was set at a p value<0.05. Statistics
were performed using the Statistical Package for Social
Sciences (SPSS™), version 19 (IBM SPSS Inc, Chicago,
IL, USA).
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Results

Patient Data

The study population comprised 235 morbidly obese patients
who underwent SG (n068, 28.9 %), RYGB (n0126, 53.6 %),
or LAGB (n041, 17.5 %) from 2005 to 2011 at the Center for
Bariatric and Metabolic Surgery, University Hospital of
Würzburg. Among the 235 patients, 80 (34 %) were males
and 155 (66 %) were females; mean age was 44.1±11.0 years
and mean BMI 50.98±8.28 kg/m2.

In 217 (92.3 %) of these cases, the operation was carried
out laparoscopically. Conversion of a laparoscopic proce-
dure into open surgery was necessary in 7 (4.7 %) cases; 11
(3 %) patients underwent primary open surgery. T2DM was
diagnosed in 82 (34.9 %) of the 235 patients preoperatively.
The diagnosis was based on WHO criteria mentioned above
[5].

Using the criteria for “diabetes improvement failure,”
17 of these 82 patients (20.7 %) were defined as initial
metabolic nonresponders 3 months after surgery (see
Table 1).

Univariate Analysis

Metabolic nonresponders showed a mean preoperative dia-
betes mellitus duration of 9.1 years in contrast to 6.3 years in
the group of patients with metabolic response (*p00.016).
Preoperative HbA1c levels were 8.3 % in the nonresponder
group and 7.8 % in the responder group (*p00.033). No
data concerning preoperative duration of T2DM or preoper-
ative HbA1c level were available for six and two patients,
respectively. The univariate analysis identified preoperative
diabetes duration and preoperative HbA1c levels as signif-
icant prognostic parameters for metabolic nonresponse
(Table 2).

Eleven of 17 patients showing no metabolic improve-
ment postoperatively and 26/65 responders were dependent
on insulin therapy preoperatively (p00.068). Nine of 11
insulin-dependent nonresponders and 17/26 insulin-
dependent responders received insulin within the scope
of a multi-approach therapy with antidiabetic medication
(*p00.045) (Table 3).

Insufficient weight loss according to the definitions men-
tioned above was seen in 28 of the 235 morbidly obese
patients (12.07 %). There was no follow-up for three
patients. Within the group of the 82 diabetic patients, there
were only three patients showing both weight loss failure
and metabolic nonresponse (3.61 %; p00.57). Therefore,
there was no correlation between insufficient weight loss
and metabolic failure (Table 4).

Mean age of all nonresponding patients was 52.8 years
with a mean preop BMI of 51.8 kg/m2. The mean age of
metabolic responders was 48.5 years with a mean preop
BMI of 50.9 kg/m2. Therefore, no relationship between a
patient’s age or preop BMI and metabolic failure could be
observed (Tables 5 and 6).

Within the group of the 17 nonresponders, 8 patients un-
derwent SG, 7 patients RYGB, and 2 patients LAGB. Within
the group of the 65 responders, 17 patients underwent SG, 42
patients RYGB, and 6 patients LAGB. There was no signifi-
cant difference between the type of surgery and metabolic
response (p00.20, Mehta and Patel’s exact chi-square test)
3 months after the bariatric procedure (Table 7).

Multiple Regression Analysis

Multiple regression analysis (Table 8) identified four inde-
pendent, significant predictors for postoperative metabolic

Table 1 Total number of patients, number of type 2 diabetics, and
number of patients with metabolic nonresponse

n (%)

Total number of patients included 235 (100)

Number of type 2 diabetic patients 82 (34.9)

Number of diabetic patients with metabolic nonresponse 17 (20.7)

Number of diabetic patients with metabolic response 65 (79.3)

Table 2 Relationship between metabolic status and preoperative du-
ration of diabetes (years) and preoperative HbA1c levels (percent)

Number Mean SD pa

Metabolic status Nonresponder 17 9.146b 5.639b 0.016*
Responder 59 6.270b 6.747b

Metabolic status Nonresponder 17 8.341c 1.217c 0.033*
Responder 63 7.781c 1.781c

SD standard deviation
aMann–Whitney U test
b Duration of diabetes (years)
c HbA1c (percent)

Table 3 Number of diabetic patients on insulin and oral antidiabetics
(OA): nonresponder vs. responder

Nonresponse,
n (%)

Response,
n (%)

pa

Insulin Yes 11 (29.73) 26 (70.27) 0.068
No 6 (13.33) 39 (86.67)

Medication Insulin 2 (18.18) 9 (81.82) 0.045*
Insulin + OA 9 (34.62) 17 (65.38)

OA 6 (17.65) 28 (82.35)

Diet 0 11 (100)

a Chi-square test
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failure. Age, preoperative insulin, and preoperative oral
antidiabetics showed significant correlation with postopera-
tive initial metabolic nonresponse (*p00.04; *p00.021;
*p00.021). RYGB as an operative procedure was signifi-
cantly correlated with less metabolic failures and was, there-
fore, an independent predictor for positive outcome in the
first 3 months after metabolic surgery (**p00.008).

Discussion

According to the latest International Diabetes Federation
statement, “the global prevalence of type 2 diabetes is rising
dramatically, driven by an ‘obesogenic’ environment” [7].
Currently, about 366 million people worldwide are diag-
nosed with type 2 diabetes mellitus. Obesity is the primary
risk factor [16], since 85 % of diabetic individuals are
overweight or obese. For patients with a BMI of 35+ kg/m2

and type 2 diabetes, bariatric surgery is accepted as an appro-
priate treatment if recommended treatment targets cannot be
achieved with medical therapies and other obesity-related
comorbidities are present.

In western populations, approximately 15 % of the peo-
ple with T2DM are not overweight [8]. The role of surgery
in diabetes treatment algorithms, especially for these
patients, needs to be defined. The aim of obesity surgery is
defined as substantial weight loss and control of associated
comorbidities as far as possible. The success of metabolic
surgery in nonobese or moderately obese diabetic individu-
als depends mainly on postoperative glycemic control.
Patients not showing the expected improvement of T2DM
undergo surgical risks without any benefits. Today, even
moderately obese patients (e.g., with BMI<35) are treated

with bariatric (metabolic) procedures [9–13]. A recent meta-
analysis by Li et al. includes 13 trials involving 357 T2DM
patients with a BMI<35 kg/m2; 80.0 % of the patients
achieved adequate glycemic control (HbA1c<7 %) without
antidiabetic medication [14]. Although this is encouraging,
it means that approximately 20 % of patients undergoing
bariatric/metabolic surgery are at surgical risk without clin-
ically relevant health benefits. This rate of treatment failure
would be unacceptable for other surgical therapies, e.g.,
antireflux surgery. A careful patient selection is, therefore,
mandatory. Following these considerations, the identifica-
tion of preoperative factors accounting for metabolic failure
postoperatively is of utmost importance. In our study,
20.7 % of the treated T2DM patients did not show the
expected metabolic response in the early postoperative
course.

With no clear-cut definition of either “nonresponse” or
“diabetes improvement failure” 3 months after surgery, a
definition consisting of special limits and values had to be
established. A successful modern multi-approach drug ther-
apy for diabetes mellitus can result in a decrease in HbA1c
levels of −0.6 % after 12 weeks [6]. This study defined
“early metabolic nonresponse” following bariatric surgery
as the reduction of less than 0.5 % of the initial preoperative
HbA1c level along with unsuccessful reductions of insulin
or oral antidiabetic medication. These definitions and limits
were established in consensus with experienced diabetolo-
gists according to their medical results in long-standing
clinical practice.

Table 4 Number of diabetic nonresponders with weight loss failure
vs. responders with weight loss failure

Number Percent Weight loss
failure, n (%)

pa

Diabetic nonresponders 17 20.73 3 (17.6) 0.57
Diabetic responders 65 79.27 4 (6.2)

a Fisher–Yates test

Table 5 Relationship between metabolic status and patient’s age
(years)

Age [years] pa

n Mean SD

Metabolic nonresponse 17 52.794 8.516 0.13
Metabolic response 65 48.521 10.597

SD standard deviation
aMann–Whitney U test

Table 6 Relationship between metabolic status and patient’s preoper-
ative BMI (kilogram per square meter)

BMI (kg/m2)

n Mean SD pa

Metabolic nonresponse 17 51.789 8.989 0.73
Metabolic response 65 50.931 7.003

SD standard deviation
aMann–Whitney U test

Table 7 Relationship between metabolic status and type of surgery
(SG, RYGB, LAGB)

Type of surgery pa

Sleeve Bypass Gastric banding

n % n % n %

Metabolic nonresponse 8 32.00 7 14.29 2 25.00 0.20
Metabolic response 17 68.00 42 85.71 6 75.00

aMehta and Patel’s exact chi-square test
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An additional artificial definition of adequate EBWL
(3 months) was defined to correlate metabolic response with
weight loss 3 months postoperatively. Weight loss failure
according to the definitions mentioned above was seen in
12.07 % of the patients. We were unable to detect a corre-
lation between inadequate weight loss and metabolic failure
(see Table 4).

According to the results of the present study, a long history
of preoperative T2DM, high preoperative HbA1c levels, and a
preoperative therapy consisting of diverse approaches to dia-
betes treatment (insulin + oral antidiabetic medication) might
be the factors predicting failure of diabetes improvement in
the early postoperative course after bariatric surgery, as far as
the results of univariate analysis are concerned. While there
was no relationship between age, BMI, type of surgery, and
metabolic nonresponse in univariate analysis, multiple regres-
sion analysis revealed age, preoperative insulin, oral AD, and
RYGB to be significant predictors for metabolic outcome in
the short term. Concerning the type of surgery, these different
results might be due to the small number of cases in each
operation category. Therefore, the impact of the type of sur-
gery on metabolic response cannot sufficiently be answered
by the present analysis. The fact that the duration of T2DM
was not a significant predictor in the multiple regression
analysis might be due to the significant predictor age that
correlates strongly with the duration of T2DM.

Hall et al. [15] examined 110 T2DM patients undergoing
RYGB. Patients with a baseline HbA1c>10% had a 50% rate
of remission compared to 77.3 % with an HbA1c of 6.5–
7.9 %. A preoperative history of T2DM longer than 10 years
was shown to significantly reduce the chances of remission
(p00.005). Their study also supported findings that a shorter
duration and a better control of diabetes preoperatively corre-
spond to a higher rate of remission—a possible argument for
early surgical intervention in the morbidly obese diabetic
patient. In contrast to the present study, the period under
consideration was 6, 12, and 24 months postoperatively.
Schauer et al. confirmed that the degree of severity of preop-
erative T2DM might be a predictor of postoperative outcome
after metabolic surgery [16]. This observation is confirmed by

our own data (Table 2). In the present study, preoperative oral
AD and insulin were significantly correlated with metabolic
outcome (negative predictors). Interestingly, oral AD medica-
tion seemed to be the strongest factor (odds ratio 9.0888)
identified by multiple regression analysis.

In conjunction with the results of the univariate analysis,
the severity of preoperative T2DM seems to play an impor-
tant role in postoperative outcome. Again, mean duration of
follow-up was 19.7 months (range 6–54 months). Huang et
al. [17] examined 22 patients with a BMI of 25–35 and
T2DM concerning remission rates at 12 months. Fourteen
out of 22 (63.6 %) patients showed T2DM remission, 6 (27.
3 %) showed glycemic control, and 2 (9.1 %) showed
improvement of their initial diabetic metabolic status. The
remission group had a higher BMI (p00.001), younger age
(p00.002), and shorter history of diabetes (p00.001).
Though a direct comparison is not possible according to
different patient populations, definitions of outcome, and
time points of examination, this partially confirms the
results of the present study: age was a significant factor for
metabolic nonresponse (Table 7, β01.600, OR04.9515,
*p00.040). T2DM duration seems to be significantly corre-
lated with metabolic outcome at 3 months in univariate
analysis. No correlations were observed for preoperative
BMI. Concerning age at the time of surgery, Hamza et al.
came to the same conclusions. In their study, a multivariate
analysis of 74 T2DM patients among 487 patients undergo-
ing bariatric procedures revealed a younger age to be an
independent predictor of postoperative remission of T2DM.
This is also in line with the findings of the present study. In
contrast, they also found a greater % EBWL (excessive
body weight loss) to predict postoperative diabetes remis-
sion [18].

Many studies suggest that the choice of surgical proce-
dure is an important determinant of metabolic outcome [19].
RYGB might lead to greater diabetes remission rates than
LAGB [20], whereas recent studies suggest a similar posi-
tive impact on diabetes control with sleeve gastrectomy and
gastric bypass [21, 22]. In the present study, 3 months after
surgery, no significant relationship between type of surgery
and metabolic nonresponse could be observed in univariate
analysis, whereas multivariate analysis revealed RYGB to
be an independent predictor for metabolic outcome at
3 months (Table 8). The difference between the results of
univariate and multiple regression analyses is, indeed, sur-
prising. RYGB seems to have an impact only if other factors
are considered simultaneously during multiple regression
analysis. This might be due to small category numbers.

Limitations

The data presented in this study are short-term results.
Therefore, the comparability to the available literature

Table 8 Multiple regression analysis—independent predictors for
metabolic nonresponse

Predictor Number β SD (β) OR 95 % CI p

Base 82 −6.772 2.321 – – – –

Age 82 0.074 0.036 1.0772 1.0035 1.1562 0.040*

RYGB 82 −1.839 0.691 0.1590 0.0411 0.6157 0.008**

Insulin preop 82 1.600 0.694 4.9515 1.2694 19.3139 0.021*

OA preop 82 2.207 0.960 9.0888 1.3860 59.6020 0.021*

Coefficient β with standard deviation (SD), odds ratio (OR) with 95 %
confidence interval (95 % CI), and p values from logistic regression
analysis. n082 patients
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representing long-term results is limited. However, our data
are congruent with recent findings [20]. Additionally, long-
term follow-up of patients identified as “initial metabolic
nonresponders” is both interesting and mandatory in order
to display the correlation of initial metabolic failure and
long-term metabolic outcome.

Our data are collected in a morbidly obese cohort.
Whether these finding are applicable to nonobese patients
must be further investigated. Due to lack of data, our own
investigations did not reflect on preoperative C peptide
levels. C peptide levels would have been interesting and
useful, since several studies have defined higher preopera-
tive C peptide levels (C peptide>3 ng/ml) to be important
predictors of diabetes resolution, helping to define the best
candidates for surgical treatment of diabetes [23].

Conclusion

Following bariatric/metabolic surgery, a minority of patients
did not show the expected metabolic health benefits. There
is no correlation between inadequate weight loss and meta-
bolic nonresponse. Age and a long history of preoperative
diabetes mellitus, high preoperative HbA1c levels, and a
preoperative multi-drug diabetes medication can be assumed
to be negative predictors for metabolic (diabetes) failure in
the early postoperative course.
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