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Abstract

Background—RBariatric surgery results in dramatic weight loss and improves metabolic
syndrome and Type 2 diabetes (T2DM). However, previous studies have noted that morbidly
obese patients with T2DM experience less weight loss benefits than non-diabetic patients
following bariatric surgery. We sought to determine longitudinal effects of laparoscopic Roux-en-
Y gastric bypass (LRYGB) on percent excess BMI loss (%EBMIL) and clinical metabolic
syndrome parameters in patients with T2DM compared to appropriately matched cohort without
T2DM.

Methods—Retrospective cohort analysis of T2DM patients (n=126) to non-T2DM patients
(n=126) matched on age (M=48.1+9.5), sex (81% Female), race (81% Caucasian) and pre-surgical
body mass index (BMI; M=49.3+9.5). Lipids, glucose, hemoglobin Alc, blood pressure (BP), co-
morbidities of obesity, medications for co-morbidities and T2DM medications were collected at
baseline, 6 months and 12 months post-surgery. %EBMIL was collected at 1, 3, 6, 9 and 12
months post-surgery. One-way ANOVAs with effect sizes estimates were conducted to compare
the two groups.

Results—As expected, T2DM subjects had significantly greater pre-surgical HbAlc, blood
glucose, blood pressure and lipid parameters at baseline vs. non-T2DM (all p's<0.05). At 1, 3, 6, 9,
and 12 months after LRYRB, both groups had similar reduction in %EBMIL (p>0.10). At 6
months, there was a significant reduction in HbAlc, blood glucose and lipid in the T2DM cohort
compared to pre-surgical levels (p<0.0001). At 12 months, these values were not different to that
of the non-T2DM subjects (p>0.10).
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Conclusion—When matched on appropriate factors associated with weight loss outcomes,
severely obese patients with T2DM have similar post-LRYGB weight loss outcomes in the first
twelve months following surgery compared to non-T2DM patients. Further, T2DM surgical
patients achieved significant improvement in metabolic syndrome components.
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Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disease and treatment initially
consists primarily of a combination of lifestyle adjustments and oral hypoglycemic agents.
However, single, or even multiple oral hypoglycemic agents may not be a permanent
solution due to continuing decline in pancreatic B-cell function [1, 2, 3].For those who
initiate insulin therapy, less than half achieve an Alc of <7% [4].

Approximately 50-90% of T2DM patients are also obese, and use of hypoglycemic agents,
especially insulin, may exacerbate weight gain. Studies have shown improvement in insulin
sensitivity following small amounts of weight loss [5]. Thus, achieving resolution of one
may depend on the resolution of the other. Gastric bypass surgery induces massive weight
loss and can result in biochemical remission of diabetes in the majority of patients,
especially in those with early duration of diabetes and higher degree of p-cell function at
pre-surgery. In these patients, insulin sensitivity improves proportionally to weight loss,
while B-cell glucose sensitivity increases disproportionally to weight loss [6].

Furthermore, excess body fat and especially abdominal adiposity is a predisposition to
metabolic syndrome, which is characterized by hypertension, inflammation and
hyperlipidemia [7]. The presence of metabolic syndrome is associated with an increased risk
of a cardiovascular event. Eighty percent of T2DM patients also have metabolic syndrome
[8], a series of risk factors that includes hypertension and hyperlipidemia, which increase the
chances of a cardiovascular event.

Studies have shown that cases of diabetes can be reversed within days of the surgery, even
prior to significant weight loss [9], although the mechanism behind restoration of
euglycemia and insulin sensitivity is not well understood. In particular, LRYGB is one of
the most common forms of bariatric surgery and has been shown to be effective at inducing
remission of diabetes in 83.7% of patients and reducing excess body weight by 61.6% [10].
Pories et al. showed similar results: glycemic control was significantly improved within days
of the surgery and trends for total body weight loss parallel those of excess weight loss, with
patients losing a mean of 102 Ibs after one year and 70% of excess body weight after two
years [9].

Despite the excellent resolution rates of diabetes post-LRYGB, not all T2DM patients who
undergo LRYGB achieve remission. Some studies have suggested that T2DM patients do
not lose as much weight as non-T2DM patients [11, 12, 13]. However, some of these studies
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did not control for gender [14], despite studies that have shown that gender affects weight
loss outcome [15]. A recent retrospective cohort study following 42 patients three years after
LRYGB suggests that recurrence or worsening of T2DM is associated with a lower
preoperative BMI. However, the authors suggested this was because the patients with lower
BMIs had a more severe stage of T2DM, as indicated by insulin use [11].Moreover, race
plays a role in weight loss outcomes; African Americans lost 12% less weight compared to
whites one year after gastric bypass[16]. Finally, patients with higher BMIs often evidence
less percent excess body weight loss when compared to patients with lower BMIs[17].

Thus, our study, which was designed to match for factors associated with weight loss
outcomes including: age, gender, race and pre-surgical percent excess BMI, provides a
comprehensive view as to differences in weight loss and related outcomes in T2DM and
non-T2DM patients based on metabolic and clinical factors. We hypothesized that non-
T2DM patients would have better weight loss outcomes compared to T2DM patients.
However, we predicted that T2DM patients would have a markedly improved metabolic
profile compared to baseline.

Materials and Methods

All adult patients who underwent LRY GB at the Cleveland Clinic between 2005-2010 were
included in the study. Patients who had laparoscopic gastric adjustable banding,
laparoscopic sleeve gastrectomy, revisional procedures or did not have a 12-month post-
LRYGB visit at the time of study initiation were excluded. A total of 265 patients who
underwent LRYGB between 2005-2010 at the Cleveland Clinic were identified, of which
252 were included. Thirteen patients were excluded as repeats, later found to not have a 12-
month visit or were unmatched.

Patients were identified as having T2DM if they met any of the following criteria: fasting
blood glucose =126 mg/dl, HbAlc > 6.0, on at least one hypoglycemic agent and/or an
ICD-9 code consistent with T2DM in their electronic health record. Of the 252 patients, 126
were classified as having T2DM. Patient groups were frequency-matched on age, sex, race
and pre-surgical BMI (Table 1).

The following patient variables were collected at baseline, six months and twelve months
after surgery: number of medications for obesity-related conditions (including T2DM
medications), number of T2DM medications, insulin use (if applicable, yes or no), lipid
panel values (triglycerides, cholesterol, LDL, HDL and VLDL), fasting blood glucose,
HbA1c and systolic and diastolic blood pressures. Baseline was defined as the date of visit
with a psychologist within the Bariatric and Metabolic Institute. If the psychologist report
was incomplete, a physician report within two months of the visit with the psychologist was
used. Physician notes from the Bariatric and Metabolic Institute were preferred, followed by
those of staff endocrinologists and internists. Percent excess percent BMI (%EBMI) lost was
also collected at 1, 3, 6, 9 and 12 months post-LRYGB. At each time interval, patients were
evaluated on whether they met American Diabetes Association recommended targets: an
HbA1c of <7%, blood pressure of <130/80 and LDL < 100; only patients with complete
longitudinal information were included in this analysis.
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We also classified T2DM patients into two groups based on treatment of diabetes as an
indicator of severity of disease to determine differences in weight loss outcomes; one group
included patients who were non-insulin dependent (diet and exercise controlled or on oral
hypoglycemic agents) while the second group included patients who were insulin-users. Of
the 126 T2DM patients, 86 were classified as non-insulin dependent while 39 were insulin-
users, and the status of one patient was not known.

Continuous variables were analyzed through one-way ANOVA with effect size estimates
between the T2DM patients and non-T2DM patients. For categorical variables such as
insulin use, chi-square tests were performed to look at changes in insulin use in the T2DM
group. Multivariate analyses of variance were used to examine the effects of time on total
T2DM medications in the T2DM group and total medications in the full cohort. Level of
significance was set at p<0.05. All statistical analysis was performed on SPSS 17.

As expected, T2DM patients exhibited higher FBG, HbA1c levels and were on more
medications at baseline than the non-T2DM group (p<0.001, Table 2).T2DM patients also
had elevated diastolic blood pressures (p<0.01), with systolic blood pressures approaching
significance (p=0.095). Also as expected, T2DM patients displayed significantly higher
VLDL and LDL levels compared to non-T2DM patients at baseline (p<0.05).

In T2DM patients, mean FBG and HbA1c levels approached normal values over 12 months,
but were increased as compared to the non-T2DM group. HbA1c levels reduced from
7.5+1.4 % at baseline to 6.15+1.0% at six months to 5.98+0.8 % at 12 months, suggesting
that a majority of the patients experienced biochemical remission for T2DM and that
variability between patients decreased. No significant changes in glycemic control were
noted in the non-T2DM group over 12 months.

Medication usage showed mixed results in the two groups. The overall number of
medications for the non-T2DM group remained fairly constant while those in the T2DM
group reduced over time. At baseline, T2DM patients were on an average of 5.1
medications, but by 12 months post-surgery, they were on an average of 4.2 medications. At
baseline, T2DM patients were on a significantly higher number of medications compared to
non-T2DM patients (p<0.001), but by 12 months post-surgery, there was no difference in
the number of medications for T2DM patients (p=0.064). Within the T2DM group, oral
hypoglycemic and insulin use decreased over time; at baseline, patients were on an average
of 1.07+1.083 oral hypoglycemic agents and 20.5% were on insulin. Twelve months after
surgery, patients were on an average of 0.37+0.809 oral hypoglycemic agents and 5.9%
were on insulin and of these, three began insulin therapy after bariatric surgery. These
results suggest major overall improvements in glycemic control of T2DM patients.

Patients in both groups displayed a marked decrease in % EBMI (Fig. 1a), although weight
loss became less pronounced at 6 months post-surgery. Differences in weight loss outcomes
at each time point were not significant between T2DM and non-T2DM patients, but by 12
months post-surgery, patients collectively achieved a %EBMI loss of 69.0 + 20.1.There
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were no differences in % EMBI lost between insulin-users and non-insulin-users within the
T2DM group, depending on severity of diabetes as defined by insulin use. Twelve months
after surgery, insulin users averaged a %EBMI loss of 66.3+£18.9, while non-insulin-users
averaged a %EBM I loss of 67.2 £ 19.6 (p=0.60). This observation suggests that diabetic
severity is not a factor in achieving weight loss outcomes similar to non-T2DM patients.
Furthermore, no correlation between the HbAlc at 12 months and excess %BMI lost (r =
-0.156, P = 0.39) was noted, suggesting other factors beyond weight loss may result in
improved glycemic control.

Overall, patients in both groups achieved lower lipid levels after surgery. Post-surgery,
cholesterol, triglyceride and FBG levels rapidly declined (Fig. 1b and 1c); at six and twelve
months post-LRYGB, lipid values and glucose parameters of T2DM patients approached
those of non-T2DM patients (Table 2 and Fig. 1). Patients who did not have diabetes also
had lower lipid levels, but the improvement was not as pronounced compared to the T2DM
patients. Furthermore, the percent of patients meeting ADA recommended guidelines
increased post-LYRGB (Fig. 1d). While only 26.3% of T2DM patients achieved the
recommended guidelines compared to 45% of non-T2DM patients 12 months after surgery,
T2DM patients had more severe hyperlipidemia, hypertension and hyperglycemia. Overall,
these results suggest the benefits of increased insulin sensitivity and improvements in co-
morbidities regardless of diabetes status, although a greater benefit was conferred upon the
T2DM group.

Discussion

Bariatric surgery has become an increasingly popular treatment option for severely obese
patients, often improving or extinguishing many related co-morbidities such as diabetes. In
Buchwald's meta-analysis, 83.7% of T2DM patients who underwent gastric bypass went
into remission[10]. Previous literature suggests that after patients undergo LRYGB, non-
T2DM appear to achieve significantly better weight loss outcomes than T2DM [18].
However, research has shown that any amount of weight loss improves glycemic and
metabolic status [5], so the potential for less weight loss should not discourage bariatric
surgery as an effective intervention for T2DM. Weight regain is also thought to increase the
risk for a relapse in glycemic control and diabetes status[19]. In one study [20], non and
late-remitters of diabetes following LRYGB experienced less weight loss than non-diabetic
obese individuals and had reduced baseline pancreatic B cell function suggesting that
diabetes severity is linked to less weight loss. Several of these studies did not control for
factors that have been shown to be associated with weight loss, such as age [21], gender [12,
14], ethnicity [16] and baseline BMI. Thus, this retrospective cohort study sought to
improve upon these studies by matching for those factors as well as race and pre-surgical
BMI between the two groups.

We did not detect changes in weight loss outcomes in our study based on diabetes status.
These results parallel those of a prospective observational study with matched controls,
which found that diabetes remission is tied to the control and duration of diabetes [12].
However, our results are in contrast to another study, which found that a smaller percentage
of T2DM patients achieved =50% excess weight loss compared to non-T2DM patients three
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years post-surgery [13]. However, our data only spans one year after LRYGB and our
results parallel those of Junior et al. at the one year mark [13]. Further studies are warranted
to understand weight loss and weight regain effects over a longer period of time after gastric
bypass surgery.

Severity of diabetes also did not yield differences in weight loss outcomes. In our study, we
grouped patients based on medication status: diet and exercise only, oral hypoglycemics,
and insulin. Some studies have shown that insulin use is a negative predictor of diabetes
remission [11, 18], suggesting that insulin use is a marker of diabetes severity. In another
study, Carbonell et al. found an inverse relationship between severity of diabetes and percent
excess weight loss [14]. However, patients in the study were considered to have T2DM if
their FBG = 150 mg/dl, which is a less stringent requirement for diagnosis compared to our
study. Thus, this observation provides a unique opportunity to further study the effects of
pre-surgical diabetes medication type against weight loss outcomes.

Additionally, T2DM patients achieved a marked metabolic benefit through alteration of lipid
levels to a more favorable profile and by decreases in blood pressures equalizing values of
non-T2DM patients, indicating that LRYGB is effective at decreasing the severity of
hyperlipidemia and hypertension for T2DM patients. However, the reductions in lipid levels
for non-T2DM patients over time were smaller compared to T2DM patients; we attribute
this to having an initial lower level of lipids pre-surgery, making it more difficult to achieve
comparable reductions against T2DM patients. While LDL levels were significantly lower
in the T2DM group, we hypothesize that patients in that group were more aggressively
treated with medications than non-T2DM patients prior to surgery, which may have
undermined our results. Overall, our data confirm those of other studies [10, 22], which have
shown vast improvements in lipid and blood pressure statuses.

Unlike a similar previous study which included only T2DM patients who used insulin and/or
hypoglycemic agents [12], we included T2DM patients who were diet and exercise
controlled, allowing for inclusion of an important subgroup within T2DM patients. We also
stratified patients on their diabetic status based on use of insulin though we did not find
differences in weight loss outcomes at any point between these groups.

Our study was limited by the loss of patients to follow-up, creating a selection bias, likely
for patients who are most concerned for their health. Individuals who are adherent with
follow-up appointments may also be more adherent with the post-operative
recommendations resulting in better weight loss and metabolic outcomes. We also used
ICD-9 codes as one method of verifying diabetic status among the patients, which raises
questions of reliability. However, patients without an ICD-9 code for T2DM but were
actually diabetic likely also displayed more objective signs, such as use of hypoglycemic
agents or an elevated FBG or HbAlc.

With the incidence of diabetes and obesity increasing worldwide, bariatric surgery and
especially LRYGB has surged in popularity as a treatment option. The results of our study
show that %EBMI loss is equivalent regardless of diabetic status, while metabolic syndrome
parameters improve to equalize T2DM patients to non-T2DM patients. This suggests that
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metabolic surgery is a viable treatment option and should be encouraged for severely obese
diabetic patients. Additional studies in the future are needed to address long-term weight
loss management after bariatric surgery to allow patients to remain in euglycemia and
remission of diabetes.
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T2DM Type 2 Diabetes Mellitus
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Percentage excess BMI lost among subjects after LRYGB
A

» 100
14
2 Clnon-T2DM
= 80| |mT20Mm
=
o
a2 6
g
3 40
£
8 20
@
a
0
1mo 3mo 6mo 9mo 12mo
Non-diabet Diabotic
Timepoint mean (350) | | mean (D) Wi pvaiue
Amo 112 225 (48.7) 104 232(2112) (21.5,24.3) 0604
3mo. 88 40.6 (£13.0) 95 42.3 (#16.3) (39.3,436) 0464
emo & | seo(sr2) | 72 | sa4(s202) | (60,623 0862
9mo 55 66.4 (17.4) 54 67.4 (422.8) (63.0,70.7) 0.788
12mo 49 70.2 (£21.0) 47 67.8 (#19.9) (64.8,73.1) 0572

Glucose levels following LRYGB

B 200
O non-T2DM
W T20M
o 150
3
S
E
g 1o T
Q
H
o Sor
0
Baseline 6mo 12mo
Baseline S months 2months
T20m 1407 (880.1) 1076 (2424) 1064 (245.4)
non-T2DM 4.8 (£14.2) 87.4 (£16.5) 86.9 (£12.8)
pvalue <0001 <0001 0001
o (1124,1235) 20, 1029) (@08, 101.7)

Lipid levels following LRYGB
c

350

300
250 -
200
150
100

Lipid level, mg/dl

50

0

0] non-T2DM, Triglycerides
W T2DM, Triglycerides
non-T2DM, Cholesterol
 T2DM, Cholesterol

Baseline 6mo 12mo
Time after LRYGB
Baseline mo 12mo
Nondabetic 1541 (75.6) 107.2 (4330 979 @41.0)
Triglycorides Diabetic 189.1 (4114.0) 1216 (288.7) 104.4 (2504)
pvaive 0016 011t 0487
Non-diabetic 1955 (246.6) 1648 (2410) 161 (2435)
Cholestorol Diabetic 1817 (2419) 1686 (235.7) 1714 (2326)
prvaive 0.038 059 0104

Figure 1.

Page 9

Comparisons of the T2DM and non-T2DM groups after LYRGB through (A) Percent excess
BMI lost as a measure of weight loss, (B) glucose, in mg/dL, and (C) triglyceride (solid) and

cholesterol (hashed) levels depicted on the y-axes. Values are listed as mean (xSD).
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Figure 2.

Percentage of T2DM patients meeting ADA guidelines, defined to be LDL cholesterol <
100, blood pressure 130/80, and HbAlc < 7.0%.
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Baseline characteristics of subjects

All patients n=252 | T2DM n=126 | Non-T2DM n=126
% Female 81 81 81
Age 48.1+95 484 +9.7 478+9.4

Ethnicity
White (%) 81 80 84.6
Black (%) 15.9 18.4 13.8
Other (%) 2.8 16 1.6
Pre-Surgical BMI 493+95 475+8.4 48 +8.1

*
Continuous variables are listed as mean+SD.
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