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Abstract

Background: effectiveness of sleeve gastrectomy and gastri@a¢s/on glycemic, blood pressure
and lipids control in obese type 2 diabetic pasestpoorly known.

Objective: to assess effectiveness of bariatric surgery is®lgpe 2 diabetic people.

Setting: University Hospital, Italy

Methods. Diabetes remission and metabolic changes overquesttive follow-up were assessed
in 135 obese patients with type 2 diabetes who mwvelg bariatric surgery in the 2007-2011 period
(gastric bypass, n=100; sleeve gastrectomy, n=RBpeated-measures analysis of variance and
logistic regression were used.

Results: Diabetes remission was observed in 22% and 21.58tegbatients, respectively one and
two years after surgery. Compared to the remaipiatients, patients in diabetes remission were
significantly younger, had lower diabetes duratibemoglobin Alc (HbAlc), fasting plasma
glucose, and frequency of insulin-treatment. Trenti$dbAlc, body mass index (BMI), blood
pressure, plasma triglycerides showed a significketrease and the trend of HDL-cholesterol a
significant increase over time in both treatmemugs (p<0.001). Patients reaching target levels for
at least three out of five indicators of interméeliautcomes of care (composite indicator of good
diabetes control) were 25.5% at the baseline and%é6at final follow-up visit (p<0.001). In
logistic regression, age (OR=0.89, 95% CI 0.84-0).8fhAlc (OR=0.67, 95% CI 0.49-0.91) and
diabetes duration (OR=0.87, 95% CI 0.77-1.00) vwedependent predictors of diabetes remission.
Conclusions: bariatric surgery is an effective approach to oménglucose, lipids and blood
pressure control in obese type 2 diabetic subj@&asatric surgery should be offered earlier over
the natural course of diabetes to increase théHiked of diabetes remission in obese patients.

Keywords:. Bariatric surgery, diabetes, blood pressure, $ipid



I ntroduction

Diabetes haseached epidemic proportions in several countieduding United States,
China, and India® and the disease imposes large economic burdensational health care
system& The attributable risk of obesity on diabetesds98% and tackling obesity epidemitay
have a beneficial impact on diabetes burden. Ietgron trials have shown that physical activity
and other lifestyle changes are effective in reniyche risk of diabetésbut effectiveness of these
approaches at community level is scarce. Moreawaecent study performed in overweight and
obese diabetic patients has shown that an interisdgtyle intervention focusing on weight loss
only resulted in 6% body weight reduction and fhil® reduce cardiovascular morbidity and
mortality.

Randomised trials have shown that surgical treatnoérobesity leads to greater body
weight loss and diabetes remission rate than nogiesth approachés. Weight loss surgeries have
also beneficial glycemic effects that are indepahadé body weight likely due to favorable changes
in gut hormone secretith Although bariatric surgery is emerging as the nedfective treatment
for selected obese diabetic subjects, studies stipp@ more extensive use of surgical approaches
in obese diabetic patients have several limitatisash as the low number of studied subjects and
the short duration of follow-Up™*’. Furthermore, there is little information on thetabolic effects
of laparoscopic sleeve gastrectomy (stand-aloneatipe) that is emerging as an especially
attractive procedure for high-risk patiefit&. Therefore, further studies are required to comfir
promising findings and to prompt diabetologist®w@rcome clinical inertia and consider surgery as
a reasonable and attractive therapeutic optioelected obese diabetic patients.

In this study, we assessed the effectiveness dfigéypass and sleeve gastrectomy on the
durability of glycemic, blood pressure, and lipmtrol in a Mediterranean clinic-based cohort of

obese patients with type 2 diabetes.

Materialsand Methods



The study base included all consecutive type 2 dfiabobese patients who underwent
bariatric laparoscopic surgery between 1 Janua@728hd 31 December 2011 at the regional
reference Centre of Bariatric Surgery of the TWimiversity’, covering a catchment area of almost
5 millions of inhabitants. The number of recruitedtients was greater in 2011 because of the
publication in 2010 of a Consensus Statement gltabiabetes Society) recommending bariatric
surgery in selected obese diabetic patients.

Type 2 diabetes was defined as fasting plasma ghrd 26 mg/dl or diabetes medication
use (insulin, oral antidiabetic drugs, or both)ading to international critefa&*>. The inclusion
criteria were an age of 25 to 70 years and a bodgsnindex (BMI)> 35 kg/nf. The exclusion
criteria were: pregnancy; severe inflammatory, okgic or cardiovascular diseases; malignancy;
contraindications to obesity surgery or unacceptabirgical risks. All patients provided a written
informed consent.

After surgery, each patient underwent follow-upitgisvery 12 months and both clinical
and laboratory data were recorded. Diabetes sjsiaind registered dieticians assessed glycemic,
blood pressure, and lipid control and adjustedtneat according to international guidelifes. A
final follow-up examination was performed in 20XRassess survival and review medical records.
The interval from surgery to the final follow-up arination was of at least 12 months in all
patients. Out of the 140 recruited patients twaoepés died (stroke; accident) and 3 patients moved
to another Italian Region during the follow-up peki therefore, 135 patients with clinical and
metabolic data were available for the analysesaBse of the open cohort study design, lengths of
follow-up varied among patients: 1 year follow up={35), 2 years follow up (n=56), 3 years
follow up (n=46), 4 years follow up (n=35), 5 yedoow up (n=23).

The outcome measures were percent excess weigdt dosomposite indicator of good
diabetes control (GDC) and diabetes remission. d¢rexcess weight loss was calculated as
[(operative weight-ideal weight)/(operative weighideal weight)]*100 with ideal weight based on

BMI of 25 kg/nf. A composite indicator of GDC based on internaloguideline§?* was
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calculated, assigning a score of 1 for each iterax(mum score=5) defining the achievement of
good glucose (HbAlc values lower than 7%), blooespure (values below 130/80 mmHg) and
lipids control (values of LDL-cholesterol <100 my/ttiglycerides <150 mg/dl, HDL-cholesterol
>40 mg/dl in men and >50 mg/dl in women). Diabetasission was defined as hemoglobin Alc
(HbAlc)< 6.0% (42 mmol/mol) and no diabetes medicafibns
Statistical analysis

Normally distributed baseline variables were repoias mean and standard deviation (SD),
while variables with a skewed distribution (triglytdes, creatinine) were analyzed after
logarithmic transformation and data reported asnggoc means and interquartile range (IQR).
Comparisons were performed using the Student tamedtthex’ test as appropriate. Repeated-
measurement ANOVA was used to assess individualggsin HbAlc, BMI, blood pressure, lipid
levels during follow-up visits scheduled every 18nths after surgery. A conservative F-test was
employed to analyse the interaction between timd #meatment. The Greenhouse-Geisser
correction for the F test was used to adjust thgress of freedom for deviations form sphericity
(one of the assumptions of repeated-measures @aafygariance). Percent excess weight loss and
the composite indicator of GDC were calculatedhat final examination. Diabetes remission was
assessed in subjects with a minimum follow up meod 12 and 24 months. Logistic regression
analysis was used to estimate the odds ratios (@Rg)iabetes remission, independently of
confounders and known risk factors. Both backwardl dorward strategies examining all
explanatory variables were employed to select nsod€he likelihood ratio test was used to
compare nested models examining the role of baselge, sex, diabetes duration, BMI, HbAlc,
systolic and diastolic blood pressure, creatingiabetic treatment (diet, oral drugs, insulin), and
percent excess weight loss. Variables were retaméue final model if they added significantly to
the likelihood of models or to the estimated ca#tits of predictors. All P values were 2-sided,
and P values of less than 0.05 were consideretatally significant. STATA version 10.0 was

used for the analyses.



Results

As shown in Table 1, mean baseline age of remmtyitatients was 49.0 + 9.3 years (IQR
42.4-57.2 years) and most of them were women (746an duration of diabetes was 8.2 years
(IQR 3-10 years) and 25.9% of patients were treatigld insulin. Baseline glycemic control was
poor (HbAlc >7.0%) in 58% of patients and 25% adnthhad HbAlc values 9.5%. BMI was
>44.9 kg/nf (IQR 40.3-49.8) in 50% of the patients and only gatients had values of 32.7-34.9
kg/m?. Blood pressure levels above 130/80 mmHg wereddon9.9% of patients and 68.1% of
the subjects had arterial hypertension. Baselinaragieristics were similar in patients who
underwent gastric bypass (n=100) and sleeve g&stngdn=35) (Table 1).

At the final examination, percent excess weighs lgas 58.% 24.0 and it was comparable
in patients treated with gastric bypass and slgegtrectomy (61.2+26.5 vs. 52.3 + 23.0, p=0.09).

Figure 1 shows trends of HbAlc, BMI, blood pressymasma triglycerides, and HDL-
cholesterol levels over time. There a statisticalignificant decrease in HbAlc, BMI, blood
pressure, plasma triglycerides over time, while Hibiolesterol significantly increased (p<0.001).
Patients who underwent sleeve gastrectomy had deshiength of follow up; however, no
differences were observed between treatment grduiiisg this time period.

A composite GDC score 3 was achieved by 25.5% and 66.1% patients (p40.60
baseline and final examination, respectively. Reaagge of patients requiring insulin treatment
decreased from 25.9% to 9.6% (p<0.001). Remissiahabetes was observed in 22% and 21.5%
of the patients, respectively one and two years &ftirgery. There were no significant differences
in diabetes remission between the gastric bypamgogand the sleeve gastrectomy group (n=21/100
vs n=8/35, p=0.92). As shown in Table 2, diabe#tignts in remission had younger age (p=0.001),
shorter diabetes duration (p=0.001), lower HbAle((p1l) and fasting plasma glucose levels
(p=0.03) at baseline. In patients with longer faHap length, diabetes remission sustained and no

cases of diabetes relapse were observed.



Logistic regression analysis was also performeaissess variables independently associated
with the likelihood of diabetes remission. Youngge (OR=0.89, 95% CI 0.84-0.95), lower HbAlc
(OR=0.67, 95% CI 0.49-0.91) and diabetes durati@QR<0.87, 95% CI 0.77-1.00) were
independent predictors of diabetes remission, vasergher examined variables (percent excess

weight loss, BMI, treatment for diabetes, lipidsldohood pressure) did not modify estimated ORs.

Conclusions

Our study showed that one out of five Mediterrantyae 2 diabetic patients who underwent
bariatric surgery had complete remission of diahedefined as HbAlc values <6% and no use of
diabetic medications. Furthermore, most of theaiemg patients showed a decreasing trend of
BMI, blood pressure, plasma lipids and medicatisa aver time, indicating an overall metabolic
benefit of surgical treatment. Consistently, 66.4Ppatients reached target levels for at leastethre
out of five indicators of intermediate outcomescafe (HbAlc, blood pressure, LDL-cholesterol,
HDL-cholesterol and triglycerides), while this washieved by only 25.5% patients prior to
bariatric surgery. This finding is of particularleeance as there is convincing evidence that
multifactorial treatment of cardiovascular risktfars is mandatory to reduce diabetes complications
and mortality®. Optimal metabolic control is seldom achieved lirese diabetic patients; therefore,
the improvement in metabolic control after bar@surgery, herein reported, appears quite striking.
Finally, performance of sleeve gastrectomy andrigaslypass were comparable in our study,
suggesting that sleeve gastrectomy may be effeave stand-alone bariatric operation in diabetic
people. However, these data should be considerdd caution, due to the limited numbers of
patients who underwent sleeve gastrectomy in okiorto

Our findings are consistent with those reportedeirent clinical trials comparing bariatric
surgery and intensive medical therapy alone. Howewar data not only show a beneficial
metabolic effect of bariatric surgery in diabetiatipnts, but importantly confirm clinical

effectiveness in unselected patiéfit§ It is noteworthy that mean diabetes duration Veaser
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than in previous studies, suggesting that in oumiazl setting obese patients are delayed from
undergoing bariatric surgery even after diabetegrbsis, thus hampering the likelihood of a
complete restoration ¢¥-cell function. However, most of diabetic patienfsour cohort improved
metabolic control after surgery and often switctien insulin to oral treatment with a likely
favourable impact on the quality of life.

Bariatric surgery is emerging as the most effectherapeutic approach for obese patients
with diabetes. The largest observational cohortoloése diabetic patients undergoing bariatric
surgery was part of the Swedish Obese Subjects)(StD8y. In this cohort, however, most of the
patients underwent vertical banded gastroplastyosiyl 55 patients had a gastric bypass. Over 10-
years of follow-up bariatric surgery was associatdth greater diabetes remission rfatand,
importantly, the risk of micro- and macrovasculamplications was reduced by 60% and 30%,
respectively’. Other studies have also provided evidence ofbstantial reduction in health care
utilization and direct healthcare costs, thus earifig the cost-effectiveness of bariatric surg&fy

Consistent with previous studies, we found thabelias remission is independent of weight
loss. Indeed, in our logistic regression analygmsinger age, higher values of HbAlc, and a shorter
diabetes duration were independently associatéid twe likelihood of diabetes remission, while
neither pre-operative BMI nor excess weight losd agredictive value. This finding has clinical
implications, suggesting that the bariatric surganmguld be offered earlier in the natural course of
the disease, probably at diabetes diagnosis, teease the likelihood of obtaining complete
remission. According to recent guidelines, quadifion for bariatric surgery includes: BMI 35-40
kg/m? and the presence of co-morbidities as surgicaliipced weight loss is expected to improve
underlying obesity-related disord&tsUnfortunately, there is little evidence-basedinfation on
the effectiveness of bariatric surgery in diabgidients with BM#30 and <35 kg/fand in this
subgroup of patients indication for bariatric suggshould be individually asses$&dRecently, a
favourable metabolic response to gastric bypasslsasbeen reported in non-obese diabetic Asian

patients®, however, further studies are required to confinese promising findings.
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Our study has several limitations. First, thisnsadservational study from a single referent
academic clinic for bariatric surgery and there wasa control group of obese diabetic patients.
However, all consecutive patients who underwentabidr surgery over the study period were
included in the study, thus allowing to exclude estbn bias effects, and patients were
representative of obese diabetic patients in lelgwing the results to be generalized to other
patients. Second, the number of recruited subjeets relatively small, particularly in the group
who underwent sleeve gastrectomy. Third, data omua@nexaminations were retrospectively
obtained from medical records. However, high cotepless of ascertainment of data was obtained,
thus allowing to limit detection bias. Furthermosd| patients were regularly assessed in the
diabetic clinic using standardized laboratory atidical procedures, thus limiting the effect of
observational bias. Finally, the follow-up perioar fpatients who underwent sleeve gastrectomy
was limited to 3 years. However, previous datalenmetabolic effects of sleeve gastrectomy in
diabetic patients are quite scarce and our study tathe existing knowledge in this area.

Our study has also considerable strengths, suctheasentralization of all laboratory
measurements, the high degree of completenesseftasment at the follow-up examination and
the assessment of the effectiveness of surgicakpoes in the setting of clinical practice. Fipall
data were analysed using repeated-measurement AN@WAixed time intervals and this allows,
at variance with previous studies, to take intoocaot the effect of individual variability over time
Therefore, internal and external validity of outadallow to generalize our conclusions to the obese
diabetic population.

In conclusion, our study showed that bariatric euwygis effective in reducing the
cardiovascular risk profile of diabetic patientsdan achieving diabetes remission. However, the
likelihood of remission was higher in younger patgewith lower diabetes duration, suggesting that

surgical procedures should be suggested earligrtbganatural course of the disease.
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Table 1: Baseline features of the clinic-based cohort obelie patients who underwent bariatric
surgery, by surgical procedure

Table 2: Baseline features of the clinic-based cohort obeli patients who underwent bariatric
surgery, by diabetes remission

Legend Figure 1: Pattern over time of HbAlc (A), BMI (B), systolion@ diastolic blood pressure
(C,D), plasma triglycerides (E) and HDL-cholestgF®), by bariatric procedure in the cohort of 135
eligible patients out of 140 patients who underweaniatric surgery and were regularly assessed at
the annual follow-up visit (gastric bypass, solite| n=100; sleeve gastrectomy, dotted line, n=35).
Lengths of follow-up varied among patients: 1 ydiow up (n=135), 2 years follow up (n=56), 3
years follow up (n=46), 4 years follow up (n=35)éars follow up (n=23).
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