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Abstract

Although all weight-loss approaches may improve insulin sensitivity in type 2 diabetes, bariatric 

surgery is believed to be the only reliable means of achieving diabetes remission. We conducted a 

retrospective cohort study to compare rates of diabetes remission, relapse and all-cause mortality 

among severely obese individuals with diabetes who underwent bariatric surgery versus 

nonsurgically treated individuals. Severely obese adults with uncontrolled or medication-

controlled diabetes who underwent bariatric surgery or received usual medical care from 2005 to 
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2008 in three health care delivery systems in the United States were eligible. Diabetes status was 

identified using pharmacy, laboratory, and diagnosis information from electronic medical records. 

A propensity approach and exclusion criteria identified 1395 adults with diabetes who had 

bariatric surgery and 62322 who did not. Most procedures were Roux-en-Y gastric bypass (72.0% 

laparoscopic; 8.2% open); 4.4% were gastric banding, 2.4 % sleeve gastrectomy, and 13.2% were 

other procedures. At two years, bariatric subjects experienced significantly higher diabetes 

remission rates [73.7% (95% CI: 70.6, 76.5)] compared to nonsurgical subjects [6.9% (95%CI: 

6.9, 7.1)]. Age, site, duration of diabetes, hemoglobin A1c level, and intensity of diabetes 

medication treatment were significantly associated with remission. Bariatric subjects also 

experienced lower relapse rates than nonsurgical subjects (adjusted HR: 0.19; 95% CI: 0.15 to 

0.23) with no higher risk of death (adjusted HR: 0.54; 95% CI: 0.22 to 1.30). We conclude that 

bariatric surgery can effectively induce remission of diabetes among most severely obese adults, 

and this treatment approach appears to be superior to nonsurgical treatment in inducing diabetes 

remission.
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Introduction

Severe obesity and type 2 diabetes mellitus (T2DM) are increasingly common chronic 

medical conditions in the United States. Both are associated with excess mortality among 

adults, with obesity alone contributing an estimated 300 000 deaths a year in the United 

States.[1] To combat these twin epidemics, the medical community has increasingly turned 

to bariatric surgery as a weight-loss and diabetes-control intervention in severely obese 

adults.[2-4] The American Society for Metabolic and Bariatric Surgery reported that the 

annual number of bariatric surgeries nearly doubled from 2003 (103000 procedures) to 2007 

(205000 procedures) and estimated that by 2020, up to 13% of the United States population 

will be eligible for bariatric surgery.[5]

Bariatric surgery includes a number of surgical procedures that alter the gastrointestinal tract 

primarily for the purpose of producing weight loss that in turn, may also induce T2DM 

remission. Weight loss is believed to be the primary mechanism by which restrictive 

bariatric procedures improve T2DM; however, it is increasingly clear that the gut plays a 

role in glucose homeostasis, by influencing insulin secretion and possibly sensitivity; and 

procedures that include an intestinal bypass probably improve glucose control by 

influencing multiple gastrointestinal pathways in complementary ways.[6] A recent meta-

analysis of 621 randomized trials and observational studies published by Buchwald and 

colleagues indicates that bariatric surgery has profound and potentially long-lasting effects 

on T2DM.[7] They reported high rates of T2DM remission across various procedure types, 

including: biliopancreatic diversion/duodenal switch (BPD/DS) 95.1%, Roux-en-y gastric 

bypass (RYGB) 80.3%, gastroplasty (including gastric sleeve) 79.7%, and adjustable gastric 

band (AGB) (56.7%). The Centers for Medicare and Medicaid Service (CMS) independently 
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reviewed this literature and came to a similar conclusion that BPD/DS, RYGB, and AGB 

were all effective methods for inducing diabetes remission.[8]

Despite mounting evidence that bariatric surgery results in high rates of T2DM remission, 

many health insurance plans have called for additional research to conclusively establish the 

superiority of bariatric surgery over medical management.[9] They point out that very few 

studies in this area have included comparison control groups of T2DM patients who did not 

have surgery. This conclusion was supported by the CMS literature review and the recent 

meta-analysis.[7, 8] For example, even though the meta-analysis included more than 12000 

diabetic patients, most studies were at single sites (89%) and very few had a comparison 

group of nonsurgical patients.[7]

To address these gaps in the literature and to inform coverage decisions by health insurance 

plans, this report presents findings from a large, population-based investigation of the short-

term impact of bariatric surgery versus nonsurgical treatment on T2DM remission among 

severely obese adults using data from 2005-2008 extracted from three integrated health 

insurance plans and care delivery systems in the United States. We hypothesized that the 

likelihood of T2DM remission would be significantly higher in severely obese patients who 

had bariatric surgery compared to those who continued nonsurgical care for T2DM and 

obesity.

Methods and Procedures

We conducted a retrospective cohort study to determine whether bariatric surgery is superior 

to nonsurgical treatment in inducing T2DM remission among severely obese patients. Study 

subjects included adults enrolled during 2005 to 2008 in one of three integrated United 

States health plan and care delivery systems: HealthPartners (Minnesota), Kaiser 

Permanente Northern California, and Kaiser Permanente Southern California. Analyses were 

conducted at the Group Health Research Institute (Seattle, Washington). All procedures 

were reviewed and approved by the Institutional Review Boards of the four sites.

Primary inclusion criteria were: a) uncontrolled or medication-controlled T2DM; b) 

measured body mass index (BMI) of at least 35 kg/m2 (extracted from electronic medical 

records) and c) age at least 18 not yet 80 years old. Initial classification as having diabetes 

required one or more of the following criteria in a defined 12-month (calendar) period: a) 1+ 

fills for diabetes-specific medication (oral or insulin); b) HbA1c ≥7.0% on one or more 

occasions; c) fasting blood glucose ≥126 mg/dL on two or more occasions; d) random blood 

glucose ≥200 mg/dL on two or more occasions; e) one fasting blood glucose ≥126 mg/dL 

plus one random glucose ≥200 mg/dL; f) one or more inpatient hospital discharge ICD-9 

code related to diabetes; g) two or more outpatient ICD-9 codes related to diabetes.

Uncontrolled T2DM was defined as a hemoglobin A1c (HbA1c) ≥7.0% at the most recent 

measurement prior to eligibility; medication-controlled T2DM was defined as a current 

prescription for diabetes medication at the time of eligibility with the most recent HbA1c 

<7.0%. The 7.0% threshold was chosen prior to release of new American Diabetes 

Association guidelines suggesting a threshold of 6.5%.[10] Among eligible subjects, we 
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identified all primary bariatric surgery procedures from 2005 to 2008 using ICD-9 and 

CPT-4 procedure codes from inpatient hospitalizations. We identified adults with a BMI ≥35 

using data from electronic medical records (EMRs), which were available at the three 

participating sites, all of which implemented EMRs in 2005.

Core exclusion criteria included gestational diabetes, current pregnancy, history of 

malignancy, prior gastrointestinal surgery for cancer or peptic ulcer disease, and peritoneal 

effusion/ascites. These inclusion and exclusion criteria, while generally accepted in the 

clinical community,[11] are quite broad and in current practice only a small proportion of 

patients meeting these criteria actually undergo bariatric surgery. Thus, eliminating patients 

unlikely to undergo bariatric surgery was critical. Therefore, we also used a propensity score 

approach to identify and exclude individuals a low probability of undergoing bariatric 

surgery. Cox proportional hazards modeling estimated the two-year probability of each 

subject choosing to undergo bariatric surgery as a function of observed covariates at baseline 

(initial date of eligibility based on the above definitions).[12] Covariates included in our 

propensity model were based on scientific considerations aimed at characterizing the 

severity of diabetes and obesity at eligibility. Final covariates included: age at eligibility, 

sex, site, year of eligibility, time since initial diabetes diagnosis, baseline BMI, baseline 

HbA1c, current diabetes treatment indicators (insulin, oral agents, none), and number of 

current diabetes medications (eTable 1). Propensity score distributions were examined 

graphically (eFigure 1) and in tabular format (eTable 2) among subjects who did and did not 

choose to undergo bariatric surgery in follow-up. By consensus, a propensity threshold of 

0.01 was selected (eFigure 2), so all subjects with a very low probability of undergoing 

bariatric surgery within the next two years (propensity score below 0.01) were excluded 

from subsequent analyses. Sensitivity analyses were conducted to explore the impact of 

varying the propensity score threshold between 0.00 and 0.05. Eligible subjects with a 

propensity score greater than 0.01 comprised our main analytic sample. Our propensity 

analytic approach is described in greater detail in our online-only material.

Using standardized data definitions and programming specifications, we extracted a health 

care dataset for each eligible subject from administrative and clinical databases at 

participating sites. Data included demographic characteristics (age, sex, insurance type), 

measures height and weight, survival status, laboratory data related to glycemic control, 

outpatient diagnoses, and inpatient hospitalizations including diagnoses and procedures. 

Survival status as of December 31, 2008 was ascertained through medical databases and by 

linking to state death indices in California and Minnesota.

Our primary outcome of interest was T2DM remission, defined as the co-occurrence of: a) 

diabetes medication discontinuation (absence of pharmacotherapy for diabetes for ≥90 days 

after last prescription end date); and b) control of T2DM (fasting glucose <126 and/or 

HbA1c <7% occurring ≥90 days after last prescription end date).

Of interest were both the occurrence and timing of diabetes remission, so a Cox proportional 

hazards analytic framework was chosen to investigate the impact of bariatric surgery on 

remission. Time of entry into the cohort was defined as the date of the first BMI ≥35 in the 

electronic medical record. Censoring was for: a) disenrollment from the health plan (loss to 
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follow-up of medication and laboratory data); b) disenrollment from pharmacy coverage 

(loss to follow-up of medication data); c) pregnancy; d) new diagnoses of cancer, ascites, or 

peritoneal effusion, e) reaching one’s 80th birthday, or f) end of the study period (December 

31, 2008). Model specification ensured that the primary exposure, bariatric surgery, was 

time-dependent at least over the course of observed person-time at risk. This permitted 

observation of person-time both presurgery and postsurgery.

For all three outcomes, we examined unadjusted and fully adjusted models. Adjustment 

covariates included study site, calendar year of eligibility date, sex, baseline age, HbA1c, 

diabetes medication use, and T2DM duration. Propensity scores were not used for model 

adjustment. Diabetes duration was defined as the time since the subject was first observed to 

meet one of our seven T2DM criteria. Study site and calendar year of eligibility were 

adjusted for via stratification of the baseline hazard function. Sensitivity analyses explored 

the effect of excluding individuals with missing pre-surgical BMI. All analyses were 

conducted using SAS 9.2 (SAS Institute Inc., Cary, NC, USA) and R 2.10 (R Foundation for 

Statistical Computing, Vienna, Austria).

Results

Our core eligibility criteria identified 4645 adults with uncontrolled or medication-

controlled T2DM who had bariatric surgery at one of the three participating sites from 2005 

to 2008 and 231490 obese (BMI ≥35 kg/m2) diabetic adults that did not undergo surgery 

(Figure 1). After applying our exclusion criteria, our main cohort was 1512 adults with 

uncontrolled or medication-controlled T2DM and a BMI ≥35 kg/m2 who had bariatric 

surgery and 119217 that did not undergo surgery. Our propensity modeling approach was 

applied to this cohort (see Methods and online-only material), further excluding 7.7% of 

surgical cases and 47.7% of nonsurgical subjects who had a two-year propensity of 

undergoing bariatric surgery of <0.01. Thus, our final cohort comprised 1395 adults with 

uncontrolled or medication-controlled T2DM who had bariatric surgery and 62322 who did 

not have surgery.

The characteristics of our final analytic cohort are presented in Table 1. Nonsurgical 

subjects, compared to surgical subjects, were slightly older on average (49.1 vs. 48.2 years), 

less often female (73% vs. 80%), had lower average BMI values (42.6 vs. 47.4), and 

included a substantially larger proportion with a BMI between 35.0 and 39.9 (43% vs. 15%). 

A greater proportion of surgical subjects had an HbA1c value below 7% (36% vs. 33%). 

Current insulin use was found among 24% of surgical subjects and 20% of nonsurgical 

subjects. Overall, 13% of all subjects were not using either oral agents or insulin at baseline. 

Among the 1395 surgical subjects in our cohort, 23 (1.6%) were censored prior to surgery 

for developing an exclusion condition and 72 subjects met T2DM remission criteria prior to 

undergoing surgery; thus, 1300 subjects in our final analytic model experienced bariatric 

surgery during follow-up. Most bariatric procedures were RYGB (72.0% laparoscopic; 8.2% 

open); 4.4% were AGB, 2.4% were sleeve gastrectomy, 0.4% were vertical banded 

gastroplasty, and 12.7% were coded using more than one different bariatric procedure code; 

however, among the 12.7% procedures that had more than one procedure code, 97% of those 

included at least one code indicating either open or laparoscopic RYGB.
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Table 2 shows primary T2DM remission analyses, both unadjusted and fully adjusted Cox 

model results. Our unadjusted Cox model estimated probability of T2DM remission within 2 

years was 73.7% (95% CI: 70.6, 76.5) for patients exposed to surgery, and 6.9% (95%CI: 

6.9, 7.1) among non-surgical patients. Bariatric subjects experienced a significantly higher 

hazard of T2DM remission than nonsurgical subjects (unadjusted hazard ratio [HR]: 18.8; 

95% CI: 17.2, 20.6), indicating that severely obese subjects with diabetes who received 

bariatric surgery were 18.8 times more likely to experience T2DM remission during follow-

up than those receiving usual care and still at risk. Older subjects were significantly less 

likely to remit. A longer time since T2DM diagnosis was significantly associated with lower 

T2DM remission, as was higher HbA1c and more intensive medication treatment. Notably, 

the unadjusted effect of surgery exposure on T2DM remission differed significantly by 

health plan site, with two site-specific remission HRs significantly higher than the third; 

however, all three site-specific remission HRs associated with surgery receipt exceeded 10.

Table 2 shows multivariable adjusted Cox model results. After adjusting for site, calendar 

year, sex, age, years since diabetes diagnosis, HbA1c category, and diabetes medication 

category, subjects who underwent bariatric surgery remained significantly more likely to 

remit their diabetes than those who continued usual care. Again our results indicated 

significant variability in T2DM remission by health plan site, so site-specific HRs are 

reported: Site One (HR 12.4, 95% CI: 9.2, 16.5), Site Two (HR 23.9, 95% CI: 20.9, 27.3), 

and Site Three (HR 16.9, 95% CI: 14.7, 19.4). Again, age, years since T2DM diagnosis, 

HbA1c level, and intensity of medication treatment were strongly associated with T2DM 

remission rate.

A series of sensitivity analyses examined the impact of choice of propensity score threshold 

on our main results. Figure 2 shows site-specific HRs and 95% CIs for T2DM remission 

across a range of propensity thresholds from 0.0 (no surgical or nonsurgical subjects 

excluded based on propensity) to 0.05 (66.2% of surgical subjects and 94.4% of nonsurgical 

subjects excluded; see online-only materials for propensity method). The results indicate 

that our main results were robust to a wide range of propensity threshold choices.

We conducted additional analyses to explore the heterogeneity of treatment effect by site. 

We found that the differences in HRs for remission followed closely with variations in the 

frequency of fasting glucose measurement during follow-up, with little variation in diabetes 

medication discontinuation or HbA1c measurement. Furthermore, we conducted sensitivity 

analyses to assess the potential impact of excluding bariatric subjects who were missing pre-

operative BMI values (because their surgery occurred prior to implementation of our 

electronic medical record systems allowing easy capture of BMI data during clinical care). 

We used Kaplan-Meyer analyses to compare the time to diabetes remission among bariatric 

subjects with and without baseline BMI values and found that these plots were not 

significantly different.

Bariatric surgery and nonsurgical treatment also differed significantly in T2DM relapse rates 

among the 4064 subjects who experienced an initial T2DM remission event. Unadjusted 

Cox estimates of the probability of relapse within 2 years following initial remission was 

24.4% (95% CI: 19.7, 28.8) among surgical subjects, and 71.9% (95% CI: 69.1, 74.5) 

Arterburn et al. Page 6

Obes Res Clin Pract. Author manuscript; available in PMC 2015 November 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



among nonsurgical subjects. Our multivariable adjusted analyses indicated that those who 

underwent bariatric surgery were significantly less likely to experience T2DM relapse 

(adjusted HR = 0.19; 95% CI: 0.15 to 0.23). Finally, no statistically significant differences 

were observed between the bariatric surgical and nonsurgical treatment groups for risk of 

death within 2 years (adjusted HR = 0.54; 95% CI: 0.22 to 1.23).

Discussion

Diabetes is a highly prevalent health condition among adults with severe obesity and is 

associated with significant morbidity, premature death, and excess health care expenditures. 

In this large, retrospective multicenter cohort study, we found that severely obese adults 

with T2DM who choose to undergo bariatric surgery (80.2% RYGB) had superior rates of 

remission of T2DM than those who chose to continue usual medical care. The effect of 

bariatric surgery persisted after adjusting for age, sex, site, BMI, and several indicators of 

T2DM severity, including years since T2DM diagnosis, HbA1c level, and intensity of 

medication treatment. The main result of our study is consistent with prior research in 

smaller samples from single clinical centers, and the main strengths of this study are that it 

extends the prior literature by confirming this finding in a multisite cohort involving more 

than 40 bariatric surgeons and 20 surgical centers across three integrated health plans while 

using pragmatic inclusion and exclusion criteria.[7]

Bariatric surgery generally refers to surgical procedures that are performed for the purpose 

of helping severely obese people lose weight and to treat, as well as prevent, some obesity-

related complications. This current study was only designed to examine bariatric surgery 

that was being done in this context – that is, to induce weight loss among morbidly obese 

patients who also happen to have T2DM. We cannot generalize our findings to all patients 

with T2DM, especially those with BMI less than 35 or those with diet controlled diabetes, 

who were necessarily excluded from our analyses. Indeed, there is good reason to believe 

that the distinction is important. Preliminary evidence exists that bariatric surgery that has 

been performed specifically to treat T2DM (i.e., “metabolic surgery”) may be less effective 

in inducing T2DM remission than what has been seen among more unselected populations 

of morbidly obese patients.[13] In our study we primarily examined RYGB procedures 

(80.2%), and we had few patients who underwent AGB (4.4%) or sleeve gastrectomy 

(2.4%). Thus, we were unable to address the question as to whether RYGB is superior to 

AGB and sleeve gastrectomy for diabetes remission. In sensitivity analyses that restricted to 

RYGB only, we found that the hazard ratios for remission increased slightly, albeit not to a 

statistically significant degree. Further research is needed to examine these comparative 

effectiveness questions.

Consistent with prior studies, we found that the likelihood of T2DM remission was strongly 

associated with several indicators of T2DM severity. The longer severely obese subjects had 

been diagnosed with T2DM, the less likely they were to remit it after bariatric surgery. 

Similarly, subjects with more poorly controlled T2DM (higher HbA1c levels) were 

significantly less likely to remit their T2DM than those with lower HbA1c levels. Finally, a 

higher intensity of medication treatment was associated with lower remission rates. All these 
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indicators suggest that subjects with more advanced T2DM (i.e., less beta cell function) are 

less likely to achieve euglycemia without medical therapy after bariatric surgery.

While a few other studies have documented significant rates of diabetes relapse after initial 

remission following bariatric surgery, [14-16] Our study is the first to clearly document that 

the rate of T2DM relapse is significantly lower among those who underwent bariatric 

surgery compared to those who initially remitted T2DM using nonsurgical approaches, at 

least in the short term. While our study indicates that nearly one-quarter of bariatric patients 

who initially resolve their diabetes will relapse within two years, the UKPDS and DCCT/

EDIC studies demonstrated that even a transient period of aggressive glycemic control can 

induce a beneficial “metabolic memory” effect and reduce incident microvascular events.

[17-21] Thus, it is possible that patients who eventually relapse their type 2 diabetes after 

bariatric surgery will still continue to experience reduced microvascular and macrovascular 

complications long-term compared to those never experience a relapse of type 2 diabetes.

We did not observe a statistically significant survival benefit in our study; however, given 

our short follow-up time, the absence of evidence should not be equated to evidence for 

absence of survival benefit. Prior research suggests that surgical treatment of obesity is 

likely to yield a significant survival benefit for the average bariatric patient over the long-

term,[22, 23] and our point estimate for mortality (HR 0.54) suggests a strong trend toward 

reduction in mortality that favors surgery. Those prior studies had larger samples of surgical 

cases and longer-term follow-up than our current study.[22, 23] It is important to consider, 

however, that some higher-risk patient populations may experience less survival benefit 

from surgery.[24]

This study represents the largest and most representative study to date on the question of the 

effect of bariatric surgery on T2DM remission. Because our study was conducted in the 

setting of three large health insurance plans with subjects that were predominantly enrolled 

in employer-based commercial products, the outcomes we observed are likely to generalize 

to other commercial health insurance populations in the United States. Given the substantial 

morbidity, mortality, and health care cost implications of type 2 diabetes, our finding of the 

superiority of bariatric surgical treatment in this population – when combined with evidence 

from recent meta-analyses and randomized trials[7, 25] – should be a strong indicator for 

more consistent coverage of bariatric surgery for adult patients with type 2 diabetes.

The retrospective nature of our study has several important limitations. Key information 

used to identify eligible subjects and to indicate our outcomes of interest (e.g., BMI and 

fasting glucose measures) were collected for the purpose of clinical care, not specifically for 

the goal of conducting research. Thus, we found extensive missingness among several key 

data elements – most notably BMI values at baseline. This was due to the late 

implementation of electronic medical records at each of the study sites – which occurred 

after receiving bariatric surgery for many patients. Despite these missing values, our 

sensitivity analyses indicate that surgical patients with and without baseline BMI 

experienced similar rates and time to diabetes remission. We were also unable to assess the 

relationship between weight changes and outcomes. Given the important role that the 

amount of weight loss appears to play in determining diabetes remission,[26] significant 
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weight regain might reasonably return patients to a diabetic state. Two recent small case 

series found that greater weight regain increased the likelihood of diabetes recurrence.[15, 

16] Buchwald and colleagues' review of 621 studies suggested that patients with diabetes 

actually lose more weight in the first 2 years after bariatric surgery than those without 

diabetes.[7] Beyond 2 years postsurgery, those with diabetes had weight loss similar to those 

without. Other studies refute this claim, suggesting that those with diabetes lose less weight 

in the first 2 years after surgery than patients who do not have diabetes.[27-29] Clearly more 

work is needed in this area to clarify the relationship between long-term changes in body 

weight and durable diabetes remission.

Furthermore, our analyses of the heterogeneity of treatment effects by site indicated 

significant variations in missing data across sites (especially measures of fasting glucose), 

which could be related to differences in data management (e.g., handling of laboratory data 

from different labs) or true differences in clinical care (e.g., clinical guidelines that 

emphasize HbA1c surveillance above fasting glucose). We acknowledge that the observed 

differences in measurement of fasting glucose after surgery might not fully explain the site-

specific variations in hazard ratios, and this issue likely warrants further investigation. 

However, while the magnitude of the site-to-site variability was seemingly non-negligible 

on the hazard ratio scale, all of the hazard ratios were extremely large and in the same 

direction. Thus, the key conclusion at each site remains the same – that bariatric surgery is 

superior to non-surgical treatment in inducing remission of T2DM among severely obese 

patients. As a final limitation, given the relatively small sample of patients receiving 

procedures other that RYGB, we were unable to assess heterogeneity of treatment effects by 

surgery type in this study.

In conclusion, we found in this large, multicenter study of patients with severe obesity and 

type 2 diabetes that underwent bariatric surgery that remission of diabetes occurs much more 

frequently after surgery than under the conditions of usual medical care. These findings are 

consistent with prior small studies, and taken as a whole, suggest that bariatric surgery is 

likely to be a superior treatment alternative to usual diabetes care among severely obese 

patients, especially when the goal of treatment is T2DM remission. The likelihood of 

remission appears to be strongest among severely obese patients who are earlier in the 

course of their disease (shorter T2DM duration, lower HbA1c levels, and less intensive 

medication treatment). Thus, the option of bariatric surgery should be discussed with all 

severely obese diabetic patients soon after diagnosis to provide them with the greatest 

opportunity to achieve remission.
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Figure 1. Flow diagram
Inclusion, exclusion, remission, relapse, death, and censoring for adults with uncontrolled or 

medication-controlled type 2 diabetes mellitus, with and without bariatric surgery.

Arterburn et al. Page 12

Obes Res Clin Pract. Author manuscript; available in PMC 2015 November 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Adjusted site-specific hazard ratios for diabetes remission across a range of propensity 
thresholds
Site-specific hazard ratios and confidence intervals for diabetes remission across propensity 

thresholds. Models were adjusted for age, sex, calendar year, body mass index, HbA1c, 

diabetes medication category and duration of diabetes at date of eligibility.
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Table 1

Characteristics for subjects with 2-year bariatric surgery propensity of 1% or higher

At date of eligibility At surgery

Bariatric
patients
N=1 395

Non-surgical
controls

N=62 322

Bariatric patients

N=1 300
a

Age, mean (sd) 48.2 (9.3) 49.1 (9.3) 49.2 (9.2)

Female, n (%) 1 116 (80%) 45 188 (73%) 1 034 (80%)

Site, n (%)

 Site One 128 (9%) 2 175 (3%) 120 (9%)

 Site Two 596 (43%) 27 133 (44%) 552 (42%)

 Site Three 671 (48%) 33 014 (53%) 628 (48%)

Calendar Year, n (%)

 2005 222 (16%) 6 626 (11%) 51 (4%)

 2006 532 (38%) 1 284 (28%) 218 (17%)

 2007 568 (41%) 27 242 (44%) 434 (33%)

 2008 73 (5%) 11 170 (18%) 597 (46%)

Body Mass Index, mean (sd) 47.4 (7.6) 42.6 (6.6) 45.9 (7.6)

Body Mass Index category, n (%)

 Below 35 0 (0%) 0 (0%) 27 (2%)

 35 to 40 211 (15%) 26 746 (43%) 260 (20%)

 40 to 45 393 (28%) 17 925 (29%) 382 (29%)

 45 to 50 371 (27%) 9 902 (16%) 324 (25%)

 50 and higher 420 (30%) 7 749 (12%) 307 (24%)

Years since T2DM diagnosis, mean (sd) 4.4 (3.8) 4.3 (3.9) 5.5 (3.9)

HbA1c percentage, n (%)

 Below 7% 505 (36%) 20 586 (33%) 699 (54%)

 7% to 8% 422 (30%) 18 391 (30%) 311 (24%)

 8% to 9% 196 (14%) 9 085 (15%) 144 (11%)

 9% to 10% 139 (10%) 6 484 (10%) 76 (6%)

 10% and higher 133 (10%) 7 776 (12%) 70 (5%)
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At date of eligibility At surgery

Bariatric
patients
N=1 395

Non-surgical
controls

N=62 322

Bariatric patients

N=1 300
a

Diabetes medication use, n (%)

 Insulin 336 (24%) 12 694 (20%) 303 (23%)

 Sulfonylurea 525 (38%) 23 547 (38%) 501 (39%)

 Metformin 890 (64%) 39 661 (64%) 778 (60%)

 TZD 223 (16%) 7 759 (12%) 198 (15%)

 Other oral medication 26 (2%) 755 (1%) 34 (3%)

Combined medications, n (%)

 None 186 (13%) 8 127 (13%) 218 (17%)

 Oral medication only 873 (63%) 41 501 (67%) 779 (60%)

 Insulin only 87 (6%) 4 594 (7%) 93 (7%)

 Oral and insulin 249 (18%) 8 100 (13%) 210 (16%)

b; T2DM diabetes mellitus; HbA1c, hemoglobin A1c; TZD, thiazolidinediones; date of eligibility – first date meeting definition of unremitted 
T2DM, body mass index ≥35, and age ≥18 years.

a
Among bariatric patients, 23 individuals were censored and 72 remitted diabetes before surgery
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Table 2

Unadjusted and adjusted diabetes remission hazard ratio estimates

Unadjusted
Estimates Adjusted Estimates

a,b

Time-Varying

 Bariatric Surgery

  Pooled sample
c 18.79 (17.18, 20.56) –

  Site-specific surgery effects

   Site One 10.25 (7.75, 13.56) 12.35 (9.24, 16.51)

   Site Two 21.07 (18.50, 24.01) 23.92 (20.92, 27.34)

   Site Three 18.37 (16.07, 21.01) 16.91 (14.70, 19.44)

Time-invariant (measured at Index)

 Female 1.05 (0.97, 1.12) 1.03 (0.96, 1.10)

 Age at eligibility (5-year increase) 0.91 (0.90, 0.93) 0.97 (0.96, 0.99)

 Site

  Site One 1 (referent) –

  Site Two 0.55 (0.49, 0.63) –

  Site Three 0.55 (0.49, 0.62) –

 Calendar year of eligibility date

  2005 1 (referent) –

  2006 1.03 (0.93, 1.14) –

  2007 1.22 (1.11, 1.35) –

  2008 1.71 (1.49, 1.97) –

 Years since T2DM
d
 diagnosis

0.85 (0.85, 0.86) 0.90 (0.89, 0.91)

 Body Mass Index

  35 to 40 1 (referent) 1 (referent)

  40 to 45 1.24 (1.15, 1.34) 1.14 (1.06, 1.23)

  45 to 50 1.38 (1.26, 1.51) 1.21 (1.10, 1.32)

  50 and higher 1.51 (1.38, 1.66) 1.18 (1.08, 1.30)

 HbA1c category
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Unadjusted
Estimates Adjusted Estimates

a,b

Time-Varying

  Below 7% 1 (referent) 1 (referent)

  7% to 8% 1.32 (1.23, 1.41) 0.59 (0.54, 0.64)

  8% to 9% 0.51 (0.45, 0.57) 0.30 (0.26, 0.34)

  9% to 10% 0.44 (0.38, 0.51) 0.27 (0.24, 0.32)

  10% and higher 0.38 (0.33, 0.44) 0.22 (0.19, 0.26)

 Combined diabetes medications

  None 1 (referent) 1 (referent)

  Oral medication only 0.20 (0.19, 0.22) 0.15 (0.14, 0.16)

  Insulin only 0.18 (0.16, 0.21) 0.22 (0.19, 0.26)

  Oral and insulin 0.07 (0.06, 0.08) 0.08 (0.07, 0.10)

a
A total of 4 064 remissions occurred among 63 717 individuals who contributed person-time to the analysis of time to diabetes remission. All 

subjects contributed to both unadjusted and adjusted models above.

b
Adjusted model contained all covariates shown, and stratified the baseline hazard on site and calendar year of eligibility, hence no main effects 

are estimated for those two factors.

c
The adjusted model contained a significant interaction between site and bariatric surgery exposure, and so only site-specific surgery effects are 

presented. Unadjusted site-specific effects were based on a model containing site, surgery exposure, and their interaction only.

d
; T2DM type 2 diabetes mellitus; HbA1c, hemoglobin A1c; TZD, thiazolidinediones
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