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Mortality Risk After Roux-en-Y

Gastric Bypass in Patients With
and Without Diabetes
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OBJECTIVE

This study assessed all-cause and specific-cause mortality after Roux-en-Y gastric
bypass (RYGB) and in matched control subjects, stratified by diabetes status.

RESEARCH DESIGN AND METHODS

RYGB patients were matched by age, BMI, sex, and diabetes status at time of surgery
to nonsurgical control subjects using data from the electronic health record. Kaplan-
Meier curves and Cox regression were used to assess differences in all-cause and
specific-cause mortality between RYGB patients and control subjects with and with-
out diabetes.

RESULTS

Of the 3,242 eligible RYGB patients enrolled from January 2004 to December 2015,
control subjects were identified for 2,428 (n = 625 with diabetes and n = 1,803
without diabetes). Median postoperative follow-up was 5.8 years for patients with
diabetes and 6.7 years for patients without diabetes. All-cause mortality was reduced
in RYGB patients compared with control subjects only for those with diabetes at the
time of surgery (adjusted hazard ratio = 0.44; P < 0.0001). Mortality was not signif-
icantly improved in RYGB patients without diabetes compared with control subjects
without diabetes (adjusted hazard ratio 0.84; P = 0.37). Deaths from cardiovascular
diseases (P = 0.011), respiratory conditions (P = 0.017), and diabetes P = 0.011) were
more frequent in control subjects with diabetes than in RYGB patients with diabetes.
RYGB patients without diabetes were less likely to die of cancer (P = 0.0038) and
respiratory diseases (P = 0.046) than control subjects without diabetes, but were at
higher risk of death from external causes (P = 0.012), including intentional self-harm
(P = 0.025) than control subjects without diabetes.

CONCLUSIONS

All-cause mortality benefits of RYGB are driven predominantly by patients with di-
abetes at the time of surgery. RYGB patients with diabetes were less likely to die of
cardiovascular diseases, diabetes, and respiratory conditions than their counterparts
without RYGB.

Increasing BMl is an established risk factor for early mortality, especially in younger and
middle-aged adults (1,2). Severe obesity, or class Il obesity (BMI =40 kg/m?), is
associated with an estimated 6.5-13.7 years of life lost compared with normal-weight
individuals, though mortality risk differs by age, sex, and race (3,4). Severe obesity
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increases the risk of diabetes, hyper-
tension, and hyperlipidemia, which are
associated with the development of car-
diovascular disease (5). Cardiovascular
disease is a leading cause of obesity-
related mortality, possibly because of
changes to the microvasculature and to
adipocyte physiology, altered adipokine
secretion, and chronic low-grade inflam-
mation (6-8). Higher hemoglobin A1C lev-
els are associated with higher mortality
rates in adults (9,10) with type 2 diabetes.
Numerous studies (11-15) suggest that
all-cause mortality risk improves after
bariatric surgery. Patients in the Swedish
Obese Subjects (SOS) study (15) experi-
enced lower all-cause mortality relative
to usual care (adjusted hazard ratio [HR]
0.71). Retrospective studies in Utah (13)
and Washington (14) reported significant
survival benefits of bariatric surgery (40% at
7 years and 33% at 15 years, respectively),
and a recent study of Veterans Affairs pa-
tients (12) also found lower mortality rates
in bariatric surgery patients compared
with control subjects (HR 0.47). One Dan-
ish study (16), however, did not find any
all-cause mortality benefit of surgery.
Improvements in cardiovascular risk
factors such as hyperlipidemia and hyper-
tension, and type 2 diabetes remission
(17-19), likely contribute to mortality
risk reductions after bariatric surgery.
Adams et al. (13) reported a reduction
in deaths attributable to diabetes in bar-
iatric surgery patients compared with
control subjects. Davidson et al. (20)
found mortality related to cardiovascular
disease (HR 0.51) to be lower for bariatric
surgery patients. Given the high diabetes
remission rates after bariatric surgery
(17-19), it is plausible that the most ro-
bust survival benefits of bariatric surgery
may occur in patients with type 2 diabe-
tes. Nevertheless, the role of patients
with diabetes in the reduction of all-cause
mortality after bariatric surgery has re-
ceived sparse attention, with a single 3—
5-year study (21) finding a 58% reduction
in all-cause mortality after surgery in pa-
tients with diabetes. Little is known about
specific-cause mortality after bariatric
surgery in patients with type 2 diabetes
or about the all-cause and specific-cause
mortality in patients without diabetes.
The current study’s primary objective
was to evaluate all-cause and specific-
cause mortality in Roux-en-Y gastric by-
pass (RYGB) patients with type 2 diabetes
and without diabetes compared with

matched nonsurgical control subjects
with the same diabetes status. We hy-
pothesized that RYGB patients with dia-
betes would demonstrate the strongest
survival benefits. As secondary outcomes,
we evaluated specific-cause mortality
differences between RYGB patients and
control subjects with and without diabe-
tes, as well as the relationship between
diabetes remission and mortality rates
within RYGB patients with diabetes only.

RESEARCH DESIGN AND METHODS

This retrospective, observational study in-
cluded patients who underwent open or
laparoscopic RYGB at a large comprehen-
sive medical center between January
2004 to December 2015 (n = 3,242). Gas-
tric sleeve, banding, and duodenal switch
patients were excluded. All patients who en-
tered the bariatric surgery program were
offered participation in a longitudinal re-
search program and the overall consent
rate was >90% (22). The preoperative
program for bariatric surgery candidates
is a 6-12-month multidisciplinary clinical
curriculum consisting of medical evalua-
tion and diet, nutritional, and lifestyle ed-
ucation with a goal of 10% body weight
loss (22).

Participant characteristics (age, sex,
BMI, etc.), including comorbidity status
(based on medication use), were collected
from the electronic health record (EHR).
We selected medications to dichotomize
comorbidity status (yes/no) because med-
ication use was consistently maintained
within the medical records of both the
RYGB and control patients. Diabetes sta-
tus of RYGB patients is recorded at each
clinic visit before and after surgery. Dia-
betes status of the primary care control
group is monitored through the Health
System’s diabetes program, which has
been previously described (23,24).

From the primary care patient pool of
the same health system, we identified a
cohort of potential nonsurgical control
subjects who matched eligibility for bariat-
ric surgery, including age 18-70 years, me-
dian adult BMI >40 kg/m? (or >35 kg/m?>
with comorbidity of diabetes, hyperten-
sion, hyperlipidemia, or sleep apnea), ac-
tive in the primary care system for an
extended period of time (three or more
office visits over >2-year period), no prior
history of bariatric surgery, and no diag-
nosis of serious mental health disorders
or illegal drug use.
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RYGB patients were matched to non-
surgical control subjects by age (=1 year),
BMI at the time of surgery (within 1 kg/m?),
sex, and diabetes status (yes/no). All
control subjects were active in a primary
care clinic within the health system at
the same time as the matched patient’s
bariatric surgery. The matched control
was randomly selected when more than
one eligible control was identified (1:1
match). Control patients were followed
from the time their matched RYGB pa-
tient underwent bariatric surgery through
December 2015. December 2015 was
chosen because of limits on available
specific cause of death data from the
National Death Index. This study was ap-
proved by the health system’s Institu-
tional Review Board.

Death status and specific-cause of
death ICD-10 codes were obtained
through the EHR, the Social Security
Death Index Database, and the National
Death Index. Specific causes of mortality
(i.e., myocardial infarction, ischemic heart
disease, and diabetes) were grouped
using the three-digit ICD-10 category
(i.e., diseases of the circulatory system
and external causes of morbidity and
mortality), deidentified, and reviewed by
two independent, physician-level raters
blinded to whether these patients were
an RYGB patient or control subject. The
reviewers categorized the causes of death
into clinically meaningful subgroups (e.g.,
cancer, cardiovascular, etc.). Categories
with low prevalence or unknown cause
were grouped into a combined “other”
category.

Statistical Analysis
The primary study outcome was all-cause
mortality risk in RYGB patients and con-
trol subjects stratified by “baseline” dia-
betes status (diabetes status at the time
the RYGB patient underwent bariatric
surgery as identified in the EHR). Second-
ary outcomes were differences in specific-
cause mortality between patients and
control subjects by diabetes status, as
well as mortality status in RYGB pa-
tients with diabetes that experienced
remission versus RYGB patients with di-
abetes without remission. Characteristics
of the RYGB and control groups stratified
by diabetes were compared for baseline
differences using two-sample t tests and
X’ tests.

Differences in mortality risk between
RYGB patients and control subjects with
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and without diabetes were assessed with
Kaplan-Meier curves with log-rank tests.
Cox proportional hazard models were
used to estimate HRs and 95% Cls. Adjust-
ments for differences between groups
were accounted for by matching and
stratification before analyses for the un-
adjusted HR. Cox models included addi-
tional factors that may contribute to
mortality risk (i.e., smoking, use of statins,
and use of antihypertensive medication)
and were used to calculate the adjusted
all-cause HR. The proportional hazards as-
sumption was tested by adding time-
varying covariates to the Cox model. To
evaluate effect modification of diabetes
on all-cause mortality, a Cox model was
run using an interaction term between
case and diabetes status. Specific-cause
mortality risk was assessed after stratify-
ing by diabetes status and compared be-
tween RYGB cases and control subjects.

Diabetes remission was compared be-
tween RYGB and control patients with di-
abetes using the ADA criteria (25) for
complete remission (HbA;. <5.7% and
no diabetes medication use for 1 year)
and partial plus complete remission (HbA.
<6.5% and no diabetes medication use
for 1 year) using Kaplan-Meier curves.
Cox regression was used to compare mor-
tality risk in RYGB patients with diabetes
remission versus RYGB patients who did
not have diabetes remission after adjust-
ing for the DiaRem score (a validated in-
strument for evaluating the chance of
diabetes remission after gastric bypass
surgery) (26). Changes in lipid profile and
systolic blood pressure in the first 5 years
of follow-up were compared between
control subjects and RYGB patients using
repeated-measures regression. This anal-
ysis was limited to the subset of paired
RYGB patients and control subjects with
at least one lipid panel measured in the
2 years before surgery and at least one lipid
panel measured in the 5 years after surgery.
SAS version 9.4 (SAS Institute Inc.) was used
for statistical analysis, and P values <0.05
were considered significant.

RESULTS

Study Cohort

Of the 3,242 eligible RYGB patients, there
were 1,191 (37%) with diabetes and 2,051
(63%) without diabetes at the time of
bariatric surgery. A matched control sub-
ject was identified for 52% (n = 625) of the
surgery patients with diabetes and 88% of

patients without diabetes (n = 1,803), re-
sulting in an overall sample size of 4,856
(n = 2,428 RYGB patients and n = 2,428
control subjects).

For a subset of 365 RYGB/control
matches with diabetes and 549 RYGB/
control matches without diabetes, lipid
profiles and systolic blood pressure were
available after the RYGB patient’s sur-
gery. Those with available lipid profiles
had a higher percentage of males (in the
no diabetes subgroup only) and were
older (Supplementary Table 1). RYGB pa-
tients experienced significant improve-
ments in total cholesterol (P < 0.001),
HDL levels (P < 0.001), and systolic blood
pressure (P < 0.001) compared with con-
trol subjects (Supplementary Fig. 1).

Patients With Diabetes

RYGB patients and their matched control
subjects with diabetes were similar in age
(52.5 = 9.4 years) and BMI (44.9 *
6.0 kg/m?) and predominately female
(73%) and white (94-96%) (Table 1). A
higher percentage of RYGB patients with
diabetes had a history of smoking (71 vs.
59%; P < 0.001) or used antidepressants
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(53 vs. 46%; P = 0.008) or proton pump
inhibitor (PP1)/H-2 blockers (63 versus
48%, P < 0.001), but fewer used statins
(62 vs. 70%; P = 0.003) and antiasthmatic
medications (33 vs. 44%; P < 0.001) com-
pared with control subjects.

During the follow-up period (median
5.8 years; interquartile range 3.8-7.9),
the mean BMI within the control group
remained stable at ~42—44 kg/m?. Mean
BMI decreased to 30.3 kg/m? in RYGB
patients at 17 months after surgery
and increased to 32.6 kg/m” at 8 years
postoperatively.

Diabetes Remission

Longitudinal data to define diabetes re-
mission status was available for 485 of
the 625 RYGB patients with diabetes
(77.6%) and for 523 of the 625 control
subjects with diabetes (83.7%). For these
subsets, the percent with diabetes remis-
sion was higher in the RYGB group versus
the control group (complete remission:
2-year rate in RYGB 38.6%, 2-year rate
in control subjects 0.4%, log-rank P <
0.0001; partial plus complete remission:
2-year remission rate in RYGB 58.7%,

Table 1—Characteristics of the study cohorts stratified by presence of diabetes at

baseline
Diabetes No diabetes
RYGB Control RYGB Control
(n=625) (n=625) Pvalue (n=1803) (n=1803) Pvalue
Age (years),
mean (SD)* 52.5(9.4) 52.5(9.4) 0.943' 43.8(11.0) 43.9(11.0) 0.959"
Sex, % (n)*
Female 73 (454) 73 (454) NA 87 (1,563) 87 (1,563) NA
Male 27 (171) 27 (171) 13 (240) 13 (240)
BMI (kg/m?), mean
(sD)* 449 (6.0) 449 (6.1) 0.980° 47.4(6.4) 47.3(6.4) 0.731*
Ever smoked, % (n)
Yes 71 (446) 59 (366) <0.0001°> 63 (1,144) 49 (875) <0.0001°
Race, % (n)
White 96 (600) 94 (587) 0.283% 96 (1,729) 97 (1,740) 0.7622
Black 2(12) 3 (18) 2 (40) 2 (35)
Hispanic 2 (11) 3 (19) 2 (29) 1(25)
Other <1(2) <1(1) <1(5) <1(3)
Medication use, % (n) 62 (388) 70 (438) 0.0028% 25 (444) 23 (421)  0.370°
Statins, % (n)
Anti-HTN 87 (544) 90(560) 0.159> 57(1,025) 53(950)  0.0122
Antidepressant 53(333) 46(286) 0.0078% 55(989) 41 (743) <0.0001°
Antiasthmatic 33 (204) 44 (277) <0.0001> 30(535) 37 (674) <0.0001°
Opioids 56 (352) 59 (368) 0.360°  48(858) 42 (751)  0.0003°
PPl or H2 blocker 63 (396) 48 (301) <0.0001> 56 (1,006) 38 (694) <0.0001>

Anti-HTN medications included ACE inhibitors, (3-blockers, diuretics, thiazides, calcium channel
blockers, and angiotensin Il receptor antagonists. Antidepressant medications included selective
serotonin reuptake inhibitors, serotonin and norepinephrine reuptake inhibitors, serotonin receptor
agonist, and tricyclics. Antiasthmatic medications included bronchodilators, leukotriene modulators,
steroid inhalants, and sympathomimetic. NA, not applicable. *Used in matching criteria.

Two-sample t test. >y test.
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2-year remission rate in control subjects
1.2%, log-rank P < 0.0001).

We then compared the 182 RYGB pa-
tients with diabetes and complete remis-
sion (at any time during follow-up) versus
the 303 RYGB patients with diabetes
without complete remission at end of
follow-up. Complete diabetes remission
in RYGB patients was associated with a
decreased death rate (HR adjusted for di-
abetes remission score 0.12 [95% CI 0.01,
0.97]; P = 0.047). A similar result was
found for the 288 with partial plus com-
plete remission versus the 197 without
partial or complete remission (HR ad-
justed for diabetes remission score 0.26
[95% Cl 0.08, 0.83]; P = 0.023).

Patients Without Diabetes

RYGB patients and control subjects with-
out diabetes were similar in age (43.8 =
11.0 years) and BMI (47.4 = 6.4 kg/m?)
and were predominately female (87%)
and white (96-97%) (Table 1). A higher
percentage of RYGB patients had a history
of smoking (63 vs. 49%; P < 0.0001).
More RYGB patients used antihyperten-
sion (HTN) medications (57 vs. 53%; P =
0.012), antidepressants (55 vs. 41%; P <
0.001), opioids (48 vs. 42%; P = 0.0003), or
PPI/H-2 blockers (56 vs. 38%; P < 0.001),
but fewer used antiasthmatic medica-
tions (30 vs. 37%; P < 0.0001).

During the follow-up period (median
6.7 years; interquartile range 4.6-8.7),
the mean BMI within the control group
remained stable at ~46-48 kg/m?. Mean
BMI decreased to 29.5 kg/m? in RYGB pa-
tients at 16 months after surgery and
slowly increased to 34.4 kg/m? at 8 years
postoperatively.

Mortality

During the follow-up period, there were
91 deaths in RYGB patients and 138 deaths
in control subjects. Overall, RYGB patients
experienced a significant reduction in the
risk of all-cause mortality compared with
control subjects (HR 0.65 [95% Cl 0.50,
0.84]; P < 0.0001). Effect modification
of the association between bariatric sur-
gery and all-cause mortality was signifi-
cant for diabetes status (P = 0.0048). No
deaths occurred on the day of surgery in
RYGB patients. In the matched cohort, one
RYGB patient with diabetes died on postop-
erative day 1 and was included in analyses.

All-Cause Mortality by Diabetes Status
Reduced mortality was observed in RYGB pa-
tients with diabetes (HR 0.42 [95% Cl = 0.28,

0.63]; P < 0.0001) (Fig. 1A) but not in
patients without diabetes (HR 0.92 [95%
Cl 0.64, 1.32]; P = 0.634) (Fig. 1B). Similar
results were observed after adjusting for
matched variables, smoking, and use of
medications (with diabetes: adjusted HR
0.44 [95% Cl 0.29, 0.66], P < 0.001; with-
out diabetes: adjusted HR 0.84 [95% ClI
0.58, 1.22]; P = 0.368).

Specific-Cause Mortality by Diabetes Status
When stratifying by diabetes status at the
time of surgery (Fig. 2), RYGB patients with
diabetes died less frequently from cardio-
vascular diseases (P = 0.011), respiratory
conditions (P = 0.017), and diabetes (P =
0.011) compared with control subjects
with diabetes (Supplementary Table 2).
RYGB patients without diabetes were
less likely to die of cancer (P =0.0038) and
respiratory conditions (P = 0.046), but

more likely to die of external causes (P =
0.012) compared with control subjects
without diabetes. RYGB patients who
died of external causes were significantly
younger than RYGB patients who died of
internal causes (41.2 vs. 53.8 years; P <
0.0001) and had a lower BMI at the time
of surgery (44.2 vs. 49.0 kg/m?; P =
0.0076). All of the intentional self-harm
deaths (n = 5) occurred in RYGB patients
without diabetes (P = 0.025). RYGB pa-
tients who died of intentional causes
were 60% female, with a mean age of
44.4 = 135 years. The median posto-
perative time interval for intentional
deaths was 2.5 years. Seven RYGB pa-
tients died of “accidental poisoning,
exposure to noxious substances” (Supple-
mentary Table 2) compared with two con-
trol subjects.
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Figure 1—A: Kaplan-Meier curve estimated mortality rates in RYGB patients with diabetes (DM; n =
625) and control subjects with diabetes (n = 625) over 8 years. B: Kaplan-Meier curve estimated
mortality rates in RYGB patients without diabetes (n = 1,803) and control subjects without diabetes
(n = 1,803) over 8 years.
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Figure 2—A and B: Comparison of causes of death for RYGB patients and control patients by diabetes status. Log-rank test for comparison of Kaplan-Meier
estimates between the RYGB and control groups. +Statistically significant differences favoring a survival benefit of RYGB; *statistical significance favoring
nonsurgical control subjects.

CONCLUSIONS

This is the first study to demonstrate that
all-cause mortality risk after RYGB is mod-
ified by baseline diabetes status. RYGB

patients with diabetes were less likely to
die overall. A shorter study of RYGB pa-
tients with diabetes (21) also found mor-
tality improvements in patients with

diabetes, but did not include patients
without diabetes for comparison. In our
study, RYGB patients without diabetes
had a weak and nonsignificant survival
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benefit when compared with control
subjects without diabetes. Our find-
ings clarify results from prior studies
(11-15,20,27) that reported strong sur-
vival benefits of bariatric surgery but did
not stratify mortality risk by diabetes sta-
tus. In addition, RYGB patients in our
study who experienced partial or com-
plete diabetes remission had a lower
death rate compared with those without
remission, which may relate to reduced
cardiovascular risk. Numerous studies
(28,29) have shown that Framingham
risk is reduced after bariatric surgery,
and a previous study (30) reported that
bariatric surgery patients with diabetes
had lower cardiovascular risk irrespective
of remission status. There is wide variety
in the lipid-lowering effects of gastric by-
pass, which may be just one component
of the potential cardiovascular benefits of
surgical weight loss. A study by Ikramuddin
et al. (31) did not find notable differ-
ences in the LDL profiles of patients ran-
domized to a lifestyle intervention plus
bariatric surgery compared with patients
undergoing a lifestyle and medication in-
tervention. The lipid profiles in our study
may diverge from these findings because
of our differing study durations and de-
signs, participant characteristics, cohort
sizes, lipid outcomes, and intensities of
treatments in the control groups. Replica-
tion of our diabetes-specific findings in
larger, multicenter, more diverse cohorts
is needed.

RYGB patients without diabetes were
more likely to die of external causes, in-
cluding injuries, overdoses, and inten-
tional self-harm, than similar patients
who did not undergo RYGB. Elevated risk
of death from external causes after bar-
iatric surgery was reported previously (20),
as well as the risk of self-harm behaviors
(32). Patients who died of external causes
were younger than those who died of in-
ternal causes, providing additional evi-
dence (20) that younger patients may
be at higher risk of death from external
causes postoperatively. All of the patients
who died of intentional self-harm were
RYGB patients without diabetes. Why
this specific group accounted for all of
the patients in our study that died inten-
tionally is unknown. Of note, however, is
that we had limited power to detect dif-
ferences for cause categories with lower
event counts. In addition, seven RYGB
patients died of accidental poisoning
(i.e., drug overdoses and drugs taken

incorrectly, in error, or inadvertently).
Changes in the absorption of substances
and medications, the potential for addic-
tion transfer from food to substances, as
well as numerous psychosocial factors
that can change after surgery may con-
tribute to the elevated risk of death
from external causes (33—37). Therefore,
some patients may benefit from a higher
level of care postoperatively to remain
safe. Better understanding of the individ-
ual-specific factors associated with risk of
death from external causes postopera-
tively, including more investigations of
specific medications or substances re-
lated to accidental poisoning, as well as
the roles of age (20) and mental health
history (36,37), would help to inform
more targeted patient care.

This study has several strengths. We
used a rigorous matching strategy using
data from only clinical sources, whereas
others used self-reported data (13,20)
or less stringent matching (11). We eval-
uated a variety of patient characteristics
in regards to mortality, which was possi-
ble because of the health system’s use of
an EHR system for over a decade. Limita-
tions of this study were the retrospective
design and predominantly white (>95%)
cohort. The postoperative period varied,
with a median of ~6 postsurgery years,
and therefore, the time frame available
for evaluation of mortality was shorter
for some patients than others. Our surgi-
cal cohort had a relatively high rate of
diabetes (26%), which may relate to the
selection of only RYGB patients or the
high risk of diabetes in rural areas (38).
Compared with nonmatched RYGB pa-
tients (n = 808), matched RYGB patients
were similar in age (46.0 vs. 45.4 years)
but more likely to be female (71 vs. 83%),
have lower BMI at the time of surgery
(57.4 vs. 46.7 kg/m?), and less likely to
have diabetes (70 vs. 26%). RYGB patients
who we were unable to match had higher
death rates than RYGB patients included
in our study; however, the distribution of
specific cause of death was similar be-
tween matched and unmatched RYGB
patients (Supplementary Table 3). Adjust-
ing for factors associated with mortality
risk (i.e., smoking) strengthened our ef-
fect size. However, we were unable to
account for differences in motivation be-
tween patients who chose RYGB com-
pared with those who were eligible but
do not undergo surgery or to account for
changes in surgery patient eligibility over
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the study period. Some control subjects
could be ineligible for bariatric surgery
because of contraindications that in-
crease or decrease mortality risk. Given
that obesity-related mortality rates differ
by race (4), our findings may not apply to
patients of other races. Future studies
could evaluate diabetes severity, include
sleeve gastrectomy or gastric banding pa-
tients, and investigate the impact of di-
abetes relapse on mortality rates. Finally,
we had limited power to detect small dif-
ferences in mortality risk; however, the
difference in HR between patients with
and without diabetes was significant,
suggesting that the effect of RYGB on
mortality in patients without diabetes
is smaller than previously thought. The
magnitude of the difference in HRs, and
the fact that the Cls do not overlap, sug-
gest that the presence or absence of di-
abetes does modify mortality risk.

These data demonstrate a strong, long-
term protective effect of bariatric surgery
for patients with diabetes but no signifi-
cant all-cause mortality risk reduction for
patients without diabetes. Though pa-
tients without diabetes did not experi-
ence changes in all-cause mortality risk
after surgery, patients can still benefit
from the other well-documented benefits
of RYGB, including better quality of life
(39). RYGB reduced mortality attributable
to cardiovascular diseases, diabetes, and
respiratory conditions, but also elevated
the risk of mortality from external causes.
This study strengthens the available
knowledge of the durable health benefits
of bariatric surgery for patients with
type 2 diabetes by associating remission
to enhanced life expectancy.

Funding. Research reported in this study was
supported by the Mid-Atlantic Nutrition Obesity
Research Center under National Institutes of
Health award P30-DK-072488.

Duality of Interest. No potential conflicts of in-
terest relevant to this article were reported.

The funding source had no role in the study
design, data analysis, interpretation, or writing
of the manuscript.

Author Contributions. M.R.L. obtained extra-
mural funding and was responsible for study design,
data collection, data interpretation, writing, and
literature search. P.N.B. was responsible for litera-
ture search, study design, data coding and inter-
pretation, writing, and cohort development. T.M.
and D.J.C. were responsible for study design, data
interpretation, and writing. G.S.G., W.E.S., AT.P,,
J.D.G.,and D.D.R. were responsible for study design,
writing, and cohort development. C.D.S. was re-
sponsible for study design and data collection. A.G.H.


http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc17-0519/-/DC1

care.diabetesjournals.org

was responsible for data interpretation and writing.
F.Z. was responsible for data coding and writing. A.C.
was responsible for data analysis and table and figure
development. G.C.W. was responsible for study
design, data analysis, figure and table development,
and writing. M.R.L. is the guarantor of this work and,
as such, had full access to all the data in the study
and takes responsibility for the integrity of the data
and the accuracy of the data analysis.

Prior Presentation. Parts of this study were
presented at the 33rd American Society for
Metabolic and Bariatric Surgery Annual Meeting
and the 4th Annual ObesityWeek Event, New
Orleans, LA, 31 October—4 November 2016.

References

1. Berrington de Gonzalez A, Hartge P, Cerhan JR,
et al. Body-mass index and mortality among 1.46
million white adults. N Engl J Med 2010;363:
2211-2219

2. Freedman DM, Ron E, Ballard-Barbash R,
Doody MM, Linet MS. Body mass index and all-
cause mortality in a nationwide US cohort.
Int J Obes 2006;30:822-829

3. Kitahara CM, Flint AJ, Berrington de Gonzalez
A, et al. Association between class IIl obesity (BMI of
40-59 kg/m2) and mortality: a pooled analysis of
20 prospective studies. PLoS Med 2014;11:
1001673

4. Fontaine KR, Redden DT, Wang C, Westfall AO,
Allison DB. Years of life lost due to obesity. JAMA
2003;289:187-193

5. Grundy SM, Benjamin 1J, Burke GL, et al. Di-
abetes and cardiovascular disease: a statement for
healthcare professionals from the American Heart
Association. Circulation 1999;100:1134-1146

6. Van Gaal LF, Mertens IL, De Block CE. Mecha-
nisms linking obesity with cardiovascular dis-
ease. Nature 2006;444:875-880

7. Bays HE. Adiposopathy is “sick fat” a cardiovas-
cular disease? J Am Coll Cardiol 2011;57:2461—
2473

8. Rosen ED, Spiegelman BM. Adipocytes as reg-
ulators of energy balance and glucose homeosta-
sis. Nature 2006;444:847-853

9. Saydah S, Tao M, Imperatore G, Gregg E. GHb
level and subsequent mortality among adults in
the U.S. Diabetes Care 2009;32:1440-1446

10. Palta P, Huang ES, Kalyani RR, Golden SH, Yeh
HC. Hemoglobin Alc and Mortality in Older Adults
With and Without Diabetes: Results From the Na-
tional Health and Nutrition Examination Surveys
(1988-2011). Diabetes Care 2017;40:453-460

11. Christou NV, Sampalis JS, Liberman M, et al.
Surgery decreases long-term mortality, mor-
bidity, and health care use in morbidly obese
patients. Ann Surg 2004;240:416-423; discussion
423-424

12. Arterburn DE, Olsen MK, Smith VA, et al. As-
sociation between bariatric surgery and long-
term survival. JAMA 2015;313:62-70

13. Adams TD, Gress RE, Smith SC, et al. Long-
term mortality after gastric bypass surgery. N
Engl J Med 2007;357:753-761

14. Flum DR, Dellinger EP. Impact of gastric by-
pass operation on survival: a population-based
analysis. J Am Coll Surg 2004;199:543-551

15. Sjostrom L, Narbro K, Sjostrom CD, et al.;
Swedish Obese Subjects Study. Effects of bariatric
surgery on mortality in Swedish obese subjects.
N Engl J Med 2007;357:741-752

16. Gribsholt SB, Thomsen RW, Svensson E,
Richelsen B. Overall and cause-specific mortality after
Roux-en-Y gastric bypass surgery: A nationwide cohort
study. Surg Obes Relat Dis 2017;13:581-587

17. Courcoulas AP, Christian NJ, Belle SH, et al.;
Longitudinal Assessment of Bariatric Surgery
(LABS) Consortium. Weight change and health
outcomes at 3 years after bariatric surgery among
individuals with severe obesity. JAMA 2013;310:
2416-2425

18. Sjostrom L, Peltonen M, Jacobson P, et al.
Association of bariatric surgery with long-term re-
mission of type 2 diabetes and with microvascular
and macrovascular complications. JAMA 2014;
311:2297-2304

19. Buchwald H, Estok R, Fahrbach K, et al.
Weight and type 2 diabetes after bariatric surgery:
systematic review and meta-analysis. Am J Med
2009;122:248-256

20. Davidson LE, Adams TD, Kim J, et al. Associa-
tion of patient age at Gastric bypass surgery long-
term all-cause and cause-specific mortality. JAMA
Surg 2016;151:631-637

21. Eliasson B, Liakopoulos V, Franzén S, et al.
Cardiovascular disease and mortality in patients
with type 2 diabetes after bariatric surgery in Sweden:
a nationwide, matched, observational cohort study.
Lancet Diabetes Endocrinol 2015;3:847-854

22. Wood GC, Chu X, Manney C, et al. An elec-
tronic health record-enabled obesity database.
BMC Med Inform Decis Mak 2012;12:45

23. Weber V, Bloom F, Pierdon S, Wood C. Em-
ploying the electronic health record to improve dia-
betes care: a multifaceted intervention in an
integrated delivery system. J Gen Intern Med 2008;
23:379-382

24. Bloom FJJr, Yan X, Stewart WF, et al. Primary
care diabetes bundle management: 3-year out-
comes for microvascular and macrovascular
events. Am J Manag Care 2014;20:e175-e182
25. BuseJB, Caprio S, Cefalu WT, et al. How do we
define cure of diabetes? Diabetes Care 2009;32:
2133-2135

26. Still CD, Wood GC, Benotti P, et al. Preopera-
tive prediction of type 2 diabetes remission after

Lent and Associates

Roux-en-Y gastric bypass surgery: a retrospective
cohort study. Lancet Diabetes Endocrinol 2014;2:
38-45

27. Kwok CS, Pradhan A, Khan MA, et al. Bariatric
surgery and its impact on cardiovascular disease and
mortality: a systematic review and meta-analysis.
Int J Cardiol 2014;173:20-28

28. Batsis JA, Sarr MG, Collazo-Clavell ML, et al.
Cardiovascular risk after bariatric surgery for
obesity. Am J Cardiol 2008;102:930-937

29. Vogel JA, Franklin BA, Zalesin KC, et al. Re-
duction in predicted coronary heart disease risk
after substantial weight reduction after bariatric
surgery. Am J Cardiol 2007;99:222-226

30. Mingrone G, Panunzi S, De Gaetano A, et al.
Bariatric-metabolic surgery versus conventional
medical treatment in obese patients with type 2
diabetes: 5 year follow-up of an open-label, single-
centre, randomised controlled trial. Lancet 2015;
386:964-973

31. lkramuddin S, Korner J, Lee WJ, et al.
Roux-en-Y gastric bypass vs intensive medical
management for the control of type 2 diabetes,
hypertension, and hyperlipidemia: the Diabetes
Surgery Study randomized clinical trial. JAMA
2013;309:2240-2249

32. Kovacs Z, Valentin JB, Nielsen RE. Risk of psy-
chiatric disorders, self-harm behaviour and ser-
vice use associated with bariatric surgery. Acta
Psychiatr Scand 2017;135:149-158

33. Mitchell JE, Crosby R, de Zwaan M, et al. Pos-
sible risk factors for increased suicide following
bariatric surgery. Obesity (Silver Spring) 2013;21:
665-672

34. Peterhansel C, Petroff D, Klinitzke G, Kersting
A, Wagner B. Risk of completed suicide after bar-
iatric surgery: a systematic review. Obes Rev 2013;
14:369-382

35. Tindle HA, Omalu B, Courcoulas A, Marcus M,
Hammers J, Kuller LH. Risk of suicide after long-
term follow-up from bariatric surgery. Am J Med
2010;123:1036-1042

36. Lagerros YT, Brandt L, Hedberg J, Sundbom
M, Bodén R. Suicide, self-harm, and depression
after gastric bypass surgery: a nationwide Cohort
study. Ann Surg 2017;265:235-243

37. Morgan DJ, Ho KM. Incidence and risk factors
for deliberate self-harm, mental illness, and
suicide following bariatric surgery: a state-wide
population-based linked-data cohort study.
Ann Surg 2017;265:244-252

38. O’Connor A, Wellenius G. Rural-urban dis-
parities in the prevalence of diabetes and coro-
nary heart disease. Public Health 2012;126:
813-820

39. Major P, Mattok M, Pedziwiatr M, et al. Qual-
ity of life after bariatric surgery. Obes Surg 2015;
25:1703-1710


http://care.diabetesjournals.org

