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IMPORTANCE Although metabolic surgery (defined as procedures that influence metabolism by
inducing weight loss and altering gastrointestinal physiology) significantly improves cardiometabolic
risk factors, the effect on cardiovascular outcomes has been less well characterized.

OBJECTIVE To investigate the relationship between metabolic surgery and incident major
adverse cardiovascular events (MACE) in patients with type 2 diabetes and obesity.

DESIGN, SETTING, AND PARTICIPANTS Of 287 438 adult patients with diabetes in the
Cleveland Clinic Health System in the United States between 1998 and 2017, 2287 patients
underwent metabolic surgery. In this retrospective cohort study, these patients were
matched 1:5 to nonsurgical patients with diabetes and obesity (body mass index [BMI] �30),
resulting in 11 435 control patients, with follow-up through December 2018.

EXPOSURES Metabolic gastrointestinal surgical procedures vs usual care for type 2 diabetes
and obesity.

MAIN OUTCOMES AND MEASURES The primary outcome was the incidence of extended MACE
(composite of 6 outcomes), defined as first occurrence of all-cause mortality, coronary artery
events, cerebrovascular events, heart failure, nephropathy, and atrial fibrillation. Secondary
end points included 3-component MACE (myocardial infarction, ischemic stroke, and
mortality) and the 6 individual components of the primary end point.

RESULTS Among the 13 722 study participants, the distribution of baseline covariates was
balanced between the surgical group and the nonsurgical group, including female sex (65.5%
vs 64.2%), median age (52.5 vs 54.8 years), BMI (45.1 vs 42.6), and glycated hemoglobin level
(7.1% vs 7.1%). The overall median follow-up duration was 3.9 years (interquartile range,
1.9-6.1 years). At the end of the study period, 385 patients in the surgical group and 3243
patients in the nonsurgical group experienced a primary end point (cumulative incidence at
8-years, 30.8% [95% CI, 27.6%-34.0%] in the surgical group and 47.7% [95% CI,
46.1%-49.2%] in the nonsurgical group [P < .001]; absolute 8-year risk difference [ARD],
16.9% [95% CI, 13.1%-20.4%]; adjusted hazard ratio [HR], 0.61 [95% CI, 0.55-0.69]). All 7
prespecified secondary outcomes showed statistically significant differences in favor of
metabolic surgery, including mortality. All-cause mortality occurred in 112 patients in the
metabolic surgery group and 1111 patients in the nonsurgical group (cumulative incidence at 8
years, 10.0% [95% CI, 7.8%-12.2%] and 17.8% [95% CI, 16.6%-19.0%]; ARD, 7.8% [95% CI,
5.1%-10.2%]; adjusted HR, 0.59 [95% CI, 0.48-0.72]).

CONCLUSIONS AND RELEVANCE Among patients with type 2 diabetes and obesity, metabolic
surgery, compared with nonsurgical management, was associated with a significantly lower
risk of incident MACE. The findings from this observational study must be confirmed in
randomized clinical trials.
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I n patients with obesity and type 2 diabetes, weight and gly-
cemic goals are difficult to achieve through usual care in-
cluding lifestyle modifications and pharmacotherapy. In pa-

tients with obesity and diabetes, cardiovascular disease is the
major cause of morbidity and mortality. Small randomized
clinical trials (RCTs) have consistently shown a significant ef-
fect of metabolic surgery (defined as procedures that influ-
ence metabolism by inducing weight loss and altering gastro-
intestinal physiology) on excess weight and improvements in
diabetes control.1-3 However, the small size of available surgi-
cal RCTs has precluded investigation of the effects of meta-
bolic surgery on major cardiovascular outcomes and sur-
vival. Nonetheless, observational studies have reported a
significant association with a lower risk of mortality and the
incidence of some macrovascular and microvascular compli-
cations of diabetes after metabolic surgery.4-6 Currently avail-
able studies have examined a limited number of cardiovascu-
lar outcomes, studied patients at low to moderate risk, included
primarily patients with severe obesity, and in some studies in-
cluded patients who underwent surgical procedures no lon-
ger commonly performed.

The current observational study was designed to investi-
gate the relationship between metabolic surgery, compared
with usual care, on a broad range of major cardiovascular com-
plications in high-risk patients. The study included some pa-
tients with more moderate levels of obesity, included only pa-
tients who had undergone contemporary metabolic surgery
procedures, and examined the association of surgery with mea-
sures of diabetes control and medication use.

Methods
A retrospective, observational, matched-cohort study was con-
ducted in adult patients with obesity and type 2 diabetes who
underwent metabolic surgery within the Cleveland Clinic
Health System. The study was approved by the local institu-
tional review board as minimal-risk research using data col-
lected for routine clinical practice, for which the requirement
for informed consent was waived.

The data source for all analysis was the Cleveland Clinic
Electronic Health Record (EHR) through December 31, 2018.
The International Classification of Diseases and Current Pro-
cedural Terminology procedure codes were used and the
variables mapped to the Unified Medical Language System
identifiers7 (codes reported in eTable 1 and eTable 2 in
Supplement 1).

Cohort Derivation
In the initial screening process, all patients at the Cleveland
Clinic who had a diagnosis of type 2 diabetes between Janu-
ary 1, 1998, and December 31, 2017, based on an established
EHR algorithm8 were considered for study entry (original study
protocol and amendment to study protocol avalable in Supple-
ment 2). This served as the base cohort (n = 287 438). Race data
were collected from the EHR based on patient self-report using
fixed categories. Race was included in the analyses because it
could be associated with both exposure and study end points.

Surgical Patients
The date of first metabolic surgery served as the index date for
surgical patients. All patients in the base cohort receiving meta-
bolic surgery at Ohio or Florida centers who met the following
inclusion criteria at the time of index date were included: (1) age
between 18 to 80 years, (2) body mass index (BMI, calculated
as weight in kilograms divided by height in meters squared) 30
or greater, and (3) either glycated hemoglobin (HbA1c) level of
6.5% or greater or taking at least 1 diabetes medication.

After preliminary inclusion, patients who met any of the fol-
lowing at the index date were excluded: (4) history of solid or-
gan transplant (liver, heart, or lung), (5) history of severe heart
failure (ejection fraction <20% any time before index date),
(6) active cancer, (7) gastrointestinal cancer code within 1 year
prior to index date, (8) emergency department admission within
5 days prior to index date, and (9) diagnoses or surgical proce-
dures for gastroesophageal cancers or peptic ulcer disease dur-
ing the same hospitalization for metabolic surgery (Figure 1).

Nonsurgical Comparators
Starting with the base cohort, an algorithm was implemented
to identify the control group who received usual care. First,
patients with any codes listed for metabolic gastrointestinal
surgical procedures were excluded. Then, we randomly as-
signed each patient a single date from the collection of index
dates of surgical patients. This served as the index date for non-
surgical patients. We excluded patients meeting any of the fol-
lowing at the assigned date: (1) first diagnosis of type 2 diabe-
tes after the assigned date, (2) last follow-up on or before the
assigned date, (3) already dead or died within 30 days after the
assigned date (to serve as a proxy for patients who were likely
terminally ill), and (4) not meeting enrollment criteria 1 through
8 mentioned above for surgical patients (Figure 1).

Primary and Secondary End Points
The primary end point was the incidence of extended major ad-
verse cardiovascular events (MACE, composite of 6 outcomes),
defined as first occurrence of all-cause mortality, coronary artery
events (unstable angina, myocardial infarction, or coronary in-
tervention/surgery), cerebrovascular events (ischemic stroke,
hemorrhagic stroke, or carotid intervention/surgery), heart fail-
ure, nephropathy, and atrial fibrillation, recording the first oc-
currence after the index date as the event date (definitions and

Key Points
Question Is there an association between metabolic surgery and
major adverse cardiovascular events (all-cause mortality, coronary
artery events, cerebrovascular events, heart failure, nephropathy,
and atrial fibrillation) in patients with type 2 diabetes and obesity?

Findings In this retrospective cohort study of 13 722 patients
(including 2287 patients who underwent metabolic surgery and
11 435 matched controls), metabolic surgery was significantly
associated with a lower risk of major adverse cardiovascular events
(hazard ratio, 0.61).

Meaning Among patients with type 2 diabetes and obesity,
metabolic surgery was significantly associated with a lower risk of
incident major adverse cardiovascular events.
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codes reported in eTable 1 in Supplement 1). A secondary com-
posite end point included 3-component MACE (all-cause mor-
tality, myocardial infarction, and ischemic stroke).

We did not exclude any patients in the assessment of the
composite primary and secondary end points. However, the con-
ditions or events that a patient had at baseline were omitted from
the count toward the composite end points in follow-up. For ex-
ample, for a patient with history of myocardial infarction before
the index date, having a code for myocardial infarction after the
indexdatewasnotconsideredaneventforcompositeendpoints.
However, occurrence of ischemic stroke in this patient after the
index date would count toward the composite end points.

Other secondary end points included the 6 individual com-
ponents of the primary end point. For assessments of coro-
nary artery events, cerebrovascular events, heart failure, ne-
phropathy, and atrial fibrillation, patients who already had these
conditions before the index date were eliminated from subse-

quent risk evaluation only for that specific outcome. Death in-
formation was obtained from a combination of the Cleveland
Clinic EHR, Social Security data, and State Death Indices.

Other Outcomes
Weight, HbA1c level, and dates of prescription orders for diabe-
tes and cardiovascular drugs were collected from the EHR to
compare patients in the surgery and nonsurgical control groups
over time. Major complications within 90 days of metabolic sur-
gery were captured. Nutritional variables of interest included
hemoglobin, serum protein, albumin, and vitamin D levels.

Statistical Analysis
Baseline data are presented as median (interquartile range
[IQR]) and number (%). Doubly robust estimation combining
the propensity score and outcome regression was used to com-
pare outcomes in the surgical and nonsurgical groups. Each

Figure 1. Identification of Eligible Patients for Inclusion

287 438 Total patients with diagnosis of type 2 diabetes
identified in initial screening at the Cleveland
Clinic Health System between 1998 and 2017

195 677 Excluded
116 031 Diagnosis of diabetes after

assigned date
79 646 No follow-up after assigned date

61 Excluded (no metabolic or bariatric
surgery on chart review)

27 832 Excluded (not matched in 1:5
matching process)

49 676 Excluded (did not meet enrollment criteria)a

39 821 No BMI criteria or missing BMI
value at assigned date

12 004 No age criteria at assigned date
9888 No documented evidence of type

2 diabetes at assigned dateb

3291 Cancer diagnosis
1006 Ejection fraction <20%

855 Prior history of organ transplant
537 ED admission within 5 d prior to

assigned date
87 Died within 30 d after assigned date

470 Excluded (did not meet enrollment criteria)a

240 No documented evidence of type
2 diabetes before surgeryb

133 No BMI criteria
99 Cancer diagnosis
29 ED admission within 5 d prior to surgery
24 No age criteria
19 Prior history of organ transplant
13 Ejection fraction <20%

284 620 Nonsurgical controls

88 943 Potentially eligible

39 267 Eligible patients before
matching

11 435 Matched (1:5) nonsurgical
patients included

2818 Had codes for metabolic
and bariatric surgery

2757 Potentially eligible

2287 Patients undergoing metabolic
surgery included

Details of cohort construction and International Classification of Diseases and
Current Procedural Terminology codes are available in Supplement 1. Application
of enrollment criteria resulted in a total of 2287 surgical patients and 39 267
nonsurgical patients with type 2 diabetes medllitus and body mass index (BMI)
30 or greater before matching. Afterward, each surgical patient was matched
with a propensity score to 5 nonsurgical patients based on 7 a priori–identified
potential confounders including the index date, age at index date, sex,

BMI at index date, location, insulin use, and presence of end-organ
complications of diabetes. ED indicates emergency department.
a Some patients met multiple exclusion criteria.
b Patients with glycated hemoglobin values less than 6.5% and not taking

diabetes medications at the index date were excluded.
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surgical patient was matched with a propensity score by the
nearest-neighbor method to 5 nonsurgical patients from a lo-
gistic regression model with a logit link function based on 7 a
priori–identified potential confounders including the index
date, age at index date, sex, BMI at index date (categorized as
30-34.9, 35-39.9, ≥40), location (Ohio vs Florida), insulin use,
and presence of diabetes-related end-organ complications.

Cause-specific event rates per 100 patient-years of follow-up
starting from the index date were estimated for each outcome
withineachstudygroup.Cumulativeincidenceestimates(Kaplan-
Meier method) for 8 years after the index date and absolute risk
differenceforeachoutcomewerecalculated.The95%confidence
intervals (CIs) for the difference in 8-year risk were obtained by
the percentile method from 1000 bootstrap iterations.

Fully adjusted Cox proportional hazards regression mod-
els were generated for all 8 primary and secondary out-
comes. Variables reported in Table 1 were included to adjust
for potential confounding. The proportional hazards assump-
tions for the treatment variable were tested based on weighted
residuals as proposed by Grambsch and Therneau.9

Within each outcome data set, values missing at baseline
(Table 1) were imputed with multiple imputation by chained
equations to create 5 imputed data sets. Predictive mean match-
ing was used for numeric variables, logistic regression for bi-
nary variables, and polytomous logistic regression for categori-
cal variables. Imputation-corrected standard errors of model
estimates and contrasts were obtained by the Rubin formula.10,11

For subgroup analyses of the primary end point, an interac-
tion term between variables of interest and treatment indicator
was individually added to the fully adjusted Cox model, and the
P values and CIs for these associations were estimated.

A 4-knot spline interacted with treatment was used for com-
paring mean changes in metabolic and nutritional variables, and
a 2-sample proportions test was used to compare proportions of
patients prescribed diabetes and cardiovascular medications be-
tween the study groups at 1, 2, 5, and 8 years of follow-up.

A significance level of .05 for 2-sided comparisons was con-
sidered statistically significant, and 95% CIs were reported where
applicable. Because of the potential for type 1 error due to mul-
tiple comparisons, findings for analyses of secondary end points
shouldbeinterpretedasexploratory.Allanalyseswereperformed
in the R statistical programming language, version 3.5.0.12

Sensitivity Analyses
We assessed the sensitivity of the hazard ratio (HR) estimates
from the fully adjusted Cox models to 2 components of the pro-
cess used in obtaining nonsurgical controls: random sam-
pling of index dates and matching ratio. The surgical index
dates were randomly assigned to nonsurgical controls 5 times,
and the matching ratio was tested at 1:1, 1:5, and 1:10, thus cre-
ating 15 data sets. The fully adjusted Cox models were deter-
mined for each data set (for all outcomes), and the HRs and
95% CIs for the treatment variable were obtained for each.

In addition, time-varying HRs for patients in the surgery
and nonsurgical control groups at 2, 5, and 8 years after the
index date were estimated. An interaction between a re-
stricted cubic spline on the observed follow-up time and the
treatment group was added to the fully adjusted Cox models.

We also used the E-value, which can assess the robust-
ness of the identified association between metabolic surgery
and MACE to potential unmeasured confounders.13

Results
A total of 13 722 patients, including 2287 who had undergone
metabolic surgery and 11 435 matched nonsurgical control pa-
tients, were included in the analyses. Metabolic surgical pro-
cedures included Roux-en-Y gastric bypass (n = 1443 [63%]),
sleeve gastrectomy (n = 730 [32%]), adjustable gastric band-
ing (n = 109 [5%]), and duodenal switch (n = 5). In the surgi-
cal group, 1713 patients (75%) had a BMI of 40 or greater, 465
patients (20%) had a BMI between 35 and 39.9, and 109 pa-
tients (5%) had a BMI between 30 and 34.9.

The distribution of 37 baseline covariates (Table 1) was bal-
anced after matching between the metabolic surgery group and
usual care group for most characteristics. However, patients in
the surgery group had higher body weight (126.5 vs 120.2 kg),
higher BMI (45.1 vs 42.6), and higher rates of dyslipidemia (74%
vs 65%) and hypertension (85% vs 75%). The control group was
older (54.8 vs 52.5 years) and had higher rates of black race (25%
vs 19%), current smoking (14% vs 7%), and aspirin use (40% vs
32%). The median follow-up time for the entire cohort was 3.9
years (IQR, 1.9-6.1), including 4.0 years (IQR, 2.1-6.1) for nonsur-
gical patients and 3.3 years (IQR, 1.2-6.3) for surgical patients.

Primary End Point
At the end of the study period, 385 patients in the surgical group
and3243patientsinthenonsurgicalgroupexperiencedaprimary
composite end point. The cumulative incidence of primary end
point at 8-year follow-up was 30.8% (95% CI, 27.6%-34.0%) in
the surgical group and 47.7% (95% CI, 46.1%-49.2%) in the non-
surgical group (P < .001) (absolute risk difference, 16.9% [95%
CI, 13.1%-20.4%]; adjusted HR, 0.61 [95% CI, 0.55-0.69])
(Figure 2A and Table 2). Interaction testing revealed no hetero-
geneity in the association of metabolic surgery with the primary
outcome based on sex, age, BMI, HbA1c level, estimated glomer-
ular filtration rate, or use of insulin, sulfonylureas, or lipid-
lowering medications (eFigure 1 in Supplement 1).

Secondary End Points
At the end of the study, 3-component MACE occurred in 194
patients in the surgical group and 1765 patients in the nonsur-
gical group. Metabolic surgery was associated with a signifi-
cantly lower cumulative incidence of 3-component MACE at
8 years compared with usual care (17.0% vs 27.6%, respec-
tively; absolute risk difference, 10.6% [95% CI, 7.5%-13.6%];
HR, 0.62 [95% CI, 0.53-0.72]) (Figure 2B and Table 2).

During follow-up, 112 patients in the metabolic surgery
group and 1111 patients in the nonsurgical group died (cumu-
lative incidence at 8 years, 10.0% [95% CI, 7.8%-12.2%] and
17.8% [95% CI, 16.6%-19.0%]; absolute risk difference at 8-year
follow-up, 7.8% [95% CI, 5.1%-10.2%]; HR, 0.59 [95% CI, 0.48-
0.72]) (Figure 3A and Table 2).

Metabolic surgery was also associated with significantly
lower incidence of the other 5 individual end points, including
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Table 1. Characteristics of Metabolic Surgery Patients and Nonsurgical Control Patients at the Index Date Before and After Matching

Baseline Variable
Metabolic Surgery
(n = 2287)

Nonsurgical
(n = 39 267)a

Standardized Difference
Before Matchingb

Matched Nonsurgical Control
(n = 11 435)

Standardized Difference
After Matchingb

Demographic Data

Index date,
median (IQR)

1/2013
(7/2010-4/2015)

6/2014
(5/2012-2/2016)

−42.6 7/2013
(5/2011-4/2015)

−15.9

Sex, No. (%)

Women 1499 (65.5) 20 372 (51.9) 28.0 7339 (64.2) 2.9

Men 788 (34.5) 18 895 (48.2) −28.0 4096 (35.8) −2.9

Age, median (IQR), y 52.5 (43.7-60.5) 61.6 (53.1-68.9) −75.3 54.8 (46.2-62.5) −19.9

BMI, median (IQR)c 45.1 (40-51.8) 35.9 (32.7-60.6) 113.5 42.6 (39.4-47.2) 34.4

BMI category,
No. (%)

30-34.9 109 (4.8) 17 110 (43.6) −101.7 495 (4.3) 2.1

35-39.9 465 (20.3) 11 320 (28.8) −19.8 2595 (22.7) −5.7

≥40 1713 (74.9) 10 837 (27.6) 107.4 8345 (73.0) 4.4

Weight,
median (IQR), kg

126.5
(110.2-148.0)

104.8
(93.0-119.0)

88.3 120.2
(106.8-136.5)

27.8

Race, No. (%)

White 1734 (75.8) 29 014 (73.9) 4.45 7994 (69.9) 13.3

Black 441 (19.3) 8138 (20.7) −3.6 2804 (24.5) −12.7

Other 54 (2.4) 874 (2.2) 0.9 234 (2.1) 2.1

Missing 58 (2.5) 1241 (3.2) −3.8 403 (3.5) −5.8

Annual zip code income,
median (IQR), $

49 855
(39 964-62 273)

50 378
(37 958-65 536)

0.7 48 732
(36 951-61 512)

10.8

Missing, No. (%) 70 (3.1) 494 (1.3) 12.4 125 (1.1) 13.8

Smoking status,
No. (%)

Never 1231 (53.8) 18 087 (46.1) 15.6 5615 (49.1) 9.5

Former 828 (36.2) 15 531 (39.6) −6.9 4012 (35.1) 2.3

Current 170 (7.4) 5051 (12.9) −18.1 1607 (14) −21.5

Missing 58 (2.5) 598 (1.5) 7.2 201 (1.8) 5.4

Location, No. (%)

Ohio 1816 (79.4) 35 482 (90.4) −30.9 9834 (86.0) −17.5

Florida 471 (20.6) 3785 (9.6) 30.9 1601 (14.0) 17.5

Medical History, No. (%)

Hypertension 1953 (85.4) 30 308 (77.2) 21.2 8565 (74.9) 26.5

Dyslipidemia 1686 (73.7) 27 717 (70.6) 7.0 7457 (65.2) 18.6

Peripheral
neuropathy

242 (10.6) 4569 (11.6) −3.4 1203 (10.5) 0.2

Heart failure 238 (10.4) 4470 (11.4) −3.1 1342 (11.7) −4.2

Coronary artery
disease

237 (10.4) 5863 (14.9) −13.8 1104 (9.7) 2.4

COPD 206 (9.0) 4179 (10.6) −5.5 1188 (10.4) −4.7

Nephropathy 191 (8.4) 5069 (12.9) −14.8 1219 (10.7) −7.8

Atrial fibrillation 152 (6.6) 3242 (8.3) −6.1 701 (6.1) 2.1

Peripheral arterial
disease

123 (5.4) 3426 (8.7) −13.1 755 (6.6) −5.2

Myocardial
infarction

55 (2.4) 1201 (3.1) −4.0 211 (1.8) 3.9

Cerebrovascular
disease

42 (1.8) 1703 (4.3) −14.5 358 (3.1) −8.3

Ischemic stroke 34 (1.5) 1385 (3.5) −13.1 298 (2.6) −7.9

Dialysis 14 (0.6) 322 (0.8) −2.5 78 (0.7) −0.9

(continued)
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coronary artery events, cerebrovascular events, heart failure,
nephropathy, and atrial fibrillation (Figure 3B-F). The event rates
for these end points and absolute risk differences are reported
in Table 2 and in eTable 4 and eTable 5 in Supplement 1.

The proportional hazards assumption was satisfied for the
primary and secondary composite outcomes and individual

outcomes, except for atrial fibrillation (P values testing the pro-
portional hazards assumption are reported in eTable 6 in Supple-
ment 1). The time-varying HRs for atrial fibrillation are reported
in eTable 7 in Supplement 1. For all end points, eTable 5 and
eTable 7 in Supplement 1 provide cumulative incidence estimates
and time-varying HRs at 3 time intervals (years 2, 5, and 8).

Table 1. Characteristics of Metabolic Surgery Patients and Nonsurgical Control Patients at the Index Date Before and After Matching (continued)

Baseline Variable
Metabolic Surgery
(n = 2287)

Nonsurgical
(n = 39 267)a

Standardized Difference
Before Matchingb

Matched Nonsurgical Control
(n = 11 435)

Standardized Difference
After Matchingb

Clinical and Laboratory Data

HbA1c, median (IQR), % 7.1 (6.3-8.2) 7 (6.4-8.1) −2.3 7.1 (6.4-8.4) −11.4

Missing, No. (%) 159 (7.0) 4899 (12.5) −18.7 1288 (11.3) −15.0

Blood pressure,
median (IQR), mm Hg

Systolic 138 (127-148) 130 (120-142) 31.6 130 (121-142) 30.1

Missing, No. (%) 0 234 (0.6) −10.9 54 (0.5) –9.7

Diastolic 71 (65-79) 76 (69-82) −35.3 78 (70-84) −44.2

Missing, No. (%) 0 234 (0.6) −10.9 54 (0.5) –9.7

eGFR, median (IQR), mL/mind 90 (72-108) 86 (68-105) 11.5 92 (72-112) −8.1

Missing 1 (0) 1620 (4.1) −28.9 432 (3.8) −27.5

HDL-C, median (IQR), mg/dL 44 (37-52) 43 (36-52) 1.6 43 (36-51) 4.9

Missing, No. (%) 792 (34.6) 12 966 (33.0) 3.4 3512 (30.7) 8.4

LDL-C, median (IQR), mg/dL 92 (72-115) 89 (68-114) 5.5 93 (72-118) −4.9

Missing, No. (%) 208 (9.1) 10 469 (26.7) −47.1 2947 (25.8) −45.1

Triglycerides,
median (IQR), mg/dL

146 (101-209) 143 (101-205) 1.8 146 (103-208) −1.4

Missing, No. (%) 160 (7) 6538 (16.7) −30.2 1816 (15.9) −28.2

UACR, median (IQR), mg/g 14 (6-40) 14 (5-40) −0.5 14 (5-43) −3.8

Missing, No. (%) 1003 (43.9) 14 665 (37.4) 13.3 4224 (36.9) 14.1

Medication History

Noninsulin diabetes
medication, No. (%)e

1869 (81.7) 32 428 (82.6) −2.2 9253 (80.9) 2.1

0 418 (18.3) 6839 (17.4) 2.2 2182 (19.1) −2.1

1 1088 (47.6) 18 206 (46.4) 2.4 5218 (45.6) 3.9

2 560 (24.5) 10 084 (25.7) −2.8 2929 (25.6) −2.6

≥3 221 (9.7) 4138 (10.5) −2.9 1106 (9.7) 0

Insulin, No. (%) 776 (33.9) 10 811 (27.5) 13.9 3806 (33.3) 1.4

Lipid-lowering
medications, No. (%)

1195 (52.3) 23 963 (61.0) −17.8 5998 (52.5) −0.4

Renin-angiotensin system
inhibitors, No. (%)f

1396 (61.0) 25 375 (64.6) −7.4 7102 (62.1) −2.2

Other antihypertensive
medications, No. (%)

1649 (72.1) 28 710 (73.1) −2.2 8066 (70.5) 3.5

Aspirin 731 (32.0) 18 961 (48.3) −33.8 4627 (40.5) −17.8

Warfarin 190 (8.3) 3207 (8.2) 0.5 943 (8.2) 0.2

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary
disease; eGFR, estimated glomerular filtration rate; HbA1c, glycated
hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; UACR, urinary albumin-creatinine ratio.

SI conversion factors: To convert HDL-C and LDL-C values to mmol/L, multiply
by 0.0259; triglyceride values to mmol/L, multiply by 0.0113.
a Starting with the base cohort of 287 438 patients with type 2 diabetes,

an algorithm (Figure 1) was implemented that resulted in a total of 39 267
nonsurgical patients before matching (see Methods).

b Standardized differences are the absolute value of the difference in means

or proportions between the groups (metabolic surgery − nonsurgical control
group) divided by pooled standard deviation.

c Calculated as weight in kilograms divided by height in meters squared.
d Approximated using the Modification of Diet in Renal Disease (MDRD)

Study equation.
e Class of diabetes medications has been detailed in eTable 3 in Supplement 1.
f Including angiotensin-converting enzyme inhibitors and angiotensin

receptor blockers.
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Status of Obesity, Diabetes, and Medications Over Time
The mean body weight at 8 years was reduced by 29.1 kg (95%
CI, 28.8-29.3) in the surgery group and 8.7 kg (95% CI, 8.6-8.9)
in the nonsurgical control group (mean difference, 20.3 kg [95%
CI, 20.1-20.6]). Metabolic surgery was also associated with a sig-
nificantreductioninHbA1c level(meandifferenceinchangesfrom
baseline at 8 years between groups, 1.1% [95% CI, 1.0%-1.2%];P <
.001) (Figure 4; eTable 8 and eFigure 2 in Supplement 1).

Use of noninsulin diabetes medications, insulin, renin-
angiotensin system blockers, other antihypertensive medica-
tions, lipid-lowering therapies, and aspirin were also signifi-
cantly lower after metabolic surgery compared with usual care
(Figure 5; eTable 8 and eFigure 2 in Supplement 1).

Adverse Events After Metabolic Surgery
The median postoperative length of hospital stay was 2
(IQR, 2-3) days. In the 90 days after metabolic surgery, com-

plications included bleeding requiring transfusion (n = 68
[3.0%]), pulmonary adverse events (n = 58 [2.5%]), venous
thromboembolism (n = 22 [1.0%]), cardiac events (n = 17
[0.7%]), and renal failure requiring dialysis (n = 4 [0.2%]).
There were no cerebrovascular events in the early postop-
erative period. Abdominal surgical intervention was
required in 109 patients (4.8%), and 15 patients (0.7%) died
within 90 days after surgery. In the early postoperative
period, endoscopy was required in 16.7% of patients, inter-
ventional radiologic procedures in 1.6%, and parenteral
nutrition in 1.4%.

The cumulative incidence of nutritional, endoscopic,
radiologic, and surgical reinterventions during postopera-
tive follow-up is reported in eTable 11 in Supplement 1.
Changes in levels of hemoglobin, serum protein, albumin,
and vitamin D are reported in eTable 8 and eFigure 3 in
Supplement 1.

Figure 2. Eight-Year Cumulative Incidence Estimates (Kaplan-Meier) for 2 Composite End Points
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The primary end point was the incidence of extended major adverse
cardiovascular events (MACE; composite of 6 outcomes), defined as first
occurrence of coronary artery events, cerebrovascular events, heart failure,
atrial fibrillation, nephropathy, and all-cause mortality, recording the first
occurrence after the index date as the event date. The secondary composite

end points included 3-component MACE (all-cause mortality, myocardial
infarction, and ischemic stroke), recording the first occurrence after the index
date as the event date. For both end points, the median observation time was
4.0 years (interquartile range [IQR], 2.1-6.1) for nonsurgical patients and 3.3
years (IQR, 1.2-6.3) for surgical patients. HR indicates hazard ratio.

Table 2. Cumulative Incidence Estimates (%), Absolute Risk Differences, and Hazard Ratios From Fully Adjusted Cox Models for Each Outcome
for Metabolic Surgery Group vs Matched Nonsurgical Control Group

Outcome

Metabolic Surgery Nonsurgical Control Absolute 8-Year
Risk Difference,
% (95% CI)a

Hazard Ratio
(95% CI)b P ValuebNo. at Risk

Cumulative Incidence
at 8 y, % (95% CI) No. at Risk

Cumulative Incidence
at 8 y, % (95% CI)

Primary 2287 30.8 (27.6-34.0) 11 435 47.7 (46.1-49.2) 16.9 (13.1-20.4) 0.61 (0.55-0.69) <.001

Secondary 2287 17.0 (14.3-19.7) 11 435 27.6 (26.2-29.0) 10.6 (7.5-13.6) 0.62 (0.53-0.72) <.001

All-cause mortality 2287 10.0 (7.8-12.2) 11 435 17.8 (16.6-19.0) 7.8 (5.1-10.2) 0.59 (0.48-0.72) <.001

Heart failure 2049 6.8 (4.9-8.6) 10 093 18.9 (17.6-20.2) 12.9 (10.4-15.1) 0.38 (0.30-0.49) <.001

Coronary artery disease 2050 7.9 (5.9-9.8) 10 331 11.6 (10.5-12.6) 4.2 (1.9-6.8) 0.69 (0.54-0.87) .002

Cerebrovascular disease 2245 4.1 (2.7-5.5) 11 077 5.6 (4.9-6.3) 1.8 (–0.03 to 3.4) 0.67 (0.48-0.94) .02

Nephropathy 1937 6.1 (4.4-7.8) 9190 16.3 (15.0-17.6) 11.1 (8.8-13.6) 0.40 (0.31-0.52) <.001

Atrial fibrillation 2135 7.9 (6.1-9.7) 10 734 13.6 (12.5-14.7) 6.5 (4.4-8.7) 0.78 (0.62-0.97) .03
a 95% bootstrap CIs (1000 samples) for the difference in 8-year absolute risk

(nonsurgical control group − metabolic surgery) for each outcome and
treatment group.

b Hazard ratios (95% CIs) and P values from adjusted Cox models comparing the
relative instantaneous risk of each outcome for surgical vs nonsurgical patients.
All baseline variables in Table 1 were included to adjust for potential confounding.

Association of Metabolic Surgery With CV Outcomes in Patients With Type 2 Diabetes and Obesity Original Investigation Research

jama.com (Reprinted) JAMA Published online September 2, 2019 E7

© 2019 American Medical Association. All rights reserved.

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.14231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.14231
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.14231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.14231
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.14231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.14231
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.14231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.14231
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.14231


Sensitivity Analyses
Results of the sensitivity analyses are detailed in Supplement 1.
The fully adjusted Cox models were computed for 15 data sets

(15 different nonsurgical cohorts), and the HRs and 95% CIs for
the treatment variable were obtained from each data set for all
outcomes (eFigure 4 in Supplement 1). Overall, the differences

Figure 3. Eight-Year Cumulative Incidence Estimates (Kaplan-Meier) for 6 Individual End Points
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For each 5 individual outcomes (except all-cause mortality), any patient with a
history of that outcome prior to the index date was eliminated from risk
assessment only for that outcome. For all-cause mortality, median observation
time was 4.0 years (interquartile range [IQR], 2.1-6.1) in the nonsurgical group
and 3.3 years (IQR, 1.2-6.3) in the surgical group; for heart failure, 4.1 years (IQR,

2.2-6.2) and 3.3 years (IQR, 1.1-6.4); for coronary artery disease, 4.0 years (IQR,
2.1-6.1) and 3.3 years (IQR, 1.1-6.4); for nephropathy, 4.1 years (IQR, 2.2-6.2) and
3.3 years (IQR, 1.1-6.3); for cerebrovascular disease and atrial fibrillation, 4.0
years (IQR, 2.1-6.1) and 3.3 years (IQR, 1.1-6.3). HR indicates hazard ratio.
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in HRs comparing the risk of 8 end points in patients in the sur-
gery group vs those in the nonsurgical control group were neg-
ligible between the 15 data sets and the estimates reported in the
manuscript from a single data set (with 1:5 matching).

Examining the E-values for study end points and compar-
ing with the HR estimates of known cardiovascular risk fac-
tors for these end points (eTable 12 in Supplement 1) indi-
cates that it would be unlikely that an unmeasured confounder
exists that could account for the observed association be-
tween metabolic surgery and the 8 major study end points.

Discussion
In this matched-cohort study, metabolic surgery was associ-
ated with a significantly lower risk of incident MACE com-
pared with usual care in patients with type 2 diabetes and a BMI
of 30 or greater. However, given the observational nature of the
study, these data should be considered hypothesis-generating
and not conclusive. The cumulative incidence rates of MACE
were unusually high, with 48% of patients in the nonsurgical
control group experiencing a MACE event compared with 31%
of those in the metabolic surgery group. All 6 prespecified out-
comes were significantly lower in the surgery group, including
all-cause mortality, coronary disease events, cerebrovascular
events, heart failure, atrial fibrillation, and nephropathy. A nar-
rower 3-component composite outcome consisting of myocar-
dial infarction, ischemic stroke, and all-cause mortality was also
significantly lower in patients in the metabolic surgery group.
Metabolic surgery was associated with significantly lower mor-
tality over 8 years (absolute risk difference, 7.8%). The very high
event rates observed in patients in the nonsurgical control group
were similar to the rates of adverse outcomes reported for con-
temporary RCTs in secondary cardiovascular prevention
populations,14 highlighting the importance of obesity as a risk
factor for morbidity and mortality.

We speculate that the lower rate of MACE after metabolic
surgery observed in this study may be related to substantial and
sustained weight loss with subsequent improvement in meta-
bolic, structural, hemodynamic, and neurohormonal abnor-
malities. This hypothesis is supported by the observed signifi-
cant reductions in body weight, HbA1c levels, and use of
medications to treat diabetes and cardiovascular diseases. An
intensive lifestyle intervention in overweight and obese indi-
viduals with diabetes in the Look AHEAD (Action for Health in
Diabetes) trial produced more modest weight loss (8.6% vs 0.7%
at 1 year; 6.0% vs 3.5% at 9 years) and did not reduce the risk of
MACE.15 Although large and sustained surgically induced weight
loss has profound physiologic effects, a growing body of evi-
dence indicates that some of the beneficial metabolic and neu-
rohormonal changes that occur after metabolic surgical proce-
dures are related to anatomical changes in the gastrointestinal
tract that are partially independent of weight loss.16-18

In the absence of RCTs, a few observational studies have
reported the association between metabolic surgery and re-
duction in MACE.6,19,20 In a matched-cohort study, Fisher et al19

investigated the incidence of coronary artery disease, cere-
brovascular disease, and mortality in patients with type 2 dia-
betes and BMI greater than 35 after metabolic surgery com-
pared with usual care. At 5 years, metabolic surgery was
significantly associated with a lower incidence of macrovas-
cular events (HR, 0.60) and all-cause mortality (HR, 0.33). How-
ever, the reported annual event rates were 2 to 3 times lower
than those observed in the current study, presumably be-
cause the current study included a higher-risk cohort with older
patients, greater baseline morbidity, and higher insulin use.
In the long-term follow-up of the smaller Swedish Obese Sub-
jects (SOS) study that included 343 surgical and 260 control
patients with type 2 diabetes, metabolic surgery was associ-
ated with significantly fewer macrovascular events than usual
care.6 The majority of procedures in this subgroup of the SOS
study were either vertical banded gastroplasty (66%) or gastric

Figure 4. Mean Trend Curves of Weight Loss and HbA1c Values Over 8 Years of Follow-up
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at 8 years between groups were estimated from a flexible regression model
with a 4-knot spline on time, since the index date interacted with the treatment
group. Statistical comparison and sample size at different time points have been
reported in eTable 8 and eTable 9 in Supplement 1.
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banding (18%), which have largely been replaced by more du-
rable metabolic procedures in recent years.

Obesity and type 2 diabetes are associated with a broad
range of adverse outcomes beyond 3-component MACE
(myocardial infarction, stroke, and mortality). Therefore,

a 6-component primary outcome including heart failure, atrial
fibrillation, and nephropathy was prespecified. These addi-
tional adverse outcomes were also significantly lower in the
metabolic surgery cohort. The lower rate of heart failure in the
surgery group compared with the control group was observed

Figure 5. Proportions of Patients Taking Diabetes and Cardiovascular Drugs Over 8 Years of Follow-up
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exact test are also displayed comparing the proportion of surgical and
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of patients taking each drug were computed every tenth of a year starting at the

index date through 8 years of follow-up. Renin-angiotensin system inhibitors
include angiotensin-converting enzyme inhibitors and angiotensin receptor
blockers. Statistical comparison and sample size at different time points have
been reported in eTable 8 and eTable 10 in Supplement 1.
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despite lower use of cardiovascular medications known to fa-
vorably affect heart failure, including renin–angiotensin sys-
tem inhibitors. Prior studies, including the SOS study,5,21,22 have
also suggested that substantial weight loss may reduce the in-
cidence of heart failure. The mechanisms responsible for this
potential benefit are not well defined, but substantial weight loss
affects cardiac metabolism, function, workload, and geometry.23

Metabolic surgery is also associated with improvements in glu-
cose levels and blood pressure control and with a lower inci-
dence of other cardiovascular events (eg, myocardial infarc-
tion and atrial fibrillation), all of which may contribute to the
significant reduction in the risk of heart failure.

Obesity, diabetes, hypertension, and sleep apnea are es-
tablished risk factors for atrial fibrillation. The current study
showed a significantly lower risk of atrial fibrillation associ-
ated with metabolic surgery. Conversely, more modest weight
loss in a secondary analysis of the Look AHEAD trial was not
associated with a lower risk of developing atrial fibrillation.24

Similarly, a recent meta-analysis reported that 5% nonsurgi-
cal weight loss did not alter the incidence of atrial fibrillation.25

More substantial weight loss in other metabolic surgery stud-
ies, such as the SOS study, was associated with a lower inci-
dence of atrial fibrillation compared with the control group.26

Taken together, these findings suggest that larger and more sus-
tained weight loss with major metabolic changes may be re-
quired for primary prevention of atrial fibrillation.

The current study showed significantly lower incidence of
diabetic nephropathy in surgical compared with nonsurgical
patients. Prior studies have also suggested favorable effects for
metabolic surgery in patients with established diabetic kid-
ney disease, including resolution of albuminuria in 50% of pa-
tients and improvement in glomerular filtration rate.27,28 In the
subgroup of patients with diabetes in the SOS study, meta-
bolic surgery was significantly associated with a lower inci-
dence of diabetic kidney disease.29 In another matched-
cohort study, the incidence of nephropathy was 59% lower at
5 years among patients who underwent metabolic surgery.30

Patients in the metabolic surgery group required fewer
medications for treatment of diabetes and cardiovascular dis-
ease, showing large reductions in the prescription of insulin,
noninsulin diabetes medications, renin-angiotensin system in-
hibitors and other antihypertensive medications, and lipid-
lowering medications.

The safety of metabolic surgical interventions has im-
proved during the last 2 decades.31 Although a variety of ad-
verse events related to metabolic surgery were observed, car-
diovascular morbidity and all-cause mortality were significantly
lower overall.

Limitations
This study has several limitations. First, although a compre-
hensive matching process with fully adjusted regression mod-
els on a broad range of potential confounding variables was
used, residual measured or unmeasured confounders could
have influenced the findings of this retrospective, observa-
tional study. No matching or statistical adjustment was per-
formed based on the severity of medical conditions at base-
line listed in Table 1. Therefore, the observed associations could
be attributed to differences other than treatment assignment
(metabolic surgery vs usual care), and causal inference can-
not be assumed. Nonetheless, the consistency of results in the
sensitivity analyses support the robustness of the findings. The
E-value can be used to assess the robustness of observed as-
sociations in the presence of potential unmeasured
confounders.13 The magnitude of the associations of the known
MACE risk factors with the study end points is smaller than the
estimated E-value for primary and secondary end points, which
makes it unlikely that there are unmeasured confounders that
could eliminate the favorable association between metabolic
surgery and study end points (eTable 12 in Supplement 1).

Second, coding errors, misclassification, and misdiagno-
sis in the EHR are recognized issues with this type of study.
Third, the causes of mortality could not be determined. Fourth,
to assess status of diabetes and cardiovascular medications in
follow-up, the study assessed prescription orders for medica-
tions, which does not necessarily equate to actual medica-
tion use. Fifth, in long-term follow-up, adverse events that did
not lead to intervention were not assessed. Indications and di-
agnoses associated with interventions were not collected.
Sixth, comparison of different metabolic surgical procedures
was not performed, since the distribution of surgical proce-
dures was not uniform. Furthermore, such an analysis would
require separate matching and analysis to construct new co-
horts with comparable baseline characteristics. Seventh, less
than 10% of nonsurgical patients were exposed to new diabe-
tes medications, including glucagon-like peptide-1 receptor
agonists and sodium-glucose cotransporter-2 inhibitors, that
are associated with significant cardiovascular benefits.

Conclusions
Among patients with type 2 diabetes and obesity, metabolic
surgery, compared with nonsurgical management, was asso-
ciated with a significantly lower risk of incident MACE. The
findings from this observational study must be confirmed in
randomized clinical trials.
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