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OBESITY INCIDENCE HAS STA-
bilized after decades of
rapid increases,1 whereas
the prevalence of patients

with a BMI greater than 35 increased
39% between 2000 and 2005, the
prevalence of severe obesity (BMI
�40) increased 50%, and the preva-
lence of superobesity (BMI �50)
increased 75%.2,3 Obesity is difficult to
treat, and bariatric surgery is the most
effective means to induce weight loss
for the severely obese. Consequently,
obesity surgery rates rapidly increased
in tandem.4 Although bariatric sur-
gery reliably induces weight loss,
there are few long-term studies of sur-
vival related to surgically induced
weight loss.5

Previous bariatric surgery survival
studies examined outcomes in younger,
primarily white and female popula-
tions whose obesity-related mortality
risk is low6 and decreasing.7-10 These pa-
tients’ lower mortality has required
studies with large samples to detect any
mortality differences.11,12 Obesity-
related mortality is highest in men and
minority patients who have high rates
of comorbid diseases,13 and these
patients would potentially benefit the
most from bariatric surgery–induced
weight loss.

To date, no study to our knowledge
has examined the long-term survival of

high-risk patients who underwent bar-
iatric surgery. This study’s purpose was
to determine whether bariatric sur-

gery is associated with reduced mor-
tality in a multisite cohort of predomi-
nantly older male high-risk patients

Context Existing evidence of the survival associated with bariatric surgery is based
on cohort studies of predominantly younger women with a low inherent obesity-
related mortality risk. The association of survival and bariatric surgery for older men is
less clear.

Objective To determine whether bariatric surgery is associated with reduced mor-
tality in a multisite cohort of predominantly older male patients who have a high base-
line mortality rate.

Design, Setting, and Participants Retrospective cohort study of bariatric sur-
gery programs in Veterans Affairs medical centers. Mortality was examined for 850
veterans who had bariatric surgery in January 2000 to December 2006 (mean age 49.5
years; SD 8.3; mean body mass index [BMI] 47.4; SD 7.8) and 41 244 nonsurgical con-
trols (mean age 54.7 years, SD 10.2; mean BMI 42.0, SD 5.0) from the same 12 Vet-
eran Integrated Service Networks; the mean follow-up was 6.7 years. Four Cox pro-
portional hazards models were assessed: unadjusted and controlled for baseline covariates
on unmatched and propensity-matched cohorts.

Main Outcome Measure All-cause mortality through December 2008.

Results Among patients who had bariatric surgery, the 1-, 2-, and 6-year crude mor-
tality rates were, respectively, 1.5%, 2.2%, and 6.8% compared with 2.2%, 4.6%,
and 15.2% for nonsurgical controls. In unadjusted Cox regression, bariatric surgery
was associated with reduced mortality (hazard ratio [HR], 0.64; 95% confidence in-
terval [CI], 0.51-0.80). After covariate adjustment, bariatric surgery remained associ-
ated with reduced mortality (HR, 0.80; 95% CI, 0.63-0.995). In analysis of 1694 pro-
pensity-matched patients, bariatric surgery was no longer significantly associated with
reduced mortality in unadjusted (HR, 0.83; 95% CI, 0.61-1.14) and time-adjusted (HR,
0.94; 95% CI, 0.64-1.39) Cox regressions.

Conclusion In propensity score–adjusted analyses of older severely obese patients
with high baseline mortality in Veterans Affairs medical centers, the use of bariatric
surgery compared with usual care was not associated with decreased mortality during
a mean 6.7 years of follow-up.
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who were older than patients in most
previous bariatric outcomes assess-
ments. We compared survival through
December 2008 between a cohort of
veterans who had bariatric surgery in
Veterans Affairs medical centers in
2000-2006 and a cohort of veterans who
did not have bariatric surgery. This is
the first study that we are aware of to
compare survival associated with bar-
iatric surgery in predominantly male co-
horts of surgical patients and nonsur-
gical controls.

METHODS
Study Design
and Study Population

This evaluation is a retrospective co-
hort study of bariatric surgery pa-
tients and a cohort of nonsurgical, se-
verely obese controls. As described
previously,14,15 bariatric patients were
identified from a database of major sur-
gical procedures performed in Veter-
ans Affairs medical centers main-
tained by the VA Surgical Quality
Improvement Program (formerly
known as the National Surgical Qual-
ity Improvement Program). Veterans in
the program database were identified

as having bariatric surgery in fiscal years
2000-2006, according to an algorithm
of Current Procedural Terminology-4
codes (43842, 43843, 43846, 43847,
and 43848) and International Classifi-
cation of Diseases, Ninth Revision
(ICD-9) codes (278.01, associated with
Current Procedural Terminology-4
codes 43659, 43621, or 43633), with
a sensitivity of 99.2% and specificity of
99.9%.16

We identified 892 patients who had
bariatric procedures and excluded
revisional procedures for 4 patients
(FIGURE 1). Survival time through
December 31, 2008, began with each
veteran’s first instance of observed
BMI greater than or equal to 35 after
January 1, 2000. Patients were
excluded because of death dates
before surgery (n = 4), presurgical
BMIs less than 35 (n=9), or missing
presurgical comorbidity scores
(n = 25). The final surgical cohort
included 850 high-risk veterans who
had bariatric surgery. We refer to
these surgical patients as high risk
according to the high proportion of
men, older age, and higher BMI com-
pared with that of cohorts in previ-
ous bariatric mortality assessments11

because other work has found that
patients with these characteristics
have higher rates of postsurgical
mortality.12,17

Nonsurgical controls were identi-
fied from a Veterans Affairs registry of
1.8 million veterans whose fiscal year
2000 height and weight data were ex-
tracted from Veterans Affairs elec-
tronic medical records of outpatient vis-
its from 136 Veterans Affairs medical
centers.18 We identified 98 545 veter-
ans who had recorded BMIs between 29
and 80 and had never undergone bar-
iatric surgery in a Veterans Affairs hos-
pital (FIGURE 2). Control patients were
excluded because of missing patient
identifiers needed to link other Veter-
ans Affairs databases (n=563), deaths
before fiscal year 2000 (n=373), or in-
complete data to construct patient co-
variates (n=157). We also excluded
nonsurgical controls with no BMI
values greater than or equal to 35

(n=4853), with missing baseline co-
morbidity scores (n=5836), with age 80
years or older during the study period
(n=8509), or with clinical exclusions
related to gastrointestinal cancer re-
quiring surgery or peritoneal effusion/
ascites (n=299). To more closely match
the availability of medical care re-
sources between surgical and control
groups, we excluded severely obese vet-
erans who lived in Veterans Inte-
grated Service Networks lacking a bar-
iatric surgery center in 2000-2006
(n=36 711). The final nonsurgical con-
trol cohort included 41 244 veterans
with an initial eligible BMI in 2000-
2006 and complete data on patient char-
acteristics and survival status. This
study was approved by the Surgical
Quality Data Use Group of the VA Of-
fice of Patient Care Services; and the in-
stitutional review boards of the Dur-
ham, North Texas, and Denver Veterans
Affairs Medical Centers and of the
Group Health Research Institute.

Survival Outcome

The primary outcome was all-cause
mortality, defined as survival time from
first BMI greater than or equal to 35 un-
til death date or the end of the obser-
vation period (December 31, 2008). The
maximum possible survival time was 9
years (January 1, 2000, to December 31,
2008). Trained VA Surgical Quality Im-
provement Program nurses tracked op-
erative death and perioperative death
up to 30 days after the operation with
a standardized abstraction form by fol-
lowing the patient by chart review dur-
ing hospitalization. The nurse then con-
tacted the patient or family 30 days after
the operation to identify any subse-
quent adverse events and validated and
updated mortality by checking against
a Veterans Affairs vital status data-
base.19 Veterans Affairs death dates be-
yond 30 days for case patients and for
all controls were obtained from 4 ad-
ministrative data sets (Beneficiary Iden-
tification and Record Locator Subsys-
tem Death File, Veterans Affairs
Inpatient utilization files, Medicare Vi-
tal Status file, and Social Security Ad-
ministration Death Master File).20

Figure 1. Cohort of Surgical Patients

892 Patients had bariatric surgery in 12 VA
bariatric centers from 2000-2006

888 Underwent first (or only)
bariatric surgery

884 Underwent surgery

4 Excluded due to revisional
bariatric procedures

4 Died prior to 2000
or before surgery

9 Did not have eligible BMI
data at or before surgery

25 Did not have DCG data

875 Had eligible start date BMI data

850 Surgical cases

VA indicates Veterans Affairs; BMI, body mass index;
and DCG, diagnostic cost group (a measure of co-
morbidity burden).
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Statistical Analysis
Unadjusted differences between pa-
tients undergoing or not undergoing
bariatric surgery were compared with
�2 tests for categorical variables and
2-tailed unpaired t tests for continu-
ous variables in the unmatched co-
horts, McNemar tests and paired t tests
in the matched cohorts, and standard-
ized differences to enable comparison
of covariate imbalance between the
matched and unmatched cohorts.21 The
association between bariatric surgery
and all-cause mortality was examined
in the unmatched cohorts with crude
mortality rate comparisons and unad-
justed and multivariable Cox propor-
tional hazards regression models.

Operations occurred at different
points for the surgical cohort, with con-
s iderable delay (median dura-
tion=539 days) between the “zero time”
of first reported BMI greater than 35 and
day of surgery; therefore, surgery was
modeled as a time-dependent treat-
ment to account for survivor treat-
ment bias. Failure to account for this
bias would generate biased hazard ra-
tios (HRs) (�1) if the true treatment
effect were null.22,23 The proportional
hazards assumption was confirmed
by inspection of log (−log[survival])
curves.

In a multivariable Cox model, we
controlled for baseline age, sex, self-
reported race, marital status, BMI, co-
morbidity burden measured by the di-
agnostic cost group score, and Veterans
Integrated Service Network of resi-
dence. Baseline BMI was constructed
from data contained in the corporate
data warehouse vital status files, the reg-
istry file, and VA Surgical Quality Im-
provement Program files on the surgi-
cal cases but relied primarily on
corporate data warehouse values after
exclusion of weight values 3 SDs above
or below the presurgical or postsurgi-
cal mean for each patient. The diag-
nostic cost group score aggregates in-
patient and outpatient diagnoses in the
year before baseline, with scores greater
than 1.0 implying above-average ex-
pected expenditures and scores less
than 1.0 implying below-average ex-

pected expenditures. Diagnostic cost
group scores were as predictive of
veterans’ 1-year mortality as other co-
morbidity scores24-26 and were highly
predictive of mortality,14 use, and ex-
penditures15 in bariatric surgery.

In a third analysis, we accounted for
the nonequivalence (eg, selection bias)
of the nonsurgical control cohort via
propensity score matching with logis-
tic regression, which has been shown
to be less biased than propensity ad-
justment or weighting in survival analy-
sis.27 A propensity score represents the
predicted probability that a given pa-
tient will undergo bariatric surgery, and
patients who had bariatric surgery pro-
cedures were matched to controls with
a greedy algorithm.28 The propensity
score model included interaction of age,
age squared, diagnostic cost group, BMI,
BMI squared, BMI cubed, sex, race,
marital status, and Veterans Inte-
grated Service Networks, as well as nu-
merous 2-way interactions,29 and had
a concordance index of 0.85.

Despite the large (n=41 244) sample
of controls, we conducted one-to-one
matching to avoid the possible bias of
many-to-one matching.30 Each surgi-
cal case patient was matched to a single
nonsurgical control if their predicted
propensity scores were identical to 8
digits. If such a match was not found,
the case patient was matched to a con-
trol on the basis of a 7-, 6-, 5-, 4-, 3-,
2-, or 1-digit match. This process
matched 847 surgical case patients (of
850 possible; 99.6%) to 847 nonsurgi-
cal controls, and covariate balance be-
tween matched surgical case patients
and nonsurgical controls was assessed
via McNemar tests, 2-tailed paired
t tests, and standardized differences.
We then conducted an unadjusted
Cox regression stratified on the
matched pairs to account for the lack
of independence between cohorts in-
duced by matching and a Cox regres-
sion adjusted for differences in the year
indicating zero time. Alternative pro-
pensity score analyses from many-to-
one matching generated similar re-
sults, so we present the 1:1 matching
results here.

The a priori level of statistical sig-
nificance was set at P� .05 for all analy-
ses, which were 2-tailed and per-
formed with SAS, version 9.2 (SAS
Institute Inc, Cary, North Carolina).

RESULTS
Patient Characteristics
in Unmatched Cohorts

The unmatched cohort of 850 veterans
who underwent bariatric surgery in
2000-2006 was significantly younger
(49.5 vs 54.7 years; P � .001), had
higher BMIs (47.4 vs 42.0; P� .001),
and had greater comorbidity burden as
measured by diagnostic cost group
score (0.60 vs 0.47; P� .001) than the
41 244 veterans in the nonsurgical

Figure 2. Cohort of Nonsurgical Controls

98 545 Individuals in initial sample
of controls (BMI 29-80 in FY00)

97 982 Had FY99-06
VA administrative data

97 452 Had inpatient or outpatient data,
death dates, and DCG data

41 244 Controls in unmatched
analytic sample

92 599 Had eligible start date BMI
and administrative data

86 763 With eligible start date BMI DCG
data, and administrative data

530 Excluded
373 Died prior to FY00
157 Had incomplete data

to construct patient
characteristics

8808 Excluded
8509 Aged ≥80 y
299 Clinical reasons

563 Were missing patient
identifier

5836 Did not have DCG
scores at BMI start date

36 711 Excluded (did not live
in network with bariatric
surgery center)

4853 BMI not ≥35

77 955 With all data and no exclusions

BMI indicates body mass index; FY, fiscal year; VA,
Veterans Affairs; and DCG, diagnostic cost group (a
measure of comorbidity burden).
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control cohort (TABLE 1). The surgical
patients were more likely to be super-
obese (BMI �50; 31.3% vs 7.0%;
P� .001) and white (77.9% vs 67.8%;
P� .001) but less likely to be aged 65
years or older (2.1% vs 20.7%;
P � .001), men (73.9% vs 91.7%;
P � .001), or married (52.1% vs
57.7%; P=.001). The first observation
of a BMI greater than or equal to 35
that defined the start time for tracking
survival was earlier for nonsurgical
controls than case patients (P� .001).
As a result, the surgical case patients
were observed 1 year less (6.69 years
vs 7.62 years; P� .001) than the non-
surgical controls; nearly 85% of the
controls had their first recorded BMI
greater than 35 in 2000 compared
with only 40% of surgical case
patients. The mean follow-up time
was 6.7 years.

Association of Bariatric
Surgery and Mortality
in Unmatched Cohorts
Eleven of 850 surgical case patients
(1.29%) died within 30 days of sur-
gery. The surgical case patients had
lower crude mortality rates than the
nonsurgical controls (1 year, 1.5% vs
2.2%, P= .17; 2 year, 2.2% vs 4.6%,
P � .001; 6 year, 6.8% vs 15.2%,
P � .001). In an unadjusted Cox
regression, bariatric surgery was asso-
ciated with reduced mortality (HR,
0.64; 95% confidence interval [CI],
0.51-0.80; P� .001). Given the sig-
nificant differences between surgical
case patients and nonsurgical con-
trols, these crude and unadjusted
results cannot represent the unbiased
association of treatment and survival.
After adjustment for baseline covari-
ates (eTable, available at http://www

.jama.com), bariatric surgery remained
associated with reduced mortality but to
a lesser extent (adjusted HR, 0.80; 95%
CI, 0.63-0.995; P=.045).

Patient Characteristics
in Matched Cohorts and Association
of Bariatric Surgery and Mortality

Propensity score matching resulted in
well-balanced cohorts of surgical case
patients (n = 847) and nonsurgical
controls (n=847), which were similar
in all observed characteristics except
year of study entry (TABLE 2), improv-
ing covariate balance from the
unmatched cohorts (Table 1). Eleven
of the 847 surgical case patients
(1.30%) died within 30 days of sur-
gery. Crude mortality differed between
matched case patients and controls
only at 6 years (1 year, 1.5% vs 2.0%,
P=.58; 2 year, 2.2% vs 3.5%, P=.14; 6

Table 1. Baseline Characteristics of Unmatched Bariatric Surgical Patients and Nonsurgical Controls

No. (%)

P Value
Standardized
Differencea

Surgical Case
Patients (n = 850)

Nonsurgical
Controls (n = 41 244)

Age, mean (SD), y 49.5 (8.3) 54.7 (10.2) �.001 −55.92

�65 y 18 (2.1) 8534 (20.7) �.001 −61.20

Male sex 628 (73.9) 37 840 (91.7) �.001 −48.54

Race
White 662 (77.9) 27 967 (67.8) �.001 22.86

Nonwhite 136 (16.0) 7977 (19.3) .02 −8.66

Unknown 52 (6.1) 5300 (12.9) �.001 −23.35

Marital status
Married 443 (52.1) 23 808 (57.7) .001 −11.27

Previously married 258 (30.4) 11 259 (27.3) .05 6.85

Never married 139 (16.4) 5700 (13.8) .04 7.00

Unknown marital status 10 (1.2) 477 (1.2) .96 0

BMI, mean (SD) 47.4 (7.8) 42.0 (5.0) �.001 82.43

Superobese, BMI �50 266 (31.3) 2905 (7.0) �.001 64.93

DCG score, mean (SD); median (IQR) 0.60 (0.92);
0.29 (0.09-0.75)

0.47 (0.75);
0.18 (0.09-0.51)

�.001 15.49

DCG score �2b 42 (4.9) 1633 (4.0) .15 4.37

Observation time, mean (SD), d 2441 (791) 2783 (791) �.001 −43.24

Fiscal year of start time
2000 339 (39.9) 34 908 (84.6) −104.24

2001 104 (12.2) 4921 (11.9) 0.92

2002 110 (12.9) 468 (1.1) 47.21

2003 94 (11.1) 342 (0.8) �.001 44.61

2004 87 (10.2) 216 (0.5) 44.14

2005 69 (8.1) 212 (0.5) 38.14

2006 47 (5.5) 177 (0.4) 30.49
Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; DCG, diagnostic cost group; IQR, interquartile range.
aThe formulas for standardized differences of continuous and binary variables appear in the article by Austin.21

bScores �1 imply above-average expected expenditures.
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year, 6.7% vs 12.8%, P� .001). In Cox
regressions using the 1694 propensity-
matched patients, bariatric surgery
was no longer associated with reduced
mortality in unadjusted analysis (HR,
0.83; 95% CI, 0.61-1.14) and in analy-
sis adjusting for differences in start
times (HR, 0.94; 95% CI, 0.64-1.39)
(TABLE 3).

COMMENT
Older predominantly male patients with
obesity-related comorbid conditions
have high mortality and could benefit
the most from aggressive obesity treat-
ment. In a propensity-matched cohort
of obese high-risk primarily male pa-
tients, bariatric surgery was not signifi-
cantly associated with survival during
a mean of 6.7 years of follow-up. These
results are in contrast to those of sev-
eral previous observational studies,
which can be explained by important

differences in the populations exam-
ined, the duration of follow-up, and the
extent of covariate adjustment.

One reason bariatric surgery was not
associated with survival in this study
might be the higher perioperative mor-
tality observed for Roux-en-Y gastric by-
pass in veteran cohorts.16,31 The 30-
day mortality rates of 1.3% observed in
this study is 4-fold higher than that re-
ported in the recent multisite Longitu-
dinal Assessment of Bariatric Surgery
study, which included a younger, pre-
dominantly female cohort.9 Roux-
en-Y operations are inherently more dif-
ficult in large male patients and are
known to be associated with higher
mortality rates than for female pa-
tients, who have anatomy more favor-
able for performing complex gastric sur-
gery.17 Our previous research on this
cohort demonstrated less than ex-
pected benefit in other outcomes as

well. We observed less medication dis-
continuation32 than that in studies of
lower-risk, mostly female diabetic pa-
tients33 and found that health care ex-
penditures were not improved by bar-
iatric surgery15 within 3 years after
surgery. Operations with lower peri-
operative event rates, such as laparo-
scopic adjustable banding procedures
or gastric sleeve resections, could prove
more beneficial. There are no reliable
long-term studies of these operations
in high-risk cohorts that would sug-
gest that these operations result in lower
mortality than gastric bypass proce-
dures.

Our conclusion of no association of
bariatric surgery with survival in this
high-risk predominantly male cohort
contrasts with that of several previous
studies, which have differed in cohort
characteristics, control identification,
and comorbidity adjustment. In a com-

Table 2. Baseline Characteristics of Propensity-Matched Bariatric Surgical Patients and Nonsurgical Controls

No. (%)

P Value
Standardized
Differencea

Surgical Case
Patients (n = 847)

Nonsurgical
Controls (n = 847)

Age, mean (SD), y 49.5 (8.3) 49.0 (8.2) .20 6.04

�65 y 18 (2.1) 30 (3.5) .09 −8.50

Male sex 626 (73.9) 624 (73.7) .95 0.55

Race
White 660 (77.9) 652 (77.0) .68 2.25

Nonwhite 135 (15.9) 141 (16.6) .74 −1.92

Unknown 52 (6.1) 54 (6.4) .92 −0.99

Marital status
Married 441 (52.1) 433 (51.1) .73 −1.90

Previously married 257 (30.3) 243 (28.7) .48 3.62

Never married 139 (16.4) 161 (19.0) .18 −6.81

Unknown marital status 10 (1.2) 10 (1.2) �.99 0

BMI, mean (SD) 47.3 (7.7) 47.1 (7.2) .40 3.22

Superobese (BMI �50) 263 (31.1) 250 (29.5) .45 3.33

DCG score, mean (SD); median (IQR) 0.59 (0.9);
0.29 (0.1-0.7)

0.58 (1.0);
0.24 (0.1-0.6)

.85 0.93

DCG score �2b 41 (4.8) 49 (5.8) .45 −4.24

Fiscal year of start time
2000 339 (40.0) 736 (86.9) −111.41

2001 102 (12.0) 91 (10.7) 4.09

2002 109 (12.9) 6 (0.7) 49.81

2003 94 (11.1) 5 (0.6) �.001 45.97

2004 87 (10.3) 3 (0.4) 45.36

2005 69 (8.1) 6 (0.7) 36.76

2006 47 (5.5) 0 34.28
Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; DCG, diagnostic cost group; IQR, interquartile range.
aThe formulas for standardized differences of continuous and binary variables appear in the article by Austin.21

bScores �1 imply above-average expected expenditures.
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parison in a cohort of 154 patients with
diabetes who underwent Roux-en-Y and
78 obese diabetic patients evaluated for
bariatric surgery at the same center,34

unadjusted survival was greater (91%)
after a mean follow-up of 9 years in the
surgical group compared with the non-
surgical group (72%) at 6 years. The
higher mortality observed in the non-
surgical group may be explained by the
larger number of minority patients
(50% vs 23%), who are known to have
greater obesity-related mortality than
whites,13 and by the lack of comorbid-
ity adjustment. Our unadjusted co-
hort resembles these patients, but in our
rigorous propensity matching analy-
sis, the significant association of bar-
iatric surgery observed in our un-
matched analyses was eliminated.

Christou et al35 examined survival for
a cohort of 1035 bariatric surgery pa-
tients compared with 5746 control pa-

tients identified as obese by having an
ICD-9 entry of obesity (278.00) or mor-
bid obesity (278.01) in their medical
record and no codes for obesity sur-
gery. This analysis yielded lower mor-
tality (0.68% vs 6.17%) for the bariat-
ric surgery cohort compared with the
controls during a 5-year follow-up pe-
riod. The control group was matched
6:1 on patient age, sex, and duration of
follow-up, but no clinical information
was available for comorbidity adjust-
ment. Flum and Dellinger36 per-
formed an observational study of bar-
iatric patients and controls identified
from diagnostic codes in hospital dis-
charge data from Washington State. Bar-
iatric surgery was associated with im-
proved survival (HR,1.59; 95% CI,
1.49-1.72) after adjustment by age, sex,
and Charlson comorbidity score. Both
of these studies relied on ICD-9 codes
to identify severely obese control pa-

tients, which likely identified a more
chronically ill and superobese popula-
tion and likely failed to identify many
less severely obese patients who would
also have been eligible for bariatric sur-
gery and have served as a valid con-
trast to the bariatric patients.

Adams et al11 compared survival out-
comes for 7925 patients who under-
went gastric bypass surgery in Utah with
that of 7925 individuals identified as
obese from self-reported height and
weight information in driver’s license ap-
plications. Patients were matched on
BMI, age, and sex but lacked clinical in-
formation for comorbidity adjustment.
A modest difference in unadjusted mor-
tality was observed: After 7.1 years of fol-
low-up, the surgical group experienced
2.7% mortality compared with 4.1% in
the controls (adjusted HR,0.60; 95% CI,
0.45-0.67). The average age was much
younger11 than in this Veterans Affairs
surgical cohort (39.5 vs 49.5) and the
proportion of women was much higher11

(84% vs 26%). Demographic differ-
ences and lack of comorbidity adjust-
ment may be important factors explain-
ing discrepancies between the results
obtained by Adams et al11 and by us.

The only published study examin-
ing survival after bariatric surgery that
compared groups with high-quality
clinical data was the Swedish Obese
Subjects (SOS) Study.12 Clinical infor-
mation was available for 2027 patients
who had bariatric surgery compared
with 2037 who elected not to pursue
bariatric surgery. These cohorts were
followed up for a mean of 11 years and
matched according to 18 clinical vari-
ables. Bariatric surgery was associated
with better survival (adjusted HR,0.76;
95% CI, 0.59-0.99), according to a 1.3%
absolute mortality difference. The
Swedish analysis is not comparable to
ours because of the different mortality
risk in the control groups. The 11-
year mortality in the control group was
6.3% in the SOS Study, whereas the
7-year unadjusted mortality rate in the
control group was 22.4% in our study.
Additionally, two-thirds of the SOS co-
hort underwent vertical banded gas-
troplasty, an operation no longer per-

Table 3. Results From Unadjusted and Adjusted Cox Proportional Hazards Models on
Unmatched and Matched Cohorts of Surgical Patients and Nonsurgical Controls

Covariate

Unmatched Analyses,
HR (95% CI)

Matched Analyses,
HR (95% CI)

Unadjusted
Covariate
Adjusteda Unadjusted

Adjusted
for Year

Sample size 42 094 42 094 1694 1694

Bariatric surgery 0.64 (0.51-0.80) 0.79 (0.63-0.995) 0.83 (0.61-1.14) 0.94 (0.64-1.39)

Age, continuous,
per year

1.07 (1.07-1.07)

Male 1.62 (1.46-1.79)

Female 1 [Reference]

White race 1.06 (1.02-1.12)

Married 0.78 (0.75-0.82)

Unmarried 1 [Reference]

BMI
35-39 1 [Reference]

40-49 1.22 (1.16-1.27)

�50 1.71 (1.59-1.85)

DCG
�1 1 [Reference]

1-2 1.71 (1.61-1.82)

�2 2.66 (2.46-2.86)

Fiscal year
2001 1.08 (0.57-2.04)

2002 0.79 (0.34-1.86)

2003 0.62 (0.26-1.51)

2004 0.65 (0.20-2.13)

2005 1.49 (0.24-9.25)

2006 0.72 (0.11-4.54)
Abbreviations: BMI, body mass index; CI, confidence interval; DCG, diagnostic cost group; HR, hazard ratio.
aVeterans Integrated Service Network fixed effects also controlled but not reported.
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formed in the United States, limiting the
generalizability of that study to mod-
ern bariatric practice.

Our results highlight the impor-
tance of statistical adjustment and
careful selection of surgical and non-
surgical cohorts, particularly during
evaluation of bariatric surgery accord-
ing to administrative data.37 Previous
studies claiming a survival benefit for
bariatric surgery had limited clinical
information to conduct detailed risk
adjustment or matching.10,11,35,36 The
survival differences between the bar-
iatric surgery and control groups were
modest in most previous studies, so
the beneficial effects of surgery may
have been attenuated if adjustment for
confounders had been possible. We
demonstrated that risk adjustment
with regression analysis resulted in a
significant association of surgery and
survival that was reduced when
equivalence in baseline characteristics
improved via propensity matching in
this high-risk patient group.

These results suggest that bariatric
surgery is not associated with reduced
mortality at 6.7 years for older men
with higher than average baseline risk
for obesity-related complications and
mortality compared with bariatric
cohorts considered in previous evalua-
tions.17 This analysis was based on a
multisite sample, with data abstracted
in a standardized process to ensure
high-quality data and minimal mea-
surement error. Additionally, compre-
hensive claims data enabled us to
adjust for patient factors (race, BMI,
comorbidity burden, marital status)
related to receipt of bariatric surgery
and mortality that are unavailable in
many health systems. The well-
validated diagnostic cost group risk
score is used by the Centers for Medi-
care & Medicaid Services to risk-
adjust payments made to Medicare
managed care plans38 and has been
shown to predict 1-year mortality14

and presurgical and postsurgical
expenditures of this surgical cohort.15

Careful adjustment for risk differences
is a critical need in bariatric evalua-
tions,39 and the use of this risk adjust-

ment measure represents a significant
advance in reducing confounding in
the mortality association of bariatric
surgery.

Our study is subject to several limi-
tations. First, we focused on a cohort
of older, predominantly male, sicker
patients, so results may not generalize
to nonveteran, younger, female, or
healthier populations. It is possible that
bariatric surgery reduces mortality for
younger patients and not for older male
patients, but we did not have suffi-
cient sample size to examine whether
the association varied across sub-
groups. Second, our study does not
include patients who underwent lapa-
roscopic banding procedures; thus,
we cannot generalize our results to
such patients. Third, the sample size
was restricted in the 1:1 propensity-
matched analysis such that large CIs
were generated, which cannot rule out
that bariatric surgery provides clini-
cally significant benefit or harm to some
patients. However, 4:1 propensity-
matched analysis yielded similar results.
Future studies with larger samples
shouldalsoconsider stratificationacross
clinically relevant patient factors to fully
understand which subgroups benefit
most from bariatric surgery. Fourth,
these results do not account for unob-
served confounding that may persist
even after propensity score matching
because this analysis was based on a
quasi-experimental design from admin-
istrative data, not a randomized trial.37

The estimated treatment represents an
association and not necessarily the
causal effect of bariatric surgery on sur-
vival. We were able to effectively reduce
imbalance in observed covariates via
one-to-one propensity score match-
ing, without a significant loss in sur-
gical sample size. This finding was
also robust to alternative propensity
score approaches, which suggests we
strengthened the internal validity of our
results without sacrificing generaliz-
ability.

These results suggest that bariatric
surgery is not associated with reduced
mortality among older men within a few
years after surgery, which is not en-

tirely surprising; the survival benefit in
the SOS Study was not observed until
a median of 13 years of follow-up.
Therefore, it is possible that we would
also observe a protective benefit 10 or
more years after surgery, and addi-
tional observation time may be re-
quired in this older predominantly male
cohort. Even though bariatric surgery
is not associated with reduced mortal-
ity among older male patients, many pa-
tients may still choose to undergo bar-
iatric surgery, given the strong evidence
for significant reductions in body
weight and comorbidities and im-
proved quality of life.

CONCLUSION
According to propensity score–
adjusted analyses of a cohort of pre-
dominantly older men, bariatric sur-
gery does not appear to be associated
with survival during a mean of 6.7 years
of follow-up.
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