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Abstract

Objective—The purpose of this study is to evaluate the long-term survival following gastric
bypass using propensity-matched controls.

Methods—We identified all patients who either received a GBP or met criteria to receive a GBP
between Jan 1, 2002 and Dec 31, 2003. Propensity matching was performed. Long-term, all-cause
mortality data was collected and evaluated using Kaplan-Meier curves.

Results—430 GBP cases and 5323 controls were identified from the enrollment period.
Ultimately, 802 cases and controls (1:1 matching, 93.2% match rate) were identified using
propensity matching. Median follow-up was similar between groups. Overall mortality was lower
for the GBP group (OR: 0.48, 95% CI: 0.29, 0.78). GBP demonstrated significantly increased
survival when compared to controls (p-value = 0.002). Similar patterns were noted among
diabetics.

Conclusions—We have demonstrated that gastric bypass provides a clear long-term survival

advantage compared to non-surgical propensity-matched controls.
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Introduction

Recent evaluation of the National Health and Nutrition Examination Survey (NHANES)
observed that the prevalence of adult obesity in the United States in 2012 was 34.9%, and
has remained relatively constant over the past decade (1). Other estimates suggest a more
concerning forecast, with the rate of adult obesity approaching 51% by 2030 (2). These
concerns have prompted the United States Department of Health and Human Services to
classify obesity as a marker of overall health, with the goal of reducing obesity by the year
2020 (3).

Bariatric surgery offers an opportunity for improved survival in this population via drastic
risk modification. However, long-term (> 10 year) evaluations of outcomes following
bariatric surgery in the literature are limited. Fewer still have incorporated propensity
matching as a primary portion of their analysis. The purpose of this study was to create a
historical cohort of gastric bypass cases and propensity-matched controls in order to
evaluate long-term mortality in both diabetic and non-diabetic patients.

Material and Methods

Our Institutional Review Board for Health Sciences Research (IRB-HSR) approved this
study. We identified obese and morbidly obese patients at our tertiary care center that met
criteria for a gastric bypass between January 1, 2002 and December 31, 2003. Appropriate
demographics, comorbidities, and insurance status were identified and recorded. Patients
were classified as either “cases” or “controls” based upon receipt of a roux-en-y gastric
bypass. Only data known during the two-year period was recorded. Due to limitations in our
medical record system during the 2002—-2003 time period, data required to accurately
calculate body mass index (BMI) was not reliably recorded in the control group. We
therefore used 1CD-9 codes to identify morbidly obese patients (278.0, 278.00, & 278.01).
These ICD-9 codes have been previously used as a substitute for BMI in studies of this type

(4).

We utilized a propensity score-matching algorithm based on the likelihood of receiving a
gastric bypass. All variables known during the two-year period were included in the
regression analysis. Automated stepwise selection was used to limit the number of predictor
variables. Matching was conducted on a 1:1 basis using the “greedy” method. Cases and
controls were each used only once. Once the matched cohort was identified, survival data
through February 2014 (most recent available) was collected from the Social Security Death
Master File (SSDMF).

Standard univariate analysis was conducted using Wilcoxon Rank Sum, Chi-Square, and
Fisher’s exact tests where appropriate. Thirty-day, 1-year, 5-year, and 10-year mortality
rates are listed in addition to overall mortality. Survival analysis was conducted using
Kaplan-Meier curves. Statistical significance was set at p-values < 0.05. Statistical analysis
was conducted using SAS software, version 9.3 (SAS Institute, Cary, NC).
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We identified 5,753 patients eligible for gastric bypass during the study period. Four
hundred and thirty (7.5%) received a gastric bypass. Our propensity model identified 401
matched pairs for a 93.2% match rate (c-statistic = 0.85; HLT = 0.71). Patients who
underwent a gastric bypass demonstrated considerable heterogeneity compared to
unmatched controls. However, after matching, there were no significant differences between
cases and controls in any category, effectively eliminated treatment allocation bias based on
known variables (Supplemental Table A). Details of the propensity model are listed in
Supplemental Table B.

Median follow up for the gastric bypass group was 11.9 years compared to 11.8 years for the
controls (p-value = 0.06). Among survivors, only one patient had follow-up of less than 10
years (9.5 years). This was due to missing data making it impossible to match with the
SSDMF. Instead, the last date that this patient was known to be alive through interaction
with our health system was used instead.

Mortality within 30 days of surgery for cases or within 30 days of enrollment for the
controls was zero for both groups. One-year mortality was 0.7% for cases compared to 0.2%
for controls (n = 3 for cases, n = 1 for controls; Fisher’s exact test p-value 0.62). Patients
who received a gastric bypass had significantly lower rates of overall mortality (6.5% vs.
12.7%) than matched comparators. Similar findings were observed for diabetic patients
(Table 1). Survival was significantly improved in the gastric bypass group for both the
overall cohort (Figure 1; p-value = 0.002) and our diabetic subset (Figure 1; p-value = 0.03).
There appears to be no survival benefit in the first 2 years in the overall cohort and in the
first 3 years in the diabetic cohort.

Discussion

There are several studies supporting the notion that bariatric surgery reduces long-term
mortality (4-9). Adams and colleagues published an analysis of long-term mortality in
gastric bypass patients as compared to matched non-surgical controls. Their study
retrospectively followed 7,925 matched patient pairs over an average of 7.1 years
demonstrating a clear survival advantage for those patients that received a gastric bypass (6).
However, as acknowledged by the authors, their study was not able to control for treatment
allocation bias. Christou et al matched patients based upon age, sex, and a diagnosis of
morbid obesity, but suffered from similar limitations (7). Another study by Flum et al
utilized a propensity-matching mechanism on a subset of their study patients to evaluate 5-
year survival, but the characteristics of their propensity model were not published (4). Our
study adds to the literature by implementing a fully described propensity-matched analysis,
thereby minimizing the effect of treatment allocation bias. Additionally, our study is the
only one in the literature with true 10-year follow-up on the entire cohort.

Although variable follow-up periods make direct comparison difficult, our observed
mortality rates appear to be similar to those reported elsewhere in the literature (4, 6, 9).
Buchwald et al reported that retrospective and observational studies had higher mortality
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rates than other study designs, however, our 30-day mortality rates were still among the
lowest in the literature (4, 10). In the particular case of the Swedish Obesity Study, any
differences may be due to case mix, since only 13% of their patients underwent a gastric
bypass (6, 9). Our mortality rate was higher than that reported by both Peeters and Christou
(7, 8). However, the follow up period for the surgical cohort in Peeters’ study was fairly
short (median 3.6 years), and Christou only analyzed five-year survival (7, 8). The
differences in 5-year post-surgical survival between our study and Christou’s remain
unclear, but may be due to underlying differences in our patient populations. Survival for the
control group in Peeters’ study over a median of 12.8 years, however, was similar to ours
(8). Our exclusive use of a medical cohort as a source of control patients may result in
higher mortality rates for that group than observed in other studies (6, 7). However, our odds
ratios for mortality are similar to those reported in the meta-analysis by Pontiroli (5).

Zhang et al demonstrated that the presence of diabetes significantly reduced survival
following surgery (11). Other authors have previously demonstrated reliable diabetic
remission rates following bariatric surgery (12). Our study demonstrates that these patients
also obtain a survival benefit although it may not be evident until 3 years after surgery.

The Swedish Obesity Study found that bariatric surgery did not become an independent risk
factor for survival until 13 years after the procedure (9). Our analysis demonstrates that
surgery imparts an appreciable difference in mortality beginning at about 2 years after
surgery. Again, this difference may be attributable to the small percentage of gastric bypass
patients included in the SOS. Our findings are similar to those of Christou and colleagues,
who also noted a divergence beginning at approximately 2 years post-surgery (7). Adams
and Christou both demonstrated that bariatric surgery reduced the risk of cardiovascular
related mortality (6, 7). We believe that the benefits of risk modification via bariatric
surgery take some period of time to accumulate and exert a noticeable difference in
mortality.

Adams demonstrated increased rates of suicide among gastric bypass patients (6). We find
this observation concerning. While we are limited in our ability to determine cause of death
in our study, the logistic regression used in our propensity-matching algorithm identified the
presence of either a psychiatric disorder or substance abuse issue to be independently
predictive of the receipt of a gastric bypass (Odds Ratio: 2.02; 95% CI: 1.61 — 2.55). In
contrast, Christou and colleagues noted decreased hospitalizations for psychiatric and mental
health reasons in their surgical cohort (7). We believe that the potential associations between
mental illness and bariatric surgery warrant further study.

Many of the studies evaluating survival in this population have used a Cox proportional
hazards model (4, 6, 8, 9). However, comparing a substantial surgical intervention with a
non-surgical cohort may violate the proportional hazards assumption. As demonstrated in
our data, the proportional risk or “hazard” of mortality is not constant at all time points. The
risk of death is increased within the first year following surgery. Any survival advantage is
achieved later. Other studies may suffer the same limitation, as this is an observation
inherent with this type of surgery and study design. Indeed, Flum notes a similar pattern in
his discussion (4). It is unclear to what degree, if any, the hazard ratios reported by other
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studies result in biased assessments. When attempting to verify the proportional hazards
assumptions for our own data, we noted that the hazard ratios differed only slightly from our
reported odds ratios. Ultimately, our data did not fit the assumptions required to perform a
Cox proportional hazards model.

Our study has several limitations. First, as a single institution, retrospective study, our
findings may not be broadly generalizable. Second, while we were pleased with the
functioning of our propensity model, the prospect remains that our model may not account
for the full degree of variability within our data. Third, our status as a tertiary care center
and geographic location result in a large referral area spanning several states. Rural and out-
of-state patients may not necessarily receive all of their care at our institution. These factors
impact our ability to reliably determine cause of death in a large percentage of cases.
Additionally, cause of death is not included in our data from the SSDMF. Finally, due to
institution-specific limitations in our medical record system over the almost 12 year study
period; we are unable to include exact BMI data. All analyses were conducted using ICD-9
codes for obesity and morbid obesity.

Conclusion

We describe the only analysis of true long-term mortality in gastric-bypass patients using a
propensity-matched analysis. Echoing the findings of other studies, we demonstrate that the
gastric bypass significantly improves survival compared to propensity-matched controls.
These findings add to the growing consensus that bariatric surgery is the current standard of
care for reducing long-term mortality in obese and morbidly obese patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Survival for Full Cohort and Diabetic Patients
Top Graph = Survival for full cohort (p-value = 0.002)

Bottom Graph = Survival for diabetic patients only (p-value = 0.03)
Gastric bypass cases = dashed line. Non-surgical controls = solid line
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Table 1
Propensity-Matched Outcomes

Overall Outcomes Controls Cases Odds Ratio (95% CI) p-value
Median Length of Follow-up (Years) 11.8 (10.9-12.2) 11.9 (11.2-12.3) - 0.06
30-day Mortality 0 0 - N/A
1-year Mortality 1 (0.2%) 3(0.7%) 3.02 (0.31-29.10) 0.62
5-year Mortality 27 (6.7%) 9 (2.2%) 0.32 (0.15-0.69) 0.003
10-year Mortality 46 (11.5%) 21 (5.4%) 0.43 (0.25-0.73) 0.002
Overall Mortality 51 (12.7%) 26 (6.5%) 0.48 (0.29-0.78) 0.003

Diabetic Outcomes
30-day Mortality 0 0 - N/A
1-year Mortality 1(0.8) 1(0.8) 0.98 (0.06-15.91) 0.99
5-year Mortality 16 (12.4%) 4 (3.1%) 0.23 (0.08-0.71) 0.01
10-year Mortality 25 (19.4%) 13 (10.2%) 0.47 (0.23-0.98) 0.04
Overall Mortality 29 (22.5%) 16 (12.6%) 0.49 (0.26-0.97) 0.04
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