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Objective: To examine the relationship of bariatric surgery with the use of diabetes medications and with total
health care costs in patients with type 2 diabetes mellitus.
Design: We studied 2235 adults with type 2 diabetes and
commercial health insurance who underwent bariatric surgery in the United States during a 4-year period from January 1, 2002, through December 31, 2005. We used administrative claims data to measure the use of diabetes
medications at specified time intervals before and after surgery and total median health care costs per year.
Setting: Seven states in the Blue Cross/Blue Shield

Obesity Care Collaborative.
Patients: Two thousand two hundred thirty-five patients with type 2 diabetes mellitus who underwent bariatric surgery.

Results: Surgery was associated with elimination of diabetes medication therapy in 1669 of 2235 patients (74.7%)
at 6 months, 1489 of 1847 (80.6%) at 1 year, and 906 of
1072 (84.5%) at 2 years after surgery. Reduction of use was
observed in all classes of diabetes medications. The median cost of the surgical procedure and hospitalization was
$29 959. In the 3 years following surgery, total annual health
care costs per person increased by 9.7% ($616) in year 1
but then decreased by 34.2% ($2179) in year 2 and by 70.5%
($4498) in year 3 compared with a preoperative annual cost
of $6376 observed from 1 to 2 years before surgery.
Conclusions: Bariatric surgery is associated with reduc-

tions in the use of medication and in overall health care
costs in patients with type 2 diabetes. Health insurance
should cover bariatric surgery because of its health and
cost benefits.
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HE RAPIDLY GROWING EPIdemics of obesity and diabetes threaten to overburden the world’s health care
systems.1,2 From an epidemiological standpoint, once these diseases develop they are rarely reversed. Dietary, pharmaceutical, and behavior
treatments for obesity are associated with
high failure rates, and medical management of diabetes is also often unsuccessful.3,4 Despite many efforts to improve the
control of glucose levels in diabetes, including clinical guidelines and patient and
provider education, less than half of all patients with type 2 diabetes mellitus achieve
the American Diabetes Association recommendation of a hemoglobin A1c level of
less than 7%.5
Bariatric surgery results in long-term
weight loss, improved lifestyle,6 and decreased mortality.7 The use of this intervention has increased 200% during the past
5 years, but studies of its effect on type 2
diabetes and costs are limited.6,8,9 Our ob-
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jective was to determine the impact of bariatric surgery on the use of diabetes medication and on total health care costs.
METHODS
We performed a retrospective time-series study
of patients in 7 Blue Cross/Blue Shield health
care plans who underwent bariatric surgery and
who had evidence of preoperative diabetes based
on medication use. We compared their diabetes medication use and annualized total health
care costs at specified time intervals during the
preoperative and postoperative periods. The data
in this study were deidentified in accordance
with the Health Insurance Portability and Accountability Act definition of a limited data set
and were used in accordance with federal standards protecting the confidentiality of personal health information of enrollees.

STUDY POPULATION
We used the insurance claims of 15.9 million
people covered by Blue Cross/Blue Shield health
care plans in Pennsylvania, South Dakota, Hawaii, Iowa, Michigan, North Carolina, and Ten-
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nessee as a part of the Blue Cross/Blue Shield Obesity Care Collaborative. The data set includes age, sex, enrollment dates, and
longitudinal data of all claims for reimbursement for billable health
care services for the duration of coverage and during the study
period from January 1, 2002, through December 31, 2005. Included in these data are patient diagnoses as identified by International Classification of Diseases, Ninth Revision codes and medical procedures using several classification systems, including
Current Procedural Terminology codes. We also obtained these patients’ prescription drug claims, including the drug name, the prescription fill date, and the number of days’ supply provided. We
identified a sample of patients aged 18 to 64 years who had medical and pharmacy insurance coverage for at least 6 months before and 6 months after bariatric surgery and who had preoperative diabetes based on the presence of a claim for an active diabetes
medication prescription that was filled at 3 time points within
the 6 months before bariatric surgery (at 6 and 3 months before
surgery and on the day of surgical admission). From the remaining cohort, we excluded 18 patients with polycystic ovarian disease who were taking metformin hydrochloride as the only diabetes medication and had no diagnosis code for diabetes because
they were probably not diabetic and another 51 patients with a
bowel procedure code and a diagnosis of an esophageal, gastric,
small-bowel, pancreatic, or other digestive malignant neoplasm.
Our main outcomes were overall health care cost and use
of diabetes medications at specified postoperative time points.
Total direct health care costs were defined as the total payout
by the insurer for health care claims. This cost included hospitalizations, procedures, medications, outpatient visits, consultations, and other payments made by the insurer.
Diabetes medications were classified as insulin, sulfonylureas, metformin, ␣-glucosidase inhibitors, thiazolidinediones,
or meglitinides. Medication was considered to be present at a specified time point if a 30-, 60-, or 90-day prescription was filled 30,
60, or 90 days, respectively, before the prespecified points of interest. We studied the use of diabetes medication at 3 and 6 months
before surgery, at the time of surgery, and at 3, 6, 9, 12, 24, and
36 months after surgery. Results were stratified by type of bariatric procedure. To describe the overall safety and complication
rate of bariatric surgery, we used crude rates of postoperative inhospital mortality.

STATISTICAL ANALYSIS
We report descriptive statistics for the number of patients taking any diabetes medication and the percentage of patients not
taking medication, by class and overall. To explore the effect
of age, sex, comorbidity, and type of bariatric operation on the
discontinuation of diabetes medication therapy after surgery,
we performed a bivariate analysis followed by a multivariate
logistic regression of these variables.
Postoperative costs were compared with preoperative costs,
and the difference and percentage of change were calculated.
Costs are reported as median annualized costs per patient. To
approximate baseline annual costs in this patient population
before surgery and to minimize the confounding effect of preoperative workup costs, we compared the costs in the time period from 2 years to 1 year before surgery with annual costs at
1, 2, and 3 years after surgery. All statistical analyses were performed using commercially available software (SAS, version 9.1;
SAS Institute Inc, Cary, North Carolina).
RESULTS

We identified the claims for 2235 patients who underwent bariatric surgery and had preoperative diabetes. The

Table 1. Characteristics of 2235 Patients
Characteristic

Data

Mean age, y
Female sex, %
Type of operation, %
Roux-en-Y gastric bypass
Laparoscopic banding
Vertical-banded gastroplasty
Biliopancreatic diversion
Other a
Median observation period per person, y
Total time studied, person-years
Mean No. of preoperative comorbid conditions

48.4
74.5

a Includes

84.2
0.7
0.9
0.4
13.8
2.1
5566
3.5

gastric restrictive and malabsorption procedures.

study population included individuals with varying lengths
of continuous enrollment with the same Blue Cross/Blue
Shield insurance plan. The mean length of enrollment was
2.1 years per person, and a total of 5566 person-years were
observed in the analysis. Mean age was 48.4 years, and
74.5% of the patients were women (Table 1). Follow-up claims data were available for 1847 patients at 1
year, for 1072 patients at 2 years, and for 288 patients at
3 years.
Among the 2235 patients who underwent bariatric surgery and who also had preoperative diabetes, 1918 (85.8%)
were taking at least 1 diabetes medication 3 months before surgery, with a mean of 4.4 diabetes medications per
patient (Table 2). After surgery, the use of any diabetes
medication at 6 months and 1 and 2 years had decreased
to 25.3%, 19.4%, and 15.5%, respectively (Table 2). Follow-up data on 288 patients at 3 years after surgery revealed that only 13.9% continued to use a diabetes medication.
Insulin was used by 550 of 2235 patients (24.6%) 3
months before surgery and by 101 of 1847 (5.5%) 1 year
after surgery. Similar reductions were observed for all 6
classes of diabetes medication (Figure). The greatest decrease occurred with metformin, with 1182 of 2235 patients (52.9%) taking metformin 3 months before surgery
and 156 of 1847 (8.4%) taking it 1 year after surgery. Overall, bariatric surgery was associated with complete elimination of diabetes medication use in 1669 of 2235 patients (74.7%) at 6 months, 1489 of 1847 (80.6%) at 1 year,
and 906 of 1072 (84.5%) at 2 years after surgery (Table 2).
Younger age, male sex, and Roux-en-Y gastric bypass were
all independently associated with cessation of the use of
diabetes medications (Table 3). Conversely, patients who
used multiple diabetes medications preoperatively or who
had diabetes complications were less likely to discontinue diabetes medication therapy after surgery.
Overall in-hospital mortality was 0.3%. Hospital readmission occurred in 7.5% of patients within 30 days and
in 21.2% of patients within 1 year of bariatric surgery.
The median cost for the surgical procedure and hospitalization was $29 959. Compared with the baseline annual cost of $6376 per person, total annual health care
costs in the first 3 years after surgery increased by 9.7%
($616) in year 1 but then decreased by 34.2% ($2179)
in year 2 and by 70.5% ($4498) in year 3 (Table 4).
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Table 2. Use of Diabetes Medication Before and After Bariatric Surgery
Preoperative Period, mo
−6
(n=2235)

Medication Used
Any diabetes medication
No. (%) of patients
Mean No. of any medication class
per patient
Medication by class, No. (%) of patients
Metformin hydrochloride
Thiazolidinediones
Sulfonylureas
Insulin
Meglitinides
␣-Glucosidase inhibitors

100
90

Patients Receiving Medication, %

3
(n=2235)

6
(n=2235)

9
(n=2032)

12
(n=1847)

24
(n=1072)

36
(n=288)

1817 (81.3) 1918 (85.8) 1866 (83.5) 728 (32.6)
4.3
4.4
5.3
1.3

566 (25.3)
1.1

446 (21.9)
0.9

358 (19.4)
0.8

166 (15.5)
0.7

40 (13.9)
0.5

1129 (50.5) 1182 (52.9) 1124 (50.3) 286 (12.8)
820 (36.7) 857 (38.3) 772 (34.5) 266 (11.9)
728 (32.6) 759 (34.0) 724 (32.4) 194 (8.7)
524 (23.4) 550 (24.6) 609 (27.2) 247 (11.1)
64 (2.9)
65 (2.9)
70 (3.1)
17 (0.8)
14 (0.6)
15 (0.7)
13 (0.6)
2 (0.09)

218 (9.8)
201 (9.0)
117 (5.2)
187 (8.4)
13 (0.6)
1 (0.04)

192 (9.4)
161 (7.9)
88 (4.3)
132 (6.5)
9 (0.4)
1 (0.05)

156 (8.4)
122 (6.6)
75 (4.1)
101 (5.5)
9 (0.5)
1 (0.05)

76 (7.1)
60 (5.6)
32 (3.0)
43 (4.0)
4 (0.4)
1 (0.09)

18 (6.2)
14 (4.9)
6 (2.1)
12 (4.2)
1 (0.3)
0

Day of
surgery

−3
(n=2235)

0
(n=2235)

Any diabetes medication
Metformin
Thiazolidinediones
Sulfonylureas
Insulin
Meglitinides
α-Glucosidase inhibitors

80
70
60
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40
30
20
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0
–6
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3
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6
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Figure. Use of diabetes medication before and after bariatric surgery.

COMMENT

In this large national study of insured patients with obesity and type 2 diabetes mellitus, bariatric surgery was
associated with subsequent independence from type 2 diabetes medications in most of the patients and reduced
annual health care costs within 2 years after the procedure. The data source for this study is unique in that the
data represented actual use of medication (ie, medication prescriptions filled at a pharmacy) and total payment dollars for medical costs (ie, dollar expenditures).
This report, to our knowledge, provides the first description of changes in annual health expenses using direct
insurance payments instead of indirect cost-to-charge estimates based on hospital charges. We believe that the
reductions in overall annual health care costs realized represents the improved health associated with successful
therapy for obesity and type 2 diabetes.
Improvement in diabetes after bariatric surgery has been
reported in limited case series.10-12 Buchwald et al9 reviewed published reports in 2004 and observed an overall resolution of diabetes in 76.8% of patients after bariatric surgery. In addition, in a series of patients described
by Pories et al,13 84% of patients had resolution of their
type 2 diabetes at 1 year after the operation. Our findings

corroborate the observations previously reported from
single institutions. However, in general, the studies were
based on selected groups at single institutions (publication bias) or had incomplete postoperative follow-up.
Most recently, in a study of 60 patients randomized
to conventional diabetes management vs gastric banding, Dixon et al14 found that patients who received surgical therapy were more likely to achieve remission of
type 2 diabetes and that this effect was associated with
greater weight loss. These findings confirm those from
a previously reported trial of bariatric surgery in which
MacDonald et al15 compared 154 patients treated with
Roux-en-Y gastric bypass with a body mass index–
matched control group who did not undergo surgery. The
study found that use of oral diabetes medications decreased in the surgery group from 32% to 8%, whereas
use in the control group increased from 56% to 87%. We
found an improved long-term mortality rate in the bariatric surgery group compared with the nonsurgical group
(9% vs 28%) despite longer follow-up in the bariatric surgery group (mean follow-up, 9.0 vs 6.2 years). Furthermore, the resolution of type 2 diabetes was sustained at
1 and 2 years after surgery. Because weight loss following bariatric surgery has been observed to be sustained
for decades, we believe that the protective effect against
complications of diabetes is also likely to be long-term.
This extrapolation is supported by a report of long-term
follow-up of 163 patients with type 2 diabetes mellitus
from a single institution in which 95% of patients retained control of glucose levels 10 years after surgery.16
We observed that independence from diabetes medication was almost immediate within the initial months
after surgery and did not correlate with the gradual weight
loss expected. This supports the theory that the resolution of diabetes is not due to weight loss alone but is also
mediated by gastric hormones,12 with the 3 most implicated being peptide YY, glucagonlike peptide, and pancreatic polypeptide. As a known mediator of insulin regulation, glucagonlike peptide levels have been noted to
increase immediately after bariatric surgery and may explain why surgeons have noted complete resolution of
diabetes in some cases within days after surgery.17
We also found a greater effect of medication discontinuation following the Roux-en-Y gastric bypass proce-
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Table 3. Factors Associated With Discontinuation of Diabetes Medication Therapy
Univariate Analysis

Age, y a
18-34
35-44
45-54
Male sex
Gastric bypass procedure b
No. of diabetes medications c
1
2
No diabetes complications

Multivariate Analysis

OR (CI)

P Value

OR (CI)

P Value

4.32 (2.97-6.29)
2.57 (2.02-3.28)
1.78 (1.44-2.19)
1.02 (0.84-1.23)
1.42 (1.13-1.78)

⬍.001
⬍.001
⬍.001
.88
.003

2.93 (1.98-4.35)
2.20 (1.70-2.86)
1.76 (1.42-2.20)
1.27 (1.03-1.57)
1.63 (1.27-2.09)

⬍.001
⬍.001
⬍.001
.03
⬍.001

6.02 (4.73-7.65)
2.23 (1.76-2.84)
1.77 (1.45-2.18)

⬍.001
⬍.001
⬍.001

5.59 (4.36-7.17)
2.24 (1.75-2.86)
1.45 (1.16-1.81)

⬍.001
⬍.001
⬍.001

Abbreviations: CI, confidence interval; OR, odds ratio.
a Relative to ages 55 to 64 years.
b Relative to other bariatric procedures including gastric banding and other restrictive procedures.
c Relative to patients using 3 or more medications.

dure compared with banding and other restrictive procedures. This finding stands contrary to current thought based
on the largest published study in which Parikh et al18 concluded from a personal series that, although a banding procedure was associated with less weight loss, the procedure type did not affect the resolution of diabetes.
Finally, we observed that bariatric surgery is safe in
the large insured population studied. Complication rates
are increased for any surgical procedure in an obese patient, but we report that the in-hospital mortality rate was
low (0.3%), and the observed 1-year hospital readmission rate of 21% is consistent with other reports.19
PUBLIC HEALTH IMPLICATIONS
It is estimated that 1.1 billion people in the world are overweight and 312 million are obese.20,21 The World Health
Organization projects that the number of people with diabetes will rise from 171 million in the year 2000 to 366
million by 2030, with the greatest increase noted in people
older than 65 years.22 Even more alarming are reports that
obesity is increasing more rapidly in low socioeconomicstatus populations, rivaled only by the dawning of a new
era of childhood obesity.23 Most concerning are the deferred health consequences and costs associated with obesity, auguring the presentation of complications decades
into the future. Current trends in rates of obesity and diabetes threaten to overwhelm the already strained health
care resources in many countries. Diabetes is but one of
several health consequences of the escalating global obesity epidemic, with heart disease, hypertension, hyperlipemia, degenerative joint disease, and decreased activity
further compounding the complications and disability associated with diabetes. Thus the obesity epidemic has created a deferred influx of demand for diabetes-related health
care services not yet realized. Until a successful nonsurgical means for preventing and reversing obesity is developed, bariatric surgery appears to be the only intervention that can result in a sustained reversal of both obesity
and type 2 diabetes mellitus in most patients receiving it.
Increased health care costs in the United States have
been partly attributed to the growing prevalence of dia-

Table 4. Annual Health Care Utilization Cost Before
and After Bariatric Surgery

Time Relative to Surgery
Before surgery
−2 to −1 y
−1 to 0 y
Surgical admission a
After surgery
First year postoperatively
⫹1 to ⫹2 y
⫹2 to ⫹3 y

No. of
Patients

Standardized Median
Cost per Person, $

1163
1947
2235

6376
10 592
29 959

1847
1072
288

6992
4197
1878

a Index date used to determine the number of full years before and after
surgery.

betes and obesity.24 This cost is seen in direct medical
costs, in the indirect costs of decreased productivity and
disability, and in the costs of obesity and diabetesrelated complications such as renal failure, gestational
diabetes, and cardiac disease. Thus, the current report
has implications not only for disease management but
also for public health and health care policy.
LIMITATIONS
This study has several important limitations. The patients studied are covered by Blue Cross/Blue Shield health
care plans, and the conclusions may not be directly generalizable to uninsured patients, patients with limited coverage, or patients in other health care plans. However,
we believe that the patients studied are a reasonable sample
of patients undergoing bariatric surgery in the United
States at present. Although we had good longitudinal data
that are comprehensive during enrollment, limited variables were available. For example, we do not know the
impact of bariatric surgery stratified by body mass index. In addition, owing to the high turnover that is characteristic of health insurance coverage in the United States,
3-year follow-up data were available for a limited number of patients. Nonetheless, the results for these pa-
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tients were consistent with the trend observed 1 and 2
years after surgery for the larger cohort. Furthermore,
we have no reason to believe that switching private insurance (ie, being unavailable for follow-up in this analysis) would be associated with an enrollee being more likely
to have a better or worse outcome than someone who
maintained continuous insurance coverage. We also recognize the limitations of using claims data to include and
exclude patients, such as excluding patients with polycystic ovarian disease who were taking metformin. However, given the small fraction of patients taking only metformin, this group, if underappreciated, would not
influence our results significantly. Finally, we used the
assumption that most patients undergoing bariatric surgery lose weight because this effect has been clinically
validated. However, it is possible that patients who did
not have resolution of obesity did have an improvement
in their diabetes owing to caloric restriction.
FUTURE DIRECTIONS
Further research is needed to evaluate the impact of weight
loss on preventing acute and chronic diseases. Bariatric
surgery may serve a protective effect in preventing obstetric and gynecological complications, such as gestational diabetes and poor fetal outcomes. In addition, the
weight loss experienced may prevent, stabilize, or improve obesity-related conditions, such as urinary incontinence and osteoarthritis. Considerations such as these,
which are measurable, can help quantify the associated
preventable harm and cost to patients and society.
Bariatric surgery may also decrease complications after other surgical procedures (ie, orthopedic procedures); further research is needed to examine the impact of bariatric surgery on the success of these procedures
after weight loss. It is possible that complications following many common surgical operations could be reduced if the patients were less obese. This hypothesis may
also have implications for cancer surgery and cancer care.
In addition, future studies may show that bariatric surgery can reduce cancer risk associated with obesity.
CONCLUSIONS

Bariatric surgery is associated with a significant reduction in medication-dependent type 2 diabetes with little
risk. Obese patients with type 2 diabetes mellitus should
be counseled regarding the potential benefits of bariatric surgery for the treatment of both obesity and diabetes compared with other options. Based on these data,
we have identified several important implications for
health care delivery and public policy. Foremost, eligible obese patients should be properly informed of the
risks and benefits of bariatric surgery compared with nonsurgical health management. Health care providers should
consider discussing bariatric surgery in the treatment of
obese patients with type 2 diabetes.
Health insurers, private and public, should pay for bariatric surgery for appropriate candidates, recognizing a
potential annualized cost savings in addition to the benefit to health. Bariatric surgery centers should be sup-

ported in providing excellence in outcomes through regular means of standardization and quality improvement.
Coverage of bariatric surgery should be available to all
obese patients who meet criteria regardless of their degree of coverage provided the patient possesses the appropriate degree of personal health responsibility and access to a physician in the event of a surgical complication.
In the current system, patients with Medicaid do not
have equal and uniform access to bariatric surgery. In most
states, enrollees are not given the certainty of coverage they
need to proceed with such a potentially expensive endeavor. This disparity results in some obese patients with
diabetes having limited access to the procedure and, as a
result, suboptimal management of diabetes in some cases.
Medicaid should provide assured and appropriate medical coverage to obese patients with diabetes who meet standard criteria and in whom medical management fails.
Future research may help elucidate the role of bariatric
surgery in general medical care by studying its effect on
common operations, maternal and neonatal outcomes, and
long-term health outcomes. Ultimately, bariatric surgery—or a future less-invasive variant—could play a key
role in the management of common medical conditions,
such as heart disease and diabetes-related organ failure.
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