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Clinical Factors Associated With Remission of Obesity-Related
Comorbidities After Bariatric Surgery
Ida J. Hatoum, ScD; Robin Blackstone, MD; Tina D. Hunter, PhD; Diane M. Francis, MPH; Michael Steinbuch, PhD;
Jason L. Harris, PhD; Lee M. Kaplan, MD, PhD

IMPORTANCE Little is known about comorbidity remission after bariatric surgery during
typical clinical care across diverse and geographically distributed populations.

OBJECTIVE To estimate the improvement in obesity-related comorbidities after bariatric
surgery and to identify clinical factors associated with these responses using a large
representative population of patients.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study included all patients
(N = 33 718) with a recorded Current Procedural Terminology code for Roux-en-Y gastric
bypass (RYGB) or adjustable gastric banding (AGB) in the MarketScan Commercial Claims and
Encounters Medicare Supplemental Databases from January 1, 2005, to June 30, 2010, and
who had continuous enrollment from 6 months or more before to 12 months after surgery.

MAIN OUTCOMES AND MEASURES Comorbidities before and after surgery were identified
using both diagnoses (from International Classification of Diseases, Ninth Revision [ICD-9]
codes) and prescription drug fills. Remission was based on a record of the comorbidity within
6 months before surgery, without record of the condition 18 months after surgery, using both
ICD-9 codes and medication fills, as applicable. Multivariable logistic regression models were
developed to identify factors associated with remission of diabetes and hypertension.

RESULTS Among the 33 718 patients, 13 comorbidities with at least 1% prevalence before
surgery were identified. Both RYGB and AGB led to statistically and clinically significant
reductions in these comorbidities; remission rates for all comorbidities were higher after
RYGB than AGB. For comorbidities that could be defined using both ICD-9 and prescription
drug fill codes, prevalence was higher before and lower after surgery when measured by fill
codes. Diagnoses using ICD-9 codes, but not prescription fill codes, increased in the 3 months
before surgery. In multivariable logistic regression models for remission of diabetes mellitus
after RYGB and AGB, age (RYGB: odds ratio [OR], 0.976; 95% CI, 0.965-0.988 and AGB: OR,
0.982; 95% CI, 0.971-0.933), procedure year (RYGB: OR, 1.11; 95% CI, 1.012-1.218 and AGB:
OR, 1.185; 95% CI, 1.039-1.351), preoperative insulin use (RYGB: OR, 0.14; 95% CI, 0.114-0.171;
AGB: OR, 0.174; 95% CI, 0.131-0.230), preoperative sulfonylurea use (RYGB: OR, 0.616; 95%
CI, 0.505-0.752 and AGB: OR, 0.449; 95% CI, 0.357-0.566), and other antidiabetic
medication use (RYGB: OR, 0.747; 95% CI, 0.568-0.981 and AGB: OR, 0.506; 95% CI,
0.359-0.715) were significantly associated with response after both procedures. For
remission of hypertension, age (RYGB: OR, 0.964; 95% CI, 0.957-0.972 and AGB: OR, 0.968;
95% CI, 0.959-0.977), number of preoperative antihypertensive medications (RYGB: OR,
0.104; 95% CI, 0.067-0.161 and AGB: OR, 0.239; 95% CI, 0.140-0.408), and preoperative
diuretic use (RYGB: OR, 1.729; 95% CI, 1.462-2.045 and AGB: OR, 1.648; 95% CI, 1.380-1.967)
were significantly associated with response after both procedures.

CONCLUSIONS AND RELEVANCE Analysis of a large, representative administrative database
confirmed established predictors and revealed novel variables associated with comorbidity
remission after bariatric surgery. Incorporating these factors into clinical tools to assess an
individual patient’s risk-to-benefit profile for these procedures could enhance patient
selection and the overall use of surgery for the treatment of obesity and metabolic disease.
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O besity is a major public health issue, with more than
1 billion people overweight or obese worldwide.1 In the
United States, more than one-third of adults are obese2

and annual expenditures for obesity-related health care, in-
cluding care for type 2 diabetes mellitus (T2DM), heart dis-
ease, hypertension, gastroesophageal reflux disease (GERD),
depression, obstructive sleep apnea, osteoarthritis, and obesity-
related cancers, are estimated at $200 billion.3-7

While behavioral and pharmacological treatments for obe-
sity can lead to modest weight loss with some improvement
in obesity-related comorbidities, these approaches are fre-
quently ineffective over the long-term.8 Bariatric surgery leads
to greater sustained weight loss than behavioral and pharma-
cologic therapies, particularly in cases of severe obesity.9-13 In
addition to the weight loss benefits of bariatric surgery, stud-
ies have shown that bariatric procedures result in dramatic im-
provements in obesity-related comorbidities, far beyond what
has been reported with nonsurgical weight loss therapies.14-16

The rates of improvement have been shown to vary by proce-
dure type, with Roux-en-Y gastric bypass (RYGB) generally re-
sulting in greater improvement in metabolic comorbidities than
adjustable gastric banding (AGB).9,17,18

While many patients experience complete remission of
comorbidities after bariatric surgery, others do not. In large
meta-analyses, an average of 78% of patients with T2DM had
remission of their T2DM after bariatric surgery, with 82% and
55% of RYGB and AGB patients with T2DM showing T2DM
remission by 2 years after surgery, respectively.17 Similarly,
68% and 43% of patients with hypertension showed resolu-
tion of hypertension after RYGB and AGB, respectively.9 To
assess the risk-to-benefit profile of this procedure for an indi-
vidual patient, it is necessary to identify factors that may
indicate which patients will likely improve or resolve their
comorbidities after surgery.

A limited number of factors have been identified in re-
stricted sets of patients as predictive of resolution of T2DM and
hypertension, including weight and severity/duration of
disease.19-23 Therefore, it would be beneficial to identify ad-
ditional predictors that apply to the broader population. The
objectives of the current study were to estimate the rates of
resolution and improvement in obesity-related comorbidi-
ties after bariatric surgery and to identify factors associated
with these responses using a large representative population
of patients.

Methods
Study Population
Participant data were derived from the nationally representa-
tive Truven Health Analytics MarketScan Commercial Claims
and Encounters and Medicare Supplemental Databases (eAp-
pendix in the Supplement).24 The primary study population
included 33 718 bariatric surgery patients who were admitted
between January 1, 2005, and June 30, 2010, from a total of
103 000 patients with a Current Procedural Terminology (CPT)
code of interest for bariatric surgery (eAppendix in the Supple-
ment). Eligibility criteria for the primary cohort included (1)

bariatric surgery defined by a restricted list of 5 CPT codes
(eTable 1 in the Supplement); (2) a single bariatric surgery CPT
code of interest on the date of the index procedure; (3) age 21
years or older on the day of surgery; (4) continuous health care
and prescription drug enrollment for at least 6 months before
and 12 months after the index procedure; (5) no record of bar-
iatric or revisional surgery before the index procedure; and (6)
no International Classification of Diseases, Ninth Revision
(ICD-9) diagnosis code for cancer or benign neoplasm of the
esophagus, stomach, pancreas, or small intestine within 6
months before the index procedure (eTable 2 in the Supple-
ment). Sleeve gastrectomy was excluded from these analyses
owing to the small number of sleeve gastrectomies per-
formed during the study. Detailed reasons for other exclu-
sions are summarized in eTable 3 in the Supplement. An ex-
emption from review was granted for this study by the New
England Institutional Review Board because the data source
consisted solely of deidentified patient data.

Obesity and Covariate Characterization
Morbid obesity was determined using ICD-9 code 278.01. Ad-
ditional diagnoses were determined using ICD-9 codes after
grouping ICD-9 codes using medical and surgical expertise and
by prescription fills using therapeutic class codes for those co-
morbidities with an associated therapeutic drug class (eTable
4 in the Supplement). They were assessed over sequential
3-month intervals from 6 months before the index bariatric pro-
cedure until 12 months after surgery. Any diagnosis with at least
1% prevalence within the year before bariatric surgery was se-
lected as a comorbid condition of interest for follow-up in the
primary analyses (eAppendix and eTable 5 in the Supple-
ment). Thirteen comorbidities met this criterion (eTable 6 in
the Supplement).

Statistical Analyses
To determine which patients had remission or improvement
of T2DM and hypertension and remission of hyperlipidemia,
GERD/hiatal hernia, sleep apnea, and shortness of breath, we
analyzed data from patients with 21 months of follow-up in-
formation and a CPT code for laparoscopic RYGB or laparo-
scopic AGB. Remission of each of these conditions was de-
fined as a record of the comorbidity within 6 months before
surgery (baseline), but no record of the same condition be-
tween 15 and 21 months (18-month time point) after surgery.
Remission for both T2DM and hypertension was defined as a
change from medication use to no medication use, as deter-
mined by drug prescription fills from an associated therapeu-
tic class. Univariate confidence intervals were calculated at 6,
12, and 18 months after surgery for the mean percentage reso-
lution of the comorbid conditions.

Multivariable analytical models were developed to test the
effect of RYGB and AGB on both the reduction and remission
of T2DM and hypertension. Separate logistic regression mod-
els were fitted for each type of surgery. The dependent vari-
ables for 18-month outcomes were defined as follows: hyper-
tension remission defined by no prescription refills;
hypertension reduction defined by a reduction from multiple
medication classes to a single class or no medication and by
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reduction from a single class to no medication; T2DM resolu-
tion/remission defined as no prescription refills; and T2DM re-
duction defined by a change from insulin to noninsulin or no
medication or from noninsulin medication to no medication.
Models were adjusted for demographics, baseline comorbidi-
ties, and year of procedure. All analyses were conducted using
SAS Software version 9.2 (SAS Institute).

Results
Medical Coding Practices for Obesity
Nearly all patients (99.5%) had an ICD-9 code for morbid obe-
sity recorded within 3 months before surgery, up to and in-
cluding the day of surgery, while less than 34% had the code
recorded more than 3 months before or after surgery (eFigure
1 in the Supplement). Codes for more specific body mass in-
dex (BMI, calculated as weight in kilograms divided by height
in meters squared) ranges were recorded for less than half of
the patients in the 3 months before surgery and rarely used out-
side of that time frame.

Prevalence of Comorbidities Before and After
Bariatric Surgery
Trends in comorbidity prevalence before and after bariatric sur-
gery for the 13 studied comorbidities, based on ICD-9 coding,
are depicted in the Figure, and comorbidity prevalence esti-
mates, based on ICD-9 coding and medication use, in the 3-
to 6-month period before and 9- to 12-month period after the
index bariatric procedure are summarized in eTable 6 in the
Supplement. Because coding of comorbidities was dramati-
cally increased on the day of surgery for all conditions, the day
of surgery was not included in trend analyses. There was an
increase in the prevalence of ICD-9 coding for comorbidities
in the 3 months immediately preceding surgery (Figure; eFig-
ure 1 and eFigure 2 in the Supplement), but there was no simi-
lar increase in medication use (eFigure 2 in the Supplement).
With the exception of abdominal pain and antianxiety medi-

cation prescriptions, the prevalence of all comorbidities ana-
lyzed decreased after bariatric surgery (Figure; eTable 6 in the
Supplement).

The prevalence of comorbidities with associated therapeu-
tic drug classes at 3 to 6 months before surgery was greater when
identified by prescription refills than by ICD-9 codes (eTable 6
in the Supplement; all P < .001). Diabetes mellitus exhibited a sig-
nificantly greater decline when measured by postoperative re-
fills than by ICD-9 codes at both 3 and 6 months (prevalence of
9.6% vs 15.9%, respectively; P < .001) and at 9 and 12 months af-
ter surgery (prevalence of 8.2% vs 12.7%, respectively; P < .001)
(eFigure 2A in the Supplement). Similar patterns were observed
for hypertension (eFigure 2B in the Supplement) and hyperlip-
idemia (eFigure 2C in the Supplement). Prevalence rates of both
depression (eFigure 2D in the Supplement) and anxiety (eFigure
2E in the Supplement) were higher when measured using pre-
scription fills than diagnosis codes; interestingly, the prevalence
of these comorbidities did not decrease when measured by pre-
scription fills but did decrease slightly when measured by diag-
nosis codes. Based on these findings, medication use was used
to define comorbidity prevalence when possible in the primary
analysis for both univariate estimates of T2DM, hypertension,
hyperlipidemia, depression, and anxiety remission at 18 months
and for multivariable modeling of T2DM and hypertension im-
provement.

Comparison of RYGB and AGB Procedures 18 Months
After Bariatric Surgery
Of 33 718 patients who met the inclusion criteria, 19 909 under-
went RYGB (60%) and 13 809 underwent AGB (40%). Of these,
10 767 patients with RYGB and 7832 patients with AGB had suf-
ficient follow-up to analyze response at 18 months after surgery.
Baseline characteristics are presented in Table 1. Remission rates
were both statistically and clinically significant for all 13 comor-
bidities after each procedure, ranging from 23% (depression af-
ter AGB) to 96% (shortness of breath after RYGB) (Table 2). Re-
mission rates were significantly higher after RYGB than after AGB
for T2DM, GERD, hyperlipidemia, and hypertension.

Figure. Prevalence of Comorbidities as Assessed by Diagnosis Codes

40

35

30

25

20

15

10

5

0

3-6 mo
Before Surgery 

9-12 mo
After Surgery

6-9 mo
After Surgery

Pr
ev

al
en

ce
, %

0-3 mo
Before Surgery

0-3 mo
After Surgery

3-6 mo
After Surgery

Abdominal pain
Angina and other chronic IHD
Anxiety
Depression
Diabetes mellitus
Gastritis/esophagitis
GERD/hiatal hernia
Hyperlipidemia
Hypertension
Hypertensive heart disease
Lower joint and back pain
Shortness of breath
Sleep apnea

Prevalence of comorbidities over
6 time windows. GERD indicates
gastroesophageal reflux disease;
IHD, ischemic heart disease.

Research Original Investigation Remission of Obesity-Related Comorbidities After Bariatric Surgery

132 JAMA Surgery February 2016 Volume 151, Number 2 (Reprinted) jamasurgery.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.3231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.3231
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.3231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.3231
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.3231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.3231
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.3231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.3231
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.3231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.3231
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.3231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.3231
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.3231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.3231
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.3231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.3231
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.3231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.3231
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.3231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.3231
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.3231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.3231
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.3231


Copyright 2016 American Medical Association. All rights reserved.

Multivariable logistic regression models were fitted for 18-
month remission and reduction end points in patients who un-
derwent RYGB or AGB and who had T2DM or hypertension at

baseline, as defined by medication use. Stepwise regression
of potential predictors identified significant factors associ-
ated with full or partial remission of T2DM and hypertension
(Table 3 and Table 4, respectively; eTable 5 in the Supple-
ment). In all models, the odds of improvement after bariatric
surgery decreased with advancing age (all P < .006). The spe-
cific therapeutic class of antidiabetic medication was highly
significant in indicating T2DM remission, with patients with
insulin-dependent T2DM having the lowest odds of remis-
sion (odds ratio, 0.140; 95% CI, 0.114-0.171; P < .001 for RYGB;
odds ratio, 0.174; 95% CI, 0.131-0.230; P < .001 for AGB). Simi-
larly, in hypertension models, several of the therapeutic classes
of hypertension medication were significant. In particular, se-
verity based on the number of different hypertension thera-
peutic classes for which a patient filled prescriptions was highly
significant (all P < .003). The odds of hypertension remission
after surgery decreased with increasing number of drug classes.
The odds of reduction were higher for patients taking mul-
tiple hypertension drug classes than those on a single class,
in part because reduction in hypertension was defined by a de-
crease in the number of hypertension drug classes.

Discussion
Using a large representative medical claims database, we con-
firmed several established factors and identified several novel
factors that are associated with T2DM and hypertension re-
mission after bariatric surgery. We also identified patterns in
medical coding practice that may have potentially important
methodological implications for future studies using claims da-
tabases, including an increase in diagnostic coding in the 3
months before surgery using ICD-9 codes but no increase in
prescription drug fills, and a substantially more rapid fall in
prescription drug fills than ICD-9 code use after surgery.

We observed that with the exception of abdominal pain,
depression, and anxiety, the prevalence of all comorbidities
investigated decreased rapidly after bariatric surgery.

Table 1. Demographic and Baseline Characteristics for Patient Cohorts
Undergoing RYGB or AGB With 18 Months of Follow-up

Characteristic

Count, No. (%)
RYGB
(n = 10 767)

AGB
(n = 7832)

Age, mean (SD), y 45.5 (10.17) 45.9 (10.47)

Sex

Male 2161 (20) 1543 (20)

Female 8606 (80) 6289 (80)

Geographic region

Northeast 913 (8) 573 (7)

North Central 2813 (26) 2073 (26)

South 4187 (39) 4102 (52)

West 2811 (26) 1051 (13)

Unknown 43 (<0.5) 33 (<0.5)

Setting

Inpatient 9904 (92) 3141 (40)

Outpatient 863 (8) 4691 (60)

Procedure, y

2005 1683 (16) 0 (0)

2006 3206 (30) 1837 (23)

2007 3250 (30) 2970 (38)

2008 2628 (24) 3025 (39)

Comorbidities before surgery

Diabetes mellitus, Rx 3035 (28) 1813 (23)

Hypertension, Rx 3984 (37) 2772 (35)

Hyperlipidemia, Rx 3010 (28) 2127 (27)

Sleep apnea, Dx 3903 (36) 2381 (30)

Shortness of breath, Dx 3117 (29) 1978 (25)

GERD/hiatal hernia, Dx 3003 (28) 2295 (29)

Abbreviations: AGB, adjustable gastric banding; Dx, diagnosis from International
Classification of Diseases, Ninth Revision codes; GERD, gastroesophageal reflux
disease; Rx, prescription drug fill; RYGB, Roux-en-Y gastric bypass.

Table 2. Portion of Patients With Comorbidity Remission 18 Months After RYGB or AGB

Comorbidity

RYGB
(n = 10 767)

AGB
(n = 7832)

Sample
Size

Remission Estimate
(95% CI)

Sample
Size

Remission Estimate
(95% CI)

Abdominal pain, Dx 1720 0.82 (0.81-0.84) 939 0.85 (0.82-0.87)

Anxiety, Rx 1078 0.48 (0.45-0.51) 800 0.48 (0.44-0.51)

Depression, Rx 3954 0.26 (0.25-0.28) 2678 0.23 (0.22-0.25)

Diabetes mellitus, Rx 3035 0.78 (0.77-0.80) 1813 0.45 (0.43-0.47)

Gastritis/esophagitis, Dx 1404 0.97 (0.96-0.98) 670 0.96 (0.95-0.97)

GERD/hiatal hernia, Dx 3003 0.92 (0.91-0.93) 2295 0.86 (0.84-0.87)

Hyperlipidemia, Rx 3010 0.69 (0.68-0.71) 2127 0.35 (0.33-0.37)

Hypertension, Rx 3984 0.60 (0.58-0.61) 2772 0.36 (0.34-0.38)

Hypertensive heart disease, Dx 321 0.91 (0.88-0.94) 226 0.91 (0.88-0.95)

Ischemic heart disease 729 0.76 (0.73-0.79) 527 0.75 (0.72-0.79)

Joint pain, Dx 1956 0.75 (0.73-0.77) 1425 0.73 (0.70-0.75)

Sleep apnea, Dx 3903 0.85 (0.84-0.86) 2381 0.74 (0.72-0.75)

Shortness of breath, Dx 3117 0.96 (0.95-0.96) 1978 0.94 (0.93-0.95)

Abbreviations: AGB, adjustable
gastric banding; Dx, diagnosis from
International Classification of
Diseases, Ninth Revision codes;
GERD, gastroesophageal reflux
disease; Rx, prescription drug fill;
RYGB, Roux-en-Y gastric bypass.
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Remission rates for T2DM, hypertension, hyperlipidemia,
sleep apnea, and GERD were significantly greater after RYGB
than after AGB, an outcome that has been seen previously.9,17

Similar to what was observed in this study, previous studies
in claims databases have found rapid and marked decreases
in T2DM, hypertension, and hyperlipidemia medication use
after bariatric surgery.25-27 However, these studies did not
examine medication use by type of bariatric procedure. We
found that RYGB leads to a significantly greater reduction in
medication use than AGB; therefore, it would be beneficial
for future studies to explicitly determine the relative costs of
each procedure.

Preoperative insulin use was the factor most strongly
associated with failing to resolve T2DM, a finding consistent
with previous studies of T2DM resolution among bariatric
surgery patients.19-21 However, it should be noted that
despite failing to exhibit full remission of T2DM, overall
medication use in this population is decreased. This is con-
sistent with previous studies that have shown that even
patients with severe T2DM can reduce the use of insulin
after surgery.19-21 Previous studies have consistently demon-
strated that patients with more severe and less well-
controlled T2DM, as determined by insulin use,19-21 hemo-
globin A1c level,19,21,22 fasting glucose level,19,22 and/or
longer duration of disease20-22 are less likely to experience
full remission of T2DM after bariatric surgery. Furthermore,
in a clinical trial of T2DM remission after RYGB, patients

with less well-controlled T2DM had a lower rate of
remission28 than was seen in a separate trial that examined
patients with less severe T2DM at baseline.29 Taken
together, these findings underscore the potential value of
using bariatric surgery in patients with T2DM earlier in the
course of disease progression. Notably, however, patients
later in the course of the disease may also see dramatic
improvement in T2DM with substantial long-term benefit
despite not experiencing complete remission. Other studies
have found that visceral obesity,21 baseline BMI,19,22 and
fasting C-peptide levels30 are associated with T2DM
response to surgery. While we also found that age was asso-
ciated with resolution, because of the nature of the adminis-
trative claims database, we were unable to assess BMI or
patient laboratory values directly. Finally, we found that
rates of T2DM remission were greater after RYGB than AGB,
which is consistent with findings from previous clinical
studies.9 This difference in remission rates likely reflects the
distinct mechanisms of action of the 2 procedures.

Associated with failure to resolve hypertension was
whether the patient was taking hypertension medications from
multiple therapeutic classes, a single class, or not taking any
hypertension medications at the time of surgery. This metric
is likely an indicator of the severity and/or degree of control
of the patient’s hypertension before surgery. To date, remis-
sion of hypertension after bariatric surgery has been less fully
examined than remission of T2DM, but one previous study

Table 3. Multivariable Logistic Regression Models for Diabetes Remission or Reduction 18 Months After Surgerya

Variable

Remission Reduction
AGB
(n = 814b)

RYGB
(n = 2371b)

AGB
(n = 931b)

RYGB
(n = 2544b)

OR 95% CI P Value OR 95% CI P Value OR 95% CI P Value OR 95% CI P Value
Female vs male NS NS NS 0.727 0.582-

0.909
.005 NS NS NS 0.753 0.596-

0.953
.02

Age 0.982 0.971-
0.933

.001 0.976 0.965-
0.988

<.001 0.979 0.969-
0.989

<.001 0.983 0.971-
0.995

.005

Procedure year 1.185 1.039-
1.351

.01 1.110 1.012-
1.218

.03 1.170 1.035-
1.323

.01 1.136 1.031-
1.251

.01

No. of baseline
drug types

0.743 0.660-
0.837

<.001 NS NS NS 0.782 0.707-
0.865

<.001 NS NS NS

Dx of baseline
congestive heart failure

NS NS NS NS NS NS NS NS NS 0.575 0.357-
0.926

.02

Dx of baseline ischemic
heart disease

NS NS NS 0.730 0.553-
0.962

.03 NS NS NS 0.746 0.560-
0.992

.04

Rx for
antihyperlipidemic
at baseline

NS NS NS 0.734 0.596-
0.904

.004 NS NS NS 0.697 0.559-
0.869

.001

Rx for antianxiety
at baseline

1.543 1.087-
2.189

.02 NS NS NS NS NS NS NS NS NS

Rx for β-blocker
at baseline

NS NS NS 0.787 0.639-
0.969

.02 NS NS NS 0.805 0.647-
0.999

.049

Rx for insulin
at baseline

0.174 0.131-
0.230

<.001 0.140 0.114-
0.171

<.001 0.716 0.576-
0.889

.003 0.397 0.322-
0.489

<.001

Rx for sulfonylureas
at baseline

0.449 0.357-
0.566

<.001 0.616 0.505-
0.752

<.001 0.629 0.512-
0.772

<.001 0.693 0.564-
0.851

<.001

Rx for miscellaneous
antidiabetic agent
at baseline

0.506 0.359-
0.715

<.001 0.747 0.568-
0.981

.04 NS NS NS NS NS NS

Abbreviations: AGB, adjustable gastric banding; Dx, diagnosis from International Classification of Diseases, Ninth Revision codes; NS, not significant; OR, odds ratio;
Rx, prescription drug fill; RYGB, Roux-en-Y gastric bypass.
a Among individuals with baseline diabetes mellitus (AGB: n = 1813; RYGB: n = 3035).
b Number of patients with remission/reduction.
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found that a longer duration of hypertension before surgery
was associated with a decreased likelihood of postoperative
remission.23 Other studies have also identified vitamin D deple-
tion and lower attained BMI, which could not be examined in
this study, as potential factors associated with hypertension
remission.31,32

There was a sharp increase in ICD-9 code use immedi-
ately before and on the day of bariatric surgery. This in-
creased coding behavior likely reflects more comprehensive
coding at the time of surgery or hospital admission, rather than
a true spike in incidence before surgery. These observations
suggest a need for caution in making direct comparisons be-
tween different periods relative to the day of a major medical
event or across data sets where the timing of data collection
may vary. In contrast to the observed pattern in diagnosis code
use, no spike in medication use was noted just before the in-
dex surgery. In addition, the observed decrease in T2DM was
more pronounced when determined by medication fills than
by diagnosis codes, indicating the possibility that there is a ten-
dency to continue reporting diagnosis codes for chronic con-
ditions, even in the presence of a clinical remission. Taken to-
gether, these results suggest that for comorbidities with an
associated therapeutic drug class, medication use may be a

more sensitive marker of change in both the prevalence and
severity of disease and its response to intervention. The dis-
crepancy between prescription fills and diagnosis codes was
particularly pronounced for depression and anxiety. It is pos-
sible that the medications used to treat depression and anxi-
ety are also used for a broader range of psychiatric disorders.
This may also be the case for other classes of medications, in-
cluding those used for hypertension. Future research is nec-
essary to determine whether diagnosis codes are truly more
specific markers of such disorders.

In the present study, 26% of individuals with depression
and 48% of individuals with anxiety had remission of their dis-
order after RYGB. It is possible that the relatively low rate of
remission for these psychiatric illnesses may be affected by cer-
tain preoperative and postoperative clinical protocols. For ex-
ample, many treatment centers advise patients to continue
medications for depression indefinitely, which would artifi-
cially raise drug fill–defined prevalence estimates for these dis-
eases. Further research is needed to determine whether the
sustained level of drug fills for medications to treat depres-
sion and anxiety may be inflated by practice patterns. De-
spite the relatively low rate of remission, the population preva-
lence of these disorders remained stable when defined by

Table 4. Multivariable Logistic Regression Models for Hypertension Remission or Reduction 18 Months After Surgerya

Variable

Remission Reduction
AGB
(n = 1004b)

RYGB
(n = 2371b)

AGB
(n = 1267b)

RYGB
(n = 2544b)

OR 95% CI P Value OR 95% CI P Value OR 95% CI P Value OR 95% CI P Value
Female vs male NS NS NS 0.821 0.698-

0.967
.02 NS NS NS NS NS NS

Age 0.968 0.959-
0.977

<.001 0.964 0.957-
0.972

<.001 0.970 0.962-
0.978

<.001 0.966 0.958-
0.974

<.001

Inpatient vs outpatient
bariatric surgery

1.198 1.015-
1.414

.03 NS NS NS NS NS NS NS 1.054-
1.806

NS

No. of baseline
drug types

0.913 0.840-
0.993

.03 NS NS NS NS NS NS NS NS NS

Dx of baseline
congestive heart failure

NS NS NS 0.454 0.307-
0.672

<.001 NS NS NS 0.581 0.400-
0.843

.004

Dx of baseline breathing
difficulties

NS NS NS NS NS NS 1.211 1.021-
1.435

.03 NS NS NS

Dx of baseline ischemic
heart disease

NS NS NS 0.648 0.522-
0.803

<.001 NS NS NS 0.715 0.576-
0.889

.003

Rx for
antihyperlipidemic
at baseline

NS NS NS NS NS NS 0.805 0.683-
0.948

.009 NS NS NS

Rx for antianxiety
at baseline

NS NS NS 0.810 0.661-
0.994

.04 NS NS NS 0.804 0.650-
0.994

.04

No. of hypertension
Rx types at baseline

NA NA <.001 NA NA <.001 NA NA .003 NA NA <.001

2 vs 1 0.283 0.227-
0.353

NA 0.337 0.281-
0.405

NA 1.366 1.133-
1.648

NA 2.133 1.722-
2.641

NA

3 vs 1 0.239 0.140-
0.408

NA 0.104 0.067-
0.161

NA 0.896 0.584-
1.377

NA 0.577 0.382-
0.870

NA

Rx for calcium channel
blocker at baseline

NS NS NS 1.233 1.037-
1.467

.02 NS NS NS 1.258 1.042-
1.520

.02

Rx for diuretic
at baseline

1.648 1.380
1.967

<.001 1.729 1.462-
2.045

<.001 1.613 1.366-
1.905

<.001 1.832 1.538-
2.184

<.001

Rx for insulin
at baseline

NS NS NS 0.691 0.560-
0.854

<.001 NS NS NS 0.704 0.569-
0.872

.001

Abbreviations: AGB, adjustable gastric banding; Dx, diagnosis from International Classification of Diseases, Ninth Revision codes; NA, not applicable;
NS, not significant; OR, odds ratio; Rx, prescription drug fill; RYGB, Roux-en-Y gastric bypass.
a Among individuals with baseline hypertension (AGB: n = 2772; RYGB: n = 3984).
b Number of patients with remission/reduction.
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prescription drug fills. The observed prevalence of depres-
sion and anxiety medication use after surgery thus reflects both
continued and incident disease. Previous studies have iden-
tified an increase in certain psychiatric illnesses, including al-
cohol abuse,33,34 after bariatric surgery. It is possible that for
some illnesses, the ability to self-medicate with food has been
lost after surgery, which may lead to the development of al-
ternate coping mechanisms.

There are well-recognized benefits and limitations of using
administrative databases for evaluating clinical outcomes. The
presence of each condition examined was determined using
ICD-9 codes and/or prescription drug fills during the normal
course of clinical care. Thus, both disease definition and the
clinical decision to use medication were not standardized
across all patients. Provider- or center-specific treatment pro-
tocols that affect the continuation and/or discontinuation of
certain medications could alter the apparent prevalence of dis-
ease. Some medications are used to treat multiple condi-
tions, so drug fills may be an imprecise measure of a particu-
lar disease target. Prescription drug fill data are a proxy for use;
these data alone do not allow us to draw conclusions about an
individual’s adherence to the prescribed medication. How-
ever, these concerns are somewhat mitigated because in this
study, we primarily analyzed change in medication use. De-
spite these limitations, administrative claims databases have

been shown to offer efficiency, generalizability, validity, and
completeness of prescription drug data.35 In the current study,
baseline prevalence of comorbidities and rates of resolution
were comparable with what has been seen in clinical
studies,9,17,36 indicating that these databases offer the poten-
tial to extend similar analyses to other comorbidities and com-
plications. Further, as the use of sleeve gastrectomy and other
surgical therapies for obesity increase, the methods used here
offer the ability to assess the comparative effectiveness of vari-
ous procedures in real-world conditions.

Conclusions
We identified both established and novel predictors of
comorbidity remission after bariatric surgery. As claims data-
bases accrue follow-up on large numbers of additional
patients, we may be able to identify factors that are associ-
ated with adverse outcomes and additional factors of comor-
bidity resolution for RYGB, AGB, and other emerging surgical
and endoscopic bariatric procedures. Given the large and
representative nature of administrative databases, the find-
ings from this and other similar studies may help identify
subsets of patients in whom more intensive or specialized
clinical intervention may be indicated.
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Invited Commentary

Predicting Factors Associated With Comorbidity Remission
Following Bariatric Surgery
Preliminary Progress
Scott Kahan, MD, MPH

Perhaps the most reliable expectation of obesity treatment
is variability. We see vast heterogeneity in treatment
response to bariatric surgery, pharmacotherapy, behavioral

therapy, medically and self-
directed weight loss, and
other modalities, each rang-

ing from near-miraculous benefits to null, or even negative,
effects. For example, weight loss from bariatric surgery
ranges from more than 100% excess body weight loss in
hyperresponders to weight gain in some nonresponders,
with standard deviations often exceeding mean weight loss.1

Similarly, health outcomes range from complete resolution
of comorbid conditions and life-changing improvements in
quality of life to tragic adverse events, including addiction,
disability, and suicide.2-5

Far less reliable is our knowledge of a priori factors asso-
ciated with successful outcomes. The study by Hatoum et al6

in this issue of JAMA Surgery extends the use of administra-
tive databases to assess factors associated with comorbidity

remission following bariatric surgery. The researchers used de-
identified data from large, nationally representative commer-
cial claims databases of more than 33 000 patients who un-
derwent Roux-en-Y gastric bypass or adjustable gastric banding
bariatric surgery between 2005 and 2010. Obesity-associated
comorbid conditions were assessed by International Classifi-
cation of Diseases, Ninth Revision claim codes and prescrip-
tion drug fills before and after surgery. Remission was de-
fined as a given comorbidity being coded or having a relevant
prescription filled within 6 months before surgery, without rec-
ord of the coding or fills at 18 months postsurgery. Several pre-
surgical variables were associated with remission of diabetes
mellitus and hypertension, including age and several mea-
sures of preoperative medication use, which is likely a proxy
for disease severity.

Hatoum et al6 reaffirmed the relative improvements in
comorbid conditions after Roux-en-Y gastric bypass com-
pared with adjustable gastric banding and demonstrated
that medication use similarly declines much more after
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