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Abstract

Background/Objectives—Biariatric surgery is helpful in enabling sustained weight loss, but
effects on depression are unclear. Reductions in depression-related symptoms and increases in
suicide rate have both been observed after bariatric surgery, but these observations are confounded
by the presence of pre-existing depression. The goal of this study is to evaluate the effect of
bariatric surgery on subsequent depression diagnosis.

Subjects/Methods—In this observational study, a prospective cohort study was simulated by
evaluating depression risk based on diagnostic codes. An administrative database was utilized for
this study, containing records and observations between 1 January 2008 through 29 February 2016
of enrolled patients in the United States. Individuals considered in this analysis were enrolled in a
commercial health insurance program, observed for at least 6 months prior to surgery, and met the
eligibility criteria for bariatric surgery. In all, 777,140 individuals were considered in total.

Results—Bariatric surgery was found to be significantly associated with subsequent depression
relative to both non-surgery controls (HR = 1.31, 95% ClI, 1.27-1.34, P< 2e-32) and non-bariatric
abdominal surgery controls (HR = 2.15, 95% Cl, 2.09-2.22, P < 2e-32). Patients with pre-surgical
psychiatric screening had a reduced depression hazard ratio with respect to patients without (HR =
0.85, 95% ClI, 0.81-0.89, P= 3.208e—12). Men were found to be more susceptible to post-bariatric
surgery depression compared with women. Pre-surgical psychiatric evaluations reduced the
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magnitude of this effect. Relative to bariatric surgeries as a whole, vertical sleeve gastrectomy had
a lower incidence of depression, while Roux-en Y Gastric Bypass and revision/removal surgeries
had higher rates.

Conclusions—In individuals without a history of depression, bariatric surgery is associated with
subsequent diagnosis of depression. This study provides guidance for patients considering bariatric
surgery and their clinicians in terms of evaluating potential risks and benefits of surgery.

Introduction

Methods

Bariatric surgery is recognized as an effective treatment for severe obesity, resulting in large,
sustained weight loss and improved quality of life [1]. Post-operative depression has been
implicated as a predictor of poor overall weight loss after surgery. As a result, evaluating the
relationship between bariatric surgery and depression is important in ensuring the success of
the procedure [2]. However, it is difficult to separate the potential of bariatric surgery to
reduce pre-existing depressive symptoms from reduction of depression after surgery at the
population level due to confounding by the presence/absence of pre-existing mood disorders.
This analysis is further complicated by the bidirectional associations between depression and
obesity [3]. Previous studies have tended to focus on the reduction in depressive symptoms
in the same individuals before and after bariatric surgery, generally reporting a reduction in
depression rates between 55 and 65% over 2 years [4-6]. The Swedish Obese Subjects
(SOS) study reported long-term reductions in depression among bariatric surgery patients
relative to conventionally treated patients, but the studied individuals seeking surgery had
higher baseline incidence of depression relative to the control population [7]. In contrast, an
increase in suicide among gastric bypass surgery patients relative to matched non-surgical
controls has been reported [8], but this observation was similarly attributed to the presence
of preoperative depression [9]. A separate study of patients in Pennsylvania implicated both
disappointment with weight regain and lack of follow-up appointments with the association
between bariatric surgery and suicide [10].

A clear understanding of the influence of bariatric surgery on post-surgical depression risk
will assist the determination of ideal candidates for weight loss surgery from a psychological
standpoint, and inform surgical follow-up standards of care. We performed a causal-
inference analysis of post-surgical rates of depression in populations undergoing and eligible
for bariatric surgery (body mass index (BMI) = 40 kg/m? or BMI = 35 kg/m? with a
comorbid condition) [11], and without a history of depression. To our knowledge, our
utilization of health insurance claims data for this analysis represents the largest such study
to date.

Using un-identifiable member claims data from Aetna, a prospective cohort study was
simulated. The claims dataset contained diagnosis and intervention records for >63 million
individuals in the United States between 2008 and 2016. Race, ethnicity, and socioeconomic
data were not present in the database. International Classification of Diseases, Ninth
Revision (ICD-9) codes were used to define diagnoses, while ICD-9 and Current Procedural
Terminology (CPT) codes were used to define procedures and interventions. Phenome-wide
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association study [12] (PheWAS) codes were used to map ICD-9 codes according to
phenotype. All calculations were conducted using Microsoft SQL Server and R statistical
software, version 3.4.3 [13]. R packages survival and data.table were also used. The Harvard
Medical School Institutional Review Board waived the approval requirement, as it
determined this analysis of the dataset not to be human subjects research.

Using annotations of diagnoses and procedures, all individuals who were eligible for and
who underwent bariatric surgery were identified, with relevant codes and criteria defined
using published UnitedHealthcare Commercial Medical Policy [14]. Patients undergoing
non-bariatric abdominal surgery were identified using CPT codes for anesthesia for
abdominal surgeries. For patients with multiple surgeries, the earliest date available was
used. Non-surgical groups were assigned a placeholder surgery date to enable comparisons
with surgical groups. These dates were calculated by identifying the earliest eligibility date
and adding the median eligibility-to-surgery time observed in the bariatric surgery cohort. A
similar process was conducted for comparisons against non-bariatric abdominal surgeries,
identified using anesthesia codes. Some of the most common surgeries in this category
included cholecystectomies, appendectomies, and hernia repairs. Individuals were required
to have at least 6 months of observations prior to their surgery/placeholder date to be
included in the study. An analysis of all depression diagnoses in our dataset found that the
mean number of days between depression diagnoses was 58 days, and that 93% of all
depression diagnoses were separated by fewer than 6 months, indicating that it was unlikely
that unobserved depression diagnoses prior to the observation period were frequent.
Subsequent diagnoses of depression were identified using phenotype-level codes
corresponding to “Depression” or “Major Depressive Disorder” (Supplementary Table 3).
Individuals with codes corresponding to diagnoses of depression prior to their surgery/
placeholder date were excluded from the analysis.

To examine the effect of bariatric surgery on subsequent depression diagnosis, Cox
proportional hazard models and Kaplan-Meier cumulative incidence estimates were used to
evaluate hazard ratios for depression between three pairs of groups (Table 1):

. Bariatric surgery patients vs. bariatric surgery eligible individuals who did not
receive bariatric surgery (referred to here as “surgery eligible individuals™). Note
that while bariatric surgery patients are also technically eligible for surgery, the
phrase “surgery eligible individuals” will refer to those who did not receive
bariatric surgery.

. Bariatric surgery patients vs. surgery eligible individuals who received non-
bariatric abdominal surgery (referred to as “other abdominal surgery patients”).
Patients with both bariatric surgeries and non-bariatric abdominal surgeries were
placed in the bariatric surgery cohort.

. Other abdominal surgery patients vs. surgery eligible individuals who received
no abdominal surgeries, bariatric or otherwise (referred to as “non-surgery
individuals™).

Sex, age, and pre-surgical ICD code count (6 months) were treated as covariates in all
hazard ratio models, and sex-stratified multivariate analyses were conducted. Analyses were
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further stratified by bariatric surgery type and whether bariatric surgery patients had
annotations of psychiatric evaluation 6 months prior to the surgery.

To identify what phenotypes were associated with post-bariatric surgery depression risk,
matched case—control groups were created, using both surgery eligible and other abdominal
surgery patient cohorts as controls. Patients were matched based on sex, age, pre-surgical
ICD code count (6 months), and ZIP code. Pre- and post-surgical phenotypes were examined
separately. Phenotype counts and depression status were recorded for all patients in all
cohorts, and phenotype-specific risk ratios for depression were computed. Only phenotypes
that (i) were found to be significantly associated with depression in the bariatric surgery
cohort, (ii) were not found to be significantly associated with depression in either of the
control cohorts, and (iii) had at least 100 co-occurring depression diagnoses were examined.
Bonferroni correction was used to correct for multiple hypothesis testing.

In total, 777,140 individuals were considered, including 64,090 bariatric surgery patients
(Table 1). Among all considered individuals, there were 72,353 individuals diagnosed with
depression (PheWAS code in 296.2 group), for a population incidence of 9.3%. This is lower
than previous estimates [15] of depression prevalence among individuals with obesity, but
can be rationalized by the exclusion of individuals with histories of depression prior to
surgery from the analysis. Among bariatric surgery patients, 7421 subsequent depression
diagnoses were recorded, for a population incidence of 11.57%. The mean follow-up time
for bariatric surgery patients was 748 days, compared with 892 days for bariatric eligible
individuals and 985 days for non-bariatric abdominal surgery patients.

Figure 1 summarizes the results of Cox regression models over the patient cohorts. Bariatric
surgery was found to have a hazard ratio of 1.31 (95% confidence interval (CI), 1.27-1.34, P
< 2e-32) toward subsequent depression when compared with surgery eligible individuals.
Furthermore, bariatric surgery was found to have a hazard ratio of 2.15 (95% Cl, 2.09-2.22,
P < 2e-32) compared with other abdominal surgery patients. Other abdominal surgery
patients had a hazard ratio of 0.49 (95% ClI, 0.48-0.50, P< 2e-32) relative to non-surgery
individuals. Age and code count 6 months prior to surgery were found to have minor effects
(hazard ratios between 0.98 and 1.02, all P< 2e-32) on the hazard ratio. Pre-surgical BMI
measurements were available for a subset of patients examined (7= 132,000). Within this
cohort, BMI was observed to have a small but statistically significant hazard ratio (1.01, P=
6.1e—12) with respect to depression (Supplementary Fig. 2). As an additional point of
comparison, the depression hazard ratio for patients undergoing laparoscopic bariatric
surgeries (7= 58,536) compared with bariatric eligible individuals undergoing non-bariatric
laparoscopic surgeries of the stomach and esophagus (7= 2679) was found to be 1.39 (95%
Cl, 1.30-1.50, P< 2e-32), consistent with the finding that the non-bariatric laparoscopic
surgery cohort had no elevated risk of depression relative to the non-surgical group (HR =
1.03, 95% Cl, 0.98-1.09, P< 2e-32) (Supplementary Table 2).

Psychiatric evaluation prior to bariatric surgery is commonly recommended [16, 17]. The
effect of psychiatric evaluations or testing 6 months prior to bariatric surgery on the risk of
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subsequent depression was examined. Relative to bariatric surgery patients without pre-
surgical psychiatric evaluations/tests, patients who received them (7= 25,861) prior to
bariatric surgery had a hazard ratio of 0.85 (95% Cl, 0.81-0.89, P= 3.208e-12). For this
study, depression was defined as a single observation of a depression code patient’s record.
These annotations do not make reference to the severity or degree of diagnosis. The
prevalence of protracted depression, defined as three or more diagnoses of depression within
a 6-month period, was examined with respect to bariatric surgery. Although the absolute
incidence of protracted depression was lower compared with standard depression, similar
trends in hazard ratio were observed (Supplementary Fig. 1).

Figure 2 shows the hazard ratios for the bariatric surgery comparisons stratified by sex.
Consistent with previous studies [18], the rate of depression was found to be higher among
female individuals, but men were typically more susceptible to a post-bariatric surgery
depression effect. With respect to surgery eligible patients, male patients undergoing
bariatric surgery had a hazard ratio of 1.40 (95% Cl, 1.329-1.475, P< 2e-32), whereas
female patients had a hazard ratio of 1.271 (95% ClI, 1.236-1.307, P < 2e-32)
(Supplementary Figs. 3, 4). Compared with the other abdominal surgery cohort, male
patients undergoing bariatric surgery had a hazard ratio of 2.299 (95% Cl, 2.165-2.442, P<
2e-32), whereas female patients had a hazard ratio of 2.104 (95% ClI, 2.031-2.178, P< 2e-
32). The effect of sex on post-surgical depression diagnosis risk was significantly smaller in
magnitude when considering non-bariatric surgeries. When evaluating the hazard ratios for
other abdominal surgery patients compared with non-surgery individuals, the hazard ratio
for men was 0.509 (95% Cl, 0.492-0.526, P< 2e-32) compared with 0.482 (95% ClI, 0.471-
0.494, P< 2e-32) for women. The difference in hazard ratios between men and women for
all comparisons was found to be significant with £< 0.0001 based on bootstrap analysis.

Figure 3 describes the hazard ratios of post-surgical depression stratified by surgery type.
Individuals with more than one surgery were classified based on the last annotated surgery
present in their record. The individual surgical cohorts are summarized in Supplementary
Table 1. Vertical sleeve gastrectomy (VSG) surgical patients (n7=19,852) had significantly
lower rates of post-surgical depression compared with the overall population, while Roux-en
Y Gastric Bypass (RYGB) surgical patients (n7= 18,877) and patients who underwent
revision/reversal surgeries (n= 12,319) had significantly higher rates. Other surgical groups
included adjustable bands (/7= 15,799), vertical bands (n= 506), and duodenal switches (n=
6686). Consistent with the group-level sex-stratified analysis, in every examined surgery
type, men had higher hazard ratios than women. In particular, a significant hazard ratio for
depression was not observed for female VVSG patients relative to female bariatric eligible
individuals (Supplementary Figs. 5-8).

Table 2 summarizes the results of PheWAS analysis of post-surgical bariatric surgery, split
between pre- and post-surgical phenotypes. Phenotypes were only included in these lists if
they were not found to have significant associations with depression in surgery eligible and
other abdominal surgery cohorts. Post-surgical phenotypes related to infections and surgical
complications were significantly associated with depression in the bariatric surgery group
but not in the cohort who underwent other abdominal surgeries, implying a specific
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association with the specific bariatric surgeries undergone by the patients with subsequent
depression.

Discussion

We report a robust association between bariatric surgery and subsequent depression.
Because the follow-up times in the control cohorts were longer than those in the cases, it is
unlikely that the observed association is due to early censoring. This observation is likely an
artifact of utilizing insurance claims records: the case group was significantly younger than
the controls, and were consequently more likely to experience changes in employment. We,
however, note that age was not found to be significant covariate in our analysis. This also
implies that the presented risk ratios are conservative, due to the possibility of missed
instances of depression among the cases. The observed trends were also found to be robust
to the definition of depression used (protracted or not). Two findings suggest that the
specific processes and impacts unique to bariatric surgery may be responsible for our
observations: (i) non-bariatric abdominal surgery patients have reduced depression risk
ratios, likely due to the therapeutic value of the surgery itself, and (ii) laparoscopic bariatric
surgeries also have an elevated hazard ratio against depression relative to esophageal/
stomach laparoscopic surgery patients. Differential susceptibility toward this effect based on
sex was also observed. Despite a higher population incidence of depression among female
individuals, the post-surgical effect size was found to be higher among men. Among the
subset of patients with pre-surgical BMI measurements, we observed only a very small
effect size of BMI with respect to depression risk, implying that our observations are
unlikely to be driven by higher BMI measurements in the bariatric surgery group. Previous
studies reported more significant effect sizes [19] or a U-shaped relationship [20] between
BMI and depression. We hypothesize that the lack of observed effect in our cohort is due to
our study design: all patients were eligible for bariatric surgery, and had significantly
elevated BMI and baseline depression risk as a result. Therefore, trends observed over a
wider BMI range might not be applicable to our cohorts.

A survey of 81 bariatric surgery programs found that only half required formal psychiatric
assessment prior to surgery [21]. Our finding that post-surgical depression was less common
in patient populations with these screenings reinforce the value of these evaluations even in
populations without histories of depression. These screenings may be interpreted as
indicators of programs with greater priority on mental health care or stricter patient selection
mechanisms.

Based on our control of confounders and the temporal control, we applied to cohort
selection, our results lead us to hypothesize a potential causal relationship between the
surgery and subsequent depression in a subset of patients, relating to the success and
frequency of surgery. Post-surgical phenotypes related to infection and surgical
complications were strongly associated with depression among patients undergoing bariatric
surgery, and revision/removal surgeries had some of the highest hazard ratios for subsequent
depression. Crucially, post-operative surgical complications and infections were only
associated with depression in bariatric surgery patients, and not in other abdominal surgery
patients. These associations could provide hints at the mechanism and time-scale of post-
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bariatric surgical depression, such as perturbations of the gut microbiome or disappointment
at the outcome of the surgery, though further study would be needed to investigate any of
these hypotheses. Previous reports of post-surgical depression often implicated long-term
weight loss as a primary factor [6, 22], while our phenotype association data provides
evidence for a shorter-term mechanism as well. Similarly, we observe a higher risk of post-
surgical depression among RY GB patients relative to other surgeries, which could be
attributed to the fact that patients undergoing it typically have more severe baseline
conditions [23, 24].

We were able to achieve a significantly higher sample size than comparable clinical studies
through our use of clinical insurance records, allowing us to focus on a specific subset of the
population (those without histories of depression) and compute comparable placeholder
surgery dates for comparisons with non-surgery populations, which emulated a prospective
clinical trial and were able to control potential confounders not addressed in previous
studies. Furthermore, we were able to utilize matched diagnosis data for our patient
population to uncover new phenotypic associations with post-surgical depression.

Our study contains several limitations. First, although we enforced similar inclusion criteria
on our cases and controls, based on the inclusion criteria for consideration for bariatric
surgery, our cases still had higher pre-surgery claims counts relative to the controls, raising
the possibility that they had poorer baseline health. Second, although we removed
individuals with pre-existing diagnoses of depression, other comorbid conditions present
among the population who received bariatric surgery could contribute to the observations
noted. The limited demographic and sociological information present in the insurance claims
dataset restricted the pool of covariates that could be controlled or adjusted for in the
analysis. Features that we were unable to measure include ethnicity, marital status, and
socioeconomic status. Furthermore, the population of individuals with health insurance may
not be representative of the population at large. Annotations of procedures and interventions
required the presence of billed procedure codes. Discrepancies between procedures billed
for and procedures actually carried out, as well as differences between when a procedure
occurs and is billed for exist. Finally, we were unable to completely eliminate the possibility
that the observed association results from a hypothetical association between the decision to
undergo bariatric surgery and subsequent depression, as opposed to the surgery itself.

Conclusions

This study examined the frequency of depression diagnoses after bariatric surgery in
individuals without a prior history of depression, relative to both non-surgical and non-
bariatric surgery controls. We report an increased risk of depression following bariatric
surgery that is amplified in men and reduced in patient cohorts with pre-surgical psychiatric
evaluations. Our findings also show that this effect is comparatively larger in patients
undergoing gastric bypass, and smaller among patients undergoing vertical sleeve surgeries.
Furthermore, we find that this effect is most pronounced in the presence of post-surgical
infections or complications, as well as in patients with pre-surgical histories of memory loss
or chronic airway obstruction. For patients considering bariatric surgery and their
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physicians, this research provides a clearer estimate of post-surgical depression risk and
associated exacerbating and mitigating factors.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Incidence of post-surgical depression. Text represents the hazard ratio and confidence

interval between the two plotted cohorts. a Time-to-depression curve for bariatric surgery
patients compared with bariatric eligible individuals. b Time-to depression curve for
bariatric surgery patients compared with bariatric eligible individuals with other abdominal
surgeries. ¢ Time-to-depression curve for bariatric eligible individuals with other abdominal
surgeries compared with non-surgery individuals. d Time-to-depression curve for bariatric
surgery patients with pre-surgical psychiatric evaluations compared with bariatric surgery
patients without pre-surgical psychiatric evaluations. All hazard ratios are adjusted for sex,
age, and 6-month claim count
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Sex-stratified time-to-depression diagnosis curves. Red bars represent the case groups in

each plot (bariatric surgery or other abdominal surgery patients), whereas blue bars represent
the control groups (surgery eligible individuals, other abdominal surgery patients, non-
surgery individuals, respectively). Error bars represent 95% confidence intervals. (color
figure online)
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Fig. 3.
Procedure-stratified time-to-depression hazard ratios. The error bars represent 95%

confidence intervals. Blue bars represent hazard ratios relative to surgery eligible
individuals, whereas red bars represent hazard ratios relative to other abdominal surgery
patients. The asterisk represents a non-statistically significant hazard ratio. (color figure
online)
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Phenotypes associated with depression in bariatric surgery patients only

Table 2

Depression  P-value
risk ratio
Pre-surgical phenotype
Memory loss 1.997 8.11E-08
Chronic airway obstruction 1.408 6.58E-07
Post-surgical phenotype
Sleep disorders 2.043 1.95E-12
Peritonitis and retroperitoneal infections 1.783 8.42E-10
Post-operative infection 1.638 4.83E-09
Complications of medical procedures NOS ~ 1.71 4.58E-08
Pleurisy; pleural effusion 1.484 4.58E-08
Cellulitis and abscess of trunk 1.496 1.58E-05

Page 14

Phenotypes are grouped by PheWAS code. Depression risk ratio is observed in the bariatric patient cohort. A P-value threshold of 3E-05 was used

to account for multiple hypothesis testing
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