
Prognostic Significance of Depressive Symptoms on Weight 
Loss and Psychosocial Outcomes Following Gastric Bypass 
Surgery: A Prospective 24-month Follow-up Study

Marney A. White, PhD, MS1,2, Melissa A. Kalarchian, PhD3,4, Michele D. Levine, PhD3, 
Robin M. Masheb, PhD1, Marsha D. Marcus, PhD3, and Carlos M. Grilo, PhD1

Marney A. White: Marney.white@yale.edu; Melissa A. Kalarchian: kalarchianm@duq.edu; Michele D. Levine: 
levinem@upmc.edu; Robin M. Masheb: robin.masheb@yale.edu; Marsha D. Marcus: marcusmd@upmc.edu; Carlos M. 
Grilo: carlos.grilo@yale.edu
1Program for Obesity Weight and Eating Research, Department of Psychiatry, Yale University 
School of Medicine

2Department of Chronic Disease Epidemiology, Yale School of Public Health

3Western Psychiatric Institute and Clinic, University of Pittsburgh Medical Center, Pittsburgh PA

4Duquesne University School of Nursing

Abstract

Objective—This study examined the prognostic significance of depressive symptoms in bariatric 

surgery patients over 24 months of follow-ups.

Method—Three hundred fifty-seven patients completed a battery of assessments before and at 6, 

12, and 24 months following gastric bypass surgery. In addition to weight loss and depressive 

symptoms, the assessments targeted eating disorder psychopathology and quality of life.

Results—Clinically significant depressive symptoms, defined as a score of 15 or greater on the 

Beck Depression Inventory, characterized 45% of patients prior to surgery, and 12% at 6-month 

follow-up, 13% at 12-month follow-up, and 18% at 24-month follow-up. Preoperative depressive 

symptoms did not predict postoperative weight outcomes. In contrast, post-surgery depressive 

symptoms were predictive of weight loss outcomes. Higher post-surgery depressive symptoms at 
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each time point predicted a greater degree of concurrent and subsequent eating disorder 

psychopathology and lower quality of life.

Conclusions—The frequency of elevated depressive symptoms decreases substantially 

following gastric bypass surgery but increases gradually over 24-months. Postoperative depressive 

symptoms are significantly associated with poorer weight outcomes at 6-months and 12-months 

following surgery but does not predict longer-term weight outcomes at 24-months. Post-operative 

depressive symptoms prospectively predict greater eating disorder psychopathology and poorer 

quality of life through 24-months. Elevated depressive symptoms, readily assessed by self-report, 

may signal a need for clinical attention after surgery.

Bariatric surgery is the most effective treatment for severe obesity, resulting in significant 

weight loss for people who have been unsuccessful in multiple nonsurgical interventions 1,2. 

Research has also found that, in addition to weight loss, various medical and psychosocial 

outcomes improve following surgery 3,4. Mental health professionals frequently conduct 

psychosocial evaluations prior to bariatric surgery to evaluate whether patients are 

candidates for the surgery. The American Society for Metabolic & Bariatric Surgery 5 and 

best practice recommendations 6 suggest that pre-surgical evaluations include screening for 

cognitive and emotional functioning, and evaluation for current and lifetime 

psychopathology, to determine whether problems in such areas might predict a worsened 

postsurgical outcome.

Research with bariatric surgery candidates has found that mood disorders are frequently co-

morbid, although the reported rates of lifetime and current mood diagnoses are somewhat 

variable across studies. Among bariatric surgery candidates evaluated prior to surgery, rates 

of lifetime mood disorder range from 22.4% 7 to 45% 8, and rates of current mood disorder 

range from 11% 7 to 33% 9. Similarly, depressive symptoms among bariatric patients are 

frequently high and appear elevated relative to population data and to persons with severe 

obesity electing non-surgical interventions 4,10. Converging lines of research suggest that 

bariatric surgery is associated with improvements in depression 11–14.

The clinical significance of mood disorders and depressive symptoms on bariatric surgeries 

outcomes, however, is not well understood and the few available studies have reported 

mixed findings. Research has reported that a diagnosis of pre-surgical depression was not 

associated with post-surgery depression at 6–12 months following surgery, but did predict 

depression 24–36 months after surgery 9, while other analyses suggested that patients with 

pre-surgical depression features had elevated risk for post-surgery depression features 

relative to those with low depression levels before surgery 14. Some research has found that 

lifetime mood disorder comorbidity is associated with poorer weight loss outcomes at post-

surgery. Kalarchian et al. 15 reported 25.1% weight loss at 6 months post-surgery among 

patients with lifetime mood disorders, which was significantly less than the 29.5% weight 

loss achieved among patients without histories of psychiatric disorders. Mitchell and 

colleagues reported that patients with elevated pre-operative levels of depression (based on 

scores of 10 or greater on the Beck Depression Inventory) had higher rates of post-operative 

adverse events14. Other research, however, found that post-surgery depression, but not pre-
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surgical depression, predicted weight outcomes at 12 and 24 months 16 and 24–36 months 9 

following surgery.

It could be that the influence of depressive features on weight and psychosocial outcomes is 

obscured by the potent influence of the surgery itself. It is possible that the influence of pre-

surgery depressive symptoms will emerge for long-term postoperative outcomes, when the 

influence of surgery has diminished. The current study was designed to examine 

prospectively the prognostic significance of depressive symptoms on weight loss and 

psychosocial outcomes of gastric bypass surgery. Depressive symptoms (assessed both pre- 

and post-surgery) were examined in relation to 6- 12- and 24-month post-surgical outcomes.

Method

Participants

Participants were 357 (50 male and 307 female) extremely obese patients who underwent 

gastric bypass surgery at 2 academic medical centers. In terms of surgical site, 53.2% 

(n=190) were assessed at the Yale University School of Medicine, and 46.8% (n=167) were 

assessed at the Western Psychiatric Institute and Clinic. Mean age was 43.7 years (SD=10.0) 

and mean body mass index (BMI) was 51.2 (SD=8.3). Of the participants, 81.8% (n=292) 

were white, 9.0% (n=32) were African-American, 7.0% (n=25) were Hispanic-American, 

0.3% (n=1) was Asian, and 2.0% (n=7) were of another ethnicity or unknown. 

Educationally, 67.8% (n=242) attended at least some college, and an additional 26.1% 

(n=93) completed high school. The 2 sites did not differ in BMI, distribution of gender, or 

educational attainment.

Informed Consent and Study Procedures

Institutional review board approval was granted at each site, and written informed consent 

was obtained from all participants. Patients were informed that they were participating in 

research studies to learn about the effects of bariatric surgery on weight, eating behaviors, 

psychological functioning, and quality of life. Patients were informed that their participation 

would not influence the type of care provided by the surgical team. Patients were told there 

would be no direct medical benefit to them, although it was hoped that the knowledge 

gained might ultimately benefit other bariatric patients in the future. Patients were also 

informed that the findings would only be shared with the treatment team if they so desired 

and provided consent. No compensation was provided.

Patients completed a battery of assessments prior to surgery and at 6-month, 12-month, and 

24-month follow-up points. Of the patients who completed the baseline (preoperative) 

assessment, 85% (n=303) completed the 6-month follow-up, 80% (n=285) completed the 

12-month follow-up, and 47% (n=167) completed the 24-month follow-up. To be included 

in the current study, participants had to have completed at least 1 follow-up assessment. 

Participants who completed the follow-up assessments did not differ from those who did not 

in terms of preoperative BMI or psychological functioning (Beck Depression Inventory, 

Short-Form 36, or Eating Disorder Examination Questionnaire scores). The group that 
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participated in the 24-month assessment did not differ from the group that did not on weight 

loss, BDI, or on any of the other clinical outcome measures (described below) at 12 months.

Measures

Weight and Height—Percent weight loss from baseline was the primary outcome 

variable. BMI (weight in kilograms/height in meters2) was calculated from self-reported 

weight and height as part of a larger questionnaire battery and completed at the same time as 

the psychosocial measures. Concurrently measured (i.e., by clinic staff) weight data were 

available for a subsample (n=183). In this subsample, the measured (mean=52.0, SD=7.9) 

and self-reported (mean=51.8, SD=8.3) BMIs did not differ (t=0.67, p=.50). Further, the 

degree of misreport was unrelated to increasing BMI (r=0.12, p=.10).

Assessment of Depressive Features—The Beck Depression Inventory (BDI; Revised 

edition) 17 21-item version assesses the cognitive, affective, and somatic symptoms of 

depression. The BDI is a widely used and well-established measure of depressive symptoms 

with demonstrated reliability and validity 18. Higher scores reflect higher symptom levels of 

depression and, more broadly, negative affect 19,20. The BDI is used as a measure for 

evaluating bariatric surgery patients 21,22 and in research studies of depression before and 

after obesity treatment 23 and bariatric surgery 14,24,25. Evidence generally supports the use 

of the BDI in this patient group, but studies have reported variable findings regarding the 

utility and optimal cut-point scores2526. A recent study investigating the clinical utility of 

the BDI in relation to the gold standard clinical interview (i.e., the Structured Clinical 

Interview for DSM-IV: SCID-I/P 27) for determining a diagnosis of mood disorder reported 

ROC curve analysis indicating the BDI had moderate discriminating accuracy (AUC= 0.788, 

95% Confidence Interval= 0.681 to 0.896) and that a BDI score of 15 optimized sensitivity 

and specificity in a group of bariatric surgery candidates.28. Thus in the current study, the 

presence of clinically significant depressive features was determined by a score of 15 or 

greater on the BDI 29.

Eating Disorder Psychopathology—The Eating Disorder Examination – Questionnaire 

(EDE-Q) 30, the self-report version of the Eating Disorder Examination Interview 31, was 

used to assesses eating disorder psychopathology. The EDE-Q yields a global score (mean 

of four subscales) that reflects overall severity. The EDE-Q has been found to perform 

adequately in bariatric surgery candidates 32; studies with obese patient groups have found 

that global scores generated by the EDEQ and EDE are significantly and highly 

correlated 33,34.

The Medical Outcomes Study Short Form-36 Health Survey (SF-36) 35 is a 36-item, widely 

used, self-report instrument to assess health-related quality of life (HRQL). The SF-36 has 

well-established reliability 36 and validity 37. The SF-36 generates 2 summary scores 

(summarizing 8 subscales): the Physical Component Summary (PCS) and the Mental 

Component Summary (MCS) 38. Scores reflect frequency (i.e., 6-point scale from 1 [all of 

the time] to 6 [none of the time]), severity (i.e., 3-point scale from 1 [yes, limited a lot] to 3 

[no, not limited at all]), or forced choice (i.e., dichotomous scale for yes or no) items. The 

SF-36 raw scores are transformed to scale scores ranging from 0 (lowest level of HRQL) to 
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100 (highest level of HRQL) with a standard deviation of 15, and the PCS and MCS scores 

are such that the means are 50 and standard deviations are 10 for the general US population.

Statistical Analyses

Data were analyzed using SAS v9.1 and SPSS v19. A series of binary logistic regression 

analyses was used to test the hypothesis that timepoint-specific post-surgery depressive 

symptoms would be predicted by clinically significant depressive symptoms at baseline. 

One-way analyses of variance were used to test the hypothesis that pre-surgery depression 

groups would differ on BMI and psychosocial outcomes at baseline. Regression analyses 

tested whether depressive symptoms (BDI scores) were associated concurrently and 

prospectively (i.e., with subsequent timepoints) with weight loss, eating disorder 

psychopathology (EDEQ global scores), and quality of life (SF-36 composite scores).

Results

Prior to surgery, 45% (N=160) of patients reported clinically significant depressive 

symptoms (BDI score ≥ 15). At follow up points, this frequency was substantially lower, 

with 11.5% (N=35) at 6-months, 13.3% (N=38) at 12-months, and 17.5% (N=29) at 24-

months reporting symptoms of depression in the clinically significant range.

The hypothesis that post-surgery depressive symptoms would be predicted by pre-surgery 

depressive symptoms was tested using simple binary logistic regression analyses for each 

follow-up time point. At each follow up point, the presence of clinically significant 

depressive symptoms was predicted by the presence of clinically significant depressive 

symptoms at baseline. However, the proportion of patients reporting elevated depressive 

symptoms was significantly lower at all follow up points: among those who reported 

depression at baseline, 22.1%, 23.4%, and 30.3% reported clinically significant depressive 

symptoms at 6-, 12-, and 24-months respectively. Despite the proportionately lower number 

of participants reporting significant depressive features at 6-months as compared to baseline, 

the presence of baseline depressive symptoms was highly associated with clinically 

significant depressive symptoms at 6 months, OR=9.2, p<.001, 95% CI: 3.4–24.5. A similar 

pattern was observed for the 12-months (OR=5.7, p<.001, 95% CI: 2.5–13.0) and 24-months 

evaluations (OR=6.1, p<.001, 95% CI: 2.3–15.9). The figure demonstrates the percentage of 

patients reporting post-surgery depressive symptoms (i.e., BDI≥15) as a function of pre-

surgery depressive symptoms.

Although the proportion of the sample reporting clinically significant depressive symptoms 

decreased immediately following surgery (χ2 (N=304, df=1)=135.4, p<.001), the prevalence 

of clinically significant depressive symptoms remained stable from 6 to 12 months 

following surgery. A chi-square goodness-of-fit test found that compared to the 6-month 

point, the prevalence of depressive symptomatology did not differ at the 12-month follow up 

(χ2 (N=285, df=1)=0.94, p=.33). Compared to the 12 month assessment, the prevalence of 

clinically significant depressive symptoms remained stable at the 24-month assessment (χ2 

(N=166, df=1)=2.5, p=.11). When comparing the 24-month outcomes to the 6 month 

outcomes, the prevalence of clinically significant symptoms increased significantly during 

that time frame (χ2 (N=166, df=1)=5.8, p=.02).
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Baseline values for BMI and psychosocial outcomes appear in Table 1; patients with and 

without clinically significant depressive symptoms at baseline were compared on BMI and 

psychosocial measures with one-way ANOVAs. The groups did not differ in terms of pre-

surgical BMI. Significant differences were observed such that the group experiencing 

clinically significant depressive symptoms reported higher scores on the EDE-Q global 

score and diminished quality of life as measured by the SF-36. Table 2 presents mean values 

on outcome variables based on the presence or absence of pre-surgical depressive 

symptoms. Clinically significant depressive symptoms at baseline were not related to weight 

outcomes at any follow up point but were associated with higher EDE-Q scores and lower 

SF-36 Mental Health component scores at each follow up point.

The low rates of clinically significant depressive symptoms at follow up points resulted in 

very imbalanced cell sizes. To examine the association of post-surgery depressive symptoms 

on postsurgical outcomes, BDI scores were tested using linear regression. We chose to use 

BDI scores, rather than depression categories, for the following reasons. First, as shown in 

Figure 1, we observed relatively low rates of clinically significant depressive symptoms at 

the early follow-ups following surgery. Second, in addition to the greater statistical power 

afforded by continuous data, we emphasize that research has demonstrated the superiority of 

BDI levels over categorical mood diagnoses for identifying severity and impairment 20. 

Third, this approach has greater ecological validity because while pre-surgical evaluations 

might involve the use of structured diagnostic interviews (as suggested by Rosenberger et 

al., 7), bariatric surgical practices are more likely to use the BDI than interviews following 

surgery.

Table 3 presents the results for regression analyses separately by time point. Depression 

score at 6 months was significantly associated with BMI loss at 6 months and at 12 months, 

although the magnitude of the associations was somewhat modest (accounting for 4.2% of 

the variance at 6 months and 2.2% of the variance at 12 months). Depression scores at 6 

months did not predict weight outcomes at 24 months. Depression scores at 6 months were 

highly associated with concurrent and subsequent eating disorder psychopathology, although 

the magnitude of the associations decreased with time. Depression scores at 6 months were 

highly predictive of both physical and mental component scores at 6, 12, and 24 months. 

The pattern of influence was such that depression was associated with mental component 

scores to a greater degree than physical component scores, and the magnitude of 

associations diminished over time while still remaining highly significant.

Depression scores at 12 months were significantly but modestly associated with concurrent 

(i.e., 12 month) weight loss and were not predictive of weight loss at 24 months. Depression 

scores at 12 months were associated concurrently and prospectively with eating disorder 

psychopathology and with physical and mental component scores.

Discussion

This study examined the prognostic significance of depressive symptoms on postoperative 

outcomes in gastric bypass surgery patients followed for 24 months after surgery. Clinically 

significant depressive symptoms, defined as a BDI score greater than or equal to 15, were 
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reported by nearly half of the participants prior to surgery. Substantial improvements in 

depressive symptoms were observed following surgery, with 12%, 13%, and 18% of the 

participants meeting the threshold for clinically significant depression at 6, 12, and 24 

months respectively. Depressive symptoms following surgery were significantly predicted 

by depressive symptoms at baseline. Consistent with previous research with bariatric 

surgery patients 9,14, the dramatic improvements in depressive symptoms began to diminish 

as the time since surgery increased, such that by 24 months the frequency of clinically 

significant depressive symptoms had increased significantly although it was still lower than 

the frequency observed before surgery.

Depressive symptoms prior to surgery were unrelated to BMI prior to surgery and did not 

predict percent BMI loss at any post-surgical follow up time point. Post-surgery depressive 

symptoms were generally associated with percent BMI loss at the concurrent time point as 

well as prospectively. Percent BMI loss at 24 months, however, was unrelated to depressive 

symptoms at any follow up point. Depressive symptoms were associated with psychosocial 

outcomes (eating disorder psychopathology and quality of life) at baseline and at all follow 

up points. Post-surgery depressive symptoms were associated with these poorer 

psychosocial outcomes concurrently and prospectively (i.e., at subsequent time points) 

throughout each wave of follow up.

Taken together, the current findings suggest that gastric bypass surgery, by way of the 

considerable weight losses achieved, leads to subsequent improvements in psychosocial 

functioning. Following gastric bypass surgery, participants reported substantial and 

clinically significant improvements in depression symptoms. Although the percentage of 

participants reporting clinically significant depressive symptoms began to increase as the 

time since surgery increased, the frequency through 24-months remained lower than that at 

baseline. To date, research investigating psychosocial functioning prior to surgery has 

generally reported little prognostic impact of these variables on postsurgical outcomes. The 

current findings support and extend previous research showing a limited prognostic effect of 

pre-surgery depression on weight outcomes 9,16 but suggest that depressive symptoms 

following surgery have significant prognostic impact on weight outcomes, at least until 24 

months. Alternatively, the current results could be interpreted to indicate that depressive 

features may be a consequence – rather than a cause – of poorer weight outcomes. 

Furthermore, it is possible that dysregulated biological pathways, such as immune 

inflammation39, oxidative stress 40,41, or neuroprogression, could be implicated in both the 

suppressed weight loss and depressive features.42 Collectively, these findings might suggest 

that pre-surgery depression, although common, may not require specific additional clinical 

intervention prior to gastric bypass unless it is severe enough to interfere with a patient’s 

ability to adhere to self-care 43. The current findings, however, suggest that elevated 

depressive symptoms following surgery may have negative prognostic influence on weight 

loss and psychosocial functioning outcomes and therefore may signal the need for additional 

clinical support or intervention. Additional research employing longitudinal modeling may 

be indicated to determine whether depressive features following surgery are a cause versus a 

consequence of poorer weight outcomes.
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This study has some potential limitations that should be considered when interpreting the 

findings. Participants were extremely obese gastric bypass surgery patients; the findings 

may not generalize to patients seeking other types of bariatric surgery, which appear to vary 

in outcomes 2. That is, the results may not extend to participants undergoing gastric banding, 

which is associated with lower rates of post-surgery complications but yields lower weight 

losses than gastric bypass and the sleeve gastrectomy.44 The findings are further limited by 

the amount of missing data, particularly for the 24-month follow-up point, although our 

analyses indicated no differences at baseline between patients who participated in all 

assessments as compared to those who did not. Unfortunately it remains possible that 

attrition may signal worsened psychosocial functioning at follow up among those 

participants. The study design precluded clinical follow up with these patients; as such it 

remains unknown whether these patients sought and/or received psychological and/or 

psychiatric treatments during the follow-up period.12,45 We note, however, that Hayden and 

colleagues11 found that antidepressant therapy had little to no impact on either weight loss 

outcomes or depressive symptomatology in an outcome study of bariatric surgery patients. It 

is also possible that follow-up care, or the lack thereof, could have confounded the results. 

Additional longitudinal studies should closely monitor the nature and duration of follow up 

care to understand the complexities of the emergence of mood symptoms following surgery, 

and their interactions with weight outcomes. Another potential limitation is the possibility 

that extremely obese patients seeking bariatric surgery may minimize the existence of 

certain problems (e.g., depression) in order to appear psychologically healthy (e.g., 

appropriate to meet eligibility for surgery). Indeed, research has shown that patients 

undergoing psychological evaluation prior to surgery have elevated scores on social 

desirability and commonly deny active problems. Although the possibility of impression 

management must be considered, the research study procedures and informed consent 

methods should have served to minimize this likelihood.46 Specifically, participants 

completed the assessments as part of a research study and were informed that the results 

would not be shared with the clinical treatment team unless the patients specifically 

requested it. It was stressed that the assessments would have no medical benefit to patients 

and were intended solely to advance knowledge regarding psychosocial needs and outcomes 

of bariatric surgery patients. Since the study sample included only those patients who 

received surgery, it is possible that surgery candidates suffering from severe depression at 

baseline would have been excluded from the study sample, resulting in a truncated 

distribution of depression scores. However, the range of depression scores in this sample 

included individuals scoring in the moderate and severe ranges of depressive 

symptomatology, thus reducing this concern to some degree. In addition, we note the 

possibility that the measure of eating-related psychopathology, the EDE-Q, may not be the 

optimal measure for this patient group.

Notable strengths include the use of the BDI, a widely-used, valid, and efficient measure of 

depressive levels and features. Clinicians working with post-surgery patients can quickly 

score the BDI to identify patients in need of intervention. Moreover, the BDI provides a 

scaled score (as opposed to a single threshold), and severity of depressive symptoms is 

indicated by a higher score. Therefore although clinicians can use a score of 15 or greater to 

identify clinical significance, higher scores on the BDI after surgery are associated with 
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worse outcomes and would therefore indicate greater need for intervention. Additional 

strengths include repeated measures over a multi-wave follow up and the use of data from 

two independent research groups.

In summary, this study found that pre-surgery depressive symptoms do not predict weight 

loss through 24-months of follow up after gastric bypass surgery. Post-surgery depressive 

symptoms are associated with poorer weight outcomes and with poorer psychosocial 

outcomes. Future research should include longer-term follow-ups to examine the durability 

of these findings, as well as the potential for worsening or reemergence of depressive 

symptoms over time.
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Figure 1. 
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Table 3

Regressions testing the prediction of depression (BDI scores) on concurrent and prospective weight loss, 

quality of life, and eating pathology

Beta R2 F p

BDI score at 6 months

 Percent BMI loss 6 months -.205 .042 12.84 <.001

 Total EDE-Q (avg) at 6 months .486 .237 93.90 <.001

 Physical Component 6 months .417 .174 62.66 <.001

 Mental Component 6 months .696 .485 279.76 <.001

 Percent BMI loss 12 months -.149 .022 5.69 .018

 Total EDE-Q (avg) at 12 months .340 .116 32.62 <.001

 Physical Component 12 months .385 .145 42.77 <.001

 Mental Component 12 months .608 .369 144.16 <.001

 Percent BMI loss 24 months -.110 .012 1.56 .214

 Total EDE-Q (avg) at 24 months .329 .108 16.99 <.001

 Physical Component 24 months .317 .101 15.57 <.001

 Mental Component 24 months .546 .298 59.08 <.001

BDI score at 12 months

 Percent BMI loss 12 months .136 .019 5.15 .024

 Total EDE-Q (avg) at 12 months .350 .122 39.61 <.001

 Physical Component 12 months .368 .135 44.01 <.001

 Mental Component 12 months .688 .473 252.64 <.001

 Percent BMI loss 24 months .105 .011 1.42 .235

 Total EDE-Q (avg) at 24 months .252 .063 9.41 .003

 Physical Component 24 months .262 .068 10.07 .002

 Mental Component 24 months .528 .278 52.88 <.001

BDI score at 24 months

 Percent BMI loss 24 months .107 .011 1.77 .186

 Total EDE-Q (avg) at 24 months .472 .223 47.68 <.001

 Physical Component 24 months .410 .168 33.35 <.001

 Mental Component 24 months .771 .594 241.14 <.001
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