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Abstract

Objective—To identify pre-operative sociodemographic and health-related factors that predict 

higher risk of non-fatal self-harm and suicide after bariatric surgery.

Summary of Background Data—Evidence is emerging that bariatric surgery is related to an 

increased risk of suicide and self-harm, but knowledge on whether certain pre-operative 

characteristics further enhance the excess risk is scarce.

Methods—The non-randomized, prospective, controlled Swedish Obese Subjects study was 

linked to two Nationwide Swedish registers. The bariatric surgery group (N=2007, per-protocol) 

underwent gastric bypass, banding or vertical banded gastroplasty, and matched controls (N=2040) 

received usual care. Participants were recruited from 1987 to 2001, and information on the 

outcome (a death by suicide or non-fatal self-harm event) was retrieved until the end of 2016. Sub-

hazard ratios (subHR) were calculated using competing risk regression analysis.

Results—The risk for self-harm/suicide was almost twice as high in surgical patients compared 

to control patients both before and after adjusting for various baseline factors (adjusted 

subHR=1.98, 95% CI=1.34–2.93). Male sex, previous health-care visits for self-harm or mental 

disorders, psychiatric drug use, and sleep difficulties predicted higher risk of self-harm/suicide in 

the multivariate models conducted in the surgery group. Interaction tests further indicated that the 

excess risk for self-harm/suicide related to bariatric surgery was stronger in men (subHR=3.31, 

95% CI=1.73–6.31) than in women (subHR=1.54, 95% CI=1.02–2.32) (P=0.007 for adjusted 

interaction). A simple-to-use score was developed to identify those at highest risk of these events 

in the surgery group.
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Conclusions—Our findings suggest that male sex, psychiatric disorder history, and sleep 

difficulties are important predictors for non-fatal self-harm and suicide in post-bariatric patients. 

High-risk patients who undergo surgery might require regular post-operative psychosocial 

monitoring to reduce the risk for future self-harm behaviors.

INTRODUCTION

Bariatric surgery is currently the most effective treatment for severe obesity and its 

comorbidities, such as type 2 diabetes and cardiovascular diseases.1–4 It also reduces the risk 

of premature mortality from all-causes and comorbidity-specific causes.5–7 Nonetheless, 

studies have further shown that post-operative outcomes vary between patients with some 

individuals experiencing adverse effects on their mental health and health-related quality of 

life (HRQL). Self-harm behaviors, suicidal ideation, suicide attempts, and death by suicide 

represent the most adverse mental health outcomes and evidence is emerging that bariatric 

surgery is related to an increased risk of self-harm and suicide.8–11 In a meta-analysis of 32 

studies (148 643 individuals), the risk of non-fatal self-harm was two times higher after 

bariatric surgery within the same population and four times higher compared to age-, sex-, 

and BMI-matched controls.12 Prior work has also demonstrated that suicide occurs more 

frequently after the first or second post-operative year.13 Thus, a challenge is to identify 

patient characteristics that predict these adverse outcomes after bariatric surgery. This would 

enable targeting post-operative psychosocial monitoring and support for high-risk patients.14

However, to date, only a few studies have explored whether certain pre-operative 

characteristics further pronounce the excess risk of self-harm/suicide related to bariatric 

surgery. Two prospective register-based cohort studies conducted in Sweden9 and 

Australia10 found that a history of hospitalization due to depression or a diagnosis of self-

harm before bariatric surgery predicted deliberate self-harm hospitalizations after surgery. 

Moreover, a study following self-harm emergencies 3 years before and after bariatric surgery 

observed that nearly all events (93%) occurred in patients with a history of mental disorder.8

We used the Swedish Obese Subjects (SOS) study with extensive baseline information and 

long-term follow-up after bariatric surgery to extend this scarce literature on potential pre-

operative risk factors. Recently, we showed that suicides or non-fatal self-harm events were 

more frequent in the SOS patients undergoing bariatric surgery than in control patients.11 

The main aims of the present study were 1) to examine which pre-operative 

sociodemographic and health-related factors predict higher risk of non-fatal self-harm/

suicide following bariatric surgery, and 2) to develop a simple-to-use score to identify 

patients with highest risk for these events in the bariatric surgery group.

METHODS

Participants and study design

Participants were from the Swedish Obese Subjects (SOS) study, which is a matched, non-

randomized, prospective intervention trial comparing bariatric surgery with usual care for 

patients with obesity.1, 3 In the SOS study, 4047 obese patients at 25 surgical departments 

and 480 primary health-care centers in Sweden were enrolled between September 1, 1987 
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and January 31, 2001. Patients were recruited from a matching examination that was 

completed by 6905 patients of which 5335 were eligible for the study inclusion. Age 37–60 

years and BMI ≥ 34 kg/m2 for men and BMI ≥ 38 kg/m2 for women at recruitment served as 

the inclusion criteria. The exclusion criteria included earlier surgery for gastric or duodenal 

ulcer, earlier bariatric surgery, gastric ulcer or myocardial infarction during the past 6 

months, ongoing malignancy, active malignancy during the past 5 years, bulimic eating 

pattern, drug or alcohol abuse, psychiatric or cooperative problems contraindicating bariatric 

surgery and other contraindicating conditions (e.g. chronic glucocorticoid or anti-

inflammatory treatment).

In the SOS study, 2010 individuals electing the surgery as a co-decision with the physician 

constituted the surgery group (N=2007 per protocol as 3 patients were never operated), 

while 18 matching variables were used to create a contemporaneously matched control 

group of 2037 individuals (N=2040 per protocol). Even though the surgical patient and the 

matched control patient always started the study on the day of surgery, the matching was not 

performed at an individual level. The matching algorithm instead selected controls in a way 

that the current mean values of the matching variables in the control group became as similar 

as possible to the current mean values in the surgery group according to the method of 

sequential treatment assignment.15

Surgery type was determined by the surgeon and surgical patients underwent either 

nonadjustable or adjustable banding (N=376), vertical banded gastroplasty (N=1365), or 

gastric bypass (N=266). Control patients were offered usual care at their regular primary 

health-care center. The treatment was not standardized and varied according to the local 

practices from sophisticated lifestyle intervention and behavior modification to a lack of 

specific treatment and health monitoring only. All patients attended a health examination 

and completed various questionnaires prior to intervention.

The study was approved by seven regional ethical review boards in Sweden, and all patients 

gave written or oral informed consent to participate. The SOS study was registered at 

clinicaltrials.gov as NCT01479452.

Measures

Outcome variable—The primary outcome in the SOS study was all-cause mortality at 10 

years of follow-up.6 The outcome in the present analysis was a death by suicide or non-fatal 

self-harm event. Non-fatal self-harm/suicide was not predefined outcome in the original 

study plan. Information on this outcome was retrieved from the Cause of Death Register and 

the National Patient Register (NPR) until December 31, 2016. The NPR covered both 

specialized out-patient and in-patient care since 2001, while it covered only in-patient care 

before 2001. International Classification of Diseases (ICD) codes were used to identify 

suicide and non-fatal self-harm events (ICD9 codes E950–959 and E980–989; ICD10 codes 

X60–84, Y10–34 and Y870), including both confirmed suicides and deaths from 

undetermined intent.
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Pre-treatment predictor variables

Sociodemographic characteristics: Sex and age (years). Education level (1=basic, 2=upper 

secondary, 3=university) and marital status (0=non-married or no partner, 1=married or 

partner) were based on self-reported information.

Physical and mental health status: BMI (kg/m2) was calculated based on weight and 

height measurements (both measured in a standing position without shoes). Diabetes was 

defined as a fasting blood glucose level of at least 6.1 mmol per litre (110 mg per decilitre) 

or self-reported use of a prescribed antidiabetic medication. The presence of work-restricting 

pain in joints was self-reported. Patients with health-care visits for non-fatal self-harm, 

substance abuse and mental disorders before participation in the SOS study were identified 

from the NPR using ICD codes (for details, see Supplemental Table 1). Psychiatric drug use 

during the last three months was retrieved via self-report16 and the responses were classified 

according to the Anatomical Therapeutic Chemical (ATC) classification system codes (N05: 

psycholeptics, N06: psychoanaleptics).

Lifestyle behaviors: Daily smoking and alcohol consumption were measured using self-

report questionnaires. The validated SOS dietary questionnaire covered habitual intake of a 

range of alcoholic beverages during the last three months.17 The total average alcohol intake 

in grams per day was calculated from the responses. Sleep difficulties were defined as awake 

in bed per night (h) based on two self-report items: the average time spent in bed per night 

was subtracted from the average sleep time per night. Respondents also filled in the 51-item 

Three-Factor Eating Questionnaire assessing cognitive restraint of eating, disinhibition, and 

susceptibility to hunger.18 Supplemental Table 2 provides detailed information on these 

scales and their scoring.

Self-rated HRQL: The following validated self-administered questionnaires were used to 

assess HRQL and its physical, mental and social dimensions: 1) perceived health status: 

Current Health scale of the General Health Rating Index;19 2) overall mood: the short 

version of the Mood Adjective Check List;20 3) depression and anxiety: the Hospital 

Anxiety and Depression Scale (HADS);21 4) health-related limitations in social life: the 

Social Interaction category of the Sickness Impact Profile;22 5) the impact of obesity on 

psychosocial functioning: the Obesity-related Problems scale.23 For details, see 

Supplemental Table 2.

Statistical analyses

Baseline descriptive statistics are presented as mean values with standard deviations or as 

percentages. Baseline comparisons between the treatment groups used t-tests for continuous 

variables and Fisher’s exact tests for dichotomous variables. The follow-up started on the 

date of surgery for both the surgical and matched control patient. Participants were followed 

until the first-time diagnosis of suicide or non-fatal self-harm, emigration, death for other 

causes, or December 31, 2016, at which point the NPR and the Cause of Death Register 

were complete and the registers were linked.
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Cumulative incidence of non-fatal self-harm/suicide events was estimated with competing 

risk regression models, in which non-suicide deaths were treated as competing events. 

Persons who emigrated, altered their obesity intervention (bariatric surgery performed in the 

control group or reversal of the bariatric surgery procedure in the surgery group resulting in 

normal anatomy), withdrew their consent or were alive at the end of the follow-up were 

treated as censored observations. Univariate and multivariate models were applied to obtain 

relative risk estimates as sub-hazard ratios (subHR) with corresponding 95% confidence 

intervals (CI). The risk of non-fatal self-harm/suicide in the surgery group compared to the 

control group was first evaluated in an unadjusted analysis with a single covariate for the 

treatment group (surgery or control) and in a secondary analysis adjusted for risk factors for 

self-harm/suicide.

The predictive ability of the risk factors to identify those with non-fatal self-harm/suicide 

events was evaluated with Harrell’s C-statistic, and the calibration of the models was 

evaluated with graphical means comparing observed and predicted risks. Within the surgery 

group, a separate prediction model was created and transformed to a simple scoring system 

to indicate the risk of self-harm/suicide over 10 years. This score was evaluated regarding 

discrimination and calibration (over 10 and 20 years). Finally, internal validation of the score 

was conducted using bootstrapping with 5000 replications of individuals sampled with 

replication, and Harrell’s C-statistic was calculated for the risk score model and the score 

points as derived within the original study cohort.

All statistical tests were two-sided and P values of less than 0.05 were considered 

statistically significant. Analyses were performed with Stata software (StataCorp. 2017. 

Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC).

RESULTS

Surgical patients were younger, had higher BMI, and were less likely to have a college or 

university level education as compared to control patients (Table 1). Daily smoking, history 

of self-harm, diabetes and work-restricting joint pain were also more frequent in surgical 

patients than in control patients. Average disinhibition and hunger scores were higher, 

whereas average cognitive restraint scores were lower in the surgery group than in the 

control group. Moreover, compared to control patients, surgical patients rated their physical, 

mental and social HRQL as lower. Baseline characteristics by self-harm/suicide status 

during follow-up are shown in Supplemental Table 3.

During a median follow-up of 21.2 years (IQR=17.7–23.8), 98 self-harm/suicide events 

occurred in the surgery group. In the control group, 50 self-harm/suicide events occurred 

during a median follow-up of 19.8 years (IQR=16.1–23.2). Of these events, 10 and 3 were 

suicides in the surgery and control group, respectively. In line with our previous results,11 

the risk of self-harm/suicide was almost twice as high in surgical patients compared to 

control patients (unadjusted subHR=1.95, 95% CI: 1.39–2.75) (Figure 1). This association 

remained after adjustment for all risk factors included in the multivariate model (adjusted 

subHR=1.98, 95% CI: 1.34–2.93) (Table 2). In the surgery and control group, impaired self-

rated HRQL, history of self-harm, history of mental disorder, psychiatric drug use, sleep 
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difficulties, and smoking (P=0.055 for the control group) at baseline were related to an 

increased risk of self-harm/suicide in the univariate models (Supplemental Table 4). In 

addition, male sex, lower BMI, higher alcohol intake, history of substance abuse, and higher 

susceptibility to hunger predicted these adverse events in surgical patients, whereas joint 

pain predicted them in control patients. Due to the large number of baseline risk factors 

analyzed, only variables with P<0.05 in the univariate models (either in the surgery or 

control group) were entered into multivariate models (Table 2). In the surgery group, 5 risk 

factors remained as significant predictors in the multivariate model, i.e. history of self-harm, 

history of mental disorder, psychiatric drug use, sleep difficulties, and male sex were related 

to a higher risk of non-fatal self-harm/suicide. In the control group, history of mental 

disorder and sleep difficulties remained as significant predictors. The Harrel’s C-statistics of 

these regression models were 0.80 (95% CI: 0.75–0.84) for the surgery group and 0.79 (95% 

CI: 0.72–0.86) for the control group.

We tested significance of interaction terms to evaluate whether the baseline risk factors 

modified the association between bariatric surgery and subsequent self-harm/suicide events. 

As shown in Figure 1, sex modified this association (P=0.0495 for unadjusted interaction 

and P=0.007 adjusted for age, study inclusion year, history of self-harm, history of mental 

disorder, psychiatric drug use, and sleep difficulties): the excess risk of self-harm/suicide 

related to bariatric surgery was more pronounced in men (subHR=3.31, 95% CI: 1.73–6.31) 

than in women (subHR=1.54, 95% CI: 1.02–2.32). Other sociodemographic factors, 

physical or mental health status, lifestyle behaviors, or self-rated HRQL did not have 

significant modifying effects (Supplemental Figures 1 and 2).

Finally, in order to develop a risk score, we estimated a separate multivariate regression 

model for self-harm/suicide events in the surgery group and used the regression coefficients 

in a score point system (Table 3). Total points in the resulting score varied between 0 and 13 

with higher values indicating higher risk. A calibration plot (Supplemental Figure 3) 

comparing the predicted risk and the corresponding observed risk indicated good agreement. 

Among those with the highest risk, however, the prediction over-estimated the observed risk 

slightly. In the internal validation with bootstrap samples, the discrimination was reasonably 

good both for the original model underlying the score (the mean C-statistic 0.78, 95% CI: 

0.73–0.83) and for the score point system (C-statistic 0.74, 95% CI: 0.69–0.80).

DISCUSSION

The present prospective and matched intervention trial offered a unique opportunity to 

examine whether pre-operative sociodemographic and health-related characteristics predict 

higher non-fatal self-harm and suicide rates following bariatric surgery. Our findings imply 

that male sex, psychiatric disorder history and sleep difficulties are relevant predictors in 

post-bariatric patients. Although the risk of self-harm/suicide was still doubled in surgical 

patients compared to control patients after adjusting for these and other pre-treatment 

factors, we cannot exclude the possibility that the association is driven by selection bias, i.e. 

different patient characteristics in those who choose bariatric surgery instead of non-surgical 

obesity treatments.
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Therefore, a challenging question that remains is to what extent higher rates of suicidal 

behaviors in post-bariatric patients reflect the effects of the performed surgery and to what 

extent they reflect psychiatric and psychosocial vulnerabilities present prior to surgery.14 It 

is well-documented that psychiatric disorders are common in patients seeking and 

undergoing bariatric surgery24 and, in our study, history of self-harm and impaired HRQL at 

baseline were more frequent in surgical than control patients. Fully controlling for these 

differences is, however, difficult due to self-selection into surgery in our study and other 

studies in this area. Novel insights on this question might emerge from research investigating 

whether certain surgery-induced biological and behavioral changes (e.g. increased 

impulsivity due to heightened sensitivity to alcohol, hypoglycemia, reduced absorption of 

medications and nutrients, adverse quality of life or weight outcomes25, 26) play a role in 

explaining the increased risk in post-bariatric patients.

The results from both multivariate models and interaction tests consistently suggested that 

particularly men can be at increased risk of self-harm/suicide after bariatric surgery. To our 

knowledge, this is the first controlled trial to demonstrate this. However, a few previous 

studies have reported a similar pattern of sex difference: a study based on Pennsylvania 

registers reported higher suicide rates in men (13.7 per 10000 person-years) than in women 

(5.2 per 10000 person-years) following bariatric surgery.13 Being male was also shown to 

predict a higher risk of self-harm/suicidal ideation in the 5 years after surgery.27 In the 

general population, a “gender paradox of suicidal behavior” has been reported: completed 

suicide is more prevalent in men, while non-fatal self-harm is more prevalent in women.28 

Although we were not able to analyze these two outcomes separately (due to a low number 

of completed suicides: 7 in men and 6 in women), it is still possible that some of the 

mechanisms proposed to explain this gender paradox are relevant. For instance, under-

diagnosed depression, substance-related problems, less than optimal treatment in psychiatric 

services and low treatment compliance may place particularly men at elevated risk of death 

by suicide.28

In line with the two previous studies in the bariatric population9, 10 and a meta-analysis of 50 

years of research in the general population,29 we found that three indicators of psychiatric 

disorder history (i.e. health-care visits for self-harm or mental disorders, psychiatric drug 

use) predicted higher self-harm/suicide rates after bariatric surgery. Moreover, forests plots 

indicated that the presence of self-harm or substance abuse history could further enhance the 

excess risk of these events in surgical patients compared to control patients. However, this 

observation should be interpreted with caution as the corresponding interactions were not 

statistically significant.

A novel and potentially important result from our research was that sleep difficulties 

emerged as an independent risk factor. The SOS study did not contain direct questions on 

sleep disturbances, but we were able to assess them indirectly by calculating a difference 

between self-reported sleep time per night and time spent in bed per night. In general, a 

growing body of literature suggests that sleep disturbances may confer increased risk for 

suicidal ideation, suicide attempts and death by suicide.30 This is highly plausible because 

sleep disturbances are closely intertwined with individual’s psychosocial well-being: 

reduced sleep duration, for example, can be a marker of perceived stress, a symptom of 
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depression, and a source of stress itself.31 Nonetheless, future studies using validated and 

more direct measures of sleep disturbances in bariatric patients should test whether our 

finding is replicable.

Compared to studies by Lagerros et al.9 and Morgan et al.10 that were solely based on 

register-based information, we were able to examine a wider range of potential pre-operative 

risk factors. Estimates from the univariate models suggested that in addition to male sex, 

psychiatric disorder history and sleep difficulties various other health-related indicators were 

related to an elevated risk of self-harm/suicide in post-bariatric patients, including impaired 

self-rated HRQL, history of substance abuse, higher alcohol intake, daily smoking, lower 

BMI, and higher susceptibility to hunger. Moreover, together these risk factors from multiple 

domains had good predictive ability to identify those with adverse outcomes: a randomly 

selected patient with self-harm/suicide event could be distinguished from a randomly 

selected patient without such event with 80% accuracy. It is noteworthy that Gordon and 

colleagues27 recently identified a fairly similar set of pre-operative predictors (i.e. 

suicidality, being male, smoking, reporting greater pain, antidepressant use, psychiatric 

counseling, psychiatric hospitalizations) albeit in relation to post-operative self-harm/

suicidal ideation, which is a less severe outcome.

Although prediction of suicidal behaviors at an individual level is challenging,29, 32 we made 

an effort to create a scoring system for clinicians to identify those at highest risk of these 

events following bariatric surgery. All independent risk factors from the multivariate model, 

current depression or anxiety (as defined by the HADS total score ≥ 1333), and daily 

smoking (due to prior evidence27) were included in the score with the highest weight given 

to a history of self-harm or mental disorder (3 points for each). The results indicated that 

patients with 7 points had 10% probability of self-harm/suicide event in the 10 years after 

surgery, and the probability was over 20% in patients with score 9 or more. Thus, we suggest 

that a decision whether to operate should be made very carefully, and that it is essential that 

high-scoring patients who undergo surgery receive regular post-operative psychosocial 

monitoring to reduce the risk for future non-fatal and fatal self-harm. However, at the same 

time, it is crucial to ensure that the risk assessment and subsequent monitoring do not lead to 

adverse psychosocial consequences for high-risk patients (e.g. increased prejudice and 

stigma). This includes handling risk information confidentially.34

The lack of randomization and issues related to statistical power (particularly for interaction 

tests) are the main limitations of our study. The fact that surgery was self-selected makes it 

difficult to control for residual confounding, but this limitation is present in most bariatric 

surgery studies large enough to evaluate rare events. At the same time, our study better 

reflects the real clinical situation because it is typically the patient who asks for surgical 

treatment. In a randomized setting, it would not have been possible to identify self-harm 

behaviors associated with preference towards surgical obesity treatment. We may have 

missed a few non-fatal self-harm events before year 2001 when the NPR first started to 

cover both specialized out-patient and in-patient care. Other than this, the registers had 

excellent nationwide coverage. Because only a small number of suicides occurred during the 

follow-up, we decided to analyze the combined outcome of fatal and non-fatal self-harm 

events (the latter also representing rather severe events as defined in this study). We did not 
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validate the scoring system externally and therefore its predictive power is likely to be over-

estimated. The estimates in the control group were presented for comparison and should be 

interpreted with caution due to clearly lower event rate than in the surgery group. 

Notwithstanding these limitations, this is the first study with very long follow-up, to 

examine a wide-range of pre-operative risk factors assessed using health examinations, 

questionnaires and national registers.

Conclusions

Our results indicate that pre-operative mental or psychiatric disorders are important risk 

factors for non-fatal self-harm and suicide in post-bariatric patients. Using information on 

psychiatric disorder history, sex, sleep difficulties, smoking, and current depression or 

anxiety, we created a simple-to-use prediction score to identify a high-risk group for these 

adverse events in a clinical setting. Future studies should test the predictive validity of this 

score in other bariatric patient samples.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Cumulative incidence function from competing risk regression model for non-fatal self-
harm and suicide in the Swedish Obese Subjects study: total sample and by sex.
Test of sex × treatment group interaction: p=0.0495 unadjusted and p=0.007 adjusted for 

age, study inclusion year, history of self-harm, history of mental disorder, psychiatric drug 

use, and sleep difficulties. Abbreviations: subHR, sub-hazard ratio; CI, confidence interval.
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Table 1.

Baseline descriptive characteristics by the treatment group in the Swedish Obese Subjects study

Control (N=2040) Surgery (N=2007)
a

Variable Mean / % SD / N Mean / % SD / N p value
b

Sociodemographics

Age (years) 48.7 6.3 47.2 5.9 <0.001

Men (%) 29.1 593 29.2 587 0.917

Married or partner (%) 75.3 1527 72.9 1460 0.098

Education <0.001

Basic (%) 59.9 1222 69.4 1393

Upper secondary (%) 19.0 387 17.8 357

University (%) 21.1 431 12.8 257

Health status

Diabetes (%) 12.9 263 17.2 344 <0.001

BMI (kg/m2) 40.1 4.7 42.4 4.5 <0.001

Joint pain (%) 55.4 1130 67.9 1362 <0.001

History of psychiatric disorder

Self-harm (%) 1.9 38 3.4 69 0.002

Substance abuse (%) 2.5 50 2.9 58 0.435

Mental disorder (%) 8.6 176 9.9 198 0.175

Psychiatric drug use (%) 10.8 220 12.2 244 0.183

Lifestyle behaviors

Daily smokers (%) 20.8 422 25.8 518 <0.001

Alcohol intake (g/day) 5.3 8.1 5.2 7.2 0.632

Sleep difficulties (awake in bed/night, h) 1.0 1.0 1.0 1.0 0.114

Cognitive restraint (TFEQ)
c 9.8 4.7 8.6 4.3 <0.001

Disinhibition (TFEQ)
c 8.7 3.7 9.5 3.6 <0.001

Hunger (TFEQ)
c 6.5 3.5 7.3 3.5 <0.001

Self-rated HRQL
d

Perceived health 57.5 25.7 50.1 24.7 <0.001

Anxiety 5.4 4.6 6.0 4.5 <0.001

Depression 4.1 3.5 5.3 3.6 <0.001

Overall mood 3.0 0.6 2.9 0.6 <0.001

Obesity-related problems 41.4 26.9 58.9 26.7 <0.001

Social interaction 9.1 12.0 14.0 13.6 <0.001

Abbreviations: HRQL, health-related quality of life; TFEQ, Three-Factor Eating Questionnaire.

a
Type of surgery: nonadjustable or adjustable banding (376 patients), vertical banded gastroplasty (1365 patients), and gastric bypass (266 

patients).

b
Differences between the treatment groups were tested using t-tests (continuous variables) or Fisher’s exact tests (categorical variables).
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c
Higher scores represent more cognitive restraint (score range 0–21), disinhibition (score range 0–16), and hunger (score range 0–14).

d
Perceived health: higher scores represent better perceived health (score range 0–100). Social interaction and obesity-related problems: higher 

scores represent more dysfunction (score range 0–100). Overall mood: higher scores represent more positive mood states (score range 1–4). 
Anxiety and depression: higher scores represent more symptoms (score range 0–21).
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Table 2.

Results from multivariate competing risk regression models predicting the risk of non-fatal self-harm and 

suicide in the Swedish Obese Subjects study
a

Surgery + Control (N=4047) Control 
(N=2040)

Surgery 
(N=2007)

Risk factor subHR [95% CI] subHR [95% CI] subHR [95% CI]

Treatment group Control 1.00

Surgery 1.98*** [1.34–2.93]

Study inclusion year 1.07** [1.02–1.12] 1.01 [0.93–1.10] 1.09** [1.03–1.16]

Sex Women 1.00 1.00 1.00

Men 1.24 [0.82–1.88] 0.60 [0.25–1.44] 1.75* [1.07–2.85]

BMI (kg/m2) 0.98 [0.95–1.01] 0.97 [0.91–1.03] 0.98 [0.94–1.02]

Joint pain No 1.00 1.00 1.00

Yes 1.18 [0.77–1.79] 1.76 [0.86–3.60] 0.93 [0.56–1.54]

History of self-harm No 1.00 1.00 1.00

Yes 2.17** [1.22–3.85] 1.14 [0.26–5.02] 2.84** [1.48–5.45]

History of substance abuse No 1.00 1.00 1.00

Yes 0.90 [0.47–1.73] 0.50 [0.12–2.06] 1.08 [0.49–2.36]

History of mental disorder No 1.00 1.00 1.00

Yes 3.11*** [1.95–4.96] 4.00*** [1.80–8.87] 3.11*** [1.79–5.41]

Psychiatric drug use No 1.00 1.00 1.00

Yes 1.77** [1.19–2.64] 1.68 [0.80–3.55] 2.02** [1.25–3.26]

Smoking No 1.00 1.00 1.00

Yes 1.36 [0.93–1.99] 1.38 [0.72–2.63] 1.35 [0.83–2.20]

Alcohol intake (g/day) 1.02 [1.00–1.04] 1.02 [0.99–1.06] 1.02 [0.99–1.05]

Sleep difficulties (awake in 
bed/night, h)

1.35*** [1.18–1.55] 1.52*** [1.25–1.85] 1.27** [1.06–1.52]

Hunger (TFEQ)
b 1.02 [0.97–1.07] 0.99 [0.91–1.07] 1.03 [0.96–1.10]

Perceived health
b 1.00 [0.99–1.01] 0.99 [0.97–1.00] 1.00 [0.99–1.01]

Anxiety
b 1.04 [0.99–1.09] 0.98 [0.90–1.07] 1.06 [0.99–1.13]

Depression
b 0.96 [0.90–1.04] 0.92 [0.81–1.04] 0.98 [0.90–1.07]

Overall mood
b 0.90 [0.52–1.55] 0.80 [0.33–1.97] 0.90 [0.43–1.88]

Obesity-related problems
b 1.00 [0.99–1.00] 1.00 [0.98–1.01] 1.00 [0.99–1.01]

Social interaction
b 1.00 [0.99–1.02] 1.01 [0.99–1.04] 1.00 [0.98–1.01]

***
P<0.001

**
P<0.01

*
P<0.05.

Abbreviations: subHR, sub-hazard ratio; CI, confidence interval; TFEQ, Three-Factor Eating Questionnaire.
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a
Discrimination of the models: Harrel’s C=0.80 (95% CI: 0.76–0.83) for surgery + control, Harrel’s C=0.79 (95% CI: 0.72–0.86) for control, and 

Harrel’s C=0.80 (95% CI: 0.75–0.84) for surgery.

b
Hunger (TFEQ): higher scores represent more hunger (score range 0–14). Perceived health: higher scores represent better perceived health (score 

range 0–100). Social interaction and obesity-related problems: higher scores represent more dysfunction (score range 0–100). Overall mood: higher 
scores represent more positive mood states (score range 1–4). Anxiety and depression: higher scores represent more symptoms (score range 0–21).
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