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Abstract

Introduction: Obesity shows significant association with
depression, elevating morbidity burden. Obesity surgery
(OS) has been proven as an effective therapy, reducing
weight as well as depression prevalence rates, though the
latter decrease appears to be unstable over time. For a better
interpretation of the time trend, data on depression prev-
alence in OS patients for the period before the surgery are
needed. Furthermore, sex-stratified analyses can reveal
potentials for improvements in mental health care in OS
patients. Methods: Claims data from a German statutory
health insurance provider were used for the estimation of
depression prevalence in patients who underwent obesity
surgery in 2012 (n = 340) and controls with (CGO) and
without a diagnosis of obesity (CG; n = 1,700 each). The
controls were matched to OS patients regarding sex, age,
and insurance type. Sex-stratified depression prevalence
was calculated between 2009 and 2015. Results: Overall,
depression rates were higher in women than in men and
increased from 2009 to 2015. Depression prevalence rates
differed significantly between female OS patients and

controls in every year analyzed, e.g., in 2012: 39.4% in OS
(95% Cl: 33.4%-45.5%) vs. 19.8% in CGO (17.6%-22.0%) and
15.4% in CG (13.4%-17.4%). In men, no significant differ-
ences between OS patients and controls could be observed
at any time. After OS, depression prevalence rates dropped
in women, then gradually increased until 2015. Also, in male
OS patients, depression prevalence decreased in the year
after OS and increased in the following years. In both sexes,
the prevalence rates in 2015 did not significantly differ from
the rates in 2012 (year of OS). Conclusions: We found a
decrease in depression prevalence rates in the first year after
OS in both sexes, followed by an increase in the subsequent
2 years. OS appears to have a short-term effect on the
prevalence rates of depression followed by a subsequent
increase paralleling the increase over time found in the non-
OS control groups. Due to the sex-stratified approach, dif-
ferential results in the comparison of depression prevalence
between OS patients and controls became apparent. De-
pression prevalence was significantly increased 3 years
before and after OS compared to controls in women, but not
in men. Measures to perpetuate the decrease in depression
prevalence rates after OS should be implemented during
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Introduction

Obesity is one of the biggest global health burdens of
the 21st century [1]. One in five adults in Europe [1] and
one in four adults in Germany [2] are affected by obesity.
The increase in obesity related disease adjusted life years
is estimated to accelerate and to reach 40% from 2020 to
2030 [3]. Obesity is associated with a large number of
medical conditions such as hypertension, type 2 diabetes,
and cardiovascular diseases [4, 5] as well as with mental
disorders such as anxiety and depression [6, 7]. The
Global Burden of Disease Study shows an immense
impact of obesity and associated diseases on the pop-
ulation health [3, 8].

Obesity surgery (OS) has proven to be an effective
therapy option for individuals with severe obesity with
regard to weight reduction [9] as well as various health
outcomes including mental health [10]. The effects of OS
on depression are described in several reviews and meta
analyses, showing a consistent association of OS with
decreases in the prevalence of depression (8-74% prev-
alence decrease in a meta-analysis of seven studies by
[11]) or reduction in depressive symptoms (large effect in
a review based on 46 studies by [12]). A recent meta-
analysis of 33 included studies shows that OS ameliorates
depression significantly, though in some studies the
symptoms appear to worsen in the long term [13]. It
remains unclear, however, how depression prevalence
develops in the respective general population over time
and whether the increase in the years after OS depicts the
overall trend in the course of depression prevalence rates.

Depression treatment after OS has been analyzed in
several studies as well. Smith et al. [14] could show that OS
was associated with a greater risk of post-operative inci-
dent depression treatment and greater persistence of post-
operative depression treatment. An Australian study based
on registry data, discovered an increase in mental health
service use during mean time of 5 years after obesity
surgery, questioning the effect of OS on mental health [15].
On the other hand, in a survey-based longitudinal as-
sessment of obesity surgery from the USA, a decline in
depression treatment rates after OS was reported [16].

Most studies on depression prevalence were based on
surveys or clinical interviews and reported results on
depression symptoms for baseline (i.e., shortly before OS)
and a certain period after surgery [16, 17]. It is unclear
how depression prevalence rates evolved in the years
prior to OS. To the best of our knowledge, this is the first
study analyzing depression prevalence rates over a time
span of several years before and after obesity surgery, as
well as the first study on OS based on health insurance

Obes Facts 2025;18:227-235
DOI: 10.1159/000543407

228

claims data. Furthermore, previous studies rarely re-
ported depression prevalence rates or symptom severity
results stratified by sex. As Vittengl could show in an
elaborated analysis over three time points, obesity pre-
dicted depression and vice versa in women, but not in
men [18]. Thus, differential effects can be expected de-
pending on sex. The following research questions are
addressed:

1. How did depression prevalence in a patient cohort
undergoing OS develop 3 years before and 3 years after
the surgery, stratified by sex?

2. Did depression prevalence in OS patients differ from
depression prevalence in a matched control group
without OS?

3. Did the development of depression prevalence in OS
patients over time differ from the time trend in
matched controls who did not undergo OS?

Due to the explorative nature of the study and the lack
of literature regarding the prevalence of depression in
certain time periods prior to and following OS, no formal
hypotheses were draw.

Methods

This study is based on claims data of the statutory
health insurance (SHI) provider AOK Niedersachsen
(AOKN), located in Lower Saxony, Germany. AOKN is
the largest SHI provider in Lower Saxony and covers
about 37% of the inhabitants of this state [19]. Mem-
bership of health insurance is mandatory in Germany
with a possibility to choose between private and SHI
above a certain income threshold (about 61 Tsd EUR
gross income p.a. in 2019). Due to the high level of in-
come threshold for private health insurance, about 89% of
the German population are insured within an SHI pro-
vider [20], paying a mandatory insurance fee. The pro-
vision of health services is free of charge, covering a wide
range of services.

Every medical treatment case (inpatient as well as
outpatient) has to be registered to get a refund for services
from a SHI provider. The registration includes in- and
outpatient diagnoses, which are coded according to the
International Classification of Diseases and Related
Health Problems (ICD-10, German Modification [21]).
The data contain sociodemographic variables (sex, birth,
and death year) as well as dated information on inpatient
health care, including specific codes for procedures.
Within German SHI claims data specific procedures are
coded according to the International Classification of
Procedures in Medicine [22], adapted for Germany based
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on the Dutch Extension (ICPM-DE). For accounting
purposes between hospitals and SHI providers, diagnosis-
related groups (DRGs) are also available. These codes
were used for the validation of obesity surgery cases.

Furthermore, it is possible to differentiate between
employed persons, pensioners, unemployed persons, and
family-insured persons. Family insured persons are
spouses of employed persons without their own income
and are insured free of charge. Pensioners include persons
eligible for old age pension as well as disability pension.
The information on insurance status is used for matching
controls to obesity surgery cases.

Time Span of the Analysis

The research question focuses on a comparison of
depression prevalence before and after obesity surgery
events. For such a comparison, obesity surgery cases in
2012 were used as index events. Three years before and
3 years after the surgery event (2009 and 2015) were
defined as observation periods for the analysis of de-
pression prevalence.

Case Selection: Obesity Surgery

The selection criteria for the obesity surgery cases were
discussed with experts in the field of obesity and obesity
surgery (i.e., surgeons and mental health professionals).
The codes used to identify cases of obesity surgery (sleeve,
bypass and gastric band) are displayed in online suppl.
Table S1 (for all online suppl. material, see https://doi.
0rg/10.1159/000543407).

Sleeve, gastric band, and bypass cases with DRG codes
indicating other causes of health care use than obesity
surgery were excluded from the further analysis (32 cases;
the list of DRG codes for obesity surgery in online suppl.
Table S2). Furthermore, ten cases were excluded since
these persons died before the end of the observation
period, resulting in a sample of 340 obesity surgery events
in 2012.

Case Selection: Depression Diagnosis

The criteria for defining depression cases are based on
published analyses of depression based on German SHI
claims data [23] and include the diagnoses F32 (depressive
episode), F33 (recurrent depressive disorder), and F34.1
(dysthymia). A case was excluded if diagnoses F30 (maniac
episode) or F31 (bipolar affective disorder) were coded for
the same person due to exclusion of obesity surgery for
patients with unstable psychopathological states [24].

For outpatient diagnoses, a validation procedure was
applied for the definition of depression cases as it is usual
for SHI claims data [25]. First, only cases with a diagnosis
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label “confirmed” were used. Second, if a diagnosis ap-
peared only in outpatient data, a confirmation through a
repeated diagnosis in another quarter of the same year
was required. Diagnoses documented in hospitals did not
require confirmation.

Control Groups and Matching Procedure

For the comparison of depression prevalence in per-
sons with obesity surgery (OS) with other insured per-
sons, two control groups were defined: (1) persons
without a diagnosis of obesity (E66) at any time between
2009 and 2015 (CG) and (2) persons with the diagnosis of
obesity, but without obesity surgery at any time between
2009 and 2015 (CGO). All cases analyzed (obesity surgery
cases and controls) had to be insured at AOKN in 2012.
In other years between 2009 and 2015, the number of
insured persons constituted the denominator for the
calculation of prevalence rates. Out of both groups,
controls were drawn according to sex, age (single year),
and insurance status in proportion 1:5 (340 cases and
1,700 controls for each group). The matching was per-
formed using the Stata module ccmatch [26].

The analyses were performed with STATA 16 PM and
visualized in Excel. For the comparison of depression
prevalence rates, a proportion test with 95% CI was used.

Results

In Table 1, the structure of the sample with obesity
surgery events in 2012 (OS), as well as insured population
without the diagnosis of obesity (basis for drawing CG)
and insured population without obesity surgery, but with
the diagnosis of obesity (basis for drawing CGO) is
displayed before the matching procedure was applied. In
online supplementary Table S3, the distribution of obesity
surgery events by type of surgery and sex is displayed.

The proportion of women is higher in the sample with
OS than in the group without OS before matching.
Furthermore, the age structure differs between the three
groups in the insurance population. Patients with OS are
younger than insured persons with a diagnosis of obesity
(but without surgery). Regarding the insurance status,
differences in proportions of employed, unemployed
persons and pensioners are apparent. Persons with a
diagnosis of obesity are less often employed than insured
persons without a diagnosis of obesity. The high pro-
portion of pensioners within the population constituting
CGO can be explained by the higher median age.

After the application of the matching procedure, the
structure of the control groups was exactly equal to the
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Table 1. Sociodemographic structure

of the sample and populations used 05 Population Population with
for drawing control groups with ‘é‘”thOUtCG* 526{5 but W'Ctggﬂi
and without the ICD-10 diagnosis of 66 (—CG") 66 (— )
obesity patients with insured persons without obesity surgery
obesity
surgery without E66 with E66
Patients, n 340 1,364,080 620,651
Sex (female) 251 74% 648,876 48% 375,818 61%
Age, median (IQR) 44 36-51 46 30-61 54 41-68
Insurance status
Employed 146 43% 733,921 54% 257,144 41%
Family insured 65 19% 112,857 8% 72,832 12%
Pensioners 68 20% 313,465 23% 214,100 34%
Unemployed 46 14% 99,921 7% 50,316 8%
Others 15 4% 103,916 8% 26,259 4%

structure of the sample with obesity surgery regarding
sex, age, and insurance status. The number of OS cases
was 340 persons and 1,700 persons in each control group
(CG and CGO) in 2012. Since the criterion of continuous
insurance throughout 2009 and 2015 was not applied due
to a possible bias [27], the denominator can differ de-
pending on the year of the prevalence calculation.
Minimum and maximum case numbers for cases and
controls are displayed in the legend of the figures in 2012;
the denominator is at maximum since all cases and
controls had to be insured in 2012.

Depression prevalence in female patients with obesity
surgery in 2012 is distinctly higher than in both control
groups. Furthermore, the 95% confidence intervals be-
tween the CO and CGO do not overlap, though the gaps
in 2009 and 2014 are very small (0.018 percentage points).
Thus, women with a diagnosis of obesity show signifi-
cantly higher prevalence rates of depression than women
without a diagnosis of obesity. Women undergoing
obesity surgery have almost two times higher depression
prevalence rates than women with a diagnosis of obesity,
but without obesity surgery (Fig. 1).

The prevalence of depression rises in women with obesity
surgery at a faster pace than in the controls. In 2012 (the year
of the surgery), the depression prevalence of OS patients was
about 30% higher than in 2009 (vs. +21% in CGO and +23%
in CG between 2009 and 2012). Proportions tests showed
significant increases in the depression prevalence in OS
(Zp - 0os = —2.0078) and CGO (2, g0z = ~2.1540) and a
tendency for a significant increase in CG: z, - o051 = —1.956)
between 2009 and 2012. After the surgery, the depression
prevalence in female patients with OS fell clearly, though it
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did not reach the level of the controls. In the third year after
surgery, the depression prevalence in female patients after OS
was almost as high as in the year of the surgery.

In both control groups, depression prevalence rates in-
creased steadily over time. For the whole observation period
between 2009 and 2015, the relative increase in depression
prevalence in CG was +38.4% (from 12.5% [95% CI: 10.6%-
14.3%)] to 17.3% [95% CL 15.2%-19.4%]) and in CGO
was +42% (from 16.4% [95% CL 14.3%-18.4%] to 23.3%
[95% CI: 20.9%-25.6%]). These increases over the
whole observation period are statistically significant in
both control groups (CGO: z, . goo1 = —4.099 and CG:
Zp = 0002 = —31228) but not for OS (Zp = 0081 = 17535)
(Fig. 2).

In males, the prevalence of depression is distinctly
lower than in females. The difference between depression
prevalence rates of males and females is significant for all
groups and all years (non-overlapping 95% CI), excluding
only CG in 2011 and 2013. Between male patients with
OS and controls there are no significant differences
in depression prevalence - all confidence intervals
overlap. The relative increase in depression prevalence in
the pre-surgery observation period (+27% from 2009 to
2012) is lower than in women, but similar to male
controls (+26% in CGO and +29% in CG).

Also, in men, there is a drop in depression prevalence
rates in the year after OS. The increase afterward is at a
faster pace compared to women after OS. The depression
prevalence rate in the second year of the post-surgery
observation periods exceeds the prevalence rate in the
year of the surgery (though 95% CI overlap). Similarly for
women, the relative increase between 2009 and 2015 is
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Fig. 1. Depression prevalence in female patients with bariatric surgery (BS), controls with diagnosis of obesity
(CGO), and controls without a diagnosis of obesity (CG), including 95% CI. OS, patients with BS in 2012;
CO, controls without a diagnosis of obesity between 2009 and 2015; CGO, controls with a diagnosis of obesity

between 2009 and 2015.
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Fig. 2. Depression prevalence in male patients with bariatric surgery (BS), controls with diagnosis of obesity
(CGO), and controls without a diagnosis of obesity (CG), including 95% CI. OS, patients with BS in 2012;
CG, controls without a diagnosis of obesity between 2009 and 2015; CGO, controls with a diagnosis of obesity

between 2009 and 2015.
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stronger in control groups (+49% in CG and +86% in
CGO) than in the OS-group (+37%). Only for CGO
(persons with the diagnosis of obesity and without OS)
the increase over time was significant (from 8.0% [95%
CL 5.6%-10.5] to 14.9% [95% CL 11.6%-18.2%];
Zp = 0.003 = -2.99).

Discussion

We estimated depression prevalence rates in patients
undergoing OS in comparison to persons without a diag-
nosis of obesity and persons with a diagnosis of obesity and
without OS over a time span of 7 years. To the best of our
knowledge, this is the first study based on SHI claims data
analyzing OS cases over time. The analyses showed that the
prevalence of depression in women undergoing OS is dis-
tinctly higher than in female controls and in males with and
without OS. Within males, there was no difference in de-
pression prevalence between males with or without a di-
agnosis of obesity. Furthermore, the depression prevalence
dropped slightly in the year after OS in both sexes but
subsequently increased again, reaching rates in the year
when the OS was done or even exceeding them. As con-
cluded in the review by Spirou et al. [28] at the population
level, mental health problems do not disappear after surgery.

The comparison of our results to depression prevalence
rates assessed in previous studies is not easy since different
assessment tools or post-operative periods were used. In a
German sample of OS patients, a reduction of depression
prevalence assessed by Structured Clinical Interviews for
DSM-IV [29] could be observed from 32.7% at baseline to
16.5% and 14.7% at 1 and 2 years post-operative, re-
spectively [17]. Mitchell et al. [16] reported 33% prevalence
of mild-to-severe depressive symptoms according to the
Beck Depression Inventory in OS candidates from ten US
hospitals at baseline and 8.4%, 12.2%, and 15.6% at 1, 2,
and 3 years post-operative, respectively. Another study,
also based on an OS sample from US hospitals, showed
a 45% prevalence of “clinically significant depressive
symptoms” prior to surgery, decreasing to 13% and 18% at
12- and 24-month follow-up [30]. Such consistent post-
operative reductions in depression prevalence of up to 74%
could be confirmed by a meta-analysis on mental health
conditions among patients undergoing obesity surgery
[11]. These reported post-operative reductions in de-
pression prevalence are distinctly stronger than in the
current study. One of the reasons could be selective
dropout of ill persons in follow-up studies [31] which
could be avoided in the current study since SHI claims data
were used. However, some of these studies mentioned
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above also show a tendency for depression prevalence to
rise again after a temporary drop. This is confirmed by
several studies observing the development of mental health
after OS for a longer time period and reporting initial
improvements that deteriorated subsequently. Herpertz
et al. [32] found that 9 years after baseline mental health
was similar or worse than before surgery. A review by Fu
et al. [13] also reported that worsening of mental health
conditions in the long term was observed in some studies.
In our study, however, the initial improvements dis-
appeared already within a 3-year period after OS.
Several studies analyzed proportions of mental health
service use instead of depression prevalence. A comparison
with our results is possible since the case selection criteria
for depression applied in the current study presume mental
health service use being recorded in health insurance claims
data. The prevalence of depression treatment in the OS
sample reported by Mitchell et al. [16] dropped from 40.4%
at baseline to 33.1% and 34.6% 2 and 3 years after surgery.
On the other side, a large Australian registry-based study
reports a post-operative increase in mental health service
use for outpatient as well as inpatient and emergency
services [15] and argues that the benefits of obesity surgery
on the mental health are not clear. Smith et al. [14] report a
greater risk of post-operative depression treatment inci-
dence in a large multisite cohort of US veterans, as well. For
surgical cases with depression treatment at baseline, a slight
decrease in the persistence of depression treatment was
observed which turned out to be weaker than in controls. A
possible explanation for increased use of mental health
services after OS could be more sensitivity to mental health
problems or better follow-up and counseling by health care
professionals after the surgery than before.
Unfortunately, stratified analyses by sex seem rather
rare. None of eleven studies on psychosocial quality of life
after obesity surgery, covered by a systematic review of
Jumbe et al. [33] reported results stratified by sex. Dawes
et al. [11] specify that many studies included in their
meta-analysis used sex as a matching variable as well as
the adjustment factor in the analyses, but do not report
prevalence rates stratified by sex. Since women usually
make up about 70-80% of the OS study population,
stronger decreases might have occurred in previous
studies in female participants than reported overall.
The results of this study confirm a high correlation
between depression and obesity, especially in women.
This could be related to higher body dissatisfaction in
women than in men, e.g, in a study on persons with
binge-eating disorder [34]. The rebound of depression
after OS may endanger the success of surgery or even call
such procedures into question. Long-term monitoring
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and support after surgery with a focus not only on weight
loss and physical health but also on mental health are
therefore of the utmost importance [15, 35].

Strengths and Limitations

As already mentioned, this is the first study analyzing
the prevalence of depression over a time span of 3 years
before and 3 years after obesity surgery. Such a retro-
spective estimation of prevalence rates was possible due to
the use of SHI claims data for the analyses. SHI claims
data show several advantages compared to survey data
[36]. First, no response bias applies to claims data.
Second, the social desirability effect, e.g., answering
survey questions regarding depression diagnosis, is not
existent. Third, morbidity bias does not apply since all
health care services eligible for refund are part of SHI
claims data including health care of highly morbid
persons. Fourth, claims data are well suited for the
analysis of longer time spans as survey data could be
impaired by recall or dropout bias [31].

On the other hand, several limitations apply to this
analysis. Persons with obesity might be undetected in the
data since not all persons with BMI >30 kg/m? visit a
doctor. Thus, it cannot fully be ruled out that some
persons in the control group CG (without a diagnosis of
obesity) might have a BMI >30 kg/m?. Furthermore, there
is no information about the assessment tool used by the
doctors to identify depressive episodes that are coded in
the SHI data. Comparisons with other studies are
therefore possibly hampered. Lastly, insured persons with
depressive symptoms without contact to a doctor cannot
be identified in SHI claims data, which can lead to an
underestimation of the prevalence of depression.

Associations between socioeconomic status and obe-
sity surgery outcomes have been described before [37]. In
the current study, educational attainment is only available
for employed insured persons that would have reduced
the sample to 146 persons. Therefore, socioeconomic
status was not considered for matching purposes.

Conclusions

For the first time, prevalence rates of depression in
obesity surgery patients and matched controls could be
assessed for several years before and after the surgery.
Depression prevalence in female OS patients is signifi-
cantly higher than in controls with and without a diagnosis
of obesity 3 years before and 3 years after OS. For male OS
patients, no significant difference in depression prevalence
was observed between OS patients and controls matched

Prevalence of Depression 3 Years before and
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by sex, age, and insurance status. Depression prevalence
dropped in the first year after obesity surgery in both sexes
and increased afterward, somewhat more rapidly in males.
Mental health problems seem to continue or reemerge
after surgery and can be one of the reasons for obesity
recidivism. Long-term support and mental health care
after obesity surgery is therefore of the utmost importance.
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