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1 | INTRODUCTION

Obesity is an increasingly common condition in which excess adipos-
ity leads to several complications, including type 2 diabetes mellitus,
sleep apnea, knee arthritis, and obesity-associated cancers.' ™ Obesity
is also associated with a higher incidence of psychiatric disorders,
particularly depression, with a bi-directional relationship, that is,
depression increasing the risk of obesity and vice versa.® The
pathophysiological mechanisms underlying this association are
extremely complex and currently not fully understood.® An altered
reward system,” inflammatory factors® and dysregulation of the
hypothalamic-pituitary-adrenal axis® are some examples of the possi-
ble factors involved. A weight loss of at least 3%-7% of baseline has
been reported to provide substantial benefits in diabetes prevention
and control of type 2 diabetes” and other complications of obesity;
hence, a 5% weight loss is widely accepted as the minimum threshold
to acknowledge an obesity treatment as satisfactory.® However, it is
unclear whether weight loss may reduce the risk of depression and
improve psychological and emotional well-being. A growing number
of surgical procedures and medications have been approved that are
effective in providing weight loss; some of those, such as Bupropion-
Naltrexone, Phentermine-Topiramate, glucagon GLP-1RAs, and Tirze-
patide, involve a direct drug effect on the central nervous system, and
some concerns have been raised about the possible psychiatric
adverse events of many currently used weight-reducing drugs: there
have been some reports of suicide in people receiving GLP-1RAs,’
although no safety signals in this respect emerged from a
meta-analysis of randomized trials.’®° Concerns about the long-term
psychiatric effects of Phentermine-Topiramate have also been raised,
leading, together with considerations of cardiovascular safety, to the
refusal of approval by the European Medicines Agency (EMA).!!
Moreover, it has been suggested that bariatric surgery may increase
suicidality risk.

All the abovementioned observations suggest that it is crucial to
understand whether weight loss, achieved through various strategies,
positively or negatively influences the psychological or psychiatric
conditions of patients with obesity. The present meta-analysis aimed,
therefore, to assess whether, in patients with obesity, weight reduc-
tion obtained through approved treatments also improves psychologi-

cal well-being.

2 | MATERIALS AND METHODS

This is a post hoc analysis of a meta-analysis performed for the devel-
opment of the European Association for the Study of Obesity (EASO)
GRADE-based guidelines on the pharmacological treatment of obe-
sity. The meta-analysis aimed to verify the efficacy and safety of
EMA-approved obesity management medications in outpatients
affected by overweight or obesity (BMI > 27 kg/m?), in comparison
with either placebo or lifestyle interventions, or no therapy. The full
protocol of the meta-analysis has been registered in the PROSPERO
Database (CRD42024625338 identification code), with the principal

endpoint being total body weight loss at the endpoint, and additional
outcomes being the change in body weight and composition, weight-

related comorbidities, and serious adverse events.

2.1 | Outcomes of interest

The outcomes of our post hoc analysis were: the difference in incident
depression and anxiety between weight loss and control; the improve-
ment in depression, anxiety, functional health status, and quality
of life, as assessed through validated questionnaires; the incidence of

serious and non-serious psychiatric adverse events.

2.2 | Inclusion criteria
Demonstration of a statistically significant, placebo-corrected weight
loss of at least 5% of baseline weight is a valid primary efficacy crite-
rion that a weight-reducing medication should reach to be approved
by the EMA? or the FDA.** Therefore, to be included, a trial should
report the difference in weight loss as a prespecified primary or sec-
ondary endpoint, and detect a weight loss at endpoint which must be
greater than 5% in the intervention arm, and smaller than 5% in the
control arm, thus only including those trials in which the intervention
arm had reached a satisfactory weight reduction, according to most
guidelines, and the control arm did not.*®

Furthermore, the intervention assessed in the trial should be an
EMA-approved pharmacological treatment, an endoscopic bariatric
procedure, or metabolic bariatric surgery for the primary analysis, and
an EMA- or FDA-approved pharmacological treatment, an endoscopic
bariatric procedure, or metabolic bariatric surgery for the secondary
analysis. The control group may consist of any placebo or medication,

sham or actual procedure.

2.3 | Study search

Studies were retrieved through a systematic search on PubMed and
Embase, using “overweight”, “obesity”, and the names of the drugs or
procedures approved for weight loss as keywords (see Table S1, in
the supplementary materials, for the full search string), up to March
1st, 2025. Furthermore, any reference of potential interest retrieved
by the investigators was added to the list of titles to be screened.
Two investigators (G.A.S. and M.M.) independently screened the arti-

cles, whereas conflicts were resolved by a fifth investigator (E.M.).

2.4 | Data extraction

The estimates for the variables of interest (incidence of any psychiat-
ric adverse event at endpoint, means and standard deviations of any
questionnaire scores, trial duration, age at baseline, Body Mass Index

[BMI] at baseline, and percentage of females enrolled) were extracted
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into a predetermined electronic sheet. Data were retrieved from the
principal publication, if available; otherwise, secondary publications
and the clinicaltrials.gov registry were used to retrieve missing data.
Four authors (G.A.S, MM, F.R,, T.V.) independently extracted data,
whereas conflicts were resolved by a fifth investigator (E.M.).

2.5 | Data analysis and quality assessment

Two of the investigators (G.A.S. and M.M.) assessed the risk of bias in
RCTs using the revised Cochrane-recommended tool,® which
includes five specific domains: (1) bias arising from the randomization
process; (2) bias due to deviations from intended interventions; (3) bias
due to missing outcome data; (4) bias in the measurement of the out-
come; (5) bias in the selection of the reported result.

The results of these domains were graded as ‘low’ risk of bias,
‘high’ risk of bias, or ‘uncertain’ risk of bias. The aim was to assess
the effect of assignment to intervention (the ‘intention-to-treat’
effect). For domains 3, 4, 5, the present meta-analysis's primary end-
point, that is, the incidence of psychiatric serious and non-serious
adverse events, was considered as the outcome of interest. Any con-
flicts between the two investigators' evaluations were resolved by a
third investigator (MM). We calculated the Mantel-Haenszel Odds
Ratio [MH-OR] for categorical variables, using random effect models
in case of significant heterogeneity, and a fixed effect model if hetero-
geneity was not relevant. We performed a subgroup analysis for dif-
ferent weight loss medications or procedures: the prespecified
subgroups were GLP-1RAs (Semaglutide and Liraglutide), Tirzepatide,
Bariatric Surgery or Endoscopy (encompassing all the surgical or endo-
scopic approved metabolic and bariatric procedures in Europe), Orli-
stat, and Naltrexone/Bupropion. When a significant difference
between the weight loss and control groups was found, a subgroup
analysis was performed for baseline BMI (a 40 kg/m? threshold, will
be used, to assess whether there is a difference in the effect of weight
loss on mental health between mild to moderate obesity and severe
obesity?”), and the proportion of weight loss achieved at the end of

the trial in the intervention arm.

3 | RESULTS

3.1 | Included studies

Out of 2646 items retrieved through the search of Medline and
Embase, we selected 151 studies after reading titles and abstracts.
However, 122 of these were excluded after reading the full text
because the inclusion criteria were not met (see Figure S1, Table S2).
We therefore identified 30 studies. The characteristics of the included
trials are reported in Table 1. The weight reduction arm consisted of a
pharmacological therapy in studies, of which five were with bariatric
surgery (three with RYGB,*®"2° one with ESG2! and DJBL,?? respec-
tively), one on Orlistat,®® two with Phentermine/Topiramate,z“’25

three Naltrexone/Bupropion,?¢~2 five Tirzepatide,?? 3 and 14 with

GLP1-RAs (six with Liraglutide®*~2? and eight with Semaglutide,*°~+”
respectively). Definitions of psychiatric adverse events were hetero-
geneous across trials: all trials except two??® used the Medical
Dictionary for Regulatory Activities to define adverse events, with
7 and 10 studies also using questionnaire scores as regards to

21,25,27-29,31,33,37,45,46 and suicida|ity,25'29'31‘33‘37'45'46

23,26,28

depression
respectively. In all trials except for three, psychiatric adverse
events were systematically evaluated at each visit; furthermore,

13, 10, and 14 trials assessed depression,21'24’27’30’31’33’37'45’47

24,25,29-31,33,37,45-47 or quallty of Iife’19,20,27,30,33,37741,43,46,47

suicidality
respectively, through specific questionnaires. The risk of bias of the
study is reported in Figures S2 and S3; briefly, the risk of bias was low
to moderate: 13 of the included studies had a mental health-related
prespecified outcome, whereas 17 may have some risk of bias due to
missing outcome data or outcome measurement; furthermore, eight

studies had issues with possible attrition.

3.2 |
events

Psychiatric serious and non-serious adverse

Twenty-seven studies, enrolling overall 38,932 patients, reported at
least one psychiatric adverse event, either as a serious or non-serious
adverse event (AE); funnel plots ruled out publication bias for both
outcomes (Figures S4 and S5); accordingly, Egger's regression did not
detect a significant publication bias (Intercept —0.39, p = 0.34 for any
AE; Intercept —0.16, p = 0.57 for serious AE). When considering only
EMA-approved medication, we did not observe any significant differ-
ence in Psychiatric AE between weight reduction treatments and con-
trols (MH-OR with 95% Cl: 1.09 [0.89, 1.34]), with low heterogeneity
(I? = 40%), without any significant difference across different medica-
tions or procedures (p = 0.36, Figure S6). These findings were con-
firmed when adding phentermine-topiramate (Figure S7), with no
difference between groups (MH-OR 1.14 [0.94, 1.39]), a moderate
heterogeneity (17 = 50%), but no difference across different medica-
tions or procedures (p = 0.45 between groups).

Sixteen studies reported at least one severe psychiatric adverse
event (SAE). Weight loss was not associated with a difference in the
risk for Psychiatric SAE (MH-OR 1.07 [0.78, 1.47]), with low heteroge-
neity (> = 40%), without any significant difference between different
medications or procedures (p = 0.13, Figure S8). When phentermine/
topiramate was also included, the figures remained similar (MH-OR
95% Cl 1.08 [0.79, 1.47]), with p = 0.31 for the difference between

weight-reducing treatments (Figure 1).

3.3 | Depression

We retrieved 18 studies reporting the incidence of depression in
weight loss and control arms; of those, four were performed on GLP-
1RAs, four on surgical or endoscopic procedures, three with Naltrex-
one/Bupropion, one with Orlistat, four with Tirzepatide, and two with

Phentermine-Topiramate. A funnel plot visual analysis ruled out the risk
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TABLE 1 Characteristics of studies included in the meta-analysis.

Study Intervention N Control N Dur BMI Interv Contr
Abu Dayyeh?! ESG 77 LM 110 52 30-40 13.6 0.8
Allison?* Phentermine/Topiramate 751 Pbo 513 56 422 10.9 1.6
Apovian?® Naltrexone/Bupropion 992 Pbo 492 56 36.1 6.4 1.2
Aronne?’ Tirzepatide 335 Pbo 335 52 30.5 5.5 0
Astrup®* Liraglutide 93 Pbo 98 52 34.8 7.5 1.7
Bliddal*° Semaglutide 271 Pbo 136 68 40.3 13.7 32
Caiazzo?? DJBL 49 LM 31 52 >30 9.7 2.1
Cohen?® RYGB 51 LM 49 104 30-35

Davies®® Liraglutide 423 Pbo 212 56 37.2 6 2
Davies*! Semaglutide 807 Pbo 403 68 35.9 9.6 34
Gadde® Phentermine/Topiramate 1492 Pbo 993 56 36.6 9.8 1.2
Garvey>® Liraglutide 195 Pbo 197 56 35.5 5.8 15
Garvey*? Semaglutide 152 Pbo 152 104 38.5 15.2 2.6
Garvey*° Tirzepatide 623 Pbo 315 72 36.1 13.8 33
Greenway?’ Naltrexone/Bupropion 1142 Pbo 569 56 36.1 6.1 1.3
Hollander?® Naltrexone/Bupropion 333 Pbo 169 56 36.4 5.1 1.8
James?® Orlistat 23 Pbo 23 52 375 8.8 2.0
Jastreboff3! Tirzepatide 1896 Pbo 643 72 38 20 3.1
Kadowaki*® Semaglutide 299 Pbo 191 68 319 134 2.1
Leroux®” Liraglutide 1505 Pbo 749 156 38.9 6.1 1.9
Lincoff* Semaglutide 8803 Pbo 8801 104 333 10 0.9
Loomba®2 Tirzepatide 95 Pbo 48 52 35 8.8 0.2
Malhotra®® Tirzepatide 234 Pbo 235 52 39 18.7 2
Mingrone?? RYGB 20 LM 20 520 >30 28.8 4.7
O'Neill®® Liraglutide 103 Pbo 136 52 39.3 8.3 2.3
Rubino®® Semaglutide 253 Pbo 85 68 37.8 15.8 1.9
Schauer® RYGB 50 LM 43 260 27-43 21.7 4.9
Wadden®’ Liraglutide 212 Pbo 206 56 35.6 6.2 0.2
Wadden*® Semaglutide 1306 Pbo 655 68 38 17.6 4.9
Wilding®” Semaglutide 407 Pbo 204 68 37.9 14.9 24

Weight loss (%)

Abbreviations: BMI, body mass index; Contr, control; DJBL, Duodenal-Jejunal Bypass Liner; Dur, mean study duration (in weeks); ESG, endoscopic sleeve
gastroplasty; Interv, intervention; LM, lifestyle modification; N, number of enrolled subjects; Pbo, placebo; RYGB, Roux-en-Y Gastric Bypass. When mean

BMI at baseline is not reported, the reported range is displayed in Italics.

for publication bias (Figure S9), and Egger's regression confirmed the
absence of significant publication bias (p = 0.15, intercept). When
including only the EMA-approved medications, weight-reducing treat-
ment was associated with a significant reduction in the incidence of
depression (MH-OR 0.72 [0.54, 0.97], I?> = 0% Figure $10). Subgroup
analyses did not detect any difference in effect when comparing differ-
ent interventions (p = 0.49 for difference across groups, Figure S10),
or when comparing patients with a baseline BMI lower or higher than
40 kg/m? (p = 0.70 for difference between groups, Figure $11); on the
other hand, a weight loss greater than 10% was associated with a sig-
nificantly lower incidence of depression than a 5%-10% weight loss

(p = 0.04 for difference between groups, Figure 2).

When including also Phentermine-Topiramate, the effect of
weight-reducing treatment was no longer apparent (MH-OR 0.99
[0.78, 1.25], Figure S12), with a significant difference between dif-
ferent interventions (p = 0.02, Figure S12). Phentermine-
topiramate was associated with a significant increase in the risk for
depression in comparison with placebo (MH-OR 1.65 [1.11, 2.46],
Figure S12).

Twenty-five cases of depression were reported as major depres-
sion in nine studies, none of which performed with phentermine-
topiramate: the risk of publication bias was not apparent in the funnel
plot (Figure S13), and treatment for weight loss was associated with a
reduced risk of major depression (MH-OR 0.45, 95% CI [0.21, 0.94]),
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Test for overall effect: Z = 0.47 (P = 0.64)

Favours [Weight Loss]

Test for subgroup differences: Chi? = 5.92, df =5 (P = 0.31), 2= 15.5%

Risk of bias legend

(A) 1. Randomization process

(B) 2. Deviations From Intended Interventions
(C) 3.Missing Outcome Data

(D) 4. Measurement of the outcome

(E) 5. Selection of the reported result

(F) 6. Overall Bias

Favours [control]

Weight Loss Control Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI ABCDEF
10.6.1 GLP1-RA
Bliddal 2024 0 271 1 136 2.6% 0.17 [0.01, 4.11] * ??
Davies 2015 1 423 0 212 0.9% 1.51[0.06, 37.20] * L
Garvey 2022 1 152 0 152 07% 3.02[0.12,74.72] * 7@®
Leroux 2017 3 1505 3 749 5.3% 0.50[0.10, 2.47] * e
Lincoff 2023 59 8803 49 8801 64.0% 1.21[0.82, 1.76] — @@
Rubino 2021 1 253 0 85 1.0% 1.02 [0.04, 25.17] ¢ > 2@
Wadden 2013 1 212 0 206 0.7% 2.93[0.12,72.32] + > @@
Wadden 2021 1 407 0 204 09% 1.51[0.06,37.21] * > [ 1 ]
Wilding 2021 3 1306 1655 1.7%  1.51[0.16, 14.50] > e
Subtotal (95% CI) 13332 11200 77.7%  1.16 [0.82, 1.65] el
Total events 70 54
Heterogeneity: Chiz = 3.29, df = 8 (P = 0.91); I2= 0%
Test for overall effect: Z = 0.85 (P = 0.39)
10.6.2 Surgery or Endoscopy
Abu Dayyeh 2022 0 77 1 110 1.6% 0.47[0.02, 11.71] * > @ 22222
Caiazzo 2020 2 49 0 31 0.8% 3.32[0.15, 71.40] * > @QOOPOE
Subtotal (95% CI) 126 141 24%  1.38[0.20,9.38] —m—
Total events 2 1
Heterogeneity: Chiz = 0.74, df =1 (P = 0.39); I? = 0%
Test for overall effect: Z=0.33 (P = 0.74)
10.6.3 Phentermine-Topiramate
Gadde 2011 1 1492 0 993 0.8% 2.00[0.08 49.10] * > 900000
Subtotal (95% CI) 1492 993 0.8%  2.00[0.08, 49.10] =
Total events 1 0
Heterogeneity: Not applicable
Test for overall effect: Z = 0.42 (P = 0.67)
10.6.4 Naltrexone-Brupopione
Apovian 2013 5 992 6 492 10.5%  0.41[0.12, 1.35] * - 0200
Hollander 2013 2 333 2 169 35%  0.50[0.07,3.61] * 020002
Subtotal (95% CI) 1325 661 14.0%  0.43[0.16,1.20] SEE——
Total events 7 8
Heterogeneity: Chi? = 0.03, df =1 (P = 0.86); > = 0%
Test for overall effect: Z=1.61 (P =0.11)
10.6.5 Orlistat
James 1997 0 23 2 23 32%  0.18[0.01,4.03] * r 2@0®@ 22
Subtotal (95% Cl) 23 23 3.2%  0.18[0.01, 4.03] | —
Total events 0 2
Heterogeneity: Not applicable
Test for overall effect: Z=1.08 (P = 0.28)
10.6.6 Tirzepatide
Aronne 2024 1 335 0 335 07% 3.01[0.12,74.13] * > @00 222
Malhotra 2024 3 234 1 235 13%  3.04[0.31,29.43] > @0@ 222
Subtotal (95% ClI) 569 570 2.0% 3.03[0.48,19.31] |
Total events 4 1
Heterogeneity: Chi2 = 0.00, df =1 (P = 1.00); I? = 0%
Test for overall effect: Z=1.17 (P = 0.24)
Total (95% CI) 16867 13588 100.0% 1.08 [0.79, 1.47] -
Total events 84 66
Heterogeneity: Chiz = 9.94, df = 16 (P = 0.87); 2= 0% 0‘5 0=7 : 1=5 é

FIGURE 1 Difference in risk in psychiatric serious adverse events between weight loss and controls; FDA and EMA approved medications.
M-H, Mantel-Haenszel.
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GLP-1RA Control Odds Ratio Odds Ratio Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI ABCDEF
10.23.1 Weight loss <10%
Apovian 2013 13 992 8 492 104%  0.80[0.33, 1.95] — 002002
Caiazzo 2020 6 49 0 31 05% 9.41[0.51,173.28] T @2R22222
Greenway 2010 9 1142 6 569 7.8%  0.75[0.26, 2.10] — FEREEEE
Hollander 2013 2 333 3 169 39%  0.33[0.06,2.02] — @000~
James 1997 0 23 2 23 24%  018[0.01,403) ———————— T — ?
Leroux 2017 19 1505 12 749 156%  0.79[0.38, 1.63] — @
Lincoff 2023 16 8803 18 8801 17.7%  0.89[0.45,1.74] —— @
Wadden 2013 7 212 4 206 3.9% 1.72[0.50, 5.98] o +
Subtotal (95% Cl) 13059 11040 62.3%  0.89 [0.62, 1.27] ¢
Total events 72 53
Heterogeneity: Chiz = 6.03, df =7 (P = 0.54); I = 0%
Test for overall effect: Z = 0.63 (P = 0.53)
10.23.6 Weight loss>10%
Abu Dayyeh 2022 2 77 12 110  95%  0.22[0.05, 1.00] — @22222
Bliddal 2024 0 271 113 20%  017[0.01,411] ——————— @@ 2 22
Cohen 2020 3 51 4 49 38%  0.70[0.15, 3.32] — @220~
Garvey 2023 0 623 1 315 20%  0.17[0.01,414 ———————— (1 1 Tl
Jastreboff 2022 1 1896 0 643 07%  1.02[0.04, 25.03] (11 I B
Loomba 2024 0 95 3 48 46%  0.07[0.00,1.35] u @@ 22
Malhotra 2024 2 234 3 235 29%  0.67[0.11,4.03] —_—T @@ 27272
Schauer 2017 19 99 11 43 122%  0.69[0.30, 1.61] — @22@2 2
Subtotal (95% Cl) 3346 1579  37.7%  0.45[0.26, 0.78] &
Total events 27 35
Heterogeneity: Chi? = 4.88, df =7 (P = 0.67); 1= 0%
Test for overall effect: Z = 2.86 (P = 0.004)
Total (95% Cl) 16405 12619 100.0%  0.72 [0.54, 0.97] ¢
Total events 99 88

oo - - R0 : : f :
Heterogeneity: Chi? = 13.24, df = 15 (P = 0.58); I2 = 0% P : s 0

Test for overall effect: Z=2.13 (P = 0.03)

Test for subgroup differences: Chi? = 4.23, df = 1 (P = 0.04), I = 76.4%
Risk of bias legend

(A) 1. Randomization process

(B) 2. Deviations From Intended Interventions

(C) 3.Missing Outcome Data

(D) 4. Measurement of the outcome

(E) 5. Selection of the reported result

(F) 6. Overall Bias

Favours Weight Loss Favours Control

FIGURE 2 Difference in the incidence of depression between weight. M-H, Mantel-Haenszel.

without any heterogeneity (I = 0) or difference between different
medications or techniques (p = 0.53, Figure S14).

Three studies, all performed with Bupropion/Naltrexone,
reported Inventory Depression Scale (IDS) scores, showing a signifi-
cant improvement in the active treatment arm (MD 0.83, 95% Cl
[0.46, 1.20], Figure S15).

3.4 | Anxiety

Incident anxiety was reported in 17 studies, with no indication of pub-
lication bias emerging from a funnel plot (Figure S16), and the Egger's
regression confirmed the absence of significant publication bias
(p = 0.98, intercept 0.01). When only EMA-approved medications
were included, without any difference between weight loss treatment
and comparators (MH-OR 1.04, 95% Cl [0.78, 1.39], > =0, p = 0.44
for the difference between interventions, Figure S17). When

Phentermine-Topiramate was included in the analysis (Figure S18),

there was a trend toward an increase in the incidence of anxiety
(MH-OR 1.27, 95% CI [1.00, 1.62], p = 0.05), without significant het-
erogeneity between different interventions (p = 0.10). However,
Phentermine-Topiramate was the only intervention associated with
increased anxiety (MH-OR 1.92, 95% ClI [1.23, 2.99], Figure S18).

3.5 | Suicidal behaviour

Data on suicidal ideation was retrieved in nine studies, without any
apparent publication bias (Figure S19), and the Egger's regression con-
firmed the absence of significant publication bias (p = 0.65, intercept
—0.21); weight-reducing treatment was not associated with any sig-
nificant difference in risk for suicidal ideation in comparison with con-
trols (MH-OR 1.04, 95% CI [0.78, 1.39], Figure S20). Eight cases of
committed suicide were detected in two trials, without any observed
difference in risk between active treatment and comparators (MH-OR
1.33,95% CI [0.36, 4.91], Figure S21).
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3.6 | Functional health status and quality of life

As for the Physical Function domain, nine studies assessed and
reported data for Short Form-36 Physical Function, without any sus-
pected publication bias (Figure S20), and the Egger's regression con-
firmed the absence of significant publication bias (p = 0.36, intercept
2.43), detecting an improvement in the active treatment arm in
respect to comparators (SMD-IV, 95% CI 0.29 [0.14, 0.44]), Figure 3A.
Whereas 10 studies assessed the Impact of Weight Quality Of Life
Physical Function questionnaire, with observed higher scores in the
intervention arm (MD-1V, 95% CI 3.96 [1.60, 6.32], Figure 3B), with a
possible risk for publication bias emerging from the funnel plot
(Figure S21), which was ruled out by the Egger's regression (p = 0.52,
intercept —3.44). Mental well-being was assessed in four trials, enroll-
ing 2998 patients, using the Short Form-36 Mental domain; treatment
for weight loss was associated with higher scores than comparators
(SMD-1V, 95% CI 0.45 [0.37, 0.52], Figure 3C).

3.7 | Grading of evidence

The evidence was graded as moderate for major depression, anxiety,
committed and ideated suicide, and low for functional health status
and quality of life (Table S3).

4 | DISCUSSION

The present meta-analysis shows that treatments inducing weight loss
are not associated with detrimental effects on mental health; con-
versely, when obtained with interventions free from proven negative
psychiatric effects, weight loss is associated with a reduction in the inci-
dence of depression, which is more evident when weight loss is greater
than 10%. These observed results are consistent with a possible detri-
mental effect of excess weight on mental health. From a psychiatric
standpoint, our results suggest an acceptable safety profile for most of
the interventions considered, with no significant increase in psychiatric
adverse events, including the risk of suicidal ideation or attempts. The
only relevant exception is the combination of phentermine/topiramate,
which is associated with increased rates of depression and anxiety. This
particular profile, which emerges from a systematic assessment of avail-
able evidence from clinical trials, supports the decision of the EMA to
deny approval for this treatment. In fact, although individual responses
to different treatments could be variable across individuals, there is a
relatively wide range of alternative drugs or procedures warranting sim-
ilar or greater weight loss with a greater psychiatric safety.*®

The improvement of depressive symptoms was greater in trials
with a wider weight loss, whereas the psychological effects of weight-
reducing treatments appeared to be similar, irrespective of the treat-
ments used. This finding suggests that weight loss per se could have
beneficial effects on mood and psychological well-being.

Overweight and obesity show a bi-directional association with

depression; beyond the neuroendocrine and inflammatory common

mechanisms, psychological factors, such as the lack of self-esteem
and self-efficacy, disturbed body image, and social stigma, may also
play a role in this association, and all these factors could be amelio-
rated by weight loss. Notably, although many of the factors cited
above could also increase levels of anxiety, weight loss does not seem
to have relevant effects on anxiety. Physical function improvement,
which in our meta-analysis is significantly greater in those on weight-
reducing treatments, may contribute to the amelioration of mood,
both directly and through the enhancement of physical activity. On
the other hand, some potential detrimental effects of weight-reducing
treatments on mood seemed to be ruled out. First of all, side effects
of drugs and surgical or endoscopic interventions do not seem rele-
vant in modifying mood and quality of life. Furthermore, the reduction
in food intake, which is the main mechanism through which the treat-
ments included produce a weight reduction, may theoretically worsen
patients' mood by impairing eating as a source of pleasure and reward,
but the results of the present meta-analysis suggest that, in subjects
with obesity enrolled in trials aimed at weight reduction, the reduction
of pleasure associated with eating may not play a decisive role.

Some weight-reducing medications (i.e., orlistat) are devoid of
direct central effects, implicating that any observed psychological
effect is determined by weight loss. However, the paucity of data on
this molecule prevents any definitive conclusions. On the other hand,
other agents could theoretically modify the psychological status of
patients: bupropion has anti-depressant effects, which could be partly
counterbalanced by naltrexone, whereas phentermine could increase
anxiety. The absence of heterogeneity in the psychological effects
across different weight-reducing treatments (excluding phentermine/
topiramate) may also rule out a direct neurotrophic effect of GLP-1
RAs or Tirzepatide on the central nervous system as a determinant of
its beneficial effect on mood, thus suggesting that the observed mood
improvement in those receiving these medications may merely
depend on BMI reduction. On the other hand, weight loss after meta-
bolic surgery is also often associated with an increase in GLP-1
levels*?; therefore, a possible beneficial direct neurotrophic effect of
GLP-1 RAs may still be present, which would be plausible due to
GLP-1R observed effect on neurogenesis in animal models,>® and its
possible interplay with dopamine, glutamate, and y-Aminobutyric acid

neurotransmitter systems in the brain,>*

which may in turn affect
mood improvement. Furthermore, it has been recently observed that
antidepressant medications, such as bupropion, may act through
Brain-Derived Neurotrophic Factor release,® which is also stimulated
by weight loss,”® and GLP-1.>*

Our meta-analysis has some limitations, the most relevant being
the heterogeneity in reporting psychiatric outcomes across different
trials; some studies actively screened patients for suicidality risk,
depression, anxiety, or modifications in quality of life, whereas in most
cases, psychiatric adverse events and outcomes were registered only
in case they emerged during clinical assessments. This necessitates,
firstly, a more systematic assessment of the psychopathological status
of patients enrolled in weight-loss trials; and secondly, the develop-
ment of a psychiatric assessment method that is both accurate and

compatible with internal medicine and non-psychiatric settings.
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(A) SF-36 Mental

Weight reducing treatment Control Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% ClI ABCDEF
10.19.1 GIp1-RA
Leroux 2017 53.5 35 1505 515 6 749 39.0% 0.45[0.36, 0.53] =
Wadden 2021 54.7 53 407 526 6.1 204 34.2% 0.38[0.21, 0.55] -
Subtotal (95% Cl) 1912 953  73.2% 0.43 [0.35, 0.51] ¢
Heterogeneity: Tau? = 0.00; Chi* = 0.51, df = 1 (P = 0.48); I’ = 0%
Test for overall effect: Z = 10.75 (P < 0.00001)
10.19.2 Surgery-Endoscopy
Mingrone RYGB 2021 728 12.6 20 44 194 20 84% 1.73[0.99, 2.46] @22@22
Schauer 2017 79.5 8.71 50 74.8 1048 43 18.4% 0.49 [0.07, 0.90] — A= @22@22
Subtotal (95% CI) 70 63 26.8% 1.07 [-0.14, 2.28] T
Heterogeneity: Tau? = 0.67; Chi? = 8.25, df = 1 (P = 0.004); I = 88%
Test for overall effect: Z = 1.73 (P = 0.08)
Total (95% Cl) 1982 1016 100.0% 0.54 [0.30, 0.78] L 2
Heterogeneity: Tau? = 0.04; Chi? = 12.29, df = 3 (P = 0.006); I* = 76% + t t t

Test for overall effect: Z = 4.40 (P < 0.0001)
Test for subgroup differences: Chi? = 1.06, df = 1 (P = 0.30), I* = 5.4%

(B) SF-36 Physical Function

Comparison better Weight reduction better

Std. Mean Difference

-2 -1 0 2
Control better Weight reduction better

Std. Mean Difference

Risk of Bias

Study or Subgroup Mean SD _Total Mean sD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
10.17.1 Glp1-Ra

Davies 2021 52.1 7.9 807 50.5 9 403 14.8% 0.19[0.07, 0.31] =
Kadowaki 2022 55 45 299 54.3 3.8 101 11.8% 0.16 [-0.06, 0.39] ™

Leroux 2017 50.5 45 1505 48.3 6.5 749 15.5% 0.42[0.33, 0.51] *
Rubino 2021 54.8 57 253 53.2 5 85 11.2% 0.29 [0.04, 0.54] =~
Wilding 2021 53.2 6.9 1306 51.6 7.9 655 15.4% 0.22[0.13, 0.31] i
Subtotal (95% CI) 4170 1993 68.7% 0.27 [0.15, 0.38] [}

Heterogeneity: Tau? = 0.01; Chi2 = 14.00, df = 4 (P = 0.007); I?=71%
Test for overall effect: Z = 4.66 (P < 0.00001)

10.17.2 Surgery-Endoscopy

Mingrone RYGB 2021 724 145 20 20.3 15.4 20 1.9%
Subtotal (95% CI) 20 20 1.9%

Heterogeneity: Not applicable
Test for overall effect: Z = 6.67 (P < 0.00001)

10.17.3 Tirzepatide

Aronne 2024 53.4 5.8 335 53.2 6.5 335 14.0% 0.03 [-0.12, 0.18] T
Jastreboff 2022 53.6 76 1896 51.6 77 643 15.5% 0.26 [0.17, 0.35] ok
Subtotal (95% Cl) 2231 978  29.4% 0.16 [-0.07, 0.38] &

Heterogeneity: Tau? = 0.02; Chi* = 6.54, df = 1 (P = 0.01); I = 85%
Test for overall effect: Z = 1.36 (P = 0.17)

Total (95% CI) 6421 2991 100.0%
Heterogeneity: Tau? = 0.03; Chi* = 61.68, df =7 (P < 0.00001); I* = 89%

Test for overall effect: Z = 3.85 (P = 0.0001)

Test for subgroup differences: Chi? = 38.77, df = 2 (P < 0.00001), I? = 94.8%

(C) IWQOL-Lite Physical Function

Weight reduction better Mean Difference
Total Weight 1V, Random, 95% CI

Control better
Study or Subgrou Mean SD Total Mean

3.41[2.41,4.42)
3.41[2.41, 4.42]

0.29 [0.14, 0.44] ¢

@22@22

Comparison better  Weight reduction better

10.20.1 Naltrexone/Bupropione

Apovian 2013 839 201 992 781 20.1 492 10.9%
Greenway 2010 83 16.5 1142 80.4 17.2 569 11.3%
Subtotal (95% CI) 213 1061 22.3%
Heterogeneity: Tau? = 4.13; Chi? = 5.15, df =1 (P = 0.02); 1= 81%

Test for overall effect: Z = 2.58 (P = 0.010)

5.80 [3.63, 7.97]
260 [0.89, 4.31]
4.13[0.99, 7.26]

10.20.2 GLP-1 RA

Astrup 2012 82 20 93 75.7 23 98  6.7% 6.30 [0.20, 12.40]
Davies 2015 843 204 423 83.3 18 212 10.0% 1.00 [-2.11, 4.11]
Davies 2021 79 233 807 74.8 246 403 10.2% 4.20[1.31,7.09]
Garvey 2020 775 221 195 745 231 197 84% 3.00 [-1.48, 7.48]
Kadowaki 2022 80 19.7 299 T 17.4 101 8.9% 2.30[-1.76, 6.36]
Leroux 2017 80 16.5 1505 75 16.5 749 11.5% 5.00 [3.55, 6.45]
Wilding 2021 78.3 21.2 1306 68.5 20.9 6555 11.6% 9.80 [8.54, 11.06]
Subtotal (95% CI) 4628 8315 67.3% 4.65[1.81,7.48]

Heterogeneity: Tau? = 11.59; Chi? = 51.56, df = 6 (P < 0.00001); I* = 88%
Test for overall effect: Z = 3.21 (P = 0.001)

10.20.5 Tirzepatide

Aronne 2024 80.7 17.2 335 81.6 17.8 335 10.5%
Subtotal (95% Cl) 335 335 10.5%
Heterogeneity: Not applicable

Test for overall effect: Z = 0.67 (P = 0.51)

-0.90 [-3.55, 1.75]
-0.90 [-3.55, 1.75]

Total (95% CI) 7097 9711 100.0%
Heterogeneity: Tau? = 12.04; Chi? = 91.38, df = 9 (P < 0.00001); I2 = 90%
Test for overall effect: Z = 3.29 (P = 0.001)

Test for subgroup differences: Chi? = 9.53, df = 2 (P = 0.009), I = 79.0%
Risk of bias legend

(A) 1. Randomization process

(B) 2. Deviations From Intended Interventions

(C) 3.Missing Outcome Data

(D) 4. Measurement of the outcome

(E) 5. Selection of the reported result

(F) 6. Overall Bias

3.96 [1.60, 6.32]

Mean Difference Risk of Bias
IV, Random, 95% CI ABCDEF
.
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Control better Weight reduction better

FIGURE 3 Difference in quality of life between weight-reducing treatments and comparators; panel A and B: SF-36, short form 36; panel C:
IWQOL-Lite, weight quality of life. IV, inverse variance; SD, standard deviation.
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Furthermore, included trials tend to exclude patients with major pre-
existing psychiatric disorders, which are more often associated with
weight gain, due to the common detrimental lifestyle and the long-
term metabolic effects of psychotropic drugs. Further trials enrolling
also patients with psychiatric conditions are needed to establish the
safety of treatments for obesity in this specific population, often
requiring weight-reducing interventions. The effects of obesity treat-
ments in this specific, but significant portion of the general population
are still not fully addressed. In addition, the short follow-up duration
limits the evaluation of the long-term impact on psychological status,
especially in the case of weight regain. The assessment of the possible
effect of weight regain on mental health is challenging because mental
health diseases such as anxiety or depression may either be a predis-
posing factor of weight regain, due to a reduced adherence to pre-
scribed diet, or its consequence,55 because of the possible detrimental
effect on self-esteem of failure of dietary intervention. The discrimi-
nation of the direction of the effect may not be acknowledged
through observational studies, and it would likely require clinical trials
designed for this purpose.

To better understand the complex interconnection between obe-
sity and psychopathology, future prospective studies should include a
more accurate design with a systematic assessment of mental health
and the evaluation of the neurobiological mechanisms underlying the
relationship between weight loss and mental well-being.
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