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IMPORTANCE Obesity is associated with numerous psychosocial complications, making
psychiatric safety a consideration for treating people with obesity. Few studies have
investigated the psychiatric safety of newly available antiobesity medications.

OBJECTIVE To evaluate the psychiatric safety of subcutaneous semaglutide, 2.4 mg, once
weekly in people without known major psychopathology.

DESIGN, SETTING, AND PARTICIPANTS This post hoc analysis of pooled data from the
randomized, double-blind, placebo-controlled, multicenter phase 3a STEP 1, 2, and 3 trials
(68 weeks; 2018-2020) and phase 3b STEP 5 trial (104 weeks; 2018-2021) included adults
with overweight or obesity; STEP 2 participants also had type 2 diabetes. Trial designs have
been published previously.

INTERVENTIONS Semaglutide, 2.4 mg, vs placebo.

MAIN OUTCOMES AND MEASURES Depressive symptoms and suicidal ideation/behavior were
assessed using the Patient Health Questionnaire (PHQ-9) and Columbia–Suicide Severity
Rating Scale, respectively. Psychiatric and nervous system disorder adverse events were
investigated.

RESULTS This analysis included 3377 participants in the STEP 1, 2, and 3 trials (2360 women
[69.6%]; mean [SD] age, 49 [13] years) and 304 participants in STEP 5 (236 women [77.6%];
mean [SD] age, 47 [11] years). In the STEP 1, 2, and 3 trials, mean (SD) baseline PHQ-9 scores
for the semaglutide, 2.4 mg, and placebo groups were 2.0 (2.3) and 1.8 (2.3), respectively,
indicating no/minimal symptoms of depression. PHQ-9 scores at week 68 were 2.0 (2.9) and
2.4 (3.3), respectively; the estimated treatment difference (95% CI) between groups was
−0.56 (−0.81 to −0.32) (P < .001). Participants treated with semaglutide vs placebo were
less likely to shift (from baseline to week 68) to a more severe category of PHQ-9 depression
(odds ratio, 0.63; 95% CI, 0.50-0.79; P < .001). Based on the Columbia–Suicide Severity
Rating Scale, 1% or fewer of participants reported suicidal ideation/behavior during
treatment, with no differences between semaglutide, 2.4 mg, and placebo. Psychiatric
disorder adverse events were generally balanced between groups. Similar results were
observed in STEP 5.

CONCLUSIONS AND RELEVANCE The results of this post hoc analysis suggest that treatment
with semaglutide, 2.4 mg, did not increase the risk of developing symptoms of depression
or suicidal ideation/behavior vs placebo and was associated with a small but statistically
significant reduction in depressive symptoms (not considered clinically meaningful). People
with obesity should be monitored for mental health concerns so they can receive appropriate
support and care.

TRIAL REGISTRATION ClinicalTrials.gov Identifiers: STEP 1 (NCT03548935), 2 (NCT03552757),
3 (NCT03611582), and 5 (NCT03693430)
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O besity is associated with multiple health complica-
tions, including an increased risk of depressive dis-
orders and other psychiatric illness, particularly in

people with a body mass index (calculated as weight in kilo-
grams divided by height in meters squared) of 40 or greater.1-4

Depression may partially result from the pervasive weight
stigma directed at people with obesity,5,6 although there is a
bidirectional relationship between these conditions in which
depression increases the risk of subsequent weight gain.2,7,8

The increased inflammatory state in people with obesity, which
is a known risk factor for depression, may also contribute to
this relationship.9,10 Obesity-related complications, includ-
ing type 2 diabetes (T2D) and osteoarthritis, further impair
psychosocial status and quality of life.11-13

Concerns about potential psychiatric adverse events (AEs)
in people with clinically significant depression have accom-
panied the development of medications for chronic weight
management,14 which, except for orlistat,15 access brain re-
gions that regulate energy intake and may interact with mood-
influencing pathways.16 Rimonabant was approved for weight
management in Europe in 200617 but was later withdrawn due
to associations with depression and suicidal ideation (SI).18

These risks are formally assessed by regulatory authorities,19,20

and with most medications approved for chronic weight man-
agement, health care professionals are advised to monitor
patients for emerging or worsening psychiatric symptoms, in-
cluding unusual changes in mood.16,21

Semaglutide is a glucagon-like peptide-1 receptor agonist
(GLP-1RA) that is approved globally for weight management
at a once-weekly dosage of 2.4 mg. After 68 weeks, semaglu-
tide, 2.4 mg, produces an approximately 10% to 15% mean
reduction in baseline body weight, which is associated with
clinically meaningful improvements in numerous health
outcomes,21-26 including cardiovascular events in people with
overweight or obesity and a history of a cardiovascular event
(but not T2D).27 Neither semaglutide, 2.4 mg, nor liraglutide,
3.0 mg, another GLP-1RA approved for weight management,
was associated with increased psychiatric AEs vs placebo in
phase 3 trials.21,25,28-30 However, the European Medicines
Agency (EMA) and US Food and Drug Administration (FDA) are
actively monitoring the psychiatric safety of GLP-1RAs follow-
ing postmarketing surveillance reports of depression, SI, and
suicidal behavior in people prescribed these medications for
T2D or weight management.20,31,32 To date, neither agency has
found evidence of a causal association.20,32 This post hoc analy-
sis examines psychiatric data from 4 Semaglutide Treatment
Effect in People With Obesity (STEP) trials to assess symp-
toms of depression, SI, and suicidal behavior, which is criti-
cal for evaluating postmarketing reports of these events in the
general population.

Methods
This post hoc analysis evaluated pooled data from the STEP 1,
2, and 3 trials and data from STEP 5 (Supplement 1, Supple-
ment 2, Supplement 3, and Supplement 4). All trials were
performed at clinical research sites per the Declaration of

Helsinki and Good Clinical Practice guidelines. Respective
protocols were approved by local institutional review boards
and ethics committees.

Overview of the STEP 1, 2, 3, and 5 Trials
Trial Designs and Interventions
Trial designs for STEP 1, 2, 3, and 5 have been reported.22-24,33

These were 68-week phase 3a (STEP 1, 2, and 3) or 104-week
phase 3b (STEP 5) double-blind, placebo-controlled, multi-
center trials. Participants were randomized to receive subcu-
taneous semaglutide, 2.4 mg, once weekly or placebo (2:1 [STEP
1 and 3]; 1:1:1 to semaglutide, 2.4 mg; semaglutide, 1.0 mg; or
placebo [STEP 2]; or 1:1 [STEP 5]) as an adjunct to a lifestyle
intervention. Participants receiving semaglutide, 1.0 mg, in
STEP 2 were excluded from this analysis. In STEP 3, semaglu-
tide, 2.4 mg, was provided as an adjunct to intensive behav-
ioral therapy.23 In all trials, the primary end point was change
in body weight from baseline to the end of treatment.

Participant Screening
Adults with overweight or obesity were recruited and pro-
vided written informed consent; STEP 2 also included adults
with T2D. Validated mental health questionnaires were used
to assess depression (major depressive disorder [MDD]), SI, and
suicidal behavior. The Patient Health Questionnaire (PHQ-9)
is a self-reported, 9-item screening tool that assesses symp-
toms of depression during the previous 2 weeks.34 Total scores
range from 0 to 27. Scores of 0 to 4, 5 to 9, 10 to 14, 15 to 19,
and 20 or greater suggest no/minimal, mild, moderate,
moderately severe, and severe symptoms of depression,
respectively.34 The Columbia-Suicide Severity Rating Scale
(C-SSRS)35 is a clinician-administered questionnaire used
to identify SI and suicidal behavior.36 SI is defined by the
C-SSRS as (1) a wish to be dead; (2) nonspecific active suicidal
thoughts; (3) active SI with any method (no plan) without
intent to act; (4) active SI with some intent to act without a
specific plan; and (5) active SI with a specific plan and intent.
Suicidal behavior was also assessed. Additional C-SSRS meth-
ods are provided in the eMethods in Supplement 5.

Key Points
Question Does treatment with semaglutide, 2.4 mg, once weekly
affect the risk of developing symptoms of depression or suicidal
ideation/behavior vs placebo in people with overweight or obesity
without known major psychopathology?

Findings In this post hoc analysis of the STEP 1, 2, and 3 trials
and STEP 5 trial over 68 and 104 weeks, respectively, there
were no clinically meaningful differences in mean Patient Health
Questionnaire 9 scores throughout the trials between the
semaglutide, 2.4 mg, and placebo groups. The proportion of
participants reporting suicidal ideation/behavior (as assessed
by the Columbia-Suicide Severity Rating Scale) was also similar
between groups.

Meaning The results of this post hoc analysis suggest that
the risk of developing symptoms of depression or suicidal
ideation/behavior was similar between semaglutide, 2.4 mg,
and placebo.
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Exclusion criteria included MDD during the previous 2
years or other severe psychiatric disorders, including, but not
limited to, schizophrenia or bipolar disorder, or a screening
PHQ-9 score of 15 or greater (moderately severe or greater de-
pression), a lifetime suicide attempt, or SI with intent and with/
without a specific plan or suicidal behavior (self-reported or
in medical records) within 30 days before screening. Full in-
clusion and exclusion criteria have been reported.22-24,33

Psychiatric Safety Assessments
Mental Health Questionnaires
The PHQ-9 and C-SSRS were administered at screening (1 week
before randomization); at baseline (week 0); at weeks 12, 20,
36, 52, and 68 in STEP 1, 2, 3, and 5; and at weeks 84 and 104
in STEP 5 only. At each visit, the investigator reviewed the
PHQ-9 and C-SSRS, and neuropsychiatric AEs were assessed
through open-ended questioning. At any visit, participants who
had a PHQ-9 score of 15 or greater or type 4 or 5 SI or suicidal
behavior on the C-SSRS were referred to a mental health pro-
fessional. Investigators could decide whether participants
with a PHQ-9 score of 10 to 14 required referral.

Reporting of Neuropsychiatric AEs
AEs in the system organ classes of psychiatric disorders and
nervous system disorders were identified using predefined
Medical Dictionary for Regulatory Activities coding (version
22.1 [STEP 1, 2, and 3] or 23.1 [STEP 5]; International Council
for Harmonisation of Technical Requirements for Pharmaceu-
ticals for Human Use). AEs included those occurring during
the in-trial period, plus 7 weeks of follow-up after treatment
was discontinued.

Statistical Methods
STEP 1, 2, and 3 had the same trial duration, so data were
pooled; STEP 5 had a longer trial duration, so data were ana-
lyzed separately. PHQ-9 scores, the proportion of partici-
pants reporting SI/suicidal behavior on the C-SSRS, and neu-
ropsychiatric AEs were analyzed using the safety analysis
set (all participants exposed to ≥1 dose of trial product) for the
in-trial period. Changes in PHQ-9 scores while receiving treat-
ment were reported at the end of treatment, as well as cat-
egorical shifts in PHQ-9 scores from baseline to end of treat-
ment. For STEP 1, 2, and 3, the proportion of participants with
AEs and event rates were adjusted using the Cochran-Mantel-
Haenszel method to account for between-trial differences.

Changes in PHQ-9 scores and categorical shifts in PHQ-9
scores from baseline to the end of treatment were analyzed
using analysis of covariance and logistic regression, respec-
tively (with randomized treatment as a factor and baseline
value as a covariate). A multiple imputation approach was
used, and missing data were imputed from end of treatment
measurements from participants in the same treatment group.
No statistical analyses of SI/suicidal behavior were per-
formed, as there were too few events. All analyses were post
hoc and not adjusted for multiplicity. Statistical significance
was defined as P < .05, with no correction for multiplicity.
Statistical analyses were conducted using SAS, version 8.4
(SAS Institute).

Results

Baseline Characteristics
This analysis included 3377 participants in STEP 1, 2, and 3
(pooled data) and 304 in STEP 5 (eFigure 2 in Supplement 5).
Participants were predominantly female (2360 [69.9%] and 236
[77.6%], respectively) and White (2415 [71.5%] and 283 [93.1%],
respectively; race was self-reported) (Table 1). Common co-
morbidities at screening included hypertension (1479 [43.8%]
and 118 [38.8%], respectively) and dyslipidemia (1486 [44.0%]
and 107 [35.2%], respectively).

In STEP 1, 2, and 3 and STEP 5, 533 (25%) and 49 (32%) par-
ticipants receiving semaglutide, 2.4 mg, respectively, and 320
(25%) and 43 (28%) receiving placebo, respectively, reported
concomitant psychiatric disorders (eTable 1 in Supple-
ment 5). Information about antidepressant and other medi-
cation use, as well as concomitant nervous system disorders,
is reported in eTable 1 in Supplement 5.

Psychiatric Safety Assessments
PHQ-9 Total Scores
In-trial changes in mean PHQ-9 scores over time were mini-
mal in both groups (eTable 2 in Supplement 5). In STEP 1, 2,
and 3, mean (SD) PHQ-9 scores at baseline were 2.0 (2.3) and
1.8 (2.3) for the semaglutide, 2.4 mg, and placebo groups, re-
spectively, which at week 68 were 2.0 (2.9) and 2.4 (3.3) (eFig-
ure 1A in Supplement 5). The estimated treatment difference
between groups for change in PHQ-9 scores from baseline to
week 68 was −0.56 (95% CI, −0.81 to −0.32; P < .001), favor-
ing semaglutide, 2.4 mg (eTable 3 in Supplement 5). Mean
scores in both groups increased marginally through week 52
(Figure, A) but remained in the range of no/minimal symp-
toms of depression (eFigure 1A, eTable 2A in Supplement 5).
Results were broadly similar for participants in STEP 5, al-
though not statistically significant (estimated treatment
difference, −0.20; 95% CI, −0.98 to 0.59; P < .63) (Figure, B;
eFigure 1B, eTable 2B, and eTable 3 in Supplement 5).

In STEP 1, 2, and 3, participants assigned to semaglutide,
2.4 mg, who lost less than 5% of their body weight from base-
line to week 68 had a mean (SD) increase of 0.5 (3.5) points on
the PHQ-9 at end of treatment, similar to the mean (SD) in-
crease of 0.8 (3.5) points in placebo-treated participants.
eTable 4 in Supplement 5 shows additional data by percent-
age body weight loss.

Categorical Shift in PHQ-9 Scores
The categorical shifts in PHQ-9 scores from baseline to end of
treatment for STEP 1, 2, and 3 and STEP 5 are summarized in
Table 2. In STEP 1, 2, and 3, among the 1697 participants treated
with semaglutide, 2.4 mg, who reported no/minimal symp-
toms of depression at baseline, 1520 (89.6%) reported the same
at week 68, 147 (8.7%) reported mild symptoms, 22 (1.3%) mod-
erate symptoms, and 8 (0.5%) moderately severe or severe
symptoms (Table 2). A similar but somewhat less favorable pat-
tern was observed in those receiving placebo. From baseline
to week 68, participants receiving semaglutide, 2.4 mg, vs
placebo were less likely to shift to a more severe category of
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depression on the PHQ-9 (odds ratio [OR], 0.63; 95% CI, 0.50-
0.79; P < .001) (eTable 5 in Supplement 5). Similar but non-
significant findings were observed in STEP 5 (OR, 0.74; 95%
CI, 0.34-1.60; P = .44) (eTable 5 in Supplement 5).

In STEP 1, 2, and 3, examining maximum PHQ-9 scores
occurring at any postbaseline visit, 60 participants (2.9%) as-
signed to semaglutide vs 54 (4.4%) receiving placebo had a
PHQ-9 score of 15 or greater at 1 or more assessments (eTable 6
in Supplement 5). Semaglutide was associated with a re-
duced risk of this outcome (OR, 0.54; 95% CI, 0.37-0.80;

P = .002) (eTable 5 in Supplement 5). Corresponding values in
STEP 5 were 1 (0.7%) and 3 participants (2.0%), respectively
(OR, 0.76; 95% CI, 0.10-5.80; P = .79). Across the trials, 12
(0.6%) and 17 participants (1.4%) receiving semaglutide, 2.4
mg, and placebo, respectively, had a PHQ-9 score of 15 or greater
at the end of treatment.

SI and Suicidal Behavior as Assessed by C-SSRS
In STEP 1, 2, and 3, 30 participants (1.4%) receiving semaglu-
tide, 2.4 mg, and 28 (2.2%) receiving placebo had a history of

Table 1. Baseline Characteristics of Participants in STEP 1, 2, 3, and 5

Characteristic

No. (%)

STEP 1, 2, and 3 (pooled data) STEP 5

Semaglutide, 2.4 mg
(n = 2116)

Placebo
(n = 1261)

Semaglutide, 2.4 mg
(n = 152)

Placebo
(n = 152)

Age, mean (SD), y 48 (13) 50 (13) 47 (12) 47 (10)

Sex

Female 1492 (70.5) 868 (68.8) 123 (80.9) 113 (74.3)

Male 624 (29.5) 393 (31.2) 29 (19.1) 39 (25.7)

Race

American Indian or Alaska Native 22 (1.0) 12 (1.0) 2 (1.3) 1 (0.7)

Asian 298 (14.1) 194 (15.4) 2 (1.3) 0

Black or African American 186 (8.8) 112 (8.9) 7 (4.6) 5 (3.3)

Native Hawaiian or other Pacific Islander 3 (0.1) 3 (0.2) 0 0

White 1517 (71.7) 898 (71.2) 141 (92.8) 142 (93.4)

Other 52 (2.5) 25 (2.0) 0 4 (2.6)

Not applicablea 38 (1.8) 17 (1.3) NA NA

Body weight, kg 104.6 (22.4) 103.4 (21.6) 105.6 (20.8) 106.5 (23.1)

BMI 37.5 (6.7) 37.3 (6.7) 38.6 (6.7) 38.5 (7.2)

Waist circumference, cm 114.4 (14.7) 114.5 (14.6) 115.8 (14.3) 115.7 (15.5)

HbA1c, %b 5.7 (0.3) 5.7 (0.3) 5.7 (0.3) 5.7 (0.4)

Fasting plasma glucose, mg/dLb 95.1 (10.3) 94.6 (10.3) 95.9 (9.5) 95.1 (10.3)

Glycemic status

Normoglycemic 924 (43.7) 488 (38.7) 75 (49.3) 88 (57.9)

Prediabetes 789 (37.3) 371 (29.4) 77 (50.7) 64 (42.1)

Type 2 diabetes 403 (19.0) 402 (31.9) 0 0

Diabetes durationb 8.3 (6.2) 8.1 (6.2) NA NA

Systolic blood pressure, mm Hg 127 (14) 127 (14) 126 (14) 125 (15)

Diastolic blood pressure, mm Hg 80 (9) 80 (10) 80 (9) 80 (10)

Lipids, geometric mean (CV), mg/dL

Total cholesterol 185.1 (21.2) 184.6 (21.5) 188.0 (20.9) 184.8 (18.3)

LDL 105.7 (33.4) 104.8 (34.2) 113.3 (30.1) 112.3 (25.7)

HDL 48.9 (25.2) 47.8 (25.0) 47.8 (25.2) 47.1 (22.5)

VLDL 24.7 (48.6) 26.0 (48.9) 22.3 (46.5) 21.4 (47.4)

Triglycerides 127.5 (50.5) 134.2 (51.3) 114.3 (46.6) 109.7 (47.4)

Kidney function, eGFR, geometric mean (CV),
mL/min/1.73m2c

95.9 (19.9) 94.9 (20.4) 95.7 (17.4) 92.9 (18.2)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); CV, coefficient of variance; eGFR, estimated
glomerular filtration rate; HbA1c, glycated hemoglobin; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; NA, not applicable; VLDL, very
low-density lipoprotein.

SI conversion factors: to convert lipids to mmol/L, multiply by 0.0259; for
glucose to mmol/L, multiply by 0.555; for HbA1c to the proportion of total
hemoglobin, multiply by 0.01; for triglycerides to mmol/L, multiply by 0.0113.

a In the STEP 1, 2, and 3 pooled data, race was recorded as not applicable for
participants from France.

b Participants from STEP 2 did not contribute to HbA1c and fasting plasma
glucose levels. Only participants from STEP 2 contributed to the duration
of diabetes.

c Kidney function data for STEP 5 are from the screening visit (week −1).
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low- to moderate-risk SI as determined by the C-SSRS; corre-
sponding numbers in STEP 5 were 4 (2.6%) and 2 participants
(1.3%), respectively (Table 3). At baseline in STEP 1, 2, and 3, 1
participant receiving semaglutide, 2.4 mg, and 2 receiving
placebo reported SI (low risk) (eResults in Supplement 5). No
participants in STEP 5 reported SI at baseline.

From randomization through end of treatment in STEP 1,
2, and 3, 8 participants (0.4%) receiving semaglutide, 2.4 mg,
and 7 (0.6%) receiving placebo reported incident SI; all but
1 case was characterized as low to moderate risk (Table 3). In
STEP 5, 1 (0.7%) and 2 participants (1.4%) receiving semaglu-
tide, 2.4 mg, and placebo, respectively, reported incident SI.
Twelve of 18 SI cases (67%) had resolved by the end of the trial,
spread evenly across groups; time of onset, nature, severity,
and resolution are reported in eTable 7 in Supplement 5.

One participant who received semaglutide, 2.4 mg, and
acknowledged incident SI (on the C-SSRS at week 36 and as a
serious AE) also reported suicidal behavior (suicide attempt)
at week 36 on the C-SSRS (STEP 1; eTable 7 in Supplement 5).

Thereafter, the participant experienced low-risk SI at week 52.
All reports of SI and suicidal behavior were resolved by the end
of the trial. At baseline, the participant’s PHQ-9 score sug-
gested mild symptoms of depression (total score 6), increas-
ing to moderately severe symptoms (total score 16) at week 36
and returning to 6 at the end of the trial.

SI and Suicidal Behavior as Assessed by AE Reporting
and the PHQ-9
During clinic visits in STEP 1, 2, and 3, 6 participants (0.3%)
receiving semaglutide, 2.4 mg, and 2 (0.2%) receiving pla-
cebo reported AEs of SI (Table 4), 1 of which was classed as a
serious AE in the semaglutide, 2.4 mg, group, as mentioned
previously. No participants in STEP 5 reported these behav-
iors. One participant who received placebo reported a serious
AE of suicide attempt during STEP 1 (Table 4). The partici-
pant had a history of depression and mood swings, and at the
first visit had mild symptoms of depression (PHQ-9 score of
5). The participant did not show worsening on the PHQ-9 or
report SI on the C-SSRS. At visits before and after the attempt,
the PHQ-9 score remained at 2. The participant was hospital-
ized for 2 days.

eTable 6 in Supplement 5 summarizes the number of par-
ticipants who reported “thoughts that you would be better off
dead, or hurting yourself in some way” on the PHQ-9 post-
baseline. In STEP 1, 2, and 3, smaller proportions of partici-
pants receiving semaglutide, 2.4 mg, than placebo acknowl-
edged these thoughts (3.4% vs 5.0%). Conversely, in STEP 5,
a slightly higher proportion of participants treated with sema-
glutide, 2.4 mg, experienced these thoughts vs placebo (2.6%
vs 2.0%).

Neuropsychiatric AEs
Reports of psychiatric disorder AEs were balanced between the
semaglutide, 2.4 mg, and placebo groups in all trials (Table 4;
eTable 8 in Supplement 5), including disorders of sleep, anxi-
ety, and depressed mood. Slight imbalances were observed in
nervous system disorder AEs between treatment groups, driven
mainly by an increased incidence of headaches (STEP 1, 2,
and 3) and dizziness (STEP 1, 2, 3, and 5) in the semaglutide,
2.4 mg, group (Table 4; eTable 9 in Supplement 5).

Discussion
In this post hoc analysis of the STEP 1, 2, 3, and 5 trials, sema-
glutide, 2.4 mg, relative to placebo, was not associated with
increases in clinically significant symptoms of depression or
in SI or suicidal behavior. Occurrence of these events, as as-
sessed by PHQ-9 and C-SSRS, was low in both groups. Across
the 4 trials, only 2.8% and 4.1% of semaglutide-treated and pla-
cebo-treated participants, respectively, had a postbaseline
PHQ-9 score of 15 or greater, which is suggestive of moder-
ately severe or greater symptoms of depression and requires
evaluation by a mental health professional. Both percentages
are consistent with the known risk of depression in people with
obesity in the general population.2-4 Most participants in both
groups reported no change or improvement in their mood dur-

Figure. Patient Health Questionnaire 9 (PHQ-9) Scores Over Time
During the STEP 1, 2, 3, and 5 Trials
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Data are mean PHQ-9 scores over time from baseline to week 68 for STEP 1, 2,
and 3 (A) and to week 104 for STEP 5 (B). Error bars represent the SD of
the mean. Data are for the in-trial period for all participants in the safety
analysis set.
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ing the in-trial period, results that are similar to those ob-
served with behavioral weight loss interventions.14,37,38 Al-
though in some analyses semaglutide, 2.4 mg, showed
statistically greater improvements in depressive symptoms
than placebo, we do not consider these differences to be clini-
cally meaningful.

Incident SI, as assessed by the C-SSRS, was low (≤1%) in
all trials, and no imbalance was observed between treatment
groups, or as ascertained by AE reporting or question 9 of
the PHQ-9. More participants in both groups acknowledged
suicidal thoughts when completing the self-reported PHQ-9
than when responding to the clinician-administered C-SSRS.
This discrepancy appears attributable to patient discomfort
in directly disclosing sensitive information to health care
professionals.39 There were 2 reports of suicide attempts in the
trials, 1 per treatment group. The participant receiving sema-
glutide, 2.4 mg, reported depressive symptoms related to life
stressors; the participant who received placebo had a history
of depression and mood swings, but not SI/suicidal behavior,
and the event was potentially linked to life stressors.

Our findings are consistent with a pooled analysis of 5 trials
(N = 5325) investigating liraglutide, 3.0 mg, another GLP-1RA
approved for chronic weight management.28-30 No differ-
ences were observed in symptoms of depression, SI, or sui-
cidal behavior between recipients of liraglutide, 3.0 mg, and
placebo, as assessed by the same validated measures used in
the STEP trials.29 However, AE reporting revealed a mini-
mally higher rate of SI/suicidal behavior with liraglutide, 3.0
mg, than placebo (0.3% vs 0.1%).29 Other reports have iden-
tified a slightly higher frequency of SI in people receiving sema-
glutide and liraglutide compared with other GLP-1RAs or met-
formin/insulin, although no causality was suggested, and
investigations were deferred to the EMA and FDA.40,41

Randomized clinical trials are critical for understanding
postmarketing reports of depression and suicidality in the gen-
eral population prescribed GLP-1RAs for T2D or weight man-
agement. After reviewing several datasets, the EMA con-
cluded that “the available evidence does not support a causal
association between the GLP-1RAs and suicide and self-
injurious thoughts and actions.”20 The FDA, in a preliminary

Table 2. Categorical Shift in Patient Health Questionnaire 9 (PHQ-9) Score From Baseline to End of Treatment in the STEP 1, 2, 3, and 5 Trialsa,b

STEP 1, 2, and 3: baseline
PHQ-9 category by scorec No. (%)

End of treatment PHQ-9 category at week 68 for semaglutide (n = 1947)
or placebo (n = 1125), No. (%)

None
(0-4)

Mild
(5-9)

Moderate
(10-14)

Moderately severe
(15-19)

Severe
(20-27)

None (0-4)

Semaglutide 1697 (87.2) 1520 (89.6)d 147 (8.7)e 22 (1.3)e 5 (0.3)e 3 (0.2)e

Placebo 999 (88.8) 848 (84.9)d 123 (12.3)e 15 (1.5)e 11 (1.1)e 2 (0.2)e

Mild (5-9)

Semaglutide 215 (11.0) 139 (64.7)f 60 (27.9)d 14 (6.5)e 1 (0.5)e 1 (0.5)e

Placebo 109 (9.7) 61 (56.0)f 38 (34.9)d 6 (5.5)e 3 (2.8)e 1 (0.9)e

Moderate (10-14)

Semaglutide 26 (1.3) 11 (42.3)f 9 (34.6)f 5 (19.2)d 1 (3.8)e 0

Placebo 12 (1.1) 8 (66.7)f 0 4 (33.3)d 0 0

STEP 5: baseline PHQ-9
category by scoreg No. (%)

End of treatment PHQ-9 category at week 104 for semaglutide (n = 141)
or placebo (n = 126), No. (%)

None
(0-4)

Mild
(5-9)

Moderate
(10-14)

Moderately severe
(15-19)

Severe
(20-27)

None (0-4)

Semaglutide 119 (84.4) 110 (92.4)d 8 (6.7)e 1 (0.8)e 0 0

Placebo 113 (89.7) 97 (85.8)d 12 (10.6)e 4 (3.5)e 0 0

Mild (5-9)

Semaglutide 21 (14.9) 15 (71.4)f 4 (19.0)d 1 (4.8)e 0 1 (4.8)e

Placebo 12 (9.5) 9 (75.0)f 2 (16.7)d 1 (8.3)e 0 0

Moderate (10-14)

Semaglutide 1 (0.7) 1 (100)f 0 0 0 0

Placebo 1 (0.8) 1 (100)f 0 0 0 0
a Observed data from the in-trial period. No. represents the number of

participants with an observation at the visit. Percentages are in relation to
participants with respective treatment and PHQ-9 category at baseline.
Participants were excluded if they had a baseline PHQ-9 score of 15 or greater
(suggesting the need for further psychiatric evaluation and treatment).

b See eTable 10 in Supplement 5 for a version of this table with shading relating
to baseline PHQ-9 score.

c For the STEP 1, 2, and 3 trials, the total number of participants with an
improvement was 159 (8.2%) in the semaglutide, 2.4 mg, group and 69 (6.1%)
in the placebo group, the total with no change was 1585 (81.4%) for
semaglutide, 2.4 mg, and 890 (79.1%) for placebo, and the total with

worsening was 194 (10.0%) for semaglutide, 2.4 mg, and 161 (14.3%) for
placebo.

d Experienced no change from baseline values of the PHQ-9 score.
e Experienced worsening from baseline values of the PHQ-9 score.
f Experienced improvement from baseline values of the PHQ-9 score.
g For the STEP 5 trial, the total number of participants with an improvement

was 16 (11.3%) in the semaglutide, 2.4 mg, group and 10 (7.9%) in the placebo
group, the total with no change was 114 (80.9%) for semaglutide, 2.4 mg,
and 99 (78.6%) for placebo, and the total with worsening was 11 (7.8%) for
semaglutide, 2.4 mg, and 17 (13.5%) for placebo.
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evaluation of similar psychiatric events in individuals pre-
scribed GLP-1RAs or similar incretin-based medications, con-
cluded that it had “not found evidence that use of these medi-
cines causes suicidal thoughts or actions.”32 However,
regulators were unable to “definitively rule out that a small
risk may exist” due to the small number of SI/suicidal behav-
ior events in controlled and observational trials; surveillance
and evaluation will continue.32 We encourage clinicians to
monitor mental health in people with overweight or obesity,
including those prescribed semaglutide, 2.4 mg, or similar
medications. This is essential for ensuring that these individu-

als obtain the psychiatric care they require to manage anxi-
ety, depression, and related psychiatric complications, which
may occur in the presence or absence of weight management
interventions.42

Our analysis of SI and suicidal behavior used descriptive
statistics rather than formal hypothesis testing due to an in-
adequate number of events. Other investigators addressed this
challenge by using large, aggregated electronic health rec-
ords. In an observational, retrospective analysis of 52 783 people
receiving semaglutide for weight management, semaglutide,
compared with non–GLP-1RA antiobesity medications, was

Table 3. Proportion of Participants With Suicidal Ideation During the Studies as Assessed
by the Columbia Suicide-Severity Rating Scale (C-SSRS)a

C-SSRS assessment (in trial)

No. (%)

STEP 1, 2, and 3 STEP 5

Semaglutide, 2.4 mg
(n = 2116)

Placebo
(n = 1261)

Semaglutide, 2.4 mg
(n = 152)

Placebo
(n = 152)

Lifetime assessment, No. 2116 1260 152 152

Participants with suicidal ideation 30 (1.4) 28 (2.2) 4 (2.6) 2 (1.3)

Low risk

1. Wish to be dead 23 (76.7) 23 (82.1) 3 (75.0) 2 (100)

2. Nonspecific active suicidal thought 15 (50.0) 13 (46.4) 1 (25.0) 0

Moderate risk

3. Active suicidal ideation with any method (no plan)
without intent to act

5 (16.7) 5 (17.9) 0 0

High risk

4. Active suicidal ideation with some intent to act
without specific plan

0 0 0 0

5. Active suicidal ideation with specific plan and intent 0 0 0 0

At baseline, No. 2104 1248 152 150

Participants with suicidal ideation 1 (0.0) 2 (0.2) 0 0

Low risk

1. Wish to be dead 1 (100) 0 0 0

2. Nonspecific active suicidal thought 0 2 (100) 0 0

Moderate risk

3. Active suicidal ideation with any method (no plan)
without intent to act

0 0 0 0

High risk

4. Active suicidal ideation with some intent to act
without specific plan

0 0 0 0

5. Active suicidal ideation with specific plan and intent 0 0 0 0

Postbaseline, No. 2066 1228 152 146

Participants with suicidal ideation 8 (0.4) 7 (0.6) 1 (0.7) 2 (1.4)

Low risk

1. Wish to be dead 8 (100) 7 (100) 1 (100) 2 (100)

2. Nonspecific active suicidal thought 3 (37.5) 2 (28.6) 0 2 (100)

Moderate risk

3. Active suicidal ideation with any method (no plan)
without intent to act

1 (12.5) 1 (14.3) 0 0

High risk

4. Active suicidal ideation with some intent to act
without specific plan

1 (12.5) 0 0 0

5. Active suicidal ideation with specific plan and intent 0 0 0 0
a Percentages for participants with suicidal ideation are based on participants

with an observation at a visit and percentages for participants answering yes
to C-SSRS questions 1 to 5 are based on participants with suicidal ideation.
Observed data from in-trial period. No. represents the number of participants

with an observation at the visit. Lifetime assessment was performed at
the screening visit. The baseline assessment was at the randomization
visit. Postbaseline is the participant’s worst assessment after the
randomization visit.
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Table 4. Psychiatric and Nervous System Disorder Adverse Events (AEs) by System Organ Class (SOC)
and High-Level Group Term (HLGT)a

AEs by SOC and HLGT

STEP 1, 2, and 3 STEP 5

Semaglutide, 2.4 mg
(n = 2116)

Placebo
(n = 1261)

Semaglutide, 2.4 mg
(n = 152)

Placebo
(n = 152)

No. (%)b
No. of
events Rb No. (%)b

No. of
events Rb No. (%)b

No. of
events Rb No. (%)b

No. of
events Rb

Psychiatric disorders 214 (9.8) 295 9.5 126
(10.5)

168 10.1 26
(17.1)

34 10.6 26
(17.1)

31 10.3

Sleep disorders and
disturbances

74 (3.4) 86 2.8 43 (3.6) 49 3.0 6 (3.9) 7 2.2 5 (3.3) 5 1.7

Anxiety disorders and
symptoms

75 (3.3) 84 2.7 50 (4.2) 52 3.1 11 (7.2) 13 4.0 14 (9.2) 15 5.0

Depressed mood disorders
and disturbances

61 (2.8) 68 2.2 38 (3.2) 40 2.4 7 (4.6) 8 2.5 5 (3.3) 5 1.7

Mood disorders and
disturbances

19 (0.9) 21 0.7 6 (0.5) 7 0.4 1 (0.7) 1 0.3 2 (1.3) 2 0.7

Sexual dysfunctions,
disturbances, and gender
identity disorders

10 (0.4) 10 0.3 2 (0.2) 2 0.1 2 (1.3) 2 0.6 0 0 0

Suicidal and self-injurious
behaviors

6 (0.3) 6 0.2 3 (0.3) 5 0.3 0 0 0 0 0 0

Suicidal ideationc 6 (0.3) 6 0.2 2 (0.2) 4 0.2 0 0 0 0 0 0

Suicide attemptc 0 0 0 1 (<0.1) 1 <0.1 0 0 0 0 0 0

Adjustment disorders 5 (0.3) 5 0.2 5 (0.4) 5 0.3 1 (0.7) 1 0.3 3 (2.0) 3 1.0

Changes in physical
activity

5 (0.2) 5 0.2 0 0 0 0 0 0 1 (0.7) 1 0.3

Cognitive and attention
disorders and
disturbances

3 (0.1) 4 0.1 3 (0.3) 3 0.2 0 0 0 0 0 0

Delirium (including
confusion)

2 (<0.1) 3 <0.1 1 (<0.1) 1 <0.1 2 (1.3) 2 0.6 0 0 0

Manic and bipolar mood
disorders and
disturbances

1 (<0.1) 1 <0.1 0 0 0 0 0 0 0 0 0

Psychiatric and
behavioral symptoms

1 (<0.1) 1 <0.1 2 (0.2) 2 0.1 0 0 0 0 0 0

Communication disorders
and disturbances

1 (<0.1) 1 <0.1 0 0 0 0 0 0 0 0 0

Psychiatric disorders 0 0 0 1 (<0.1) 1 <0.1 0 0 0 0 0 0

Somatic symptom
and related disorders

0 0 0 1 (<0.1) 1 <0.1 0 0 0 0 0 0

Nervous system disorders 644
(29.7)

1220 39.2 262
(21.1)

393 22.7 49
(32.2)

114 35.4 40
(26.3)

91 30.2

Headaches 371
(16.8)

669 21.2 142
(11.7)

185 10.9 23
(15.1)

64 19.9 24
(15.8)

43 14.3

Neurological disorders 307
(14.1)

425 13.7 98 (7.8) 129 7.3 30
(19.7)

41 12.7 15 (9.9) 28 9.3

Spinal cord and nerve
root disorders

39 (1.8) 42 1.4 21 (1.7) 21 1.2 3 (2.0) 3 0.9 6 (3.9) 6 2.0

Peripheral neuropathies 25 (1.2) 27 0.9 23 (1.8) 25 1.4 1 (0.7) 2 0.6 4 (2.6) 6 2.0

CNS vascular disorders 12 (0.7) 15 0.6 4 (0.3) 5 0.2 0 0 0 3 (2.0) 3 1.0

Mental impairment
disorders

11 (0.5) 11 0.4 10 (0.8) 11 0.6 0 0 0 2 (1.3) 2 0.7

Movement disorders,
including parkinsonism

10 (0.4) 11 0.3 3 (0.3) 4 0.2 1 (0.7) 1 0.3 1 (0.7) 1 0.3

Cranial nerve disorders
(excluding neoplasms)

7 (0.3) 7 0.2 0 0 0 1 (0.7) 1 0.3 2 (1.3) 2 0.7

Sleep disturbances 5 (0.2) 5 0.2 1 (<0.1) 1 <0.1 1 (0.7) 1 0.3 0 0 0

Encephalopathies 2 (0.1) 2 <0.1 0 0 0 0 0 0 0 0 0

Structural brain disorders 1 (<0.1) 1 <0.1 0 0 0 0 0 0 0 0 0

Increased intracranial
pressure and
hydrocephalus

1 (<0.1) 2 <0.1 0 0 0 0 0 0 0 0 0

(continued)
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associated with a 73% reduction in the risk of SI during the first
6 months of treatment.43 Similar effects of semaglutide in
relation to incident anxiety and depression were reported in a
nationwide study in Taiwan.44

Other psychiatric safety concerns were not apparent in our
analysis, based on the number and type of AEs reported. The
incidents of anxiety disorders, depression, and sleep disor-
ders and disturbances were broadly similar between groups.
Some nervous system disorders, including dizziness and head-
aches (known AEs of this treatment), were generally more fre-
quent with semaglutide, 2.4 mg, than placebo.21-26 A recent
2-year European database study showed that among 31 444 AE
reports submitted for semaglutide, liraglutide, and tirzepa-
tide, only 1.2% were psychiatric AEs.45

Strengths and Limitations
Strengths of our analysis included its relatively large sample size,
use of randomized clinical trials, and inclusion of well-
validated measures of depressive symptoms, SI, and suicidal
behavior, which were administered frequently. The trials also
had high retention in both treatment arms (eFigure 2 in Supple-
ment 5), thus limiting the risk of bias due to discontinuations.
Limitations included the exclusion of individuals with a life-

time suicide attempt, current high-risk SI, recently diagnosed
MDD, and other clinically significant psychopathology. These
individuals could be among the most vulnerable in the general
population to experiencing psychiatric AEs while taking sema-
glutide, 2.4 mg, or other weight management medications.
A recent pooled analysis found that semaglutide, 2.4 mg, was
safe and effective in patients who at baseline took antidepres-
sant medication.46 Controlled investigations and continued
postmarketing surveillance are needed to assess the safety and
effectiveness of semaglutide, 2.4 mg, and similar medications
in people with obesity and major psychopathology.

Conclusions
This post hoc analysis of the STEP 1, 2, 3, and 5 trials found that
semaglutide, 2.4 mg, did not increase the risk of developing
symptoms of depression, SI, or suicidal behavior relative to pla-
cebo in people with overweight or obesity without known ma-
jor psychopathology. A small number of patients taking sema-
glutide, 2.4 mg, may experience depression or SI, which may
be related to psychosocial complications of obesity or other
factors, including life stressors.

ARTICLE INFORMATION

Accepted for Publication: June 29, 2024.

Published Online: September 3, 2024.
doi:10.1001/jamainternmed.2024.4346

Open Access: This is an open access article
distributed under the terms of the CC-BY-NC-ND
License. © 2024 Wadden TA et al. JAMA Internal
Medicine.

Author Contributions: Dr Goldman had full access
to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.
Concept and design: Egebjerg, Frenkel, Goldman,
Overvad.
Acquisition, analysis, or interpretation of data:
All authors.

Drafting of the manuscript: Wadden, Brown,
Egebjerg, Frenkel, Goldman, McGowan.
Critical review of the manuscript for important
intellectual content: Wadden, Brown, Egebjerg,
Frenkel, Goldman, Kushner, McGowan, Overvad,
Fink-Jensen.
Statistical analysis: Goldman, Overvad.
Administrative, technical, or material support:
Overvad.
Supervision: Frenkel, Overvad.
Other—planning some of the statistical analyses:
Wadden.

Conflict of Interest Disclosures: Dr Wadden
reported grants from Novo Nordisk during the
conduct of the study and personal fees from
Novo Nordisk, advisory board service for
WeightWatchers and Eli Lilly, and grant support
from Eli Lilly outside the submitted work.

Dr Egebjerg reports employment with and being
a shareholder in Novo Nordisk. Dr Brown reported
personal fees from the Research Foundation for
Mental Hygiene Inc and Oui Therapeutics Inc
outside the submitted work. Dr Frenkel reported
personal fees from Novo Nordisk during the
conduct of the study and personal fees from and
being a shareholder in Novo Nordisk outside the
submitted work. Dr Goldman reported employment
with and being a shareholder of Novo Nordisk
during the conduct of the study. Dr Kushner
reported personal fees from Novo Nordisk outside
the submitted work. Dr McGowan reported
personal fees from Novo Nordisk, Eli Lilly, and
Astra Zeneca, grants from Novo Nordisk, and
being a shareholder in Reset Health outside the
submitted work. Dr Overvad reported employment
with Novo Nordisk. Dr Fink-Jensen reported grants

Table 4. Psychiatric and Nervous System Disorder Adverse Events (AEs) by System Organ Class (SOC)
and High-Level Group Term (HLGT)a (continued)

AEs by SOC and HLGT

STEP 1, 2, and 3 STEP 5

Semaglutide, 2.4 mg
(n = 2116)

Placebo
(n = 1261)

Semaglutide, 2.4 mg
(n = 152)

Placebo
(n = 152)

No. (%)b
No. of
events Rb No. (%)b

No. of
events Rb No. (%)b

No. of
events Rb No. (%)b

No. of
events Rb

Neurological disorders
of the eye

1 (<0.1) 1 <0.1 3 (0.2) 3 0.2 0 0 0 0 0 0

Neuromuscular disorders 1 (<0.1) 1 <0.1 0 0 0 0 0 0 0 0 0

Demyelinating disorders 1 (<0.1) 1 <0.1 2 (0.2) 2 0.1 1 (0.7) 1 0.3 0 0 0

Seizures 0 0 0 5 (0.4) 7 0.4 0 0 0 0 0 0

Abbreviations: CNS, central nervous system; R, event rate per 100 patient-years
of observation.
a Data are for the in-trial period for the safety analysis set. No. represents the

number of participants with an observation at the visit. AEs were classed
according to the Medical Dictionary for Regulatory Activities, version 22.1
(STEP 1, 2, and 3) or 23.1 (STEP 5).

b The percentage of participants experiencing an AE and the event rate were
adjusted using the Cochran-Mantel-Haenszel method to account for
differences between trials.

c The AE of suicidal and self-injurious behaviors is displayed by preferred term
in addition to SOC. eTable 8 in Supplement 5 provides the full list of psychiatric
disorder AEs by SOC, HLGT, and preferred term.
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