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Abstract

Background: Data on early changes in body composition during acute-phase treatment
in adolescents with major depressive disorder (MDD) remain limited. In particular, the
utility of novel anthropometric indices reflecting central and visceral adiposity has not
been explored in this population. This study therefore aimed to examine short-term
clinical outcomes alongside detailed anthropometric measures in drug-naïve adolescent
inpatients receiving fluoxetine-based pharmacotherapy. Methods: Prospective, clinician-
directed, non-randomized inpatient study. Drug-naïve adolescents with severe MDD
(n = 23) received fluoxetine 20 mg/day, with some patients additionally receiving low-dose
quetiapine (100 mg/day) based on clinical indication for six weeks. Depressive symptoma-
tology was evaluated by questionnaires Montgomery–Åsberg Depression Rating Scale
(MADRS) and Children’s Depression Inventory (CDI). Conventional and novel anthro-
pometric indices (BMI, WHtR; BRI, AVI, ABSI, BAI) were examined using the objective
bioimpedance-derived method for body composition. Results: Depressive symptom sever-
ity decreased over the six-week treatment period, with significant improvements observed
on both MADRS and CDI (time effect p < 0.001). Response and remission rates increased
over time in the overall sample. No statistically significant changes were observed in
conventional or novel anthropometric indices across the study period. Conclusions: In this
prospective pilot cohort of adolescent inpatients with MDD, six weeks of fluoxetine-based
pharmacotherapy was associated with improvement in depressive symptoms. No short-
term changes were observed in anthropometric indices; however, given the small sample
size and limited follow-up, these findings should be interpreted cautiously and cannot be
considered definitive evidence of cardiometabolic safety.

Keywords: adolescent major depression; antidepressant therapy; atypical antipsychotics;
anthropometric indices; cardiometabolic risk

1. Introduction
Adolescence is a developmental period characterized by rapid physical, psychological,

and social changes, and is particularly vulnerable to the emergence of psychopathological
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conditions [1]. According to a recent meta-analysis [2], an estimated 18.9% of adolescents
worldwide are currently experiencing moderate to severe depressive episodes, with a
clearly established increasing trend. By the age of 19, approximately 25% of adolescents
worldwide have experienced at least one depressive episode [3]. The most severe depressive
condition, major depressive disorder (MDD), affects approximately 3.7% of adolescents [2].

Adolescent MDD frequently co-occurs with other psychiatric conditions such as
anxiety, conduct disorder, and substance abuse [4,5]. MDD is also an independent risk
factor for chronic somatic disorders [6]. Compared with adults, irritability and affective
lability are associated with a heightened risk of self-harm and suicidal behavior among
adolescents—a leading cause of adolescent mortality worldwide [7–10]. Neurovegetative
symptoms (appetite change, sleep disruption and fatigue) and somatic complaints (such
as headaches and abdominal pain) are also more prevalent [9]. Novel clinical approaches
also highlight self-hatred and, in particular, loneliness as the most prominent features of
adolescent MDD—features that are not overtly captured by the DSM criteria [7,11–13].

The treatment of adolescent MDD consists of a multimodal approach combining
pharmacotherapy with psychoeducation, lifestyle optimization, and psychotherapy [6].
Currently, the only two FDA-approved medications for adolescent MDD are escitalopram
and fluoxetine [14]. A recent retrospective analysis of prescribing patterns [15] noted an
increasing use of antipsychotics (mainly atypical agents such as quetiapine, aripiprazole,
or olanzapine) as adjunctive treatment of adolescent MDD.

Fluoxetine, a selective serotonin reuptake inhibitor (SSRI), is considered the antide-
pressant of first choice for adolescent MDD, boasting the most robust evidence for efficacy,
particularly when combined with psychotherapy [3,16]. As with other SSRIs, the therapeu-
tic benefits of fluoxetine typically emerge gradually over the first 2–6 weeks of treatment.
Initiation can be accompanied by adverse effects such as insomnia and heightened anx-
iety, often termed “activation” or “serotonin activation syndrome”, reported in roughly
11–14% of children and adolescents and associated with early discontinuation [17–20]. In
the acute phase, SSRIs may be associated with modest weight loss [21], however, weight
tends to return to baseline levels and in some cases surpass them after longer-term treatment
(≥6 months) [22]. From an anthropometric standpoint, a 1.5-year follow-up study [23]
in adolescents found a positive (weight-increasing) effect of SSRI use on BMI, visceral
adiposity, and proportional increases in both fat and muscle mass.

In routine inpatient care for adolescents with severe MDD, clinicians often need
to manage acute agitation, insomnia, and anxiety during the initial weeks after start-
ing SSRI treatment, before the therapeutic effects of fluoxetine become evident. From
this perspective, quetiapine at lower doses is widely used in clinical practice to target
these symptoms frequently accompanying depressive episodes in adolescents. Quetiapine
boasts a dose-dependent, multi-receptor pharmacodynamic profile, with well-documented
antidepressant effects at moderate doses (150–300 mg daily), making it a beneficial aug-
menting agent for treatment-resistant or severe MDD. At low doses (sub 100 mg daily),
quetiapine shows antihistaminergic and serotonergic (5-HT2A antagonistic) activity, with
relatively limited dopaminergic D2 receptor occupancy [17,24,25]. Like other atypical
antipsychotics, quetiapine may produce metabolic side effects, particularly weight gain.
According to a recent meta-analysis [26], even low doses of quetiapine led to significant
weight gain; however, other studies [27,28] suggest that the rate of weight gain displays a
dose-dependent behavior.

In adolescent depression, weight- and shape-related changes influence cardiometabolic
risk, self-esteem, and acceptance of pharmacotherapy, making the monitoring of body com-
position during treatment essential. Moreover, unfavorable body composition parameters
are associated with emotional dysregulation, further underscoring the interplay between
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somatic and affective dimensions of depressive disorders [29]. Bioelectrical impedance
analysis (BIA) represents a widely available, noninvasive method for assessing body com-
position, showing good correlation with dual-energy X-ray absorptiometry (DXA) as the
gold standard for body composition assessment [30]. Anthropometric indices determined
by BIA allow us to gain detailed knowledge of body composition. In addition to the widely
used conventional measures (e.g., body mass index-BMI and others), several novel indices
were proposed to better reflect central adiposity and shape. Novel anthropometric indices,
such as a body adiposity index (BAI), a body shape index (ABSI), body roundness index
(BRI), and abdominal volume index (AVI), were developed specifically to capture aspects
of body shape and fat distribution that conventional measures like BMI fail to reflect—
particularly central and visceral adiposity, which are the primary drivers of cardiometabolic
morbidity [31–37]. BAI estimates body fat percentage based on hip circumference and
height; ABSI captures a larger-than-expected waist for a given height and weight (a proxy
for greater visceral adiposity) [38]; BRI quantifies body shape irrespective of height and
often outperforms other indices in predicting total and visceral fat [39,40]; and AVI es-
timates abdominal volume as a proxy for visceral fat and is associated with impaired
glucose tolerance, diabetes, and metabolic syndrome [41]. Collectively, these indices can
improve early detection of abdominal obesity—including in adolescents with normal over-
all weight/BMI—and are particularly relevant in depression, where neuroendocrine and
inflammatory changes, sleep disruption, appetite dysregulation, and medication effects can
shift fat distribution toward a more atherogenic profile [42]. It seems that the assessment
of the anthropometric profile based on traditional and novel indices of body composition
may be crucial for determining the possible cardiometabolic risk in the pharmacotherapy
of depression, particularly in adolescents.

Despite widespread first-line use of fluoxetine and the rising off-label use of low-
dose quetiapine in adolescent MDD, there is limited evidence on their comparative short-
term effects on both depressive symptoms and body composition [43,44]. Therefore, this
study aimed to assess the effect of short-term fluoxetine-based pharmacotherapy on body
composition and depressive symptomatology in adolescent patients with depression.

2. Materials and Methods
2.1. Study Design and Participants

This prospective, clinician-directed, non-randomized comparative study was con-
ducted at the Psychiatric Clinic of Jessenius Faculty of Medicine, Comenius University in
Bratislava and University Hospital Martin (Slovakia). This study, including preparation, dis-
semination and ongoing data preparation collection phases, took place between September
2023 and August 2025. After obtaining approval from the Institutional Ethics Committee of
the Jessenius Faculty of Medicine in Martin, Comenius University in Bratislava, participant
recruitment and data collection activities were conducted. All procedures within the study
complied with the ethical standards of the institutional and national research committees
and with the principles of the Declaration of Helsinki (1964 and its later amendments). The
study protocol was approved by the Ethics Committee of the Jessenius Faculty of Medicine
in Martin, Comenius University in Bratislava (Slovak Republic; approval no. EK 47/2023
and date of approval 18 October 2023). Written informed consent was obtained from each
participant’s legal guardian.

Participants were recruited from inpatients admitted with severe MDD without psy-
chotic symptoms, diagnosed according to DSM-5 criteria [7] and independently confirmed
by two certified child and adolescent psychiatrists. The inclusion criteria were set as follows:
drug-naïve adolescents aged 12–18 years, initiating MDD treatment consisting of fluoxetine
monotherapy (20 mg daily) or fluoxetine plus low-dose quetiapine augmentation (20 mg
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fluoxetine + 100 mg quetiapine daily). The exclusion criteria were set as follows: comorbid
mental disorders such as psychotic illness, manic episodes, anxiety disorders (participants
with MDD who exhibited only mild anxiety symptoms insufficient to warrant an indepen-
dent diagnosis were not excluded), and substance abuse or dependence; endocrinological,
cardiovascular, neurological, or other somatic disorders that contraindicated the regimen
(e.g., clinically significant arrhythmias); known allergic or adverse reactions to the study
medications; and treatment non-adherence.

Of the 46 adolescents initially approached, 11 were excluded prior to enrolment for
not meeting the eligibility criteria after further assessment (Figure 1). A further 12 were
excluded after enrolment owing to treatment change (n = 8), loss to follow-up (n = 2), or
adverse effects (n = 2) which were not associated with metabolic changes. The final study
sample comprised 23 participants (3 boys, 20 girls; age 12–17 years). Patients experienc-
ing depression with acute risk features (e.g., current suicidal ideation/behavior, marked
agitation, severe insomnia) additionally received low-dose quetiapine (100 mg/day). In
the present study, low-dose quetiapine was not primarily intended to function as a direct
antidepressant augmentation agent in the conventional sense (i.e., via mechanisms demon-
strated at >150 mg/day), but rather as an adjunctive intervention aimed at improving sleep
and reducing anxiety and early treatment-related activation.

 

Figure 1. Study flowchart. Abbreviations: MDD—major depressive disorder; CDI—Children’s
Depression Inventory; MADRS—Montgomery–Åsberg Depression Rating Scale.

A six-week assessment window was chosen to capture the acute phase of antidepres-
sant treatment. This interval encompasses the expected onset of SSRI effects (≈2–4 weeks)
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and approaches steady exposure to the active metabolites of both studied drugs, while
remaining early enough to guide decisions on continuation, optimization, or change, consis-
tent with 4–8-week “adequate trial” conventions [45,46]. It also spans the period of greatest
vigilance for adverse effects, yet is short enough to limit attrition and avoid confounding
from maintenance-phase adjustments or pubertal changes.

2.2. Protocol

All adolescents with MDD received fluoxetine 20 mg once daily; with some patients
additionally receiving quetiapine 100 mg daily, titrated in accordance with the low titration
approach by 25 mg increments over the first five days of treatment [47,48]. Moreover,
all participants received standard inpatient psychiatric care, including psychoeducation,
psychological first aid, and regular ward-based therapeutic community activities (e.g.,
morning group meetings). During the whole six-week study period, both dietary intake
and physical activity were largely standardized. All patients received the same hospital-
provided meal plan with fixed caloric content, and the daily ward routine—including
structured activities and rest periods. The controlled inpatient environment substantially
reduced the risk of confounding by differential caloric intake or physical activity levels,
which is a notable strength of the study in the context of body composition assessment.

2.3. Anthropometric Measurement

All anthropometric measurements were examined in a temperature-controlled, quiet
room of the Psychophysiological Laboratory of the Psychiatric Clinic of Jessenius Faculty
of Medicine and University Hospital in Martin, after a light breakfast between 9:00 and
11:30 a.m. Body composition was assessed by using a bioimpedance analyzer (InBody 120,
Biospace Co., Ltd., Seoul, Republic of Korea) with multi-segmental multifrequency (20/100
kHz) bioimpedance analysis via eight tactile electrodes (thumbs, fingers, heels, toes), with
each participant standing during assessment. Detailed analysis of body composition was
performed using proprietary data analysis software (LookinBody 120, version 1.2.2.6). The
following conventional anthropometric parameters were evaluated: weight (kg), height
(cm), waist circumference (WC, cm) and hip circumference (HC, cm), total body water (TBW,
l), protein content (kg), mineral content (kg), overall fat content (kg), muscle content (kg),
body mass index (BMI, kg/m2), body fat percentage (%), visceral fat adiposity (cm2), and
waist-to-height ratio (WHtR). Consecutively, the following novel anthropometric indices
were derived from these measurements:

BAI [39], using hip circumference in centimeters and height in meters:

BAI =
HC

height 1.5 − 18 (1)

ABSI [38] using waist circumference and height in meters, and BMI in kg/m2:

ABSI =
WC

BMI 2/3 × height 1/2 (2)

BRI [31] using waist circumference and height in centimeters:

BRI = 364.2 −

365.5 ×

√
1 −

(
WC

π × height

)2
 (3)
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AVI [41] using waist circumference and hip circumference in centimeters:

AVI =
2 × WC2 + 0.7 × (WC − HC)2

1000
(4)

2.4. Depressive Symptomatology

Depressive symptom severity was assessed using rating scales validated for the
assessment of depressive symptoms in adolescents: the Montgomery–Åsberg Depression
Rating Scale (MADRS) and the Children’s Depression Inventory (CDI).

The Montgomery–Åsberg Depression Rating Scale (MADRS) [49] is a clinician-rated
10-item scale, emphasizing the objective rating of core mood symptoms in MDD. The
MADRS has been specifically designed to detect early treatment-induced changes in de-
pressive symptoms [49–51], a property particularly relevant to our 6-week study window
assessing the early treatment phase. The MADRS has been used as an outcome measure in
multiple adolescent antidepressant randomized controlled trials [52], and is often used as
the primary outcome measure in adult quetiapine augmentation trials [53–55]. Using the
MADRS thus makes our study comparable to the existing literature, which is important
given the near-total absence of adolescent quetiapine augmentation data. The individual
items of the scale are as follows: apparent sadness (No. 1), reported sadness (No. 2), inner
tension (No. 3), reduced sleep (No. 4), reduced appetite (No. 5), concentration difficulties
(No. 6), lassitude (No. 7), inability to feel (No. 8), pessimistic thoughts (No. 9), and suicidal
ideations (No. 10). The items are scored on a seven-point scale from 0, meaning none, to 6,
meaning severe.

The Children’s Depression Inventory (CDI) [56] is a 27-item self-report scale designed
to capture cognitive/affective and functional aspects of youth depression, useful for track-
ing the subjective experience of symptoms over time. Each item contains three statements
from which the subject selects one, with responses scored from 0 to 2 points. The items are
divided into five significantly intercorrelated areas: negative mood (CDI A), interpersonal
problems (CDI B), ineffectiveness (CDI C), anhedonia (CDI D), and negative self-esteem
(CDI E). The individual areas are rated on a scale as follows: CDI A from 0 to 12, CDI B
and CDI C from 0 to 8, CDI D from 0 to 16, and CDI E from 0 to 10. The inclusion of the
CDI alongside the MADRS ensured that both clinician-rated and youth-specific subjective
perspectives on depressive symptom change were captured.

2.5. Statistical Analysis

Data analyses were performed in jamovi (version 1.6.9; The jamovi project, Sydney,
Australia). Normality of variables was assessed using the Shapiro–Wilk test. The repeated-
measures analysis of variance (repeated-measured ANOVA) was used to analyze the effect
of time (baseline, week 6 of treatment), effect of treatment (monotherapy, augmentation),
and mixed effect of time × treatment, with the post hoc Bonferroni test. Data represented
as percentages were evaluated using contingency tables followed by Kendall’s Tau-B (τB)
test. The effect size (partial eta-squared, η2

p) and critical F value for power higher than
0.80 were calculated using G*Power 3.1.9.7 (Dusseldorf University, Dusseldorf, Germany)
post hoc: the computation achieved power for the repeated-measures ANOVA test from
the obtained parameters. According to evaluated data, the critical F value was set at
4.32 with the minimal power at 0.82. Next, threshold values for η2

p (ranged from 0 to 1)
were interpreted as small (around 0.01), medium (around 0.06), and large (around 0.14)
powers [57]. Moreover, false discovery rate and family-wise error were controlled via the
Benjamini–Hochberg adjustment (pBH; q = 0.10). Significance was attributed only to results
meeting three concurrent conditions: p < 0.05, pBH < 0.05, and p < pBH. All data were
parametrically distributed. Data are expressed as mean ± SD in tables and as marginal
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estimated means ± SE in the text. Lastly, a priori sample size calculation was not performed
before study initiation.

3. Results
3.1. Characteristics of the Study Group

The basic descriptive characteristics of the study group are presented in Table 1.

Table 1. Basic descriptive characteristics of the studied groups.

Parameter FLX Monotherapy
Group (n = 16)

AUG Augmentation
Group (n = 7)

ALL Total
Population (n = 23)

Sex 13 girls, 3 boys 7 girls, 0 boys 20 girls, 3 boys
Age (years) 13.9 ± 0.9 15.1 ± 1.6 14.5 ± 1.3

Baseline MADRS 31.1 ± 5.5 32.0 ± 4.1 31.3 ± 5.0
Baseline CDI 25.2 ± 5.8 27.9 ± 4.6 26.0 ± 5.5
Weight (kg) 57.2 ± 11.5 68.3 ± 21.8 60.5 ± 15.7
Height (cm) 164.0 ± 10.7 165.0 ± 4.8 165.0 ± 9.2

Abbreviations: CDI—the self-report Children’s Depression Inventory, MADRS—the Montgomery–Åsberg Depres-
sion Rating Scale.

3.2. Primary Clinical Outcomes
3.2.1. Anthropometric Parameters

Repeated-measures ANOVA revealed no significant effect of time (before therapy
and 6 weeks after therapy) for all anthropometric parameters. All results are presented in
Table 2.

Table 2. Evaluated anthropometric parameters before and after treatment.

Parameter ALL Before
Treatment

ALL After
Treatment F-Statistic

p-Value
Effect of

Time
pBH-Value Sign/N-Sign η2

p-Effect
Size

p-Value
(Post Hoc)

Weight (kg) 60.5 ± 15.7 60.9 ± 15.7 1.03 0.322 0.024 N-sign 0.047 0.322
Total body water (L) 31.4 ± 6.3 31.7 ± 6.1 2.87 0.105 0.006 N-sign 0.120 0.105

Total protein (kg) 9.6 ± 5.6 9.9 ± 6.7 0.19 0.665 0.044 N-sign 0.009 0.665
Total minerals (kg) 3.1 ± 0.6 3.1 ± 0.6 0.42 0.522 0.038 N-sign 0.020 0.522

Overall fat mass (kg) 17.6 ± 10.2 17.5 ± 10.1 0.40 0.536 0.041 N-sign 0.019 0.536
Total muscle (kg) 23.4 ± 5.1 22.4 ± 4.9 3.50 0.076 0.003 N-sign 0.143 0.076

Body fat percentage (%) 27.7 ± 9.0 27.4 ± 8.6 2.24 0.150 0.012 N-sign 0.096 0.057
Visceral fat adiposity (cm2) 81.1 ± 53.9 80.5 ± 53.6 1.50 0.235 0.015 N-sign 0.085 0.235

WHR 0.85 ± 0.06 0.85 ± 0.07 2.37 0.139 0.009 N-sign 0.101 0.139
WC (cm) 79.5 ± 13.5 79.7 ± 13.5 0.78 0.386 0.032 N-sign 0.036 0.386
HC (cm) 93.2 ± 8.4 93.2 ± 8.2 0.09 0.762 0.047 N-sign 0.004 0.762
WHtR 0.48 ± 0.08 0.48 ± 0.08 0.86 0.365 0.026 N-sign 0.039 0.365

BAI 3.2 ± 3.4 3.2 ± 3.5 0.0003 0.987 0.050 N-sign 0.00001 0.987
ABSI 129.0 ± 7.9 129.0 ± 8.0 0.55 0.469 0.035 N-sign 0.025 0.469
BRI 3.2 ± 1.6 3.2 ± 1.6 1.07 0.312 0.021 N-sign 0.049 0.312
AVI 13.1 ± 4.8 13.2 ± 4.9 0.85 0.367 0.029 N-sign 0.039 0.367

BMI (kg/m2) 22.2 ± 4.9 22.4 ± 4.9 1.41 0.248 0.018 N-sign 0.063 0.248

Abbreviations: ALL—total study population, WHR—waist to hip ratio, WC—waist circumference, HC—hip
circumference, WHtR—waist to height ratio, BAI—body adiposity index, ABSI—a body shape index, BRI—body
roundness index, AVI—abdominal volume index, BMI—body mass index, Sign—significant changed data,
N-sign—non-significant changed data, BH—Benjamini–Hochberg correction. Degree of freedom (df) for between-
groups comparisons as well as df for within-group comparisons was 1. For the effect of time, F values and p-values
are provided, and effect size was assessed by partial eta-squared (η2

p), with large effect sizes (>0.14). Data are
considered as statistically significantly different if the following conditions are met at the same time: p < 0.05,
pBH < 0.05, and p < pBH. A p-value < 0.05 (post hoc) indicates statistically significant differences between times
(i.e., before and 6 weeks after therapy).

3.2.2. Depressive Symptomatology

The repeated-measures ANOVA revealed a robust effect of time (before therapy and
6 weeks after therapy) for MADRS total score from 31.5 ± 1.2 to 21.1 ± 1.2 (F = 80.41,
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p < 0.001, pBH = 0.003, with post hoc p < 0.001), as well as CDI total score from 26.5 ± 1.2
to 17.4 ± 0.8 (F = 91.49, p < 0.001, pBH = 0.024, with post hoc p < 0.001). These results
are presented in Table 3. Results derived from individual items of MADRS and CDI are
summarized in Supplementary Material—Table S2.

Table 3. Evaluated MADRS and CDI scores before treatment and six weeks after treatment.

Parameter ALL Before
Treatment

ALL After
Treatment F p-Value Effect

of Time pBH-Value Sign/
N-Sign

η2
p-Effect
Size

p-Value
(Post Hoc)

MADRS
total score 31.3 ± 5.0 20.8 ± 5.4 80.41 <0.001 0.003 Sign 0.793 <0.001

CDI
total score 26.0 ± 5.5 17.1 ± 3.6 91.49 <0.001 0.024 Sign 0.813 <0.001

Abbreviations: ALL—total study population, MADRS—the Montgomery–Åsberg Depression Rating Scale,
CDI—the self-report Children’s Depression Inventory, Sign—significant changed data, N-sign—non-significant
changed data, BH—Benjamini–Hochberg correction. Degree of freedom (df) for between-groups comparisons as
well as df for within-group comparisons was 1. Effect of time, treatment and mixed effect values provided are F
value and p-value and effect size was assessed by partial eta-squared (η2

p), with large effect sizes (>0.14). Data are
considered as statistically significant different as the following conditions are met at the same time: p < 0.05, pBH
< 0.05, and p < pBH. A p-value < 0.05 (post hoc) indicates statistically significant differences between time (i.e.,
before and 6 weeks after therapy).

3.3. Secondary Outcomes

In addition to the primary analysis, we conducted an exploratory evaluation to com-
pare the effects of treatment (monotherapy with fluoxetine (n = 16) versus fluoxetine in
combination with quetiapine (n = 7)). The exploratory analysis showed no significant main
effect of treatment or mixed effect of time × treatment interaction for anthropometric or
MADRS and CDI scores. Patients with MDD treated with fluoxetine alone and patients
with MDD treated with the combination of fluoxetine and quetiapine exhibited similar
trends over the 6-week period, with no statistically superior outcomes for one medication
over the other in the evaluated parameters (p > 0.050). All results are presented in the
Supplementary Material—Tables S1 and S2, and Figure S1.

3.4. Clinical Efficacy and Remission Rates

Moreover, by the study endpoint, all participants demonstrated improvements in
both clinician-rated (MADRS) and self-report (CDI) measures. Overall, on the MADRS,
13.0% (3/23) achieved a ≥50% reduction and 4.3% (1/23) met remission (a Minimal Clin-
ically Important Difference (MCID) defined as MADRS ≤ 12); on the CDI, 4.3% (1/23)
achieved a ≥50% reduction and 17.4% (4/23) met remission (CDI ≤ 14). Responder and
remitter proportions were comparable between monotherapy (n = 16) and augmentation
groups (n = 7): MADRS response 12.5% vs. 14.3% and remission 6.3% vs. 0%; CDI response
0% vs. 14.3% and remission 18.8% vs. 14.3%, respectively. None of the associations between
treatment group and outcome category reached statistical significance (MADRS response
τB = 0.024, p = 0.909; MADRS remission τB = −0.141, p = 0.508; CDI response τB = 0.322,
p = 0.131; CDI remission τB = −0.054, p = 0.799). To further assess clinical impact, the
Number Needed to Treat (NNT) for MADRS response was calculated at 56, indicating a
negligible clinical difference between groups in this exploratory sample.

4. Discussion
In this study, adolescent patients with MDD initiating fluoxetine-based pharmacother-

apy (i.e., fluoxetine monotherapy or fluoxetine + low-dose quetiapine) showed the expected
substantial improvement in clinician-rated and self-reported depressive symptoms. We
observed a higher remission rate on the self-reported CDI than on the clinician-rated
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MADRS indicating earlier subjective improvements relative to objective clinician assess-
ments. This subjective–objective discordance has been linked to greater comorbidity burden
(e.g., personality pathology) and a slower rate of improvement [58].

Our preliminary results show no clear therapeutic superiority of adding 100 mg/day
quetiapine by week 6 on MADRS/CDI change. This aligns broadly with other studies,
although some reports describe benefits at doses as low as 50 mg/day, sustaining de-
bate regarding low-dose utility [44,59]. Sub-therapeutic quetiapine dosing is common
in routine clinical care to target these symptoms such as acute agitation, insomnia, and
anxiety accompanying depressive episodes in adolescents during the initial weeks after
starting SSRI treatment [43,44,60,61]. In our cohort, augmentation with 100 mg quetiapine
did not improve the MADRS sleep (item 4), inner-tension (item 3), or lassitude (item 7)
scores. The discovered lack of sleep improvement is consistent with evidence showing
weak-to-negative hypnotic efficacy at ~100 mg and reports of attenuation (“tolerance”) of
sedative effects over several weeks [62,63]. Moreover, antihistaminergic sedation chiefly
shortens sleep latency and increases somnolence; it does not reliably translate into lower
perceived “sleep disturbance” or psychic anxiety on validated scales at a six-week assess-
ment [64,65]. Early SSRI-related activation may further counterbalance any initial sedative
benefit. Despite these non-significant results, it is important to note that the augmentation
with low-dose quetiapine can be associated with potential adverse effects. Specifically,
quetiapine’s H1-receptor antagonism at low doses produces not only nocturnal sedation
but also residual daytime somnolence, which in adolescents may translate into a cascade
of functional consequences. Impaired daytime alertness directly compromises school con-
centration and academic performance—a domain of central developmental importance
during adolescence. Persistent fatigue may also reduce motivation for social engagement,
contributing to withdrawal from peer interactions and extracurricular activities, thereby
reinforcing the social isolation that is already a hallmark of adolescent MDD. From a treat-
ment perspective, daytime somnolence is a recognized driver of poor medication adherence
and early treatment discontinuation in adolescents, who may attribute the fatigue to the
medication and become reluctant to continue pharmacotherapy. These functional dimen-
sions are not adequately captured by symptom rating scales alone, and therefore future
studies should incorporate measures of daytime functioning, academic performance, and
treatment adherence to fully characterize the risk–benefit profile of low-dose quetiapine
augmentation in this age group.

Weight gain as an adverse effect of psychopharmacotherapy is well recognized, af-
fecting more than 65% of long-term antidepressant users and ranking among the leading
reasons for spontaneous treatment discontinuation [66]. Furthermore, MDD treatment is as-
sociated with increased odds of metabolic syndrome [67]. While fluoxetine alone is known
to have a weight-neutral effect or even lead to a short period of weight loss (according to
appetite blunting, mild nausea, and activation) [68,69], quetiapine use is associated with
weight increases and a heightened cardiometabolic risk [68,69]. In adolescents (relative
to adults), considerable weight gain has been documented even with agents traditionally
deemed “cardiometabolically low-risk” [70], reinforcing the need for intensified anthropo-
metric surveillance. The rate of weight gain in the first month of treatment appears to be
the best predictor of subsequent weight trajectory [71].

Knowledge on short-term weight change during fluoxetine-based pharmacotherapy
at adolescence is sparse (most studies are cross-sectional or focus on long-term outcomes),
and several studies imply modest advantages of novel anthropometric indices over conven-
tional indices [72–76]. Since the often-used BMI is less sensitive to localized change (e.g.,
abdominal fat increase), indices driven by waist geometry have a better chance of moving
in parallel with early central adiposity change. This study used novel waist-based anthro-
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pometric indices (e.g., BRI, AVI, ABSI, and BAI) for monitoring MDD pharmacotherapy in
adolescent patients which were developed specifically to capture aspects of body shape
and fat distribution that conventional measures like BMI fail to reflect—particularly central
and visceral adiposity, which are the primary drivers of cardiometabolic morbidity. These
indices have demonstrated predictive value for hypertension, impaired glucose tolerance,
metabolic syndrome, and cardiovascular events in large epidemiological cohorts, including
in individuals with normal BMI [30,38–40]. In the present study, we employed these indices
as non-invasive, objective proxies for cardiometabolic risk, reasoning that medication-
induced shifts in body fat distribution—even when total weight remains stable—could
signal early unfavorable metabolic remodeling. However, our study revealed no significant
changes in all (conventional as well as novel) evaluated anthropometric indices in ado-
lescents with MDD during short-term fluoxetine-based pharmacotherapy. It is important
to note that averaged baseline visceral adiposity was higher, although not significantly,
in patients treated with fluoxetine plus quetiapine (116.0 cm2 versus 66.3 cm2 in adoles-
cents with MDD treated with fluoxetine alone). Despite these baseline disparities, the
visualization of individual trajectories of the individual anthropometric indices over the
6-week treatment shows a relatively stable magnitude and direction of change reflecting
the persistence of baseline differences not comprising the comparability of the short-term
effects of the selected pharmacotherapy on body composition regardless of initial differ-
ences among the evaluated patients. To sum up, from the cardiometabolic perspective
captured by conventional and novel anthropometric indices, short-term treatment with
fluoxetine and fluoxetine in combination with low-dose quetiapine seems to be relatively
safe; however, these findings warrant further confirmation with a larger, more balanced
sample of MDD adolescents.

Strengths and Limitations

There have been no large controlled trials in the past decade focusing on the effects of
fluoxetine + low-dose quetiapine on body composition in young people with depression,
marking this study as the first of its kind. The strengths of this study include the focus on
major depressive disorder in the vulnerable period of adolescence, a prospective design
with standardized clinician-rated and self-report scaling, and direct comparison of conven-
tional and novel anthropometric indices by objective BIA body composition assessment
with a controlled inpatient environment reducing the risk of confounding by differential
caloric intake or physical activity levels over a clinically meaningful six-week window.

On the other hand, the small and imbalanced sample size is the principal limitation of
this study reducing statistical power of the study. However, the final sample reflects the
number of eligible participants who met the strict inclusion criteria and were available for
recruitment within the defined study period in a naturalistic clinical setting. The primary
intention was to explore treatment outcomes in a real-world context rather than to conduct a
fully powered comparative efficacy analysis. Therefore, our findings should be considered
preliminary and hypothesis-generating for future research with a focus on a larger, more
balanced sample of MDD patients.

Furthermore, the overlap between quetiapine’s primary pharmacological effects (se-
dation, anxiolysis) and several items on both the MADRS and the CDI limit the ability of
this study to distinguish a direct antidepressant signal from secondary score improvement
driven by better sleep or reduced anxiety; future studies should consider incorporating
sleep- and anxiety-specific instruments alongside depression rating scales.

Lastly, comprehensive assessment of cardiometabolic risk should also include bio-
chemical monitoring such as changes in lipid profile, fasting glucose, insulin resistance, or
inflammatory markers. Our study was focused only on body composition changes; how-
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ever, to fully capture the potential cardiometabolic risk, future studies should incorporate
biochemical markers alongside body composition indices.

5. Conclusions
In this prospective, open-label pilot study of 23 drug-naïve adolescent inpatients with

MDD, six weeks of fluoxetine-based pharmacotherapy was associated with reductions
in depressive symptom severity on both the clinician-rated MADRS and the self-report
CDI. Remission rates appeared higher on the CDI than on the MADRS, which may reflect
earlier subjective improvement relative to clinician-assessed recovery. No statistically sig-
nificant changes were observed in conventional or novel anthropometric indices, including
waist-based measures designed to capture early shifts in central and visceral adiposity
(BRI, AVI, ABSI, BAI). However, given the small sample size and short follow-up, these
findings should be interpreted cautiously and cannot be taken as definitive evidence of
cardiometabolic safety. We did not observe a clear additional symptomatic benefit of low-
dose quetiapine augmentation in this small cohort. Overall, these findings are preliminary
and hypothesis-generating, and require confirmation in adequately powered randomized
controlled trials with longer follow-up and comprehensive metabolic assessment.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/psychiatryint7030105/s1, Table S1: Evaluated anthropometric parameters
before and after treatment in both groups; Figure S1: Spaghetti plots illustrating individual trajectories
of anthropometric measures before and 6-weeks after treatment for patients in the AUG group; Table
S2: Evaluated MADRS and CDI scores before treatment and six weeks after treatment in monotherapy
and augmentation groups.
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