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Abstract

Background: Major depressive disorder (MDD) has frequently been associated with in-
flammation; however, the relationship between antidepressant-related side effects and
inflammatory markers remains unclear. This study investigated the associations of antide-
pressant side effects with the neutrophil-to-lymphocyte ratio (NLR), monocyte-to-HDL
ratio (MHR), monocyte-to-lymphocyte ratio (MLR), platelet-to-lymphocyte ratio (PLR),
white blood cell (WBC) count, and C-reactive protein (CRP). Methods: The study included
60 patients aged 18-65 years who met DSM-5 criteria for MDD, had used antidepressants
for at least one month, and developed side effects, together with 60 sociodemographi-
cally matched healthy controls. Complete blood count (CBC), CRP, and HDL levels were
measured from venous blood samples, and NLR, MHR, MLR, and PLR were calculated.
Patients completed the Udvalg Kliniske Undersggelser (UKU) Side Effect Rating Scale,
Clinical Global Impression Scale, Montgomery—Asberg Depression Rating Scale (MADRS),
and Hamilton Anxiety Scale (HAM-A). Only side effects considered medication-related
according to the UKU causality assessment were included. Analyses were performed
using SPSS 24.0. Results: Concentration problems correlated negatively with neutrophil
levels and NLR. Sedation/drowsiness correlated positively with MHR and MLR, and
increased dreaming correlated positively with platelet levels. Weight gain correlated posi-
tively with neutrophil, lymphocyte, and WBC counts and negatively with PLR. Erectile
dysfunction correlated negatively with PLR, orgasmic dysfunction with monocyte levels,
vaginal dryness with neutrophil levels, and physical dependence with NLR. Conclusions:
Antidepressant-related side effects showed several uncorrected associations with periph-
eral inflammatory markers, none of which survived correction for multiple comparisons
(Benjamini—-Hochberg false discovery rate). As the first exploratory investigation of this
relationship, these preliminary, hypothesis-generating findings may inform understanding
of side-effect mechanisms and support future, adequately powered longitudinal studies
aimed at enhancing treatment adherence and reducing relapse and chronicity.

Keywords: antidepressant; side effect; inflammation; depression

1. Introduction

Major Depressive Disorder (MDD) is characterized by depressed mood, anhedonia,
and related symptoms—including changes in appetite and sleep, feelings of guilt or worth-
lessness, and thoughts of death—persisting for at least two weeks, with a marked tendency
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toward relapse and chronicity [1]. MDD is approximately twice as common in women as in
men, has a lifetime prevalence of 5-17%, and is one of the most common psychiatric disor-
ders [2], ranking as the third leading cause of disability worldwide, with prevalence rising
over the past 10-15 years [3]. The World Health Organization has projected that depression
may become the leading contributor to the global disease burden by 2030, underscoring
the need for a better understanding of its underlying mechanisms and treatment-related
outcomes [4].

Although the neurobiology of MDD has been extensively studied, the mechanisms
underlying the disorder remain incompletely understood. Activation of inflammatory
pathways is thought to play a key role in its onset [5]; stress-related elevations in proinflam-
matory cytokines can induce depressive symptoms through changes in neuroendocrine
signaling and neurotransmitter metabolism, and antidepressants appear to normalize cy-
tokine levels in parallel with symptomatic improvement [6]. Depression has also been
linked to increased leukocyte and neutrophil counts, with the neutrophil-to-lymphocyte
ratio (NLR) established as a reliable, low-cost marker of systemic inflammation, while the
platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR), and monocyte-
to-HDL ratio (MHR) are similarly used to assess peripheral inflammatory status in a range
of medical and psychiatric conditions [7,8].

Psychotherapy, neuromodulation, and pharmacotherapy are all effective treatment
modalities in MDD [9,10], and current guidelines recommend antidepressants as first-line
treatment [11,12]. Antidepressant classes in clinical use include tricyclics, selective sero-
tonin reuptake inhibitors, serotonin-norepinephrine reuptake inhibitors, norepinephrine
reuptake inhibitors, and monoamine oxidase inhibitors, among others. However, antide-
pressant use is frequently accompanied by side effects—including gastrointestinal symp-
toms, sexual dysfunction, weight change, tremor, apathy, headache, and insomnia—that
are well documented in the literature. These side effects reduce treatment adherence,
which can in turn lead to treatment failure, relapse, chronicity of depression, additional
complications, increased healthcare costs, lost productivity, and broader impairment in
daily functioning [13,14].

Despite this well-established clinical burden, no previous study has examined whether
interindividual variability in antidepressant side effects is related to systemic inflammatory
activity, even though both depression itself and several of its common side effects (e.g.,
sedation, weight change, sexual dysfunction) plausibly intersect with inflammatory path-
ways. This study therefore investigated the relationship between antidepressant-related
side effects and peripheral inflammatory markers—NLR, MHR, MLR, PLR, WBC count,
and CRP—in patients with MDD who developed side effects after at least one month
of antidepressant treatment, with the aim of clarifying whether inflammatory activity
contributes to the individual variability observed in treatment tolerability.

2. Materials and Methods
2.1. Sample Selection

The study included 60 patients diagnosed with MDD according to DSM-5 criteria who
had been using antidepressant medication for at least one month, along with 60 healthy vol-
unteers. All participants provided written informed consent before enrollment. The study
received approval from the Ethics Committee for Non-Interventional Clinical Research of
Dicle University Faculty of Medicine, with protocol number 65, dated 28 February 2023.

2.2. Inclusion Criteria

Participants were required to meet the following criteria: a diagnosis of MDD ac-
cording to DSM-5 criteria, ongoing antidepressant treatment for at least one month, the
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presence of side effects, an age range of 18-65 years, voluntary participation, and the ability
to provide informed consent.

2.3. Exclusion Criteria

The study excluded participants with any of the following conditions: neurological
disorders, inflammatory or autoimmune diseases, chronic illnesses such as hypertension
or diabetes mellitus, a history of head or spinal trauma, intellectual disability, pregnancy,
active infections, substance or alcohol dependence, or the use of medications other than
psychiatric drugs.

2.4. Assessment Tools

All participants completed a sociodemographic data form. The research team assessed
the patient group using the Udvalg Kliniske Undersogelser (UKU) Side Effect Rating
Scale, the Clinical Global Impression Scale (CGI), the Montgomery—Asberg Depression
Rating Scale (MADRS), and the Hamilton Anxiety Scale (HAM-A). We excluded patients
who did not develop side effects according to the UKU scale from the statistical analysis.
The causality parameter of the UKU scale evaluated the relationship between side effects
and medication, and we included only medication-related side effects in the analysis.
Additionally, the study collected venous blood samples from both the patient and control
groups to analyze inflammatory markers.

2.4.1. Sociodemographic Data Form

This form, designed to evaluate participants’ sociodemographic characteristics, in-
cludes information on age, gender, educational level, marital status, employment status,
personal and family medical history, and alcohol or substance use.

2.4.2. UKU Side Effect Rating Scale

Developed by Lingjaerde et al. in 1987, this scale evaluates the side effects associated
with the use of psychotropic drugs by establishing a causal relationship [15,16]. It assesses
the type, severity, and affected areas of side effects caused by medications [16]. Each UKU
item is rated by the clinician on a four-point ordinal severity scale (0 = not present, 1 = mild,
2 = moderate, 3 = severe), and a separate causality rating classifies whether the item is
probably, possibly, or not related to the current medication. For the primary analysis, only
items rated as medication-related on the causality parameter were retained, and for these
retained items the ordinal severity score (0-3) for each patient who endorsed that side effect
was entered as the correlate in the Spearman analyses; patients who did not endorse a
given side effect did not contribute a value for that item. We treated the 0-3 ordinal severity
score as suitable for Spearman rank-order correlation, which does not require interval-level
measurement, consistent with prior UKU-based studies.

2.4.3. Clinical Global Impression Scale (CGI)

This three-dimensional scale, developed by Guy et al., evaluates the severity of the
illness, the patient’s response to treatment, and adherence to therapy [17]. This study
included the sections “Severity of Illness” and “Efficacy Index” in the analysis.

2.4.4. The Montgomery-Asberg Depression Rating Scale (MADRS)

This scale measures the level and severity of core depressive symptoms in patients.
It consists of a total of 10 items, with each item scored on a scale from 0 to 6. The Turkish
validity and reliability study was conducted by Ozer et al. (2001) [18].
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2.4.5. Hamilton Anxiety Scale (HAM-A)

This scale, developed by Hamilton et al. in 1956, consists of 14 items and aims to
assess anxiety’s psychological and somatic symptoms. The Turkish validity and reliability
study was conducted by Yazic et al. (1998) [19].

2.4.6. Blood Sampling and Laboratory Measurements

CRP, HDL, and CBC were measured using venous blood samples after a 12 h fasting
period. The central laboratory of Dicle University Faculty of Medicine Hospital conducted
the analysis.

2.5. Institutional Review Board Statement

The study was conducted in accordance with the Declaration of Helsinki and approved
by the Ethics Committee for Non-Interventional Clinical Research of Dicle University
Faculty of Medicine (protocol code 65; 28 February 2023).

2.6. Statistical Analysis

Statistical analyses were performed using SPSS for Windows, version 24.0 (SPSS Inc.,
Chicago, IL, USA). Descriptive statistics were expressed as frequency, percentage, mean,
standard deviation, and median. The chi-square test was used to analyze categorical vari-
ables. The Kolmogorov-Smirnov test was used to assess the normality of the distribution of
numerical variables. The independent samples t-test was used for normally distributed vari-
ables, and the Mann-Whitney U test was used for non-normally distributed variables. The
Spearman correlation test was used to examine relationships between numerical variables.
The Benjamini-Hochberg procedure was applied to control the false discovery rate across
the family of correlation tests. A p-value of <0.05 was considered statistically significant.

3. Results
3.1. Comparison of Sociodemographic Characteristics

Table 1 shows the sociodemographic characteristics of the patient and control groups.
Since we matched the groups for sociodemographic characteristics, we found no significant
differences in age, BMI, gender, education level, marital status, employment status, or
smoking habits (p > 0.05) but a higher family history of psychiatric disorders in the patient
group (p = 0.011).

Table 1. Comparison of sociodemographic characteristics between the patient and healthy con-
trol groups.

Patient Group (n = 60) Control Group (n = 60) +
M + SD M + SD P
Age 335+ 103 341490 0.757
BMI 252+ 4.6 24.8 + 3.0 0.546
n (%) n (%) ptt
Gender
Female 42 (70.0) 41 (68.3) 0.843
Male 18 (30.0) 19 (31.7)
Educational Level
Mliterate 2 (3.3) 1(1.7)
Literate 5(8.3) 3 (5.0) (p>0.05)
Primary 9 (15) 8 (13.3)
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Table 1. Cont.

Patient Group (n = 60) Control Group (n = 60) +
M =+ SD M =+ SD p
Secondary 22 (36.7) 22 (36.7)
University 22 (36.7) 26 (43.3) (p>0.05)
Marital Status
Single 26 (43.3) 25 (41.7) 0.853
Married 34 (56.7) 35 (58.3)
Employment Status
Unemployed 27 (45.0) 20 (33.3) (p>0.05)
Employed 33 (55.0) 40 (66.7)
Smoking Status
No 38 (63.3) 36 (60.0) 0.707
Yes 22 (36.7) 24 (40.0)
Family History
Absent 34 (56.7) 47 (78.3) 0.011 *
Present 26 (43.3) 13 (21.7)

p+: Mann-Whitney U test statistical significance value, p++: Chi-square test statistical significance
value, M: Mean, SD: Standard Deviation, n: count, BMI: Body Mass Index, *: Statistically significant
difference at p < 0.05.

3.2. Correlation Analysis Results Between Side Effects and Biochemical Parameters

Table 2 presents the correlation analysis results between the inflammatory parame-
ters (WBC, Neutrophil, Lymphocyte, Monocyte, Platelet counts, HDL, CRP, PLR, MHR,
MLR, NLR) and the sub-parameters of the UKU Side Effect Rating Scale in patients who
developed drug-related side effects due to antidepressant use.

Table 2. Correlation analysis results between side effects and biochemical parameters.

Neutr- Lymph- Mono-

ophil ocyte Platelet HDL cyte WBC CRP PLR MHR MLR NLR
UKU r —0510* —0.075 —0.293 —0.023  —0.248 —0.309 —0.23 —0.14 —0.078 —0.182 —0.512*
Psychol.1 p 0013 0.734 0.174 0.918 0.253 0.152 0.29 0.523 0.722 0.405 0.013
UKU r —0.188 0.113 0.17 0.16 0.129 0.021 —0.27 0 0.075 0.025 —0.248
Psychol.2 p 0357 0.583 0.406 0.434 0.529 0.92 0.183 1 0.715 0.903 0.222
UKU r —0231 —0.257  —-0.163 —0.143  0.183 —0.158  0.244 0.209 0.303 * 0.310* —0.051
Psychol.3 p 0117 0.081 0.274 0.339 0.218 0.29 0.098 0.159 0.039 0.034 0.734
UKU r 0222 0.258 0.166 —0.111 —0.185 0.295 0.074 —0.185 —0.111 —0.332  0.074
Psychol.4 p 0334 0.258 0.471 0.632 0.423 0.194 0.75 0.423 0.632 0.141 0.75
UKU r —0.01 0.003 0.071 0.193 —0.163 —0.001 —0.04 0.051 —0.218 —0.096 —0.036
Psychol.7 p 0951 0.983 0.647 0.21 0.291 0.997 0.817 0.741 0.155 0.537 0.816
UKU r 0.006 —0.089  0.368* 0.177 —0.19 —0.043  0.031 0.246 —0.233 —0.105  0.089
Psychol.9 p 0972 0.567 0.014 0.251 0.216 0.78 0.844 0.108 0.128 0.497 0.564
UKU r 0043 —0.02 0.255 0.13 —0.096 0.054 —0.16 0.109 —0.068  0.051 0.032
Psychol.10 p 0782 0.897 0.095 0.399 0.534 0.728 0.305 0.481 0.659 0.743 0.839
UKU r 0497 0.321 0.284 —0.285 —0.426 0.569 0.142 —0.142 —0.284 —0.497  0.071
Neurol.5 p 0143 0.366 0.426 0.425 0.219 0.086 0.695 0.695 0.426 0.143 0.845
UKU r 0107 —0.069 —0.156 —0.041  0.014 —0.218 —0.08 —0.018 -0.012  0.179 0.121
Autonomic3 p 0.693 0.801 0.565 0.88 0.958 0.418 0.758 0.946 0.966 0.507 0.657
UKU r 0.404* 0.394 * 0.077 —0.049  0.223 0.579**  0.156 —0.421* 0.184 0.022 0.177
Other5 p 0016 0.019 0.662 0.78 0.199 <0.001 0.372 0.012 0.29 0.899 0.31
UKU r —0.091 0.126 —0.008 —0.079 —0.142 —0.041 —0.22 —0.107 —0.045 —0.268 —0.158
Other12 p 0.604 0.47 0.964 0.652 0.416 0.813 0.211 0.543 0.796 0.119 0.365
UKU r 0195 0.443 —0.018  0.213 0 0.089 0.053 —0.585*  —0.053 —0.514 —0.053
Other13 p 0504 0.113 0.952 0.464 1 0.763 0.857 0.028 0.857 0.06 0.857
UKU r —0.355 —0.168 —0.122 —0.017  —0427* —-0.349 0.15 0.229 —0.259 —0.083 —0.096
Otherl15 p 0.105 0.455 0.589 0.941 0.048 0.111 0.505 0.305 0.245 0.714 0.671
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Neutr- Lymph- Mono-

ophil ocyte Platelet HDL cyte WBC CRP PLR MHR MLR NLR
UKU r —0493* —0.017 —0.287 -0.179 —-0.4 —0.438 0.35 0.065 —0.191 -0.273 -0.33
Otherl6 p 0.038 0.947 0.248 0.476 0.1 0.069 0.154 0.797 0.447 0.273 0.181
UKU r —0276 0.17 -0.07 0.039 —0.076 —-0.124 —0.14 —0.237 —0.003 —0.146 —0.358 *
Other18 p 0.085 0.295 0.669 0.809 0.642 0.445 0.38 0.142 0.985 0.37 0.023
UKU r —0.011 0.032 —0.001 —0.069 —0.066 0.016 0.198 0.013 0.029 -0.112 0.041
Functional
Impairment p 0933 0.809 0.992 0.598 0.615 0.902 0.13 0.923 0.828 0.396 0.754

NLR: Neutrophil to Lymphocyte Ratio, PLR: Platelet to Lymphocyte Ratio, MLR: Monocyte to
Lymphocyte Ratio, MHR: Monocyte to HDL Ratio, WBC: White Blood Cells, CRP: C-reactive Protein,
UKU: Udvalg Kliniske Undersogelser Side Effect Rating Scale, p: Spearman correlation significance
value, 1: Spearman correlation coefficient (0.30 or less indicates weak correlation, 0.30-0.70 indicates
moderate correlation, more significant than 0.70 indicates strong correlation). *: * Statistically
significant difference at p < 0.05. **: * Statistically significant difference at p < 0.01. —: Negative
correlation. Psychological 1: Concentration problems, Psychological 2: Weakness/fatigue/tiredness,
Psychological 3: Sedation, Psychological 4: Forgetfulness, Psychological 7: Increased sleep duration,
Psychological 9: Increased dreams, Psychological 10: Emotional blunting, Neurological 5: Tremor,
Autonomic 3: Reduced salivation, Other 5: Weight gain, Other 12: Reduced sexual desire, Other 13:
Erectile dysfunction, Other 15: Orgasmic dysfunction, Other 16: Vaginal dryness, Other 18: Physical
dependence (withdrawal symptoms).

Concentration difficulties showed a significant negative correlation with both neu-
trophil counts and NLR (p = 0.013). Sleepiness/sedation demonstrated significant positive
correlations with MHR (p = 0.039) and MLR (p = 0.034). An increase in dreaming showed
a significant positive correlation with platelet counts (p = 0.014). Weight gain positively
correlated with neutrophil, lymphocyte, and WBC counts, while it negatively correlated
with PLR. (p = 0.016, p = 0.019, p < 0.001, p = 0.012). Erectile dysfunction exhibited a
significant negative correlation with PLR (p = 0.028). Orgasmic dysfunction showed a
significant negative correlation with monocyte counts (p = 0.048). Vaginal dryness demon-
strated a significant negative correlation with neutrophil counts (p = 0.038). Finally, physical
dependence had a significant negative correlation with NLR (p = 0.023).

After applying the Benjamini-Hochberg procedure to control the false discovery
rate across the 176 correlations examined in Table 2, none of the nominally significant
associations described above remained statistically significant (all FDR-adjusted q > 0.088).
This indicates that, while several uncorrected correlations reached the conventional p < 0.05
threshold, none are robust to correction for multiple comparisons, and the associations
reported here should be interpreted as preliminary, hypothesis-generating observations
rather than confirmed findings.

Correlation analysis did not reveal any significant relationships between the side
effects of weakness/fatigue/easy fatigability, forgetfulness, prolonged sleep duration,
emotional indifference, tremor, reduced salivation, decreased sexual desire, and the impact
of drug side effects on patients’ daily performance, and inflammatory markers.

4. Discussion

Before interpreting the individual associations below, it is important to state explicitly
that this is a cross-sectional study and, as such, cannot establish causality or temporal
direction between antidepressant-related side effects and peripheral inflammatory markers.
The correlations we observed indicate that a given side effect and a given inflammatory
marker were measured concurrently and were statistically associated at the nominal p < 0.05
level; they do not indicate that the inflammatory change caused the side effect, that the
side effect caused the inflammatory change, or that either precedes the other in time.
Furthermore, as reported in the Results, none of these associations remained significant
after correction for multiple comparisons. Accordingly, the interpretations offered in this
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section are framed as hypotheses warranting confirmation in future longitudinal studies
rather than as mechanistic conclusions.

Poor treatment adherence due to side effects is one of the main barriers to achieving
remission in MDD [20]. In our sample, the most frequently reported side effects included
concentration difficulties, fatigue/easy exhaustion, drowsiness/sedation, forgetfulness,
prolonged sleep duration, increased dreaming, emotional blunting, reduced libido, erectile
dysfunction, weight gain, and vaginal dryness. Identifying objective biological correlates of
these side effects could help clinicians anticipate tolerability problems and select antidepres-
sants more rationally, which is the broader motivation for the associations examined below.

Concentration difficulties correlated negatively with neutrophil count and NLR. This
relationship has not previously been studied in MDD, but elevated NLR has been linked to
cognitive impairment [21] and postoperative cognitive dysfunction [22], and neutrophils
are implicated in Alzheimer’s disease pathogenesis [23]. In contrast, ADHD studies have
found no significant differences in inflammatory markers, including NLR, PLR, MLR, and
CRP, versus healthy controls [24,25], with such null findings generally attributed to the
disorder’s neurodevelopmental pathogenesis. Because our study evaluated concentration
difficulties strictly as a drug-induced side effect, antidepressant-induced concentration
difficulties may involve inflammatory mechanisms distinct from those seen in ADHD or
classical cognitive impairment.

Sedation and drowsiness correlated positively with MHR and MLR. Although this
specific association has not been examined in MDD, higher sleep quality has been linked
to lower MHR in healthy women [26], and individuals reporting daytime sleepiness have
shown higher CRP levels in prior work, albeit without controlling for pre-existing illness
or hypnotic medication use [27]. Because our study explicitly excluded participants with
comorbid medical conditions and those using non-antidepressant medications, it is plausi-
ble to hypothesize that antidepressant-induced sedation itself, rather than confounding
illness, contributes to the increased MHR and MLR observed in our sample; however, as
this is a cross-sectional, uncorrected association, this interpretation remains speculative
and requires confirmation in a longitudinal design that can establish temporal precedence.

Increased dreaming correlated positively with platelet levels. The relationship between
increased dreaming and inflammatory markers has not been extensively explored in MDD,
but comparable links between REM-sleep-related phenomena and inflammation have been
reported in Parkinson’s disease, where REM sleep behavior disorder was associated with
CRP and MLR [28] and with monocyte levels [29]. These prior findings are generally
interpreted within the context of neurodegenerative disease pathogenesis. We propose
instead that antidepressant-induced increased dreaming may relate more directly to platelet
activation as a pharmacological effect.

Weight gain correlated positively with neutrophil, lymphocyte, and WBC counts, and
negatively with PLR. This pattern is broadly consistent with prior reports linking obesity
to leukocytosis [30,31] and to changes in platelet indices [32]. We note that obesity was not
itself a formal exclusion criterion in this study; BMI did not differ significantly between
the patient and control groups (Table 1), but individual BMI was not entered as a covariate
in the correlation analyses, so a partial contribution of adiposity-related inflammation to
this association cannot be excluded. With this caveat, we consider it plausible, though
unconfirmed, that antidepressant-induced weight gain itself contributes to the observed
association rather than pre-existing obesity-related inflammation alone. Unlike much of
the prior literature on obesity, we found no significant association between weight gain
and either CRP or platelet count, suggesting that these two markers may not be central to
the specific mechanism of antidepressant-induced weight gain.
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Erectile dysfunction (ED) correlated negatively with PLR. Numerous prior studies link
ED to elevated NLR and PLR [33-35], and to CRP and other inflammatory markers [36], gener-
ally attributing these associations to the vascular and endothelial pathophysiology underlying
ED. In our cohort, however, ED was evaluated strictly as an antidepressant-induced side effect
rather than as a primary vascular condition, and was instead associated with a reduction in
PLR. This discordant direction of association suggests that drug-induced ED may involve a
mechanism distinct from vasculogenic ED and warrants dedicated mechanistic study.

Orgasmic dysfunction correlated negatively with monocyte levels, an association
that, to our knowledge, has not been previously reported. A related study of premature
ejaculation found a positive association with HDL cholesterol and with visceral adiposity,
again framed within a metabolic-disease context rather than a medication-effect one [37].
Our finding suggests that antidepressant-induced orgasmic dysfunction may instead be
associated with a reduction in circulating monocytes.

Vaginal dryness correlated negatively with neutrophil count. The relationship between
vaginal dryness and inflammation has not previously been examined in MDD. One study
in the general population linked reduced vaginal arousal to higher CRP, interpreting high
inflammation as potentially detrimental to sexual function, but that study excluded users
of psychotropic medication [38], unlike our sample. Based on our findings, vaginal dryness
as a side effect of antidepressant use may instead involve a decrease in neutrophil activity
rather than a CRP-driven inflammatory process.

Physical dependence (withdrawal symptoms) correlated negatively with NLR. An-
tidepressant discontinuation syndrome is thought to reflect neuroadaptation to chronic
drug exposure and disruption of a newly established homeostatic balance, rather than
classical addiction, with risk increasing with higher doses, longer treatment duration, and
specific antidepressant agents [39]. Although we did not assess treatment duration or
dosage in this study, withdrawal symptoms may have varied proportionally with these
factors. No prior study has examined the inflammatory correlates of antidepressant with-
drawal specifically, though NLR and PLR elevations have been reported in heroin [40] and
cocaine [41] use disorders. Because the antidepressants used by our patients do not act
on opioid receptor pathways, discordant findings relative to the substance-use-disorder
literature are not unexpected.

It is worth noting that several of the key associations reported above—concentration
problems with neutrophils and NLR, erectile dysfunction with PLR, orgasmic dysfunc-
tion with monocytes, vaginal dryness with neutrophils, and physical dependence with
NLR—were negative correlations, meaning that lower inflammatory marker values were
associated with greater side-effect burden. This pattern runs counter to the more intuitive
expectation that higher inflammation would track with greater symptom severity, and we
did not initially address it in detail. Several non-mutually exclusive explanations merit
consideration. First, compensatory or counter-regulatory immune shifts are recognized
in chronic psychotropic exposure, whereby an initial inflammatory response may be fol-
lowed by a rebound suppression of specific leukocyte subpopulations; a lower neutrophil
or monocyte count could therefore reflect a later phase of this dynamic rather than an
absence of inflammatory involvement. Second, the timing of venous sampling relative to
symptom onset and medication dosing was not standardized in this cross-sectional design,
and inflammatory markers such as NLR and PLR fluctuate over the course of a day and
across the treatment timeline; a single measurement may capture a trough rather than a
peak. Third, the UKU side-effect categories are heterogeneous phenomenologically (for
example, concentration problems and vaginal dryness likely reflect different underlying
pharmacological pathways), so a uniform direction of association across all side effects
may not be biologically expected. We present these as candidate explanations for future
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longitudinal work rather than as established mechanisms, particularly given that none of
these associations survived correction for multiple comparisons.

No significant correlations were found between inflammatory markers and fa-
tigue/easy exhaustion, forgetfulness, prolonged sleep duration, emotional blunting, tremor,
reduced salivation (dry mouth), or decreased libido. Prior literature on these symptoms is
mixed and largely derived from disease-related rather than drug-induced contexts: CRP
has been linked to depressive fatigue [42] and to sleep duration in a U-shaped pattern [43],
findings on apathy and CRP are inconsistent [44], and Sjogren’s-syndrome-related dry
mouth has been linked to elevated NLR and PLR in a disease-specific context [45]. Because
these earlier associations largely reflect disease pathogenesis in older or medically comor-
bid populations rather than medication effects in a younger, otherwise healthy cohort,
the absence of correlation here may indicate a distinct, non-inflammatory mechanism, or
insufficient power to detect a smaller effect.

4.1. Strengths of the Study

This study has notable strengths. We excluded major confounders of inflammatory
status—comorbid medical illness, substance or alcohol use, non-psychiatric medication,
pregnancy, active infection, head or spinal trauma, and extreme age—and assessed causality
using a validated, standardized scale, which strengthens the objectivity of the side-effect
assessment relative to studies that do not formally establish drug causality. To our knowl-
edge, this is the first study to examine the relationship between antidepressant-related side
effects and peripheral inflammatory markers, and as such it may serve as a foundation for
future mechanistic and confirmatory research in this area.

4.2. Limitations of the Study

This study has several limitations. The single-center design and modest sample size
restricted evaluation of less common side effects, and multi-center studies with larger
samples are needed. The cross-sectional design did not allow serial measurement of in-
flammatory parameters before and after antidepressant initiation. Antidepressant class,
dose, and treatment duration beyond the one-month minimum were not recorded, pre-
cluding class-stratified analyses. Multivariable models adjusting for BMI, smoking status,
depression and anxiety severity, and family psychiatric history were not constructed, and
per-item sample sizes for the UKU correlations, which were smallest for sex-specific side
effects, were not reported. Descriptive statistics for CRP and HDL were not presented sepa-
rately. Controls were not screened with a structured interview for subthreshold psychiatric
symptoms, and the control group served as a sociodemographic reference rather than for a
direct case—control comparison of inflammatory markers. Future prospective, multi-center
studies with covariate-adjusted analyses are needed to address these limitations.

5. Conclusions
The findings of our study can be summarized as follows:

(1) Concentration problems were significantly negatively correlated with neutrophil
count and NLR.

(2) Sedation and drowsiness significantly correlated with MHR and MLR.

(8) Increased dreaming was significantly positively correlated with platelet levels.

(4) Weight gain was significantly positively correlated with neutrophil count, lymphocyte
count, and WBC levels while showing a significant negative correlation with PLR.

(5) Erectile dysfunction demonstrated a significant negative correlation with PLR.

(6) Orgasm disorder was significantly negatively correlated with monocyte levels, while
vaginal dryness showed a significantly negative correlation with neutrophil count.
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(7)  Physical dependence demonstrated a significant negative correlation with NLR.

(8) No significant association was observed between inflammatory parameters and the
MADRS or CGI scores of depression severity, indicating that the inflammatory pa-
rameters in MDD patients who experience side effects are not related to the severity
of depression.

These findings suggest that, among antidepressant-treated patients who had already
developed side effects, the severity of some of those side effects correlated with selected
peripheral inflammatory markers; because all patients in this study had side effects by
design, these data cannot establish whether inflammatory markers predict which patients
will go on to develop side effects, and we no longer frame the findings in predictive terms.
One of the most significant issues in the medical field is preventing drug side effects, which
may be achievable through a clearer understanding of their mechanisms. The relationships
we observed between antidepressant side effects and inflammatory markers may serve
as a foundation for future studies and contribute to clarifying the mechanisms of these
side effects. Concretely, we suggest that future prospective studies measure NLR, MHR,
MLR, PLR, WBC, and CRP before antidepressant initiation and again after side effects
emerge, in patients with and without side effects, to test directly whether baseline or early-
treatment inflammatory profiles are associated with subsequent tolerability; if replicated,
such markers could eventually inform a low-cost, blood-based component of a clinical
decision aid for antidepressant selection, to be used alongside, not in place of, established
clinical judgment. Our study is the first, to our knowledge, to examine this relationship,
and its findings should be regarded as hypothesis-generating.
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