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Abstract

Introduction Sertraline, a widely prescribed antidepressant, has considerable variability in serum concentrations.
This retrospective study aimed to identify key determinants influencing sertraline concentrations, with a special focus
on age-related differences.

Methods We conducted a retrospective analysis of TDM data from 1076 patients (474 children/adolescents and
602 adults) collected between 2018 and 2024. Multivariable generalized linear regression and restricted cubic spline
models were used to examine the relationships between clinical parameters and sertraline concentrations.

Results The daily dose and aspartate aminotransferase (AST) level were positively correlated with the sertraline
concentration in both age groups. Sex had a significant effect, with women exhibiting 43% (P=0.001) and 37%
(P=0.001) higher concentrations than men in the child/adolescent and adult groups, respectively. In children and
adolescents, the albumin (Alb) level and neutrophil (NEUT) count also considerably influence concentrations.
CYP2C19 poor metabolizers (PMs) tended to be present at relatively high concentrations, but the difference was
not statistically significant. Among child and adolescent patients, significant differences in dose-adjusted serum
concentration (C/D) values (P=0.0291) were observed across different CYP2C19 phenotypes, with PMs exhibiting
higher C/D values. In a cohort of 593 patients who underwent high-sensitivity C-reactive protein (hsCRP) testing, a
nonlinear, U-shaped correlation between hsCRP levels and sertraline concentrations was identified in children and
adolescents.

Discussion By identifying key factors such as daily dose, sex and AST levels, clinicians can develop tailored treatment
plans for individual patients. These findings underscore the need for further research to elucidate the interplay
between sertraline metabolism and patients’ physiological and pathological characteristics.
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Introduction

Psychiatric disorders, especially depression and schizo-
phrenia, rank among the top 20 causes of disability
worldwide [1, 2]. Pharmacotherapy stands as the corner-
stone in managing mental disorders. Between 2008 and
2019, the global use of psychotropic medications grew by
an average of 4.08% per year, reflecting greater recogni-
tion of mental health as an essential part of overall well-
being [3].

Sertraline is one of the most commonly prescribed psy-
chotropic medications. It is approved for major depres-
sive disorder, obsessive—compulsive disorder, and several
other indications [4]. In children and adolescents, sertra-
line has shown both efficacy and good tolerability dur-
ing key stages of biopsychosocial development [5], which
has led to its frequent use across all age groups [6]. At
present, sertraline dosing is guided mainly by the prod-
uct label and clinical experience. However, relying on
population-based recommendations can sometimes lead
to suboptimal dosing. Indeed, a recent dose—response
meta-analysis suggests an effective daily range of 50—150
mg [7]. Clinicians necessitate specific guidelines to guide
individualized pharmacotherapy with sertraline.

Therapeutic drug monitoring (TDM) is an effec-
tive method for quantifying patients’ peripheral drug
exposure by monitoring blood drug concentrations [8]
and can be applied to diverse clinical scenarios, such as
optimizing dosage, assessing adherence, and address-
ing adverse effects [9]. It is particularly crucial not only
for drugs exhibiting high interindividual pharmacoki-
netic variability, such as sertraline (coefficient of varia-
tion of concentration: 59%) [10] but also when drugs are
administered to special populations, such as children and
adolescents, or to patients experiencing complex medica-
tion interactions or metabolic-related genetic variations
[9, 11]. As an internationally recognized, evidence-based
consensus in neuropsychopharmacology, the Arbe-
itsgemeinschaft fiir Neuropsychopharmakologie und
Pharmakopsychiatrie (AGNP) guidelines recommend
therapeutic drug monitoring (TDM) for sertraline [12].
This recommendation is particularly important in pediat-
ric patients because of developmental differences and the
lack of well-defined effective dose ranges [13].

Intrinsic and extrinsic factors, including dose, sex, age
laboratory indices, genetics, inflammatory status, and
comedication, can influence sertraline concentrations
[14-19].

For example, females may have lower clearance rates,
which should be taken into account when adjusting the
dosage [16]. In children and adolescents, rapid physi-
ological development can markedly alter sertraline
pharmacokinetics and clinical response [20, 21]. Stud-
ies have shown that age-related changes in liver enzyme
activity significantly affect sertraline metabolism; poor
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metabolizers (PMs) among younger patients tend to have
higher plasma concentrations and may experience more
adverse effects [17, 22].

Genotype-predicted metabolic phenotypes of drug-
metabolizing enzymes may not match clinically observed
phenotypes. This phenomenon is known as phenocon-
version [23]. It is driven by enzyme inhibitors, induc-
ers, inflammatory states, etc [23, 24]. After accounting
for phenoconversion, the prevalence of CYP2C19 and
CYP2D6 PMs in adults increases by 6.3-fold and 4.6-fold,
respectively [25]. Adolescents also experience a high rate
of phenoconversion (46%). Among them, the prevalence
of CYP2C19 PMs increases 7.3-fold, and CYP2D6 PMs
increase 4.5-fold [26]. Therefore, sertraline dosing in clin-
ical practice should be personalized by integrating factors
such as age, sex, and genotype to optimize therapeutic
efficacy and minimize adverse effects.

The present study retrospectively collected sertraline
TDM data beginning in 2018 to explore clinical variables
associated with sertraline concentration, with a special
focus on age-related variability. Additionally, the study
separately analyzed the impact of pharmacogenetics and
high-sensitivity C-reactive protein (hsCRP) levels. The
findings of this study are expected to enable clinicians to
predictively estimate sertraline exposure within individ-
ual patients on the basis of their specific characteristics,
thereby facilitating the selection of appropriate and per-
sonalized pharmacotherapy.

Methods

Study population

Data were retrospectively collected from the TDM data-
base of The Second People’s Hospital of Guizhou Prov-
ince in China (Guizhou Mental Health Center, China),
which spans from 2018 to 2024. We screened for inpa-
tients whose serum sertraline concentration was tested.
The samples were collected to determine the trough con-
centration at steady state. Patients with complete TDM
information, medication details, and demographic data
were included.

Data collection
Sertraline dosage, dosing frequency, and sertraline
concentration monitoring results were collected from
electronic medical records. For patients with multiple
sertraline concentration tests during the same hospital-
ization, only the data from the last test were retained. The
dose-adjusted serum concentration (C/D) was calculated
as the steady-state trough concentration/daily dose of
sertraline. A high C/D indicates slow drug metabolism
[12, 27].

Demographic information (age, sex, ethnicity) and clin-
ical data (primary diagnosis; comorbid liver, renal, and
gastrointestinal diseases assessed by the International
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Classification of Diseases, 10th Revision) were recorded.
Concomitant medication information focused on inhibi-
tors or inducers of the cytochrome P450 protein (CYP)
family, particularly CYP2B6, CYP2C19, and CYP2D6, as
sertraline is metabolized primarily by these enzymes [28,
29]. A list of strong/moderate inhibitors or inducers was
obtained from the DRUGBANK database. (https://go.dru
gbank.com/).

The laboratory measurements included serum levels of
albumin (Alb), alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), gamma-glutamyl transfer-
ase (GGT), alkaline phosphatase (ALP), creatinine (Scr),
blood urea (Urea), p2 microglobulin and hsCRP. We also
collected total white blood cell (WBC) counts and abso-
lute counts of neutrophils (NEUT), lymphocytes (LY),
monocytes (MONO) and eosinophils (EOS). Owing to
incomplete eGFR data within the electronic medical
records system, we calculated the eGFR via the modi-
fied MDRD equation, which is suitable for the Chinese
population [30]. Data extraction was conducted by two
authors to ensure consistency.

Quantification of Sertraline

Blood samples were collected prior to sertraline admin-
istration. The quantification was performed via an auto-
mated two-dimensional liquid chromatography (2D-LC)
method [31], which combines a two-dimensional liquid
chromatography system with a high-performance liq-
uid chromatography system. The automated 2D-LC sys-
tem used was the FLC-2701, provided by Hunan Demite
Instrument Co., Ltd. The precision, accuracy, sample res-
idue, selectivity, matrix effects, recovery, reliability, and
stability of the established method met the requirements
for pharmaceutical analysis.

CYP2C19 genotype testing

DNA microarray analysis in combination with poly-
merase chain reaction (PCR) was applied to detect
CYP2CI19 gene polymorphisms. The relevant testing
tools, including the CYP2C19 genetic testing kit, BR-526-
24 automatic hybridizer, and BE-2.0 biochip reader, were
all sourced from Shanghai BaiO Technology Co., Ltd. The
testing procedure is outlined as follows: A 2 mL blood
sample was collected from the patient using an ethylene-
diaminetetraacetic acid (EDTA) anticoagulant tube. DNA
extraction was performed within 24 h of sample collec-
tion. The PCR reaction mixture, Taq enzyme, and DNA
template were prepared in appropriate proportions. PCR
amplification was carried out using a thermos cycler sup-
plied by Guangzhou Kaipu Biotechnology Co., Ltd., with
the following program: an initial denaturation at 50°C for
5 min and 94°C for 5 min, followed by 35 cycles of dena-
turation at 94°C for 25 s, annealing at 56°C for 25 s, and
extension at 72°C for 25 s, with a final extension at 72°C
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for 5 min. The reagents were prepared in accordance with
the kit’s instructions. The biochip was then taken out and
subjected to hybridization and color development on a
BR-526-24 automatic nucleic acid molecular hybridizer.
Subsequently, the biochip was scanned using a BE-2.0
biochip reader, and genotype image analysis was con-
ducted utilizing CYP2C19 genotype analysis software to
obtain the test results.

Statistical analysis

Descriptive statistics were computed for the distribu-
tion of participant characteristics. To address potential
age-related heterogeneity, analyses were stratified for
children and adolescents (aged 6-17 years) and adults
(aged 218 years). Continuous variables are presented as
medians (I1st quartile, 3rd quartile), whereas categori-
cal variables are summarized as counts and percentages.
Missing laboratory test results were imputed with the
median value for continuous variables. Specifically, there
was one missing value for each of the following: Alb, ALT,
AST, GGT, ALP, Scr, and BUN. There were eight miss-
ing values for each of the following: WBC, NEUT, LY,
MONO and EOS.

Comparisons were performed via the chi-square test,
Mann-Whitney U test, or Kruskal-Wallis test, as appro-
priate. The Spearman correlation coefficient was calcu-
lated to assess the correlations between the daily dose,
hsCRP level and sertraline concentration. Due to the
nonnormal distribution of serum sertraline concentra-
tions (as assessed via histogram visualization), general-
ized linear regression (GLM) with a “log” link function
and Gamma distribution was employed. Univariable
GLM was first applied to screen 25 candidate variables,
followed by multivariable GLM incorporating variables
with P<0.1 in univariable analysis and variance inflation
factor (VIF) <4 to mitigate multicollinearity. Additionally,
a restricted cubic spline (RCS) model was used to investi-
gate the associations between hsCRP and sertraline con-
centrations in children/adolescents and adults, adjusting
for covariates. Analyses were conducted via R software
version 4.4.1, with a significance level of P<0.05.

Results

Characteristics of the included patients

A total of 1076 patients (474 children/adolescents, 602
adults) whose complete sertraline concentration and
clinical data were available were included. The character-
istics of the included patients are detailed in Table 1. The
median age for children and adolescents was 15.0 (14.0,
16.0) years, and it was 34.0 (21.0, 53.0) years for adults.
Men were more prevalent among children and adoles-
cents (76.37%) than adults (57.48%). Across all patient
groups, the ethnic majority was Han Chinese (>90%).
Major depressive disorder was the most common
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Table 1 Characteristics of the included patients

Variables Children and Adults Total P
Adolescents (n=602) (n=1076)
(n=474)

Age (years) 15.0 (14.0,16.0) 34.0(21.0,53.0) 19.0 (15.0, 39.0) <0.001

6-12 34.(7.17%) 0 (0%) 34 (3.16%)

13-17 440 (92.83%) 0 (0%) 440 (40.89%)

18-65 0 (0%) 543 (90.20%) 543 (50.46%)

>66 0 (0%) 59 (9.80%) 59 (5.48%)

Sex <0.001

Male 362 (76.37%) 346 (57.48%) 708 (65.80%)

Female 112 (23.63%) 256 (42.52%) 368 (34.20%)

Ethnicity 0.399

Han 437 (92.19%) 563 (93.52%) 1000 (92.94%)

Minority 37 (7.81%) 39 (6.48%) 76 (7.06%)

Main diagnosis <0.001

Major depressive disorder 275 (57.97%) 318 (52.82%) 593 (55.11%)

Anxiety disorder 44 (9.28%) 146 (24.25%) 190 (17.66%)

Behavioral and emotional disorders that usually develop during child- 121 (25.53%) 0 (0%) 121 (11.25%)

hood and adolescence

Schizoaffective disorder 7 (1.48%) 29 (4.82%) 36 (3.35%)

Organic psychiatric disorder 3(0.63%) 27 (4.49%) 30 (2.79%)

Alzheimer disease 0 (0%) 21 (3.49%) 21 (1.95%)

Schizophrenia 1(0.21%) 12 (1.99%) 3(1.21%)

Mental and behavioral disorders due to psychoactive substance use 0 (0%) 11(1.83%) 1(1.02%)

Obsessive-compulsive disorder 5 (1.05%) 6 (0.99%) 1 (1.02%)

Reaction to severe stress, and adjustment disorders 1(0.21%) 7 (1.16%) 8 (0.74%)

other 17 (3.59%) 25 (4.16%) 42 (3.90%)

Daily dose (mg/d) 100.00 (100.00, 125.00 (100.00, 125.00 (100.00, 0.005
150.00) 150.00) 150.00)

Frequency 0.366

QD 447 (94.30%) 575 (95.51%) 1022 (94.98%)

BID 27 (5.70%) 27 (4.49%) 54 (5.02%)

Sertraline serum concentration 51.0(30.1,81.5) 59.2(34.3,96.5) 54.9(32.5,90.0) 0.003

(ng/mL)

<10 22 (4.64%) 27 (4.48%) 49 (4.55%)

10-150 415 (87.55%) 533 (88.54%) 948 (88.11%)

>150 37 (7.81%) 42 (6.98%) 79 (7.34%)

C/D ((ng/ml)/(mg/d)) 044 (0.31,0.67) 0.50(0.33,0.71) 047 (0.32,0.69) 0.036

Liver diseases 0.001

No 439 (92.62%) 520 (86.38%) 959 (89.13%)

Yes 35 (7.38%) 82 (13.62%) 117 (10.87%)

Renal diseases <0.001

No 461 (97.26%) 545 (90.53%) 1006 (93.49%)

Yes 13 (2.74%) 57 (9.47%) 70 (6.51%)

Gastrointestinal diseases 0.002

No 467 (98.52%) 573 (95.18%) 1040 (96.65%)

Yes 7 (1.48%) 29 (4.82%) 36 (3.35%)

CYP enzyme inhibitors 0.949

No 450 (94.94%) 571 (94.85%) 1021 (94.89%)

Yes 24 (5.06%) 31 (5.15%) 55(5.11%)

CYP2C19 genotypes and phenotypes 0.406

*1/%1 (NM) 66 (35.68%) 110 (41.82%) 176 (39.29%)

*1/%2 (IM) 82 (44.32%) 109 (41.83%) 191 (42.63%)

*1/*3 (IM) 12 (6.49%) 14 (41.44%) 26 (5.80%)

*2/*2 (PM) 18 (9.73%) 23 (8.75%) 41 (9.15%)
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Table 1 (continued)
Variables Children and Adults Total P
Adolescents (n=602) (n=1076)
(n=474)
*2/%3 (PM) 6 (3.24%) 6 (2.28%) 12 (2.68%)
*3/*3 (PM) 1 (0.54%) 1(0.38%) 2 (0.45%)
NA 289 339 628
Alb (g/L) 4240 (40.23,44.30) 1.55(39.10,44.00)  42.00(39.58,44.10)  <0.001
ALT (U/L) 14.00 (10.00, 23.00) 1.00 (14.00, 35.00) 18.00 (12.00,31.00)  <0.001
AST (U/L) 19.00 (16.00, 24.00) 1.00(17.00,30.00)  20.00(17.00,27.00)  <0.001
GGT (U/L) 14.00 (11.00, 20.00) .00 (15.00, 38.00) 17.00(12.00,29.00)  <0.001
ALP (U/L) 100.00 (79.00, 131 .OO) 73.00 (59.25, 88.00) 83.00 (67.00, 108.00) <0.001
Scr (umol/L) 58.20(50.35,66.60)  6830(57.95,79.07)  63.20(54.20,73.70)  <0.001
Urea (mmol/L) 3.74 (3.07,4.55) 4.12(3.31,5.06) 3.93(3.17,4.81) <0.001
eGFR (mL/min/1.73m?) 12266 (108.35, 9474 (80.57,107.81)  105.69 (88.71, <0.001
145.65) 127.63)
B2m (mg/L) 1.37(1.10,1.70) 0(1.10, 1.60) 1.30(1.10,1.63) 0.077
WBC (*1019/L) 5.91 (5.06, 6.95) 01(5.16,7.13) 5.96 (5.14, 7. 04) 0.146
NEUT (*1079/L) 7(2.55,4.12) 1(2.64,4.13) 324 (2.62,4.12) 0.209
LY (*1079/L) 96 (1.60, 2.35) 1.99 (1 62,2.42) 1.98 (1.61,2.37) 0.167
MONO (*1079/L) 44 (0.34,0.57) 044 (0.35,0.55) 044 (0.35,0.55) 0.948
EOS (*1019/1) 4(0.08,0.21) 3(0.08,0.18) 0.13(0.08,0.19) 0.170
NLR 62 (1.23,2.26) 71(1.25,2.26) 1.67 (1.24,2.26) 0453
hCRP (mg/L) 0.70(0.30, 2.20) 0.90 (0.25, 2.60) 0.60(0.30, 2.10) 0.189

Note. QD, quaque die (once a day); BID, bis in die (twice a day); C/D, dose-adjusted serum concentration; NM, normal metabolizer; IM, intermediate metabolizer;
PM, poor metabolizer; Alb, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; ALP, alkaline phosphatase;
eGFR, estimated glomerular filtration rate; WBC, total white blood cell count; NEUT, absolute counts of neutrophils; LY, lymphocytes; MONO, monocytes; EOS,
eosinophils; NLR, neutrophil-lymphocyte ratio; hsCRP, hypersensitive C-reactive protein

Continuous variables are expressed as medians (1st quartile, 3rd quartile), categorical variables are expressed as n (%), and P values are calculated via the

Mann-Whitney test or chi-square test

diagnosis, accounting for 57.97% of cases in children and
adolescents and 52.82% in adults, with an overall preva-
lence of 55.11%. Among children and adolescents, behav-
ioral and emotional disorders specific to childhood and
adolescence constituted the second most frequent diag-
nosis (25.53%), followed by anxiety disorders (9.28%). In
adults, anxiety disorders ranked second (24.25%), while
schizoaffective disorder (4.82%) and organic psychiatric
disorders (4.49%) were notably more prevalent compared
to children and adolescents. Detailed diagnostic profiles
for each group are provided in Supplementary Materials.

Compared with children and adolescents, adults have
higher rates of liver, renal, and gastrointestinal comor-
bidities, with proportions of 13.62%, 9.47%, and 4.82%,
respectively. Few patients (approximately 5%) were
treated with CYP enzyme inhibitors, and no patients
received CYP enzyme inducers with sertraline. Labora-
tory measures showed multiple significant age-group
differences (all P<0.001): children and adolescents exhib-
ited higher Alb levels [42.40 (40.23-44.30) vs. 41.55
(39.10-44.00) g/L] and lower activities of ALT [14.00
(10.00-23.00) vs. 21.00 (14.00-35.00) U/L], AST [19.00
(16.00-24.00) vs. 21.00 (17.00-30.00) U/L], and GGT
[14.00 (11.00-20.00) vs. 21.00 (15.00-38.00) U/L]. In
contrast, ALP levels were higher in the younger group

[100.00 (79.00-131.00) vs. 73.00 (59.25-88.00) U/L].
Renal markers followed a reciprocal pattern: children
and adolescents had lower Scr levels [58.20 (50.35—-66.60)
vs. 68.30 (57.95-79.07) pumol/L] and Urea levels [3.74
(3.07-4.55) vs. 4.12 (3.31-5.06) mmol/L], but higher
eGFR [122.66 (108.35-145.65) vs. 94.74 (80.57-107.81)
mL/min/1.73 m®]. These results underscore physiologic
maturation differences between children/adolescents and
adults.

Daily dose and serum concentration of Sertraline

The overall median daily dose was 125.00 mg/d (IQR
100.00-150.00). In children and adolescents, the median
dose was 100.00 mg/d (IQR 100.00—150.00), whereas in
adults it was 125.00 mg/d (IQR 100.00-150.00). Most
patients take sertraline once daily, aligning with package
insert recommendations [32]. The median serum concen-
trations of sertraline were 51.00 ng/mL in children and
adolescents and 59.15 ng/mL in adults. Overall, 87.6%
and 88.5% of individuals were within the therapeutic tar-
get range of 10 to 150 ng/mL, respectively (Fig. 1). A sta-
tistically positive correlation was observed between the
daily dose and the sertraline concentration in all patients,
children and adolescents, and adults, with R values of
0.63, 0.65, and 0.60, respectively (P<0.01). The details are



Li et al. BMC Psychiatry (2025) 25:590 Page 6 of 13

(a) All patients (b) All patients
948 (88.1%)
o _
@
750
Q |
©
3
& 500
El
g g
w
g 7 \i 250
>
o
c
79 (7.3%)
g o . - - 49 (4.6%)
0 100 200 300 400 500
0-10 10-150 >150
Sertraline concentration (ng/mL) Sertraline concentration (ng/mL)
(c) Children and adolescents (d) Children and adolescents
415 (87.6%)
400
o _
©
300
2 |
©
>
H
g
g 3 gzoo
w
o |
o I 100
>
o
=
g i
g o - . - _ 22 (4.6%)
T T T T T 1 p i
0 100 200 300 400 500
0-10 10-150 150
Sertraline concentration (ng/mL) Sertraline concentration (ng/mL)
(e) Adults (f) Adults
533 (88.5%)
&
0
400
8 u
>
2
El
g g
w
200
o |
N
: Ii
=
El
42 (7%)
g o - . - - 27 (4.5%)
: : : ! : I [ ]
0 100 200 300 400 500
0-10 10-150 NA
Sertraline concentration (ng/mL) Sertraline concentration (ng/mL)
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illustrated in Fig. 2. Children and adolescents exhibited In children and adolescents, the median sertraline con-
a lower median C/D ratio [0.44 (ng/mL)/(mg/day)] than  centrations were 41.8 ng/mL in men and 53.2 ng/mL

adults [0.50 (ng/mL)/(mg/day)]. in women, with median C/D values of 0.38 (ng/mL)/
(mg/d) and 0.47 (ng/mL)/(mg/d), respectively. In adults,
Factors influencing Sertraline concentration the median concentrations were 55.8 ng/mL in men and

The serum concentration distribution of sertraline was  62.3 ng/mL in women, with C/D values of 0.472 (ng/
nonnormal, as shown in Fig. 1. Generalized linear regres- ml)/(mg/d) and 0.51 (ng/ml)/(mg/d), respectively. Over-
sion analysis was performed, including both univariable all, women had higher C/D values, indicating slower
and multivariable models. The detailed results are pre- metabolism.
sented in Table 2.

In children and adolescents, univariable analysis Impact of the CYP2C19 gene polymorphism on the
revealed that daily dose; dosing frequency; sex; Alb, AST,  Sertraline concentration and C/D value
GGT, Scr, and urea levels; and WBC, NEUT, and MONO  CYP2C19 genotyping was performed on 448 of the 1076
counts were potential factors associated with sertra- patients. According to the Clinical Pharmacogenet-
line concentration. Owing to the possible collinearity ics Implementation Consortium (CPIC) guidelines [28],
between WBC (VIF=8.85) and NEUT (VIF=7.31), only patients with the CYP2C19*1/*1 diplotypes are normal
NEUT is retained, ensuring that the VIF value of each  metabolizers (NMs), patients with the *1/*2 or *1/*3 dip-
variable is less than 4. In the multivariable regression, lotypes are intermediate metabolizers (IMs), and patients
daily dose [1.010 (1.008, 1.011), P<2e-16], sex [1.430  with the *2/*2, *3/%3, or *2/*3 diplotypes are PMs. In the
(1.168, 1.750), P=0.001], Alb level [1.024 (1.002, 1.046), study population, 176 (39.29%) were NMs, 217 (48.43%)
P=0.035], AST level [1.009 (1.003, 1.016), P=0.003], and were IMs, and 55 (12.25%) were PMs (Table 1). No
NEUT count [0.933 (0.887, 0.981), P=0.007] were signifi-  patients carried function-enhancing alleles, such as *17.
cant factors. NMs exhibited lower sertraline plasma concentrations

In adults, univariable analysis identified daily dose, dos- and C/D ratios than IMs and PMs in both children/
ing frequency, sex, age, ethnicity, combined gastrointesti-  adolescents and adults (Fig. 3). Only the C/D ratio dif-
nal diseases, ALT level, AST level, GGT level, and ALP  ference in children/adolescents reached statistical signifi-
level as potential factors. Due to the possible collinear-  cance (P=0.029); all other comparisons—including adult
ity between ALT (VIF=4.67) and AST (VIF=4.30), only C/D ratios and sertraline concentrations in both age
AST is retained, ensuring that the VIF value of each vari- groups—were not significant. Univariable generalized
able is less than 4. In the multivariable regression, daily  linear model analysis confirmed no significant associa-
dose [1.010 (1.008, 1.011), P<2e-16], sex [1.370 (1.138, tion between CYP2C19 phenotype and sertraline con-
1.648), P=0.001], and AST level [1.007 (1.001, 1.014), centration in children/adolescents (IMs: P=0.203; PMs:

P=0.022] were significant influencing factors. P=0.068) or in adults (IMs: P=0.793; PMs: P=0.565).
Impact of sex on the serum Sertraline concentration and Impact of HsCRP on Sertraline concentration
C/D ratio Among the 1076 patients, 593 underwent hsCRP testing,

The multivariate regression results indicated higher ser-  including 255 children and adolescents and 338 adults.
traline concentrations in women than in men (Table 3).  Using Spearman’s rank correlation method, the R values

(a) The correlation in all patients (b) The correlation in children and adolescents (c) The correlation in adults
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Fig. 2 Correlations between the daily dose and concentration of sertraline in all patients (a), children and adolescents (b), and adults (c). The concentra-
tion and C/D values of sertraline do not satisfy the normal distribution, and the linear relationship is calculated via Spearman’s rank correlation method
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Table 3 Serum concentrations and C/D values of Sertraline in different sexes
Sex Serum Concentration (ng/mL) C/D ((ng/ml)/(mg/d))

Children and Adolescents  Adults Total Children and Adolescents  Adults Total
Male 41.8(23.9,65.5) 55.8(35.0, 86.0) 524(31.6,81.3) 0.38(0.24,0.52) 0.47 (0.34,0.66) 0.43(0.30,0.63)
Female 53.2(324,86.2) 62.3(33.5,102.0) 57.0(32.9,95.5) 047 (0.33,0.70) 0.51(0.33,0.79) 0.49 (0.33,0.72)

Note. Data are expressed as the median (1st quartile, 3rd quartile)

(a) Sertraline concentration by CYP2C19 phenotypes
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Fig. 3 Relationships between different CYP2C19 enzyme phenotypes and sertraline serum concentrations (a) and C/D values (b). NM, normal metaboliz-

ers; IM, intermediate metabolizers; PM, poor metabolizers
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hsCRP = 4.53 mg/L

hsCRP p-value: 0.113
Nonlinear p-value: 0.104 0

Sertraline concentration (ng/mL)
Sertraline concentration (ng/mL)

(c) Adults

hsCRP p-value: 0.005

hsCRP p-value: 0.423
Nonfinear p-value: 0.002

Nonlinear p-value: 0.231

hsCRP =3.38 mg/L.

Sertraline concentration (ng/mL)
3

10
hsCRP level (mg/L)

10
hsCRP level (mg/L)

5.0
hsCRP level (mglL)

Fig. 4 Relationships between hsCRP levels and sertraline concentrations in all patients (a), children and adolescents (b), and adults (c). The relationships
were adjusted after controlling for daily dose, age, sex, and AST level. hsCRP, high-sensitivity C-reactive protein; AST, aspartate aminotransferase

for the hsCRP level and sertraline concentration were
0.0037, 0.042, and 0.0021 for all patients, children and
adolescents, and adults, respectively, indicating that there
was no significant linear relationship. To explore whether
there was a complex nonlinear relationship, the RCS
model method (knots = 3) was applied.

The following covariates were adjusted based on the
results of univariate analysis and clinical significance:

daily dose, age, sex, and AST level. After adjusting for
covariates (Fig. 4), a nonlinear relationship between
hsCRP and sertraline concentration was observed in
children and adolescents (P=0.002), with hsCRP sig-
nificantly impacting sertraline concentration (P=0.005).
The graphical representation retained a U-shaped pat-
tern, and the lowest point on the curve was observed
at a hsCRP level of 4.53 mg/L. No significant nonlinear
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relationship was observed in adults, and the graphical
representation exhibited an upside-down U shape.

Discussion

This retrospective study analyzed real-world clinical data
to identify factors influencing serum sertraline concen-
trations in children, adolescents and adults. The results
revealed significant correlations between sertraline con-
centrations and daily dose, sex, and AST levels. In chil-
dren and adolescents, sertraline concentrations were also
influenced by Alb levels and NEUT counts. In patients
with CYP2CI9 genotype, CYP2C19 PMs presented
higher sertraline concentrations, although the difference
was not statistically significant. Additionally, a U-shaped
relationship between hsCRP levels and sertraline con-
centrations was observed in children and adolescents.
These findings can aid clinicians in tailoring sertraline
treatment plans. These findings provide important guid-
ance for clinicians in dose titration and monitoring of
sertraline, enabling them to develop suitable sertraline
treatment plans for patients on the basis of their specific
conditions.

Age is an important factor influencing the pharmacoki-
netic process of sertraline [33, 34]. In the Chinese popula-
tion pharmacokinetic model, adolescent patients exhibit
faster sertraline clearance, and sertraline concentrations
are lower, although the difference is not significant [15].
Given that our study population was already grouped by
age, the potential impact of age may have been reduced.
We also found that Alb levels and NEUT counts had a
significant impact on children and adolescents, suggest-
ing that attention should be given to nutritional status
and potential inflammation.

Sex had a notable impact on sertraline concentrations.
Specifically, the average serum concentration of sertra-
line was increased in female, indicating that women may
have a risk of excessive drug exposure at the same dosage.
Women tend to have lower body weights, blood volumes,
and plasma protein binding capacities, which may lead to
relatively higher drug concentrations [35, 36]. Moreover,
women have shorter intestinal transport times; lower
hepatic blood flow; hepatic enzyme and transporter
expression; and lower renal clearance, which is attrib-
uted to differences in drug metabolism and clearance [35,
37, 38]. Sex-related differences in pharmacokinetics also
affect the pharmacodynamics of sertraline, necessitating
further research to explore the mechanisms of the influ-
ence of sex.

AST, a biomarker of liver function, is present in mul-
tiple tissues, and abnormal AST levels may indicate
various diseases, such as hepatic impairment, heart dis-
ease, and myopathy [39]. Our study revealed that ser-
traline concentrations increased with AST levels, which
can be explained in part by the reduction in sertraline
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metabolism due to hepatocyte injury. According to
the sertraline drug label, for patients with mild hepatic
impairment, the daily dose should be reduced to half of
the recommended range [32]. However, we did not find
a significant effect of concomitant liver disease on sertra-
line concentrations. In our study, different types of liver
diseases were not subdivided, and it is possible that some
patients with liver diseases in the compensatory stage
maintained normal or near-normal physiological func-
tion, which may explain the nonsignificant impact on ser-
traline concentrations.

Our study found that patients with the CYP2C19 PM
phenotype had slightly higher sertraline concentra-
tions; however, this difference lacked significance, and
likewise, the combination of CYP450 enzyme inhibitors
failed to exert a significant effect. While genetic informa-
tion is relatively stable at the genomic level, its impact
on enzyme activity and pharmacokinetics dynamically
changes during individual growth [40], which could
explain the inconsistent results across different popula-
tions. Additionally, clinicians may have been more cau-
tious in dose titration and prescribed lower maintenance
doses for PMs in the present study, mitigating underlying
disparities.

Sertraline is metabolized by multiple enzymes, includ-
ing CYP2B6, CYP2C9, CYP2C19, CYP2D6, and CYP3A4,
with CYP2B6 contributing the most [41-43]. There-
fore, the impact of a single gene polymorphism, such
as CYP2CI19, may be limited, as a study revealed that a
combinatorial pharmacogenomic algorithm (CYP2CI9,
CYP2B6, and CYP3A4) can predict sertraline concen-
trations more effectively [44]. Concurrently, the CPIC
guidelines suggest sertraline dosing on the basis of
CYP2CI19 and CYP2B6 polymorphisms [28], whereas the
Dutch Pharmacogenetics Working Group recommends
therapy considering CYP2CI19 and CYP2D6 [29]. Alter-
native approaches to measure CYP450 activity, such as
liver microsome assays, also have practical limitations
[45].

In our study, we utilized the C/D ratio as a surrogate
marker of sertraline metabolism. Although the median
C/D ratio was lower in children and adolescents than in
adults, this difference alone does not necessarily imply
faster sertraline metabolism in younger patients. Chil-
dren and adolescents with CYP2C19 PM phenotypes
exhibited significantly higher C/D values compared to
non-PM individuals. While this observation is consis-
tent with the role of CYP2C19 in sertraline clearance,
the interpretation of C/D ratios as a direct indicator of
biotransformation rate requires caution due to potential
confounders such as dose adjustments, adherence vari-
ability, and the contribution of other metabolic enzymes.

CRP is a biomarker of chronic inflamma-
tion, and approximately one-third of patients with
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depression exhibit low-grade inflammatory states (i.e.,
CRP>3.0 mg/L), suggesting a distinct pathogenesis and
clinical course [46]. Previous studies have shown that
elevated CRP levels are correlated with increased anti-
psychotic drug blood concentrations [47, 48]. Our study
revealed a notable nonlinear correlation between hsCRP
levels and sertraline concentrations in children and ado-
lescents, whereas adults exhibited a distinct curve, which
was likely attributed to more intricate disease conditions,
comorbidities, and concurrent medications. Inflamma-
tion serves as a major regulator of drug-metabolizing
enzymes and transporters (DMETs), leading to intra- and
interindividual variations in drug exposure [49]. Studies
have revealed that inflammation can induce phenocon-
version in DMETs. Proinflammatory cytokines such as
TNF-a and interleukin-1f can induce epigenetic modifi-
cations in relevant genes encoding DMETs and ultimately
affect enzyme expression and activity [49]. In the pres-
ent study, it is possible that DMETs in children and ado-
lescents during growth are more sensitive to changes in
inflammation levels, highlighting the importance of real-
time monitoring of drug concentrations and inflamma-
tory biomarkers.

In the present study, significant interindividual varia-
tions in sertraline concentrations and C/D values were
observed, especially among younger patients, with coeffi-
cients of variation (CVs) of 88.5% and 80.6%, respectively.
In comparison, the CVs in adults were 68.0% and 61.1%,
respectively. The interindividual variability in the phar-
macokinetics of sertraline may be a crucial source of vari-
ation in clinical responses at standard doses, particularly
for children and adolescents, who are in a unique devel-
opmental stage and require careful consideration of the
risks and benefits of sertraline therapy. The TDM-VIGIL
study revealed a linear relationship between the dose and
serum concentration of sertraline in children and adoles-
cents, with a reference range of 66-76 ng/mL [13], and
the currently recommended target range of 10-150 ng/
mL needs further refinement.

This retrospective study has several limitations, includ-
ing the lack of data on variables such as body mass index
and smoking history, which have been shown to affect
sertraline pharmacokinetics and pharmacodynamics
[17, 50]. Second, the exposure-response relationship of
sertraline could not be assessed because of insufficient
information on treatment response and adverse drug
reactions. The specific impact of the identified factors
on treatment outcomes still requires further exploration.
Third, pharmacogenetic testing was not performed for all
patients, and key gene variants in CYP2B6 and CYP2D6
were not evaluated. This study was limited in that it
explored the associations between the CYP2C19 enzyme
phenotype and sertraline concentrations as well as C/D
values. Finally, pharmacogenetic testing should include
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adjustments for phenoconversion to enhance its clini-
cal utility in practice. This study did not fully account for
phenoconversion. Future studies should collect compre-
hensive clinical and genetic data and include adjustments
for phenoconversion.

Using the established TDM database, this research
aims to adjust sertraline dosages more accurately based
on the unique physiological and pathological character-
istics of patients. However, reaching the target concen-
tration is merely the first step in treatment; what is even
more crucial is ensuring optimal therapeutic responses.
Based on regular monitoring of the sertraline concen-
tration, prospective studies should systematically col-
lect pharmacodynamic data and analyze the complex
relationship between dose-expose-response (D-E-R) of
sertraline in different patient populations, ultimately pro-
viding guidance and support for clinical practice.
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