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Abstract

as an assessment index.

specificity 83.2%).

Objective To investigate the differences in the niacin skin flushing response of adolescent depressed patients and
healthy adolescents and its diagnostic value in adolescent depression.

Methods Thirty-eight cases of acute episodes of depression in unmedicated adolescents and 47 age- and sex-
matched healthy controls were included as study subjects, and sociodemographic and clinical data were collected, all
of which were stimulated with six concentration gradients (up to 60 mmol/L, followed by sequential 3-fold gradient
dilution to a minimum of 0.25 mmol/L) of niacin solution on the forearm skin, and the skin flushing area was applied

Results The total area of redness of the skin in response to niacin was significantly lower in the adolescent
depression group than in the healthy adolescent group (Z=-3.36, p=0.001) and was able to distinguish the
adolescent depression group from the healthy adolescent group (area under curve =0.713, sensitivity 51.1%,

Conclusions Niacin sensitivity is reduced in adolescent depressed patients, and the niacin skin flush response has
potential clinical value as a diagnostic biomarker for adolescent depression.
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Background

Adolescence is a critical period of neurological develop-
ment and characterizes the rapid development of cogni-
tive, emotional, and social functioning and mental health
during this stage [1]. Therefore, adolescents are prone
to emotional distress and are the age group with a high
prevalence of depression. Epidemiological surveys have
shown that 11-28% of adolescents experienced at least
one episode of major depression by the age of 19 years,
with a median age of onset of 15.5 years [2, 3]. In its most
severe form, depression may lead to suicide attempts or
suicidal behavior, which is one of the leading causes of
death in adolescents. However, unlike adult depression,
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adolescent depression has atypical symptoms and is
associated with adverse transitions to adulthood, such as
depression, anxiety, substance abuse, and domestic vio-
lence. As there are no independent diagnostic criteria for
adolescent depression, only adult depression criteria are
used, and there is a lack of clinical biological markers, so
the opportunity for early detection, early diagnosis, and
early treatment is very easy to miss [4].

Niacin, a B vitamin, has been suggested to be closely
associated with the development of depression [5]. Nia-
cin acts on the skin and can be activated through the
arachidonic acid-cyclooxygenase pathway, which can
cause skin flushing symptoms, called niacin skin flush-
ing reaction, which can indirectly respond to the level of
oxidative stress in the body and has potential auxiliary
diagnostic value in psychiatric disorders. Messamore E
reported that the niacin response biomarker may be as a
schizophrenia endophenotype [6]. And niacin skin blunt-
ing response has high diagnostic value for in adolescent
patients with schizophrenia or bipolar [7].niacin skin
sensitivity is increased in adolescents risk for Psychosis
[8]. These findings suggest that altered niacin sensitivity
may bemore relevant for the onset of psychosis.

Previous studies suggest that blunted niacin skin
response may be one of the phenotypic features of
depression in adult depressed patients.One study
reported a negative correlation between niacin sensitiv-
ity and the severity of symptoms and a significant asso-
ciation of flushing deficits with depressed mood, feelings
of anxiety, and somatic symptoms (loss of appetite and
weight loss) [9]. However, findings pertinent to depres-
sion have been inconsistent, with some studies suggest-
ing no difference in niacin tidal response in depression
compared to healthy controls [10]. However, in recurrent
depression, some studies have suggested an enhanced
niacin skin flush response in depressed patients [11].
Only a few studies have been conducted on the niacin
skin response in affective disorders, and to our knowl-
edge, there are no reports on its application in adolescent
depression. Therefore, this study intended to investigate
the value of niacin skin response in adolescent depression
and provide possible biomarkers for the diagnosis of ado-
lescent depression in terms of oxidative stress.

Subjects and methods

Study subjects

The outline of our research design is shown in the flow
chart in Fig. 1. The patient group comprised those with
acute episodes of adolescent depression who were hospi-
talized in Huai'an Third People’s Hospital in April 2021.
Inclusion criteria were: ©® compliance with the diagnostic
criteria of depressive disorders in the Diagnostic and Sta-
tistical Manual of Mental Disorders, fifth edition (DSM
—5); @ Hamilton depression scale 24-item (HAMD —24)

Page 2 of 7

score>20; ® age between 12 and 18 years; @ no history of
antidepressant drugs or electroconvulsive therapy in the
last two weeks; ® The skin reaction of the right arm of
different handedness groups may be different, so in order
to reduce confounding factors as much as possible, both
the patient group and the control group were selected to
be right-handed. Exclusion criteria were: © current active
diseases that may interfere with the study (e.g., fever,
immune diseases such as systemic lupus erythematosus,
endocrine diseases such as hyperthyroidism, and nutri-
tional diseases such as vitamin deficiency); @ previous
history of manic or hypomanic episodes; ® recent users
of vitamins, immunosuppressive drugs, etc.

Healthy controls were from students enrolled in a
school in Huai’an City. Inclusion criteria were: ® no pre-
vious or current psychiatric disorders; @ HAMD-24<7
points; ® age 12—18 years old; @ right-handedness. Exclu-
sion criteria: ® currently suffering from active diseases
that may interfere with the study (e.g., immune diseases
such as fever, systemic lupus erythematosus, endocrine
diseases such as hyperthyroidism, and nutritional dis-
eases such as vitamin deficiency); @ those who have
recently taken vitamins, immunosuppressive drugs, etc.;
® students whose parents are divorced or left behind.

The study was approved by the Ethics Committee of
the Third People’s Hospital of Huai’an (ethical approval
number: 2,023,002), and all subjects signed the informed
consent form.

Methods

Collection of demographic and clinical data

A homemade scale was used to collect general informa-
tion about the subjects, and disease information such as
the patients’ age of first onset, number of onsets, course
of diagnosis and treatment, and duration of the cur-
rent disease. The HAMD-24 and Hamilton anxiety scale
(HAMA) were used to assess the clinical symptoms and
the severity of the disease.

Niacin skin flushing reaction test

The niacin skin test and the flushing assessment were
performed on the BrainAid Skin Niacin Response Test
Instrument TY-AraSnap-H100 (Shanghai Tianyin Bio-
logical Technology Ltd., Shanghai, China). This test
was performed by referring to the Niacin skin reaction
operation method described by G.E. Berger et al. [8]. Fil-
ter paper sheets of 0.9 cm diameter were immersed in
six different concentrations of niacin solution (up to 60
mmol/L, then diluted in a 3-fold gradient to a minimum
of 0.25 mmol/L), and then the filter paper sheets dipped
from low to high concentration of niacin solution were
pasted on the subject’s inner forearm from the wrist to
the elbow in turn for 1 min; the filter paper sheets were
then removed, and the subjects were photographed and
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Overview of the study design.

We develop written research plan for the study. The study
was approved by the Ethics Committee of the Third People'
s Hospital of Huai'an (ethical approval number: 2023002)

( Included study subjects )
A
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th acute episodes of depression),
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The healthy controls (enrolled
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@ no previous or current psychia
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® age 12-18 years old;

@ right-handedness.
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n=1.
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(® students whose parents are di
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Informed consent

Four patients refused to
participate in the study
in the patient group. n = 38.

Two subjects refused to
participate in the study in the
control group. n = 47.

niacin skin
blunting response

Main Outcome Measure::The total area of redness of the skin in response to niacin

Fig. 1 Overview of the study design. The workfow schematic diagram for this study illustrates the details of data collection

recorded every 10 s. The skin redness was also recorded
every 10 s until 10 min.

Statistical methods

The data were analyzed by SPSS20, and the categorical
data, such as gender, were described by the chi-square
test. Data expressed as median [first quartile; third quar-
tile] or median*SE. Differences between normally dis-
tributed continuous data were analyzed using parametric
tests, and data that were not normally distributed were
analyzed using non-parametric tests, using the receiver
operating characteristic (ROC) curve to evaluate the total
area of redness on depression. The diagnostic efficacy of

the ROC was evaluated, and the diagnostic threshold was
determined according to the highest threshold of the Jor-
den index, and the sensitivity and specificity were calcu-
lated at this threshold.

Results

General information

Thirty-eight adolescents (13 males and 25 females)
with depression, aged 14.5011.45 years, and 47 healthy
adolescent students (20 males and 27 females), aged
14.70%1.10 years, were included. There were no statisti-
cal differences between the two groups in terms of age
and gender (P>0.05)(details in Table 1).
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Table 1 Sample Characteristics of two group of subjects (N=85)

MDD HCgroup X%t p
group (n=47) orZ
(n=38)
Gender male 13 20 0616 0433
female 25 27
Age (year) 1450+145 1470+£1.10 0.731 0467
Duration of (month) 7 (4,12) — — —
MDD
Grade 7 th 8 14 0.877 0645
8th 23 26
9th 7 7
HAMD—-24 Scores 3937+248 196+0.78 9788 <0.001
HAMA Scores 23874355 2114060 4136 <0.001
total skin area of niacin 3021 (1446, 8933 (3625, —3.36 0.001
(mm?) 7776) 12,094)

Total area of skin erythema in response to niacin between
the two groups

Comparison of niacin skin reactions in adolescents with
confirmed depression (n=38) vs. healthy adolescents
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(n=47) revealed that the total niacin skin area was signif-
icantly lower in the adolescent depression group than in
the healthy adolescents (Z=-3.36, p=0.001) (See Fig. 2).

The diagnostic value of niacin skin flushing in adolescent
depression

For the differentiation of depressed adolescents from
healthy adolescents in terms of the total skin area of
niacin response, the area under the curve (AUC=0.713,
P=0.001, 95% CI 0.604-0.823), sensitivity was 51.1%,
specificity was 83.2%, and the optimal threshold was
8689.12 mm? (see Fig. 3).

Discussion

Niacin is a water-soluble vitamin with a high affinity for
its receptor, GPR109A [12], and produces specific anti-
inflammatory and antioxidant effects associated with a
variety of neurological pathologies, such as Parkinson’s
disease, depression, and schizophrenia [13]. The flush-
ing response of the skin to niacin is based on the binding

The difference in total skin area of niacin between two group
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Fig. 2 The difference in total skin area of niacin between the patient group and the control group
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Comparison of two ROC curves
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Fig. 3 Receiver operating characteristic (ROC) curve of the total area value of skin flushing in response to niacin skin flushing on the effectiveness of

depression differentiation

of niacin to G protein-coupled receptors on epidermal
Langerhans cells and stimulates the release of arachi-
donic acid (AA) from cell membrane phospholipids by
phospholipase A2 (PLA2); the free AA generates pros-
taglandins with vasodilatory properties via cyclooxygen-
ase, which in turn causes skin flushing [14]. In contrast,
depression occurs in patients with abnormal activation
of immune inflammatory and oxidative stress pathways,
which can activate inflammatory pathways of phospho-
lipid and arachidonic acid metabolism [15]. In recent
years, an increasing number of studies have suggested
that the skin flush response to niacin can be used as an
indirect response to oxidative stress and inflammation
levels in patients with depression by assessing niacin sen-
sitivity through skin flush area and flush rate. However, it
has been rarely applied to address adolescent depression;
therefore, the adolescent population was selected for this
study.

The present study shows that the total area of redness
caused by niacin stimulation of the skin in adolescent
depression was significantly smaller than in the healthy
adolescent population (p=0.001), consistent with find-
ings in adult depression [11, 16]. However, no significant
difference in skin flushing response between depressed
patients and healthy adults has also been suggested [5].
The reason for this discrepancy may be the different ways
of detecting the skin response to niacin and the different
concentrations of niacin chosen, which is one of the limi-
tations of the findings. However, the index relying on one
concentration of niacin is often unstable, so the total area
of redness caused by each concentration selected in this
study was characterized as a response to niacin sensitiv-
ity and reduced the bias caused by one concentration.
However, compared to the application of laser Doppler
flowmetry to quantify the niacin skin flushing response,
the photographic method was used, which has poor test
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reliability and is thus a shortcoming. Thus, the study
results need to be extended with caution.

The study also determined the ability of the niacin skin
response to discriminate between adolescent depression
and healthy adolescents by calculating the area under
the curve (AUC) of the (ROC) (AUC=0.713, sensitivity
51.1%, specificity 83.2%). However, considering sensitiv-
ity and specificity, the use of niacin skin response alone
as a differentiation tool is not yet achievable.

We found abnormalities in the niacin skin response in
adolescent depressed patients, but the mechanism of this
abnormality is not clear. However, it suggests the pres-
ence of reduced niacin sensitivity in adolescent depressed
patients, and the current study suggests that a deficiency
of 5-hydroxytryptamine (5-HT) leads to depression
and that 5-HT can occupy 5HT-2 A, 2B, and 2 C recep-
tors, which in turn activate PLA2, signaling the relevant
receptors through the production of arachidonic acid
metabolites [17]. Thus, depressed patients with reduced
5-HT activate less PLA2 when niacin is stimulated on the
skin, and the dysfunction of the PLA2 signaling cascade
may affect neurotransmitter production, in turn causing
reduced niacin sensitivity in depressed patients. Alterna-
tively, it has also been suggested that arachidonic acid-
related signaling abnormalities causing a diminished skin
response to niacin may be related to disorders of glucose
and lipid metabolism in depressed patients [16].

In conclusion, in the present study, the niacin skin flush
response was detected in adolescents with depression
and healthy controls, and the niacin skin flush response
was tentatively found to have potential clinical applica-
tion in the identification of adolescent depression. How-
ever, because the sample size of this study was small, the
effects of depression severity and medications were not
studied, and the response mechanisms were not explored,
the findings need to be considered with caution. In the
future, the sample size will be further expanded for in-
depth study.
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