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Background:Depression is associatedwith inflammation andAlzheimer's disease (AD). However, detailedmolec-

ular mechanisms linking mood, neuroinflammation and AD remain unclear. Although changes in peripheral in-
flammatory factors such as Interleukin 18 (IL18), and AD-associated amyloid-β (Aβ) peptides have been linked
to depression, a solid relationship between these factors in depressive disorder has yet to be established. This
study aims to further determine whether plasma IL18, Aβ40, Aβ42, and the AD-associated tangle component
Tau, as well as IL18 single nucleotide polymorphisms (SNPs) may be biomarkers for depression.
Methods:Wemeasured plasma IL18, Aβ40, Aβ42, and Tau in 64 depressive patients and 75 healthy controls, and
characterized genotypes of three IL18 SNPs (rs187238, rs1946518 and rs1946519) in these subjects. Comparisons
between depressive patients and controls were carried out in males, in females or in combination. Regression
analyses were conducted to examine the correlation between these parameters.
Results: We found that none of the plasma levels of IL18, Aβ40, Aβ42, and Tau, the ratio of Aβ42/Aβ40, and the
genotypes of IL18 SNPswere significantly different between combined depressive patients and combinedhealthy
controls, or betweenmale depressive patients and male controls. However, IL18 levels were less in females than
in males in healthy people and were significantly increased in female depressive patients compared to female
controls. Moreover, IL18 and standardized IL18 were correlated with standardized Aβ42/Aβ40 ratio and stan-
dardized Tau in depressive patients.
Conclusions: Plasma IL18 may be a potential biomarker for depression in women.

© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Depression is a major psychiatric disorder with complex etiology
and pathophysiology. Multiple lines of evidence have indicated that im-
mune dysfunction and inflammation play important roles in the patho-
genesis of depression [1–3]. Interleukin 18 (IL18) is a pro-inflammatory
cytokine that can modulate immune functions during immunological
disturbances and has recently been proposed to associate with
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depression. Several studies found that IL18 levels in blood (serum or
plasma)were significantly higher in depressive patients than in healthy
controls [4,5], though another study reported the opposite [6]. In addi-
tion, elevated levels of IL18were found to be associatedwith depression
severity in males with psoriasis [7], and in stroke and acute coronary
syndrome patients who developed depression than patients without
depression [8–10].

Allele type of single nucleotide polymorphisms (SNPs) rs187238
(C N A,G) and rs1946518 (T N G) in the promoter region of IL18may af-
fect IL18 expression [11,12]. Interestingly, it was reported that rs187238
allele C and rs1946518 allele G had a significantly higher prevalence
among depressive patients with a previous stressful life event than
both patients without a stressful life event and healthy controls [13].
An IL18 haplotype comprising both risk-associated alleles conferred
susceptibility to stress-related depression and anxiety specific to
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
Comparison between depressive patients and controls.

Depressive
patients
(n = 64)

Controls
(n = 75)

p value

Age, yr (s.d.) [range] 49.33 (13.70)
[21–73]

37.72 (12.33)
[19–84]

b0.0001a

Male/Female (% female) 19/45 (70.31%) 29/46 (61.33%) 0.267b

HAMD-17 score (s.d.) [range] 26.50 (4.36)
[19–36]

– –

Age at onset, yr (s.d.) [range] 44.70 (11.59)
[19–64]

– –

Medication duration, m (s.d.) 52.27 (40.08) – –
Dose of antidepressant, mg
(s.d.)d

26.12 (10.31) – –

APOE ε4 carriers (%) 5 (7.81%) 7 (9.33%) 0.750b

Aβ40, pg/ml (s.d.) 205.0 (44.43) 196.7 (34.02) 0.122c

Aβ42, pg/ml (s.d.) 8.876 (2.127) 8.678 (1.746) 0.414c

Aβ42/Aβ40 (s.d.) 44.59 (14.96) 44.18 (5.220) 0.231c

LN(Aβ42/Aβ40) (s.d.) 3.765 (0.234) 3.781 (0.122) 0.231c

Tau, pg/ml (s.d.) 4.322 (2.116) 4.488 (1.541) 0.247c

LN(Tau) (s.d.) 1.335 (0.540) 1.437 (0.396) 0.247c

IL18 rs187238 C carriers (%) 57 (89.06%) 69 (92.00%) 0.553b

IL18 rs1946518 T carriers (%) 37 (57.81%) 43 (57.33%) 0.955b

IL18 rs1946519 A carriers (%) 50 (78.13%) 50 (66.67%) 0.134b

IL18, pg/ml (s.d.) 416.4 (417.2) 315.4 (255.7) 0.214c

LN(IL18) (s.d.) 5.733 (0.708) 5.558 (0.584) 0.269c

The p valueswith a significant level are highlighted in bold. The ratios of Aβ42/Aβ40were
multiplied by 1000. s.d., standard deviation.

a Student's t-test.
b Chi-squared test.
c Mann–Whitney U test.
d Antidepressants were converted into fluoxetine doses. Three patients who took

duloxetine were excluded from this analysis as a conversion of duloxetine doses to fluox-
etine doses was not available.
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females but not males [14]. Moreover, rs187238 G allele and rs1946518
T allele were found to be associatedwith an increased risk of depression
relapse [12].

Epidemiological studies have demonstrated a risk association be-
tween depression and Alzheimer's disease (AD) [15–19]. AD has two
major pathological hallmarks in the brain, i.e., senile plaques composed
of amyloid-β (Aβ) peptides and neurofibrillary tangles formed by
hyperphosphorylated Tau protein [20]. Aβ has two major forms as
Aβ40 and Aβ42, both of which are derived from the amyloid-β precur-
sor protein through sequential cleavages by β- and γ-secretases [21].
Tau is amicrotubule-bindingprotein and can bephosphorylated atmul-
tiple sites [22,23]. Abnormal accumulation of toxic Aβ and
hyperphosphorylated Tau in the brain is essential for AD pathogenesis
and has been targeted for therapeutic development [24,25]. Interest-
ingly, disturbances in bloodAβ levels have also been reported in depres-
sion cases, but the results are inconsistent. Some studies found
significantly elevated plasma Aβ42 levels and Aβ42/Aβ40 ratios in
late-life major depressive patients [26–29], whereas other studies
found decreased plasma Aβ42 levels in depressive patients [30,31],
and decreased serum/plasma Aβ42/Aβ40 ratios in both young and old
major depressive patients [32–35]. In addition, although cerebrospinal
fluid (CSF) Tau levels were found to be unaltered in depressive patients
[36,37], whether blood Tau levels are changed in depressive patients re-
mains elusive.

Despite recent implications of IL18 and Aβ in depression, conflicting
results have been reported. In addition, whether peripheral Tau levels
are altered in depressive patients and whether IL18, Aβ and Tau are as-
sociated with each other in depression remain unclear. In this circum-
stance, we systematically investigated plasma levels of IL18, Aβ40,
Aβ42, and Tau, the ratio of Aβ42/Aβ40, and the genotypes of IL18
SNPs in depressive patients to study their correlation with depression.

2. Methods

2.1. Participants

We enrolled 64 patients diagnosed and treated at Xiamen City
Xianyue Hospital, Xiamen, Fujian, China, from January to June 2019 in
this study. A primary diagnosis of a depressive disorder of these patients
wasmade according to International Classification of Diseases, 10th Edi-
tion diagnostic criteria by at least two senior psychiatrists indepen-
dently, and all patients had a score of N17 assessed using the Hamilton
Depression Scale-17 (HAMD-17). HAMD-17 scores and ages at onset
are listed in Table 1. All patients were on antidepressant medication.
Among them, 54 received selective serotonin reuptake inhibitors and
10 received serotonin-noradrenalin reuptake inhibitors. The duration
of medication, as well as drug doses that were converted to equivalent
doses of fluoxetine [38] is listed in Table 1. Patients were excluded if
they had brain organic mental disorders (i.e., chronic organic brain syn-
dromes), severe physical diseases, use of drugs thatmay cause psychiat-
ric disorders, or a history of severe drug allergy, or they were in
pregnancy or lactating. Seventy-five healthy controls were enrolled
from volunteers during their health examination at the hospital. These
controls had no brain organic mental disorders or other severe physical
diseases, were in good mental condition and had no history or family
history of mental disorders. The study protocol was approved by the
Medical Ethics Committee of Xiamen City Xianyue Hospital and
conformed to the provisions of the Declaration of Helsinki. Informed
content was obtained from all participants.

2.2. Aβ40, Aβ42 and Tau assays

All participants fasted for aminimum of 10 h overnight before blood
withdrawal. Blood samples were collected in EDTA coated tubes and
centrifuged for 10 min at 2000 ×g at 4 °C. Plasma samples were stored
at −80 °C until use. Plasma levels of Aβ40, Aβ42, Tau, and IL18 were
quantified using an ultra-sensitive Simoa technology (Quanterix, Lex-
ington, MA, USA) on the automated Simoa HD-1 platform (GBIO, Hang-
zhou, China), per manufacturer's instruction. Human Neurology 3-Plex
A assay kits (Cat. No. 101995) and IL18 kits (Cat. No. 102700) were pur-
chased from Quanterix and used accordingly. In brief, plasma samples
were diluted at a 1:4 ratio for Aβ40, Aβ42 and tau and at a 1:40 ratio
for IL18. Diluted plasma samples were incubated with target antibody-
coated paramagnetic beads. Following a wash, the beads were mixed
with streptavidin-β-galactosidase conjugates. After a second wash, the
beadswere resuspended in a resorufinβ-D-galactopyranoside substrate
solution and then transferred to the Simoa Disc for detection and mea-
surement. Calibrators and quality controls were included in each plate.
All measured sample values were within the linear ranges of the assays.
Operators were unaware of samples' disease status.
2.3. DNA extraction and APOE genotyping

Genomic DNAwas extracted fromwhole blood usingMagCore®Ge-
nomic DNA Whole Blood Kit (RBC Bioscience, Xiamen, Fujian, China),
following the manufacturer's protocol. Briefly, human whole blood
samples were added to pre-filled cartridges that contain proteinase K
and chaotropic salt to lyse cells and degrade proteins. While genomic
DNA would bind to cellulose coated magnetic beads. After washing off
the contaminants, the purified genomic DNA was eluted by a low salt
elution buffer.

APOE genotypes were determined using the Human APOE ε2/ε3/ε4
Genotyping Kit (Real time-PCR-based) (Xiamen Memorigen Co., Ltd.,
Xiamen, Fujian, China), following the manufacturer's protocol. Briefly,
fluorescent real-time PCRwas carried out using reagents specifically
recognizing alleles of the two APOE SNP loci (rs429358 and
rs7412) that determine ε2, ε3 and ε4 genotypes. By analyzing the
amplification results of the two SNP alleles, APOE genotypes were
determined.



Table 2
Comparison between depressive patients and controls (males and females were
separated).

Depressive
patients

Controls p value

Males (n) 19 29
Age, yr (s.d.) [range] 49.26 (15.59)

[21–73]
41.59 (14.94)
[20–84]

0.094a

HAMD-17 score (s.d.)
[range]

25.63 (4.19)
[19–35]

– –

Age at onset, yr (s.d.)
[range]

44.05 (12.57)
[20–64]

– –

Medication duration, m
(s.d.)

56.47 (54.44) – –

Dose of antidepressant, mg
(s.d.)d

25.45 (8.57) – –

APOE ε4 carriers (%) 0 (0.00%) 2 (6.90%) 0.242b

Aβ40, pg/ml (s.d.) 196.0 (47.09) 201.9 (36.65) 0.747c

Aβ42, pg/ml (s.d.) 8.540 (2.023) 8.817 (1.847) 0.587c

Aβ42/Aβ40 (s.d.) 44.02 (5.755) 43.65 (5.015) 0.876c

LN(Aβ42/Aβ40) (s.d.) 3.776 (0.134) 3.770 (0.119) 0.880c

Tau, pg/ml (s.d.) 4.340 (1.986) 4.991 (1.767) 0.472c

LN(Tau) (s.d.) 1.318 (0.641) 1.554 (0.327) 0.472c

IL18 rs187238 C carriers (%) 16 (84.21%) 26 (89.66%) 0.577b

IL18 rs1946518 T carriers
(%)

13 (68.42%) 16 (55.17%) 0.359b

IL18 rs1946519 A carriers
(%)

16 (84.21%) 20 (68.97%) 0.233b

IL18, pg/ml (s.d.) 526.8 (542.6) 453.6 (345.2) 0.447c

LN(IL18) (s.d.) 5.903 (0.812) 5.925 (0.596) 0.447c

Females (n) 45 46
Age, yr (s.d.) [range] 49.36 (13.01)

[21–70]
35.28 (9.76)
[19–61]

b0.0001a

HAMD-17 score (s.d.)
[range]

26.87 (4.42)
[19–36]

– –

Age at onset, yr (s.d.)
[range]

44.98 (11.30)
[19–60]

– –

Medication duration, m
(s.d.)

50.49 (32.81) – –

Dose of antidepressant, mg
(s.d.)d

26.37 (10.98) – –

APOE ε4 carriers (%) 5 (11.11%) 5 (10.87%) 0.971b

Aβ40, pg/ml (s.d.) 208.8 (43.25) 193.4 (32.25) 0.034c

Aβ42, pg/ml (s.d.) 9.018 (2.176) 8.606 (1.758) 0.184c

Aβ42/Aβ40 (s.d.) 44.84 (17.51) 44.51 (5.372) 0.179c

LN(Aβ42/Aβ40) (s.d.) 3.761 (0.266) 3.788 (0.125) 0.179c

Tau, pg/ml (s.d.) 4.314 (2.190) 4.171 (1.303) 0.430c

LN(Tau) (s.d.) 1.341 (0.499) 1.363 (0.421) 0.430c

IL18 rs187238 C carriers (%) 41 (91.11%) 43 (93.48%) 0.672b

IL18 rs1946518 T carriers
(%)

24 (53.33%) 27 (58.70%) 0.606b

IL18 rs1946519 A carriers
(%)

34 (75.56%) 30 (65.22%) 0.280b

IL18, pg/ml (s.d.) 369.7 (348.2) 228.3 (115.2)e 0.012c

LN(IL18) (s.d.) 5.661 (0.657) 5.326 (0.445)e 0.012c

The p valueswith a significant level are highlighted in bold. The ratios of Aβ42/Aβ40were
multiplied by 1000. s.d., standard deviation.

a Student's t-test.
b Chi-squared test.
c Mann–Whitney U test.
d Antidepressants were converted into fluoxetine doses. Two male patients and one

female patient who took duloxetine were excluded from the analyses as a conversion of
duloxetine doses to fluoxetine doses was not available.

e Comparison betweenmales and females in controls revealed significant differences in
IL18 levels and LN(IL18) (p b 0.0001).
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2.4. IL18 SNP genotyping

The two SNPs rs187238 (−137) and rs1946518 (−607) are in prox-
imity and locate in the promoter region of IL18. The position of another
SNP rs1946519 (A N C,−656) is close to them. Therefore, we performed
PCR to amplify an 864 bp-long DNA fragment encompassing all the
three IL18 SNP sites, using the following primer pair: IL18-F: 5′-
ggatcttccagagatGAATGAGGAAGAAGGTGGAGGG-3′ and IL18-R: 5′-
ctgccgttcgacgatACACTCTGCTCTTCAAACGTTACATT-3′. Amplified PCR
fragments were subjected to Sanger sequencing using the same primer
pair. Alleles of the three SNPs were determined manually.

2.5. Statistical analysis

Statistical analysis was performed using SPSS version 17.0 (IBM,
Armonk, NY, USA) or GraphPad Prism version 6.01 (GraphPad Software,
San Diego, CA, USA), with the significant level set at p b 0.05. Statistics
were expressed as mean ± standard deviation (s.d.) for continuous
variables.

Age was compared using two-tailed unpaired Student's t-tests. Sex
and the frequencies of APOE ε4 and IL18 SNPs were compared using
the chi-squared test.

Normality tests were carried out using the D'Agostino-Pearson test.
Aβ40 and Aβ42 levels in both depressive patients and controls passed
normality tests. The Aβ42/Aβ40 ratio (multiplied by 1000 for analysis
throughout the study) in controls but not in depressive patients passed
normality tests. Tau levels in depressive patients but not in controls
passed normality tests. IL18 levels in neither depressive patients nor
controls passed normality tests. Therefore, the Aβ42/Aβ40 ratio and
Tau and IL18 levels were transformed using the natural log (LN) scale
for standardization. Plasma Aβ40, Aβ42, Tau, and IL18 levels, the
Aβ42/Aβ40 ratio, LN(Tau), LN(IL18), and LN(Aβ42/Aβ40) were com-
pared between depressive patients and controls using the Mann-
Whitney U test. Binary logistic regression analysis was performed for
correction of age and genotypes during such comparisons. Multiple re-
gression analysis was also conducted. Age and APOE ε4 genotype were
used as independent variables for Aβ- and Tau-related dependent vari-
ables. Age and the three IL18 SNPs' major allele genotypes were used as
independent variables for IL18-related dependent variables. Linear re-
gression analysis was conducted to evaluate the correlation between
dependent variables.

3. Results

Participants' clinical and demographic features are shown in Table 1.
There was no significant difference in sex distribution between depres-
sive patients and healthy controls. However, depressive patients were
significantly older than controls (p b 0.0001).

The APOE gene is amajor genetic risk factor for late-onset AD andhas
three alleles as ε2, ε3 and ε4. The APOE ε4 allele confers markedly in-
creased risk relative to the other two alleles mainly through driving
Aβ and tau pathologies [39,40]. Therefore, we genotyped APOE to ex-
plore whether the APOE ε4 allele also affects Aβ and Tau levels in de-
pressive patients. However, no significant differences in frequencies of
the APOE ε4 and frequencies of the rs187238 major allele C, the
rs1946518 major allele T and the rs1946519 major allele A in IL18
were identified between depressive patients and healthy controls
(Table 1).

In addition, there were no differences in plasma levels of Aβ40,
Aβ42, Tau, and IL18, or the ratio of Aβ42/Aβ40 between depressive pa-
tients and controls (Table 1). After standardization of the ratio of Aβ42/
Aβ40 and Tau and IL18 levels, they were still not significantly different
between depressive patients and controls (Table 1).

Because depression incidence and prevalence are higher in females
than in males [41–43], we carried out comparisons in different sex
groups. In males, no significant differences were found in any
comparisons between patients and controls (Table 2). Interestingly, in
females, significantly higher levels of Aβ40 (p = 0.034), IL18 (p =
0.012) and LN(IL18) (p = 0.012), accompanied with older age
(p b 0.0001), were found in depressive patients than in controls
(Table 2). After adjustment of age and APOE ε4 genotype, binary logistic
regression analysis revealed that Aβ40 levels were not significantly dif-
ferent between female depressive patients and controls anymore (β =
0.008, p= 0.291). However, after adjustment of age and the three IL18
SNPs' major allele types, IL18 (β=0.003, p=0.048) and LN(IL18) (β=
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1.056, p=0.038) levels were still significantly higher in female depres-
sive patients than in female controls.

In addition, we compared these parameters between males and fe-
males. In control groups, we found that IL18 levels (p b 0.0001) and
LN(IL18) (p b 0.0001) but not other measured parameters were signifi-
cantly decreased in females when compared to males (Table 2). Adjust-
ment of age and the three IL18 SNPs'major allele types did not affect the
significance [for IL18, β = −0.007, p = 0.001; for LN(IL18), β =
−2.392, p b 0.0001]. However, there were no significant differences
for IL18 (p=0.430), LN(IL18) (p=0.430) and other measured param-
eters between females and males in depressive patients. These results
suggest that IL18 levels are less in females than inmales in healthy peo-
ple, whereas depression status specifically promotes IL18 levels in
females.

We further carried out multiple regression analysis in both depres-
sive patients and controls. We found that the Aβ42/Aβ40 ratio [β =
−0.127, p = 0.009] and their standardization [β = −0.003, p =
0.013] were negatively correlated with age in controls (Supplementary
Table 1) but not in depressive patients (Table 3), whereas IL18 levels
[β = 4.948, p = 0.048] and their standardization [β = 0.015, p =
0.011] were positively correlated with age in controls (Supplementary
Table 1) but not in depressive patients (Table 3).

Linear regression analysis showed that in control groups, Aβ40 was
positively correlated with Aβ42 [β= 15.90, p=0.000], Aβ42 was pos-
itively correlatedwith Aβ42/Aβ40 [β=0.171, p=0.000] and LN(Aβ42/
Aβ40) [β = 7.453, p = 0.000], and Tau was negatively correlated with
Aβ42/Aβ40 [β = −0.772, p = 0.049] and LN(Aβ42/Aβ40) [β =
−0.019, p = 0.043] (Supplementary Table 1). Correlation between Aβ
and Tau was also observed in depressive patients but with slight differ-
ences: Aβ40was positively correlatedwith Aβ42 [β=14.28, p=0.000]
and negatively correlated with Aβ42/Aβ40 [β = −1.204, p = 0.001]
and LN(Aβ42/Aβ40) [β=−63.73, p=0.007], and Aβ42was positively
correlated with Aβ42/Aβ40 [β = 0.039, p = 0.027], LN(Aβ42/Aβ40)
[β = 3.960, p = 0.000] and LN(Tau) [β = 1.002, p = 0.043] (Table 3).
Interestingly, although there was no correlation found between IL18
and Aβ or Tau in controls (Supplementary Table 1), IL18 was negatively
correlated with LN(Aβ42/Aβ40) [β=−0.000, p= 0.013] and LN(Tau)
[β=−0.000, p= 0.006], and LN(IL18) was negatively correlated with
Aβ42/Aβ40 [β = −6.061, p = 0.021], LN(Aβ42/Aβ40) [β = −0.123,
p=0.002] and LN(Tau) [β=−0.216, p=0.023] in depressive patients
(Table 3).

To exclude the possible influences of age and preclinical dementia,
we also compared depressive patients and controls in three different
age groups (30b, 30–49 and 50≤). However, we found that none of the
measured parameters showed significant differences between controls
and depressive patients in any of the age groups (Supplementary
Table 2). Since our initial analysis revealed that IL18 levels were
Table 3
Results of regression analysis (patients, n = 64).

Aβ40 Aβ42 Aβ42/Aβ40 LN(Aβ4

β p value β p value β p value β

Age 0.610 0.155 0.024 0.236 −0.124 0.393 −0.001
APOE ε4 −5.356 0.803 0.503 0.628 0.035 0.996 0.050
Aβ40 – –
Aβ42 14.28 0.000 – –
Aβ42/Aβ40 −1.204 0.001 0.039 0.027 – – –
LN(Aβ42/Aβ40) −63.73 0.007 3.960 0.000 – – –
Tau 4.733 0.073 0.192 0.131 −0.700 0.436 −0.009
LN(Tau) 18.62 0.072 1.002 0.043 −1.620 0.646 0.000
IL18 rs187238 C allele
IL18 rs1946518 T allele
IL18 rs1946519 A allele
IL18 0.007 0.622 0.000 0.136 −0.008 0.068 −0.000
LN(IL18) 3.835 0.631 −0.729 0.053 −6.061 0.021 −0.123

The p values with a significant level are highlighted in bold. The ratios of Aβ42/Aβ40 were mu
Age and genotypes were used as independent variables in multiple regression analysis. Among
significantly elevated only in female depressive patients, we also carried
out the analyses in different age cohorts of females. Because female
sample numbers were low in some age groups defined above, and this
may interfere with the power of statistical analysis, we analyzed fe-
males with age b50 or 60 years old instead. In females b50 years old,
the comparison results also showed that IL18 (p = 0.031) and LN
(IL18) (p = 0.031) were significantly higher in depressive patients
than in controls (Supplementary Table 3). Consistently, in females
b60 years old, IL18 (p= 0.014) and LN(IL18) (p= 0.014) were signifi-
cantly higher in depressive patients than in controls (Supplementary
Table 3).

4. Discussion

This study aimed to systematically explore the correlation between
depression and plasma levels of IL18, Aβ40, Aβ42, and Tau, the ratio of
Aβ42/Aβ40, and the genotypes of IL18 SNPs. Our results found that
none of them was significantly different between depressive patients
and healthy controls in males or when both male and female partici-
pants were combined. Interestingly, we noticed that IL18 levels were
significantly less in female controls than inmale controls, andwere spe-
cifically increased in female depressive patients when compared to fe-
male controls.

Although one study noted that serum levels of IL18 were decreased
in depressive patients compared to controls [6], other studies found the
opposite [4,5]. Moreover, higher levels of IL18 were found in stroke and
acute coronary syndrome patients who developed depression than pa-
tientswithout depression, and could be used to predict the risk of devel-
oping depression in these diseases [8–10]. Elevated levels of IL18 were
also associated with depression severity in males with psoriasis [7],
whereas IL18 level reduction was associated with alleviated depressive
symptoms in type 2 diabetes patients [44]. Here we found that plasma
IL18 levels were only specifically increased in female depressive pa-
tients. Although plasma IL18 levels were slightly higher in male depres-
sive patients compared to male controls, there was no statistical
significance (Table 2).

SNPs rs187238 and rs1946518 are located in the promoter region of
IL18. It was predicted that allele change from C to G at rs187238 could
change the H4TF-1 nuclear factor's binding site to a binding site for an
unknown factor found in the GM-CSF promoter; while allele change
from G to T at rs1946518 could disrupt a potential cAMP-responsive
element-binding protein binding site [11]. Carriers who are homozy-
gous for allele C at rs187238 and allele G at rs1946518 had slightly
higher levels of IL18 expression compared to carriers with other geno-
types [11]. Some other studies suggest that IL18 SNP polymorphisms
are associatedwith depression and possibly affect IL18 expression in de-
pression. For example, one study found that depressive patients
2/Aβ40) Tau LN(Tau) IL18 LN(IL18)

p value β p value β p value β p value β p value

0.640 −0.010 0.637 −0.000 0.997 1.010 0.809 0.003 0.694
0.665 1.231 0.233 0.093 0.727

–
–
0.525 – – – –
0.998 – – – –

88.20 0.617 0.028 0.926
0.198 0.999 0.091 0.692
−66.99 0.678 −0.289 0.291

0.013 −0.001 0.118 −0.000 0.006 – – – –
0.002 −0.477 0.207 −0.216 0.023 – – – –

ltiplied by 1000.
Aβ, tau and IL18, liner regression analysis between each two was conducted.
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carrying rs1946518 TG or TT genotypes were significantly more prone
to relapse after antidepressant treatment and had a significantly lower
time to relapse than patients carrying the GG genotype. Depressive pa-
tients carrying rs187238 CG or GG genotype also had a significantly
higher risk of relapse and displayed relapse significantly earlier than
the ones carrying the CC genotype. Peripheral IL18 mRNA levels were
also found upregulated in rs1946518 TG/TT carriers [12]. Another
study reported that rs187238 allele C and rs1946518 allele G had a
higher prevalence among the depressive patients with a stressful life
event prior to disease onset than both patients without a stressful life
event and healthy controls, though the results were only nominally sig-
nificant and failed to sustain after correction [13]. An IL18 haplotype
comprising both risk-related alleles was also found to confer suscepti-
bility to stress-related depression and anxiety through affecting
threat-related amygdala function, a risk pathway specific to females
but not males [14]. However, we did not find that the major allele C in
rs187238, the major allele T in rs1946518 or the major allele A in
rs1946519 was associated with depression. Although our results sug-
gest that IL18 SNP polymorphisms do not directly lead to depression
onset, there is still a possibility that IL18 SNP polymorphisms have aux-
iliary effects on promoting depression development and/or can modu-
late the outcome after depression.

Although Tau and phosphorylated Tau and the Aβ42/Aβ40 ratio in
CSF have been proposed as biomarkers for AD diagnosis [45,46],
whether peripheral levels of them can be used to predict AD and other
diseases has yet to be ascertained. Some studies found that elevated
plasma Aβ40, Aβ42, Tau, and phosphorylated Tau levels, and decreased
plasma Aβ42/Aβ40 ratios were associated with an increased risk of AD
development, whereas others found no such associations [47–50]. Al-
terations of peripheral Aβ40 and Aβ42 levels have also been studied
in depressive patients, but the results are inconsistent. Some studies
found significantly elevated plasma Aβ42 levels and Aβ42/Aβ40 ratio
in late-life major depressive patients [27–29,51,52], while other studies
found lower plasma Aβ42 levels and/or lower serum/plasma Aβ42/
Aβ40 ratio in depressive patients [30–35,53]. On the other hand, al-
though CSF Tau levels were not altered in depressive patients [36,37],
whether peripheral Tau levels are associated with depression is un-
known. Here we found that none of plasma Aβ40, Aβ42 and Tau levels,
and the ratio of Aβ42/Aβ40was altered in depressive patients. Although
marginally increased Aβ40 levels were found in female depressive pa-
tients, the statistical significance was abolished when age and APOE ε4
genotype were taken into consideration.

We found some extent of correlation among plasmaAβ40, Aβ42 and
Tau in both controls and depressive patients. This may not be surprising
as both Aβ40 and Aβ42 are generated from the same precursor APP
through sequential cleavages by β- andγ-secretases in very similar pro-
cesses that only differentiate at the γ-cleavage site [21]; while there is
an interplay between Aβ and Tau [54].

Interestingly, we found that IL18 was negatively correlated with the
Aβ42/Aβ40 ratio and Tau in depressive patients but not in controls. In
addition to depression, dysregulated inflammation has been linked to
AD [55–57]. Some studies reported that serum/plasma IL18 levels
were significantly elevated in AD patients and correlated with disease
severity [58,59], though another study suggested no differences be-
tween AD and controls [60]. Since IL18 could promote Aβ production
and Tau phosphorylation in neuron-like cells [61,62], IL18may interfere
with Aβ and Tau in plasma. However, the correlation between IL18 and
Aβ42/Aβ40 ratio and Tau in depressive patients has yet to be further
corroborated, and the underlying biological mechanism requires
scrutiny.

This study has some limitations. First, the sample sizes were rela-
tively small, and this may influence the statistical power. Second, all de-
pressive patients were receiving antidepressant medication. Although
plasma Aβ42 levels were not found to be altered with antidepressant
treatment [31,51], plasma Aβ40 levels were reduced in patients receiv-
ing antidepressants [31]. Therefore, antidepressant medication may
influence the plasma levels of these detected factors in our study.
Thirdly, the age difference between depressive patients and controls
may affect the comparison outcome. Especially in female participants,
a mean age of 49.36 in depressive patients versus a mean age of 35.28
in controls suggests that the female depressive patient cohort might
be subjected to perimenopause, which is an important mechanism af-
fecting depressive mood. However, after adjustment of age, IL18 levels
were still significantly higher in female depressive patients than in fe-
male controls. Finally, age and prodromal AD could affect plasma levels
of thedetected factors and interferewith the result interpretation.How-
ever, comparisons in cohorts that were younger than 50 or 60 years still
demonstrated that IL18 levelswere significantly increased in female de-
pressive patients.

Several studies have suggested that altered Aβ40 and Aβ42 levels, as
well as Aβ42/Aβ40 ratios are associated with depression, though with
conflicting results. However, we failed to detect any significant differ-
ences between depressive patients and healthy controls for Aβ or Tau
in plasma. Instead, our present study showed that plasma IL18 levels
were significantly increased in female depressive patients compared
to female controls. These results demonstrate that the change of plasma
IL18 levels is more robust than the alterations of Aβ and Tau levels dur-
ing depression. Therefore, plasma IL18 may become a promising bio-
marker for depression specifically in women.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.comppsych.2020.152159.
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