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Background: Elevated levels of tenascin-C are linked to increased risk and severity of 
major depressive disorder (MDD), while testosterone shows a protective effect. The present 
study explored associations between serum levels of tenascin-C and testosterone in Chinese 
men with MDD.
Methods: Testosterone and tenascin-C levels were measured in sera of 412 men with MDD 
and 237 age- and sex-matched controls. Serum levels of thyroid hormone, lipids, and high- 
sensitivity C-reactive protein (hs-CRP) were also quantified. Potential associations were 
examined using covariance, subgroup analysis, and multivariate linear regression analyses.
Results: Significantly higher concentrations of tenascin-C were detected in sera of subjects 
with MDD than in controls. Among subjects with MDD, testosterone concentrations inver-
sely correlated with tenascin-C levels. This relationship was observed when patients were 
stratified by age at onset; duration or severity of depression; or concentration of thyroid 
hormones, low- or high-density lipoprotein, or hs-CRP. The negative association remained 
even when the statistical model was adjusted for age, smoking status, alcohol use, and body 
mass index. Linear regression with bootstrap resampling confirmed that high tenascin-C 
levels inversely correlated with testosterone levels.
Conclusion: In men with MDD, high tenascin-C concentrations correlate with testosterone 
deficiency. The combination of elevated tenascin-C and testosterone deficiency may be 
associated with MDD progression.
Keywords: tenascin-C, testosterone, major depressive disorder

Introduction
Major depressive disorder (MDD) is considered a major public health challenge and is 
predicted to become a significant cause of disability worldwide in 2020.1 This disorder is 
associated with high treatment costs, and it places a heavy burden on patients and their 
families.2 MDD has been linked to dysregulation of neurotransmitters, dysfunction of the 
hypothalamic-pituitary-thyroid (HPT) axis, and inflammatory responses.3,4 The causes 
and mechanisms underlying depression remain poorly understood, preventing the iden-
tification of biomarkers that might guide diagnosis or treatment. Thus, identifying new 
biological markers may bring deeper insights and improved diagnosis for MDD.

Tenascin-C (TNC) participates in cell adhesion, inflammatory response, and tissue 
remodeling in many tissues, including brain. It is well known that TNC may contribute to 
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the development of hippocampal cells via regulating the neu-
ron–glia interactions.4 A study in serum proteomic profiling of 
MDD has found that TNC is a serum-based biomarker of 
depression, suggesting that this molecular alteration is asso-
ciated with acute depressed symptomatology.5 Therefore, ele-
vated TNC levels in serum may indicate depressive 
pathophysiology. TNC is perhaps a promising marker for 
assessing MDD risk and treatment efficacy.

In men, low testosterone is strongly linked to elevated risk 
of depression.6 However, some researchers reviewed that low 
levels of testosterone are not associated with the increased 
rates of MDD.7 The limited studies or small samples may 
lead to these inconsistent conclusions. In addition, administer-
ing testosterone to gonadectomized male animals reduces 
anxiety and depression-like symptoms.8 These effects are 
eliminated when the body aromatizes testosterone into estro-
gens; hence, excess aromatase activity can cause testosterone 
deficiency in men, which increases their risk of depression.9 

Our previous study also demonstrated that testosterone could 
suppress the neuronal apoptosis induced by corticosterone 
through Traf6/TAK1 pathway.10 Furthermore, testosterone 
feedback regulates thyroid hormone levels, lipid metabolism, 
and inflammatory response.11–13 It has suggested an inverse 
link between testosterone and TNC; the hormone may regulate 
TNC expression in certain cancers.14 Additionally, we pre-
viously demonstrated that high TNC levels in depressed 
patients were associated with suicide attempts and severity 
of depression, which may be a risk factor for suicide attempts 
of MDD.15 Thus, it is supposed that testosterone deficiency in 
depressed patients may contribute to the induction of TNC 
levels, and further promote the neuroinflammatory response 
and stimulate the development of MDD.

Therefore, we hypothesized that lower circulating concen-
trations of testosterone in men with depression may be asso-
ciated with the increases in the levels of TNC, which in turn 
may increase the risk of MDD onset or progression. We tested 
this idea in the present study of Chinese men with MDD.

Methods
Study Population
In this retrospective study, a consecutive sample of 412 men 
diagnosed with MDD and 237 sex- and age-matched healthy 
controls without MDD were recruited from the Department 
of Psychiatry at Renmin Hospital of Wuhan University. 
These participants were selected by a qualified psychiatrist 
before enrollment in our study. The selection was performed 
according to the previous report.16 Briefly, the process 

includes five steps: (1) a standard psychiatric interview; (2) 
depressive symptoms were assessed based on a Structured 
Clinical Interview Diagnosis (SCID) on the first day of 
admission, which refers to the Diagnostic and Statistical 
Manual of Mental Disorders, 5th edition (DSM-5); (3) sever-
ity of depressive symptoms was assessed using the Patient 
Health Questionnaire-9 (PHQ-9) and the Beck’s Suicidal 
Ideation Scale (SSI); (4) a detailed evaluation of early psy-
chiatric disease; (5) a sociodemographic condition and clin-
ical data were recorded using predesigned questionnaires. In 
the present study, a PHQ-9 score ≥10 indicates the presence 
of depressive symptoms. The severity of depressed symp-
toms was divided into not depressed (0–4 scores), mild (5–9 
scores), moderate (10–19 scores), and severe (20–27 scores), 
according to the previous observation.17

Data were collected on sociodemographic characteristics 
(age and years of education), lifestyle and health indicators 
(smoking status, alcohol use, and body mass index (BMI)), and 
clinical characteristics (symptom duration and age at onset). 
Smoking and alcohol use were evaluated by asking the subjects 
whether they smoked or drank, and if they did, they were asked 
to show the numbers of cigarettes smoked or drinking in 
present. BMI was evaluated by measuring the weight and 
height of both individuals on the same scale and calculated 
by dividing weight (in kilograms) by the square of height (in 
meters); a BMI of below 18.5 represents underweight, 
18.5–24.9 represents normal weight, 25.0–29.9 represents 
overweight, and 30 or above indicates obesity (WHO, 2016). 
Patients with MDD suffering from depressed symptoms for at 
least 4 weeks or longer and hospitalized individuals were 
enrolled in our research. Exclusion criteria were the use of 
illegal agents, substance abuse within the past 3 months, his-
tory of heart disease, kidney or inflammatory diseases, acute or 
chronic infection, tumors and major somatic disorders. 
Additionally, the use of antidepressant or antipsychotic agents 
can contribute to the alterations of serum cytokine contents, 
thus, both individuals were free of medications for at least 2 
weeks before sampling.

The Medical Ethics Review Committee of Renmin 
Hospital of Wuhan University approved this study proto-
col. Clinical trial registration number is No. 2020783. And 
all subjects provided written informed consent prior to 
study enrollment. We declare that our study was conducted 
in accordance with the Declaration of Helsinki.

Sample Collection
Blood specimens (5 mL) were drawn from the antecubital 
vein of all participants after an overnight fast. Serum 
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samples were centrifuged at 1000× g for 15 min. The 
supernatant was recovered in 2-mL cryogenic vials and 
frozen at −80 °C until the time of assay.

Biomarkers of Depression Risk
Serum TNC levels were measured using a commercially 
available indirect sandwich enzyme-linked immunosorbent 
assay involving capture antibodies and biotinylated detection 
antibodies (CUSABIO, Wuhan, China). The kit has 
a manufacturer-specified detection limit of 7.8 pg/mL. All 
samples were measured in duplicate. The following lipid- 
related biomarkers were assayed as described18 using an 
Advia 2400 automatic analyzer (Siemens, Erlangen, 
Germany): total cholesterol, triglyceride, high-density lipo-
protein cholesterol, low-density lipoprotein cholesterol, and 
high-sensitivity C-reactive protein (hs-CRP). The following 
thyroid-related biomarkers were determined using an Advia 
Centaur CP system (Siemens): free thyroxine, free triio-
dothyronine, thyroid-stimulating hormone, and testosterone.

Statistical Analysis
Data were analyzed using SPSS 19.0 (IBM, NY, USA), and 
figures were generated using GraphPad Prism 6.0 (GraphPad 
Software, La Jolla, CA, USA). Continuous data were 
reported as mean ± SD if normally distributed, or as median 
if data were skewed. Categorical data were reported as per-
centages. Intergroup differences in normally distributed con-
tinuous data were assessed for significance using Student’s 
t test, while differences in skewed continuous data were 
assessed using the Mann–Whitney test. Differences in cate-
gorical data were assessed using the χ2-test. Cohen’s d effect 
sizes (d) were calculated for serum concentrations of testos-
terone and TNC in MDD patients and healthy controls.

For analyses of groups stratified by clinicodemographic 
factors as well as for analysis of covariance ANCOVA, we 
transformed TNC levels to a log10 scale and adjusted for age, 
smoking status, alcohol use, and body mass index. 
Multivariate linear regression with bootstrap resampling was 
used to assess the correlation between TNC and testosterone, 
after adjusting for age, duration and severity of disease, and 
levels of lipid- and thyroid-related biomarkers. P<0.05 was 
regarded as statistically significant.

Results
Study Population
The mean age of all 649 subjects was 35.89 ± 13.57 yr 
(Table 1). Men with MDD were more likely to be older, 

less educated, and to have worse lifestyle and health 
indicators. The average age at MDD diagnosis was 29.34 
± 13.52 yr, and the mean duration of disease was 36.47 ± 
31.72 months. The severity of depression was “severe” in 
26.73% of patients.

MDD patients showed significantly lower serum levels of 
free triiodothyronine, thyroid-stimulating hormone, and 
high-density lipoprotein cholesterol. Conversely, patients 

Table 1 Characteristics of the Study Population

Characteristics Controls 
(n=237)

Depressive Patients 
(n=412)

P

Sociodemographics

Age, yr 33.29 ± 10.71 36.48 ± 15.73 0.584

Education, yr 14.05 ± 3.41 12.92 ± 3.26 0.492

Lifestyle and health 

indicators

Smoking status 0.546

Non-smoker 70.07 67.96

Current smoker 29.93 32.04

Alcohol use 12.41 18.70 0.054

Body mass index 0.037

Normal 67.15 59.47

Overweight 23.36 30.10

Obese 9.49 10.43

Clinical 

characteristics

Duration, months − 36.47 ± 31.72

Age at onset, yr − 29.34 ± 13.52

Severity of 

depression

Mild − 39.60

Moderate − 33.67

Severe − 26.73

FT3, pg/mL 3.48 ± 0.31 3.04 ± 0.39 0.006

FT4, ng/mL 1.24 ± 0.13 1.26 ± 0.23 0.426

TSH, μIU/mL 2.28 ± 0.88 1.71 ± 0.96 <0.001

hs-CRP, mg/l 0.38 ± 0.36 1.16 ± 3.06 0.009

TC, mmol/l 4.11±0.79 4.23±0.83 0.392

TG, mmol/l 1.16±0.49 1.51±0.57 <0.001

HDL, mmol/l 1.28±0.26 1.16±0.24 0.024

LDL, mmol/l 2.24±0.62 2.31±0.71 0.604

Testosterone, ng/dl 439.53 ± 136.08 331.64 ± 149.37 <0.001

TNC, pg/mL 72.22±42.86 108.60±64.37 <0.001

Note: Values are % or mean ± SD unless otherwise noted. 
Abbreviations: hs-CRP, high-sensitivity C-reactive protein; TC, total cholesterol; 
TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
TNC, tenascin C; TSH, thyroid-stimulating hormone; FT4, free thyroxine; FT3, 
free triiodothyronine.
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showed significantly higher serum levels of hs-CRP and 
triglyceride. The two groups showed similar levels of free 
thyroxine, total cholesterol, and low-density lipoprotein cho-
lesterol. Additionally, our study demonstrated that serum 
contents of testosterone were dramatically lower in MDD 
subjects in comparison to healthy controls (P<0.001) with 
Cohen’s d effect size difference of −0.69. Furthermore, the 
serum concentrations of TNC in MDD patients were signifi-
cantly increased compared with healthy controls (P<0.001) 
with Cohen’s d effect size difference of −0.62.

Characteristics of MDD Patients After 
Stratification by Testosterone Levels
The 412 patients with MDD were stratified into tertiles 
based on testosterone levels: <237.64 ng/dl was the low 
tertile (n=136), ≥237.64 ng/dl to ≤346.20 ng/dl was the 
middle tertile (n=137), and >346.20 ng/dl was the high 
tertile (n=139). The three groups did not differ significantly 
in age, smoking status, alcohol use, body mass index, or age 
at onset (Figure 1A-C). Patients in the lowest tertile had had 
more severe MDD for significantly longer than those in the 

Figure 1 Clinical and disease characteristics of men with MDD stratified by serum testosterone levels. Men were placed into the following tertiles based on serum 
concentration of testosterone: low tertile, <237.64 ng/dl; middle tertile, >237.64 to 346.20 ng/dl; or high tertile, >346.20 ng/dl. Associations were then assessed for (A) 
current smoking status, (B) alcohol use, (C) body mass index, (D) duration of depression, (E) severity of depression, (F) age, age at onset and serum levels of biomarkers for 
depression. Data are mean ± standard deviation. *P<0.01 vs the low tertile (<237.64 ng/dl).
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middle and highest tertiles (Figure 1D-E). Patients in the 
lowest tertile also had significantly higher concentrations of 
free triiodothyronine and high-density lipoprotein choles-
terol (Figure 1F). However, all groups showed similar levels 
of the remaining biomarkers for depression.

Association Between Serum TNC and 
Testosterone Levels in Men with MDD
TNC levels were compared among men with MDD stratified 
by testosterone level. When covariance analyses adjusted for 
age, smoking status, alcohol use, body mass index, age at 
onset, and severity of depression, the concentration of TNC 
fell dramatically (346.20 pg/mL to 126.55±15.58 pg/mL) 
with increasing testosterone levels (Figure 2).

Relationship Between Testosterone and 
TNC Levels in Men with MDD After 
Stratification by Clinicodemographic 
Variables
Patients were stratified according to age, smoking status, 
alcohol use, and body mass index. Then, a linear regression 
was performed to relate log10-transformed TNC levels in 

patients with their respective testosterone levels (Table 2). In 
nearly all cases, serum levels of TNC and testosterone nega-
tively correlated with each other, and testosterone was parti-
cularly low in older patients who had suffered from more 
severe depression for longer periods of time. These patients 
also had lower concentrations of free triiodothyronine and free 
thyroxine, but higher levels of thyroid-stimulating hormone, 
low- and high-density lipoprotein cholesterol and hs-CRP.

Clinicodemographic Variables Affecting 
the Relationship Between Levels of 
Testosterone and TNC in Men with MDD
Linear regression with bootstrap resampling (n=368) also 
showed a significant negative association between testos-
terone and TNC after adjusting for age, duration and 
severity of depression, and depression biomarkers (β- 
coefficient = −0.037, P=0.004; Table 3).

Discussion
To our knowledge, this cross-sectional study is the first 
report analyzing correlations between serum levels of 
TNC and testosterone in men with MDD. We found that 
MDD was associated with significantly higher TNC and 
significantly lower testosterone levels after adjusting for 
age, smoking status, alcohol use, body mass index, age at 
onset, and severity of depression. The two biomarker 
levels correlated negatively with each other after patients 
were stratified by almost any clinicodemographic variable 
considered in our study. This negative correlation was 
confirmed in adjusted multivariate linear regression with 
bootstrap resampling.

TNC is an extracellular matrix glycoprotein 
expressed not only during the normal development of 
multiple organisms but also in the progression of patho-
logical processes, including inflammation and tissue 
impairment as well as psychiatric disorders.19–21 It acts 
as a growth factor and immunomodulator and has been 
implicated in cognitive decline.22 TNC deficiency 
improves dopaminergic neuron survival and regulates 
microglial functions in vitro23,24 suggesting that TNC 
may help drive neurodegeneration in the central nervous 
system. In contrast, under physiological conditions, 
TNC helps maintain neurons and promotes regeneration 
of the peripheral nervous system.25 These findings sug-
gest that under pathological conditions, TNC may con-
tribute to the onset and progression of mental illness, 
which may include MDD.

Figure 2 Comparison of tenascin-C (TNC) concentrations among the three 
tertiles of men stratified by testosterone level (low tertile, <237.64 ng/dl; middle 
tertile, >237.64 to 346.20 ng/dl; or high tertile, >346.20 ng/dl).*P<0.05, compared 
with the lowest tertile; #P<0.05, compared with the middle tertile.
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Due to the role of TNC, it may serve as a viable 
biomarker for nervous system diseases, particularly those 
derived from inflammatory disorders, such as psychiatric 
disease. In vitro studies have described a positive associa-
tion between levels of TNC and C-reactive protein in 
endothelial cells.26 In patients with Parkinson’s disease, 
higher TNC levels correlate with age at disease onset and 
with the presence of dementia.19 Conversely, TNC defi-
ciency in mice improves locomotion and exploration as 
well as reduces anxiety-related behaviors.27 More work 

should be performed to test the reliability of TNC as 
a biomarker of neuronal diseases and determine cut-off 
levels predictive of pathology.

Our results suggest that low circulating testosterone 
levels are associated with longer duration and higher 
severity of MDD. Testosterone is a vasoactive hormone 
that mediates vasodilatory features of several psychiatric 
disorders.28 It may mitigate depressive behaviors by indu-
cing the expression of brain-derived neurotrophic factor 
and promoting neurogenesis in the hippocampus. 

Table 2 Adjusted Relationships Between Serum Levels of Testosterone and TNC Across All Patients Stratified by Clinical Factors

Variable Unstandardized 
Coefficient (B)

Standardized (B) 95% CI for B P for Trend

All patients −52.374 −0.178 −73.574 to −19.863 <0.001

Age at onset, yr
>45 −34.274 −0.090 −80.460 to −4.432 <0.001

45–25 −78.367 −0.144 −119.378 to −18.437 0.015

<25 −54.681 −0.081 −81.462 to 5.344 0.167

Duration, yr
≥3 −21.373 −0.043 −57.442 to −3.459 0.013

<3 −47.926 −0.124 −91.486 to 7.483 0.394

Severity of depression

Mild −37.486 −0.113 −68.462 to −11.473 0.021

Moderate −69.081 −0.087 −120.374 to 4.376 0.347
Severe −71.946 −0.064 −134.571 to −24.372 <0.001

FT3
≥3.32 pg/mL −69.326 −0.084 −130.421 to −19.467 0.027

<3.32 pg/mL −29.475 −0.126 −60.347 to −11.084 0.003

FT4

≥1.33 pg/mL −44.367 −0.047 −81.476 to −13.574 0.004

<1.33 pg/mL −68.384 −0.032 −112.364 to −19.487 <0.001

TSH

≥1.72 μIU/mL −43.761 −0.135 −84.479 to −18.462 0.002
<1.72 μIU/mL −78.452 −0.092 −130.496 to 2.378 0.059

HDL
≥1.01 mmol/l −37.442 −0.126 −71.476 to −8.447 0.006

<1.01 mmol/l −61.084 −0.067 −104.362 to −32.479 0.042

LDL

≥2.36 mmol/l −19.345 −0.073 −48.376 to −4.374 0.007

<2.36 mmol/l −49.324 −0.029 −92.862 to 3.474 0.441

hs-CRP

≥1.01 mg/l −28.491 −0.037 −43.495 to −6.374 <0.001
<1.01 mg/l −54.352 −0.180 −94.394 to 10.470 0.286

Abbreviations: hs-CRP, high-sensitivity C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TSH, thyroid-stimulating hormone; FT4, free 
thyroxine; FT3, free triiodothyronine.
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Testosterone may also interact directly with the androgen 
receptor or undergo aromatization into estrogen metabo-
lites in the brain, which activate mitogen-activated protein 
kinase signaling, ultimately improving emotion and 
mood.28–30 Consistent with this idea, giving testosterone 
to gonadectomized male rats reduces depressive behaviors, 
and this correlates with aromatization of the hormone into 
estrogen metabolites in the dentate gyrus.9 Whatever the 
protective mechanisms of testosterone, they may decrease 
with age, since levels of the hormone fall as men grow 
older.31,32 Additionally, the inflammatory cytokine (c-reac-
tive protein, CRP) levels were found to be significantly 
increased in patients with MDD,33 and testosterone levels 
were reversely associated with CRP.34 These findings sug-
gest that there is an association between testosterone levels 
and MDD risk. Furthermore, the mean leukocyte counts 
significantly decreased with increasing testosterone in 
middle-aged and elderly men,35 and TNC could induce 
synthesis of proinflammatory cytokines, such as IL-6, 
which resulted in T-helper (Th)17 cell differentiation.36 It 
is stated that a relationship between TNC levels and MDD 
risk is introduced. Thus, the alterations of CRP and lym-
phocyte factor levels in MDD could partly explain the 
associations observed for testosterone and TNC.

The inverse correlation between TNC and testosterone 
in our study is consistent with previous studies showing 
that both molecules affect inflammation. Testosterone 
exerts anti-inflammatory effects partly by down- 
regulating the expression of the inflammatory factors 
MCP-1, TNF-α, and IL-6 in macrophages.37 TNC, for its 
part, affects the accumulation, apoptosis, and necrosis of 
macrophages.38 In addition, testosterone may directly alter 

the expression and secretion of TNC, as shown in certain 
cancer cells.39–42 Thus, reduced circulating testosterone 
levels may induce the expression of TNC in neurons or 
microglia of the central nervous system, which may con-
tribute to MDD.

In men with MDD, circulating TNC concentrations 
negatively correlate with testosterone concentrations. 
TNC up-regulation in the presence of testosterone defi-
ciency may help drive MDD progression. Thus, exogenous 
androgen should be supplemented in time to reduce the 
production of neuroinflammatory cytokines induced by the 
upregulation of TNC expression in the population with 
testosterone deficiency and prevent the occurrence or 
development of MDD. Moreover, the inverse relation 
between the two markers (testosterone and TNC) or the 
upregulation of TNC expression by androgen deficiency 
will be further studied in cell or animal models in vitro.

In summary, to the best of our knowledge, this is the 
first-ever research on depressed patients to define the rela-
tionship between serum testosterone levels and TNC. 
Decreased serum levels of testosterone and increased con-
centrations of TNC were found in patients with MDD, and 
this might contribute to the abnormal neurological physiol-
ogy. These changes in serum levels arise independently and 
may be correlated to the risk for developing MDD.

Limitation
Unfortunately, our cross-sectional data do not allow us to 
explore whether changes in testosterone levels cause 
changes in TNC levels, which should be tested in the 
future longitudinal work, preferably with a larger sample. 
We cannot exclude the possibility that our results are 

Table 3 Multivariate Linear Regression to Identify Factors Affecting the Relationship Between Levels of Testosterone and Tenascin-C 
in Serum Across All Patients

Variable Unstandardized 
Coefficient (B)

95% CI for B P for Trend

Age 1.087 −0.874 to 4.087 0.706

Duration of depression −0.337 −1.487 to 0.674 0.413
Severity of depression −0.437 −4.376 to −0.072 0.054

FT3 0.381 −14.046 to 13.476 0.721

FT4 −13.476 −31.083 to 18.476 0.247
TSH 3.145 −6.734 to 11.483 0.473

HDL −7.435 −16.834 to −3.486 0.173
LDL −0.004 −0.287 to 0.143 0.431

hs-CRP −4.387 −16.834 to 3.476 0.943

TNC −0.037 −0.084 to −0.009 0.004

Abbreviations: hs-CRP, high-sensitivity C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TSH, thyroid-stimulating hormone; FT4, free 
thyroxine; FT3, free triiodothyronine; TNC, tenascin-C.
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affected by unrecognized confounders, although we did 
adjust for numerous variables taken from the literature.
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