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Abstract
Introduction: Anti-thyroid antibodies are associated with extra-thyroid diseases such as 

Graves’ ophthalmopathy and Hashimoto’s encephalopathy. Some evidence suggests that 
anti-thyroid antibodies are also associated with depression. Interleukin (IL)-17 appears 
to play an important role in autoimmune thyroid disease. This study investigated whether 
specifi c thyroid autoantibodies and IL-17 distinguished persons with depression from non-
depressed controls. Materials and Methods: Forty-seven adult females with non-psychotic, 
current major depressive disorder and 80 healthy female controls participated in this study. 
Thyroid peroxidase antibodies, thyroglobulin antibodies, thyroid-stimulating hormone 
(TSH) receptor antibodies, free T3 and T4, TSH and IL-17 were measured from the serum. 
Measurements were repeated to assess test-retest reliability. Receiver operating characteristic 
(ROC) curves were used to estimate discriminatory values of the measurements. Differences 
between groups and associations between the clinical and biochemical assessments were 
analysed. Results: Median TSH receptor antibody concentration was signifi cantly higher 
in the depressed than control group (P <0.001). Area under the ROC curve was 0.80 
(95% CI, 0.73 to 0.88). Higher TSH receptor antibody titres were associated with greater 
depression severity scores (r = 0.33, P <0.05). IL-17 levels were not associated with TSH 
receptor antibody levels or depression severity scores. Thyroid function and other thyroid 
autoantibodies were not associated with depression severity. Conclusion: TSH receptor 
antibodies might be a biomarker of immune dysfunction in depression. 
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Introduction
Autoimmune thyroid diseases such as Graves’ disease 

and Hashimoto’s thyroiditis are defi ned by elevated serum 
levels of anti-thyroid antibodies and thyroid hormone 
dysfunction.1 Anti-thyroid antibodies could also affect 
extra-thyroidal tissues and organs. 

In Graves’ ophthalmopathy, antibodies target thyroid 
stimulating hormone (TSH) receptor or thyroid peroxidase 
(TPO) antigens in orbital tissues to activate cytokine-
mediated inflammatory changes.2,3 These cytokines 
stimulate glycosaminoglycan and metalloproteinase 

inhibitor production and fi broblast proliferation to cause 
soft tissue oedema and proptosis.4 Patients with Hashimoto’s 
encephalopathy may present with focal neurological 
symptoms, cognitive defi cits, or psychiatric symptoms. 
Elevated levels of serum anti-thyroid antibodies, particularly 
antibodies to TPO (TPOAb) and thyroglobulin (TgAb), 
are hallmarks of this disease.5 TPO is a follicular cell 
enzyme involved in thyroid hormone synthesis, while Tg 
is a precursor protein used to synthesise thyroid hormones. 
Although serum levels of anti-thyroid antibodies are elevated 
in Hashimoto’s encephalopathy, thyroid hormone levels are 
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often normal. Both TPOAb and TgAb have been detected 
in the cerebrospinal fl uid of patients with Hashimoto’s 
encephalopathy,6 which suggests that anti-thyroid antibodies 
may have direct effects on the central nervous system.

Could depression be a model of extra-thyroidal autoimmune 
disease? A higher lifetime prevalence of depression, based 
on self-report, was found in TPOAb positive versus negative 
individuals (RR 1.4; 95% CI, 1.0 to 2.1).7 Another study 
reported an association between TPOAb positivity and 
lifetime diagnosis for major depressive disorder (OR 2.7; 
95% CI, 1.1 to 6.7)8 based on the Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition (DSM-IV). 
These studies did not examine patients with current episode 
major depression. Few studies have investigated other anti-
thyroid antibodies in depressed patients. Two studies found 
no association between TgAb and depression,9,10 while 1 
study reported higher levels of thyroid-binding inhibitory 
immunoglobulin in depressed patients compared to healthy 
controls.9 It is not clear whether neutral TSH receptor 
antibodies (TRAbs) are associated with depression.

Thyroid autoantibody’s pathophysiological effect in 
depression may be cytokine mediated. Th17 lymphocytes 
and its primary cytokine, interleukin (IL)-17, have important 
roles in autoimmune disease. IL-17 is a critical signaling 
molecule that induces the release of proinfl ammatory 
cytokines and chemokines. Higher proportions of Th17 
cells are present in patients with Hashimoto’s thyroiditis and 
Graves’ disease11,12 and serum IL-17 levels are signifi cantly 
increased in patients with intractable Graves’ disease.13 

Depression has been frequently associated with elevated 
levels of proinfl ammatory cytokines, especially IL-6 and 
tumour necrosis factor (TNF)-α.14 However, little is known 
about whether IL-17 is associated with depression. 

The aim of this study was to determine whether depressed 
patients and healthy volunteers differed in terms of TRAb, 
TPOAb, TgAb and IL-17 levels. We hypothesised that 
thyroid autoimmune markers would be greater in patients 
with current major depressive episode than normal controls 
and that IL-17 levels would be associated with these thyroid 
antibody levels. We further explored the relationship 
between thyroid autoantibodies, IL-17 and depressive 
symptom severity.

Materials and Methods
Subjects

Psychiatric inpatients and outpatients were recruited from 
the adult psychiatry service at a general hospital. Healthy 
volunteers were recruited via printed and online media. 
The study was approved by the Institutional Review Board 
and all participants provided written informed consent. 
Subjects aged 21 to 60 years were eligible to participate. 

Major depressive disorder was diagnosed by psychiatrists 
and trained raters confi rmed the diagnosis using the DSM-
IV-based Mini International Neuropsychiatric Interview 
(MINI).15 Depressed subjects were included if they scored 
at least 16 on the Montgomery-Åsberg Depression Rating 
Scale (MADRS).16 The Quick Inventory of Depressive 
Symptomatology-Self Report (QIDS-SR)17 was also used 
to measure depression severity. Controls were included if 
they did not have current depression after screening with the 
MINI and MADRS. Only women were recruited to control 
for the known gender difference in autoimmune expression.18 
Both control and depressed participants were excluded if 
they met the diagnostic criteria for bipolar or psychotic 
disorder (lifetime)—eating, obsessive-compulsive, 
alcohol or substance use-related disorders (past 1 year). 
Additional exclusion criteria for all participants included 
acute infections within the past 1 month; the presence 
of any allergic, autoimmune, neoplastic, endocrine and 
other general medical/surgical disorders within the past 
3 months; and pregnancy. None of the participants took 
prescribed or over-the-counter drugs that had known effects 
on immunological or infl ammatory responses.  

Serum Measurements
Thyroid autoantibodies (TPOAb, TgAb and TRAb), 

thyroid hormones (fT3, fT4 and TSH) and cytokine IL-17 
were measured from the serum. The blood sample was drawn 
once from each participant in the day. Samples were then 
aliquoted into separate sample tubes, stored at -20°C, and 
assayed in batches. Each blood sample was measured twice 
in the laboratory to determine test-retest assay reliability.

fT3, fT4 and TSH were measured using the ADVIA 
Centaur immunoassay system (Siemen Healthcare 
Diagnostics, Germany). For the fT3 assay, the minimum 
detectable concentration (analytical sensitivity) was 0.2 pg/
mL, reference range was 5.0 pmol/L to 8.9 pmol/L, and 
manufacturer defi ned (md) intra-assay CV was <4%. For the 
fT4 assay, the analytical sensitivity was 0.1 ng/dL, reference 
range was 9.6 pmol/L to 19.1 pmol/L, and md intra-assay 
CV was <4%. For the TSH assay, the analytical sensitivity 
was 0.010 μIU/mL, reference range was 0.65 moI/L to 3.7 
moI/L, and md intra-assay CV was <6%.

Thyroid autoantibodies were measured using 
radioimmunoassays (BRAHMS Diagnostica, Germany). 
Human receptor assays for the antibodies were used. The 
analytical sensitivities of TPOAb and TgAb were both 
5.5 U/mL, and their measured intra-assay CVs were <5%. 
The analytical sensitivity of TRAb was 0.3 U/mL and the 
measured intra-assay CV was <2%.

IL-17 was measured using the Merck-Millipore Milliplex 
Human Cytokine Panel (Merck KGaA, Darmstadt, 
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Germany). The assay was performed using a self-antigen 
specific capture antibody technique in a multiplex 
immunoassay quantifi cation system. The intra-assay CV 
was <10%.

Statistical Analysis
All serum specimens were measured twice in the 

laboratory to assess test-retest reliability of the test 
procedures. Reliability of the measurements was evaluated 
by agreement testing (Wilcoxon signed-rank test) and intra-
class correlation (Spearman's correlation). Differences 
between groups and associations between the clinical and 
biochemical variables were analysed with the appropriate 

t-test, Mann-Whitney U test, Pearson’s or Spearman’s 
correlation after normality checks. Chi-square test was 
used for categorical data. Generalised linear regression was 
used to evaluate potential confounding. Receiver operating 
characteristic (ROC) curves were used to estimate potential 
discriminatory values of the laboratory measures.

Results
Forty-seven women with non-psychotic, current 

episode major depressive disorder and 80 female controls 
participated in this study. Baseline characteristics are 
shown in Table 1. Depressed subjects had moderate to 
severe depression, with a mean MADRS score of 31.3 (± 

Table 1. Baseline Characteristics and Serum Measurements

Depressed (n = 47) Controls (n = 80)

Mean age, years (SD) 41.4 (10.4) 33.4 (10.5)

Gender (%)

Female 47 (100) 80 (100)

Ethnicity (%)

Chinese 47 (100) 80 (100)

Education level (%)

Primary or below 5 (11) 0 (0)

Secondary 19 (40) 12 (15)

Tertiary and above 23 (49) 68 (85)

Mean MADRS score (SD) 31.3 (8.2) 0.1 (0.4)

Mean QIDS-SR score (SD) 14.8 (4.6) -

Mean age of onset for fi rst major depressive episode, years (SD) 35.1 (11.9) -

Number of major depressive episodes including current episode (%)

1 18 (38) -

2 10 (21) -

≥3 19 (41) -

Number of adequate antidepressant trials (%)

0 29 (62) -

1 15 (32) -

≥2 3 (6) -

Median anti-thyroid antibody titres (range)

TRAb (U/mLl) 0.55* (0.10 – 1.35) 0.15* (0.00 – 4.40)

TPOAb (U/mLl) 17.1  (2.4 – 3001.0) 16.4  (0.0 – 2045.3)

TgAb (U/mLl) 11.6  (0.0 – 213.1) 13.9  (0.0 – 2031.1)

Median thyroid hormone levels (range)

fT3 (pmol/L) 4.3 (2.8 – 213.1) 4.3 (3.5 – 5.8)

fT4 (pmol/L) 14.5 (0.8 – 22.3) 14.9 (11.1 – 18.9)

TSH (mol/L) 1.3 (0.3 – 4.7) 1.4 (0.3 – 5.2)

Median cytokine level (range)

IL-17 (pg/mLl) 3.9 (0.0 – 74.4) 6.2 (0.0 – 101.7)

IL-17: Interleukin-17; MADRS: Montgomery-Åsberg Depression Rating Scale; QIDS-SR: Quick Inventory of Depressive Symptomatology-Self Report; 
TgAb: Anti-thyroglobulin antibody; TPOAb: Anti-thyroid peroxidase antibody; TRAb: Anti-thyroid stimulating hormone receptor antibody; TSH: Thyroid 
stimulating hormone
*P <0.001 (Mann-Whitney U test)



287

Annals Academy of Medicine

 Anti-thyroid Antibodies and Depression—Johnson Fam et al

11.9 SD) and QIDS-SR score of 14.8 (± 4.6 SD). Seventy-
nine percent of those depressed were on antidepressant 
medication (either a selective serotonin reuptake inhibitor, 
serotonin-norepinephrine reuptake inhibitor or tricyclic 
antidepressant). Eight depressed and 1 control were 
smokers. None of the participants had a past history of 
thyroid disease. Median measures of fT3, fT4 and TSH 
did not differ between the groups. 

All antibody and cytokine measurements in Table 1 
had acceptable agreement, as indicated by non-signifi cant 
differences between repeat laboratory measurements. 
Correlations between repeat measurements were good. The 
correlation coeffi cients for TPOAb, TgAb, TRAb and IL-17 
were 1.00, 0.99, 0.78 and 0.94 respectively for cases, and 
1.00, 1.00, 0.95 and 0.97 respectively for controls, with all 
P values less than 0.001. 

Anti-thyroid Antibodies
The median TRAb level was signifi cantly higher (P 

<0.001) in those depressed compared with controls. There 
was 1 TRAb outlier but the difference remained signifi cant 
(P <0.001) even after exclusion of the outlier. Higher 
TRAb titres correlated with greater depression scores on 
the QIDS-SR (r = 0.33, P <0.05). The association between 
TRAb levels and depression remained signifi cant (P =  
0.033) after adjusting for age and smoking. No difference 
was found between the depressed and control groups for 
TPOAb and TgAb.

TRAb levels differentiated the depressed from controls, 
based on the ROC curve for TRAb. The area under the 
curve (AUC) was 0.80 (95% CI, 0.73 to 0.88) (Fig. 1), 
using a cut-off of 0.30 U/mL. At this threshold, TRAb 
had 87% sensitivity and 73% specifi city in discriminating 
depressed from controls. 

Clinically, upper reference limits of >60 U/mL for TPOAb 
and TgAb, and >10 U/mL for TRAb are used to defi ne 
positive thyroid autoimmunity in relation to autoimmune 
thyroid disease. TPOAb positivity was found in 8.5% of 
depressives and 5% of controls, while TgAb positivity 
was found in 6.4% of depressives and 7.5% of controls. 
Depressed individuals did not have signifi cantly greater 
TPOAb or TgAb positivity compared to controls. None of 
the subjects were TRAb positive.

Cytokine IL-17
IL-17 levels did not differ between controls and those 

depressed. IL-17 levels were neither associated with TRAb 
levels nor depression severity scores. IL-17 was also not 
associated with age, thyroid hormone levels and other 
thyroid autoantibody levels.

Discussion
Patients with major depressive disorder in a current major 

depressive episode did not differ from healthy controls in 
terms of TPOAb and TgAb levels. This is consistent with 
previous studies that found no difference in TPOAb and 
TgAb positivity between currently depressed patients and 
controls.9,10,19 However, we found signifi cantly higher TRAb 
levels in depressed patients than controls. 

Approximately 69% of those with systemic autoimmune 
disease are depressed20 and autoimmune disease is 
associated with a 45% increased risk of subsequent mood 
disorder.21 Higher titres of autoantibodies are reported 
in patients with autoimmune disease suffering from 
depression compared to those without depression and 
healthy controls.22 In systemic lupus erythematosus (SLE), 
elevated levels of autoantibodies that are associated with 
depression include anti-endothelial cell, anti-ganglioside, 
anti-nuclear, anti-N-methyl-d-aspartate receptor, anti-
phospholipid, and anti-P ribosomal autoantibodies.22 To 
test whether such autoantibodies had a direct pathogenic 
role in depression, Shoenfeld and colleagues injected 
purifi ed human anti-P ribosomal autoantibodies into mice 
intracerebroventricularly. This induced depression-like 
behaviour in the animal model. The experiment further 
showed that this depressive behaviour could be blocked 
by a 4-week treatment with fl uoxetine.23 Immunohistologic 
staining of anti-P ribosomal autoantibodies revealed stain 
patterns in the limbic system (cingulate cortex, hippocampus 
and piriform cortex), a neural network implicated in affect 
regulation.23 Although autoimmune antibodies may be 
involved in depression pathophysiology, studies have 
yet to show that depression could be induced by thyroid 
autoantibodies in specifi c.

Fig. 1. Receiver operating characteristic (ROC) curve of thyroid receptor antibody 
(TRAb).
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The TRAb assayed in our study is not known to be 
stimulatory or inhibitory, and is thought to be functionally 
neutral in terms of thyroid hormone production. However, 
TRAbs may have direct effects on extra-thyroidal tissue 
and organs, such as the brain. TRAbs were recently shown 
to bind to human cortical neurons, with localisation to 
cell bodies and axons.24 Neutral TRAbs activate unique 
cellular signal cascades that include protein kinase A 
II, phosphatidylinositol 3K/Akt, MAPK-ERK1/2/p38α, 
mammalian target of rapamycin/p70 S6K and nuclear factor-
κB.25 Chronic exposure to these antibodies leads to oxidative 
stress-induced apoptosis and excess oxidative stress, and 
generation of reactive oxygen species have been described 
in depression.26,27 Another mechanism through which TRAbs 
can act is in the stimulation of proinfl ammatory cytokines. 
Antibodies that bind to TSH receptors on bone marrow 
cells have been shown to stimulate IL-6 secretion in the 
absence of TSH.28 

Proinfl ammatory cytokines are known to cause emotional 
and cognitive disturbances. Interferon is commonly 
associated with depression when administered exogenously. 
Twenty-fi ve percent of patients who started on interferon 
therapy for hepatitis C go on to develop a major depressive 
episode.29 Endogenously released cytokines can also cause 
depressed mood. Healthy volunteers, when given endotoxins 
to induce proinfl ammatory cytokine release, experienced 
both depressed mood and memory impairment. These 
endotoxins had no effect on physical illness symptoms 
but caused an increase in cytokines levels that correlated 
positively with depressive symptoms.30 We measured IL-
17 in this study based on previous studies that associated 
it with autoimmune thyroid disease. IL-17 levels were not 
signifi cantly raised in our depressed patients. This may be 
because thyroid autoantibody titres in depression are not 
as elevated as that in autoimmune thyroid disease, hence 
there is minimal IL-17 stimulation. 

While it is not conclusive that TRAbs are directly 
involved in the pathogenesis of depression, our fi ndings 
suggest that neutral TRAbs may be a biomarker of low-
grade immunological dysfunction in depression. The 
AUC for TRAb was 0.8 in this study, which is fairly 
good for a diagnostic test, considering that there is no 
reliable laboratory test for depression at present. Other 
stimulatory and inhibitory TRAbs may be examined in 
future. Besides the aforementioned autoantibodies that are 
associated with depression, other cellular markers of altered 
immune function have been reported in depression, such as 
leukocytosis, decreased natural killer cell cytotoxicity and 
reduced lymphocyte proliferation in response to mitogens.31 

Future studies, with a larger sample size, could look into 
using the most consistent immunological markers together 
to characterise depression diagnosis and treatment response.

Conclusion
Our study showed that serum TRAb titres were able to 

discriminate between depressed cases and controls. IL-17 
levels were not associated with TRAb titres or depression 
severity. TRAbs may be a useful indicator of immune 
dysfunction in depression.

REFERENCES
1.  Ajjan RA, Watson PF, Weetman AP. Cytokines in Graves’ disease. In: 

Rapoport B, McLachlan S (editors). Graves’ disease: pathogenesis and 
treatment. Norwell, Massachusetts: Kulwer Academic Publishers; 2000. 
p 79-93.

2.  Lai OF, Zaiden N, Goh SS, Mohamed NE, Seah LL, Fong KS, et al. 
Detection of thyroid peroxidase mRNA and protein in orbital tissue. Eur 
J Endocrinol 2006;155:213-8.

3.  Wakelkamp IM, Bakker O, Baldeschi L, Wiersinga WM, Prummel 
MF. TSH-R expression and cytokine profi le in orbital tissue of active 
vs. inactive Graves' ophthalmopathy patients. Clin Endocrinol (Oxf) 
2003;58:280-7.

4.  Heufelder AE. Pathogenesis of ophthalmopathy in autoimmune thyroid 
disease. Rev Endocr Metab Disord 2000;1:87-95.

5.  Mocellin R, Walterfang M, Velakoulis D. Hashimoto's encephalopathy: 
epidemiology, pathogenesis and management. CNS Drugs 2007;21:799-
811.

6.  Ferracci F, Moretto G, Candeago RM, Cimini N, Conte F, Gentile M, et 
al. Antithyroid antibodies in the CSF: their role in the pathogenesis of 
Hashimoto's encephalopathy. Neurology 2003;60:712-4.

7.  van de Ven AC, Muntjewerff JW, Netea-Maier RT, de Vegt F, Ross 
HA, Sweep FC, et al. Association between thyroid function, thyroid 
autoimmunity, and state and trait factors of depression. Acta Psychiatr 
Scand 2012;126:377-84.

8.  Carta MG, Loviselli A, Hardoy MC, Massa S, Cadeddu M, Sardu C, 
et al. The link between thyroid autoimmunity (antithyroid peroxidase 
autoantibodies) with anxiety and mood disorders in the community: a 
fi eld of interest for public health in the future. BMC Psychiatry 2004;4:25.

9.  Fountoulakis KN, Lacovides A, Grammaticos P, St Kaprinis G, Bech P. 
Thyroid function in clinical subtypes of major depression: an exploratory 
study. BMC Psychiatry 2004;4:6.

10. Haggerty JJ Jr, Silva SG, Marquardt M, Mason GA, Chang HY, Evans 
DL, et al. Prevalence of antithyroid antibodies in mood disorders. Depress 
Anxiety 1997;5:91-6.

11. Figueroa-Vega N, Alfonso-Perez M, Benedicto I, Sanchez-Madrid F, 
Gonzalez-Amaro R, Marazuela M. Increased circulating pro-infl ammatory 
cytokines and Th17 lymphocytes in Hashimoto’s thyroiditis. J Clin 
Endocrinol Metab 2010;95:953-62. 

12. Nanba T, Watanabe M, Inoue N, Iwatani Y. Increases of the Th1/Th2 cell 
ratio in severe Hashimoto’s disease and in the proportion of Th17 cells 
in intractable Graves’ disease. Thyroid 2009;19:495-501. 

13. Li JR, Hong FY, Zeng JY, Huang GL. Functional interleukin-17 receptor 
A are present in the thyroid gland in intractable Graves’ disease. Cell 
Immunol 2013;281:85-90.

14. Dowlati Y, Herrmann N, Swardfager W, Liu H, Sham L, Reim EK, et 
al. A meta-analysis of cytokines in major depression. Biol Psychiatry 
2010;67:446-57.



289

Annals Academy of Medicine

 Anti-thyroid Antibodies and Depression—Johnson Fam et al

15. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller 
E, et al. The Mini-International Neuropsychiatric Interview (M.I.N.I.): 
the development and validation of a structured diagnostic psychiatric 
interview for DSM-IV and ICD-10. J Clin Psychiatry 1998;59:22-33.

16. Montgomery SA, Asberg M. A new depression scale designed to be 
sensitive to change. Br J Psychiatry 1979;134:382-9.

17. Rush AJ, Trivedi MH, Ibrahim HM, Carmody TJ, Arnow B, Klein DN, et 
al. The 16-Item Quick Inventory of Depressive Symptomatology (QIDS), 
clinician rating (QIDS-C), and self-report (QIDS-SR): a psychometric 
evaluation in patients with chronic major depression. Biol Psychiatry 
2003;54:573-83.

18. Fairweather D, Rose NR. Women and autoimmune diseases. Emerg 
Infect Dis 2004;10:2005-11. 

19. Eller T, Metsküla K, Talja I, Maron E, Uibo R, Vasar V. Thyroid 
autoimmunity and treatment response to escitalopram in major depression. 
Nord J Psychiatry 2010;64:253-7.

20. Arias S, Fonsalía V, Asteggiante N, Bartesaghi V. Systemic autoimmune 
diseases and depressive disorders. Rheumatol Clin 2011;7:389-91.

21. Benros ME, Waltoft BL, Nordentoft M, Ostergaard SD, Eaton WW, Krogh 
J, et al. Autoimmune diseases and severe infections as risk factors for 
mood disorders: a nationwide study. JAMA Psychiatry. 2013;70: 812-20.

22. Zandman-Goddard G, Chapman J, Shoenfeld Y. Autoantibodies involved 
in neuropsychiatric SLE and antiphospholipid syndrome. Semin Arthritis 
Rheum 2007;36:297-315.

23. Katzav A, Solodeev I, Brodsky O, Chapman J, Pick CG, Blank M, et 
al. Induction of autoimmune depression in mice by anti-ribosomal P 
antibodies via the limbic system. Arthritis Rheum 2007;56:938-48.

24. Moodley K, Botha J, Raidoo DM, Naidoo S. Immuno-localisation of 
anti-thyroid antibodies in adult human cerebral cortex. J Neurol Sci 
2011;302:114-7.

25. Morshed SA, Ando T, Latif R, Davies TF. Neutral antibodies to the TSH 
receptor are present in Graves' disease and regulate selective signaling 
cascades. Endocrinology 2010;151:5537-49.

26. Bilici M, Efe H, Köroğlu MA, Uydu HA, Bekaroğlu M, Değer O. 
Antioxidative enzyme activities and lipid peroxidation in major depression: 
alterations by antidepressant treatments. J Affect Disord 2001;64:43-51.

27. Szuster-Ciesielska A, Słotwińska M, Stachura A, Marmurowska-
Michałowska H, Dubas-Slemp H, Bojarska-Junak A, et al. Accelerated 
apoptosis of blood leukocytes and oxidative stress in blood of patients 
with major depression. Prog Neuropsychopharmacol Biol Psychiatry 
2008;32:686-94.

28. Whetsell M, Bagriacik EU, Seetharamaiah GS, Prabhakar BS, Klein JR. 
Neuroendocrine-induced synthesis of bone marrow-derived cytokines 
with inflammatory immunomodulating properties. Cell Immunol 
1999;192:159-66. 

29. Udina M, Castellví P, Moreno-España J, Navinés R, Valdés M, Forns X, 
et al. Interferon-induced depression in chronic hepatitis C: a systematic 
review and meta-analysis. J Clin Psychiatry 2012;73:1128-38.

30. Reichenberg A, Yirmiya R, Schuld A, Kraus T, Haack M, Morag A, et 
al. Cytokine-associated emotional and cognitive disturbances in humans. 
Arch Gen Psychiatry 2001;58:445-52.

31. Zorrilla EP, Luborsky L, McKay JR, Rosenthal R, Houldin A, Tax A, et 
al. The relationship of depression and stressors to immunological assays: 
a meta-analytic review. Brain Behav Immun 2001;15:199-226.


