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Background: Females are twice as likely as males to experience depression. Recent 
findings indicate a relationship linking inflammation with depression. Whether the higher 
prevalence of depression in women is sex-specific or if inflammation contributes to a 
higher prevalence of depression in females is unclear. Thus, the objective was to deter-
mine whether depressed females show higher inflammation compared to males in a 
cross-sectional study.

Materials and methods: Two hundred participants were enrolled. Depressive symp-
toms were assessed using the Montgomery–Åsberg Depression Rating Scale (MADRS), 
and blood samples were collected from all participants to measure inflammatory blood 
markers.

results: Higher rates of suicidal thoughts, pessimism, and lassitude measured by the 
MADRS were seen in depressed females compared with depressed males. Among all 
inflammatory markers measured, there were no significant differences in depressed 
males vs. male controls. Increased levels of interleukin (IL)-8, interferon-γ, and leptin, and 
decreased levels of IL-5 and adiponectin were observed in depressed females compared 
to female controls. Compared with depressed males, IL-6 and leptin levels were signifi-
cantly elevated in depressed females after controlling for body mass index. Correlation 
analysis revealed that depression severity negatively correlated with IL-12 in males, and 
positively correlated with IL-1β and tumor necrosis factor (TNF)-α in females. IL-1β and 
TNF-α correlated with suicidal thoughts, lassitude, and pessimism in depressed females.

conclusion: Our findings indicate a sex-specific relationship between inflammation 
and depression, which may be important in identifying potential psychopathology and 
suggesting novel immunomodulatory treatments for depressed females.

Keywords: sex, depression, depressive symptoms, inflammation, inflammatory markers

inTrODUcTiOn

Systemic inflammation contributes to the development of major depressive disorder (MDD) and 
suicidality in some individuals. Subjects with inflammatory diseases are three to four times more 
likely to experience MDD (1). Patients with major depression also often show increased inflam-
matory markers, including C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis 
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factor (TNF)-α, relative to controls (2–5). Thus, inflammation 
appears to be an established mechanism in the pathogenesis 
of MDD (6, 7). Despite the fact that inflammation seems to be 
related to depression, the exact mechanism underlying this is not 
completely understood, and more research is needed to establish 
this relationship clearly.

Females are twice as likely as males to experience MDD (8–10). 
Interestingly, women also demonstrate a higher prevalence of 
autoimmune disorders when compared to men (11, 12). However, 
previous studies examining the role of sex in the relationships 
between inflammatory markers and depression have yielded 
inconsistent results. Some studies found higher CRP levels in 
depressed men than depressed women (3, 13–15), while another 
showed the opposite (16). In a sample of older adults with 
depression, researchers found that the serum levels of IL-6 were 
higher among men, but not women (17). Alternatively, some 
studies showed no difference in inflammatory markers between 
depressed men and women (2, 18). Therefore, possible sex dif-
ferences in inflammation between males and females with MDD 
remain unclear.

Suicidal ideation or behavior is commonly associated with 
MDD. Suicide is the 10th leading cause of death in the United 
States, and the rate has been growing over the last 20 years (19). 
Thus, identifying risk factors for suicide in depressed patients 
is an area of increasing public health concern. There is limited 
evidence suggesting that some inflammatory markers such as 
IL-2, IL-6, IL-8, and TNF-α may play a role in the pathophysiol-
ogy of suicidal behavior (20). Very few studies have examined 
inflammatory changes associated with suicidal behavior (21). 
An initial study reported elevated concentrations of soluble IL-2 
receptors in suicide attempters (22) and another study reported 
elevated IL-6 in the cerebrospinal fluid of suicidal patients 
(23). However, studies examining the relationship between 
inflammatory markers and suicide in depressed patients in a 
sex-specific manner are seldom reported. In depressed patients 
with suicidal ideation, lassitude and pessimism are prominent, 
and also contribute to suicidal desires and attempts. Very 
little attention is focused on whether inflammatory markers  
are related to lassitude and pessimism in patients with depres-
sion (24).

Since females are more susceptible to MDD (25) and even 
healthy women show enhanced susceptibility to inflammatory 
disease (26), it is important to examine differences in inflam-
matory markers between depressed women and men. Recent 
inconsistent findings in the relationships between inflamma-
tion and depression also highlight the need to further explore 
the role of sex in their relationship. Furthermore, identification 
of inflammatory markers for depression and suicidal behavior 
in a sex-specific manner could provide a better understand-
ing of pathophysiological processes involved, thus expanding 
opportunities for treatment. The primary objective of this 
study was to determine whether females show higher inflam-
mation when compared to males in MDD. A secondary aim 
was to evaluate the relationship between individual depressive 
symptoms measured by the Montgomery–Åsberg Depression 
Rating Scale (MADRS) and inflammatory markers in females 
and males.

MaTerials anD MeThODs

subject characteristics
Participants were recruited from the outpatient and inpatient 
settings at the University of Alabama at Birmingham (UAB) as 
well as from the local Birmingham, AL, community. The proto-
col was approved by the UAB Institutional Review Board, and 
written informed consent was obtained from all participants. 
Among 234 consented participants, 34 dropped due to failure 
to show up for a blood collection, consent withdrawal or loss to 
follow-up. Finally, 200 participants completed the study for data 
analysis. Participants were males and females aged between 19 
and 65 years who were physically healthy or had stable medical 
conditions. Race, education level, smoking status, and age were 
determined by self-report. Anthropometrics were collected 
using National Health and Nutrition Examination Survey meth-
ods (27). Body mass index (BMI) was calculated in kilogram 
per square meter from height and weight measures. Subjects 
were diagnosed with MDD according to the Diagnostic and 
Statistical Manual of Mental Disorders, fourth edition (28), as 
confirmed by the MINI International Diagnostic Interview (29). 
The severity of depression was assessed using the MADRS (30). 
MADRS is a 10-item diagnostic questionnaire used by clinicians 
to assess the severity of depressive episodes in patients with 
mood disorders. Higher MADRS score indicates more severe 
depression. Each item yields a score of 0–6, and the overall score 
ranges from 0 to 60. The questionnaire assesses for the following 
symptoms: apparent sadness, reported sadness, inner tension, 
reduced sleep/appetite, concentration difficulties, lassitude, 
inability to feel, pessimistic thoughts, and suicidal thoughts. The 
cutoff points for total score are: 0–6 (normal/symptoms absent), 
7–19 (mild depression), 20–34 (moderate depression), and >34 
(severe depression) (31).

Participants were excluded if they: (1) were taking corticoster-
oids, antibiotics, or anti-inflammatory medications; (2) had cur-
rent infectious diseases, or a history of autoimmune, endocrine or 
inflammatory disorders; (3) were pregnant or lactating; or (4) had 
a history of psychosis, bipolar disorders, illicit drugs, or alcohol 
abuse. They were divided into four groups: males with MDD, 
females with MDD, male control group, and female control group 
as shown in Table 1.

serum Measures
Ten milliliters of blood were drawn from each participant and 
centrifuged at 3,000  g for 10  min, immediately divided into 
aliquots, and frozen at −80°C until analysis. The analysis of the 
inflammatory markers, including interferon-γ (IFN-γ), IL-1β, 
IL-2, IL-5, IL-6, IL-8, IL-10, IL-12 p70, IL-17, and TNF-α, was 
performed from blood samples using Meso Scale Discovery mul-
tiplex assay (Gaithersburg, MD, USA). Their levels were expressed 
in pg/ml. CRP was analyzed using immunoassay on a Stanbio 
Sirrus Analyzer (Stanbio Laboratory, Boeme, TX, USA) using 
a Pointe Scientific (Canton, MI, USA) turbidometric reagent, 
and was expressed in mg/L. Plasma concentrations of leptin and 
adiponectin were also assayed (expressed in ng/ml and μg/ml, 
respectively) using commercially available radioimmunoassay 
kits according to the procedures supplied by the manufacturer 
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FigUre 1 | Comparison of total MADRS score and individual 10 items of the 
MADRS between depressed males and depressed females. Compared with 
depressed males, #p < 0.05 (p values for lassitude, pessimism, and suicide 
were 0.02, 0.04, and 0.01, respectively). MADRS, Montgomery–Åsberg 
Depression Rating Scale.

TaBle 1 | Demographic data of participants.

cTl male MDD male P1 values cTl female MDD female P2 values P3 values

Number 30 42 n/a 67 61 n/a n/a
Age 35.2 ± 2.6 43.9 ± 1.9 0.01 37.1 ± 1.4 43.8 ± 1.6 0.03 0.30
Race (C/AA) 18/12 23/19 0.17 31/39 29/32 0.61 0.43
BMI 28.9 ± 1.1 26.7 ± 0.8 0.35 30.4 ± 1.1 31.1 ± 0.9 0.67 0.02
Education, % (≥10 years) 63% 62% 1.00 84% 69% 0.06 0.53
Smoker (yes/no) 10/20 18/24 0.47 13/54 18/43 0.22 0.21

CTL, control; MDD, major depressive disorder; C, Caucasian; AA, African-American; BMI, body mass index; P1, depressed males vs. male controls; P2, depressed females vs. 
female controls; P3, depressed females vs. depressed males.
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(Millipore Corp., Billerica, MA, USA). All samples were assayed 
in duplicate, and the mean of the duplicate values was reported.

statistical analysis
All data are presented as mean ± SE unless otherwise stated. All 
statistical analyses were performed using the Statistical Package 
for the Social Sciences version 23 (SPSS Inc., IL, USA) with 
significance defined as p  <  0.05. All variables were tested for 
normality of distribution by means of Kolmogorov–Smirnoff 
tests, and non-parametric tests were applied for data that were 
not from a normal distribution, including CRP, IFNγ, IL-1β, IL-2, 
IL-5, IL-6, IL-10, and IL-12. One-way analysis of variance was 
used to compare the age and BMI between groups. Analysis of 
covariance (ANCOVA) was used to compare variables of interest 
between depressed females/males, and the same sex controls after 
adjusting for age. Comparisons between depressed females and 
depressed males were adjusted for age and BMI, and ANCOVA 
was used. A chi-square test was used for categorical data. The 
associations between variables were tested by the Pearson cor-
relation analysis. Missing data were handled by pairwise deletion.

resUlTs

subject characteristics
The subject characteristics are summarized in Table 1. As shown 
in Table  1, depressed males and depressed females were older 
than their control groups. However, BMI, race, education level, 
and smoking status were not different between depressed patients 
and their controls. Depressed females and depressed males were 
matched in terms of age, race, education level, and smoking 
status, but not BMI.

comparison of Depressive symptoms
Total MADRS scores were not different between depressed 
males and depressed females (Figure  1). However, among the 
individual items on the 10-item scale of the MADRS, depressed 
females scored significantly higher on the lassitude, pessimism, 
and suicidal thought items after controlling for BMI (Figure 1).

effects of sex on the inflammatory 
Factors in Patients with MDD
There were no significant differences between depressed males 
and control males on any inflammatory marker that were 
measured. In contrast, depressed females showed higher levels of 
IL-8, IFN-γ, and leptin, and lower levels of IL-5 and adiponectin 

than control females (Figure 2). A similar comparison between 
depressed males vs. depressed females revealed significantly 
higher levels of IL-6 and leptin in females, which remained 
significant after controlling for BMI (Figure 2).

relationships between the inflammatory 
Factors and Depressive symptoms
Interleukin-12 negatively correlated with total MADRS score in 
depressed males (p = 0.034, Figure 3A), while IL-1β and TNF-α  
positively correlated with total MADRS score in depressed 
females (p = 0.012, 0.004, respectively, Figure 3B). In depressed 
females, but not depressed males, IL-1β and TNF-α correlated 
significantly with three items of the MADRS scale, including las-
situde, pessimism, and suicidal thoughts (Table 2). In addition, 
IL-1β and TNF-α also correlated with other items of the MADRS 
scale, although some of the correlations were not significant as 
presented in Table 2.

DiscUssiOn

The primary objective of this study was to determine if females 
show a greater increase in the inflammatory markers compared 
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FigUre 3 | Relationships between the severity of depression, measured by the Montgomery–Åsberg Depression Rating Scale, and the inflammatory markers in 
depressed males (a), and depressed females (B). ■, significant correlation; □, non-significant. IL, interleukin; CRP, C-reactive protein; IFN, interferon; TNF, tumor 
necrosis factor.

FigUre 2 | (a) Comparison of levels (pg/ml) for IL-8 (p = 0.001), interferon γ (p = 0.005), leptin (p = 0.003), IL-5 (p = 0.02), and adiponectin (p = 0.003) between 
depressed females and female controls. (B,c) Comparison of levels for IL-6 (pg/ml, p = 0.012), (B) and leptin (ng/ml, p = 0.000), (c) between depressed males and 
depressed females. Data are presented as mean ± SE. Compared with female control group in (a), or with depressed males in (B,c), *p < 0.05; #p < 0.01. IL, 
interleukin.
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to males in MDD. We found that certain inflammatory 
markers, including IL-8, IFNγ, and leptin, were significantly 
elevated in depressed females compared to female controls, and 

IL-5 and adiponectin lower in depressed females. However, 
no significant differences were observed in any measured 
inflammatory markers between depressed males and male 
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TaBle 2 | Correlational analysis between depressive symptoms and cytokines in 
depressed females.

il-1β TnF-α

r/p values r/p values

Lassitude 0.35/0.02* 0.34/0.02*

Pessimism 0.33/0.03* 0.34/0.02*

Suicide 0.26/0.06 0.33/0.03*

Reported sadness 0.34/0.02* 0.41/0.004#

Apparent sadness 0.30/0.05 0.44/0.002#

Inner tension 0.33/0.03* 0.21/0.16

Reduced sleep 0.21/0.18 0.28/0.05

Concentration difficulty 0.35/0.02* 0.18/0.24

Unable to feel 0.28/0.07 0.24/0.11

Reduced appetite 0.30/0.05 0.36/0.01*

IL, interleukin; TNF, tumor necrosis factor.
*p < 0.05.
#p < 0.01.
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controls. Depressed females had higher levels of IL-6 and 
leptin compared to depressed males after controlling for BMI. 
In depressed females, but not depressed males, levels of IL-1β 
and TNF-α positively correlated with the severity of overall 
depression measured by the MADRS, and also with three indi-
vidual items of the MADRS: lassitude, pessimism, and suicidal 
thoughts. Our study supports the notion that inflammation 
is related to depression; however, the association is possibly  
sex-specific.

Previous studies have demonstrated that MDD patients 
have elevated inflammatory factors including CRP, IL-6, 
and TNF-α compared to healthy controls (4, 5, 32). Elevated 
inflammation might contribute to the onset of depression in 
some individuals. For example, a study showed that healthy 
women with higher CRP exhibited more depressive symptoms 
over a 7-year follow-up period when compared to women 
with lower initial CRP values (33). Other longitudinal stud-
ies also showed that elevated CRP and IL-6 increase risk 
for depressive symptoms over time (34). A multiple linear 
regression analysis was run, which revealed that IL-1β could 
predict depression in females [F(1, 44) = 12.09, p < 0.01] with 
R2 of 0.27. Elevated pro-inflammatory markers in depressed 
women could contribute to the increased risk of depression 
in females. However, a more rigorous longitudinal study is  
warranted to elucidate this cause and effect relationship bet-
ween the inflammatory markers and depression, especially in  
females.

Previous studies comparing inflammatory markers in 
depressed men and women yielded inconsistent findings. CRP 
and IL-6 were found to be higher in depressed males than 
depressed females in several studies (13, 14, 17). However, these 
results were not supported by another study that did not find an 
association between depression and inflammation in males (35). 
Among all of the inflammatory markers measured in our study, 
IL-6 and leptin levels were elevated in depressed females when 
compared with depressed males after controlling for BMI. One 
possibility of the discrepancy in the findings could be due to 
variables such as BMI, race, and age. Indeed one of our previous 

studies found that higher levels of circulating IL-6 and CRP in 
MDD patients may be explained, at least in part, by obesity (36). 
Therefore, it is critical to incorporate confounding variables such 
as BMI when the relationship between the inflammatory markers 
and depression is examined.

Depressed females demonstrated higher levels of suicidal 
ideation, pessimism, and lassitude on the MADRS when com-
pared with depressed males. Interestingly, these three items 
of the MADRS also had a positive correlation with IL-1β and 
TNF-α in female patients. It is possible that inflammation may 
be a contributing factor for these three symptoms in depressed 
females. Our observations are consistent with a recent meta-
analysis study in which levels of IL-1β and IL-6 were significantly 
increased in blood and postmortem brain samples of patients 
with suicidality (patients with active suicidal ideation, history of 
suicide attempt, or those who had completed suicide) vs. non-
suicidal patients (37).

Females have a higher prevalence of depression than males, 
and as a result, they receive antidepressants to a greater extent. 
Depressed females report more atypical mood symptoms than 
men, mainly, hypersomnia, and hyperphagia. Females are more 
likely to experience somatic symptoms such as low energy, fatigue, 
and pain, and females have higher comorbidity with other inter-
nalizing disorders such as anxiety disorders, eating disorders, and 
somatic symptom disorders. Several lines of evidence suggest  
that females are more vulnerable to develop mood disorders  
following systemic inflammation (38–40). Our study found 
elevated inflammatory markers in depressed females when com-
pared to depressed controls and depressed males. It is possible that 
ele vated inflammatory markers could help predict future depres-
sion. Moreover, the identification of causal factors for elevated 
inflammation could lead to new therapeutic avenues in depressed  
females.

Several caveats need to be considered in interpreting the data 
in this study. The study was a cross-sectional design, and hence, 
a cause–effect relationship cannot be established. A longitudinal 
study is warranted, which could answer some of the questions 
in regard to the causal relationship between inflammation and 
MDD. The majority of the MDD participants who completed 
the study were taking antidepressants; however, none of the 
participants were taking antipsychotics, mood stabilizers, or 
any other medications like corticosteroids or antibiotics that 
are known to affect inflammation. Although there is no clear 
evidence or consistent reports regarding the anti-inflammatory 
effects of antidepressants (41), conclusive data on the relation-
ship between inflammation and antidepressants would have 
been a valuable addition. Finally, other clinical variables like 
duration of the current depressive episode or total number of 
depressive episodes were not collected in our study subjects. It 
would be interesting to look further into how these variables 
could have an effect on the findings. This should be considered 
in future studies.

In summary, our study demonstrated that inflammation is 
related to depression; however, the association is sex-specific. More-
over, depressed females tend to have higher levels of pessimism, 
suicidal thoughts, and lassitude, which correlated with elevated 
cytokine levels. Understanding the influence of inflammation 
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on women’s mental health may help advance our understanding 
of sex differences in depression, as well as assist in choosing 
effective antidepressants in the future. More research is needed 
to evaluate the role of sex in understanding the link between 
inflammation and MDD in order to conceptualize pathophysi-
ology and to develop better treatments for depressed women  
and men.

eThics sTaTeMenT

The study was carried out in accordance with the recommenda-
tions of Institutional Review Board at the University of Alabama 
at Birmingham, and Ethics committee with written informed 
consent from all subjects.

aUThOr cOnTriBUTiOns

BB, EA, RS, and LL equally contributed to the preparation of this 
manuscript. LL contributed to the design, interpretation, and 
analysis of the study.

FUnDing

This research was supported by awards, P30DK056336 and 
P30DK079626, from the National Institute of Diabetes and 
Digestive and Kidney Diseases to Nutrition Obesity Research 
Center and Diabetes Research Center, respectively, at the UAB, 
and an award K-23DK107911 from the National Institute of 
Diabetes And Digestive And Kidney Diseases to LL.

reFerences

1. Covic T, Cumming SR, Pallant JF, Manolios N, Emery P, Conaghan PG,  
et al. Depression and anxiety in patients with rheumatoid arthritis: prevalence 
rates based on a comparison of the depression, anxiety and stress scale (DASS) 
and the hospital, anxiety and depression scale (HADS). BMC Psychiatry (2012) 
12:6. doi:10.1186/1471-244x-12-6 

2. Cardiovascular Risk in Young Finns Study, Elovainio M, Keltikangas-Jarvinen L,  
Pulkki-Raback L, Kivimaki M, Puttonen S, et al. Depressive symptoms and 
C-reactive protein: the Cardiovascular Risk in Young Finns study. Psychol Med 
(2006) 36(6):797–805. doi:10.1017/s0033291706007574 

3. Danner M, Kasl SV, Abramson JL, Vaccarino V. Association between depres-
sion and elevated C-reactive protein. Psychosom Med (2003) 65(3):347–56. 
doi:10.1097/01.PSY.0000041542.29808.01 

4. 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(5):446–57. doi:10.1016/j.biopsych.2009.09.033 

5. Howren MB, Lamkin DM, Suls J. Associations of depression with C-reactive 
protein, IL-1, and IL-6: a meta-analysis. Psychosom Med (2009) 71(2):171–86. 
doi:10.1097/PSY.0b013e3181907c1b 

6. Dinan TG. Inflammatory markers in depression. Curr Opin Psychiatry (2009) 
22(1):32–6. doi:10.1097/YCO.0b013e328315a561 

7. Miller AH, Maletic V, Raison CL. Inflammation and its discontents: the role of 
cytokines in the pathophysiology of major depression. Biol Psychiatry (2009) 
65(9):732–41. doi:10.1016/j.biopsych.2008.11.029 

8. Kessler RC, McGonagle KA, Swartz M, Blazer DG, Nelson CB. Sex and 
depression in the National Comorbidity Survey. I: lifetime prevalence, chro-
nicity and recurrence. J Affect Disord (1993) 29(2–3):85–96. doi:10.1016/ 
0165-0327(93)90026-G 

9. Weissman MM, Klerman GL. Sex differences and the epidemiology of 
depression. Arch Gen Psychiatry (1977) 34(1):98–111. doi:10.1001/archpsyc. 
1977.01770130100011 

10. Weissman MM, Bland RC, Canino GJ, Faravelli C, Greenwald S, Hwu HG, 
et al. Cross-national epidemiology of major depression and bipolar disorder. 
JAMA (1996) 276(4):293–9. doi:10.1001/jama.276.4.293 

11. Chapman BP, Khan A, Harper M, Stockman D, Fiscella K, Walton J, et  al. 
Gender, race/ethnicity, personality, and interleukin-6 in urban primary 
care patients. Brain Behav Immun (2009) 23(5):636–42. doi:10.1016/j.bbi. 
2008.12.009 

12. Whitacre CC. Sex differences in autoimmune disease. Nat Immunol (2001) 
2(9):777–80. doi:10.1038/ni0901-777 

13. Elovainio M, Aalto AM, Kivimaki M, Pirkola S, Sundvall J, Lonnqvist J, et al. 
Depression and C-reactive protein: population-based Health 2000 study. 
Psychosom Med (2009) 71(4):423–30. doi:10.1097/PSY.0b013e31819e333a 

14. Ford DE, Erlinger TP. Depression and C-reactive protein in US adults: data 
from the third National Health and Nutrition Examination Survey. Arch Intern 
Med (2004) 164(9):1010–4. doi:10.1001/archinte.164.9.1010 

15. Ramsey JM, Cooper JD, Bot M, Guest PC, Lamers F, Weickert CS, et  al.  
Sex differences in serum markers of major depressive disorder in the 

Netherlands study of depression and anxiety (NESDA). PLoS One (2016) 
11(5):e0156624. doi:10.1371/journal.pone.0156624 

16. Ma Y, Chiriboga DE, Pagoto SL, Rosal MC, Li W, Merriam PA, et  al. 
Association between depression and C-reactive protein. Cardiol Res Pract 
(2010) 2011:286509. doi:10.4061/2011/286509 

17. Penninx BW, Kritchevsky SB, Yaffe K, Newman AB, Simonsick EM,  
Rubin S, et al. Inflammatory markers and depressed mood in older persons: 
results from the Health, Aging and Body Composition study. Biol Psychiatry 
(2003) 54(5):566–72. doi:10.1016/S0006-3223(02)01811-5 

18. Davidson KW, Schwartz JE, Kirkland SA, Mostofsky E, Fink D, Guernsey D,  
et  al. Relation of inflammation to depression and incident coronary heart 
disease (from the Canadian Nova Scotia Health Survey [NSHS95] Prospective 
Population Study). Am J Cardiol (2009) 103(6):755–61. doi:10.1016/j.amjcard. 
2008.11.035 

19. Bastiampillai T, Sharfstein SS, Allison S. Increase in US suicide rates and  
the critical decline in psychiatric beds. JAMA (2016) 316(24):2591–2. 
doi:10.1001/jama.2016.16989 

20. Pandey GN, Rizavi HS, Ren X, Fareed J, Hoppensteadt DA, Roberts RC,  
et al. Proinflammatory cytokines in the prefrontal cortex of teenage suicide 
victims. J Psychiatr Res (2012) 46(1):57–63. doi:10.1016/j.jpsychires.2011. 
08.006 

21. Gabbay V, Klein RG, Guttman LE, Babb JS, Alonso CM, Nishawala M,  
et al. A preliminary study of cytokines in suicidal and nonsuicidal adolescents 
with major depression. J Child Adolesc Psychopharmacol (2009) 19(4):423–30. 
doi:10.1089/cap.2008.0140 

22. Nassberger L, Traskman-Bendz L. Increased soluble interleukin-2 receptor 
concentrations in suicide attempters. Acta Psychiatr Scand (1993) 88(1):48–52. 
doi:10.1111/j.1600-0447.1993.tb03412.x 

23. Lindqvist D, Janelidze S, Hagell P, Erhardt S, Samuelsson M, Minthon L, 
et al. Interleukin-6 is elevated in the cerebrospinal fluid of suicide attempt-
ers and related to symptom severity. Biol Psychiatry (2009) 66(3):287–92. 
doi:10.1016/j.biopsych.2009.01.030 

24. Capuron L, Schroecksnadel S, Feart C, Aubert A, Higueret D, Barberger-
Gateau P, et  al. Chronic low-grade inflammation in elderly persons is 
associated with altered tryptophan and tyrosine metabolism: role in neuro-
psychiatric symptoms. Biol Psychiatry (2011) 70(2):175–82. doi:10.1016/j.
biopsych.2010.12.006 

25. Grigoriadis S, Robinson GE. Gender issues in depression. Ann Clin Psychiatry 
(2007) 19(4):247–55. doi:10.1080/10401230701653294 

26. O’Connor MF, Motivala SJ, Valladares EM, Olmstead R, Irwin MR. Sex 
differences in monocyte expression of IL-6: role of autonomic mechanisms. 
Am J Physiol Regul Integr Comp Physiol (2007) 293(1):R145–51. doi:10.1152/
ajpregu.00752.2006 

27. NCHS. National Health and Nutrition Examination Protocol. Hyattsville, 
MD: Centers for Disease Control and Prevention (CDC); U.S. Department 
of Health and Human Services; National Center for Health Statistics (2007).

28. First MB, Spitzer RL, Gibbon M, Williams JBW. Structured Clinical Interview 
for DSM-IV-TR Axis I Disorders, Research Version, Patient Edition (SCID-I/P). 
New York, NY: New York State Psychiatric Institute (2002). 2002 p.

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1186/1471-244x-12-6
https://doi.org/10.1017/s0033291706007574
https://doi.org/10.1097/01.PSY.0000041542.29808.01
https://doi.org/10.1016/j.biopsych.2009.09.033
https://doi.org/10.1097/PSY.0b013e3181907c1b
https://doi.org/10.1097/YCO.0b013e328315a561
https://doi.org/10.1016/j.biopsych.2008.11.029
https://doi.org/10.1016/
0165-0327(93)90026-G
https://doi.org/10.1016/
0165-0327(93)90026-G
https://doi.org/10.1001/archpsyc.
1977.01770130100011
https://doi.org/10.1001/archpsyc.
1977.01770130100011
https://doi.org/10.1001/jama.276.4.293
https://doi.org/10.1016/j.bbi.
2008.12.009
https://doi.org/10.1016/j.bbi.
2008.12.009
https://doi.org/10.1038/ni0901-777
https://doi.org/10.1097/PSY.0b013e31819e333a
https://doi.org/10.1001/archinte.164.9.1010
https://doi.org/10.1371/journal.pone.0156624
https://doi.org/10.4061/2011/286509
https://doi.org/10.1016/S0006-3223(02)01811-5
https://doi.org/10.1016/j.amjcard.
2008.11.035
https://doi.org/10.1016/j.amjcard.
2008.11.035
https://doi.org/10.1001/jama.2016.16989
https://doi.org/10.1016/j.jpsychires.2011.
08.006
https://doi.org/10.1016/j.jpsychires.2011.
08.006
https://doi.org/10.1089/cap.2008.0140
https://doi.org/10.1111/j.1600-0447.1993.tb03412.x
https://doi.org/10.1016/j.biopsych.2009.01.030
https://doi.org/10.1016/j.biopsych.2010.12.006
https://doi.org/10.1016/j.biopsych.2010.12.006
https://doi.org/10.1080/10401230701653294
https://doi.org/10.1152/ajpregu.00752.2006
https://doi.org/10.1152/ajpregu.00752.2006


7

Birur et al. Sex Affects Inflammation in Depression

Frontiers in Psychiatry | www.frontiersin.org June 2017 | Volume 8 | Article 108

29. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, et al.  
The mini-international neuropsychiatric interview (M.I.N.I.): the devel-
opment and validation of a structured diagnostic psychiatric inte r view for 
DSM-IV and ICD-10. J Clin Psychiatry (1998) 59(Suppl 20):22–33; quiz 34–57. 

30. Montgomery SA, Asberg M. A new depression scale designed to be sensitive  
to change. Br J Psychiatry (1979) 134:382–9. doi:10.1192/bjp.134.4.382 

31. Williams JB, Kobak KA. Development and reliability of a structured inter-
view guide for the Montgomery Asberg Depression Rating Scale (SIGMA).  
Br J Psychiatry (2008) 192(1):52–8. doi:10.1192/bjp.bp.106.032532 

32. Liu Y, Ho RC, Mak A. Interleukin (IL)-6, tumour necrosis factor alpha  
(TNF-alpha) and soluble interleukin-2 receptors (sIL-2R) are elevated in 
patients with major depressive disorder: a meta-analysis and meta-regression. 
J Affect Disord (2012) 139(3):230–9. doi:10.1016/j.jad.2011.08.003 

33. Matthews KA, Schott LL, Bromberger JT, Cyranowski JM, verson-Rose SAE, 
Sowers M. Are there bi-directional associations between depressive symp-
toms and C-reactive protein in mid-life women? Brain Behav Immun (2010) 
24(1):96–101. doi:10.1016/j.bbi.2009.08.005 

34. Valkanova V, Ebmeier KP, Allan CL. CRP, IL-6 and depression: a systematic 
review and meta-analysis of longitudinal studies. J Affect Disord (2013) 150(3): 
736–44. doi:10.1016/j.jad.2013.06.004 

35. Hung YJ, Hsieh CH, Chen YJ, Pei D, Kuo SW, Shen DC, et  al. Insulin 
sensi  t ivity, proinflammatory markers and adiponectin in young males 
with diff erent subtypes of depressive disorder. Clin Endocrinol (Oxf) (2007) 
67(5):784–9. doi:10.1111/j.1365-2265.2007.02963.x 

36. Shelton RC, Falola M, Li L, Zajecka J, Fava M, Papakostas GI. The pro- 
inflammatory profile of depressed patients is (partly) related to obesity. 
J Psychiatr Res (2015) 70:91–7. doi:10.1016/j.jpsychires.2015.09.001 

37. Black C, Miller BJ. Meta-analysis of cytokines and chemokines in suicidal-
ity: distinguishing suicidal versus nonsuicidal patients. Biol Psychiatry (2015) 
78(1):28–37. doi:10.1016/j.biopsych.2014.10.014 

38. Kokras N, Dalla C. Preclinical sex differences in depression and antide-
pressant response: implications for clinical research. J Neurosci Res (2017) 
95(1–2):731–6. doi:10.1002/jnr.23861 

39. Kuehner C. Why is depression more common among women than among 
men? Lancet Psychiatry (2017) 4(2):146–58. doi:10.1016/s2215-0366(16) 
30263-2 

40. Bekhbat M, Neigh GN. Sex differences in the neuro-immune consequences 
of stress: focus on depression and anxiety. Brain Behav Immun (2017). 
doi:10.1016/j.bbi.2017.02.006 

41. Hannestad J, DellaGioia N, Bloch M. The effect of antidepressant med-
ication treatment on serum levels of inflammatory cytokines: a meta- 
analysis. Neuropsychopharmacology (2011) 36(12):2452–9. doi:10.1038/npp. 
2011.132 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2017 Birur, Amrock, Shelton and Li. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License (CC BY). 
The use, distribution or reproduction in other forums is permitted, provided the 
original author(s) or licensor are credited and that the original publication in this 
journal is cited, in accordance with accepted academic practice. No use, distribution 
or reproduction is permitted which does not comply with these terms.

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1192/bjp.134.4.382
https://doi.org/10.1192/bjp.bp.106.032532
https://doi.org/10.1016/j.jad.2011.08.003
https://doi.org/10.1016/j.bbi.2009.08.005
https://doi.org/10.1016/j.jad.2013.06.004
https://doi.org/10.1111/j.1365-2265.2007.02963.x
https://doi.org/10.1016/j.jpsychires.2015.09.001
https://doi.org/10.1016/j.biopsych.2014.10.014
https://doi.org/10.1002/jnr.23861
https://doi.org/10.1016/s2215-0366(16)
30263-2
https://doi.org/10.1016/s2215-0366(16)
30263-2
https://doi.org/10.1016/j.bbi.2017.02.006
https://doi.org/10.1038/npp.
2011.132
https://doi.org/10.1038/npp.
2011.132
http://creativecommons.org/licenses/by/4.0/

	Sex Differences in the Peripheral Immune System in Patients with Depression
	Introduction
	Materials and Methods
	Subject Characteristics
	Serum Measures
	Statistical Analysis

	Results
	Subject Characteristics
	Comparison of Depressive Symptoms
	Effects of Sex on the Inflammatory Factors in Patients with MDD
	Relationships between the Inflammatory Factors and Depressive Symptoms

	Discussion
	Ethics Statement
	Author Contributions
	Funding
	References


