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Purpose: We investigated the serum levels of cytokines, including interleukin 1β (IL-β), IL-6, IL-8, IL-10, tumor necrosis factor-
alpha (TNF-α), and growth factors, including brain-derived neurotrophic factor, vascular endothelial growth factor, and insulin-like
growth factor 1, and their association with major depression in patients with and without type 2 diabetes mellitus. We also investigated
the response to antidepressant treatment in both groups.
Patients and Methods: Forty-one patients with major depression were recruited at the University Hospital of Occupational and
Environmental Health. All patients were diagnosed with major depression using the Diagnostic and Statistical Manual for Mental
Disorders, Fifth Edition. Type 2 diabetes mellitus was diagnosed according to the criteria of the Japan Diabetes Society. Six healthy
controls with no history of psychiatric or physical diseases were also enrolled. Serum levels of several cytokines, growth factors, and
high-sensitivity C-reactive protein (hs-CRP) were measured. The clinical symptoms of patients with major depression were assessed
using the Montgomery-Asberg Depression Rating Scale.
Results: Significant differences in cytokines, growth factors, and hs-CRP were observed between the major depression and healthy
control groups. Serum TNF-α levels were significantly higher in patients with major depression and type 2 diabetes mellitus than in
those without type 2 diabetes mellitus. In the major depression group, serum IL-6 and hs-CRP levels tended to be higher in patients
with type 2 diabetes mellitus than in those without. Several correlations among cytokines, growth factors, and hs-CRP were observed
in patients with major depression with and without type 2 diabetes mellitus. Responses to pharmacological interventions for major
depression did not differ between patients with and without type 2 diabetes mellitus.
Conclusion: Serum levels of TNF-α, hs-CRP, and IL-6 were different between patients with major depression with and without type 2
diabetes mellitus. Also, correlations were found between serum levels of cytokines, growth factors, and hs-CRP in patients with major
depression. Inflammatory factors, which may be associated with growth factors, may be involved in the pathophysiology of major
depression, particularly among patients with comorbid type 2 diabetes mellitus.
Keywords: major depression, diabetes mellitus, cytokine, growth factor, high-sensitivity C-reactive protein, brain-derived
neurotrophic factor

Introduction
Given that diabetes mellitus and major depression affect approximately 8.3% and 10% of the global population,
respectively,1,2 a degree of comorbidity between the two conditions is expected.3 Significant depressive symptoms affect
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approximately one in four adults with type 1 and type 2 diabetes, whereas a formal diagnosis of depressive disorder is
made in approximately 10–15% of people with diabetes mellitus.4 The relationship between major depression and
diabetes mellitus is likely associated with a variety of biological mechanisms. Accumulating evidence suggests that
inflammation plays a role in Inflammation plays the role, not the biomarkers. Biomarkers are a measure of inflammation
as assessed with specific substances, such as cytokines and growth factors among many others.5 Meta-analyses have also
reported significantly higher concentrations of the proinflammatory cytokines tumor necrosis factor-alpha (TNF-α) and
IL-6 in patients with major depression than in healthy controls.6 Another meta-analysis7 confirmed the presence of higher
mean levels of CRP in patients with major depression than in healthy controls. Research has also indicated that decreased
plasma levels of brain-derived neurotrophic factor (BDNF) may be among the pathogenic factors involved in dementia
and major depression, as well as type 2 diabetes mellitus, potentially explaining the clustering of these conditions in
epidemiological studies.8 We previously reported that peripheral BDNF levels are decreased in patients with major
depression and that BDNF polymorphisms are associated with treatment response.9 These findings suggest that BDNF is
best understood as a biomarker for major depression and its response to treatment rather than as a risk factor for major
depression.10–12 Although previous studies have demonstrated that the levels of proinflammatory cytokines (such as
CRP) and growth factors, including BDNF, are altered in both major depression and diabetes mellitus, the precise
associations between these factors and depression in patients with and without diabetes mellitus remain to be determined.
It has been reported that BDNF Val66Met polymorphism might be implicated in the pathogenesis of depression in type 2
diabetes mellitus by decreasing serum BDNF levels in Han Chinese Subjects.13 These diverse challenges may activate
common processes in which cytokines, which are inflammatory signaling molecules, provoke the dysregulation of
several growth factors, including brain-derived neurotrophic factor, fibroblast growth factor-2, macrophage migration
inhibitory factor, and erythropoietin, which might be associated with the development of depressive disorders and their
comorbid illnesses, such as heart disease, diabetes mellitus, autoimmune conditions, and poststroke depression.14

Therefore, the present study aimed to perform the explanatory investigation for plasma levels of cytokines, including
IL-1β, IL-6, IL-8, IL-10, and TNF-α; growth factors, including BDNF; vascular endothelial growth factor (VEGF); and
insulin-like growth factor 1 (IGF-1), and their associations with major depression in patients with and without type 2
diabetes mellitus. We also investigated the drug responses in both groups. Although previous reports have shown the
relationships among inflammation, major depression, and diabetes mellitus,15–17 there are no reports demonstrating the
associations between cytokine and growth factor levels in patients with or without type 2 diabetes mellitus. To the best of
our knowledge, this is the first report to describe such associations.

Patients and Methods
Ethics Statement
The study protocol was approved by the Ethics Committee of the University of Occupational and Environmental Health,
Kitakyushu, Japan (approval no. UOHECRB21-057). All study participants provided written informed consent upon
receiving an explanation of the study protocol and potential risks, which was conducted in accordance with the
Declaration of Helsinki.

Participants
Forty-one patients with major depression participated in this study. The patients were recruited at the University Hospital
of Occupational and Environmental Health, Japan. All patients were diagnosed with major depression using the
Diagnostic and Statistical Manual for Mental Disorders, Fifth Edition.18 The exclusion criteria included a history of
major neurological disease, epilepsy, cerebrovascular accident, head trauma with cognitive sequelae, and intellectual
disability. Three of the 41 patients did not take any antidepressant medications, while 38 were taking antidepressant
drugs. Type 2 diabetes mellitus was diagnosed according to the criteria of the Japan Diabetes Society. All patients with
type 2 diabetes mellitus had no complications (stage 2). Of the 41 patients with major depression, 13 had concomitant
type 2 diabetes. The distribution of medications taken by patients with type 2 diabetes mellitus is shown in Table 1. The
duration of medication periods was 1–32 (median 3) years in the patients with major depression. Doses of antidepressants
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were kept constant doses at least 2 weeks before enrolling the study. Six healthy controls with no history of psychiatric or
physical disease were enrolled in the present study. As this was an explanatory investigation, we did not perform a power
analysis to determine the sample size for comparison in the present study.

Clinical Assessment and Blood Sampling
The clinical symptoms of patients with major depression were assessed using the Montgomery–Asberg Depression Rating
Scale (MADRS).19 Blood samples were taken from 7:00 am to 9:00 am before breakfast (at least 12 h after the last medication,
because two patients took laxatives). After resting overnight, 15mL of venous blood was drawn from the patients in the supine
position. The serum samples were immediately separated using a centrifuge (2000 g, 10 min, 4°C) and stored at −80°C until
they were used for the assays. The participants fasted and rested for at least 30 min prior to blood collection.

Measurement of Serum IGF-1, Hs-CRP, Cytokine, TNF-α, VEGF, and BDNF Levels
Blood samples were collected at the University of Occupational and Environmental Health and transferred to SRL Inc.
(Kitakyushu, Japan). Serum IGF-1, cytokine (IL-1β, IL-6, IL-8, IL-10, and TNF-α), VEGF, and BDNF levels were
measured using the sandwich enzyme immunoassay technique. A microplate was pre-coated with human monoclonal

Table 1 Distribution of Demographic Characteristics in the Major Depression and Healthy Control Groups

HC
(n=6)

MD (All)
(n=41)

MDDM (-)
(n=28)

MDDM (+)
(n=13)

Age 44 [41–46] 56 [47–65] 54 [42.75–62.5] 62 [54–78]

Sex, males (%) 2 (33.3%) 17 (41.5%) 11 (39.3%) 6 (46.2%)

BMI 22 [19.5–25.1] 24 [19.7–27] 23 [19–26] 26 [21.6–29]

MADRS 0 W – 12 [8–17] 13 [8–17.3] 12 [7–13]

MADRS 8 W 3 [3–6] 3 [3–6] 4 [3–7]

MADRS (0 W–8 W) 4 [8–13] 8 [4.75–13.25] 5 [4–9]

Imipramine equivalence (mg/day) – 112 [75–200] 112 [75–212] 75 [46–138]

Depressive episodes – 2 [1–2] 2 [1–2] 2 [1–2]

Antidepressant Escitalopram (9 cases)
Venlafaxine (8 cases)

Mirtazapine (7 cases)

Duloxetine (5 cases)
Vortioxetine (4 cases)

Sertraline (2 cases)

Fluvoxamine (2 cases)
Paroxetine (1 case)

Trazodone (1 case)

Drug-free (3 cases)

Diabetes drug Metformin (6 cases)

Sitagliptin (5 cases)
Pioglitazone (1 case)

Glipalamide (1 case)

Acarbose (1 case)
Febuxostat (1 case)

Drug-free (4 cases)

Note: Unless otherwise stated, the data are expressed as the median [interquartile range].
Abbreviations: BMI, body mass index; HC, healthy control; MADRS, Montgomery–Asberg Depression Rating Scale; MD, major depression.
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antibody. Standards and samples were pipetted into the wells, and any IGF-1, IL-1β, IL-6, IL-10, TNF-α, VEGF, or
BDNF was bound by the immobilized antibody. After washing away any unbound substances, a biotinylated polyclonal
antibody specific for humans was added to the wells. After washing to remove any unbound antibody-biotin reagent,
enzyme-linked streptavidin was added to the wells. After washing away any unbound streptavidin-enzyme reagent, a
substrate solution was added to the wells and color developed in proportion to the amount of IGF-1, IL-1β, IL-6, IL-8,
IL-10, TNF-α, VEGF, BDNF, and hs-CRP bound in the initial step. Color development was stopped and the intensity of
the color was measured. The intra- and inter-assay coefficients of variation were <8%. The limit of detections of IGF-1,
IL-1β, IL-6, IL-8, IL-10, TNF-α, VEGF, BDNF were 4ng/mL, 11pg/mL, 0.3pg/mL, 2.1pg/mL, 3pg/mL, 0.15pg/mL,
21pg/mL, 62.5pg/mL, respectively.

Measurement of Serum Hs-CRP Levels
Polystyrene particles coated with monoclonal antibodies specific to human CRP were aggregated when mixed with
samples containing CRP. These aggregates scattered a beam of light passing through the sample. The intensity of the
scattered light was proportional to the concentration of the relevant protein in the sample. The results were evaluated by
comparison with a standard of known concentration. The hs-CRP levels were measured using a commercially available
enzyme-linked immunosorbent assay kit (Meso Scale Diagnostics, LLC., Rockville, MD, USA). The intra- and inter-
assay coefficients of variation were <8%. The limit of detection of hs-CRP was 51ng/mL.

Statistical Analysis
Comparisons between the three groups were performed using analysis of variance (ANOVA) and analysis of covariance
(ANCOVA). We used age as a covariate in ANCOVA. Correlations between variables were assessed using Spearman’s
rank correlation coefficients. In the correlation matrix, positive correlations are shown in red, negative correlations are
shown in green, and the strength of the correlation is expressed in terms of concentration. Logistic regression analysis
was conducted in the MD group, with the prevalence of diabetes as the objective variable. In addition, we conducted a
receiver operating characteristic (ROC) analysis. All data are expressed as medians and their interquartile ranges (IQR).
All statistical analyses were performed using EZR software version 1.50 (Jichi Medical University Saitama Medical
Center, Japan), a modified version of R Commander.20 The distribution of the data was checked with a histogram.
Analysis items with p<0.05 were considered statistically significant. This was a preliminary study and no correction for
multiple testing was made to prevent an increase in type two error.

Results
Background Characteristics
The present study included 41 patients with major depression, with or without type 2 diabetes mellitus, and six healthy
controls. The background and clinical characteristics of the patients with major depression and healthy controls are
shown in Table 1. The median decrease in MADRS scores from weeks 0 to 8 was 4 points in the major depression group
(8–13 points). During the same period, the median MADRS scores in patients with and without type 2 diabetes mellitus
decreased by 5 points (IQR, 4–9) and 8 points (IQR, 4.75–13.25), respectively.

Serum Levels of Cytokines, Hs-CRP, and Growth Factors in the Major Depression and
Healthy Control Groups
We evaluated serum levels of IGF-1, cytokines (IL-6 and TNF-α), hs-CRP, VEGF, and BDNF among patients with
major depression and healthy controls (Table 2, Figure 1). However, we could not determine serum levels of IL-1β,
IL-8, and IL-10 because the measured values were below the level of detection. Serum levels of IL-6 and TNF-α
were significantly higher in the major depression group than in the healthy control group. We also compared serum
levels of IGF-1, cytokines (IL-6 and TNF-α), hs-CRP, VEGF, and BDNF between patients with and without type 2
diabetes mellitus in the major depression group. In this group, serum TNF-α levels were significantly higher in
patients with type 2 diabetes mellitus than in those without type 2 diabetes mellitus. There was also a trend toward
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higher serum IL-6 and hs-CRP levels in patients with major depression and type 2 diabetes mellitus than in their
counterparts without type 2 diabetes mellitus.

Relationships Among Serum Levels of Cytokines, Growth Factors, Hs-CRP, and
Severity of Depressive Symptoms in the Healthy Control Group
In healthy controls, we observed no significant correlations among the serum levels of cytokines, growth factors, and hs-
CRP (Table 3).

Table 2 Serum Levels of IGF-1, Hs-CRP, Cytokines, TNF-α, VEGF, and BDNF in the Major Depression and Healthy Control Groups

HC MD MDDM (-) MDDM (+) p value/Age-
Adjusted p value

IGF-1 (ng/mL) 105 [79.3–133.8] 105 [79.5–119] 105 [78–117] 106 [82–122] 0.96/0.68

Hs-CRP (ng/mL) 119 [105–130] 375 [184–998] 242 [138.5–675] 568 [337–1330] 0.037/N.A

IL-6 (pg/mL) 0.65 [0.425–1.40] 1.6 [1.075–2.43] 1.3 [1.0–2.2] 2.3 [1.4–3.9] 0.020/N.A

TNF-α (pg/mL) 0.57 [0.57–0.63] 0.99 [0.757–1.27] 0.95 [0.685–1.16] 1.17 [0.92–1.63] 0.0014/0.028

VEGF (pg/mL) 170 [118–213.7] 106 [71.5–159.5] 100 [55–144] 16300 [8130–19100] 0.083/0.18

BDNF (pg/mL) 16050 [12000–22125] 15000 [11075–19175] 14700 [11750–18850] 16300 [8130–19100] 0.78/0.84

Notes: The data are expressed as the median [interquartile range]. We show the p-values by ANOVA and ANCOVA (Adjustment factor is age).
Abbreviations: IGF-1, insulin-like growth factor 1; Hs-CRP, high-sensitivity C-reactive protein; IL, interleukin; TNF-α, tumor necrosis factor-alpha; VEGF, vascular
endothelial growth factor; BDNF, brain-derived neurotrophic factor.

Figure 1 Serum levels of IGF-1, hs-CRP, cytokines (IL-6 and TNF-α), VEGF, and BDNF. We present a box-and-whisker diagram of serum levels of IGF-1, hs-CRP, cytokines
(IL-6 and TNF-α), VEGF, and BDNF.
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Relationships Among Serum Levels of Cytokines, Growth Factors, Hs-CRP, and
Severity of Depressive Symptoms in the Major Depression Group
Serum IL-6 levels exhibited a significant positive correlation with serum TNF-α and hs-CRP levels in the major
depression group. There were also significant positive correlations between serum TNF-α levels and serum hs-CRP
levels and between serum BDNF levels and serum VEGF levels. A significant negative correlation was observed between
serum TNF-α levels and serum BDNF levels, while a significant positive correlation was observed between serum hs-
CRP levels and serum glycated hemoglobin (HbA1c) levels. No correlations were observed between MADRS scores and
serum levels of cytokines, growth factors, or hs-CRP levels (Table 4).

Relationships Among Serum Levels of Cytokines, Growth Factors, Hs-CRP, and
Severity of Depressive Symptoms in Patients with Major Depression without Type 2
Diabetes Mellitus
Among patients with major depression without type 2 diabetes mellitus, serum IL-6 levels exhibited a significant positive
correlation with serum TNF-α and hs-CRP levels. A significant positive correlation was also observed between serum
BDNF levels and serum VEGF levels, while a significant negative correlation was observed between serum hs-CRP
levels and serum HbA1c levels. No correlations were observed between MADRS scores and serum levels of cytokines,
growth factors, or hs-CRP (Table 5).

Relationships Among Serum Levels of Cytokines, Growth Factors, Hs-CRP, and
Severity of Depressive Symptoms in Patients with Major Depression and Type 2
Diabetes Mellitus
Serum IL-6 levels exhibited a significant positive correlation with serum TNF-α levels in patients with both major
depression and type 2 diabetes mellitus and a positive correlation was found between serum IL-6 and hs-CRP levels.
Significant positive correlations were also observed between serum TNF-α levels and serum hs-CRP levels and between
serum TNF-α levels and serum IGF-1 levels. Serum BDNF levels were significantly negatively correlated with serum hs-

Table 3 Correlations Among IGF-1, Hs-CRP, Cytokine, TNF-α, VEGF, BDNF, and HbA1c Levels in the Healthy Control Group

IGF-1 Hs-CRP IL-6 TNF-α VEGF BDNF

IGF-1 – 0.0286 −0.429 0.213 0.257 0.486

(p=1.0) (p=0.41) (p=0.69) (p=0.66) (p=0.36)

Hs-

CRP

– 0.600 −0.030 0.429 −0.371

(p=0.24) (p=0.95) (p=0.42) (p=0.50)

IL-6 – 0.213 −0.029 −0.371

(p=0.69) (p=1.00) (p=0.49)

TNF-α – 0.0304 0.759

(p=0.95) (p=0.08)

VEGF – 0.314

(p=0.56)

BDNF –

Note: Positive correlations are shown in red, negative correlations are shown in green, and the strength of the correlation is expressed in terms of concentration.
Abbreviations: IGF-1, insulin-like growth factor 1; Hs-CRP, high-sensitivity C-reactive protein; IL, interleukin; TNF-α, tumor necrosis factor-alpha; VEGF, vascular
endothelial growth factor; BDNF, brain-derived neurotrophic factor.
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CRP levels and serum TNF-α levels. No correlations were observed between MADRS scores and serum levels of
cytokines, growth factors, or hs-CRP (Table 6).

Odds Ratios for Patients with Major Depression and Comorbid Type 2 Diabetes
Mellitus Relative to Patients with Major Depression without Type 2 Diabetes Mellitus
Obtained via Logistic Regression Analysis
Logistic regression analysis revealed no significant associations between serum levels of cytokines, growth factors and
hs-CRP and prevalence of diabetes. (Table 7). In addition, we conducted a ROC curve to calculate the sensitivity and
specificity of each substance. (Figure 2). The sensitivity and specificity in patients with major depression with or without
type 2 diabetes mellitus of IGF-1, hs-CRP, IL-6, TNF-α, VGF, and BDNF was 38.5%/74.1%1 (cut-off; 117ng/mL, AUC;
0.48), 92.3%/51.9% (cut-off; 249ng/mL, AUC; 0.679), 46.2%/85.2% (cut-off; 2.5pg/mL, AUC; 0.681), 61.5%/70.4%
(cut-off; 1.07pg/mL, AUC; 0.699), 53.8%/63% (cut-off; 16300pg/mL, AUC; 0.46), respectively.

Discussion
In the present study, we investigated the plasma levels of cytokines, growth factors, and hs-CRP, and their associations
with major depression among patients with and without type 2 diabetes mellitus. In accordance with previous findings,
serum levels of IL-6 and TNF-α were significantly higher in the major depression group than in the healthy control
group.6 Among patients with major depression, only serum levels of TNF-α, but not IL-6, were higher in patients with
type 2 diabetes mellitus than in those without type 2 diabetes mellitus. Serum TNF-α levels were also inversely
correlated with serum BDNF levels in the major depression group. The new finding in the present study was serum

Table 4 Correlations Among IGF-1, Hs-CRP, Cytokines, TNF-α, VEGF, BDNF, HbA1c, and MADRS in the Major Depression Group

IGF-
1

Hs-CRP IL-6 TNF-α VEGF BDNF HbA1c MADRS

IGF-1 – −0.120 −0.200 −0.113 0.290 0.109 0.100 −0.073

(p=0.46) (p=0.21) (p=0.49) (p=0.07) (p=0.50) (p=0.56) (p=0.65)

Hs-CRP – 0.500 0.45 0.149 −0.210 0.341 −0.179

(p=0.0010) (p=0.0035) (p=0.36) (p=0.19) (p=0.039) (p=0.27)

IL-6 – 0.642 0.0988 −0.176 0.103 −0.194

(p=0.0000079) (p=0.54) (p=0.27) (p=0.54) (p=0.23)

TNF-α – 0.0209 −0.434 0.0619 −0.0835

(p=0.89) (p=0.0052) (p=0.71) (p=0.60)

VEGF – 0.407 0.236 0.154

(p=0.0092) (p=0.16) (p=0.34)

BDNF – 0.0391 0.198

(p=0.82) (p=0.22)

HbA1c – −0.033

(p=0.85)

MADRS –

Note: Positive correlations are shown in red, negative correlations are shown in green, and the strength of the correlation is expressed in terms of concentration.
Abbreviations: IGF-1, insulin-like growth factor 1; Hs-CRP, high-sensitivity C-reactive protein; IL, interleukin; TNF-α, tumor necrosis factor-alpha; VEGF, vascular
endothelial growth factor; BDNF, brain-derived neurotrophic factor; MADRS, Montgomery–Asberg Depression Rating Scale.
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TNF-α was higher in patients with major depression with type 2 diabetes mellitus than without type 2 diabetes mellitus.
Mata-analysis indicated that higher levels plasma TNF-α was associated with risk of type 2 diabetes mellitus.21 TNF-α
plays an integral role in the pathophysiology of major depression, and the mechanism of antidepressant agents.22

Moreover, meta-analysis showed that plasma levels of TNF-α also increased in major depression.6,23,24 Taken together,
plasma levels of TNF-α is considered to additively and/or synergistically increased in patients with type 2 diabetes
mellitus.

Recent work demonstrated that 21 patients had MDD and 40 patients did not have MDD. Diabetic patients with MDD
had significantly higher CRP levels and 24-hour urine free cortisol. The other metabolic and inflammatory parameters
were not statistically different between groups. There was a significantly higher prevalence of cardiovascular events in
individuals with MDD: 38% for the depressive group vs 15% for non-depressive group. Patients with MDD had a 3.5-
fold greater odd of having cardiovascular disease. The result suggested that Diabetic patients with depression are more
likely to have cardiovascular events, and different factors can determine this high association.25 Another report
demonstrated that Dyadic adjustment was significantly associated with cytokine IL-8. Interpersonal relationship func-
tioning was significantly associated with biomarker HbA1c, and cytokines TNF-alpha, and IL-1ra. Social functioning
was significantly correlated with cytokines IL-17, IL-1ra, IL-2r, IL-6, and eotaxin. Depression was significantly
correlated with HbA1C, which revealed significant relationships between molecular mediators of the inflammatory and
immune systems and variables measuring the relational context patients with T2DM. The initial findings suggest a next
step in understanding and exploring the complex but important biopsychosocial pathways in Type 2 DM.26

Another important new finding in the present study was inverse correlation between serum TNF-α and serum BDNF
in patients with major depression. TNF-α is a cytokine that is a well-known factor in multiple disease conditions and is

Table 5 Correlations Among IGF-1, Hs-CRP, Cytokine, TNF-α, VEGF, BDNF, HbA1c, and MADRS in the Major Depression Group
without Diabetes Mellitus

IGF-
1

Hs-CRP IL-6 TNF-α VEGF BDNF HbA1c MADRS

IGF-1 – 0.022 −0.273 0.025 0.263 0.080 −0.101 0.128

(p=0.91) (p=0.17) (p=0.90) (p=0.19) (p=0.69) (p=0.62) (p=0.52)

Hs-CRP – 0.41 0.270 0.128 −0.081 0.398 −0.218

(p=0.034) (p=0.17) (p=0.52) (p=0.69) (p=0.044) (p=0.28)

IL-6 – 0.5911 0.088 −0.016 −0.0519 −0.216

(p=0.0012) (p=0.66) (p=0.94) (p=0.80) (p=0.28)

TNF-α – 0.100 −0.246 −0.125 0.084

(p=0.62) (p=0.22) (p=0.54) (p=0.68)

VEGF – 0.415 −0.036 0.108

(p=0.032) (p=0.86) (p=0.59)

BDNF – 0.0199 0.157

(p=0.92) (p=0.43)

HbA1c – 0.0435

(p=0.83)

MADRS –

Note: Positive correlations are shown in red, negative correlations are shown in green, and the strength of the correlation is expressed in terms of concentration.
Abbreviations: IGF-1, insulin-like growth factor 1; Hs-CRP, high-sensitivity C-reactive protein; IL, interleukin; TNF-α, tumor necrosis factor-alpha; VEGF, vascular
endothelial growth factor; BDNF, brain-derived neurotrophic factor; MADRS, Montgomery–Asberg Depression Rating Scale.
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recognized for its major role in central nervous system signaling. TNF-α signaling is most commonly associated with
neurotoxicity, but in some conditions, it has been found to be neuroprotective. TNF-α has long been known to induce
nuclear factor-kappa B, NF-κB, signaling by, in most cases, translocating the p65 (RelA) DNA binding factor to the
nucleus. Thus, TNF-α dominantly might reveal neurotoxic effect in the brain, which was associated with decreased
BDNF leading to apoptosis. Inflammatory processes attenuate BDNF production in the pathophysiology of major
depressive disorder. The Netherlands Study of Depression and Anxiety reported an association between serum levels
of BDNF and plasma levels of IL-6 and TNF-α among patients with major depression and non-depressed controls.27

Many studies,9–12,28 including our previous study, have demonstrated that BDNF is an important biomarker in the
pathophysiology of major depression, which is related to decreased synaptic plasticity and neuronal atrophy, whereas
elevated BDNF levels are associated with survival and neuronal differentiation, which is compatible with the synaptic
plasticity hypothesis of major depression. The use of peripheral growth factors, including BDNF,10–12,28 VEGF,12,29,30

and IGF-1,31–34 has not been robustly established; however, these peripheral biomarkers are useful in differentiating
between healthy individuals and patients with major depression. According to the synaptic plasticity theory of major
depression, reduced levels of growth factors are observed in patients with major depression when compared to healthy
controls. When we compared the levels of cytokines and growth factors between patients with major depression with and
without type 2 diabetes mellitus, serum levels of TNF-α, but not IL-6, were significantly higher in patients with type 2
diabetes mellitus than in those without type 2 diabetes mellitus. Moreover, the odds ratio for serum TNF-α level was 3.56
in patients with type 2 diabetes mellitus when the non-diabetes group was used as the reference, although the difference
was not statistically significant (p=0.30) in the logistic regression analysis (Table 7). Serum IL-6 levels were also higher
in patients with type 2 diabetes mellitus, but these levels did not reach the level of significance. However, our findings

Table 6 Correlations Among IGF-1, Hs-CRP, Cytokines, TNF-α, VEGF, BDNF, HbA1c, and MADRS in the Major Depression Group
with Diabetes Mellitus

IGF-
1

Hs-CRP IL-6 TNF-α VEGF BDNF HbA1c MADRS

IGF-1 – −0.374 −0.033 0.577 0.379 0.181 0.22 −0.42

(p=0.21) (p=0.92) (p=0.043) (p=0.20) (p=0.55) (p=0.52) (p=0.15)

Hs-CRP – 0.560 0.72 −0.077 −0.571 −0.211 0.088

(p=0.05) (p=0.0075) (p=0.81) (p=0.045) (p=0.53) (p=0.77)

IL-6 – 0.577 0.099 −0.445 −0.339 −0.050

(p=0.043) (p=0.75) (p=0.13) (p=0.31) (p=0.87)

TNF-α – −0.412 −0.78 −0.165 −0.254

(p=0.16) (p=0.0026) (p=0.63) (p=0.40)

VEGF – 0.423 0.018 0.563

(p=0.15) (p=0.96) (p=0.05)

BDNF – −0.055 0.287

(p=0.87) (p=0.34)

HbA1c – 0.028

(p=0.94)

MADRS –

Note: Positive correlations are shown in red, negative correlations are shown in green, and the strength of the correlation is expressed in terms of concentration.
Abbreviations: IGF-1, insulin-like growth factor 1; Hs-CRP, high-sensitivity C-reactive protein; IL, interleukin; TNF-α, tumor necrosis factor-alpha; VEGF, vascular
endothelial growth factor; BDNF, brain-derived neurotrophic factor; MADRS, Montgomery–Asberg Depression Rating Scale.
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indicated that serum TNF-α levels were inversely correlated with serum BDNF levels in the major depression group.
TNF-α is required for synaptic scaling. We suggest that, by modulating TNF-α levels, glia actively participate in
homeostatic activity-dependent regulation of synaptic connectivity.35 TNF-α mediates some forms of homeostatic
synaptic plasticity, and recent studies have investigated some of the in vivo contributions of TNF-α-mediated homeostatic
synaptic plasticity. Such studies have reported that TNF-α-mediated homeostatic synaptic plasticity plays a role in a
variety of functions, including the developmental plasticity of sensory systems, models of drug addiction, and the
response to psychiatric drugs.36 TNF-α is a proinflammatory cytokine that exerts both homeostatic and pathophysiolo-
gical roles in the central nervous system (CNS). In major depressive episodes, microglia release large amounts of TNF-α,
which is an important component associated with several neuropsychiatric diseases. As microglial activation and
upregulation of TNF-α expression are common features of major depression, TNF-α signaling may represent a valuable
target for intervention.37 Recent meta-analyses have assessed the levels of proinflammatory cytokines, including TNF-α,
before and after treatment in patients with major depression, and the researchers found that TNF-α levels were not

Table 7 Odds Ratios for Patients with Major Depression and Comorbid Type 2 Diabetes Mellitus Relative to Patients with Major
Depression without Type 2 Diabetes Mellitus Obtained via Logistic Regression Analysis

Factor Odds Ratio p value

IGF-1 0.99 (0.97–1.01) 0.34

Hs-CRP 1.00 (1.00–1.00) 0.67

IL-6 1.32 (0.83–2.12) 0.25
TNF-α 3.56 (0.33–39.00) 0.30

VEGF 1.01 (1.00–1.02) 0.068

BDNF 1.00 (1.00–1.00) 0.54

Abbreviations: IGF-1, insulin-like growth factor 1; Hs-CRP, high-sensitivity C-reactive protein; IL, interleukin; TNF-α, tumor necrosis factor-alpha; VEGF, vascular
endothelial growth factor; BDNF, brain-derived neurotrophic factor.

Figure 2 Receiver operating characteristic (ROC) curve to calculate the sensitivity and specificity of each substance. (A) IGF-1, (B) Hs-CRP, (C) IL-6, (D) TNF-α, (E) VEGF,
(F) BDNF.
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significantly changed when simply looking at the effects of treatment with antidepressants.38 In the present study, most
patients received selective serotonin reuptake inhibitors (SSRIs), serotonin-norepinephrine reuptake inhibitors (SNRIs),
or mirtazapine. We believe that the effects of these antidepressants might influence the results of serum TNF-α levels in
our preliminary study. It has been reported that TNF-α increases the phosphorylated form of the cyclic adenosine
monophosphate (cAMP)-responsive element binding protein and activates the transcription of exons IV and VI in the
BDNF gene, and that the TNF-α-mediated increase in BDNF expression is accompanied by an increase in calcitonin
gene-related peptide levels. The effect of TNF-α on BDNF expression depends on sodium influx through tetrode toxin-
sensitive channels and p38-mitogen-activated protein kinase. Furthermore, electrical stimulation and forskolin potentiate
the TNF-α-mediated upregulation of BDNF expression.39

IL-6 is a key component of the molecular mechanisms underlying the pathophysiology of major depression. IL-6
knockout mice exhibit depression-like behaviors and altered IL-6-dependent signaling pathways.40 IL-6 may influence
neuronal functionality, including the cholinergic phenotype of sympathetic neurons.41–43 Sensory neurons are particularly
affected by IL-6 deficiency, since under normal conditions, IL-6 knockout mice demonstrate a reduction in the compound
action potential of the sensory branch of the sciatic nerve, which is also highly dependent on IL-6 for functional recovery
following injury.44 The results of studies of IL-6 knockout mice imply that IL-6 plays a role in sympathetic sprouting
induced by nerve injury.45 IL-6 also promotes sprouting and functional recovery of cultured hippocampal neurons and
plays a key role in adult neurogenesis,46 the process by which new neurons and glial cells are generated from neural stem
cells. Neurogenesis is also altered in many neuropathological situations, and the detrimental role of inflammation has
usually been suggested. IL-6 is upregulated and may play a role in neurogenesis. Glial fibrillary acidic protein-IL6 mice
exhibit reduced hippocampal neurogenesis and decreased neuronal differentiation. In contrast, other studies have reported
that IL-6 promotes gliogenesis through the STAT-3 pathway and neurogenesis through the mitogen-activated protein
kinase/cAMP response element binding protein pathway.47

Although we previously reported that plasma IL-6 levels48 and serum BDNF levels9 were associated with scores on
the Hamilton Rating Scale for Depression among patients with major depression, we observed no correlations among
serum IL-6 levels, BDNF levels, and MADRS scores in the present study. It is possible that most patients enrolled in the
present study had mild-to-moderate depression. In addition, we observed no significant difference in the response to
antidepressant treatment between patients with and without type 2 diabetes mellitus in the major depression group. In
accordance with previous findings, our results suggest that the severity of major depression and treatment response
remain unaffected by concurrent diabetes.49 A study conducted in Europe reported that individuals with major depression
and comorbid diabetes were significantly older and heavier than those without diabetes.49 In our study, patients with
major depression who also had type 2 diabetes mellitus were significantly older than those who had major depression
without type 2 diabetes mellitus, and there were no differences in the severity of depression between the two groups.

IGF-1 also plays an important role in the CNS. Studies have shown that IGF-1 affects the structure and function of
synapses, regulates glucose metabolism in brain cells, inhibits the apoptosis of neurons and glial cells, regulates enzyme
activity, reduces CNS damage caused by various pathological factors, and exerts protective effects on the growth,
development, and remodeling of nerve tissues. Recent meta-analyses have demonstrated that peripheral IGF-1 levels are
increased in patients with major depression.31–34 However, we observed no differences in serum IGF-1 levels between
the major depression group and the healthy control group or between patients with and without type 2 diabetes mellitus in
the major depression group. In addition, in the major depression group, serum IGF-1 levels were positively associated
with serum TNF-α levels in patients with type 2 diabetes mellitus. In the present study, we observed no difference in the
response to antidepressants between patients with and without type 2 diabetes mellitus in the major depression group.
Most antidepressants used in the major depression group were SSRIs or SNRIs. There was no difference of response rate
(50% or more decreasing of the MADRS score) between the SSRIs group (add response rate 63.1%) and SNRIs group
(add response rate 61.3%) (p=1.000, Fisher’s exact test) in the present study, which supporting the notion that they can be
used as first-line treatment for major depression with or without comorbid diabetes mellitus. This is in accordance with a
report that demonstrated the usefulness of SSRIs or SNRIs in patients with major depression and diabetes mellitus.50,51

The present study had several limitations. First, the sample size was small, with only six participants in the healthy
control group, which might have biased the results obtained. In brief, as this was an explanatory investigation, we did not
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perform a power analysis to determine the sample size for comparison in the present study. For the same reason, no
correction for significant differences was made for multiple testing to prevent an increase in type two error. Second, we
did not include patients with diabetes mellitus without depression, and only patients with mild-to-moderate depressive
symptoms were included. Third, we could not rule out the possibility of the influence of antidepressants and/or diabetic
medications on the results. Fourth, we did not regulate the types of pharmacological interventions. Fifth, the aging effect
could influence the results. Finally, we must elucidate the most suitable antidepressants for patients with major
depression with type 2 diabetes mellitus. Further studies with larger sample sizes, particularly, with more healthy
controls, are required to address these points and confirm our explanatory investigation.

Conclusions
Our findings indicated that serum levels of IL-6 and TNF-α were higher in the major depression group than in the healthy
control group. However, among patients in the major depression group, only serum TNF-α levels were significantly
higher in patients with type 2 diabetes mellitus than in those without. Serum cytokine levels were also inversely
correlated with the serum levels of growth factors in the major depression group, particularly, among patients with
type 2 diabetes mellitus. It seems however not to be useful for these factors as biomarkers to differentiate between
patients with major depression with or without type 2 diabetes mellitus, because of the low sensitivity and specificity.
Moreover, responses to pharmacological interventions for major depression did not differ between patients with and
those without type 2 diabetes mellitus.

Abbreviations
BDNF, brain-derived neurotrophic factor; ERK1/2, extracellular signal-regulated kinases 1/2; hs-CRP, high-sensitivity
C-reactive protein; IGF-1, insulin-like growth factor 1; IL-β, interleukin 1β; JNK, c-Jun N-terminal kinase; MADRS,
Montgomery–Asberg Depression Rating Scale; NF-κB, nuclear factor kappa-light-chain-enhancer of activated B cells;
RR, relative risk; TNF-α, tumor necrosis factor-alpha; VEGF, vascular endothelial growth factor.
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