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ABSTRACT 

Background: The relationship between inflammation and psychiatric 

disorders has been widely debated. Psychiatric patients had features of 

inflammation, such as high levels of inflammatory markers. This study 

was conducted to assess plasma C-reactive protein level (CRP) in 

patients with major depressive disorder (MDD) and compare them with 

healthy controls. 

Methods: A sample of 196 participants (98 cases, 98 controls) was 

taken, cases satisfied the diagnosis of MDD according to Diagnostic and 

statistical manual of mental disorder (DSM-5). Blood samples were 

collected from patients and controls to measure plasma levels of CRP. 

Severity of depression in patients was assessed by Beck depression 

inventory and the Hamilton depression rating scale.  

Results:  There was a statistically significant elevation of CRP levels in 

patients with MDD compared to control group with P value 0.009. Also 

there was a significant correlation between CRP level and degree of 

severity of depression. 

Conclusion: CRP was elevated in patients with MDD and associated 

with severity of MDD. This result supports the previous findings that 

inflammatory hypothesis has a great role in major depressive disorder 

pathogenesis. 

Keywords: Major depressive disorder, Inflammation, C-reactive 

protein. 

INTRODUCTION 

nflammatory hypothesis had been evident to 

play an important role in major depressive 

disorder (MDD) evidenced by elevated levels 

of inflammatory markers 
[1]

. Normalization of 

these inflammatory markers was detected after 

remission of symptoms of MDD 
[2]

. Also 

chronic inflammatory diseases, such as 

systemic lupus erythematosus and rheumatoid 

arthritis were highly comorbid with depression 
[3]

. C-reactive protein (CRP) is a plasma protein 

synthesized in liver, elevated in response to 

tissue injury or inflammation, CRP is a suitable 

inflammatory marker as it is readily available, 

relatively stable in stored biological specimens; 

not affected by time of day or meal intake 
[4]

. 

Several mechanisms had been found to link 

inflammation with MDD. These mechanisms 

focus mainly on the influence of inflammatory 

cytokines on neurotransmitters as serotonin, 

microglia, the Hypothalamic pituitary adrenal 

axis and neuroplasticity 
[5]

. Inflammatory 

cytokines were found to stimulate indolamine 

2,3-dioxygenase (IDO) to convert tryptophan 
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and decrease levels of serotonin 
[6] 

.Inflammatory processes activate microglia and 

over activation of the microglia causes 

decreased neuroplasticity, decreased neuronal 

function 
[7] 

and inhibition of glutamate 

catabolism which was observed in patients with 

MDD 
[8]

. Inflammatory cytokines also stimulate 

the hypothalamic-pituitary-adrenal axis leads to 

increase cortisol level leading to depressive 

symptoms 
[9]

.  Chronic course of MDD was 

found to be linked with inflammation and the 

inflammatory processes were found to increase 

risk of further depressive episodes and 

participate in the progressive course of 

depression 
[10]

. 

Methods 

The work has been carried out in 

accordance with The Code of Ethics of the 

World Medical Association (Declaration of 

Helsinki) for studies involving humans. Written 

informed consent was obtained from all 

participants and the study was approved by the 

research ethical committee (Institutional 

Review Board, Faculty of Medicine, Zagazig 

University). The study was performed in 

psychiatric department, Zagazig University 

hospitals, Sharkia, Egypt. The sample size was 

196 (98 cases and 98 control group). The 

sample was selected by simple random 

technique. Inclusion criteria include:  All 

patients met The Diagnostic and Statistical 

Manual of Mental Disorders, Fifth Edition 

(DSM-5) criteria for major depressive disorder, 

patients have not taken any antidepressant for 

current episode yet, patients of either sex, 

within the age limit of 18–60 years and all 

socioeconomic classes were included. 

Exclusion criteria: Age below 18 or above 60, 

patients who were taking any antidepressant 

medication within 6 months prior to study, 

previous history of manic or hypomanic 

episodes in patients or first degree relatives, 

patients with any infection, 

e.g.(bacterial/viral/fungal) within 1 month prior 

to study, patients who were on any other 

medication that affects CRP (anti-inflammatory 

drugs and antibiotics), patients with any 

inflammatory disease (such as arthritis, Asthma 

Autoimmune diseases, Allergy), patients with 

trauma due to surgery, fractures, burns within 1 

month prior to study, patients with 

malignancies, pregnant women or who were 

pregnant within 6 months prior to study, 

women are using oral contraceptive pills within 

6 months prior to study and substance abuse 

patients (but nicotine smoker were included in 

the study).  

Participants enrolled in the study were subjected 

to the following: 

a) A specially designed semi-structured interview 

derived from the Zagazig psychiatric sheet was 

used to cover the following parameters: 

Demographic data, including; age, gender, 

marital state, education, residence and 

occupation. Also body mass index, smoking, 

number of previous episodes were obtained. 

b) Psychometric assessment for the patients 

includes the following: 

 The Beck Depression Inventory 

The Beck Depression Inventory (BDI) is 

the most widely scale used for depression, 

consists of twenty-one items that cover 

emotional, somatic and behavioral symptoms in 

depressed patients 
[11]

. 

BDI cut-off (≥13) was used to identify the 

disorder. Scores (10-18) indicate mild to 

moderate depression, (19-29) indicate moderate 

to severe, (≥ 30) indicate severe depression 
[12]

.  Validated Arabic version of the scale was 

used in this study 
[13]

. 

     The Hamilton Depression Rating Scale. 

The Hamilton Depression Rating Scale 

(HAM-D) widely used to detect depression 

severity. More than 20 versions of the Hamilton 

depression scale were published. The 

commonly used one in various studies was the 

original 17-item version. Total score for 

depression severity: (<8) no depression, mild 

depression (6-13), moderate (14-18), severe 

(19-23) and very severe (≥24) 
[14]

. Validated 

Arabic version of the scale was used in this 

study 
[15]

. 

c) Venous sample was withdrawn under complete 

aseptic conditions from all subjects and 

analyzed at Zagazig university hospitals 

laboratories for CRP assessment. 
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Statistical Analysis 

The collected data were computerized and 

statistically analyzed using SPSS (Statistical 

Package for Social Science) program software 

version 25. Qualitative data were represented as 

frequencies and Pearson‟s chi square (χ2) test 

was used to calculate difference between 

qualitative variables. Quantitative data were 

expressed as mean ± SD (Standard deviation). 

Mann Whitney test (MW) was used to analyze 

continuous data between two groups. 

Independent T test was used to calculate 

difference between quantitative variables in 2 

groups in normally distributed data. Spearman‟s 

correlation coefficient (r) was used to test 

correlation between CRP and continuous 

variables. We consider (+) sign as indication for 

direct correlation i.e. increase frequency of 

independent lead to increase frequency of 

dependent & (-) sign as indication for inverse 

correlation i.e. increase frequency of 

independent lead to decrease frequency of 

dependent. 

 The level of statistical significance(S) was set 

at 5% (P<0.05), highly significant difference 

was present if p≤0.001 (HS) and p-value ≥ 0.05 

was considered statistically insignificant(NS).    

RESULTS 

There was no statistical significant 

difference between the two studied groups in 

age, BMI, gender, education, occupation, 

marital status, residence or smoking as showed 

in table (1). MDD was common in female in 

our sample by percentage 64%. The number of 

episodes ranged from 1 to 10 with mean 2.02 as 

showed in table (2). 

 As showed in table (3), scores of Beck 

depression inventory ranged from 17 to 55 with 

mean 39.94. According to BDI, 1% of patients 

had mild MDD, 6.1% had moderate MDD and 

92.9% had severe MDD. And according to The 

Hamilton depression rating scale, scores ranged 

from 14 to 45 with mean 32.92. 2% of patients 

had moderate MDD, 7.1% had severe MDD 

and 90.8% had very severe MDD. 

There was a highly statistical significant 

increase in CRP level among cases compared to 

control group with P value 0.009 as showed in 

table (4). There was a highly statistical 

significant increase in CRP level among 

female, regarding smoker patients they 

represented 74.5% of patients and were found 

to had significant elevation in CRP levels 

compared with non-smoker patients, also there 

was positive statistically significant correlation 

between CRP and BMI as showed in tables (5 

& 6). 

There was statistically significant increase 

in CRP level among severe cases compared to 

mild to moderate case with P value 0.03. 
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Table (1): Demographic data of the two studied groups: 

Variable Cases 

(n=98) 

Control 

(n=98) 

t p 

Age : (year) 

Mean ± SD 

Range  

 

38.82 ± 12 

18 - 60 

 

39.15 ± 11.54 

21 - 58 

 

0.20 

 

 

0.84 

NS 

BMI: (Kg/m
2
) 

Mean ± SD 

Range  

 

29.84 ± 3.70 

21 – 41.6 

 

29.60 ± 3.29 

23 - 35 

 

0.47 

 

 

0.64 

NS 

Variable No % No % χ
2 

P 

Gender: 

Male 

Female 

 

34 

64 

 

34.7 

65.3 

 

41 

57 

 

41.8 

58.2 

 

1.06 

 

0.30 

NS 

Marital status: 

Single 

Married 

Widow 

Divorced 

 

20 

59 

9 

10 

 

20.4 

60.2 

9.2 

10.2 

 

15 

64 

9 

10 

 

15.3 

65.3 

9.2 

10.2 

 

 

0.92 

 

 

0.82 

NS 

Education: 

Illiterate 

Basic 

High school 

College 

 

13 

34 

35 

16 

 

13.2 

34.7 

35.7 

16.3 

 

16 

40 

32 

10 

 

16.3 

40.8 

32.7 

10.2 

 

 

2.31 

 

 

0.51 

NS 

Occupation: 

Working 

Not Working 

 

45 

53 

 

45.9 

54.1 

 

46 

52 

 

46.9 

53.1 

 

0.02 

 

0.89 

NS 

Residence: 

Urban 

Rural 

 

32 

66 

 

32.7 

67.3 

 

36 

62 

 

36.7 

63.3 

 

0.36 

 

0.55 

NS 

Smoking: 

Yes 

No 

 

73 

25 

 

74.5 

25.5 

 

71 

27 

 

72.4 

27.6 

 

0.11 

 

0.75 

NS 

SD: Standard deviation        t: Independent t test        χ2: Chi square test         

NS: Non significant (P>0.05)   
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Table (2): Number of episodes among cases group: 

 

Variable 

Cases 

(n=98) 

Number of episode: 

Mean ± SD 

Median 

Range  

 

2.02 ± 1.73 

1 

1 - 10 

 

 

Table (3): Scores of Beck depression inventory and Hamilton depression scale score among the 

cases group: 

 

Beck Depression Inventory: Cases (n=98) 

Mean ± SD 

Range  

39.94 ± 7.29 

17 – 55 

Classes: No % 

Mild to moderate 

Moderate to severe 

Severe 

1 

6 

91 

1 

6.1 

92.9 

Hamilton depression scale: Cases (n=98) 

Mean ± SD 

Range  

32.92 ± 6.80 

14 - 45 

Classes: No % 

Moderate 

Severe 

Very severe 

2 

7 

89 

2 

7.1 

90.8 

 

 

 

Table (4): Comparison of CRP among the two studied groups: 

Variable Cases 

(n=98) 

Control 

(n=98) 

MW p 

CRP: (mg/dl) 

Mean ± SD 

Median 

Range 

 

4.19 ± 4.29 

2.31 

0.21 – 22.63 

 

2.34 ± 2.26 

1.63 

0.5 – 8.12 

 

2.61 

 

 

0.009** 

SD: Standard deviation     MW: Mann Whitney test     **: Highly significant (P<0.01)    
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Table (5): Relation between gender, smoking and severity of depression among the cases group and 

CRP: 

 

Variable 

 

No 

CRP  

MW 

 

P 
Mean Sd Median Range 

Gender: 

Male 

Female 

 

34 

64 

 

2.55 

5.07 

 

2.74 

4.7 

 

1.52 

4.60 

 

0.21-11.04 

0.21-22.63 

 

2.80 

 

0.005** 

Smoking: 

Yes 

No 

 

73 

25 

 

4.89 

2.16 

 

4.58 

2.35 

 

3.16 

1.3 

 

0.21-22.63 

0.31-9.25 

 

2.87 

 

0.004** 

 

Severity of depression: 

Mild to moderate 

Severe 

 

7 

91 

 

1.70 

4.39 

 

2.72 

4.33 

 

8.32 

1.78 

 

0.21-7.83 

0.31-22.63 

 

2.21 

 

0.03* 

SD: Standard deviation        MW: Mann Whitney test     

*: Significant (P<0.05)       **: Highly significant (P<0.01)   

 

Table (6): Correlation between CRP and age, BMI and number of episodes among cases group: 

 

Variable 

CRP 

(n=98) 

r P 

Age (years) 0.09 0.37 NS 

BMI (Kg/m
2
) 0.26 0.009 ** 

Number of episode 0.14 0.17 NS 

  r: Spearman correlation coefficient             

NS: Non significant (P>0.05) 

**: Highly significant (P<0.01)    

       

DISCUSSION 

Recently personalized medicine and 

personalized psychiatry are given more 

attention in research and inflammation could be 

considered as an important component in 

personalized psychiatry 
[16]

. CRP is not only an 

inflammatory marker, but also shares in 

pathogenesis of many mental and physical 

disorders 
[17]

. CRP is easier to be used in studies 

with a higher reliability than that of other 

markers 
[16]

. CRP had an effective role in 

modulating inflammatory processes 
[18]

. 

 Regarding sociodemographic data: 

Our study include 196 person divided into 

98 patients with MDD and 98 healthy controls, 

both groups were matched in sociodemographic 

data. No statistical significance difference 

between both groups in age, gender, education 

level, occupation, marital status and residence. 

Also there was no statistical significance 

difference between both groups in BMI and 

smoking. 

 Ages of patients group ranged from 18-60 

years old with their mean 38.8, the group 

included 64 females representing 65.3% of the 

cases group, majority of patients were married 

representing 61.2%, 67.3% of patients were 

from rural areas, 74.5% of the patients were 

smokers. 

Recent studies were consistent with our 

results showing that MDD disorder was more 

prevalent among women 
[19,20]

. Not in the line 

with our findings, a study found that majority 

of depressed people were from urban 

environment (62.7%), and were living alone 

“widow or single” (52.5%) 
[19]

. 

 Regarding severity of MDD: 
We assessed severity of MDD by Beck 

depression inventory and Hamilton depression 

scale, we found that approximately 90% of our 
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patients had severe depression. Another study 

used a different methodology found that 46.8% 

of patients with MDD had severe depression 
[20]

. 

large number of patients with severe 

depression in our study may be because all our 

patients were in acute episode and didn't 

receive any antidepressants during the episode. 

Also 
[20]

 was a survey to detect prevalence of 

MDD and didn‟t include inpatients with MDD. 

 CRP among cases group and control group: 
Our study found that CRP levels were 

highly significant elevated in patients than 

control group with P value 0.009, our results 

were consistent with several studies which 

supported the evidence that MDD have elevated 

levels of CRP 
[21,22]

. 

A study found that there was no significant 

difference in CRP levels in depressed patients 

compared to healthy control 
[23]

. But at the 

same study, significant elevation in IL-6 was 

detected in patients compared to healthy 

people, the differences in findings of IL-6 and 

CRP may contrast with what expected, known 

that IL-6 promotes CRP production, this may 

due to post-transcriptional mechanisms that 

modulate expression of CRP 
[24]

 and could 

explain that difference in IL-6 and CRP 

findings 

Another studies found this difference only 

related to the gender of the patients. The 

association of CRP with depression seen only 

in females not males, this finding could be 

explained by the high proportion of females in 

this study compared to males, also marital 

status and residence could explain this variation 
[25]

.  

 CRP and covariates in case group: 

Regarding gender, our study found that 

CRP was higher in female patients than male 

patients. Our results were consistent with 
[26]

 

who found a significant higher levels of CRP in 

females compared to males with MDD, 

Elevated levels of CRP in females as compared 

to males is consistent with other previous 

reports 
[27, 28]

. 

Increased adipose tissue may play a role in 

elevated level of CRP in female patients, as 

Female patients with MDD were found to have 

increase in weight and appetite when compared 

with male patients 
[29]

. Also effect of sex 

hormones in the production of inflammatory 

mediators may also explain this variation 
[27]

. 

These results were not in line with other 

studies which reported no significant difference 

in CRP between male and female patients with 

MDD 
[23, 30]

. 

This discrepancy could be explained by the 

use of antidepressants agents. Since the latest 

two studies 
[23, 30] 

didn‟t exclude patients on 

antidepressant treatments. Antidepressants had 

been found in previous study to cause 

significant decrease in CRP 
[31]

. Also other 

variables affecting CRP as age, BMI, smoking, 

and degree of severity of MDD, besides 

comorbidities with diseases or use of any drugs 

affecting CRP in patients included in studies 

could explain this discrepancy. 

Regarding smoking, our results showed 

that there is significant increase in CRP among 

smoker patients. The relationship between 

nicotine and CRP which has been found in 

many studies 
[32]

, immune defense mechanisms 

were found to be weakened by nicotine 
[33]

, and 

associated with elevated CRP levels 
[34]

. 

Smoking is often comorbid with depression, so 

there was debate if they share some etiological 

vulnerabilities 
[35]

. 

Regarding BMI, our study found that there 

was positive significant correlation between 

CRP and BMI in depressed patients. This 

finding was consistent with 
[24, 32]

 who reported 

that higher BMI was strongly associated with 

higher CRP levels in patients with MDD. In the 

other hand, a study 
[30]

 found that there was no 

significant relation between BMI and CRP. 

This inconsistency can be clarified by effect of 

other variables affecting CRP as age, gender, 

smoking and degree of severity of MDD. Also 

inclusion of patients on antidepressant 

medications in the latest study may clarify this 

inconsistency. 

Indicators of obesity, such as BMI and 

waist circumference are associated with 

elevated levels of CRP 
[36]

. Adipocytes and 

tissue-resident macrophages were found to 
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produce large amount of inflammatory markers. 

Obesity was associated with chronic activation 

of inflammatory mechanisms which may play 

an important role to the development of 

neuropsychiatric disorders in obese patients 
[37].

  

Regarding severity of depression, our study 

found that there was significant correlation 

between CRP and severity of depression 

measured by Hamilton depression scale and 

Beck depression inventory.  Our result was 

consistent with many studies with reported that 

elevated levels of CRP in MDD are 

significantly associated with greater severity of 

depressive symptoms 
[25, 38]

. 

 Previous studies were not in line with 

others which found that there were no 

significant association between severity of 

depression and CRP 
[23, 30]

. Inconsistent 

findings of the association between CRP levels 

and severity of depression may be due to other 

factors that had a key role in CRP level in 

depressed patients as BMI, age, gender and the 

use of antidepressants agents, also variations in 

the sample size among studies could explain 

this inconsistency. 

Greater severity of depression activates 

inflammation via many mechanisms as 

decreased parasympathetic stimulation 
[39]

 and 

decreased physical activity 
[40]

. 

CONCLUSION 

MDD patients had significally elevated 

CRP compared with control group. There was a 

significant correlation between CRP and 

severity of depression.  

All these results support the previous 

findings that inflammatory hypothesis had a 

great role in pathogenesis of MDD. 

LIMITATIONS 

The sample size was relatively small, and 

all the patients were taken from psychiatry 

department in Zagazig university hospitals 

(outpatients and inpatients), which limits the 

generalization of our results. We didn‟t include 

other clinical data that could affect CRP as age 

of onset of the disease, duration of illness and 

family history of MDD. 

 

 

RECOMMENDATIONS 

Further studies including large sizes 

samples are required, with adjustment of 

variables that could affect CRP. Future gene 

studies have to shed the light on the role of 

different polymorphisms of CRP gene on the 

susceptibility of major depressive disorder. 

Also follow up studies are required to detect 

CRP levels in MDD patients after 

improvement. 
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