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Objective  Chronic inflammation is associated with cardiovascular (CV) risk factors and psychiatric disorders. The neutrophil to lym-
phocyte ratio (NLR) has been investigated as a new biomarker for systemic inflammatory response. The aim of the study is to investigate
the relation of NLR with severity of depression and CV risk factors.

Methods The study population consisted of 256 patients with depressive disorder. Patients were evaluated with the Hamilton Rating
Scale for Depression (HAM-D). Patients were classified into four groups according to their HAM-D score such as mild, moderate, se-
vere, and very severe depression. Patients were also evaluated in terms of CV risk factors.

Results Patients with higher HAM-D score had significantly higher NLR levels compared to patients with lower HAM-D score. Cor-
relation analysis revealed that severity of depression was associated with NLR in depressive patients (r=0.333, p<0.001). Patients with
one or more CV risk factors have significantly higher NLR levels. Correlation analysis revealed that CV risk factors were associated with
NLR in depressive patients (r=0.132, p=0.034). In logistic regression analyses, NLR levels were an independent predictor of severe or
very severe depression (odds ratio: 3.02, 95% confidence interval: 1.867-4.884, p<0.001). A NLR of 1.57 or higher predicted severe or
very severe depression with a sensitivity of 61.4% and specificity of 61.2%.

Conclusion Higher HAM-D scores are associated with higher NLR levels in depressive patients. NLR more than 1.57 was an inde-
pendent predictor of severe or very severe depression. A simple, cheap white blood cell count may give an idea about the severity of de-

pression.
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INTRODUCTION

The rates of depressive disorders have increased all over
the world in the recent years. Moreover, the World Health
Organization estimates that depression will be the second
leading cause of morbidity worldwide in 2020."* Depression
has been associated with alterations in the central nervous
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system, immune response, and vascular reactivity that all of
these factors are important in the generation of a systemic in-
flammatory response.’ Previous studies showed that depres-
sion is associated with elevated inflammatory markers includ-
ing C-reactive protein (CRP), interleukin-6, and interleukin-1.*°
A recent study showed that elevated level of CRP is associat-
ed with increased risk of depression and psychological dis-
tress.®

Inflammation is associated with lots of chronic disease
such as malignancy, diabetes mellitus, hypertension, connec-
tive tissue disease, chronic kidney disease, cardiovascular
(CV) disease and psychiatric disorders.”'* White blood cell
count and its subtypes are some of the predictors of chronic
inflammation. Neutrophils and leukocytes play an important
role in inflammatory processes. The neutrophil to lympho-
cyte ratio (NLR), which can be derived from the white blood
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cell count is an inexpensive, reproducible test and has been
investigated as a new biomarker for systemic inflammatory
response.”'* NLR has emerged as an important inflammato-
ry marker, and high NLR levels are associated with increased
mortality in some malignancies.'”*® The aim of the study is to
investigate the relation of NLR with severity of depression
and CV risk factors.

METHODS

Study population

Patients were selected among cases referred to psychiatry
outpatient clinics for evaluation of depressive disorders from
January 2013 to October 2013. The study included 256 con-
secutive patients with diagnosed depression according to the
criteria of Diagnostic and Statistical Manual of Mental Dis-
orders, Revised Text (DSM IV-TR). All patients were evalu-
ated about previous medical history. Patients with systemic
disease and using of medical treatment to affect the white
blood cell counts, such as hematopoietic system disorders, his-
tory of malignancies and/or treatment with chemotherapy,
evidence of any concomitant inflammatory disease, acute in-
fection, and chronic inflammatory status, acute coronary syn-
drome and percutaneous coronary intervention within the
past 6 months, history of using the glucocorticoid therapy
within the past 3 months, secondary hypertension, heart fail-
ure, history of chronic renal or hepatic disease and cerebro-
vascular disease were excluded from the study. The investiga-
tion complies with the principles outlined in the Declaration
of Helsinki. The study was approved by the local ethics com-
mittee and all participants gave written informed consent
before participating.

Measurement of severity of depression

Patients were evaluated for severity of depressive symp-
toms by using Hamilton Rating Scale for Depression (HAM-
D). HAM-D has proven useful for many years as a method
of determining a patient’s level of depression."” The reliability
and validity of the Turkish version of HAM-D has been es-
tablished in Turkish patients, which have been widely used
in clinical practice.” HAM-D consists of 21 items, but the
scoring is based on the first 17 items. Eight items are scored
on a 5-point scale, ranging from zero point (not present) to
four points (severe). Nine items are scored from 0 to 2. Total
score is evaluated as follows; 0-7=Normal, 8-13=Mild De-
pression, 14-18=Moderate Depression, 19-22=Severe De-
pression, =23=Very Severe Depression (http://www.assess-
mentpsychology.com/HAM-D-scoring.pdf).
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Laboratory findings and evaluation of
cardiovascular risk factors

Complete blood counts which included total white blood
cells, neutrophils, and lymphocytes were obtained at the time
of admission. NLR was calculated as the ratio of neutrophil
count to lymphocyte count. All patients were evaluated for
presence of cardiovascular risk factors such as hypertension,
hyperlipidemia, diabetes mellitus, and smoking. Hyperten-
sion was defined as systolic blood pressure =140 mm Hg and/
or diastolic blood pressure 290 mm Hg, previously diag-
nosed hypertension, or use of any antihypertensive medica-
tions. Hyperlipidemia was defined as serum total cholesterol
>240 mg/dL, serum triglyceride >200 mg/dL, low-density li-
poprotein cholesterol 2130 mg/dL, previously diagnosed hy-
perlipidemia, or use of lipid-lowering medication. Diabetes
mellitus was defined as fasting plasma glucose levels more
than 126 mg/dL in multiple measurements, previously diag-
nosed diabetes mellitus or use of antidiabetic medications such
as oral anti-diabetic agents or insulin. Smoking status was
defined as the history of tobacco use at admission or in the 6
months prior to visit.

Statistical analysis

Statistical analyses were performed using SPSS 16.0 statis-
tical package for Windows. Continuous data were expressed as
meantstandard deviation while categorical data were present-
ed as percentages. Chi-square test was used for comparison
of categorical variables while Student t-test or Mann-Whit-
ney U test were used to compare parametric and nonpara-
metric continuous variables, respectively. Normal distribu-
tion is assessed by the Kolmogorov Smirnov test. Correlation
analysis was performed by Pearson or Spearman’s correlation
test. Logistic regression analysis was performed to determine
the independent predictors of mild and moderate versus se-
vere and very severe depression. Receiver operating charac-
teristic (ROC) curve analysis was performed to determine the
cut-off level of NLR to predict the mild and moderate versus
severe and very severe depression. A value of p<0.05 was
considered statistically significant.

RESULTS

The study population was consisted of 256 consecutive pa-
tients who were diagnosed with depression. All patients were
divided into four groups according to scores of HAM-D such
as mild, moderate, severe, and very severe depression (HAM-
D scores 8-13, 14-18, 19-22, and =23, respectively). Base-
line characteristics and clinical data of study population are
shown in Table 1. Patient characteristics, usage of antidepres-
sant and antipsychotic drugs are similar between groups.



Table 1. Baseline characteristics and clinical data of the study population
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Mild (N=51) Moderate (N=34) Severe (N=51) Very severe (N=120) p
Age (years) 37.7t14.6 37.6t13.1 41.2+12.3 39.7t12.6 0.461
Gender (female-%) 41 (80.4) 26 (76.5) 37 (72.5) 93 (77.5) 0.820
Height (cm) 158.7+27.7 156.3+33.0 163.1+8.1 153.2+36.9 0.492
Weight (kg) 66.4+15.7 72.8+19.9 68.9+13.4 70.0+20.9 0.559
Married (N-%) 28 (62.2) 17 (56.7) 32 (74.4) 75 (72.1) 0.251
Antidepressant drugs 19 (37.3) 14 (41.2) 24 (47.1) 53(44.2) 0.767
Antipsychotic drugs 11 (21.6) 9(26.5) 15 (29.4) 26 (21.7) 0.692
Table 2. Comparison of the complete blood count parameters of the study population
Mild (N=51) Moderate (N=34) Severe (N=51) Very severe (N=120) p
Leukocytes (1/mm?) 7576+2229 8022+1761 8092+2260 8535+2419 0.087
Neutrophils (1/mm?) 370611247 421911295 442111435 499811958 <0.001
Lymphocytes (1/mm’) 28651864 3012+799 27931918 26351733 0.071
Platelets (10°/mm?) 270.7+77.4 275.6+74.5 274.4176.6 271.7+65.6 0.986
MPV (mL) 8.9+1.3 8.8+1.0 8.7+1.1 8.8+4.3 0.992
Hemoglobin (g/dL) 13.0%1.5 133114 13.211.4 13.2+1.6 0.840
Hematocrit (%) 38.9+3.9 39.7+34 39.61+3.7 39.5+4.2 0.852
Red blood cells (10°/mm?) 4.48+0.45 4.47+0.70 4.7240.44 4.5740.44 0.053
RDW 14.0t1.6 144+1.4 14.3+1.45 14.3+1.7 0.522
NLR 1.384+0.53 1.471+0.53 1.641+0.48 2.024+0.95 <0.001

NLR: neutrophil to lymphocyte ratio, RDW: red cell distribution width, MPV: mean platelet volume
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Figure 1. Comparison of neutrophil to lymphocyte ratio between
patients with depression according to severity of disease.

Measurements of complete blood count of study popula-
tion are expressed in Table 2. We compared severity of depres-
sion and NLR between groups. Patients with higher HAM-D
scores had significantly higher NLR levels compared to patients
with lower HAM-D scores (Figure 1). Correlation analysis
revealed that severity of depression is associated with NLR
(r=0.333, p<0.001) in patients with depressive disorders. Pa-

tients were also divided into two groups according to usage
of psychotropic drugs. Patients under treatment with antide-
pressant (110 patients) and/or antipsychotic (61 patients) drugs
have higher NLR values compared to patients free of psycho-
tropic drugs without reaching statistical significance (1.7610.78
vs. 1.74+0.81, p=0.853).

All study population were evaluated for presence of car-
diovascular risk factors including hypertension, hyperlipid-
emia, diabetes mellitus, and smoking. Cardiovascular risk
factors and laboratory findings are shown in Table 3. Patients
with one or more cardiovascular risk factors had significantly
higher NLR levels compared to patients that have no cardio-
vascular risk factors (Figure 2). Patients with smoking have
higher NLR values compared to patients without smoking
without reaching statistical significance (1.81£0.87 vs. 1.67+
0.67, p=0.142). Correlation analysis revealed that presence of
cardiovascular risk factors is associated with NLR (r=0.132,
p=0.034) in patients with depressive disorders.

All patients were divided into two groups according to
scores of HAM-D such as mild and moderate or severe and
very severe depression (HAM-D scores 8-18 or 219). Severe
and very severe depression had significantly higher NLR lev-
els compared to patients with mild and moderate depression
(1.9140.85 vs. 1.42+0.53, p<0.001). In univariate and multi-
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Table 3. Comparison of the cardiovascular risk factors and laboratory findings

Mild (N=51) Moderate (N=34) Severe (N=51) Very severe (N=120) p
Hypertension (N-%) 6(11.8) 3(8.8) 7(13.7) 13 (10.8) 0.909
Diabetes mellitus (N-%) 6(11.8) 3(8.8) 4(7.8) 10 (8.3) 0.890
Hyperlipidemia (N-%) 18 (35.3) 10 (29.4) 16 (31.4) 36 (30) 0.912
Systolic Blood Pressure (mm Hg) 113.8121.6 115.5%11.2 116.5%11.6 117.5£11.0 0.458
Diastolic Blood Pressure (mm Hg) 72.7+7.6 72.1%6.5 74.81+8.8 73.718.1 0.423
Pulse (beat/minute) 80.1%£5.1 81.5+5.0 80.3+4.2 79.814.6 0.364
Smoker (N-%) 31 (60.8) 24 (70.6) 19 (37.3) 72 (60.0) 0.010
Total cholesterol (mg/dL) 187.1£41.0 179.6141.8 186.9£33.7 184.3%51.1 0.868
Low dencity lipoprotein (mg/dL) 118.8£36.0 113.0£36.9 115.5£33.5 116.4147.7 0.938
High dencity lipoprotein (mg/dL) 46.3£12.2 41.9£10.8 459+11.7 42.6+13.5 0.165
Triglycerides (mg/dL) 124.3£79.1 132.4£87.5 128.2£79.0 143.4£93.2 0.537
Fasting glocose (mg/dL) 100.7+51.1 91.1+17.2 94.5+15.8 100.0£64.9 0.767
00 disease in these patients. To the best of our knowledge, this is
the first study in literature to evaluate the association between
5004 p=0.014 NLR and severity of depression and its relation with CV risk
R factors.
g 400 Depression is a common, complex disease and it is associ-
g LEL08 ated with prominent disability, social burden and reduced
é 3.00 1.560.61 quality of life.”! Depression is associated with increased mor-
= bidity*" and it is also common in patients with CV disease.”
g. 2.00 Previous studies have shown that depression is associated with
3 interaction in the central nervous system, immune response,
“ 1001 J and vascular reactivity.® Immune system is altered during the
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Presence of cardiovascular risk factors tumor necrosis factor alpha (TNF-a) and interleukins (IL-1,

Figure 2. Comparison of neutrophil to lymphocyte ratio between
patients with depression according to presence of cardiovascular
risk factors.

variate logistic regression analyses, NLR was an independent
predictor of severe or very severe depression (odds ratio:
3.02, 95% confidence interval: 1.867-4.884, p<0.001). ROC
analysis was performed to determine the cut-off value of NLR
to predict the severe or very severe depression. A NLR of 1.57
or higher predicted severe or very severe depression with a
sensitivity of 61.4% and specificity of 61.2%.

DISCUSSION

In the present study, we explored that higher HAM-D scores
were associated with higher NLR values in patients with de-
pressive disorders. Severity of depression was also correlated
with NLR in these patients. Moreover NLR more than 1.57
was an independent predictor of severe or very severe depres-
sion. CV risk factors may also be attributed to the course of
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IL-6) are central to the pathophysiology of depression.** In-
flammatory cytokines are important biomarkers in the course
of disease including diagnosis, treatment selection and long-
term follow-up.**** Although inflammatory cytokines are
useful biomarkers, increased cost and limited attainability
are some of the handicaps.

White blood cell count is a cheap and commonly used in-
flammatory marker. Neutrophils are the most abundant type
of the white blood cells. Neutrophils and leukocytes play an
important role in the course of inflammatory diseases. They
take important roles in the inflammatory response. Neutro-
phils are the first cells responding to inflammation especially
caused by bacterial infection, cancer and environmental ex-
posure. NLR which can be derived from the white blood cell
count is an inexpensive, routinely used, reproducible test and
has shown up as a marker of systemic inflammatory response.
Neutrophils lead to secretion of several inflammatory cyto-
kines. Inflammation triggered by these molecules can both
induce an oxidative stress and further inflammation due to



cell dysfunction in various organs. Increased NLR is also in-
terconnected with oxidative stress and increased cytokine
productions, and those findings were found in depressive
disorders.” In a previous study, Kim et al."” reported that ac-
tivation of monocytic proinflammatory cytokines, and inhi-
bition of interferon gamma, interleukin-2, and interleukin-4
may be associated with immunological dysregulation in pa-
tients with major depressive disorder. Transforming growth
factor-betal may be associated with the regulation of mono-
cytic cytokines in those patients. Previous studies showed
that NLR is associated with poor clinical outcomes in cardiac
diseases, diabetes mellitus, hypertension and several malig-
nancies.'”'** NLR is a new parameter that gives us informa-
tion not only about the systemic inflammation but also the
stress response of the patient. While mainly high neutrophil
counts reflect to inflammation, low lymphocyte counts re-
flect poor general health and physiologic stress.”® Our find-
ings demonstrated that NLR is associated with severity of
depression. Presence of CV risk factors is also associated
with higher NLR values in patients with depressive disorder.
According to our study results, NLR may be a state marker of
presence and severity of depression.

There is a close relationship between inflammation and
smoking.” Previous studies have demonstrated that chronic
inflammation and immune response play an important role in
the development of smoking related disorders.”® Smoking may
increase the atherosclerosis through triggering the inflamma-
tion.” It is not surprising that smoking is also associated with
NLR values. In our study, patients with smoking had higher
NLR values without reaching statistical significance.

Our study has important clinical implications. We have
shown for the first time the association between NLR and se-
verity of depression. We demonstrated that NLR levels might
be related with the severity of depression in patients that def-
initely have no other conditions that may activate inflamma-
tory response. NLR seems to be a simple, cost effective meth-
od for evaluation of the severity of depression in depressive
disorder and it may be used in outpatient clinic setting. Clos-
er follow up can be performed for these patients who have
higher NLR levels.

Our study has several limitations. This study was designed
as a cross-sectional study. It would be better if we had fol-
lowed the patients and explored the relation between course
of depression and NLR levels. We did not evaluate the prog-
nostic value of the NLR and its relation with CV risk factors
in these patients. Since we could not determine the subtype
of depression, we could not assess the varieties related to this
issue and further studies may determine the associations be-
tween NLR and subtype of depression. Lack of a healthy
control group and/or a group with other psychiatric disorder
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as comparators is an important limitation of our study. It
would be better if we displayed the effect of psychological
stress on NLR levels. Therefore, further large scale, prospec-
tive studies are needed to explore extensive information about
the impact of NLR on severity of depression.

In conclusion, higher HAM-D scores were associated with
higher NLR levels in patients with depressive disorder and
severity of depression was also correlated with NLR in these
patients. Moreover NLR more than 1.57 was an independent
predictor of severe or very severe depression. CV risk factors
may also contribute to the course of disease in these patients.
A simple cheap white blood cell count may also give an idea
about the severity of depression and should be included in
psychiatric evaluation of these patients.
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