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Objective: The risk of coronary heart disease (CHD) in patients with major depressive
disorder (MDD) is higher than that in the general population. However, the mechanisms
underlying the increased CHD risk in patients with MDD remain unclear. Inflammation plays
an important role in the pathogenesis of MDD and CHD. Therefore, we explored the
relationship between inflammatory biomarkers and CHD risk in patients with MDD.
Methods: We included 454 patients with acute MDD and 458 controls that matched the
sample in age and gender. A readily available complete blood count was used to reflect
inflammation, and the risk of CHD was assessed using the Framingham risk score.
Results: The results showed that patients with MDD showed low-grade inflammation with
an elevated platelet (p<0.001) and monocyte count (p<0.001), high platelet/lymphocyte
(p=0.003) and monocyte/lymphocyte ratios (p<0.001), and a raised systemic immune-
inflammation index (p=0.002). In addition, monocyte count was the only factor significantly
associated with CHD risk in patients with MDD (B=7.521, 95% CI: 3.409-11.633, t=3.594,
p<0.001).

Conclusion: Collectively, the results of this study support the hypothesis that MDD is
systemic inflammation, and suggest that monocyte count predicts the risk of CHD in patients
with MDD.

Keywords: major depressive disorder, inflammation, coronary heart disease, complete blood

count, Framingham risk score

Introduction

Major depressive disorder (MDD) is a kind of mental illness with a lifetime prevalence
of 16.2%, and around 300 million people worldwide suffer from MDD.?? Especially in
China, the prevalence of MDD increases year by year and leads to high medical and
social burden.” Patients with MDD experience depressed mood, loss of interest and
enjoyment, and reduced energy, which leads to diminished activity. At its worst, MDD
can lead to suicide.* Close to 800,000 people die owing to suicide every year, and
suicide has become the second leading cause of death in 15-29-year-olds."® It is
apparent that we cannot avoid the challenge of MDD.

To amplify these grim facts, the pathogenesis of MDD is still unclear. Recently,
inflammation has been connected to the etiopathogenesis of MDD by regulating
hypothalamic-pituitary-adrenal (HPA) axis activation, neurotransmitter systems, and
neuroplasticity, which has been provided evidence with cytokines.® Some indicators of
complete blood count (CBC) are simple and sensitive to reflect inflammatory changes
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in the body, such as the count of white blood cells (WBC),
monocytes, neutrophils, and lymphocytes, and neutrophil/
lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR),
monocyte/lymphocyte ratio (MLR), and systemic immune-
inflammation index (SIII). For example, Shafiee et al,'®
found that higher depression scores were associated with
an enhanced inflammatory state, which was characterized
by elevated WBC. Further, Eutencuer et al.® suggested that
monocyte and neutrophil count of patients with MDD were
higher than that of the control group. These results provided
evidence that inflammation, as represented by a CBC, may
play an important role in the pathogenesis of MDD.

People with MDD have a higher risk of coronary heart
disease (CHD) than the general population.''"'>* MDD
has been considered an independent risk factor in the
development of CHD® as well as a predictor of poor
prognosis of cardiovascular events.” Therefore, exploring
the mechanism of the increased risk of CHD in patients
with MDD is of great importance for the early identifica-
tion of and intervention for CHD in patients with MDD.
Several factors seem to link MDD with cardiovascular
events, including poor adherence to treatment, sympathetic
stimulation, endothelial dysfunction, low heart rate varia-
bility, inflammation, and abnormal platelet function.”
Moreover, inflammation has been identified by some stu-
dies as a risk predictor of CHD. For example, procalcito-
nin (PCT), hypersensitive C-reactive protein (hsCRP),"
and MLR'” have been used as indicators of CHD risk.
However, there are few studies focused on the role of
inflammation in predicting the risk of CHD in patients
with MDD. Based on this information, this study used
the Framingham risk score (FRS) to evaluate the risk of
CHD in patients with MDD; and the whole blood cell
count, as simple and readily available indicators, were
used to reflect the inflammation, so as to explore the
relationship between inflammation in patients with MDD
and the risk of CHD. We had three preliminary hypoth-
eses: (1) the risk of CHD in patients with MDD will show
greater increase compared to normal controls; (2) inflam-
matory markers in patients with MDD will be higher than
those in normal controls; and (3) inflammatory indicators
may increase the risk of CHD in patients with MDD.

Methods

Participants
All patient subjects were inpatients, who were recruited from
the Department of Psychiatry of the First Affiliated Hospital

of Xi’an Jiaotong University. The inclusion criteria of
patients were as follows. The patients: (1) were diagnosed
with MDD according to the fourth edition of the American
Diagnostic and Statistical Manual of Mental Disorders
(DSM-1V) within a week of selection; (2) were aged between
30 and 74 years; (3) were without severe somatic diseases,
especially cardiovascular and cerebrovascular diseases, and
any other diseases which might affect endocrine, metabolic,
hepatic, or renal functioning; (4) currently had no other
diseases that meet the diagnostic criteria of DSM-IV; and
(5) had no previous history of CHD and stroke. Healthy
controls were recruited from the Physical Examination
Center of the First Affiliated Hospital of Xi’an Jiaotong
University, and their inclusion criteria were as follows. The
control subjects: (1) did not meet any diagnostic criteria of
DSM-1V; (2) were aged between 30 and 74 years; (3) were
without severe somatic diseases, especially cardiovascular
and cerebrovascular diseases, and diseases which might
affect endocrine, metabolic, hepatic, or renal functioning;
and (4) had no previous history of CHD and stroke.

All participants received a detailed introduction about the
study, following which they gave their written, informed
consent. Following the ethical standards for human research,
this study was conducted in accordance with the declaration
of Helsinki and approved by the Ethics Committee of the
First Affiliated Hospital of Xi’an Jiaotong University
(Ethical approval: No. XJTU1AF2018LSK-076).

Complete Blood Count

Blood samples were obtained between 6:00 and 9:00 a.m.
on the day following enrollment after an overnight fast.
The overnight fasting was supervised. Immediately after
collecting blood samples, CBC was determined using
Sysmex XS-1000i TM Automated Hematology Analyzer
(Sysmex, USA). Absolute numbers of WBC, neutrophils,
monocytes, lymphocytes, and platelets were measured.
NLR, PLR, and MLR are calculated as the neutrophil/
lymphocyte ratio, the platelet/lymphocyte ratio, and mono-
cyte/lymphocyte ratio, respectively. SIII is conducted as
A*B/C, where A represents platelet count, B represents
neutrophil count, and C represents lymphocyte count.

|0-Year Framingham CHD Risk

Assessment

FRS is a scoring system that uses age, gender, smoking,
blood pressure, total cholesterol, high-density lipoprotein
(HDL), and diabetes to estimate coronary event risk over
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the course of 10 years among individuals with no previously
diagnosed CHD.?*** In this study, we evaluated the CHD risk
of subjects based on the data available in the Framingham
Heart Study web page (https://www.framinghamheartstudy.

org/fths-risk-functions/coronary-heart-disease- 1 0-year-risk).

Data Analysis

SPSS 24.0 (SPSS Inc., Chicago, Illinois, USA) was used
for statistical analysis. Categorical variables were analyzed
by the Chi-square test. Continuous variables (mean =+
standard deviation) were first tested for normalcy using
the Kolmogorov—Smirnov test. Normally distributed para-
meters were further tested using a two-tailed independent
sample #-test, and non-normal distribution parameters were
analyzed using a non-parametric test, namely the Mann—
Whitney U-test. The correlations of FRS and factors were
analyzed by Pearson correlation analysis and stepwise
linear regression analysis. Non-standardized coefficients
(B values) with 95% confidence intervals (95% CI) were
computed. All statistical tests were two-tailed, and differ-
ences were considered significant at p<0.05.

Results

The demographic and clinical information of all the sub-
jects are listed in Table 1. The participants included 458
healthy subjects and 454 patients with MDD, who were
matched for age (t=—0.116, p=0.908) and gender
((*=1.465, p=0.226). The average FRS among healthy
control group subjects was 2.36+1.13% and 6.46+4.93%
for patients with MDD. For patients with MDD, their
average illness duration and medication duration were
72.29484.66 months and 52.944+70.10 months, respec-
tively. Compared to the healthy control group, the MDD
group had more subjects with smoking, hypertension, and
diabetes, lower serum high-density lipoprotein levels, and
higher SBP, DBP, and FRS (p<0.05). Additionally, there
was no significant difference in total cholesterol levels
between healthy controls and patients with MDD (p>0.05).

The CBC of all subjects is listed in Table 2. Compared to
healthy controls, patients with MDD showed higher platelet
and monocyte count, PLR, MLR, and SIII (p<0.05).

To explore the relationship between CBC and FRS, we
conducted Pearson correlation analysis and linear regression
analysis. Pearson correlation analysis showed that FRS was
positively correlated with monocyte count among patients
with MDD (1=0.159, p=0.001; See Figure 1). All inflamma-
tory markers and demographic and clinical data were
included in the linear regression analysis. We found that

Table | The Demographic and Clinical Information of Healthy
Controls and Patients with Depression

HC (n=458) | MD (n=454) | Statistic | p
Gender
Male, n (%) 147 129 1.465 0.226
Female, n (%) 311 325
Age, year, M+SD 53.02+6.75 53.08+9.20 —-0.116 0.908
Smoking
Yes, n (%) 8 36 18.981 <0.001
No, n (%) 450 418
SBP, mmHg, M+SD 111.48+14.18 121.02£16.03 | —9.516 <0.001
DBP, mmHg, M+SD | 74.51+8.27 78.26+9.68 —6.289 <0.001
Hypertension
Yes, n (%) 45 95 20.359 <0.001
No, n (%) 403 359
Diabetes
Yes, n (%) 3 28 21.099 <0.001
No, n (%) 455 426
TC, mmol/L, M£SD | 4.25+0.69 4.29+0.90 —0.206 0.837
HDL, mmol/L, M 1.36+0.27 1.15£0.27 -10.992 <0.001
+SD
lliness duration, 72.29+84.66 - -
month, M£SD
Medication 52.94+70.10 - -
duration, month, M
+SD
Attack times, M 2.02+1.44 - -
+SD
Family history
Yes, n (%) 60 - -
No, n (%) 394
FRS, %, M+SD 2.36x1.13 6.4614.93 —17.680 <0.001

Notes: Bold data indicates statistical significance.

Abbreviations: HC, healthy control; MD, patients with major depression; SBP,
systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; HDL,
high-density lipoprotein; FRS, Framingham risk score; M+SD, meantstandard
deviation.

monocyte count (B=7.521, 95% CI: 3.409-11.633, t=3.594,
p<0.001) was significantly correlated with FRS in patients
with MDD, while this finding was not found in healthy
controls (B=—1.457, 95% CI: —6.012-3.097, t=0.629,
p=0.530).

Discussion
Inflammation is considered to be one of the underlying
mechanisms leading to MDD.® CBC is a simple and sen-

sitive indicator to evaluate the level of inflammation in
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Table 2 The Complete Blood Count of Heathy Controls and
Patients with Depression

HC MD Statistic | p
Plt, 10%/L 190.60 208.03 —3.693 <0.001
+43.71 +63.28
WBC, 10°/L | 5.36%1.09 5.51+2.89 —0.443 0.657
N, 10%L 3.24+0.88 3.35+1.38 —0.048 0.962
L, 10°L 1.71+0.43 1.75+0.56 —0.228 0.820
M, 10°/L 0.27+0.08 0.30£0.11 —4.741 <0.001
NLR 2.00+0.73 2.09+1.45 —0.683 0.495
PLR 117.20 127.86 —2.975 0.003
+36.97 +52.45
MLR 0.16+0.05 0.18+0.08 —3.699 <0.001
NIl 379.52 437.56 -3.114 0.002
+164.74 +361.73

Notes: Bold data indicates statistical significance.

Abbreviations: HC, healthy control; MD, patients with major depression; PIt,
platelet, WBC, white blood cell; N, neutrophil; L, lymphocyte; M, monocyte;
NLR, neutrophil/lymphocyte radio; PLR, platelet/lymphocyte radio; MLR, mono-
cyte/lymphocyte radio; Slll, systemic immune-inflammation index.

patients with MDD. A total of 458 healthy controls and
454 MDD patients (both groups matching in gender and
age) were included in this study, and we found that the
inflammatory markers, including platelet and monocyte
count, PLR, MLR, and SIII, in the whole blood of MDD
patients were significantly higher than those in the normal
control group. These results suggested that patients with
MDD had more active inflammation. Particularly, SIII, as
an indicator of systemic immune inflammation, was found
to be significantly higher in patients with MDD than in the
control group, suggesting that MDD may be a product of
systemic chronic inflammation. In addition, we also used
the FRS to evaluate the 10-year CHD risk of patients with
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Figure | Correlations between FRS and monocyte count.

MDD and found that the 10-year CHD risk of patients
with MDD was significantly higher than that of healthy
controls, whose scores were 6.46% and 2.36%, respec-
tively. Considering that inflammation plays an important
role both in MDD and CHD, we explored the relationship
between them, and the results showed that monocyte count
of patients with MDD was the only factor that significantly
correlated with their CHD risk, which showed that inflam-
mation plays an important role in increased CHD risk in
patients with MDD on the one hand, and monocyte count
might be used to predict the risk of CHD on the other
hand.

Some studies have explored the relationship between
the risk of CHD and depressive symptoms using the FRS.
For example, Koponen et al'? concluded that more severe
MDD is related to a higher risk of CHD. However, these
studies were conducted among the general population
using self-rated or other-rated scales to assess depressive
symptoms. Few studies have assessed the risk of CHD in
patients with diagnosed MDD. Therefore, in this study, we
took the hospitalized patients with MDD as the partici-
pants of the study and evaluated the risk of CHD in the
acute phase, which can reflect the risk of CHD in patients
with MDD more effectively.

Parissis et al'® concluded that MDD and CHD share
a number of common underlying mechanisms, including
hypercoagulability via platelet activation, hypothalamus-
pituitary-adrenal axis and autonomic nervous system
dysregulation, and altered inflammatory response. In par-
ticular, in this study, we compared a few inflammatory
indicators in MDD patients and members of the control
group, and found that patients with MDD had higher
counts of monocytes and platelets, MLR, PLR and SIII.
These results suggested that MDD patients had a higher
inflammatory level, and the inflammation in patients with
MDD may be systemic. This coincides with some
hypotheses put forward in recent years. In other words,
some researchers believe that MDD or mental illnesses
are not only functional disorders of the brain, but sys-
temic changes of multiple organs that affect inflamma-
tion, metabolism, endocrine function, and so on.>?° Berk
et al' concluded that psychosocial stressors, poor diet,
physical inactivity, obesity, smoking, altered gut perme-
ability, atopy, dental issues, sleep problems, and vitamin
D deficiency seem to be associated with systemic inflam-
mation in patients with MDD.

As an important component of the defense system,
monocytes participate in the immune response and deliver
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the epitope to lymphocytes after phagocytosis to induce the
specific immune response of lymphocytes. Macrophages
(mostly derived from monocytes) have a fundamental role
in the formation and progression of coronary atherosclerotic
plaques; and Waterhouse et al,>! suggested the monocyte
count has the strongest positive and independent relation-
ship with cardiovascular disease (CVD) risk in asympto-
matic adults. Moreover, monocyte count can predict the
severity and progression of atherosclerotic stenosis in
acute coronary syndrome.'®'* Therefore, these results pro-
vide evidence for the role of monocyte count in predicting
CVD risk. In this study, we explored the relationship
between inflammation and CHD risk in patients with
MDD, and we found that monocyte count was the only
significant indicator that correlated with their CHD risk,
both analyzed by Pearson correlation and linear regression
analysis. It revealed that activated inflammation may con-
tribute to an increased risk of CHD in people with MDD.
This is the first demonstration of the importance of mono-
cyte count in predicting the risk of CHD in patients with
MDD. To our knowledge, this has never been reported
before.

This study has three limitations. First, studies have
reported that the severity of depressive symptoms is
related to the risk of CHD.? In this study, we did not
assess the severity of MDD using scales, although we have
ensured that all patients were in the acute phase. Second,
we stipulated strict inclusion criteria for healthy controls,
especially for items that related to the FRS, such as hyper-
lipidemia; this may have led to a lower risk of CHD in the
healthy controls. Third, as we did not follow up with
patients with MDD after the study, it was not checked
whether inflammation is a trait or state marker; this should
be explored further in future.

In conclusion, we found that patients with MDD show
a low-grade inflammation in this study, which could lead
to an elevated risk of CHD. In addition, we found that
monocyte count predicts the risk of CHD in patients with
MDD. This provides a basis for early clinical evaluation
and reduction of CHD risk in patients with MDD.
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