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ABSTRACT

Aim: We aimed to investigate whether the monocyte/high-density lipoprotein ratio (MHR) has
a potential value in the diagnosis of schizophrenia and in predicting the presence of comorbid
coronary arfery disease (SPCAD).

Material and Method: A fotfal of 281 participants were enrolled in this cross-sectional study. Of the
participants, 85 (Group 1) were diagnosed with schizophrenia and stable coronary artery disease,
and 92 (Group 2) were diagnosed with only schizophrenia. 104 (Group 3) participants in the control
group had no disease.

Results: MHR was highest in group 1 and higher in group 2 than in group 3. Group 1 was 18.91
(13.38-23.60) group 2: 13.68 (11.11-16.66) and group 3: 12.50 (9.13-15.68), respectively; p<0.001 for
both). Conversely, HDL was the lowest in group 1, while it was lower in group 2 than in group 3 (38.52
+9.45 vs. 42.76 £ 9.12 vs. 47.00 £ 11.87, respectively p<0.05 for both). The cutoff value of MHR for
SPCAD was 12.77, with a sensitivity of 79% and a specificity of 43%. This value for SP was 10.73, with
a sensitivity of 79% and a specificity of 50%.

Conclusion: High MHR which indicates an enhanced inflammation and oxidative stress was found
a significant and independent marker in SP and SPCAD.

Keywords: Coronary artery disease, inflammation, monocyte to high-density lipoprotfein ratio,
oxidative stress, schizophrenia

(o) 4

Amag: Bu calismada sizofreni ve stabil koroner arter hastaligi olan sizofreni hastalarinda (SKAH-S)
monosit/yUksek yogunluklu lipoprotein oraninn (MHO) fanida &ngdrdiricy degerinin olup
olmadigini arastirmayr amagladik.

Gereg ve yontem: Bu kesitsel calismaya toplam 281 katiimci alindi. Katilimcilarin 85'ine sizofreni ve
stabil koroner arter hastaligi (Grup 1), 92'sine ise sadece sizofreni (Grup 2) tanisi konuldu. Kontrol
grubundaki 104 katilimcinin (Grup 3) ise higbir hastalig yoktu.

Bulgular: MHO grup 1'de en yuUksek iken grup 2'de grup 3'e gdére daha yUksekti (grup 1: 18.91
(13.38-23.60); grup 2: 13.68 (11.11-16.66); grup 3: 12.50 (9.13-15.68); her iki karsilastirmaicin p <0.001).
Buna zit olarak, HDL grup 1'de en dUsUk iken grup 2'de grup 3'e gére daha distktt (grup 1: 38.52
+ 9.45; grup 2: 42.76 £ 9.12; grup 3: 47.00 + 11.87; her iki karsilastirma igin p <0.05). MHO’ nun
kesme puani stabil koroner arter hastaligi olan sizofreni hastalarinda 12.77 ve Uzeri alindiginda
duyarliik %79, 6zgUllik ise %43 bulundu. Sadece sizofreni hastalarinda ise kesme degeri 10.73 ve
Uzeri alindiginda duyarliik % 79, 6zgUlluk ise % 50 bulundu.

Sonug: Artmis inflamasyon ve oksidatif stresi gdsteren ylUksek MHO, sizofreni ve stabil koroner arter
hastaligr olan sizofreni hastalannda dnemli ve bagimsiz bir belirte¢ olarak bulundu.

Anahtar kelimeler: Koroner arter hastaligi, inflamasyon, monosit/yUksek yogdunluklu lipoprotein
orani, oksidatif stres, sizofreni

Schizophreniais aserious mental disorder that manifests
itself with disturbances in thought, perceptfion and
behavior, and causes severe morbidity and mortality.
It is known that its lifetime prevalence is approximately
1% (1). The first hypotheses proposed in schizophrenia,
which has a multi-factorial etiology, pointed to
neurotransmitter imbalance. In recent genetic studies,
genetic regions associated with oxidative sfress and
inflammation stand out (2). Studies on blood cells,

cytokines, inflammatory proteins, and tissue levels reveal
the role of the immune system and inflammation in
schizophrenia (3-5). Studies on oxidative stress show that
there is a decreased antioxidant capacity in addition
to increased oxidant activity in schizophrenia (6). It has
been reported that both pro-inflammatory markers
and oxidative stress are increased independent of
antipsychotic treatment (6, 7).
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Studies reveal that oxidative stress and inflammation
may be effective not only in the etiology but also in
the development of co-morbid condifions observed
in the disease. It has been shown that the frequency
of cardiovascular diseases increases 1.20 to 1.81 fimes
and mortality increases 2 to 3 times in patients with
schizophrenia (3, 6). Genetic factors, insulin resistance,
impaired hypothalamic-hypopituitary-adrenal
axis, increased oxidative stress and inflammatory
response are thought to facilitate the development of
cardiovascular diseases in patients with schizophrenia
by forming a common ground (8-10).

Inflammation and oxidative stress are known to play
an important role in the development and progression
of atherosclerosis (11). Macrophages and monocytes
are the mostimportant cells that mediate the secretion
of pro-inflammatory and pro-oxidant cytokines at
inflammation site (12). These cells were determined
to provide the release of inflammatory cytokines
and ftissue remodeling in the pathophysiology of
coronary artery disease (13). Conversely, high-density
lipoprotein cholesterol (HDL-C) prevents the formation
of atherosclerosis by creating a defense mechanism
in endothelial cells with its anfioxidant effect (14, 15).
This result has been supported by many studies (16).
In addition, HDL-C inhibits monocyte activation and
the proliferation and differentfiation of monocyte
progenitor cells (17). The ratio of these two parameters
(monocyte/HDL-C ratio (MHR)) has been identified
as a new marker, as high monocyte count and low
HDL-C play a role in diseases with inflammatory and
oxidative stress in the pathophysiology. This rafio is a
relatively simple and inexpensive indicator of systemic
inflammation obtained from the total blood count. In
addition, this marker has predictive and prognostic
importance in cardiovascular diseases such as
coronary artery disease (18, 19). In the study of Kiziltung
et al., it was found that MHR was associated with the
severity of coronary artery disease in 760 patients who
underwent coronary angiography under elective
conditions (20). In a recent study, 74 schizophrenic
patients were compared with healthy controls for MHR.
In that study, MHR was higher in the patient group than
in healthy individuals (21).

MHR, which is a practical and inexpensive instrument,
can be used fo detect early systemic inflammatory
events such as cardiovascular disease in patients with
schizophrenia. However, there is no study investigating
MHR in schizophrenia patients with coronary artery
disease in the literature (SPCAD). For this reason, our
study has two aims; i- to determine the diagnostic
value of MHR in patients with schizophrenia, ii- The
capacity of MHR to predict the presence of coronary
artery disease in patients with schizophrenia.

Material and Method
All subjects were refrospectively reviewed admitted fo

a tertiary hospital with schizophrenia between January
2009 and February 2020. The demographic and

clinical data of the patients were obtained from their
electronic medical records. Patients admitted with a
diagnosis of schizophrenia for at least 6 months were
included. In addition, the diagnosis of schizophrenia
was confirmed by at least 2 psychiatrists. The diagnosis
of the patients was made according o the 4th edition
of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV-TR) (22). All patients were between
18-65 years old. Patients with an active infection during
the blood draw, acute coronary syndrome, history of
acute or chronic liver or kidney disease, autoimmune
disease, cancer, hematological disorders, severe
valvular  disease, rheumatic disease or using
antihyperlipidemic drugs were planned to be excluded
from the study. Among the patients diagnosed with
schizophrenia, patients with stable angina pectoris
were selected. After all, it was determined that 91
patients with schizophrenia were diagnosed with
stable angina pectoris. Six of these patients had
missing file information. Thus, 85 schizophrenia patients
with coronary disease were included in the study
as Group 1. The diagnosis of stable angina pectoris
was made in accordance with the criteria specified
in the guidelines. All patients with stable angina
pectoris underwent coronary angiography. Coronary
angiographies of the patients were performed after
the blood results were evaluated in the study. Group 2
(n=92) included patients with schizophrenia who were
age-matched to the first group and did not have any
cardiac diagnosis. In order o increase the accuracy
of the analyzes, the control group was also included
in the study (group 3, n=104). This group was selected
as age-matched fo the previous groups among the
individuals who were notf found to have any pathology
when they were admitted to the cardiology outpatient
clinic with any cardiac complaints. The demographic
and clinical data of the patients were obtained from
their electronic medical records.

An approval (approval no. 2020/483) of the Local
Ethics Committee of Selcuk University was obtained for
the research.

Laboratory Analysis

Routine blood ftests obtained in the last three
months in the psychiatry and cardiology clinics to
which the participants applied were included in
the analysis. Basic hematologic parameters, such
as monocyte count were measured with an auto
analyzer. Serum total cholesterol, triglyceride, and
HDL-C concentrations were analyzed by using an
automated chemistry analyzer. Serum low-density
lipoprotein cholesterol (LDL-C) values were estimated
by the formula of Friedewald or directly measured if
triglyceride > 400 mg/dL. MHR ratio was calculated by
division of monocyte count by HDL-C.

Statistical Analysis

Statistical analyses were performed using the SPSS
software version 23.0 (SPSS Inc, Chicago, IL, USA). The
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Kolmogorov-Smirnov method was used to test the
distribution pattern. Data were presented as mean
and standard deviation, median and interquartile
range, or proportions. The Chi-square test was used
to compare the proportions of the different groups.
One-way analysis of variance or Kruskal-Wallis tests
were used to compare continuous variables among
different groups according to the distribution pattern
of the variable. When an overall significance was
observed in a normally distributed variable, the post
hoc Tukey's test was performed. When an overall
significance was observed in an abnormally distributed
variable, pairwise differences were evaluated using
the Mann-Whitney U test and the Bonferroni correction
was applied to adjust for multiple comparisons.
Stepwise multivariate logistic regression analysis
was done to examine the association between
the functional significance of the lesions and other
variables. Variables with P < 0.25 in univariate logistic
regression were included in a multivariate logistic
regression model. In the logistic regression model, MHR
level was assumed to be a binary variable according
to the cutoff point detected in the receiver operating
characteristic (ROC) curve analysis. A difference with
a p-value <0.05 was considered statistically significant.

Results

A total of 281 participants were enrolled in the study.
Of the participants, 85 (Group 1; mean age 37.06
11.27, 22 females and 63 males) were diagnosed with
schizophrenia and stable coronary artery disease
and 92 (Group 2; mean age 37.36 = 10.50, 35 females
and 57 males) were diagnosed only schizophrenia.
104 (Group 3; mean age 35.40 = 11.01, 49 females
and 55 males) participants in the control group
had no disease. Demographic characteristics were
similar across all groups. There were no significant
differences between groups with respect to the serum
biochemical parameters of glucose, creatinine,
hemoglobin, platelets, lymphocyte, ALT, AST, total
cholesterol, triglycerides, LDL-C (Table 1).

Monocytes count (700.00 (575.00-800.00) vs. 600.00
(500.00-700.00) vs. 500.00 (400.00-675.00) vs, p < 0.001)
and MHR (18.91 (13.38-23.60) vs.13.68 (11.11-16.66) vs.
12.50 (9.13-15.68), p<0.001) were significantly higher
in group 1 than the other group 3, while HDL-C (38.52
+ 9.45 vs. 42.76 £ 9.12 vs. 47.00 + 11.87, p<0.001) was
lower. The cutoff value of MHR for schizophrenia was
10.73, with a sensitivity of 79% and a specificity of 50%,

Table 1. Baseline characteristics and laboratory findings of the study participants.

Group 1 (n=85) Group 2 (n=92) Group 3 (Control) (n=104) ]
Age, mean (SD), years 37.06 £11.27 37.36 £10.50 35.40+11.01 0.40
Sex (Male), n (%) 63 (74.1) 57 (62.0) 55 (52.9) 0.10
Hypertension, n (%) 51 (60) 64 (69.6) 61 (58.7) 0.24
Diabetes mellitus, n (%) 32 (37.6) 28 (30.4) 27 (26) 0.22
Smoke, n (%) 26 (31) 31 (34) 36 (35) 0.83
Dyslipidemia, n (%) 43 (50.6) 43 (46.7) 36 (34.6) 0.16
EF, % 60.00 (52.00-65.00) 62.00 (55.00-65.00) 65.00 (61.00-67.00) 0.15
Glucose, mg/dl 98.00 (91.00-147.50) 102.00 (93.00-129.00) 101.00 (91.00-125.00) 0.26
BUN, mg/dl 17.59 + 6.06 16.34+ 4.94 15.75+ 6.63 0.12
Creatine, mg/dl 0.88 (0.80-1.10) 0.82 (0.72-0.98) 0.82 (0.70-0.97) 0.07
WBC count, (x 103/ml) 8.80 (7.20-10.25)* 7.55 (6.60-9.10) 7.45 (6.30-8.70) 0.01
Hemoglobin, gr/dl 13.74+1.76 13.53 £2.09 13.29 +1.68 0.26
RDW, % 14.00 £1.72 13.00 + 1.32 13.85+1.81 0.31
PLT, (x 10%/ml) 241.00 (193.50-277.00) 235.00 (186.25-286.00) 235.00 (194.25-286.00) 0.34
Neutrophil count 5300.00 (4500.00-6750.00)* 4600.00 (3700.00-5450.00) 4450.00 (3500.00-5500.00) <0.001
Lymphocyte count 2257.06 +907.08 2275.76 £ 930.81 2373.26 £775.76 0.90
Monocyte count 700.00 (575.00-800.00)* 600.00 (500.00-700.00)* 500.00 (400.00-675.00)* <0.001
AST U/l 22.00 (16.00-29.00) 21.00 (17.00-27.00) 20.00 (17.00-25.25) 0.22
ALT u/I 21.50 (15.00-31.00) 20.00 (14.75-30.25) 19.00 (14.00-27.00) 0.07
Triglyceride mg/dl 148.24 £73.75 160.88 + 82.83 148.67 + 85.52 0.49
Total cholesterol, mg/dl 185.82 + 44.74 185.36 + 56.71 197.03 + 44.89 0.17
LDL, mg/dl 116.03 + 41.40 113.16 £ 45.72 122.93+38.16 0.24
HDL, mg/dl 38.52 + 9.45* 42.76+9.12* 47.00 + 11.87* <0.001
MHR 18.91 (13.38-23.60)* 13.68 (11.11-16.66)* 12.50 (9.13-15.68)* <0.001

Results are expressed as mean + SD or median (IQR) or frequency (%)

ALT: alanine aminotransferase, AST: aspartate aminotfransferase, BUN: Blood Urea Nitrogen, HDL: high-density lipoprotein cholesterol, LDL:
low-density lipoprotfein cholesterol, MHR: monocyte to high-density lipoprotein cholesterol ratio, PLT: platelets, RDW: Red cell distribution
width, WBC: white blood cells. “denotes statistically significant cells after Tukey or Games-Howell adjustment.
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(AUC: 0.652; 95% confidence interval (Cl): 0.575-0.729;
p<0.001) on ROC curve analysis (Figure 1). Mulfivariate
logistic regression analysis including hypertension,
dyslipidemia, glucose, ALT, fotal cholesterol,
LDL-C, MHR demonstrated that MHR was the only
independent predictor of schizophrenia (OR: 1.438, CI:
1.268-1.631, P<0.001) (Table 2).

The cutoff value of MHR for schizophrenia and stable
coronary artery disease was 12.77, with a sensitivity of
79% and a specificity of 43% (area under the curve
(AUC): 0.695, 95% confidence interval (Cl):0.616-
0.775; p<0.001) on ROC curve analysis (Figure 2).
Three models were generated by multivariate logistic
regression analysis o predict SPCAD. MHR was found
to be the best independent predictor in all models
(OR: 1.471, CI: 1.283-1.688, P<0.001) (Table 3).

Figure 1. Receiver operating characteristic (ROC) curve analysis of
MHR in schizophrenia patients.

AUC: area under the curve; Cl: confidence interval; MHR: monocyte
to high-density lipoprotein cholesterol ratio.

Table 2. Multivariate logistic regression analysis showing independent predictors in schizophrenia patients.

Univariate Multivariate

OR (95 % CI) ] OR (95 % CI) P
Sex (Male) 1.396 (0.789-2.470) 0.252 - -
Hypertension 1.611 (0.892-2.910) 0.114 1.138 (0.509-2.54¢6) 0.753
Dyslipidemia 1.658 (0.932-2.947) 0.085 1.761 (0.807-3.845) 0.155
Glucose 1.004 (0.998-1.010) 0.159 1.005 (0.998-1.013) 0.166
ALT 1.019 (0.994-1.045) 0.132 1.018 (0.985-1.051) 0.292
Total cholesterol 0.995 (0.990-1.001) 0.111 1.014 (0.996-1.033) 0.129
LDL 0.994 (0.988-1.001) 0.106 0.980 (0.959-1.001) 0.063
MHR 1.422 (1.264-1.600) <0.001 1.438 (1.268-1.631) <0.001

OR: Odds Ratio, Cl: Confidence Interval ALT: alanine aminotransferase LDL: low-density lipoprotein cholesterol, MHR: monocyte to high
denisity: lipoprotein cholesterol ratio, Bold values denote statistical significance at the p < 0.05 level.

Table 3. Multivariate logistic regression analysis showing independent predictors in schizophrenia patients with coronary artery disease.

o OR (95 % CI) Univariate Multivariate
P OR(95%Cl) p
Sex (Male) 1.758 (0.925-3.343) 0.085 0.728 (0.270-1.962) 0.531
Hypertension 0.656 (0.353-1.221) 0.184 0.444 (0.163 -1.206) 0.111
: A Creatine 1.102 (0.620-1.957) 0.741 - -
WBC 1.000 (1.000-1.000) 0.641 - -
Neutrophil 1.000 (1.000-1.002) 0.002 1.000 (1.000-1.001) 0.009
MHR 1.448 (1.278-1.641) <0.001 1.471 (1.283-1.688) <0.001
2 A+ Monocyte - - 1.002 (1.000-1.003) 0.014
8 A+ HDL - - 0.953 (0.920-0.989) 0.010

Model 1 includes sex, hypertension, creatine, WBC, neutrophil, and MHR.
Model 2 includes sex, hypertension, creatine, WBC, neutrophil, and monocyte.

Model 3 includes sex, hypertension, creatine, WBC, neutrophil, and HDL.

OR: Odds Ratio, Cl: Confidence Interval WBC: white blood cells. MHR: monocyte to high density: lipoprotein cholesterol ratio, HDL: high-
density lipoprotein. Bold values denote statistical significance at the p < 0.05 level.
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Figure 2. Receiver operating characteristic (ROC) curve analysis of
MHR in schizophrenia patients with coronary artery disease.

AUC: area under the curve; Cl: confidence interval; MHR: monocyte
to high-density lipoprotein cholesterol ratio.

Discussion

In our study, MHR was found higher in SPCAD
compared to schizophrenia patients without coronary
artery disease and the confrol group. In addition,
increased MHR was found to have a diagnostic value
both for schizophrenia and for predicting the presence
of coronary artery disease in schizophrenia patients.

Genetic studies reveal the prominent role of
inflammatory parameters in schizophrenia. Among
the single nucleotide polymorphisms detected in
schizophrenia, it has been shown that the strongest
relationship with the disease is in the genes responsible
for the complement system (C4) (23). Studies show
that the C4 complement protein enables the synapses
to be pruned by microglia and that the C4A protein
is expressed more in schizophrenia patfients than in
conftrols. It is thought that neuron-microglia interaction
through the complement system plays a role in the
pathogenesis of schizophrenia. In addition to many
parameters in the detection of systemic inflammation,
whole blood and biochemistry measurements offer
practical and effective methods. In a recent meta-
analysis evaluating the studies investigating neutrophil-
lymphocyte ratio (NLR), which is shown as one of these,
it has been shown that NLR increases both in the first
episode and in chronic schizophrenia patients (3). It
has also beenreported that there is a linear relationship
between increased NLR and increased disease
severity. Studies evaluating monocytes in patients with
schizophrenia state that the number of monocytes
increases in both follow-up and first-episode patients
(24, 25). It is stated that the increase in monocytes in
patients with schizophrenia is a peripheral indicator of
microglia activation in the brain (24). Our findings show
that MHR increases similarly to NLR in patients with
schizophrenia compared to controls, and monocyte
activation can also be mentioned in patients in our
sample.
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It is known that lipid metabolism is impaired in patients
with schizophrenia. In a meta-analysis including 19
studies, it was revealed that first-episode psychosis
patients who did not use any medicatfion had a
decrease in total cholesterol and HDL-C levels and
an increase in triglyceride levels (26). Based on
this, low HDL-C levels in schizophrenia patients are
considered to be associated with both the etiology
of schizophrenia and increased cardiovascular
comorbidity (27). Consistently with the literature, in
our study, HDL-C levels were lower in schizophrenia
patients with coronary artery disease compared to
both the conftrol group and schizophrenia patients
without cardiovascular  disease.  Although the
cross-sectional design of our study does not allow
interpreting the causal relationship, it can be stated
that lipid metabolism should be closely monitored in
patients with schizophrenia. In addition, ROC analysis
shows that MHR can be used as a new biomarker in
patients with schizophrenia.

Inflammation and oxidative stress are well-known
mechanisms during the development and progression
of atherosclerosis (13). It has been stated that the
number of monocytes, one of the basic cells of the
human immune system, is an independent predictive
markerin atherosclerotic plaque formation and plaque
progression (28). Since the sensitivity of monocytes
to chemokines increases in hypercholesterolemic
patients, it has been expressed that these cells
play a more prominent role in the atherosclerotic
process (29). HDL-C, which reduces the effects of
the hypercholesterolemic environment, has anfi-
inflammatory and anti-oxidant properties and is known
as a negative acute phase reactant, has an important
role in preventing the formation of atherosclerosis (29-
32). HDL-C inhibits active monocytes (33) and inhibits
the endothelial expression of adhesion molecules,
preventing monocyte passage from the artery
endothelium (34). In addition, HDL-C has determined
shown to play an important role in profection against
atherosclerosis, unlike monocytes (35) and HDL-C is an
important marker for the prognosis of cardiovascular
diseases (36). Kiziltung et al. (20) found they MHR
was associated with the severity and extent of
coronary artery disease. MHR has also been proven
to be an independent marker that predicts in-hospital
mortality and 5-year major adverse cardiovascular
events (MACE) in patients with ST-segment elevation
myocardial infarction (32). Based on all these study
results, it can be considered that MHR is a valuable
marker in atherosclerotic heart diseases and deserves
to be investigated in other cardiovascular conditions.

Cardiovascular diseases are the leading cause of
early death in patients with schizophrenia. It has been
reported that the life expectancy in schizophrenia
patients decreases by 15-20 years compared to the
normal population due to cardiovascular diseases
(37). In addition, it is known that patients with
schizophrenia go to examinations less for their physical
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health and talk less about their complaints (38).
Therefore, early diagnosis of cardiovascular diseases
and other metabolic disturbances is very important
in schizophrenia patients. Few biomarker studies
have been conducted to define cardiovascular
disease risk in patients with schizophrenia (39). Our
research reveals that increased MHR has high power
in predicting stable coronary artery disease in patients
with schizophrenia. This information suggests that
systemic inflammation is an important mediator of the
development of cardiovascular disease in patients
with schizophrenia, as well as known environmental
risk factors. As a marker of systemic inflammation and
oxidative stress, MHR could provide information on the
common origins of schizophrenia and cardiovascular
disease.

Our study has some limitations. First is the relatively
small sample size and its retrospective design. Second,
since our study was in a cross-sectional design, it does
not provide information about which disease started
first. Third, antipsychotic drugs have some effects on
cardiac functions and we could not test whether the
drugs taken by the patients had an effect on MHR.
Fourth, it is not documented that patients who were
determined fo have no coronary artery disease from
their history and records have normal coronaries. Fifth,
only those with a diagnosis of coronary artery disease
were not included in the analysis. Another limitation is
that although the exclusion criteria were applied to
the control group, the control group may not reflect
and the characteristics of the general population due
fo the design of the study. Finally, other inflammatory
markers such as CRP and oxidative stress markers have
not been evaluated.

Conclusion

Our study is the first fo investigate MHR in patients with
schizophrenia and reveal its relationship with coronary
artery disease. We found that MHR, which can be
easily obtained from complete blood count and
biochemistry measurement, was higher in patients
with schizophrenia. In addition, our study has added
a new observation to the literature that a higher MHR
level may have a diagnostic value for coronary artery
disease, especially in patients with schizophrenia.
However, our findings should be confirmed with large-
scale prospective studies.
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