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Abstract
Introduction: Bipolar disorder has been linked to abnormalities in the immune/inflammatory functions. Monocyte to high-density lipoprotein
(HDL) cholesterol ratio (MHR) is used as chronic inflammation markers. The aim of this retrospective study was to investigate the MHR levels
in manic patients with bipolar disorder.
Methods: The study included 100 male patients, 49 of whom were in the first episode and 51 of whom had multiple episodes, hospitalized with a
diagnosis of bipolar disorder manic state and 50 healthy individuals with characteristics comparable to the patient group in terms of gender and
age. MHR values were calculated on the basis of the obtained hemograms, and the results of the biochemistry blood tests and lipid panel analyses
and recorded. Kruskal Wallis test was used to compare the MHR values among the first episode, multiple episodes, and healthy control groups.
Results: There was no statistically significant difference between the patients and controls in terms of age, whereas the mean age of the patients
who had multiple episodes was significantly higher than the first episode. MHR values were found to be statistically significantly higher in the
first episode and multiple episodes group than healthy controls. There was no statistically significant difference between the MHR levels of the
patients, who were in the first episode, and of the patients who had multiple episodes.
Conclusion: This study is consistent with the results of studies reporting inflammation in the manic episode of bipolar disorder and therefore may
indicate the presence of inflammation in the manic episode.
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Öz
Giriş: Bipolar bozukluk, immün/inflamasyon işlevlerindeki anormalliklerle ilişkilendirilmiştir. Monosit/yüksek yoğunluklu lipoprotein (HDL)
kolesterol oranı (MHO), kronik inflamasyon belirteçleri olarak kullanılmaktadır. Bu retrospektif çalışmanın amacı, bipolar bozukluğu olan manik
hastalarda MHO düzeylerini araştırmaktır.
Yöntem: Çalışmaya bipolar bozukluk manik dönem tanısı ile yatışı yapılan 49’u ilk epizot ve 51’i birden fazla epizot geçiren 100 erkek hasta ve
cinsiyet ve yaş açısından hasta grubu ile benzer özellikte 50 sağlıklı birey dahil edildi. Alınan hemogram, biyokimya kanları ve lipid paneli tahlil
sonuçlarına göre MHO hesaplanarak kaydedildi. MHO değerlerinin ilk epizot, birden fazla epizot ve sağlıklı kontrol grupları arasında
karşılaştırılmasında Kruskal Wallis testi kullanıldı.
Bulgular: Hastalar ve kontroller arasında yaş açısından istatistiksel olarak anlamlı bir fark bulunmazken, birden fazla epizot geçiren hastaların yaş
ortalaması ilk epizot hastalardan anlamlı derecede yüksekti. İlk epizot ve birden fazla epizot grubunda MHO değerleri sağlıklı kontrollere göre
istatistiksel olarak anlamlı derecede yüksek bulundu. İlk atakta olan hastalar ile birden fazla epizot geçiren hastaların MHO düzeyleri arasında
istatistiksel olarak anlamlı bir fark yoktu.
Sonuç: Bu çalışma bipolar bozukluğun manik döneminde inflamasyonu bildiren çalışmaların sonuçlarıyla tutarlıdır ve bu nedenle manik dönemde
inflamasyonun varlığına işaret edebilir.
Anahtar kelimeler: Bipolar bozukluk, HDL kolesterol, inflamasyon, monosit, mani
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Introduction
Bipolar disorder is a chronic, disabling mood disorder with recurrent manic and depressive episodes, and its prevalence is estimated to be around
1% [1]. Despite its high prevalence, its etiology is not known precisely; however, there is a growing number of studies indicating that oxidative
stress and the changes in the inflammatory and immune systems are effective in its pathophysiology [2–4]. It has been reported in some studies
that the pro-inflammatory cytokines increase and that the anti-inflammatory cytokines decrease during the manic period of bipolar disorder [5–7].
In the light of these studies, it has been suggested that bipolar disorder may be an inflammatory disease and that some biomarkers may become
important determinants of the prognosis of bipolar disorder [2,4].
Monocytes, which make up 3 to 8% of all leukocytes, are an important part of the immune system and are known to secrete pro-inflammatory and
pro-oxidant cytokines during the inflammatory response [8–10]. Monocytes, which have the function of antigen-presenting in adaptive immunity,
also have a considerable role in innate immunity. In bipolar disorder, the increase in monocyte count is a sign of chronic inflammation and might
play a role in the disorder's pathophysiology [8,11]. High-density lipoprotein (HDL) shows antioxidant and anti-inflammatory effects by reducing
the release of pro-inflammatory cytokines from monocytes and macrophages. HDL has anti-thrombotic and anti-apoptotic properties. In addition
to these, HDL has anti-oxidant and anti-inflammatory effects by down modulating the release of pro-inflammatory cytokines from monocytes and
macrophages [10].
Therefore, MHR has been studied as a marker of both oxidative stress and inflammation in many diseases [12–14]. In view of the foregoing, it is
aimed with this study to evaluate the serum MHR level in manic state of bipolar disorder.

Methods
Study design
The present study was designed as a retrospective cross-sectional study and was carried out by scanning the medical records of patients in
University of Health Sciences, Konya Education and Research Hospital. The medical records of 100 male inpatients, 49 of whom were in the first
episode and 51 of whom had multiple episodes, aged between 18 and 65 years, who were diagnosed with bipolar disorder manic episode according
to the International Classification of Diseases, Tenth Edition (ICD-10), or the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) during the period between January 2018 and July 2020, were retrospectively reviewed. 50 healthy individuals, who did not have physical
or psychiatric disorder, with characteristics comparable to the patient group in terms of gender and age were included the study.

Sample inclusion criteria
Patients aged 18-65 that were hospitalized with a diagnosis of bipolar disorder manic episode according to DSM-5 or ICD-10 diagnostic criteria
and who had not used psychotropic drugs for at least the last six months were included in the study; whereas patients with a diagnosis of bipolar
disorder and whose treatment is ongoing, patients with a diagnosis of mental retardation, patients with a history of chronic disease (autoimmuneinflammatory diseases, epilepsy, diabetes mellitus, cardiovascular, endocrinological, hepatic, renal, pulmonary, neurological diseases and
malignancies), patients with a history of the hematological disease, patients with a history of corticosteroid, antilipidemic, immunosuppressive,
and non-steroidal anti-inflammatory drugs use during the last month, patients with an acute infection, patients with alcohol and substance abuse
problems, and the patients whose body mass index values were above 30 kg/m 2 were excluded from the study.

Data collection
The sociodemographic and clinical characteristics of the patients and their laboratory results were analyzed retrospectively from the electronic
medical database of our hospital. Results of routine hemograms, biochemistry blood tests, and lipid panel analyses were reviewed within the scope
of the study. Serum MHR level was computed as the ratio of monocyte count to HDL level. Blood samples were taken on hospitalization, before
treatment was initiated.

Data analysis
Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, USA) version 20.0. Descriptive
statistics included the mean and standard deviation was used for continuous data, whereas frequency and percentages were used for discrete data.
The Kolmogorov–Smirnov test was conducted to evaluate the compliance of the data with a normal distribution. Chi-square test was carried out
for categorical variables. The three independent groups were compared in terms of continuous variables, analyses of variance (ANOVA) test were
used where there was a normal distribution within the groups, otherwise, the Kruskal Wallis test was used. The homogeneity of the variances was
tested with Levene's test. Post-hoc Tukey and Mann–Whitney U-test with post hoc Bonferroni correction was performed to identify between
group differences. A p value < 0.05 (two-tailed) was considered statistically significant.

Ethical approval, informed consent and permissions
The study was approved by the clinical research ethics committee of Karatay University Faculty of Medicine (Approval Number E-300641901325-050.99, Date: 14 August 2020) and performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki
and its later amendments.
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Results
A total of 100 male inpatients, 49 of whom were in the first episode and 51 of whom had multiple episodes, were included in the study along with
50 healthy men. The mean age of the patients who were in the first episode of the patients who had multiple episodes, and of the controls were
calculated as 27.51 ± 6.75, 34.20 ± 9.79, and 30.76 ± 8.82, respectively. There was no significant difference between the first episode patients and
controls (p=0.119), the multiple episode patients and controls (p =0.051) in terms of age, whereas the mean age of the patients who had multiple
episodes was significantly higher than the mean age of the patients who were in the first episode (p <0.001). The total duration of illness was 91.65
± 76.34 month. Patients were hospitalized 4 ± 2.25 times on average. The mean number of manic mood episodes was 6 ± 6.59 and the numbers of
depressive episodes were 0.84 ± 1.70. The demographic characteristics of the patient and control groups are given in Table 1.
Table 1. Characteristics of patients with bipolar disorder and healthy controls
First episode
Multiple episodes Healthy control
n=49
n=51
n=50
mean ± SD, n (%)
Age
27.51 ± 6.75
34.20 ± 9.79
30.76 ± 8.82
Education Status
≤8 years
>8 years
Total duration of illness, month
Number of hospitalizations
Number of manic episodes
Number of depressive episodes
Seasonality
Mood stabilizer
Lithium
Valproic Acid
Other

20 (40.8%)
29 (59.2%)

25 (49%)
26 (51%)

p

Post-hoc

0.001*

ME > FE

0.410**

91.65 ± 76.34
4 ± 2.25
6 ± 6.59
0.84 ± 1.70
18 (35.3%)
36 (70.6%)
11 (21.6%)
4 (7.8%)

n: number; %: column percentage; SD: standard deviation; ME: Multiple episodes; FE: First episode; *Kruskal-Wallis test was used; **Chi-square
test was used.
The mean MHR levels of the patients who were in the first episode of the patients who had multiple episodes, and of the controls were calculated
as 21.3 ± 7, 20.3 ± 6.8, and 10.2 ± 2.3, respectively. The results of Kruskal-Wallis test showed that there was a significant difference between the
MHR levels of three groups (p <0.001). The Mann-Whitney U test revealed that MHR levels of the controls were statistically significantly lower
than the patients who were in the first episode (p <0.001) and then the patients who had multiple episodes (p <0.001). No statistically significant
difference was found between the patient groups in terms of MHR levels (p = 0.642). The comparisons between the three groups in terms of MHR
levels and other blood parameters are given in Table 2.
Table 2. Comparison of blood count parameters between patients with bipolar disorder and healthy controls
First episode
Multiple episodes
Healthy control
p1
Post-hoc
n=49
n=51
n=50
mean ± SD
WBCs (103/µl)
7.8 ± 1.7
8.3 ± 1.5
6.7 ± 1.5
<0.001*
FE, ME > HC
Hemoglobin (g/dl)
14.8 ± 1.1
14.7 ± 1.4
14.4 ± 1.2
0.186*
Platelets (103/µl)
225 ± 55.1
226.6 ±49.4
280 ± 45.2
<0.001*
HC > FE, ME
Neutrophils (103/µl)
4.3 ± 1.2
4.6 ± 1.2
4 ± 1.2
0.079*
Monocytes (103/µl)
0.7 ± 0.1
0.7 ± 0.1
0.5 ± 0.1
<0.001*
FE, ME > HC
Lymphocytes (103/µl) 2.5 ± 0.7
2.7 ± 0.9
2.2 ± 0.5
0.023**
ME > HC
Triglyceride (mg/dl)
95.2 ± 43
115.2 ± 55.9
95.7 ± 33
0.121**
LDL (mg/dl)
94.7 ± 33.3
98.4 ± 44.2
103 ± 26.6
0.087**
HDL (mg/dl)
38.6 ± 8
39.3 ± 8.2
51.7 ± 6.5
<0.001*
HC > FE, ME
MHR
21.3 ± 7
20.3 ± 6.8
10.2 ± 2.3
<0.001** FE, ME > HC
n: number; SD: standard deviation, ME: Multiple episodes; FE: First episode; WBC: white blood cell; HDL: high-density lipoprotein; LDL: lowdensity lipoprotein; MHR: monocyte/ high-density lipoprotein ratio; *One-way analysis of variance test was used; **Kruskal-Wallis test was used.

Discussion
There is increasing evidence that inflammation plays a role in the pathophysiology of bipolar disorder, [15–17]. White blood cells and their
subgroups are biological markers of inflammation, and activation of them leads to the release of inflammatory cytokines. The neutrophil to
lymphocyte ratio (NLR) is considered as an important indicator of systemic inflammation in the literature [18–20]. NLR may be more useful than
single subgroups of WBC in detecting the inflammatory response [20]. As a matter of fact, Ayhan et al. indicated that NLR levels of patients
diagnosed with bipolar disorder in euthymic, depressive, and manic periods were higher than those of controls [21]. Yet in another study, Yildiz
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et al. reported that patients in euthymic and manic periods had higher NLRs compared to those of controls, however, that there was no significantly
difference between the patients in depressive episode and controls [22]. Kalelioglu et al. also reported that NLR levels of both the patients in manic
episode and the patients in euthymic state were higher compared to the controls [23]. In another study in which only patients in the manic episode
were included, it was observed that the NLR levels increased during a manic episode [24].
On the other hand, a study of the recently published literature revealed that a new marker, the monocyte lymphocyte ratio (MLR), was started to
be used in psychiatric studies [17]. Ozdin et al. demonstrated that patients diagnosed with bipolar disorder in the manic period had higher MLR
values compared to the controls, and they have attributed this result to an increased inflammatory response in the body [17]. It has been suggested
that the relationship between MLR and mood symptoms may be attributed to the pro-inflammatory cytokines released by activated
monocytes/macrophages [25].
MHR is a new and ease accessible marker that can be easily computed by dividing the monocyte count to HDL (mg/dL). Both monocyte count
and HDL cholesterol concentration (mg/dL) can be easily measured within the scope of the complete blood count and lipid panel, which are among
the most widely used tests in our daily clinical practice [26]. In a number of studies, MHR has been deemed to be superior to WBC subtypes in
detecting inflammatory response [14,27,28]. Monocyte count is the hematological parameter that increases during an inflammatory reaction. HDL
cholesterol acts as an antioxidant and anti-inflammatory agent by decreasing the accumulation of macrophages, preventing the migration of
monocytes, and increasing the NOS expression [29].
In our study, MHR levels were found to be higher in manic patients than healthy controls. These results are consistent with the results of the studies
reporting inflammation during the manic state of bipolar disorder [7,11,16,17]. It has been suggested that the cumulative effect of both prolonged
neuroprogression and allostatic load leads to an increase in systemic toxicity and inflammation during the late stages of bipolar disorder [30].
However, no significant difference was found between the MHR levels of the patients who were in the first episode and of the patients who had
multiple episodes. Therefore, further studies may be needed to clarify the results.

Limitations
This study has some important limitations. The first limitation is that the study was designed as a retrospective and cross sectional. The retrospective
nature of the study did not allow use of specific scales. The relationship between inflammation and the severity of the attacks the patients had
suffered could not be evaluated since the hospital records of these patients did not include any scale as to the severity of the attacks. The second
limitation is the lack of markers that indicate inflammation, such as cytokines or acute phase reactants. Finally, the third limitation is that only
male patients and healthy controls were included in the study. Future research should evaluate the MHR levels of both male and female patients.

Conclusion
In our study, serum MHR levels of the patients diagnosed with bipolar disorder in the manic period were found to be higher than those of healthy
individuals. Consistent with the literature, the results of our study suggest that inflammation may be part of the complex pathophysiology of bipolar
disorder. However, prospective, randomized, and controlled studies that investigate serum MHR levels in different mood episodes are needed to
draw definitive conclusions.
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