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INTRODUCTION

Ayse Ece Buyuksandalyaci Tunc)
Esma Corekli Kaymaka,! ® Elif Sude Erturan,?

ABSTRACT

Obijective: There is strong evidence that excess and early cardiovascular disease (CVD)
occurs in patients with unipolar depression (UD) and bipolar disorder - depressive episode
(BD-d). The aim of this study is to evaluate plasma atherogenic index (AIP), atherogenic co-
efficient (AC), Castelli risk index I-Il (CRI-I and Il) and high-density lipoprotein (HDL) related
ratios in UD, BD-d and HC.

Methods: The present study was designed as a retrospective and observational study. This
study included 128 patients with UD, 184 individuals as a healthy control group and 34 pa-
tients with BD-d. AIP [log (TG/HDL)], AC [(TC-HDL)/HDL], CRI-I (TC/HDL) and Il (LDL/
HDL), MHR (monocyte/HDL), NHR (neutrophil/HDL), PHR (platelet/HDL) and LHR (lym-
phocyte/HDL) were calculated in these three groups. ANCOVA was used for age- and sex-
adjusted means.

Results: There were significant differences in fasting glucose (FG) (p=0.016), LDL (p=0.004),
HDL (p<0.001), TG (p<0.001), TC (p=0.01), AIP (p<0.001), NHR (p<0.001), MHR (p=0.007),
LHR (p<0.001), PHR (p<0.001) between three groups. All these metabolic parameters were
correlated with duration of disorder.

Conclusion: Along with the care of a depressive episode, the management of abnormal
metabolic parameters should be planned during diagnosis, follow-up, and treatment. Assess-
ment of AIP and NHR, especially in chronic and unresponsive processes, may be useful in
both disorders. In future studies, it is recommended to conduct large-scale studies that are
prospectively designed, that monitor the severity of the disease, and that evaluate the CVD
risk parameters and treatment of the participants.

CvD.B

Depression is one of the top ten leading causes of years
lived with disability in the world. Major depressive disor-
der (MDD) ranked first, schizophrenia ranked fifth, and
bipolar disorder (BD) ranked sixth in terms of disability.
['1 MDD also contributed to the burden associated with
ischemic heart disease and suicide. There is strong ev-
idence that adults with MDD and BD experience excess
and premature cardiovascular disease (CVD). Before the
use of psychotropic medications, there was an increased
and early onset of CVD mortality in patients with MDD
and BD, showing that the disease itself raises the risk of

The frequency of metabolic syndrome (MetS) is ob-
served at a high rate in patients with mood disorders, up
to 44% of people with MDD and 37.3% of people with
BD.M! There is a high likelihood that a variety of factors
are involved. These include the iatrogenic side effects of
psychotropic medications, an unhealthy lifestyle, inade-
quate medical care for the psychiatric patient, and genetic
and pathophysiological susceptibility.’! Many lipid ratios
(also known as atherogenic indices) have been shown in
numerous studies to be diagnostic alternatives that can
accurately predict the likelihood of CVD events and the
effectiveness of treatment when conventional lipid profiles
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are normal. Atherogenic index of plasma (AIP), Castelli’s
Risk Index | and Il (CRI-I and Il), atherogenic coefficient
(AC), and high-density lipoprotein (HDL)-related ratios
are some of them. It was shown that these ratios can help
predict various CVD events.[®

The study reported that patients with MDD had higher
serum total cholesterol (TC) levels than healthy controls
(HCs). When patients with MDD were compared with
HCs, dysregulated lipid levels were detected in patients
with MDD. In terms of lipids, patients with MDD had
significantly lower TC and very low-density lipoprotein
(VLDL) levels despite higher triglyceride (TG) levels. How-
ever, it was not found significant differences between HDL
and LDL values in studies when patients with MDD were
compared with HCs.[l It was shown that people with BD-
depressive episode (BD-d) have lower levels of TG levels
than people with unipolar depression (UD).®! Compared
to patients with MDD and BD-d, HC had lower LDL and
TC levels.”! According to the baseline results of the Re-
habilitation According to an Initial Schizophrenia Episode
study, total duration of psychiatric illness was strongly
associated with increased body mass index (BMI), and
waist circumference, but not with increased metabolic
parameters except for the TG to HDL ratio in the first
episode schizophrenia (FES). In contrast, duration of psy-
chotropic medication was strongly associated with lower
HDL levels and systolic blood pressure, and higher non-
HDL cholesterol, TG, and TG to HDL cholesterol ratio.['!
Cardiometabolic risk factors and abnormalities are seen
early in the course of FES and are probably related to the
underlying disease, unhealthy lifestyle, and concomitant
antipsychotic use.

AIP values were the highest in patients with BD-d com-
pared with manic, euthymic, and HCs groups. AIP levels
were inversely associated with the HDL and positively
associated with the MetS, waist circumference, TC, LDL,
and TG levels. Patients with BD showed an increase in
cardiovascular risk during a depressed episode.l'l When
compared with BD-manic episode (BD-m) patients and
HCs, there is no significant difference between CRI-I, CRI-
I, and AC values. However, AIP levels were higher in HCs
in patients with BD-m.I'? The anti-inflammatory, antiox-
idant, and antithrombotic effects of HDL are significant,
and it has the ability to block cytokine-induced production
of endothelial cell adhesion protein.!'¥! In patients who had
coronary artery disease, monocyte to HDL ratio (MHR)
was found to be independently associated with coronary
atherosclerosis.l'" Lymphocyte-to-HDL ratio (LHR) and
neutrophil-to-HDL ratio (NHR) may become important
markers with strong predictive potential for MetS, espe-
cially in women.['*!

MetS is more common in patients with psychiatric prob-
lems. This increased risk is caused by a complex network
of mechanisms that work together to negatively influence
the progression of psychiatric illness. MetS needs to be
identified early and prevented. As mentioned above, lipid
and hematological indicators can be potential inflamma-

tory predictors of MetS, and these parameters are eas-
ily assessed from peripheral blood. Therefore, the aim of
this study is to evaluate the association between AIP, AC,
CRI-l, CRI-ll, and HDL-related ratios (MHR, LHR, NHR,
and PHR) in UD, BD-d, and HC.

MATERIALS AND METHODS

This study has a retrospective, observational, and descrip-
tive design. This study included 128 patients with UD
who were hospitalized at Maltepe University, Faculty of
Medicine, Department of Psychiatry between 2016 and
2022. To compare the patient groups, 184 HCs were
selected from people with no psychiatric diseases who
presented for health screening at Maltepe University,
Faculty of Medicine, Department of Family Medicine be-
tween 2020 and 2022. Data from 34 patients with Bipolar
Depressive episode (BD-d) were included in the current
study from a previously approved study by the Ethics
Committee (Ethics Committee of Sisli Etfal Training and
Research Hospital dated January 24, 2017, and decision
number 745). Patients with BD-d who received a Hamil-
ton Depression Score of 20 or above were included in
the study. The diagnosis of UD and BD-d was made by an
experienced psychiatrist according to the fifth edition of
the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5). The study received ethical committee approval
by the Clinical Research Ethics Committee of Maltepe
University Faculty of Medicine (number: 2022/900/02
date: January 19, 2022).

Participants

Participants aged 18-69 years were included. All patient
records were reviewed retrospectively. Blood samples
from patients admitted to the psychiatric ward for UD
and BD-d were taken within 24 h of admission. Individuals
with a history of alcohol and substance use disorder, hy-
pertension, diabetes mellitus, heart disease, autoimmune
or inflammatory disease, cancer, active infection, and use
of medications likely to affect the immune system were
excluded from the study. In the HCs group, in addition to
these criteria, individuals were excluded if they were sus-
pected of having an acute or lifetime psychiatric disorder
or alcohol or substance use disorder on the basis of a rou-
tine consultation with their general practitioner. The log-
arithm of the molar ratio of TG to HDL is represented by
the AIP, a novel lipid ratio. The two lipid ratios known as
Castelli’s risk indices or cardiac risk indices are CRI-l and
CRI-Il, which measure the ratio of TC to HDL and LDL
to HDL, respectively. The ratio of non-HDL cholesterol
to HDL is known as the AC.[7] NHR, LHR, MHR, and
PHR were computed by dividing neutrophils, lymphocytes,
monocytes, and platelets by HDL.[I'®!

Statistical Analyses

SPSS for Windows statistical software, version 26 (SPSS
Inc., Chicago, IL, USA), was used for all statistical analy-
ses. To describe numerical data, means and standard de-
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viations were employed, and to convey categorical data,
frequencies and percentages were utilized. Categorical
variables were compared using the Chi-square test. The
Kolmogorov—Smirnov test was used to judge the distribu-
tion’s normalcy. To compare continuous variables between
groups, the Kruskal-Wallis test or analysis of variance with
Bonferroni post hoc analysis was utilized. Non-parametric
data were compared pairwise using the Mann—Whitney U-
test. The Spearman’s correlation test was used to assess
linear connections between variables. For age- and sex-
adjusted means, analysis of covariance (ANCOVA) was
utilized.

RESULTS

Data from 128 patients with UD (85 women and 43
men, 34 patients with BD-d (34 men), and 184 HCs (105
women and 79 men) participated in the study. The mean
age was 42.9%10.7 years in the HC, 40.3+14.9 years in the
UD, and 41.2+10.2 years in the BD-d group. It was not
found any significant differences in age between the three
groups (p=0.178).

It was determined significant differences in fasting glu-
cose (FG) (p=0.016), LDL (p=0.004), HDL (p<0.001), TG
(p<0.001), TC (p=0.01), AIP (p<0.001), CRI-I (p=0.038),
AC (p=0.038), NHR (p<0.001), MHR (p=0.007), LHR
(p<0.001), and PHR (p<0.001) between three groups.
After Bonferroni correction, differences disappeared in
CRI-l and AC. While evaluating the metabolic parameters
of participants, age- and sex-adjusted means are shown
in Table |. Pairwise comparisons after Bonferroni cor-
rection between the groups are written in Table 2. There

is a significant correlation between the total number of
depressive episodes and MHR, p=0.023 (cc: —.184, n=153).

Duration of disorder in UD was 10.6+8.7 years (140
years) and in BD-d was 17.4+9.6 years (3—40 years). The
total number of depressive episodes in UD was 5.2+1.9
(1-10). Total number of mood episodes in BD-d was
9.846.5 and total number of depressive episodes was
4.9+3.7 (1-15). The correlation between duration of dis-
order and metabolic parameters is shown in Table 3. No
relationship was found with other parameters.

The patients in BD-d treated with lithium carbonate
(62.9%), valproic acid (28.6%), carbamazepine (2.9%), lam-
otrigine (17.1%), antipsychotics (94%), and antidepressant
(37.1%). We do not have any data about the treatment of
patients with UD before hospitalization.

DISCUSSION

The primary result of this research is that there were sig-
nificant differences in AIP, LHR, NHR, PHR, LDL, HDL,
and TC when comparing HC group with UD and BD-d
patients. Significant differences were found in MHR values
between the HC and UD groups. No differences in CRI-I,
CRI-Il, and AC were found among the three groups. All
these metabolic parameters were correlated with the du-
ration of the disorder.

Previous studies have reported mixed results on meta-
bolic parameters between HC, UD, and BD-d. Some re-
searchers reported no differences in TC, HDL, LDL, and
TG levels between those groups.l''¥ According to the
other studies, TG was higher; and HDL was lower in pa-

Table 1. Descriptive and metabolic parameters of participants
Unipolar Depression Bipolar Depression Healthy Control p Test Statistic (F)
(n=128) meanxSD (n=34) meantSD (n=184) meanxSD
Sex (n-%)
(male) 43- 33.6% 34— 100% 79 —42.9%
Age (years) 40.3+14.9 41.2+10.2 42.9+10.7 0.178 1.734
FG (mg/dL) 102.06+1.62 92.6843.1 97.6+1.24 0.016** 4.203
LDL (mg/dL) 123.107+3.78 110.31+7.24 133.36+2.91 0.004** 5.647
HDL (mg/dL) 46.85+1.23 47.25+2.36 54.7940.95 <0.001* 15.043
TG (mg/dL) 149.4218.7 | 181.69£16.68 118.49+6.7 <0.001* 8.539
TC (mg/dL) 201.03+4.11 189.89+7.8 211.87£3.16 0.010%* 4.657
AlIP 0.44+0.02 0.51£0.05 0.28+0.02 <0.001* 14.49
CRI- 1 4.58+0.14 4.70+0.27 4.18£0.11 0.038** 3.292
CRI- I 2.82+0.11 2.77£0.22 2.66+0.08 0.570 0.563
AC 3.58+0.14 3.70+0.27 3.180.11 0.038** 3.292
NHR 99.72+4.26 110.02+8.20 82.30£3.29 <0.001* 8.505
MHR 13.91£0.56 14.27x1.07 11.93£0.43 0.007* 5.036
LHR 57.39+2.24 65.02+4.31 49.17£1.73 <0.001* 8.439
PHR 5628+190.04 6007.03+£365.27 4833.57+146.69 <0.001* 8.340

FG: fasting glucose; LDL: low-density lipoprotein; HDL: high density lipoprotein; TG: triglyceride; TC: total cholesterol; NHR: neutrophil/HDL; MHR:
monocytes/HDL; LHR: lymphocyte/HDL; PHR: platalet/HDL; AlIP: Aterogenic Index Plasma; CRI-I: Castelli Index I; CRI-Il: Castelli Index Il; AC: Atero-
genic Coeffient. Age- and sex-adjusted means were written. *: p<0.001, **: <0.05.
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Table 2. Pairwase comparisons between the groups

Healthy Control vs. Healthy Control vs. Unipolar Depression vs. N

Unipolar Depression Bipolar Depression Bipolar Depression
AIP <0.001* <0.001* 0.820 333
CRI-l 0.091 0.245 1.000 335
CRI-II 0.906 1.000 1.000 335
AC 0.091 0.245 1.000 335
MHR 0.016** 0.139 1.000 337
LHR 0.012%* 0.002* 0.380 337
NHR 0.004** 0.006* 0.834* 337
PHR 0.003** 0.010%* 1.000 337
FG 0.375 0.014%* 0.219 341
LDL 0.012%* <0.001* 0.078 338
HDL 0.005%* <0.001* <0.001* 337
TG 0.136 <0.001* 0.0027** 335
TC 0.016** 0.001* 0.213 337

FG: fasting glucose; LDL: low-density lipoprotein; HDL: high density lipoprotein; TG: triglyceride; TC: total cholesterol; NHR: neutrophil/HDL; MHR:
monocytes/HDL; LHR: lymphocyte/HDL; PHR: platalet/HDL; AIP: Aterogenic Index Plasma; CRI-I: Castelli Index I; CRI-Il: Castelli Index Il; AC:
Aterogenic Coeffient. ANCOVA was used and significant values were adjusted by the Bonferroni correction for multiple tests. *: p<0.001, **: <0.05

tients with BD-d than in patients with UD.I'"! In compari-
son to the general population, both BD and UD patients
with a current depressive episode had higher levels of FG,
TC, and LDL and lower levels of HDL.? In the present
study, TG may serve as the discriminator between the
three groups. Compared to HCs, HDL was decreased
in both illness groups. This may be related to the lack of
physical activity that occurs in depression. In addition, the
fact that all patients are in a chronic course and use mood
stabilizers, antidepressants, or antipsychotics for a long
time may cause a deterioration of lipid parameters when
assessing the duration of the illness.

The MHR ratio was predicted as a differential descriptive
value for BD-d patients compared to HCs.l'® The nega-
tive correlation of MHR with the number of depressive
episodes is a remarkable finding of the present study. This
finding needs re-evaluation in future studies. While com-
paring BD-m, BD-d, and HC, there were differences in
NHR, MHR, LHR, and PHR.I'! In the present study, NHR
may be said to be a state marker for BD-d and UD. Con-
sidering that LHR and NHR have been suggested as strong
predictors of MetS.I'"l We can suggest that PHR may be
important as a metabolic parameter in addition to these
two parameters in this study.

Compared to BD-d and HC, UD had significantly higher

Castelli’s risk scores | and Il. There were no significant
differences in TC, LDL, TG, and FG between UD, BD-d,
and HC.21 In another study, it is not recommended to
use CRI I and CRI Il as indicators of mortality in patients
with myocardial infarction. In addition, these indices do
not predict the severity of coronary artery disease.””
Although there was a significant difference in LDL, HDL,
and TC between the healthy group and the patients, there
was no difference between the CRI-I and CRI-II values;
this may be related to the insufficient number of patients
or CRI-I and CRI-ll may not reflect metabolic abnormality
in UD and BD-d.

For both depression and BD, the AIP and AC indices were
significantly elevated in patients with mood disorders
compared to controls.®] AIP could be recommended as a
potential biomarker for predicting CVD events in develop-
ing countries.” In the present study, similar results were
obtained for AIP. Physical activity lowers cardiovascular
risk by several pathways, including weight loss, enhanced
endothelium and immunological function, and reduced
blood pressure. Those who have UD or depressed symp-
toms are more likely to be sedentary than those who do
not have a mood disorder. The AIP score can be used to
assess cardiovascular risk for both UD and BD-d.

The fronto-striatal-limbic circuit is altered in BD, UD,

Table 3. The corelation between duration of disorder and metabolic parametres

HDL TG AIP CRI-I CRI-lI AC LHR MHR NHR PHR
Duration of Disorder (p)  0.003** 0.001* 0.001* 0.001* 0.003** 0.001* 0.006** 0.018% 0.029* 0.029**
Correlation Coeffient -.249 279 .282 .283 .255 .283 232 201 .186 .187

Sperman Correlation test was used. HDL: high density lipoprotein; TG: triglyceride; LHR: lymphocyte/HDL; MHR: monocytes/HDL; PHR: platalet/HDL;
NHR: neutrophil/HDL; AIP: aterogenic index; CRI-I: castelli risk index I; CRI-I: castelli risk index Il; AC: aterogenic coeffient; *: p<0.001, **: <0.05.



Kok Kendirlioglu. Metabolic risks in depression

339

and obesity, which are multisystemic disorders marked
by abnormalities in the inflammatory, metabolic, and en-
docrine systems.”®! These syndromes are considered as
two different sides of inflammation, mainly because they
are affected by common inflammatory processes. In addi-
tion to adipokines (cytokines secreted by adipocytes) such
as adinopectin, leptin, and resistin, changes in cytokines
such as TNF-q, IL-6, and IL-1 have also been reported
in MetS.?] The satiety hormone leptin shares structural
similarities with pro-inflammatory cytokines. While leptin
increases Thl cytokine secretion, it inhibits Th2 cytokine
production. According to epidemiological data, those with
a lifetime history of depression have elevated blood leptin
levels, and those with high serum leptin levels are more
likely to experience major depressive episodes over the
course of 5 years.” Some recent studies showed that
resistin concentrations in patients diagnosed with major
depression are associated with BMI. In addition, it has
been noted that antidepressants lower resistin levels in
persons with remission.[?! They influence brain activity, in-
flammatory alterations, and insulin resistance, which have
all been proposed as shared mechanisms for the develop-
ment of MetS and mood disorders.”™ In a study suggest-
ing that ischemia-modified albumin (IMR) value can pre-
dict metabolic risk in patients with BD, unipolar disorder,
and schizophrenia, the relationship of IMR with oxidative
stress was emphasized and it was suggested that disease
process and MetS may have a common physiopathology,
especially in BD.?”) We can interpret the AIP, NHR, LHR,
and PHR values as an indication of increased metabolic and
cardiovascular risk for both BD-d and UD. Factors such as
drug use and sedentary lifestyle alone cannot explain why
these values are higher in patients. The pathophysiology
of UD and BD-d may be similar to that of MetS. The need
to monitor both processes simultaneously is supported
by the fact that there is a negative association between
disease duration and HDL and a positive association with
all other metabolic markers. Treatment of metabolic ab-
normalities and promotion of physical activity should be
included in the management of depression.

When depressed patients were divided into obese and
non-obese groups, it was found that the obese group
had more depressive episodes and an increased risk of
recurrence.’” In the current study, only a significant re-
lationship was found between the number of depressive
episodes and MHR. However, metabolic parameters other
than HDL were positively associated with the duration of
the illness, suggesting that the chronicity of depression can
be assessed by means of metabolic parameters.

The main limitation of the study is its retrospective design.
The fact that the severity of depression in the patients
could not be assessed using a scale is another important
limitation. Although the fact that the patients with BD-d
included only male participants made the evaluation dif-
ficult, ANCOVA was used to remove the gender effect
in the analysis. We did not have sufficient data on the
treatment of patients with UD before hospitalization is

another limiting factor. The lack of assessment of partici-
pants’ MetS parameters, such as height, weight, BMI, waist
circumference, and arterial blood pressure, may have been
insufficient to assess the validity of these new metabolic
parameters.

Conclusion

Our study is one of the first to evaluate all the new meta-
bolic parameters in both UD and BD-d. Our findings sug-
gest that AIP, NHR, LHR, and PHR should be monitored
in these disorders. Along with the care of a depressive
episode, the management of abnormal metabolic param-
eters should be planned during diagnosis, follow-up, and
treatment. Assessment of AIP, especially in chronic and
unresponsive processes, may be useful in both disorders.
In future studies, it is recommended to conduct large-scale
studies that are prospectively designed, monitor disease
severity, and evaluate participants’ MetS parameters and
treatments.
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Unipolar ve Bipolar Depresyonda Kardiyovaskuler Risk Parametrelerinin

Degerlendirilmesi

Amag: Unipolar depresyon (UD) ve bipolar bozukluk - depresif donem (BB-d) hastalarinda erken kardiyovaskiiler hastalik (KVH) olustuguna
dair giigli kanitlar vardir. Bu ¢aligmanin amaci, UD ve BD-d’de plazma aterojenik indeks (AlP), aterojenik katsayr (AC), Castelli risk indeksi
I-Il (CRI-I ve 1) ve yiiksek yogunluklu lipoprotein (HDL) ile iligkili oranlari degerlendirmektir.

Gereg ve Yontem: Retrospektif ve gozlemsel olarak tasarlanan bu galismaya 128 UD hastasi, 184 saglikli kontrol grubu ve 34 BB-d hastasi
dahil edildi. AIP [log (TG/HDL)], AC [(TC-HDL)/HDL], CRI-I (TC/HDL) ve Il (LDL/HDL), MHR (monosit/HDL), NHR (n&trofil/HDL), PHR
(trombosit/HDL) ve LHR (lenfosit/HDL) degerleri hesaplandi. Yas ve cinsiyete gore diizenlenmis ortalamalar igin ANCOVA kullanildi.

Bulgular: Aglik glukozu (FG) (p=0.016), LDL (p=0.004), HDL (p<0.001), TG (p<0.001), TC (p=0.01), AIP (p<0.001), CRI-I (p=0.038), AC
(p=0.038), NHR (p<0.001), MHR (p=0.007), LHR (p<0.001), PHR (p<0.001) degerleri arasinda iig grup arasinda anlamli farklilik bulunmustur.
Bonferroni diizeltmesinden sonra, CRI-I ve AC’deki farkliliklar kaybolmustur. Tim bu metabolik parametreler hastaligin siiresi ile korele idi.

Sonug: Depresif epizodun tanisi, takibi ve tedavisi sirasinda anormal metabolik parametrelerin yonetimi planlanmalidir. AlP’nin ve NHR’
nin 6zellikle kronik ve yanitsiz siireglerde degerlendirilmesi her iki bozuklukta da yararli olabilir. Gelecekteki galismalarda, prospektif olarak
tasarlanmig, hastaligin ciddiyetini izleyen, katilimcilarin KVH risk parametrelerini ve tedavilerini degerlendiren genis 6lgekli ¢alismalarin ya-
pilmasi 6nerilmektedir.

Anahtar Sozciikler: Aterojenik katsayi; aterojenik plazma indeksi; Castelli risk indeksi; koroner arter hastaligi; depresyon; lipid oranlari.
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