
22

P
s
y
c
h
o
p
a
t
h
o
lo

g
y
, 
C
li
n
ic

a
l 
a
n
d
 
B
io

lo
g
ic

a
l 
P
s
y
c
h
ia

t
r
y

P
s
y
c
h
ia

t
r
y
 (
M

o
s
c
o
w
) 
19

(3
)'
2
0
2
1'
2
2
-
3
3

https://doi.org/10.30629/2618-6667-2021-19-3-22-33

UDC 616.895.1; 616–002

Immunological Indicators of Inflammation in Late-Life Bipolar 
Disorder
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The aim of the study was to determine the immune markers of inflammation in the blood plasma of the elderly patients 
with bipolar affective disorders (BD) in relation to the clinical specificities of the disease. Patients and methods: 134 blood 
samples from the elderly patients aged from 52 to 88 years old (mean age 66.7 ± 7.7 years) with diagnosis of bipolar disorder 
are examined. Inflammatory markers in the blood plasma are determined as follows: the enzymatic activity of leukocyte 
elastase (LE) and the functional activity of the α1-proteinase inhibitor (α1-PI), as well as the level of autoantibodies (aAB) 
to S100b and myelin basic protein (MBP). The protease inhibitor index (PII), which was the ratio of LE and α1-PI activity, 
characterized the activity of the proteolytic system as the most important component of inflammation. Cluster analysis 
was used to reveal some immunotypes. Results and discussion: A significant increase in α1-PI and the level of aAB to 
S100b, as well as low proteolytic activity of inflammation (according to PII) were revealed in the elderly patients, diagnosed 
with bipolar disorder. Immune markers of inflammation in different types of affective episodes (depression, mania, mixed 
affective states) and in therapeutic remission did not vary from each other. Immunological parameters in elderly patients 
with bipolar disorder depended on the severity degree of the affective disorder. A relationship was found between the 
severity of depression and the level of aAB to S100b; the difference between mania and hypomania in terms of LE activity 
and PII was shown; in mixed affective states immunological parameters varied from the control only in moderate disor-
ders. Remission with residual symptoms was different from asymptomatic therapeutic remission in terms of LE activity and 
PII. The two identified clusters (immunotypes) varied in the activity of LE and PII. Conclusion: The results indicated the 
participation of inflammation in the pathogenesis of late-life bipolar disorder, and the isolated immunotypes confirmed 
the clinical diversity of the disease. The study of the pathogenetic significance of inflammation and the identification of 
various immunotypes was aimed at substantiation of new methods of therapeutic intervention, taking into account the 
contribution of inflammation.
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INTRODUCTION

Bipolar disorder (BD) is one of the most common men-
tal illnesses, much less frequently diagnosed in Russia in 
comparison with other developed countries [1–3]. The 
disease often begins at a young age and often recurs 
until old age [4, 5]. In a fairly large proportion of cases, 
bipolar disorder can manifest in the second half of life 
and even in old age itself [6].

Common problems for BD with different ages of on-
set of the disease are unfavorable prognosis in terms of 
worsening the course of the disease, an increase in the 
number of affective episodes, their lengthening, dete-
rioration in the quality of remission, and disability of 
patients. Many people consider the features of bipolar 
disorder to be a high incidence of therapeutic resistance 
and impairment of cognitive functioning with the risk of 
developing dementia [7, 8]. These problems are especially 
relevant at a later age and lead to an increase in the 
contingent of elderly and senile patients hospitalized 

with a relapse or primary affective episode of bipolar 
disorder [9].

The above clinical features of bipolar disorder are di-
rectly related to the new concept of considering bipolar 
disorder as a progressive disease with a high level of mor-
bidity and mortality. This is based on evidence of clinical, 
neuroimmunological and neuroanatomical changes, when 
comparing patients with the first episode with those pa-
tients, who had many of them during the course of the 
disease. Moreover, multiple episodes and relapses are as-
sociated with poorer clinical and functional outcomes. 
It is assumed, that both the course of bipolar disorder 
and resistance to treatment may be associated with neu-
rodegenerative changes in a case of the progression of 
the disease.

There is every reason to believe, that immune mech-
anisms are involved in the pathogenesis of bipolar 
disorder. Evidence of an enhanced immune response 
includes changes in microglia and increased levels of 
tumor necrosis factor (TNF-α), soluble TNF-α receptor-1, 
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3interleukin-4, -6, soluble IL-6 receptor, IL-10, IL-1 recep-

tor antagonist and soluble IL-2 receptor in the blood of 
patients with bipolar disorder in comparison with the 
healthy controls. It was found, that the level of cytokines 
fluctuated during BD. In particular, it was shown that 
in bipolar depression, a low level of TNF-α receptor-1 is 
determined in comparison with mania/hypomania and 
euthymia [10].

The activation of immune responses and inflam-
mation can lead to premature apoptosis of neurons, 
structural changes in the brain, and cognitive decline. 
Additional evidence of neurodegeneration in the patho-
genesis of bipolar disorder progression was obtained in 
studies, demonstrating changes in neurotrophic factor 
and cytokines, depending on the stage of the disease. For 
example, anti-inflammatory IL-10 increases in the early, 
but not late stages of bipolar disorder, while pro-inflam-
matory IL-6 and TNF-α increase throughout the disease. 
Additional research on the predictive ability of inflam-
matory markers and the development of drugs aiming at 
immune inflammation targets may help to establish more 
adequate therapeutic options for patients with bipolar 
disorder [11–13].

Low-grade chronic inf lammation and gluta-
mate-mediated excitotoxicity are two key etiological 
factors, involved in the development of neuropro-
gression. It is assumed, that systemic inflammation, 
associated with neuroinflammation, activation of mi-
croglia, increased levels of neurotoxic metabolites, 
and dysregulation of glutamate are one of the rea-
sons for the progression of neuropathology, worsening 
symptoms, and therapeutic resistance. Studies, car-
ried out over the last three decades, have conclusively 
demonstrated, that depressed patients, whether they 
have bipolar depression, or a depressive episode, show 
cardinal signs of systemic inflammation. In the blood 
and cerebrospinal fluid of these patients, an increase 
in the level of inflammation molecules such as cyto-
kines (especially tumor necrosis factor and interleu-
kin-6) and proteins of the acute phase of inflammation 
(such as C-reactive protein) is found. The activation of 
neuroinflammation leads to disruption of the normal 
functioning of neurotransmitter systems, a decrease in 
neuroplasticity and, as a result, to neurodegeneration 
and cognitive dysfunction [14]. The study of immune 
parameters of systemic inflammation was previously 
carried out in depressions of late age [15]. In recent 
years, the clinical features of affective episodes and 
the course of bipolar disorder in hospitalized elder-
ly and senile patients have been studied in detail; 
psychopathological and other differences have been 
shown, depending on the age of onset of the disease, 
which in one third of cases occurs in the second half 
of life [16, 17]. Studying the contribution of immune 
responses to the pathogenesis of bipolar disorder at 
a late age can improve the management of patients 
with bipolar disorder, taking into account the promis-
ing choice of drugs aimed at reducing inflammation, 

which, presumably, may slow down neuroprogression. 
These aspects of relevance served as the rationale for 
conducting clinical and immunological examination of 
elderly and senile patients with a diagnosis of bipolar 
disorder.

The aim of the study was to determine the parame-
ters of systemic inflammation in peripheral blood sam-
ples of patients with bipolar disorder (BD), hospitalized 
with a relapse of the disease or with a primary affective 
episode at late age, in relation to the clinical features 
of bipolar disorder.

The main task was to compare immune indicators at 
different stages of the disease with control, as well as 
to compare these indicators during an exacerbation at 
the crucial point of an affective episode and in a state 
of remission. In addition, an attempt was made to com-
pare the data of immunological examination in affec-
tive states with different polarities of affect, that is, in 
bipolar depression, in mania/hypomania, and in mixed 
affective states. Along with this, the values of immune 
markers were compared in affective disorders of varying 
severity (mild, moderate and severe). We also investigat-
ed the immune parameters in remission, usually thera-
peutic, depending on the presence or absence of residual 
disorders.

PATIENTS AND METHODS

The study was carried out in the laboratory of neu-
roimmunology (head of the laboratory, prof. T.P. Klyush-
nik) together with the staff of the geriatric psychiatry 
department (head of the department, prof. S.I. Gavrilo-
va) of the Federal State Budgetary Scientific Institution 
“Mental Health Research Centre” (director prof. T.P. Kly-
ushnik).

The study included patients of the psychogeriatric 
department of the clinic of the Federal State Budget-
ary Scientific Institution “Mental Health Research Cen-
tre”, hospitalized with a diagnosis of bipolar disorder in 
2017–2020, and who were subsequently under outpatient 
supervision. All patients signed informed consent to par-
ticipate in the study. The study was approved by the Lo-
cal Ethics Committee (04.2019) in accordance with the 
provisions of the 1964 Declaration of Helsinki, revised 
in 2013.

Characteristics of patients
A total 73 patients (43 males and 30 females) at the 

age from 52 to 88 years old (mean age 66.7 ± 7.7 years) 
were examined (Table 1).

Inclusion criteria: 50 years and older age at the time 
of the examination; diagnosis of bipolar disorder.

The non-inclusion criteria: a history of psychotic dis-
orders and signs of severe organic diseases of the cen-
tral nervous system and neuroinfections, dependence on 
psychoactive substances, an inflammatory disease in the 
status or past medical history for the last two months, 
anti-inflammatory therapy in the last two months before 
taking blood.
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The healthy control group consisted of 46 people (21 
males and 25 females) aged 55 to 82 years (mean age 
65.9 ± 7.1 years) without signs of mental and severe so-
matic disorders in status and past medical history. The 
examined patients and healthy persons from the control 
group did not differ in mean age at the time of blood 
sampling for immunological analysis (p = 0.65). Bipolar 
disorder was diagnosed according to ICD-10 criteria. Af-
fective illness in 32 (43.8%) patients could be attributed 
to type I bipolar disorder with an alternation of clini-
cally pronounced manic and depressive episodes, and 41 
(56.2%) cases were type II bipolar disorder with exten-
sive depressive episodes, while the states of manic pole 
only reached the level of hypomania during the course of 
the disease. Along with the clinical and psychopathologi-
cal assessment of the patient’s condition at the time of 
blood sampling, a psychometric assessment of the nature 
and severity of affective disorder was performed using 
the Hamilton depression rating scale (HAM-D-17) and 
the Young Mania Rating Scale (YMRS). In addition, when 
enrolling patients in the study, the state of cognitive 
functioning was assessed using the Mini-Mental State 
Exam (MMSE) and the Montreal Cognitive Assessment 
Scale (MoCA).

In 51 patients (69.9%), that is, in most cases, bipo-
lar affective disorder manifested in young age, that is, 
before 50 years. The duration of the disease in these 
cases averaged 36.5 years. In the remaining 22 patients 
(30.1%), the onset of bipolar disorder occurred in the 
second half of life, that is, after 50 years. In this case, 
in 17 patients, the disease began at the age of 50–64, 
and in 5 cases it started at the age of 65 and older. The 
average duration of the disease with late manifestation 
of bipolar disorder varied from 1 year to 14.5 years, av-
eraging 7.5 years.

The condition of patients at the time of taking a 
blood sample for immunological study was determined 
by bipolar depression in 42 (53.8%) cases, mania / hypo-
mania was revealed in 18 (23.1%) patients, in the remain-
ing 18 (23.1%) cases  — mixed affective condition was 
detected. Bipolar depressions in the examined patients 
were more often apathetic and adynamic (57.1%), less 
often — anxious-melancholy (31.0%) and most rarely — 
senesto-hypochondriac (11.9%) variants. Differences in 
the severity of depressive disorders were determined 
clinically and by psychometric assessment. Among bi-
polar depressions, there were 7 (16.7%) cases of mild 
depression (Me with a total score of 16 on the HAM-D 

Table 1.  Clinical characteristics of the elderly patients with Bipolar Disorder, involved in the study

Characteristics
The examined patients (n = 73)

Number %

Distribution by gender

Males 43 58.9

Females 30 41.1

BD onset age distribution

early onset age < 50 ys 51 69.9

onset age 50–64 ys 17 23.3

onset age 65 ys and later 5 6.8

Type of BD

BD I 32 43.8

BD II 41 56.2

Course of BD in old age

alternating 41 56.2

“doubled” episode 11 15.1

continuous switching of episodes 18 24.6

“rapid cycling” 3 4.1
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3scale), 31 (73.8%) cases of moderate depression (Me with 

a total score of 22.5 on the HAM-D scale) and 4 (9.5%) 
cases of severe depression (Me with a total score of 28 
on the HAM-D scale).

Hypomanic and manic states at the time of sampling 
were significantly less common than bipolar depression, 
and were presented in 13 (72.2%) cases of hypomania 
(Me total YMRS score 15.5 points) and only in 5 (27.8%) 
cases clinically pronounced mania were noticed (Me total 
YMRS score 28 points). Manic episodes were presented 
in 4 cases by angry mania and in 1 case by disinhibit-
ed mania. Manic episodes were predominantly without 
psychotic symptoms; only one of the patients had ma-
nia with psychotic symptoms in the form of delusions of 
grandeur congruent with the affect.

Mixed affective states in 10 (55.6%) in-patients 
were represented by dysphoric depression, in 7 (38.9%) 
agitated depression was revealed, and in 1 (5.5%) case 
ideationally poor mania was noticed. In 6 (33.3%) cases, 
mixed affective state was mild (Me with a total score of 
15.5 on the HAM-D scale and Me with a total score of 
14 on the YMRS scale). In 9 (50.0%) observations, the 
severity of mixed states was moderate (Me total score 
HAM-D was 20.5/Me YMRS 16 points) and in 3 (16.7%) 
cases it was severe (Me total score was HAM-D 28. 0/Me 
YMRS 25.0 points).

As already mentioned, in 56 (42.0%) patients, a blood 
sample was taken at the stage of remission formation 
before discharge or after discharge during the period of 
remission for comparison with indicators at the acute 
stage of the disease. The formation of asymptomatic 
therapeutic remission was observed in 35 (62.5%) pa-
tients. In other cases, that is, in 21 (37.5%) patients, 
at the time of blood sampling, remission with residual 
affective symptoms took place. Residual affective disor-
ders were represented by disorders of the predominantly 
depressive pole: subclinical asthenic-apathetic and anx-
iety symptoms, increased fatigue, and dyssomnia. Only 
in two patients residual affective disorders manifested 
themselves as symptoms of the manic pole in the form of 
irritability, carelessness, and lack of a criticism to their 
disease.

Immunological methods
Taking a sample of peripheral blood for immunologi-

cal research was carried out both in exacerbation of bi-
polar disorder, that is, during an affective episode, and 
in subsequent remission, mostly therapeutic.

In the blood plasma of patients and subjects from 
the control group, the activity/level of inflammatory and 
autoimmune markers was determined: the enzymatic ac-
tivity of leukocyte elastase (LE), the functional activity 
of the α1-proteinase inhibitor (α1-PI), the level of au-
toantibodies (aAB) to neurospecific antigens S100b and 
myelin basic protein (MBP). The protease inhibitor index 
(PII) was also calculated, which is the ratio of LE and 
α1-PI activity, which characterizes the activity of the 
proteolytic system. The proteolytic activity of inflamma-
tion, as the most important component of inflammatory 

reactions, largely determines their direction in terms of 
resolving or, on the contrary, chronification of the pro-
cess [18].

Leukocyte elastase (LE) is a highly active serine 
protease with a wide substrate specificity, contained in 
azurophilic granules of neutrophils. LE is secreted into 
the extracellular space upon activation of these cells 
during the development of a nonspecific immune re-
sponse to various stimuli, including infectious agents, 
immune complexes, endotoxins, etc. LE breaks down 
elastin and collagen fibers of vascular basement mem-
branes and connective tissue, blood plasma proteins, 
immunoglobulins, etc. [19–20]. As a link in inflamma-
tory reactions of sanitizing nature, in some cases this 
enzyme can exhibit a significant destructive potential 
in relation to the vascular endothelium, and in case of 
brain damage — the vascular endothelium of the blood-
brain barrier, contributing to secondary metabolic brain 
damage [21].

The main regulator of the enzyme activity is the 
α1-proteinase inhibitor (α1-PI), which is responsi-
ble for 90% of the antiproteolytic activity of blood 
plasma (it inhibits the activity of trypsin, plasmin, 
some blood coagulation factors, etc.) and suppresses 
the activity of LE with a high association constant 
(> 107 M-1 ×  c-1) [22–23]. By controlling the proteo
lytic activity of LE, this inhibitor creates conditions 
for limiting the focus of inflammation and/or de-
struction. It was shown that the functional activity 
of α1-PI determines the course of many inflammatory 
and/or destructive processes.

The normal components of the immune system of a 
healthy person are natural autoantibodies (aAB) to al-
most all antigens in the body, including proteins in the 
nervous tissue. The natural content and ratio of aAB in 
blood serum fluctuates within certain limits character-
istic of each age, and can change dramatically in var-
ious diseases [24]. S100b is a calcium-binding protein 
of the nervous tissue, that regulates cell shape, energy 
metabolism, contraction, intercellular communication, 
intracellular signal transmission, and cell growth [25]. 
Myelin basic protein (MBP) is involved in organizing the 
assembly and maintaining the integrity of myelin in 
nerve fibers.

The spectrophotometric method was used to deter-
mine the enzymatic activity of LE (nmol/min × ml) and 
the functional activity of α1-PI (inhibitor units in ml, 
IU/ml) [19, 22]. The level of autoantibodies to S100b and 
MBP in blood plasma samples determined by the meth-
od of standard enzyme-linked immunosorbent assay and 
expressed in optical density units [26].

Statistical data processing was carried out using 
the nonparametric statistical software Statistica-7 
(for Windows, StatSoft Inc., USA), using the Mann–
Whitney test and the Spearman correlation coeffi-
cient. Results are presented as median (Me), and 25th 
and 75th percentiles [Q1; Q3]. The level of confidence 
used was p < 0.05. Cluster analysis was carried out in 
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the laboratory of evidence-based medicine and biosta-
tistics (head of the laboratory, candidate of biological 
sciences A.N. Simonov). R (R version 3.2.4) and STATA 
(version 12.1) were used as the main statistical pro-
grams.

RESULTS

The values of inflammatory markers in the blood plas-
ma of elderly patients with bipolar disorder at different 
stages of the disease are presented in Table 2.

As can be seen in Table 2, in the total group of 
patients, when taking blood at the crucial point of 
an affective episode, there was a statistically sig-
nificant increase in the functional activity of α1-PI 
(p < 0.00001), the level of autoantibodies to neuros-
pecific antigen S100b (p  <  0.001) and a decrease in 
PII (p < 0.00001) compared to control. There were no 
significant differences in immunological parameters in 
patients depending on the pole of affect, as well as on 
the stage of the disease (exacerbation or remission). 
This indicates that activation of the immune system 
in bipolar disorder in late age is observed not only 
at the crucial point of psychopathological symptoms, 
but also persists when it weakens (according to clin-
ical observation and psychometric assessment). This 

result allows us to assume the continuing course of 
the pathological process in remission of the disease, 
the instability of this condition, which in this case 
can be considered as a therapeutic remission requiring 
continuation of treatment.

The results of determination of the immunologi-
cal parameters in patients with varying severity of 
the condition in the acute period, that is, during an 
affective episode of bipolar disorder, are shown in 
Table 3.

The analysis of immunological parameters, depend-
ing on the varying severity of affective disorders of 
different poles (Table 3) did not reveal significant dif-
ferences in depressions of varying severity. The anal-
ysis of immunological parameters in hypomania and 
mania revealed an increase in the activity of LE and 
PII in patients with mania, as compared with hypo-
manic states. Thus, in hypomania, there was a signif-
icant decrease in the activity of LE and PII (p < 0.05, 
p  <  0.0001) with a high functional activity of α1-PI 
(p < 0.0001), compared to the control. In the state of 
mania, an increase in the activity of LE and PII was 
found in comparison with hypomania (p  =  0.019374, 
p = 0.075, respectively). These indicators did not dif-
fer from the control. In a mild mixed affective state, 
the immunological indicators did not differ from the 

Table 2.  Immunological parameters (Me [Q1; Q3]) (minimum-maximum) in elderly patients diagnosed with bipolar 
disorder at different stages of the disease

Immune indicators 

State at the time of sampling 

LE,
nmol/min × ml

α1-PI,
IU/ml PII

aAB to S100b,
units of optical 

density

aAB to MBP,
units of optical 

density

Control (n = 46)
213.3

[194.4; 220.3]
181–243

37.65
[34.3; 41.1]

24–46.7

5.6
[5.1; 6.3]

4–8.75

0.63
[0.56; 0.74]
(0.3 –0.93)

073
[0.64; 0.82]
0.54–0.96

Affective episode/total (n = 78) 
including:

200.6
[183.6; 224.6]
144.7–293.8

47.4****
[41.2; 54.3]
30.7–67.4

4.4****
[3.65; 5.24]
2.68–7.42

0.73***
[0.65; 0.83]

0.5–1.2

0.66*
[0.61; 0.75]

0.50–1.0

bipolar depression (n = 42)
199.6

[183.6; 223.7]
150.1–286

46.4****
[41.2; 55.1]
33.7–63.9

4.5****
[3.7; 5.2]
3.0–6.62

0.73**
[0.66;0.87]

0.52–1.2

0.67
[0.62; 0.74]

0.52–1.1

mania/hypomania (n = 18)
190.0

[177.1; 227.7]
144.7–283

48.0****
[42.9; 54]
30.7–67.4

3.96****
[3.48; 5.11]
2.82–7.42

0.72*
[0.63; 0.86]

0.6–1.07

0.63
[0.60; 0.82]
0.54–1.07

mixed affective state (n = 18)
206.3

[196.6; 229]
151.2–293.8

49.45****
[42.4; 53.5]
32.1–61.3

4.57****
[3.81; 5.69]
2.68–6.66

0.72
[0.65; 0.80]
0.50–0.98

0.66
[0.60; 0.72]

0.50–1.1

Remission (n = 56)
203

[177.4; 222.6]
123.1–295.9

49.9****
[43.75; 55.75]

34.4–67.2

4.1****
[3.52; 4.61]
2.16–6.58

0.76***
[0.64 ;0.88]

0.5–1.2

0.69
[0.62; 0.80]

0.5–1.2

Total number of samples (n = 134)
200.9

[181.4; 223.7]
123.1–295.9

48.0****
[42.7; 55.1]
30.7–67.4

4.2****
[3.6; 5.08]
2.16–7.42

0.74****
[0.65; 0.86]

0.50–1.2

0.68
[0.61; 0.78]

0.50–1.2

Note: significant differences from control: *p < 0.05;**p < 0.01;***p < 0.001; ****p < 0.0001.
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control, while in a mixed affective episode of moder-
ate severity, a significant increase in the functional 
activity of α1-PI, the level of aAB to S100b, and a 
decrease in PII were revealed.

As shown above (Table 2), patients with remission 
did not differ in the studied indicators from patients 
with affective episode of bipolar disorder. However, the 
group of patients with remission turned out to be het-
erogeneous (Table 4) in terms of clinical features: in 35 
patients, therapeutic remission was characterized by 
almost complete reduction of affective symptoms, and 
in 21 patients in remission, residual affective disorders 
persisted. In this regard, immunological parameters were 
assessed in subgroups of patients with different types 
of remission.

Dif ferences in immunological parameters were 
found in different types of remission: in remission 
with residual symptoms, the activity of LE and PII was 
significantly reduced compared to control and with 
asymptomatic remission, which indicates a decrease in 
the proteolytic activity of the inflammatory process in 

remission with residual disorders and is an unfavorable 
prognostic factor.

It should be noted that in the total group of the 
elderly patients diagnosed with bipolar disorder, a wide 
variability of the analyzed immunological parameters 
was observed: there were plasma samples with param-
eters outside the control range, both towards higher 
values and lower ones. This diversity of values served 
as the basis for clustering in order to distinguish sub-
groups of patients in the general sample, based on the 
measure of connectivity and differences in immuno-
logical indicators  — LE and α1-PI activity, protease 
inhibitory index (PII), the level of autoantibodies to 
neuroantigens S100b and MBP, and also the age of the 
examined.

Three clustering methods were used: the hierarchical 
agglomerative method, the iterative k-means algorithm, 
and the Ward method. It was shown that the clusters ob-
tained by different methods coincide by more than 70%, 
which is a sign of good clustering. The study provides 
calculations using the Ward’s method.

Table 3.  Immunological indicators in elderly patients with bipolar disorder, depending on the severity of an affective 
episode (Me [Q1; Q3]) (minimum-maximum)

Indicators

State at the time of sampling

LE,
nmol/min × ml

α1-PI,
IU/ml PII

aAB to S100b, 
units of optical 

density

aAB to MBP, units 
of optical density

Control (n = 46)
213.3

[194.4; 220.3]
181–243

37.6
[34.3; 41.1]

24–46.7

5.6
[5.1; 6.3]

4–8.75

0.63
[0.56; 0.74]
0.37–0.93

0.73
[0.64; 0.82]
0.54–0.96

Affective episodes of different degree of severity

Mild depression (n = 7)
216

[214.5; 265.7]
183.6–277.6

47.4****
[45; 53.3]
41.2–55.9

4.56*
[4.0; 5.6]
3.75–6.17

0.66
[0.57; 0.75]
0.55–0.80

0.70
[0.65; 0.81]
0.61–0.93

Moderate depression (n = 31)
198.2

[181.4; 222.5]
150.1–286.0

44.2****
[40.1; 56.9]
33.7–63.9

4.2****
[3.48; 5.45]

3–6.62

0.73**
[0.68; 0.89]

0.52–1.2

0.65*
[0.60; 0.72]

0.52–1.1

Severe depression (n = 4)
200.9

[174.2; 223.6]
169.0–224.6

41.7
[34.6; 48.7]

34–48.7

4.83*
[4.59; 5.0]
4.52–5.09

0.81*
[0.74; 1.0]
0.68–1.17

0.78
[0.72; 0.82]
0.66–0.84

Hypomania (n = 13)
184.2*

[171.7; 199.3]
144.7–253.2

49****
[43.8; 54]
39.2–63.5

3.76****
[3.48; 4.23]

2.89–5.4

0.69
[0.62; 0.90]
0.60–1.07

0.65
[0.60; 0.83]
0.54–1.07

Mania (n = 5)
227.7

[200.9; 278.6]
190.1–283.0

39.4
[39.3; 50]
30.7–6.74

5.66
[5.11; 7.07]
2.82–7.42

0.73
[0.71; 0.74]
0.68–0.86

0.63*
[0.60; 0.63]
0.55–0.71

Mild mixed affective state (n = 6)
198.75

[155.5; 207.4]
151.2–213.8

38.85
[35.2; 50]
32.1–56.4

5.16
[3.11; 5.89]
2.68–6.66

0.71
[0.55; 0.81]
0.50–0.85

0.64
[0.60; 0.67]
0.54–0.85

Moderate and severe mixed affective 
state (n = 12)

211.7
[200.85; 239.1]

179.3–293.8

50.95****
[45.6; 53.9]
33.8–61.3

4.475***
[3.86; 4.94]
3.45–6.07

0.72*
[0.66; 0.80]
0.59–0.98

0.69
[0.61; 0.77]

0.50–1.1

Note: significant differences from control: *p < 0.05, **p < 0.01,***p < 0.001, ***p < 0.0001.
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As you can see from the Table 5, in the total group 
of the elderly patients diagnosed with bipolar disor-
der, two immunological clusters were identified. It 
was shown, that the significant indicators for clus-
tering were LE activity and PII values, identified by 
Student’s t-test (p  ≤  0.05). A comparative analysis 
of the clusters did not reveal significant differenc-
es in the functional activity of α1-PI, the level of 
serum antibodies to the S100b, and MBP antigens 
(p > 0.05), as well as in the age of the subjects at the 
time of blood sampling. According to the multivariate 

Hotelling test, the entire set of immunological pa-
rameters was statistically different in the selected 
clusters (p ≤ 0.05).

The patients of the first cluster (53 patients) are 
characterized by an increase in both the enzymatic ac-
tivity of LE, and the functional activity of its α1-PI 
inhibitor, while the values of the protease inhibitory 
index indicate the predominance of proteolytic activity, 
which is the most important component of inflamma-
tion. Such a ratio of the studied immune markers may 
indicate a balanced inflammatory process. Balanced 

Table 4.  Immunological indicators (Me [Q1; Q3]) (min-max) in “pure” remission in comparison with remission with 
residual affective symptoms in the elderly patients with BD

Indicators

Type of remission

LE, nmol/min × ml α1-PI, IU/ml PII
aAB to S100b, 

units of optical 
density

aAB to MBP, units 
of optical density

“Pure” remission (n = 35)
205.6

[179.3; 226.8]
156.6–295.9

47.9****
[42.7; 55.1]
35.9–63.1

4.36****
[3.86; 4.73]
2.69–6.58

0.77***
[0.64; 0.87]
0.50–1.07

0.70
[0.60; 0.84]
0.50–1.15

Remission with residual 
affective symptoms (n = 21)

192.2*
[175.4; 219.3]
123.1–247.5

51.7****
[45.7; 55.81]

34.4–67.2

3.77****# 
[3.47; 4.04]
2.16–6.38

0.74**
[0.65; 0.92]

0.55–1.2

0.67
[0.65; 0.78]

0.59–1.2

Notes: significant differences from control: *p < 0.05; **p < 0.01;***p < 0.001; ***p < 0.0001; #p < 0.05: significant differences of “pure” remission 
from remission with residual affective symptoms.

Table 5.  Basic clusters’ characteristics obtained by the Ward method

Values

Inflammation indicators

Age LE α1-PI PII aAB to S100b aAB to MBP

Cluster 1 (n = 53)

Mean 66.42 239.12 49.02 5.02 0.76 0.73

Median 65.00 231.10 48.90 4.94 0.75 0.69

Standard deviation 7.47 23.89 8.34 0.99 0.16 0.16

Minimum 52.00 210.80 30.70 3.65 0.50 0.50

Maximum 88.00 295.90 65.90 7.42 1.17 1.20

Cluster 2 (n = 81)

Mean 66.69 183.52 48.08 3.94 0.76 0.70

Median 66.00 183.70 47.10 3.86 0.73 0.66

Standard deviation 7.61 17.75 8.45 0.85 0.15 0.13

Minimum 52.00 123.10 33.70 2.16 0.55 0.52

Maximum 88.00 211.70 67.40 6.07 1.20 1.10

Student test, p 0.84 0.0000 0.53 0.0000 0.86 0.23

Hotelling’s T-squared distribution, p 0.0000
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homeostasis.
Table 5 shows that the patients of the second clus-

ter (81 patients) are characterized by a decrease in 
the enzymatic activity of LE against the background 
of an increase in the functional activity of α1-PI. This 
is reflected in a significant decrease in PII, which in-
dicates a low proteolytic activity and an unbalance 
of inflammation. This immunotype: an unbalance of 
inflammation in the proteolytic system is an unfa-
vorable prognostic factor. Probably, low proteolyt-
ic activity is determined by functional depletion of 
neutrophils due to a long-term current pathological 
process. It is also impossible to exclude the genetic 
component that determines the “reduced or dimin-
ished” inflammatory reserve.

The first cluster included a smaller part of the 
surveyed — 53 patients (39.6%). Among them, there 
were 18 patients with depression (42.9%), of which 
6 with mild depression, 10 with moderate and 2 with 
severe depression. Of all patients with mania/hy-
pomania, only one third of the surveyed (6 people; 
33.3%) were included in the f irst cluster, while ma-
nia and hypomania were equally rare  — three cas-
es each. The f irst cluster also included 7 patients 
(38.9%) with mixed affective disorders, both rela-
tively mild (1 person) and moderate (6 people). The 
states of remission in this cluster accounted for a 
smaller part (22; 39.3%) of the total number of ex-
aminations at the stage of therapeutic remission. 
Among those examined in remission there were 15 
patients with asymptomatic remission and 7 with 
residual symptoms in remission.

The second cluster turned out to be more numerous 
in terms of the number of patients included in it, i.e. 
81  people (60.4%). This cluster comprised more than 
half of all patients with bipolar depressions (24  pa-
tients; 57.1%), including 1 case of mild depression, 
21 cases of moderate depression, and 2 cases of severe 
depression. The same cluster included two thirds of all 
patients with mania/hypomania (12 patients; 66.7%), 
of which there were 10 cases of hypomania and 2 cases 
of severe mania. Almost two-thirds of all the patients 
(11 patients; 61.1%), examined in a mixed affective ep-
isode, were also included in the second cluster, among 
them 5 cases with a mild mixed state and 6 ones with 
moderate disorder. Most of the patients (34 people; 
60.7%), examined when remission was achieved, were 
also assigned to the second cluster, of which 14 cases 
of remission were characterized by the presence of re-
sidual symptoms.

No differences were found between the first and 
the second clusters in terms of the average duration 
of the disease (26 vs 29 years, respectively). However, 
in the second cluster, there were more patients with 
bipolar disorder with an early onset of the disease, 
that is, before the age of 50 (75.3% in the second 
cluster versus 62.3% in the first one respectively). 

The second cluster included almost half the number of 
cases of bipolar disorder with manifestation at an in-
volutional age (32.1% in the first cluster versus 17.2% 
in the second one), while in both clusters the number 
of patients with onset of bipolar disorder at 65 years 
of age and older turned out to be almost the same (5.6 
vs 7.4% respectively).

To address the issue of possible relationships be-
tween the identified features of the immune spec-
trum in the group of elderly patients with bipolar 
disorder, clinical and biological correlations were 
investigated. In the total group of all examined, a 
positive correlation was found between the severi-
ty of depression and an increase in the level of aAB 
to S100b (r  =  +0.323758, p  <  0.05) and a positive 
relationship between the severity of mania and LE 
activity (r = +0.561824, p < 0.05).

In the first cluster, a positive correlation was 
found between the intensity of mania and LE activity 
(r = +0.878310, p < 0.05). The second cluster also revealed 
a positive correlation between the intensity of hypoma-
nia/mania and LE activity (r = +0.582975, p < 0.05).

Cluster analysis of indices of immune markers in pe-
ripheral blood in patients with bipolar disorder in late 
age indicates different immunotypes of the disease. 
Their differences are determined by multi-vector devia-
tions in the values of the level of immunological indica-
tors in various affective states and at different stages 
of the disease, reflecting the qualitative and quantita-
tive diversity of neuroinflammation contribution to the 
pathogenesis of bipolar disorder.

Thus, the analysis of clinical and immunological re-
lationships showed that the isolated immunotypes, re-
flecting various variants of response of the inflammation 
system, are realized at the psychopathological level by 
various clinical characteristics of the disease.

DISCUSSION

In this study, for the first time in russian biological 
psychiatry, various immunological parameters (LE ac-
tivity, functional activity of α1-PI, the level of auto-
antibodies to S100b and MBP) in the peripheral blood 
of elderly and senile patients diagnosed with BD were 
investigated.

The revealed statistically significant differences 
in the level of proinflammatory immune markers in 
patients with BD from healthy controls of the same 
age confirms the hypothesis about the contribution of 
systemic inflammation to the pathogenesis of BD, one 
of the most common mental illnesses [10]. It seems 
important, that deviations from the normal parameters 
of immune markers of inflammation are consistent-
ly detected in blood samples taken both at the cru-
cial point of an affective episode, that is, during the 
exacerbation of the disease, and in remission, which 
confirms the validity of the concept of BD progres-
sion due to the development of neurodegeneration, 
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regardless of the manifestation age and the duration 
of the disease [14].

The fact that at the present stage of the study there 
were no significant differences in the level of markers of 
inflammation in the blood during affective episodes of 
different poles, can be explained primarily by the small 
size of some samples, which is one of the limitations of 
the study. In particular, mania/hypomania tends to be 
more rare with recurrence of bipolar disorder at a late 
age or with the initial manifestation of the disease in 
the second half of life. On the other hand, the similarity 
of immunological parameters in these cases may con-
firm the universal pathogenetic mechanism for affec-
tive disorders of different poles and the significance of 
the inflammatory link in the progression of BD, which is 
supposed to be based on neurodegenerative changes in 
the brain.

Of particular interest are some of the results ob-
tained, in particular, significant differences in immuno-
logical parameters in the blood of elderly patients with 
BD in a state of asymptomatic therapeutic remission in 
comparison with the same indicators in remission with 
residual affective disorders. This result also indicates the 
association of incomplete reversibility of disorders with 
neurodegeneration.

Bipolar disorder is extremely diverse in manifesta-
tions, which is reflected in different types of the disease, 
differences in the ratio of affective disorders of the de-
pressive and manic pole, different variants of changing 
affective episodes during the course of the disease. In 
the patients examined by the immunological method, 
this diversity was fully manifested, which, perhaps, did 
not contribute to the identification of a convincing con-
nection between the altered level of immune markers and 
individual manifestations of the disease.

The undertaken cluster analysis of indicators of in-
flammation markers in the peripheral blood of elderly 
and senile patients diagnosed with bipolar disorder 
made it possible to identify balanced and unbalanced 
immunotypes, confirming the clinical diversity of the 
disease. The results obtained indicate the possible de-
pendence of the differences on the various abilities 
of the organism reversibility of affective disorders, 
the preservation, or weakening of this tendency in the 
course of BD in late age, which may depend on the se-
verity of neurodegeneration during the progression of 
the disease.

Further study of the pathogenetic significance of 
neuroinflammation with special tasks of prognostic dif-
ferentiation of immune markers can be aimed at substan-
tiating new methods of therapeutic intervention, taking 
into account the contribution of neuroinflammation.

Thus, in the present study, using immunological 
markers, the presence of an inflammatory component 
was revealed in patients with BD, in contrast to healthy 
individuals. The variability of the studied immunologi-
cal parameters was noted, which was the reason for the 
cluster analysis, as a result of which two immunotypes 

of patients were identified, differing in immunological 
parameters.

The first immunotype was characterized by an 
increase in the activity of LE and α1-PI in the blood 
plasma, and the protease-inhibitory index, reflecting 
the ratio of these two parameters, detected the pre-
dominance of proteolytic activity, which may indicate 
balanced inflammatory process aimed at restoring ho-
meostasis.

The second immunotype was characterized by a 
decrease in LE activity and an increase in α1-PI, which 
led to a significant decrease in PII values, showing 
a decreased proteolytic activity of the inflammatory 
process, which may indicate unbalanced inflammatory 
process associated with functional depletion of neu-
trophils and be a prognostically unfavorable factor. 
Such distribution of immunotypes is associated with 
clinical differences in the manifestations of BD in late 
age, presented to varying degrees. This concerns the 
increase in the first cluster of the proportion of patients 
with late onset of BD simultaneously with an increase 
in the severity of affective disorders and a greater fre-
quency of mild cognitive decline. These data, although 
they are preliminary for use for prognostic purposes, 
nevertheless, definitely confirm the provisions of the 
concept of neuroinflammation in the pathogenesis of 
BD, in particular, in late age.

CONCLUSIONS

1. � The study of the level of inflammatory and auto-
immune markers in the blood of elderly and se-
nile patients diagnosed with BD in comparison 
with healthy controls of the same age proves 
the involvement of systemic inflammation in 
the pathogenesis of this disease.

2. � The universal contribution of inflammation to the 
pathogenetic mechanisms of BD is found both 
during the exacerbation of the disease and in re-
mission.

3. � The results of the cluster analysis of immune 
markers of inflammation made it possible to dis-
tinguish two immunotypes, namely balanced and 
unbalanced mechanisms of inflammation, reflect-
ing the differences in clinical manifestations and 
prognosis of BD.
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