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Association between symptoms of depression ==
and inflammatory parameters in people aged
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Abstract

Background Old age is a period of life that presents many health and social challenges, resulting in a greater
vulnerability to the development of mental disorders, including depression. There has been a growing interest in

the relationship between depression and inflammatory factors, because of its potential clinical and therapeutic
implications. Inflammatory processes, which were originally understood as a response to infection and trauma, appear
to play an important role in the pathogenesis of depression in the elderly. The aim of the study was to analyse the
relationship between the severity of depressive disorders and inflammatory parameters in people over 90 years of
age.

Methods The study was conducted in Poland in 2017. The study population consisted of long-lived individuals, both
living at home and staying in residential care homes. The participants were 90 people of both sexes (69 women and
21 men), aged between 90 and 103 years (mean =92.36; SD=2.98). The study was conducted using the diagnostic
survey method with a questionnaire technique. The Geriatric Depression Scale (GDS) was used to carry out the
analysis. The levels of selected inflammatory factors were determined using relevant laboratory tests.

Results In the study group, the highest percentage of people had symptoms of moderate depression (n=36;40%),
followed by those without depression (n=35;38.9%). There was a weak negative correlation between GDS scores and
fibrinogen levels (p <0.05). The logistic regression model showed no significant relationship between inflammatory
parameters and the development of depressive disorders.

Conclusions Inflammatory parameters do not appear to predict the development of depressive disorders in people
over 90 years of age.
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Background
Old age is a period of life that presents many health and
social challenges, resulting in a greater vulnerability to
the development of mental disorders, including depres-
sion. Depression is one of the most common psychi-
atric disorders affecting people over the age of 60. The
health burden of depression is expected to continue to
increase in the future, with the number of people aged 60
and older projected to rise from 901 million in 2015 to
1.4 billion in 2030 [1, 2]. In recent years, depression has
accounted for 5.7% of Years Lived with Disability (YLDs)
in people over 60 years of age [3]. Depression in old age is
a major health problem because of its negative impact on
quality of life, the progression of other diseases and rising
healthcare costs. Older people with depression have been
found to be at higher risk of suicide [4], pneumonia [5],
stroke [6] and chronic obstructive pulmonary disease [7].
There has been a growing interest in the relationship
between depression and inflammatory factors, because
of its potential clinical and therapeutic implications.
Inflammatory processes, which were originally under-
stood as a response to infection and trauma, appear to
play an important role in the pathogenesis of depres-
sion in the elderly. The immune system is thought to play
an important role in the pathophysiology of psychiatric
disorders in adults [8]. In patients with depression, the
inflammatory response system activates the hypotha-
lamic-pituitary-adrenal axis, leading to the production
of corticotropin-releasing hormone and adrenocortico-
tropic hormone, as well as an increase in the turnover
of serotonin and catecholamines [9]. The inflamma-
tory response system is stimulated by pro-inflammatory
cytokines secreted by macrophages, T cells and Natural
killer cells (NK cells) in response to the activation of the
immune system [10]. The psycho-neuro-inflammatory
theory is supported by past research, with studies show-
ing that stimulation of the hypothalamic-pituitary-
adrenal axis leads to the release of corticotropin by
pro-inflammatory cytokines such as interleukin (IL)-1,
IL-6 and tumour necrosis factor (TNF-a) [11]. Since
then, many studies have demonstrated increased levels
of acute-phase proteins and pro-inflammatory cytokines
such as C-reactive protein (CRP), IL-1, IL-1f, IL-6 and
TNF-a in depression [12—15]. Elevated levels of periph-
eral IL-1PB, IL-6 and TNF-a may be potential biomark-
ers of vulnerability to psychiatric disorders in adults, but
their role in older people remains incompletely under-
stood. In addition, reduced levels of anti-inflammatory
cytokines, such as IL-10, and Transforming growth fac-
tor beta 1 (TGF-P1), have been observed in the plasma
of depressed patients [16—19]. It has been also observed
that the concentration of fibrinogen exhibits a statisti-
cally significant positive correlation with depressive
symptoms [20].
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Ageing of the human body is a process that naturally
promotes the pro-inflammatory state by disrupting the
peripheral immune system, leading to an overactive
innate immune system with the release of pro-inflamma-
tory cytokines and reduced levels of anti-inflammatory
molecules. As the elderly population grows, understand-
ing the mechanisms by which inflammatory factors affect
the psyche and functioning of older people is becoming
increasingly important.

The aim of the study was to analyse the relationship
between the severity of depressive disorders and inflam-
matory parameters in people over 90 years of age.

Materials and methods
The study group
The study was conducted in Poland in 2017, in two
voivodeships— West Pomerania and Masovia. The
population of Masovia is largely indigenous to Poland,
whereas West Pomerania is characterised by a popula-
tion with a migrant background, due to the resettlements
after 1945. The study population consisted of long-lived
individuals, both living at home and staying in residential
care homes. The study included 90 people of both sexes
(69 women and 21 men) aged between 90 and 103 years
(mean=92.36; SD=2.98). Women accounted for 76.7% of
the studied population (mean age=92.59; SD=3.15), and
men 23.3% (mean age=92.59; SD=2.20).

The majority of respondents had secondary or voca-
tional education (49), 34 respondents had primary educa-
tion, and 7 respondents had higher education (Fig. 1).

Measures

The study was based on a diagnostic survey, delivered
using a face-to-face survey technique. The prevalence
of depression in the study group was assessed using a
screening test, the 15-item Geriatric Depression Scale
(GDS). Those who scored 0-5 points were considered
to be free of depression, 610 points indicated moderate
depression and 11-15 points indicated major depression
[20].

Venous blood was collected from each of the partici-
pants, after overnight fasting, between 7.00 a.m. and 9.30
a.m. in the morning, after a 10-min rest in a sitting posi-
tion, from the antecubital vein using Vacutainer tubes
(Sarstedt, Germany), separately into two tubes: one with
1 g/L K2 EDTA and the other for biochemical analysis of
serum (7.5 mL).

The blood was collected in accordance with the rel-
evant regulations and procedures for the collection, stor-
age and transport of biological material. Plasma levels of
proinflammatory IL-la, IL-6, TNF-a, fibrinogen, CRP,
and anti-inflammatory IL-10, TGF-B1 were measured
by immune-enzymatic assays using commercially avail-
able enzyme-linked immunosorbent assay (ELISA) kits,
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Fig. 1 Sociodemographic data

Table 1 Elements of statistical description of analysed variables

Inflam- N min-max Mean*SD Median Q1-Q3
matory

factors

TNF_a 90 1.23-69.06 10.92+10.31 848 6.34-12.08
(pg/mL)

TGF_pB1 90 8565.00- 39293.63+17163.26 37200.00 29328.00-
(pg/mL) 126180.00 46650.00
CRP 90 0.74-46.29 10.38+10.16 731 2.96-12.88
(mg/L)

Fibrinogen 90 4.19-41.22 39.71+647 40.89 40.81-
(ug/mL) 41.05
IL_10(pg/ 90 1.60— 21.94+68.91 279 1.60-19.77
mL) 631.70

IL_Ta(pg/ 90 1.10-2326 1.58+2.52 110 1.10-1.10
mL)

IL_1B (pg/ 90 0.35- 43.15+185.61 035 0.35-035
mL) 1355.00

IL_6(pg/ 90 2.00- 85.23+149.87 22.36 11.78-
mL) 668.80 54.24

Q1- First Quartile; Q3- Third Quartile; N- number of population; min-minimum;
max-maximum; SD-standard deviation

according to the manufacturer’s protocol: DRG, Ger-
many, for IL-1a,IL-18,IL-6, TNF-a, CRP, IL-10, TGF-p1
and Assaypro, USA, for fibrinogen.

All patients were thoroughly informed about the scope
and objectives of the study and gave their written consent
to participate. The study was approved by the Bioethics
Committee of the Pomeranian Medical University (no
KB-0012/47/16).

Statistical analysis

Statistical analysis was performed using the MedCalc sta-
tistical software version 19.1.5. (Ostend, Belgium). First,
the Shapiro-Wilk test for normality was applied and,
based on its results, non-parametric tests were then used.
Pearson’s chi-squared test was used to compare groups
in terms of the distribution of nominal variables. Mann-
Whitney or Kruskall-Wallis tests were used to identify
associations between selected quantitative variables
and nominal parameters, but only when the number of
observations exceeded 5. Correlation analyses were per-
formed using Spearman’s rank correlation method. The
cut-off value for statistical significance was set at p<0.05,
and p<0.1 was considered to indicate a statistical trend.
To control type I errors, the false discovery rate (FDR)
approach was used. The tables were made in APA format.

Results
Basic descriptive characteristics are presented in Table 1.
The prevalence of depressive disorders in the study
group was checked using the GDS method. The mean
score on GDS was 6.911+£3.9081 (me— 7; IQR 4-9). Out
of the study group (n=90), the highest percentage of peo-
ple had moderate depression symptoms (n=36;40%), fol-
lowed by those without depression (#=35;38.9%). Scores
indicative of major depression symptoms were recorded
in 19 respondents (21.1%). The results are presented in
Fig. 2.



Zabielska et al. BMC Geriatrics (2024) 24:317

Page 4 of 8

Depression severity

40

35

30

25

20

15

10

Major Depression

Fig. 2 Severity of depression in the study group, according to GDS

Moderate Depression

No Depression

Table 2 Correlation between GDS scores and tested blood parameters

CRP Fibrinogen (ug/ IL_10(pg/ IL_la(pg/ IL_1B(pg/  IL_6 (pg/mL) TGF_B1 TNF_a(pg/ age

(mg/L) mL) mL) mL) mL) (pg/mL) mL) (years)
rho -0.019 -0.215 -0.047 -0.014 0.008 0.049 0.087 -0.046 0.101
p-value 0.857 0.042 0.661 0.899 0.938 0.644 0417 0.666 0.345
FDR 0938 0378 0.938 0.938 0.938 0938 0.938 0938 0938
N 90 90 90 90 90 90 90 90 90

Rho- Spearman correlation coefficient; FDR - false discovery rate; N- number of population

In stage 1 of the study, we examined whether GDS
scores were correlated with the values of the measured
blood parameters. As shown in Table 2, a weak negative
correlation was observed for fibrinogen (p<0.05).

When the GDS scores were interpreted according to
the adopted classification criteria and analysed in relation
to the same blood parameters, no significant relation-
ships were found. Tables 3 and 4.

Then, we analysed whether the levels of the cytokines
studied could predict the development of depression.
However, the logistic regression model did not show any
significant relationships (Table 5).

In the final stage of the study, the parameters measured
were examined to determine which could serve as pre-
dictors of symptoms of any level of depression (depres-
sion n=>55). The results are presented in the Table 6. It
was established that none of the analyzed parameters are
significant predictors of depression within the studied
group (p=0.2291).

Discussion

The correlation between elevated levels of inflamma-
tory proteins in the blood and the likelihood of late-life
depression remains uncertain. It is worth noting that
cytokines may act as intermediaries between immune

cells and nerve cells. Within the brain, they have been
linked to immunological, neurochemical, neuroendo-
crine, and behavioural functions [21]. The excessive
release of pro-inflammatory cytokines has been postu-
lated to play a role in the development of depression [22].
Pro-inflammatory cytokines interfere with many of the
pathophysiological mechanisms that are characteristic of
the pathogenesis of depression, such as reduced synap-
tic plasticity and altered serotonin metabolism [23, 24].
Hayley et al. [25] have advanced the proposition that the
activation of neuroinflammatory cascades, mediated by
pro-inflammatory cytokines, induces detrimental effects
on neurons via the release of oxidative species by microg-
lia. Their hypothesis postulates a potential influence of
cytokines on brain-derived neurotrophic factor [26] and
serotonin, which may lead to the manifestation of depres-
sive symptoms. Furthermore, these authors have posited
that the release of cytokines may indirectly contribute to
depression by instigating oxidative processes, which in
turn adversely impact neuroplasticity [25].

Over the years, numerous studies have been carried
out among older people in different countries around the
world in search of a relationship between pro-inflamma-
tory factors and depression. However, the results of these
studies are inconsistent.
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Table 3 Testing for significant variables in the relationship between depression severity and selected blood parameters

Factors GDS N Median Q1-Q3 min-max Kruskal-Wallis test; p-value FDR
TNF_a (pg/mL)  MAJOR DEPRESSION 19 870 6.96-1051 5.17-27.04 H=0975 0.958
MODERATE DEPRESSION 36 7.89 5.57-11.66 1.23-69.06 p=0615
NO DEPRESSION 35 892 5.89-13.45 2.39-67.37
TGF_B1 (pg/mL)  MAJOR DEPRESSION 19 19 38,910 2777850-5946000  H=0793 0.958
MODERATE DEPRESSION 36 36 35,385 29551.50-4431000  p=0673
NO DEPRESSION 35 35 39,960 28994.25-47370.00
CRP MAJOR DEPRESSION 19 1029 545-16.45 1.50-3357 H=3.644; 0.958
(mg/L) MODERATE DEPRESSION 36 486 229-11.08 1.02-46.29 p=0.162
NO DEPRESSION 35 791 344-1365 0.74-44.39
Fibrinogen MAJOR DEPRESSION 19 4089 40.81-41.05  40.73-41.14 H=2.735 0.958
(ug/mL) MODERATE DEPRESSION 36 4089 40.73-4105  4.19-41.14 p=0.255
NO DEPRESSION 35 4097 4089-4105  5.83-41.22
IL_10 (pg/mL) MAJOR DEPRESSION 19 160 160-8.22 1.60-129.40 H=1.0061 0.958
MODERATE DEPRESSION 36 407 1.60-28.45 1.60-631.70 p=0.605
NO DEPRESSION 35 3.1 160-17.52 1.60-76.20
IL_Ta (pg/mL) MAJOR DEPRESSION 19 110 1.10-1.10 1.10-1.92 H=0.203 0.958
MODERATE DEPRESSION 36 1.10 1.10-1.11 1.10-10.19 p=0.904
NO DEPRESSION 35 1.10 1.10-1.10 1.10-23.260
IL_1B (pg/mL) MAJOR DEPRESSION 19 035 0.35-0.35 0.35-293.10 H=0445 0.958
MODERATE DEPRESSION 36 035 0.35-0.35 0.35-1355 p=0.799
NO DEPRESSION 35 035 0.35-0.35 0.35-748.40
IL_6 MAJOR DEPRESSION 19 2027 1249-4609  7.46-437.40 H=0.086 0.958
(pg/mL) MODERATE DEPRESSION 36 22.36 13205112 2-668.80 p=0958
NO DEPRESSION 35 276 7.82-57.95 2-596

Q1- First Quartile; Q3- Third Quartile; N- number of population; min-minimum; max-maximum;FDR - false discovery rate

Table 4 Testing for significant parameters in the relationship between presence of depression and selected blood parameters

Variable Depression="Depression” Depression="No depression” p-value for Mann-Whitney test FDR
N Median Q1-Q3 N Median Q1-Q3

TNF_a (pg/mL) 55 8405 6.71-11.30 35 8.924 5.89-1345 0617 0.898
TGF_B1 (pg/mL) 55 37,110 29350.50-46327.50 35 39,960 28994.25-47370.00 0.719 0.898
CRP (mg/L) 55 6.38 241-11.83 35 791 3.45-13.66 0454 0.898
Fibrinogen 55 40.89 40.81-41.05 35 4097 40.89-41.05 0.102 0.898
(Hg/mb)

IL_10 (pg/mL) 55 2467 1.60-25.39 35 3.107 1.60-17.52 0.806 0.898
IL_Ta (pg/mL) 55 1.1 1.10-1.10 35 1.1 1.10-1.10 0.898 0.898
IL_1B (pg/mL) 55 0.35 0.35-0.35 35 0.35 0.35-0.35 0.606 0.898
IL_6 (pg/mL) 55 20.27 13.20-48.00 35 27.16 7.82-57.95 0.769 0.898

Q1- First Quartile; Q3- Third Quartile; N- number of population; FDR - false discovery rate

Table 5 Logistic regression for predictors of developing depression

Variable Coefficient Std. Error Wald P Odds ratio 95% Cl

TNF_a (pg/mL) -0.00907 0.024748 0.1342 0.7141 0.991 0.9441 to0 1.0402
TGF_B1 (pg/mL) -1.4E-05 1.64E-05 0.6827 0.4086 1 1.0000 to 1.0000
CRP (mg/L) -0.00295 0.024845 001412 0.9054 0.9971 0.9497 to 1.0468
Fibrinogen (ug/mL) -0.13312 0.14924 0.7957 03724 0.8754 0.6533t01.1728
IL_10 (pg/mL) 0.019547 0.015589 15722 0.2099 1.0197 0.9891t0 1.0514
IL_Ta (pg/mL) -0.32407 0.30289 1.1447 0.2847 0.7232 0.3994 to 1.3094
IL_1B (pg/mL) 0.000507 0.001407 0.1299 0.7185 1.0005 0.9978 to 1.0033

p-p-value
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Table 6 Predictors of symptoms of any level of depression
Depression symptoms (n=55)

Variable Coefficient Std.Error Oddsratio 95%Cl P
TNF-a -0.016045 0.024988 0.9841 09370 0.5208
lpg/ml] to

1.0335
TGF_pB1 - 0.00001703 1 0.9999 0.0942
(pg/mL) 0.000028501 to

1.0000
Fibrino- 0.31362 0.22253 1.3684 0.8847 0.1587
gen (ug/ to
mL) 2.1165
IL_10(pg/ 0.01234 0.011338 1.0124 0.9902 02764
mL) to

1.0352
IL_1B (pg/ 0.014684 0.012923 1.0148 0.9894 0.2558
mL) to

1.0408
IL_Ta(pg/ 0.5412 0.35588 1.7181 0.8553  0.1283
mL) to

34512
IL_6(pg/ -0.0024651 0.0016562 0.9975 09943 0.1366
mL) to

1.0008
Al- 20.96395 17320.2784 1,270,000,000 NA 0.999
zheimer's
disease
Parkin- 0.029617 1.58242 1.0301 0.0463 09851
son’s to
disease 22.9005
Coronary  0.059827 0.89055 1.0617 0.1853  0.9464
disease to

6.0819
Hyperten- 0.84906 0.66259 2.3375 06379 02
sion to

8.5655
Cancer 1.78127 1.37069 59374 04044 0.1938

to

87.1666
Osteopo-  0.21687 0.94583 1.2422 0.1946 08186
rosis to

7.9303
Stroke 20.00877 8573.99365 489,000,000 NA 0.9981
Myo- 1.25588 1.59924 35109 0.1528 04323
cardial to
infarction 80.6717

A study of 358 elderly people in the Netherlands found
no statistically significant associations between IL-6 and
CRP levels and depression, which was analysed in terms
of characteristics including severity, age of onset and
type of depression (normal, atypical, melancholic) [27].
Forti et al.,, in a two-stage study with a 4-year interval on
a group of 968 elderly people in Italy, after adjustment
for possible confounders and multiple comparisons, also
failed to demonstrate the usefulness of the blood inflam-
matory proteins IL-6, TNF- o, CRP as potential predic-
tors of the development of depression in older age [28]. A
meta-analysis by Ng et al., including 34 studies involving
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a total of 2609 older people with depression and 14,363
controls, found that TNF-a and CRP levels were not sig-
nificantly different between older people with and with-
out depressive disorders [11]. Our study also found no
significant relationships between IL-6, CRP and TNF-a
and depression.

On the other hand, in a cross-sectional study con-
ducted in Brazil, an assessment of the relationship
between IL-1f and the incidence of depression in older
age found higher levels of this pro-inflammatory fac-
tor in people with depression compared with controls.
After dividing the patients with depression into late-
onset and early-onset groups, it was found that patients
in the second group had the highest levels of IL-1p. The
authors suggest that an increased pro-inflammatory state
may play a role in the physiopathology of depression in
older people [29]. Thomas et al. [30] and Torres et al.
[31] showed elevated IL-1f levels in late-onset depres-
sion patients compared with controls. Charlton et al., in
a study involving a group of US seniors, showed that pro-
inflammatory cytokines (IL-1B, TNF-a and IL-6) were
higher in late-life depression compared to healthy older
adults [32]. In addition, a study conducted in Greece
suggested an association between elevated levels of IL-6
and depressive symptoms in older people [33]. A study
from Poland found significantly higher levels of both IL-6
and CRP in study participants with depression than in
those without [34]. In turn, Martinez-Cengotitabengoa
et al. conducted a systematic review based on a qualita-
tive analysis of six studies and found that elevated levels
of peripheral IL-6 and TNF-a may indicate vulnerability
to depression in late life [35]. Penninx et al. showed that
not only are the levels of inflammatory cytokines elevated
in patients with major depression, but there is also a link
between elevated levels of CRP, IL-6 and TNF-a and
depressed mood in a community-based sample of older
people [36].

Research findings also indicate that both major depres-
sion and depressive symptoms are associated with
elevated serum concentrations of inflammatory media-
tors, including acute-phase proteins such as CRP and
fibrinogen [37-39], and these findings are not restricted
to older age groups. In a study combining data from
two large population-based studies in Copenhagen,
involving 73,367 men and women aged 20-100 years,
elevated fibrinogen levels were associated with psycho-
logical distress, antidepressant use and hospitalisation for
depression [40]. In the present study, we showed a weak
negative correlation between GDS scores and fibrinogen
levels, but when GDS scores were interpreted according
to the adopted classification criteria this relationship was
not confirmed.

TGF-B1 is a factor with anti-inflammatory and neu-
roprotective properties against amyloid-B (Ap)-induced
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neuronal degeneration and is crucial for memory forma-
tion and synaptic plasticity. Reduced plasma TGF-$1 lev-
els have been observed in patients with major depression,
correlating with the severity of depressive symptoms
and contributing significantly to treatment resistance in
major depression [41]. This is not confirmed by the pres-
ent study. In animal models of depression, increased
levels of pro-inflammatory cytokines, such as IL-1p and
TNEF-a, and decreased levels of anti-inflammatory cyto-
kines, such as IL-10 and TGF-B1, have been observed in
the hippocampus and cortex [42].

The results of the previously mentioned meta-analysis
by Ng et al. showed significantly higher levels of IL-1p
and IL-6 in older people with diagnosed depression com-
pared to those without depressive disorders [11]. In our
study, there were no statistically significant correlations
between the levels of the cytokines studied and the sever-
ity or development of depression.

As we age, our effectiveness tends to decline. If our lives
have been successful, we derive satisfaction from what we
have achieved and how it has impacted us. However, if we
feel that we have not achieved our life goals and are dis-
satisfied with life, we may experience a sense of despair
leading to depressive disorders [43]. In a study by the
authors, 35 people showed no symptoms of depression.
In the article by Aiello A. et al,, the case of a 100-year-
old resident of Sicily who also showed no symptoms of
depression was described. Research focusing on cente-
narians portrays them as the optimal model of aging. In
situations where age-related diseases occur between the
ages of 80 and 99, they are termed “delayed”; if diseases
occur before the age of 80, they are termed “survivors”;
and if they reach the age of 100 without any diseases,
they are referred to as “escapers” [44].Uncertainties and
conflicting research findings regarding the links between
depression and levels of pro-inflammatory factors high-
light the need for further research, potentially as part of a
comprehensive exploration of the interplay between oxi-
dative damage and inflammation in the pathophysiology
of geriatric depression.

Conclusions

Inflammatory parameters do not appear to predict the
development of depressive disorders in people over 90
years of age.

Limitations

One limitation of the study was the small group size. It
arises from the fact that the study included individu-
als who were in logical contact and expressed informed
consent to participate in the study. Further research
should be considered to increase the sample size. The
Geriatric Depression Scale is one of the more commonly
used tools to screen for depression in the elderly. It is a
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self-assessment scale which means that it relies on the
respondent’s honesty, which is subjective.
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