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Abstract The purpose of the study was to determine the prognostic significance of the level of micronutrients and
markers of systemic inflammation in the worsening of the clinical course of chronic obstructive pulmonary disease (COPD)
associated with anxiety and depressive disorders. Materials and methods. We examined 100 patients with COPD aged
38-82 years who were treated in the pulmonology department of the Republican Scientific and Practical Medical Center
and 30 practically healthy controls, matched by age and gender. Clinical and functional assessment, spirometry,
determination of the severity of shortness of breath according to the mMMRC scale, the impact of the disease on daily life
according to CAT, psychometric evaluation according to the HADS and CES-D scales, as well as laboratory determination
of C-reactive protein, fibrinogen, vitamin D, magnesium and zinc were carried out. To assess the prognostic significance,
logistic regression analysis was used to calculate the odds ratio (OR) and 95% confidence intervals. Results.
Anxiety-depressive syndrome was detected in 78.0% of patients. COPD patients with anxiety and depressive disorders
were characterized by a more severe course of the disease: lower FEV1 (35.1 1.5% vs. 55.9 5.6%; p 20 mg | (OR 4.4; 95%
Cl1.8-10.8; p 0.001) and decreased 25(OH)D levels 30 ng ml (OR 3, 8; 95% CI 1, 6-9, 0; p 0, 003).
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1. Introduction

Chronic obstructive pulmonary disease is among the
most significant chronic non-communicable diseases and
maintains a stable position among the leading causes of
disability, reduced quality of life, and premature mortality
in the adult population [1,2,5,9,14]. The modern understanding
of COPD extends beyond solely a bronchopulmonary
process: the disease is viewed as a systemic pathology with
a multifactorial pathogenesis, in which chronic inflammation,
oxidative stress, immune dysregulation, and various comorbid
conditions play an important role [2,3,5,9]. This is precisely
why assessing the clinical course of COPD is currently
impossible without analyzing extrapulmonary manifestations
that can modify the disease's prognosis.

One of the most clinically significant comorbid conditions
in COPD is anxiety-depressive disorders. Their prevalence
in this category of patients, according to various authors,
remains high and can reach 30-60%, and in certain clinical
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samples, even higher values [4,6,12,15]. Anxiety and depression
are not limited to a worsening of psycho-emotional well-
being: they are associated with an increased subjective
perception of dyspnea, reduced adherence to basic therapy,
decreased exercise tolerance, and an increased frequency
of exacerbations and re-hospitalizations [1,4,6,15]. Thus,
psycho-emotional comorbidity can be considered one of the
factors that exacerbate the course of COPD and influence
its clinical phenotype.

The pathogenetic link between COPD and anxiety-
depressive disorders is largely mediated by chronic systemic
inflammation. Elevated levels of C-reactive protein and
fibrinogen are considered a laboratory reflection of
inflammatory process activity and an unfavorable prognosis
in COPD [3,10,13]. Concurrently, data have accumulated
regarding the role of inflammation in the development
and maintenance of depressive symptomatology, including
neuroinflammatory changes, hypothalamic-pituitary-adrenal
axis dysregulation, and neurotransmitter imbalance
[7,10,13]. In this regard, the assessment of inflammatory
markers in patients with COPD and anxiety-depressive
symptoms is of not only diagnostic but also prognostic
interest.
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No less important is the study of micronutrient status.
Vitamin D, magnesium, and zinc are involved in immune
regulation, antioxidant defense, maintenance of muscle
function, and central nervous system functioning [7,8,10,11].
Vitamin D deficiency is associated with more pronounced
inflammation, impaired lung function, and an increased risk
of unfavorable COPD progression [7,8,10]. Magnesium
and zinc insufficiency are considered factors that disrupt
neurotransmitter and metabolic processes, contributing to
the exacerbation of both respiratory symptoms and psycho-
emotional disorders [8,11]. Therefore, a combined assessment
of inflammatory biomarkers and micronutrients can provide
a more comprehensive understanding of the mechanisms
that worsen COPD associated with anxiety-depressive
disorders.

Despite the existence of individual studies focusing on
the role of inflammation, vitamin D deficiency, or psycho-
emotional disorders in COPD, a comprehensive assessment
of their prognostic significance within a unified clinical-
laboratory approach remains underdeveloped [1,3,7,8,10,
11]. The search for markers that would allow for the early
identification of patients at high risk of unfavorable clinical
progression and, consequently, justify a more personalized
management strategy is particularly relevant. This has
determined the direction of the present study.

Purpose of the study

To determine the prognostic significance of the level of
micronutrients and markers of systemic inflammation in the
worsening of the clinical course of chronic obstructive
pulmonary disease associated with anxiety and depressive
disorders.

2. Materials and Methods

The study was carried out on the basis of the Department
of Pulmonology of the Republican Scientific and Practical
Medical Center. The study included 100 patients with a
verified diagnosis of COPD, aged 38 to 82 years, who were
hospitalized. Diagnosis was based on GOLD (2020) criteria
9. The control group for laboratory comparison consisted of
30 practically healthy individuals matched by age and
gender.

Inclusion criteria were a verified diagnosis of COPD,
voluntary informed consent to participate in the study, and
the patient’s ability to adequately assess his condition.
Exclusion criteria included refusal to participate, severe
comorbidity, history of mental illness, alcoholism or drug
abuse, or other conditions that would prevent compliance
with the study procedure.

All patients underwent clinical and anamnestic assessment,
spirometry with determination of FEV1, assessment of the
degree of dyspnea using the mMRC scale and symptom
load using the CAT questionnaire. Psychoemotional status
was studied using the HADS hospital anxiety and depression
scale and the CES-D scale. The laboratory block included
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determination of the levels of C-reactive protein, fibrinogen,
25(0OH)D, magnesium and zinc.

Statistical processing was carried out using generally
accepted methods of variation statistics. Quantitative data
are presented as mean and standard deviation or median and
interquartile range, depending on the nature of the distribution.
Between-group differences were assessed using Student's t
test; qualitative characteristics were presented in the form
of absolute and relative values. To analyze the prognostic
significance of laboratory parameters, logistic regression
was used to calculate odds ratios and 95% confidence intervals.
Differences were considered statistically significant at p 0.05.

3. Results

Clinical and demographic characteristics of the examined
cohort are presented in Table 1. The presented data show
that the study included a predominantly elderly population
of patients with COPD with a high proportion of men, a
significant tobacco load and a predominance of severe
stages of the disease. Already at the initial stage, attention
is drawn to the high frequency of exacerbations and
hospitalizations, which reflects the clinical severity of the
observed sample.

Table 1. Initial clinical and demographic characteristics of patients with
COPD

Parameter Value
Age, years 65,540,8
Men, % 86,0
Women, % 14,0
BMI, kg m=2 25,540,52
Bronchitic phenotype, % 57,0
Emphysematous phenotype, % 27,0
Mixed phenotype, % 16,0
Smoking history factor, % 75,0
Smoking experience, years 30,9H,9
Number of cigarettes per day 17,244
Smoker index 35,943,2
Exacerbations per year 3,640,11
Hospitalizations for exacerbations per year 2,340,08
GOLD I, n (%) 6 (6,0%)
GOLD I, n (%) 13 (13,0%)
GOLD I, n (%) 51 (51,0%)
GOLD IV, n (%) 30 (30,0%)

The next step was to assess the prevalence of anxiety and
depressive symptoms. As can be seen from Table 2 and
Figure 1, signs of anxiety and depression of varying
severity were found in the majority of the patients examined.
Particularly indicative is the high proportion of subclinical
and clinically pronounced disorders, which emphasizes the
need for systematic psychometric screening in routine
monitoring of patients with COPD.
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Table 2. Distribution of anxiety and depressive symptoms in patients with COPD

scale category Score range n %
HADS-A norm 0-7 35 35,0
HADS-A Subclinical anxiety 8-10 32 32,0
HADS-A Clinically significant anxiety >=11 33 33,0
HADS-D Normal 0-7 22 22,0
HADS-D Subclinical depression 8-10 39 39,0
HADS-D Clinically significant depression >=11 39 39,0
CES-D Normal 0-17 22 22,0
CES-D Mild depression 18-26 48 48,0
CES-D Average depression 27-30 18 18,0
CES-D severe depression >31 12 12,0

Table 3. Distribution of patients depending on the presence of anxiety-depressive syndrome

Share of patients, %

60

group Criteria n %
Group | | Presence of anxiety-depressive syndrome (HADS>= 11 and or CES-D >=17) 78 | 78,0
Group Il | Absence of anxiety-depressive syndrome (HADS < 11 and CES-D <17) 22 | 22,0
Total - 100 | 100
Table 4. Clinical and functional differences between groups of patients with COPD
Parameter Group | (n=78) Group Il (n=22) p
Age, years 65,340,9 66,4+1,6 0,049
Men, n (%) 67 (85,9%) 19 (86,4%) 1,00
BMI, kg/m= 25,440,6 26,141,1 0,0084
History of smoking, n (%) 61 (78,2%) 14 (63,6%) 0,174
FEV1, % predicted 35,145 55,945,6 <0,001
mMRC, points 3,340,08 [2-4] 1,7320,26 [0-3] <0,001
CAT, scores 25,940,6 15,1+,6 <0,001
Exacerbations/ year 3,840,09 2,840,3 <0,001
Hospitalization /year 2,440,08 1,640,2 <0,001
GOLD I-I1, n (%) 7 (9,0%) 12 (54,5%) <0,001
GOLD I1I-1V, n (%) 71 (91,0%) 10 (45,5%) <0,001

B Normal

B Subclinical symptoms

B Clinically significant symptoms

HADS-A

HADS-D

CES-D

Figure 1. Distribution of anxiety-depressive symptoms according to the HADS and CES-D scales
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Based on the results of HADS and CES-D, patients were
divided into two subgroups: group | - patients with anxiety-
depressive syndrome, group Il - patients without it. The
proportion of patients with clinically significant psycho-
emotional disorders was 78.0%, which further emphasizes
the high frequency of comorbid mental symptoms in the
inpatient cohort of COPD patients.

A comparative analysis of clinical and functional
parameters showed that the presence of anxiety-depressive
syndrome is associated with a more severe course of COPD
(Table 4). Despite the comparability of the groups by
gender, smoking and a number of baseline characteristics,
patients in group | had a lower FEV1, higher mMRC and
CAT values, as well as a greater number of exacerbations
and hospitalizations. A smooth transition from demographic
comparison to functional differences allows us to consider
the identified changes as clinically significant and not random.
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The laboratory block of the study made it possible to
supplement clinical observations with objective biochemical
data (Table 5). Compared with controls, patients with
COPD had higher levels of CRP and fibrinogen, as well
as lower values of vitamin D, magnesium and zinc. The
most unfavorable profile was found in group I, which is
consistent with a more severe clinical course of the disease
and a greater severity of psycho-emotional disorders.

Logistic regression analysis was performed to assess the
prognostic significance of laboratory parameters. The
results of Table 6 and Figure 3 show that the greatest
strength of association with severe COPD associated with
anxiety and depressive disorders was a combined deficiency
of two or more micronutrients, an increase in CRP and a
decrease in vitamin D levels. The inclusion of confidence
intervals allows us to judge not only the magnitude of the
effect, but also its stability.

Table 5. Markers of systemic inflammation and micronutrient status

Parameter control (n=30) Group | (n=78) Group Il (n=22) p

CRP, mg/ L 2,541,2 [1,0-3,0] 20,643,2 [1-130] 16,846,1 [1,5-130] <0,001
Fibrinogen, g/L 3,2540,40 [2,5-4,0] 5,930,22 [2,75-15,5] 6,020,4 [3,75-9,5] <0,001
225(0CH)D, ng /mL 65,0+1,3 [42-85] 30,58+1,9 [5-80,1] 46,9+2,8 [30-66,7] <0,001
Magnesium, mmol/L 0,8549,07 [0,66-1,03] 0,6549,01 [0,48-0,86] 0,67490,02 [0,54-0,78] <0,001
Zinc, mg/dL 98,045,0 [66-145] 48,3530,9 [34,48-67,74] 59,943,6 [34,63-93,7] <0,001

Table 6. Logistic regression: laboratory predictors of unfavorable course of COPD

Predictor Threshold value OR 95% DI p
C-reactive protein >=20 mg/L 4.4 1,8-10,8 0,001
Fibrinogen >=6,0 g/L 3,2 1,4-7,6 0,007
25(0H)D <30 ng/ml 38 1,6-9,0 0,003
Magnesium <0,66 mmol/L 2,9 1,2-7,0 0,018
Zinc <50 mg/DI 2,6 1,1-6,1 0,031
Combined deficiency of >=2 micronutrients Yes/No 51 2,0-13,2 <0,001

B Group | (with ADD)

Group Il (without ADD)

-

16

Hospitalizations/year

-
Exacerbations/year
2.8
mMRC, points -
1

FEV1, % predicted

35.1

55.9

(=3
=
o

30 60

Mean value

40 50

Figure 2. Clinical and functional indicators in groups of patients with COPD depending on the presence of anxiety-depressive syndrome
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Figure 3. Odds ratios for laboratory predictors of unfavorable COPD

From a practical point of view, the totality of identified
clinical and laboratory patterns makes it possible to present

the results in the form of a structured risk stratification scale.

Table 7 consistently shows the main components of the final
assessment, including parameters of symptom load, frequency
of exacerbations, indicators of external respiratory function,
the presence of anxiety and depressive disorders, markers of
systemic inflammation and signs of micronutrient deficiency.
This representation facilitates the integral interpretation
of the data obtained and makes their step-by-step clinical
assessment possible.

Table 7. Components of the prognostic risk score

Block Predictor Threshold points
Clinical CAT >=20 points 2
Clinical mMRC >=2 points 2
Clinical FEV1 <50% predicted 2

Inflammation CRP >=20,0 mg/L 3
Inflammation Fibrinogen >=6,0 g/L 2
Micronutrients 25(0OH)D <30 ng/mL 3
Micronutrients Magnesium <0,66 mmol/L 2
Micronutrients Zinc <50,0 mg/L 2

The scale presented in Table 7 combines the most significant
indicators that in the present study were associated with a
more severe course of the disease. Moreover, the structure
of the scale makes it possible to take into account not one
isolated parameter, but the combined influence of clinical
symptoms, inflammatory activity and micronutrient disorders.
This approach makes the final score more clinically
applicable because it reflects the multicomponent nature
of COPD progression. The next step is the interpretation of
the total score, which allows you to assign the patient to a
certain risk category and select the appropriate monitoring
tactics. These data are shown in Table 8.

Table 8. Risk categories by total points

Total Risk Clinical interpretation
score category
05 Low risk Stan_dard managemgnt of CQPD and

routine psychometric screening
In-depth assessment, dynamic monitoring

6-11 Moderate risk | and correction of identified deficiencies
are needed

12-18 High risk ngh pro_baplllty of unfavorablne course;
interdisciplinary management indicated

4. Discussion

The results obtained confirm that anxiety and depressive
disorders occupy a significant place in the structure of
comorbidity in COPD and are associated with a more
severe clinical phenotype of the disease. In the present
study, anxiety-depressive syndrome was detected in 78.0%
of patients, which exceeds the average figures given in
the literature for the general population of COPD patients,
but corresponds to data from clinical samples with a
predominance of patients with moderate and severe disease
[4,6,15] This frequency probably reflects the combined
influence of a pronounced symptom burden, a long course
of the disease and a high frequency of exacerbations.

Particularly noteworthy is the fact that the presence of
anxiety-depressive syndrome was accompanied not only by
changes in psychometric indicators, but also by a significant
deterioration of key clinical and functional parameters. In
patients of group I, FEV1 was significantly lower, and mMRC
and CAT scores were significantly higher than in patients
without anxiety-depressive syndrome. This is consistent
with the idea of a two-way relationship between the severity
of bronchial obstruction, the severity of symptoms and
psycho-emotional maladjustment: the more severe the



American Journal of Medicine and Medical Sciences 2026, 16(5): 2488-2494

respiratory restrictions, the higher the risk of anxiety and
depression, and psycho-emotional disorders, in turn, increase
the subjective perception of shortness of breath and reduce
the patient’s adaptive capabilities [1,4,6,12,15].

The increased frequency of exacerbations and hospitalizations
in patients with anxiety-depressive syndrome is of particular
clinical interest. Repeated exacerbations reflect not only
greater biological activity of the disease, but also a higher
risk of functional decline in the long term. The differences
observed in our work indicate that psychoemotional
comorbidity is associated with a more unfavorable course of
COPD and can be used as an additional marker of clinical
instability. This finding is consistent with the literature that
anxiety and depression are associated with lower treatment
adherence, poorer disease self-management, and more frequent
health care utilization [1,4,6,15].

The laboratory block of research complements the clinical
picture. Patients with COPD showed pronounced signs of
systemic inflammation, and the most unfavorable profile
was observed in the group with anxiety and depressive
disorders. A significant increase in the levels of CRP and
fibrinogen is consistent with modern ideas about chronic
systemic inflammation as one of the universal pathogenetic
mechanisms of COPD progression [3,10,13] The presence
of higher values of inflammatory markers in patients
with psychoemotional disorders further indicates the likely
commonality of inflammatory and neuropsychiatric mechanisms
[7,10,13].

No less revealing was the assessment of micronutrient status.

In the study cohort, a significant decrease in the levels of
vitamin D, magnesium and zinc was found, and the most
pronounced deficiency was characteristic of patients with
anxiety-depressive syndrome. These data are consistent
with the literature on the role of vitamin D in regulating
the immune response and muscle function, as well as the
importance of magnesium and zinc in maintaining metabolic
and neurotransmitter balance [7,8,10,11]. It is important that
the differences were not only statistically significant, but
also clinically significant, since they were accompanied by
a deterioration in functional and symptomatic indicators.

The results of logistic regression analysis allow us to
move from describing associations to identifying specific
prognostically significant features. In the present study,
the strongest association with severe COPD associated
with anxiety and depressive disorders was demonstrated
by a combined deficiency of two or more micronutrients,
an increase in CRP and a decrease in vitamin D levels. This
result seems natural: a combined micronutrient deficiency
reflects a deeper metabolic imbalance, while high levels
of CRP characterize active systemic inflammation. The
joint assessment of these parameters allows us not to limit
ourselves to fixing an already formed serious condition, but
to use them for risk stratification.

The practical value of the data obtained lies in the fact
that they served as the basis for the development of a
clinical and laboratory prognosis scale. Unlike an isolated
assessment of symptoms or a single biochemical indicator,
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the proposed approach combines clinical, inflammatory
and micronutrient components, that is, it reflects the
multicomponent nature of the unfavorable course of COPD.
This integrative model is consistent with the current
understanding of COPD as a systemic disease and can be
used to earlier identify patients who require enhanced
monitoring and multidisciplinary management.

In general, the results of the study allow us to consider
anxiety and depressive disorders, systemic inflammation
and micronutrient deficiency as interconnected parts of a
single unfavorable course of COPD. This expands the clinical
assessment of the patient and confirms the feasibility of
an integrated approach, including psychometric screening,
monitoring of inflammatory parameters and assessment of
nutritional status.

5. Conclusions

1. Anxiety and depressive disorders are widespread in
patients with COPD and were detected in 78.0% of
patients in the study sample.

2. The presence of anxiety-depressive syndrome is
associated with a more severe clinical course of the
disease: a more pronounced decrease in FEV1, higher
mMMRC and CAT values, a higher frequency of
exacerbations and hospitalizations.

3. Patients with COPD, especially those with anxiety
and depressive disorders, have higher levels of C-
reactive protein and fibrinogen, as well as more
pronounced deficiencies of vitamin D, magnesium
and zinc.

4. The most significant laboratory predictors of an
unfavorable course of COPD associated with anxiety
and depressive disorders are a combined deficiency
of two or more micronutrients, an increase in CRP 20
mg | and a decrease in the level of 25(OH)D 30 ng ml.

5. Integration of psychometric, clinical, functional and
laboratory indicators allows for risk stratification and
justifies a personalized approach to the management
of patients with COPD.
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