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Iron deficiency and anemia are common comorbidities in patients with chronic heart failure (CHF) and are associated with reduced
exercise tolerance, impaired quality of life, and poor prognosis. Depression and anxiety are also common and may further worsen
clinical outcomes.

Aim. To evaluate the dynamics of hematological and iron metabolism parameters in patients with chronic heart failure of ischemic
etiology and iron deficiency anemia treated with intravenous ferric carboxymaltose (FCM), with special attention to the impact of
concomitant depressive and anxiety symptoms.

Materials and methods. A prospective observational study was conducted on 57 patients with CHF of ischemic etiology and labo-
ratory-confirmed iron deficiency anemia. All patients received standard CHF therapy and intravenous FCM. Sertraline was added
to 23 patients with clinically significant depressive and anxiety symptoms. Hematological parameters, iron parameters, quality of
life and psychometric parameters (PHQ-9, GAD-7, SAQ) were assessed at baseline, day 160, and day 340.

Results. Treatment resulted in significant improvements in hemoglobin, ferritin, transferrin saturation and red blood cell count in the
cohort. In the subgroup with depressive/anxiety symptoms, improvements were more pronounced: hemoglobin levels increased
from 111.6 (106.0; 126.4) g/L to 140.9 (125.7; 156.0) g/L at day 160 and 142.1 (128.5; 159.2) g/L at day 340, while ferritin levels
increased from 52.7 (47.5; 59.0) ug/L to 103.8 (90.6; 111.0) pg/L and 116.0 (101.2; 123.9) pg/L, respectively. Depression and
anxiety scores (PHQ-9, GAD-7) decreased significantly, which was accompanied by improvements in quality-of-life scores.

Conclusions. Intravenous administration of FCM effectively corrects iron deficiency anemia in patients with CHF of ischemic etiology,
resulting in sustained improvements in hematological and clinical parameters. Patients with comorbid depression and anxiety demon-
strated more pronounced benefits, likely due to the combined effect of anemia correction and psychotropic support with sertraline.
These results support a multidisciplinary approach that integrates cardiological and psychosocial care in the management of CHF.
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MyALTUMOAQABHUM NIAXiIA AO CEepLieBOi HEAOCTATHOCTI iLLeMiuHOiI eTioAorii
3 aHeMi€lo Ta NCUXOAOTIUHUM AUCTPECOM

A. A. BoanHcbkui, |. . Bakantok, H. B. Tumouko, M. . 3BoHap

[ediunT 3anisa Ta aHeMis € NOLUMPEHVMI CynyTHIMM 3aXBOPIOBAHHSAMM Y NALIIEHTIB i3 XPOHIYHO CepLIeBOt HegocTaTHicTo (XCH)
Ta NOB'AA3aHi 3i 3HWKEHOK TONEPAHTHICTIO 40 (Pi3NYHOTO HABAHTAKEHHS, MOTIPLUEHHAM SKOCTI XWUTTS, HECNPUSTIVBUM NPOTHO-
30Mm. [lenpecisi Ta TpMBOra — TaKoX JOBONI YACTI SBULLA, L0 MOXYTb JOAATKOBO NOTiPLUMTY KMiHIYHI pe3ynsTaTy.

Merta po6oTti - OLHATM AUHAMiKy reMaTonoriYHUX MoKa3HuKiB i napameTpie Metabonismy 3anisa y nauienTis i3 XCH iwemiyHoi
eTionorii Ta 3anizoaediLUTHOK aHEMIED, KM BHYTPILLHEOBEHHO BBOAUIN KapboKcMankTo3y 3ariaa, 3 0cobnMBo yBarow A0
BMAMBY CYNYTHIX AENPECUBHIX | TPUBOXHIX CUMMTOMIB.

Marepiaau i metoau. [1o npocnekTBHOro obcepBaLiiHoro JocnimKkeHHs 3anyyeHo 57 nauienTis i3 XCH iwemivuHoi etionorii Ta
nabopaTopHO NiATBEPMKEHO 3ani3ofediLMTHO aHeMiEr. YCi naLieHTV oTpuMyBanu ctaHgapTHy Tepanito XCH Ta kapbokeu-
MarbTo3y 3anisa BHYTPiLUHbOBEHHO. CepTpaniH 40AaTKOBO NpU3HaYeHo 23 nauieHTaM i3 KMiHiYHO 3HaYyLLyMy AENPECUBHAMM Ta
TPUBOXHAMM CUMMTOMaMK. [eMaTonoriyHi napameTpu, NOKasHUKW 3aniaa, SKIiCTb KUTTS Ta NCUXOMETPUYHI nokasHukm (PHQ-9,
GAD-7, SAQ) ouiHtoBanu Ha noyatky gocnimkeHHs, Ha 160 i 340 gHi.

Pesynbraty. JlikyBaHHS CNPUSNO 3HAYHOMY NOKPALLEHHIO PiBHS reMornobiHy, (pepuTHHY, HACKYEHHS KPOBI 3ai3oM Ta KinbKOCTi
€pUTPOLMTIB Y NALEHTIB i3 KOrOPTU JOCIZXEHHS. Y Niarpyni 0bCTeXeHNX i3 LenpecuBHUMM / TPUBOXKHUMI CUMMTOMaMM NOKpa-
LLieHHs1 BinbLu BUpaxeHe: piBeHb remornobiHy niasuwmecs 3i 111,6 (106,0; 126,4) r/n go 140,9 (125,7; 156,0) r/n Ha 160 geHb Ta
142,1 (128,5; 159,2) r/n Ha 340 peHb, a piBeHb chepuTuHy nigeuwumeea 3 52,7 (47,5; 59,0) mkr/n go 103,8 (90,6; 111,0) mkr/n Ta
116,0 (101,2; 123,9) mkr/n BignosigHo. Moka3Huku genpecii Ta TpuBoxHocTi (PHQ-9, GAD-7) 3Ha4HO 3HU3WUMUCS, LLO CYynpOBO-
[KyBarocs NoKpaLLeHHAM NOKa3HWKIB SKOCTI XUTTS.

BucHoBKuU. BHyTpilLHbOBEHHE BBEAEHHS KapOOKCMMansTo3n 3anida edhekTMBHO KOpUrye 3anizofedilnTHy aHeMito y nauieHTiB i3
XCH iwemiuHoi eTionorii, Cripusitoum CTiNKOMY MOKPALLEHHEO reMaToNONYHIX i KIIHIYHUX NOKA3HUKIB. Y KOropTi NaLlieHTiB i3 CynyTHBO
[enpecieto Ta TPUBOroK 3achikcoBaHo GinbLu BUpaXeHi nepeBary, IMOBIpHO, 3aBAsKV KOMBIHOBaHOMY edheKTy KopekLii aHeMii Ta
NCUXOTPONHOI NIATPUMKN cepTpaniHom. Lii pesynsTati nigTBepaxXyoTb MbXAMCLUMANIHAPHWA NigXid, Wo iHTerpye kapgionoriyHy
Ta neyxocoLjanbHy JonoMory B NikyBaHHs naujeHTis i3 XCH.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Chronic heart failure (CHF) is a progressive, disabling
disease that leads to deterioration of patients’ quality of life
and to high socioeconomic costs. One of the most common
causes of CHF is acute myocardial infarction. In association
with myocardial damage, the ability of the heart to supply
peripheral organs with adequate oxygen progressively de-
clines, manifesting as dyspnea, palpitations, severe fatigue,
and reduced exercise tolerance [1].

Approximately two-thirds of patients with heart failure
(HF) have an ischemic etiology. Chronic coronary syndrome
(CCS) is a leading cause of HF worldwide, especially in
developed countries [2]. Cardiac remodeling with subse-
quent HF occurs not only after myocardial infarction but
also in patients with coronary heart disease (CHD) due to
chronic severe ischemia. The incidence of newly diagnosed
HF in patients with chronic CHD ranges from 7 % to 28 %
in reports from major registries [3]. CHD is responsible for
worsening HF and increasing hospitalizations for HF [4].
The international CLARIFY study showed that after 5 years
of follow-up, 16.4 % of nearly 27,000 patients with chronic
CHD experienced cardiovascular death or hospitalization
for new-onset HF [5]. Acute onset of HF has a worse out-
come, so it is important to quickly determine the etiology
for accurate treatment. Because ischemic heart disease is
a main driver of HF and may be reversible with revascu-
larization, careful evaluation of ischemia in all patients with
new-onset HF of unknown etiology is essential. Progress
in pharmacological treatment has extended life expectancy
in this population; however, given the aging of the general
population, an even greater increase in the prevalence of HF
is anticipated in coming years [6]. Nevertheless, prognosis
in established HF remains unfavorable [7].

In addition to traditional clinical symptoms, patients
frequently have comorbid depression and anxiety. These
comorbidities complicate the therapeutic approach, increase
hospitalizations and mortality, and reduce adherence to
therapy [8,9]. Negative experiences create a vicious cycle
of progressively deteriorating quality of life. Depression af-
fects at least one fifth of patients with CHF, worsens NYHA
functional class, and is diagnosed two to three times more
often than in the general population. The exact relationship
between depression and CHF is not entirely clear, despite
shared pathophysiological mechanisms, such as high levels
of catecholamines, cortisol and inflammatory cytokines (IL-6,
IL-1B, TNF-a), the presence of which highlights the clinical
and prognostic significance of depression [8]. A meta-anal-
ysis of 36 studies found that clinically significant depressive
symptoms affect 21.5 % of patients with HF; approximately
one-third of patients report increased depressive symptoms
by questionnaire, and 19 % meet criteria for a depressive dis-
order based on diagnostic interview. Anxiety is also common
in this population: approximately 13 % of HF patients meet
diagnostic criteria for a formal anxiety disorder, and almost
30 % of patients endorse clinically significant levels of anxiety
(based on anxiety questionnaires) [10,11].

In patients with HF, depression is a poor prognostic
marker, being prospectively associated with more hospi-
talizations, recurrent cardiac events, and mortality [12].
In contrast, the relationship between anxiety and health
outcomes in patients with HF is less clear. To date, few
studies have examined the relationship between anxiety and
HF outcomes [10,13]. Evidence on anxiety and mortality is
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equivocal and requires further investigation, though reduced
quality of life has been consistently reported.

There is no definitive consensus on optimal pharmaco-
logical treatment of depression in CHF, and the prevalence
of depression in this population is likely underestimated [8].
Anxiety is another symptom that is often overlooked and
increases hospitalization and mortality rates. Anxiety can
negatively affect the quality of breathing, creating panic and
chest pain, and exacerbating CHF symptoms. The current
literature does not comprehensively discuss causes of
anxiety. Its pathogenesis may involve dysfunction of the
hypothalamic-pituitary-adrenal axis, commonly observed
in CHF [9]. There is no reliable data on the prevalence of
anxiety in this patient population, nor clear evidence delin-
eating the pathophysiological mechanisms that underlie its
occurrence in individuals with CHF.

Ukrainian patients with CHF face additional psychoso-
cial stressors since the full-scale war began on 24 February
2022. Anxiety regarding the safety of loved ones, fear of
missile attacks, and uncertainty about the future constitute
independent risk factors for depression and anxiety, po-
tentially worsening the course of CHF [14]. Cardiovascular
diseases represent one of the leading causes of mortality
and disability in the western regions of Ukraine, particularly
the Carpathian region [15], and this burden has intensified
since February 2022 One aim of our team was to identify
patterns by which war-related depression and anxiety affect
patients with ischemic CHF and concomitant anemia.

Anemia and iron deficiency constitute additional impor-
tantindependent determinants of CHF progression, as well
as the patients’ physical and mental health-related quality
of life. A meta-analysis of more than 150,000 patients with
HF demonstrated nearly twice the mortality in patients with
anemia compared with those without this comorbidity [16].
After adjustment for potential confounders including age
and renal dysfunction, the risk remained approximately
1.5-fold higher. The presence of anemia in HF is associated
with reduced exercise capacity and impaired quality of life,
increased hospitalizations, and elevated natriuretic peptide
levels (B-type natriuretic peptide (BNP) and the N-terminal
fragment of pro-BNP) [3,17]. The relationship between
hemoglobin values and HF outcomes appears inverse and
approximately linear, although some studies have reported
a U-shaped relationship with increased risk at the highest
hemoglobin values [18,19].

The simultaneous combination of CHF of ischemic eti-
ology with concomitant anemia, iron deficiency and depres-
sion and/or anxiety is a common clinical scenario among
patients in Ukraine and Ivano-Frankivsk region in particular.
In our view, it is important to use supplementary treatment
in addition to standardized medical therapy for improving
outcomes in this patient group. It has been shown that
intravenous administration of ferric carboxymaltose (FCM)
improved symptoms and quality of life in patients with CHF
and iron deficiency [20,21]. Sertraline, with an established
safety profile in HF, may be used to treat depressive and
anxiety symptoms in this population [22].

Aim
To evaluate the dynamics of hematological and iron me-

tabolism parameters in patients with chronic heart failure
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of ischemic etiology and iron deficiency anemia treated with
intravenous FCM, with special attention to the impact of
concomitant depressive and anxiety symptoms.

Materials and methods

This prospective single-center observational cohort study
was conducted at the clinical base of lvano-Frankivsk
National Medical University between 2024 and 2025. The
study included 57 patients with CHF of ischemic etiology
and concomitant iron deficiency anemia who were under
outpatient or inpatient follow-up.

The sample size was determined by the number of
eligible patients treated at the study center during the study
period. This investigation should therefore be considered
an exploratory observational study.

Inclusion criteria were age 218 years; diagnosis of
ischemic CHF with reduced left ventricular ejection frac-
tion; NYHA functional class II-lI; history of myocardial
infarction at least 12 months before enroliment; previous
percutaneous coronary intervention with stenting of the
infarct-related coronary artery; and laboratory-confirmed
iron deficiency anemia.

Iron deficiency was defined according to current Euro-
pean Society of Cardiology (ESC) recommendations as
serum ferritin <100 pg/L, or ferritin between 100 pg/L and
299 pg/L combined with transferrin saturation <20 %.

Exclusion criteria included acute coronary syndrome
within the previous 6 months; acute cerebrovascular
events; chronic kidney disease stage IV-V; severe hepatic
insufficiency; malignant neoplasms; other types of anemia
(vitamin B12 deficiency, hemolytic anemia, or anemia due
to acute blood loss); pregnancy or breastfeeding; acute
inflammatory heart disease (endocarditis, myocarditis,
pericarditis); severe arrhythmias (ventricular fibrillation,
ventricular flutter, atrioventricular block grade II-Ill); severe
psychiatric disorders requiring specialized treatment, and
refusal to participate in the study.

Baseline clinical characteristics were analyzed and
compared between groups, including left ventricular ejection
fraction, severity of anemia, and background pharmaco-
logical therapy.

All patients received guideline-directed medical therapy
for CHF according to current ESC recommendations.

Iron deficiency and anemia were corrected with intra-
venous FCM. The required iron dose was calculated indi-
vidually according to body weight and baseline hemoglobin
level using the standard dosing algorithm for total iron deficit.
FCM was administered intravenously in accordance with
approved clinical protocols.

Psychological status was assessed with the Patient
Health Questionnaire-9 (PHQ-9) and the Generalized
Anxiety Disorder-7 (GAD-7) scales. Clinically significant
depressive symptoms were defined as PHQ-9 scores 210,
and clinically significant anxiety symptoms were defined
as GAD-7 scores 210. Health-related quality of life and
angina-related limitations were evaluated using the Seattle
Angina Questionnaire (SAQ).

Based on psychometric screening results, patients
were stratified into two groups: Group 1 — patients without
clinically significant depressive or anxiety symptoms (PHQ-9
<10 and GAD-7 <10) (n = 34); Group 2 — patients with
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clinically significant depressive and/or anxiety symptoms
(PHQ-9 210 and/or GAD-7 210) (n = 23).

Group 2 patients received additional pharmacological
therapy with a selective serotonin reuptake inhibitor ser-
traline at a daily dose of 50 mg after psychiatric consultation.

Group allocation was observational and non-ran-
domized, based solely on the presence or absence of
clinically significant symptoms of anxiety or depression
according to psychometric screening results.

Clinical evaluation included assessment of medical his-
tory, physical examination, measurement of blood pressure
and heart rate, and standard electrocardiography. Labora-
tory investigations included hemoglobin level, erythrocyte
count, serum iron, ferritin, and transferrin saturation.

Venous blood samples were collected in the morning
after an overnight fast. Laboratory analyses were performed
at the certified clinical diagnostic laboratory of the University
Clinic using standard automated methods.

Hematological parameters (hemoglobin concentration,
erythrocyte count, hematocrit, and erythrocyte indices) were
determined using an automated hematology analyzer Min-
dray BC-5300 (Mindray Bio-Medical Electronics, Shenzhen,
China) with manufacturer-provided reagents.

Biochemical iron-metabolism parameters, including
serum iron, ferritin, and transferrin, were measured using
an automated biochemical analyzer Mindray BS-200E
(Mindray Bio-Medical Electronics, China). Ferritin was quan-
tified by immunoassay; serum iron was measured using a
standard colorimetric method per manufacturer instructions.
Internal quality-control procedures were performed regularly
in accordance with laboratory standards.

All clinical, laboratory, and psychometric parameters
were assessed at three time points: at baseline (before
initiation of therapy), at day 160, and at day 340 of follow-up.

The primary endpoint was change in hemoglobin and
iron metabolism parameters (serum ferritin and transferrin
saturation) during follow-up in patients with CHF and iron
deficiency anemia receiving intravenous iron therapy. Hard
clinical endpoints such as hospitalization or mortality were
not assessed in this observational study.

Secondary endpoints included changes in psychologi-
cal status assessed by PHQ-9 and GAD-7 scores, as well
as changes in health-related quality of life measured using
the SAQ scores.

The study was conducted in accordance with the ethical
principles of research involving human subjects (Declaration
of Helsinki) as an open, controlled, comparative study in
parallel groups. All participants provided written informed
consent. The study design was approved by the Ethics
Committee of Ivano-Frankivsk National Medical University
(Protocol No. 156/26 dated 21.01.2026).

Statistical processing of the obtained results was per-
formed using Statistica-10 and Microsoft Excel statistical
package via the variational-statistical method of analysis.
The normality of distribution was assessed first using the
Kolmogorov-Smirnov test with Lilliefors correction and the
Shapiro-Wilk W-test. Since all quantitative variables did not
follow a normal distribution, data were presented as median
(Me) with interquartile range (LQ; UQ) to represent the
measures of central tendency. Accordingly, to test the null
hypothesis, the nonparametric HB Mann — DR Whitney U
Test was used; p values <0.05 were considered significant.
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Table 1. Mean values of hematological and iron metabolism parameters in patients with CHF and concomitant anemia according to the presence of
depression / anxiety symptoms, Me (LQ; UQ)

Parameter, units of measurement Day 160 Day 340

Hemoglobin, g/L

Erythrocytes, 10"2/L

Total serum iron, mmol/L

Binding capacity of total iron, mmol/L

Binding property of unsaturated iron, mmol/L

Transferrin saturation, %

Ferritin, ug/L

No depression / anxiety
With depression / anxiety
No depression / anxiety

104.5 (89.1; 109.5)
111.6 (106.0; 126.4)
3.28 (3.00; 4.10)

With depression / anxiety 3.72 (3.20; 4.80)
No depression / anxiety 7.0(5.7;8.8)

With depression / anxiety 8.6 (6.9;9.9)

No depression / anxiety 34.6 (28.0;41.5)
With depression / anxiety 89.1(78.7;98.2)
No depression / anxietyt 44.5 (40.5; 51.0)
With depression / anxiety 46.5 (41.1;53.2)
No depression / anxiety 19.5(16.0; 21.2)
With depression / anxiety 20.9 (17.5; 24.0)
No depression / anxiety 41.9 (33.6; 49.1)
With depression / anxiety 52.7 (47.5; 59.0)

134.7 (119.0; 146.8)*
140.9 (125.7; 156.0)*
4.27 (3.90; 5.10)*
4.34 (3.90; 4.80)*
6.1(4.9;7.8)
7.9(7.1;8.7)
444 (38.2; 56.8)"
97.4 (89.2; 106.8)"
512 (43.2;56.7) 515 (48.5; 59.5)
64.1(58.2; 70.3)" 67.0 (64.5; 76.2)*
27.7 (23.5; 31.7)" 26.2 (22.1; 31.9)"

( ) (

)

133.7 (119.0; 146.8)*
142.1 (1285-159.2) *
4.45 (4.00; 5.10)"
4.51 (4.00; 5.20)"
5.3 (4.0; 6.6)*

6.0 (5.2;8.5)"

45,6 (38.0; 55.2)"
101.9 (91.8; 114.2)*

254 (19.8; 32.5)" 31.6 (27.8; 38.7)*
76.9 (67.5; 87.1)* 69.3 (62.1; 79.6)"
103.8 (90.6; 111.0)* 116.0 (101.2; 123.9)*

* p < 0.05 - significance of differences with the baseline data.

145

135

125

Hemoglobin, g/l

115

105

95

130

120

110

Baseline Day 160

Observation time

—e— Hb No DA Hb With DA

—A— Ferritin No DA

—e 100

Ferritin, pg/L

40

30
Day 340

—aA— Ferritin With DA

Fig. 1. Dynamics of hemoglobin and ferritin levels during 12-month follow-up in patients with heart failure secondary to ischemic heart disease and iron deficiency anemia, stratified
by the presence of depressive / anxiety symptoms (DA). Hemoglobin is shown on the left Y-axis and ferritin on the right Y-axis.

Categorical variables were presented as absolute numbers
and percentages. No correction for multiple comparisons
was applied; results should therefore be interpreted with
caution. Owing to the relatively small sample size, multi-
variable regression analysis was not performed.

Results

Atbaseline, patients with depressive and anxiety symptoms
demonstrated slightly higher hemoglobin levels compared
to those without psychological disorders (Table 1). Dur-
ing follow-up, a significant increase in hemoglobin was
observed in both groups by day 160, with stabilization
by day 340. Although both groups showed comparable
improvement, hemoglobin values remained numerically
higher in the group with depressive symptoms throughout
the observation period.
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A similar pattern was observed for erythrocyte count
and ferritin levels. Both groups demonstrated significant
increases by day 160, reflecting effective correction of iron
deficiency. Ferritin levels increased markedly by day 160
in both groups. At day 340, ferritin remained elevated in
both cohorts, with numerically higher values in patients with
depressive / anxiety symptoms.

Transferrin saturation improved in both cohorts during
follow-up. At day 340, median values were numerically high-
er in patients with depressive/anxiety symptoms; however,
between-group differences in the magnitude of change were
not statistically tested and should therefore be interpreted
cautiously. Total serum iron showed moderate fluctuations
during follow-up but remained within comparable ranges
between groups.

Overall, FCM-based combination therapy was associ-
ated with significant improvement in hematological param-
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eters over 12 months (Fig. 1). While numerical differences
between groups were observed, particularly in ferritin and
hemoglobin dynamics, these findings should be interpreted
cautiously as they may reflect multifactorial influences,
including behavioral and clinical factors.

At baseline, the majority of patients in both groups
reported exertional dyspnea, palpitations, general weak-
ness, and peripheral edema, with comparable frequencies
between patients with and without depressive/anxiety
symptoms (Table 2). Dyspnea was present in more than
90 % of patients in both groups, while weakness was
reported by over 80 %.

During follow-up, a marked reduction in symptom
frequency was observed. By month 6, the prevalence of
dyspnea, palpitations, weakness, and edema had de-
creased substantially in both cohorts. At 12 months, most
complaints were reported sporadically, and no statistically
significant intergroup differences were detected. Overall,
the dynamics of symptom reduction were similar in patients
with and without psychoemotional disorders.

Baseline hemodynamic parameters were comparable
between groups (Table 3). Mean systolic and diastolic blood
pressure, as well as heart rate, were within similar ranges
prior to treatment. After 12 months of therapy, significant
reductions in systolic and diastolic blood pressure and
heart rate were observed in both groups compared with
baseline values. The achieved levels remained stable during
follow-up, without significant between-group differences.

These findings suggest effective hemodynamic control
and symptomatic improvement during standard therapy; irre-
spective of the presence of depressive or anxiety symptoms.

Atbaseline, patients with depressive and anxiety symp-
toms demonstrated significantly lower SAQ scores across
all domains compared to patients without psychoemotional
disorders (Table 4). The most pronounced differences were
observed in physical limitation and quality of life, indicating
a substantially poorer subjective functional status in this
subgroup.

After 12 months of treatment, significant improvement
was observed in both groups. SAQ scores increased
across all domains, reflecting reduced symptom burden
and improved functional capacity. By the end of follow-up,
intergroup differences were no longer statistically significant,
and mean values were comparable between patients with
and without baseline depressive/anxiety symptoms. Nota-
bly, the magnitude of improvement appeared numerically
larger in patients with psychoemotional disorders; however,
no formal between-group comparison of change scores
was performed.

At baseline, 23 of 57 patients (40.3 %) had clinically
significant depressive and/or anxiety symptoms (Table 5).
In this subgroup, PHQ-9 and GAD-7 scores corresponded
to a moderate level of severity, whereas patients without
psychoemotional disorders demonstrated values within
the minimal range. After 12 months, a significant reduction
in PHQ-9 and GAD-7 scores was observed in the affected
subgroup, reaching levels consistent with mild or minimal
symptomatology.

The improvement in psychoemotional status was
paralleled by better SAQ outcomes; however, given the
observational design of the study, these associations should
be interpreted cautiously.
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Table 2. Frequency of main complaints in patients with CHF and concomitant anemia
according to the presence of depression / anxiety symptoms, n (%)

Day 30

Dyspnea No depression / anxiety, n = 34 31(92 %) 16 (47 %)
With depression / anxiety, n = 23 22 (95 %) 10 (43 %)
Palpitation No depression / anxiety, n = 23 0 (59 %) 11 (31 %)*
With depression / anxiety, n = 23 14 (61 %) 7(29 %)
Weakness No depression / anxiety, n = 34 8 (82 %) 13 (38 %)*
With depression / anxiety, n = 23 0 (87 %) 8 (35 %)*
Edema No depression / anxiety, n = 34 5 (44 %) 6 (18 %)
With depression / anxiety, n = 23 11 (48 %) 5 (22 %)

* data are presented as absolute numbers (n) and percentages (%); comparisons between baseline
and follow-up were performed using the McNemar test for paired categorical data; differences were
considered statistically significant at p < 0.05.

Table 3. Blood pressure and heart rate dynamics in patients with CHF and
concomitant anemia according to the presence of depression / anxiety symptoms,

Me (LQ; UQ)

Parameter, units
of measurement

SBP, mm Hg No depression / anxiety 138 (126; 150) 128 (116; 141)*
With depression / anxiety 140 (129; 151) 129 (119; 143)*

DBP, mm Hg No depression / anxiety 86 (79; 93) 80 (74;86)"
With depression / anxiety 5 (77; 92) 0 (73; 88)*

Heart rate, bpm No depression / anxiety 80 (69; 92) 71 (62; 87)
With depression / anxiety 1(71;92) 2 (60; 88)

* p < 0.05 - significance of differences with the baseline data.

Table 4. SAQ domain scores in patients with CHF and concomitant anemia according
to the presence of depression/anxiety symptoms, Me (LQ; UQ)

A days

Parameter, units
of measurement

Physical limitation, No depression / anxiety 54.3 (46.4; 61.8) 74.1(67.2; 81.6)*
points With depression / anxiety 426(36.5,488)  77.9(70.8; 83.9)*
Stable angina, No depression / anxiety 57.8(48.7;64.0)  70.2(64.3;79.2)*
SIS With depression / anxiety 452 (38.8;486)  72.4(67.8,79.1)*
Quality of life, No depression / anxiety 52.1(45.1;59.0)  72.5(64.9;80.1)*
scores With depression / anxiety 38.7(32.8;455)  76.3(69.5; 80.1)*

* p < 0.05 - significance of differences with the baseline data.

Table 5. Dynamics of PHQ-9 and GAD-7 scores in patients with CHF and
concomitant anemia according to the presence of depression/anxiety symptoms,

Me (LQ; UQ)
Before treatment | After 340 days

Parameter, units
of measurement

PHQ-9, scores No depression / anxiety 45(3.9,5.2) .9 (3.0; 5.0)
With depression / anxiety 13.4(10.7; 16.8) .8 (4.5;6.7)*

GAD-7, scores No depression / anxiety 4.1(3.5;4.8) .7(2.9;4.9)
With depression / anxiety 12.1(10.1; 15.2) .3 (4.4;6.3)

* p < 0.05 - significance of differences with the baseline data.

No serious adverse events related to intravenous FCM
or sertraline were observed during the follow-up period.

Discussion

In this study, we assessed the dynamics of hematological
and iron metabolism parameters in patients with CHF
of ischemic origin treated with intravenous FCM, with a
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separate analysis of the subgroup with depressive and
anxiety symptoms. In general, significant improvements in
hemoglobin, ferritin, transferrin saturation, and erythrocyte
count were observed at days 160 and 340. In Group 2
(depression / anxiety), improvements were numerically
more pronounced compared with baseline values. These
observations are consistent with the existing evidence that
correction of iron deficiency in CHF improves symptoms,
functional capacity, and quality of life, and may reduce the
risk of hospitalizations for HF decompensation [20,23].

First, our results support the central role of iron defi-
ciency as a therapeutic target in CHF. Iron deficiency is
currently estimated to occur in 50-80 % of patients with CHF
and is associated with worse clinical outcomes, including
decreased exercise tolerance and quality of life. It is in this
cohort that intravenous iron supplementation has shown
the most convincing effects. The FAIR-HF (NEJM, 2009)
reported that intravenous iron supplementation in patients
with CHF and iron deficiency, regardless of anemia, resulted
in significant improvements in symptoms, NYHA functional
class, and quality of life compared with placebo. Our empir-
ical data of increases in ferritin and transferrin saturation,
and improvements in hemoglobin with FCM treatment are
consistent with these findings [23].

The second key axis of interpretation is the results of
multicenter randomized trials in @ more acute population.
In particular, AFFIRM-AHF trial in patients stabilized after
an acute episode of CHF showed that FCM reduced the
frequency of rehospitalizations for CHF, with an effect driven
predominantly by the hospitalization component; mortality
was not statistically different. This is an important context
for our findings: in real-world practice, increasing ferritin,
transferrin saturation and hemoglobin not only reduces
symptom burden but may also translate into fewer decom-
pensations, primarily in the first months after initiation of
iron treatment [20,24].

More recent data also clarify the role of FCM in long-
term management. The largest randomized trial to date,
HEART-FID [25], in patients with HF with reduced left
ventricular ejection fraction and iron deficiency confirmed
improvements in symptoms and quality of life with FCM,
although the effect on hard clinical endpoints remained more
heterogeneous depending on the analysis. Taken together,
these data are consistent with our observations: significant
laboratory improvements and a pronounced symptomatic
response, especially in more clinically vulnerable sub-
groups, but without a guaranteed reduction in mortality in
each individual study [25].

From a clinical guideline perspective, our approach is
consistent with current European practice. The 2021 ESC
guidelines [26] (updated 2023-2024) recommend screening
for iron deficiency in all patients with CHF and treating with
intravenous iron supplementation when deficiency criteria
are met (ferritin <100 pg/L or 100-299 ug/L with transferrin
saturation <20 %). We applied this selection and treatment
logic; therefore, the changes in ferritin, transferrin saturation,
and hemoglobin obtained well illustrate the “implementation”
of the guidelines in areal cohort [27]. The dynamics of serum
iron levels were less consistent compared with ferritin and
hemoglobin. This may be explained by the fact that serum
iron is characterized by considerable biological variability
and is influenced by circadian rhythm, inflammatory activity,
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and short-term metabolic changes. Therefore, ferritin and
transferrin saturation are considered more stable markers
of iron metabolism in clinical studies.

Of particular note is the observation that patients with
depression/anxiety showed greater improvements in key
indicators compared with patients without these symptoms.
On the one hand, this may reflect the “greater potential
for improvement effect”: initially more vulnerable patients
(in terms of psychoemotional state) received combined
interventions, iron correction + antidepressant therapy,
and therefore had higher potential for gain. On the other
hand, the literature convincingly shows that depression
and anxiety in CHF are associated with worse baseline
indicators and prognosis. Of particular interest is the ob-
servation that patients with depressive/anxiety symptoms
demonstrated numerically larger improvements in several
laboratory indicators. One possible explanation is the
greater “room for improvement” effect, as this subgroup
had poorer baseline psychoemotional and functional status.
However, the present study did not assess behavioral or
treatment-related factors such as adherence, and therefore
the mechanisms underlying these differences cannot be
determined. Systematic reviews report a prevalence of
clinically significant depressive symptoms in 20-30 % of
patients with CHF, associated with worse clinical outcomes.
This reinforces the plausibility of our observation: targeting
psychoemotional disorders may “unlock” a better response
to somatic treatment (including FCM) [10].

The issue of antidepressant therapy in CHF, in par-
ticular sertraline, remains controversial. The randomized
trial SADHART-CHF did not demonstrate a statistically
significant advantage of sertraline over placebo in reduc-
ing depressive symptoms in patients with CHF receiving
intensive non-pharmacological support and optimal cardiac
therapy; at the same time, it confirmed the safety of ser-
traline in this population [22]. In our cohort, patients with
depressive / anxiety symptoms demonstrated improvement
in psychoemotional scores during follow-up. However, the
study design does not allow determination of the mecha-
nisms underlying the parallel improvement in laboratory
parameters, and the observed associations should therefore
be interpreted cautiously.

An important aspect of interpretation is the temporal
dynamics of the improvements. Our cohorts showed a
marked increase as early as day 160 with some additional
benefit by day 340. This response curve is consistent with
the data from FAIR-HF and subsequent subanalyses, where
improvements in symptoms and quality of life occurred
relatively quickly after correction of iron deficiency and
were maintained over time. However, at the level of “hard”
events (mortality / hospitalization), the effects were more
variable and depended substantially on the design, popu-
lation and intensity of follow-up, as shown by AFFIRM-AHF
and HEART-FID. This context explains why our laboratory/
symptom changes are more pronounced than any expect-
ed changes in long-term prognosis beyond the follow-up
period [25,28].

From a practical standpoint, the data support routine
screening and correction of iron deficiency in patients with
CHF, fully consistent with current ESC recommendations
and recent practice reviews. Contemporary reviews em-
phasize that iron deficiency (with or without anemia) is an
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important therapeutic target in itself, and FCM has robust
data on improving symptoms, peak aerobic capacity, ques-
tionnaire scores (KCCQ, MLHFQ) and quality of life. Given
the complex multimorbidity of CHF, interventions with high
“energy of effect” on daily functioning (dyspnea, exercise
tolerance, fatigue) are of primary importance to patients; in
this respect, our results compare well with the literature [21].

The mechanisms underlying the observed differences
between subgroups remain uncertain. Patients with depres-
sive symptoms initially demonstrated poorer psychoemo-
tional and functional status, which may partially explain the
relatively large improvement observed during follow-up.
However, behavioral and clinical factors potentially influenc-
ing treatment response were not specifically evaluated in
this study, and therefore the observed associations should
be interpreted cautiously [22].

The limitations of our study merit emphasis. First, it is
an observational design without randomization; therefore,
comparing groups on the dynamics of indicators does not
exclude the influence of confounding factors (age, comor-
bidity, baseline CHF severity, inflammation parameters, be-
havioral factors etc.). Second, the labeling of the depression/
anxiety subgroup was based on questionnaires and clinical
assessment, which carries an inherent risk of classification
error; and the lack of standardized “hard” psychometric
endpoints on the dynamics limits our conclusions about the
direct effect of antidepressant treatment. Third, we analyzed
mean values, which “smooth out” interindividual variability;
additional analyses (medians, IQRs, mixed-effects models
adjusted for covariates) could provide a more accurate
picture. Notwithstanding these limitations, the consistency
of our trends with the RCT data and recommendations adds
confidence to the overall conclusions. (Context: FAIR-HF,
AFFIRM-AHF, HEART-FID; ESC guidelines) [20,26,23,27].

Several potential clinical implications may be drawn from
these findings. Our results further support the importance of
evaluating iron status in patients with CHF and correcting iron
deficiency when present. This observation is consistent with
current clinical guidelines recommending the assessment and
treatment of iron deficiency in this population [27].

The findings also highlight the potential relevance of
assessing psychoemotional status in patients with CHF.
Identification and management of depression and anxiety
symptoms may represent an important component of
comprehensive patient care, particularly given their known
association with reduced quality of life and treatment ad-
herence [22].

In patients presenting with both pronounced iron de-
ficiency and psychoemotional distress, closer clinical and
laboratory monitoring during follow-up may be reasonable.
Such an approach could help optimize the timing of reas-
sessment and the need for repeated iron supplementation,
taking into account the dynamics of response described in
clinical trials and observed in the present study [28].

In summary, our registry demonstrates that a combined
strategy, systematic detection and treatment of iron defi-
ciency with intravenous FCM combined with simultaneous
attention to psychoemotional status (screening, support,
and sertraline as needed), is associated with significant
improvements in iron-related and hematological parame-
ters, including patients with depressive/anxiety symptoms.
Patients with depressive/anxiety symptoms who received
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sertraline demonstrated improvement in psychological
status during follow-up; however, due to the observational
design of the study, the independent effect of sertraline can-
not be clearly separated from the overall treatment effect.
These results are fully congruent with data from high-quality
trials (FAIR-HF, AFFIRM-AHF, HEART-FID) and current
ESC guidelines, and emphasize the importance of a multi-
disciplinary management model for CHF. Further studies,
preferably using standardized psychometric instruments,
longer follow-up periods, and causal analysis methods (in-
strumental variables or targeted trial emulations), may clarify
the causal contribution of psychoemotional interventions to
the magnitude of response to iron deficiency correction and
the impact on “hard” clinical endpoints.

Conclusions

1. Intravenous ferric carboxymaltose administration
in patients with chronic heart failure of ischemic etiology
and iron deficiency anemia was associated with a signif-
icant improvement in hematological and iron metabolism
parameters. Increases in hemoglobin, ferritin, erythrocyte
count, and transferrin saturation were observed by day 160
and persisted throughout the 12-month follow-up period.

2. Patients with concomitant symptoms of depression
and/or anxiety demonstrated comparable improvements
in hematological parameters and quality-of-life indicators
during follow-up despite less favorable baseline psycho-
emotional status.

3. The observed changes may reflect the potential
benefit of a comprehensive management approach that
includes correction of iron deficiency and attention to psy-
choemotional status. However, due to the observational
design of the study, the independent effect of antidepressant
therapy cannot be determined.

4. The findings are generally consistent with previous
clinical studies and current ESC recommendations em-
phasizing the importance of diagnosing and correcting iron
deficiency in patients with chronic heart failure.

5. Overall, the results suggest the potential clinical value
of an integrated multidisciplinary approach to chronic heart
failure management in patients with iron deficiency anemia,
although further prospective controlled studies are required
to confirm these observations.

Prospects for further research. Future research should
focus on multicenter randomized controlled trials with larger
sample sizes to evaluate the long-term clinical impact of
a multimodal therapeutic strategy in patients with HF se-
condary to CHD complicated by anemia and psychological
distress. In particular, it is important to assess its influence
on hospitalization rates, cardiovascular mortality, and func-
tional capacity. Moreover, further studies should examine
the prognostic significance of anemia correction and tar-
geted management of depressive and anxiety symptoms
within integrated HF care models. Exploring the relationship
between psychological parameters, myocardial remod-
eling, exercise tolerance, and quality-of-life indices may
provide deeper insight into underlying pathophysiological
mechanisms. The results of such studies could contribute
to the development of structured multidisciplinary clinical
algorithms for the comprehensive management of patients
with HF secondary to CHD.
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