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ABSTRACT

Background: Peripartum cardiomyopathy (PPCM) is a rare but potentially life-threatening form of heart failure characterized by left ventricular
systolic dysfunction. Early prediction of disease course remains a major clinical challenge.

Objective: To evaluate the prognostic significance of clinical, laboratory, and echocardiographic parameters and to develop an integrated risk
model for adverse outcomes in PPCM.

Methods: This comparative clinical observational study included 75 pregnant women, of whom 60 constituted the main group and 15 served as
controls. The main group was stratified into three subgroups according to gestational age. All participants underwent clinical and instrumental
assessment, including electrocardiography, echocardiography, and measurement of NT-proBNP, cathepsin D, prolactin, C-reactive protein, and
interleukin-6. Receiver operating characteristic (ROC) analysis and logistic regression were used for statistical evaluation.

Results: Progression of PPCM was associated with increasing levels of NT-proBNP, prolactin, cathepsin D, and inflammatory markers, together
with a decline in left ventricular ejection fraction (LVEF). An adverse outcome at 6 months postpartum was observed in 45% of patients. The
strongest predictors of adverse outcome were elevated NT-proBNP, prolactin, cathepsin D, C-reactive protein, interleukin-6, and reduced LVEF.
The integrated PPCM-PRO model demonstrated high prognostic performance (AUC = 0.93).

Conclusion: The PPCM-PRO model showed high prognostic value and may be useful for early risk stratification and optimization of clinical
management in patients with PPCM.

Keywords: peripartum cardiomyopathy; pregnancy; heart failure; NT-proBNP; prolactin; cathepsin D; echocardiography; prognosis; risk model
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MPOIrHOCTHYECKOE 3HAYEHUE KIIMHUYECKHUX, TABOPATOPHBIX U 9XOKAPJUOTI'PAONYECKHUX MAPKEPOB
HEBJIAT'OHPUSTHBIX UCXOJI0B IIPA MIOCJEPOIOBOM KAPJUOMHUOIIATUU
AHHOTALIUA
AxtyansHocTh: P kapmuomwmonarus (ITTIKM) — penkas, HO HOTEHIMATBHO OMACHAs U KU3HH (OpMa CepaedHOil HeIOCTaTOYHOCTH,
XapaKTePHU3YOIIAsACs CHCTOINYECKOI TUC(YHKIMEH JIeBOro kKelyj04uka. PaHHee IpOrHO3UpOBaHKE TEUCHHUS 3a00IEBaHUs MO-TIPEKHEMY OCTACTCS
OJJHOW M3 OCHOBHBIX KIIMHMYECKUX 3a71ay.
Lenb: OuEeHUTh HPOTHOCTHYECKYIO 3HAYMMOCTh KIMHHYECKHUX, J1aOOpaTOpHBIX W 3XOKapAHorpaduuecKux mMokasaresiell M pa3paboTarh
KOMIUICKCHYIO MOJIEINIb pHCKa HEOIaronpusaTHIX ncxoaoB mpu [ITTKM.
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Mertopsr: B 310 cpaBHHTENBFHOE KIIMHIHYECKOE 0OCEPBAIIOHHOE MCCIEIOBaHUE ObLIO BKIIOYEHO 75 OEpEeMEHHBIX KEHIIWH, U3 KOTOPBIX 60
COCTaBHJIM OCHOBHYIO TpyIly, a 15 — xoHTponbHyr0. OCHOBHas rpynmna Obuia cTpaTHGUIMPOBAaHA HA TPU TOITPYIIIBI B 3aBUCUMOCTH OT CpOKa
OepeMeHHOCTH. Bce yuyacTHHIBI NPOLUIM  KIMHMYECKOE M HHCTPYMEHTalbHOS OOCJIEIOBaHME, BKIIOYAs —OJICKTPOKapauorpaduio,
axokapauorpaduio, a Takke onpexaeneHne yposHed NT-proBNP, karencuna D, mpomaktuHa, C-peakTUBHOTO Oenka M MHTEpierKuHa-6. s
CTAaTHCTHYECKOH OIEHKH MCIOIBb30BAINCH aHAIH3 KpUBO# padounx xapakTepuctuk (ROC) u norucrudeckas perpeccusl.

Pesynpratsr: [IporpeccupoBanue [TIIKM accommupoanock ¢ moseimeHneM ypoBHerd NT-proBNP, mponaktuna, karencuHa D u mapkepos
BOCTIAJICHUS, a TAK)KE CO CHIDKCHHEM (pakimu BbiOpoca neBoro xenyaouka (OBJIDK). HeGnaronpuarHelit ucxos yepe3 6 MecsieB Mocie poaoB
HaOmomancst y 45 % mnanuentox. Hambonee cHinbHBIMK MpeAMKTOpaMy HEOIAronmpHATHOTO MCXOoAa ObutH HoBbimieHHbIE ypoBHH NT-proBNP,
nponakTtuHa, karemcuna D, C-peaktuBHOro Oenka, wunTepielkuna-6 u cHmwkennas OBJDK. UuarerpupoBannas wmoxens PPCM-PRO
MIPOJIEMOHCTPHUPOBAIA BEICOKYIO IMIPOrHOCTHYECKYIO 3 dextuBHOCTE (AUC = 0,93).

BeBom: Mogens PPCM-PRO mpomeMoHCTpHpoOBana BBICOKYIO MPOTHOCTHYECKYIO LEHHOCTh M MOXKET OBITh IOJNE3HA Uil paHHEH
CTpaTU(UKAIMY PUCKA U ONTHMU3ALUH KINHUYECKOTO BeICHUS MAI[HEHTOK C IIepUIapTaIbHON KapJHOMUOMATHE.

KuroueBble ci1oBa: nepunapTaibHas KapJHOMUOTATHS; OEpPEMEHHOCTD; cepedHas HenoctarouHocTs; NT-proBNP; nponaktun; karencus D;
9XOKapauorpadus; MporHo3; MOJAENb PUCKa
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TUG'RUQDAN KEYINGI KARDIYOMIYOPATIYADAGI NOJOYA OQIBATLARNING KLINIK, LABORATORIYA VA
EXOKARDIYOGRAFIK BELGILARINING BASHORATLI AHAMIYATI
ANNOTATSIYA

Muvofiglik: P kardiyomiyopatiya (PPCM) — yurak etishmovchiligining kam uchraydigan, ammo hayot uchun xavfli shakli bo'lib, chap
gorincha sistolik disfunktsiyasi bilan tavsiflanadi. Kasallikning kechishini erta bashorat gilish asosiy klinik muammo bao'lib golmoqda.

Magsad: Klinik, laboratoriya va ekokardiyografik ko'rsatkichlarning prognostik ahamiyatini baholash va PPCMda salbiy ogibatlar xavfining
kompleks modelini ishlab chigish.

Usullari: Ushbu giyosiy klinik kuzatuv tadgiqoti 75 homilador ayolni o'z ichiga oldi, ulardan 60 tasi asosiy guruhni va 15 tasi nazorat guruhini
tashkil etdi. Asosiy guruh homiladorlik davriga garab uchta kichik guruhga tabagalashtirilgan. Barcha ishtirokchilar klinik va instrumental
tekshiruvdan o'tdilar, jumladan elektrokardiografiya, ekokardiyografiya, shuningdek, NT-proBNP, katepsin D, prolaktin, C-reaktiv ogsil va
interleykin-6 darajalari. Statistik baholash uchun ishlash egri chizig'i (ROC) tahlili va logistika regressiyasi ishlatilgan.

Natijalar: PPKM ning rivojlanishi NT-proBNP, prolaktin, katepsin D va yallig'lanish belgilarining ko'payishi, shuningdek, chap qgorincha
ejeksiyon fraktsiyasining (FVLF) pasayishi bilan bog'liq. Bemorlarning 45 foizida tug'ilgandan 6 oy o'tgach, salbiy natija kuzatildi. Eng kuchli
salbiy bashorat giluvchilar NT-proBNP, prolaktin, katepsin D, C-reaktiv ogsil, interleykin-6 va FVLFning pasayishi edi. Integratsiyalashgan PPCM-
PRO modeli yugori prognostik samaradorlikni namoyish etdi (AUC = 0,93).

Xulosa: PPCM-PRO modeli yuqori prognostik giymatni ko'rsatdi va erta xavfni tabaqgalash va peripartum kardiyomiyopatiya bilan og'rigan
bemorlarni klinik boshgarishni optimallashtirish uchun foydali bo'lishi mumkin.

Kalit so'zlar: peripartum kardiyomiyopatiya; homiladorlik; yurak etishmovchiligi; NT-proBNP; prolaktin; katepsin D; ekokardiyografiya;
prognoz; xavf modeli

Introduction regions of Africa and the Caribbean the condition appears to be
Peripartum cardiomyopathy (PPCM) is a rare but potentially life-  substantially more frequent. These differences are likely attributable to
threatening form of heart failure that develops toward the end of a combination of genetic, vascular, metabolic, and socioeconomic
pregnancy or within the first months after delivery in the absence of any ~ factors, as well as differences in diagnostic capacity and access to
other identifiable cause of myocardial dysfunction. The disorder is  medical care [3-5].
characterized by left ventricular systolic dysfunction and clinical Current concepts of PPCM pathogenesis are based on multifactorial
manifestations of heart failure occurring in previously healthy women  myocardial injury. Major mechanisms include oxidative stress,
during the peripartum period. According to current position statements  endothelial dysfunction, impaired angiogenic balance, inflammatory
of the European Society of Cardiology, the principal diagnostic criterion  activation, microvascular injury, and pregnancy-related hormonal
for PPCM is reduced left ventricular ejection fraction, usually below  effects [1,3,6]. One of the best studied pathogenetic hypotheses is the
45%, whereas cardiac chamber dilatation may be present but is not  prolactin-dependent mechanism. According to this model, oxidative
required for diagnosis [1,2]. stress promotes cleavage of full-length prolactin by cathepsin D,
Despite its relatively low prevalence, PPCM has considerable  generating a 16-kDa fragment with pronounced antiangiogenic,
clinical importance. The disease may result in severe heart failure, proapoptotic, and cardiotoxic properties. This fragment is capable of
cardiogenic shock, thromboembolic complications, and increased  damaging endothelial cells and cardiomyocytes, amplifying
maternal mortality. In addition, a substantial proportion of patients  inflammatory activation, and contributing to pathological myocardial
experience persistent myocardial dysfunction requiring prolonged  remodeling [1,6,7].
cardiology follow-up. Contemporary studies indicate that complete The clinical course of PPCM is highly heterogeneous. Some
recovery of left ventricular systolic function occurs in approximately  patients experience marked improvement and recovery of left
50-70% of cases, whereas the remainder develop persistent myocardial ~ ventricular function within the first months after delivery, whereas
remodeling or chronic heart failure [1,3,4]. others continue to demonstrate signs of heart failure, chamber dilatation,
The epidemiology of PPCM demonstrates marked geographic  and subclinical myocardial dysfunction. Adverse disease course has
variability. In developed countries, its incidence is estimated at been associated with more severe initial myocardial dysfunction,
approximately 1 case per 1,000-4,000 deliveries, whereas in certain
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elevated levels of heart failure and inflammatory biomarkers, and
delayed diagnosis [3,4,8].

In recent years, increasing attention has been directed toward
identifying laboratory and instrumental markers capable of predicting
PPCM course at an early stage. The most extensively studied biomarker
is NT-proBNP, which reflects myocardial stress and hemodynamic
overload. Higher NT-proBNP levels have been shown to be associated
with more pronounced systolic dysfunction and a lower likelihood of
myocardial recovery [8,9].

In addition to NT-proBNP, cathepsin D and prolactin are of
particular interest as markers of activation of the prolactin-dependent
pathogenic pathway. Furthermore, systemic inflammation, reflected by
elevated C-reactive protein and interleukin-6 levels, may contribute to
progressive myocardial injury and adverse prognosis [3,6,7].

Echocardiographic parameters are also of major importance in
assessing disease severity, as they reflect the extent of structural and
functional myocardial damage. The most informative indicators include
left ventricular ejection fraction, chamber size, and indices of diastolic
function. However, in most studies these parameters are analyzed in
isolation, whereas their combination with laboratory markers of
myocardial stress and inflammation may provide more accurate risk
stratification for adverse outcomes [1,3].

In view of these considerations, the aim of the present study was to
evaluate the prognostic significance of clinical, laboratory, and
echocardiographic parameters and to develop an integrated risk model
for adverse outcomes in PPCM.

Materials and Methods

Study design and setting

This comparative clinical observational study was conducted at the
Departments of Obstetrics and Gynecology and Internal Medicine of
AMU between 2019 and 2023. A total of 75 pregnant women were
enrolled, including 60 in the main group and 15 in the control group.

Eligibility criteria

Pregnant women were eligible for inclusion if they met the
following criteria: gestational age from the first to the third trimester;
presence of clinical and anamnestic features suggestive of possible
cardiovascular maladaptation during pregnancy; written informed
consent to participate in the study; and availability of complete medical
documentation.

Patients were excluded in the presence of previously diagnosed
organic heart disease, including congenital or acquired valvular defects
and cardiomyopathies of other etiologies; severe extragenital pathology
likely to substantially affect pregnancy course; chronic systemic disease
in the stage of decompensation; or refusal to participate in the study.

Study groups

The main group included 60 pregnant women with clinical and
anamnestic signs suggestive of PPCM. According to gestational age at
the time of examination, these patients were stratified into three
subgroups: Group |, women examined during the first trimester (up to
13 weeks of gestation; n = 20); Group I, women examined during the
second trimester (14-27 weeks of gestation; n = 20); and Group lII,
women examined during the third trimester (28 weeks of gestation or
more; n = 20).

This stratification allowed comparative assessment of clinical,
anamnestic, and somatic risk factors according to gestational stage.

The control group consisted of 15 apparently healthy pregnant
women with physiological pregnancies and no evidence of
cardiovascular pathology.

The mean age of the women was 30.8 + 4.2 years in the main group
and 27.6 £ 5.1 years in the control group.

Follow-up schedule

Assessments were performed at three time points: during
pregnancy, on postpartum day 10, and 6 months after delivery.

Clinical and instrumental assessment

All participants underwent comprehensive clinical and anamnestic
evaluation, including assessment of obstetric and gynecologic history,
somatic status, and risk factors for PPCM. Instrumental examination
included 12-lead electrocardiography using the Schiller AT-102 system
(Switzerland) [10], echocardiography performed on a Philips EPIQ 7
device using standard apical views to calculate left ventricular ejection
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fraction by the Simpson method, and Doppler echocardiography, when
indicated, to assess diastolic function and pulmonary artery pressure
[11].

Laboratory assessment

Venous blood samples were collected in the morning after an
overnight fast, with the patient in a seated position, using vacuum tubes
containing a clot activator [12]. Samples were centrifuged at 3000 rpm
for 10 minutes at +4 C. Serum was stored at -80 C until analysis [13].

Cathepsin D was measured by enzyme-linked immunosorbent assay
using the SensoLyte 520 Cathepsin D Assay Kit (AnaSpec, USA) [14].
Prolactin was measured by immunochemiluminescent assay on the
Cobas €601 analyzer (Roche Diagnostics, Switzerland) [15]. NT-
proBNP was determined using Elecsys test systems (Roche Diagnostics,
Switzerland) [16].

In addition, inflammatory markers, including C-reactive protein and
interleukin-6, were assessed.

Outcome definition

The primary study endpoint was an adverse outcome, defined as
incomplete recovery of myocardial contractile function 6 months
postpartum, corresponding to LVEF < 50%.

Statistical analysis

Statistical analysis was performed using SPSS Statistics 26.0 (IBM
Corp., USA) and MedCalc software. Continuous variables are presented
as mean + standard deviation. Comparisons between two groups were
performed using Student's t-test for independent samples. Comparisons
among more than two groups were performed using one-way analysis
of variance with post hoc analysis. Categorical variables were analyzed
using Pearson's chi-square test. A p value < 0.05 was considered
statistically significant.

To identify factors associated with adverse PPCM course, a
prognostic model was developed. First, ROC analysis was performed to
determine optimal threshold values for clinical, laboratory, and
echocardiographic parameters associated with adverse outcome.
Optimal cut-off values were defined using the Youden index. Second,
variables with the highest diagnostic significance were converted into
binary variables and entered into a penalized logistic regression model.
Penalized regression was used to obtain more stable coefficient
estimates in the setting of a relatively small sample size and marked
separation between clinical groups.

The diagnostic performance of the model was assessed by ROC
analysis, with calculation of the area under the curve, sensitivity, and
specificity.

Results

Clinical characteristics

Analysis of the clinical data showed that the most favorable profile
was observed in Group I. Although transient deterioration occurred in
the early postpartum period, these patients demonstrated clear recovery
of myocardial contractile function by 6 months, accompanied by fewer
complaints, regression of tachycardia, and improvement in overall
clinical status.

In Group IlI, the disease course was less favorable. During
pregnancy, these patients already showed more pronounced signs of
heart failure, a hypotensive hemodynamic profile, and lower LVEF
values. Although improvement was observed at 6 months, the degree of
recovery was less marked than in Group .

The most severe form of PPCM was recorded in Group Ill. These
patients were characterized by more pronounced clinical symptoms, a
combination of tachycardia and arterial hypertension, more frequent
hospitalizations, lower baseline LVEF values, and slower reverse
myocardial remodeling.

The mean age of patients did not differ significantly across the study
groups and was 31.2 + 4.6 years in Group |, 30.7 + 4.1 years in Group
11, and 32.0 + 4.9 years in Group Il (p = 0.42). At initial assessment,
NYHA functional class differed significantly between groups. In Group
I, most patients had NYHA class I-11 symptoms, with a mean value of
1.6 £ 0.5. In Group II, the mean NYHA class was 2.2 + 0.6, whereas
Group 111 exhibited the most pronounced heart failure symptoms, with
amean of 2.6 + 0.7 (p < 0.01) (Tabl.1).

Heart rate also differed between groups, with significantly higher
values observed in Groups Il and 11l compared with Group .
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Table 1.
Clinical and hemodynamic characteristics of patients with PPCM
| Parameter || Group | || Group Il || Group 11 || p value |
| Age, years | 31.2+46 | 307+41 | 320+49 | o042 |
| NYHAclass | 16+05 | 2.2+06 | 26x07 | <001 |
| Heart rate, beats/min|| 88+ 9 | 96+11 | 101+12 || <0.01 |

Reduced arterial blood pressure was more frequently observed in
Group Il, consistent with a hypotensive hemodynamic pattern, whereas
Group Il patients showed higher systolic blood pressure values,
reflecting a hypertensive disease profile.

Laboratory findings

Analysis of laboratory parameters revealed significant intergroup
differences in biomarkers of myocardial stress, hormone-proteolytic
activation, and inflammatory response.

NT-proBNP, reflecting myocardial hemodynamic overload,
increased significantly with increasing disease severity. Mean values
were 620 + 210 pg/mL in Group I, 980 + 340 pg/mL in Group II, and
1240 + 420 pg/mL in Group 111 (p <0.001). Using the ROC-derived cut-
off value of > 890 pg/mL, elevated levels were observed in 35%, 65%,
and 85% of patients in Groups I, I1, and 111, respectively.

Cathepsin D also showed a pronounced intergroup gradient, with
mean values of 15.4 + 4.2 ng/mL, 19.8 + 5.1 ng/mL, and 23.6 + 6.4
ng/mL in Groups 1, 11, and 111, respectively (p < 0.01). At a threshold of
> 18.6 ng/mL, elevated levels were found in 30%, 60%, and 80% of
patients, respectively.

Prolactin levels likewise increased with worsening clinical profile.
Mean concentrations were 2450 + 780 mIU/L in Group I, 3080 + 960
mIU/L in Group I, and 3520 + 1040 mIU/L in Group Il (p <0.01). At
the diagnostic cut-off of > 2920 mIU/L, increased prolactin was present
in 40%, 70%, and 90% of patients, respectively.

Inflammatory markers followed a similar pattern. C-reactive protein
increased from 3.1+ 1.5 mg/L in Group 1 to 5.4 + 2.1 mg/L in Group I
and 6.2 £ 2.3 mg/L in Group Il (p < 0.01). Interleukin-6 concentrations
were 2.1 + 0.9 pg/mL, 3.4 + 1.2 pg/mL, and 4.1 + 1.5 pg/mL,
respectively (p < 0.01) (tabl.2).

Table 2.
Laboratory parameters in patients with PPCM
| Parameter || Group | || Group Il || Group 11 || p value |
| NT-proBNP, pg/mL]| 620£210 || 980340 || 1240+420 || <0.001 |
| Cathepsin D, ng/mL]| 154+42 | 19851 || 236+64 | <001 |
| Prolactin, miu/L || 2450 +780 || 3080+960 || 3520+1040 || <001 |
| CRP,mg/L || 31%15 I 54+21 || 62+23 | <0.01 |
| IL-6, pg/mL || 2.1+0.9 I 34+12 || 41+15 || <001 |

Correlation between biomarkers and left ventricular function

NT-proBNP showed the strongest inverse correlation with LVEF (r
-0.62; p < 0.001). Similar negative correlations were found for
prolactin (r = -0.55; p < 0.01) and cathepsin D (r = -0.51; p < 0.01).
Inflammatory markers also demonstrated significant inverse
correlations with LVEF: CRP, r =-0.43 (p < 0.05), and IL-6, r =-0.41
(p <0.05) (tabl.3).

Laboratory predictors of adverse outcome

At 6 months postpartum, incomplete recovery of myocardial
contractile function (LVEF < 50%) was observed in 27 patients (45%).
Baseline biomarker levels were significantly higher among patients with
adverse outcome (Tabl.3).

Table 3.
Baseline laboratory markers according to 6-month outcome
| Parameter || Favorable outcome || Adverse outcome | pvalue |
| NT-proBNP, pg/mL|| 720+ 260 | 1180380 | <o0.001 |
| Cathepsin D, ng/mL|| 16.8+4.6 | 224+58 | <o0.01 |
| Prolactin, mlU/L || 2580 +820 || 3350+1010 [ <001 |
| CRP, mg/L | 38+17 | 5922 [ <o0.01 |
| IL-6, pg/mL | 24x10 | 38+13 | <001 |

Thus, elevated NT-proBNP, prolactin, and cathepsin D showed the
strongest association with incomplete myocardial recovery.

Echocardiographic predictors of adverse outcome

Echocardiographic analysis revealed significant differences among
groups in structural and functional myocardial parameters. The most
pronounced abnormalities were observed in Group Il and included
lower LVEF, increased left ventricular end-diastolic diameter (LVVEDD)
and end-systolic diameter (LVESD), and signs of diastolic dysfunction.

ROC analysis identified the following informative threshold values:

LVEF <41% (AUC = 0.91; sensitivity 87%; specificity 81%);
LVEDD > 58 mm (AUC = 0.82; sensitivity 78%; specificity 73%);
LVESD > 42 mm (AUC = 0.84; sensitivity 80%; specificity 75%);
E/A <0.80 (AUC = 0.79; sensitivity 74%; specificity 70%).
Development of the PPCM-PRO model
Based on ROC analysis, the most informative variables were
included in a penalized logistic regression model. The model
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Mean LVEF values were 46.8 + 4.1% in Group I, 41.5 £ 5.0% in
Group 11, and 37.2 + 4.8% in Group Il (p < 0.001). LVEDD measured
54 + 5 mm, 58 + 6 mm, and 61 + 7 mm, respectively (p < 0.01), while
LVESD was 38 + 4 mm, 42 + 5 mm, and 45 + 6 mm (p < 0.01). The
E/A ratio also decreased significantly with increasing disease severity,
measuring 1.02 + 0.21 in Group |, 0.86 £ 0.19 in Group Il, and 0.74 +
0.17in Group Il (p <0.01).

incorporated NT-proBNP, cathepsin D, prolactin, CRP, IL-6, left
ventricular ejection fraction, and heart rate as independent predictors.
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The probability of adverse outcome was calculated using a logistic
regression function. Among all variables, prolactin, NT-proBNP, and
cathepsin D demonstrated the strongest contribution to risk prediction.

Simplified PPCM-PRO risk score

Laboratory predictors of adverse outcome

At 6 months postpartum, incomplete recovery of myocardial
contractile function (LVEF < 50%) was observed in 27 patients (45%).
Baseline biomarker levels were significantly higher in patients with
adverse outcome compared to those with favorable recovery (Table 3).

In particular, patients with adverse outcome demonstrated elevated
levels of NT-proBNP, cathepsin D, prolactin, C-reactive protein, and
interleukin-6 (all p < 0.01).

Among these variables, NT-proBNP, prolactin, and cathepsin D
showed the most pronounced intergroup differences, suggesting their
potential role as key markers associated with unfavorable myocardial
recovery. These findings were further supported by multivariable
analysis, where NT-proBNP, prolactin, and cathepsin D contributed
most significantly to the final prognostic model (Tabl.4).

Table 4.

PPCM-PRO risk score

Variable

| Points

Prolactin > 2920 mIU/L

NT-proBNP > 890 pg/mL

Cathepsin D > 18.6 ng/mL

CRP >5.0 mg/L

IL-6 > 3.0 pg/mL

LVEF <41%

Heart rate > 96 beats/min

RN w

Maximum total score: 11.

Based on the total PPCM-PRO score, patients were stratified into
three risk categories: low risk (0-2 points), moderate risk (3-5 points),
and high risk (> 6 points) (Tabl.5).

Patients classified as high risk demonstrated a substantially higher
probability of persistent left ventricular systolic dysfunction at 6 months
postpartum compared to those in the low- and moderate-risk groups.
This stratification allows early identification of patients requiring closer
monitoring and more intensive management.

Table 5.

Risk categories according to PPCM-PRO

| Total score || Risk category |
| 0-2 || Low risk |
| 35 | Moderate risk |
| =6 [ High risk |

Patients with high prognostic scores had a significantly greater
likelihood of persistent systolic myocardial dysfunction at 6 months
postpartum.

Diagnostic performance of the model

The area under the ROC curve for the integrated PPCM-PRO model
was 0.93 (95% CI 0.86-0.98), indicating excellent discriminatory ability

Specificity

for predicting adverse PPCM outcomes. The optimal threshold was > 6
points, at which sensitivity reached 94% and specificity 93%.

Among the individual predictors, LVEF, prolactin, and NT-proBNP
showed the highest diagnostic value (Fig.1-3).
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Figure 1. ROC curve of the PPCM-PRO risk score for predicting adverse outcome in peripartum cardiomyopathy.
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Prolactin = 2920 mME/L

NT-proBNP = 890 pg/mL

LVEF = 41%

Cathepsin D = 18.6 ng/mL

CRP = 5.0 mg/L

IL-6 = 3.0 pg/mL

HR = 96 bpm

10°

10!

Figure 2. Forest plot showing odds ratios of independent predictors of adverse outcome in PPCM.
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Figure 3. Nomogram of the PPCM-PRO risk model for estimating the probability of adverse outcome.

Discussion

The present study confirms that the clinical course of PPCM is
highly heterogeneous and is determined by the interplay of
hemodynamic, hormonal, inflammatory, and structural-functional
myocardial abnormalities. These findings are consistent with
contemporary evidence indicating substantial variability in clinical
presentation, disease progression, and recovery patterns in PPCM [17-
19]. The principal objective of this work was to identify clinical,
laboratory, and echocardiographic parameters capable of predicting
adverse disease course and incomplete recovery of myocardial
contractile function within the first 6 months postpartum.

Among the laboratory variables, NT-proBNP emerged as one of the
most important predictors. Increased concentrations were strongly
associated with more severe left ventricular systolic dysfunction and
adverse outcome. These findings are in line with previous reports
indicating that higher NT-proBNP levels in PPCM are associated with
a reduced probability of left ventricular recovery and a more severe
clinical course [8-10]. This observation is also consistent with the
broader concept that natriuretic peptides reflect myocardial stress and
hemodynamic overload in heart failure [1,3].

Another important observation was the association between adverse
outcome and elevated prolactin and cathepsin D levels. These findings
are biologically plausible in the context of the prolactin-dependent
hypothesis of myocardial injury, according to which oxidative stress
promotes the cleavage of full-length prolactin by cathepsin D, resulting
in a cardiotoxic 16-kDa prolactin fragment [7]. This mechanism has
been implicated in endothelial dysfunction, impaired microcirculation,
and progressive myocardial dysfunction [3,6,7]. Current experimental
and clinical evidence further supports the role of prolactin-mediated
pathways in PPCM pathogenesis [20].
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Inflammatory activation also appeared to play a relevant role.
Patients with more severe disease demonstrated higher CRP and IL-6
levels, supporting the concept that systemic inflammation contributes to
myocardial injury and adverse remodeling in PPCM [3,6]. These
observations are in agreement with recent studies emphasizing the
contribution of inflammatory and immune-mediated mechanisms to
disease progression and unfavorable outcome [18,19].

Echocardiographic parameters were likewise highly informative.
Lower LVEF, increased chamber dimensions, and impaired diastolic
function characterized patients with the least favorable profiles. These
observations are consistent with earlier studies showing that baseline
LVEF is among the strongest predictors of long-term outcome in PPCM
[9,10,17]. Furthermore, previous investigations have shown that
impaired baseline systolic function is associated with delayed
myocardial recovery and persistent ventricular dysfunction [21,22].

Importantly, PPCM is increasingly recognized as a multifactorial
disease with contributions from vascular, genetic, and hormonal
pathways. Recent studies suggest a shared genetic predisposition
between PPCM and dilated cardiomyopathy, further supporting the
heterogeneity of the disease [23]. Moreover, angiogenic imbalance has
been proposed as a key mechanism contributing to myocardial
dysfunction in PPCM [24]. The association between PPCM and
hypertensive disorders of pregnancy, particularly pre-eclampsia, has
also been widely reported and may further aggravate myocardial stress
and endothelial injury [25].

On the basis of these findings, we developed the integrated PPCM-
PRO model, which combines biomarkers of myocardial stress,
prolactin-dependent injury, inflammatory response, and left ventricular
systolic function. The excellent AUC suggests strong discriminatory
performance and supports the use of multicomponent prognostic tools
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rather than reliance on individual indicators alone. This approach is in
line with current concepts of risk stratification in PPCM [26].

From a clinical perspective, the proposed model may help identify
high-risk patients at an early stage and thereby facilitate closer
echocardiographic surveillance, serial biomarker assessment, and
timely referral to specialized cardiology centers. In this way, the model
may serve not only as a research tool but also as a practical instrument
for personalized management, in accordance with current clinical
recommendations [2,20].

Several limitations should be acknowledged. First, the sample size
was relatively small, which may limit generalizability. Second, the
single-center design may have contributed to overestimation of model
performance. Third, although the selected biomarkers showed strong
prognostic value, their interpretation should be standardized in future
multicenter studies. Accordingly, larger prospective investigations are
needed for external validation of the proposed model [17,26].

Conclusion

The present study demonstrated that adverse outcomes in PPCM are
driven by a complex interplay of pathogenic mechanisms, including
myocardial stress, activation of prolactin-cathepsin D-dependent
myocardial injury, systemic inflammatory response, and marked
structural-functional remodeling of the left ventricle.

The most significant prognostic factors for adverse outcome were
elevated NT-proBNP, prolactin, and cathepsin D levels, together with
reduced LVEF. Additional prognostic information was provided by
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