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Abstract 

Preeclampsia (PE) is a leading cause of maternal and perinatal morbidity, with 

immune dysregulation and a shift toward the pro-inflammatory Th1 phenotype 

considered key pathogenetic mechanisms. However, the temporal dynamics of this 

imbalance across different gestational ages remain insufficiently characterized. This 

prospective comparative study included 150 pregnant women (120 with PE, 30 

uncomplicated controls). PE patients were stratified by gestational age at onset: <34 

weeks, 34–36 weeks, and ≥37 weeks. Plasma concentrations of IL-2, IL-4, IL-6, IL-8, 

IL-10, GM-CSF, IFN-γ, and TNF-α were measured using multiplex assay; integrated 

cytokine ratios (TNF-α/IL-10, IFN-γ/IL-4, IL-2/IL-4) were calculated. All PE patients 

exhibited a pronounced cytokine imbalance, with the most substantial alterations in 

early-onset PE (<34 weeks). Integrated ratios showed greater discriminatory capacity 

than absolute cytokine values. TNF-α/IL-10 ratio correlated negatively with neonatal 

birth weight, and was a strong predictor of severe PE and preterm delivery (AUC=0.87). 

Assessment of the cytokine profile, particularly a TNF-α/IL-10 ratio threshold >2.5, may 

serve as an adjunctive objective criterion for risk stratification and for guiding the timing 

of therapeutic intervention and delivery in pregnancies complicated by preeclampsia. 
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Aim of the study. To evaluate the changes in plasma levels of pro- and 

anti-inflammatory cytokines in women with preeclampsia at various gestational ages and 

to assess their prognostic value for maternal and perinatal outcomes. 

Material and methods of research. A prospective comparative study was conducted 

involving 150 pregnant women, divided into a PE group (n=120) and a control group 

with uncomplicated pregnancies (n=30). Patients with PE were stratified by gestational 

age at disease onset: <34 weeks, 34–36 weeks, and ≥37 weeks. Plasma concentrations of 

IL-2, IL-4, IL-6, IL-8, IL-10, GM-CSF, IFN-γ, and TNF-α were measured using 

multiplex assay (xMAP technology) [7,9]. Integrated cytokine ratios (TNF-α/IL-10, 

IFN-γ/IL-4, IL-2/IL-4) were calculated. Statistical analysis included non-parametric tests, 

Spearman's correlation, and ROC-curve analysis [1,4]. All patients provided written 

informed consent. 

Results and discussion. All PE patients exhibited a pronounced cytokine imbalance 

characterized by elevated pro-inflammatory cytokines (IL-6, TNF-α, IFN-γ) and reduced 

anti-inflammatory cytokines (IL-10, IL-4) compared to controls (p<0.001) [3,8]. The 
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most substantial alterations were observed in the early-onset PE subgroup (<34 

weeks). Integrated ratios demonstrated greater discriminatory capacity than absolute 

cytokine values. TNF-α levels correlated positively with mean arterial pressure (r=0.62), 

IL-6 correlated with PE severity (r=0.58), and the TNF-α/IL-10 ratio showed a negative 

correlation with neonatal birth weight (r=−0.54) [2,5]. In the early-onset PE subgroup, 

severe PE was recorded in 72.5% of cases, and admission to the neonatal intensive care 

unit occurred in 67.5%, significantly exceeding the rates in late-onset PE. ROC analysis 

revealed that the TNF-α/IL-10 ratio was a strong predictor of severe PE and preterm 

delivery (AUC=0.87) [6,10]. These findings confirm that the pro-inflammatory shift is 

more pronounced in early-onset disease, which is consistent with the two-stage model of 

preeclampsia and may reflect a more severe underlying placental pathology [2,4]. 

Conclusions. The magnitude of the pro-inflammatory shift in PE is inversely related 

to gestational age at disease manifestation. Assessment of the cytokine profile, 

particularly a TNF-α/IL-10 ratio threshold >2.5, may serve as an adjunctive objective 

criterion for risk stratification and for guiding the timing of therapeutic intervention and 

delivery in pregnancies complicated by preeclampsia [1,3,8]. 

 

Bibliography 

 

1. Redman CW, Sargent IL. Immunology of pre-eclampsia. Am J Reprod Immunol. 

2010;63(6):534-543. 

2. Roberts JM, Hubel CA. The two stage model of preeclampsia: variations on the 

theme. Placenta. 2009;30(Suppl A):S32-S37. 

3. Steegers EA, von Dadelszen P, Duvekot JJ, Pijnenborg R. Pre-eclampsia. Lancet. 

2010;376(9741):631-644. 

4. Chaiworapongsa T, Chaemsaithong P, Yeo L, Romero R. Pre-eclampsia part 1: 

current understanding of its pathophysiology. Nat Rev Nephrol. 2014;10(8):466-480. 

5. Sibai BM, Ewell M, Levine RJ, et al. Risk factors associated with preeclampsia in 

healthy nulliparous women. Am J Obstet Gynecol. 1997;177(5):1003-1010. 

6. Duckitt K, Harrington D. Risk factors for pre-eclampsia at antenatal booking: 

systematic review of controlled studies. BMJ. 2005;330(7491):565. 

7. Ramma W, Ahmed A. Is inflammation the cause of pre-eclampsia? Biochem Soc 

Trans. 2011;39(6):1619-1627. 

8. Harmon AC, Cornelius DC, Amaral LM, et al. The role of inflammation in the 

pathology of preeclampsia. Clin Sci (Lond). 2016;130(6):409-419. 

9. Laskowska M, Laskowska K, Oleszczuk J. Elevated maternal serum 

concentrations of pro-inflammatory cytokines in preeclampsia. J Matern Fetal Neonatal 

Med. 2019;32(10):1686-1692. 

10. American College of Obstetricians and Gynecologists. Gestational hypertension 

and preeclampsia. ACOG Practice Bulletin No. 222. Obstet Gynecol. 

2020;135(6):e237-e260. 

 


