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Relevance:
Iron deficiency anemia (IDA) is among the most prevalent extragenital pathologies, posing a significant threat to maternal and fetal health during pregnancy. According to the World Health Organization (WHO), anemia affects 38% of pregnant women globally, amounting to approximately 32 million individuals. The primary cause is iron deficiency that does not meet the increased physiological demands during pregnancy. Iron requirements rise from the first trimester and triple by the end of pregnancy due to fetal development, placental formation, and increased maternal erythrocyte mass.
In Kazakhstan, as per the Ministry of Health data, IDA was diagnosed in 27% of pregnant women in 2020. Despite a decline from 41.7% in 2007, questions remain regarding the mechanisms of disease development and diagnosis. A significant majority of pregnant women (62.9%) exhibit reduced ferritin levels, a marker of iron metabolism, underscoring the importance of timely diagnosis, prevention, and effective therapy.
Current scientific evidence confirms a pathogenic link between obesity and the development of IDA. In Kazakhstan, 38.6% of women of reproductive age are overweight or obese, with prevalence doubling over recent decades. Obesity is considered not only a metabolic disorder but also a chronic low-grade inflammatory state negatively impacting iron metabolism.
Inflammatory cytokines such as interleukin-6 (IL-6), C-reactive protein (CRP), and tumor necrosis factor-alpha (TNF-α), secreted by adipose tissue, stimulate hepcidin production. Hepcidin, a key regulator of iron metabolism, suppresses intestinal iron absorption and its mobilization from liver and macrophage stores. Chronic inflammation leads to functional iron deficiency, where iron is unavailable for use. This is particularly characteristic of obese women, who also exhibit significantly reduced efficacy of iron-containing medications.
Studies indicate that obese pregnant women have significantly elevated levels of inflammatory markers (IL-6, CRP), hepcidin, and leptin, which limit iron absorption and disrupt erythropoiesis. Leptin, a hormone secreted by adipocytes, indirectly stimulates hepcidin synthesis, exacerbating iron deficiency.
Maternal obesity affects not only the mother's iron metabolism but also that of the fetus. Numerous studies suggest that newborns of obese mothers have lower cord blood ferritin levels and higher risks of iron deficiency, as well as delayed cognitive and motor development. Despite increased expression of iron transport receptors (sTfR, rTfR1) in the placenta, inflammation and elevated hepcidin levels limit maternal-fetal iron transfer, contributing to neonatal iron deficiency with potential consequences.
Obesity also impacts the effectiveness of IDA prevention and treatment in pregnant women. Elevated hepcidin levels reduce the bioavailability of iron supplements, necessitating a reevaluation of traditional preventive and therapeutic approaches. Limiting excessive weight gain during pregnancy and lifestyle modifications (diet, physical activity) help reduce inflammatory activity, improve iron metabolism, and prevent IDA.
Given these data, studying obesity-related anemia during pregnancy is a pressing issue for Kazakhstan. Currently, there is a lack of comprehensive clinical and laboratory research in this area within the country. This scientific work aims to identify the prevalence, pathogenesis, diagnosis, and treatment features of IDA in obese pregnant women. The research findings will enhance diagnosis and improve the effectiveness of IDA prevention and treatment in this population.
Research Objective:
To assess the relationship between inflammatory and iron metabolism markers in pregnant women with pre-gestational obesity in the pathogenesis of anemia.
Research Tasks:
1. Determine the levels of iron metabolism markers (hepcidin, ferritin, erythropoietin) and inflammation markers (interleukin-6, C-reactive protein) in pregnant women, and evaluate their changes in anemia and obesity.
2. Assess the impact of pre-gestational obesity and anemia in pregnant women on labor outcomes and neonatal condition.
3. Analyze the correlations between iron metabolism markers (hepcidin, ferritin, erythropoietin) and inflammation markers (interleukin-6, C-reactive protein) in obese pregnant women with anemia.
4. Develop a prognostic model based on inflammation and iron metabolism markers for early diagnosis and prevention of anemia in obese pregnant women.
5. Evaluate the pathogenetic mechanisms of anemia development against the background of pre-gestational obesity under chronic inflammation conditions.
Scientific Novelty
1. For the first time, the role of hepcidin level in pregnant women has been comprehensively evaluated as a significant predictor of anemia development. It was established that increased hepcidin levels substantially raise the risk of anemia when associated with obesity, with levels tripling in such cases. The leading role of hepcidin in inflammatory processes and iron metabolism was confirmed. Hepcidin is considered a biomarker for early and differential diagnosis of iron deficiency anemia (Certificate of Copyright No. 53238 dated 08.01.2025).
2. The association between obesity and inflammatory processes in pregnant women was proven for the first time. Levels of interleukin-6 and C-reactive protein were significantly higher in women with obesity and positively correlated with the severity of inflammation (Certificate of Copyright No. 53486 dated 15.01.2025).
3. An integrated assessment of hepcidin, ferritin, erythropoietin, interleukin-6, and C-reactive protein levels allows for highly reliable early diagnosis of anemia in pregnant women (Certificate of Copyright No. 5362 dated 20.01.2025).
4. For the first time, it was shown that the combination of anemia and obesity statistically significantly (p < 0.05) increases the risk of complications during labor and the postpartum period: gestational diabetes (up to 33.3%), hypertension (up to 25%), shoulder dystocia (up to 21.1%), macrosomia (up to 18.4%), and low Apgar scores (up to 15.8%). These findings emphasize the need for comprehensive monitoring and early intervention in this patient category.
Key Findings for Defense
1. Hepcidin level is directly associated with the risk of anemia and inflammatory activity. In cases of combined obesity and anemia, hepcidin level increases threefold (Me = 1786.59 [Q1: 1510.64 – Q3: 1940.43], p < 0.001), making it a reliable biomarker for early diagnosis and treatment monitoring.
2. A strong correlation was found between inflammatory markers (interleukin-6 and C-reactive protein) and obesity in pregnant women: as body mass index increases, so do these markers (CRP: r = 0.394, p < 0.01; IL-6: r = 0.561, p < 0.01), confirming their role as risk indicators for anemia and inflammatory complications.
3. Combined assessment of hepcidin, ferritin, erythropoietin, interleukin-6, and CRP enables accurate early detection of anemia. The developed predictive model demonstrated high classification accuracy (77.8%) and diagnostic performance via ROC curve (AUC = 0.864; 95% CI = 0.810–0.918; p < 0.001), allowing for personalized diagnostic strategies in pregnant women.
4. The combination of obesity and anemia significantly increases the risk of perinatal complications: gestational diabetes (χ² = 14.141, p = 0.0027), hypertension (χ² = 9.958, p = 0.0189), shoulder dystocia (χ² = 12.069, p = 0.0072), macrosomia (χ² = 7.958, p = 0.0469), and low Apgar scores (χ² = 10.594, p = 0.0141), highlighting the importance of early diagnosis and lifestyle modification.
Practical Significance
1. Monitoring hepcidin levels enables early detection of anemia in pregnant women. Its elevation is a reliable predictor of anemia and can be used to differentiate iron deficiency anemia from other forms and to assess therapy effectiveness.
2. Comprehensive analysis of iron metabolism markers (hepcidin, ferritin, erythropoietin) and inflammation (IL-6 and CRP) facilitates high-accuracy prediction of anemia risk, contributing to personalized prevention and treatment. Elevated levels of these biomarkers allow timely identification of high-risk groups and prevention of complications.
3. Early diagnosis of anemia in obese pregnant women allows for timely therapeutic interventions, lifestyle modification, and reduction of perinatal complications (gestational diabetes, hypertension, and macrosomia).
Implementation into Practice
The study results have been implemented into the clinical practice of the Perinatal Center No. 1 of the Regional Clinical Hospital in Karaganda and the gynecological practice of Student Polyclinic No. 1, where iron and inflammatory markers are assessed for anemia prevention in pregnant women with pregestational obesity (Implementation Acts dated 22.04.2024 and 04.11.2024).
Reliability and Validation
1. The research results were discussed and published in the proceedings of the 66th annual international scientific-practical conference "Science and Health," organized by the "Semey Medical University" NC JSC  (April 11–12, 2024, p. 34).
2. The findings were also presented and published in the conference proceedings dedicated to Science Day, "The World of Science and Youth: Traditions and Innovations" ("Karaganda Medical University" NC JSC 2023, p. 38).
3. The study results were discussed at an extended joint meeting of the Departments of Internal Diseases and Obstetrics, Gynecology, and Perinatology of the  "Karaganda Medical University" NC JSC on May 3, 2024 (Protocol No. 10).
4. The study design and objectives align with the research goals. The results are validated by a sufficient number of observations, proper formation of main and control groups, adherence to inclusion and exclusion criteria, and the use of modern laboratory methods. Statistical processing methods were appropriately selected in accordance with the research objectives.
Publications
The main provisions and results of the dissertation research are presented in four scientific articles, three of which are published in journals recommended by the Committee for Quality Assurance in the Field of Science and Higher Education of the Republic of Kazakhstan, and one in a journal indexed in the Scopus and Clarivate Analytics databases.

Certificates of Copyright
1. Certificate No. 53238 dated January 8, 2025: "Prognostic Value of Iron Metabolism Markers (Hepcidin, Erythropoietin, Ferritin) in Anemia among Pregnant Women with Pregestational Obesity."
2. Certificate No. 53486 dated January 15, 2025: "Prognostic Value of Inflammatory Markers (Interleukin-6, C-Reactive Protein) in Anemia among Pregnant Women with Pregestational Obesity. 
3. Certificate No. 53626 dated January 20, 2025: "Pathogenetic Algorithm for Anemia Development Amid Chronic Inflammation in High Body Mass Index Conditions."
Research Findings
1. The level of hepcidin in pregnant women with anemia and obesity was found to be three times higher: Me = 1786.59 (Q1: 1510.64–Q3: 1940.43) compared to the control group, Me = 568.01 (Q1: 314.35–Q3: 688.43), p = 0.010. These findings highlight the crucial role of hepcidin in triggering inflammatory responses and impairing iron metabolism. Iron stores, as assessed by ferritin levels, were significantly lower in the anemia with obesity group: Me = 8.49 (Q1: 4.56–Q3: 13.19), which is 57% lower than in healthy pregnant women — Me = 19.65 (Q1: 17.61–Q3: 32.81), p = 0.031. This indicates functional iron deficiency amid ongoing inflammatory activation. Erythropoietin levels in the anemia with obesity group were lower than in women with isolated anemia: Me = 23.5 (Q1: 20.1–Q3: 27.4) vs. Me = 34.9 (Q1: 30.5–Q3: 38.2), p < 0.01, suggesting suppressed erythropoietin production mediated by chronic inflammation. Interleukin-6 levels were 2.6 times higher in the group with anemia and obesity: Me = 6.2 (Q1: 5.4–Q3: 7.1) vs. Me = 2.4 (Q1: 2.0–Q3: 2.9), p < 0.001, reflecting a pronounced systemic inflammatory response. C-reactive protein levels were also significantly higher: Me = 8.50 (Q1: 6.34–Q3: 12.37) compared to the control group Me = 3.92 (Q1: 2.99–Q3: 4.72), p < 0.001. These results confirm the presence of persistent inflammation and its potential role in the pathogenesis of anemia in obese pregnant women.
2. Pregnant women with coexisting anemia and pregestational obesity experienced significantly more frequent delivery complications and adverse perinatal outcomes, confirmed by statistically significant differences. The most common complications were gestational diabetes (χ² = 14.141; p = 0.0027), hypertensive disorders (χ² = 9.958; p = 0.0189), shoulder dystocia (χ² = 12.069; p = 0.0072), macrosomia (χ² = 7.958; p = 0.0469), and low Apgar scores (<7 points) in the first minutes of life (χ² = 10.594; p = 0.0141).
3. Inflammatory markers — C-reactive protein (r = 0.394; p < 0.01), interleukin-6 (r = 0.561; p < 0.01), and hepcidin (r = 0.318; p < 0.01) — showed a positive correlation with body mass index (BMI), indicating a strong association between chronic inflammation, obesity, and impaired iron metabolism in pregnancy. A negative correlation between hepcidin and hemoglobin levels (r = –0.407; p < 0.01) was also revealed, underscoring hepcidin’s role in iron sequestration and hemoglobin reduction.
4. Multiple regression analysis showed that 62.5% of BMI variability was explained by levels of interleukin-6 (r = 0.561; p < 0.01), C-reactive protein (r = 0.394; p < 0.01), and hepcidin (r = 0.318; p < 0.01). Logistic regression results indicated that a one-unit increase in hepcidin raised the risk of anemia by 0.3% (Exp(B) = 1.003; p < 0.001), while a similar increase in interleukin-6 raised the risk by 29.1% (Exp(B) = 1.291; p = 0.002). Conversely, an increase in BMI (Exp(B) = 0.846; p = 0.029) and CRP (Exp(B) = 0.882; p = 0.032) were associated with a moderate reduction in anemia risk, possibly due to sample structure, compensatory mechanisms in isolated obesity, or other metabolic adaptations. The predictive model demonstrated high classification accuracy (77.8%) and reliable diagnostic capacity (AUC = 0.864; 95% CI = 0.810–0.918; p < 0.001), suggesting these biomarkers as promising tools for anemia risk stratification in obese pregnant women.
5. The proposed pathogenesis algorithm for anemia in pregestational obesity shows that adipose tissue accumulation is accompanied by elevated interleukin-6 and CRP levels (r = 0.561, p < 0.01 and r = 0.394, p < 0.01, respectively), stimulating hepcidin synthesis (Me = 1786.59 [Q1: 1510.64 – Q3: 1940.43], p < 0.001). This disrupts iron absorption and mobilization, leading to reduced ferritin levels (Me = 8.49 [Q1: 4.56 – Q3: 13.19], p < 0.05), suppressed erythropoietin synthesis (Me = 51.04 [Q1: 30.87 – Q3: 110.92], p < 0.05), and a marked decline in hemoglobin (Me = 102.3 [Q1: 90.1 – Q3: 115.8], p < 0.001), resulting in anemia and an increased risk of perinatal complications.
Practical Recommendations
1. Hepcidin level assessment is recommended for inclusion in prenatal screening programs to predict early-stage anemia risk, initiate timely therapy, and prevent complications.
2. Monitoring interleukin-6 and CRP levels in pregnant women allows for evaluation of inflammation activity associated with obesity. The high predictive value of IL-6 justifies its use as a marker for complications such as gestational diabetes, hypertension, and anemia.
3. Integrated assessment of inflammation and anemia markers (hepcidin, ferritin, IL-6, and CRP) significantly improves predictive accuracy for early anemia diagnosis during pregnancy.
4. The developed predictive model and pathophysiological algorithm are recommended as tools for diagnosing and forecasting obesity-related anemia and for identifying high-risk pregnant women, guiding therapy, and implementing preventive measures.
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