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ABSTRACT:  

Background. Preeclampsia (PE) is associated with inflammation and many 

neuropsychiatric symptoms, including fatigue. Many biomarkers are correlated with fibro 

fatigue (FF) scores in various diseases. In the present study, inflammatory and placenta-

related biomarkers are utilized to predict fatigue severity in PE using an artificial neural 

network (ANN).  

Methods. Two PE patient groups in the study: one with high fibro fatigue (FF) scores 

(PE-FF≥25, n=45) and another with lower FF (PE-FF<25, n=65). Fifty pregnant women 

were recruited as a control group. Pentraxin-3, VEGF, hs-CRP, osteoprotegerin, TNFα, 

high-sensitive C-reactive protein (hs-CRP), insulin, FABP4, and TRAIL were all measured 

using the ELISA method. 

Results. Both patient groups' serum levels of insulin resistance indices, glucose, fasting 

insulin, FABP4, and PTX3 are significantly higher than those of the control group. The 

PE-FF≥25 group had substantially greater serum levels of TRAIL, TNFα, PAI-1, and hs-

CRP than both the PE-FF<25 group and the control group. FFtotal exhibits a strong 

association with TRAIL, OPG, TNFα, hs-CRP, and FABP4. The ANN model's findings 

demonstrated 100% sensitivity and specificity in differentiating between patients with PE-

FF≥25 and those with PE-FF<25. hs-CRP has the highest predictive power (100%), 

according to the model's predictive strength. TRAIL (97.3%), FABP4 (87.9%), TNFα 

(64.2%), and OPG (55.8%) are next in line. 

Conclusions. Fatigue is correlated with the inflammatory and placenta-related 

biomarkers in PE women. The top three predictors of severe fatigue using ANN are hs-

CRP, TRAIL, and FABP4, which all point to an inflammatory state in PE. 
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INTRODUCTION 

Preeclampsia (PE) is a significant pregnancy complication marked by hypertension occurring after 20 weeks of gestation, often 

associated with proteinuria or other organ dysfunctions. Approximately 2-15% of pregnancies globally are impacted by 

preeclampsia, with higher prevalence in developing countries (1, 2). The illness increases rates of morbidity and death by posing 

serious threats to the health of both the mother and the fetus  (2, 3). Systemic inflammation is a major contributing component 

to the pathophysiology of PE, which is typified by proteinuria and hypertension. Elevated levels of pro-inflammatory cytokines, 

such as interleukin (IL)-6, tumor necrosis factor-α (TNFα), and C-reactive protein (CRP), which are signs of an activated 

immune response, are symptomatic of inflammation in PE  (4, 5). One of the characteristics of PE are the imbalance between 

pro-inflammatory and anti-inflammatory cytokines, such as IL-6 and IL-10 (5). PE has been linked to both systemic and local 

levels of pro-inflammatory T helper (Th)1 and Th17 cytokines, as well as suppressive Treg and Th2 cytokines (IL-10 and IL-

4)  (6). This inflammatory state is also associated with fatigue, a common symptom of PE, as the body's energy resources are 

diverted to manage the inflammatory response. Women with PE often experience fatigue, which negatively affects their overall 

health and quality of life  (7). Research demonstrates that the incidence of fatigue in PE is high and varies depending on the 

demographic and terminology used (8). In addition to the symptoms of depression, anxiety, and chronic fatigue brought on by 

PE, the immune-inflammatory response system is activated (9). In PE, fatigue is caused by the body's reaction to ongoing 

inflammation, which uses a lot of energy, leading to exhaustion and fatigue (10). By altering metabolic pathways and elevating 

oxidative stress, the systemic inflammatory response in PE may make fatigue worse (11). In order to predict fatigue in PE, the 

current study uses biomarkers associated to inflammation and PE. Because of their associations with inflammation, 

angiogenesis, or placental components in PE, these biomarkers were selected. The most well-known indicator of systemic 

inflammation among these biomarkers is highly sensitive CRP (hs-CRP), which is generated by the liver in reaction to IL-6 (12). 

Early in pregnancy, Hs-CRP screening can be utilized to predict PE (13). Although the exact function of CRP in this respect, 

whether causative or consequential, has not yet been established, elevated maternal serum CRP levels may be a significant risk 

factor for PE (14). The levels of TNFα, IL-2, IL-4, and CRP were much higher in fatigued patients (15). These findings provide 

credence to the idea that chronic fatigue syndrome has an inflammatory component (15). The inflammatory response is 

significantly influenced by the pro-inflammatory cytokine TNFα (16), and is higher in PE patients than in those who have 

healthy pregnancies, indicating that it has a part in the pathophysiology of PE (16). PE is characterized by markedly high FABP4, 

and its elevated expression is linked to metabolic abnormalities that contribute to the pathogenesis of the illness (17). FABP4 

controls inflammation and lipid metabolism (18). An acute-phase protein called pentraxin 3 (PTX3) is generated at the site of 

inflammation and has a role in innate immunity (19). It is regarded as a vascular inflammatory marker (20). To aid in the early 

detection of PE in the second trimester, PTX3 may be used as a biomarker. 

 Additionally, these biomarkers could show promise in predicting the severity of PE (21). Women with PE had much higher 

levels of PTX3, and the severity of the PE is correlated with these levels (22). Women with PE had much higher plasma levels 

of PAI-1 mRNA than controls, which is correlated with the severity of the illness (23). PE patients had higher amounts of PAI-

1 in their plasma and placental tissues, which may be related to the pathophysiology of the condition (24). Increased levels of 

PAI-1, which controls fibrinolysis, can result in thrombotic changes, which are typical in PE (25). Fetal hypoxia and placental 

insufficiency are linked to elevated PAI-1 levels in PE, which may exacerbate systemic symptoms including exhaustion (26). 

The levels of PAI-1 and tissue-type plasminogen activator (t-PA) were markedly elevated in women with PE (27). 

The type II transmembrane protein tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) is expressed in a variety 

of organs, including the placenta, where it is present throughout the gestational cycle. As the gestational age increases, its levels 

gradually rise (28). TRAIL is proposed to be essential for developing materno-fetal immunotolerance because it shields the 

placenta from the assault of NK cells and maternal cytotoxic lymphocytes during a typical pregnancy (29). Atherosclerotic 

plaque contains osteoprotegerin (OPG) and TRAIL, which work in opposition to one another to produce the plaque (30). 

Osteoblastic and stromal cells release OPG, a glycoprotein that belongs to the TNF receptor family (31). OPG has a number 

of physiological roles in the body, but it primarily contributes to the bone metabolism pathway by preventing the development 

and differentiation of osteoclasts (32). When compared to a typical pregnancy, the OPG protein and mRNA levels in PE 

placentas were shown to be aberrant (33). The OPG protein and mRNA levels in PE were strongly correlated with its key 

clinical indicators. When combined, OPG and the pathophysiology of PE may be strongly connected (33). Variants in the OPG 

gene may be linked to severe PE that develops early (34). Vascular growth, endothelial integrity, and vascular permeability are 

all greatly influenced by vascular endothelial growth factor (VEGF), a glycoprotein that is expressed in placental 
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syncytiotrophoblasts and which attaches to its receptors 1 and 2 to produce its biological effects (35, 36), which, during 

pregnancy, are mostly invasive chorionic trophoblasts (37). The goal of the current investigation is to identify relationships 

between these biomarkers and the most effective indicators for predicting extreme fatigue in women with PE. 

Contribution of the study 

The key contribution of this research is that it is the first study to predict fatigue severity in PE utilizing a panel of inflammatory 

and placenta-related indicators using an artificial neural network. It identifies hs-CRP, TRAIL, and FABP4 as the best predictors 

of severe exhaustion and shows that fatigue in PE is largely driven by an inflammatory state. This provides a new, therapeutically 

usable model for early diagnosis of PE in women at risk of severe fatigue, with 100% sensitivity and specificity. The work links 

placental and systemic inflammatory processes and paves the door for biomarker-guided therapy of tiredness in preeclampsia. 

SUBJECTS AND METHODS 

Subjects  

From October 2024 to December 2024, the current case-control research was carried out in the Al-Zahraa Obstetrics & 

Gynecology Hospital in the Najaf Governorate, Iraq. 110 PE patients with ages ranging from 31.13 to 5.63 years were included 

in the current research. To make a definitive PE diagnosis, the American College of Obstetricians and Gynecologists' criteria 

were applied (38). After 20 weeks of gestation, if a pregnant woman has proteinuria and a blood pressure reading of >140 

mmHg systolic or ≥ 90 mmHg diastolic, she is diagnosed with PE. The woman's blood pressure should have been normal 

before. All of the patients in this trial met these requirements, and the dipstick test revealed positive proteinuria. They were 

receiving methyldopa (Aldomet®) therapy and fasted for the whole night. The last regular menstrual cycle is used to determine 

the gestational age of pregnancy; fundal height and/or ultrasound data were utilized for women who could not remember their 

last menstrual period. The total number of pregnancies, including ectopic pregnancy, termination, and any other pregnancies 

included on the chart, was called gravidity. The number of births beyond 28 weeks of gestation, including stillbirth and 

intrauterine fetal death (IUFD), is known as parity. The 12-item FF scale was used to measure the fibrofatigue scale before 

blood aspiration (39). Based on the FF score, the patient group was split into two groups: those with severe fatigue (PE-FF≥25, 

n=45 patients) and those with low fatigue (PE-FF<25, n=65 patients) (40).  

 As a control group, fifty pregnant women (gestational age >20 weeks) who showed no obvious anomalies were chosen. They 

were around the same age as the patients (31.8±5.4 years). These patients had no medical or mental illnesses and were stable. 

Their blood pressure, which was around 120/80 mmHg, was within the usual range. The study was conducted by international 

and Iraqi ethical and privacy standards. The University of Kufa's Medical Ethics Committee, Reference #: MEC-102, obtained 

ethical approval for this study following the Declaration of Helsinki's International Guidelines for Human Research Protection. 

Before their involvement in the study, each subject gave their informed consent. Standards for data security and confidentiality 

were strictly upheld over the course of the investigation. 

Criteria for exclusion 

The research excluded patients with any serious systemic disease, particularly those with diabetes, viral hepatitis, renal disease, 

or heart disease. Before recruitment, none of these women had a history of significant cardiovascular problems, such as 

autoimmune disorders, congestive heart failure, or stroke or transient ischemic event. 

Measurements 

Participants' fasting venous blood samples were drawn between 8:00 and 9:00 a.m. and placed in plain tubes. Prior to testing, 

samples were aliquoted and kept at -80 °C. The sera were separated and then divided among three fresh Eppendorf® tubes for 

further examination. Spectrophotometric measurements of serum glucose were performed using Spinreact® (Barcelona, Spain) 

kits. Utilizing commercial ELISA sandwich kits from Nanjing Pars Biochem Co., Ltd. (Nanjing, China), blood levels of TNFα, 

FABP4, PTX3, OPG, insulin, TRAIL, and hs-CRP were measured. As directed by the manufacturer, the processes were carried 

out precisely and without alteration. The accuracy inside an assay, or intra-assay coefficient of variation (CV), was less than 

10.0%. Using the fasting serum insulin and glucose levels, the Homeostasis Model Assessment 2 (HOMA2) calculator© 

(Diabetes Trials Unit, University of Oxford; https://www.dtu.ox.ac.uk/homacalculator/download.php) was utilized to 

determine the β-cell function (HOMA%B), insulin sensitivity (HOMA%S), and insulin resistance (HOMA2-IR). 

Biostatistical Analysis 

 The comparison of the variable levels between the control, PE-FF≥25, and PE-FF<25 groups was examined using the analysis 

of variance (ANOVA), and the post hoc test was conducted using the LSD test. To ascertain the associations between nominal 

variables, the χ2-test, or analysis of contingency tables, was utilized. We used a multivariate general linear model (GLM) analysis 
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to determine the effect of diagnosis on the biomarkers, controlling for confounding factors including age and BMI. Therefore, 

in order to differentiate the relationships between independent factors on biomarkers, we performed between-subjects effect 

testing. The complicated relationships between PE-FF≥25 and PE-FF<25 as output variables and observed biomarkers as 

input variables were evaluated using multilayer perceptron neural network (NN) models. Two hidden layers of processing were 

applied to the final feature vector in the classification stage of the current study to ascertain the influence of the input item 

based on each class label. We deployed two hidden layers with up to 10 nodes, up to 250 epochs, and batch training to train 

the NN using feedforward architecture models. We employed a holdout set (15%) to calculate the NN's predictive value, a 

testing sample (15%) to avoid overtraining, and a training sample (70%) to estimate network parameters. The output layer used 

the identity function, whereas the buried layers used the hyperbolic tangent activation function. Lastly, we calculated the area 

under the ROC curve with diagnostic performance, the relative error, and the significance of the explanatory factors (in an 

importance chart). A p-value of 0.05 was used for two-tailed testing to determine statistical significance. IBM SPSS for Windows 

version 26 was used for all statistical studies. Using G*Power 3.1.9.4, the predicted a priori sample size was determined and 

used for the primary analysis, which comprised doing a multiple regression analysis of the biomarker rating scale scores. Using 

an analysis of variance (ANOVA) test, the findings indicate that there are 153 people in the three research groups, with a power 

of 0.85 and an effect size f of 0.27. 

 

RESULTS 

 Sociodemographic parameter comparison   

The sociodemographic and clinical features of PE patients, as well as the control group with low and high FF levels, are 

displayed in Table 1. The rates of family history, prior abortions, cesarean deliveries, and vaginal births are greater in both 

patient groups. Patients with PE-FF≥25 had considerably higher (p<0.001) levels of DBP, SBP, and total FF score than patients 

with PE-FF<25 and the control group, which has the lowest values. Age, residence, nullpara, multipara, gestational age, parity, 

gravidity, and live births do not significantly differ between groups. There is no discernible difference between PE-FF<25 and 

PE-FF≥25 in terms of the age at which symptoms first appear and how long they last. 

Biomarker comparison between groups 

 Serum indicators in the PE-FF < 25, PE-FF > 25, and control groups are contrasted in Table 2. When compared to the control 

group, the serum levels of FBG, insulin, HOMA2IR, I/G, FABP4, and PTX3 (with the exception of HOMA2%S) increased 

considerably in both patient groups. In contrast, the PE-FF≥25 group had considerably greater blood levels of TRAIL, TNFα, 

PAI-1, and hs-CRP than both the PE-FF<25 group and the control group, which had significantly lower values. HOMA2%B 

did not significantly differ across groups. The OPG of the PE-FF≥25 group was significantly higher than that of the PE-FF≥25 

group, according to the results. Additionally, as compared to the control group, the PE-FF≥25 group's VEGF rose 

considerably. 

 

The multivariate generalized linear model's (GLM) findings 

 The effects of PE illness with high and low FF values, as well as other cofounders, on the levels of the measured biomarkers 

were investigated using the multivariate generalized linear model (GLM) analysis presented in Table 3. Age, prior abortion, SBP, 

DBP, gravidity, multipara, gestational age, nullipara, parity, cesarean birth, and natural delivery did not significantly affect the 

biomarkers that were tested. According to the study, the primary significant effectors (F=13.473, p<0.001) with a substantial 

size impact (Partial η² = 0.579) are the existence of PE and FF. The between-subject effects in the table reflect the impact sizes 

of the diagnosis on each biomarker. Serum OPG (Partial η² = 0.243), TRAIL (Partial η² = 0.217), Hs-CRP (Partial η² = 0.210), 

TNFα (Partial η² = 0.169), FABP4 (Partial η² = 0.111), and PAI-1 (Partial η² = 0.098) are the parameters that were substantially 

impacted by the diagnosis (Partial η² >0.09, p<0.001).   

 FF score and other biomarker correlation 

 After adjusting for the characteristics of PE patients (age, SBP, DBP, age of start, and duration of symptoms), Table 4 displays 

the partial correlation coefficients between the total FF score and various biomarkers. FFTotal indicates a significant 

relationship with TRAIL (r=0.451, p<0.001), FABP4 (r=0.208, p=0.009), OPG (r=0.385, p<0.001), TNFα (r=0.376, p<0.001), 

and hs-CRP (r=0.360, p<0.001). All IR measures, including PAI-1, VEGF, and PTX3, do not significantly correlate with the 

FFTotal score after adjusting for cofounders. 

The artificial neural network's outcomes 
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Table 5 displays the outcomes of the ANN model's performance in differentiating PE-FF≥25 patients from the PE-FF<25 

group utilizing the input variables of all measured biomarkers. Two hidden layers made up the configuration used to train the 

feedforward network. The sum-of-squares error term in the testing sample was substantially smaller than in the training sample, 

indicating that the model had learnt to generalize. A good degree of discriminating was shown by the area under the receiver 

operating characteristic curve (AUC ROC), which came out to be 0.994. The model's capacity to distinguish between PE with 

high FF and low FF patients was demonstrated by its 100% sensitivity and specificity. 

The model's predictive power is demonstrated by the normalized significance graph in Figure 1. Highest predictive power 

(100%) is shown by hs-CRP, followed by TRAIL (97.3%), FABP4 (87.9%), TNFα (64.2%), and OPG (55.8%). Conversely, the 

prediction of other biomarkers is less substantial (all <50%) . 

Discussion 

The study's main conclusion is that pregnant women with PE had higher FFTotal scores than pregnant women in good health. 

As a consequence, PE patients were divided into two groups based on their FF scores: high (PE-FF≥25) and low (PE-FF<25). 

Neurological problems brought on by PE include cerebral edema and eclampsia, which are linked to dysregulation of the 

autonomic nervous system and decreased sensitivity to baroreceptor reflexes (41). Because the body finds it difficult to maintain 

homeostasis and cope with elevated stress levels, these neurological alterations may show up as weariness (41). The blood 

pressure of the PE group with PE-FF≥25 is greater than that of the PE-FF<25 group, suggesting that severity plays a part in 

making the FF symptoms worse. It has been previously documented that fatigue symptoms in PE women are correlated with 

blood pressure (8). Physical exhaustion may be exacerbated by mental fatigue and anxiety brought on by the psychological strain 

of managing a high-risk pregnancy (42). Lastly, pain and medical monitoring frequently induce sleep disruptions in PE, which 

can significantly impact overall energy levels and result in weariness (43). 

Serum biomarkers (FBG, insulin, HOMA2IR, I/G, FABP4, and PTX3) are significantly elevated in both patient groups (except 

HOMA2%S) as compared to the control group. This is the second important observation. Pregnancy-related fat accumulation 

exacerbates this IR condition (44). By disrupting the phosphatidylinositol 3-kinase pathway and thus decreasing endothelial 

nitric oxide (NO) generation, vascular IR stimulates vascular contraction and accelerates the onset of PE (45). Through its 

effects on immunological tolerance and glycolipid metabolism, FABP4 disrupts the equilibrium of the maternal–fetal interface 

during pregnancy, increasing the risk of miscarriage, gestational obesity, gestational diabetes, and PE (46). FABP4 expression 

is elevated in the placenta and maternal blood in PE, which might be a factor in the inflammatory and metabolic alterations 

seen in the illness (47). The findings showed that pregnancies with PE had a statistically significantly higher amount of PTX3 

than pregnancies that were judged healthy. According to earlier studies, severe PE had more PTX3 than moderate PE (21). A 

positive connection between PTX3 and SBP and DBP might account for this rise (48).  

The third significant discovery is that in PE women, the following biomarkers rise as the FF score does: TRAIL, TNFα, OPG, 

PAI-1, VEGF, and hs-CRP. Moreover, FFtotal and TRAIL, OPG, TNFα, hs-CRP, and FABP4 showed a strong association in 

the correlation research. The impact of inflammation, seen as elevated inflammatory biomarkers on fatigue score, might be the 

cause (49, 50). Immunopsychiatric diseases, such as PE-related chronic fatigue symptoms, are associated with immune-

inflammatory response system activation (9). High-CRP levels are a major predictor of PE patients with high-FF (7), indicating 

a state of inflammation in PE (51). The PE group had greater levels of maternal serum hs-CRP than the control group. 

Throughout pregnancy, the mother's blood pressure was linked to the hs-CRP levels (52). When compared to the control group, 

VEGF-A significantly increased in the high-FF PE group. VEGF levels in PE were higher than those in healthy pregnant 

women, according to many studies (53). The findings indicated that women with PE had a much greater VEGFR1 than controls 

(54). Compared to the control group, PE had considerably greater levels of serum VEGF and sVEGFR1. With an area under 

the curve of 97.47%, the VEGF demonstrated superior diagnostic accuracy for PE differentiation (55). Circulating sVEGFR1 

levels in PE patients have been suggested to suppress physiological vasodilation, hence aggravating hypertension (56). Several 

clinical symptoms in PE are caused by the placental tissue's relative overproduction of VEGFR1 to VEGF (57). According to 

studies, women with PE experience endothelial dysfunction, hypertension, and proteinuria as a result of this elevation in 

VEGFR1 (58).  

The development of PE can be predicted by elevated FABP4 levels in the early stages of pregnancy, indicating its potential as 

a biomarker for early intervention techniques (59). PE may be accurately predicted by serum FABP4 levels with excellent 

sensitivity and specificity (60). PTX3 may serve as a valuable biomarker for determining the degree of PE and anticipating 

intrauterine growth restriction (IUGR) (48). Numerous case-control studies have shown that individuals with early-onset PE 

toxemia had higher levels of PAI-1 than healthy controls (61). A linear regression model has assessed that severe PE toxemia 
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is significantly correlated with serum PAI-1 level, and a positive correlation has been established between maternal PAI-1 

mRNA expression and the severity of PE in the third trimester (62). Placental microparticles, which may include TRAIL-

expressing fragments, are formed in greater quantities during pregnancy and delivered into the mother's bloodstream (63). 

Therefore, the development of PE and other pregnancy-related hypertensive problems was linked to plasma TRAIL levels (64). 

OPG has been linked to vascular disorders, such as PE, and is known to shield vascular endothelial cells (65, 66). It is believed 

that OPG, which is expressed in the placenta, contributes to the pathophysiology of PE by shielding vascular endothelial cells 

(66). Severe PE has been linked to genetic variants in the OPG gene, indicating a hereditary predisposition that might affect 

the condition's severity (67). 

The final significant conclusion is that hs-CRP has the best predictive value when it comes to differentiating PE-FF≥25 patients 

from the PE-FF<25 group using an artificial neural network model. This is followed by TRAIL, FABP4, TNFα, and OPG. 

Compared to single biomarker analysis, the capacity of ANN to examine numerous biomarker categories at once produces 

more accurate diagnostic results (68). PE, or uncontrolled inflammation in the early stages of pregnancy in pregnant women 

who are at risk of developing PE, is linked to the hs-CRP. The control group's mean hs-CRP level was 1.73 ± 0.46 mg/l, 

whereas moderate PE had a mean of 2.74 ± 0.53 mg/l and severe PE had a mean of 5.77 ± 1.04 mg/l. The findings of this 

study indicate that more severe PE is linked to elevated blood hs-CRP levels (69). Among females with PE, the prevalence of 

elevated maternal hs-CRP was quite high (65.5%) (70). According to these findings, PE women have higher levels of 

inflammation than typical pregnant women (71). One important risk factor for PE may be elevated maternal blood CRP levels 

(14). When compared to pregnant women with low CRP levels, the CRP cut-off value of 7.76 mg/dL had a very high odds 

ratio for developing PE and strong sensitivity and specificity, according to ROC analysis (72). The significance of inflammation 

in the manifestation of FF symptoms in PE women is only highlighted by the fact that CRP can predict PE patients with high 

FF. PE fatigue may result from a number of interrelated causes (73). Pregnancy-related physiological changes combined with 

the extra stress of PE might cause significant fatigue because of the body's increased metabolic needs (73). Second, blood flow 

to vital organs may be lowered by hypertension and associated vascular changes, resulting in a lower oxygen supply and feelings 

of exhaustion (74). The correlation between increased TNFα and PE was further supported by the fact that TNFα levels were 

considerably greater in women with PE than in healthy controls (75). Compared to pregnant women with normotension, 

individuals with PE have noticeably increased TNFα levels (76). The link between PTX3 and unfavorable neonatal outcomes, 

such as decreased birth weight, lends more credence to its function in PE (22). When assessing renal impairment linked to PE, 

PTX3's inflammatory character is superior to other indicators like hsCRP and adds to endothelial damage, a hallmark of the 

disease (77). Furthermore, it is well known that PE toxemia is an inflammatory disease, and inflammatory cytokines may increase 

the amount of PAI-1 in the blood (78). Furthermore, it has been discovered that the activation of the NF-κB pathway in the 

impaired migration of trophoblasts in PE toxemia may eventually increase PAI-1 mRNA expression (79). It should be noted 

that PE can be brought on by either fibrinolysis or hypoxia. Exposure to inflammatory cytokines, including VEGF and IL-1β, 

raises plasma levels of PAI-1 (80). The majority of research has revealed that PE is characterized by an elevated concentration 

of PAI-1, which is consistent with our findings (24). According to the current study, placenta-related cytokines and 

inflammation are linked to fatigue in PE women . 

Limitations of the study 

Despite promising results, this study has several limitations. First, the sample size may not be sufficient to fully generalize the 

predictive accuracy of the neural network across diverse populations with preeclampsia. Second, while the use of inflammatory 

and placenta-related biomarkers provides valuable insights, other potential confounding factors such as nutritional status, 

medication use, psychological variables, and comorbidities were not included in the model and may influence fatigue levels. 

Additionally, the cross-sectional design limits causal inference, and the fatigue assessment relied on subjective scales, which may 

introduce reporting bias.  

 

CONCLUSIONS 

The presence of fatigue exacerbates the rise in placenta-related and inflammatory biomarkers in women with PE. The top three 

predictors of severe exhaustion using ANN are hs-CRP, TRAIL, and FABP4, which all point to an inflammatory state in PE. 
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Table 1. Demographic and clinical characteristics of PE-FF<25, PE-FF≥25, and healthy control groups. 

 Parameters HC PE-FF<25 PE-FF≥25 df F p 

Age yrs 31.8 5.40 31.69_5.84 30.4_5.12 2/157 0.960 0.385 

Rural/Urban 22/28 29/36 21/24 2 0.075 0.963 

Family history No/Yes 49/1B,C 40/25A 29/16 A 2 22.208 <0.001 

Previous abortion No/Yes 38/12B,C 32/33A,C 23/22A,B 2 9.586 0.008 

Nullpara No/Yes 35/15 51/14 27/18 2 4.382 0.112 

Multipara No/Yes 13/37 16/49 14/31 2 0.599 0.741 

SBP mmHg 116.36±4.06B,C 149.34±13.29A,C 162.33±15.98A,B 2/157 184.505 <0.001 

DBP mmHg 78.22±2.86B,C 93.52±9.35A,C 98.56±11.23A,B 2/157 75.028 <0.001 

Gestational age Wks 30.6±4.87 30±3.152 31±2.70 2/157 1.032 0.359 

Parity (#Deliv) 2(1-3) 2(1-3) 2(1-3) - KWT 0.684 

Cesarean delivery 0(0-0)B,C 1(0-2)A 0(0-2)A - KWT <0.001 

Natural vaginal delivery 2(1-3)B,C 1(0-2)A 1(0-2)A - KWT <0.001 

Gravidity 3(1-4) 3(2-4) 3(1-4) - KWT 0.194 

Live Births 2(1-3) 2(1-3) 2(1-3) - KWT 0.393 

FF-TOTAL 8(6.75-9)B,C 20(16-22)A,C 28(26-32)A,B - KWT <0.001 

Age of Onset yrs. - 27(24-30) 26(22-28) - MWUT 0.067 

Duration Symptoms Wks. - 9(6-11) 9(7-11) - MWUT 0.449 

A, B, C: Pairwise comparison, Results are expressed as mean ± standard deviation for normally distributed data. Binomial data 

were expressed as ratios and analyzed by Chi-squared test, F/χ2: F- or Chi-square statistic value, p. probability value. Not normally 
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distributed data were expressed as median(Iqs) and compared using Kruskal-Wallis test (KWT), MWUT: Mann-Whitney U test, DBP: 

diastolic blood pressure, SBP: systolic blood pressure, Nullipara: no live births, Gravidity: number of pregnancies, Multipara: 

presence of life births, Parity: number of deliveries, Para: number of pregnancies that have reached a viable gestational age (≥ 

20 weeks) and resulted in live births or stillbirths, FF: fibro fatigue score. 

 

Table 2. Lipid profile parameters, atherogenic indices, and inflammatory biomarkers of PE-FF<25 and PE-FF≥25 and 

healthy control groups. 

Biomarkers HC PE-FF<25 PE-FF≥25 F p 

FBG mM 5.27±0.47B,C 5.55±0.80A 5.59±0.73A 3.207 0.043 

Insulin pM 56(50.6-63.06)B,C 74.4(60.59-90.41)A 76.53(64.41-92.3)A KWT <0.001 

HOMA2%B 88.45(77.33-103.8) 100.9(85.25-117.25) 101(82.35-119.25) KWT 0.051 

HOMA2%S 93.3(84.65-103.15)B,C 71.4(57.55-86.2)A 69.2(57.2-85.2)A KWT <0.001 

HOMA2IR 1.07(0.97-1.18)B,C 1.4(1.17-1.74)A 1.53(1.29-1.8)A KWT <0.001 

I/G 10.91(9.44-12.35)B,C 14.24(11.55-16.1)A 13.73(11.48-16.3)A KWT <0.001 

TRAIL pg/ml 43.4(25.36-51.63)B,C 62.32(48.6-73.73)A,C 73.36(57.92-91.73)A,B KWT <0.001 

FABP4 pg/ml 46.16(28.4-76.08)B,C 74.64(57.11-105.12)A 85.96(60.95-140.79)A KWT <0.001 

TNFα pg/ml 35.06(22.06-58.77)B,C 64.31(34.67-88.29)A,C 79.38(70.44-111.82)A,B KWT <0.001 

PAI-1 ng/ml 2.44(1.13-3.49)B,C 5.42(2.6-8.43)A,C 6.34(5.31-9.12)A,B KWT <0.001 

PTX3 pg/ml 2.76(1.89-5.31)B,C 5.29(3.01-9.58)A 5.46(3.76-11.36)A KWT <0.001 

Hs-CRP µg/ml 1.62(0.94-3.4)B,C 2.48(1.79-3.66)A,C 4.05(2.95-5.09)A,B KWT <0.001 

OPG ng/ml 1.57(1.1-2.72) 1.39(1.07-2.12)C 1.89(1.34-3.37)B KWT 0.030 

VEGF pg/ml 451.84(267.32-718.03)C 504.13(414.53-735.32) 590.71(416.01-958.64)A KWT 0.017 

A, B, C: Pairwise comparison, Results are expressed as mean ± standard deviation for normally distributed data. F: F-statistic 

value, p. probability value. Not normally distributed data were expressed as median(Interquartiles) and compared using the Kruskal-Wallis test 

(KWT), FBG: fasting blood glucose, I/G: insulin/glucose ratio, TRAIL: TNF-related apoptosis-inducing ligand, Hs-CRP: high-

sensitive C-reactive protein, PTX3: pentraxin 3, OPG: Osteoprotegerin, FABP4: fatty acid-binding protein 4, TNFα: tumor 

necrosis factor-alpha, VEGF: vascular endothelial growth factor, PAI-1: plasminogen activator inhibitor 1, HOMA2(IR): 

homeostatic model assessment 2 for insulin resistance, HOMA%B: HOMA(beta cell function percentage, and HOMA%S: 

HOMA(insulin sensitivity percentage).  

 

Table 3. Results of multivariate analysis showing the effect of cofounders on the levels of the measured parameters. Partial 

η2: effect size. 

Tests Dependent variables Explanatory variables F p Partial η2 

Multivariate 

All biomarkers (OPG, 

TRAIL, Hs-CRP, TNFα, 

FABP4, PAI-1, VEGF, 

PTX3, HOMA2IR, I/G, 

Insulin, HOMA2%S, 

HOMA2%B, and FBG) 

Diagnosis 13.473 0.000 0.579 

Previous Abortion 1.753 0.052 0.152 

SBP 1.361 0.180 0.122 

DBP 1.303 0.213 0.117 

Gravidity 1.256 0.243 0.114 

Multipara 1.099 0.364 0.101 

Gestational age 0.836 0.630 0.079 

Age 0.782 0.688 0.074 
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Nullipara 0.37 0.981 0.036 

Parity, Cesarean delivery, & 

Natural delivery 0 1 0 

Between-

subject effects 

 

 

 

 

 

 

 

Diagnosis 

(HC/PE/PE+AT) 

OPG 48.199 <0.001 0.243 

TRAIL 41.666 <0.001 0.217 

Hs-CRP 39.759 <0.001 0.210 

TNFα 30.402 <0.001 0.169 

FABP4 18.700 <0.001 0.111 

PAI-1 16.362 <0.001 0.098 

VEGF 8.128 0.005 0.051 

PTX3 7.668 0.006 0.049 

HOMA2IR 4.978 0.027 0.032 

I/G 2.573 0.111 0.017 

Insulin 2.465 0.119 0.016 

HOMA2%S 2.419 0.122 0.016 

HOMA2%B 1.604 0.207 0.011 

FBG 0.003 0.955 0 

 

 

Table 4. Results of the partial correlation coefficients (rho) and p-values (in brackets) for the correlation between the FF 

score and the measured biomarkers after controlling for the characteristics of PE patients (Age, SBP, DBP, Age of Onset, 

and duration of symptoms) 

Control Variables  Parameter FF-TOTAL 

Age, SBP, DBP, Age of Onset, 

and duration of symptoms  

  

  

  

  

  

  

  

  

  

  

  

  

FBG 0.048(0.550) 

Insulin  0.057(0.482) 

HOMA2%B -0.005(0.954) 

HOMA2%S -0.015(0.856) 

HOMA2IR 0.088(0.275) 

I/G 0.023(0.780) 

TRAIL 0.451(<0.001) 

FABP4 0.208(0.009) 

TNFα 0.376(<0.001) 

PAI-1 0.106(0.190) 

PTX3 0.135(0.095) 

Hs-CRP 0.360(<0.001) 

OPG 0.385(<0.001) 

VEGF 0.124(0.124) 
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Table 5. Results of neural networks with PE-FF≥25 or PE-FF<25 as output variables and the measured biomarkers as the 

predictive biomarkers. 

 

 Models NN#1 

Input Layer 
Number of units 

Rescaling method 

13 

Normalized 

Hidden layers 

Number of hidden layers 

Number of units in hidden layers 1/2 

Activation Function 

2 

4 / 3 

Hyperbolic tangent 

Output layer 

Dependent variables 

Number of units 

Activation function 

Error function 

PE-FF≥25 vs. PE-FF<25 

2 

Identity 

Sum of squares 

Training 

Sum of squares error term 

% Incorrect predictions 

Prediction (specificity, sensitivity) 
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AUC ROC: area under the curve of the receiver operating characteristic. 

 

Figure 1. Results of neural network analysis. Importance of the biomarkers for the prediction of severe fatigue in 

preeclamptic patients (fibrofatigue ≥ 25 versus fibrofatigue < 25).  

 


