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1. INTRODUCTION 

Here Preeclampsia (PE) is a pregnancy-specific condition marked by hypertension and proteinuria, usually 

manifesting after the 20th week of gestation [1]. It impacts around 6.2% to 8.8% of pregnancies and is a primary 

contributor to maternal and fetal morbidity and death globally [2, 3]. The precise etiology of PE is unclear, however, it 

is thought to entail faulty placentation, resulting in insufficient blood flow to the placenta and the consequent release of 

anti-angiogenic substances into the maternal circulation [4]. 

          Fatigue is a prevalent symptom among women with PE, impacting their quality of life and general well-being. 

Research demonstrates that the incidence of tiredness in PE is high and varies depending on the demographic and 

terminology used [5]. Moreover, the existence of hypertension and other PE-related symptoms, including edema and 

sleep problems, increases tiredness levels [6]. Studies indicate that women with PE have elevated levels of weariness in 

contrast to those with normal pregnancies, underscoring the condition's effect on maternal health [7]. Mitigating tiredness 

in PE is essential, since it may affect treatment compliance and overall maternal-fetal outcomes [8]. Therefore, there is a 

need to study the serum biomarkers that may act as predictors of fatigue in PE women.  The first biomarkers that deserve 

investigation is the vascular endothelial growth factor (VEGF) which is pivotal in the pathogenesis of PE [4, 9]. In typical 

pregnancies, VEGF is crucial for angiogenesis and the preservation of endothelial function, facilitating placental growth 

and guaranteeing sufficient blood flow [10, 11]. In PE, there often exists an imbalance in VEGF levels and its soluble 

receptors, resulting in compromised angiogenesis and endothelial dysfunction [9]. Increased concentrations of soluble 
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VEGF receptor type 1 (VEGFR1), may sequester VEGF, hence worsening the PE symptoms [12]. This dysregulation 

exacerbates the hallmark signs of PE, such as hypertension and proteinuria, by facilitating vascular damage and elevating 

systemic vascular resistance [13]. Consequently, inhibiting the VEGF pathway has been suggested as a viable therapeutic 

approach for the management of PE [4]. 

     Another biomarker is the endoglin which is a membrane glycoprotein that functions as a co-receptor for 

transforming growth factor-beta (TGF-β), significantly contributing to angiogenesis and vascular remodeling [14]. 

Endoglin expression is elevated in the placenta during gestation, which is crucial for adequate placentation and vascular 

development   [15]. In PE, heightened concentrations of soluble endoglin correlate with increased vascular resistance and 

endothelial dysfunction, leading to hypertension [16]. Soluble endoglin significantly influences the compromised 

placentation seen in PE, as well as the development and presentation of its clinical manifestations, including hypertension 

and proteinuria   [15]. 

          Some of the pathophysiologic abnormalities that are identified in patients with PE include aberrant lipid 

metabolism and disordered total antioxidant status [17]. Hyperlipidemia has been associated with endothelial 

dysfunction, a key component of PE's pathophysiology. Additionally, there is significant evidence that PE patients have 

aberrant lipid peroxidation, particularly in triglycerides [18]. Also, dyslipidemia is associated with the severity of PE [19, 

20]. Increased serum TG levels correlate with systolic and diastolic blood pressure [21]. There is also a positive 

connection between elevated maternal blood lipid levels and PE [22]. 

Proteins, lipids, and nucleic acids may experience oxidation and non-enzymatic glycation, forming advanced 

glycation end-products (AGEs). AGEs and their transmembrane receptor (RAGE) contribute to the pathogenesis of 

metabolic and cardiovascular diseases [23, 24]. Increased soluble RAGE (sRAGE) concentrations may signify an 

expedited inflammatory response leading to endothelial damage and coagulopathy after a severe infection, as shown by 

some studies. Soluble RAGE functions as a protective barrier against free radicals and inflammation [25, 26]. Increased 

levels of AGEs in maternal serum have been shown to have significant impacts on both maternal and fetal health, as well 

as on infant well-being [27-29]. During pregnancy, maternal AGE levels may lead to adverse maternal outcomes such as 

hypertension [30], neurobehavioral changes [31],  and PE [32]. Therefore, the present study aims to estimate the levels 

of the above biomarkers in PE women as tools for the prediction of PE women with severe fibro fatigue state. 

 

2. SUBJECTS AND METHODS 

2.1 Subjects  

2.1.1 Patients  
The present case-control study was conducted at Women's Obstetrics and Gynecology Hospital in Kerbala 

Governorate, Iraq during the period from May and August 2024. Ninety-five patients diagnosed with PE have participated 

in this study according to the criteria established by the American College of Obstetricians and Gynecologists. They 

should have had proteinuria and a systolic blood pressure of 140 mm Hg or a diastolic blood pressure of 90 mm Hg after 

20 weeks of gestation (they had normal blood pressure before having PE). All subjects in this study satisfied the inclusion 

criteria, and the dipstick test of urine analysis for proteinuria was positive in all patients. PE patients were treated with 

Methyldopa (Aldomet®). For women who were unable to recall their most recent menstrual cycle, the fundal height and 

ultrasound findings were used to determine the gestational age. Gravidity is the cumulative count of pregnancies, 

including abortions, ectopic pregnancies, and any other pregnancies recorded on the chart. Parity refers to the number of 

deliveries occurring after 28 weeks of gestation, including stillbirths and intrauterine fetal deaths (IUFDs). Before blood 

aspiration, the fibrofatigue scale was assessed using the 12-item FF scale [33]. The patient group was divided into severe 

fatigue (FF≥25) and low fatigue (FF<25) based on FF score [34]. This research adhered to the International Guideline 

for Human Research standards outlined in the Declaration of Helsinki and received approval from the Institutional 

Review Board (IRB) of the Training and Human Development Center, Kerbala Health Department (Document number 

228/2024), Kerbala, Iraq. 

2.1.2. Controls 

      The control group included thirty-five pregnant women, all of whom exhibited no obvious abnormalities and 

had a gestational age exceeding twenty weeks. The control women had normal blood pressure, roughly 120/80 mmHg, 

and had no obvious systemic disease or pregnancy complications.  

 

2.1.3. Exclusion Criteria 

      The exclusion criteria for study participation were the existence of systemic illnesses, namely diabetes, 

cardiovascular disease, viral hepatitis, or renal failure. To exclude any apparent inflammatory disorders, we also excluded 

those who tested positive for C-reactive protein (CRP) (serum CRP≥6mg/L). We excluded any subjects with serum TG 
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over 4.52 mM (400 mg/dl) to fulfill the requirements of Friedewald’s equation to determine LDLc because the equation 

is inaccurate for high-TG patients. 

 

2.2. Methods  

2.2.1 Biomarker Assays 

         All subjects had their fasting venous blood samples collected promptly when they visited the hospital for 

routine check-ups and treatment. Following a 15-minute clotting period at room temperature, the blood was centrifuged 

at 1100 X g for 10 minutes. Before further analysis, the serum was extracted, placed into Eppendorf tubes, and stored at 

-80 °C. We used commercial ELISA kits from Nanjing Pars Biochem Co., Ltd. in China to evaluate blood levels of 

endoglin, VEGF-A, VEGF-R1, CRP, AGEs, and sRAGE. These kits were generated utilizing a sandwich principle, 

exhibiting inter-assay coefficients of variation (CV) of about 10%. Spectrophotometric, ready-to-use kits (Spinreact®, 

Barcelona, Spain) were used to assess blood TG, cholesterol, and HDLc levels. Additionally, we assessed CRP serum 

levels via the CRP latex slide test (Spinreact®, Barcelona, Spain) for exclusion patients with positive results (CRP≥6mg/l) 

because they have an overt inflammation. The severity of CFS and fibromyalgia was assessed by a senior psychiatrist 

using the Fibro-Fatigue scale [33]. 

 

2.2.2 Statistical Analysis 

This study used the Lilliefors corrected Kolmogorov-Smirnov test for statistical analysis of the data distribution. The 

mean ± standard deviation was used to express the normally distributed variables thereafter. Analysis of Variance 

(ANOVA) was used to compare the groups for the measured parameters  followed by the post-hoc Tukey HSD (Honestly 

Significant Difference) Test for pairwise comparisons. We estimated the correlation between the parameters by 

calculating Pearson's correlation coefficients. The medians and interquartile ranges from 25% to 75% exemplified non-

parametric variables for which results were reported. The Mann-Whitney U test was used to compare the patient 

subgroups and control groups based on measurement variables. Ln transformations were made for the non-normally 

distributed variables before the correlation study. When the p-value is below 0.05, the statistical analysis suggests that 

the groups are significantly different. Receiver operating characteristic (ROC) curves were constructed to evaluate the 

diagnostic efficacy of the identified biomarkers for the diagnosis of severe fatigue in PE patients. The concentration cut-

off values, determined by the area under the curve (AUC), provide optimal sensitivity and specificity. Confidence 

intervals were also determined to evaluate the precision of the calculated AUC; a narrower interval signifies a more 

certain conclusion. A higher outcome for Youden's J statistic indicates that the biomarker increases with diagnosis. This 

was conducted to ascertain the trajectory of the change in AUC. We used the concentration that aligned with the maximum 

Youden's J statistic as the cut-off values. All statistical analyses were performed with IBM-USA and SPSS Statistics 

version 25. The data was structured with Microsoft Office Excel 2021. 

 
3. RESULTS 

Sociodemographic, clinical, and biochemical data in the study groups 

      Table 1 shows the sociodemographic and clinical characteristics of PE patients and the control group with low 

and high FF levels.  
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Table 1. Sociodemographic and clinical biomarkers of the control group and high-FF and low-FF preeclampsia 

patients 

Parameters 

Control A 

n=35 

PE FF<25 B 

n=47 

PE FF≥25 C 

n=48 

F/χ2 df p 

Age    Yrs. 

SBP mmHg 

DBP  mmHg 

Gestational age Wks 

Gravidity (# Pregnancies) 

Live Births 

Cesarean delivery 

Natural delivery 

Parity (#Deliv) 

Age of Onset  yrs. 

Duration Symptoms Wks. 

Muscle pain 

Muscle tension 

Fatigue 

Concentration disorders 

Memory disturbances 

Irritability 

Sad 

Sleep disorders 

Autonomic disturbances 

GIT symptoms 

Headache 

Flu-like malaise 

FF-TOTAL 

32.41±5.17 

116.54±4.41B,C 

78.3±3.08 B,C 

30.16±5 

3(1-4) 

2(1-3) 

0 B,C 

2(1-3) B,C 

2(1-3) 

- 

- 

0.54±0.56 B,C 

0.49±0.69 B,C 

1.19±0.66 B,C 

0.41±0.5 B,C 

0.38±0.49 B,C 

0.65±0.59 B,C 

0.81±0.78 B,C 

0.41±0.5 B,C 

0.27±0.45 B,C 

0.41±0.5 B,C 

0.54±0.65 B,C 

0.32±0.47 B,C 

6.41±2.43 B,C 

30.64±6.36 

143.07±4.59 A 

92.02±6.98 A 

30.29±2.84 

3(2-4) 

2(1-3) 

0(0-1) A 

1(0-2) A 

2(1-3) 

26.62±5.57 

9.11±3.04 

2.42±1.25 A,C 

2.42±1.45 A 

2.91±1.36 A,C 

2.02±1.53 A,C 

1.44±1.1 A,C 

2.24±1.61 A,C 

2.22±1.13 A,C 

1.87±1.36 A,C 

1.18±1.21 A,C 

1.49±1.24 A,C 

1.64±1.21 A,C 

1.62±1.13 A,C 

23.49±8.47 A,C 

31.49±5.07 

170.44±11.06 A 

98.53±11.73 A 

30.27±3.17 

3(1-4) 

2(1-3) 

0(0-2) A 

1(0-2) A 

2(1-3) 

25.04±5.84 

7.76±3.82 

2.76±1.11 B,C 

2.51±1.2 B,C 

3.24±1.43 B,C 

2.2±1.27 B,C 

1.58±1.14 B,C 

2.58±1.36 B,C 

2.56±1.1 B,C 

2.42±1.32 B,C 

1.71±1.24 B,C 

1.84±1.09 B,C 

2.2±1.29 B,C 

2.09±1.35 B,C 

27.69±5.8 B,C 

2.165 

118.444 

47.270 

1.805 

KWT 

KWT 

KWT 

KWT 

KWT 

MWUT 

MWUT 

71.321 

69.027 

53.631 

36.722 

28.419 

42.551 

34.928 

49.816 

27.409 

35.048 

45.427 

38.510 

398.373 

2/127 

2/127 

2/127 

2/127 

2 

2 

2 

2 

2 

1/93 

1/93 

2/127 

2/127 

2/127 

2/127 

2/127 

2/127 

2/127 

2/127 

2/127 

2/127 

2/127 

2/127 

2/127 

0.119 

<0.001 

<0.001 

0.169 

0.141 

0.376 

0.013 

0.002 

0.503 

0.136 

0.235 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 
A,B,C: Pairwise comparison, BMI: body mass index, CRP: C-reactive protein, DBP: Diastolic blood pressure, FF-TOTAL: 

fibro fatigue total score, , GIT: gastrointestinal tract, KWT: Kruskal-Wallis test, MWUT, Mann-Whitney U test, SBP: 

Systolic blood pressurePE: preeclampsia. 

 

The study included 30 participants divided into three groups: Group A, a control group; Group B, PE patients with 

FF scores less than 25; and Group C, PE patients with FF scores more than 25. Both patient groups have a higher DBP, 

SBP, Cesarean delivery, and natural delivery than the control group. Total FF score and FF-domains (muscle pain, muscle 

tension, fatigue, concentration disorders, memory disturbances, irritability, sad, sleep disorders, autonomic disturbances, 

GIT symptoms, headache, and flu-like malaise) have a significantly high (p<0.001) in patients with high-FF compared 

low-FF and with the lowest scores in the control group. While there is no significant difference in the age, gestational 

age, Gravidity number, number of pregnancies, or parity among the study groups. No significant difference between 

patient groups in age of onset and duration of symptoms.  

 

Comparison of Biomarkers among groups 

       Table 2 shows the comparison of the serum biomarkers in the control group and high-FF PE patients and low-

FF PE patients.  
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Table 2. Comparison of the serum biomarkers in the control group and high-FF PE patients and low-FF PE 

patients. 

Parameters 

Control A 

n=35 

PE FF<25 B 

n=47 

PE FF≥25 C 

n=48 

F 

 

p 

S.Endoglin  ng/ml 

CRP             mg/l 

VEGF-A    pg/ml 

VEGF-R1  pg/ml 

VEGFA/VEGFR1 

AGEs        pg/ml 

sRAGE      pg/ml 

AGEs/sRAGE 

TG               mM 

Cholesterol  mM 

HDLc           mM 

VLDLc         mM 

LDLc            mM 

CRI-I 

CRI-II 

AIP 

1.63(1.14-2.17) B,C 

2.67(1.22-3.99) B,C 

121.53(103.16-169.93) C 

300.21(220.8-356.89) B,C 

0.41(0.34-0.7) 

61.72(48.32-82.31) C 

213.5(164.76-268.94) B,C 

0.29(0.2-0.43) B,C 

1.05±0.27 B,C 

4.75±0.27 B,C 

1.12±0.16 B,C 

0.48±0.12 B,C 

3.15±0.35 B,C 

4.33±0.7 B,C 

2.89±0.63 B,C 

-0.04±0.13 B,C 

4.14(3.35-5.73) A,C 

2.92(1.53-3.99) A 

171.8(115.26-269.8) 

319.82(244.12-447.73) A,C 

0.5(0.28-0.85)  

68.74(56.88-89.72) 

387.06(277.31-546.29) A,C 

0.18(0.12-0.28) A 

1.35±0.35 A 

5.12±0.55 A 

1.02±0.17 A 

0.62±0.16 A 

3.48±0.56 A 

5.1±0.81 A 

3.48±0.79 A 

0.11±0.13 A 

4.55(1.60-6.01) A,B 

3.74(2.24-4.58) A 

190.36(118.35-223.24) A 

382.25(267.04-549.38) A,B 

0.44(0.26-0.7) 

79.2(62.96-106.1) A 

411.91(300.09-479.12) A,B 

0.2(0.13-0.36) A 

1.39±0.35 A 

5.32±0.68 A 

1.02±0.15 A 

0.63±0.16 A 

3.67±0.65 A 

5.27±0.73 A 

3.64±0.71 A  

0.12±0.13 A 

KWT 

KWT 

KWT 

KWT 

KWT 

KWT 

KWT 

KWT 

12.09 

11.054 

4.763 

12.09 

8.998 

16.993 

11.656 

18.372 

<0.001 

<0.001 

0.013 

<0.001 

0.292 

0.017 

<0.001 

<0.001 

<0.001 

<0.001 

0.010 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 
AGEs: Advanced-glycated end-products, AIP: atherogenic index of plasma, CRI-I=Castelli risk index I 

(Cholesterol/HDLc), CRI-II= Castelli risk index II (LDLc/HDLc), CRP: C-reactive protein, HDLc: high-density 

lipoprotein cholesterol,  LDLc: low-density lipoprotein cholesterol, sRAGE: soluble receptor of AGEs, TG: triglycerides, 

VEGF: Vascular endothelial growth factor, VEGFR1:VEGF receptor 1, VLDLc: very low-density lipoprotein 

cholesterol. Degree of freedom 2/127. 

 

All lipid profile biomarkers (TG, cholesterol, VLDLc, and LDLc) and atherogenic indices (CRI-I, CRI-II, and AIP) 

have a significant increase (except HDLc which decreased) in both patients’ groups compared with the control group. 

AGEs and VEGF-A showed a significant increase in the high-FF PE group compared with the control group. Serum CRP 

levels showed a significant elevation in both PE groups compared with the control group. S.Endoglin, VEGF-R1, and 

sRAGE were significantly higher in the high-FF PE group compared with the low-FF PE group, and control group which 

have significantly lower values in comparison with the patients group. The results showed no significant difference in 

the VEGFA/VEGFR1 among the study groups. 

  

Results of the multivariate generalized linear model (GLM) 

     The multivariate generalized linear model (GLM) analysis in Table 3 examined the effects of PE disease with 

FF values and other cofounders on the levels of the measured biomarkers. 

 
Table 3. Results of the multivariate generalized linear model (GLM) analysis and the between-subjects effects of 

the effect of the preeclampsia on the serum biomarkers levels.  

Tests 
Dependent 

variables 

Explanatory 

variables 
F p 

Partial 

η2 

Multivariate  
All measured 

biomarkers 

Diagnosis 

Age 

Gestational age 

Gravidity 

Age of onset 

Duration of PE 

11.895 

0.879 

0.706 

0.833 

2.324 

0.866 

<0.001 

0.589 

0.769 

0.639 

0.010 

0.604 

0.727 

0.164 

0.137 

0.157 

0.342 

0.162 
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Between -

subject effects 

VEGF-A  

S.Endoglin 

VEGF-R1 

Cholesterol  

LDL  

CRI-I 

CRI-II 

AC 

TG (VLDLc) 

AGEs/sRAGE 

VEGFA/VEGFR1 

AGEs  

HDL  

AIP 

CRP 

sRAGE 

Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

14.598 

9.319 

8.547 

8.156 

7.183 

7.001 

5.557 

3.060 

2.389 

2.389 

2.048 

1.648 

0.955 

0.360 

0.045 

0.005 

0.001 

0.003 

0.004 

0.005 

0.008 

0.009 

0.02 

0.083 

0.125 

0.125 

0.155 

0.202 

0.33 

0.55 

0.831 

0.946 

0.113 

0.075 

0.069 

0.066 

0.059 

0.057 

0.046 

0.026 

0.020 

0.020 

0.017 

0.014 

0.008 

0.003 

0.001 

0.001 

    F: calculated F-statistic, p: probability, and Partial η2: Size effect. AGEs: Advanced-glycated end-

products, AIP: atherogenic index of plasma, CRI-I=Castelli risk index I (Cholesterol/HDLc), CRI-

II= Castelli risk index II (LDLc/HDLc), CRP: C-reactive protein, HDLc: high-density lipoprotein 

cholesterol, LDLc: low-density lipoprotein cholesterol, sRAGE: soluble receptor of AGEs, TG: 

triglycerides, VEGF: Vascular endothelial growth factor, VEGFR1: VEGF receptor 1, VLDLc: very 

low-density lipoprotein cholesterol, 

 

 No significant effect of the covariates (Age, gestational age. Gravidity, age of onset, and duration of PE) on the 

measured biomarkers. The study found significant differences in all parameters for high-FF PE patients (Partial η² = 

0.727). The significance of the diagnosis on each biomarker is presented in the between-subject effects in the table.  

Specifically, the diagnosis showed a significant effect on serum VEGF-A (Partial η²=0.113). Other biomarkers that 

significantly affected by diagnosis (p<0.05) are S.Endoglin (Partial η²=0.075),  VEGF-R1 (Partial η²=0.069), cholesterol 

(Partial η²=0.066),  LDLc (Partial η²=0.059), CRI-I (Partial η²=0.057), CRI-II (Partial η²=0.046). 

 

Correlation matrix of fatigue domains and measured biomarkers 

          The correlation matrix of the total and domains of the FF scale with other measured biomarkers are presented 

in Table 4. 

Table 4. Correlation matrix of the total and domains of FF scale with other measured biomarkers   

Biomarkers/FF   I II III IV V VI VII VIII IX X XI XII 

Total 

FF 

TG (VLDLc) 

Cholesterol  

HDLc 

LDLc 

CRI-I 

CRI-II 

AIP 

Endoglin* 

CRP* 

VEGF* 

VEGFR1* 

VEGF/VEGFR1* 

AGEs* 

RAGE* 

AGE/RAGE* 

-0.06 

0.07 

-0.09 

0.11 

0.15 

0.15 

-0.03 

-0.13 

0.1 

-0.05 

0.11 

-0.13 

0.13 

-0.07 

0.14 

-0.01 

-0.03 

-0.17 

0.01 

0.12 

0.1 

0.08 

-0.06 

0.1 

0.01 

0.07 

-0.05 

0.04 

-0.14 

0.13 

0.15 

-0.03 

-0.13 

-0.03 

0.12 

0.07 

0.22 

-0.08 

-0.02 

0.34 

0.18 

0.13 

0.07 

0.04 

0.03 

-0.03 

0.17 

0.14 

0.15 

0.01 

0.03 

-0.08 

-0.12 

0.24 

0.08 

0.13 

-0.05 

-0.06 

-0.02 

-0.03 

0.08 

0.01 

0.04 

-0.02 

-0.05 

-0.07 

0.08 

0.01 

-0.04 

0.14 

0.08 

0.04 

0.14 

0.06 

0.06 

-0.01 

0.06 

-0.12 

0.1 

0.17 

0.16 

0.05 

-0.09 

0.14 

-0.08 

0.04 

-0.1 

0.07 

-0.04 

0.08 

0.05 

0.09 

-0.12 

0.11 

0.19 

0.17 

0.1 

0.09 

-0.13 

0.01 

0.01 

0.01 

0.13 

0.07 

0.05 

-0.11 

0.19 

0.07 

0.2 

0.09 

0.11 

-0.12 

-0.17 

-0.05 

-0.07 

0.07 

-0.11 

-0.02 

0.11 

-0.09 

0.06 

0.08 

-0.02 

0.07 

0.08 

0.07 

0.07 

-0.29 

0.06 

-0.07 

0.01 

-0.06 

-0.02 

-0.15 

0.09 

-0.13 

0.12 

0.06 

0.14 

0.02 

0.06 

-0.16 

-0.07 

0.02 

-0.02 

-0.04 

0.02 

0.18 

0.01 

0.14 

0.01 

0.06 

0.08 

0.04 

-0.05 

-0.04 

-0.02 

-0.11 

0.11 

-0.2 

-0.05 

-0.12 

0.23 

-0.1 

0.24 

-0.03 

0.15 

-0.14 

0.2 

0.26 

0.25 

0.05 

-0.44 

0.01 

-0.07 

-0.05 

-0.01 

0.18 

0.05 

0.1 

-0.01 

0.16 

-0.07 

0.18 

0.19 

0.19 

0.04 

-0.26 

0.09 

0.01 

0.1 

-0.08 

0.18 

-0.03 

0.16 
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*: Ln transformed, I: Muscle pain II: Muscle tension III: Fatigue IV: Conc.  Disorders V: Memory 

disturbances VI: Irritability VII: Sad VIII: Sleep disorders IX: Autonomic disturbances  X: GIT 

symptoms XI: Headache XII: Flu-like malaise. AGEs: Advanced-glycated end-products, AIP: atherogenic 

index of plasma, CRI-I: Castelli risk index I, CRI-II: Castelli risk index II, CRP: C-reactive protein, HDLc: high-density 

lipoprotein cholesterol,  LDLc: low-density lipoprotein cholesterol, sRAGE: soluble receptor of AGEs, TG: triglycerides, 

VEGF: Vascular endothelial growth factor, VEGFR1:VEGF receptor 1, and VLDLc: very low-density lipoprotein 

cholesterol. 

 
The fatigue domain is significantly correlated with AIP (r=0.217, p<0.05) and VEGF (r=0.338, p<0.001). Endoglin 

has a significant correlation with CRP (r=0.238, p<0.05). There is also a significant correlation between sleep disorders 

and LDLc (r=0.202, p<0.05). Autonomic disturbances show a significant inverse correlation with endoglin (r=-0.288, 

p<0.01). GIT symptoms have a significant correlation with AGEs (r=0.229, p<0.05) and AGEs/RAGE (r=0.235, p<0.05). 

The Flu-like malaise is significantly correlated with CRI-I (r=0.257, p<0.05). and CRI-II (r=0.249, p<0.05), but inversely 

correlated with endoglin (r=-0.436, p<0.001). Total FF is significantly correlated with serum endoglin level. 

 

ROC-AUC analysis for prediction of high FF in patients using serum biomarker levels   

The receiver operating characteristic-area under curve (AUC) analysis of the measured biomarkers for differentiation 

between high-FF PE and low-FF PE patients is presented in Table 5 and graphically presented in Figure 1.  

 

 
Figure 1. Receiver operating characteristic curves of the measured biomarkers for differentiation between high-

FF PE and low-FF PE patients. AGEs: Advanced-glycated end-products, CRP: C-reactive protein, sRAGE: soluble 

receptor of AGEs, VEGF: Vascular endothelial growth factor, VEGFR1:VEGF receptor 1. 
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 Table 5. The receiver operating characteristic-area under curve (AUC) analysis of the measured biomarkers for 

differentiation between high-FF PE and low-FF PE patients. CI: Confidence interval. 

Parameters 

 

Cut-off Sensitivity % Specificity % Youden’s J 

statistic 

AUC (IC 95%) 

 

p 

 

CRP          mg/l 

AGEs/sRAGE 

VEGF-R1 pg/ml 

AGEs     pg/ml 

sRAGE  pg/ml 

S.Endoglin pg/ml 

VEGFA/VEGFR1 

VEGF-A   pg/ml 

3.37 

0.19 

369.45 

75.17 

400.86 

4166.25 

0.48 

178.66 

64.4 

55.6 

55.6 

53.3 

53.3 

51.1 

50.9 

49.9 

65.1 

55.8 

55.8 

53.5 

53.5 

51.2 

49.8 

50.8 

0.295 

0.014 

0.014 

0.068 

0.068 

0.023 

0.007 

0.007 

0.65(0.54-0.77) 

0.57(0.45-0.69) 

0.58(0.46-0.70) 

0.59(0.47-0.71) 

0.48(0.36-0.61) 

0.46(0.34-0.58) 

0.45(0.33-0.58) 

0.54(0.42-0.66) 

0.014 

0.271 

0.223 

0.161 

0.767 

0.512 

0.458 

0.520 

AGEs: Advanced-glycated end-products, CRP: C-reactive protein, sRAGE: soluble receptor of AGEs, VEGF: Vascular 

endothelial growth factor, VEGFR1:VEGF receptor 1. 

 
The results showed that CRP is the only biomarker that significantly (p=0.014) differentiates high-FF PE patients 

from low-FF PE patients. The increase in CRP is higher than the cut-off level of 3.37 mg/l indicating a moderate ability 

to predict the high FF in a patient with a sensitivity of 64.4% and specificity of 65.1%. Other biomarkers have no 

significant (p>0.05) predictability for PE patients with high FF. 

  

ROC-AUC analysis for prediction of high FF in patients using lipid profile and atherogenic indices   
           The ROC curves of the lipid profile biomarkers for the prediction of PE patients with high FF are presented 

in Figure 2, while the ROC analysis parameters are shown in Table 6.       

 
Figure 2. Receiver operating characteristic curves of the lipid profile and atherogenic indices for differentiation 

between high-FF PE patients and low-FF PE patients. AIP: atherogenic index of plasma, CRI-I=Castelli risk index I 

(Cholesterol/HDLc), CRI-II= Castelli risk index II (LDLc/HDLc), HDLc: high-density lipoprotein cholesterol, LDLc: 

low-density lipoprotein cholesterol, TG: triglycerides, VLDLc: very low-density lipoprotein cholesterol, 
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Table 6. Receiver operating characteristic-area under curve (AUC) analysis of the measured biomarkers for 

differentiation between high-FF PE patients and low-FF PE patients. CI: Confidence interval. 

Parameters 

 

Cut-off Sensitivity 

% 

Specificity 

% 

Youden’s J 

statistic 

AUC (IC 95%) 

 

p 

 

TG               mM 

Cholesterol  mM 

HDL            mM 

VLDL         mM 

LDL            mM 

CRI-I 

CRI-II 

AIP 

1.31 

5.18 

1.00 

0.60 

3.55 

5.14 

3.46 

0.11 

52.1 

56.3 

51.1 

52.1 

58.3 

56.3 

54.2 

50.0 

55.3 

57.4 

50.0 

52.1 

59.6 

57.4 

55.3 

51.1 

0.074 

0.137 

0.011 

0.042 

0.179 

0.137 

0.095 

0.011 

0.54(0.427-0.66) 

0.58(0.46-0.69) 

0.50(0.38-0.62) 

0.54(0.43-0.66) 

0.58(0.47-0.70) 

0.58(0.46-0.69) 

0.57(0.45-0.68) 

0.52(0.40-0.64) 

0.466 

0.197 

0.973 

0.466 

0.174 

0.210 

0.256 

0.729 

AIP: atherogenic index of plasma, CRI-I=Castelli risk index I (Cholesterol/HDLc), CRI-II= Castelli 

risk index II (LDLc/HDLc), HDLc: high-density lipoprotein cholesterol, LDLc: low-density 

lipoprotein cholesterol, TG: triglycerides, VLDLc: very low-density lipoprotein cholesterol, 

 

All biomarkers have no significant use for the prediction of high-FF PE patients (p>0.05). These results indicated a 

lack of effect of any of the lipid profile and atherogenic indices on the fibro fatigue scale. 

 

 

4. DISCUSSION 

 
      The PE group with high-FF has a higher blood pressure than the low-FF PE group indicating the role of severity 

in the exacerbation of the FF symptoms. The dependence of fatigue symptoms on blood pressure in PE women was 

reported previously [35]. The results in Table 2 indicated a state of dyslipidemia in PE women and the worst state in 

high-FF PE women compared with the low-FF PE group. There were statistically significant differences in levels of TG, 

LDLc, and HDLc between the preeclamptics and their normotensive controls [36-38]. Severe PE was accompanied by 

substantially increased levels of maternal TC, TG, and LDLc [39, 40]. Increased blood pressure during pregnancy and 

altered lipid profiles also play a key role in endothelial dysfunction [41]. In one study, a metabolic syndrome that 

hypertension and dyslipidemia are an important component of metabolic syndrome has a higher level of fatigue symptoms 

[42]. Hypertension and dyslipidemia are important symptoms of PE and can be used to explain the increase in FF 

symptoms in PE patients.  

         AGEs and VEGF-A showed a significant increase in the high-FF PE group compared with the control group. 

Many researchers reported an increase in VEGF in PE as compared with healthy pregnant women [43, 44]. Results 

showed a significantly higher VEGFR1 in women with PE compared to controls [45, 46]. The serum VEGF and 

sVEGFR1 were significantly higher in PE than in the control group. The VEGF showed better diagnostic accuracy for 

differentiating PE, with an area under the curve of 97.47% [47]. It has been proposed that the circulating sVEGFR1 levels 

in preeclamptic individuals inhibit physiological vasodilation, hence exacerbating hypertension [48]. 

          Serum CRP levels showed a significant elevation in both PE groups compared with the control group 

indicating a low-grade inflammation in PE women. These results are by the concept of increased inflammation in PE 

women compared with normal pregnant women [49, 50]. 

          Another important finding of the present study is the significantly higher endoglin, VEGF-R1, and sRAGE in 

the high-FF PE group compared with the low-FF PE group and control group. The relative overproduction of VEGFR1 

to VEGF by placental tissue in PE is responsible for various clinical manifestations seen in PE [51]. Studies have shown 

that this increase in VEGFR1 contributes to endothelial dysfunction, hypertension, and proteinuria observed in women 

with PE [52]. Elevated soluble endoglin concentrations in maternal circulation have been associated with the severity of 

PE, suggesting its potential as a biomarker for the illness [53]. Endoglin interacts with many angiogenic factors, including 

VEGF and their receptors, affecting endothelial cell proliferation and migration [54, 55]. Research indicates that endoglin 

may contribute to the pathogenesis of persistent hypertension by influencing vascular smooth muscle cell activity and 

tone [15, 56]. sEng may act in concert with VEGFR1 to induce severe PE [57]. 

     The correlation matrix in Table 4 revealed various correlations between the measured biomarkers, the FF 

domains, and the inflammatory biomarker CRP. The correlation matrix of the total and domains of the FF scale with 

other measured biomarkers is presented in Table 4. Endothelial dysfunction, pivotal to the pathogenesis of PE, has been 

associated with hyperlipidemia; moreover, aberrant lipid peroxidation in PE, particularly regarding TGs, has been 

frequently shown in the literature. [37, 58]. Elevated cholesterol levels may promote free radical generation, which is 
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directly linked to atherosclerosis and the hypoxia that is thought to be related to PE [59]. Higher TG levels may result in 

insulin resistance brought on by women's excessive weight in PE women [60]. There is some evidence that higher TG 

levels are associated with an increased risk of PE and the development of PE [61]. The soluble variant of endoglin may 

inhibit endothelial nitric oxide synthase (eNOS), resulting in diminished nitric oxide synthesis and promoting 

vasoconstriction [62]. The soluble endoglin can disrupt the signaling pathways of TGF-β1 and activin receptor-like kinase 

1. Additionally, it inhibits the activation of endothelial nitric oxide synthase, which ultimately leads to the inhibition of 

angiogenesis and the promotion of vasoconstriction [15].  

 The fact that PE patients with high-FF can be predicted (moderately) by CRP only revealed the importance of 

inflammation in the appearance of the symptoms of FF in PE women. Fatigue in PE may stem from several interconnected 

reasons. The physiological changes during pregnancy, along with the additional strain of PE, may result in considerable 

weariness owing to heightened metabolic requirements on the body [63]. Secondly, hypertension and related vascular 

alterations may diminish blood flow to essential organs, leading to reduced oxygen supply and contributing to sensations 

of fatigue [64, 65]. Third, the occurrence of proteinuria in PE signifies renal impairment, which may result in fluid 

imbalances and electrolyte problems, hence intensifying tiredness [66, 67]. The psychological stress of treating a high-

risk pregnancy may result in mental weariness and worry, exacerbating physical depletion [68]. Finally, sleep 

interruptions often occur in PE owing to pain and medical surveillance, which may considerably affect total energy levels 

[69, 70]. 

 

5. LIMITATIONS 

        The study's case-control design precludes the establishment of causation. Self-reported data might introduce 

recall biases, and double stratification may diminish statistical power. Another limitation is the relatively small sample 

size which may affect the generalization of the results of the present study.  

 

6. CONCLUSIONS 

      This study shows the increase of AGEs and their receptor RAGE as well as VEGF and its receptor VEGFR1 in 

PE women compared with the control women, and the increase is elevated with increases of FF symptoms score. Also, 

PE women suffer from dyslipidemia and low-grade inflammation (high serum CRP level) that also increases with FF 

score. Using ROC analysis, only CRP has significant predictability for differentiation between high-FF PE women and 

low-FF PE women. 
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