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Fibrinogen to albumin ratio, a novel serum 
indicator for evaluating the severity of 
preeclampsia
A single-center retrospective study
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Abstract 
Preeclampsia (PE) is a disorder that affects approximately 5% to 10% of pregnant women. Timely and accurate identification 
of PE and assessment of its severity are crucial. Therefore, it is necessary to develop predictive indicators which are easily 
measured in routine antenatal examinations to enable the early detection of PE and assess its severity. We designed a single-
center retrospective study in our daily work to assess whether the serum levels of fibrinogen to albumin ratio (FAR), fibrinogen (Fib), 
albumin (ALB), prothrombin time, calcium (Ca), activated partial thrombin time, creatinine (Cr), D-dimer(D-D), platelet, white blood 
cell, neutrophil, and lymphocyte counts could help in assessing PE and evaluating its severity. Our findings showed that the serum 
levels of FAR, Cr, Fib, and D-D were significantly higher in the severe preeclampsia group (sPE) compared with the control and mild 
preeclampsia groups, whereas the levels of ALB and Ca were significantly lower in sPE patients. In addition, no differences were 
found between the control and PE groups in terms of prothrombin time, activated partial thrombin time, platelet, white blood cell, 
neutrophils, and lymphocytes counts. Furthermore, FAR is a novel and better indicator for evaluating the severity of PE, which has 
not been reported before. And it is an independent risk factor for the development of sPE. In conclusion, the serum levels of FAR, 
Cr, D-D and Fib were positively correlated with PE, whereas ALB and Ca were negatively correlated with PE severity, which might 
be valuable in evaluating the severity of PE. FAR proved to be a feasible diagnostic marker for sPE with sensitivity and specificity 
comparable to those of ALB and Fib.

Abbreviations: ALB = albumin, APTT = activated partial thrombin time, AUC = area under the curve, BMI = body mass index, 
Ca = calcium, Cr = creatinine, D-D = D-dimer, FAR = fibrinogen to albumin ratio, Fib = fibrinogen, mPE = mild preeclampsia, PE = 
preeclampsia, PLT = platelet, PT = prothrombin time, ROC = receiver operating characteristic, sPE = severe preeclampsia, WBC 
= white blood cell.
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1. Introduction
Preeclampsia (PE) is a pregnancy disorder that causes hyper-
tension and proteinuria after 20 weeks of gestation. It affects 
approximately 5% to 10% of pregnant women.[1] In addi-
tion to maternal multiple organ dysfunction and intrauter-
ine growth restriction, PE is associated with several adverse 
outcomes including fetal, neonatal, and maternal mortality.[2] 
Although the etiology of PE remains controversial, clinical 
and pathological studies suggest that systemic inflammatory 
responses,[3,4] immune dysfunction,[5] coagulation/fibrinolytic 
system,[6] and abnormal placentation[7] play central roles in 
the pathogenesis of this syndrome. Prenatal care and timely 
diagnosis are still necessary for the treatment of preeclamp-
sia, as well as for proper management and timely delivery. 

The diagnosis of PE remains a challenge and is based on a 
combination of clinical presentation and nonspecific biomark-
ers. Therefore, it is necessary to develop specific predictive 
biomarkers which are easily measured in routine antenatal 
examinations to enable the early detection of PE and assess 
its severity.

Previous studies have reported that angiogenic factors such 
as soluble fms-related receptor tyrosine kinase 1, and placental 
growth factor are essential biomarkers in PE.[8,9] Guo et al[10] 
have shown that Epstein-Barr virus induced 3 is upregulated 
in the early onset preeclampsia, indicating that the detection of 
excessive Epstein-Barr virus induced 3 from maternal plasma 
is an excellent biomarker of early onset preeclampsia. Other 
studies have reported that the expression of inflammatory 
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factors such as interleukin 6 [11] and higher neutrophil-to-lym-
phocyte ratio [12] are valuable predictive markers of PE. 
Although these studies have been conducted on the predictive 
value of biochemical tests for PE outcomes, these markers 
are single studies and are difficult to measure in clinical lab-
oratories. In addition to above-mentioned biomarkers, albu-
min-based markers are used inflammatory conditions since 
it is a negative acute phase marker. For example C-reactive 
protein to albumin ratio has been introduced as a marker of 
inflammation.[13] Other parameters, such as white blood cell 
(WBC) and platelet were also suggested as markers of inflam-
matory conditions.[14,15] Since preeclampsia is also associated 
with some degree of inflammatory burden,[4] it is reasonable 
to study other inflammatory markers in preeclampsia. In addi-
tion, fibrinogen to albumin ratio (FAR) is a new inflammatory 
marker and has been proven to have excellent predictive value 
for abortus imminent,[16] systemic lupus erythematosus,[17] and 
ascending aortic aneurysm.[18] However, there has been no reli-
able research on whether FAR can predict PE or evaluate its 
severity.

PE is a complex and systemic vascular disorder, therefore, in 
the present study, we combined blood tests including automated 
full blood count (platelet [PLT], WBC, neutrophil and lym-
phocyte counts), biochemistry [albumin (ALB), calcium (Ca), 
creatinine (Cr)], coagulation function tests [D-dimer (D-D), pro-
thrombin time (PT), fibrinogen (Fib), activated partial throm-
bin time (APTT)], and a new inflammatory marker FAR, which 
are related to PE and easy to measure. We then investigated 
whether the twelve serum parameters mentioned above differed 
significantly between the mild preeclampsia (mPE) and severe 
preeclampsia (sPE) groups. Collectively, our data suggest that 
FAR is a novel and better indicator for evaluating preeclampsia 
severity, which has never been reported before. Besides, this is an 
independent risk factor for the development of sPE.

2. Methods

2.1. Study participants

A retrospective observational study was conducted at the 
Second Hospital of Shandong University from January 2017 
to August 2021, and written informed consent was obtained 
from all participants. This study was approved by the Ethics 
Committee of the Second Hospital of Shandong University 
(KYll-2023-182). In the present study, 237 pregnant women 
were included in the final analysis, including 73 normotensive 
healthy pregnant controls, 61 mPE, and 103 sPE patients. The 
subjects with normal pregnancies were matched in terms of 
gestational age and pregnancy body weight to the PE patients. 
During pregnancy, all control pregnant women had normal 
blood pressure and immune system profiles and had no history 
of chronic diseases, such as chronic hypertension, preexisting 
renal disease, or immunological diseases. The diagnostic crite-
ria for PE were based on those recommended by the American 

College of Obstetrics and Gynecology in 2019.[19] sPE was 
considered if it was characterized by a sustained systolic blood 
pressure of > 160 mm Hg or sustained diastolic blood pres-
sure of > 110 mm Hg or symptoms that included at least one 
of the following: severe proteinuria (>3 + on dipstick or pro-
teinuria > 5 g/24-hour urine collection), visual impairment and 
headache, impaired liver function, thrombocytopenia, pulmo-
nary edema, heart failure, oligohydramnios, renal insufficiency, 
or fetal growth restriction. mPE was defined as the diagnostic 
criterion for PE, but not for sPE. The medical records provided 
details of the patients medical history and treatment before 
admission. Patients with any of the following items at the time 
of screening were excluded: Comorbidities including chronic 
hypertension, chronic nephropathy, liver disease, heart disease, 
blood system disease, recurrent spontaneous abortion, immu-
nological diseases, or other comorbidities; The patient failed to 
follow up or the data were incomplete.

2.2. Data collection

Blood specimens were harvested immediately after the diag-
nosis of PE was confirmed, or after a routine antenatal visit. 
Specimens of blood were centrifuged at 4000 revolutions per 
minute for 10 minutes and analyzed within 2 hours. Briefly, a 
Sysmex XN9000 hematology analyzer (Sysmex Corporation, 
Japan) was used for blood routine analysis. Fib, APTT, PT, and 
D-D levels were analyzed using a Werfen ACLTOP700 hema-
tology analyzer (Werfen Corporation, Spain). In addition, we 
collected 5 mL of venous blood in a gold tube with a clot acti-
vator and gel, and the serum was collected to measure ALB, Cr, 
and Ca levels using a Cobas C702 automatic analyzer (Roche 
Corporation, Switzerland). FAR was determined by dividing 
the plasma Fib concentration by the serum ALB levels. In our 
clinical laboratory, all tests were performed in accordance with 
ISO15189.

2.3. Statistical analysis

Statistical analyses were performed using soft of SPSS ver-
sion 25.0 (IBM Co., Armonk, NY). Clinical information was 
obtained from the medical records of pregnant women. The 
variances between groups were compared using Levene homo-
geneity test or the F test. For continuous variables, descriptive 
statistics were calculated as the mean (X) + standard devia-
tion or median and interquartile range. The student t test and 
Mann-Whitney U test were used to evaluate continuous vari-
ables. Multiple group comparisons were conducted using 1-way 
analysis of variance. Factors associated with sPE were evaluated 
using a logistic regression analysis. A receiver operating charac-
teristic (ROC) curve was used to estimate biomarkers that were 
positively correlated with sPE. The area under the curve (AUC) 
was calculated to evaluate predictive power. P < .05 was consid-
ered statistically significant.

Table 1

Summary of maternal characteristics of the control, mild preeclampsia and severe preeclampsia groups.

Characteristics Control mPE sPE P value 

Age (yr) 29.95 ± 3.90 30.69 ± 5.48 32.77 ± 5.77 .002
BMI (kg/m2) 28.25 ± 3.05 31.91 ± 4.72 30.81 ± 4.33 <.001
Gestational age at delivery (wk) 39.74 ± 0.99 37.66 ± 2.76 34.33 ± 3.29 <.001
Parity (n) 1.21 ± 0.44 1.26 ± 0.54 1.22 ± 0.46 .785
Systolic blood pressure (mm Hg) 118.52 ± 10.30 147.78 ± 10.15 167.96 ± 18.59 <.001
Diastolic blood pressure (mm Hg) 78.42 ± 7.70 96.23 ± 8.21 106.69 ± 14.61 <.001
Urine albumin (g/24 h) - 1.11 ± 1.07 5.74 ± 5.15 <.001

P: 1-way sANOVA.
BMI = Body mass index, mPE = mild preeclampsia, sPE = severe preeclampsia.
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3. Results

3.1. Demographic and clinical characteristics

A total of 237 pregnant women were divided into 3 groups: 
healthy normotensive pregnant controls (control, n = 73), mPE 
(n = 61), and sPE (n = 103). Table 1 compared the clinical char-
acteristics of the control, mPE, and sPE groups, including age, 
gestational age, gravidity, blood pressure, body mass index 
(BMI), and urine ALB. The data revealed that the mean age 
of the women who developed sPE (32.77 ± 5.77) was higher 
than that of the control (29.95 ± 3.9) and mPE (30.69 ± 5.48) 
groups (P = .002). We also discovered that the mean BMI for 
the control, mPE, and sPE groups was 28.25 ± 3.05 kg/m2, 
31.91 ± 4.72 kg/m2, and 30.81 ± 4.33 kg/m2, respectively. The 
BMI of the PE group was higher than that of the control group 
(P < .001). The 3 groups of pregnant women indicated no signif-
icant differences in gravidity (P = .785). A significant difference 
was found between the sPE and the control group in terms of 
gestational age at delivery (P < .001). Furthermore, the blood 
pressure and urine ALB of both the mPE and sPE groups were 
significantly higher than that of the control group (P < .001). 
As expected, some indicators were positively correlated with 
sPE, such as age, BMI, systolic blood pressure, diastolic blood 
pressure and urine ALB, whereas gestational age had a negative 
correlation.

3.2. FAR is positively correlated with PE severity

These aforementioned markers in Table 1 are recognized indi-
cators of PE status; however, some indicators remain contro-
versial or even unknown. To further investigate the relationship 
between PE and other clinical indicators, student t test or Mann-
Whitney U test analysis was conducted. Serum parameters were 

listed in Table 2. As reported in other studies, the lower the ALB 
level, the more severe the disease of PE.[20] In addition, we found 
a significant difference in FAR and Cr levels between the con-
trol and mPE or sPE groups. Cr, Fib, D-D, and FAR levels were 
significantly higher in the sPE group than in the control and 
mPE groups, while the levels of ALB and Ca were significantly 
lower in sPE patients. Moreover, the PT in the PE group was 
lower than that in the control group, while the APTT of the sPE 
group was higher than that of the control group. However, nei-
ther PT nor APTT was statistical different among the 3 groups. 
In addition, there were no differences in PLT, WBC, neutrophil 
or lymphocyte counts between the control and PE groups. In 
conclusion, serum levels of FAR, Cr, D-D and Fib were posi-
tively associated while ALB and Ca were negatively correlated 
with PE severity. Additionally, PT, APTT, PLT, WBC, neutrophil 
and lymphocyte counts were unrelated to the severity of PE. 
More importantly, our findings indicate that FAR is positively 
correlated with PE severity for the first time.

3.3. FAR is an independent risk factor for the development 
of sPE

In order to identify independent risk factors for sPE, univariate 
logistic regression analysis of the above 6 indicators with dif-
ferences was performed. Table 3 suggests that FAR (OR: 2.679 
[95% CI: 1.106–6.490]; P = .029) was an independent risk fac-
tor for the development of sPE.

3.4. ROC curve of FAR in blood serum predicted sPE

ROC curve was used to further clarify the effect of these 
indicators (FAR, ALB, Ca, Cr, D-D, and Fib) with statistical 

Table 2

The tested markers values in different groups.

Variables Control mPE sPE Control vs mPE Control vs sPE mPE vs sPE 

Ca 2.18 ± 0.06 2.19 ± 0.15 2.10 ± 0.17 0.799 0.001 0.001
PLT 222.46 ± 61.22 212.48 ± 61.40 212.83 ± 76.44 0.189 0.370 0.680
Cr 45.31 ± 9.71 51.65 ± 9.54 58.69 ± 16.39 0.015 < 0.001 0.012
ALB 38.66 ± 4.78 34.46 ± 4.34 28.68 ± 3.98 < 0.001 < 0.001 < 0.001
Fib 4.02 ± 0.50 4.04 ± 0.65 4.34 ± 0.77 0.878 0.001 0.001
APTT 28.74 ± 3.80 28.52 ± 3.19 29.31 ± 5.08 0.833 0.398 0.496
PT 11.85 ± 3.49 11.04 ± 0.97 11.23 ± 1.01 0.082 0.153 0.352
D-D 1.341 (1.073–1.766) 1.252 (0.998–1.795) 1.500 (1.180–3.020) 0.611 0.002 0.006
FAR 0.11 ± 0.02 0.12 ± 0.02 0.15 ± 0.03 < 0.001 < 0.001 <0.001
WBCs 10.14 ± 5.34 9.53 ± 2.94 9.73 ± 3.00 0.417 0.567 0.690
neutrophils 7.49 ± 4.42 7.32 ± 3.05 7.35 ± 2.75 0.796 0.814 0.949
lymphocytes 1.88 ± 0.79 1.65 ± 0.54 1.81 ± 0.60 0.058 0.538 0.113

Data are presented as mean ± standard deviation (SD) when the parameters were normally distributed or median and interquartile ranges for non-normally distributed variables.
ALB = albumin, APTT = activated partial thrombin time, Ca = calcium, Cr = creatinine, D-D = D-dimer, FAR = fibrinogen to albumin ratio, Fib = fibrinogen, mPE = mild preeclampsia, PLT = platelet, PT = 
prothrombin time, sPE = severe preeclampsia, WBC = white blood cell.

Table 3

Univariate conditional logistic regression model analysis of severe preeclampsia.

Variables B SE Wald P value OR 

95% CI

Lower limit Upper limit 

 ALB −0.227 0.174 1.698 .193 0.797 0.567 1.121
Ca −1.874 2.369 0.626 .429 0.154 0.001 15.950
Cr 0.039 0.034 1.301 .254 1.040 0.972 1.111
Fib −0.920 1.485 0.384 .536 0.399 0.022 7.323
D-D 0.000 0.023 0.000 .983 1.000 0.956 1.045
FAR*100 0.985 0.451 4.764 .029 2.679 1.106 6.490

ALB = albumin, Ca = calcium, CI = confidence intervals, Cr = creatinine, D-D = D-dimer, FAR = fibrinogen to albumin ratio, Fib = fibrinogen.
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significance in distinguishing between mPE and sPE. (Fig.  1). 
Table  4 proved the AUC of each marker for the prediction 
of sPE. Specifically, ROC analysis revealed that the AUC for 
FAR was 0.888 (95% CI: 0.838–0.938; P < .001; sensitivity, 
91.26%; specificity, 73.77%) and the AUC for ALB was 0.844 
(95% CI: 0.781–0.907; P < .001, sensitivity, 84.47%; specific-
ity, 73.77%). Among these indicators, FAR presented the high-
est predictive value for sPE. A combination of indicators may 
improve the accuracy of evaluating the severity of PE.

4. Discussion
PE is a systemic vascular disorder with signs of metabolic dis-
ease or a combination of different types of organ dysfunc-
tion. Many biomarkers have been studied for PE diagnosis 
and prediction, such as placenta-derived biomarkers (sENG, 
soluble fms-related receptor tyrosine kinase 1 and placen-
tal growth factor [8,9]), serum metabolomics (proline betaine 
and proline [21]), and inflammatory factors (interleukin 6,[11] 
neutrophil-to-lymphocyte ratio [12]). However, owing to the 
complexity and testing limitations of the above-mentioned 
biomarkers, clinical manifestations, hypertension, and pro-
teinuria are still required to diagnose PE and evaluate its 
severity. Meanwhile, clinical performance is very complex, 
while inflammatory indicators and proteinuria may be easily 
affected by infection, kidney and blood disorders. Therefore, 
there is an urgent need to develop practical laboratory mark-
ers that can boost the early detection of PE and prognosticate 
its severity.

In addition, the routine screening indicators of the coagula-
tion system for PE are Fib and D-D. However, studies on Fib 
have been controversial. One study identified the level of Fib 
was significantly decreased in sPE, and Fib ≤ 2.87g/L was a 
potential cutoff value for screening PE.[22] A previous study indi-
cated that the Fib level was significantly higher in patients with 

PE, and patients with sPE had significantly higher levels of Fib 
than pregnant women with mPE.[23] In our research, we found 
the level of Fib increased with the severity of PE. We believed 
that the reason for the differences in the results of Fib is that the 
level of Fib is a dynamic process. Consequently, we investigated 
the FAR indicator.

FAR is a ratio of fibrinogen and albumin, which is generated 
at no extra cost when biochemistry and coagulation function 
tests are performed in routine antenatal examinations. Multiple 
studies have suggested that elevated levels of FAR are associated 
with many diseases, such as abortus imminent,[16] systemic lupus 
erythematosus,[17] acute coronary syndrome,[24] rheumatoid 
arthritis[25] and ankylosing spondylitis,[26] which are associated 
with an inflammatory state. Hence, it has been concluded that 
FAR may be a better indicator for many systemic inflammation 
diseases. In the present study, we discovered that FAR was ele-
vated in the sPE group compared with that in the control or 
mPE group. In contrast, unlike FAR, we did not detect differ-
ences in leukocyte, neutrophil, or lymphocyte counts among the 
groups. These results might be related to the small study popu-
lation, early pregnancy age, and mild systemic inflammation in 
the participants. However, FAR appeared to be more sensitive 
than the other indicators.

We also found that the value of FAR was significantly higher 
than those of Fib and ALB when predicting the severity of PE. 
The reason for this may be that there was a positive correlation 
between Fib and sPE but a negative correlation between ALB 
and sPE. The indicator of FAR included positive and negative 
factors; as a result, it enlarged the variation of different stages 
of pregnancy. Thus, the predicted value of FAR was more valu-
able than that of either Fib or ALB alone. Additionally, ALB was 
also assessed and reported as a marker of poor disease control 
along with traditional markers in diabetes mellitus,[27] hyperten-
sion,[28,29] metabolic syndrome,[30,31] and thyroiditis.[32,33] Hence, 
a combination of multiple indicators can considerably increase 

Figure 1. The ROC curve analysis of different variables predicting severe preeclampsia. ALB = albumin, Ca = calcium, Cr = creatinine, Fib = fibrinogen, 
D-D = D-dimer, FAR = fibrinogen to albumin ratio, ROC = receiver operating characteristic.

Table 4

Predicted values of different variables.

Variables Cutoff value Sensitivity Specificity AUC Sig. 

95% CI

Lower limit Upper limit 

ALB 32.25 84.47 73.77 0.844 <0.001 0.781 0.907
Ca 2.115 61.46 66.67 0.663 <0.001 0.575 0.751
Cr 70.45 24.75 98.21 0.621 0.012 0.532 0.709
Fib 3.685 88.35 36.07 0.598 0.035 0.507 0.690
D-D 2.162 34.85 89.47 0.641 0.017 0.532 0.749
FAR 0.123 91.26 73.77 0.888 <0.001 0.838 0.938

ALB = albumin, AUC = area under the curve, Ca = calcium, CI = confidence intervals, Cr = creatinine, D-D = D-dimer, FAR = fibrinogen to albumin ratio, Fib = fibrinogen.
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the diagnostic and predictive efficiency of PE compared with a 
single indicator. The markers we discovered, particularly FAR, 
have considerable potential in the prediction of severity for 
preeclampsia with no additional cost. Meanwhile, these would 
both improve the efficiency of diagnosis and reduce the financial 
burden of patients on therapies.

The limitation of the present study was that it was a sin-
gle-center retrospective study, and evidence of its effectiveness 
in clinical practice remains to be confirmed in further clinical 
studies. Therefore, a multi-center randomized prospective study 
with a large sample size is necessary to explore the roles of these 
markers in diagnosing PE and assessing the severity and onset 
of PE.

5. Conclusion
We believe that alterations in FAR, Fib, D-D, ALB, Ca, and 
Cr might play critical roles in the pathogenesis of PE. Our 
findings indicate that these indicators may have clinical sig-
nificance in evaluating PE severity. Furthermore, FAR had a 
higher predictive value for predicting the severity of PE than 
the other indicators. More importantly, the routine markers 
tested in this study were readily derived in daily clinical prac-
tice. Further prospective large-scale trials will help elucidate 
the roles of these biomarkers in predicting the risk and sever-
ity of PE.
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