
Cui et al. BMC Pregnancy and Childbirth            (2023) 23:4  
https://doi.org/10.1186/s12884-022-05335-1

RESEARCH ARTICLE

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

Neutrophil‑to‑lymphocyte ratio (NLR) 
as a predictive index for liver and coagulation 
dysfunction in preeclampsia patients
Hui Xing Cui1,2, Chen Chen1, Young Mi Jung3, Zhen Yi Guo1, Chun Yu Dong1, Seung Mi LEE3 and 
Yin Hua Zhang1,2*    

Abstract 

Background:  Pre-eclampsia (PE) is a pregnancy disorder that is related to an enhanced immune response. Immune 
cell characteristics such as neutrophil or monocyte to lymphocyte ratios (NLR, MLR) are known to be related to kidney 
and liver dysfunction in hypertensive patients. Here, we aimed to analyze the correlations between NLR, MLR and 
platelet to lymphocyte ratio (PLR) and liver, renal and coagulation functional parameters and the impacts of these 
immune cell profiles to the prognostic significance in PE patients.

Methods:  Pre-delivery hematological and biochemical parameters of 320 first-time pregnant women registered at 
the Obstetrics Department of Yanbian University Hospital from 2016 to 2019 were analyzed retrospectively. Patients 
were divided into normal pregnancy (normal, n = 161), mild PE (mPE, n = 28) and severe PE (sPE, n = 131) groups 
according to diagnostic criteria. Pearson correlation analysis were performed and area under the curve (AUC) were 
conducted for the diagnostic values of NLR, MLR and PLR. Results were validated with data from the Department of 
Obstetrics and Gynecology of Seoul National University Hospital (SNUH).

Results:  Kidney functional indexes were adversative in mPE and sPE and liver and coagulation indexes were worse in 
sPE compared to normal groups. Among immune cells, lymphocytes were increased in mPE and sPE patients, resulted 
in reduced NLR, MLR and PLR in PE groups, more significant difference were shown in sPE. NLR and PLR were associ-
ated with CREA and/or BUN negatively and positive associations were observed with total protein (TP) and albumin 
(ALB) in sPE. Only NLR showed positive associations with coagulation indexes (PT and APTT) in sPE. AUC analysis for 
NLR, MLR and PLR were 0.700, 0.656, 0.643, respectively, and NLR < 3.7 predicted hypertension (95% CI in all par-
ticipants: 0.647–0.749, p < 0.001). Blood pressure, liver, kidney and coagulation indexes were worse at cut off value 
(NLR < 3.7), and this was validated with the data from SNUH.

Conclusion:  NLR could be used as an independent predictor of liver and coagulation dysfunction in PE patients. Our 
results may provide non-invasive and efficient way of the risk assessment among PE patients.

Keywords:  Pre-eclampsia (PE), Neutrophil–lymphocyte ratio (NLR), Liver function, Kidney function, Coagulation, 
Prediction value

Background
Preeclampsia (PE) is one of the serious complications 
of pregnancy with an occurring rate of 3–3.5% from 
20  weeks into pregnancy [1, 2]. The clinical manifes-
tations of PE are hypertension, proteinuria, HELLP 
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syndrome (hemolysis, elevated liver enzymes, and 
thrombocytopenia), maternal pulmonary edema, cer-
ebral palsy, and cerebrovascular accidents in severe cases 
[3–6]. PE seriously threatens the life and health of moth-
ers and babies; it is one of the main causes of maternal 
and perinatal illness and death. The etiology of PE has not 
been fully elucidated and there is no effective therapeutic 
strategy apart from trimester termination, anti-hyperten-
sive therapy, and the use of MgSO4 to relieve spasms. It is 
well known that PE is closely related to maternal immune 
responses; characterized by a shift towards a pro-inflam-
matory state (increased pro-inflammatory immune cells 
and cytokines and reduced anti-inflammatory immune 
cells and cytokines [7, 8]).

Innate immune cells are shown to be increased in the 
circulation even during normal pregnancy, activation of 
which facilitates trophoblast invasion and uterine spiral 
artery remodeling [9–11]. In PE patients, pro-inflamma-
tory cytokines (e.g. IL-6 and TNF-alpha) are increased 
[12, 13], excessive inflammatory stress causes oxida-
tive stress, damage to vascular endothelial cells directly 
and vascular disorders, which are important precursors 
of hypertension and comorbidities of PE, including liver 
dysfunction and coagulation disorders [14].

Recently, the activities of neutrophils and lymphocytes 
are shown to play important roles in the development of 
PE [15]. As the inflammatory indicators, the neutrophil–
lymphocyte ratio (NLR) and monocyte-lymphocyte ratio 
(MLR) are known to be sensitive markers of inflamma-
tory response and to predict the prognosis of the disease 
[16–20]. In some studies, serum NLR from circulatory 
blood has been shown to be increased in the PE group 
compared to those in normal pregnancy [21–24]. But 
others have shown no difference in NLR between PE and 
normal pregnancy [25, 26]. On the other hand, platelet-
to-lymphocyte ratio (PLR) are closely associated with 
liver and coagulation status [27]. Therefore, thorough 
understandings of the immune cell characteristics and 
the relationship of their changes with liver, kidney and 
coagulation functions are important in better under-
standings of the disease.

Here, we retrospectively analyzed the correlations 
between NLR, MLR, PLR and liver, kidney and coagula-
tion functional indexes those were obtained from clinical 
examination results in PE patients and  normal pregnant 
women. ROC curve analysis was performed to validate 
the prognostic value of NLR.

Methods
Study design and patient groups
We designed a retrospective study by analyzing a medi-
cal registry database of 320 first pregnancy women who 
were registered in the Department of Obstetrics, Yanbian 

University Hospital from August 2016 to August 2019. 
All the patients were from local community (Yanbian 
region, Jilin Province China). The patients were divided 
into the normal pregnancy group (normal, 161 patients), 
mild PE group (mPE, 28 patients), and severe PE group 
(sPE, 131 patients) according to the medical records. 
Database of normal pregnancy population were collected 
from normal delivery and cesarean section groups, whose 
examination results are complete during the period of 
2016–2019 (which is consistent with those for mild and 
severe PE patients). Non-PE pregnancy population of 
cesarean section was patients with breech presentation, 
pelvic abnormalities, amniotic fluid abnormality (poly-
hydramnios or oligohydramnios) or cephalopelvic dis-
proportion. Complications such as pregnancy diabetes, 
gestational heart disease, intrahepatic cholestasis, twins 
were excluded in the data collection.

Preeclampsia diagnostic and exclusion criteria
Diagnoses of PE were based on reported American 
Congress of Obstetricians and Gynecologists (ACOG) 
clinical criteria. Specifically, mPE was diagnosed based 
on systolic blood pressure (SBP) ≥ 140  mm Hg and/or 
diastolic blood pressure (DBP) ≥ 90 mm Hg and/or pro-
teinuria ( +) on two occasions at least 4 h apart and pro-
teinuria (> 0.3 g per day) after 20-week gestation. sPE was 
diagnosed based on SBP ≥ 160 mm Hg or DBP ≥ 110 mm 
Hg or proteinuria > 5 g per day and at least one of the fol-
lowing clinical symptoms: pulmonary edema, microvas-
cular disease, thrombocytopenia, impaired liver function, 
and peripheral severe organ involvement (visual impair-
ment and headache). All patients were strictly classified 
according to the diagnostic criteria. These PE patients 
were excluded from the analysis: HELLP syndrome, 
essential hypertension, recent acute and chronic infec-
tions, premature rupture of membranes, and other inter-
nal surgical diseases.

Collection and the analysis of clinical examination 
parameters
Peripheral blood samples were taken before the delivery. 
Specifically, the blood samples of  sPE patients were taken 
2–4 h before the delivery as most patients were admitted 
to the hospital soon after the diagnosis and the delivery 
was induced almost immediately. For mPE patients, the 
blood samples were taken on the next day after the hos-
pital admission, therefore, the results were from 4–24 h 
before the delivery. For normal pregnancy (non-PE) 
patients, the blood samples were taken on the next day 
after the hospital admission and because the operation 
were scheduled the next day or the third day, the blood 
examination results were within 24–48  h before the 
delivery.
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The clinical examination parameters from peripheral 
blood samples (collected upon admission) were measured 
using a Sysmex XN-1000Q automated blood analyzer.  
White blood cell (WBC), hemoglobin (HGB), platelet 
(PLT), neutrophil (Neu), lymphocyte (Lym), monocyte 
(Mon) counts were analyzed. NLR, MLR and PLR were 
calculated by dividing absolute Neu count, Mon count or 
PLT count by absolute Lym count. Roche basic automatic 
biochemical analyzer was used to detect kidney function 
(urea nitrogen, BUN; creatinine, CREA; carbon dioxide, 
CO2) and liver function (aspartate aminotransferase, 
AST; alanine aminotransferase, ALT; albumin, ALB; 
total protein, TP; total bilirubin, TBIL; direct bilirubin, 
DBIL). Coagulation function was examined with plasma 
prothrombin time (PT); Prothrombin time  international 
normalized ratio (PTINR); thrombin time (TT); Acti-
vated partial thromboplastin time  (APTT) and fibrino-
gen quantification (FBGC).

Validation of the analysis results with external data source
Validation of the associations between inflammatory 
indexes and organ functional parameters were con-
ducted by the Department of Obstetrics and Gynecol-
ogy of Seoul National University Hospital (SNUH). We 
collected pregnant women with PE (n = 73) and nor-
mal pregnancy (n = 73) who were delivered in SNUH 
between 2016–2019 (similar period of those from Yan-
bian University Hospital). These women were divided 
into two groups (NLR <  = 3.7 and NLR > 3.7 groups) and 
the parameters (SBP, DBP, AST, ALT, TP, BUN, CREA, 
PT, APTT, FBGC) were compared. Ethical approval was 
obtained from the ethics committee of SNUH (IRB No. 
2021–0542).

Data analysis
Data analysis was performed using SPSS 26.0 statistical 
software. The blood pressure, liver, kidney and coagu-
lation functional parameter data were expressed as 
Mean ± standard deviation. One-way ANOVA was used 
to compare between normal, mPE and sPE groups. Pear-
son correlation analysis was used to assess the correla-
tions between NLR, MLR or PLR and liver, kidney and 
coagulation functional parameters. P < 0.05 was consid-
ered as statistically significant. ROC curve analysis fur-
ther clarifies the predictive diagnostic value of NLR, PLR, 
and MLR.

Justification for the study design
Inflammation affects cardiovascular systems and organ 
functions, and the severity and characteristics of the 
parameters implicate the PE progression. Immune cell 
counts and NLR, MLR, PLR are non-invasively avail-
able biomarkers of system inflammation, but the changes 

and their profile seem vary among studies. In addition, 
the correlations and significance of these inflammatory 
indexes in predicting organ functional status and the 
diagnosis of PE are not studied. Accordingly, we have 
designed to analyze systematically the inflammatory 
pattern in patients of normal, mPE and sPE, their corre-
lations to impaired kidney or liver and coagulation func-
tions. Furthermore, the impact of inflammatory indexes 
was validated in an independent medical sector to better 
define the significance of the study. Ethical approval was 
obtained from the ethics committee of both Yanbian Uni-
versity Hospital and Seoul National University Hospital. 
All the data were blindly checked by the students who 
were involved in the study.

Results
Clinical examination results in normal pregnancy, mPE 
and sPE patients
Table  1 showed the clinical examination results among 
three groups (P1: normal vs. mPE; P2: normal vs. sPE). 
Age was not different among three groups. But BMI was 
significantly higher in mPE and sPE compared to normal 
(BMI: P1 < 0.001, P2 < 0.001).

As shown in Table 1, both systolic and diastolic blood 
pressures (SBP, DBP) were increased in mPE and sPE 
(P1 < 0.001, P2 < 0.001, respectively). In addition, kidney 
functional parameters (BUN and CREA) were signifi-
cantly higher (BUN: P1 < 0.001 in mPE; P2 < 0.001 in sPE; 
CREA: P1 = 0.002 in mPE, P2 < 0.001 in sPE), and CO2 
were lower (P1 = 0.033 in mPE and P2 < 0.001 in sPE) in 
PE patients.

Among liver functional parameters, AST and ALT were 
significantly higher in sPE (P2 < 0.001, P2 < 0.001, respec-
tively, Table  1). TP and ALB were significantly lower in 
sPE (P2 < 0.001, P2 < 0.001, Table  1). TBIL was lower in 
both mPE and sPE (P1 = 0.009, P2 < 0.001) but DBIL was 
lower only in sPE (P2 < 0.001). Coagulation functional 
parameters (PT, PT% and PTINR) were significantly 
shorter in sPE (P2 = 0.003, P2 < 0.001 and P2 = 0.003, 
respectively, Table  1). However, TT was longer in mPE 
and sPE (P1 = 0.023, P2 < 0.001). These results indicate 
liver and coagulation changes in PE patients, more in sPE 
group.

Hematology parameters in normal, mPE, and sPE patients
The WBC, HGB, PLT, Neu, Lym, and Mon counts were 
within normal ranges. Table  2 compared the hemato-
logical parameters of normal, mPE and sPE groups. 
Among these blood cells, only Lym count was signifi-
cantly increased in mPE and sPE (P1 = 0.007, P2 < 0.001). 
As a result, Neu to Lym ratio (NLR), Mon to Lym ratio 
(MLR) and PLT  to  Lym ratio (PLR) were reduced in 
mPE patients (PLR: P1 = 0.06; NLR: P1 = 0.004; MLR: 
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P1 = 0.06). Notably, PLR, NLR and MLR were signifi-
cantly reduced in sPE (P2 < 0.001, respectively).

Correlation between NLR, MLR and PLR with kidney, liver 
and coagulation functional parameters
As shown in the Table 3, NLR was negatively correlated 
with CREA (r = -0.222, p = 0.01) and positively corre-
lated with TP (r = 0.172, p = 0.046) and ALB (r = 0.305, 

p < 0.001). NLR was positively associated with PT 
(r = 0.201, p = 0.019) and APTT (r = 0.202, p = 0.01). 
These results indicate that NLR could be a diagnostic 
index for liver and coagulation function in sPE patients.

MLR did not show correlations with kidney param-
eters, showed only weak but significant associations with 
AST (r = 0.184, p = 0.032) and ALB (r = 0.196, p = 0.023). 
However, similar to NLR, PLR was negatively correlated 
with BUN (r = -0.351, p < 0.001) and CREA (r = -0.264, 

Table 1  Blood pressure and organ functional parameters of normal pregnancy, mPE and sPE patients

P1: normal vs. mPE; P2: normal vs. sPE
* P < 0.05 are statistically significant difference. Data expressed as mean ± standard deviation

Variable Normal Mild PE Severe PE P 1 P 2
(n = 161) (n = 28) (n = 131)

General info Age (y) 30.84 ± 4.33 30.32 ± 4.31 31.53 ± 5.57 0.605 0.224

BMI (kg/m2) 28.12 ± 3.21 33.30 ± 4.32 31.28 ± 4.74  < 0.001*  < 0.001*
BP SBP (90–140 mmHg) 113.96 ± 9.80 147.25 ± 9.06 160.27 ± 15.44  < 0.001*  < 0.001*

DBP (60–90 mmHg) 71.49 ± 7.52 95.75 ± 8.31 102.53 ± 11.82  < 0.001*  < 0.001*
Liver Function AST (0–40 U/L) 15.47 ± 7.17 15.25 ± 3.10 22.41 ± 16.45 0.927  < 0.001*

ALT (0–40 U/L) 10.31 ± 8.05 9.86 ± 3.22 16.12 ± 19.93 0.876  < 0.001*
TP (60–83 g/l) 63.36 ± 6.89 61.50 ± 3.82 58.79 ± 6.52 0.166  < 0.001*
ALB (37–53 g/l) 36.99 ± 3.85 35.43 ± 2.78 32.67 ± 4.86 0.072  < 0.001*
TBIL (5.1–25.6 μmol/l) 10.11 ± 4.27 7.54 ± 4.68 6.52 ± 5.29 0.009*  < 0.001*
DBIL (1.7–6.8 μmol/l) 2.58 ± 1.42 2.10 ± 1.59 1.91 ± 2.02 0.164  < 0.001*

Renal Function BUN (2.5–7 μmol/l) 2.79 ± 1.02 4.11 ± 4.02 3.86 ± 1.76  < 0.001*  < 0.001*
CREA (44–80 μmol/l) 42.74 ± 7.35 50.61 ± 12.99 51.07 ± 15.84 0.002*  < 0.001*
CO2 (21–29 μmol/l) 21.70 ± 2.51 20.52 ± 2.64 19.14 ± 2.92 0.033*  < 0.001*

Coagulation Function PT (Sec) 12.19 ± 0.72 12.25 ± 1.41 11.90 ± 0.78 0.701 0.003*
PT% 117.90 ± 14.68 120.98 ± 25.15 126.22 ± 20.44 0.412  < 0.001*
PTINR 0.92 ± 0.07 0.93 ± 0.14 0.90 ± 0.07 0.746 0.003*
APTT (Sec) 31.31 ± 3.10 32.43 ± 4.43 32.38 ± 6.48 0.266 0.061

FBGC (g/l) 4.87 ± 0.90 4.75 ± 0.72 4.87 ± 2.83 0.761 0.980

TT (Sec) 15.10 ± 1.00 15.74 ± 1.53 15.67 ± 1.68 0.023*  < 0.001*

Table 2  Blood cell counts in normal pregnancy, mPE and sPE patients

P1: normal vs. mPE; P2: normal vs. sPE
* P < 0.05 are statistically significant difference. Data expressed as mean ± standard deviation

Variable Normal (n = 161) Mild PE (n = 28) Severe PE (n = 131) P 1 P 2

WBC (4—10) × 109/L 9.41 ± 2.38 9.43 ± 2.62 9.39 ± 2.39 0.958 0.943

RBC (3.5—5.5) × 109/L 4.06 ± 0.40 4.15 ± 0.33 4.14 ± 0.46 0.274 0.073

HGB (110—160) g/L 119.06 ± 11.56 122.82 ± 11.85 121.91 ± 12.37 0.124 0.041*
PLT (100—300) × 109/L 194.94 ± 54.97 201.75 ± 76.19 194.39 ± 64.19 0.586 0.937

NEU# (2—7.7) × 109/L 7.12 ± 2.09 6.80 ± 2.04 6.71 ± 1.92 0.442 0.084

MON# (0.12—0.8) x 109L 0.62 ± 0.18 0.64 ± 0.23 0.61 ± 0.22 0.592 0.856

LYM# (0.8—4) × 109/L 1.63 ± 0.45 1.91 ± 0.58 1.97 ± 0.53 0.007*  < 0.001*
PLR 125.25 ± 42.81 109.78 ± 39.02 103.93 ± 40.10 0.069  < 0.001*
NLR 4.69 ± 2.29 3.66 ± 0.87 3.52 ± 0.95 0.004*  < 0.001*
MLR 0.41 ± 0.20 0.35 ± 0.12 0.32 ± 0.10 0.06  < 0.001*
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p = 0.002) and positively correlated with TP (r = 0.213, 
p = 0.013) and ALB (r = 0.204, P = 0.018), indicating that 
PLR could predict kidney and liver functional changes in 
sPE. The association between PLR and APTT were nega-
tive in sPE (r = -0.174, p = 0.043).

AUC of NLR, MLR, PLR
Area under the curve (AUC) analysis was performed 
to further clarify the diagnostic value of NLR, MLR, 

and PLR. As shown in the Table  4 and Fig.  1, AUCs of 
NLR, MLR and PLR were 0.700, 0.656 and 0.634 (95% 
CI = 0.647—0.749; 0.602—0.708 and 0.579—0.686, 
respectively). NLR showed higher specificity and sensi-
tivity and the cut off value for NLR was < 3.7.

Evaluation of PE diagnostic value with NLR
Table 5 showed that according to NLR cut-off value (< 3.7 
and > 3.7), the clinical examination results, i.e., mean val-
ues of SBP, DBP, AST, ALT, TP, BUN, CREA indexes were 
significantly different, i.e. NLR < 3.7 group showed worse 
kidney, liver and blood pressure, which were diagnostic 
of PE.

To further validate the impact of NLR, we analyzed 
the results obtained from the Department of Obstetrics 
and Gynecology of Seoul National University Hospital 
admitted from 2016 to 2019. As shown in Table  6, the 
results showed that in patients with NLR <  = 3.7, systolic 
and diastolic blood pressure were increased, renal BUN 
and CREA values were increased. The coagulation func-
tional parameters were different between NLR > 3.7 and 

Table 3  Correlation between PLR, NLR, MLR and liver, kidney and coagulation functions in sPE group

* P < 0.05 are  statistically significant difference

NLR MLR PLR
Index r p r p r p

sPE AST(0–40 U/L) 0.080 0.352 0.184 0.032* -0.174 0.044*
TP(60–83 g/l) 0.172 0.046* 0.044 0.609 0.213 0.013*
ALB(37–53 g/l) 0.305  < 0.001* 0.196 0.023* 0.204 0.018*
BUN(2.5–7 μmol/l) -0.123 0.154 -0.030 0.727 -0.351  < 0.001*
CREA(44–80 μmol/l) -0.222 0.010* -0.098 0.258 -0.264 0.002*
PT(Sec) 0.201 0.019* 0.168 0.051 0.038 0.665

APTT(Sec) 0.202 0.010* -0.024 0.786 -0.174 0.043*

Table 4  Area under the curve (AUC) with optimal cut-off point 
for NLR, MLR, and PLR

NLR MLR PLR

AUC​ 0.700 0.656 0.634

95% confidence interval 0.647–0.749 0.602–0.708 0.579–0.686

Cut off value ≤ 3.7 ≤ 0.33 ≤ 86.25

Sensitivity 59.51% 60.74% 34.97%

Specificity 70.37 67.90 90.12

Fig. 1  ROC curve of NLR, MLR, PLR
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NLR <  = 3.7 groups. The outcomes related with variables 
showed similar tendency in the SNUH validation set. 
These analyses showed that NLR < 3.7 may be a valuable 
predictor of organ dysfunctions in PE patients.

Discussion
The etiology and pathogenesis of PE have not been fully 
elucidated and the treatment of this disease is limited to 
lowering blood pressure or abrupt delivery. Since inflam-
mation and hypertension are both critical to the devel-
opment of PE, in this study, we retrospectively analyzed 
the correlations between hematological parameters such 
as NLR, MLR and PLR in PE patients with liver, kidney 
and coagulation functions. Furthermore, ROC analy-
sis was performed to evaluate its diagnostic value and 
the causality/relationship. Results showed that Lym was 
increased in PE, as such, NLR, MLR and PLR were sig-
nificantly reduced in PE patients, especially in sPE. NLR 
and PLR were negatively correlated with CREA and were 
positively correlated with TP and ALB. Only NLR was 
positively correlated with PT and APTT. Furthermore, 

NLR < 3.7 was the cut-off value for predicting the diag-
nosis of PE (blood pressure and kidney dysfunction) 
and organ functional indexes (liver and coagulation 
functions).

Over the last two decades, NLR from the peripheral 
blood is considered an important index to present sys-
temic inflammation, as such, NLR is adversely related 
to clinical outcome in various diseases including cardio-
vascular diseases [28–30]. In PE, more and more stud-
ies show convincing evidence that NLR is related to PE 
patients [25, 31–34]. In general, the severity of PE is posi-
tively correlated with NLR, which implicates the roles 
of inflammatory status in the pathogenesis of this dis-
ease. Here, we have shown significant decreases of NLR 
in mPE and sPE patients. Our results also showed that 
among WBCs, Neu count was not altered in PE, but Lym 
count was significantly increased, result in lower NLR 
value in PE groups. In line with our study, a very recent 
study from Japanese group has suggested that lower NLR 
was associated with higher risk of preterm delivery of 
IPD in 76,835 pregnancies [35].

Similar to our results, Kim et  al. and Canzoneri et  al. 
also showed that Lym was increased in PE compared 
to normal pregnancy group [36, 37]. Lym exerts both 
pro-inflammatory and anti-inflammatory effects those 
are associated with the phenotypes in pregnancy. Anti-
inflammatory T-regulatory cells (Tregs) are recognized 
to prevent the response of maternal immune system 
against fetal tissue and T-helper 17 cells (Th17) cells pro-
mote inflammation, autoimmunity and transplant rejec-
tion in humans. A significant increase in Th17 cells and/
or decrease in Tregs has been reported in severe obstet-
ric complications. Identification of Lym cells would be 
informative, but the reduction in the total Lym count in 
PE and the decrease in NLR suggest that such an inflam-
matory characteristic could play an important part in 
maintaining obstetric complications, such as PE [38]. 
Nevertheless, NLR is positively correlated with liver and 
coagulation parameters, especially in the sPE group, 
indicating that greater Neu could be linked to abnormal 
organ functions and high pro-inflammatory factors could 
detriment the pathological processes.

ROC analysis showed that the effective cut off value of 
NLR is 3.7. Notably, at the cut off value < 3.7, the clini-
cal examination results (blood pressure, kidney as well 
as coagulation indexes) were indicative of PE patients in 
groups of China and Korea, confirm the diagnostic sig-
nificance of NLR. Few studies have focused on reduced 
NLR, and there is no uniform conclusion on the use of 
NLR as a predictor of PE [25, 39–43]. Although differ-
ence in the sample sizes and ethnic origin of the patient 
groups may contribute to the discrepancies, our study 
claims the potential “J” shape impact of NLR in predicting 

Table 5  Difference of index between the NLR > 3.7 and 
NLR ≤ 3.7 (Yanbian University Hospital, CHINA)

Index  > 3.7 (n = 175) ≤ 3.7 (n = 145) P value

SBP (90–140 mmHg) 130.9 ± 23.9 142.5 ± 26.1  < 0.0001(**)
DBP (60–90 mmHg) 82.4 ± 17.3 91.5 ± 17.2  < 0.0001(**)
AST (0–40 U/L) 16.8 ± 7.8 18.4 ± 8.6 0.0156(*)
ALT (0–40 U/L) 10.5 ± 5.1 12.7 ± 11.0 0.0175(*)
TP (60–83 g/l) 62.5 ± 5.2 60.3 ± 6.7 0.0010(*)
BUN (2.5–7 μmol/l) 3.0 ± 1.3 3.8 ± 2.3 0.0004(*)
CREA (44–80 μmol/l) 45.1 ± 10.6 49.3 ± 14.5 0.0031(*)
PT (Sec) 12.2 ± 0.9 11.9 ± 0.7 0.0034(*)
APTT (Sec) 31.7 ± 4.3 31.9 ± 5.6 0.7164

FBGC (g/l) 4.9 ± 0.9 4.8 ± 2.7 0.7221

Table 6  Difference of index between the NLR > 3.7 and 
NLR ≤ 3.7 (Seoul National University Hospital, KOREA)

Index  > 3.7 ≤ 3.7 P value

SBP (90–140 mmHg) (n = 146) 132 ± 27 140 ± 24 0.018(*)
DBP (60–90 mmHg) (n = 146) 82 ± 19 91 ± 17 0.001(*)
AST (1–40 IU/L) (n = 108) 38 ± 94 22 ± 10 0.378

ALT (1–40 IU/L) (n = 108) 28 ± 60 17 ± 13 0.798

TP (6.0–8.0 g/dL) (n = 105) 6.2 ± 0.6 6.1 ± 0.5 0.164

BUN (10–26 mg/dL) (n = 109) 9 ± 3 11 ± 5 0.013(*)
CREA (0.7–1.4 mg/dL) (n = 109) 0.55 ± 0.11 0.63 ± 0.18 0.004(*)
PT(10.6–12.9Sec) (n = 138) 10.2 ± 0.6 9.9 ± 0.6 0.006(*)
APTT(27.1–37.8Sec) (n = 138) 27.4 ± 2.4 28.4 ± 2.2 0.028(*)
FBGC(70–1120 mg/dl) (n = 103) 107 ± 28 96 ± 22 0.027(*)
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PE. Taken together, the strength of the current study is to 
confirm that the increases in Lym in PE patients and the 
resultant lower NLR manifests inflammatory as well as 
organ functional changes.

Our research also showed that PLR and MLR were 
significantly lower in sPE than those in the normal preg-
nancy group. Similar to NLR, PLR was correlated with 
liver and kidney dysfunction in sPE, although PLR did 
not reach high enough sensitivity to be the diagnostic 
index for PE. Given that the activity of platelet and its 
changes during the progression of PE is essential in the 
disease progression, as implicated for PLR and mean 
platelet volume (MPV) in PE [17, 33], better under-
standings of platelet, PLR as well as MPV is important in 
understanding the interplays with NLR in organ damages 
and clinical outcome.

It is well known that leukocytes in peripheral blood 
were activated and it is associated with the hemody-
namic changes during pregnancy and our results agree 
with the manifestations of these changes in PE patients. 
Activated immune cells adhere to vascular endothelial 
cells, increases capillary resistance by releasing toxic 
substances and damaging vascular endothelial cells. E.g. 
Shah et  al. have shown that vascular tissue infiltrates 
a large number of Neu in PE patients [44]. In addition, 
Gupt et  al. have shown that trophoblastic microparti-
cles released from the placenta can effectively activate 
Neu and trigger the formation of Neu extracellular traps, 
further damaging vascular endothelial cells [45]. Reister 
et al. showed that Neu could be important bridges con-
necting zygotrophic cells and vascular endothelial cells, 
and induce systemic inflammatory responses in PE [46]. 
In addition, a large number of macrophages are shown 
to be infiltrated around the uterine spiral artery of PE 
patients, and trophoblastic infiltration is less than normal 
pregnant patients [47]. Macrophages can cause Th1 type 
cells to produce pro-inflammatory factors such as IL-2, 
IL-6, IL-8, TNF-α, which in turn, activate Neu and Lym 
to participate in inflammatory reactions and for tropho-
blastic cells to infiltrate the uterine spiral artery [48]. 
Combining prospective studies and the identification of 
immune cells and the released cytokine and chemokine 
profiles is warranted to bridging the gaps of upstream and 
downstream effectors for the pathological mechanisms.

Conclusion
Our results reiterated the importance of NLR as an 
independent predictor of PE and associated organ 
dysfunction. The strength of the current study is that 
although NLR is reduced (due to Lym increment in PE 
group), the resultant lower NLR is valid in predicting 

PE diagnosis (blood pressure) and organ dysfunc-
tion (liver and coagulation impairment). Therefore, 
the study claims the caution for “J” shape of NLR in 
PE pathology. The limitation of the current study is 
not being able to further profiling and quantifying the 
immune cell types as in most retrospective studies. 
Large-scale studies (both retrospective and prospec-
tive) are required for better understandings of immune 
cell and platelet characteristics and their interplay for 
better protection and treatment of PE patients.
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