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INTRODUCTION

Preeclampsia is one of the leading causes of maternal and perinatal morbidity and mortality 
among pregnant females. It is a pregnancy complication, occurring after 20 weeks of gestation, 
characterized by increased blood pressure and organ damage. Globally, it is the major cause 
of more than 70,000 maternal and 500,000 fetal deaths annually.[1,2] In India, the incidence of 
preeclampsia varies from 5% to 15%.[3]

The pathophysiology of preeclampsia is closely related to dysregulated immune response, with 
a characteristic increase in the pro-inflammatory immune cells and cytokines and vascular 
endothelial dysfunction.[4,5] Timely detection of pregnant females, who are at risk of developing 
preeclampsia becomes crucial and prudent to avoid adverse outcomes. Simple laboratory 
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hematological parameters are worthy to be explored. 
Neutrophil-lymphocyte ratio (NLR) is a simple biomarker, 
evaluated using complete blood count. It reflects the status 
of the innate immune response, due to neutrophils and 
adaptive immunity, due to lymphocytes.[6] NLR has been 
widely explored in recent years as novel markers due to its 
prognostic value in diseases such as sepsis, atherosclerosis, 
pneumonia, COVID-19, and tumors.[7]

The literature review indicates the relationship between 
preeclampsia and NLR, but the results are contradictory and 
inconclusive.[8-10] Furthermore, no comprehensive review 
is available from Indian settings. Hence, the current meta-
analysis was planned with the perspective to explore the NLR 
in preeclampsia and investigate its value for early diagnosis, 
assessment of severity, and prognosis.

MATERIAL AND METHODS

This study protocol was prospectively registered with 
PROSPERO and conducted with the requirements of the 
reporting rules in the “Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) guidelines”[11] and 
strictly complied with its specifications. Since this work is a 
systematic review, the heterogeneity was present within the 
acceptable range, meta-analysis was performed.

Eligibility criteria

Criteria for included studies were defined as adults aged 
≥18 years and <40 years. The inclusion criteria based on the 
PICOS principle were as follows.

a) Population: Patients with preeclampsia of age ≥18  years 
<40  years diagnosed based on the standard criteria 
suggested by the American College of Obstetricians and 
Gynecologists as systolic blood pressure of 140 mmHg or 
more, or diastolic blood pressure of 90 mmHg or more on 
two occasions of at least 4 h apart along with proteinuria.[12]

b) Intervention (Exposure): High NLR
c) Control: Healthy pregnant females of age ≥18  years 

<40 years with no clinical symptoms or medications.
d) Outcomes: Diagnostic role of NLR
e) Studies: Case–control, cross-sectional, and longitudinal 

studies in Indian settings

Search strategy

Electronic retrieval methods were adopted for the literature 
retrieval. A  comprehensive and systematic research review 
using a combination of Medical Subject Headings, controlled 
vocabulary, and keywords was conducted through various 
databases including PubMed, MEDLINE, and Google 
Scholar for studies till 2023. Furthermore, a manual search 
of a reference list of primary trials was conducted from the Ta
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outcome measures from the included studies. Data extraction 
was guided by a predetermined checklist with the first author 
last name, published year, total sample size, study design, 
study setting, study duration, study groups, age, blood 
pressure, body mass index (BMI), and NLR values [Table 1]. 
The obtained data is exported to the software Review 
Manager (RevMan_5.3, Copenhagen: The Nordic Cochrane 
Center, the Cochrane Collaboration, 2014).[14] Data entry was 
double-checked for correct entry by the second author (KS) 
through a comparison of data presented in the review and 
included in the reports.

Outcome measure for the study

The outcome of the study is to explore the NLR in 
preeclampsia patients in Indian settings.

Quality assessment

The Joanna Briggs Institute approach was used to assess 
the risk of bias in the selected articles[15] and is shown in 
[Table 2].

selected topics, and relevant articles were included in the 
review and analysis.

Study selection

The search results were uploaded into the online systematic 
review program Rayyan[13] to conduct the study selection. 
A  two-stage screening process was conducted for study 
selection. Two independent authors (VD, KS) performed 
the literature search and screened the title, abstract, and 
keywords of all the studies. Screening of abstract and full text 
was done independently by three authors (VD, KS, and RM) 
to select the studies which satisfy the eligibility criteria of our 
review. Any disagreements or discordances present during 
the entire selection process were resolved either through 
consensus or consultation with the fourth author (JF). If 
conflicts arose between reviewers, the fifth reviewer (KG) 
moderated a discussion to come to a joint decision.

Data extraction and management

The relevant study characteristics for the review were 
extracted by the first and co-author independently related to 

Table 2: Risk of bias analysis by JBI approach for case–control studies and cross-sectional study.

Case–control studies Thombare 
et al. 2023

Singhal 
et al. 
2019

Panwar 
et al. 
2019

Krishna and 
Manorama 
2018

Sachan 
et al. 
2017

Meena 
et al. 
2018

Gandham 
et al. 2019

Were the groups comparable other than the presence of 
disease in cases or the absence of disease in controls?
Were cases and controls matched appropriately?
Were the same criteria used for  
identification of cases and controls?
Was exposure measured in a standard,  
valid, and reliable way?
Was exposure measured in the same  
way for cases and controls?
Were confounding factors identified?
Were strategies to deal with confounding factors stated?
Were outcomes assessed in a standard, valid and reliable 
way for cases and controls?
Was the exposure period of interest  
long enough to be meaningful?
Was appropriate statistical analysis used?

Analytical Cross-sectional Studies (Gogoi P 2019)

Were the criteria for inclusion in the sample clearly defined?
Were the study subjects and the setting described in detail?
Was the exposure measured in a valid and reliable way?
Were objective, standard criteria used for measurement of the condition?
Were confounding factors identified
Were strategies to deal with confounding factors stated?
Were the outcomes measured in a valid and reliable way?
Was appropriate statistical analysis used?
JBI: Joanna Briggs Institute, Green Color-Yes, Red-No, Yellow-Unclear, Grey-Not applicable
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Statistical analysis

A comprehensive qualitative analysis was made. For the 
quantitative meta-analysis, the binomial data were performed 
using RevMan_5.3.[14] Due to heterogeneity among studies, 
a logistic-normal random-effect model was conducted. 
The 95% confidence interval (CI) was performed for study-
specific and overall pooled prevalence, respectively. To assess 
the heterogeny, I2 statistics were used. Significant heterogeny 
was considered if P < 0.05 or I2 >50% among the studies.

Subgroup analysis was performed to assess the heterogeneity 
and potential confounding for studies. Study-specific and 
pooled estimates were graphically represented through forest 
plots for both combined and subgroup analysis.

RESULTS

Study selection and characteristics

A total of 103 studies were initially retrieved from databases. 
After the removal of duplicates, a total of 54 studies 
were screened. Of those, eight studies met the inclusion 

criteria and were ultimately included in the qualitative and 
quantitative analysis.[16-23] The PRISMA flowchart for the 
study selection is shown in [Figure 1].

Scope of reviewed studies

[Table 1] shows the details of the selected articles from Indian 
settings, from the year 2018 to 2023 in hospital settings. The 
study design belonged to three main categories, namely, 
case–control (five studies),[18,19,21-23] cross-sectional (one 
study),[17] and longitudinal study (two studies).[16,20]

Findings of the review

A meta-analysis of eight eligible comparing NLR in 
studies involving 534 subjects with preeclampsia and 847 
normotensive pregnant mothers showed an overall significant 
effect in favor of the importance of NLR investigation in 
predicting preeclampsia (SMR = 1.04, 95% CI 0.91–1.16, 
P < 0.001), as shown in [Table  1]. A  significant Q statistic 
(P < 0.001) but the presence of heterogeneity (I2 = 96%) was 
found, as shown in [Figure 2].

Records irrelevant (n = 10)

Reports not retrieved (n = 7)

Reports excluded: n = 29
(Other than Indian settings= 27

Only abstract = 2)
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Records identified through
Databases, namely Google

Scholar and PubMed
(n = 103)

Records screened (n = 54)

Reports sought for retrieval 
(n = 44)

Reports assessed for eligibility
(n = 37)

Studies included in review (n = 8)

Figure 1: PRISMA flow diagram of the study selection process.
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DISCUSSION

The current systematic review and meta-analysis involving 
8 studies including 1381 study population, with 534  cases 
of preeclampsia and 847 normal healthy pregnant females 
investigated the significance of evaluation of NLR for 
identification of preeclampsia. In recent years, NLR has 
gained attention reflecting the systemic inflammatory 
response. A review represents that evaluating the angiogenic 
factors with or without clinical features can help in predicting 
early- and late-onset preeclampsia.[24] Similarly, another study 
suggests a new model for screening early-onset preeclampsia 
based on the maternal characteristics, serum pregnancy-
associated plasma protein-A and placental growth factor, 
mean arterial pressure, and uterine artery pulsatility index.[25] 
NLR is a simple hematological routine biomarker that is cost-
effective and is used for early detection of preeclampsia.[26]

The diagnostic accuracy and prediction of preeclampsia 
using NLR in the selected Indian settings using sensitivity, 
specificity, and area under curve (AUC) were analyzed in 
three studies.[19,21,23] A meta-analysis evaluating the diagnostic 
accuracy of NLR in 1298 preeclampsia patients reported the 
diagnostic odds ratio as 8.44  (95% CI 4–17.78) and AUC 
as 0.82.[27]

In the present meta-analysis, it is reported that NLR has 
significant value in predicting preeclampsia. Similar results 
are also reported in other studies.[28-30] In normal pregnancy, 
neutrophils increase 2.5 folds by 30  weeks of gestation 
and the increase is more pronounced in preeclampsia, 
which is supposed to be due to increased levels of colony-
stimulating factors.[31,32] A study conducted by Serin et al., in 
2016, reported that NLR was significantly higher in severe 
preeclampsia compared to mild preeclampsia which suggests 
that NLR could be employed to predict the severity of 
preeclampsia. Activation of immune cells and inflammation 
releases reactive oxygen species and cytokines leading to 
endothelial dysfunction.[33]

To the best of our knowledge, the current systematic review 
and meta-analysis is the first of its kind done in Indian 
settings. It is evident that NLR can be considered as a useful, 

inexpensive, and fast biomarker for preeclampsia. There were 
some limitations in the study like, the number of studies 
included was limited, lack of randomized trials, information 
like gestational age, AUC, BMI, and blood pressure were not 
reported in all studies, which in case if provided would have 
added value to data analysis.

CONCLUSION

The meta-analysis suggests that NLR can be employed 
as a useful hematological marker for the prediction and 
evaluation of preeclampsia. However, other crucial factors 
should also be taken into consideration  that can alter NLR 
in preeclampsia. Further larger multi-centered longitudinal 
studies can help us in predicting the timings and cutoff values 
for preeclampsia in clinical setup.
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