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AbstrAct

Aims: Hypertensive disorders of pregnancy 
(HDP) seriously endangers the safety of mother 
and fetus during pregnancy. the aim of this study 
was to evaluate the association of neutrophil 
gelatinase-associated lipocalin levels (NGAL) 
with feto-maternal outcome in hypertensive 
disorders of pregnancy. Methods: Prospective 
case-control study was carried out for one year. 
After informed consent, ethical clearance, total 
180 pregnant women at 28–40 weeks of gestation 
age were recruited, out of which seven were lost 
to follow-up. Out of the remaining 173 patients, 31 
were taken as controls, 65 as mild preeclampsia, 
32 as severe preeclampsia and 45 as eclampsia.  
Estimation of serum neutrophil gelatinase- 
associated lipocalin was done by the enzyme 
linked immunosorbent assay (ELIsA) technique, 
by using sandwich ELIsA kit. results: Negative 
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correlation was observed between NGAL value 
with baby weight, maternal complication and 
neonatal death. babies with low (2–2.5 kg) and 
very low (<2.0 kg) birth weight had significantly 
high NGAL levels compared to adequate for 
gestational age (term) babies (>2.5 kg), p-value 
< 0.001. the odds of resuscitation required were 
2.69 times in birth weight group of 2.0–2.5 kg and 
with birth weight > 2.5 kg odds of resuscitations 
were 1.43 times. the odds of 5.84 times higher 
with  admission to NIcU in birth weight group 
of 2.0–2.5 kg as compared to birth weight > 2.5 
kg (1.65 times). conclusion: NGAL may also be 
an indicator for adverse maternal and neonatal 
outcomes.
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INtrODUctION

One of the leading causes of increased maternal 
morbidity and perinatal mortality is hypertensive 
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disorders of pregnancy (HDP). About 31% of maternal 
deaths are attributed to hypertensive disorders of 
pregnancy, out of which 24.7% are due to eclampsia [1]. 
Hence, there is need of a sensitive prognostic marker for 
early detection and prediction of severity of disease, so 
that we could improve the maternal and fetal outcome. 
Neutrophil gelatinase-associated lipocalin (NGAL) 
has emerged as a novel marker for early detection and 
prediction of severity of preeclampsia in pregnant 
women. Kidneys plays a pivotal role in the pathogenesis 
of preeclampsia, NGAL is produced at the maternal–fetal 
interface [2], but its systemic role in preeclampsia has 
been studied in very few studies. Past studies reported that 
serum NGAL concentration was significantly increased 
in women who later on develop preeclampsia [3, 4], few 
studies showed that NGAL could be used in the prediction 
of preeclampsia before the clinical diagnosis of disease. 
High NGAL levels were observed in women with severe 
early-onset preeclampsia and they were also at higher 
risk for the development of maternal complications [5].

The present study was carried out to evaluate the 
association of NGAL levels with feto-maternal outcome 
in hypertensive disorders of pregnancy. 

MAtErIALs AND MEtHODs

This study was a prospective case control study and 
was carried out over a period of one year in 2013–2014, 
in the Department of Obstetrics and Gynecology, Queen 
Mary’s Hospital, King George’s Medical University, 
Lucknow in collaboration with the Department of 
Internal Medicine.

study Population

The cases and controls were selected from the 
pregnant women attending the antenatal clinic and 
admitted in the labor room complex and they were 
followed till delivery and early post-natal period during 
their hospital stay, to assess the maternal and fetal 
outcome. After informed consent, ethical clearance, total 
180 pregnant women at 28–40 weeks of gestation age 
were recruited in the study, out of which seven were lost 
to follow-up. Out of the remaining 173 pregnant women, 
31 normotensive healthy pregnant women were taken as 
controls, 65 mild preeclampsia, 32 severe preeclampsia 
and 45  eclampsia were considered as cases. Hypertensive 
disorders of pregnancy were defined as per National 
High Blood Pressure Education Programme (NHBPEP) 
2000 [6]. Women with chronic kidney disease, diabetes, 
chronic liver disease, cardiovascular disease, any 
infective or neoplastic pathology, premature rupture of 
membranes were excluded from the study. At the time 
of inclusion a predetermined questionnaire proforma 
was filled, detailed history and examination was done. 

Blood pressure monitoring, urine routine microscopy for 
protein, ultrasound monitoring for fetal well-being was 
done.

sample collection

Five milliliters of venous blood sample was obtained 
from untreated cases and controls taking care to avoid 
hemolysis. Collected blood samples were stored at 4°C. 
Centrifugation was done at 6000 rpm for 5 minutes. 
Centrifuged samples were frozen at –20°C until 
assayed. The samples were analyzed by enzyme linked 
immunosorbent assay technique.

NGAL Immunoassay

Plasma NGAL values were measured using a 
commercially available enzyme-linked immunosorbent 
assay (ELISA) kit manufactured by USCNK life sciences 
pvt. Ltd. 

Maternal outcome

Maternal outcome was evaluated on the basis of 
development of complications such as acute renal 
failure, abruptio placentae, cerebrovascular accident, 
post-partum eclampsia, pulmonary embolism, chronic 
hypertension, focal deficits and maternal deaths, in 
controls, mild pre eclampsia, severe preeclampsia and 
eclampsia patients with estimation of their NGAL levels.

Fetal outcome

Fetal outcome was evaluated in terms of live births 
or still births, birth weight of baby, requirement of 
resuscitation and admission to neonatal unit, in controls, 
mild preeclampsia, severe preeclampsia and eclampsia 
patients and outcome was compared on the basis of their 
NGAL levels.

statistical Analysis

The categorical data was described as n(%) whereas 
continuous variables as mean±SD. The association 
between two or more categorical variables was tested 
by chi-square test. Two-sample t-tests was used if 
data was normally distributed. If data not normally 
distributed. Mann Whitney test was used to test the level 
of significance. Odds ratio was calculated. Data were 
analyzed using statistical software package, STATA 11.2 
(College Station, TX, US). A difference between the two 
values were considered to be significant if ‘p’ value was 
≤0.05. 
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rEsULts

The total number of cases included in the study 
was 180, out of which seven were lost to follow-up. 
Out of the remaining 173 patients, 31 patients were 
normal controls, 65 mild preeclampsia, 32 severe 
preeclampsia and 45 eclampsia. In the present 
study, NGAL values were strongly associated with 
severity of disease. Mean NGAL value in control was 
294.61±356.2 which was significantly less than the 
NGAL values in mild preeclampsia (3077.34±3227.4), 
severe preeclampsia (9816.75±4814.6) and eclampsia 
group(11372.80±2999.4) with p-value <0.00001. Above 
observation suggested that NGAL levels increased with 
the severity of disease (Table 1). Maternal complications 
were strongly related with increased NGAL levels, 
one (3.13%) patient in the severe preeclampsia group 
suffered from acute renal failure, she had very high 
NGAL (16191) levels. Total 25 women of HDP developed 
abruption placentae as  complication and serum NGAL 
levels of all these women were quite high in comparison 
to those women who did not suffer with this complication 
in all three groups irrespective of the type of HDP or 
disease severity. Out of these 10(15.38%)  patients 
in mild preeclampsia group had mean NGAL levels 
of 5895, 8 (25%) patients in the severe preeclampsia 
group with mean NGAL  levels of 13937 and 7(15.56%) 
patients in the eclampsia group with mean NGAL levels 
of 11984 were associated with complication of abruptio 
placentae. Mean NGAL levels of patients with abruption 
were markedly high in severe preeclampsia and in the 
eclampsia group compared to the mild preeclampsia. 
Only one patient with cerebrovascular accident, one with 
pulmonary embolism and one patient with focal deficit 
was found and all these devastating complications were 
present in the eclampsia group and serum of all these 
women had significantly high NGAL level, almost more 
than five-fold increased from healthy controls. Total 23 
women in HDP group developed post-partum eclampsia 
and all these women had high serum NGAL levels, 
8(12.50%) patients in mild preeclampsia group with 
mean NGAL values of 8733, 9(27.27%) patients in severe 
pre eclampsia group with mean NGAL levels of 16444 
and 6(14.29%) patients in the eclampsia group with 
mean NGAL levels of 16211 which was almost three to 
five-fold higher than healthy controls. Total four patients 
(8.89%) expired during the study and all of them were 
from the eclampsia group. The mean NGAL level of 
expired patient was 16211 and this was five-fold higher 
than healthy controls. A significant finding was observed 
that there was no significant elevation in NGAL levels 
of patients with mild preeclampsia (mean 624), severe 
preeclampsia (mean 423) and eclampsia (mean 624) 
super imposed on chronic hypertension as compared 
to those women who had mild preeclampsia (3077.34), 
severe preeclampsia (9816.75) and eclampsia (11372.80) 
(Table 2).

Fetal Outcome

The NGAL levels were found to be strongly associated 
with fetal outcome. Mothers who delivered babies with 
low birth weight (2-2.5 kg) and very low birth weight 
(<2.0 kg) had significantly high NGAL levels compared 
to birth weight of baby adequate for gestational age (>2.5 
kg), p-value <0.001 (Table 3). In other words with low 
birth weight babies mothers had higher serum NGAL. The 
odds of resuscitation required were 2.69 times in birth 
weight group of 2.0–2.5 kg whereas with birth weight 
> 2.5 kg the odds of resuscitations were 1.43 times, The 
odds of higher values of admission to NICU were 5.84 
times more in birth weight group of 2.0–2.5 kg whereas 
with birth weight > 2.5 kg the odds of admission to NICU 
were 1.65 times. Significant difference (p-value) was 
seen in NGAL values with different birth weight groups 
among the study subjects (Table 4). Significantly negative 
correlation was observed between NGAL value and with 
birth weight of the baby, maternal complication and 
neonatal deaths. The results indicate that with increasing 
severity of disease or adverse values of these variables 
is associated with increasing NGAL levels, it means, 
higher NGAL levels are associated with poorer maternal 
and fetal outcome in the form of increased maternal 
complication like abruptio placentae, acute renal failure, 
post-partum eclampsia, cerebrovascular accident, focal 
deficit, pulmonary embolism and maternal deaths. 
Similarly, poor fetal outcome is associated with high 
maternal NGAL levels in the form of low and very low 
birth weight, increased need of resuscitation, increased 
NICU admission and increased neonatal deaths (Table 5). 

DIscUssION

Hypertensive disorders of pregnancy are leading cause 
of maternal mortality worldwide. In spite of improvement 
in emergency services incidence is continuously rising and 
we still are unable to determine which patient will develop  
preeclampsia. This is the first study which evaluated the 
association of S. NGAL levels with feto maternal outcome 
in women suffering from hypertensive disorders of 
pregnancy as compared to healthy normotensive pregnant 
women. One author evaluated second trimester NGAL 
levels as a potential prediagnostic marker of preeclampsia 
and found that serum NGAL might be involved in the 
pathophysiology of preeclampsia and could be used as 
a marker for preeclampsia [3]. Another study showed 
that in the third trimester of uncomplicated pregnancies 
S. NGAL levels are elevated [7]. In our study, we found 
that the serum NGAL levels significantly correlated with 
the severity of disease and raised blood pressure. In our 
previous study, increase in SBP and DBP was positively 
correlated with severity of disease and with the levels of 
serum NGAL, positive correlation was found [8]. Recent 
studies showed that urinary NGAL can be an early 
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Table 1: Comparison of mean S. NGAL among different study groups

Groups Number of Patients 
(n=173) (%)

s. NGAL (pg/ml)
(mean±sD)

 Period of Gestation
(mean±sD)

Control 31 (17.91%) 294.61±356.2 35.86 ± 2,0

Mild Preeclampsia 65 (37.57%) 3077.34±3227.4 35.80 ± 4.0

Severe Preeclampsia 32 (18.49%) 9816.75±4814.6 35.80 ± 3.6

Eclampsia 45 ( 26.01%) 11372.80±2999.4 35.43 ± 3.4

P value < 0.00001 0.076

Table 2: Maternal complications in all three groups, Mild Pre-Eclampsia, Severe Pre Eclampsia, Eclampsia) with NGAL levels:

Maternal complication Mild Pre-Eclampsia 
(N=65) (Mean NGAL 
level)

severe Pre Eclampsia 
(N=32) (Mean NGAL 
level)

Eclampsia (n=45)
(Mean NGAL level)

NGAL Levels 
(pg/ml)

Acute renal failure 0.00% 3.13%
(1)

0.00% 16191

Abruption 15.38%(10)
(NGAL-5895)

25% (8)
(NGAL-13937)

15.56% (7)
(NGAL-11984)

CVA 0.00% 0.00% 2.22%
(1)

16289

PPE 12.50%
(8)
(NGAL-8733)

27.27%
(9)
(NGAL-16444)

14.29%
(6)
(NGAL-16211)

Pulmonary embolism 0.00% 0.00% 2.22%
(1)

16190

Chronic hypertension 1.53% 
(1)
(NGAL-624)

6.25%
(2)
(NGAL-423)

2.22%
(1) 
(NGAL- 624)

Focal deficit 0.00% 0.00% 2.22%
(1)

16187

Expired 0.00% 0.00% 8.89%
(4)

16211

Table 3: Association of Birth weight with NGAL levels

Birth weight < 2.0 kg 2.0 – 2.5 kg > 2.5 kg p value

Log(NGAL) 3.82 ± 0.39 3.41 ± 0.69 3.31 ± 0.68 p < 0.001

Table 4:  Association of birth weight with resuscitation, APGAR score, admission to NICU and NGAL levels

birth weight resuscitation 
Odds ratio (95% cI)

APGAr score
Odds ratio (95% cI)

Admission to NIcU
Odds ratio (95% cI)

Log (NGAL)
(Mean±sD)

< 2.0 1.0 (ref) 1.0 (ref) 1.0 (ref) 3.82 ± 0.39

2.0–2.5 2.69 (1.03–7.04) 1.63 (0.5–5.28) 5.84 ( 1.82–18.62) 3.41 ± 0.69

> 2.5 1.43 (0.58–3.48) 0.95 (0.32–2.88) 1.65 (0.51–5.34) 3.31 ± 0.68

P value p < 0.001
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marker of renal damage and there  is also a direct and 
high correlation between S. NGAL and proteinuria in the 
preeclampsia patients [3, 9]. In our study, we also found 
that one patient who suffered from acute renal failure 
had very high NGAL values with almost four-to five-fold 
increase as compared to controls. In a previous study, 
the mean serum NGAL levels were significantly raised to 
almost two-to five-fold with increasing grades of acute 
kidney injury [10]. Another Indian study also reported 
pregnancy related acute kidney injury in preeclampsia 
[11]. This high incidence of AKI in the HDP group may 
be due to late referral of cases when renal damage has 
already occurred.

Previous studies reported that the leukocyte – derived 
inflammatory activity and endothelial activation may 
lead to increase in the circulating NGAL levels [12] and 
both these pathways are involved in the pathophysiology 
of development of preeclampsia. Hence, it could be 
proposed that higher the NGAL values the more severe 
the disease and more the complications resulting in a 
poor feto-maternal outcome. One study reported that 
women with severe early-onset preeclampsia are at 
higher risk of maternal complications like eclampsia, 
HELLP syndrome, acute renal failure, subcapsular 
hepatic hematoma, pulmonary edema and disseminated 
intravascular coagulation defect and it was also observed 
that maternal complications were more common in 
women who had elevated levels of NGAL up to >100 ng/
ml NGAL with (p = 0.008), an OR of 4.1 [5]. Similarly, 
in our study we had observed that all the maternal 
complications like cerebrovascular accidents, pulmonary 
embolism, focal deficit, acute renal failure, post-partum 
eclampsia were seen in patients who had significantly 
high NGAL values almost five-fold increased as compared 
to controls. Another study also concluded that compared 
to patients with normal blood pressure plasma NGAL 
concentrations were significantly elevated in women with 
preeclampsia and these raised NGAL concentrations 
were also associated with the severity of the disease [13] 
in accordance to our study. A significant finding observed 
was that there was no significant elevation in NGAL levels 
of patients with mild preeclampsia, severe preeclampsia 
and eclampsia super-imposed on chronic hypertension 
in our study. A recent study evaluated the relationship 
of neutrophil gelatinase-associated lipocalin (NGAL) 
levels with the severity of preeclampsia and found 
that higher NGAL levels were associated with severity 

of disease and adverse neonatal outcomes like poor 
APGAR scores and low fetal birth weight [14]. Similarly 
in our study, poor neonatal outcome like increase in the 
number of stillbirths, low birth weight baby, increased 
requirement of resuscitation and admission to neonatal 
unit was observed in those cases who mothers had high 
NGAL values irrespective of disease severity. Negative 
correlation was found between NGAL, APGAR scores 
and fetal birth weight in our study. In the present study 
significant difference (p-value < 0.001) was seen in NGAL 
values with different birth weight groups among the study 
subjects. This indicate that serum NGAL level provide 
prognostic information besides clinical presentation and 
incorporation of this marker, may allow identification of 
patients at risk for adverse outcome, necessitating timely 
transfer to tertiary care centre for administration of 
steroids and delivery. 

cONcLUsION

In the present study increased NGAL levels are 
associated with adverse feto maternal outcome and also 
with severity of disease. Hence, NGAL can be used as a 
prognostic marker in hypertensive disorders of pregnancy. 
Result of this study also indicates that the generalized 
endothelial damage and persistent inflammatory status 
in preeclampsia are responsible for adverse maternal and 
neonatal outcome.
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