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ABSTRACT

Background: Preeclampsia is a systemic disorder that affects multiple organs and is characterized by the new onset
of hypertension and proteinuria or end-organ dysfunction or both in the second half of pregnancy. NGAL is a 25-KDa
protein of the lipocalin family and is considered to be a novel biomarker for ischemic injury. The objective of this
study is to compare the levels of serum NGAL in preeclamptic patients and gestational age matched normotensive
controls.

Methods: The study design is case control study in which pregnant women with preeclampsia (n=40) are selected as
cases. Cases were selected from pregnant women attending OG-OPD and IP satisfying the inclusion criteria and not
coming under exclusion criteria. 0.5ml of blood was collected in vacutainers and was centrifuged at 3500rpm for 10
minutes. The serum thus separated was aliquoted into smaller plain containers and stored at -20 degree Celsius for
analysis. The urine sample was also collected. Controls were also selected from the OP patients.

Results: In present study, the serum NGAL ranged from 40-900ng/ml in cases and from 110-795ng/ml in controls.
There is no difference in NGAL between cases and control. The correlation coefficients between the NGAL levels
and other parameters like maternal age, gestational age, systolic Blood pressure, diastolic Blood pressure, uric acid
levels, urine PCR are also not statistically significant.

Conclusions: Serum NGAL levels are not significantly elevated in patients with preeclampsia when compared with
the normotensive controls and also there is no significant correlation between serum NGAL levels and other assessed
parameters.
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INTRODUCTION

Hypertensive disorders of pregnancy are a group of
complications encountered in up to 10% of all the
pregnancies worldwide. This is one of the leading causes
of maternal and perinatal morbidity and mortality.
Hypertensive disorders during pregnancy are of four
categories:  Gestational hypertension, preeclampsia-
eclampsia, chronic hypertension (of any cause), chronic

hypertension with superimposed preeclampsia. Of this
preeclampsia is the most prevalent and most serious form
of hypertensive disorder that complicates pregnancy.!?
With mortality due to preeclampsia and its complications
estimated to be 50,000-60,000, it is one of the leading
causes of maternal morbidity and mortality.3* The
pathogenesis of preeclampsia is due to an imbalance
between the angiogenic and anti-angiogenic factors that
leads to the release of inflammatory cytokines. As kidney
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is a highly vascular organ, this endothelial dysfunction
results in kidney injury. The development of AKI in
pregnancy is termed as pregnancy-related AKI (PRAKI).
Studies revealed that preeclampsia and eclampsia
accounted for most of PRAKI cases.> There are many
biomarker studies for AKI prediction. One of them is
serum neutrophil gelatinase-associated lipocalin (NGAL).
NGAL is a 25-KDa protein of the lipocalin family.
NGAL reduces renal damage by inhibiting cell death and
escalating the usual proliferation of kidney tubule cells.
So, this protein is up regulated in conditions of kidney
injury. Rise of NGAL levels has been recognized in the
plasma and urine of animal models of ischemic and
nephrotoxic acute kidney injury. Hence, NGAL is
considered to be a novel biomarker for ischemic injury.
In the study by Patel et al, the study population included
the entire spectrum of hypertensive disorders of
pregnancy and it was done in North Indian population.®
In present study authors have measured the serum NGAL
levels in preeclamptic patients in south Indian population
and have compared them with control population. If the
association between preeclampsia and NGAL levels
could be proved in south Indian population also, further
studies could be done to use it as a biomarker for
preeclampsia thus reducing the morbidity and mortality
associated with it.

METHODS

The study was conducted at PSG Institute of Medical
Sciences and Research, Coimbatore. Ethical clearance
was obtained from the Institutional Human Ethics
Committee.

An informed consent was taken from the patients before
sample collection. The study design is case control study
in which pregnant women with preeclampsia (n=40) are
selected as cases.

The diagnosis of preeclampsia is based on case record
description which is based on blood pressure
measurements and urine protein creatinine ratio at the
time of diagnosis. Cases were selected from pregnant
women attending OG-OPD and IP.

Patients satisfying the diagnosis, inclusion criteria and
not coming under exclusion criteria were given
explanation about this study. If they were willing to
participate, the consent forms were filled, and the
samples were collected. 5ml of blood was collected in red
topped vacutainers and was centrifuged at 3500rpm for
10 minutes. The serum thus separated was aliquoted into
smaller plain containers and stored at-20degree Celsius
for analysis. The urine sample was also collected.

Control individuals were also selected from the OG-OPD.
Pregnant women fulfilling the control group criteria were
requested to participate in the study. If they were willing,
the consent forms were filled, and samples were collected
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from them. Their samples were also processed and stored
for analysis.

Inclusion criteria
Cases

e  All pregnant women more than 20 weeks of gestation
diagnosed with pre-eclampsia with blood pressure
>140/90mm of Hg or urine PCR >0.3.

Controls
e Normal pregnant women more than 20 weeks of
gestation  without preeclampsia matched for

gestational age.

Exclusion criteria

Subjects with:

Known chronic hypertension
Known diabetes mellitus

Multiple pregnancy

Any other known medical disorder.

Collection of blood samples: for both cases and controls,
blood was collected in red topped serum tube for the
estimation of uric acid and urine was also collected for
estimation of spot urine protein creatinine ratio. The left-
over serum after the estimation of uric acid was
transferred to secondary labelled plain tube. This sample
was stored at-20-degree Celsius for NGAL assay.

Table 1: Methods used for estimation of biochemical
parameters.

Serum NGAL ELISA

Serum uric acid Enzymatic colorimetric test
Urine protein
creatinine ratio
Urine protein:
urine creatinine
The ratio of urine protein to urine creatinine is
calculated.

Turbidimetric method

Enzymatic colorimetric method

Statistical analysis

The data obtained were statistically analyzed using IBM
SPSS software version19. The data distribution was
displayed by box and whisker plot and bar diagram. To
find any statistically significant difference in the
distribution of the demographic characteristics and
measured parameters independent t-test was used. The
dependence of categorical variable was tested with Chi
Square test.
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The correlation between quantitative parameters was
done using Pearson correlation coefficient and the
parameters with statistically significant correlations were
further checked by scatter plot analysis. The correlation
between quantitative parameters was done using Pearson
correlation coefficient and the parameters with
statistically significant correlations were further checked
by scatter plot analysis.

RESULTS

The characteristics like maternal age and gestational age
are equally distributed in both the cases and controls
showing that the two study groups are well matched for
these parameters. The socioeconomic status of the two
groups is also similar as shown by their distribution.

The distribution of various other parameters including
systolic blood pressure, diastolic blood pressure, serum
uric acid, urine protein creatinine ratio is also studied. As
expected, systolic Blood pressure, diastolic blood
pressure, serum uric acid level, urine protein creatinine
ratios are higher in cases when compared with the control
population.

The values of the t-test done to compare the means of
these two groups’ maternal age, gestational age, body
mass index, socioeconomic status, serum uric acid, urine-
PCR is shown in Table 3.

This also shows that there is a significant difference
between the two groups with respect to parameters like
systolic and diastolic blood pressure, body mass index,
serum uric acid, urine PCR. It also shows that there is no
significant difference between the two groups with regard
to maternal age, gestational age of the mother at the time
of sampling and socioeconomic status. This implies that
the two groups are well matched in these parameters. The

serum NGAL level appears to be equally distributed in
both the cases and controls as shown in Figure 1.
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Figure 1: Serum NGAL levels in study groups.

The t-test also does not show any significant difference in
NGAL levels in these two groups as shown in Table 2.

There is no significant difference in NGAL level between
the two groups. The correlation coefficients between
various parameters are shown in Table 3.

The r values are significant for gestational age and urine
PCR, BMI and urine PCR, Uric acid and urine PCR,
diastolic Blood pressure and urine PCR, BMI and systolic
Blood pressure, BMI and diastolic Blood pressure,
diastolic blood pressure and uric acid, systolic Blood
pressure and uric acid, but only diastolic Blood pressure
and uric acid, systolic Blood pressure and uric acid, uric
acid and urine PCR showed positive linear relation.

Table 2: Serum NGAL levels in study groups.

Levene's test
for equality
of variances

t-test for equality of means

95% Confidence

F si t df Sig. (2- Mean Std. error | interval of the
g- tailed)  difference difference difference
Lower Upper
Equal
Seum variances 1.063 78 0.291  0.37125 0.34935 -0.32426  1.06676
NGAL aEs(;sll::;ed 3.577 0.062
levels | | riances not 1063 68271 0292 037125 034935  -0.32583 0.06833
assumed
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Table 3: Correlation coefficient between various parameters.

Maternal Systolic
age =Rl BP
1 0.172 0.130
ngtema' 027  0.250
80 80 80
0.172 1 0.362™
BMI 0.127 0.001
80 80 80
Systolic 0.130 0.362" 1
BP 0.250 0.001
80 80 80
Diastolic _ _ 0.065 0.339™ 0.902™
e Sig. (2-tailed) 0.568 0.002  0.000
N 80 80 80
Pearson 5571 0031  -0.084
Gest. age cc_)rrelatlo_n
Sig. (2-tailed) 0.534 0.787  0.460
N 80 80 80
Pearson 0060 0189 0549
Serum correlation
uric acid Sig. (2-tailed) 0.597 0.093 0.000
N 80 80 80
Pearson - o
Urine Correlation 0.002 0.268 0.539
PCR Sig. (2-tailed) 0.987 0.016 0.000
N 80 80 80
Seum  CeASOM 073 0076 0176
NGAL cc_)rrelatlo.n
levels Sig. (2-tailed) 0.522 0.502 0.119
N 80 80 80

. . . Serum
Diastolic Serum  Urine
BP Gest-age |ricacid PCR  NCAL
levels
0.065 -0.071 -0.060 0.0002 -0.073
0.568 0.534 0.597 0.987 0.522
80 80 80 80 80
0.339™ -0.031 0.189 0.268" -0.076
0.002 0.787 0.093 0.016 0.502
80 80 80 80 80
0.902™ -0.084 0.549™ 0.539™ -0.176
0.000 0.460 0.000 0.000 0.119
80 80 80 80 80
1 -0.127 0.628™ 0.575™ -0.066
0.263 0.000 0.000 0.563
80 80 80 80 80
-0.127 1 -0.085 -0.274"  -0.117
0.263 0.453 0.014 0.300
80 80 80 80 80
0.628™ -0.085 1 0.626™  0.129
0.000 0.453 0.000 0.254
80 80 80 80 80
0.575™ -0.274" 0.626™ 1 0.107
0.000 0.014 0.000 0.343
80 80 80 80 80
-0.066 -0.117 0129 0107 1
0.563 0.300 0.254 0.343
80 80 80 80 80

** Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed).

DISCUSSION

Preeclampsia is a systemic disorder that affects multiple
organs and is characterized by the new onset of
hypertension and proteinuria or end-organ dysfunction or
both in the second half of pregnancy. The acute
complications associated with preeclampsia include
eclampsia, renal failure, stroke, permanent neurologic
impairment, cardiac dysfunction or arrest, respiratory
compromise, coagulopathy and liver failure.” The
diagnosis of preeclampsia is based on the increase in
blood pressure in a previously normal patient on two
occasions 4hours apart after 20 weeks of gestation or the
presence of proteinuria (>300mg/day). Preeclampsia can
be mild/severe. Severe preeclampsia is characterized by
more substantial blood pressure elevations (systolic
>160mm Hg, diastolic >110mm Hg), a greater degree of
proteinuria (>59/24 hours) and the presence of symptoms
associated with target organ involvement.® Xiao et al,
evaluated a combination of biomarkers for diagnosing
AKI with considerable accuracy in preeclampsia.® Serum
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cystatin C, urine retinol-binding protein, urine NGAL and
urine kidney injury molecule-1 levels in the preeclampsia
group were higher than the normal pregnancy group.
When these markers were combined, the sensitivity and
specificity for diagnosing AKI were almost 100%. Patel
et al, reported that NGAL level was significantly
associated with serum creatinine in the Indian pregnant
population with hypertension.® Serum NGAL level in
oliguric patients was significantly higher compared with
non-oliguric patients. Serum NGAL level also had a
positive correlation with disease severity including blood
pressure level, blood urea nitrogen (Bun), serum
creatinine, and serum uric acid in hypertensive pregnant
patients. The distribution of the maternal age and
gestational age are similar in the cases and the control
population and their t-values are also not significant. This
shows that the two groups are well matched in these
characteristics. The two groups showed different
distributions in case of parameters like systolic Blood
pressure, diastolic Blood pressure, serum uric acid levels,
urine protein creatinine ratio. The t-values are also
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significant in these parameters among the two groups.
This is expected because the diagnosis of preeclampsia is
based on the systolic Blood pressure, diastolic Blood
pressure, serum uric acid levels, urine protein creatinine
ratio and the division of the study population into two
groups is based on these parameters.

When the correlation between various parameters are
studied using Pearson correlation coefficient, the
resulting R-values are significant for gestational age and
urine PCR, BMI and urine PCR, uric acid and urine PCR,
diastolic Blood pressure and urine PCR, BMI and systolic
Blood pressure, BMI and diastolic blood pressure,
diastolic Blood pressure and uric acid, systolic blood
pressure and uric acid. In consistent with the studies done
by Aliyu et al, Bodnar et al, in this study, the distribution
of body mass index is in the higher range in women with
preeclampsia when compared with the normotensive
controls. The t-test value (p=0.001) obtained by
comparing the means of the two groups is also
significant. This finding suggests that increased body
mass index poses a threat for developing preeclampsia.
Pandinis D et al, and Lou et al, have shown in their study
that there is a significant correlation between serum
NGAL levels and body mass index.2®!! But, in present
study no significant correlation is found between serum
NGAL levels and body mass index

In the studies done by Anna et al, Simonazzi et al, Patel
et al, to find out the correlation between serum NGAL
levels and preeclampsia, the two study groups, cases and
controls were matched for body mass index as elevated
BMI was considered as a confounding factor.51213 But in
present study, the cases and controls are not matched for
BMI. Since NGAL is also produced by adipocytes, a
positive correlation was expected between serum NGAL
levels and the body mass index. But the Pearson
correlation coefficient between NGAL and BMI is not
significant to prove any correlation (r=0.076, p=0.502).
This suggests that obesity and preeclampsia are
correlated but not obesity and NGAL. So, it can be said
that obesity may not be a confounding factor in
estimation of serum NGAL levels and the pre-pregnancy
BMI rather than the BMI at the time of sampling could be
considered. In present study, serum uric acid level was
also significantly higher in the preeclamptic women than
in the normotensive controls as indicated by t-test value
(p=0.00).Since estrogen is a uricosuric agent serum uric
acid levels fall by 25-35% in pregnant women.}* Apart
from estrogen, expanded plasma volume, elevated GFR
also leads to decrease in uric acid levels in pregnancy.'*
In women with preeclampsia, hyperuricemia is a regular
finding. Impaired renal function has been considered the
causative factor for hyperuricemia in preeclampsia.

In the study done by Pereira et al, to evaluate the use of
uric acid as a marker of severity of pre-eclampsia, they
were able to find significant correlations between uric
acid and systolic blood pressure.’®> In a similar study
done by Pramanik et al, to assess whether serum uric acid
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can be used as a biochemical indicator or not in
preeclamptic patients, they were able to demonstrate a
positive correlation between serum uric acid levels and
elevated systolic pressure and diastolic blood pressure.
Consistent with these findings, in this study, a significant
positive correlation is found between serum uric acid
levels and systolic BP (r=0.549,p=0.00). A linear relation
is found between these two parameters by scatter plot
analysis.

Nischinta et al, have done a study to find out the
correlation between 24-hour urine protein, spot urine
protein creatinine ratio and uric acid.'” They were able to
demonstrate a positive and statistically significant
correlation between serum uric acid level and urine
protein creatinine ratio. Similarly, in this study, a
statistically significant positive correlation is found
between serum uric acid level and spot urine protein
creatinine ratio (r=0.626, p=0.00).

In the study done by Anna et al, they have concluded that
serum NGAL levels were higher in the preeclamptic
women in all three trimesters when compared with the
control population.?? Although Kim et al, have also
demonstrated a statistically significant difference in
NGAL level between the two groups, the range of NGAL
levels in the two groups were similar (66.1-575.4 ng/ml
in cases and 7.0-669.7 ng/ml in controls).!

Simonazzi et al, have done a cross sectional case control
study to compare the serum and urinary NGAL levels in
preeclampsia and in normal pregnancies and also to find
out the correlation between NGAL and blood pressure,
creatinine, uric acid,24-hour proteinuria.'® They could not
demonstrate a statistically significant difference in the
NGAL levels between the two populations. They were
not able to demonstrate a positive correlation between
NGAL and uric acid, creatinine, blood pressure. In a
study done by Dogan et al, to evaluate the serum NGAL
levels and plasma Nitric oxide in preeclamptic women
and normal controls, the investigators were not able to
find a statistically significant difference in the NGAL
levels between the two groups.'® But they were able to
find a statistically significant correlation between NGAL
levels and BMI.

In present study, the serum NGAL ranged from 40-
900ng/ml in cases and from 110-795ng/ml in controls.
The distribution range of NGAL in cases covers the
distribution range of controls. This shows that there is no
difference in NGAL between cases and control. The
correlation coefficients between the NGAL levels and
other parameters like maternal age, gestational age,
systolic Blood pressure, diastolic Blood pressure, uric
acid levels, urine PCR are also not statistically
significant.

These findings of this study are consistent with those of

Simonazi et al, and Dogen et al, and contrast from the
findings of Anna et al, Kim et al.*213.17.19
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CONCLUSION

Serum NGAL levels are not significantly elevated in
patients with preeclampsia when compared with the
normotensive controls. There is no significant correlation
between serum NGAL levels and systolic Blood pressure,
diastolic Blood pressure, serum uric acid, urine PCR,
maternal age and gestational age.
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