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Aim: To evaluate the biochemical parameters in determining the severity of pre-eclampsia and
compare the efficacy between protein creatinine ratio and calcium creatinine ratio in determining
organ dysfunction in ante-natal women with pregnancy-induced hypertension. Material and
Methods: 150 cases of pregnancy-induced hypertension admitted in the labour room were studied
in the Department of Obstetrics and Gynaecology, SRMSIMS and were divided into two groups mild
and severe pre-eclampsia depending on blood pressure, clinical and biochemical parameters. Various
parameters for renal function and liver function were evaluated along with fundoscopy. Results: On
the evaluation of various parameters of renal function test and liver function test, a statistically
significant p-value was observed with increase in grade of pre-eclampsia. When abnormal organ
functions were compared, it was observed that PCR ≥ 0.3 is associated with 85%, 75.6% and
81.25% cases of abnormal fundoscopy, deranged renal function test and deranged liver function test
compared to CCR ≤ 0.04 which was associated with 77%, 78.6% and 65% cases of abnormal
fundoscopy, deranged renal function test and deranged liver function test respectively. Conclusion:
The degree of derangement among biochemical parameters increases as the disease progresses.
Early determination by a single test helps to predict organ involvement and correlates with disease
severity.
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Introduction
Hypertensive disorder of pregnancy accounts for the
third most common cause of maternal mortality
after haemorrhage and sepsis. The incidence of pre-
eclampsia is around 5-10% of all pregnancies and
contributes to 14-16% of maternal mortality
worldwide [1]. Pre-eclampsia is a multisystem
disorder associated with a rise in blood pressure
after the 20th week of gestation. Pre-eclampsia can
be classified as mild – when no other associated
symptoms are present or severe- when associated
with neurological disturbance (headache, visual
disturbance, exaggerated tendon reflex,
convulsion), hematological disturbance
(thrombocytopenia, DIC, hemolysis), liver affection
( elevated liver enzyme, upper abdominal pain,
subcapsular hematoma), renal insufficiency
(reduced urinary volume, raised serum creatinine,
increased protein excretion) and disturbance in
bone mineral metabolism [2]. The above effect
leads to an increase in maternal and perinatal
morbidity. Hence, we tried to assess the extent of
organ involvement with the rise in blood pressure
and biochemical predictors which would reliably
assess the severity of disease, thereby helping in
management and improving the prognosis. Various
biochemical markers have been evaluated for the
prediction of pre-eclampsia based on the
pathophysiology of the disease. Spot urinary
protein-creatinine ratio is one of the variables
shown to be sufficient to assess proteinuria in the
diagnosis of pre-eclampsia compared to the 24-hour
value and a ratio > 0.3 mg/dl has been shown to
meet or exceed 300 mg protein in 24-hour urinary
collection [3]. Another parameter is decreased in
urinary calcium-creatinine ratio. As pregnancy
constitutes increased calcium requirement which is
compensated by physiological increased absorption,
which lacks in patients at risk of pre-eclampsia, thus
there is a decline in urinary calcium excretion and
hence results in the abnormal urinary calcium-
creatinine ratio [4]. Thus, we also tried to find out a
better biochemical predictor which can detect the
pathological changes of pre-eclampsia more reliably.

Material and Methods
We did a prospective case study conducted in the
Department of Obstetrics and Gynaecology over 1.5
years from November 2018 to May 2020.

Inclusion criteria: Patients with a singleton
pregnancy of ≥ 20 weeks who were previously

Normotensive and non-proteinuric with systolic BP
≥ 140 mmHg and/or diastolic BP ≥ 90 mm Hg on
two occasions at least 4 hours apart were enrolled.

Exclusion criteria:

Ethical clearance was obtained from the Institutional
ethical committee. 150 cases were recruited and
grouped as mild and severe pre-eclampsia based on
blood pressure and clinical parameters. Their
biochemical parameters for renal and liver function
were assessed. Spot urinary protein- creatinine ratio
in all patients with a cutoff value of 0.3. The validity
of PCR (taken as Group 1) was compared to a
previous study conducted on 50 pre-eclamptic
women where organ involvement was studied based
on the calcium-creatinine ratio (taken as Group 2)
with a cutoff value of 0.04. Both the groups were
compared concerning the percentage of pre-
eclamptic patients showing organ involvement in
terms of abnormal fundoscopy, renal and liver
function test and the results were analyzed on
software IBM SPSS version 20.0. We also aimed to
determine PCR versus CCR to predict the severity of
pre-eclampsia.

Results
Recruitment of patients in both groups was matched
according to age, parity, SES and BMI.

Table 1: Clinical and biochemical parameters
of both groups
GROUPS SYSTOLIC

BP (mmHg)

DIASTOLIC

BP

(mmHg)

URINARY

CREATININ

E (mg/dl)

URINARY

CALCIUM

(mg/dl)

URINARY

PROTEIN

(mg/dl)

Group 1

(PCR)

155.59±2.4899.7±0.2 85.74±22.53 - 87.99±50.8

Group 2

(CCR)

150.44±10.6

8

95.96±7.35 83.41±58.60 4.03±5.74 -
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01. History of chronic hypertension and proteinuria
before conception or development of
hypertension before 20 weeks of gestation.

02. Patients with chronic renal disease.

03. Patients with a history of recurrent urinary tract
infections.

04. Molar pregnancy.

05. Multiple pregnancies.

06. Patients with associated liver dysfunction.

07. Patients who delivered before completion of
collection of 24- hour urine sample.
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Out of 150 cases of pre-eclampsia (PE), 96 cases
had deranged LFT while 127 cases had deranged
RFT.

A statistically significant change in all the
parameters was observed among mild and severe
pre-eclampsia.

Of total deranged LFT, RFT and fundus in Group 1-
25%, 40.2% and 14.8% were of mild pre-eclampsia
and 75%, 59.8% and 85.2% were of severe pre-
eclampsia which was indifferent to total deranged
organ function in Group 2 i.e. 30%, 35.7% and

15.4% in mild cases and 70%, 64.3% and 84.6% in
severe cases respectively. The p-value between the
deranged organ function in both groups were 0.642,
0.747 and 0.964 for LFT, RFT and fundus
respectively.

The mean systolic and diastolic BP among both
groups were the same. No significant difference was
observed in urinary creatinine levels among both
groups.

Mean urinary protein was estimated in group 1
which was 87.99±50.8 mg/dl while mean urinary
calcium was estimated in group 2 which was
4.03±5.74 mg/dl.

Table 2: Relationship of the severity of PIH with abnormal liver and renal function test among
patients of group 1

Biochemical parameters Mild PE (n= 24) Severe PE (n= 72) P value

LFT Mean (±) SD Mean (±) SD

S. Bilirubin (mg/dl) 1.01 ± 0.07 1.47 ±1.26 0.003

Total mean (mg/dl) 1.24

(±) SD ±0.84

SGOT (IU/L) 52.3 ±16.33 129 ±88.7 0.000

Total mean (IU/L) 90.65

(±) SD ±51.17

SGPT (IU/L) 51.69 ±25.40 119 ±75.6 0.000

Total mean (IU/L) 85.34

(±) SD ±35.4

S. ALP (IU/L) 199.91 ±47.34 387.92 ±181.0 0.000

Total mean (IU/L) 293.92

(±) SD ±94.51

RFT Mild PE (n = 51) Severe PE (n = 7)  

S. Urea (mg/dl) 18.94 ±6.46 40.44 ±24.44 0.00002

Total mean (mg/dl) 29.69

( ±) SD ±12.71

S. Creatinine (mg/dl) 0.62 ±0.59 1.06 ±0.61 0.00001

Total mean (mg/dl) 0.84

( ±) SD ±0.01

S. Uric acid (mg/dl) 2.64 ±1.98 7.77 ±2.64 0.00002

Total mean (mg/dl) 5.21

( ±) SD ±0.47

 

Table-3: Organ involvement according to the severity of PIH in both groups
Organ System Group 1 (n=150) PCR Group 2 (n=50) CCR

Mild (72) Severe (78) Mild (27) Severe (23)

Normal Deranged Normal Deranged Normal Deranged Normal Deranged

LFT 48 (88.9%) 24 (25%) 6 (11.1%) 72 (75%) 21 (70%) 6 (30%) 9 (30%) 14 (70%)

RFT 21 (91.3%) 51 (40.2%) 2 (8.7%) 76 (59.8%) 22 (61.1%) 5 (35.7%) 14 (38.9%) 9 (64.3%)

Fundus 68 (55.3%) 4 (14.8%) 55 (44.7%) 23 (85.2%) 25 (67.6%) 2 (15.4%) 12 (32.4%) 11 (84.6%)
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Table 4: Comparison of specific organ insult
among both groups.

Biochemical variables Abnormal organ function (%)

Groups Cut off Fundus RFT LFT

PCR (Group 1) < 0.3 4 (14.8 %) 31 (24.4%) 18 (18.7%)

≥ 0.3 23 (85.2%) 96 (75.6%) 78 (81.25%)

CCR (Group 2) ≤ 0.04 10(77%) 11 (78.6%) 13(65%)

> 0.04 3 (23%) 3 (21.4%) 7 (35%)

Percentage derangement in renal function was
comparable in both groups with a cutoff value of ≥
0.3 for PCR and ≤ 0.04 for CCR, while a significant
more case of abnormal Fundus and liver function
was detected with PCR ≥ 0.3.

Table 5: Statistical analysis of cut off value in
both groups

 Cut off Sensitivity Specificity PPV NPV

Group 1 – PCR ≥ 0.3 51.39% 92.3% 86.05% 67.29%

Group 2- CCR ≤ 0.04 52% 86% 79% 64%

Specificity and PPV of PCR were more compared to
CCR to determine organ dysfunction. The cut of our
study was taken as a standard cut off based on
various other studies.

Discussion
Organ involvement directly correlates with the
severity of pre-eclampsia. In normal pregnancy,
systemic vascular resistance falls and the blood flow
increases. Relaxin, a peptide hormone produced by
the corpus luteum, decidua and placenta plays an
important role in the regulation of hemodynamics
stimulating the formation of endothelin, which in
turn mediates vasodilatation of renal arteries via
nitric oxide synthesis which counterbalances the
vasoconstrictive effect of the rennin-angiotensin-
aldosterone system [5]. In pre-eclampsia, there is a
failure of trophoblast uterine interaction causing
stress in syncytiotrophoblast leading to systemic
inflammatory response resulting from disruption of
hemostatic function [6]. This leads to profound
vasoconstriction affecting all organ systems and
endothelial damage and dysfunction.

In our study, mean bilirubin was 1.01 ± 0.07 and
1.47 ± 1.26 mg/dl in mild and severe pre-eclampsia
respectively. Mean SGOT and SGPT in mild and
severe pre-eclampsia was 52.3 ± 16.33 IU/L /
51.69 ± 25.4 IU/L and 129.0 ± 88.7 IU/L / 119 ±
75.6 IU/L respectively. Our observations were
statistically significant. A similar finding was
observed by a study conducted by Kasraeian et al
(2018) with mean bilirubin of 0.6 ±0.22 mg/dl and

0.6 ± 0.18 mg/dl, SGOT of 32.45 ± 50.8 IU/L and
43.54 ± 73.63 IU/L and SGPT of 18.78 ± 30.38
IU/L and 32.99 ± 54.07 IU/L for mild and severe
pre-eclampsia respectively [7]. Our finding was in
contrast to Kasraeian et al in respect to serum
alkaline phosphatase. In our study, Alkaline
phosphatase among mild and severe pre-eclampsia
was 199.91 ± 47.34 IU/L and 387.92 ± 181.0 IU/L
respectively compared to 333.94 ± 120.61 IU/L and
321.42 ± 147.74 IU/L according to Kasraeian et al
study [7].

In normal pregnancy renal blood flow and GFR
increase, both serum urea and creatinine
concentration decreases. In pre-eclampsia, renal
affection occurs more commonly associated with
20% decreased renal perfusion causing a 32%
decrease in glomerular filtration and tubular
reabsorption as a result of vasoconstriction and
endothelial damage resulting in a change in renal
function.

This leads to an increase in serum urea, creatinine
and uric acid with decrease urinary creatinine levels
compared to normotensive patients, decrease in
tubular reabsorption due to glomerular endothelial
dysfunction causes increase protein excretion and
decrease reabsorption[8]. Urinary calcium excretion
also decreases in pre-eclampsia due to increase
tubular reabsorption of calcium rather than
decreased GFR [8]. Pre-eclamptic may also have a
lower level of urinary calcium excretion with a lower
level of 1, 25 D3 [9].

Hypertensive women have higher plasma
parathyroid hormone and lower 1,25 Dihydoxy Vit
D, hence Vit D insufficiency associated with a
change in urinary calcium excretion [10]. Ray et al
reported higher basal intracellular free calcium
concentration in pre-eclampsia with decrease
calcium dependant ATPase activity of erythrocyte
and hypocalciuria [11]. In pre-eclampsia,
angiogenic imbalance causes an increase in
podocytes and increased level of soluble receptor
fms like tyrosine kinase 1 (sFlt-1) and reduced
concentration of free VEGF leading to glomerular
endothelial damage and break infiltration barrier
leading to proteinuria [12].

In our study we observed various renal parameters
which were significantly increased among increasing
grades of pre-eclampsia. The mean S. urea among
mild and severe pre-eclampsia was 18.94 ± 6.46
mg/dl and 40.44 ± 24.44 mg/dl, S. creatinine was
0.62 ± 0.59 mg/dl and 1.06 ± 0.61 mg/dl and S.
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Uric acid were 2.64 ± 1.98 mg/dl and 7.77 ± 2.64
mg/dl respectively which were statistically
significant. Our findings were following the finding
of Hazare et al and Kasraeian et al where mean S.
creatinine among mild preeclampsia was 0.75 ±
0.23 mg/dl and 0.84 ± 0.27 mg/dl whereas in
severe pre-eclampsia was 1.3 ± 0.19 mg /dl and
0.9 ± 0.26 mg/dl respectively [13,7].

As renal function deteriorates the volume of protein
excretion increases and creatinine clearance
decreases, hence protein creatinine ratio (PCR)
helps in predicting the severity of the disease. In
our study a cut off value of 0.3 was taken and was
observed that about 85.2 %, 75.6% and 81.25 % of
abnormal finding in the fundus, renal function and
liver function had PCR ≥ 0.3. Our study was
inconsistent with to study of Gaddy Dufac et al
where the cut off value of ≥ 0.3 was 85 % specific
in predicting diseases severity while Kumari et al
observed 84 % specificity and 90 % sensitivity with
a cut off value of ≥ 0.3 [14,15].

It has also been observed that with increasing
tubular damage as the disease progresses fractional
excretion of calcium is reduced hence measuring
calcium to creatinine ratio (CCR) also helps in
predicting disease severity. CCR cut off value of
0.04 in our study showed 77 %, 78.6% and 65 %
cases of abnormal fundoscopy, renal and liver
function test had a value ≤ of 0.04. Our findings
were similar to the observation of Sinha R et al and
Prasad et al where 81.25 % and 89 % cases
respectively of pre-eclampsia had CCR cut off value
≤ 0.04 [16,17].

In our study both groups had a similar incidence of
abnormality in renal function with PCR ≥ 0.3 and
CCR ≤0.04. The sensitivity of both groups was
similar in our study however, the specificity and
positive predictive value for PCR were found
superior to CCR. Similar to our finding Rizk et al
stated that area under ROC curve to predict
proteinuria was 0.82 (95 % confidence interval 0.73
to 0.92, p < 0.001) for protein creatinine and 0.55
(95 % confidence interval 0.43 to 0.68, p = 0.2) for
calcium creatinine[18]. Similarly, Ibrahini et al
found that role of calcium creatinine ratio in urine is
inferior to proteinuria in predicting pre-eclampsia
[19].

Contrary to our finding Lekha et al concluded that
CCR is 94 % specific with a sensitivity of 66%, PPV
of 54 % and NPV of 97% compared to
microalbuminuria which was 89% specific, 56%

Sensitive and PPV of 36 %, the area under the
curve for CCR was higher (0.908) when compared
to microalbuminuria (0.873) and S. uric acid
(0.799) [20] Begum et al also concluded a positive
correlation between urinary calcium/ creatinine ratio
and urinary calcium (r = +0.68, p< 0.001) but a
negative correlation (r = -0.39, p < 0.001) noted
between urinary calcium/creatinine and urinary
protein, CCR decreases in pre-eclampsia hence CCR
can be regarded as a predictor for pre-eclampsia
[21].

Conclusion
This study shows that a high absolute magnitude of
liver and renal function test as well as fundoscopic
findings are useful means to predict disease
severity. However, if a single biochemical test is
required our finding for both protein creatinine ratio
and calcium creatinine ratio in assessing disease
severity is approx 50 % sensitive. But our was a
small study with a limitation of unequal sample size
a larger randomized study is yet needed to
determine a better single biochemical test to
ascertain disease severity.

What does this study add to
existing knowledge?
Protein-creatinine ratio and Calcium-creatinine ratio,
both of these biochemical parameters can be used
as the substitute for 24 hours urinary protein
collection with equal sensitivity for early detection of
pre-eclampsia. However, the protein-creatinine ratio
is more specific compared to the calcium-creatinine
ratio if a single biochemical test is required.
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