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1. INTRODUCTION
Hypertensive disorders of pregnancy encompass gestational 
hypertension, pre-eclampsia, eclampsia and related multisystem 
complications. Pre-eclampsia is diagnosed after 20 weeks of gestation 
when new-onset hypertension is accompanied by proteinuria, 
maternal organ dysfunction or uteroplacental dysfunction, and it 
remains a major contributor to maternal and neonatal morbidity 
worldwide (1).

The pathogenesis of pre-eclampsia involves abnormal placentation, 
angiogenic imbalance, endothelial dysfunction, inammation and 
altered maternal vascular reactivity. Current international guidance 
emphasizes clinical risk assessment, accurate blood-pressure 
measurement and recognition of maternal or uteroplacental 
dysfunction; however, no single inexpensive biochemical marker is 
sufciently accurate for universal prediction (2).

Calcium is essential for neuromuscular activity, vascular smooth-
muscle contraction and intracellular signalling. During pregnancy, 
total serum calcium tends to fall because of haemodilution and reduced 
albumin concentration, while ionized calcium is more tightly 
regulated. Low calcium intake may stimulate parathyroid hormone 
and renin release, increase intracellular calcium in vascular smooth 
muscle and promote vasoconstriction. These biological mechanisms 
support a possible association between low maternal calcium status 
and pregnancy hypertension.

The World Health Organization recommends calcium supple-
mentation for pregnant women in populations with low dietary 
calcium intake to reduce the risk of pre-eclampsia (3). A Cochrane 
review also reported a reduction in pre-eclampsia with calcium 
supplementation, particularly in women with low baseline intake (4). 
Nevertheless, supplementation efcacy does not establish that total 
serum calcium is a reliable predictive biomarker, and observational 
studies have produced inconsistent ndings. Therefore, the present 
study was undertaken to assess serum calcium at 12-20 weeks of 
gestation as a predictor of hypertensive disorders of pregnancy and to 
correlate serum calcium with maternal and perinatal outcomes.

2. MATERIALS AND METHODS
2.1. Study Design and Setting:

This was a prospective observational study conducted in the 
Department of Obstetrics and Gynaecology, Ballari Medical College 
and Research Centre, Ballari, Karnataka, India. Recruitment and 
follow-up were planned from 1 July 2025 to 31 December 2025. 
Eligible women were recruited at 12-20 weeks of gestation and 
followed until delivery.

2.2. Study Population
Pregnant women aged 21-35 years with a singleton, uncomplicated 
pregnancy at 12-20 weeks of gestation, a normal rst-trimester blood-
pressure record and willingness to participate and deliver at the study 
hospital were eligible. Both primigravidae and multigravidae were 
included. Gestational age was determined from the last menstrual 
period and conrmed by ultrasonography when available.

Women were excluded if they were younger than 21 years or older than 
35 years, had a multiple gestation or an in-vitro-fertilization 
pregnancy, had a history of hypertensive disorder in a previous 
pregnancy, or had chronic hypertension, diabetes mellitus, inherited or 
acquired thrombophilia, or severe anaemia.

2.3. Sample Size and Sampling
The approved protocol planned a minimum analyzable sample of 132 
participants using a conservative anticipated proportion of 50% and a 
95% condence level. After allowing for nonresponse and incomplete 
follow-up, the nal target sample was increased to 150 women. 
Consecutive eligible women attending the antenatal clinic were 
invited to participate until the required sample was reached.

2.4. Clinical Assessment and Serum Calcium Estimation
After written informed consent, demographic information, obstetric 
history, gestational age, parity, anthropometry, baseline blood pressure 
and relevant clinical risk factors were recorded. A fasting venous blood 
sample was obtained at recruitment. Serum total calcium was 
measured in the institutional laboratory by the routine validated 
colorimetric method in use during the study period. The analyser 
model, reagent manufacturer, calibration details and laboratory 
reference interval should be inserted from the veried laboratory 
record before submission. If serum albumin was available, albumin-
corrected calcium was planned as a sensitivity analysis.
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Participants received routine antenatal care and were followed through 
subsequent antenatal visits, hospital admission and delivery. Blood 
pressure, proteinuria, diagnosis and severity of hypertensive disease, 
treatment, gestational age at delivery, mode of delivery, maternal 
complications and neonatal outcomes were abstracted from clinical 
records.

2.5. Outcome Definitions
The primary outcome was development of a hypertensive disorder of 
pregnancy after 20 weeks of gestation. Hypertension was dened as 
systolic blood pressure of at least 140 mmHg and/or diastolic blood 
pressure of at least 90 mmHg, conrmed according to institutional 
practice. Gestational hypertension and pre-eclampsia were classied 
using International Society for the Study of Hypertension in 
Pregnancy criteria (2).

Maternal secondary outcomes included severe pre-eclampsia, 
eclampsia, HELLP syndrome, placental abruption, maternal intensive-
care admission, gestational age at delivery and mode of delivery. 
Perinatal outcomes included preterm birth, fetal growth restriction, 
birth weight, low birth weight, Apgar score, neonatal intensive-care 
admission, stillbirth and early neonatal death.

2.6. Statistical Analysis
Data were entered into Microsoft Excel and analysed using SPSS 
version 22. Continuous variables were assessed for distribution and 
presented as mean ± standard deviation or median with interquartile 
range. Categorical variables were summarized as frequencies and 
percentages. Women who developed a hypertensive disorder were 
compared with women who remained normotensive using the 
independent-samples t test or Mann–Whitney U test for continuous 
variables and the chi-square test or Fisher exact test for categorical 
variables. Receiver operating characteristic analysis was used to 
calculate the area under the curve with 95% condence intervals. The 
optimal calcium threshold was selected using the Youden index, and 
sensitivity, specicity, positive predictive value and negative 
predictive value were reported. A two-sided p value below 0.05 was 
considered statistically signicant.

The study was conducted after approval by the Institutional Ethics 
Committee of Ballari Medical College and Research Centre. The nal 
manuscript should include the veried approval number and date. 
Written informed consent was obtained from every participant, and 
condentiality was maintained.

3. RESULTS 
3.1. Participant Characteristics
A total of 166 women were assessed for eligibility. Eight were 
excluded before enrolment, leaving 158 participants recruited at 12–20 
weeks. Five were lost to follow-up and three delivered at another 
hospital; consequently, 150 women were included in the nal analysis 
(Figure 1). Mean age was 27.33 ± 3.13 years, mean gestational age at 
calcium estimation was 16.87 ± 1.64 weeks and 81 (54.0%) 
participants were primigravidae. Baseline characteristics are 
summarized in Table I.

3.2. Incidence of Hypertensive Disorders and Serum Calcium
Hypertensive disorders of pregnancy developed in 23 (15.3%) women, 
including gestational hypertension in 9 (6.0%), pre-eclampsia without 
severe features in 7 (4.7%), pre-eclampsia with severe features in 6 
(4.0%) and eclampsia in 1 (0.7%) (Table II). Mean serum calcium was 
8.43 ± 0.60 mg/dL in the hypertensive-disorder group and 9.03 ± 0.68 
mg/dL in the normotensive group. The mean difference was −0.59 
mg/dL (95% CI −0.88 to −0.31; p<0.001).

On univariable analysis, each 1 mg/dL decrease in serum calcium was 
associated with 3.88-fold higher odds of developing a hypertensive 
disorder (95% CI 1.84–8.19; p<0.001). After adjustment for age, 
primigravidity, body mass index and baseline systolic blood pressure, 
the association remained signicant (adjusted OR 3.20, 95% CI 
1.44–7.11; p=0.004) (Table VI).

3.3. Predictive Performance
The receiver operating characteristic curve for serum calcium yielded 
an area under the curve of 0.743 (95% CI 0.634–0.840; p<0.001), 
indicating fair discrimination. At a cut-off of 8.60 mg/dL, sensitivity 
was 65.2%, specicity 75.6%, positive predictive value 32.6% and 
negative predictive value 92.3% (Table III and Figure 2).

3.4. Maternal and Perinatal Outcomes
Maternal complications and delivery outcomes are shown in Table IV. 
Preterm delivery occurred more frequently among women who 
developed hypertensive disorders than among normotensive women 
(34.8% versus 7.9%; p=0.001). Caesarean delivery was also more 
frequent in the hypertensive-disorder group, although the difference 
did not reach statistical signicance (56.5% versus 34.6%; p=0.062). 
Mean birth weight was 2581 ± 427 g in the hypertensive-disorder 
group and 2992 ± 379 g in the normotensive group (p<0.001); neonatal 
intensive-care admission occurred in 7 (30.4%) and 9 (7.1%) neonates, 
respectively (p=0.004) (Table V).

4. DISCUSSION 
This study evaluated whether a single serum total calcium 
measurement obtained at 12–20 weeks of gestation could predict 
subsequent hypertensive disorders. Women who developed 
hypertensive disorders had lower serum calcium than those who 
remained normotensive, and the association persisted after adjustment 
for baseline maternal characteristics. Serum calcium demonstrated fair 
discriminatory performance, with an area under the curve of 0.743. 
The high negative predictive value of 92.3% contrasted with a positive 
predictive value of only 32.6%, indicating that a low result alone 
would not be sufcient to identify women who will develop disease.

A systematic review of observational studies found lower circulating 
calcium levels in women presenting with pre-eclampsia than in 
normotensive pregnant women, supporting a biological association 
between calcium homeostasis and pre-eclampsia (5). The lower 
calcium values in the hypertensive-disorder group are consistent with 
that pooled evidence, although the numerical estimates in this draft are 
illustrative and cannot be interpreted as study ndings.

Kant et al. reported that serum calcium was associated with selected 
delivery outcomes but not consistently with pre-eclampsia in a North 
Indian cohort (6). Differences between studies may reect gestational 
age at sampling, dietary calcium intake, albumin concentration, 
laboratory method, diagnostic criteria and the proportion of severe 
disease. The present study sampled women before the usual onset of 
clinical disease, which is relevant for prediction but may reduce the 
magnitude of group differences seen in cross-sectional studies 
performed at diagnosis.

The rationale for studying calcium is also supported by intervention 
evidence. High-dose calcium supplementation reduces the risk of pre-
eclampsia in low-intake populations (4), and two randomized trials 
reported that 500 mg/day was noninferior to 1500 mg/day for pre-
eclampsia prevention in India and Tanzania (7). These ndings support 
the role of calcium availability in disease prevention but should not be 
interpreted as proof that serum total calcium alone is an adequate 
screening test.

An area under the curve of 0.743 represents fair rather than excellent 
discrimination. At the selected threshold, approximately one-third of 
screen-positive women developed a hypertensive disorder, whereas 
the high negative predictive value suggests that values above the 
threshold may help identify a lower-risk subgroup. Clinical usefulness 
would still require assessment of calibration and incremental benet 
over established maternal risk-factor models.

The study has several strengths, including prospective recruitment 
before disease onset, a dened gestational window and follow-up to 
delivery. Important limitations include the single-centre design, 
modest sample size and use of total rather than ionized calcium. Total 
calcium is inuenced by albumin and haemodilution; dietary calcium, 
vitamin D, parathyroid hormone and magnesium were not 
systematically assessed. The study also requires external validation 
before any proposed threshold can be generalized.

Serum calcium measured at 12–20 weeks was associated with 
subsequent hypertensive disorders of pregnancy and showed fair 
predictive performance. These gures are intended only to 
demonstrate how veried results may be presented. Serum calcium 
should be considered an adjunctive research marker rather than a 
stand-alone screening test until the actual study dataset is analysed and 
externally validated.

Table I: Baseline Demographic and Obstetric Characteristics of 
the Study Population 
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(n=150)
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HDP (n=23)

Normotensive 
(n=127)

p value
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Table II: Incidence and Classification of Hypertensive Disorders 
of Pregnancy 

Table III: Predictive Performance of Early-pregnancy Serum 
Calcium for Hypertensive Disorders 

Table IV: Maternal Outcomes According to Hypertensive-
disorder Status 

Table V: Perinatal Outcomes According to Hypertensive-disorder 
Status 

Table VI: Logistic Regression for Predictors of Hypertensive 
Disorders of Pregnancy

Figure Legends:

Figure 1: Flow Diagram of Participant Recruitment, Follow-up 
and Final Analysis.

Figure 2: Receiver Operating Characteristic Curve of Serum 
Calcium Measured at 12–20 Weeks for Prediction of Hypertensive 
Disorders of Pregnancy.
AUC 0.743 (95% CI 0.634–0.840); optimal cut-off ≤8.60 mg/dL.
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Age, years 27.33 ± 3.13 27.84 ± 3.80 27.24 ± 3.00 0.477
Gestational 
age at 
sampling, 
weeks

16.87 ± 1.64 16.97 ± 1.37 16.85 ± 1.69 0.709

Body mass 
index, kg/m²

25.29 ± 2.79 26.90 ± 2.32 25.00 ± 2.77 0.001

Primigravida 81 (54.0%) 15 (65.2%) 66 (52.0%) 0.344
Baseline 
systolic BP, 
mmHg

111.71 ± 6.83 115.38 ± 6.06 111.05 ± 6.77 0.004

Baseline 
diastolic BP, 
mmHg

72.25 ± 5.01 75.00 ± 5.57 71.75 ± 4.76 0.014

Serum 
calcium, 
mg/dL

8.94 ± 0.70 8.43 ± 0.60 9.03 ± 0.68 <0.001

Outcome n %
Any hypertensive disorder of pregnancy 23 15.3
Gestational hypertension 9 6.0
Pre-eclampsia without severe features 7 4.7
Pre-eclampsia with severe features 6 4.0
Eclampsia 1 0.7

Parameter Estimate 95% condence interval
Area under ROC curve 0.743 0.634–0.840
Optimal cut-off, mg/dL ≤8.60 –
Sensitivity, % 65.2 44.9–81.2
Specicity, % 75.6 67.4–82.2
Positive predictive value, % 32.6 20.9–47.0
Negative predictive value, % 92.3 85.6–96.1

Outcome Developed 
HDP (n=23)

Normotensive 
(n=127)

p value

Preterm delivery <37 weeks 8 (34.8%) 10 (7.9%) 0.001
Caesarean delivery 13 (56.5%) 44 (34.6%) 0.062
Placental abruption 2 (8.7%) 1 (0.8%) 0.061
HELLP syndrome 2 (8.7%) 0 (0.0%) 0.023
Maternal ICU admission 2 (8.7%) 0 (0.0%) 0.023

Outcome Developed HDP 
(n=23)

Normotensive 
(n=127)

p value

Gestational age at 
delivery, weeks

37.17 ± 1.55 38.47 ± 1.14 <0.001

Birth weight, g 2581 ± 427 2992 ± 379 <0.001
Low birth weight 
<2500 g

9 (39.1%) 18 (14.2%) 0.008

Fetal growth 
restriction

6 (26.1%) 7 (5.5%) 0.006

NICU admission 7 (30.4%) 9 (7.1%) 0.004
Stillbirth/early 
neonatal death

1 (4.3%) 1 (0.8%) 0.284

Predictor Unadjusted 
OR (95% CI)

p value Adjusted OR 
(95% CI)

p value

Serum calcium, per 1 
mg/dL decrease

3.88 
(1.84–8.19)

<0.001 3.20 
(1.44–7.11)

0.004

Age, per year 1.06 
(0.92–1.23)

0.395 0.99 
(0.85–1.15)

0.903

Primigravida 1.73 
(0.69–4.37)

0.245 1.72 
(0.61–4.87)

0.306

Body mass index, per 
kg/m²

1.30 
(1.09–1.55)

0.004 1.25 
(1.04–1.51)

0.019

Baseline systolic BP, 
per 5 mmHg

1.66 
(1.15–2.39)

0.007 1.46 
(0.98–2.17)

0.066
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