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Abstract

Background: Hypertensive disorders of pregnancy are important causes of maternal and perinatal morbidity and mortality.
Early identification of women at risk of pregnancy-induced hypertension (PIH) may facilitate closer surveillance and timely
intervention. Reduced urinary calcium excretion and a low urinary calcium-creatinine ratio (UCa/Cr) have been proposed as
potential early markers of preeclampsia.

Aim: To evaluate the urinary calcium-creatinine ratio in a spot urine sample obtained before 20 weeks of gestation and assess
its utility in predicting pregnancy-induced hypertension.

Methods: This prospective observational study was conducted in the Department of Obstetrics and Gynecology, Rajkiya
Mahila Chikitsalaya, JLN Medical College, Ajmer, from June 2023 to May 2024. A total of 270 normotensive pregnant
women with singleton pregnancies and gestational age <20 weeks were enrolled. Women with hypertension, proteinuria,
previous PIH, chronic hypertension, multiple pregnancy, diabetes mellitus, renal, vascular or immunological disease were
excluded. A spot urine sample was analyzed for calcium and creatinine, and the urinary calcium-creatinine ratio was
calculated. Participants were followed throughout pregnancy for development of PIH.

Results: Of 270 women, 60 (22.22%) developed PIH and 210 (77.78%) remained normotensive. The most common age group
was 26-30 years in both groups. Age, parity, socioeconomic status, gestational age at enrollment and family history of
hypertension were not significantly associated with PIH. Cesarean delivery was more frequent among women with PIH
(35.0% vs. 20.95%; p=0.024). BMI was significantly associated with PIH (p<0.0001), with overweight women constituting
55.0% of the PIH group. Mean urinary calcium-creatinine ratio was significantly lower among women who developed PIH
(0.04+0.02) than among normotensive women (0.18+0.06; p<0.0001). A UCa/Cr <0.04 was present in 91.67% of PIH women
compared with 1.90% of normotensive women (p<0.0001). The sensitivity, specificity, positive predictive value, negative
predictive value and diagnostic accuracy were 91.67%, 98.10%, 93.22%, 97.63% and 96.67%, respectively.

Conclusion: A low urinary calcium-creatinine ratio, particularly a value <0.04, was strongly associated with subsequent
pregnancy-induced hypertension. Spot urinary UCa/Cr is a simple, non-invasive and inexpensive biomarker that may have
potential utility in early risk stratification of pregnant women.
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Introduction diabetes, renal disease and other maternal comorbidities [**
Hypertensive disorders of pregnancy (HDP) are among the 12,13, 14,15 "therefore, identification of a simple biochemical
major causes of maternal and perinatal morbidity and marker that could be obtained during routine antenatal care
mortality. They complicate approximately 5-10% of would be clinically valuable.

pregnancies and include gestational hypertension, Hypocalciuria has been described in women with
preeclampsia, eclampsia, chronic hypertension and preeclampsia. Taufield et al. demonstrated reduced urinary
preeclampsia superimposed on chronic hypertension. X2 3.4 calcium excretion in preeclampsia and suggested altered
5 81 Preeclampsia is a multisystem disorder characterized by renal calcium handling as a possible component of the
new-onset hypertension after 20 weeks of gestation with disease process 6. The urinary calcium-creatinine ratio
proteinuria and/or evidence of maternal organ dysfunction. (UCa/Cr) provides a convenient assessment of urinary
The disease is associated with placental dysfunction, calcium excretion from a spot urine sample and avoids the
endothelial injury and multisystem involvement [ 8 9101, practical difficulties associated with 24-hour urine
Despite improvements in antenatal surveillance and collection [*7: 18],

management, early identification of women who are likely Several studies have evaluated UCa/Cr as a predictor of
to develop hypertensive disorders remains challenging. preeclampsia. Ozcan et al. reported significantly lower
Established risk factors include obesity, nulliparity, previous UCa/Cr among women who developed preeclampsia and
hypertensive disorders of pregnancy, chronic hypertension, identified a cutoff of 0.066 with 75% sensitivity and 86%
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specificity 9. Saudan et al. also found that a low UCa/Cr
preceded the development of preeclampsia, although the
diagnostic performance varied according to the cutoff used
[20], Subsequent studies have reported promising diagnostic
performance for a cutoff around 0.04 [2% 22 23. 241 However,
variations in study population, gestational age, sampling
methods and diagnostic thresholds have resulted in
inconsistent findings.

The present study was undertaken to evaluate the urinary
calcium-creatinine ratio in low-risk pregnant women before
20 weeks of gestation and determine its association with
subsequent development of pregnancy-induced
hypertension.

Materials and Methods

Study design and setting

This prospective observational study was conducted in the
Department of Obstetrics and Gynecology, Rajkiya Mahila
Chikitsalaya, Jawaharlal Nehru Medical College, Ajmer,
Rajasthan, from June 2023 to May 2024. The study enrolled
270 antenatal women with gestational age <20 weeks.

Participants

Women of any age and parity with singleton pregnancy,
gestational age <20 weeks, normotension and absence of
proteinuria were eligible for inclusion. Women were
excluded if they had blood pressure >140/90 mmHg,
proteinuria >1+ on dipstick examination, history of PIH in a
previous pregnancy, chronic hypertension, multiple
pregnancy, diabetes mellitus complicating pregnancy, renal
disease, vascular disease or immunological disease.

Data collection

Baseline demographic and obstetric characteristics including
age, parity, socioeconomic status, gestational age, BMI and
family history of hypertension were recorded. Participants
underwent routine antenatal assessment and were followed
during pregnancy for the development of pregnancy-
induced hypertension. Pregnancy and delivery outcomes
were subsequently documented.

Urinary calcium-creatinine ratio

A spot urine sample, preferably a first-morning midstream
sample, was collected from each participant. Urinary
calcium and creatinine concentrations were estimated using
standard biochemical methods. The urinary calcium-
creatinine ratio was calculated from the urinary calcium and
creatinine concentrations. A UCa/Cr value <0.04 was
considered indicative of increased risk based on previously
published studies [2% 2223, 24],

Outcome definition

The primary outcome was development of pregnancy-
induced hypertension during follow-up. Participants who
remained normotensive throughout pregnancy constituted
the normotensive group, while those who developed PIH
constituted the PIH group.
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Statistical analysis

Data were compiled in Microsoft Excel and analyzed using
SPSS.  Continuous  variables were expressed as
meanzstandard deviation and categorical variables as
frequencies and percentages. Student's t-test or Mann-
Whitney U test was used for comparison of continuous
variables, while the Chi-square test was used for categorical
variables. Diagnostic performance of UCa/Cr was assessed
using sensitivity, specificity, positive predictive value,
negative predictive value and overall accuracy. A p-value
<0.05 was considered statistically significant.

Results

Baseline characteristic

A total of 270 antenatal women were enrolled and followed
throughout pregnancy. Sixty women (22.22%) developed
pregnancy-induced hypertension, whereas 210 (77.78%)
remained normotensive.

The majority of participants in both groups belonged to the
26-30-year age group. The association between age and
development of PIH was not statistically significant
(p=0.485). Nulliparity was more common in both groups,
but parity was not significantly associated with PIH
(p=0.119). Socioeconomic status also showed no significant
association with PIH (p=0.369). Mean gestational age at
enrollment was comparable between the groups (14.2+3.1
weeks vs. 14.5+3.0 weeks; p=0.524). Family history of
hypertension was also not significantly associated with PIH
(p=0.432).

BMI category

BMI demonstrated a significant association with PIH
(p<0.0001). The PIH group contained a substantially greater
proportion of overweight women, with 33 (55.0%) women
classified as overweight compared with 49 (23.33%) in the
normotensive group.

Mode of delivery

Normal vaginal delivery was the predominant mode of
delivery in both groups. However, cesarean delivery was
more frequent among women who developed PIH: 21
(35.0%) compared with 44 (20.95%) among normotensive
women. This difference was statistically significant
(p=0.024).

Urinary biochemical parameters

Urinary calcium concentration was markedly lower in the
PIH group than in the normotensive group (72.73+34.02 vs.
195.24+42.38 mg/dL; p<0.0001). Urinary creatinine was
higher in the PIH group (1648.37+27.43 vs.
1140.08+226.76 mg/dL; p<0.0001). Most importantly, the
mean UCa/Cr ratio was substantially lower among women
who developed PIH (0.04+0.02) compared with
normotensive women (0.18+0.06; p<0.0001).

Association of urinary calcium-creatinine ratio cutoff
with PIH

A UCa/Cr <0.04 was observed in 55 (91.67%) women who
developed PIH compared with only 4 (1.90%) normotensive



women. Conversely, 206 (98.10%) normotensive women
had a UCa/Cr >0.04 compared with only 5 (8.33%) women
in the PIH group. The difference was highly statistically
significant (p<0.0001).

Diagnostic performance of UCa/Cr <0.04 for PIH

Using <0.04 as the cutoff, UCa/Cr demonstrated sensitivity
of 91.67% and specificity of 98.10%. The positive
predictive value was 93.22%, negative predictive value was
97.63%, and overall diagnostic accuracy was 96.67%.
Discussion

Hypertensive disorders of pregnancy remain an important
cause of maternal and perinatal morbidity and mortality.
Early prediction of women at risk of PIH is therefore an
important component of antenatal care [?6 27 28 29 The
present study evaluated the urinary calcium-creatinine ratio
obtained from a spot urine sample before 20 weeks of
gestation and assessed its association with subsequent
development of PIH.

In the present study, 60 of 270 women developed PIH
during follow-up. The largest proportion of participants in
both groups belonged to the 26-30-year age group, and age
was not significantly associated with development of PIH.
This finding is comparable with the observations of Saudan
et al., who reported relatively similar maternal ages across
normotensive, gestational hypertensive and preeclamptic
groups 21, Sheela et al. similarly reported that most women
in their study were 21-30 years of age [,

Nulliparity was common in both groups, although the
association between parity and PIH did not reach statistical
significance in the present study. Saudan et al. reported a
higher proportion of primiparous women among women
with hypertensive disorders, particularly preeclampsia 29,
Differences in population characteristics and sample
distribution may account for the lack of statistical
significance in our cohort.

BMI demonstrated a strong association with PIH in the
present study. More than half of the women in the PIH
group were overweight, whereas normal BMI predominated
among normotensive participants. The association was
statistically significant (p<0.0001). This finding is
biologically plausible because increased maternal adiposity
is associated with inflammatory, metabolic and vascular
abnormalities that may contribute to endothelial dysfunction
and hypertensive disease. Previous literature has also
demonstrated an association between increased BMI and
preeclampsia 34,

The mode of delivery differed significantly between the
groups. Cesarean delivery occurred in 35% of women with
PIH compared with 20.95% of normotensive women. This
may reflect the increased obstetric intervention commonly
required in pregnancies complicated by hypertensive
disorders, although mode of delivery itself should not be
interpreted as a predictor of PIH.

The principal finding of the present study was the marked
reduction in urinary calcium-creatinine ratio among women
who subsequently developed PIH. The mean UCa/Cr was
0.04+0.02 in the PIH group compared with 0.18+0.06 in the
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normotensive group (p<0.0001). Hypocalciuria has
previously been described in preeclampsia, with altered
renal calcium handling proposed as one of the mechanisms
contributing to reduced urinary calcium excretion [,

Ozcan et al. demonstrated significantly lower urinary
calcium-creatinine ratios among women who developed
preeclampsia and reported a cutoff of 0.066 with 75%
sensitivity and 86% specificity 1. Saudan et al. found that
women with gestational hypertension who subsequently
developed preeclampsia had lower urinary calcium-
creatinine ratios than women who remained gestational
hypertensive; however, the sensitivity and specificity at
their selected cutoff were more modest 2,

The present findings are particularly comparable with
studies using a cutoff of 0.04. Munge et al. reported a
sensitivity of 63.63% and specificity of 94.87% using
UCa/Cr <0.04 U, Solanki et al. reported sensitivity of
71.43%, specificity of 98.75%, PPV of 83.33% and NPV of
97.53% at the same cutoff.?? Tejaswi et al. also found
significantly lower UCa/Cr among women who developed
preeclampsia and reported useful predictive characteristics
for a cutoff of 0.04 31, Hagras et al. reported sensitivity of
79.3%, specificity of 96.3% and overall accuracy of 90.7%
using the same cutoff (24,

In the present study, the diagnostic performance was even
higher, with sensitivity of 91.67%, specificity of 98.10%
and overall accuracy of 96.67%. The high negative
predictive value of 97.63% is particularly relevant for a
screening test because a UCa/Cr >0.04 was associated with
a low probability of PIH in this study population.

However, variation in cutoff values and diagnostic
performance across studies indicates that UCa/Cr should not
be considered an independent diagnostic test for
preeclampsia. Ibrahimi et al. reported that although urinary
calcium-creatinine ratio had predictive value, proteinuria
and uric acid performed better in their study B, Jagu et al.
also found that the optimal cutoff in their cohort was higher
than 0.04, emphasizing the influence of population
characteristics and disease prevalence on predictive values
[32]

The potential usefulness of UCa/Cr lies in its simplicity. A
spot urine sample is inexpensive, non-invasive and easy to
obtain during routine antenatal visits. This may be
particularly valuable in resource-limited settings where
sophisticated biochemical or angiogenic marker-based
testing is not routinely available.

The present study has certain limitations. It was conducted
at a single tertiary-care center, which may limit
generalizability. The study population was restricted to
women with gestational age <20 weeks and without major
medical comorbidities. Dietary calcium intake, hydration
status and other factors that can influence urinary calcium
excretion were not extensively evaluated. Furthermore, the
study assessed PIH as the principal outcome and did not
provide detailed subgroup analysis according to severity of
preeclampsia. Larger multicentric prospective studies are
required to validate the optimal UCa/Cr cutoff in different
populations.



Table 1: Baseline demographic and obstetric characteristics

Variable Normotensive (n=210) PIH (n=60) p-value
Age group
20-25 years 57 16
26-30 years 109 27
0.485
31-35 years 31 10
3640 years 13 7
Parity
Nulliparous 173 44
i 0.119
Multiparous 37 16
Socioeconomic status
Lower socioeconomic
123 29
class
_ 0.369
Middle 64 23
Upper 23 8
Gestational age
14.243.1 14.5+3.0 0.524
(weeks)
Family History
Present 33 12
0.432
Absent 177 48
Table 2: Distribution according to body mass index Table 6: Diagnostic performance of UCa/Cr <0.04 for PIH
BMI category | Normotensive (n=210) | PIH (n=60) | p-value Diagnostic parameter Value
- Sensitivity 91.67%
0, 0,
Underweight 33 (15.71%) 14 (23.33%) Specificity 98.10%
Normal 113 (53.81%) 7 (11.67%) 0.0001 Positive predictive value 93.22%
< - ——
- : Negative predictive value 97.63%
Overweight 49 (23.33% 33 (55.00% - -
g ( ) ( ) Diagnostic accuracy 96.67%
Obesity 15 (7.14%) 6 (10.00%)

Table 3: Mode of delivery according to pregnancy hypertension

status
Mode of delivery | Normotensive (n=210) | PIH (n=60) |p-value
Vaginal delivery 166 (79.05%) 39 (65.00%) 0.024
LSCS 44 (20.95%) 21 (35.00%)|

Table 4: Comparison of urinary biochemical parameters

Normotensive _
Parameter (n=210) PIH (n=60) |p-value
Urinary calcium 105.24+42.38 | 72.73+34.02 [<0.0001
(mg/dL)
Urinary creatinine | 1) 1 064206.76 1648.37+27.43<0.0001,
(mg/dL)
Urinary calcium- 0.18+0.06 0.04£0.02 |<0.0001
creatinine ratio

Table 5: Association of urinary calcium-creatinine ratio cutoff

with PIH
UCa/Cr Normotensive (n=210) PIH (n=60) | p-value
<0.04 4 (1.90%) 55 (91.67%)
<0.0001
>0.04 206 (98.10%) 5 (8.33%)
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Conclusion

The urinary calcium-creatinine ratio was significantly lower
among pregnant women who developed pregnancy-induced
hypertension. A spot urine UCa/Cr cutoff of <0.04
demonstrated high sensitivity, specificity, predictive values
and overall diagnostic accuracy in the present study.

UCa/Cr is a simple, inexpensive and nhon-invasive
biochemical parameter that may be useful for early risk
stratification of pregnant women. It may serve as an adjunct
to conventional antenatal surveillance rather than a
replacement for blood pressure measurement, proteinuria
assessment and clinical evaluation.

Further multicentric studies with standardized gestational-
age-specific cutoffs and adjustment for dietary and renal
factors are recommended before routine implementation of
UCa/Cr as a standalone screening test.

References
1. Fisher SC, Van Zutphen AR, Werler MM, Romitti PA,
Cunniff C, Browne ML, et al. Maternal

antihypertensive medication Use and selected birth
defects in the National Birth Defects Prevention Study.
Birth Defects Res,2018:110:1433-42.

2. Holm L, Stucke-Brander T, Wagner S, Sandager P,
Schliitter J, Lindahl C, et al. Automated blood pressure
self-measurement station compared to office blood



10.

11.

12.

13.

14.

15.

16.

17.

18.

pressure measurement for first trimester screening of
pre-eclampsia. Health Informatics J,2019:25:1815-24.
Spiro L, Scemons D. Management of chronic and
gestational hypertension of pregnancy: a guide for
primary care nurse practitioners. Open Nurs
J,2018:12:180-3.

Miller MJ, Butler P, Gilchriest J, Taylor A, Lutgendorf
MA. Implementation of a standardized nurseinitiated
protocol to manage severe hypertension in pregnancy. J
Matern Fetal Neonatal Med,2020:33:1008-14.
Dymara-Konopka W, Laskowska M, Oleszczuk J.
Preeclampsia—current  management and  future
approach. Curr Pharm Biotechnol,2018:19:786-96.
Gestational Hypertension and Preeclampsia: ACOG
Practice Bulletin Summary, Number 222. Obstet
Gynecol,2020:135:1492-5.

Timpka S, Markovitz A, Schyman T, Mogren |, Fraser
A, Franks PW, et al. Midlife development of type 2
diabetes and hypertension in women by history of
hypertensive disorders of pregnancy. Cardiovasc
Diabetol,2018:17:124.

Catov JM, Countouris M, Hauspurg A. Hypertensive
disorders of pregnancy and CVD prediction: accounting
for risk accrual during the reproductive years. J Am
Coll Cardiol,2018:72:1264-6.

Yang YY, Fang YH, Wang X, Zhang Y, Liu XJ, Yin
ZZ, et al. A retrospective cohort study of risk factors
and pregnancy outcomes in 14,014 Chinese pregnant
women. Medicine (Baltimore),2018:97:11748.

Colussi G, Catena C, Driul L, Pezzutto F, Fagotto V,
Darsie D, et al. Secondary hyperparathyroidism is
associated with postpartum blood pressure in
preeclamptic women and normal pregnancies. J
Hypertens,2021:39:563-72.

American College of Obstetricians and Gynecologists’
Committee on Practice Bulletins—Obstetrics. ACOG
Practice Bulletin No. 203: Chronic Hypertension in
Pregnancy. Obstet Gynecol,2019:133:26-50.

Gonzalez Suarez ML, Kattah A, Grande JP, Garovic V.
Renal disorders in pregnancy: core curriculum 20109.
Am J Kidney Dis,2019:73:119-30.

ACOG Practice Bulletin No. 202:
Hypertension and Preeclampsia.
Gynecol,2019:133:1.

Garovic VD, Dechend R, Easterling T, Karumanchi
SA, McMurtry Baird S, Magee LA, et al. Hypertension
in pregnancy: diagnosis, blood pressure goals, and
pharmacotherapy: a scientific statement from the
American Heart Association.
Hypertension,2022:79:21-41.

Poorolajal J, Jenabi E. The association between body
mass index and preeclampsia: a meta-analysis. J Matern
Fetal Neonatal Med,2016:29:3670-6.

Taufield PA, Ales KL, Resnick LM, Druzin ML,
Gertner JM, Laragh JH, et al. Hypocalciuria in
preeclampsia. N Engl J Med,1987:316:715-8.

Ardawi MS, Nasrat HA, BA’Aqueel HS. Calcium-
regulating hormones and parathyroid hormone-related
peptide in normal human pregnancy and postpartum: a
longitudinal study. Eur J Endocrinol,1997:137:402-9.
Kovacs CS, Kronenberg HM. Maternal-fetal calcium
and bone metabolism during pregnancy, puerperium,
and lactation. Endocr Rev,1997:18:832—72.

Gestational
Obstet

34

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Ozcan T, Kaleli B, Ozeren M, Turan C, Zorlu G.
Urinary calcium to creatinine ratio for predicting
preeclampsia. Am J Perinatol,1995:12:349-51.

Saudan PJ, Shaw L, Brown MA. Urinary
calcium/creatinine ratio as a predictor of preeclampsia.
Am J Hypertens,1998:11:839-43.

Munge AM, Satia MN. Urinary calcium to creatinine
ratio to predict preeclampsia and use of calcium
supplementation to prevent preeclampsia. Int J Reprod
Contracept Obstet Gynecol,2016:5:1380-5.

Solanki G, Agrawal S, Dora AK. Evaluation of urinary
calcium to creatinine ratio as a predictor of
preeclampsia. Int J Reprod Contracept Obstet
Gynecol,2019:8:1934-8.

Tejaswi MS, Kanthi Mangala J, Vinya P, Bhaskaran R.
Urine calcium-creatinine ratio in prediction of pre-
eclampsia. J Obstet Gynaecol India,2023:73:51-6.
Hagras AM, Abdelazim 1A, Elhamamy N. The
accuracy of the calcium-creatinine ratio in a spot urine
sample for predicting preeclampsia. Prz
Menopauzalny,2022:21:191-6.

Banwal N. Role of urinary calcium creatinine ratio in
pregnancy induced hypertension at Rajkiya Mabhila
Chikitsalaya, Jawahar Lal Nehru Medical College,
Ajmer. Dissertation. Rajasthan University of Health
Sciences, 2025.

Khedagi AM, Bello NA. Hypertensive disorders of
pregnancy. Cardiol Clin,2021:39:77-90.

Uzan J, Carbonnel M, Piconne O, Asmar R, Ayoubi
JM. Pre-eclampsia: pathophysiology, diagnosis, and
management. Vasc Health Risk Manag,2011:7:467-74.
Khan KS, Wojdyla D, Say L, Gilmezoglu AM, Van
Look PF. WHO analysis of causes of maternal death: a
systematic review. Lancet,2006:367:1066—74.
Hutcheon JA, Lisonkova S, Joseph KS. Epidemiology
of pre-eclampsia and the other hypertensive disorders
of pregnancy. Best Pract Res Clin Obstet
Gynaecol,2011:25:391-403.

Sheela CN, Beena SR, Mhaskar A. Calcium-creatinine
ratio and microalbuminuria in  prediction of
preeclampsia. J Obstet Gynaecol India,2011:61:72-6.
Ibrahimi L, Pacarada M, Hoxha SL, Bimbashi A, Ibishi
VA. Role of calcium/creatinine ratio in urine compared
with  proteinuria and uric acid in predicting
preeclampsia: a study from Kosovo. Med Sci Monit
Basic Res,2021:27: 929845-1-€929845-7.

Jagu L, Orugbo VP, Okonta P. A cohort study on use of
the spot urine calcium-creatinine ratio for prediction of
antepartum preeclampsia among high-risk pregnant
women in Delta State, Nigeria. J Surg
Med,2022:6:693-9.



