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Abstract

BACKGROUND—The World Health Organization recommends 1500 to 2000 mg of calcium
daily as supplementation, divided into three doses, for pregnant persons in populations with low
dietary calcium intake in order to reduce the risk of preeclampsia. The complexity of the dosing
scheme, however, has led to implementation barriers.

METHODS—We conducted two independent randomized trials of calcium supplementation, in
India and Tanzania, to assess the noninferiority of a 500-mg daily dose to a 1500-mg daily dose of
calcium supplementation. In each trial, the two primary outcomes were preeclampsia and preterm
birth, and the noninferiority margins for the relative risks were 1.54 and 1.16, respectively.

RESULTS—A total of 11,000 nulliparous pregnant women were included in each trial. The
cumulative incidence of preeclampsia was 3.0% in the 500-mg group and 3.6% in the 1500-mg
group in the India trial (relative risk, 0.84; 95% confidence interval [CI], 0.68 to 1.03) and 3.0%
and 2.7%, respectively, in the Tanzania trial (relative risk, 1.10; 95% ClI, 0.88 to 1.36) — findings
consistent with the noninferiority of the lower dose in both trials. The percentage of live births that
were preterm was 11.4% in the 500-mg group and 12.8% in the 1500-mg group in the India trial
(relative risk, 0.89; 95% ClI, 0.80 to 0.98), which was within the noninferiority margin of 1.16; in
the Tanzania trial, the respective percentages were 10.4% and 9.7% (relative risk, 1.07; 95% ClI,
0.95 to 1.21), which exceeded the noninferiority margin.

CONCLUSIONS—In these two trials, low-dose calcium supplementation was noninferior to
high-dose calcium supplementation with respect to the risk of preeclampsia. It was noninferior
with respect to the risk of preterm live birth in the trial in India but not in the trial in Tanzania.
(Funded by the Bill and Melinda Gates Foundation and others; ClinicalTrials.gov number,
NCT03350516; Clinical Trials Registry—India number, CTR1/2018/02/012119; and Tanzania
Medicines and Medical Devices Authority Trials Registry number, TFDA0018/CTR/0010/5).
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HYPERTENSIVE DISORDERS OF PREGnancy, which include preeclampsia, complicate 2
to 8% of pregnancies and are estimated to cause 45,000 maternal deaths annually.12 These
disorders are also associated with an increased risk of preterm birth, the leading cause of
death among children worldwide.3# Therefore, the implementation of effective strategies

to prevent hypertensive disorders of pregnancy and preterm birth will be essential for
countries to reach the maternal and child mortality targets of the United Nations Sustainable
Development Goals by 2030.

Calcium supplementation in pregnancy has been recommended by the World Health
Organization (WHO) since 2011 to reduce the risk of preeclampsia in populations with low
dietary calcium intake.>6 In placebo-controlled trials, high-dose calcium supplementation
of at least 1000 mg per day reduced the risk of preeclampsia by more than half and the

risk of preterm birth by 24%; the reduction in the risk of preeclampsia appeared to be
greater in trials that had been conducted in populations with low-calcium diets.” On the
basis of this evidence, the WHO has recommended calcium supplementation of 1500 to
2000 mg per day, divided into three doses, taken a few hours apart from iron—folic acid
supplements.® In more than a decade since the 2011 recommendation, only a few countries
have implemented routine high-dose calcium supplementation in pregnancy, mainly owing
to adherence concerns and high programmatic costs associated with the complex dosing
scheme.8 Trials of low-dose calcium supplementation of less than 1000 mg per day

in pregnancy, most of which evaluated a single 500-mg calcium supplement per day as
compared with placebo and have had relatively small sample sizes, have generally shown a
magnitude of reduction in the risks of preeclampsia and preterm birth similar to that seen in
the trials of high-dose supplementation.’

We hypothesized that low-dose calcium supplementation in pregnancy may be as efficacious
as high-dose supplementation with respect to the incidence of preeclampsia and preterm
birth. We conducted two randomized, noninferiority trials to compare the efficacy of 500 mg
of calcium supplementation per day with 1500 mg per day in India and Tanzania.

METHODS
TRIAL DESIGNS

We conducted two independent, individually randomized, parallel-group, double-blind,
noninferiority trials of low-dose calcium supplementation as compared with high-dose
calcium supplementation in nulliparous pregnant women in India and Tanzania. The trials
were designed to have similar interventions, methods, and outcome definitions but were
independently powered and were planned to be analyzed separately. The methods for the
trials have been published previously.19 The third, fifth, and last authors vouch for the
accuracy and completeness of the data and for fidelity of the trial to the protocol, which is
available with the full text of this article at NEJM.org.

Participants were enrolled at health clinics in Bangalore, India, and in Dar es Salaam,
Tanzania. Participants were adult (=18 years of age) nulliparous pregnant women who were
at less than 20 weeks’ gestation (according to the date of the last menstrual period), who
intended to stay in the trial area until 6 weeks post partum, and who provided written
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informed consent. Women were excluded from enrollment if they had a history, signs,

or symptoms of nephrolithiasis; had a history of parathyroid disorder or had undergone
thyroidectomy; or had a disease for which digoxin, phenytoin, or tetracycline therapy was
indicated.

INTERVENTIONS

Participants in India and Tanzania were randomly assigned to receive either 500 mg or

1500 mg of elemental calcium supplementation to be taken orally each day until delivery.
The 500-mg calcium supplementation group received one tablet that contained 500 mg of
elemental calcium as calcium carbonate and two placebo tablets each day, and the 1500-mg
calcium supplementation group received three 500-mg tablets each day. In India, vitamin D3
is recommended to be taken with calcium supplements, and therefore the two groups in the
India trial also received 250 IU of vitamin D3 per day.}! There was no vitamin D3 added to
the tablets in the Tanzania trial.

In each trial, pregnant participants received a 35-day supply of tablets in blister packs at
each trial visit. The blister packs contained a 7-day supply of the trial tablets, with columns
indicating the tablet to be taken in the morning, midday, and evening. Blister packs were
delivered to the homes of pregnant participants who could not attend follow-up visits at trial
clinics. Adherence was assessed by means of pill counts. Influx Healthcare (in Maharashtra,
India) manufactured the tablets for both trials. The company was paid full price for the
tablets and had no role in the trial design, data collection, the interpretation of the results, or
the writing of the manuscript.

RANDOMIZATION AND BLINDING

Randomization procedures were independently conducted in the India and Tanzania trials.
The assignment sequence for each trial was generated by a statistician not otherwise
involved in the trial by means of a computer-generated list of participant identification
numbers with block randomization, stratified according to trial clinic. At the randomization
visit, participants were assigned the next available participant identification number, which
corresponded to a set of prelabeled blister packs. All the calcium and placebo tablets were
identical in appearance, taste, and smell and were packaged in indistinguishable blister
packs. The codes linking participant identification numbers with the randomly assigned
calcium supplementation groups were broken after the blinded analyses were conducted.

DATA COLLECTION AND OUTCOMES

Participants had follow-up clinic visits each month during pregnancy, at delivery, and at 6
weeks post partum. Pregnant participants’ baseline dietary intake was assessed by means
of an open-ended 24-hour diet recall. Pregnant participants had a finger-prick blood sample
obtained at the time of randomization and at 32 weeks’ gestation to assess hemoglobin
concentrations.

The primary efficacy outcomes were preeclampsia and preterm birth. Preeclampsia
was defined as the meeting of at least one of the following criteria from 20 weeks’
gestation to delivery: gestational hypertension and proteinuria among participants without
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chronic hypertension, gestational proteinuria among participants with chronic hypertension
(superimposed preeclampsia), clinical diagnosis of preeclampsia, or the development of
preeclampsia with severe features with or without proteinuria.1213 Blood pressure was
assessed at each trial visit by means of digital blood-pressure monitors. Dipsticks were used
to assess the presence of protein in urine samples at each pregnancy visit and at delivery.
Among patients without chronic hypertension, gestational hypertension was defined as a
systolic blood pressure of at least 140mm Hg or a diastolic blood pressure of at least
90mm Hg as measured on two occasions at least 1hour apart or as severe hypertension
with a systolic blood pressure of at least 160 mm Hg or a diastolic blood pressure of at
least 110 mm Hg as measured on two occasions at least 1 minute apart in pregnancy or

as measured on one occasion during the time of labor or delivery. Proteinuria was defined
as a dipstick reading of at least 1+. Preeclampsia with severe features was defined as

the presence of severe gestational hypertension (with or without proteinuria), eclampsia,
end-organ dysfunction, clinical diagnosis of the HELLP (hemolysis, elevated liver-enzyme
levels, and low platelet count) syndrome, the development of pulmonary edema, or new-
onset central nervous system or visual symptoms.

Preterm birth was defined as a live birth before 37 weeks’ gestation as assessed by means
of the best obstetrical estimate approach, which combined information from both the date
of the last menstrual period and ultrasonographic assessment. The menstrual date—derived
estimated date of delivery was changed to the ultrasound-derived estimated date of delivery
if the dating differed by a prespecified number of days, which varied depending on the
timing of ultrasonography. The methods for gestational-age dating in the trials have been
described in greater detail previously.1°

Secondary outcomes included gestational hypertension, preeclampsia with severe features,
pregnancy-related death, fetal death, stillbirth (at =28 weeks’ gestation), low birth

weight (<2500 g), small-for-gestational-age status at birth defined according to the
INTERGROWTH-21st standard (<10th percentile regarding size for gestational age),1* and
infant death before 42 days of age. Maternal hospitalization (excluding hospitalization for
delivery) and third-trimester severe anemia (hemoglobin concentration, <7.0 g per deciliter)
were evaluated as safety outcomes. Details of the outcome definitions are provided in Table
S1 in the Supplementary Appendix, available at NEJM.org.

STANDARD OF CARE AND ETHICS

All the participants in India and Tanzania received standard-care antenatal and postpartum
services that were aligned with the country-specific antenatal care guidelines. In India,
pregnant participants received daily supplements that contained 5 mg of folic acid during the
first trimester and then supplements that contained 60 mg of elemental iron and 0.4 mg of
folic acid during the second and third trimesters. In Tanzania, pregnant participants received
daily iron—folic acid supplements that contained 60 mg of elemental iron and 0.4 mg of folic
acid starting at the first antenatal care visit. The protocols of the trials were approved by
institutional review boards. A data and safety monitoring board oversaw the trial 10
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STATISTICAL ANALYSIS

The India and Tanzania trials were independently powered and analyzed separately.
Assuming a randomization ratio of 1:1, a one-sided test with a type | error of 0.05, and

a 10% incidence of loss to follow-up or missing outcome data, we planned to enroll
11,000 pregnant participants in each trial. The cumulative incidences of preeclampsia

and preterm birth were expected to be as low as 1.5% and 10%, respectively, in the
high-dose supplementation group. The noninferiority margins for relative risk were 1.54
for preeclampsia and 1.16 for preterm birth (see the Methods section in the Supplementary
Appendix).

The primary analyses used the intention-to-treat principle and included all the participants
who had undergone randomization and had data available for the outcome of interest.
Per-protocol analyses were also conducted for the primary outcomes (see below). All the
models included fixed effects for trial clinic to account for the stratified randomization. Our
protocol did not include a plan to adjust for the two primary efficacy outcomes in each

trial, but we applied a Bonferroni correction to account for multiplicity (one-sided alpha of
0.025). Two-sided 95% confidence intervals are presented, which have an upper boundary
equivalent to a one-sided 97.5% confidence interval.

Log-binomial models were used to estimate the relative risk of preeclampsia between

the 500-mg group and the 1500-mg group. The per-protocol analyses of preeclampsia
included pregnant participants who had more than 75% adherence to the assigned regimen
and had a birth outcome assessed at 20 weeks’ gestation or later. Sensitivity analyses
excluded participants with pregnancy loss and those who withdrew consent before 20
weeks’ gestation. Kaplan—Meier curves with gestational age as the time metric were also
constructed.

The analyses of preterm birth were restricted to live births. Generalized estimating equations
with log links and compound symmetry working correlation matrixes to account for multiple
gestations were used to estimate the relative risks of preterm birth. Per-protocol analyses

of preterm birth included live births among pregnant participants who had more than 75%
adherence to the assigned regimen. Sensitivity analyses were restricted to singleton live
births.

Log-binomial models were used to estimate relative risks for nonrepeatable secondary
maternal outcomes, and generalized estimating equations were used for secondary infant
outcomes in order to account for multiple gestations. Poisson regression models were used
to estimate incidence rate ratios for the repeatable safety event of maternal hospitalization.
Relative risks or incidence rate ratios with 95% confidence intervals are presented for all
secondary and safety outcomes and were not adjusted for multiple comparisons. Fixed-
and random-effects meta-analyses were conducted to produce pooled effect estimates. We
conducted post hoc exploratory sensitivity analyses for early-onset preeclampsia (at <34
weeks’ gestation) and for preeclampsia onset at less than 37 weeks’ gestation, as well as an
analysis of preterm birth that was restricted to participants with spontaneous birth. Statistical
analyses were performed with the use of SAS software, version 9.4 (SAS Institute).

N Engl J Med. Author manuscript; available in PMC 2024 March 08.
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PARTICIPANTS

In the India trial, from November 2018 through February 2022, we screened 33,449 women
and enrolled 11,000 pregnant participants. In the Tanzania trial, from March 2019 through
March 2022, we screened 45,186 women and enrolled 11,000 pregnant participants. The
flow diagrams for the follow-up of the pregnant participants and infants in each trial are
presented in Figure 1 and in Figures S1 and S2. Pregnancy outcomes were known for 99.5%
of the pregnancies in the India trial and for 97.9% of those in the Tanzania trial. The median
percentage adherence to calcium supplementation was 97.7% (interquartile range, 93.2 to
99.2) in the India trial and 92.3% (interquartile range, 82.7 to 97.1) in the Tanzania trial.

The characteristics of the participants at baseline were generally well-balanced between
the groups in each trial (Table 1). In both trials, most of the pregnant participants were
between 18 and 24 years of age and had normal blood pressure at baseline. The percentage
of the participants with a baseline dietary calcium intake of less than 800 mg per day was
approximately 87% in India and 67% in Tanzania.

PRIMARY OUTCOMES

In the India trial, the cumulative incidence of preeclampsia was 3.0% in the 500-mg group
and 3.6% in the 1500-mg group (relative risk, 0.84; 95% confidence interval [CI], 0.68

to 1.03); in the Tanzania trial, the cumulative incidence of preeclampsia was 3.0% in the
500-mg group and 2.7% in the 1500-mg group (relative risk, 1.10; 95% CI, 0.88 to 1.36)
(Table 2). In both trials, the 500-mg dose of calcium was shown to be noninferior to the
1500-mg dose with regard to the risk of preeclampsia. Kaplan—Meier curves for the timing
of preeclampsia are shown in Figures S3 and S4. In sensitivity analyses, there were no
between-group differences in the incidence of early-onset preeclampsia at less than 34
weeks’ gestation or of preeclampsia onset at less than 37 weeks’ gestation (Table S2).

The incidence of preterm birth in the India trial was 11.4% in the 500-mg group and 12.8%
in the 1500-mg group (relative risk, 0.89; 95% CI, 0.80 to 0.98); the incidence in the
Tanzania trial was 10.4% in the 500-mg group and 9.7% in the 1500-mg group (relative risk,
1.07; 95% ClI, 0.95 to 1.21). The findings were consistent with noninferiority in the India
trial but not in the Tanzania trial.

Results of the per-protocol analyses, sensitivity analyses, and analyses with adjustment for
potential baseline imbalance were similar to the primary analyses in each trial (Table 2 and
Tables S3 and S4). There were no apparent between-group differences in the incidence of
preterm birth in post hoc sensitivity analyses that were restricted to spontaneous births.

SECONDARY AND SAFETY OUTCOMES

Results of the secondary and safety outcomes in the two trials are shown in Table 3. There
was no evidence favoring the 1500-mg group over the 500-mg group with regard to the
secondary or safety outcomes in either trial.

N Engl J Med. Author manuscript; available in PMC 2024 March 08.
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META-ANALYSES

Fixed- and random-effects meta-analyses of the outcomes in the two trials did not indicate
a difference between the 500-mg group and 1500-mg group with regard to the risks of
preeclampsia, preterm birth, and the secondary and safety outcomes. Details are provided in
Figures S5 through S15.

DISCUSSION

In two large, randomized trials conducted in India and Tanzania, each of which enrolled
11,000 nulliparous pregnant participants, the use of low-dose calcium supplementation at a
dose of 500 mg per day was noninferior to standard high-dose supplementation of 1500 mg
per day with respect to the incidence of preeclampsia. For preterm birth, the use of low-dose
calcium supplementation was noninferior in the India trial but did not show noninferiority
in the Tanzania trial. Meta-analyses of data from the two trials were consistent, with

no material difference between low-dose and high-dose supplementation for the primary,
secondary, and safety outcomes.

Calcium supplementation may lower blood pressure by reducing parathyroid hormone
release and intracellular calcium, resulting in reduced vascular smooth-muscle
contractility.1> By means of a similar mechanism, calcium supplementation could

also reduce uterine smooth-muscle contractility and prevent preterm labor.16:17 Placebo-
controlled trials that evaluated high-dose calcium supplementation regimens at doses of
1500 to 2000 mg per day informed the WHO guidelines.” Our two trials showed that
low-dose supplementation with 500 mg of calcium per day was noninferior to high-dose
supplementation for the prevention of preeclampsia. A review of diet studies suggests that
pregnant populations in low- and middle-income countries have a mean calcium intake of
approximately 600 mg per day.18 In these contexts, and in our trial populations, which
had a median intake of approximately 400 mg per day, an additional 500-mg calcium
supplement would fill the nutrient gap for most pregnant persons.1® There is also limited
evidence that calcium supplementation before conception and in early pregnancy may
provide greater beneficial effects on preeclampsia than supplementation initiated after 20
weeks’ gestation.20 In our trials, only approximately one third of the participants started
calcium supplementation in the first trimester of pregnancy. Furthermore, the benefit of
coadministration of calcium supplements with vitamin D, aspirin, or other cointerventions
for the prevention of preeclampsia remains unclear.?!

We found that low-dose calcium supplementation was noninferior to high-dose
supplementation for preterm birth in the India trial; however, this was not the case in

the Tanzania trial, in which the upper boundary of the confidence interval crossed the
noninferiority margin. In the Tanzania trial, the risk of preterm birth in the 1500-mg group
was slightly less than predicted in the power calculations, and therefore the confidence
intervals were somewhat wider than expected.

The high-dose calcium supplementation regimen that is currently recommended by the
WHO requires pregnant populations with low dietary calcium intake to take four nutritional
supplements per day (calcium three times daily plus a daily iron—folic acid or multivitamin

N Engl J Med. Author manuscript; available in PMC 2024 March 08.
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supplement); adherence to taking a drug or supplement decreases as the number of doses
per day increases.?2 Fewer supplements per day may also make it easier to take iron—folic
acid and calcium tablets at different times. Furthermore, the cost of a three-tablet calcium
supplementation regimen per pregnancy is estimated to be $11.50, which far exceeds the
approximate $1 cost per pregnancy for iron—folic acid supplementation.® The 500-mg dose
that we studied as a comparator reduces the pill burden and would be expected to reduce
program costs.

Our trials have some limitations. The two trials used the best obstetrical estimate for
gestational age on the basis of the reported last menstrual period and fetal ultrasonography;
however, we cannot rule out some measurement error and misclassification for preterm birth.
We also assessed participant dietary intake with the 24-hour diet recall method, which is
prone to measurement error owing to day-to-day variation in diets.23 However, the dietary
data support the assumption that the trials were conducted in populations with low dietary
calcium intake. Given the noninferiority focus of the trials and ethics considerations, we did
not include a placebo group and cannot compare outcome risks with regard to no calcium
supplementation. Our trials also enrolled only nulliparous pregnant women owing to their
increased risk of preeclampsia.?4 As a result, the trial populations generally included young
participants who had a low risk of chronic hypertension. Therefore, care should be taken
when considering the generalizability of our findings to other pregnant populations. The
representativeness of the trial participants is shown in Table S5.

Overall, our findings in these two trials showed that low-dose calcium supplementation
in pregnancy was noninferior to high-dose supplementation with respect to the risk of
preeclampsia. The trial in India, but not the one in Tanzania, showed that low-dose
supplementation was noninferior to high-dose supplementation with respect to the risk of
preterm birth.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A India

33,449 Women were contacted

for recruitment

11,000 Underwent randomization

22,449 Were ineligible

11,242 Were multiparous

26 Were <18 yr of age
214 Were not pregnant

9,516 Had fetal gestation
>20 wk
1,094 Were not planning
to reside in trial
area for 1 yr
17 Had disease for
which digoxin,
phenytoin, or tetra-
cycline therapy was
indicated
24 Had history, signs,
or symptoms of
kidney stones
6 Had received pre-
vious diagnosis of
parathyroid disorder
or undergone thy-
roidectomy
310 Did not give consent

5497 Were assigned to
receive calcium, 500 mg

5503 Were assigned to
receive calcium, 1500 mg

1 Was found not to be
pregnant
24 Withdrew consent

B Tanzania

45,186 Women were contacted

for recruitment

34,186 Were ineligible

11,000 Underwent randomization

625 Were <18 yr of age
107 Were not pregnant
24,953 Were multiparous
6,777 Had fetal gestation
>20 wk
1,217 Were not planning
to reside in trial
area for 1yr
74 Had disease for
which digoxin,
phenytoin, or tetra-
cycline therapy was
indicated
23 Had history, signs,
or symptoms of
kidney stones
28 Had received pre-
vious diagnosis of
parathyroid disorder
or undergone thy-
roidectomy
382 Did not give consent

5503 Were assigned to
receive calcium, 500 mg

5497 Were assigned to
receive calcium, 1500 mg

3 Were found not to be
pregnant
98 Withdrew consent
1 Died in pregnancy
9 Were lost to follow-up

—>=| 105 Withdrew consent

5 Were found not to be
pregnant

2 Died in pregnancy
13 Were lost to follow-up

5472 Women had a known

pregnancy outcome for
5514 births

5478 Women had a known
pregnancy outcome for
5502 births

5392 Women had a known

pregnancy outcome for

5372 Women had a known
pregnancy outcome for

35 Outcomes were med-
ically induced abortion
(35 singletons)
284 Fetuses died (279
singletons, 5 twins)

32 Outcomes were med-
ically induced abortion
(32 singletons)
277 Fetuses died (273

3 Outcomes were med-
ically induced abortion
(3 singletons)

5474 births 5474 births
2 Outcomes were med-
ically induced abortion
U | (2 ssingletons)

391 Fetuses died (364

singletons, 4 twins)

362 Fetuses died (343

5195 Infants were born
alive (5116 singletons,
79 twins)

5193 Infants were born
alive (5149 singletons,
44 twins)

19 twins)

singletons, 27 twins)

5109 Infants were born
alive (4964 singletons,
145 twins)

5081 Infants were born
alive (4905 singletons,
173 twins, 3 triplets)

——==| 15 Died at <42 days of age

6 Were lost to follow-up
84 Died at <42 days of age

5170 Infants completed
the trial and were alive

at 42 days of age

5178 Infants completed
the trial and were alive
at 42 days of age

5019 Infants completed
the trial and were alive
at 42 days of age

4978 Infants completed
the trial and were alive
at 42 days of age

Figure 1. Follow-up of the Pregnant Women and Infantsin the India and Tanzania Trials.
In each trial, 11,000 nulliparous pregnant women were enrolled. The total number of births

was greater than the number of women with pregnancy outcomes owing to multiple births
(including twins and triplets).
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