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BSTRACT

 

Background

 

Previous trials have suggested that
calcium supplementation during pregnancy may re-
duce the risk of preeclampsia. However, differences
in study design and a low dietary calcium intake in
the populations studied limit acceptance of the data.

 

Methods

 

We randomly assigned 4589 healthy nul-
liparous women who were 13 to 21 weeks pregnant
to receive daily treatment with either 2 g of elemental
calcium or placebo for the remainder of their preg-
nancies. Surveillance for preeclampsia was conduct-
ed by personnel unaware of treatment-group assign-
ments, using standardized measurements of blood
pressure and urinary protein excretion at uniformly
scheduled prenatal visits, protocols for monitoring
these measurements during the hospitalization for
delivery, and reviews of medical records of unsched-
uled outpatient visits and all hospitalizations.

 

Results

 

Calcium supplementation did not signifi-
cantly reduce the incidence or severity of preeclamp-
sia or delay its onset. Preeclampsia occurred in 158
of the 2295 women in the calcium group (6.9 percent)
and 168 of the 2294 women in the placebo group (7.3
percent) (relative risk, 0.94; 95 percent confidence
interval, 0.76 to 1.16). There were no significant dif-
ferences between the two groups in the prevalence
of pregnancy-associated hypertension without pre-
eclampsia (15.3 percent vs. 17.3 percent) or of all hy-
pertensive disorders (22.2 percent vs. 24.6 percent).
The mean systolic and diastolic blood pressures dur-
ing pregnancy were similar in both groups. Calcium
did not reduce the numbers of preterm deliveries,
small-for-gestational-age births, or fetal and neona-
tal deaths; nor did it increase urolithiasis during preg-
nancy.

 

Conclusions

 

Calcium supplementation during preg-
nancy did not prevent preeclampsia, pregnancy-asso-
ciated hypertension, or adverse perinatal outcomes
in healthy nulliparous women. (N Engl J Med 1997;
337:69-76.)
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BOUT 5 percent of all pregnant women
have preeclampsia, defined as hyperten-
sion and proteinuria beginning during
the second half of gestation.

 

1

 

 Preeclamp-
sia is a leading cause of maternal death throughout
the world and is accompanied by substantial perina-
tal morbidity and mortality.

 

2

 

 The search for an ef-
fective preventive therapy has therefore been a major
focus of obstetrical investigation.

The results of 13 clinical trials

 

3-15

 

 and several
meta-analyses

 

16-20

 

 have suggested that calcium sup-
plementation reduces the incidence of preeclampsia.
Critical review of these reports, however, reveals im-
portant differences in study design that limit accept-
ance of these past trials.

 

17,19,21,22

 

 Many were conduct-
ed in countries where, unlike the United States, the
usual diet contains little calcium.

 

3-5,7-9,11,14

 

 In response
to the need for a more definitive evaluation of calci-

A
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um supplementation to prevent preeclampsia in the
United States, the Calcium for Preeclampsia Preven-
tion (CPEP) trial was undertaken at five U.S. medi-
cal centers.

 

METHODS

 

Subjects

 

The study protocol was approved by the institutional review
boards at the five participating medical centers, and all the wom-
en gave written informed consent.

We assembled the potential study cohort by screening nullipa-
rous women who were 11 to 21 weeks pregnant to exclude those
who were taking medications or had obstetrical conditions, pre-
existing diseases, or personal characteristics that could markedly
influence the study end points, the absorption or metabolism of
calcium, any risk associated with calcium supplementation, or
compliance. To minimize the possibility of urolithiasis, we exclud-
ed women with elevated serum concentrations of creatinine
(

 

�

 

1.0 mg per deciliter [88.4 

 

m

 

mol per liter]) or calcium (

 

�

 

10.6
mg per deciliter [2.6 mmol per liter]), those with renal disease,
hematuria, or a history of urolithiasis in themselves or a first-
degree relative, and those who reported frequent use of calcium
supplements or antacids. The eligible women then underwent a
single-blind test of compliance with medication, during which
they were asked to take two placebo tablets with their morning
and evening meals for 6 to 14 days. Women were enrolled in the
trial if they took at least 75 percent of the placebo tablets during
the test, if both before and after the test their blood pressure was
134/84 mm Hg or less and a dipstick test for urinary protein was
negative or showed only a trace, and if they were 13 to 21 weeks
pregnant as determined by ultrasonography or by menstrual dates
confirmed by ultrasonography. A detailed description of the screen-
ing and selection procedures, including a complete list of exclusion
criteria, has been published previously.

 

21

 

Of 11,959 nulliparous women screened, 5703 were excluded
before the compliance test. Only about one fifth of the exclusions
were for medical reasons, most often a personal or family history
of urolithiasis. An additional 1667 women were excluded after
the compliance test. The remaining 4589 women were enrolled
in the double-blind study of calcium supplementation or placebo.
Women began treatment on the day of enrollment, which was be-
fore the 22nd week of gestation.

 

Additional Base-Line Evaluations

 

To determine whether calcium supplementation would be more
beneficial to women with lower dietary calcium intake or urinary
calcium excretion at base line, dietary intake was estimated by
means of a 24-hour dietary-recall report obtained by a specially
trained dietician or research nurse and 24-hour and first morning
urine specimens were collected for calcium and creatinine meas-
urements.

 

Medications

 

The chewable study tablets, consisting largely of cornstarch and
confectioner’s sugar, were packaged individually in blister packs.
The calcium tablets also contained 500 mg of elemental calcium
as calcium carbonate. Fifty tablets each of calcium and placebo
were selected at random for analysis. The mean calcium content
of the calcium tablets was 485 mg (range, 453 to 539). None of
the placebo tablets contained calcium (

 

�

 

30 mg). The women
were instructed to take two tablets with each of their morning
and evening meals until delivery, diagnosis of preeclampsia, or
suspicion of urolithiasis. They were also asked to drink at least six
glasses of fluid per day.

In addition, the women were given a daily prenatal supplement
(Mission Prenatal) containing 50 mg of elemental calcium, 30
mg of iron, 400 units of vitamin D

 

2

 

, and other vitamins.

 

21

 

 Ace-
taminophen tablets (Tylenol) and an antacid not containing cal-

cium (Mylanta) were dispensed as needed, but the women were
asked not to take other supplements, analgesics, or antacids.

 

Randomization

 

Packages of study tablets were prepared and numbered by the
pharmaceutical manufacturer according to a computer-generated
simple randomization sequence developed by the study statisti-
cians. The packages were then shipped to the medical centers. On
enrollment, each woman was assigned the next numbered pack-
age of medication at that center.

 

Surveillance for Hypertension and Proteinuria

 

We conducted surveillance for hypertension and proteinuria us-
ing standardized measurements of blood pressure and urinary
protein excretion at uniformly scheduled clinic visits, protocols
for monitoring these measurements during the hospitalization for
delivery, and reviews of the medical records of unscheduled out-
patient visits and all hospitalizations until 24 hours post partum.

The women were to be examined by trained staff members ev-
ery 4 weeks through the 29th week of gestation, every 2 weeks
through the 35th week, and weekly thereafter. Blood pressure was
measured with the subject in the sitting position by a certified ex-
aminer using a standard mercury sphygmomanometer according
to a published protocol

 

21

 

; two measurements were taken at least
one minute apart, and the results were averaged. Diastolic blood
pressure was determined by using the fifth Korotkoff sound un-
less a measurement was zero, in which case the fourth sound was
used. Voided urine was collected for the measurement of protein
by dipstick. Proteinuria of 

 

�

 

1

 

�

 

 (300 mg per liter) was confirmed
by testing a clean-catch, midstream sample.

 

Surveillance for Urolithiasis

 

At each clinic visit, a dipstick test for hematuria was performed
and the women were asked about flank and groin pain and symp-
toms of urinary tract infection. If urolithiasis was suspected or he-
maturia confirmed (except if caused by a urinary tract infection that
responded to therapy), renal ultrasonography was performed.

 

21

 

Assessment of Compliance

 

The women were asked to return all the dispensed blister packs
at every study visit and at the time of hospitalization for delivery.
Compliance was computed by dividing the number of tablets re-
moved from the returned blister packs by the total number of pre-
scribed tablets.

 

Definitions of Outcomes

 

Pregnancy-associated hypertension was defined as a diastolic
blood pressure of 90 mm Hg or greater on two occasions 4 to
168 hours (one week) apart. Severe pregnancy-associated hyper-
tension was defined as a diastolic blood pressure of 110 mm Hg
or greater on two occasions 4 to 168 hours apart, or on one oc-
casion if the woman had received antihypertensive therapy. Severe
pregnancy-associated hypertension was also diagnosed when preg-
nancy-associated hypertension was complicated by otherwise un-
explained oliguria (

 

�

 

400 ml of urine per 24 hours), pulmonary
edema, or thrombocytopenia (two platelet counts 

 

�

 

100,000 per
cubic millimeter).

Pregnancy-associated proteinuria was defined as any of the fol-
lowing: 

 

�

 

300 mg of protein in a 24-hour urine sample, two urine
specimens obtained 4 to 168 hours apart containing 

 

�

 

1

 

�

 

 protein
as measured by dipstick, or a single urine specimen with a ratio
of protein to creatinine (both measured in milligrams) of 

 

�

 

0.35
or containing 

 

�

 

2

 

�

 

 protein as measured by dipstick. Catheterized
specimens were required after membrane rupture or in the pres-
ence of vaginitis. Severe pregnancy-associated proteinuria was di-
agnosed if a 24-hour urine sample contained 

 

�

 

3.5 g protein or
if two urine specimens obtained 4 to 168 hours apart contained

 

�

 

3

 

�

 

 protein (3000 mg per liter) as measured by dipstick. All other
pregnancy-associated proteinuria was termed mild.
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Preeclampsia was defined as pregnancy-associated hypertension
and pregnancy-associated proteinuria occurring within seven days
of each other. This period was selected to avoid the diagnosis of
preeclampsia in women with hypertension at term but proteinuria
(often from urinary tract infections) at a time remote from term.
Eclampsia was diagnosed when a woman with pregnancy-associ-
ated hypertension had a seizure without any other known cause.
The HELLP syndrome (hemolysis, elevated liver enzymes, and
low platelet counts) was defined as the presence of pregnancy-
associated hypertension with two or more platelet counts of less
than 100,000 per cubic millimeter, a serum aspartate aminotrans-
ferase concentration 

 

�

 

70 U per liter, and a serum lactate dehy-
drogenase concentration 

 

�

 

600 U per liter, a serum total bilirubin
concentration 

 

�

 

1.2 mg per deciliter (20.5 

 

m

 

mol per liter), or a
peripheral-blood smear with nucleated red cells or schistocytes.
Severe preeclampsia was defined as preeclampsia with either severe
pregnancy-associated hypertension or severe pregnancy-associated
proteinuria, or as eclampsia or the HELLP syndrome with or with-
out proteinuria.

Infants small for gestational age were defined as those whose
birth weights were below the 10th percentile according to the
standards of Brenner et al.

 

23

 

 Neonatal hypocalcemia was defined
as serum total calcium of less than 8.0 mg per deciliter (2.0 mmol
per liter), or less than 7.0 mg per deciliter (1.7 mmol per liter) for
infants of less than 37 weeks’ gestation.

Urolithiasis was confirmed if a stone was recovered or seen on
renal ultrasonography, radiography, computed tomography, or
magnetic resonance imaging. Urolithiasis was suspected if the wom-
an had hematuria and severe flank pain in the absence of pyuria, fe-
ver, and leukocytosis.

 

Nested Case–Control Studies of Urinary Calcium 
Excretion

 

Urinary calcium was measured by flame atomic absorption spec-
trophotometry.

 

24

 

 Urinary creatinine was measured in a modified
kinetic Jaffé reaction.

 

25,26

 

To determine whether calcium supplementation provided a
greater benefit to women with lower urinary calcium excretion,
nested case–control studies of base-line urinary calcium excretion
were conducted in women with adequate first morning and 24-
hour urine specimens. For each woman with preeclampsia, four
women without hypertensive or proteinuric end points were ran-
domly selected, matched for clinical center and the presence of a
24-hour urine sample that appeared to be adequate; an adequate
sample was defined initially as one that had no visible blood and,
for 24-hour specimens, no reported missing voids and a volume
of at least 400 ml. Creatinine was then measured in the urine
sample; if the value was 15 mg (132 

 

m

 

mol) or more per kilogram
of body weight, the sample was confirmed as being adequate.

 

Statistical Analysis

 

All the women randomly assigned to treatment were included
in the primary analysis regardless of their follow-up status or com-
pliance with treatment. Comparisons between the calcium and
placebo groups for outcomes with discrete categories were per-
formed by using a two-sided Mantel–Haenszel or Fisher’s exact
test at the 0.05 level. Risk ratios and 95 percent confidence in-
tervals were estimated by the Mantel–Haenszel procedure.

 

27

 

Differences in blood pressure between the groups during weeks
20 to 40 of gestation were evaluated by a repeated-measures anal-
ysis after adjustment for base-line differences and the correlation
of observations of the same woman.

 

28

 

 Differences in the length
of time until the onset of preeclampsia were assessed by life-table
methods and the log-rank test.

 

29

 

RESULTS

 

Of 4589 women enrolled in the trial, 2295 were
assigned to receive calcium and 2294 to receive pla-
cebo. The demographic and clinical characteristics

of the women in the two groups were similar (Table
1). Two hundred fifty-three women (5.5 percent)
were lost to follow-up: 132 in the calcium group
and 121 in the placebo group.

 

Compliance

 

The numbers of completed and missed study vis-
its, unscheduled outpatient visits, and hospitaliza-
tions were similar in the two groups. Compliance
with medication averaged 64 percent in the calci-
um group and 67 percent in the placebo group
(P

 

�

 

0.001). The median daily consumption of calci-
um from all sources in the calcium group (base-line
dietary intake plus supplemental calcium actually
taken) was more than twice that in the placebo group
(2369 vs. 982 mg).

 

Incidence of Hypertensive Disorders and Proteinuria

 

The frequency of hypertensive disorders and pro-
teinuria in each treatment group is shown in Table
2. The incidence of preeclampsia was 6.9 percent in
the calcium group and 7.3 percent in the placebo
group (relative risk, 0.94; 95 percent confidence in-
terval, 0.76 to 1.16). There were no statistically sig-

 

*Plus–minus values are means 

 

�

 

SD.

†Body-mass index is the weight in kilograms divided by the square of
the height in meters.

‡The races of six women in each treatment group were not known.

§The category includes calcium from prenatal vitamins and supplements.

¶P

 

�

 

0.05 for the comparison with the calcium group.

 

T

 

ABLE

 

 1.

 

 C

 

HARACTERISTICS

 

 

 

OF

 

 

 

THE

 

 N

 

ULLIPAROUS

 

 P

 

REGNANT

 

 
W

 

OMEN

 

 

 

AT

 

 E

 

NROLLMENT

 

, A

 

CCORDING

 

 

 

TO

 

 T

 

REATMENT

 

 G

 

ROUP

 

.*

 

C

 

HARACTERISTIC

 

C

 

ALCIUM

 

 G

 

ROUP

 

(N

 

�

 

2295)
P

 

LACEBO

 

 G

 

ROUP

 

(N

 

�

 

2294)

 

Age (yr) 21

 

�

 

4 21

 

�

 

4

Height (cm) 162

 

�

 

7 162

 

�

 

7

Weight (kg) 68

 

�

 

17 68

 

�

 

17

Body-mass index† 26�6 26�6

Upper-arm circumference (cm) 28�4 27�5

Blood pressure (mm Hg)
Systolic
Diastolic

106.4�8.7
59.6�8.0

106.6�8.8
59.8�7.6

Week of gestation 17.2�2.5 17.1�2.5

Previous abortion (%) 25 25

Race (%)
White non-Hispanic
White Hispanic
Black, including black Hispanic

35
16
46

35
18
44

Other or unknown‡ 2 2

Current smoker (%) 12 12

Daily calcium intake (mg)§ 1113�691 1135�675

Highest grade of school completed 12�2 12�2

Private health insurance (%) 11 10

Never married (%) 77 77

Medication taken during compli-
ance test (% of tablets)

94 93¶
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nificant differences between the groups in the inci-
dence of pregnancy-associated hypertension without
preeclampsia, pregnancy-associated proteinuria with-
out hypertension, or all hypertensive disorders.
Moreover, significant differences between the treat-
ment groups were not detected when preeclampsia
and pregnancy-associated hypertension without pre-
eclampsia were examined within categories of sever-
ity (Table 2), at individual medical centers, or among
white Hispanic, white non-Hispanic, or black (in-
cluding black Hispanic) women (data not shown).
The HELLP syndrome and eclampsia were not less
frequent in the calcium group; there were seven and
four cases, respectively, as compared with two and
four in the placebo group.

The relative risks of preeclampsia (Fig. 1) and
of pregnancy-associated hypertension without pre-
eclampsia (data not shown) did not differ according
to the quintile of base-line dietary calcium intake,
the level of compliance with medication, or the age
stratum, and the results of tests for interaction be-
tween the treatment group and each of these risk
factors were not significant. Similarly, stratified anal-
yses did not indicate a greater benefit from calcium
supplementation with shorter duration of gestation
at enrollment. Odds ratios for the occurrence of pre-
eclampsia in the treatment groups did not differ ac-
cording to whether the woman’s base-line 24-hour

urinary calcium excretion or ratio of urinary calcium
to creatinine in the first morning urine was above or
below the median (212 mg [5.3 mmol] or a ratio of
0.153 with measurements in milligrams [0.4327 with
measurements in millimoles]) or above or below the
median ratio of a previous study (0.22 with meas-
urements in milligrams [0.62 with measurements in
millimoles]).11 There was no significant difference
between treatment groups in duration of gestation
at the onset of preeclampsia.

Blood pressures at scheduled clinic visits are
shown according to the duration of gestation in
Figure 2. The mean systolic blood pressure during
weeks 20 to 40 of gestation was slightly, but not sig-
nificantly, lower in the calcium group (by 0.3 mm Hg;
95 percent confidence interval, 0.7 mm Hg lower to
0.1 mm Hg higher). The diastolic pressure, however,
was minimally higher in the calcium group (by 0.03
mm Hg; 95 percent confidence interval, 0.3 mm Hg
lower to 0.4 mm Hg higher).

Obstetrical Complications and Perinatal Outcomes

There were no significant differences between the
groups in important obstetrical complications (Table
3) or perinatal outcomes (Table 4). Neither urolithi-
asis during pregnancy nor neonatal hypocalcemia
was significantly increased in the calcium group.

DISCUSSION

In this study, supplementation with 2 g of calcium
daily did not reduce the incidence or severity of pre-
eclampsia or delay its onset, nor did it reduce the in-
cidence of pregnancy-associated hypertension with-
out preeclampsia. When the analyses were stratified
according to compliance, there was no effect on pre-
eclampsia or on pregnancy-associated hypertension
without preeclampsia, even among the women who
were most compliant with treatment. Blood pres-
sures during pregnancy were similar in the treatment
groups, as was consistent with the absence of any ef-
fect on preeclampsia or pregnancy-associated hyper-
tension.

Calcium supplementation might be expected to
be of greater benefit to women with lower intakes of
dietary calcium. In one trial, a low ratio of urinary
calcium to creatinine in the first morning urine at
the time of enrollment, which could reflect a low di-
etary intake, was a predictor of benefit.11 However,
we detected no benefit in women with low base-line
24-hour urinary calcium excretion or low ratios of
urinary calcium to creatinine in the first morning
urine. Nor was there any benefit among women
whose base-line dietary calcium intakes were in the
lowest quintile and whose median daily intake of
422 mg was similar to or less than that reported for
women in many developing countries.7,8,11 The bio-
logic demand for calcium during pregnancy is great-
est during adolescence, when calcium is needed for

*The table includes all the women randomly assigned to a treatment
group.

†The relative risks are those for a woman in the calcium group as com-
pared with a woman in the placebo group. CI denotes confidence interval.

‡This category includes 9 and 10 women in the calcium and placebo
groups, respectively, who had pregnancy-associated hypertension and preg-
nancy-associated proteinuria, but not preeclampsia, since the events did not
occur within a week of each other.

TABLE 2. INCIDENCE OF HYPERTENSIVE DISORDERS 
AND PROTEINURIA DURING PREGNANCY, ACCORDING TO 

TREATMENT GROUP.*

CONDITION

CALCIUM 
GROUP

(N�2295)
PLACEBO GROUP

(N �2294)
RELATIVE RISK

(95% CI)†

no. (%)

Preeclampsia
Mild
Severe

158 (6.9)
108 (4.7)
50 (2.2)

168 (7.3)
109 (4.8)
59 (2.6)

0.94 (0.76–1.16)
0.99 (0.76–1.28)
0.85 (0.58–1.23)

Pregnancy-associated 
hypertension with-
out preeclampsia‡

Mild
Severe

351 (15.3)

335 (14.6)
16 (0.7)

397 (17.3)

381 (16.6)
16 (0.7)

0.88 (0.78–1.01)

0.88 (0.77–1.01)
1.00 (0.50–1.99)

All hypertensive 
disorders

509 (22.2) 565 (24.6) 0.90 (0.81–1.00)

Pregnancy-associated 
proteinuria with-
out pregnancy-
associated hyper-
tension

77 (3.4) 76 (3.3) 1.01 (0.74–1.38)
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both maternal and fetal growth. The youngest wom-
en, therefore, might be expected to derive the great-
est benefit from calcium supplementation. Never-
theless, we found no benefit in 12-to-16-year-olds.

It has been suggested that calcium supplementa-
tion might also reduce the incidence of preterm de-
liveries, cesarean deliveries, births of infants small
for their gestational ages, and perinatal deaths.18,20

These beneficial consequences would be due in part
to the prevention of preeclampsia and pregnancy-
associated hypertension but could theoretically also

result from direct effects on uterine smooth muscle
to reduce contractility and prevent preterm labor.10

We found no reduction in obstetrical complications
or adverse perinatal outcomes among women as-
signed to receive calcium supplementation.

Urinary calcium excretion rises in normal pregnant
women because of increased intestinal absorption.30

The addition of 2 g of calcium to the diet, therefore,
could further increase urinary calcium excretion and
thus the risk of renal calculi.31 We did not find an in-
crease in renal calculi among the women who re-

Figure 1. Effect of Calcium Supplementation on the Incidence of Preeclampsia.
Shown are the risk ratios (RR) for preeclampsia, 95 percent confidence intervals (CI), and numbers of
women according to the base-line ratio of calcium to creatinine in a first morning urine sample, the
base-line 24-hour urinary calcium excretion, maternal age, the percent compliance with the study
treatment, and the base-line dietary calcium intake. Risk ratios are adjusted for medical center and are
relative risks, except for those for the base-line 24-hour urinary calcium excretion and the base-line
ratio of calcium to creatinine in a first morning urine sample, which are odds ratios. Values less than
1.0 indicate a protective effect. Urinary calcium excretion of 212 mg is equivalent to 5.3 mmol, and
urinary ratios of calcium to creatinine of 0.22 and 0.153 with measurements in milligrams are equiva-
lent to 0.62 and 0.4327, respectively, with measurements in millimoles.

1563 – 6789 1.26 (0.74 – 2.15)
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0.96 (0.65 – 1.43)

883
887
883
885
884

400
662

707

216 
216

556
556

801
311

No. of
Women

1064
1091
665

946
1157
1094
1138

0.4 4.50.6 1.0 1.6 2.7

Risk Ratio

B
as

e-
Li

n
e

C
al

ci
u

m
In

ta
ke

 (
m

g
)

90 – 101
75 – 891
50 – 741
0 – 491

C
o

m
p

lia
n

ce
(%

)

23 – 24
21 – 22
19 – 20
17 – 18
12 – 16

M
at

er
n

al
A

g
e 

(y
r)

�212
�212

25 – 43

24
-H

o
u

r
U

ri
n

ar
y

C
al

ci
u

m
 (

m
g

)

�0.22
�0.22

�0.153
�0.153

U
ri

n
ar

y 
C

al
ci

u
m

:
C

re
at

in
in

e 
R

at
io

(m
g

:m
g

)

Downloaded from www.nejm.org by MR KEVIN PATRICK on March 05, 2004.
Copyright © 1997 Massachusetts Medical Society. All rights reserved.



74 � July 10, 1997

The New England Journal  of  Medicine

ceived calcium supplements, although women consid-
ered at increased risk at base line were excluded from
the study. Another potential complication of mater-
nal calcium supplementation is neonatal hypocalce-
mia, which may be caused by the suppression of
infant parathyroid secretion.32 Although systematic
surveillance for neonatal hypocalcemia was not con-
ducted, the proportions of reported cases did not dif-
fer between the treatment groups.

The results of this trial contradict those of pub-
lished meta-analyses of calcium supplementation in
pregnancy,16-20 including the most recent, which
found an important reduction in systolic and diastolic
blood pressure and preeclampsia.20 The number of
women in our study was more than twice that in the
entire recent meta-analysis, and the dose of calcium
administered equaled the highest in previous studies.
Most previous studies, moreover, lacked a placebo
group3-7,12,14,15 or were conducted in women selected
because they were at high risk for preeclampsia.9,13

One study is difficult to accept because of the elevat-
ed rate of preeclampsia (23 percent) in the placebo
group and the unlikely observation that all the wom-

en in whom hypertension developed also had pro-
teinuria.8 Another trial cited in two preeclampsia
meta-analyses18,20 did not distinguish preeclampsia
from gestational hypertension.33 The outcomes with
respect to preeclampsia and gestational hypertension
in the remaining two studies10,11 were statistically con-
sistent with those in our trial. Our experience height-
ens our concern about the proper use of meta-analy-
sis.34,35 A large effect indicated by a meta-analysis of
relatively small trials has not always been confirmed
by subsequent large trials.36 Meta-analyses cannot
substitute for large, well-conducted clinical trials.

In summary, supplementation with 2 g of calcium
per day did not reduce the incidence of preeclamp-
sia, pregnancy-associated hypertension, or important
maternal and perinatal complications of pregnancy
in nulliparous women. Moreover, supplementation
did not appear to prevent adverse pregnancy out-
comes in adolescents or in women with low base-
line dietary calcium intakes or urinary calcium excre-
tion. Our results do not support the use of calcium
supplementation to prevent preeclampsia in healthy
nulliparous women.

Figure 2. Mean (�SE) Diastolic and Systolic Blood Pressures at Scheduled Clinic Visits in the Calcium and Placebo Groups Accord-
ing to the Week of Gestation.
Measurements for one woman at 43 weeks were excluded, and measurements from 15 of 32,734 scheduled clinic visits were ex-
cluded because the patients had reportedly taken diuretic or antihypertensive medications since the preceding visit.
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