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Same nutrient, different hypotheses: disparities in trials of calcium
supplementation during pregnancy'-

José Villar and José M Belizan

ABSTRACT Calcium supplementation during pregnancy functional outcomes related to such a deficit) or to obtain a phar-
has been provided either to increase the intake in those with rmacologic, perhaps nonnutritional, effect in individuals with an
deficiency or to obtain a pharmacologic, perhaps nonnutritionaladequate intake of the nutrient in question. Most of our work on
effect in individuals with an adequate calcium intake. A system<alcium supplementation addressed the former, the INee
atic review, including only randomized, double-blind, controlled England Journatrial the latter.
trials of calcium supplementation during pregnancy was pre- In the original formal description of calcium—blood pressure
pared independently for th@ochrane Libraryand updated by us hypothesis in 1980 (4), we specifically referred to “the causal
for this paper. In view of the heterogeneity of results included imssociation between calcium deficit” and hypertensive disorders
the meta-analysis, a stratified analysis by baseline dietary cabf pregnancyand the “causal role of calcium deficiency in the
cium intake (mean calcium intake in the population €860 occurrence” of kipertensive diseases of pregnancy. We later
mg/d) was conducted. On the basis of the results of the 5 ramoncluded that the importance of our observation was that
domized, controlled trials available, the risk of high blood pres-increasing calcium intake in populations with a deficit may
sure was lower in women with low baseline dietary calcium [typ-reduce the incidence of preeclampsia. We postulated in 1988 a
ical relative risk (TRR): 0.49; 95% CI: 0.38, 0.62]. Of the 4 trials mechanism of action in which “populations with a lower cal-
in which subjects had adequate dietary calcium, the TRR of highium intake than required during pregnancy have an increase in
blood pressure was 0.90 (95% CI: 0.81, 0.99). The risk oferum parathyroid hormone level” and recommended the imple-
preeclampsia was considerably reduced in the 6 trials conductedentation of “a large, randomized controlled trial” in a “high
in populations with low-calcium diets (TRR: 0.32; 95% CI: 0.21, risk group of primiparous young women” (5).
0.49) but was not reduced as much in women enrolled in the 4 o )
trials with adequate-calcium diets (TRR: 0.86; 95% CI: O.71,D'Spa”tIeS between the 2 largest trials
1.05). On the basis of these results, it seems clear that calcium We conducted the first large trial (6) aimed at reducing
supplementation during pregnancy for women with deficient calthe rate of prgnancy-induced hypertension and preeclampsia:
cium intake is a promising preventive strategy for preeclampsial167 women with a mean baseline calcium intake of 650 mg/d
Calcium supplementation in pregnancy should be evaluate(approximately half of the recommended dietary allowance)
definitively in an adequately sized trial conducted in a populawere randomly assigned to receive either a supplement providing
tion with a low calcium intake because this is the most likely2000 mg Ca/d or a placebo. Women took 86% of the supplement
population to benefit from such a nutritional intervention. Long-on average, increased their urinary excretion of calcium, and had
term health benefits for the offspring are also an attractive possa reduced risk of pregnancy-induced hypertension and
bility. Am J Clin Nutr2000;71(suppl):1375S-9S. preeclampsia although, in the case of the latter, the 95% CI of the
odds ratios included unity. In contrast, the trial conducted by the
KEY WORDS Calcium supplementation, pregnancy, pre- NIH studied the effect of calcium supplementation (2000 mg/d)
eclampsia, high blood pressure, meta-analysis
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TABLE 1

Indicators of methodologic quality of trials included in the systematic review of calcium supplementation during ptegnancy

VILLAR AND BELIZAN

Reference and year

Allocation sequences

Exclusions after randomization

Concealment of

allocation schedule

Double-blinding

Levine et al (1), 1997

Belizan et al (6), 1991

Purwar et al (9), 1996
Lopez-Jaramillo et al (13), 1997
Sanchez-Ramos (14), 1994
Lopez-Jaramillo et al (15), 1990
Villar and Repke (16), 1990
Lopez-Jaramillo et al (17), 1989
Villar et al (18), 1987

Crowther et al (19), 1999

Computer generated

Computer generated
Computer generated
Random number table
Computer generated
Unclear
Computer generated
Random number table
Computer generated

Computer generated

%

Calcium group: 5.8

Placebo group: 5.3

Calcium group: 2.4
Placebo group: 2.2

Calcium group: 5.8
Placebo group: 5.1

Calcium group: 6.7
Placebo group: 3.6

Calcium group: 12.1

Placebo group: 0
Large, unexplained

discrepancies between groups

Calcium group: 5.2
Placebo group: 7.3

Calcium group: 10.9

Placebo group: 15.6

All 52 women randomly assigned
were included in the analysis

Yes

Yes

Yes

Yes

Yes

Unclear

All 456 women randomly assigned

had data on primary outcomes

Yes

Unclear

Yes

Yes

Yeg

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

1Reference 12.
2Tablets could be identified.

in 4336 women without a calcium deficiency (mean baselineSYSTEMATIC REVIEW

intake: 1130 mg/d) to achieve a pharmacologic, preventive effect we think that the task at hand is neither to incorporate mechan-
rather than to correct a nutritional deficit (1). Women took anically the 2 new fials into previous meta-analyses (2, 3), because
average of 64% of the supplement and only 20% of them useghey were conducted in populations with high (1) or very low (9)
>90% of the medication (1). Treatment compliance is an issue tealcium intakes and because of the heterogeneity of their results,
be considered in the interpretation of preeclampsia preventionor to denigrate the properties or results of the meta-analyses
trials (7), particularly in women with a low baseline calcium (1). An updated systematic review of calcium supplementation
should be undertaken to identify and understand the sources of
Unfortunately, although the treatment tablets used in the NIHlisparities among trials (subgroup analyses), describing patterns

intake.

trial appeared similar when compared individually, there was a&f treatment effect (10, 11).

noticeable difference in the intensity of the coloration of the for-
mulation when several tablets were viewed in aggregate (8). Teematic review was prepared and further updated in 1999 for the
remedy this situation, the researchers packaged the tablets indiochrane Library(12). TheCochrane Libraryis an electronic
vidually in opaque blister packs. Despite the efforts to solve th@ublication, updated quarterly, of systematic reviews of effec-

problem, the possibility of bias exists.

in a population with such a high total calcium intake3(g/d),

Fortunately, such an updated, independently conducted sys-
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tiveness of health care interventions. As of 1999, it contained
Even in this population with an adequate calcium intake, cal=600 systematic reviews of randomized controlled trials and a
cium supplementation reduced the overall relative risk (RR) ofegister of 220000 clinical trials, (12). The systematic review of
hypertensive disorders (RR: 0.90; 95% CI: 0.81, 1.00), pregealcium supplementation during pregnancy includes all available
nancy-induced hypertension (RR: 0.88; 95% CI: 0.78, 1.01), andrials during 1998 with random allocation in which supplements
severe preeclampsia (RR: 0.85; 95% CI: 0.58, 1.23) (1). Interesproviding =1 g Ca/d were given (most trials included in the
ingly, subgroup analysis [from Figure 1 of reference 1] of thereview provided 2 g Ca/d). The 9 studies included (1, 6, 9,
885 women with a baseline calcium intake between 582 and3-18) were double-blind, placebo-controlled trials and the
846 mg showed a protective effect of calcium supplementation omethodology was generally sound in terms of allocation
preeclampsia (RR: 0.70; 95% CI: 0.43, 1.15) similar to the resultsequence method, rate of exclusions after randomization, con-
of our trial (RR: 0.65; 95% CI: 0.35, 1.25) (6). Among the 946 cealment of allocation schedule, and double-blindifap(e 1).
women with high treatment compliance (as in our 1991 trial; 6)Main outcomes were rates of high blood pressure (with and with-
the RR of preeclampsia was 0.76 (95% CI: 0.47, 1.22). Theseut proteinuria) and preeclampsia.
RRs are not statistically significant, probably because of a Inspection of the funnel plots (the plot of the RRs from indi-
smaller number of events in the subgroup analysis. Becausadual trials against their sample size) and the results of the indi-
actual numbers were not provided, it was not possible to evaluatédual trials in the new calcium systematic review shows asym-
further these stratified data (1). A reassuring finding is that, evemetry of the plot and heterogeneity of results. As was shown

previously, asymmetry in funnel plots is a predictor of the lack of

there was no significant difference between groups in the rate @fgreement between several small trials and the largest trial (11).

urolithiasis during pregnancy or neonatal hypocalcemia (1).

Although the most common factor associated with asymmetric
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TABLE 2

Effect of routine calcium supplementation during pregnancy on relative risk (RR) of high blood pressure

Subgroup Calcium-supplemented subjetts Control subjects Typical RR (95% ClI)
Low-risk (n = 6 trials) 611/3146 732/3161 0.84 (0.76, 0.92)
High-risk? (n = 3 trials) 15/141 54/156 0.35 (0.21, 0.57)
Adequate-calcium die@00 mg/d) ( = 4 trials) 547/2505 614/2517 0.90 (0.81, 0.99)
Low-calcium diet (<900 mg/dn(= 5 trials) 791782 172/800 0.49 (0.38, 0.62)

1Eg, low-risk, subjects with high blood pressure per total calcium-supplemented subjects.
2Those at high risk of hypertensive disorders of pregnancy were selected by the trial authors because they were teenagers, had had preeclampsia pre
ously, had increased sensitivity to angiotension I, or had preexisting hypertension.

funnel plots is “publication bias,” this is unlikely to play a large (95% CI: 0.22, 0.52) and that of high blood pressure was 0.52
role in this calcium review. The subject has been studied exter{f95% CI: 0.41, 0.68); in the group with high risk of hyperten-
sively in previous meta-analyses and most researchers workirgjon, the risk of preeclampsia was 0.24 (95% CI: 0.12, 0.48) and
on the topic have been contacted and have offered additional dathat of high blood pressure was 0.45 (95% CI: 0.26, 0.78). These
We should therefore explore other factors (eg, population charesults do not make any substantive change in the conclusions of
acteristics and treatment compliance) that may be associated withe review. There was a reduction in the risk of preterm delivery
differences in results. The meta-analysis should not focus on a “typr women at high risk of hypertension (TRR: 0.42; 95% CI: 0.23,
ical” RR for all trials when heterogeneity is detected even wher®.78) but there was no effect in any other subgroup.
using statistical strategies such as a random effects model. The dis-Since the most recent update of this systematic review (10 April
crepancy in this meta-analysis between the point and Cls estimatid®98), the results of 2 new randomized controlled trials have been
from the fixed and random effects model (20) further emphasizgsublished (19, 22). The first was a randomized, double-blind,
the need to search for sources of discrepancy among trials (21). placebo-controlled trial conducted in Colombia in 86 women at
Stratified analyses were therefore conducted on 2 prespecifigtuigh risk of preeclampsia who were randomly assigned to receive
subgroups determined by selection criteria used in the individua450 mg linoleic acid and 600 mg Cafu= 43) or placebo (22).
calcium supplementation trials: baseline dietary calcium intakeThis trial is unlikely to be eligible for a new calcium supplemen-
(mean calcium intake in the populatiaror <900 mg/d) and the tation systematic review update because there were 2 concomitant
risk of hypertensive disorders of pregnancy (high or low).nutritional interventions and because the calcium dose was below
There were 6 trials with populations classified as having “lowthe minimum required by the review (1 g Ca/d). In this new trial,
calcium intake,” all with a mean calcium intake of <650 mgfd ( the incidence of preeclampsia was lower in the calcium group
~400 mg/d). The risk of high blood pressure was reduced amon®.3%) than in the placebo group (37.2%) (TRR: 0.25; 95% ClI:
supplemented women with low baseline dietary calcium [typical0.09, 0.69) and the mean gestational age at birth was higher in the
RR (TRR): 0.49; 95% CI: 0.38, 0.62]. Among those with ade-calcium group (39.3t 1.4 wk) than in the placebo group
quate dietary calcium, the risk of high blood pressure was 0.8838.2+ 2.3 wk; P = 0.03) (22).
(95% CI: 0.81, 0.99). The risk of preeclampsia was considerably In the second new trial, conducted in Australia (19), 456 nul-
reduced in trials conducted in populations with low calciumliparous women were enrolled in a randomized, controlled, dou-
intake (TRR: 0.32; 95% CI: 0.21, 0.49) but was not modified inble-blind trial that assessed the effect of a supplement of 1.8 g Ca
women with adequate dietary calcium intakes (TRR: 0.92; 95%ompared with that of an oral placebo. When the funds for the
Cl: 0.75, 1.13). Among women at high risk of hypertension, cal-study were exhausted, recruitment to the trial was stopped by the
cium supplementation reduced the risk of high blood pressursteering group without knowledge of the study outcome—456
(TRR: 0.35; 95% CI: 0.21, 0.57) and preeclampsia (TRR: 0.22women had been randomly assigned (227 were in the calcium
95% CI: 0.11, 0.43). No such substantial protective effect wasnd 229 in the placebo group). In the enrolled women, the treat-
seen in women with low risk of hypertension. ment with calcium reduced the risk of preeclampsia (RR: 0.44;
We conducted a sensitivity analysis excluding 1 trial (15) with95% CI: 0.21, 0.90) and the risk of preterm birth (RR: 0.44; 95%
limitations in 3 of the 4 selected methodologic indicators inCl: 0.21, 0.90). The rate of severe preeclampsia was also lower
Table 1. There was a very small reduction in the magnitude oh the calcium group (1.8%) than in the placebo group (2.6%)
the protective effect of calcium supplementation. In the grougRR: 0.67, 95% CI: 0.19, 2.35), but pregnancy-induced hyper-
with low calcium intake, the TRR of preeclampsia was 0.34tension was not different between the groups (RR: 0.90; 95% CI:
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TABLE 3

Effect of routine calcium supplementation during pregnancy on relative risk (RR) of preeclampsia

Subgroup Calcium-supplemented subjetts Control subjects Typical RR (95% ClI)
Low-risk (n = 6 trials) 188/3146 240/3161 0.79 (0.65, 0.94)
High-risk? (n = 4 trials) 8/266 47/291 0.22 (0.11, 0.43)
Adequate-calcium die@00 mg/d) ( = 4 trials) 169/2505 174/2288 0.86 (0.71, 1.05)
Low-calcium diet €900 mg/d) § = 6 trials) 271907 90/935 0.32 (0.21, 0.49)

1Eg, low-risk, subjects with preeclampsia per total calcium-supplemented subjects.
2Those at high risk of hypertensive disorders of pregnancy were selected by the trial authors because they were teenagers, had had preeclampsia pre
ously, had increased sensitivity to angiotension I, or had preexisting hypertension.
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0.59, 1.38). Approximately 30% of women in both groupsintake and that this effect is biologically plausible. There is,
stopped taking their trial medication during the antenatal periodhowever, strong support for the concept that definitive confirma-
At trial entry, only 30% of women had calcium intakes <800tion is still needed in the context of an adequately sized random-
mg/d (19), with mean daily calcium intakes similar to those ofized, controlled trial targeted specifically to a population with
the NIH trial. The latest trial is eligible for inclusion in the sys- low calcium intake, ie, the most likely group to benefit from such
tematic review in the stratum of populations with adequate basexn intervention. This is because most of the trials in populations
line calcium intake and low risk for hypertension. with low calcium intakes were small and prone to exaggerate the
Results of the updated meta-analysis after inclusion of th@rotective effect, with the largest of them having Cls including
Australian trial in the corresponding strata are presented ithe null hypothesis. Also, most of these trials were conducted by

Tables 2and 3. There are no changes in the results presentethe same research groups and thus require external confirmation.

above for the low calcium intake and high-risk strata with theFurthermore, because the implementation of calcium supple-
inclusion of the Australian data. Low-risk women supplementednentation programs will require substantial effort, including
with calcium had a lower RR (0.79; 95% CI: 0.65, 0.94) ofearly antenatal care and community involvement, it is crucial
developing preeclampsia. For women with adequate calciurthat implementation of a false-positive intervention be avoided.
intake, the RR of preeclampsia was 0.86 (95% CI: 0.71, 1.05)n the meantime, pregnant women should be encouraged and
(Tables 2 and 3). supported to achieve intakes of 1.2 g Ca/d, as usually recom-
mended. Long-term health benefits for the offspring are also a
new and attractive possibility and should be explored by using

LONG-TERM EFFECT OF CALCIUM SUPPLEMENTATION

The possibility of an intrauterine programming of later blood
pressure and the risk of various chronic diseases later in life has

available data and by conducting future trials.

recently attracted considerable interest. This possibility, whicHREFERENCES

implicates diet, impaired maternal nutritional state, and low birth 1.
weight (23-25) in the programming, suggests that fetal life is a
period for programming physiologic functions. This is a concept 2.
naturally extended from the long-term deleterious effects of
intrauterine growth retardation already shown on postnatal phys-5
ical growth and cognitive and neurologic development (26—28).
These are issues of tremendous relevance to developing coun-
tries, where a large proportion of newborns suffer from intrauter- 4.
ine nutritional restrictions (29).

Using the population of a large, randomized, placebo-con-
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CONCLUSIONS

It seems clear to us that there is promising evidence of a pro;g
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