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Dietary calcium and pregnancy-induced hypertension: is there a
relation?-3

Lorrene D Ritchie and Janet C King

ABSTRACT The evidence that calcium plays a role in the could not be identified in the DASH study, calcium is a likely
etiology, prevention, and treatment of pregnancy-induced hypereontributor. A recent meta-analysis of 33 randomized, controlled
tension (PIH) is reviewed. The precise factors involved in theclinical trials involving a total of 2412 patients showed that daily
pathogenesis of PIH are unclear, but several alterations in casupplementation with 1000-2000 mg Ca reduced systolic blood
cium metabolism have been identified. Epidemiologic data sugpressure by 1.27 mm Hg (95% Ct2.25,—0.29) (4). The more
gest an inverse correlation between dietary calcium intake anchodest reduction in diastolic blood pressure of 0.24 mm Hg
incidence of PIH. Although evidence suggests a possible benef(95% CI: —0.92, 0.44) was not significant. Although the effect of
cial effect of supplemental calcium, contradictions persist incalcium on blood pressure in the general population appears mod-
clinical trials of pregnant women. Presently, there is insufficientest, calcium supplementation may be more relevant for certain
evidence to support routine calcium supplementation of all pregsubgroups, such as sodium-sensitive individuals, populations
nant women. However, high-risk groups, such as pregnant teenwjth inadequate calcium intake, and women with PIH (2, 4).
populations with inadequate calcium intake, and women at risk
of developing PIH, may benefit from consuming additional
dietary calcium.  Am J Clin Nutr2000;71(suppl):1371S-4S. CALCIUM METABOLISM DURING PREGNANCY
To provide the calcium necessary for fetal bone mineraliza-
KEY WORDS Dietary calcium, calcium supplementation, tion, the maternal demand for calcium during pregnancy is ele-
pregnancy, blood pressure, pregnancy-induced hypertensiomated by as much as 300 mg/d (5). The normal expansion of
gestational hypertension, preeclampsia, eclampsia maternal blood volume and the preghancy-induced increase in
urinary calcium excretion (6) that occur in well-nourished
women add further to the physiologic calcium requirement. This
INTRODUCTION additional calcium is normally provided by an increase in mater-
Pregnancy-induced hypertension (PIH), which occurs inmnal intestinal calcium absorption (6). An increase in dietary
~10% of pregnancies, is a major risk factor for maternal anatalcium intake may not be necessary. Recently, the Food and
perinatal morbidity and mortality (1). PIH includes gestationalNutrition Board of the Institute of Medicine set the dietary refer-
hypertension as well as preeclampsia and eclampsia. Gestatiomaice intake for calcium at 1000 mg/d for women aged 19-50 vy,
hypertension is characterized by an abnormal rise in blood presnd at 1300 mg/d for womet18 y, irrespective of pregnancy (7).
sure that usually develops after the 20th week of pregnancy. In The precise factors involved in the pathogenesis of PIH are
addition to hypertension, symptoms of preeclampsia include pradnclear, but several associated alterations in calcium metabolism
teinuria and edema. If the condition progresses to eclampsia, lifévave been identified. Possible metabolic abnormalities include a
threatening convulsions and coma can occur. PIH can also reswdéecrease in serum 1,25-dihydroxyvitamin D concentration (8), a
in preterm labor and delivery and low-birth-weight infants. decrease in serum ionized calcium concentration (9), and a
Results from epidemiologic studies and clinical trials of non-decrease in urinary calcium excretion (10). Whether these bio-
pregnant adults suggest that dietary calcium may play a role ichemical abnormalities are a consequence of PIH or result from
the etiology, prevention, and treatment of primary hypertensionmpaired calcium absorption, inadequate dietary calcium intake,
[reviewed by Hamet (2)]. For example, in the Dietary Approache®r both is unclear. Calcium absorption has not been measured in
to Stop Hypertension (DASH) trial, feeding a combination diet
consisting of 8-10 servings/d of fruit and vegetables and nearl
3 servings/d of low-fat dairy products resulted in reductions ir
systolic and diastolic blood pressure of 5.5 and 3.0 mm Hg
respectively, _Compared with the Contr_OI diet (low in fruit, Vegeta_Westem Human Nutrition Research Center, University of California, Davis.
bles, and dairy products), and reductions of 2.7 and 1.9 mm Hg 2Presented at the symposium Maternal Nutrition: New Developments and
respectively, compared with a diet high in fruit and vegetable«mpjications, held in Paris, June 11-12, 1998.
only (3). Although the nutrient or nutrients in dairy products =address reprint requests to LD Ritchie, the Department of Nutritional
responsible for the observed blood pressure—lowering effecSciences, University of California, Berkeley, CA 94720-3104.
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hypertensive pregnant women. Epidemiologic data suggesparathyroid hormone concentrations as nonpregnant women.
however, an inverse correlation between dietary calcium intak&imilarly, women with PIH were found to have both lower (9) or
and incidence of PIH in diverse populations (11, 12). For examthe same (13) serum parathyroid hormone concentrations as nor-
ple, in rural Guatemala, despite the low socioeconomic statumotensive, pregnant control subjects. Presently, the mechanisms
and low intake of protein and energy of women, the incidence ofesponsible for any beneficial effect of calcium supplementation
eclampsia is low#0.4 per 1000 births) (11). Dietary calcium in on blood pressure remain to be elucidated.
this population is relatively high=<1100 mg/d), in large part
because of the incorporation of lime-processed tortillas as a sta-
ple component of the diet. Alternatively, in Colombia and India, CALCIUM SUPPLEMENTATION DURING PREGNANCY
where calcium intakes range from 250 to 350 mg/d, the incidence Numerous clinical trials of pregnant women have been conducted
of eclampsia is higher (1.6 and 12.0 per 1000 births, respectivelyp assess the effects of calcium supplementation on PIH and preg-
(11). In a study by Marcoux et al (12) of women with a relativelynancy outcome. A meta-analysis by Bucher et al (20) was based on
high intake of dietary calcium, an association between the incidata from 2549 women in 14 randomized, controlled trials (consid-
dence of gestational hypertension and dietary calcium intake wased the most scientifically sound of a total of 666 reviewed articles
observed. For gestational hypertension there was a continuopsiblished between 1966 and 1994). Calcium supplementation in
decrease in the adjusted odds ratio from 1 to 0.60 for the lowesite range of 375-2000 mg (most studies closer touthyer
(median: 764 mg/d for control subjects) to the highest (medianboundary) resulted in a significant reduction in systbliod
2330 mg/d for control subjects) tertiles of calcium intake (12).pressure of 5.40 mm Hg (95% C+7.81,—3.00 mm Hg) and in
Interestingly, no such association was observed for women witdiastolic blood pressure of 3.44 mm Hg (95% €6.20,—1.68
preeclampsia. The researchers hypothesized that women withm Hg). Compared with placebo, calcium supplementation
gestational hypertension are a heterogeneous group; someduced the odds ratio for the development of gestational hyper-
women may experience a less severe form of preeclampstansion to 0.30 (95% CI: 0.17, 0.54) and of preeclampsia to 0.38
whereas other women may have primary hypertension firs€95% CI: 0.22, 0.65). The findings were similar to those obtained
revealed during pregnancy (12). Women with primary hypertenin a previous meta-analysis of older clinical trials (21). Although
sion that is exposed during pregnancy may be most responsive $ome of the studies included in the more recent meta-analysis
dietary calcium. involved women at risk of developing PIH, most studies included
Another biochemical abnormality observed in some hypertenenly pregnant women who were initially normotensive (20). Thus
sive pregnant women is an elevated concentration of intracellut is possible that the blood pressure—lowering effect of calcium
lar free calcium. For example, compared with normotensivesupplementation could be even greater in women with PIH. In
control subjects, women with preeclampsia have elevated intrasupport of this hypothesis, Knight and Keith (22), in a random-
cellular calcium concentrations in erythrocytes (13) and plateletized, controlled clinical trial involving both normotensive and
(14). Not all studies, however, found significant differences inhypertensive pregnant women, reported that calcium supplemen-
the intracellular calcium concentration between hypertensive anthtion (1000 mg/d) significantly lowered the diastolic blood pres-
normotensive women (15, 16). In the prospective study by Zemedure in the hypertensive group only.
et al (16), although no significant difference in basal platelet Bucher et al (20) did not assess whether the effect of calcium
intracellular calcium concentration was found, preeclampticsupplementation on blood pressure and incidence of PIH was
patients had significantly greater intracellular calcium concengreater in women with habitually low dietary calcium intakes. In
trations in platelets in response to stimulation by arginine vascalmost all cases in which diet information was provided, calcium
pressin than did normotensive women. Differences in timing ofntakes were less than the 1100 or 1300 mg/d dietary reference
blood measurements, biochemical methods used, experimeintake for pregnant women. Several of the studies included in the
tal design, and dietary intakes of subjects may have conmeta-analysis were performed in the Andes of rural Ecuador,
tributed to contrasting study results. If established, however, awhere typical calcium intakes during pregnancy we890 mg/d
increase in intracellular calcium in vascular smooth muscle cell§23-25). Also included in the study were women from Guatemala
during pregnancy is consistent with development of vasocon{26), Argentina (27), and India (28), where intakes averaged
striction and resultant hypertension. Analogously, an increase irr600—-800 mg/d, 650 mg/d, and 500 mg/d, respectively. Several
intracellular calcium in uterine smooth muscle cells is consistenstudies included mostly African Americans (22, 29) or women
with induction of preterm labor. Alternatively, it has been with low socioeconomic status (30); calcium intakes, when pro-
hypothesized that calcium affects smooth muscle cell contractilvided, were in the range of 600-650 mg/d. In only 2 studies was
ity indirectly by influencing the production of other vasoactive the average calcium intake of the women near or at the dietary
agents such as nitric oxide, prostacyclins, or angiotensin (via theeference intake: in the range of 900-1100 mg/d in a group
renin-angiotensin-aldosterone metabolic pathway) (11, 17).  including African Americans and white Argentinians (31) and
The biochemical mechanism responsible for the possible=1200 mg/d in a group of teenagers (32).
increase in intracellular calcium and concomitant decrease in Conflicting with the most recent meta-analysis (20) are results
extracellular calcium is presently unclear. It has been suggestdtbm the newly published multicenter Calcium for Preeclampsia
that parathyroid hormone plays a crucial role in influencingPrevention (CPEP) trial conducted in the United States by
cation transport (17). Unfortunately, studies of parathyroid horLevine et al (33). The CPEP trial, which included 4589 women
mone concentrations during uncomplicated and hypertensivef various ethnic and socioeconomic backgrounds whose aver-
pregnancies have been inconclusive, undoubtedly complicateaige calcium intake was1100 mg/d, found no significant effect
by differences in study design, assay methods, and dietargf supplementation with 2000 mg Ca daily on blood pressure or
intakes. For example, normotensive pregnant women weracidence of preeclampsia or PIH. One obvious explanation for
reported to have higher (18), lower (19), or the same (6) serurthe discrepancy between this clinical trial and the meta-analysis
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by Bucher et al (20) is that supplemental calcium may exert awomen. A definitive understanding of the mechanism whereby
effect only in women whose diets are inadequate in calciumdietary calcium influences blood pressure is also lacking. At

However, in the CPEP trial no benefit was observed even amongresent, there is not enough evidence to support routine calcium

the women if = 884) whose calcium intakes were in the lowestsupplementation of all pregnant women. However, high-risk

quintile (median intake of 422 mg/d).

groups, such as pregnant teens, populations with inadequate cal-

An alternative explanation for the discrepancy between theium intake, and women at risk of developing PIH, may benefit
meta-analysis by Bucher et al (20) and the clinical trial byfrom consuming additional dietary calcium. Future research is
Levine et al (33) involves the age of the study subjects. Severalecessary to identify women who stand to benefit most from

studies (23, 24, 30, 32) in the meta-analysis included a large praacreasing their calcium intake.

It may also be of interest to

portion of pregnant teens, whose demand for calcium exceedfetermine whether women with PIH have impaired calcium
that of a pregnant adult because of continued maternal bone miabsorption, whether the timing of calcium supplementation is
eralization (34). In support of this hypothesis are results from @mportant [eg, early in pregnancy when alterations in calcium

recent randomized, controlled clinical trial in Ecuador of @&&hs
(<17.5 y of age; average dietary calcium intake800 mg/d)

homeostasis are already beginning to occur (6) as opposed to in
mid pregnancy when most clinical trials begin supplementation],

supplemented with 2000 mg Ca/d or placebo (35). Calcium supand whether consumption of dairy foods has a larger impact than
plementation resulted in a significant decrease in systolic andoes supplemental calcium alone.

diastolic blood pressures (9.1 and 6.0 mm Hg, respectively) and
a significant 12.4% decline in the risk of preeclampsia. However,

even among the youngest women in the CPEP trial (aged 12-16 EiEFERENCES

n = 665), calcium supplementation did not provide any 1.
detectable beneficial effect (33).
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