7R perplexity

Apparently, Calcitriol levels increase by 10X during
pregnancy. Is this true? Is this true if the mother is
vitamin D deficient

During pregnancy, significant alterations in maternal calcium and vitamin D metabolism occur to
meet the increased demands of fetal development, particularly for bone mineralization. These
changes have prompted questions about the extent to which calcitriol (1,25-dihydroxyvitamin
D), the active hormonal form of vitamin D, increases during pregnancy and whether maternal
vitamin D deficiency impacts this process. This report examines the evidence regarding calcitriol
regulation during pregnancy and addresses whether the proposed tenfold increase is supported
by scientific literature.

Calcitriol Metabolism in Normal Preghancy

Calcitriol is the most active metabolite of vitamin D, playing a crucial role in calcium homeostasis.
During pregnancy, maternal calcitriol levels undergo significant changes to facilitate increased
calcium absorption and placental calcium transport. According to established research, serum
calcitriol begins rising from the first trimester, with significant elevation compared to non-
pregnant womenlll. However, contrary to the suggestion of a tenfold increase, the scientific
literature indicates a more modest though still substantial elevation.

The magnitude of calcitriol increase during pregnancy appears to be approximately twofold to
fivefold, rather than tenfold. Multiple studies have documented that maternal serum calcitriol
doubles its concentration compared to non-pregnhant women by the end of the third trimester,
before returning to normal values after deliverylll. Other research using animal models has
demonstrated a fivefold increase in serum calcitriol during pregnancy, while vitamin D binding
protein levels remained unchanged (2 31, These findings represent significant physiological
changes but fall short of the proposed tenfold increase mentioned in the query.

This pregnancy-related elevation in calcitriol occurs through a remarkable physiological process
that begins early in pregnancy. The increase commences following placental implantation and
continues progressively throughout gestation!4l. The timing of this rise coincides with the
increasing calcium demands of the developing fetus, which accumulates approximately 30
grams of calcium by term, necessitating adaptive changes in maternal vitamin D metabolisml.



Sources and Mechanisms of Elevated Calcitriol During Preghancy

The primary source of increased calcitriol during pregnancy appears to be the maternal kidneys
rather than the placenta. Research has revealed that the maternal kidney exhibits approximately
30-fold higher expression of Cyp27b1 (the enzyme that converts 25-hydroxyvitamin D to
calcitriol) compared to the placentam. This suggests that while the placenta contributes to
calcitriol production, the maternal kidneys generate the majority of the excess calcitriol observed
during pregnancylﬂ.

Supporting this conclusion, a case study of a pregnant woman with kidneys unable to
metabolize vitamin D showed only a minimal increase in calcitriol levels despite normal placental
function and fetal kidney developmentw. This observation confirms that the placenta
contributes only marginally to the circulating calcitriol found in maternal blood during pregnancy,
with maternal kidneys producing the bulk of the excess hormone.

The mechanisms underlying increased calcitriol synthesis during pregnhancy involve complex
adaptations in vitamin D metabolism. Remarkably, there is an uncoupling of vitamin D
metabolism from calcium homeostasis during pregnancy - a phenomenon not observed at any
other time during the Iifecyclelﬂ. This uncoupling allows for increased calcitriol production
independent of the normal regulatory factors that typically control its synthesis.

Traditional regulators of calcitriol production, such as parathyroid hormone (PTH), remain
unchanged or even decrease during preghancy, suggesting the involvement of alternative
regulatory pathwaysﬂl. Some research has hypothesized that PTH-related peptide (PTH-rP),
which is synthesized by fetal parathyroids and the placenta, may play a regulatory role in
stimulating CYP27B1 activity during pregnancym.

Vitamin D Deficiency and Calcitriol Elevation During Pregnancy

The question of whether vitamin D deficient mothers experience the same magnitude of calcitriol
increase presents an important clinical consideration. Interestingly, evidence suggests that the
preghancy-associated rise in calcitriol levels occurs independently of changes in its precursor
(25-hydroxyvitamin D) synthesis[ll. Maternal 25-hydroxyvitamin D serum levels typically remain
constant across pregnancy, indicating that the increase in calcitriol is not directly driven by
changes in precursor availability 1.

This observation has significant implications for vitamin D deficient mothers. Since the
preghancy-related increase in calcitriol appears to be regulated by pregnhancy-specific
mechanisms rather than substrate availability, some elevation in calcitriol would be expected
even in vitamin D deficient mothers. However, the magnitude of this increase might be
compromised in cases of severe deficiency, as the conversion to calcitriol ultimately depends on
the availability of 25-hydroxyvitamin D substrate.

Animal studies have provided some insight into this question. Research using PTH-null mice
showed that serum calcitriol increased fivefold during pregnancy regardless of PTH status,
which suggests that certain pregnancy-specific mechanisms can drive calcitriol production even
when normal regulatory pathways are disrupted 2l [81, While this doesn't directly address vitamin
D deficiency, it demonstrates the robust nature of pregnancy-specific calcitriol regulation.



Physiological Significance of Elevated Calcitriol During Pregnancy

The dramatic increase in calcitriol during pregnancy serves several critical physiological
functions. One of the main activities attributed to calcitriol during pregnancy is to increase
calcium absorption and upregulate placental calcium transportm. This enhanced calcium
absorption is essential for meeting the significant calcium demands of the developing fetus,
particularly for skeletal mineralization.

By the third trimester, the fetus accumulates calcium at a rate of approximately 250-300 mg per
day, necessitating adaptive changes in maternal calcium metabolismI&l. Without sufficient
calcitriol, maternal calcium absorption would be inadequate to meet these demands, potentially
leading to fetal skeletal underdevelopment.

Beyond calcium metabolism, emerging research suggests calcitriol may play additional roles
during pregnancy. Evidence indicates that vitamin D is important for modifying the immune
response of the fetus and may influence placental gene expression in ways critical for successful
pregnancyw. These effects may explain the associations between maternal vitamin D status
and various pregnancy complications, including preeclampsia, gestational diabetes, and preterm
deliverym.

Implications for Maternal and Fetal Health

The regulation of calcitriol during pregnancy raises important questions about vitamin D
supplementation practices. Current guidelines recommend vitamin D supplementation of
approximately 10 ug (400 IU) daily for pregnant women at risk of deficiencyZl. However, some
research suggests that higher doses of cholecalciferol (100 ug/4000 IU) given daily are safe
during pregnancy and result in improved vitamin D status in both mothers and neonates!Zl.

Caution is warranted, however, as evidenced by case reports of pregnant women with
underlying disorders of vitamin D metabolism. One report described a woman who developed
symptomatic hypercalcemia during pregnancy following vitamin D supplementation, which was
later determined to be due to a genetic defect in the CYP24A1 enzyme responsible for calcitriol
degradationfﬁl. This case highlights the importance of considering individual variations in
vitamin D metabolism when recommending supplementation during pregnancy.

Conclusion

The evidence does not support the claim that calcitriol levels increase tenfold during pregnancy.
Rather, research indicates a two to fivefold increase, which still represents a significant
physiological adaptation. This elevation appears to be driven by pregnancy-specific
mechanisms primarily centered in maternal kidneys, with some contribution from the placenta.

While the full regulatory pathway remains incompletely understood, the increase in calcitriol
during pregnhancy appears to occur largely independent of 25-hydroxyvitamin D levels,
suggesting that even vitamin D deficient mothers would experience some elevation in calcitriol.
However, the magnitude of increase may be limited by substrate availability in cases of severe
deficiency.



These findings highlight the unique adaptations in vitamin D metabolism during pregnancy and
underscore the importance of adequate vitamin D status for optimal maternal and fetal health.
Future research is needed to fully elucidate the complex regulatory mechanisms controlling
calcitriol production during pregnancy and to establish optimal vitamin D supplementation
strategies for pregnant women with varying baseline vitamin D status.
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