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Preeclampsia is a common complication of pregnancy that is associated with an increased risk of maternal and neonatal
morbidity and mortality. Currently, delivery is the only cure for preeclampsia; therefore, effective prevention and treatment
options for this condition are sorely needed. In the current issue of the JCI, Mirzakhani et al. report the findings of the
Vitamin D Antenatal Asthma Reduction Trial (VDAART), a well-conducted large, randomized, double-blind, placebo-
controlled trial of vitamin D supplementation for the prevention of preeclampsia. Though vitamin D supplementation had
no effect on the risk of preeclampsia, reduced maternal serum vitamin D levels did correlate with preeclampsia risk.
Mirzakhani and colleagues identified a number of gene pathways that are differentially regulated among women with low
serum vitamin D levels who develop preeclampsia. These results indicate that further research on the role of vitamin D in
preeclampsia is warranted.
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Preeclampsia and the burden 
of disease
Preeclampsia is a disorder that is unique 
to human pregnancy, and the only known 
cure for this complication is delivery. Pre-
eclampsia affects approximately 4% to 5% 
of pregnancies in the United States, is asso-
ciated with significant maternal and neo-
natal morbidity, and is an important cause 
of maternal and neonatal mortality (1, 2). 
The etiology of preeclampsia is not known, 
but the placenta is an important mediator 
of the disease. Several lines of evidence 
have implicated abnormal remodeling of 
the spiral arterioles during early placen-
tal development and the resulting poor 
placental perfusion in the pathogenesis 
of preeclampsia (3). Interactions between 
uterine NK cells and invading trophoblasts 
may influence spiral arteriole remodeling, 
thereby demonstrating a potential immu-
nologic mechanism for the development 
of the disorder (4). Hypoperfusion of the 
placenta leads to a relative hypoxic state 
within the placenta and the subsequent 
release of antiangiogenic peptides, such as 

soluble fms-like tyrosine kinase 1 (sFLT-1) 
and soluble endoglin (sENG), which antag-
onize VEGF and placental growth factor 
(PlGF) (5). These peptides lead to mater-
nal endothelial damage that results in the 
preeclampsia-associated phenotypes of 
hypertension, proteinuria, and end-organ 
dysfunction (3).

Classic risk factors for preeclamp-
sia include the extremes of maternal age 
(women in their early teens and those over 
the age of 40), nulliparity, new male part-
ner, multiple gestations, obesity, chronic 
hypertension, preexisting diabetes, and 
other less-common medical conditions, 
such as renal disease, systemic lupus ery-
thematosus, and antiphospholipid anti-
body syndrome. Despite this set of known 
risk factors, not all women with these risk 
factors develop the disorder, and not all 
women presenting with preeclampsia 
have a specific underlying risk factor (6). 
Because of the difficulty in predicting 
which women will develop this condition, 
much of the prenatal care in the United 
States, particularly in the third trimester, 
is directed at screening for preeclampsia 

(7). There is a great need to better identify 
those women at risk for preeclampsia and 
to develop effective preventative and ther-
apeutic strategies for the disorder.

Prevention of preeclampsia 
and the role of vitamin D
As treatment and screening options are 
limited, therapies that prevent preeclamp-
sia, delay the onset of the disorder, or 
decrease disease severity would be bene-
ficial. One of the best-studied agents for 
the prevention of preeclampsia is low-
dose aspirin. The US Preventive Services 
Task Force (USPSTF) and the American 
College of Obstetricians and Gynecolo-
gists (ACOG) currently recommend the 
use of low-dose aspirin for the prevention 
of preeclampsia in high-risk women (8). 
The number of at-risk women who need 
to be treated in order to prevent a sin-
gle case of preeclampsia is based on the 
prevalence of the disorder. For example, 
in populations with a preeclampsia preva-
lence of 4% to 6%, over 150 women need 
to be treated with low-dose aspirin to pre-
vent a single case. However, despite initi-
ation of this treatment, many women still 
present with early-onset, severe forms of 
the disease (2, 9). In addition to low-dose 
aspirin, other studied modalities for the 
prevention or treatment of preeclampsia 
include antioxidants (vitamins C and E), 
calcium supplements, fish oil, nitric oxide 
supplements, nitric oxide donors, folic 
acid, weight loss, antihypertensive agents, 
and physical activity (2). Unfortunately, 
none of these modalities has shown much 
promise, though recent studies suggest 
that statin therapy may be potentially 
beneficial (10). While low serum levels 
of vitamin D have been associated with 
the development of preeclampsia, there 
are conflicting data as to whether vitamin 
D supplementation provides protection 
from the disorder (11–19).

In this issue, Mirzakhani et al. report 
the results of a planned secondary out-
come from the Vitamin D Antenatal Asth-
ma Reduction Trial (VDAART) (20). The 
VDAART was a randomized, double-blind, 
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Preeclampsia is a common complication of pregnancy that is associated 
with an increased risk of maternal and neonatal morbidity and mortality. 
Currently, delivery is the only cure for preeclampsia; therefore, effective 
prevention and treatment options for this condition are sorely needed. 
In the current issue of the JCI, Mirzakhani et al. report the findings of the 
Vitamin D Antenatal Asthma Reduction Trial (VDAART), a well-conducted 
large, randomized, double-blind, placebo-controlled trial of vitamin D 
supplementation for the prevention of preeclampsia. Though vitamin 
D supplementation had no effect on the risk of preeclampsia, reduced 
maternal serum vitamin D levels did correlate with preeclampsia risk. 
Mirzakhani and colleagues identified a number of gene pathways that are 
differentially regulated among women with low serum vitamin D levels who 
develop preeclampsia. These results indicate that further research on the 
role of vitamin D in preeclampsia is warranted.
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ly, ACOG does not recommend routine 
screening of vitamin D deficiency among 
all pregnant women, but does indicate that 
screening can be considered for women 
deemed high risk for vitamin D deficiency 
(24). For women with vitamin D deficien-
cy, ACOG recommends supplementation 
with 1,000 to 2,000 IU per day but states 
that there is insufficient evidence at this 
time to recommend supplementation for 
the purpose of preventing preeclampsia 
(24). Given the results of the VDAART and 
other published trials on vitamin D sup-
plementation in pregnancy, no changes in 
current guidelines for vitamin D screen-
ing or supplementation in pregnancy are 
warranted. And given the evidence that 
associates low serum vitamin D levels with 
hypertensive disorders of pregnancy, more 
intervention trials are clearly needed. It is 
possible that vitamin D supplementation in 
pregnancy may only benefit those women 
with low serum levels or may be beneficial 
when therapy is started prior to pregnan-
cy. Well-designed randomized, controlled 
trials in which vitamin D supplementa-
tion is started prior to pregnancy or that 
focus only on women with low serum vita-
min D levels may provide these answers. 
Effective interventions that decrease the 
incidence of preeclampsia can potentially 
decrease maternal and neonatal morbidity 
and mortality. Furthermore, preeclampsia 
has been linked to an increased risk for 
cardiovascular disorders later in life (25). It 
is possible that interventions that decrease 
the incidence of preeclampsia may also 
have the long-term benefit of decreasing 
cardiovascular complications later in life.
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multivitamin that contained 400 IU vita-
min D. It is possible that this small amount 
of supplementation was enough to attenu-
ate the risk for preeclampsia in the control 
group, leading to no observed effect on the 
outcome with supplementation.

The study also attempted to identi-
fy potential mechanisms that could help 
explain how vitamin D may influence the 
risk for preeclampsia. Mirzakhani et al. 
included an innovative nested case-con-
trol analysis among trial participants that 
determined differential peripheral blood 
gene expression profiles between wom-
en with and without preeclampsia by 
serum 25OHD status. A number of genes 
were identified that were differentially 
expressed among women with low serum 
25OHD levels who went on to develop pre-
eclampsia. These differentially regulated 
genes largely involved inflammatory and 
immune pathways, which, Mirzakhani 
and colleagues argue, provide a potential 
mechanism by which vitamin D affects 
preeclampsia. It is not clear how vitamin 
D may influence preeclampsia risk, but 
vitamin D likely plays a role in placen-
tal development, possibly by regulating 
genes associated with placental invasion 
and implantation as well as influencing 
immune reactions and inflammation at 
the maternal-fetal interface (11, 12, 22, 23).

Study interpretation and future 
directions
Multiple observational studies and ran-
domized, controlled clinical trials have 
demonstrated an association of low serum 
vitamin D levels during pregnancy with 
an increased risk of preeclampsia (11–14, 
17, 19). In addition, the findings of the 
VDAART reported by Mirzakhani et al. 
demonstrate a clear dose-response rela-
tionship between serum 25OHD levels 
and preeclampsia risk. The results of vita-
min D supplementation trials with the goal 
of decreasing preeclampsia have largely 
been conflicting (15, 18, 20). Variations in 
trial design, including the vitamin D dose 
regimens, the timing during pregnancy in 
which the intervention was started, and the 
baseline vitamin D status of the subjects 
may account for the different observed 
effects on preeclampsia. Furthermore, 
as outlined above, vitamin D status may 
be a marker for some other process that 
affects the risk for preeclampsia. Current-

placebo-controlled clinical trial (clinical-
trials.gov NCT00920621) designed to 
evaluate vitamin D supplementation in 
addition to a daily multivitamin during 
pregnancy for the prevention of asthma 
or recurrent wheeze in offspring born to 
women or a biologic father with asthma, 
eczema, or allergic rhinitis (21). The group 
planned a secondary analysis to determine 
whether vitamin D supplementation also 
decreased the risk of preeclampsia (20). 
Mirzakhani and colleagues found that 
vitamin D supplementation during preg-
nancy increased serum vitamin D levels 
but did not affect the risk of preeclampsia. 
Despite this, women with sufficient serum 
25-hydroxyvitamin D (25OHD) levels, 
defined as a serum level greater than or 
equal to 30 ng/ml, during both early (10–
18 weeks) and late (32–38 weeks) pregnan-
cy had a decreased risk of preeclampsia. 
The relationship between serum 25OHD 
levels and preeclampsia persisted, even 
when the data were controlled for poten-
tial confounding factors, including race/
ethnicity, BMI, parity, and location of the 
clinical site.

It is unclear why vitamin D supple-
mentation in this trial, which raised serum 
25OHD levels, did not influence the devel-
opment of preeclampsia, as there was an 
observed dose response between serum 
25OHD levels and the risk of preeclamp-
sia. Women with higher serum 25OHD 
levels had an overall lower risk of pre-
eclampsia, while women with lower serum 
25OHD levels had an overall higher risk 
of preeclampsia. When analyzing the out-
come data by randomization arm, it does 
not appear that Mirzakhani et al. stratified 
the results by baseline serum 25OHD sta-
tus at the start of the trial, though these 
studies may have been underpowered to 
do so. It is possible that only women with 
low serum vitamin D levels at the start of 
pregnancy benefit from vitamin D supple-
mentation, while women with serum vita-
min D levels that are closer to the normal 
range do not benefit from supplementa-
tion. It is also possible that maternal vita-
min D serum levels are a marker for some 
other factor that more directly affects pla-
cental function and risk for preeclampsia 
and that vitamin D supplementation would 
therefore not have an effect on the out-
come. Finally, in the VDAART, all women, 
including the control subjects, received a 
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