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Objective Whether vitamin D deficiency in pregnancy is a cause

of pre-eclampsia remains controversial. Most previous studies to

date have assessed exposure at only one time-point in pregnancy.

We assessed longitudinal vitamin D status during pregnancy and

the risk of pre-eclampsia.

Design Prospective cohort study.

Setting Seventeen urban obstetric hospitals, Canada.

Population Pregnant women who were participants in a trial of

vitamin C and E supplementation for the prevention of pre-

eclampsia. Canadian participants who consented to participate in

a biobank with plasma specimens available at the baseline visit

were included (n = 697).

Methods Maternal plasma 25-hydroxyvitamin D (25(OH)D)

concentrations were measured at 12–18 and 24–26 weeks of

gestation using chemiluminescence immunoassay.

Main outcome measures Pre-eclampsia.

Results Of the women, 39% were vitamin D deficient (25(OH)D

<50 nmol/l). A strong positive correlation was observed in

maternal 25(OH)D concentrations between the two gestational

age windows (r = 0.69, P < 0.0001). Mean maternal 25(OH)D

concentrations at 24–26 weeks of gestation were significantly

lower in women who subsequently developed pre-eclampsia

compared with those who did not (mean ± SD: 48.9 ± 16.8

versus 57.0 ± 19.1 nmol/l, P = 0.03). Women with 25(OH)D

< 50 nmol/l at 24–26 weeks gestation experienced an increased

risk of pre-eclampsia (adjusted odds ratio 3.24, 95% confidence

interval 1.37–7.69), whereas the association was not statistically

significant for maternal 25(OH)D level at 12–18 weeks of

gestation.

Conclusions Lower maternal 25(OH)D levels at late mid-trimester

were associated with an increased risk of pre-eclampsia.

Keywords 25-Hydroxyvitamin D, pre-eclampsia, pregnancy,

vitamin D.
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Introduction

Pre-eclampsia, a pregnancy disorder characterised by

hypertension and proteinuria, complicates 2–8% of all

pregnancies and accounts for 25% of all maternal deaths.1,2

Pre-eclampsia remains a leading cause of maternal and

perinatal morbidity and mortality.2,3 The aetiology of pre-

eclampsia remains largely unknown. It has been hypothes-

ised that abnormal trophoblast invasion, inflammatory

responses, oxidative stress and endothelial dysfunction are

all potential contributing factors in this disorder.4,5

Maternal vitamin D deficiency is common during preg-

nancy and a widespread public health problem.6 A high

prevalence of vitamin D deficiency has been observed

among pregnant women,7 with prevalence rates varying by

ethnicity8 and sunlight exposure.9 There is increasing inter-

est in a range of actions of vitamin D in pregnancy, includ-

ing its effects on placental function and inflammatory

response.10 Pro-inflammatory cytokines such as tumour

necrosis factor-a, interleukin-6 and interferon-c have been

reported to be increased in pregnancies with vitamin D

deficiency.11 Attention has been drawn to vitamin D as a

possible aetiological factor in pre-eclampsia. Vitamin D

deficiency during pregnancy, based on low circulating

25-hydroxyvitamin D (25(OH)D) level, has been linked to

a number of serious health problems including poor bone

mineralisation in infants,12 low birthweight,13 and other

adverse pregnancy outcomes.14,15 However, except for two
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small studies16,17 (total n £ 50), most studies to date have

assessed exposure at only one time-point in pregnancy. It

is uncertain whether there is a critical window for expo-

sure during pregnancy that increases the risk of pre-

eclampsia. Recent studies18,19 have underlined the need for

prospective longitudinal data on the effect of maternal

vitamin D status during pregnancy on the risk of pre-

eclampsia. The present study aimed to serially assess

maternal vitamin D status during pregnancy and to deter-

mine the association between maternal 25(OH)D levels at

early and late mid-trimester gestational age windows and

the risk of pre-eclampsia.

Methods

Study design
This prospective cohort study was based on a bank of data

and biological specimens generated in the context of a

randomised, placebo-controlled international trial of

antioxidant supplementation (vitamins C and E) for the

prevention of pre-eclampsia (International Trial of Antioxi-

dants in the Prevention of Pre-eclampsia, INTAPP). The

trial was conducted in Canada (17 centres) and Mexico (ten

centres) between January 2004 and March 2006. The design

and methods of the trial have been described previously.20

Canadian INTAPP participants who were re-contacted and

consented to participate in a biobank for further research

and for whom a maternal plasma specimen was available at

the baseline study visit contributed to this study (n = 697).

The most frequent reason for failure to re-consent Cana-

dian INTAPP participants was inability to contact them.

Mexican INTAPP participants did not contribute data to

this study because it was not feasible to re-contact them to

obtain their consent for use of their biological specimens

for this purpose. Maternal characteristics and clinical out-

comes were similar and not significantly different among

Canadian women who consented to contribute to the

biobank and those who did not. Women were stratified in

INTAPP according to the presence or absence of risk

factors for pre-eclampsia. Women were in the high-risk

stratum for pre-eclampsia if they met at least one of the

four criteria: pre-pregnancy chronic hypertension (diastolic

blood pressure ‡90 mmHg or use of antihypertensive med-

ication before 20 weeks of gestation), prepregnancy diabe-

tes, a multiple pregnancy, or a history of pre-eclampsia.20

The remaining women were nulliparae without other risk

factors for pre-eclampsia (low-risk group). Non-fasting

maternal blood samples were collected and banked at 12–

18 and 24–26 weeks of gestation. Venous blood was drawn

into EDTA tubes and plasma samples were immediately

separated by centrifugation at 500 g for 10 minutes at 4�C.

Plasma samples were rapidly frozen and stored at )80�C

for future assays. This study had a power of 87% to detect

a risk ratio of 2.0 or greater for the association between

vitamin D deficiency and pre-eclampsia.

The study definitions of gestational hypertension,

pre-eclampsia and severe pre-eclampsia according to the

criteria of the Canadian Hypertension Society Consensus

Conference Report21 have been described previously.20

Briefly, gestational hypertension was defined as two or

more readings of diastolic blood pressure ‡90 mmHg taken

4 hours apart but within 72 hours occurring at ‡20 weeks

of gestation.21 Pre-eclampsia was defined as gestational

hypertension with proteinuria. Proteinuria was defined as a

urine protein dipstick test ‡2+, or the urinary excretion of

‡0.3 g in a 24-hour urine collection.21 Superimposed pre-

eclampsia and severe pre-eclampsia were defined according

to the guidelines of Canadian Hypertension Society

Consensus Conference Report.21

25(OH)D assay
Plasma aliquots for each woman were shipped on dry ice

to the Health Canada Nutrition Research Division labora-

tory (Ottawa, ON, Canada) for plasma 25(OH)D analyses.

The Health Canada laboratory has been in proficient stand-

ing with the Vitamin D External Quality Assessment

Scheme (DEQAS).22 25(OH)D was measured by a direct,

competitive chemiluminescence immunoassay using the

DiaSorin LIAISON 25(OH)D TOTAL assay (DiaSorin, Inc.,

Stillwater, MN, USA).23 The assay was performed in accor-

dance with the manufacturer’s product insert. The assay

uses 25(OH)D conjugated to an isoluminol derivative to

compete with the 25(OH)D present in the plasma. Both

conjugated and unconjugated 25(OH)D compete for the

antibody, which has been coated onto magnetic particles.

A starter reagent is added to initiate a flash chemilumines-

cent reaction of the isoluminol derivative, which is then

measured by a photomultiplier. The amount of light mea-

sured is inversely proportional to the concentration of

25(OH)D present in a given sample. A manufacturer’s pre-

defined master curve is adjusted to an instrument-specific

calibration curve using two supplied calibration samples

with known 25(OH)D concentrations. The adjusted cali-

bration curve is then used to determine the 25(OH)D

concentrations of the unknown samples. The lower and

upper limits of detection were 10 nmol/l and 375 nmol/l,

respectively. Two levels of quality control provided by the

manufacturer (Diasorin Inc.), along with three external

quality controls (Biorad Diagnostics Inc., Mississauga,

Ontario, Canada) were run in each assay. The intra-assay

coefficient of variation was 5.2–9.2%, and the inter-assay

coefficient of variation was 7.9–9.2%, respectively.

Statistical analysis
Maternal characteristics of pre-eclamptic and nonpre-

eclamptic women were compared using chi-square, Fisher’s

Vitamin D status and pre-eclampsia
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exact, Student’s t or Wilcoxon rank test, where appropriate.

Spearman correlation was applied to examine the associa-

tion in maternal 25(OH)D concentrations between the two

gestational age windows (12–18 weeks and 24–26 weeks of

gestation). Plasma 25(OH)D concentrations were first

investigated as a continuous variable. Risk curve-fitting was

applied to assess the potential dose–response relation

between 25(OH)D level and the risk of pre-eclampsia.24

We then conducted logistic regression analyses adjusting

for potential confounding factors to estimate the risk

(adjusted odds ratio [aOR] with 95% confidence intervals

[CI]) of pre-eclampsia in women who had a 25(OH)D

level <50 nmol/l versus those who did not. There is no

universally accepted definition of maternal vitamin D defi-

ciency. We used the cutoff point of 50 nmol/l, which has

been suggested by some experts to define vitamin D defi-

ciency.25 Subgroup analyses were performed to explore the

associations in high-risk and low-risk strata. The available

co-variables included vitamin C and E treatment, ethnicity,

season when blood was drawn, maternal age, education,

marital status, parity, smoking, prepregnancy body mass

index (BMI), prenatal vitamin supplementation, and the

risk group. Prespecified potential confounders (risk stra-

tum, maternal age, smoking, prepregnancy BMI, season

when blood was drawn) and additional co-variables at

P < 0.10 were included in the final logistic regression mod-

els. Two-sided P values < 0.05 were considered statistically

significant. All analyses were performed using sas software,

version 9.2 (SAS Institute Inc, Cary, NC, USA).

Results

Of the 697 study participants, 32 (4.6%) developed

pre-eclampsia, including 23 severe pre-eclampsia. There were

no significant differences between pre-eclamptic and non-

pre-eclamptic women in maternal age, education, ethnic

origin, marital status, vitamin C and E treatment, prenatal

vitamin supplementation, smoking or season when blood

was drawn (Table 1). Plasma 25(OH)D concentrations were

lower in non-Caucasians than in Caucasians at 12–18 weeks

of gestation (43.7 ± 16.0 versus 57.3 ± 18.8 nmol/l,

P < 0.001) and 24–26 weeks of gestation (43.5 ± 16.0 versus

58.2 ± 18.8 nmol/l, P < 0.001). Plasma 25(OH)D concentra-

tions were lower in winter than in non-winter seasons at 12–

18 weeks of gestation (52.1 ± 19.5 versus 59.4 ± 17.7 nmol/

l, P < 0.001) and 24–26 weeks of gestation (52.3 ± 17.7

versus 60.8 ± 19.4 nmol/l, P < 0.001). In the high-risk stra-

tum (n = 229), 21 women (9.2%) developed pre-eclampsia,

whereas in the low-risk group (n = 468), 11 women (2.4%)

developed pre-eclampsia. Women who subsequently devel-

oped pre-eclampsia had a higher mean prepregnancy BMI

and higher systolic and diastolic blood pressures at the base-

line study visit. Women who developed pre-eclampsia were

more likely to deliver early. Plasma 25(OH)D was measured

at a mean of 14.6 weeks and 25.0 weeks of gestation at visits

1 and 2, respectively. The plasma samples were drawn at sim-

ilar gestational ages between pre-eclamptic and nonpre-

eclamptic women. Maternal 25(OH)D concentrations in

women who developed gestational hypertension only (with-

out proteinuria) (n = 81) were similar to those in women

who remained normotensive both at visit 1 and 2 (all

P > 0.1) (data not shown) and were included in the nonpre-

eclamptic group.

At 12–18 weeks of gestation, among women who later

developed pre-eclampsia, the mean maternal plasma

25(OH)D concentration was lower than in nonpre-eclamptic

women, but the difference was not statistically significant

(51.1 ± 14.8 nmol/l versus 56.0 ± 19.1 nmol/l, P = 0.16);

whereas at 24–26 weeks of gestation, maternal 25(OH)D

Table 1. Characteristics of the study population

Characteristics

Pre-

eclamptic

n = 32

Nonpre-

eclamptic

n = 665

Maternal age (years) 30.9 ± 5.3 30.3 ± 4.8

Maternal education (years) 16.2 ± 2.7 16.2 ± 2.8

Ethnicity, Caucasian 27 (84.4) 593 (89.2)

Maternal prepregnancy

BMI, ‡30.0 kg/m2

11 (34.4)* 107(17.2)

Married/Common Law 29 (90.6) 622 (94.5)

Employed 26 (81.3) 567 (85.3)

Smoking 6 (18.8) 144 (21.7)

Nulliparity 15 (44.1)* 542 (81.5)

High-risk group** 21 (65.6)* 208 (31.3)

Mean systolic BP at trial

entry (mmHg)

122.9 ± 13.3* 111.6 ± 11.9

Mean diastolic BP at trial

entry (mmHg)

75.1 ± 8.9* 67.7 ± 8.6

Vitamin C + E treatment group 17 (53.1) 320 (48.1)

Prenatal vitamin supplementation 31 (96.9) 637 (96.1)

Gestational age at visit 1 (weeks) 14.6 ± 1.6 14.8 ± 2.1

Gestational age at visit 2 (weeks) 25.0 ± 1.3 24.8 ± 2.5

Gestational age at delivery (weeks) 35.8 ± 3.3* 38.3 ± 2.6

Season of blood draw (visit 1)

Winter (2 November to 30 April) 13 (40.6) 332 (49.9)

Non-winter 19 (59.4) 333 (50.1)

Season of blood draw (visit 2)

Winter (1 November to 30 April) 10 (35.7) 290 (50.0)

Non-winter 18 (64.3) 290 (50.0)

Season of delivery

Winter (1 November to 30 April) 15 (46.9) 329 (49.6)

Non-winter 17 (53.1) 335 (50.4)

Data are presented as mean ± SD or n (%).

BP, blood pressure; BMI, body mass index.

*P < 0.05 comparing pre-eclamptic with nonpre-eclamptic women.

**High-risk group including chronic hypertension, prepregnancy

diabetes, multiple pregnancy, or a history of pre-eclampsia.
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levels were statistically significantly lower in women who

went on to develop pre-eclampsia (48.9 ± 16.8 nmol/l ver-

sus 57.0 ± 19.1 nmol/l, P = 0.03) (Table 2). Interestingly,

the mean 25(OH)D concentrations in women with pre-

eclampsia decreased slightly over the two gestational age

windows (mean D25(OH)D: )0.2 nmol/l), whereas for

nonpre-eclamptic women, the mean 25(OH)D concentra-

tions increased over gestational age (mean D25(OH)D:

0.9 nmol/l), although the difference was not statistically sig-

nificant. A strong positive correlation was observed in

maternal 25(OH)D concentrations between the two

gestational age windows (r = 0.69; P < 0.0001). Subgroup

analyses were performed according to risk group stratum.

In the low-risk group (nulliparous women without other

risk factors), maternal 25(OH)D levels at 24–26 weeks of

gestation were significantly lower in women who developed

pre-eclampsia compared with nonpre-eclamptic women

(50.8 ± 9.4 versus 58.4 ± 18.0 nmol/l, P = 0.04). However,

in the high-risk group, the difference did not reach statisti-

cal significance (48.0 ± 19.6 versus 54.1 ± 20.9 nmol/l,

P = 0.23).

There was a potential dose–response association between

maternal plasma 25(OH)D concentration at 24–26 weeks

of gestation and the risk of pre-eclampsia (Figure 1,

P = 0.03 for the association in logistic regression; P = 0.35

in Hosmer–Lemeshow goodness-of-fit test), whereas the

association was not statistically significant for maternal

plasma 25(OH)D concentration at 12–18 weeks of gestation

(P = 0.16 for the association). The risk curve suggested a

more substantial elevation in risk of pre-eclampsia at

approximately <50 nmol/l in plasma 25(OH)D concentra-

tion at 24–26 weeks of gestation.

The prevalence rates of maternal 25(OH)D level

<50 nmol/l at 12–18 and 24–26 weeks of gestation were

38.8% and 39.1%, respectively. The risk of pre-eclampsia

was not significantly different among those with and with-

out 25(OH)D level <50 nmol/l at 12–18 weeks of gestation

(5.5% versus 4.0%, P = 0.34), whereas there was a signifi-

cant increase in the risk of pre-eclampsia among those with

25(OH)D level <50nmol/l compared with those without at

24–26 weeks of gestation (8.1% versus 2.5%, P = 0.001)

(Table 3).

Adjusting for potential confounders, each SD increase in

plasma 25(OH)D level at 12–18 weeks of gestation was

associated with a non-significant reduction in odds of

developing pre-eclampsia (aOR 0.79, 95% CI 0.52–1.20),

whereas each SD increase in plasma 25(OH)D level at 24–

26 weeks of gestation was associated with a borderline

reduction in the odds of pre-eclampsia (aOR 0.68, 95% CI

0.44–1.05, P = 0.08) (Table 4). At 24–26 weeks of gesta-

tion, maternal 25(OH)D <50 nmol/l was associated with a

3.2-fold increased risk of pre-eclampsia (aOR 3.24, 95% CI

1.37–7.69), whereas at 12–18 weeks of gestation, the risk

increase was not statistically significant (aOR 1.24, 95% CI

0.58–2.67).

Discussion

This is the largest prospective cohort study to date to assess

the association between vitamin D deficiency and the risk

of pre-eclampsia. The main finding of our study is that

maternal 25(OH)D <50 nmol/l at 24–26 weeks of gestation

is associated with a significantly increased risk of pre-

eclampsia (aOR = 3.2). This association seems stronger for

nulliparous women without other risk factors. We did not

detect a statistically significant association between mater-

nal plasma 25(OH)D level at 12–18 weeks of gestation and

pre-eclampsia.

Two studies have measured longitudinal vitamin D levels

in pregnant women who developed pre-eclampsia com-

pared with those who did not; both failed to detect any

association between vitamin D level and pre-eclampsia,

possibly because of their small sample size (total n £ 50).16,17

Some studies have measured maternal 25(OH)D level at

Table 2. Maternal plasma vitamin D levels at 12–18 and 24–26 weeks of gestation

25(OH)D concentration (nmol/l) Pre-eclamptic Nonpre-eclamptic P-value*

Visit 1 (12–18 weeks) 51.1 (14.8) 56.0 (19.1) 0.16

High-risk group** (n = 229) 50.5 (15.2) (n = 21) 53.9 (19.8) (n = 208) 0.44

Low-risk group** (n = 468) 52.4 (14.7) (n = 11) 56.9 (18.8) (n = 457) 0.42

Visit 2 (24–26 weeks) 48.9 (16.8)* 57.0 (19.1) 0.03

High-risk group** (n = 207) 48.0 (19.6) (n = 19) 54.1 (20.9) (n = 188) 0.23

Low-risk group** (n = 397) 50.8 (9.4)* (n = 9) 58.4 (18.0) (n = 388) 0.04

D25(OH)D (V2–V1) -0.2 (10.5) 0.9 (14.9) 0.69

Data presented are mean (SD).

*P values in Student’s t tests for differences in pre-eclamptic vs nonpre-eclamptic women (data distributions were Normal).

**High-risk group included women with chronic hypertension, prepregnancy diabetes, multiple pregnancy, or a history of pre-eclampsia; low-risk

group refers to women who were nulliparae without known risk factors for pre-eclampsia.

Vitamin D status and pre-eclampsia
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one single time-point and the results have been conflicting.

Bodnar et al.26 showed that maternal vitamin D deficiency

at <22 weeks of gestation (mean gestational age 10 weeks)

was associated with an increased risk of pre-eclampsia.

Two studies18,27 found that maternal vitamin D deficiency

was associated with severe pre-eclampsia (in one of these

studies,18 the vitamin D level was measured after the diag-

nosis of severe pre-eclampsia). In contrast, two other stud-

ies28,29 failed to find an association between maternal

vitamin D levels and pre-eclampsia. Shand et al.28 studied

maternal vitamin D status only in a group of high-risk

women (mean gestational age 19 weeks) and did not find

an association, which is consistent with our results in high-

risk women. Caution is warranted in data interpretation

because failure to show a significant difference in this sub-

group could have been the result of beta-error. Powe

et al.29 studied vitamin D deficiency in the first trimester

(mean gestational age 11 weeks) and found no association

between maternal 25(OH)D deficiency and the risk of pre-

eclampsia. This is consistent with our findings that vitamin

D status in early pregnancy (12–18 weeks of gestation) was

not significantly associated with pre-eclampsia. Our study

showed that low levels of maternal 25(OH)D (<50 nmol/l)

at late mid-trimester (24–26 weeks of gestation) but not

early pregnancy (12–18 weeks of gestation) were associated

with an increased risk of pre-eclampsia. Pre-eclampsia has

been hypothesised to be a two-stage disorder. The Two-

Stage Model of pre-eclampsia proposes that Stage 1 is the

result of failed remodelling of the maternal vessels supply-

ing the intervillous space. This leads to reduced placental

perfusion and the release of ‘toxins’ that result in periph-

eral endothelial dysfunction and ultimately, the clinical

features of pre-eclampsia (Stage 2).30 Our finding that

maternal 25(OH)D level <50 nmol/l at the late second

trimester is associated with the risk of pre-eclampsia would

suggest that vitamin D may play a role in modulating the

peripheral vascular phase of the disease.
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Figure 1. The association between maternal plasma 25-hydroxyvitamin

D concentration at 24–26 weeks of gestation and the risk of pre-

eclampsia. The predicted probability of pre-eclampsia was derived from

an unadjusted logistic regression model (P = 0.03). The solid line

represents the point estimate, the dotted lines represent the 95%

confidence intervals.

Table 3. Risk of pre-eclampsia according to presence or absence of

maternal 25(OH)D level <50 nmol/l

Vitamin D status

Pre-

eclamptic

Nonpre-

eclamptic

P-value*

Vitamin D level at 12–18 weeks of gestation (n = 697)

25(OH)D <50 nmol/l (n = 272) 15 (5.5) 257 (94.5) 0.34

25(OH)D ‡50 nmol/l (n = 425) 17 (4.0) 408 (96.0)

Vitamin D level at 24–26 weeks of gestation (n = 604)

25(OH)D <50 nmol/l (n = 236) 19 (8.1) 217 (91.9) 0.001

25(OH)D ‡50 nmol/l (n = 368) 9 (2.5) 359 (97.5)

Data presented are n (%).

*P values in chi-square tests for differences in rates of pre-eclampsia

comparing women with plasma 25(OH)D levels <50 vs ‡50 nmol/l.

Table 4. Unadjusted and adjusted odds ratios of pre-eclampsia in association with maternal plasma 25(OH)D concentration at 12–18 and

24–26 weeks of gestation

Plasma 25(OH)D (nmol/l) Unadjusted Adjusted*

OR (95% CI) P-value OR (95% CI) P-value

12–18 weeks of gestation

25(OH)D, per SD increase 0.76 (0.53–1.11) 0.16 0.79 (0.52–1.20) 0.28

25(OH)D <50 nmol/l 1.41 (0.69–2.88) 0.34 1.24 (0.58–2.67) 0.58

24–26 weeks of gestation

25(OH)D, per SD increase 0.63 (0.42–0.96) 0.03 0.68 (0.44–1.05) 0.08

25(OH)D <50 nmol/l 3.49 (1.55–7.86) 0.003 3.24 (1.37–7.69) 0.008

*Adjusted for risk group (high vs low, see Methods), maternal age, smoking, prepregnancy body mass index and season of blood draw.

Wei et al.
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The hypothesis that maternal vitamin D status could

alter the risk of pre-eclampsia is biologically plausible.

25(OH)D deficiency was reported to be associated with

inflammation-linked vascular endothelial dysfunction.31

The molecular mechanisms linking vitamin D deficiency to

endothelial dysfunction might be mediated, in part, by

proinflammatory transcription factor nuclear factor-jB

(NF-jB), a major proinflammatory nuclear transcription

factor, and interleukin-6, reduced vitamin D receptor and

1a-hydroxylase,32 or lower calcium levels because vitamin

D is essential for calcium absorption. The vascular endo-

thelial cell expression of NF-jB and proinflammatory cyto-

kine interleukin-6 and downstream target of NF-jB, were

greater in vitamin D-deficient compared with vitamin

D-sufficient adults. Interleukin-6 expression in endothelial

cells was strongly inversely correlated to 25(OH)D.31 Con-

centrations of other circulating proinflammatory cytokines,

such as tumour necrosis factor-a33and C-reactive protein,34

are negatively correlated with 25(OH)D concentrations.

Oxidative stress is increased in vitamin D-deficient people,

an effect that is reversible with replacement.35 High levels

of thiobarbituric-acid-reactive substances, which indicate

lipid peroxidation, have been reported in women with vita-

min D deficiency.35 Maternal vitamin D deficiency may

predispose to a proinflammatory response, increase oxida-

tive stress and lead to endothelial dysfunction that cha-

racterises pre-eclampsia. In addition, there is evidence

showing that vitamin D affects the genes responsible for

trophoblast invasion and angiogenesis critical for implanta-

tion,36 which might be an important factor in the patho-

physiology of pre-eclampsia.

Several studies have reported on the effects of vitamin D

supplementation and the risk of pre-eclampsia. Marya

et al.37 conducted a randomised controlled trial of calcium

and vitamin D (1200 IU/day) supplementation in 400

women at 20–24 weeks of gestation. Although calcium and

vitamin D supplementation was associated with a signifi-

cant reduction in blood pressure, the intervention did not

produce an isolated effect of the vitamin D supplementa-

tion on the incidence of pre-eclampsia. Haugen et al.38

conducted a prospective cohort study in 23 423 nulliparous

pregnant women in Norway and observed a 27% reduction

in risk of pre-eclampsia in women who reported taking

10–15 lg/day of vitamin D compared with women taking

no supplements (OR = 0.73, 95% CI 0.58–0.92). [Correc-

tion added after online publication 2 May 2012: 10–15 mg/

day has been changed to lg/day]. However, because vita-

min D intake is highly correlated with the intake of long-

chain n-3 fatty acids in the Norwegian diet, it was not

possible to distinguish the separate effects of vitamin D

from other dietary components.

Our study has several methodological strengths. First, it

included longitudinal vitamin D data at two gestational age

windows. Second, it explored maternal vitamin D status in

both high-risk and low-risk women, which reflects the real

scenario in most obstetric settings. Third, maternal plasma

specimens were collected before the clinical manifestations

of pre-eclampsia were evident. Fourth, the DiaSorin LIAI-

SON 25 OH Vitamin D assay is an accurate and precise

automated tool for 25(OH)D determination.23

A limitation of our study was the lack of data on cal-

cium status. The vitamin D endocrine system is pivotal for

calcium homeostasis and the principal physiological func-

tion recognised for vitamin D is enhancing calcium absorp-

tion10 and calcium supplementation has been associated

with a reduced risk of pre-eclampsia (relative risk 0.45,

95% CI 0.31–0.65).39 However, a recent study has ques-

tioned the association between 25(OH)D concentrations

and calcium absorption efficiency.40 In addition, we had no

data on vitamin D binding protein (VDBP), which serves

as the major binding protein for 25(OH)D. Alterations in

VDBP levels in pre-eclamptic pregnancy might account

for lower levels of vitamin D. However, a recent study

has shown that VDBP at the first trimester is not associ-

ated with subsequent pre-eclampsia risk.29 The ethnicity

of most study participants was Caucasian. These results

can be generalised only to similar populations. We have

no information as to what dose of vitamin D-containing

multivitamins supplements the women had taken. How-

ever, our plasma biomarker data on maternal vitamin

D status should be a much more reliable indicator

than questionnaire-based data on maternal vitamin D

supplements.

Conclusions

Maternal 25(OH)D level <50 nmol/l at late mid-trimester

of pregnancy is associated with an increased risk of pre-

eclampsia. Given the high prevalence of such low levels of

vitamin D in pregnant women, it could be a modifiable

risk factor with important public-health implications. Fur-

ther confirmation of this finding in other independent large

cohorts and additional research on the underlying biologi-

cal mechanisms should be undertaken before implementing

large double-blind randomised trials of vitamin D supple-

mentation for the prevention of pre-eclampsia.
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