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lasma 25-hydroxyvitamin D levels
n early-onset severe preeclampsia
hristopher J. Robinson, MD, MSCR; Mark C. Alanis, MD, MSCR; Carol L. Wagner, MD;
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BJECTIVE: Vitamin D deficiency has been linked to adverse preg-
ancy outcomes. The purpose of this investigation was to assess total
5-hydroxyvitamin D (25-OH-D) levels at diagnosis of early-onset se-
ere preeclampsia (EOSPE).

TUDY DESIGN: After institutional review board approval, we enrolled
ubjects with EOSPE (�34 weeks’ gestation with severe preeclampsia)
n this case-control investigation in a 1:2 ratio with gestation-matched,
ontemporaneous control subjects. Demographic and outcome infor-
ation was collected for each subject. Plasma total 25-OH-D levels
ere determined by radioimmunoassay and reported in nanograms per
illiliter. Results were analyzed by Mann-Whitney U and multivariable
010;203:366.e1-6.
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ESULTS: Subjects with EOSPE (n � 50) were noted to have decreased
otal 25-OH-D levels relative to healthy control subjects (n � 100; P �
001). This difference in total 25-OH-D remained significant after con-
rol for potential confounders.

ONCLUSION: Total 25-OH-D is decreased at diagnosis of EOSPE. Fur-
her study is needed to understand the impact of vitamin D deficiency on
regnancy outcomes.

ey words: 25-hydroxyvitamin D, adverse pregnancy outcome,

egression. preeclampsia, vitamin D

ite this article as: Robinson CJ, Alanis MC, Wagner CL, et al. Plasma 25-hydroxyvitamin D levels in early-onset severe preeclampsia. Am J Obstet Gynecol
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ith the resurgence of rickets in
the 1990s, the scientific commu-

ity has focused increased attention on
itamin D.1 Vitamin D is a steroid hor-
one that is derived primarily from syn-

hesis in the skin through exposure to
ltraviolet B radiation. Vitamin D un-
ergoes hydroxylation in the mater-

rom the Division of Maternal-Fetal
edicine, Department of Obstetrics and
ynecology (Drs Robinson, Alanis, and

ohnson), and the Department of Pediatrics
Drs Wagner and Hollis), Medical
niversity of South Carolina, Charleston,

C.

resented at the 30th Annual Meeting of the
ociety for Maternal-Fetal Medicine, Chicago,

L, Feb. 1-6, 2010.

eceived March 1, 2010; revised June 8,
010; accepted June 17, 2010.

eprints not available from the authors.

upported by a Clinical and Translational
cience K12 Award, Medical University of
outh Carolina.

002-9378/free
2010 Mosby, Inc. All rights reserved.

oi: 10.1016/j.ajog.2010.06.036

For Editors’ Commentary,
al liver to form 25-OH-vitamin D (25-
H-D) which is an inactive supply form
f this hormone. The active form of vita-
in D (1,25-[OH]2-vitamin D) results

rom the activity of 1-�-hydroxylase in
he maternal kidney or placenta.2 Be-
ause the half-life of 1,25-(OH)2-vita-
in D is only several minutes, the more

ccurate assessment of an individual’s
itamin D status is determined through
easurement of 25-OH-D, which has a

alf-life of approximately 3 weeks.3 An
dequate 25-OH-D level has been deter-
ined to be �32 ng/mL. Vitamin D in-

ufficiency and deficiency are diagnosed
t levels of �32 ng/mL and �20 ng/mL
5-OH-D, respectively.4 With these cri-
eria, vitamin D deficiency is very com-

on in pregnancy; up to 50% of the
omen are classified as vitamin D defi-

ient.5-8 Vitamin D deficiency has also
een noted to have increased incidence
mong persons of African American
ace. This deficiency is likely the result of
ncreased melanin content that prevents
dequate exposure to ultraviolet B radi-
tion for conversion of 7-dehydrocho-
esterol within the skin to vitamin D.2,7,8
idence of vitamin p
deficiency documented in these pop-
lations, there is heightened awareness
f the potential impact on pregnancy
utcome.
Vitamin D deficiency has been linked

o adverse perinatal outcomes in recent
pidemiologic data. Rickets, a hypomin-
ralization of the skeletal structure, is a
ell-described phenomenon of vitamin
deficiency.1 More recently, data sup-

ort associations of vitamin D deficiency
nd preterm birth, decreased birth-
eight, and hypertensive disease in preg-
ancy.9-14 Authors speculate that these
onditions may result from the lack of
ction of vitamin D in immunosuppres-
ion or placental development among
eficient patients.9,15-17 Thus, vitamin D
eficiency may be involved in the patho-
hysiologic condition of preeclampsia.
Preeclampsia remains poorly charac-

erized with regard to pathophysiologic
lements involved in the development of
ypertensive disease in pregnancy. Pre-
clampsia has been described as a 2-stage
isease in which stage I is heralded by
oor placental invasion, development,
nd remodeling. Stage II develops later
nd involves the clinical recognition of
reeclampsia in the form of maternal hy-

ertension, proteinuria, and end-organ
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isease.18 Data that suggest an associa-
ion between preeclampsia and vitamin

deficiency are now developing. In a re-
ent investigation of 25-OH-D levels in
regnancy before the onset of pre-
clampsia, vitamin D levels that were as-
essed in early pregnancy were found to
e lower among women who eventually
xperienced preeclampsia. In fact, these
nvestigators noted a 2-fold increased
isk for preeclampsia when serum vita-
in D levels decreased by 20 ng/mL after

djusting for confounders.10 Another
opulation-based investigation in Nor-
ay among 23,423 nulliparous women

ound that vitamin D intake of 15-20 �g/
ay, relative to �5 �g/day, was associ-
ted with a 27% reduction in the risk for
reeclampsia.13 Both of these investiga-
ions suggest an association between vi-
amin D deficiency and the development
f preeclampsia.
Early-onset severe preeclampsia

EOSPE) contributes 15% of the pre-
erm births in the United States per an-
um and may also have ongoing in-
reased risks for vascular disease in later
ife.19,20 These women and their fetuses
re also recognized to be at the greatest
isk for adverse outcomes in pregnancy,
ith a 20-fold increased risk for mater-
al death and several-fold increased risk

or neonatal morbidity or death, depen-
ent on gestational age at delivery and
resence of growth restriction in the fe-
us.21 Thus, this group may serve as a tar-
et population for improving outcomes
f preeclampsia.
The purpose of this investigation was

o examine the maternal plasma level of
5-OH-D in cases of EOSPE relative to
ontrol subjects who experience a normal
regnancy outcome. The hypothesis for
his investigation was that women who
ere diagnosed with EOSPE would have
ecreased 25-OH-D levels relative to con-
rol subjects who experience a normal
regnancy outcome. This association
ould further support the significance of
itamin D deficiency in preeclampsia.

ATERIALS AND METHODS
he institutional review board at the
edical University of South Carolina
pproved this case-control investigation. t
atients who were included in this inves-
igation had to provide consent for the
ollection of demographic and outcome
ata and venipuncture for collection of
lasma to be used in 25-OH-D analysis.
ases were recruited from the inpatient
abor and Delivery unit at the Medical
niversity of South Carolina after con-
rmation of a diagnosis of EOSPE.
OSPE cases had to meet the American
ollege of Obstetrics and Gynecology

riteria for severe preeclampsia and have
his diagnosis before 34 weeks of com-
leted gestation.22 Patients with EOSPE
ere excluded if they also had a diagnosis
f chronic hypertension, pregestational
iabetes mellitus, renal disease, lupus, or
ultifetal gestation. Contemporaneous

ontrol patients with a singleton gesta-
ion were recruited in a 2:1 match from
he ambulatory care setting. Control pa-
ients were matched according to race
nd gestational age at the time of sample
ollection for the EOSPE case. Control
ubjects were followed through preg-
ancy to assess pregnancy outcomes in

his cohort of patients. The control pa-
ients were excluded for the same exclu-
ion diagnoses for EOSPE cases. Demo-
raphic data were collected on each case
nd control at the time of plasma collec-
ion, which included gestational age, ma-
ernal age, maternal prepregnancy body

ass index, maternal systolic and dia-
tolic blood pressure, and urine protein.
lasma was collected from EOSPE cases
t the time of diagnosis. The 2 gestation-
atched control samples were also ob-

ained at a similar (within 1 week) gesta-
ional age for each EOPSE case. Plasma
as collected in a ethylenediaminetet-

aacetic acid vacutainer tube (BD P100
1.1; Becton Dickinson Labware, Frank-
in Lakes, NJ) that contained a protease
nhibitor cocktail. Samples were pro-
essed and frozen in aliquots within 30
inutes of collection from each subject.
he antepartum plasma sample that was
ollected at the time of diagnosis in
OSPE or matched gestational age for
ontrol subjects was assessed for total 25-
H-D in nanograms per milliliter with

he use of a double antibody radioimmu-
oassay (DiaSorin, Stillwater, MN). In
ur laboratory, this assay has a �10% in-

erassay and intraassay reliability. Vita- w

OCTOBER 2010 Americ
in D status was reported for both
OSPE and control groups according to

he following 25-OH-D cutpoints: nor-
al, �32 ng/mL; insufficient, �20 and
32 ng/mL; and deficient, �20 ng/mL.2

he use of a sample size of 50 patients
ith EOSPE compared with 100 control

ubjects would allow detection of a 25%
ifference in 25-OH-D, with 80% power
iven an alpha of .05. After delivery, out-
ome data were collected on both EOSPE
ases and control patients that included
irthweight, gestational age at delivery,
nd an assessment of intrauterine
rowth restriction that was based on
10th percentile birthweight, as as-

essed by gestational age at delivery.23

Results of continuous and categoric
ariables were reported as median (25
ercentile to 75 percentile) and percent-
ge by case or control group, respec-
ively. Bivariable analysis was conducted
ith the Mann Whitney U test for exam-

nation of continuous variables (mater-
al age, prepregnancy body mass index,
estational age at plasma sample collec-
ion, gestational age at delivery, mean ar-
erial pressure at sample collection,
irthweight, and plasma 25-OH-D lev-
ls) by case or control group. Propor-
ions were compared by case or control
roup with the chi-square test. Unad-
usted and adjusted odds ratios and asso-
iated 95% CIs were calculated for each
ovariate based on fitted simple and
ultiple logistic regressions for the out-

ome EOSPE. A multiple logistic regres-
ion was conducted to estimate the effect
f plasma 25-OH-D level on the risk
OSPE with the following additional vari-
bles included in the model: prepreg-
ancy body mass index, maternal age,
frican American race, and gestational
ge at plasma sample collection. Contin-
ous variables were assessed for linearity

n the logit and transformed as neces-
ary. Model adequacy was assessed with
he use of the Hosmer Lemeshow good-
ess-of-fit test. The area under the re-
eiver operator characteristic curve was
sed to assess the predictive accuracy of

he fitted multivariable model. All statis-
ical tests were 2-sided with the alpha set
t .05 to control for type I error. Data
nalysis was performed with SAS soft-

are (version 9.2; SAS Institute Inc,

an Journal of Obstetrics & Gynecology 366.e2
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ary, NC). A secondary analysis of 25-
H-D level was examined by race and
OSPE status. Comparison of means by

hese groups was accomplished by
ukey-Kramer test.

ESULTS
ifty patients with EOSPE and 100
atched control subjects gave consent

nd were included in this investigation.
regnancy demographic and outcomes
re summarized by EOSPE or control
regnancy in Table 1. Patients with
OSPE were noted to be younger with a
reater prepregnancy body mass index.
s expected, all cases of EOSPE were de-

ivered preterm because of their disease
ith a median gestational age at delivery
f 29 weeks, compared with 39 weeks in
he control group. The hypertension that
as encountered in the EOSPE group
as severe, as noted by a median mean

rterial pressure of 125 mm Hg, com-
ared with 78 mm Hg at delivery for
ealthy control subjects. The incidence
f intrauterine growth restriction in the

TABLE 1
Demographics and outcomes of pr
by early-onset severe preeclampsia

Variable

Maternal age, ya

...................................................................................................................

Body mass index before pregnancy, kg/m2a

...................................................................................................................

African American race, %
...................................................................................................................

Nulliparous, %
...................................................................................................................

Gestational age at sample collection, wk
...................................................................................................................

Gestational age at delivery, wk
...................................................................................................................

Mean arterial pressure at collection of sample
...................................................................................................................

Birthweight, ga

...................................................................................................................

Intrauterine growth restriction, %d

...................................................................................................................

Vitamin D status
..........................................................................................................

Normal: 25-OH-D �32 ng/mL, %
..........................................................................................................

Insufficient: 25-OH-D 20-32 ng/mL, %
..........................................................................................................

Deficient: 25-OH-D � 20 ng/mL, %
...................................................................................................................

Plasma 25-OH-D, ng/mLa

...................................................................................................................

25-OH-D, 25-hydroxyvitamin D; NS, not significant.
a Data are presented as median (Quartile 1 - Quartile 3); b Ma

Robinson. Plasma 25-OH-vitamin D levels in early-onset
OSPE group was significantly greater 1

66.e3 American Journal of Obstetrics & Gynecolo
ompared with healthy control subjects
42% vs 10%; P � .001). Plasma 25-OH-D
as significantly decreased among patients
ith EOSPE, compared with healthy con-

rol subjects (18 vs 32 ng/mL; P � .001) as
hown in Figure 1.

To assess the effect of maternal plasma
5-OH-D on the odds of having a diag-
osis of EOSPE, a multiple logistic re-
ression analysis was performed. Model
t and predictive accuracy were deter-
ined to be adequate by Hosmer-Leme-

how goodness-of-fit (P � .35) and area
nder the receiver operator characteris-

ic curve (P � .82), respectively. Results
f this analysis are presented in Table 2.
fter adjustment for all covariates, the
ssociation of increased maternal plasma
5-OH-D levels and decreased risk for
iagnosis of EOSPE remained statisti-
ally significant. Specifically, a 10-ng/mL
ncrease in 25-OH-D yields a 63% de-
rease in the odds of EOSPE among these
atients and would move 83% of this
roup into either the normal or insuffi-
ient category of vitamin D status. A

ancies complicated
s control subjects

Group

Early-onset severe
preeclampsia (n � 50)

24 (21–30)
.........................................................................................................................

34 (27–38)
.........................................................................................................................

48
.........................................................................................................................

54
.........................................................................................................................

29 (28–31)
.........................................................................................................................

29 (28–32)
.........................................................................................................................

m Hga 125 (116–134)
.........................................................................................................................

1170 (880–1420)
.........................................................................................................................

42
.........................................................................................................................

.........................................................................................................................

24
.........................................................................................................................

22
.........................................................................................................................

54
.........................................................................................................................

18 (13–31)
.........................................................................................................................

hitney U test; c �2 test; d �10th percentile fetal growth for gesta

re preeclampsia. Am J Obstet Gynecol 2010.
-unit increase in the prepregnancy w

gy OCTOBER 2010
ody mass index was also associated with
n 8% increase in the odds of EOSPE.
frican American race was noted to
arry a 12-fold increased odds of EOSPE
n this investigation. There was no signif-
cant effect of the timing of plasma sam-
ling on the odds of EOSPE as expected,
iven that patients were matched for this
haracteristic in this case-control inves-
igation. On examination of the bottom
uartile of maternal plasma 25-OH-D
�19.6 ng/mL), there was a 3.6-fold in-
reased odds of diagnosis of EOSPE
mong this group (odds ratio, 3.60;
5% confidence interval, 1.71–7.58; P �

001).
A secondary analysis of 25-OH-D

lasma levels was also conducted by race,
iven the increased odds for EOSPE in
frican American women that was seen

n the regression analysis. In Figure 2,
oth African American and white
omen who experienced EOSPE had de-

reased levels of 25-OH-D, compared
ith race-matched control subjects (Fig-
re 2). However, African American

P valueControl (n � 100)

28 (23–32) .001b

..................................................................................................................

28 (24–32) � .00b

..................................................................................................................

46 NSc

..................................................................................................................

47 NSc

..................................................................................................................

29 (26–31) NSb

..................................................................................................................

39 (37–40) � .001b

..................................................................................................................

78 (71–86) � .001b

..................................................................................................................

3260 (2960–3630) �.001b

..................................................................................................................

10 � .001c

..................................................................................................................

..................................................................................................................

47
..................................................................................................................

26
..................................................................................................................

27 .005c

..................................................................................................................

32 (20–44) � .001b

..................................................................................................................

l age.
egn
v

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

, m
......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

nn W tiona
omen who had EOSPE were noted to
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ave the lowest mean plasma level of 25-
H-D among groups.

OMMENTS
n this investigation, we examined
lasma 25-OH-D among those patients

FIGURE 1
Maternal plasma 25-hydroxyvitami
severe preeclampsia (EOSPE) vs co

atients with early-onset severe preeclampsia h
in D relative to healthy control pregnancies

ampling (median 25-hydroxyvitamin D, 18 vs
etermined by Mann Whitney U test.
obinson. Plasma 25-OH-vitamin D levels in early-onset sev

TABLE 2
Unadjusted and adjusted odds ratio

Variable

Maternal plasma 25-hydroxyvitamin D, per 10
...................................................................................................................

Body mass index before pregnancy, kg/m2 pe
...................................................................................................................

Maternal age, y
...................................................................................................................

African American race
...................................................................................................................

Gestational age at sample collection, wk
...................................................................................................................

Hosmer-Lemeshaw probability value, .35; receiver operator ch
CI, confidence interval; NS, nonsignificant.
a Wald �2 test; b Adjusted for maternal plasma 25-hydroxyvita
Robinson. Plasma 25-OH-vitamin D levels in early-onset seve
ho experienced EOSPE, which is 1 of
he most serious forms of hypertensive
isease in pregnancy. This study found
ignificantly decreased levels of 25-
H-D at the time of diagnosis of EOSPE.
o our knowledge, this is the first report

in early-onset
ol subjects

ignificantly decreased levels of 25-hydroxyvita-
were matched for gestational age at plasma
ng/mL; P � .001). The probability value was

reeclampsia. Am J Obstet Gynecol 2010.

for early-onset severe preeclampsia
Unadjusted analysis

Odds ratio (95% CI) P value

/mL 0.58 (0.43–0.77) � .001
.........................................................................................................................

unit 1.08 (1.03–1.13) .003
.........................................................................................................................

0.89 (0.83–0.96) .002
.........................................................................................................................

0.93 (0.46–1.88) NS
.........................................................................................................................

1.03 (0.82–1.31) NS
.........................................................................................................................

teristic curve area, 0.82.

D level, body mass index, maternal age, African American race,
re preeclampsia. Am J Obstet Gynecol 2010.

OCTOBER 2010 Americ
f maternal vitamin D status among pa-
ients with EOSPE. This is a significant
trength of this investigation because fu-
ure clinical trials will benefit this popu-
ation most because it contributes 15%
f the preterm births that are observed

n the United States per annum and sig-
ificant maternal-fetal morbidity and
ortality rates.19,21 The observations of

ecreased vitamin D status among Afri-
an American women who experienced
OSPE and the 12-fold increased risk for
iagnosis of EOSPE in the regression
odel suggests that vitamin D deficiency
ay be a factor in explaining their dis-

roportionate incidence of adverse preg-
ancy outcomes. This observation is
articularly important because these
omen also had the most decreased vi-

amin D levels among the population
hat was studied (Figure 2). In fact, their
5-OH-D levels in the control group
ere below that of white women who
ere diagnosed with EOSPE. This obser-
ation may suggest a threshold effect of
itamin D deficiency effect on EOSPE.
uture investigations in longitudinal
opulations of African American women
ay assist in a better understanding of

his observation. Alternatively, African
merican women may have unrecog-
ized genetic or epigenetic factors that
redispose them to EOSPE. Thus, this
opulation may also benefit most from

uture prospective randomized trials of
itamin D supplementation for im-
roved pregnancy outcomes.
The further examination of vitamin D

eficiency and preeclampsia is warranted

Adjusted analysis

Odds ratio (95% CI)b P valuea

0.37 (0.22–0.62) � .001
..................................................................................................................

1.08 (1.02–1.15) .01
..................................................................................................................

0.87 (0.80–0.96) .004
..................................................................................................................

12.6 (3.1–50.4) � .001
..................................................................................................................

0.94 (0.70–1.27) NS
..................................................................................................................

estational age at sample collection.
n D
ntr

ad s
that
32

ere p
s

a

ng
......... .........

r 1
......... .........

......... .........

......... .........

......... .........
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ecause there are multiple potential mech-
nisms whereby a deficiency of vitamin D
ay contribute to the pathophysiologic

ondition of preeclampsia. Vitamin D has
een implicated in providing critical sig-
als in gene regulation and expression in
arly placental development among pla-
ental trophoblast models.9,15,16,24,25 In vi-
amin D deficiency, there is concern that
he lack of these signals may play a critical
ole in stage I of placental development
hat leads to the ultimate recognition of
tage II and a diagnosis of preeclamp-
ia.15,18,25 It is not known exactly how these
ignals might lead to the ultimate diagnosis
f preeclampsia; therefore, epidemiologic
bservations from incidence of pre-
clampsia that are associated with vitamin

deficiency currently lack fully defined
athways through which biomolecular
echanisms explain this relationship.
owever, based on the observations of this

nd other studies that link vitamin D defi-
iency and preeclampsia, vitamin D sup-
lementation remains a possible target for

ntervention and possible improved preg-

FIGURE 2
Plasma 25-OH-D by race and early
severe preeclampsia (EOSPE) statu

frican American and white women with early-o
reased plasma levels of 25-hydroxyvitamin D (2
ies. African American women were noted to have
ith white women. The bars represent mean 25-
ere determined with the Tukey-Kramer test.
obinson. Plasma 25-OH-vitamin D levels in early-onset sev
ancy outcomes.10,13 h

66.e5 American Journal of Obstetrics & Gynecolo
This study has important limitations
hat should be noted and addressed in
uture investigations of these popula-
ions. There was no assessment of base-
ine dietary vitamin D intake or sun
xposure. Also, given that prenatal vita-
ins contain 400 IU of vitamin D, com-

liance with prenatal vitamin use should
e measured in populations in which vi-
amin D is considered. Alterations in
hese factors may result in effects not

easured in our investigation.
This investigation cannot be used

lone to assert a role for vitamin D sup-
lementation in pregnancy to improve
regnancy outcomes. Given the collec-
ion of samples at the time of diagnosis of
OSPE, this investigation cannot deter-
ine the effect of this disease on levels of

itamin D at diagnosis. It is also impor-
ant to point out that acute effects of pre-
clampsia on vitamin D physiology are
ot described in the literature and could
lso impact levels that are assessed at the
ime of disease. A longitudinal cohort
tudy would best address the impact of

set

t severe preeclampsia were noted to have de-
H-D) relative to matched-race, control pregnan-
lowest plasma 25-OH-D levels when compared

-D levels (mean � SEM). The probability values

reeclampsia. Am J Obstet Gynecol 2010.
ypertensive disease on vitamin D phys- 4

gy OCTOBER 2010
ology. However, previous investigations
ave demonstrated low second-trimes-
er maternal vitamin D levels as an inde-
endent predictor of future onset of
erm preeclampsia.10,13 Thus, additional
ell-designed, prospective, randomized

rials of supplementation that control
or dietary exposure and race will be
ecessary to determine a potential role

or vitamin D in the prevention of
reeclampsia. f
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