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Abstract
Background. Vitamin D has been implicated in embryo/placental development and growth; however information in this
regard is limited or unavailable.
Objective. To assess 25-hydroxyvitamin D (25(OH)D), free b-human chorionic gonadotropin (b-hCG) and pregnancy
associated plasma protein A (PAPP-A) status during pregnancy.
Methods. Serum 25(OH)D, b-hCG, and PAPP-A levels were measured in the first trimester of otherwise healthy Spanish
pregnant women (n¼ 488). Rho Spearman coefficients were calculated to determine correlations between analytes.
Results. Median serum 25(OH)D levels for the entire sample was 27.4 ng/ml (interquartile range¼ 12.1). 25(OH)D levels
were insufficient (20–29.99 ng/ml) and deficient (520 ng/ml) in 40.6% and 23.2%, respectively, in relation to ethnics, body
mass index values, tobacco use, and season/gestational age at blood sampling. b-hCG and PAPP-A levels significantly
correlated (r2¼ 0.47) yet neither of them with 25(OH)D levels. Despite this, the three analytes significantly correlated with
gestational age at sampling.
Conclusion. First trimester 25(OH)D, b-hCG, and PAPP-A levels increase with gestational age; however, placental peptides
do not correlate with vitamin D levels, suggesting a non-placental 25(OH)D production. More research is required in this
regard.
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Introduction

Vitamin D precursors produced by skin photosynthesis and
acquired by digestive absorption are transformed in the liver
into 25-hydroxyvitamin D [25(OH)D] or calcidiol. In the
kidneys and other tissues, a second hydroxylation produces
the bioactive hormone 1a,25-dihydroxyvitamin D [1,25
(OH)2D] or calcitriol [1–3]. 1,25(OH)2D has effects on
bone metabolism and mineral homeostasis. During early
pregnancy, vitamin D seems to be involved in implantation
and placental development, displaying in addition antipro-
liferative and immunomodulatory actions [4–6]. Moreover,
the human placenta has the enzymatic activity of 25-
hydroxyvitamin D3-1a-hydroxylase (CYP27B1) and 1,25
(OH)2D3-24-hydroxylase (CYP24A1), which are involved
in vitamin D synthesis and metabolism [7]. In vitro studies,
on the other hand, suggest that vitamin D may stimulate
estrogen, progesterone, and beta human chorionic gonado-
tropin (b-hCG) synthesis [7,8] whereas inhibit cytokine
secretion [9]. The aim of the present study was to measure
first trimester serum b-hCG, pregnancy associated plasma
protein A (PAPP-A) and 25(OH)D levels in Spanish women
and determine analyte correlations.

Methods

Study design and participants

This cross-sectional study was approved by the Research
Ethics Committee of the Torrecárdenas Hospital, Almerı́a,
Spain. Pregnant women attending the outpatient clinic of
the mentioned Hospital from May 2009 to April 2010 for
their first antenatal visit (11–14 weeks gestation) were
informed about the research, its objectives and requested to
participate after giving written consent. All participants
lived in the Spanish Mediterranean coast (near Almeria at
latitude 368 N, longitude 28 W). This geographical area has
one of the sunniest, warmest, and driest climates in
Europe. Indeed, it has nearly 3000 h of sunshine per year,
320 sunny days, and only 25–30 wet days [10]. Subjects
with increased risk for intrauterine fetal growth restriction
were excluded namely hereditary (factor V Leyden muta-
tion, S protein deficiency, C protein deficiency, factor XII
deficiency, methylenetetrahydrofolate reductase mutation)
or acquired thrombophilias (antiphospholipid syndrome or
systemic lupus erythematosus). Upon recruitment no
participant was on vitamin D supplementation. Maternal
data for analysis included: age, parity, season, and
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gestational age at blood sampling, body mass index (BMI),
ethnics (Caucasian yes/no), smoking status, residency
(coast/highland), and nationality.

Serum 25(OH)D, b-hCG and PAPP-A assays

Serum 25(OH)D levels were determined by electrochemi-
luminescence immunoassay using a polyclonal antibody
against 25(OH)D on a Roche Modular E 170 analyzer
(Roche Diagnostics, West Sussex, England) [11]. Results
are expressed in ng/ml (equivalence of 1 ng/ml¼ 2.496
nmol/l). This method has been validated against HPLC and
radioimmunoassay methodology and is capable of detecting
25(OH)D levels in the range of 4–96 ng/ml [12]. Women
were categorized according to determined 25(OH)D levels
as sufficient (�30 ng/ml), insufficient (20–29.99 ng/ml),
and deficient (520 ng/ml).
b-hCG was measured by a solid-phase, two-site sequen-

tial chemiluminescent immunometric assay (Immulite 2000
Beta HCG, Siemens Healthcare Diagnostics Products Ltd)
[12]. Results are expressed in ng/ml (equivalence of 1 ng/
ml of free b-hCG¼ 1 mIU/ml of free b-hCG in terms of the
World Health Organization’s First International Reference
Preparation of chorionic gonadotropin beta subunit human,
number 75/551). Analytical sensitivity was 1 ng/ml.

PAPP-A was measured by a solid-phase enzyme-labeled
chemiluminiscent immunometric assay [12]. Results
are expressed in mIU/ml and analytical sensitivity was
0.025 mIU/ml.

Statistical analysis

Statistical analysis was performed using SPSS software
package (Version 10.0 for Windows, SPSS Inc, Chicago,
IL). Data are presented as medians, interquartile ranges
(IQR), and percentages. The Kolmogorov–Smirnov’s test
was used to determine the normality of data distribution.
According to this, continuous non-parametric data were
analyzed with the Mann–Whitney test (two independent
samples) or the Kruskal–Wallis test (various independent
samples). Rho Spearman coefficients were calculated to
determine correlations between 25(OH)D, PAPP-A, and
b-hCG levels. Prior to any linear regression analysis,
numeric data were log-transformed. A p value of 50.05
was considered as statistically significant.

Results

During the study period a total of 507 gravids (11–14
weeks) were recruited. Four hundred eighty-eight partici-
pants providing serum in adequate conditions for
25(OH)D, PAPP-A, and b-hCG level determinations.
Basal characteristics and 25(OH)D, b-hCG, PAPP-A status
of the studied population are depicted in Table I. Of the
total, 406 were Spanish and 82 were immigrants. Median
serum 25(OH)D levels for the entire sample was 27.4 ng/ml
(IQR¼ 12.1). Only 36.3% of subjects had adequate serum
25(OH)D levels whereas in 40.6% and 23.2% these levels
were found to be insufficient and deficient, respectively.
Lower levels were significantly related to ethnics (non-
Caucasian), nationality, BMI values, season at blood
sampling and tobacco use (Table I). Women sampled at
higher gestational age displayed significantly higher
25(OH)D, b-hCG, and PAPP-A levels.
b-hCG and PAPP-A levels did not statistically differ in

accordance to 25(OH)D status (Table II). b-hCG and
PAPP-A levels significantly correlated (r2: 0.47, p¼ 0.0001)

yet neither of them with 25(OH)D levels. Despite this, all
analytes significantly correlated with gestational age at
sampling.

Discussion

The human placenta is a particular endocrine organ, source
of many proteins which are pivotal for obstetrical outcome
[13–16]. This organ is also responsible for inflammatory
and immune changes that protect fetal growth and
development [17,18]. Placental peptide (i.e. b-hCG and
PAPP-A) and fetal nuchal translucency measuring have
been used to screen several fetal malformations, trisomies
and adverse pregnancy outcomes [19,20]. hCG is pro-
duced by the syncytiotrophoblast and its main role is to
maintain the corpus luteum and progesterone secretion
during the first trimester of pregnancy [13–15]. PAPP-A is
used in prenatal genetic screening and as a marker of
atherosclerosis [19–21]. During pregnancy, low PAPP-A
levels have related to a higher risk for intrauterine fetal
growth restriction, trisomy 21, preterm birth, preeclampsia,
placental abruption, and stillbirth [19,22].

Despite its metabolic importance, the vitamin D endo-
crine system also participates in different reproductive-
related processes both in females and males, including
among others sperm quality, implantation, cell prolifera-
tion, local immune response, and placental hormone/
cytokine secretion [1,3–9,23–25]. Serum 25(OH)D is a
marker of endogenous vitamin D status with a half-life of
approximately 3 weeks. Cholecalciferol has a short half-life
(approximately 24 h); therefore its serum levels depend on
recent sunlight exposure and vitamin D intake. 1,25
(OH)2D is the bioactive endocrine compound, with a
shorter half life (4–6 h) and a potency some 1000 times
higher than its precursor. Eighty percent of 25(OH)D is
bound to its binding protein, 15% to albumin and 0.03%
circulates freely for metabolic transformation [1–3,26,27].
Low serum 25(OH)D levels have been associated to several
obstetrical complications [1,3,28]. Although criteria for
adequate serum vitamin D level definition are still a subject
of debate, reports indicate that at least 30 ng/ml are
required to maintain general health [1,2,29]. In the present
series, a high rate of women presented 25(OH)D levels
below this cut-off value. Factors predicting these levels and
their impact on obstetrical outcome will be the matter of
discussion in future publications.

The present analysis found that first trimester 25(OH)D,
b-hCG and PAPP-A levels positively correlated with gesta-
tional age at sampling. Although b-hCG and PAPP-A
displayed a positive correlation, neither analytes correlated
with vitamin D, suggesting that 25(OH)D first trimester
increase in relation to gestational age is not of placental
origin. Clinical data supporting our findings are lacking in
the literature. Reports indicate that b-hCG and PAPP-A
levels correlate [30] and steadily increasing in the first
trimester of pregnancy [31]. Our data seem to support these
facts; however, to best of our knowledge correlation with
vitamin D status has not been reported in the clinical
scenario.

1,25(OH)2D enhances in vitro hCG secretion (a marker of
trophoblast endocrine activity) and regulates vitamin
D hydroxylase gene expression in human syncytiotropho-
blast cells [7]. Indeed, during pregnancy, 1a-hydroxylase
increases at the placental (and macrophages) level
incrementing therefore 1,25(OH)2D levels [32]. Our results
seem to suggest that maternal 25(OH)D serum levels are
capable of providing the required amount of the active
hormone 1,25(OH)2D in order to maintain placental b-hCG
and PAPP-A production. In one in vitro study, a vitamin D
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receptor antagonist blocked 1,25(OH)2D-mediated up-
regulation of the 24-hydroxylase gene but did not affect
1,25(OH)2D stimulated hCG secretion [7].

In conclusion, first trimester 25(OH)D, b-hCG, and
PAPP-A levels increase with gestational age; however
placental peptides levels do not correlate with vitamin D

Table I. Basal characteristics and 25 (OH) D, b-hCG, PAPP-A status of the studied population (n¼ 488).

Parameters

25 (OH) D levels (ng/ml),

median [IQR]

b-hCG levels (ng/ml),

median [IQR]

PAPP-A levels

(mIU/ml), median [IQR]

All (n¼488) 27.4 [12.1] 1.32 [1.10] 0.60 [0.51]

Age

520 (n¼ 27) 28.8 [11.9] 1.32 [1.35] 0.71 [0.74]

20–29 (n¼ 214) 26.1 [13.7] 1.33 [1.15] 0.58 [0.46]

�30 (n¼ 247) 28.0 [11.0] 1.31 [1.07] 0.61 [0.52]

p¼0.14 p¼ 0.78 p¼ 0.60

Caucasian

Yes (n¼ 431) 28.1 [10.9] 1.31 [1.11] 0.60 [0.48]

No (n¼ 57) 16.0 [8.9] 1.40 [1.08] 0.76 [0.53]

p¼ 0.0001* p¼ 0.37 p¼ 0.05

Nationality

Spanish (n¼406) 27.8 [11.4] 1.32 [1.14] 0.60 [0.48]

Immigrants (n¼82) 23.8 [12.7] 1.30 [0.94] 0.68 [0.69]

p¼ 0.04* p¼ 0.66 p¼ 0.28

Body mass index (kg/m2)

525 (n¼ 294) 28.3 [11.2] 1.32 [1.10] 0.58 [0.58]

25–29.99 (n¼130) 25.9 [12.5] 1.37 [1.16] 0.61 [0.50]

�30 (n¼ 64) 23.7 [14.5] 1.14 [0.87] 0.64 [0.44]

p¼ 0.003{ p¼ 0.25 p¼ 0.93

Parity

0 (n¼ 256) 26.8 [12.3] 1.35 [1.08] 0.63 [0.57]

1–2 (n¼ 220) 28.0 [11.9] 1.26 [1.12] 0.58 [0.47]

�3 (n¼ 12) 21.5 [20.8] 1.78 [2.01] 0.82 [0.62]

p¼0.11 p¼ 0.07 p ¼0.32

Tobacco use

Yes (n¼ 87) 30.1 [11.6] 1.22 [0.95] 0.58 [0.46]

No (n¼ 401) 26.7 [12.1] 1.33 [1.19] 0.61 [0.54]

p¼ 0.001* p¼ 0.06 p¼ 0.19

Residency

Coast (5500 m) (n¼466) 27.2 [12.2] 1.32 [1.11] 0.61 [0.51]

Highland (�500 m) (n¼ 22) 28.3 [7.1] 1.04 [1.01] 0.54 [0.46]

p¼0.56 p¼ 0.21 p¼ 0.59

Gestational age at entry

512 weeks (n¼172) 23.0 [12.8] 1.19 [0.80] 0.58 [0.45]

�12 weeks (n¼316) 28.5 [10.9] 1.35 [1.18] 0.78 [0.54]

p¼ 0.001* p¼ 0.02* p¼ 0.02*

Season at entry

Spring (n¼48) 33.3 [21.8] 1.55 [1.27] 0.65 [0.55]

Summer (n¼ 290) 29.1 [9.4] 1.36 [1.02] 0.60 [0.48]

Autumn (n¼ 117) 20.7 [8.5] 1.26 [0.99] 0.58 [0.55]

Winter (n¼ 33) 17.2 [9.6] 1.25 [1.46] 0.66 [0.50]

p¼ 0.0001{ p¼ 0.72 p¼ 0.53

Provided p values are for intragroup comparisons; significant ones in italics as calculated with the Mann–Whitney* or

Kruskal–Wallis{ test.

IQR: interquartile range.

Table II. b-hCG and PAPP-A levels and correlations with 25(OH)D status.

Parameters

b-hCG levels (ng/ml),

median [IQR]

PAPP-A levels (mIU/ml),

median [IQR]

Deficient Low 25 (OH) D n¼113, 23.2% 1.33 [0.98] 0.65 [0.46]

Insufficient 25 (OH) D n¼198, 40.6% 1.32 [1.11] 0.61 [0.53]

Sufficient 25 (OH) D n¼177, 36.3% 1.30 [1.27] 0.59 [0.55]

p¼0.73* p¼0.64*

Rho Spearman coefficient correlations with 25(OH)D levels 0.05 (p¼ 0.27) 70.06 (p¼0.21)

Deficient¼ (520 ng/ml); Insufficient: (20–20.99 ng/ml); Sufficient (�30 ng/ml).

*p value for the intragroup comparison as determined with the Kruskal–Wallis test.
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levels, suggesting a non-placental 25(OH)D production.
Further studies are needed to delineate metabolites
regulating serum b-hCG and PAPP-A levels and precise
the role of the active hormone 1,25(OH)2D in this regard.
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from the ‘Junta de Andalucı́a’.

References
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