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Abstract

Background: There is biologic and clinical evidence that links vitamin D deficiency to pre-eclampsia. The Vitamin D recep-
tor is present in the placenta, cardiovascular system, and lymphocytes. It has anti-inflammatory, immune regulatory, and anti-
hypertensive properties and facilitates placental implantation. Each of these processes is involved in the pathogenesis of pre-
eclampsia.
Objectives: The main purpose of this study was to study the relationship between vitamin D deficiency and severe pre-eclampsia in
a population residing in southern Iran that is generally known to have a high prevalence of vitamin deficiency. As a second objective,
the prevalence of vitamin D deficiency in pregnant women was investigated.
Patients and Methods: We conducted a case-control study of 59 patients with severe preeclampsia and 217 controls, all of whom
were from southern Iran. Cases and controls were matched for age, body mass index, and gestational age. The study was carried out
in autumn and winter. Plasma 25-hydroxyvitamin D was measured using high performance liquid chromatography, and the results
were compared between the two groups.
Results: Almost all controls and patients had 25-hydroxyvitamin D levels below normal, and 69% had levels below 10 ng/mL. The
mean 25-hydroxyvitamin D levels in the patient and control groups were 8.4 (6.2) and 8.5 (6.9) ng/ml (P = 0.80), respectively. The
level of 25-hydroxyvitamin D had no significant association with subjects’ body mass index or age.
Conclusions: Pregnant women in our region have a high prevalence of vitamin D deficiency, and in a population with severe vitamin
D deficiency, there is no significant correlation between 25-hydroxyvitamin D levels and preeclampsia. Severe deficiency masks any
possible association in a case-control study. Controlled trials with vitamin D supplementation are recommended for further studies.
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1. Background

Vitamin D is a steroid vitamin-hormone that is mainly
produced in the skin by exposure to ultraviolet radiation.
It is converted to 25-hydroxyvitamin D (25-OH D) in the liver
and then to 1, 25-dihydroxyvitamin D in the kidneys. The ac-
tive form of the vitamin is 1, 25 dihydroxyvitamin D, and it
has a short half-life of only several minutes, so the assess-
ment of vitamin D status is determined by measuring 25-
OH D, which has a half-life of about three weeks (1). The
main role of vitamin D in humans is the maintenance of
normal levels of calcium and phosphate by facilitating the
absorption of calcium from the intestines and enhancing
the mobilization of calcium from the bone (2).

Recent studies have shown a broader effect of vita-
min D in humans. Vitamin D receptors have been found
in many tissues, including lymphocytes, the cardiovas-
cular system and placenta. It has immune regulatory,
anti-inflammatory, and antihypertensive effects (3). Pre-

eclampsia is a major health problem affecting 2% - 8% of
pregnancies (4) and the pathogenesis of pre-eclampsia in-
cludes a number of processes that may be affected by vita-
min D, including inflammation, immune dysfunction, hy-
pertension, and abnormal placenta implantation (5-8). Vi-
tamin D deficiency has been hypothesized to be linked to
the development of pre-eclampsia, but the results of stud-
ies on the matter have been inconsistent.

Vitamin D deficiencies have been reported to as preva-
lent in pregnant Iranian women, affecting up to 80% of all
cases (9, 10).

2. Objectives

The primary purpose of this study was to investigate
the relationship between vitamin D deficiency and severe
preeclampsia. As a secondary goal, the frequency of vita-
min D deficiency in pregnancy in our population was also
studied.
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3. Patients andMethods

This was a case-control study conducted in autumn
and winter of 2011 - 2012. The ethical board of Shiraz Uni-
versity of Medical Sciences approved the study design (ap-
proval No.: ec-P-90-2988). Patient and control consent was
obtained for the collection of data and blood samples.
Cases were recruited using the sequential method from
the inpatient obstetric units at Shiraz University of Medi-
cal Sciences after confirmation of a diagnosis of severe pre-
eclampsia, according to the American college of obstetrics
and gynecology criteria (11). Patients with pre-gestational
diabetes, renal disease, chronic hypertension, lupus, and
multiple gestations were excluded. The hospitals where
this study was conducted are tertiary referral centers. For
each patient, about three controls with singleton gestation
were recruited from ambulatory prenatal care units. Con-
trols were matched according to age± 5 years, gestational
age ± 1 week, and body mass index (BMI). The use of vi-
tamin D supplements was also recorded for each patient
and control. The exclusion criteria for controls were the
same as the patients. Blood samples were obtained, and
the serum was separated and frozen within 30 minutes of
collection. Levels of 25-OH D were measured by high perfor-
mance liquid chromatography (HPLC, Agilent 1100, USA),
and Vitamin D status was reported according to the En-
docrine Society criteria: normal > 32 ng/mL, insufficient≥
20 and ≤ 32 ng/mL, deficient < 20 ng/mL, and severe defi-
ciency < 10 ng/mL (12).

Statistical analyses were completed using SPSS 19. Com-
parison of means of continuous variables in the case and
control groups was done with a t-test. The chi-square
test was used to compare proportions in case and control
groups. We used a multiple linear regression analysis to
investigate the association of 25-OH D with maternal age,
body mass index, gestational age, and season of year in
the case and control groups. Binary logistic regression was
used to evaluate the effect of each 5 ng/mL change in 25-OH
D levels on the odds of severe pre-eclampsia in the whole
study group. P-values less than 0.05 were considered sig-
nificant.

4. Results

Fifty-nine patients and 217 controls were recruited for
this study. The mean maternal age was 28.1 (5) years in
patients and 26.3 (4.3) years in the control group. The
mean BMI was 29.1 (3.9) kg/m2 among patients and 27.6
(2.9) kg/m2 in the control group. The patients had a mean
gestational age of 33 weeks 4 days, and in the control group
it was 33 weeks 5 days.

In their follow up examinations, none of the con-
trols had developed preeclampsia. An analysis of 25-OH D
showed that almost all patients and controls had a vita-
min D deficiency or insufficiency, and only one individual
in the control group had a normal level of 25-OH D. Sixty
nine percent of all the study group had severe vitamin D
deficiency (Table 1). The distribution of different degrees
of vitamin D deficiency in the two groups is shown in Ta-
ble 2. The mean 25-OH D level in the patient group was 8.4
(6.2) ng/mL, and it was 8.5 (6.9) ng/mL among the controls
(P = 0.80). In a multiple linear regression analysis, BMI (P
= 0.06), gestational age (P = 0.14), time of the year, winter
versus autumn (P = 0.22), and maternal age (P = 0.12) in
either group had no significant relationship with the 25-
OH D level. In binary logistic regression analysis, which
included the whole study population, the odds of devel-
oping pre-eclampsia for each 5-ng/mL rise in 25-OH D level
was 0.9 (95% confidence interval = 0.7 - 2.2, P = 0.34). Four-
teen patients and 49 controls were taking calcium-vitamin
D supplements containing 200 units of vitamin D for at
least one month. The proportions of subjects taking vita-
min D supplement were not statistically different between
the patient and control groups (23% versus 27%, P = 0.66).
The level of 25-OH D among those taking vitamin D sup-
plement was higher than others, 11.3 (5.8) versus 7.8 (6.9)
ng/mL, but the difference was not significant (P = 0.14).

Table 1. Frequency of Different Levels of 25-OH D for the Entire Study Population (n
= 276).

25-OHD level, ng/mL No. (%)

< 10 190 (69)

10.1 - 20 64 (23)

20.1 - 32 22 (8)

Table 2. Comparison of Frequency of Different Levels of 25-OH D in Patients and
Controlsa , b

25OHD level, ng/mL Case (n = 59) Control (n = 217)

< 5 21 (36) 93 (43)

5.1 - 10 19 (32) 59 (27)

10.1 - 20 17 (28) 46 (21)

20.1 - 32 2 (4) 19 (9)

aValues are expressed as No. (%).
bThe differences were not significant (P = 0.27).
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5. Discussion

In our study, there was no association found between
25-OH D levels and the occurrence of pre-eclampsia in a
population with severe vitamin D deficiency. In recent
years, there has been much attention paid to studying this
issue.

In a study by Baker and colleagues on 51 women with
pre-eclampsia and 204 controls, 25-OH D levels of less than
20 ng/mL, compared with levels above 31 ng/mL, were asso-
ciated with 4-times increase in the odds of developing pre-
eclampsia (13). In Robinson and colleagues’ study on 50
cases of pre-eclampsia and 100 controls, the level of 25-OH
D in the patient group was significantly lower than among
the controls (18 versus 32 ng/mL) and for each 10 ng/mL
increase in 25-OH D level there was a 63% decrease in the
odds of pre-eclampsia (14). In a study by Bodnar and col-
leagues, 25-OH D levels before 16 week of pregnancy were
lower in those who later developed pre-eclampsia (18.9 ver-
sus 22 ng/mL) (15). In a controlled trial, vitamin D supple-
mentation reduced the odds of pre-eclampsia by 27% (16).
In contrast to previous reports, four case-control studies
(17-20) and one controlled trial (21) failed to show any rela-
tionship between vitamin D and pre-eclampsia. Although
the results of the studies have been discordant, a recent
meta-analysis has pointed to an association between vita-
min D deficiency and pre-eclampsia (22).

There are also biological mechanisms that link vitamin
D deficiency to pre-eclampsia. The pathogenesis of pre-
eclampsia has two stages (23). In the initial stage, there
is decreased placental perfusion secondary to abnormal
implantation. The hypo-perfused placenta then produces
substances that initiate generalized endothelial dysfunc-
tion and inflammatory activation (23). Active vitamin D
regulates genes that are involved in normal placental im-
plantation and angiogenesis (8). It also regulates the im-
mune response of the mother to the placenta, which is an
important factor in normal implantation (6) and reduces
the production of pro-inflammatory cytokines, which are
involved in the pathogenesis of pre-eclampsia (24). Vita-
min D also decreases blood pressure by suppressing the
renin angiotensin system (7).

It is clear that there is both biological and clinical ev-
idence to support the association between vitamin D de-
ficiency and pre-eclampsia. The lack of such an associa-
tion in our study may be due to the severity of our sub-
jects’ vitamin D deficiency. In most studies that showed an
association, the protective effect of vitamin D was evident
in those with 25-OH D levels above 30 ng/mL, and there is
a threshold effect for vitamin D in the prevention of pre-
eclampsia. In our sample study, there was only one indi-
vidual in the control group with a 25-OH D above 30 ng/mL,

so the severity of vitamin D deficiency may have masked
any protective effect of the vitamin. In this situation, case-
control studies lack adequate power to detect possible as-
sociations. Future randomized clinical trials in our popula-
tion with vitamin D supplementation may be more conclu-
sive. Sixty-three individuals in our study population were
taking 200 IUs of vitamin D per day, but their average 25-OH
D level remained in the deficient level, at 11.3 (5.8) ng/mL.
This implies that small maintenance doses of 200 - 400
IUs of vitamin D cannot cure vitamin D deficiency in preg-
nancy. Larger daily doses of 1000 - 2000 IUs are recom-
mended by the American college of gynecology and obstet-
rics (25), and some authors have suggested an even higher
daily dose of 4,000 IUs (26).

An important finding of our study was that almost all
of our sample study members had some degree of vitamin
D deficit. Reports from other parts of Iran have had similar
results (9, 10). Vitamin D deficiency is also prevalent in non-
pregnant women. In a recent study on women in Tehran,
69% of the study population had some degree of vitamin
D deficiency (27). Our study population had a more severe
degree of vitamin D deficiency than reported in other stud-
ies, and this may be due to the seasons of sampling (27).
Our sampling was performed during the autumn and win-
ter, when blood levels of 25-OH D are lowest due to the de-
crease in sunlight and excess clothing, which prevents the
exposure of skin to ultra-violate light. Fars is a sunny area,
but the tradition of avoiding sunlight may be a major fac-
tor in the development of women’s vitamin D deficiencies.
In a recent report from Shiraz, 95% of female university stu-
dents had some degree of vitamin D deficiency, and sun
protection was a major factor (28).

5.1. Conclusions

Pregnant women in our region have severe vitamin D
deficiencies and, in such a population, there is no signifi-
cant association between levels of 25-OH D and severe pre-
eclampsia. Future randomized clinical trials with vitamin
D supplements are needed to further investigate this issue.
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