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Summary

Venous blood was obtained from 100 consecutive and unse-
lected Saudi Arabian mothers and their neonates within 48 h
after delivery. Plasma levels of 25-hydroxyvitamin D (25-OHD)
and total calcium were measured in paired samples. Fifty-nine
mothers and 70 neonates had subnormal (less than 10 ng/ml) 25-
OHD levels. Plasma Ca concentrations were low in 61% of the
mothers and 59% of the newborns consisting of 10 preterm and
38 full term babies. There were significant correlation between
the plasma levels of maternal and neonatal 25-OHD (r = 0.54;
P = 0.0001), maternal 25-OHD and Ca (r = =0.22; P = 0.03),
neonatal 25-OHD and Ca (r = —0.28; P = 0.0009), and maternal
and neonatal calcium levels (r = 0.46; P = 0.0001). Nevertheless,
maternal 25-OHD was not invariably higher than that in the
infant. Normocalcemia was observed in 29 neonates and 26
mothers (20 mother/baby pairs) in the presence of subnormal
maternal 25-OHD. Twenty babies and 16 mothers including nine
mother/baby pairs had hypocalcemia in the presence of normal
levels of 25-OHD. This indicates that vitamin D plays a crucial,
but not exclusive, role in calcium homeostasis during pregnancy.

This study revealed that vitamin D deficiency is very prevalent
during pregnancy in Saudi Arabia. It also showed that asympto-

‘matic hypocalcemia in full term babies is far commeoner than is
generally appreciated. It is considered that vitamin D deficiency
is primarily due to lack of exposure to sunlight. Encouragement
to obtain sunlight exposure and fortification of food are the only
alternative measures.

Abbreviation
25-OHD, 25-hydroxyvitamin D

Saudis, especially women, avoid exposure to sunlight due to
cultural and traditional beliefs. Ultraviolet light has been shown
to produce changes in circulating 25-OHD equivalent to those
produced by a daily dose of 10,000 IU j.e. several times the
recommended daily adult intake in food (21). Second, the dietary
intake of vitamin D by Saudi Arabians has been shown to be far
below the amount recommended by FAO/WHO, in the United
States and in the United Kingdom (20, 24).

In spite of abundant sunlight throughout the year, several
vitamin D deficiency diseases have been reported in Saudi Ara-
bia, including rickets (8, 9), fractures of the head of the femur in
the elderly, and osteomalacia (24). We have noticed a strikingly
high incidence of hypocalcemia in full term infants delivered at

King Abdul Aziz University Hospital. In view of the wide prev--.

alence of vitamin D deficiency diseases, we sought to define the

role of this vitamin in the pathogenesis of neonatal hypocalcemia,
Since 25-OHD is the major circulating form of vitamin D and
since its plasma concentrations directly reflect its status (6), we
opted to measure this metabolite and total calcium concentra-
tions in mothers and their neonates.

PATIENTS AND METHODS

Clinical. A 5-ml sample of venous blood was taken from each
of 100 unselected mothers and 2 ml from their corresponding
babies, within 48 h of delivery at King Abdul Aziz University
Hospital for estimation of plasma 25-OHD and total calcium
levels. Informed consent was obtained from all mothers before
venous samples of blood were drawn.

Information was obtained on diet during pregnancy, iron and
vitamin supplementation, and the family socioeconomic status.
Parity, type of delivery, and sex of the neonate were noted. Parity
was classified into three groups: primiparous, multiparous 1-4,
and grand multiparous (having from 5-9 siblings).

Weight and other anthropometric measurements were taken
as soon after birth as the neonate’s condition would allow.
Gestational age was evaluated clinically using the Ballard er al.
(1) scoring system, a modification of the Dubowitz scale. Appro-
priateness of weight for gestational age was determined from
Gairdner and Pearson standards (10). Preterm and term new-
borns were classified as appropriate for date, small for date, or
large for date.

Biochemical methods. Plasma was separated and stored at
—20°C until analysis. Total serum calcium was measured by
colorimetric methods (Boehringer Mannheim GmbH, Diagnos-
tica). Serum 25-OHD was quantitated by competitive protein-
binding assay using rachitic rat serum as described by Edelstein
et al. (7). The percentage of the overall recovery of added *H-
labeled 25-hydroxyvitamin D; (Amersham International, U. K.)
was 79.8 + 3.90.

Calculation and statistical methods. Results are expressed as
means = SD and ranges. Statistical analysis utilized Pearson’s
correlation coefficient () and calculation of probability (P value).

Normal total calcium levels for both mother and full term
neonate are taken as 8.5-10.5 mg/100 ml. 25-OHD normal
levels are considered to be 10-57 ng/ml (11).

RESULTS

Clinical. Women in this study group belonged, socioeconom-
ically, to the middle strata of Saudi Arabian society. Their
account of diet during pregnancy was, however, vague but they

“all claimed to have had a mixed diet with iron and folic acid
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(Fefol), but no vitamin D supplements. Vitamin D intake was
estimated at 50-70 IU/day, which compared very unfavorably
with the daily recommended dose during pregnancy (16, 17).

The 100 pregnant women were all delivered of single babies;
84 had spontaneous vaginal delivery, 5 forceps, 1 ventose extrac-
tion, and 10 cesarean section. Thirty-five were primiparous; 45
had 1-4 and 20 had 5-9 children. Of the newborns, 43 were
males and 57 were females. Gestational ages and weights of
neonates are shown in Table 1.

Two of the hypocalcemic infants had convulsions but the
others were given calcium and vitamin D before this develop-
ment could occur.

Biochemical Results. Maternal and neonatal plasma 25-OHD
levels. These findings are shown in Table 2. In eight mothers and
in five mother-neonate combinations, plasma 25-OHD was un-
detectable, and one had an unusually high level (160 ng/ml).
This particular mother had preeclamptic toxemia and deep vein
thrombosis for which she was given heparin. Her baby was large
for age and had normal plasma 25-OHD but both mother and
child were hypocalcemic.

Maternal plasma 25-OHD was higher than in the neonates in
only 44 cases, lower in 25, and equal in the remainder. The
results did not show any significant effect of parity on 25-OHD
or calcium levels.

In 12 neonates, the levels of 25-OHD were unrecordable (Table
2). Twenty-nine babies were normocalcemic in the presence of
subnormal plasma 25-OHD values. On the other hand, 20 neo-
nates who had normal 25-OHD levels were hypocalcemic. Nine
mother and newborn pairs had normal calcium levels under
subnormal 25-OHD plasma concentrations. Sex of the infant,
gestational age, weight, and parity had no effect on the neonates’
25-OHD level.

Maternal and neonatal total plasma calcium concentrations.
These results are shown in Table 3. Twenty-six mothers who had
low 25-OHD were normocalcemic. On the other hand, 16 moth-
ers who had normal 25-OHD levels were hypocalcemic.

All the preterms were hypocalcemic. There were no significant
differences between calcium levels in the term or preterm infants.
Again, sex, gestational age, weight, or birth order had no impact
on the calcium level of the neonate.

Table 1. Gestational ages and weights of neonates studied*

Gestation age (weeks) Weight (kg)

Mean SD Range Mean SD Range
Preterm (10)
AFD (8) 345 (04) 31-36 254 (0.38) 1.8-3.1
SFD (2) 34.5 34-35 1.99 1.9-2.08
LFD (0)
Term (90)
AFD (81) 393  (0.1) 37-42 321 (0.11) 2.70-3.90
SFD (4) 39 (0.6) 38-40 258 (0.57) 24-276
LFD (5) 394 (0.5 38-42 429 (0.5 4-4.7
Total = 100

* AFD, appropriate for date; SFD, small for date; LFD, large for date.

Table 2. Levels of 25-OHD in mothers and neonates

Mother Neonates
(n=100) (n=100)
Level(ng/ml) n Mean SD Range » Mean SD Range
<10 59 36 29y 09970 36 (3) 097
10-57 40 273 (13) 10-57 28 21.4 (10.6) 10-45.7
55 1* 160 160 2 62 (3) 59-65
Total 100 100

* Excluded, see text.
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Table 3. Maternal and neonatal calcium levels

<8.5 mg/dl calcium
n Mean SD Range
Mothers (n = 96) 59 7.66 (0.13) 6.2-8.4
37 9.42 (0.17) 8.5-10.6
Neonates (n = 82) 48 7.62 (0.15) 6-84
34 987  (0.17)  8.5-11.3

Correlations between maternal and neonatal plasma levels of
25-OHD and calcium. Table 4 shows the substantial correlation
between mothers’ and newborns’ 25-OHD plasma levels (P =
0.0001) and between their total calcium levels (P = 0.0001).

DISCUSSION

This study was conducted in Riyadh (latitude, 24°,42N), Saudi
Arabia, during the winter months. However, seasonal variations
of vitamin D biosynthesis are not expected in this subtropical
country (19). The populace of Saudi Arabia, particularly females,
children up to about 2 years of age, and elderly people, is
minimally exposed to the sun (8, 20, 24).

In this study, diet, which is in any case a poor source of
vitamin D (16), has been found to be particularly deficient in
supplying vitamin D. The plasma levels of 25-OHD in normal
Saudis had been found to be very low (20, 24). Low mean
concentrations of 25-OHD were also demonstrated in 30 mothers
and cord blood (2). Westerners living in Saudi Arabia were found
to have normal levels of 25-OHD in contrast to normal Saudis
(24).

In the present study, plasma 25-OHD was found to be sub-
normal (less than 10 ng/ml) in 59% of mothers and 70% of
neonates. These figures which indicate severe vitamin D deple-
tion on a large scale are to some degree hidden by the means
shown in Table 4 because of the high standard deviation and
wide ranges.

The substantial correlation we found between maternal and
neonatal concentrations of plasma 25-OHD has also been dem-
onstrated by several investigators (3, 13, 14). These authors and
others stress that the cord values are invariably lower than the
maternal levels. Our findings did not reveal the same consistency;
26 mothers had lower 25-OHD values than their neonates. This
finding is in agreement with the observation of Belton ez al. (2)
who demonstrated that the mean circulating levels of 25-OHD
is higher in infants than the maternal concentrations of the
metabolite. As the transfer rates of vitamin D; and 25-OHD;
across the placenta are comparable (18), it is probable that our
infants began to metabolize their own vitamin D at this age.

Plasma calcium concentrations were low in 59% of the neo-
nates and 61% of the mothers. Forty mothers and their neonates
had such low levels. The relationship was, therefore, not linear,
possibly because calcium transfer across the placenta is an active
process (5). There was, however, a strong correlation between
these two values in mother and neonate (r = 0.46; P = 0.0001).
Again, the calcium means of the whole groups underemphasize
the severe hypocalcemic states noted in both neonates and moth-
ers. Other workers have not observed the strong correlation
between the low levels of plasma calcium and 25-OHD which
we are reporting here (3, 4, 22), particularly in supplemented
pregnant women. But the significance of this correlation needs
to be substantiated.

In spite of this strong statistical correlation, normocalcemia
occurred with subnormal 25-OHD levels in 29 babies and 26
mothers (mother and baby in 20 cases). In the case of the
mothers, the most obvious explanation is that they were de-
mineralizing their own bone to maintain a normal calcium
homeostasis, in addition to enhanced calcium absorption from
the intestine (12). In the case of the fetus, vitamin D metabolites
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Table 4. Maternal and neonatal plasma levels of 25-OHD and total calcium significance of correlation coefficient between values

Maternal Neonatal Significance of differences between values
I1&11 T1&1II 1&1IV N&Iv I &IV
Parameter n Mean SD Range »n Mean SD Range r P r P r P r P r P
25-OHD (ng/ml) I. 99 13.3 (14.3) 0-57 IL96 9.1 (11.3) 0-65 0.54 0.0001 -0.22 0.03 -0.25 0.018 —0.28 0.009 0.46 0.0001

Calcium (mg/dl) IIL. 96 8.2 (0.9) 6.2-10.6 IV.84 84

(1.2) 6.0-11.3

merely enhance the transfer of calcium across the placenta. There
must, therefore, be some other mechanism, possibly the active
pump, which is keeping the neonates’ calcium at normal levels.

This study also revealed that the incidence of asymptomatic
hypocalcemia is far more frequent than previously believed. All
the preterm neonates were hypocalcemic but 38 full term babies,
representing 45% of the total sample (Table 2), were hypocal-
cemic. Similar observations have been made on the 6th day of
life in full term Caucasian neonates, especially during winter,
and in Asian pregnant women and their neonates (3, 23).

It is not surprising that in this series gestational age had no
significant or specific association with either the plasma calcium
or the plasma 25-OHD concentrations. Neither did sex, at least
in the first 48 h, in contrast to the male sex predominance noted
on the 6th day of life by other workers (4).

Plasma 25-OHD and calcium levels were not related to parity.
This is in accord with the findings of at least two studies (4, 22).
The subnormal levels of 25-OHD even of primiparas in this
study would seem to indicate a state of severe depletion and lack
of storage (15).

We conclude that in spite of abundant sunlight vitamin D
deficiency is common in Saudi Arabia, because of minimal
exposure to the sun. In addition, women usually go through a
continuous cycle of pregnancies and lactation periods which
further deplete their stores. Young children are protected indoors
till they are independent at about the age of 2 years.

The results of this study highlight the importance of ensuring
that pregnant and lactating women are encouraged to expose
themselves to natural ultraviolet light and take adequate vitamin
D supplements. The requirements of a pregnant woman are
probably about 500-700 IU/day (4). We feel that in Saudi Arabia
this dose level would be sufficient to maintain adequate level of
25-OHD in mothers. Certainly, improvement of the nutrition
status of Saudi mothers during pregnancy will lead in turn to an
improvement in the vitamin D status of newborns.

We speculate that, if there is a need for vitamin D supplemen-
tation for children, it would be in the range recommended for
United States children, that is, 400 IU/day. But, further studies
to determine the vitamin D dose which would maintain plasma
25-OHD within normal levels in mothers, infants, and children
are necded.
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