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Seasonal changes in perinatal vitamin D metabolism:
maternal and cord blood biochemistry in normal
pregnancies
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SUMMARY Two groups of white, primiparous women and their babies were studied: one group in
April 1979 and the other in September 1979. They were selected to be as near normal as possible.
In each case maternal and cord blood samples were taken at delivery and analysed for serum
25-hydroxycholecalciferol (25-OHD), calcium, magnesium, phosphate, alkaline phosphatase, total
protein, and albumin. Follow-up was by questionnaire at 6 weeks. The study showed a highly
significant increase in maternal and cord serum 25-OHD levels in September. The few mothers who
had taken vitamin D supplements had significantly higher serum 25-OHD values. Some of the
unsupplemented women studied in April had low serum 25-OHD levels suggesting that oral vitamin
D supplements should be given to pregnant white women in Britain, at least during the winter.

Recent work suggests that the health of a newborn
infant is affected by the vitamin D status of his
mother during pregnancy. In 1973 Purvis et at.1 in
Edinburgh reported an increased incidence of neo-
natal tetany in babies born after the 3 months of
the year with the fewest sunshine hours. They showed
an increased incidence of severe enamel hypoplasia
of the teeth in such infants, and suggested that the
changes might be related to seasonal variations in
skin vitamin D formation. In 1974 Hillman and
Haddad2 showed a highly sigaificant correlation
between the concentration of 25-hydroxyvitamin D
(25-OHD) in the mother's serum and that in the
cord serum of her infant. In 1976 data were published
which suggested that ultraviolet exposure was the
major determinant of maternal serum 25-OHD
levels in St Louis.3 The aim of our study was to
determine the normal seasonal variation in serum
25-OHD in pregnant women at delivery, to relate
this to cord levels of 25-OHD, and to relevant serum
chemistry in mother and infant.

Methods

Patients. Two groups of pregnant women were
studied-one during April 1979 and the other during
September 1979. Women who were either already in
labour or who had been admitted for induction were
assessed on arrival at Bristol Maternity Hospital.

Only fit primiparous, white mothers delivering
appropriately grown, term infants without significant
birth asphyxia were included. Those living further
than 20 miles from the centre of Bristol and those
who had left the area for longer than 2 weeks during
the last trimester of their pregnancies were excluded.
Blood (15 ml) was taken from the mother by
venepuncture generally without stasis, and from
the umbilical vein usually before expulsion of the
placenta. Serum was separated and frozen at
-200C within an hour of the sample being taken.
On the day after delivery each mother was inter-

viewed and her baby examined. Sccial class assess-
ment was on the basis of the husband's occupation,
and for an unmarried woman on the basis of her
own employrrent. Results were similar for the April
and September mothers but compared with the
whole country there was an excess of social classes
I and II. Enquiry was made about dietary supple-
ments of vitamin D but detailed dietary histories
were not taken. The obstetric assessment was used
to estimate gestational age. If there was serious
doubt about the gestational age or if it was less than
37 weeks, the patient was excluded. Any infant with
an Apgar score of less than 6 at one minute or five
minutes was excluded too.
Each mother was asked to complete a short

questionnaire which was posted to her 6 weeks after
delivery. This questionnaire required her to answer
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questions about the baby's feeds and asked if she
had consulted a doctor about her baby. She was

asked for permission to question the doctor about
the baby's health.

Analyses. Chemical estimations were made by the
SMAC multichannel autoanalyser in the Depart-
ment of Clinical Chemistry at Southmead Hospital,
Bristol. The following were measured: calcium,
phosphate, alkaline phosphatase, magnesium, total
protein, and albumin. Samples were analysed in
weekly batches. Quality control showed that
phosphate was the only measurement to differ
between April and September. Phosphate levels were
6 - 6% higher in September and this figure was used
for calculating the significance (Table 2).
Serum 25-OHD was assayed in batches after

completion of the sampling period in April and
September. The serum was extracted with chloro-
form, methanol, and water, then it was purified by
silicic acid chromatography, and the dried extract

made up in absolute ethanol before assay. A
competitive protein-binding assay was used, in
which normal human serum provided the binding
protein.4 In order to check the variation between the
April and September groups, samples from a

common serum pool were analysed. When the first
group was assayed the serum pool gave the value
28.7 ± 1 -4 ng/ml (n = 7) and for the second group

the value was 31-2±2-9 ng/ml (n = 4); this re-

presents a variation of 8-3 % of the mean value.
Allowance was made for interassay variation when
comparing values from different assays. In measuring
the September group the correction was applied to

each separate assay.

Table 1 Biochemical results obtained in April and September 1979
Total no Mean Standard Range
of cases deviation

April and September groups combined
Maternal
Calcium (mmol/l) (uncorrected) 103 2-30 0.13 1 82 - 2.64
Alkaline phosphatase (IU) 100 207 56-6 92 - 415
Total protein (g/l) 104 62-6 4-6 43 - 76
Albumin (g/l) 104 34-7 2-3 27 - 41
Magnesium (mmol/l) 103 0*77 0.14 0.50 - 1.72

Cord
Calcium (mmol/l) (uncorrected) 102 2-75 0-17 2-34 - 3.20
Calcium (mmol/l) (corrected) 102 2-83 0-18 2-49 - 3-69
Alkaline phosphatase (IU) 99 157 42-0 83 - 329
Total protein (g/l) 102 59-6 4.9 48 - 77
Magnesium (mmol/l) 102 0.75 0.12 0.50- 1.23

April group
Maternal
25-OHD (ng/ml)
With supplements 11 22-4 4.1 14.8 - 28.6
Without supplements 41 16-7 4.7 7.5 - 24-9

Calcium (corrected) all cases 52 2.45 0.09 2-13- 2-62
Phosphate (mmol/l)
With supplements 11 1.09 0.12 0-92- 1-25
Without supplements 41 0-98 0.15 0.56- 1.35

Cord
25-OHD (ng/ml) all cases 52 10.6 3.70 4-7 - 21.5
Phosphate (mmol/l) all cases 52 1.48 0.20 0-96- 1.86
Albumin (g/l) all cases 52 37.1 3.3 23 - 43

September group
Maternal
25-OHD (ng/mI)
With supplements 9 33.0 10.6 16.2 - 48.6
Without supplements 45 25.1 7.0 14-2 - 42.9

Calcium (corrected) all cases 51 2.4 0-11 2-11- 2.58
Phosphate (mmol/l) all cases 52 1.14 0.22 0.81- 1.65

Cord
25-OHD (ng/ml)
With supplements 9 22.9 7.1 14.4 - 38-9
Without supplements 45 16-7 5.28 6.2 - 37-3

Phosphate (mmol/l) all cases 49 1.72 0.22 1.29 - 2.45
Albumin (g/l) all cases 50 38.5 3-5 33 - 47

If there was no significant difference for season or for supplements, the results are combined as shown at the top. If significant differences exis-
ted for the season the results are given in the lower part of the table. These significant differences are further subdivided according to whether
supplements were taken. Numbers vary because not all estimations were available.
Values are given for both corrected and uncorrected calcium. Corrected maternal values are given separately for April and September because
of a seasonal difference not present in uncorrected values.
Conversion: traditional to SI utnits-25-OHD: 1 ng/ml * 2.5 nmol/l.
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Results
Calcium values were adjusted for albumin con-
centrations using the method described by Payne
et al.5 Because such a correction has not been
universally applied in previous studies, both correc-
ted and uncorrected calcium results are given here.
After correcting calcium values there was a signifi-
cant difference in maternal samples with season
and a less significant positive correlation between
maternal and cord calcium levels than with the
uncorrected results.

Biochemical values are shown in Table 1 and
significant differences in Table 2.

In cases where vitamin supplements had not been
taken maternal and cord blood 25-OHD levels were
significantly higher in September than in April
(Figure). Phosphate levels were significantly higher
in September in both maternal and cord blood.
Women who had taken vitamin D supplements

had significantly higher 25-OHD levels in both April
and September. Cord blood 25-OHD was also
higher in supplemented cases in September but not
in April. Maternal phosphate was higher in the
supplemented group in April.
Comparing cord with maternal levels, albumin

and calcium (corrected and uncorrected) were
higher in cord samples; alkaline phosphatase and
total protein were higher in maternal samples.
There was no significant difference between maternal
and cord magnesium levels.
Where there was no significant difference in

measurements between April and September and
supplementation had no effect, correlations of

Table 2 Significant differences
t P

September comnpared with April group

Unsupplemented cases
Maternal 25-OHD 6.43 < 0-001
Maternal phosphate 2.28 < 0.05
Cord 25-OHD 6.18 < 0-001
Cord phosphate 2.87 < 0-01

All cases-maternal calcium (corrected) - 2.09 < 0.05

Supplements compared with no supplements
April

Maternal 25-OHD 3.65 < 0.01
Maternal phosphate 2-35 < 0-05

September
Maternal 25-OHD 2-80 < 0-01
Cord 3.03 < 0.01

Cord compared with maternal levels
All cases
Calcium (uncorrected) 26.0 < 0-001
Alkaline phosphatase 7-82 < 0.001
Total protein 5.67 < 0.001

April
Calcium (corrected) 17-47 < 0-001
Albumin 6-51 < 0.001

September
Calcium (corrected) 14-46 < 0.001
Albumin 5-87 < 0-001

50r
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Figure 25-Hydroxycholecalciferol levels in maternal
serum and cord serum in April and September.

maternal with cord values were studied for all 106
cases. There was a highly significant positive
correlation for total protein (r = 0-381; P< 0 001)
and for uncorrected calcium (r = 0 377; P< 0 * 001).
There was a significant correlation for magnesium
(r = 0-308; P< 0.01). After correcting calcium
values for albumin there was no significant correla-
tion between maternal and cord levels in April, but
there was still a significant correlation in September
(r = 0.387; P< 0.01).

In the unsupplemented cases there was a positive
correlation between maternal and cord 25-OHD.
This correlation was highly significant in September
(r = 0-648; P<0-001) and just significant in April
(r = 0-340; P< 0-05).

In both April and September there was a highly.
significant correlation (r = 0-668 and 0-669 res-
pectively; P< 0 - 001) between the maternal 25-OHD
level and the difference between maternal and cord
levels.
There was no correlation between calcium and

vitamin D levels in maternal or cord samples for
corrected or uncorrected calcium results.

Follow-up questionnaire. Replies were received from
51 mothers in the April group and from 48 in the
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September one. Although some babies had been
taken to a doctor in the 6 weeks after delivery, none
had developed symptoms suspicious of neonatal
hypocalcaemia.

Discussion

Because of the complexity of perinatal vitamin D
metabolism we tried to find as normal a group of
pregnancies as possible. Primigravidae were chosen
because of the possible depletion of maternal
vitamin D stores in multigravidae.6 Any woman with
diabetes or with suspected placental insufficiency
was excluded because of the greater likelihood of
hypocalcaemia in her infant.7 For the same reason,
any pregnancy that resulted in a preterm, small-for-
dates, or asphyxiated infant was excluded.8 9 Any
woman with hypertension, pre-eclamptic toxaemia,
or renal disease was excluded because of possible
disturbances in the renal regulation of vitamin D
metabolism.10

Unlike some previous reports3 10 most of the
women were not taking vitamin D supplements.

Because of the known seasonal variation in
vitamin D levels3 10-14 our two groups of samples
were collected over fairly short periods: the months
of April and September. As we were interested in the
effect of season on the last trimester of pregnancy our
collection periods followed the two periods of the
year previously shown to have maximum variation
in 25-OHD levels.

Maternal samples were all taken at term in the
early stages of labour as there is evidence that
25-OHD, calcium, magnesium, and phosphate levels
change during pregnancy.7 1416
To ensure that all the women had been exposed to

the same seasonal influences we chose women who
had spent the last trimester in the Bristol area. The
Meteorological Office at Filton in Bristol confirmed
that there had been more bright sunshine hours in
the 3 months preceding September 1979 than in the
3 months preceding April. The year was typical for
the area.
Plasma calcium values were fairly constant

despite pronounced seasonal variations in 25-OHD.
This has previously been shown in healthy non-
pregnant subjects12 and in pregnant women.3 We
found no correlation between 25-OHD and calcium
values in maternal or cord blood samples and this
agrees with previous observations,17 18 but a weak
positive correlation between 25-OHD and calcium in
cord blood has been shown.19 20 Rosen et al.9 found
low 25-OHD values too in a group of hypo-
calcaemic preterm infants and their mothers. The
mean corrected calcium level of 2*45 mmol/l
(9-8 mg/100 ml) in our April group was lower than

the mean level of 2 51 mmol/l (10.04 mg/100 ml)
found in a group of unsupplemented pregnant
Asian women with evidence ofvitamin D deficiency.20

It may be important to measure ionised calcium in
perinatal studies7 16 21 although this was not done in
our study nor was it done in those quoted in the
previous paragraph.
We found no significant difference between

maternal and cord values for magnesium, nor was
there any variation with season or supplement.
There are reports that cord magnesium levels are
higher than maternal levels.16 22 Hillman and
Haddad3 found magnesium levels were lower in
summer in white, pregnant women.
The higher levels of phosphate found in September

and in supplemented women in April may be related
to vitamin D status as Watney et al.23 found signifi-
cantly higher values of serum phosphorus in Asian
mothers taking vitamin supplements compared with
those who were not.
Both Watney et al.23 and Brooke et al.20 found

higher alkaline phosphatase levels in pregnant
Asian women who were not taking vitamin D
supplements. We found no significant changes in
alkaline phosphatase with season or with supple-
ment. Presumably abnormal alkaline phosphatase
levels reflect subclinical bone disease secondary to
fairly prolonged and severe vitamin D deficiency:
we would not expect to find this in our patients.
We found a significant increase in maternal and

cord levels of 25-OHD in September compared with
April. Previous workers did not measure these in
carefully controlled groups of normal pregnancies
nor did they relate them to other biochemical values
in spring and autumn. The most important time to
measure serum 25-OHD is at the end of winter. The
mean maternal level in our unsupplemented April
group was 16-7 ng/ml and the corresponding mean
cord level was 10-6 ng/ml. Studies performed in
winter or spring are available for comparison.
Hillman and Haddad3 quoted a mean 25-OHD level
of 16-2 ng/ml in a group of third trimester white
women in St Louis in February: an unspecified
number was taking vitamin D supplements. Hillman
et al.19 found a mean cord value of 14*2 ng/ml for 10
term infants born in February after a varying vitamin
intake during pregnancy. Weisman et al.10 noted a
maternal mean of 20-0 ng/ml in a group of white
women in Florida who had taken 400 IU vitamin
D during pregnancy and who delivered in January
or February. Paunier et al.17 discovered much
lower 25-OHD levels in Switzerland, where samples
taken from healthy unsupplemented mothers at
delivery had a mean of 9.1 ng/ml.

Fourteen of the 41 unsupplemented women in our
April group had levels in the 'low' maternal range
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defined by Hillman and Haddad2 as 2-15 ng/ml and
the April mean was only just above that. Five of
these women were in the 'osteomalacic range' quoted
by Heckmatt et al.18 as less than 10 ng/ml. However
so were a proportion of the healthy, white British
subjects reported by Stamp and Round." None of
our mothers had levels as low as the mean maternal
level of 16-2 nmol/l (about 6 5 ng/ml) quoted by
Brooke et al. for unsupplemented Asians at term.20

Like other workers2 10 17 18 20 24 we found that cord
25-OHD was correlated with maternal levels. We
also found a highly significant positive correlation
between maternal serum 25-OHD and the difference
between maternal and cord 25-OHD. This supports
the hypothesis that there is an active process
regulating fetal 25-OHD levels as has been observed
and discussed previously.2 17
Although we found fairly low levels of 25-OHD

in our April group, cord calcium levels were not
abnormally low, and we found no clinical evidence of
hypocalcaemia. Neonatal calcium levels decline in
the first 48 hours of life and this decline has been
shown to be greater in preterm infants.19 We did not
collect data after cord blood and therefore cannot
relate variations in vitamin D status to subsequent
changes in the neonate. Low 25-OHD levels have
been reported in preterm infants with neonatal
hypocalcaemia9 19 but there is little evidence directly
linking maternal 25-OHD deficiency with early neo-
natal hypocalcaemia. Watney et al.23 suggested that
maternal vitamin D deficiency might influence fetal
calcium levels measured on the sixth day of life. In
the long term, vitamin D deficiency may contribute
to enamel hypoplasia of the teeth' and to the
development of infantile rickets in Asians in
Britain.'4 20

Finding normal cord calcium levels does not in
itself disprove the need for vitamin D supplementa-
tion. The question is whether supplements have any
appreciable effect. In 1974 Hillman and Haddad2
found little correlation between maternal vitamin D
intake and serum 25-OHD but later they showed
that this correlation existed in white subjects in
winter.3 Other workers have shown that oral vitamin
supplementation improves serum 25-OHD levels to
a lesser extent than exposure to sunlight." 13 We
have shown a significant increase in serum 25-OHD
levels in mothers taking supplements although
numbers were few and there were wide variations in
the supplements taken. Cord blood 25-OHD levels
were higher in supplemented cases in September.

Paunier et al.'7 found that mothers with high
vitamin intakes had higher serum 25-OHD levels
and so did their fetuses but the differences were not
statistically significant. They also found that mothers
with fairly low vitamin D intakes had infants with

lower total plasma calcium levels on the fourth day
of life than those born to mothers supplemented
with vitamin D. In Asian women in Britain, Brooke
et al.20 found no effect of vitamin D supplementation
on cord blood calcium, but infant calcium levels at
3 and 6 days were significantly higher and the
incidence of clinical hypocalcaemia was lower.

It is not possible to predict which women will
deliver prematurely and preterm infants may be
particularly susceptible to the effects of low maternal
25-OHD levels.9 19 We found that levels were low in
normal pregnancies in the spring. It is wise to
prescribe oral vitamin D supplements to pregnant
white women in Britain, at least during the winter.
In normal white pregnancies 400-500 IU/day seems
adequate and safe.1 6 17 25 There are stronger indica-
tions for supplementing Asians in Britain26 and
1000 IU of calciferol has been given to them with
good effect and no reported toxicity.18 20

We thank the nursing staff in the delivery suite of the
Bristol Maternity Hospital for help with the collec-
tion of specimens, and the consultant obstetricians
for allowing us to study their patients.
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