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Calcium, vitamin D and parathyroid hormone
relationships in pregnant Caucasian and Asian women
and their neonates
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SUMMARY. Plasma calcium, serum 25 hydroxyvitamin 0 [25(OH)D], 1,25 dihyd
roxyvitamin D[I,25(OH)2D] and parathyroid hormone (PTH) have been measured
in pregnant and newborn Caucasians and Asians. Calcium and 25(OH)D
concentrations were lower in Caucasian than in Asian women at all four stages
(three trimesters and during labour) of pregnancy. PTH concentrations were
greater in Asian than in Caucasian women during the three trimesters, but not at
labour, and increased in both groups through pregnancy, without a concomitant
change in plasma calcium concentrations. There was a significant inverse
correlation between calcium and PTH, as well as 25(OH)D and PTH,
concentrations. These data demonstrate the presence of progressive 'hyper
parathyroidism' during pregnancy in Caucasian and Asian women. The higher PTH
concentrations in Asian women may reflect the necessity of maintaining adequate
plasma calcium concentrations through PTH-induced osteolysis in the face of
vitamin 0 deficiency. Relative hyperparathyroidism in Asians may contribute to
net loss of calcium from the skeleton and osteopenia in Asian women. Calcium,
25(OH)D and 1,25(OHhD concentrations were lower, and those of PTH higher,
in Asian newborns compared with Caucasian newborns. Serum 1,25(OHhD
concentrations in the Asian newborn, though lower than respective maternal
levels, were comparable with normal adult levels, indicating that 1,25(OHhD
biosynthesis is stimulated in the Asian newborn to compensate for the low serum
25(OH)D concentrations.

It has been demonstrated that asymptomatic
Asian immigrants in the United Kingdom may
have subclinical hypovitaminosis 0 and secon
dary hyperparathyroidism.i":' It has also been
shown that the concentrations of 25 hydroxy
vitamin 0 [25(OH)D] in cord blood are
significantly lower than those in maternal
serurn.v" These facts raise the possibility that
secondary hyperparathyroidism may be fre
quent in Asian women during pregnancy, and
that these women's infants may also have
secondary hyperparathyroidism. It has pre
viously been suggested that serum concentra
tions of PTH increase during pregnancyr':" this
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observation has, however, been challenged by
other workers.?'!" To our knowledge, there is
only one previous study which has compared
25(OH)D and PTH concentrations in the serum
of pregnant Caucasian and Asian women. I I In
this study, radioimmunoassays of PTH were
carried out by the method of Rosselin et al. ,12
and failed to detect any differences in serum
PTH between Asian and Caucasian women.
Since we and others, using more recent
radioimmunoassay methodology, 1-] have re
ported frequent secondary hyperparathyroid
ism in non-pregnant Asians, it is clear that
25(OH)D-calcium-PTH relationships during
pregnancy need to be re-examined. Finally, no
data are available about 1,25 dihydroxyvitamin
D [1,25(OHhD] concentrations in Asian and
Caucasian women at term and their newborns.
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Period I: 10-20 weeks II 18
Period II: 21-30 weeks 11 IU
Period III: 31-40 weeks IU 15
Period IV: Paired maternal

(during labour)
and newborn 11 12
(umbilical vein)
samples

This study was instituted to determine
whether a progressive increase in PTH concen
trations occurs during pregnancy, whether such
an increase is more marked in Asian women
with hypovitaminosis D, whether a progressive
fall in 25(OH)D concentrations occurs in Asian
women with vitamin D deficiency due to
increased requirements associated with the
pregnant state, and whether the lower
25(OH)D concentrations in the Asian pregnant
woman result in lower 1,25 (OHhD concentra
tions in the woman herself and in her newborn.

Patients and methods

Forty-three Asian and 55 Caucasian pregnant
women attending the Antenatal Clinic at The
Royal Free Hospital, London, during the
months of September to November were
investigated. For the purposes of this study,
'Asians' are people from the Indian subconti
nent, and 'Caucasians' are white-skinned peo
ple from the British Isles. Approval for the
study was obtained from the hospital's Ethical
Committee. Written, informed consent was
solicited individually from the patients before
they were included in the study. There was no
selection of cases and all the patients who
agreed to participate in the fully explained
project were included. They were told that they
would be treated with vitamin D if any deficiency
of the vitamin was detected.

No change was made in the diet of any of the
patients during pregnancy and no supplemental
vitamins had been prescribed prior to collection
of blood samples for this study. Thirty-five
Asians were strict vegetarians, whilst all the
Caucasians were non-vegetarians.

Blood samples were collected at various
stages of pregnancy, as shown in Table I.

On each occasion, blood was collected into
two tubes, one heparinised for plasma separa-

TABLE I. Collection of blood samples

Asian
(n=43)

Caucasian
(n=55)

tion and the other for serum. Serum and plasma
samples were separated within 30 min of
collection. The serum samples were separated
using a refrigerated centrifuge and immediately
deep-frozen, so that all the 25(OH)D,
1,25(OHhD and PTH assays could be
performed in batches. To minimise interassay
variation, we carred out all estimations of
25(OH)D and PTH in three batches, making
sure that all Asian and Caucasian samples from
a particular period during pregnancy were
assayed together.

The serum concentration of 25(OH)D was
measured by a modification of Preece et al., 13

which involves preparatory chromatography
followed by a protein binding step. The mini
mal consistently detectable concentration of
25(OH)D in this assay is 5 nrnol/L.

Serum PTH concentrations were determined
by a radioimmunoassay procedure using an
antibody directed against the mid-molecular
peptide of PTH. 14.

15 As previously published,
the interassay variation for this estimation is
12%, whilst the intra-assay variation is less than
8%.16 Serum 1,25 (OHhD was assayed by a
method utilising an initial chromatographic
separation step followed by binding to a specific
receptor prepared from bovine thymic
extracts.!" The interassay variation for this
method is 12%, whilst intra-assay variation is
less than 8%. The reagents used in these assays
were obtained from Immunonuc1ear Corpora
tion, Stillwater, Minnesota, USA.

Aliquots of heparinised plasma were used for
the measurements of calcium, phosphate, alka
line phosphatase, magnesium and albumin on a
SMAC Technicon Auto analyser.

Statistical analysis was carried out by the
Mann-Whitney U test.

Results

Plasma calcium concentrations did not alter
significantly during pregnancy in either Asian
or Caucasian women. However, they were
considerably lower in Asian than in Caucasian
women at each of the four stages of pregnancy
(Table 2). Calcium concentrations in all women
were within the normal reference range (2,10
2·60 mmol/L) for our laboratory.

Plasma phosphate concentrations were also
significantly lower in Asian women during the
first and third trimester and during labour
(Table 2). Plasma alkaline phosphatase,
albumin and magnesium concentrations were
almost indentical in Asian and Caucasian
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women at all four stages of pregnancy
(Table 2).

Compared with Caucasian women, serum
25(OH)D concentrations were markedly lower
in Asian women at all four stages of pregnancy.
There was no evidence of a significant change in
25(OH)D concentrations in either Asian or
Caucasian women during pregnancy (Table 2).

PTH concentrations increased steadily
throughout pregnancy in Caucasian women, the
median PTH concentrations during the second
and third trimesters and during labour being
significantly greater than those during the first
trimester (Fig. I). Asian women also had a
significant increase in PTH between the first
and third trimesters, but there was no further
increase during labour. PTH concentrations

were significantly greater in Asian women than
those in Caucasians during the first, second and
third trimesters. PTH concentrations during
labour were also higher in Asians than those in
Caucasians, but the difference was not statisti
cally significant (Fig. I). There was a highly
significant inverse correlatior between plasma
calcium and PTH concentrations in pregnant
women (Fig. 2); there was also a significant
inverse correlation between 25(OH)D and PTH
in these women (Fig. 3). When Asian and
Caucasian women were considered separately,
the inverse correlation between calcium and
PTH persisted (r=0-41 for both Asians and
Caucasians; P<O·OO2), whilst that between
25(OH)D and PTH disappeared.

1,25(OHhD concentration during labour

TABLE 2. Plasma calcium, inorganic phosphorus, alkaline phosphatase, albumin, magnesium and 25 OH
vitamin D [25(OH)D] in Asian and Caucasian women in the four sampling periods. Results are shown as
median and (range)

Period I Period II Period III Period IV

Calcium (rnmol/L)
Caucasian 2.36 2·39 2·36 2·32

(2·28-2,53) (2'31-2·51) (2,10--2,51) (2·27-2·72)
Asian 2·29 2·30 2·30 2·27

(2·13-2-45) (2'20-2·35) (2,10--2,41) (1·91-2·33)
P value <0·002 <0·002 <0·02 <0·002

Inorganic Phosphorus (mmoVL)
Caucasian 1·21 1·13 1·12 1·16

(0·91-1-4) (0,88-1·3) «(J·79-1·28) (0·82-1,60)
Asian 1·16 1·09 1·07 1·07

(0· 78-1·22) (0,97-1·19) (0,87--1·21) (0,89--1,25)
P value <0·002 NS <0·02 <IHJ2
Alkaline phosphatase (i. u.lL)

Caucasian 50 75 141 228
(33-137) (44-135) (88-216) (180-190)

Asian 47·5 78 146 231
(40-93) (39--88) (61-200) ( 165-297)

P value NS NS NS NS
Albumin (giL)

Caucasian 36 35 32 33
(3G-42) (32-38) (30-35) (30--42)

Asian 34 34 32 32·5
(31-38) (31-39) (30-34) (30-35)

P value NS NS NS NS
Magnesium (mmo/L)

Caucasian 0·75 (J·75 0·74 (J·71
(0,60-0,88) (0·67--{)·82) (0·62~J.85) (0,56-0,82)

Asian 0·76 0·71 (J·73 0·71
(0'62--{)'82) (0·65--Q· 78) (0'6~J'87) (0·54-0,85)

P value NS NS NS NS
25(OH)D (nrnol/L)

Caucasian 21·7 42·5 26·5 23·5
(11,0-57,2) (14,7--64,5) (5,0-39·5) (14·5-46·2)

Asian 6·2 12·5 7·8 13·1
(<5·0-8·2) «5·0-18·7) (<5·0-26·5) (<5·0-28·5)

P value <0·002 <0·002 <0·002 <0·002



Calcium, vitamin D and parathyroid hormone relationships 25

110

100

90

*T
T

I
I
I
I
I
I

was significantly lower in Asian women than in
their Caucasian counterparts (Table 3). The
concentration of this metabolite was also signi
ficantly lower In Asian newborns than In

Caucasian newborns. PTH concentrations in
Asian newborns were higher and 25(OH)D
concentrations significantly lower than those in

FIG. l. Progressive increase in PTH concentrations
during pregnancy in Caucasian (0-----0) and Asian
women (-.- - ---e). Data are medians and ranges;
•P<()·05; •• P«)-(KI2; tNS.
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FIG. 3. Inverse correlation between serum 25(OH)D
and PTH concentrations in maternal serum (r=O·32;
P<I)-(KJ2). Asians: e; Caucasians: O.
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TABLE 3. Serum 1,25 dihydroxyvitamin D concentra
tion in Asian and Caucasian women at term and in
their newborns. Results arc expressed as median and
(range) (pmoI/L). The normal range for non
pregnant Caucasian women is 40-120 pmol/L
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TABLE 4. Plasma calcium, inorganic phosphorus, magnesium, alkaline phosphatase, 25 hydroxyvitamin D
[25(OH)D] and parathyroid hormone (PTH) in cord blood (Asian and Caucasian)

Inorganic Alkaline
Calcium phosphorus phosphatase Magnesium PTH 25(OH)D
(mmol/L) (mmol/L) (i.u.lL) (mmol/L) (pmol/L) (nmol/L)

Asian 2·65 1·50 126 0·79 55 6·2
cord blood (2-43-2'98) (1·43-1,84) (116-282) (0,66-0,97) (34-95) «5 ·0--25'0)

Caucasian 2·76 1·48 168 0·78 44 15·3
cord blood (2,56-2,89) (1·21-1·79) (120-274) «()·62~)·93) (22-58) (6·4-39·0)

P value 0·02 NS NS NS <()·05 <0·05

Caucasian newborns (Table 4). I ,25(OHhD
concentrations in all newborns were lower than
those observed in their respective mothers at
term.

Discussion

Our data have answered clearly all the ques
tions which were set out earlier. In neither
Caucasian nor Asian pregnant women was
there a significant decrease in 25(OH)D
concentrations, despite the increased require
ments of vitamin D during pregnancy. The
concentration of 1,25(OHhD at term was
significantly greater than that seen in non
pregnant women. However, the 1,25(OHhD
concentrations in Asian women were signifi
cantly lower than those observed in Caucasians.
It is noteworthy that Asian women were able to
increase their 1,25(OHhD concentrations dur
ing pregnancy in spite of extremely low
25(OH)D concentrations, and that Asian new
borns also generated significant 1,25(OHhD
concentrations, although some had un
detectable 25(OH)D. The lower 25(OH)D and
1,25(OH)zD concentrations in Asian women
were reflected in the significantly elevated
concentrations of PTH in serum of Asian
women and significantly lower plasma calcium
and phosphate concentrations in this group
when compared with those of Caucasians.
There was a progressive increase in PTH
concentrations during pregnancy in both Asians
and Caucasians. This increase was, however,
more marked in Caucasians (Fig. 1) These data
are consistent with a state of progressive
hyperparathyroidism in pregnancy which is
independent of any significant changes in
plasma calcium concentrations. Whether the
increase in PTH concentrations is aimed at
stimulating the production of I ,25(OH)zD or at
greater mobilisation of calcium from the
skeleton or at conserving renal losses of calcium

to make more calcium available for foetal
growth is not clear. It is also possible that PTH
increases to compensate for a possible decrease
in sensitivity to PTH during pregnancy. Oes
trogens may have a modulating effect on the
end organ responses to PTH. Furthermore,
calcitonin concentrations are known to increase
during pregnancy" and the persistent calcium
lowering effect of calcitonin may induce relative
resistance to parathyroid hormone. Finally,
severe vitamin D deficiency may induce relative
resistance to PTH 1

') to an extent that hyper
phosphataemia and hypophosphaturia may
occur;2t1.21 this would be relevant to Asian
women and infants.

One important implication of progressive
secondary hyperparathyroidism in Asian
women during pregnancy is the possible effect
of hyperparathyroidism on bones. We have
recently reported the occurrence of pathologi
cal fractures in two Asian women during the
third trimester of pregnancy. 22 This may have
been contributed to by the concomitant secon
dary hyperparathyroidism.

The demonstration of a significant inverse
relationship between calcium and PTH concen
trations in a group of women whose calcium
concentrations are within the normal range is of
interest and has, to our knowledge, not been
shown before. Clearly, therefore, PTH secre
tion responds to alterations in calcium concen
trations during pregnancy, irrespective of the
underlying trend towards an increase in PTH
concentrations during pregnancy.

The finding that the markedly lower concen
trations of 25(OH)D in Asian women are
associated with only a minimal increase in PTH
concentrations when compared with Caucasian
women probably reflects the fact that Asian
women are able to 'compensate' to some extent
by increasing the production of 1,25(OH)zD.
The data on women at term (stage IV) indicates
this, but since the measurements of 1,25(OH)2D
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during the earlier part of pregnancy were not
carried out, we cannot be certain.

The observations made in this study make it
imperative that an assessment of vitamin D
status is made mandatory in Asian women
during pregnancy. Women with low 25(OH)D
concentrations should be supplemented with
vitamin D. Normalisation of calcium and para
thyroid hormone concentrations in maternal
serum would be useful end points in determin
ing the success of such supplementation and to
determine the dose and frequency with which
vitamin D preparations are to be administered.
In this context, it is worth mentioning that the
lower 25(OH)D concentrations in cord blood
from Asians are associated with lower calcium
and higher PTII concentrations than those from
Caucasians.r' Some Asian neonates in this
study had secondary hyperparathyroidism.
These infants were born of mothers who had
subnormal 25 (OH)D concentrations. Vitamin
D supplementation during pregnancy would
probably prevent this phenomenon.

The present study demonstrates that even
1,25(OHhD concentrations are lower in Asian
newborns. However, they are comparable to
concentrations found in adults. This fact, not
reported before, is of interest since four of the
newborns had undetectable concentrations of
25(OH)D. Thus, these infants are protected
from the effects of vitamin D deficiency by an
increased efficiency of l,,-hydroxylation by the
kidney. Whether secondary hyperparathyroid
ism contributes to an acceleration of 1,,
hydroxylase activity in utero is not known, since
the placenta, and not the kidney, is the major
site for conversion of 25(OH)D to 1,25(OHhD
during pregnancy. 24
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