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A B S T R A C T Serum immunoreactive parathyroid hor-
mone (iPTH) and plasma total calcium, ionized cal-
cium, magnesium, and phosphorus levels were deter-
mined during the first 9 days of life in 137 normal term
infants, 55 "sick" infants, and 43 hypocalcemic (Ca
< 7.5 mg/100 ml; Ca"+ < 4.0 mg/100 ml) infants.

In the cord blood, elevated levels of plasma Ca"+ and
Ca were observed, while levels of serum iPTH were
either undetectable or low. In normal newborns during
the first 48 h of life there was a decrease in plasma
Ca and Ca", while the serum iPTH level in most sam-
ples remained undetectable or low; after 48 h there were
parallel increases in plasma Ca and Ca"+ and serum iPTH
levels. Plasma Mg and P levels increased progressively
after birth in normal infants.

In the sick infants, plasma Ca, Ca"+ and P levels were
significantly lower than in the normal newborns, while
no significant differences were found in the plasma Mg
levels. The general pattern of serum iPTH levels in the
sick infants was similar to that observed in the normal
group, though there was a tendency for the increase in
serum iPTH to occur earlier and for the iPTH levels to
be higher in the sick infants.

In the hypocalcemic infants, plasma Mg levels were
consistently lower than in the normal infants after 24 h
of age, while no significant differences were found in
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the plasma P levels. Hyperphosphatemia was uncommon
and did not appear to be a contributing factor in the
pathogenesis of hypocalcemia in most infants. Most of
the hypocalcemic infants, including those older than 48 h,
had inappropriately low serum iPTH levels.

Evidence obtained from these studies indicates that
parathyroid secretion is normally low in the early new-
born period and impaired parathyroid function, character-
ized by undetectable or low serum iPTH, is present in
most infants with neonatal hypocalcemia. Additional
unknown factors appear to contribute to the lowering
of plasma Ca in the neonatal period. The net effect of
unknown plasma hypocalcemic factor (s) on the one hand
and parathyroid activity on the other may account for
differences in plasma Ca levels observed between nor-
mal, sick, and hypocalcemic infants. Depressed plasma
Mg is frequently present in hypocalcemic infants. To
what degree the hypomagnesemia reflects parathyroid
insufficiency or the converse, to what degree parathyroid
insufficiency and hypocalcemia are secondary to hypo-
magnesemia, is uncertain.

INTRODUCTION

Though poorly understood, the regulation of calcium
homeostasis in the newborn period has been of consider-
able interest. At birth, the plasma calcium (Ca) level in
cord blood exceeds that in maternal blood. During the
early days of life, the plasma Ca level progressively de-
creases in normal infants, so that by the second or third
day of life, the level is lower than that found in older
infants and children. In most normal full-term infants
the plasma Ca level returns to normal by 10 days of life.
The decline in plasma Ca in the newborn period is
greater in infants who are not fed or who receive cow's
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milk than in breast-fed infants, and greatest in infants r

who are sick and/or the products of abnormal preg- i
nancies and labors, including premature infants, infants j
of diabetic mothers, and infants with asphyxia (1). In s

some infants the plasma Ca level falls to pathologically
low levels and tetany or convulsions may result. I

The possible role of transient hypoparathyroidism as I
an etiologic factor in neonatal hypocalcemia has -received
considerable attention, but there has been little direct I

evidence to support this hypothesis. The development in 1
our laboratory of a sensitive radioimmunoassay for the I
determination of parathyroid hormone in small quanti-
ties of serum has given us the opportunity to assess
parathyroid function in the newborn more directly. In I
a preliminary report, we presented data restricted to
measurements of plasma Ca and immunoreactive para-
thyroid hormone (iPTH)' in a limited number of normal
and hypocalcemic newborn infants during the first 90 h
of life (2). The results suggested that parathyroid func-
tion was depressed during the first hours of life in nor-
mal newborn infants; in addition, low levels of serum
iPTH were found in several of the hypocalcemic in-
fants studied. Because the data in the preliminary study
were insufficient to be conclusive and because the age
range included only the first 90 h of life, this aspect of
our investigation, which comprises one segment of this
report, has been extended in the following ways: (a)
the total aggregate of normal and hypocalcemic infants
has been increased by approximately threefold, (b)
the age range studied has been extended from the first
90 h of life to the first 158 h of life in the normal new-
borns and to the first 216 h of life in the hypocalcemic
infants, and (c) in addition, arterial and venous umbili-
cal cord blood values are reported. The results of this
phase of the study firmly establish the pattern of para-
thyroid function in normal neonates which, in turn,
provides an important and indispensable data base for the
more comprehensive studies of hypocalcemic infants and,
equally important, for the additional new studies briefly
discussed in the following paragraphs and detailed in the
body of this report.

It has been well established that various complications
of pregnancy, delivery, and the neonatal period predis-
pose the newborn infant to develop hypocalcemia (1).
The reason for this is unknown and it is not clear why
some infants who are subjected to these complications
develop hypocalcemia while others do not. In an effort
to gain insight into this problem, we studied 55 infants
without evidence of hypocalcemia who were hospitalized
in the intensive care unit of the newborn nursery because
of a variety of complications of pregnancy, delivery, and
the newborn period. The findings in this group, desig-

1Abbreviations used in this paper: iPTH, immunoreactive
parathyroid hormone; P, inorganic phosphorus.

nated as "sick" infants, are compared to the findings
in the hypocalcemic infants, most of whom were sub-
jected to complications similar to those observed in the
sick infants.

The role of hyperphosphatemia and its influence on
neonatal calcium metabolism and parathyroid function
has been a subject of concern and debate for many years
(1). Because early reports relied on indirect studies of
parathyroid function, our knowledge of the interrela-
tionship of phosphorus metabolism and parathyroid ac-
tivity in the neonatal period is uncertain. The results
of the studies to be presented allow for a more direct
assessment of this interrelationship than has heretofore
been possible.

In recent years an association between hypocalcemia
and hypomagnesemia has been observed in newborn in-
fants as well as in older children and adults. Recent
evidence obtained in our laboratory demonstrated that
parathyroid hormone synthesis and/or secretion was
impaired in a hypomagnesemic adult, and similar find-
ings were reported in an 8-yr-old child by Suh, Tashjian,
Matsuo, Parkinson and Fraser (3, 4). However, there
is little information on the influence of magnesium on
calcium homeostasis in the newborn. In this report we
explore the role of magnesium in neonatal hypocalcemia,
and the possible influence of this cation on neonatal
parathyroid function.

Though it has been the subject of a number of studies,
it is apparent that the underlying pathophysiologic mech-
anism responsible for neonatal hypocalcemia has not

been clearly defined. As indicated above, several factors
have been implicated in this disorder, including transi-
ent hypoparathyroidism, hyperphosphatemia, hypomag-
nesemia, and various complications of pregnancy and the
neonatal period. In the present study each of these fac-
tors is critically examined in an effort to further our

understanding of neonatal calcium metabolism. The re-

sults provide data that permit a comparison of the inter-
relationship of parathyroid function and calcium, mag-
nesium, and phosphorus metabolism in normal, sick, and
hypocalcemic newborn infants.

METHODS
Three groups of newborn infants were studied during the
first 9 days of life:

Normal full-term infants. This group consisted of 137
term infants born after normal pregnancy and housed in
the nursery of the University of Missouri Medical Center.
Delivery and neonatal period were uneventful in all cases.

Distilled water was fed at 3 h of age, while Enfamil for-
mula (Mead Johnson Laboratories, Evansville, Ind.) was

offered every 4 h starting at 5-7 h of age. Each 100 ml of
Enfamil contains 58 mg of calcium, 45 mg of phosphorus,
5 mg of magnesium, and 42 IU of vitamin D.

Sick infants. This group consisted of 55 infants without
evidence of hypocalcemia (plasma Ca> 7.5 mg/100 ml)
who were hospitalized in the intensive care unit of the
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newborn nursery because of a variety of complications of
pregnancy, delivery, and the neonatal period. The com-
plications included cesarean section (n=4), maternal dia-
betes (n = 9), sepsis (n = 9), asphyxia (n = 8), hyper-
bilirubinemia (n = 8), placental abnormalities (n = 1), and
respiratory distress syndrome (n = 6). 34 infants had a
gestational age equal to or greater than 38 wk while 21
were premature (gestational age 33-37 wk). Gestational age
was estimated by the scoring system of Dubowitz, Dubo-
witz, and Goldberg (5). In 21 infants there were signs of
increased neuromuscular irritability. There was no uni-
formity in the type of alimentation in this group because
several infants were referred from nurseries outside of the
Medical Center. 27 of the infants had received or were
receiving intravenous fluids at the time of the study.

Hypocalcemic newborn infants. This group consisted of
43 infants who had plasma Ca levels less than 7.5 mg/100
ml. 23 infants had a gestational age equal to or greater
than 38 wk, while 20 were considered to be premature (32-
37 wk of gestational age). In 34 of the 43 infants there
were definite signs of increased neuromuscular irritability
including twitching, tetany, and convulsions, while in 9
infants signs of increased neuromuscular activity were ques-
tionable. In 37 cases the pregnancy, delivery, and/or neo-
natal course was abnormal. The most frequent complica-
tions were cesarean section (n = 19), maternal diabetes (n
= 9), respiratory distress syndrome (n = 6), asphyxia (n
= 8), sepsis (n = 4), hyperbilirubinemia associated with Rh
or ABO incompatibility (n = 8), and placental abnormali-
ties (n = 3). As in the sick group, the type of alimentation
was variable in this group, and 24 infants were receiving
or had received intravenous fluids at the time of the study.
The incidence of various complications observed in the
sick and hypocalcemic infants is compared in Table I.

Blood sampling. Arterial and venous cord blood samples
were drawn separately by puncture of the main placental
arteries and veins immediately after delivery of the pla-
centa. In all normal infants, blood specimens were collected
by arm or scalp vein puncture with a scalp vein needle;
collections were made in the late morning between 2 and
4 h after a feeding. In both the hypocalcemic and sick
infants, blood samples were obtained either by peripheral
vein puncture or from umbilical artery catheters, employed
for infusion of fluids. In all of the hypocalcemic infants,
blood samples were obtained before calcium therapy.

Laboratory procedures. Serum levels of iPTH were de-
termined by a double-antibody radioimmunoassay technique
developed in our laboratory (6). The antiserum used in
this study (GP.03) was obtained by immunizing a guinea
pig with partially purified bovine parathyroid hormone and
is used at a final dilution of 1: 100,000. In gel filtration
studies of serum from patients with primary and secondary
hyperparathyroidism, GP.03 antiserum detected a peak of
immunoreactivity that corresponded to the [II]bovine para-
thyroid hormone marker (mol wt 9,500) and a larger peak
with a trailing shoulder that eluted later than the marker
(6). This indicates that our antiserum GP.03 recognizes
circulating forms of parathyroid hormone, which includes
the 84-amino acid peptide (mol wt 9,500) as well as
smaller immunoreactive species (7-9). Human hyperpara-
thyroid serum is used as the reference standard in the
assay and the concentration of iPTH in unknown serum
samples is expressed as microliter equivalents of the stan-
dard hyperparathyroid serum per milliliter (,uleq/ml). This
assay is sensitive and reproducible and has proved to be
an excellent tool for evaluation of patients with para-

TABLE I

The Incidence of Various Complications of Pregnancy and
the Neonatal Period in Sick and Hypocalcemic Infants

Sick Hypocalcemic
infants infants

(n =55) (n= 43)

Prematurity 38 47
Cesarean section 25 44
Maternal diabetes 16 21
Asphyxia 14 19
Respiratory distress

syndrome 11 14
Hyperbilirubinemia 15 19
Placental abnormalities 2 7
Sepsis 16 9

thyroid disorders. Its lower limit of sensitivity is 2 Fdeq/
ml. Approximately 75% of normal older children and adults
have detectable levels of serum iPTH with this assay, with
an upper limit of 10 g&leq/ml. Plasma Ca and Mg levels
were determined by atomic absorption spectrophotometry
(Perkin-Elmer Corp., Instrument Div., Norwalk, Conn.)
(10), plasma Ca++ levels with the Orion flow-through elec-
trode (Model 88-20) (Orion Research, Inc., Cambridge,
Mass.) (11), and plasma inorganic phosphorus (P) levels
by the method of Fiske and Subbarow (12) adapted to the
Technicon autoanalyzer (Technicon Instruments Corp.,
Tarrytown, N. Y.).

Statistical analysis. There was insufficient evidence to
justify the assumption that the underlying distributions
were normal. For that reason nonparametric tests were
used. Differences in plasma Ce+, Ca, Mg, P, and serum
iPTH levels during the various time periods and compari-
sons between the corresponding data obtained in the dif-
ferent groups of newborns were analyzed with the Wil-
coxon tests (13). When both individual and serial values
were available to compare data from different time periods,
the data were analyzed separately by the appropriate test
of Wilcoxon (i.e., two samples rank sum test for. the
individual values and matched pairs signed ranks test for
the serial values); the independent tests of significance were
then combined by the technique described by Stautler (14).
Spearman's rank correlation test (13) was used for cor-
relation analysis. P values less than 0.05 were considered
as significant in all of the tests.

RESULTS
Normal group (Fig. 1). The mean±SD values of

plasma Cay, Ca, Mg, and P were calculated from indi-
vidual or serial determinations obtained in 137 newborn
infants from birth (cord blood) to 158 h of age. A total
of 187 serum iPTH determinations were made in 89
of the 137 infants; thus, serial determinations were made
in many infants, while inadequate volume of serum
samples prevented us from determining serum iPTH
levels in other infants. In Fig. 1, as well as in Figs. 2
and, 3, each dot represents a single value on an indi-
vidual patient.
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Aleq/ml and were observed in serial studies of three

significant differences were ob- infants who included the previously mentioned infant
the arterial and venous values. with elevated cord blood iPTH values. The serial values

asma Ca and Ca"+ were signifi- were relatively constant in each of these infants; i.e.,
mean plasma Mg was signifi- values of serum iPTH of 79, 79, and 74 /Aleq/ml were

od when compared to correspond- observed at 21, 45, and 79 h of age, respectively, in one
older infants and children.2 The infant, while values of 34 and 32 Aleq/ml were observed
cord blood was higher than that at 18 and 38 h, respectively, in another infant. Similarly,

infants and children, but a wide in the infant who had high levels of cord blood iPTH,
bserved (3.85-9.00 mg/100 ml). values of 71 and 68 Aleq/ml were found at 25 and 100 h
the serum iPTH levels in cord of age, respectively. The possibility that the elevated

e (83%) to low. In the one in- levels might, in part at least, be artifactual and the re-
sult of nonspecific serum factors will be discussed later.

d children consisted of 165 normal Among the 36 newborns in whom determinations of
from 1 mo to 15 yr, seen in the serum iPTH were made before and after 48 h of age,

cs at the University of Missouri the values increased in 23 and decreased in 5, while no
in SD plasma values of this nor- d
vere: Ce+, 4.52±0.33 mg/100 ml; demonstrable change was observed in 8 (in 6 the values
1; Mg, 2.07±0.19 mg/100 ml; and remained undetectable).
. When analyzed at 3-yr intervals Sick group (Fig. 2). Though the plasma Ca levels
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is observed with this assay be-

nary hyperparathyroidism and nor- significantly different from those in the normal infants
of serum iPTH has been found and showed the same trend of a progressive rise during

range in over 95% of patients with
lism, while undetectable levels have the time periods studied. The serum P levels were sig-
in hypoparathyroid patients (6). nificantly lower in the sick infants when compared with
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neonatal hypocalcemia was defined as a plasma Ca level
* less than 7.5 mg/100 ml; this value corresponds to ap-

proximately 2 SD below the lowest mean plasma Ca level
. * observed in our normal newborns. The plasma Ca"+ lev-

* els were lower than 4 mg/100 ml in all of the infants in
this group.

. * Between 5 and 24 h of age the mean plasma Mg level
of the hypocalcemic infants was similar to that of the
normal and sick infants. However, after 24 h of age the

: * mean plasma Mg levels were consistently lower in the
*~"~ : hypocalcemic infants than in the normal (P < 0.01 in

* each time interval) or sick (P < 0.05 in each time inter-
2-74 ?d4-d47 48'-7? ~ 72% ~ 96-17? age nh val) infants. The relationship between the plasma Mg

levels in the normal, sick, and hypocalcemic infants is
4.56. 0.30 4.10 0.20 4.24+0.2? 4.35 ±0.15 4.44+±0.29. .

(23) (10) (137 (12) 110) shown in Fig. 4.
8.90 0.73 8.61 0.71 8.07±0.54 9.*07 0.62 9.04 0. 81 A wide range of plasma P was observed during each

(22) (121 (14) (121 (12)
1.91 + 0.29 1.72 + 0.27 1.92 ± 0.2 2.02 ± 0.26 2. 05 0.27 of the time periods and, although the mean values were

(22) (9) (13) (11) (12) generally lower than the corresponding values in the nor-
5.62 ± 1.19 6.60 f 1.72 6.08 + 1.30 6.07 ± 1.40 6.11 + 1.30

(17) (11) (12) (10) (12) mal group, the differences were not statistically sig-
erum iPTH levels and mean±SD of plasma nificant, nor were there any significant differences be-
g, and P levels in sick newborn infants. The tween the plasma P levels in the hypocalcemic and sick
ine indicates the limit of detectability of the infants. The relationship between the plasma P levels
Significant differences (P > 0.05) were found in the normal, sick and hypocalcemic infants is shown
plasma Ca++, Ca, Mg, or P levels at different ...inFig. 4. It is important to point out that hyperphospha-

temia was not a common finding in the infants with
hypocalcemia. Only 6 of the 43 hypocalcemic infants

group in each of the time intervals studied had plasma P levels greater than one standard deviation
above the mean values of the normal group.

The general pattern of serum iPT'l levels in the
sick neonates was similar to that observed in the normal
group and no statistical differences were found during
each of the time periods studied. As in the normal group,
only 36% of the serum iPTH levels were detectable
before 48 h, with an increase to 83% being observed af-
ter 72 h of age. However, the increase in serum iPTH
occurred earlier in the sick group, as demonstrated by
the finding of 56 and 77% detectable levels at 24-48 and
48-72 h, respectively, as compared to 37 and 51% in the
normal group. Furthermore, the percentage of serum
iPTH levels in the mid to high-normal range was greater
in the sick than in the normal group, particularly during
the time periods 72-96 h and after 96 h, when 50 and
66%, respectively, had levels higher than 5 Aleq/ml in
the sick infants compared to 25 and 38% in the normal
infants. Nine of the 55 sick infants had serum iPTH
levels greater than 10 Aleq/ml; six of them had moder-
ately elevated values ranging from 11.5 to 25 uleq/ml;
while the values in the other three infants were 36, 54,
and 115 ,leq/ml.

Hypocalcemic group (Fig. 3). There is no agree-
ment in the literature concerning the level of plasma Ca
which defines neonatal hypocalcemia. Authors have vari-
ously defined neonatal hypocalcemia as a plasma Ca
level less than 8 mg/100 ml (15), less than 7.5 mg/100
ml (16), or less than 7 mg/100 ml (17). In our study,
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The great majority (88%) of the serum iPTH values
determined in the hypocalcemic infants were undetec-
table or in the low to mid-normal range. In contrast to
the normal and sick infants, depressed serum iPTH val-
ues were found before as well as after 48-72 h of life in
the hypocalcemic group. Serum iPTH was detectable
in 35% of hypocalcemic infants before 48 h of age and
in only 28% after 72 h of age. Only 3 of 43 infants had
elevated levels of serum iPTH (16, 30, and 37.5 ,leq/ml)
in the presence of hypocalcemia. This is in contrast to the
consistently elevated levels of serum iPTH that we
have observed in older infants and children with hypo-
calcemia due to a variety of causes other than para-
thyroid insufficiency.

Summary of comparative findings in normal, sick, and
hypocalcemic infants. The serum iPTH levels were
usually undetectable or low in cord blood as well as
during the first 48 h of life in normal, sick, and hypo-
calcemic infants. After 48-72 h of life an increase in
serum iPTH was observed in the normal and sick in-
fants, but not in the hypocalcemic infants. A study of
the incidence of detectable plasma iPTH levels during
the first 7-9 days of life provides a comparative indi-

cator of the pattern of parathyroid activity in the three
groups. During the first 48 h of life the serum iPTH
levels were detectable in approximately 35-36% of in-
fants in each of the three groups, i.e., normal, sick, and
hypocalcemic. After 72 h of life the percentage of detec-
table serum iPTH levels was 75 in the normal infants,
83 in the sick infants, and 28 in the hypocalcemic infants.
There was a tendency for the increase in serum iPTH
to occur earlier, and for the iPTH levels to be higher
in the sick infants than in the normal infants.

The plasma Ca and Ca"+ were elevated in cord blood.
In normal infants the Ca and Ca"+ levels fell during the
first 48 h of life and then rose after 48 h of life, paral-
leling the rise in serum iPTH. By definition the plasma
total calcium was less than 7.5 mg/100 ml in the hypo-
calcemic infants. Though the plasma Ca levels were
above 7.5 mg/100 ml in all of the sick infants, the mean
plasma Ca"+ and Ca were significantly lower than in the
normal group. No significant differences in the plasma
Ca"+ and Ca levels were found in the sick infants in the
various time periods studied.

A progressive increase in plasma Mg was observed
in normal newborn infants during the first week of life.
The plasma Mg levels in the sick infants were not sig-
nificantly different from those in the normal infants and
showed the same trend of a progressive rise during the
first week of life. By contrast, after 24 h of age the mean
plasma Mg levels were consistently and significantly
lower in the hypocalcemic infants than in the normal
and sick infants.

In the normal newborn infants the plasma P levels
were significantly higher after 24 h of age than before
24 h of age. The plasma P levels in the sick infants were
significantly lower than those of the normal infants in
each of the time periods studied. A wide range of plasma
P was observed in the hypocalcemic infants in each of
the time periods studied and, although the mean values
were generally lower than the corresponding values in
the normal group, the differences were not statistically
significant. It is important to point out that hyper-
phosphatemia was an uncommon finding in the infants
with hypocalcemia.

Correlation analysis. In the normal infants plasma
Ca" and Ca levels were significantly correlated (P <
0.05) in the cord blood and from 24 h to 158 h, while
no correlation was found from 3 to 24 h. Plasma Ca"+
and Ca levels were not correlated at any time in the sick
and hypocalcemic infants. Serum iPTH levels did not
correlate in any of the three groups of infants with
plasma Ca++, Ca, Mg, or P levels. No correlations were
observed between plasma Ca`+ or Ca levels and plasma
P levels. There was a significant positive correlation be-
tween plasma Ca levels and plasma Mg levels in the nor-
mal group and in the sick group from 72 to 96 h (P <
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0.05 and after 96 h (P < 0.01), while in the hypocal-
cemic group a significant positive correlation was found
only between 72 and 96 h (P < 0.05). Because 38%
of the sick and 47% of the hypocalcemic infants were
premature, we analyzed the gestational age in these two
groups of infants in relationship to the plasma Cam,
plasma Ca, and, serum iPTH levels, but no significant
correlations were found at any time.

DISCUSSION

The finding reported in this paper of undetectable iPTH
levels in the cord blood of most of the infants studied
indicates that parathyroid secretion is depressed at birth.
The corollary to this observation is that the high levels
of plasma Ca and Ca"t present in cord blood are not the
result of hyperactivity of the fetal parathyroid glands.
This places greater emphasis on the primordial role of
the placenta in maintaining a high fetal-to-maternal cal-
cium gradient by means of a specific calcium active
transport mechanism (18). It seems reasonable to hy-
pothesize that the relatively high plasma Ca levels in-
duced by the placental calcium pump contribute to the
depression of fetal and neonatal parathyroid function.

In view of the results of our cord blood studies, it
is pertinent to briefly review previously published work,
in which attempts were made by a variety of means to
assess parathyroid function during embryonic life in
humans and experimental animals. Histologic studies
indicate that fetal human parathyroid glands at mid-
pregnancy have the typical features of active adult
glands, including the presence of vesicular cells (19,
20). In vitro studies strongly suggest that in the first
third of gestation secretory activity is present in human,
sheep, guinea pig, and chicken fetal parathyroid glands,
as indicated by the ability of the glands to induce bone
resorption when explanted in close contact with neonatal
rat parietal bone (21-23). Further evidence' for the
presence of circulating parathyroid hormone in the fetus
is that a fall in plasma Ca occurs in the rat fetus after
thyroparathyrodectomy or the injection of antibovine
parathyroid hormone (24, 25). More direct evidence for
active fetal parathyroid function was obtained by Smith,
Alexander, Buckle, Britton, and Nixon (26), who dem-
onstrated increased levels of serum iPTH in five sheep
fetuses during the last half of pregnancy in response to
EDTA-induced hypocalcemia.

The foregoing evidence of fetal parathyroid activity
appears to be inconsistent with the large number of un-
detectable serum iPTH -levels found in cord blood in our
study. However, it should be recognized that many of
the previously -reported results were obtained from stud-
ies of fetuses during the first half of gestation and there-
fore cannot be directly applied to the status of the
parathyroid glands at the end of pregnancy. Indeed, im-

portant changes in calcium homeostasis occur in both
the mother and fetus during gestation. In human stud-
ies it has been demonstrated that plasma Cae' and Ca
levels decrease (27) while the serum iPTH increases
(28) during the last trimester of pregnancy. In the
guinea pig and rabbit the fetal plasma Ca level de-
creases significantly below the maternal level at approxi-
mately mid-gestation, corresponding in the time with the
onset of fetal skeletal calcification; subsequently, the fetal
plasma Ca concentration increases and exceeds the ma-
ternal level at the end of gestation (29, 30). In this re-
gard, the findings of Smith et al. are important and per-
tinent to the discussion (26). They found undetectable
basal values of plasma iPTH in three of four sheep
fetuses-with high Ca levels during the late stage of gesta-
tion, while a fifth fetus at mid-gestation had relatively
lower basal Ca levels and a detectable level of iPTH.
Thus, the finding of high plasma calcium levels and un-
detectable iPTH levels in sheep -fetuses late in gestation
is consistent with our findings in the cord blood of new-
born infants at birth.

The persistence of undetectable to low serum iPTH
levels while the plasma Ca"+ and Ca fall during the first
48 h of life in normal newborns and the subsequent
parallel increases in iPTH, Ca", and Ca levels suggest
that neonatal parathyroid function remains depressed
for a short period of time after birth. The increase in
parathyroid activity observed in normal newborns after
48 h of life is consistent with the increase in phosphate
clearance (31, 32) and in urinary cyclic AMP(32) that
has been reported between the first and third- day of life
in normal newborn infants.

The major finding in the hypocalcemic group was the
prevalence of undetectable or inappropriately low serum
iPTH levels before as well as after 48 h of age. This is
in sharp contrast to the consistently elevated levels of
serum iPTH observed in our laboratory in older hypo-
calcemic infants and children with intact parathyroid
function. Thus, evidence obtained from our study dem-
onstrates that neonatal hypocalcemia is frequently asso-
ciated with impaired parathyroid function.

It is of interest that though the majority of normal
and sick newborn infants had undetectable levels of
serum iPTH before 48 h of age, the fall in plasma Ca++
and Ca in these infants was relatively small when com-
pared to the hypocalcemic group. The reason for this is
not clear. After 48 h of age, differences in parathyroid
function are more apparent since the majority of nor-
mal and sick infants had detectable levels of serum iPTH
while the majority of hypocalcemic infants had unde-
tectable levels. Thus, the studies of infants older than
48 h more clearly demonstrated the association of para-
thyroid insufficiency and neonatal hypocalcemia.

The importance of taking the age of the neonates into
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consideration in evaluating parathyroid function was also
demonstrated in studies of infants undergoing exchange
transfusions previously reported by our laboratory (2).
Base-line plasma Ca"+ levels were within the normal
range in these infants but, because of the citrate in the
donor's blood, plasma Ca"+ decreased markedly in all
infants during exchange transfusion, giving us the
unique opportunity to assess the response of the neo-
natal parathyroid glands to acute hypocalcemic stress.
Weobserved that infants older than 48 h responded to
acute hypocalcemia induced by exchange transfusion
with a distinct increase in circulating iPTH, while in
younger infants the response was either poor or absent.

The exchange transfusion studies demonstrated that
impaired parathyroid responsiveness to acute hypocal-
cemia is a common finding in nonhypocalcemic infants
in the first 24-48 h of life and that after 48 h, the para-
thyroid glands are able to respond appropriately to hy-
pocalcemia. This finding is consistent with the spon-
taneous rise in serum iPTH observed after 48 h in nor-
mal infants. Thus, the exchange transfusion studies lend
support to the present study and further demonstrate
that the presence of low and undetectable levels of iPTH
in hypocalcemic infants older than 48 h is of pathologic
significance.

In each group of newborns studied, a small number
of infants had elevated serum iPTH levels. The signifi-
cance of this finding is uncertain. It is possible that,
in some cases at least, the apparent high levels were
artifactual, due to nonspecific factors that may influence
immunoassay procedures rather than to elevated serum
iPTH. Evidence in favor of this possibility is the rela-
tively even distribution of high serum iPTH values in
each group of newborns and in each time period studied.
Unfortunately the small amount of serum available
from the newborns did not give us the opportunity to
carry out studies to differentiate between true iPTH and
nonspecific factors. On the other hand, it is possible that
factors other than parathyroid insufficiency might act
in the newborn period to reduce plasma Ca so that in
some neonates, elevated circulating parathormone levels
would be required to maintain calcium homeostasis.
Thus, in some infants the compensatory increase in
parathyroid activity would be sufficient to maintain the
plasma Ca level in the normal range, while in other in-
fants there would either be no compensatory increase
because of parathyroid unresponsiveness, or the com-
pensatory increase would be insufficient and hypocalcemia
would result. Several nonparathyroid factors have been
mentioned in the past as possibly being involved in the
pathogenesis of neonatal hypocalcemia. These include
hyperphosphatemia, disturbances in vitamin D metabo-
lism, hypercalcitonin secretion, and elevated circulating
adrenocorticosteroid hormones. However, no direct evi-

dence has been presented to implicate any of these
factors.

It is well known that hypocalcemia frequently occurs
in newborn infants who are sick and/or the products of
abnormal pregnancies and labors. This was true in our
study and suggests that the hypocalcemic factor(s)
might in some way be related to perinatal pathology.
The net effects of unknown serum hypocalcemic factor (s)
on the one hand and parathyroid activity on the other
may account for the differences in plasma Ca levels ob-
served between normal, sick, and hypocalcemic infants.
Indeed, it is possible that in the sick infants, a com-
pensatory parathyroid response prevented a more pro-
nounced fall in plasma Ca to hypocalcemic levels; in this
regard the tendency toward higher serum iPTH levels
in the sick group as compared to the normal group may
be of significance.

As indicated previously, hyperphosphatemia has been
implicated as a possible etiologic factor in neonatal hy-
pocalcemia. Neonatal hyperphosphatemia has variously
been attributed to renal immaturity, dietary phosphorus
load, excessive tissue breakdown, and transient hypo-
parathyroidism. Tsang, Kleinman, Sutherland, and Light
(33) observed a significant negative correlation be-
tween plasma P and Ca levels in the cord blood and at
24 h, but not at 48 h of age in a group of 20 newborns
of diabetic mothers. In another study Tsang and Oh
(17) found that hypocalcemic low birth-weight infants
had significantly higher values of plasma P than non-
hypocalcemic low birth-weight infants at 8 and 29 h of
age. However, in other reports (15, 16, 34, 35) no cor-
relation was found between the plasma Ca and P levels
in normal and hypocalcemic newborns. In our study we
did not find any correlation between the plasma Ca and
P levels in the normal, sick, or hypocalcemic newborns.
Many hypocalcemic infants had relatively low levels of
plasma P, and only 6 of the 43 hypocalcemic infants
had elevated plasma P. Thus, in the majority of the
hypocalcemic infants, there was no evidence that hyper-
phosphatemia played a contributory role in the patho-
genesis of the hypocalcemia. The fact that three of the
five hypocalcemic infants older than 96 h had elevated
plasma P levels and undetectable serum iPTH levels
suggests that, in part at least, the hyperphosphatemia
was secondary to hypoparathyroidism. It is not clear why
the sick group had lower levels of plasma P than the
normal group and did not demonstrate a rise in plasma
P levels as did the normal infants. It is of interest that
Radde, Parkinson, Hoffken, Apiah, and Hanley (36)
made a similar observation in a group of sick infants. A
possible explanation is that, due to poor feeding, the
dietary intake of P was less in the sick infants than in
the normal group. This may also account for the rela-

294 L. David and C. S. Anast



tively low plasma P levels found in many of the hypo-
calcemic infants.

The importance of magnesium in the pathogenesis of
hypocalcemia has become evident in the last decade, with
numerous reports of an association between hypomag-
nesemia and hypocalcemia (3, 4, 37-40). The published
reports indicate that magnesium deficiency may inter-
fere with normal parathyroid function, either by im-
pairing the secretion and/or synthesis of the hormone
(3, 4) or by interfering with the action of the hormone
at the target organs (39). In our study, depressed plasma
Mg was a frequent finding in hypocalcemic infants.

Newborn infants with depressed plasma Mg may be
divided into two groups (41): (a) chronic congenital
low plasma Mg or "primary hypomagnesemia with sec-
ondary hypocalcemia," and (b) transient low plasma
Mg.

Chronic congenital hypomagnesemia with secondary
hypocalcemia appears to be a relatively rare disease due
to a primary defect in the gastrointestinal absorption of
magnesium. The serum magnesium is usually less than
1.0 mg/100 ml and frequently is in the range of 0.4-0.8
mg/100 ml. Hypomagnesemia in this disorder appears
to lead to impaired synthesis and/Qr secretion of para-
thyroid hormone, which is alleviated by magnesium
therapy (3, 4). Relapses occur without continuous mag-
nesium supplements.

In infants with transient hypomagnesemia the serum
Mg level is usually higher than in infants with primary
chronic hypomagnesemia, frequently ranging from 0.8
to 1.4 mg/100 ml. Depressed plasma Ca frequently, but
not always, accompanies transient hypomagnesemia.
Magnesium therapy is usually not required in infants
with transient hypomagnesemia, since the plasma Mg
increases spontaneously as the plasma Ca returns to
normal after the administration of calcium supplements.
However, in some cases the hypocalcemia responds
poorly to calcium therapy, but after treatment with mag-
nesium salts, the plasma Ca as well as plasma Mg rise.
In contrast to infants with chronic primary hypomag-
nesemia, only a short course of magnesium therapy is
needed and relapses do not occur.

In our study plasma Mg levels were significantly lower
in the hypocalcemic infants when compared to normal
and sick neonates. After 24 h of age the mean plasma
Mg in normal newborn infants ranged from 1.94 to 2.08
mg/100 ml; by contrast the mean plasma Mg in the hy-
pocalcemic infants was approximately 1.65 mg/100 ml
and approximately 20% of the hypocalcemic infants
had plasma Mg levels that ranged between 1.17 and 1.50
mg/100 ml. Magnesium therapy was not required to
correct the hypocalcemia, and the plasma Mg increased
spontaneously as the plasma Ca returned to normal.
The reason for the depressed Mg in infants with transi-

ent hypomagnesemia is unknown. It is possible that-
extracellular Mg is subjected to the same physiological
and pathological influences as Ca during the neonatal
period. Low plasma Mg levels have been observed in
hypoparathyroid subjects (42), and it is possible that
depressed plasma Mg in many hypocalcemic newborns
is a manifestation of parathyroid insufficiency. On the
other hand, it is possible that transient hypomagnesemia,
in some infants at least, is due to nonparathyroid factors
and that the hypomagnesemia contributes to the hypo-
calcemia by impairing parathyroid function, as has been
demonstrated in infants with primary hypomagnesemia.
If this were the case, then Mg supplements or con-

ceivably the Mg in milk formulas received by the in-
fants could alleviate the hypomagnesemia and restore
parathyroid function to normal. In comparison to in-
fants with primary hypomagnesemia, however, the plasma
Mg was only moderately reduced in our infants with
transient hypomagnesemia. Whether or not this mod-
erate reduction in plasma Mg can impair parathyroid
function is unknown and currently under investigation.
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