
ORIGINAL ARTICLE

Parathyroid hormone as a marker for metabolic bone disease
of prematurity
A Moreira1, L Swischuk2, M Malloy2, D Mudd3, C Blanco1 and C Geary2

OBJECTIVE: To compare parathyroid hormone to alkaline phosphatase as a serologic marker for metabolic bone disease (MBD) in
preterm infants.
STUDY DESIGN: An 18-month prospective observational study in neonates with birth weight o1250 g. Simultaneous serum
parathyroid hormone (PTH), alkaline phosphatase (ALP), calcium (Ca) and phosphorus (P) were measured at scheduled intervals
during hospitalization. At 6 weeks of age, MBD was evaluated using knee radiographs. Comparisons were analyzed using
multivariate logistic regression, receiver operating characteristic (ROC) curves, χ2 and Student t-test.
RESULT: Fourty-nine infants were included in the study: 7 with severe and 42 with mild MBD. Using ROC curves, at 660 U l− 1 ALP
had a sensitivity of 29% and specificity of 93% for severe MBD, while a cutoff point of 180mg dl− 1 gave PTH a sensitivity of 71%
and specificity of 88%. Infants with severe bone disease had a lower birth weight, 21-day serum P, an increased use of
glucocorticoids and caffeine, and more likely to have major neonatal morbidities.
CONCLUSION: PTH is an early marker with better sensitivity than ALP in screening for MBD. At 3 weeks chronologic age, a PTH level
>180mg dl− 1 or a P level o4.6 mg dl− 1 yielded a sensitivity of 100% and specificity of 94% for severe MBD.
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INTRODUCTION
Even with advances in neonatal nutrition, metabolic bone disease
(MBD) continues to be a frequent morbidity in premature
neonates.1–3 MBD, previously known as osteopenia or rickets of
prematurity is characterized by a reduction in osteoid deposition
and/or a defect in bone mineralization.4,5 MBD has a multifactorial
etiology, including prematurity, inadequate nutrition, chronic
illnesses and exposure to osteolytic medications. Fractures,
prolonged ventilator dependence, poor extrauterine growth,
and short stature are serious complications of MBD that may
affect long-term bone health.3,6–9

In April of 2013, the American Academy of Pediatrics-
Committee on Nutrition released a statement reinforcing the
significance of optimizing nutrition in preterm neonates to
improve bone health.10 The rate of calcium (Ca) and phosphorus
(P) deposition in bone increases during pregnancy, with 80% of Ca
accrual occurring in the last trimester. Therefore, preterm infants
receive an incomplete transfer of Ca and P and consequently have
an increased risk for developing poorly mineralized bones. After
birth, the placental supply of Ca ends and very low birth weight
neonates must now rely on receiving most of their nutrition
parenterally. Although this intervention allows for steady extra-
uterine growth, it does not provide the quantities of Ca nor P
necessary for normal bone mineralization. Enteral feeds are begun
within the first few days of life and gradually advanced; however,
their immature digestive system has poor absorptive properties
and human milk is low in Ca and P concentration. As a result,
infants undergo a hypocalcemic phase that normalizes via the
activation of parathyroid hormone (PTH).11–15

The parathyroid gland is sensitive to minor fluctuations in
serum ionized Ca and during periods of prolonged Ca deficiency

the production of PTH is upregulated. Thereafter, PTH promotes
the proliferation and differentiation of osteoclasts, the cells res-
ponsible for removal of Ca from bone.16–18 This process results in
breakdown of bone that is already under-mineralized in pre-
mature infants.
Currently, neonatologists use a combination of serologic and

radiologic indices to screen and diagnose MBD. The most
commonly used and studied serologic marker is alkaline phos-
phatase (ALP).1,4,19,20 It is found on the membrane of osteoblasts
and rises during high bone turnover rates.20,21 Although ALP is
routinely used, it may not reach its peak until 6–12 weeks and
at lower levels has sub-optimal sensitivity and specificity for
detecting MBD.22–24

Given that PTH increases bone turnover, investigation of its
utility as a serologic marker for MBD is warranted. Furthermore,
the use of PTH to assess MBD has not been studied in very
preterm infants. The aim of this study was to compare PTH with
ALP as an early serologic marker for severe MBD in preterm infants
with a birth weight o1250 g.

METHODS
Study center and subjects
This study was conducted at the neonatal intensive care unit at The
University of Texas Medical Branch (UTMB) at Galveston. The institutional
review board at UTMB approved the study. Infants who were included in
the study weighed ⩽ 1250 g birth weight, survived, and were born
between 1st January 2011 and 30th June 2012. Neonates with major
congenital anomalies, infants who were transferred into or out of UTMB’s
unit and subjects who did not receive a standardized lower extremity
radiograph at 6 weeks were excluded.
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Study design
This was an 18-month prospective study in very preterm neonates
designed to compare PTH with ALP in assessing bone demineralization.
Our management protocol for MBD in our unit is that all infants in the
study had simultaneous serum Ca, P, ALP and intact PTH measured every
3 weeks during their hospitalization. If a patient had an elevated PTH value,
we would change the interval of lab draws from every 3 weeks to every
2 weeks, until two consecutive PTH values were within normal limits.
Serum intact PTH values were measured via chemiluminescent

immunoassay using Access intact PTH on the Unicel DxI 600 (Beckman
Coulter, Brea, CA, USA). The imprecision is ⩽ 8% for PTH values
>12mg dl− 1. Serum ALP values were measured using VITROS alkaline
phosphatase slides (Ortho Clinical Diagnostics, Raritan, NJ, USA). The
within-subject variation reported by the manufacturer is between 1.4 and
2.6%. Serum Ca and P were analyzed with a Vitros 5,1 FS Chemistry System
(Ortho Clinical Diagnostic). The within-subject variability in adults is
1.4–1.6% for Ca and 1.5–2.4% for P.
MBD was evaluated using lower extremity (knee) radiographs, as the

knee and wrists are known areas of rapid bone growth.25–27 Although
radiological bone changes must be significant (20–50%) to detect MBD,
this was the imaging model that was accessible at our institution.28 We
chose 6 weeks of age as our evaluation point to capture the earliest
changes in bone mineralization.29,30

The radiologic technicians performed standardized radiographs with the
same exposure, development and positioning of the lower extremity for
review. A leading authority in pediatric radiology was blinded to patient
information and classified MBD into the following categories: none, mild or
severe (refer to Figure 1).
Ca intake was optimized in our patient population. Standardized

management of very low birth weight infants born at UTMB’s NICU have
been previously described,31 with the following additions: (1) total paren-
teral nutrition initiated on the second day of life includes 40mg per total
grams of amino acids of cysteine, 140 IU of vitamin D, 0.3–0.5 meq kg− 1 of
magnesium, 1–3meq kg− 1 of Ca and 1− 2 mMol kg− 1 of P is added to
total parenteral nutrition dependent on patient electrolytes and solubility
in parenteral fluids; (2) mixing preterm formula to a concentration of 24
calories occurs once the infant starts tolerating 100 cc kg− 1 per day
(146mg of Ca per 100ml, 81 mg of P per 100ml); (3) infants on human
milk are supplemented with fortified donor milk (128mg of Ca per 100ml,
72mg of P per 100ml) at 100 cc kg−1 per day; (4) Infants with PTH levels
>88mg dl−1 (upper limit of adult normal as per manufacturer) were started
on calcium carbonate (CaCO3). Values >88mg dl−1 were used owing to a
lack of standardized range for neonates. CaCO3 is used because it has a high
concentration of elemental Ca (40%) and was initiated once infants achieved
full enteral feeds (110 kcal kg−1 per day). The amount of elemental Ca
received by infants can be reviewed in our previous publication.32

Data collected during the first 3 weeks included total daily intake of
Ca, P, and total parenteral and enteral calories. These values required
calculating the actual mineral content of any formula consumed plus the
mineral content in the infant’s total parenteral nutrition. To accomplish

this, the consumed quantities of formula(s) (or human milk) plus any
fortifiers were obtained for each infant daily for the first 3 weeks. Intact
PTH, ALP and serum electrolyte values were collected for each neonate.
Family demographics, maternal obstetrical history, infant history and
diagnoses, and medications known to be associated with MBD (steroids,
methylxanthines, diuretics) were also collected.

Statistical analysis
Continuous data was analyzed using Student’s t-test and categorical data was
analyzed using χ2 analysis and Fisher exact test for small sample cross tables.
Data are reported as mean± standard deviation. Receiver operating charac-
teristic curves and area under the curves were generated to compare the
accuracy of ALP and PTH as serologic markers for severe MBD. Multivariate
logistic regression analysis was used to examine the risk of severe MBD inde-
pendent of variables found to be significantly associated with MBD. Analyzes
were performed using SPSS 16.5 statistical software (SPSS, Chicago, IL, USA)
and an arbitrary P-value of o0.05 was used to indicate significance.

RESULTS
Subjects
During this 18-month period, a total of 75 infants with a birth
weight o1250 g were cared for at UTMB. Forty-nine neonates
(65%) met the inclusion criteria and they all had MBD on radio-
graph. Seven (14%) infants were classified with severe MBD on
knee radiograph. Infants with severe MBD had a lower birth
weight and were growth restricted in-utero (Po0.05). The
demographic data is summarized in Table 1.

PTH and ALP levels
Values for all PTH labs drawn ranged from 4–442 mg dl− 1, with a
mean of 130 ± 92mg dl− 1. Infants with severe MBD had a higher
PTH value when compared with the mild MBD group. Values for all
ALP levels drawn ranged from 44–2570 U l− 1, with a mean of
423 ± 173 U l− 1. There was no statistical difference in ALP levels
between the two groups. Refer to Table 2.

Receiver operating characteristic curves
The use of serum ALP and PTH at 3 weeks of age in predicting
severe MBD at 6 weeks chronologic age is shown in the receiver
operating characteristic curve in Figure 2. The sensitivity and speci-
ficity of ALP and PTH as tests for severe bone demineralization were
maximized at values of 660 U l− 1 and 180mg dl− 1, respectively. At
these levels, PTH was more sensitive and specific than ALP (Table 3).
Based on the receiver operating characteristic curve, inorganic P
as a sole marker for severe MBD correlated poorly. However, a

Figure 1. MBD classification. Normal—femur is dense and white
with defined cortex, zone of provisional calcification is present.
Mild— femur is demineralized, no zone of provisional calcification,
edge of the metaphysis is irregular and indistinct. Severe—grossly
demineralized bone, no zone of provisional calcification, brush
border exists at edge of metaphysis.

Table 1. Patient characteristics

Metabolic bone disease Mild Severe

Number of patients, No. (%) 42 (86) 7 (14)
Gestational age, mean (s.d.), weeks 26.6 (1.6) 25.4 (1.4)
Birth weight, mean (s.d.), g 872 (196) 704 (175)a

Male gender, No. (%) 22 (52) 4 (57)
Cesarean delivery, No. (%) 31 (74) 6 (86)

Race/ethnicity, No. (%)
Caucasian 10 (24) 1 (14)
African American 13 (31) 1 (14)
Hispanic 17 (40) 4 (57)

Apgar score at 5 min, mean (s.d.) 7.4 (1.3) 7.0 (1.4)
Antenatal steroid, No. (%) 41 (98) 5 (71)a

Pregnancy-induced hypertension, No. (%) 16 (38) 2 (29)
Intrauterine growth restriction, No. (%) 1 (2) 2 (29)a

aPo0.05
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PTH level >180 mg dl− 1 or a P level o4.6 mg dl− 1 produced a
sensitivity of 100% and specificity of 94%.

Nutrition data
Days to reach full feeds and regain birth weight were comparable
between the two cohorts. Additionally, there was no difference in
average daily enteral, parenteral, Ca nor P intake over the first
3 weeks of life (Table 4).

Calcium carbonate data
Three infants (43%) with severe MBD and thirty-three infants
(79%) in the mild osteopenia cohort were treated with CaCO3

(average of 5 ± 9 days and 9± 8 days, respectively) before their
6-week knee x-ray.

Morbidity and medication outcomes
Infants with severe MBD had significantly higher incidences of
periventricular leukomalacia, treated retinopathy of prematurity
and patent ductus arteriosus, spontaneous intestinal perforation
and had a longer hospital stay (Po0.05) (Table 5). Patients with
severe osteopenia also had more steroid use (21 days vs 4 days)
and exposure to caffeine (64 days vs 43 days).
We examined variables known to be associated with MBD

and variables that were significant on univariate analysis (birth
weight, gender, intrauterine growth restriction, 21-day PTH and P,
Ca and P intake, steroid and caffeine use, periventricular
leukomalacia, retinopathy of prematurity, patent ductus arteriosus
and spontaneous intestinal perforation) to examine indepen-
dent correlates and their effects on severe MBD. To determine
whether the PTH level could predict severe MBD at 6 weeks of
age, we entered variables which would affect bone metabolism in
the first 3 weeks of life. The model consisted of birth weight,
intrauterine growth restriction, P at 21 days, and for clinical
applicability we dichotomized PTH levels (as greater than or less
than 180 mg dl− 1) at 21 days and also dichotomized the use of
postnatal steroids (yes/no). After performing the multivariate
logistic regression, PTH level at 21 days remained a significant risk
factor for severe MBD (odd's ratio: 22.9; 95% confidence interval:
1.8, 294).

DISCUSSION
Secondary hyperparathyroidism is a common finding in very
preterm neonates and has been associated with decreased bone
mineralization.32 The present study demonstrates PTH as an
important serologic marker that can be used to detect severe MBD
on lower extremity radiographs at 6 weeks and is a better
screening tool than ALP. More specifically, a PTH level exceeding
180mg dl− 1 at 3 weeks of age should alert clinicians that

Table 2. Biochemical indices at 21 days

Metabolic bone disease Mild,
n= 42

Severe,
n= 7

P-value

Parathyroid hormone, mean (s.d.),
mg dl− 1

113 (80) 230 (105) 0.001

Alkaline phosphatase, mean (s.d.),
U l− 1

417 (169) 456 (205) 0.59

Serum calcium, mean (s.d.), mg dl− 1 9.3 (0.9) 9.1 (0.7) 0.60
Serum phosphorus, mean (s.d.),
mg dl− 1

5.8 (1.2) 4.6 (1.2) 0.031

Table 3. Diagnostic accuracy of 21-day biochemical marker for severe MBD

Marker Maximum on
ROC curve

Area under
ROC curve

Sensitivity, % Specificity, % Negative predictive
value, %

Positive likelihood
ratio

PTH 180mg dl− 1 81 71 88 95 6
ALP 660 U l− 1 49 29 93 89 4
PTH >180mg dl− 1 or Phosphorus o4.6 mg dl− 1 100 94 100 17
ALP>660 U l− 1 or Phosphorus o4.6 mg dl− 1 43 88 90 4

Abbreviations: ALP, alkaline phosphatase; PTH, parathyroid hormone.

Table 4. Nutritional data

Metabolic bone disease Mild, n= 42 Severe, n= 7 P-value

Days to full feeds, mean (s.d.) 31 (17) 43 (20) 0.09
Days to regain birth weight, mean (s.d.) 10 (4) 11 (5) 0.50
Total parenteral nutrition days, mean (s.d.) 25 (12) 33 (14) 0.09
Average 21-day weight gain, mean (s.d.), g kg− 1 per day 11 (6) 13 (7) 0.56

21-Day calcium intake, mean (s.d.) mg kg− 1 per day 60 (23) 57 (22) 0.79
21-Day phosphorus intake, mean (s.d.), mg kg− 1 per day 37 (17) 36 (16) 0.98

21-Day enteral intake, mean (s.d.), kcal kg− 1per day 27 (17) 20 (24) 0.38
21-Day parenteral intake, mean (s.d.), kcal kg− 1per day 52 (20) 64 (18) 0.16

Figure 2. ROC curve of PTH, ALP, P for rickets.
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nutritional supplementation, radiologic imaging and close follow-
up is recommended.
The PTH signaling pathway is well-studied in human

adults.16,18,33,34 These studies suggest that PTH activates the
surface receptor activator of nuclear factor kappa B ligand (RANKL)
on osteoblasts to bind with RANK on osteoclasts. This fusion of
receptor and ligand results in stimulation of osteoclasts and
consequently mobilization of Ca from the skeleton. This sequence
of events leads to bone demineralization; however, the body’s
natural response to osteoclastogenesis is to form new bone.35 ALP
is membrane-bound on the osteoblast and transports P into the
cell to allow merger with Ca.20 Our justification for the use of PTH
is that this hormone regulates the function of osteoblasts and
therefore directly influences ALP. Moreover, our concern for using
tissue non-specific ALP as a marker for MBD is based on the
multiple tissues that affect ALP levels.36–39

This study supports the findings of Mitchell et al.40 which state
that MBD and elevated serum ALP levels continue to exist in very
preterm infants. ALP is currently the most frequently used serum
marker to evaluate bone mineralization; however, its ability to
predict changes in bone metabolism has become controversial.
Hung et al.,41 found that ALP levels exceeding 700 U l− 1, at
3 weeks of age, resulted in a sensitivity and specificity of 73% in
predicting MBD in premature infants. Although comparable to our
predictive values, an important distinction from their study is that
they defined osteopenia according to Koo’s criteria, which
includes thinning of cortex and loss of dense line at the meta-
physis (our equivalent of mild MBD).26 In 2010, Taylor et al.42 also
looked at ALP as a screening test for MBD and although their ALP
cutoff values coincided with ours, they had a higher specificity
(94% vs 88%), but their patient population had a mean age of 1
year and imaging was only performed in patients who demon-
strated an elevated ALP. Levels of ALP >900 U l− 1 in conjunction
with P levels o4.6 mg dl− 1 at 3 months of age have correlated
with MBD in premature neonates.22

Although the 3-week Ca levels were similar between the two
groups, the infants with severe MBD had a slightly lower level. In
turn, the P was significantly lower in the patients with severe MBD.
Our study population was obtaining comparable rates of these
bone-forming minerals; half the rate typically accrued in-utero.5

Therefore, one would expect the P levels to also be similar among
the two cohorts. This outcome strengthens the argument that
secondary hyperparathyroidism is a physiologic adjustment
premature neonates experience to normalize extracellular Ca. As
PTH continues to rise the serum P decreases secondary to its
phosphaturic effect on the kidney.
Many factors have been linked to the development of MBD. For

example, corticosteroid, caffeine and diuretic use have been
associated with osteopenia.43–45 Our patients were rarely exposed

to diuretics and thus, did not have a significant role in our study.
On the other hand, our results were in agreement with Eello and
colleagues43 who emphasize the deleterious effects corticoster-
oids have on bone mineralization. Glucocorticoids inhibit bone
formation by increasing cell death of osteoblasts and osteocytes,
as well as supporting osteoclast differentiation.46,47 Additionally,
similar to glucocorticoids, studies have shown that caffeine
adversely affects intestinal absorption of Ca and stimulates urinary
excretion of Ca.44,48 An important factor in bone metabolism is
overall neonatal health. Not surprising, the cohort of infants with
severe MBD were sicker infants, represented by longer hospital
stay and increase in morbidities (spontaneous intestinal perfora-
tion, periventricular leukomalacia, intraventricular hemorrhage,
retinopathy of prematurity, patent ductus arteriosus).
Another factor that may induce MBD and that has recently

gained much pediatric attention is vitamin D deficiency. However,
in a study from Poland, term newborns with vitamin D deficiency
did not elicit elevated concentrations in PTH nor ALP.49

Correspondingly, Abrams10 describes most cases of osteopenia
in very low birth weight infants is not secondary to vitamin D
deficiency but instead secondary to a lack of Ca and P accretion
ex-utero. The majority of Ca and P absorption in the premature gut
occurs passively and does not require vitamin D dependent active
transport.50 Animal studies validate these findings demonstrating
that severe MBD and even death can occur in the absence of
parathyroid glands and PTH, while absence of vitamin D does not
significantly interrupt serum Ca or P.51 In our development of our
unit’s policy and guidelines, vitamin D was measured in a series of
infants and was within normal limits within the first month of life
(data not included). Additionally, the current nutritional guidelines
from the American Academy of Pediatrics recommends very low
birth weight neonates to receive a daily amount of 200-400 IU of
vitamin D.10 Our patient population was receiving 140 IU of
vitamin D simply from their parenteral nutrition.
A major limitation to this study includes the use of lower

extremity radiographs to assess bone mineralization, as studies
have shown that at least 20% of demineralization must occur
before being captured on x-ray.25 Although x-ray detection of
MBD is flawed, it is the most commonly used and studied imaging
technique in neonatal bone research. We chose to use this
method for its clinical applicability, its results are generalizable (as
most NICUs have access to x-ray), and it was the technique
available at our institution. Another drawback to this study is the
subjectivity in the interpretation of the knee radiographs given
that all of our patients had some degree of MBD. The present-day
‘gold standard’ for bone mineral content and density is dual-
energy x-ray absorptiometry but it is not in current widespread
use and remains primarily an investigative tool. A limitation to the
routine use of PTH sampling is the higher expense (~3 times)
when compared with ALP testing (courtesy of ARUP Laboratories,
Salt Lake City, UT, USA).
Early PTH may quickly identify neonates at risk for MBD and be

a useful marker for monitoring infants with a birth weight
o1250 g. Future studies should attempt to correlate PTH values
with newer imaging techniques, such as quantitative ultrasono-
graphy and dual-energy X-ray absorptiometry.

CONCLUSION
In summary, this study provides evidence that the use of PTH is
an early serum biomarker in detecting MBD. At present, our
understanding of bone metabolism and the development of MBD
in premature neonates is limited and understudied. New venues
need to be explored in neonatal nutrition in attempts to decrease
the short and long-term complications of MBD.

Table 5. Morbidity and medication outcomes

Metabolic bone disease Mild,
n= 42

Severe,
n= 7

P-value

Extra-uterine growth restriction (%) 52 86 0.21
Bronchopulmonary disease (%) 21 29 0.65
Intraventricular hemorrhage >grade II (%) 5 43 0.02
Periventricular leukomalacia (%) 10 57 0.02
Retinopathy of prematurity, treated (%) 9 31 0.01
Necrotizing enterocolitis (%) 14 14 1.00
Spontaneous intestinal perforation (%) 0 29 0.02
Patent ductus arteriosus, treated (%) 12 57 0.02
Length of hospital stay, mean (s.d.), days 83 (23) 111 (31) 0.007
Steroid days, mean (s.d.) 4 (9) 21 (21) 0.001
Diuretic days, mean (s.d.) 2 (6) 4± 5 0.36
Caffeine days, mean (s.d.) 43 (21) 64 (17) 0.01
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