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Indices of intact serum parathyroid
hormone and renal excretion of calcium,
phosphate, and magnesium

N J Shaw, J Wheeldon, J T Brocklebank

Abstract
Up to date reference ranges were established
for fasting renal excretion of calcium, phos-
phorus, and magnesium on 101 healthy chil-
dren aged 2-15 years. A normal range for
intact parathyroid hormone was also mea-
sured.
The indices of calcium and magnesium

excretion showed no correlation with age or
sex so that a common range for all children
could be established. The 97th centile values
for urinary calcium:creatinine and magne-
sium:creatinine ratios were 0-69 mmol:mmol
and 1-05 mmol:mmol respectively. The calcu-
lated tubular maximum for phosphate/litre of
glomerular filtrate (TmPO4IGFR) showed no
correlation with age with a geometric mean
value of 1-67 mmol/l.
The normal range for intact serum para-

thyroid hormone for the age group was 11-35
ng/l, which is lower than the adult normal
range using the same assay. There was an
inverse correlation between TmPO4IGFR and
intact parathyroid hormone in this group of
normal children.
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Investigation of disorders of mineral metabol-
ism in children require reference to recognised
normal ranges. Measurements of the renal
handling of calcium, phosphorus, and magne-
sium are important in the elucidation of such
disorders. Assessment of renal calcium handling
is necessary in determining the contribution
made by the kidney to hypocalcaemia and
hypercalcaemia. In addition hypercalciuria is
recognised not only as a risk factor for renal cal-
culi but may also be a factor in a variety of other
symptoms related to the urinary tract in
children. 1
Measurement of the renal tubular handling of

phosphorus is necessary in the investigation of
hypophosphataemia, which may be due to a

primary renal tubular defect or secondary to a
disturbance of parathyroid hormone function.
Similarly, investigation of hypomagnesaemia
in children, although rare, relies on measure-

ment of urinary magnesium excretion to dis-
tinguish between a selective defect in intestinal
absorption or a renal tubular leak. An accurate
measurement of parathyroid hormone can also
be of help in the investigation of such disorders.

Data available from different populations or

different decades may not be applicable because
of racial differences and changes in diet that
occur with time.2 Normal values for parathyroid
hormone concentration in serum have also
changed because of the development of sensitive

assays for the intact molecule in recent years. It
was with the aim of producing reliable up to
date reference ranges in British children that
this study was undertaken.

Patients and methods
Urine samples were collected from 101 healthy
children aged 2 to 15 years who had been fasted
for at least 10 hours overnight before day case
surgery. These samples were the second urine
sample passed in the morning-that is, the first
specimen after the overnight urine had been
passed. A venous blood sample was collected at
the same time with minimal venous stasis. The
children were all ambulant before the samples
being obtained and none was taking drugs
known to affect the urinary excretion of cal-
cium, phosphorus, or magnesium. The study
was approved by the Leeds Eastern Health
Authority ethical committee.

Plasma and urine calcium and magnesium
were analysed by atomic absorption spectropho-
tometry. Creatinine was analysed by a kinetic
Jaffe method and phosphate using ammonium
molybdate in both urine and serum with a
Beckmann Astra 8. Sufficient blood was
simultaneously obtained from 78 children,
stored at 4°C until clotted, and subsequently
serum stored at -20°C for later measurement of
parathyroid hormone. Intact parathyroid hor-
mone was measured using a two site immuno-
radiometric assay (PTH-Allegro).
The following indices were calculated. Fast-

ing calcium and magnesium excretions were
expressed as the ratio of their concentrations to
the creatinine concentration in urine. In addi-
tion they were expressed as fasting calcium and
magnesium excretion indices, which allow for
variation in renal function, calculated by multi-
plying the ratio of urinary calcium or magne-
sium to creatinine concentration by the plasma
creatinine to give values in [imol/litre of glomer-
ular filtrate.3
The renal tubular handling of phosphorus

was expressed as the tubular maximum reab-
sorption rate of phosphate per litre of glomeru-
lar filtrate (TmPO4/GFR)4 using the computer
calculated formula based on Bijvoet's data.5 As
the data were not normally distributed centiles
were calculated for the indices of calcium and
magnesium excretion and serum parathyroid
hormone concentrations. The data for TmPO4/
GFR were expressed as geometric means and
95% tolerance limits for different age groups.
Correlations were performed after the data had
been logarithmically transformed to produce
normal distributions.
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Results
All the children studied had normal values for
plasma calcium, magnesium, phosphate, and
creatinine. The calculated indices of fasting cal-
cium and magnesium excretion showed no asso-
ciation with age or sex and demonstrated an
approximately log normal distribution (fig 1).
The results of both sexes were therefore pooled
and centiles calculated for the age group studied
(table 1). A strong positive correlation was seen
between the calcium:creatinine ratio and the
calcium excretion index in this group of chil-
dren with normal renal function (r=0-97,
p<0001). A similar correlation exists between
the magnesium:creatinine ratio and the magne-
sium excretion index. A positive correlation was
also observed between the calcium:creatinine
ratio and the magnesium:creatinine ratio
(r=0-3, p=0 004).
The values for TmPO4/GFR demonstrated no

correlation with age. No difference in values
was observed between the boys and girls. The
data has been expressed as geometric means and
95% tolerance limits for different age groups
(table 2). As there was no correlation with age in
this group of children, however, the geometric
mean and 95% tolerance limits for the whole
group are also given. A similar range is seen if
centiles are calculated.
The values for intact parathyroid hormone

also showed no association with age or sex so
that a common normal range was calculated
for the age group 2-15 years, which has again
been represented as centiles (table 3). The asso-
ciation between parathyroid hormone and
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Table 2 Normal values for TmPO4/GFR by age

Age (years) Geometric mean Tolerance limits
(mmol/l) (mmol/l)

2-3-9 1-70 1-04-2-79
4-5-9 1-66 1-05-2-60
6-7-9 1-72 1-26-2-35
8-99 1-59 1-1 -2-31
10-11-9 1-72 1-15-2-58
12-14-9 1*57 1[18-2-09

2-15 1-67 1*15-2-44

Table 3 Normal values for intact parathyroid hormone

Centile Parathyroid homone
(ng/l)

3 11-0
10 12-0
50 18-5
90 29-0
97 35-0

TmPO4/GFR was examined and a significant
inverse correlation was found (r=-0-31,
p=004) in this population of normal child-
ren (fig 2). There was no significant correlation
seen between parathyroid hormone and the
calcium:creatinine ratio (r=-0-03, p=0 86)
or the magnesium:creatinine ratio (r=-0-21,
p=017).

Discussion
Our study presents normal values for urinary
calcium and magnesium excretion in British
children and in addition values for the tubular
maximum reabsorption threshold of phosphate
and the concentration of intact parathyroid hor-
mone in serum for which data in this group have
not previously been available.
There have been several other studies that

have quoted normal ranges for urinary calcium
and magnesium excretion in children,"9 but the
values presented have varied making it difficult
to define what is abnormal. Calcium and mag-
nesium excretions can be assessed either by a 24
hour urine collection or more simply by the
ratio to creatinine in a single urine sample. It is
generally accepted that the upper limit of nor-
mal for 24 hour urine calcium is 0 1 mmol/kg/
day.6 A previous study on British children
investigated in the 1970s demonstrated a good
correlation between the 24 hour urinary calcium
and the calcium:creatinine ratio of the second
morning urine obtained in the fasting state, the
latter demonstrating the least variation.6 The
upper limit of normal for fasting calcium:
creatinine ratio in that study was 0-74 mmol:
mmol. This result differs from several other
published studies. Stapleton et al obtained fast-
ing urine samples on 48 healthy American chil-
dren aged 3 to 16 years after five days on a diet

Table I Centiles for indices of fasting calcium and magnesium excretion

Centile Calcium:creatinine Magnesium:creatinine Cakium excretion index Magnesium excretion index
(mmol:mmol) (mmol:mmol) (lsmolll glomerular ftltrate) (tlmolll gmemular filtrate)

3 0-02 0-18 1*0 5-5
10 0-03 0-22 1-4 10-4
50 0-19 0-41 9-1 18-4
90 0-49 0-69 21-9 32-2
97 0-69 1-05 34-8 49-3
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from those in the other two studies is because of
possible differences in the diets of the children
studied.
The calcium and magnesium excretion

indices are calculated values that allow for renal
* function permitting comparison of individuals
* with different glomerular filtration rates. It is

* c c c often used as the preferred index in adult stu-
*
_. dies such as the investigation of familial hypo-

.***< @ -_ @calciuric hypercalcaemia. Our study has shown
* .. * * a very strong correlation between these indices

and the calcium and magnesium:creatinine
ratios, which is not surprising as the variation in
plasma creatinine concentration in normal chil-

ffi * | dren of the age group was small. Thus although
1.50 1.75 2.00 2.25 2.50 in a group of children with normal renal func-

TmPO4/GFR (mmoVl) tion the excretion indices offer no advantage,
the normal values may be of use in the investiga-

he tubular maximum reabsorption rate ofphosphate per litre tion of children with impaired renal function.
(GFR) and intact molecule parathyroid hormnen. It is important to note that in the calculation

of the excretion index for calcium or magnesium
the plasma creatinine has been expressed in

hat avoided milk products and vitamins.7 The Fmol/l. However when calculating clearances or
ipper limit, calculated by adding the arithmetic tubular maximums the value of plasma creati-
nean plus two standard deviations, was 0-59 nine must be converted to mmol/l as urinary
nmol:mmol. Moore et al, who collected ran- creatinine is expressed in these units.
lom urine samples on 273 predominantly black It has been recognised for a long time that
kmerican children aged 3 months to 16 years on the fractional excretion of phosphate and its
inrestricted diet, quote an upper limit of 0-51 inverse, the tubular reabsorption of phosphate,
nmol:mmol again based on an arithmetic mean are not sensitive measures of renal phosphate
)lus two standard deviations.8 Kruse et al col- handling. The tubular maximum reabsorption
ected fasting urine samples on 564 German threshold for phosphate which corrects for
;choolchildren aged 6-18 years who were on an variation in glomerular filtration rate has been
mrestricted diet.9 Their data was log trans- regarded as the most suitable index. A nomo-
ormed and the results expressed as centiles giv- gram was constructed by Walton and Bijvoet
ng a 97th centile value of 049 mmol:mmol. from which a knowledge of the serum phos-
Wome of the variation can be accounted for by phate and the tubular reabsorption of phosphate
acial or dietary differences and by the fact that would allow calculation of the tubular maxi-
ne of the studies was undertaken in non-fasting mum (TmPO4/GFR).'0 This has been used to
-onditions.8 In addition, some of the quoted calculate normal ranges for TmPOJGFR in
ipper results are based on arithmetic means and children" and infants under 6 months.'2 Two
,tandard deviations which are an incorrect equations have been derived from the nomo-
nethod of representing data that is not normally gram ofWalton and Bijvoet which can be solved
listributed. This would have had the effect of by a programmable calculator or computer to
producing lower upper limits. The 97th centile simplify calculation of TmPO4IGFR.5
ralue in our study of 069 mmol:mmol is close There are some differences seen between our
o the value of 0-74 mmol:mmol obtained by study and other published data on TmPO4/GFR
ihazali and Barratt6 so it would appear that in children." 12 Kruse et al demonstrated an
ralues of this magnitude can be applied to inverse correlation between TmPOJ4GFR and
British children but may not be applicable to age which was not seen in our study." This may
ther population groups. As in other studies no be due to our smaller sample particularly the
ssociation with age and sex was demonstrated low numbers in our sample who were post-
or calcium and magnesium:creatinine ratios so pubertal where the main fall in TmPO4IGFR
hat a common normal range can be used. was seen in their study. Certainly our values are
There have been few previous studies that higher than the accepted normal range in adults
ave reported urine magnesium:creatinine which is 0-81-35 mmol/l.'0 We have presented
atios in children. Ghazali and Barratt reported our data for different ages but because of the
n upper limit of normal of 1-95 mmol:mmol in lack of correlation with age we have also pre-
!9 children studied in the fasting state,6 whereas sented a common range which may be easier to
4oore et al,8 using a larger sample of 273 chil- use in practice. The other main difference seen
Iren, report a much lower non-fasting value of between our study and that of Kruse et al is that
-54 mmol:mmol.8 However, both these studies our mean values for TmPO4IGFR are signifi-
Lave presented values based on arithmetic candy lower than theirs, the geometric mean
neans. Our study using fasting morning urines value in our study of 1-67 mmol/l being equiva-
,ives a 97th centile value of 105 mmol:mmol. lent to their mean value seen a ge 13 to 14
7he same value is obtained if the data is log years. This could be accounted for by racial or
ransformed and the upper 95% tolerance limit dietary differences emphasising the importance
alculated. The only other apparent explanation of having reference values appropriate for the
vhy the upper limit of normal for magnesium: particular population being studied. Unlike
reatinine ratios in our children should differ their study we did demonstrate a significant
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inverse correlation between TmPO4/GFR and
parathyroid hormone which probably reflects
the fact that intact molecule parathyroid hor-
mone is a more sensitive assay of parathyroid
hormone activity than the predominantly
C-terminal assay they employed.

Until recently there have been difficulties in
reliably measuring serum parathyroid hormone.
Earlier assays that relied on antisera to discrete
parts of the hormone, such as the N-terminal,
C-terminal, and the mid-molecular region, were
not able to distinguish reliably between normals
and abnormals. In addition studies have shown
an appreciable disparity between circulating
concentrations of parathyroid hormone mea-
sured by these older immunoassays and biologi-
cally active parathyroid hormone measured by a
cytochemical bioassay." New assays have been
developed that specifically recognise intact
parathyroid hormone, which is the principal
bioactive form.'4 These are sensitive and have
the ability to distinguish between normals,
patients with primary hyperparathyroidism,
and patients with non-parathyroid hypercal-
caemia. They are also the most appropriate
assay for individuals with chronic renal failure.
Although there are data available for adults
using these assays,'4 15 there is little informa-
tion on values in normal children. The adult
normal range using the immunoradiometric
assay as used in this study is 10-65 ng/l
(Allegro, Nichols Institute). Kruse et al report a
normal range of 14-55 ng/l from a control group
that included children but they quoted a com-
mon range that included people with an age
range of 5-43 years without distinguishing
between the results obtained from the adults
and children.'6 Our results using the immuno-
radiometric assay show that the normal range
for intact parathyroid hormone is lower in chil-
dren. The values obtained using this assay,
although lower than those found using fragment
assays, are probably still higher than those
found in sensitive bioassays.
There have been several previous studies

using older parathyroid hormone assays in nor-
mal children with differing results. Clayton et al
found values of parathyroid hormone to be
lower in children under the age of 6 years but
adult values were found by the age of 8 years. 17
Arnaud et al found higher than adult values in
children under 6 years but lower values in the 6
to 12 year age group. Stark et al, using an assay
specific for the C-terminal end of the molecule
found values in children up to the age of 16
years to be lower than adults."' It is difficult,
however, to compare these studies because of
the different parathyroid hormone assays used.
Our results resemble those of Stark et al in that
the parathyroid hormone concentrations using
the intact molecule assay were lower than adult

values throughout the 2 to 15 year age group
studied. The correlation of TmPO4/GFR and
intact molecule parathyroid hormone suggests
that the former is a reliable parameter of para-
thyroid function in normal children. The rela-
tively small differences in parathyroid function
in children and adults are not likely to be solely
responsible for the differences seen in tubular
phosphate reabsorption. There may be other
influences acting on tubular phosphate reab-
sorption in children to account for this.
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