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A modified index of phosphate excretion

B. E. C. NORDIN L. BULUSU
Medical Research Council Mineral Metabolism Research Unit,

General Infirmary, Leeds

THERE are several ways of looking at the excre-
tion of phosphorus, or for that matter of any
element in the urine. For certain purposes, it is
most appropriate to consider the total daily or
weekly excretion and relate it to the dietary
intake and faecal output as part of a balance
study, the object of which is to establish whether
the subject is in negative or positive balance on
a particular dietary intake. In the study of kid-
ney stone disease, the important criterion is
probably the concentration of the different phos-
phate ion species in the urine and these can be
calculated from a knowledge of urinary pH and
total phosphorus concentration (the organic
phosphorus content of the urine being neglig-
ible). In relation to many other aspects of cal-
cium and phosphorus metabolism, however, the
physiological parameter of particular interest is
the tubular reabsorption of phosphorus, both be-
cause it is a large factor in the regulation of
the plasma phosphorus level and because it is
under the control of the parathyroid glands.

There are various ways of assessing tubular
reabsorption of phosphorus, the simplest being
the measurement of phosphate clearance (which
Is inversely related to tubular reabsorption)
(Kyle, Schaaf & Canary, 1958) and the most
sophisticated the measurement of the maximum
tubular reabsorptive capacity (Anderson & Par-
-sons, 1963). Between these extremes is the
phosphate/creatinine clearance ratio which in-

dicates the proportion of filtered phosphate that
is not reabsorbed by the tubules; it tends to be
raised in hyperparathyroidism and reduced in
hypoparathyroidism (Milne, Stanbury & Thomp-
son, 1952; Nordin & Fraser, 1954).

Unfortunately, the phosphate/creatinine clear-
ance ratio is itself governed not only by tubular
function but also by the filtered load of phos-
phorus itself since there is a very high correla-
tion between the plasma phosphorus level and
the phosphate/creatinine clearance ratio in nor-
mal subjects (Lambert, van Kessel & Leplat,
1947). For this reason, Nordin & Fraser (1960)
suggested that any particular value of CpI/C,r
should always be related to the plasma phos-
phorus level and that the extent to which the
observed value differed from the predicted value
could be used as a measure of tubular re-
absorption of phosphorus. They called this value
the phosphate excretion index, established the
limits + 0-09 and showed that higher values
were associated with states of hyperparathyro-
idism and low values with states of parathyroid
insufficiency.
The general validity of the phosphate excre-

tion index has since been confirmed. It is
generally raised in primary hyperparathyroidism
(Nordin & Smith, 1965) and frequently also in
the secondary hyperparathyroidism of osteo-
malacia (Nordin & Fraser, 1960), renal failure
and high phosphate feeding (Smith & Nordin,

copyright.
 on M

ay 17, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.44.507.93 on 1 January 1968. D

ow
nloaded from

 

http://pmj.bmj.com/


94 Postgraduate Medical Journal

1964) and reduced not only in hypoparathy-
roidism but in parathyroid suppression produced
by calcium infusion (Nordin & Smith, 1965) and
phosphate deprivation (Nordin, 1961). However
some criticism has been made of this calculation
because a few normal values have been reported
in primary hyperparathyroidism (Reynolds, Lan-
man & Tupikova, (1960) and occasional high
values in renal stone disease without hyper-
parathyroidism (Hodgkinson, 1963). The propor-
tion of false negatives does not appear to be
higher than with many other biochemical tests
which are in constant use, but re-examination
of the subject suggests that a better phosphate
excretion index would be one which derived
from the phosphorus excretion per 100 ml of
glomerular filtrate rather from the phosphate/
creatinine clearance ratio and this modification
forms the subject of the present paper.

Cases studied
The analysis is based on the following

material:
The normal and hypoparathyroid data of Nor-

din & Fraser (1960).
The normal data of Harden, Harrison &
Alexander (1963).

The normal, renal stone and hyperparathyroid
data of Edwards & Hodgkinson (1965).

The hyperparathyroid data of Nordin (1964).
Unpublished data on fifty stone cases of our
own studied in Leeds.

Unpublished data on a further five hypopara-
thyroid cases of our own.

This makes a total of ninety-five normal sub-
jects, thirty-one cases of primary hyperpara-
thyroidism, 100 cases of renal stone and ten
cases of hypoparathyroidism, in addition to the
original data of Lambert et al. (1947).

Methods
Since the data come from so many sources,

various methods were used for determination of
phosphate and creatinine in plasma and urine,
details of which will be found in the original
publications of the authors concerned. Our un-
published data are all derived from AutoAnalyzer
measurements of phosphate and creatinine in
plasma and urine (Nordin & Smith, 1965).

Calculations
Since the phosphate/creatinine clearance ratio

is the proportion of filtered phosphate that is
not reabsorbed in the tubules, the product of
this ratio and the plasma phosphorus concen-
tration in mg per 100 ml of plasma is the same
as the phosphorus excretion per 100 ml of

glomerular filtrate (Thomas, Connor & Morgan,
1959).
This can be expressed as follows:

PE=u Pcr XPP (1)
Pp X Liar

where U, and Pp, and Uor and P,r represent
the urinary and plasma concentrations of phos-
phorus and creatinine. This can be simplified
to:

Up XPcr (2)
Ucr

Results
Recalculation of the data of Lambert et al.

(1947) (Fig. 1) showed that the regression of Pr
r =089

U. 4.0

E 3;0
0
0
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Serum P (mg/100ml)

FIG. 1. The relation between serum phosphorus and
phosphate excreted per 100 ml of glomerular filtrate
calculated from the infusion data of Lambert, van
Kessel & Leplat (1947).

on plasma P was highly significant (r=0-89)
and could be expressed as:

PE=047 Pp-1 *2 + 076 (95% limits) (3)
The relation between plasma phosphorus and

PE in our normal subjects is shown in Fig. 2
1.0
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FIG. 2. The relation between plasma phosphorus and
phosphate excreted per 100 ml of glomerular ifitrate in
simultaneous random samples of plasma and urine
obtained from ninety-five normal subjects. The regression
lines are the same as in Fig. 1.

copyright.
 on M

ay 17, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.44.507.93 on 1 January 1968. D

ow
nloaded from

 

http://pmj.bmj.com/


Festschrift for Sir John McMichael 95

and compared with the regression line and 95 %
limits from Fig. 1. It will be seen that all our
normal data fall within the calculated limits.
There is a highly significant positive correla-
tion between PE and Pp (r=0-39) although the
calculated slope is less steep than that of Lam-
bert et al. For convenience we have called the
difference between the observed and predicted
value of PE the index of phosphate excretion
(IPE).
The IPE values of our normal subjects are

shown in Fig. 3. The mean value was -0 044
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FIG. 3. Deviation of phosphate excretion per 100 ml
of glomerular filtrate from predicted mean values
derived from the data in Fig. 1 showing the separation
between normal, increased and decreased parathyroid
activity. The suggested 'normal range' of this index of
phosphate excretion is ±0 50.

and the standard deviation 0-226. It will be
noted that there is a slight tendency for our
normal data to fall below the predicted mean
regression line but the mean value of -0Q044
is not in fact significantly different from zero.
The 'normal range' of the IPE can, therefore,
be given as -045 to +045. IPE values in renal
stone disease, hyper- and hypoparathyroidism

are also shown in Fig. 3. The separation between
the different groups is reasonably satisfactory
although there is some overlap between the stone
and hyperparathyroid cases. For comparison, the
simple plasma phosphorus values are shown in
Fig. 4 and the uncorrected PE values in Fig. 5.
It is clear that neither of these parameters dis-
criminates as well as the IPE.
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FIG. 4. Phosphorus excretion per 100 ml of glomerular
filtrate in the same four groups as Fig. 3.

Conclusion
For convenience in practice, we suggest that

the IPE may be calculated as follows:
Pp-25

IPE = PE- 2

The normal range of the value may be taken
as +05.

Discussion
A weakness of the phosphate/creatinine clear-

ance ratio on which our previous phosphate ex-
cretion index was based was that when it was
regressed on plasma phosphorus, the latter value
appeared in both axes of the regression, since
plasma phosphorus was not only the independent
variable but also the denominator in the ratio
which constituted the dependent variable. Thus
in regressing CpI/Ccr on Pp we and all previous
workers were in fact regressing y/x on x. This
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would, of course, tend to produce an inverse
correlation between y and x and to obscure
the positive correlation which in fact exists be-
tween filtered load of phosphorus and urinary
phosphorus excretion as demonstrated by the
significant positive correlation we have obtained
on recalculating the excretion data in a different
way.
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FIG. 5. Plasma phosphorus values for the same four
groups as Figs. 3 and 4.

Another reason for recalculating the data in
the way we have suggested is that it brings the
mode of expressing phosphorus excretion into
line with one which is becoming increasingly
applied to other substances such as bicarbonate
(Pitts, Ayer & Schiess, 1949). We have also found
it extremely appropriate for calcium excretion.
The fact is that the plasma (or when appropriate
the plasma water) concentration of a substance
is the filtered load per 100 ml of glomerular
filtrate and that the ratio of this substance to
creatinine in the urine multiplied by the plasma
creatinine is the amount excreted per 100 ml of
GF (assuming that creatinine clearance measures
GFR). These two values, both of which are very
easily measured, can therefore be directly re-

lated to each other. Moreover, despite theoretical
objections voiced by Anderson & Parsons (1963),
expression of data in this way eliminates inter-
individual differences attributable to differences
in glomerular filtration rate (whether due to
variations in body size or to actual variations
in renal function) and so eliminates what for
many purposes is an irrelevant variable and al-
lows comparison of excretion in individuals of
very different sizes and even with very differing
degress of renal function.

In a recent publication, Janse, van Gelderen
& Ruys (1966) have criticized the phosphate/
creatinine clearance ratio and PEI on the ground
that there is no positive correlation between
urinary phosphorus and plasma phosphorus. In-
spection of their data on children shows, how-
ever, an error in their calculations which when
correctly calculated reveal a positive correlation
between urinary and plasma phosphorus as
would be expected. Bijvoet (1967) has criticized
the phosphate excretion index on the ground
that the original slope of Lambert et al. (1947)
on which it was based was itself inaccurate and
should have been steeper. According to him, the
PEI is valid up to plasma phosphorus levels of
about 3-9 mg/100 ml but yields false high values
thereafter because the slope or urinary on plasma
phosphorus becomes steeper at that point. His
criticism, if valid, would be equally applicable
to the index of phosphate excretion proposed in
this paper. We suspect, however, that his criti-
cism is unfounded since if it were correct our
normal data would tend to fall above the mean
regression line whereas as shown in Figs. 2 and
3 they tend if anything to fall below it. The
answer to this problem depends upon what is
in fact a 'normal' degree of parathyroid activity
and we suggest that this is best defined by study-
ing a random sample of normal people on free
diets in the way we have done. We are aware
that high phosphorus diets produce high indices
and low phosphorus diets low indices but we
believe these represent increased and decreased
parathyroid activities respectively (Nordin &
Smith, 1965). The steeper rise of urine on plasma
phosphorus produced by Bijvoet (1967) and
others could be due to parathyroid stimulation
produced by the phosphorus infusion.

It must be emphasized that no index of phos-
phate excretion can be a specific measure of
parathyroid activity any more than the plasma
calcium is a specific measure of parathyroid
activity. We put this procedure forward as the
best available simple method of estimating tubu-
lar reabsorption of phosphorus, which we be-
lieve is influenced more by parathyroid activity
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than by any other physiological variable. This
is not to say, however, that there are not other
factors (such as acid-base balance and congenital
anomalies) which affect this process, just as there
are many influences besides parathyroid hor-
mone which determine plasma calcium.
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The Achilles tendon reflex as an index of thyroid function

GEORGE NUKI R. I. S. BAYLISS
Westminster Hospital and Medical School, London

THIS PAPER is dedicated with affection to John
McMichael who so rightly taught one of us that
in the practice of medicine mensuration was
often the great corrective to that important but
potentially misleading entity known as 'clinical
impression.

Introduction
In 1884 William Ord reported that the tendon

reflexes elicited on clinical examination were pro-
longed in patients with myxoedema. Not until
40 years later was this prolongation recorded
graphically (Chaney, 1924); the converse shorten-
ing of the reflex time in thyrotoxic patients was
first demonstrated in 1929 (Fournier). Subse-
quently a number of workers using various re-
cording devices have measured the tendon
reflexes in patients with thyroidal dysfunction
(Harrell & Daniel, 1941 ; Lambert et al., 1951;
Lawson, 1958; Gilson, 1959; Sharpe, 1961 ; Fogel
et al., 1962; Fejer & Kun, 1963; Sherman, Gold-
G

berg & Larson, 1963; Smart & Robson, 1963;
Moulopoulas, Koutras & Kralios, 1964; Rein-
frank et al., 1967).
Today two main techniques are used, the

photomotogram (Gilson, 1959) and the kine-
mometer (Lawson, 1958). In the former the
movement of the sole of the foot, after per-
cussion of the Achilles tendon, interrupts a light
path which transmits a signal via a photo-electric
transducer to an electrocardiographic (ECG)
machine and writes a tracing as shown in Fig.
1(a). Thyroidal function has been assessed from
either the 'half-relaxation time' or the 'relaxation
time' (Fig. la). The kinemometer is an electro-
magnetic device. A magnet is attached to the
sole of the patient's foot and on percussion this
moves into an electrical field inducing a current
which is transmitted to an ECG machine. A
tracing is written as shown in Fig. 1(b). The
time from stimulation to the end of contraction
or from maximal contraction to maximal relaxa-

copyright.
 on M

ay 17, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.44.507.93 on 1 January 1968. D

ow
nloaded from

 

http://pmj.bmj.com/

