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ABSTRACT

The serum concentrations of calcium, albumin and parathyroid hormone
(PTH) and the plasma levels of ionized calcium were determined in 124
healthy subjects, 89 patients with primary hyperparathyroidism (HPT), 23
of whom had the syndrome of multiple endocrine neoplasia type 1 (MEN-1)
and 143 patients who had hypercalcaemia of other causes than HPT (non-
HPT), in most cases due to widespread malignancies. The total serum
calcium was corrected for the serum albumin concentration (CaM). Healthy
females over the age of 50 had higher CaM, than younger females and the
women of all ages also had, higher serum PTH levels than males. For all
study groups both the intra- and inter-diurnal variations were small for all
the studied variables. Discriminant function and optimal discriminatory limits
were calculated with the help of computer programs. A consideration of all
the individuals in the discriminant analysis, revealed that measurements of
CaM alone separated most HPT patients both from the healthy subjects and
from the non-HPT patients. However, when only those who had borderline
values (defined as CaM between 2.45 and 2.75 mmol/l) were included it
turned out that measurements of ionized calcium markedly improved the
delineation of mild HPT from the healthy subjects and that, in addition,
PTH measurements helped to exclude those with non-HPT hypercalcaemia.
The optimal discriminatory levels of serum calcium were calculated as the
levels which caused the minimum loss in terms of misclassification when
attention was paid to the relative importance of false positive to false
negative classifications and to the prevaience of HPT. The optimal discri-
minatory level for serum calcium for a weighting ratio between false positive
to false negative of 1:1, and a prevalence of HPT of 1 %, was calculated to
be 2.68 mmol/l and for a prevalence of 50 % 2.56 mmol/l. In the latter
situation a weighting ratio of 10:1 for false positive to false negative gave a
level of 2.63 mmol/l while a weighting ratio of 1:10 corresponded to an

optimal discriminatory level of 2.47 mmol/l.
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INTRODUCTION

Primary hyperparathyroidism (HPT) is a common disorder, known to
affect one per cent of the population above 60 years of age and occurring
at even higher frequencies in older individuals (11,36,49). The high pre-
valence of the disease calls for accurate screening and diagnostic methods
which can easily provide an identification of the diseased patients with a
minimal number of misclassifications.

The identification of patients with HPT in the clinical routine relies
primarily on the demonstration of hypercalcemia. In a previous study single
measurements of total serum calcium were used to calculate optimal discri-
minating limits for the diagnosis of primary HPT (18). In the present report
we have extended this analysis to include measurements of the serum con-
centrations of parathyroid hormone (PTH) and of ionized calcium, determina-
tions of which have become more widely available during recent years.

Practically all studies dealing with the diagnosis of HPT are based on
materials where the majority of patients have marked hypercalcaemia. In
clinical practice, however, most patients with suspected HPT nowadays have
only mildly elevated serum calcium values (20,50).

The present study therefore devotes particular attention to the potential
value of ionized calcium and PTH measurements in the delineation of mild
HPT. In many instances there may not be a great need to establish the
diagnosis of HPT in such borderline cases. Sometimes, however, a precise
classification could be important. For example we recently reported (2) that
in the dominantly inherited syndrome of multiple endocrine neoplasia type 1
(MEN-1) HPT is apparently the first manifestation. The demonstration of
mild HPT therefore is the earliest opportunity to disclose the carrier of the
MEN-1 trait. Patients with recurrent renal stones constitute another group
where it is highly desirable to obtain definite evidence for or against HPT
despite undecided hypercalcemia.

Another clinical problem in the diagnosis of HPT consists of the exclu-
sion of other causes of hypercalcemia, primarily malignant disorders.
Although these are generally evident clinically, additional investigations are

sometimes required.
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REFERENCE SAMPLE GROUPS

Healthy subjects

From a health survey in Uppsala county 98 apparently healthy indivi-
duals were recruited to represent a "healthy reference sample group"; 52
men and 46 women, aged between 16 to 92, with a mean age of 46 + 20
years (mean + SD}, and equal distribution of the sexes in all age groups.
Twenty-six apparently healthy employees from the hospital staff, 10 men
and 16 women, aged between 20-60 years, participated in studies of the

intra- and, inter-diurnal variations.

Patients with HPT: 89 consecutive patients operated for HPT, 27 men and

62 women, aged between 19-83 with a mean of 60 + 17 years were studied
before operation: 66 of them had sporadic HPT and serum calcium was
normalized postoperatively in all cases. The other 23, 16 women and seven
men, had HPT as a part of MEN-1, nine of them had persistent or recurr-
ent hypercalcaemia after previous operations. Five of them also had an
endocrine tumor of the pancreas, in three cases with liver metastases. Neck
exploration confirmed parathyroid hyperplasia. Subtotal or total parathy-
roidectomy with autotransplantation was performed. Serum calcium returned

to the normal range postoperatively in all cases.

Patients with hypercalcemia of other origin than HPT (Non -HPT):

Forty-three patients, 21 men and 22 women, aged 38-78 with a mean age
of 60 + 15 years had hypercalcemia of clinically obvious causes other than
HPT.

Malignancy was the most common cause, being encountered in 30 pa-
tients, 13 men and 17 women. Renal cancer was seen in seven cases, five
had cancer mammae, five had lung cancer, five had myeloma, three cancer
of the pancreas, three lymphomas, one had thyroid cancer and one patient
had a leiomyosarcoma. In most cases bone metastases were evident. Other
causes of hypercalcemia were encountered in 13 patients, six men and
seven women. Sarcoidosis was seen in seven patients, whose serum calcium
values normalized upon treatment with steroids. Two patients had thyrotoxi-
cosis, and became normocalcemic in response to medical treatment. Immobili-

zation due to tetraplegia was the cause of hypercalcaemia in four patients.
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LABORATORY METHODS

Blood specimens were collected between 07.00-09.00 on the morning
following an overnight fast. For each patient the mean value of all such
measurements was calculated and used as the basal value. For the study of
variation during the day, specimens were also collected before meals at
12.00 and 16.00 hours. No diet restrictions apart from a ban on milk and

cheese were imposed.

lonized calcium {(Cal): Whole blood was collected anaerobically in 5 ml

heparinized tubes and analyzed within a few hours for ionized calcium with
an ion-selective electrode (Microlyte, Kone Instruments, Finland}. Al
samples were measured in duplicate. The analyzer has an automatic three
point calibration procedure using water standards adjusted for ionic
strength and pH. After each sample a middie standard is measured for
assessment of drift. The temperature of the electrode block is maintained at
30°C. In patient samples the average analytical within-run standard devia-
tion was 0.012 mmol/l at the level of 1.15 mmol/l and 0.019 mmol/l at the
level of 1.45 mmol/i. The life-span of an electrode is 3-6 months. After
change of electrode, the values (n=178) from a reference popt;lation of
healthy individuals were compared with previous values (n=100) in the same
individuals. A difference of 0.01 mmol/l was observed for the mean values,
without change in imprecision.

There are no external control standards for ionized calcium, and external
quality assessment schemes have stressed the use of protein-enriched
solutions (44). In the absence of an external control sample, reconstituted
lyophilized control sera (Validate, General Diagnostics) from the same batch
- actually not manufactured for this purpose and not always within the
reference range for healthy subjects, - have been used as an external
contro! over time with a CV of 1.4 % at 1.20 mmol/l and 2.3 % at
1.60 mmol/l. No effort was taken to improve standardization of water,
temperature, pH or gas content (9).

Serum was obtained after clotting and centrifugation, and was either
analyzed in the ordinary laboratory routine the same day, or stored at +4°

overnight and analyzed the next day.

Total serum calcium {CaT) concentrations were determined by an atomic

absorption technigque {Perkin-Eimer 3030)}. The analytical procedure for
determination of serum calcium had an average within-run standard devia-

tion of 0.038 mmol/l, and an average between-run standard deviation of
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0.022 mmol/l, giving a total analytical standard deviation of 0.044 mmol/l.
All values refer to a concentration level of 2.46 mmol/l, and the analytical
error was assumed to be the same for all concentration levels expressed as
a coefficient of wvariation (CV=0.018). The analytical bias of the procedure
was about -1% compared with the referendum value of the regional external

quality assessment program.

Serum albumin was determined by a bromcresol-binding technique and

calibrated with purified human albumin solution. The analytical within-run
standard deviation was 0.42 g/l and the between-run standard deviation

0.71 g/l, giving a total analytical standard deviation of 0.83 g/I.

Correction of CaT for serum albumin concentration {CaM): As serum calcium

is bound to albumin, a correction (modification} of serum calcium values was
made for deviations of the actual albumin from the reference mean value of
42 g/l by the following formula used in our laboratory:

CaM = CaT - 0.019 (S-albumin - 42) mmol/!

Radioimmunoassay of parathyroid hormone {PTH) in serum

Serum specimens were kept at - 20°C until analyzed. The PTH concen-
tration was determined by a radioimmunoassay system employing 12l1-
labelled bovine PTH (lnolex} and sheep antiserum (S 478) against porcine
and bovine PTH. This antiserum reacts with a mid-portion (44-68} of human
PTH but has also a high affinity (0.6 x 1013 I/mmol) for intact human PTH
(21).

The assay procedure used solid phase-coupled anti-sheep-lgG to separate
bound and free labelled PTH. The serum specimens and the antiserum were
first incubated for 24 h at 4°C followed by a 48 h incubation with labelled
PTH. Microsepharose-coupled horse anti-sheep-lgG (decanting suspension
2, Pharmacia AB, Sweden) was then added and the incubation was prolong-
ed for 3 h, The particles were centrifuged down during 5 min at 2000 g
and the pellet was washed once with saline containing 0.5 % Tween-20.
Bovine PTH diluted in human sera with low PTH levels was used as labora-
tory standard and the concentration of PTH in human serum was expressed
in arbitrary units (arb U/1). About 2.5 arb U were equivalent to 10 U
NIBSC research standard for human PTH 75/479, All specimens were assay-
ed in duplicate. The total assay coefficient of variation in B2 assays was
9.2%, with an average within-assay coefficient of variation of 3.6% at a level

of 0.7-0.8 arb U/I.
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The disappearance of serum PTH following parathyfoidectomy was inves-
tigated in 10 patients with adenomatous HPT, basal values of 0.81 - 1.24
arbU/i and a normal kidney function. A mean reduction of 17% was found
within the first 15 minutes, which demonstrated a capability of the assay

system rapidly to detect changes in serum concentrations (Fig. 1).
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Fig. 1. Reduction of serum parathyroid hormone (PTH) concentrations
after parathyroidectomy in 10 patients with adenomatous hyper-
parathyroidism. (Bars indicate SEM).
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COMPUTATIONAL METHODS

All statistical calculations were performed on a BASF 7/73 -1BM/MVS
computer system at Uppsala University Data Center. The Statistical Analysis
System package (SAS Institute Inc., North Carolina USA) was used for
descriptive statistics (means and standard deviations of various reference
sample groups; biological intra- and inter-diurnal variation; cross-plotting;
statistical goodness-of-fit-tests), linear regression analysis; and non-linear
parameter fitting.

Stepwise discriminant analysis was performed with the BMDP program
package (Biomedical Computer Programs, P-series, University of California,
1977).

A program for analysis of variance on a LUXOR ABC-80 computer was
used to calculate the analytical within-, and between-run variation.

Optimal discriminatory limits were calculated with the help of a program
developed at the Unit of Biomedical Systems Analysis (18). This program
calculates:

(a) the expected frequency of false negative and false positive outcomes in
connection with classification, using a specified discriminatory level;

(b) a measure of loss related to misclassification,

(c) the optimal discriminatory limit, (&), and

(d)} the diagnostic sensitivity, specificity and the predicted value of a

positive and negative test result.
Input data to the program are:

(a) frequency distributions of the reference populations; in this case
distributions representing healthy individuals, patients with sporadic
HPT or HPT as part of MEN-1, as well as patients with non-HPT
hypercalcemia;

(b} prevalence of the diseases, expressed as number-ratios;

(c) numerical weights, W1 and W2, representing the relative costs of
making misclassifications;

(d) pre-analytical and analytical variation expressed as coefficients of
variation: Cvpre—a and CVa, respectively;

The variances of frequency distributions representing the different refer-

ence populations are calculated from:
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2 o2 2 2
S total ~ S biol * S pre-a +5 a
and therefore
2 2 2 2
S biol ~ S total (s pre-a *s a)
where Sbiol is the total biological standard deviation (including intra-, and
inter-individual variation}; Spre—a is the pre-analytical standard deviation,

i.e. the variation related to specimen handling; and Sa is the analytical
standard deviation.

In the program the calculations are performed to estimate the "tail-areas"
cut-off by a specified discriminatory limit from the different distributions,
giving values for the number of false positives (FP) and false negatives
(FN).

As previously described (18) the loss is calculated as A=(W1 x FP +W2 x
FN)/¢0 where ¢ is the loss under ideal conditions, CVa=0 and Cvpre—a=0°
Since the weighting factors are given in relative numbers, the loss should
be regarded as a relative loss. The calculations are automatically repeated
for a number of different values for the discriminatory level, in order to

allow determination of the optimal value.
RESULTS

Descriptive statistics:

Table 1 summarizes the mean values for the studied variables in all the
five groups of subjects. The mean calcium values were higher in the pati-
ents with non-HPT hypercalcaemia than in the HPT patients. The HPT
patients had a higher mean value for PTH than all other groups.

There were small, but statistically significant, age- and sex-related
differences within the group of normal subjects (Table 2). Women over the
age of 50 had higher CaM values than younger females. On the other hand
males over the age of 50 showed lower CaT (but not CaM)} values than did
the younger men. No differences were noted for Cal between the sub-
groups. Females of all ages had clearly higher values for PTH than males.

The average total intra-diurnal variations (including biological, pre-
analytical and analytical) for the different groups are given in Table 3.
There were no significant variations over the day in any of these groups
for any of the variables studied.

Table 4 gives the intra-individual variations both within and between

days. As can be seen in the Table the variations for the calcium measure-
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ments were somewhat greater in the hypercalcaemic individuals than in the
healthy subjects. Naturally, for all studied variables the inter-diurnal
variations were greater than the intra-diurnal but generally the differences
were small.

On the basis of these measurements it could be calculated that the
biological SD for the Cal values was 0.045 mmol/l for both healthy subjects
and patients with HPT while for CaM it was 0.055 mmol/l in both groups.
Similarly the biological variation for PTH was calculated to be 0.14 arbU/l in
the healthy subjects and 0.09 arbU/! in the patients with HPT,

Table 1. Mean value, standard deviation (SD), and standard error of
the mean (SEM) for the measured variables in the different
subject groups.

n Mean sSD SEM

Plasma ionized calcium {(mmol/!) (Cal)

Healthy 93 1.203 0.047 0.005
HPT, Sporadic 52 1.400 0.17 0.024
HPT /MEN 12 1.416 0.133 0.038
Non-HPT 43 1.513 0.242 0.037
Total serum caicium (mmol/l}) (CaT)

Healthy 98 2,425 0.082 0.009
HPT, Sporadic 65 2.836 0.287 0.035
HPT/MEN 23 2.745 0.192 0.040
Non-HPT 43 3.103 0.538 0.081
Serum albumin (g/!)

Healthy 98 43,06 2.86 0.30
HPT, Sporadic 65 38.50 3.83 0.28
HPT/MEN 23 39.78 4,55 0.62
Non-HPT 43 35.32 5.49 0.89

Albumin-modified serum calcium (mmol/1) (CaM)

Healthy 98 2.415 0.079 0.008
HPT, Sporadic 65 2.908 0.301 0.037
HPT/MEN 23 2.767 0.205 0.043
Non-HPT 43 3.245 0.526 0.079
Serum PTH (arb U/1)

Healthy 98 0.75 0.17 0.02
HPT, Sporadic 65 1.27 0.68 0.05
HPT/MEN 23 1.20 0.50 0.07
Non-HPT 43 0.80 0.25 0.04
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Table 2. Values in healthy subjects separated with regard to age and
sex (Mean t SD).

AGE
< 50 years > 50 years All
{n = 50} {n = 48)
Cal {mmol/l)
Men 1.21 £ 0.05 1.20 £+ 0.06 1.21 £ 0.05
Women 1.20 = 0.04 1.21 £ 0.04 1.20 £+ 0.04
CaT
Men 2.45 + 0.07 2.40 = 0.08%) 2.43 £ 0.07
Women 2.41 + 0.10 2.42 + 0.09 2.40 + 0.09
Albumin (g/l)
Men 4.2 + 2.9 42.2 + 3.3%) 43,5 + 3.2
Women 44,0 + 3.5 41.9 + 1.8**) 43.0 = 3.0
CaM
Men 2.40 + 0.07 2.40 £ 0.09 2.40 £ 0.07
Women 2,38 + 0.08 2.43 £ 0.08**) 2,40 + 0.08
PTH (arb U/I)
Men 0.67 + 0.17 0.71 = 0.14 0.68 = 0.16
Women 0.82 + 0.18 0.85 + 0.14 0.83 + 0,16%*%*)
*) p < 0.05 compared with men < 50 years.
**} p < 0.05 compared with women < 50 years.
**%) p < 0.001 compared with males.

Relationships between Cal and CaM
Both the healthy subjects (r = 0.33; p = 0.001) and the HPT pati-
ents (r = 0.90; p<0.001) displayed highly significant correlations bet-

ween the values for CaM and Cal. However, the slope for the regres-
sion equation was steeper for the HPT patients than for the healthy
subjects (Fig. 2). There were no significant differences as regards the
relationships between CaM and Cal (data not shown) between HPT
patients and those with other causes of hypercalcaemia . Within the
range of CaM values between 2.45 and 2.75 mmol/l there was no signifi-
cant correlation between the CaM and Cal values for any of the study

groups (Fig. 3).
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Table 3. Average total intra-diurnal variations in healthy subjects
(n = 52), and patients with hyperparathyroidism (n = 50} and
other hypercalcaemia (n = 2)}.

Healthy subjects HPT Non-HPT

Hour Mean SD Mean SD Mean SD

Cal {mmol/l)

08.00 1.15 0.045 1.40 0.179 1.37 0.145

12.00 1.15 0.042 1.40 0.183 1.36 0.142

16.00 1.14 0.051 1.38 0.198 1.32 0.149
CaT (mmol/l)

08.00 2.45 0.102 2.90 0.375 2.80 0.357

12.00 2.45 0.082 2.94 0.388 2.79 0.340

16.00 2,47 0.095 2.90 0.362 2.77 0.304
Albumin (g/l)

08.00 42.1 3.1 40.0 3.7 33.7 2.4

12.00 42.9 2.6 40.5 4.2 33.1 3.3

16.00 42.9 3.3 39.5 3.4 33.2 3.7
CaM (mmol/l)

08.00 2.46 0.07 2.9 0.39 2,97 0.38

12.00 2.45 0.06 2.98 0.39 2.93 0.35

16.00 2.46 0.06 2.91 0.36 2.91 0.34
PTH (arb U/1)

08.00 0.80 0.14 1.16 0.53 0.78 0.27

12.00 0.80 0.14 1.17 0.53 0.78 0.26

16.00 0.81 0.13 1.18 0.55 0.80 0.27

Relationships between CaM and PTH
There were no significant correlations between the CaM and PTH values

either in the group of healthy subjects (r = 0.04) or among thase with
non-HPT hypercaicaemia (Fig. 4).
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Table 4. Average total intra-individual variation within and between

days.
Within-day Between-day
(SD) (SD)
Cal (mmol/l)
Healthy 0.019 0.027
HPT 0.026 0.031
Non-HPT 0.041 0.060
CaT (mmol/l)
Healthy 0.043 0.032
HPT 0.054 0.071
Non-HPT 0.050 0.1
Albumin (g/l)
Healthy 0.221 1.187
HPT 1.502 1.750
Non-HPT 0.992 1.110
CaM (mmol/1)
Healthy 0.049 0.07
HPT 0.051 0.07
Non-HPT 0.063 0.12

PTH (arb U/I1)

Healthy 0.044 0.16
HPT 0.050 0.12
Non~HPT 0.045 0.05

When all the CaM values for the HPT patients were considered a highly
significant positive correlation between CaM and PTH was evident (r = 0.62;
p<0.001) as seen in Fig. 4. There was no significant difference in this

respect between HPT associated with MEN-1 and the sporadic form,
When only CaM values below 2.75 mmol/! were considered there was,

however, no significant correlation (r = 0.20; p = 0.30) between the values

in the HPT patients (Fig. 5).
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Fig. 2. Relationship between albumin-corrected serum calcium (CaM) and
plasma ionized calcium (Cal} concentrations in healthy subjects and
patients with hyperparathyroidism (HPT). The interrupted line denotes
the regression line for the healthy subjects and the solid line that’ for
the HPT patients.
PTH
(arb U/
301
28t * .
26}
2"'% o = Healthy
a . . s = HPT
22r * a = Non-HPT
.
20}
18F '. . . .
16¢ . :.. . . .
14+ ° * h b * a
0l
12} 20 . "% o
1°+ ey So 2°® ..5:..'. L
. 06}0%‘%8. 040‘3¢.:j .:ﬂinr.n a 7 o
081 ooo‘ﬁjo S L S T R a o
° T e . o
O'GL ° 00%3 ° Ll B o DD ° s o
[¢] 8 - . a
04} 0% o
"
"IA e i A A I i A I ' 1 Y
220 240 260 280 300 320 340 360 380 400 420
CaM (mmol/f)

Fig. 3. Relationship between CaM and Cal for values of CaM between
2.45 and 2,75 mmol/l,

159



Cal o mHealthy
(mmol/I) ® o HPT
1451 o = Non-HPT
L L ]
1.40 .
[ @
1.35¢ ° . d - . e
[ ]
L [ ] ¢ O
1.30} o °
g o e o ° ° e - _ =
° © [ ] L ]
125} R
o O o o ]
1.20} %o % °, o
o o
15| o ° o °
:;ll L A A 1 I —
2.45 2.50 255 2.60 2.65 2.70 275
CaM (mmol/l)
Fig. 4. Relationship between PTH and albumin-corrected serum calcium

(CaM) in healthy subjects, patients with HPT and patients with other
causes of hypercalcemia (non-HPT).
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Taken as a group, patients with hypercalcaemia due to other causes
than HPT had lower values for PTH for corresponding CaM values than
the HPT patients but there was a considerable overlap, particularly for

CaM values below 3.0 mmol/l (Fig. 4).

Relationship between Cal and PTH

For the healthy subjects there was no relationship between the Cal
and PTH values (r = 0.15; p = 0.15). For the HPT patients, however,
there was a positive correlation (r = 0.63; p<0.001) when al! values
were considered, but not in only those with CaM values below 2.75

mmol/l (Fig. 6).

Discriminant analysis

As can be seen from Figs. 2-6 there were overlaps for CaM, Cal and
PTH between both healthy subjects and HPT patients as well as between
the latter group and those with other causes of hypercalcaemia.

An attempt was therefore made by means of discriminant analysis to
find the most efficient combination of the laboratory tests for the
separation of HPT from healthy subjects, and to differentiate between
HPT and other causes of elevated serum calcium [evels.

This analysis was carried out in two steps. In the first, all indivi-
duals were included. Thereafter, only those with CaM values between
2.45 and 2.75 mmol/l were evaluated. In both these analyses considera-
tion was given to the age- and sex variations for CaM and PTH in the
healthy subjects. The analysis was performed for a prevalence of 50 %
and with equal cost-weights given to the false positives and false
negatives.

The result of the discriminant function analyses are given in Table
5. In the first part of this analysis, when the whole range of values
were included, it appeared that measurements of CaM sufficed to pro-
vide an optimal separation of the group of patients with HPT from the
healthy subjects. All the healthy subjects had a CaM below 2.657 but 14
patients with HPT were erroneousiy classified healthy with this limit. In
this model neither measurements of Cal nor PTH improved the discrimi-

natory power.
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Fig. 6. Relationship between plasma ionized calcium {Cal) and PTH for
the same individuals as in Fig. 5.

When, however, the model was restricted to include only subjects with
values for CaM between 2.45 and 2.75 mmol/l it appeared that Cal allowed
considerable additional separation of the two groups. Thus, the use of the
combined measurements resulted in only two misclassifications (Table 5
All).

In both these situations the division of the material with regard to age
and sex only caused minor alterations of the classifications,

For the differential diagnosis between HPT and other causes of hyper-
calcemia within the whole range of CaM values it turned out that Cal, PTH,
and CaM all contributed to the separation of the two patient groups
(Table 5B). The relative importance was greatest for CaM and smallest for
PTH. Out of 134 patients 26 were misclassified, most of them having CaM

values beiow 3.0 mmol/l (Fig. 5). When only patients
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Table 5.

11-878572

Results of discriminant analysis.
denote the measurements chosen by the computer program.
The classification into groups A, and B is performed with use
of a classification function z = f (CaM, Cal, PTH) as deter-
mined in the discriminant analysis for the actual groups.

An individual is allocated (classified) to group A for z<0 and

group B for z>0.

A.

Discrimination between healthy subjects (A) and patients

Symbols within parentheses

with HPT (B).

D% Classified group

A B

I. All Subjects
a) All subjects (CaM)”
Correct group A 91 0
Correct group B 14 74
b) Men (CaM)?)
Correct group A 50 0
Correct group B 1 15
c} Women < 50 years (CaM, PTH)3)
Correct group A 22 1
Correct group B 1 7
d) Women > 50 years (CaM)q)
Correct group A 18 0
Correct group B 12 51

1l. Subjects with CaM 2,45 - 2.75 mmol/I

a) All subjects (CaM, Cal)®’

Correct group A 29 1
Correct group B 1 31
b) Men (Cam)®)

Correct group A 16 0
Correct group B 0 8
c) Women < 50 years (Cal, PTH)7)
Correct group A 5 0
Correct group B 0 8
d) Women > 50 years (CaM, Cal)®)
Correct group A 8 1
Correct group B 1 19
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TABLE 5.

164

(C

Dis

ontinued).

crimination between patients with

causes of hypercalcaemia (C).

HPT

(B)

and

other

An individual is allocated to group B for z<0 and group C for
220,

Classified group

1. All Subjects

a) All subjects (CaM, Cal, PTH)”

Correct group B 74 14
Correct group C 12 34
b) Men (CaM)?)

Correct group B 14 3
Correct group C 7 14
c) Women < 50 years (PTH)3)
Correct group B 7 1
Correct group C 0 5

d) Women > 50 years (CaM, PTH)q)

Correct group B 57 6
Correct group C 6 14

Il. Subjects with CaM 2.45 - 2.75 mmol /|

All subjects (Cal)®)

Correct group B 22 10
Correct group C 2 5
1) z = 6.76xCaM-7.13xCal-3.3uxPTH
2} ¢ = 2.967 (> = group C)

3) € = 0.806 (> = group B)

4) z = 4,0xCaM-3.72xPTH-8.64

5) ¢ = 1.293 (> = group C)



who had CaM values below 2.75 mmol/l were analyzed the computer prog-
ramme only selected Cal measurements to separate the two groups most
efficiently (Tabie 58 Ii].

Optimal_discriminatory levels of CaM for screening of HPT

In the reference sample group of healthy subjects the distribution of
CaM values was close to Caussian as judged by statistical goodness-of
fit-tests (the Shapiro-Wilks test for n < 50) and the Kolmogorov-Smirnow
test for n 2 50). In the HPT patient groups, however, the fit was less
close. Similar observations were made for the Cal values.

Since it appeared from these calculations and plots that tyhe frequency
distributions for the HPT patients were fairly Gaussian over the right-hand
side of the curve but not on its extreme left the following procedure was
carried out:

The assembled CaM values were reorganized on the assumption that they
constituted a part of a Gaussian distribution, where the lowest values had
been omitted. A theoretical Gaussian distribution function was then fitted to
the truncated frequency distribution giving estimates of the location (c) and
standard deviation (SD).

Figure 7 shows a Gaussian function so fitted using a non-finear para-
meter estimation procedure for the frequency distributions for CaM in the
HPT patients. From this figure it can be seen that the mean value and
standard deviation (c = 2.81 % 0.23 mmo!/l) for the theoretical distribution
are somewhat lower than the corresponding value obtained in a straight
forward calculation of the HPT population (c = 2.91 * 0.30 mmol!/l).

The optimal discrimatory levels of CaM were calculated from the idealized
curves as functions of weighting ratios (false positive or false negative)
and for different prevalences (Fig. 8). As can be seen the optirﬁal discri-
minatory level for a weighting ratio 1:1 varied from 2.73 mmol/i at a pre-
vaience of 0.1 ¢ to 2.56 mmol/i when the prevalence was assumed to be 50%.
Furthermore, for a prevalence of 50 % the optimal discriminatory limit was
2.63 mmol/l for a weighting ratio of 10:1 for false positive to false negativ'é,
but 2.47 mmol/| for the reverse weighting ratio.
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parathyroidism. The fitted theoretical distribution is indicated by dotted
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Fig. 8. The optimal discrimatory level for serum calcium (CaM)} as a
function of weighting-ratio false positive:false negative for different
prevalences of hyperparathyroidism.
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DISCUSSION

The present study was conducted with two major aims. The first was to
establish the extent to which measurements of plasma ionized calcium and
serum PTH contributed to the separation of patients with mild HPT from
healthy individuals with CaM values in the upper part of the reference
range as well as in the differential diagnosis of manifest hypercalcemia. The
other was to fix the optimal discriminatory limit for serum calcium in the
delineation of mild primary HPT from healthy subjects in the upper part of
the reference range.

As a basis for these calculations information was collected for assessment
of both intra-individual and inter-diurnal variations for the studied vari-

ables.

Diurnal variations

We found only small, statistically insignificant variations of the serum
calcium and PTH concentrations through the day. A peak value for serum
calcium in the morning has been described (13,25) while an early morning
nadir of total calcium and ionized calcium has also been recorded {25,29).

A diurnal pattern of serum immunoreactive PTH has been reported in
both normal subjects and patients with HPT (14,25,29,41) and also a rela-
tionship between PTH and sleep stages (27,39), found no evidence for
rhythmic episodic variation of calcium or PTH during the day.

In the present study little attention was paid to the influence of meals.
Although it would be of some benefit to have all specimens for calcium and
PTH taken in the morning with the patient fasting it seems that for most
practical clinical purposes a random sample during the day is sufficient.

The inter-diurnal variations were only moderately greater than the
intra-diurnal variations which were comparatively modest. The majority of
these variations could be explained by pre-analytical and analytical varia-
tions, i.e. the biological variations were small. The 95 % confidence interval
for a single serum calcium value of 2.50 mmol could be calculated to be
2.38 - 2.62 mmol/l. Thus the clinical routine which requires several samples
on alternate days might be unnecessary in subjects where the first value is

tower than 2.50 mmol/l.
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Age and sex variations

The observation of higher CaM values for elderly healthy women agrees
with recent findings in a large health survey (36), but is in contrast to
some earlier reports where lower values for total calcium in elderly persons
were recorded (15,26) or no change with age was observed. However, no
sex or age difference was found for Cal in accordance with previous
reports (42).

We did not find any significant age-dependent differences for the serum
PTH concentrations. Higher PTH levels in older persons have previously
been reported (10,16,22,34,47). However, Marcus et al. (34) reported that
when the values were corrected for glomerular filtration rate a difference
related to age was not significant in healthy subjects.

Clearly significant sex differences were noted in the present study, for
serum PTH with a 20 8 higher values in females. Similar findings have not
previously been generally observed (30). The reasons for the sex differ-
ences are not obvious since they relate to both pre- and postmenopausal
females. An apparent clinical consequence of the observations that both CaM
and PTH are higher in healthy post-menopausal females is that there will be
an increased number of diagnosed HPT in this group if identical cut-off
points are used as in males and younger females, given the existence of a
number of patients with mild HPT who otherwise remain unrecognized. This
might to some extent explain the apparently higher prevalence of HPT in

postmenopausal women (11).

Delineation of HPT
The availability of measurements of plasma ionized calcium and serum

PTH in clinical practice has aroused great expectations for improved diag-
nosis of HPT, regarding both the differential diagnosis of hypercalcemia and
the separation from the upper reference range of healthy subjects.

Several studies have described cases where an elevated piasma ionized
calcium was found together with a value within the reference range for total
serum calcium, and where subsequent neck exploration revealed HPT
(7,23,32). It seems logical that in some patients protein-binding of free
calcium varies so that the total serum calcium value might be misleading
(37). However, if ionized calcium is substituted for total serum calcium mea-
surements in the clinical routine it seems likely that an overlap will occur

between the upper part of the distribution of the reference values of
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healthy individuals and the lower part of the corresponding distribution
curve for patients with HPT. At least in the present study the overlap
between the two populations was of a similar magnitude as regards ionized
calcium values and total, albumin-corrected values.

The techniques for measurement of the free, ionized, fraction of serum
calcium have only recently become available for general clinical routine use.
Many earlier studies were therefore performed for the purpose of developing
formulas where this fraction could be estimated from measurements of the
total serum calcium and calcium-binding proteins, primarily albumin
(12,31,35,38). In clinical practice it has generally been considered con-
venient to adjust the serum calcium according to the value of the serum
albumin from the reference mean value. Such a correction has been demon-
strated to improve the diagnosis of HPT (43).

We found, as Brauman et al. (6) that the slope for ionized calcium on
total (modified) serum calcium was steeper for the hypercalcaemic patients
than for the healthy controls, i.e. the pathological condition leading to a
rise in the plasma ionized calcium, did not proportionally increase the
fraction bound to albumin. Patients with HPT consequently had higher
values for Cal, for corresponding values of CaM.

Measurements of PTH did not completely separate patients with mild HPT
from healthy subjects. There is a correlation between the glandular mass,
serum PTH and serum caicium in patients with primary HPT. Thus patients
with the mildest hypercalcemia have the smallest glands, often with modest
hyperplasia, and they also have serum PTH values close to or even within
the reference range of healthy individuals (50). Furthermore, at the cellu-
lar level patients with the miidest hypercalcemia have a close to normali
response to alterations of the ambient calcium concentrations as regards the
release of PTH (40,45).

Evaluations of serum PTH concentrations must take into consideration the
facts that several fragments of PTH are circulating, and that the relative
amount of different fragments may be altered by various disorders (1,4,19).
The clinical usefulness of each assay must therefore be established empiric-
ally (7). |

The antiserum used in the present study has a high affinity for intact
PTH. As there was a fairly rapid elimination of immunoreactive hormone
from the circulation in patients operated for HPT (Fig. 1) it seems unlikely

that fragments with a slow eliminating rate strongly influenced the assay.
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Previous investigations with the same assay have in patients with impaired
renal function demonstrated a close correlation between serum levels of
PTH, bone resorption surfaces and bone formation rates (34).

A rapid increase in the PTH response to lowering of serum calcium with
EDTA has also been observed (3). All these observations indicate that the
assay detects mainly intact PTH and only to a lesser extent carboxyl-
terminal fragments of PTH which are known to be slowly eliminated from the
circulation.

It has been reported that assay system detecting the C-terminal region
of PTH have a greater capacity to disclose primary HPT on basal mea-
surements of PTH than do those system which are not capable of detecting
rapid changes in secretion (8). From determinations of PTH alone less than
half of all patients with HPT were clearly separated from the healthy sub-
jects and the separation against other causes of hypercalcaemia was less
than 75 %. When the simultaneously measured calcium concentrations were
also considered better separations were obtained, but the delineations were
still not complete, particularly in those with mild hypercalcaemia.

PTH is primarily eliminated through glomerular filtration, and impaired
renal function will therefore inappropriately raise the PTH levels. Such a
rise in PTH levels is more prominent with assays directed towards the
carboxy-terminal part of the hormone. In general, with our assay system
moderately impaired renal function, without secondary hyperparathyroidism,
does not raise the PTH levels above the normal range (34). In patients with
hypercalcaemia of other origin than HPT renal function is often impaired
(33) and the serum concentrations of PTH may therefore be elevated even
above the reference range although the secretion of PTH is in fact supp-
ressed by the hypercalcaemia. A moderate reduction of glomerular filtration,
as evidenced by an increase of the serum creatinine values, was present in
several of our patients with non-HPT hypercalcaemia, a fact which might
explain some of the overlap between the PTH values between the hyper-
calcaemic patient groups. One patient, with sarcoidosis, with a serum
creatinine value around 300 umol/l even had a markedly elevated PTH value
(2.2 arb U/I1).

Without performing neck exploration in all hypercalcaemic patients it
could not be definitely excluded that some of them did not also have HPT.
Patients without malignant disorders, however, displayed normalization of

their hypercalcaemia when their underlying disease receded (sarcoidosis,
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thyrotoxicosis, immobilisation) and also in most of those with malignancies
the clinical picture was characteristic of hypercalcaemia of other origin than
HPT.

When the clinical experiences of various research centers are compared
the investigated patient populations must also be considered. At our hospi-
tal, we have for several years been interested in patients with mild hyper-
calcaemia and also had a liberal attitude towards surgical treatment of
patients with suspected mild HPT. In our consecutive series of patients
there are therefore many borderline serum calcium values. The discovery of
a great overlap of PTH values between the patients with mild HPT and the
healthy reference population should be regarded in this light. If only
patients with high serum calcium values, above 2.90 mmol/l, had been con-
sidered as having HPT, the diagnostic difficulties with regard to both
separation towards the healthy subjects as well as against other causes of

hypercalcaemia would have been much less than we now experienced.

Discriminatory analysis

The discriminatory analysis was carried out in two steps, including first
all individuals in the two groups to be compared. in a second step only
those with borderline CaM values (i.e. 2.45-2.75 mmol/l} were considered.
The rationale for the latter restriction was that otherwise patients with the
most abnormal biochemical deviations would affect the discriminatory function
out of proportion to the desired goal. The clinical problem, obviously, does
not consist in separating a HPT patient with a serum calcium value of
3.5 - 4 mmol/l from the healthy population but rather to disclose the mildest
form of HPT.

In the statistical analyses it was apparent that measurements of CaM
alone could separate the majority of HPT patients from the healthy subjects.
This is almost self-explanatory as the majority of HPT patients have clear-
cut hypercalcaemia. In such instances additional measurements (of Cal or
PTH) cannot allow of further separation. However, when only the borderline
individuals were analyzed Cal proved to be a useful additional determina-
tion. Although there was a general correlation between CaM {and Cal) and
PTH for all the HPT patients the mild parathyroid hyperfunction in those
with the mildest hypercalcaemia did not result in significant elevations of
the PTH levels and in this area PTH measurements did not provide any

further discrimination.
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Although there were some age and sex differences for both CaM and PTH
these were apparently not such as to improve the discrimination in the
present material.

For the differential diagnosis of hypercalcaemia it turned out that
measurements of PTH were valuable, particularly in individuals with the
highest serum calcium values. In addition Cal values were higher for the
HPT patients than for the non-HPT hypercalcaemics, particularly within the
lower range of raised serum calcium values. This is most likely explained by
an "over-correction" of the CaM values for the decreased serum albumin,

often found in patients with hypercalcaemia (5).

Optimal discriminatory limit

Before calculation of the optimal discriminatory limits between the healthy
subjects and patients with mild HPT an adjustment of the frequency distri-
bution curve for CaM in the HPT patients was performed. The reason for
this manoeuvre was the observation that the calcium values approached a
Gaussian distribution except in the lower part where there was a lack of
values below 2.60 mmol/l to achieve a bell-shaped curve.

The concept of "normocalcemic primary HPT" has been discussed for
several years (23,46,48). Many patients reported to have normocalcemic
primary HPT appear to have HPT with a mild, sometimes fluctuating, hyper-
calcemia (24,28).

However, several observations indicate that HPT could exist also in
patients who never display raised serum calcium values. For instance series
of patients have been presented where neck exploration has been carried
out despite constant normocalcemia (17,23) and where definite HPT has been
confirmed histopathologically. In a recent series approximately 40 patients
operated at our hospital had serum calcium values between 2.60 and
2.80 mmol/l. HPT could be operatively verified in all patients (50). This
suggests that some individuals with serum values below 2.60 mmol/l also
have HPT. This discussion of "normocalcemic HPT " only serves as an
explanation of the mathematical analysis and does not carry any implications
as to whether such patients should be sought or even less which treatment
is optimal.

On the basis of these results we could calculate an optimal discriminatory
limit for HPT of 2.68 mmol/l, assuming a prevalence of 1% and a weighting

ratio of 1:1 between false positives and false negatives. As mentioned
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above, however, only positive explorations were performed in consecutive
patients with such calcium values. If other prerequisites are correct, this
finding indicates that the prevalence of HPT in a general population must
be considerably higher than 1%. In support of this view, autopsy studies
have found adenomatous HPT in as many as 2.4 % of individuals above the
age of 70, and evidence of hyperplastic primary HPT in further 7 % (50).
From Fig. 8 it can be seen that the weighting ratio of 1:1 (i.e. equal
importance is paid to false positive and false negative classifications) for a
serum calcium value of 2.60 mmol!/l corresponds to a prevalence in the
population of above 10 %,

First degree relatives of patients with the MEN-1 syndrome have a 50 %
risk of being carriers of the MEN-1 trait. In a population with a 50 %
prevalence of HPT the optimal discriminatory limit for serum calcium in the
present study was 2.56 mmol/l if it was considered equally important to
avoid falsely positive and falsely negative classifications. It is a moot point
whether the weighting ratio in this particular setting is different from other
situations where HPT is suspected. Whatever standpoint is taken in the
individual clinical situation it is apparent from these considerations that in
MEN-1 relatives serum calcium values even within the reference range might

be compatible with HPT and therefore necessitate further investigations.
ACKNOWLEDGEMENT
This study was supported by the Swedish Medical Research Council.

REFERENCES

1. Arnaud, C.D., Goldsmith, R.S., Bordier, P.J., Sizemore, G.W.,
Larsen, J.A. & Gilkinson, J.: Influence of immunoheterogeneity of
circulating parathyroid hormone on the results of radicimmunoassays of
serum in man. Am J Med 56:785-793, 1974.

2. Benson, L., Ljunghall, S., Akerstrom, G. & Oberg, K.: Hyperpara-
thyroidism presenting as the first lesion in muiltiple endocrine neoplasia
type 1 (MEN-1). Am J Med, in press.

3. Benson, L., Rastad, J., Wide, L., Akerstrom, G. & Ljunghall, S.:
Stimulation for parathyroid hormone secretino by EDTA infusion - a
test of the differential diagnosis of hyperparathyroidism. Acta Endo-
crinologica. 111:498-506, 1986.

y, Berson, S.A. & Yalow, R.S.: Immunochemical heterogeneity of para-
thyroid hormone in plasma. J Ciin Endocrinol Metab 28:1037-1047, 1968,

5. Boyd, J.C. & Ladenson, J.H.: Value of laboratory tests in the differ-
ential diagnosis of hypercalcemia. Am J Med 77:863-872, 1984.

173



10.

11.

12.

13.

14.

15.

16.

20.

21.

22.

174

Brauman, J., Delvigne, C.H. & Brauman, H.B.: Measure of blood
ionized calcium versus total calcium in normal men, in renal insuffi-
ciency and in hypercalcemia of various origin. Scand J Clin Invest
43:suppl. 165:75-78, 1983.

Broadus, A.E., Horst, R.L., Littledike, E.T., Mahaffey, J.E. &
Rasmussen, H.: Primary hyperparathyroidism with intermittent hyper-
calcemia: serial observations and simple diagnosis by means of an oral
calcium tolerance test. Clin Endocrinol 12:225-235, 1980.

Broadus, A.E. & Rasmussen, H.: Clinical evaluation of parathyroid
function. Am J Med 70:457-478, 1981,

Buckly, B.M. & Smith, S.C.H.: Some factors influencing the quality of
ionised calcium measurements. [IFCC Workshop, Oslo. Private Press.
pp. 173-183, 1983,

Chapuy, M.C., Durr, F. & Chapuy, P.: Age-related changes in
parathyroid hormone: studies of 25-hydroxicholecalciferol levels. J
Gerontol 38:19-22, 1983,

Christensson, T., Hellstréom, B., Wengle, B., Alveryd, A. & Wikblad,
B.: Prevalence of hypercalcemia in a health screening in Stockholm.
Acta Med Scand 200:131-137, 1976.

Conceicao, S.C., Weightman, D., Smith, P.A., Luno, J., Ward, M.K.
& Kerr, D.N.S.: Serum ionised calcium concentration: measurement
versus calculation. Br Med J 1:1103-1105, 1978,

Drach, G.W., Stanton Kinn, Jr L.: Estimating aberant homeostasis:
Variance in serum calcium concentration as an aid in diagnosis of
hyperparathyroidism. Clin Chemistry 16:782-796, 1970.

Dube, W.J., Goldsmith, R.S. & Arnaud, C.D.: Circadian rhythmicity
of serum parathyroid hormoen in man: role of phosphate and ionized
calcium. Clin Res 20:425, 1972.

Fujisawa, Y., Kida, K. & Matsuda, H.: Role of change in vitamin D
metabolism with age in calcium and phosphorus metabolism in normal
human subjects. J Clin Endocrinol Metabol 59:719-726, 1984,

Gallagher, J.C., Riggs, B.L., Jerpbak, C.M. & Arnaud, C.D.: The
effect of age on serum immunoreactive parathyroid hormone in normal
and osteoporotic women. J Lab Clin Med 95:373-385, 1980.

Gardin, J.P. & Paillard, M.: Normocalcemic primary hyperparathyroi-
dism: resistance to PTH effect on tubular reabsorption of calcium.
Mineral Electrolyte Metab 10:301-308, 1984,

Groth, T., Ljunghall, S. & de Verdier, C.H.: Optimal screening for
patients with hyperparathyroidism with the use of serum calcium obser-
vations. A decision - theoretical analysis. Scand J Clin lLab Invest
43:699-707, 1983.

Habener, J.F., Rosenblatt, Jr M. & Potts, J.T.: Parathyroid hormone.
Biochemical aspects of biosynthesis, secretion, action and metabolism.
Physiol Rev 64:985-1083, 1984,

Heath, Ill H., Hogdson, S.F. & Kennedy, M.A.: Primary hyperpara-
thyroidism. Incidence, mortality and potential economic impact in a
community. N Eng! J Med 302:189-193, 1980.

Hehrman, R., Nordmeyer, J.P., Mohr, H. & Hesch, R.D.: Human
parathyroid hormone: antibody characterization. J Immunoassay
1:151-174,

1980.

Insogna, K.L., Lewis, A.M., Lipinski, B.A., Bryant, C. & Baran,
D.T.: Effect of age on serum immunoreactive parathyroid hormone and
its biological effects. J Clin Endocrinol Metabol 53:1072-1075, 1981,



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

Johansson, H., Thorén, L., Werner, 1. & Grimelius, L.: Normocalcemic
hyperparathyroidism, kidney stones, and idiopathic hypercalcuria.
Surgery 77:691-696, 1975,

Johnson, R.D. & Conn, J.W.: Hyperparathyroidism with a prolonged
period of normocalcemia. JAMA 210:2063-2066, 1969.

Jubitz, W.J,, Canterbury, J.M., Reiss, E. & Tyler, F.H.: Circadian
rythm in serum parathyroid hormone concentration in human subjects.
Correlation with serum calium, phosphate, albumin and growth hormone
levels, J Clin Invest 51:2040-2046, 1972,

Kefly, A., Munan, L., PetitClerc, C., Plante, G. & Billon, B.:
Patterns of change in selected serum chemical parameters of middle and
later years. J Gerontol 34:37-40, 1979.

Kripke, D.F., Parker, L., Huey, L. & Deftos, L.J.: Plasma
parathyroid hormone and calcium are related to sleep stage cycles. J
Clin Endocrino Metab 27:1021-1027, 1978.

Ljunghall, S., Kéllsenm R,, Backman, U., Danielson, B.G., Grimelius,
L., Johansson, H., Thorén, L. & rner, |.: Clinical effects of
parathyroid surgery in normocalcemic \patients with recurrent renal
stones., Acta Chir Scand 146:161-169, 1980.

LoCascio, V., Comiancini, L., Adami, S., Galvani, G., Davoli, A. &
Scuro, L.A.: Relationship of total and ionized serum calcium. Circadian
variation in normal and hyperparathyroid subjects. Horm Metabo! Res
14:443, 1982.

Marcus, R., Madvig, P. & Young, G.: Age-related changes in
parathyroid hormone and parathyroid hormone action in normal humans.
J Clin Endocrino! Metab 58:223-230, 1984,

Mc Lean, F.C. & Hastings, A.B.: The state of calcium in the fluids of
the body. J Biol Chem 108:285-322, 1935.

McLeod, M.K, Monchik, JM. & Martin, H.F.: The role of ionized
calcium in the diagnosis of subtle hypercalcemia in the symptomatic
primary hyperparathyroidism. Surgery 95:667-673, 1985.

Mundy, G.R.: Pathogenesis of hypercalcemia of malignancy. Clin Endo-
crinol 23:705-714, 1985.

Nilsson, P., Melsen, P., Malmaeus, J., Danielson, B,G. & Mosekilde,
L.: Relationships between calcium and phosphorous homeostasis, para-
thyroid hormone levels, bone aluminium, and bone histomorphometry in
patients on maintenence hemodialysis. Bone 6:21-27, 1985,

Pain, R.W., Rowland, K.M., Phillips, P.J. & Duncan, B.: Current
"corrected" caicium concept challenged. Br Med J 4:617-619, 1975,
Palmér, M., Jakobsson, S., Akerstrom, G. & Ljunghall, S.: Prevalence
and natural history of mild-to-moderate hypercalcemia detected in a
health survey. Submitted for publication, 1986.

Payne, RB.: Clinically significant effect of protein concentration on
jon-selective electrode measurements of ionized calcium. Ann Clin
Biochem 19:233-237, 1982,

Pedersen, K.O.: On the cause and degree of intraindividual serum
calcium variability. Scand J Clin Lab Invest 30:181-192, 1972,
Robinson, M.F., Body, J.J., Offord, K.P. & Heath, !ll H.: Variation
of plasma immunoreactive parathyroid hormone and calcitonin in normal
and hyperparathyroid man during daylight hours. J Clin Endocrinol
Metab 55:538-544, 1982.

Rudberg, C., Akerstrom, G., Ljunghall, S., Grimelius, L.,
Johansson, H., Pertoft, H. & Wide, L.: Regulation of parathyroid
hormone release in primary and secondary hyperparathyroidism -
studies in vivo and in vitro. Acta Endocrinol 101:408-413, 1982,

175



LN

42,

43.

uy,

45.

46.

47.

48,

49,

50.

176

Sinha, T., Miller, S., Fleming, J., Khari, R., Edmonson, J.,
Johnston, C.C. & Bell, N.: Demonstration of a diurnal variation in
serum parathyroid hormone in primary and secondary
hyperparathyroidism. J Clin Endocrinol Metabol 41:1009-1013, 1975.
Thode, J., Nistrup Holmegard, S. & Siggaard Andersen, S.: Serum
ionized calcium, nephrogenous and total urinary cyclic AMP and
urinary phosphate in normal subjects. J Clin Lab Invest 44:111-118,
1984,

Transbdél, 1., Christiansen C. & Hornum, [.: Protein correction of
serum calcium in mild primary hyperparathyroidism. Acta Med Scand
624:69-72, 1979.

Uldall, A., Fogh-Andersen, N., Thode, J., Boink, A.B.T.J.,
Kofstad, J., Larsson, L., Narvanen, S., Pdersen, K.O. § Weber, T.:
Measurement of ionized calcium with five types of instruments. An
experimental quality assesSment. Scand J Clin Lab Invest 54:225-261,
1985.

Wallfelt, C., Gyife, E., Larsson, R., Ljunghall, S., Rastad, J. &
Akerstrom, G.: Relation between intracellular calcium concentrations
and parathyroid hormone release from dispersed parathyroid cells,
glandular weight, serum calcium and parathyroid hormone values in
patients with hyperparathyroidism. In manuscript, 1986.

Wills, M.R., Pak, C.Y.C., Hammon, W.G. ¢§& Bartter, F.C.:
Normocalcemic primary hyperparathyroidism. Am J Med 47:384-391,
1969.

Wiske, P.S., Epstein, S., Bell, N.H., Queener, S.F., Edmonson, J. &
Johnston, C.C.: Increase in immunoreactive parathyroid hormone with
age. N Engl J Med 300:1419-1421, 1979,

Yendt, E.R. & Gagné, R.J.A.: Detection of primary
hyperparathyroidism, with special reference to its occurrence in
hypercalcuric females with normal or borderline serum calcium. Canad
Med Ass J 98:331-336, 1968.

Akerstrém, G., Rudberg, C., Grimelius, L., Berstrom, R.,
Johansson, H., Ljunghall, S. & Rastad, J.: Histologic parathyroid
abnormalities in an autopsy series. Human Pathology. Accepted for
publication.

Akerstrom, G., Bergstrom, R., Grimelius, L., Johansson, H.,
Ljunghall, S., Lundstrom, B., Palmér, M., Rastad, J. & Rudberg,
C.: Relation between changes in clinical and histopathological features
of primary HPT. World J Surg 1986; Accepted for publication.



